
   

FINAL BRIDGE GEOTECHNICAL 
ENGINEERING REPORT  

 

S-51 (BATTERY PARK ROAD) 
REPLACEMENT BRIDGE OVER  

BLACK MINGO CREEK 

WILLIAMSBURG COUNTY, SOUTH CAROLINA 

 
 

PREPARED FOR 
 

Mr. Andy Gillis, PE 
1021 Briargate Circle 

Columbia, South Carolina 29210 
 

PREPARED BY 

F&ME Consultants, Inc. 
3112 Devine Street 

Columbia, South Carolina 29205 
803.254.4540 

 
 

FEBRUARY 17, 2016 
 
 

SCDOT Project No.:  P029461 
F&ME Project No.:  G5556.02 





 S-51
F&M

1 Emergency Bri
ME Project No.: 

	
1.  INTR
2.  SUB

2.1. 
2.2. 
2.3. 

3.  LAB
4.  GEN
5.  SUB

5.1. 
5.2. 

6.  BRID
7.  CON

7.1. 
7.2. 
7.3. 
7.4. 
7.5. 
7.6. 
7.7. 
7.8. 
7.9. 

8.  BRID
9.  VIBR
10.  LIM
 

idge Replaceme
G5556.02; SCD

RODUCTIO
BSURFACE I

Preliminary 
Final Bridge
Field Investi

BORATORY
NERAL SITE
BSURFACE C

Soil Stratigra
Groundwater

DGE FOUN
NCLUSIONS

Site Preparat
Bridge Emba
Seismic Site
Geotechnica
Seismic Indu
Bridge Appr
Pile Corrosio
Pile Foundat
Bridge Foun

DGE PLAN 
RATION M

MITATIONS 

nt over Black M
DOT Project ID: 

ON ................
INVESTIGA
Subsurface In

e Subsurface I
igation Summ

Y TESTING P
E GEOLOGY
CONDITION
aphy .............
r Conditions .
DATION LO

S AND RECO
tion ...............
ankment Stati
 Class Design

al Seismic Haz
uced Embank
roach Embank
on and Deteri
tion Axial An

ndation Latera
NOTES ......
ONITORING
OF REPOR

Mingo Creek – FB
P029461 

TABLE O

.....................
ATION .........
nvestigation ..
Investigation .

mary ...............
PROGRAM
Y ..................
NS ................
.....................
.....................

OADINGS ...
OMMENDA
.....................
ic Settlement
nation ...........
zard Potentia

kment Deform
kment Slope S
ioration Poten
nalyses ..........
al Design Ana
.....................
G ..................

RT ..................

BGER 

OF CONTE
 

......................

......................

......................

......................

......................
.....................

......................

......................

......................

......................

......................
ATIONS ........
......................
s ...................
......................
l ....................

mations...........
Stability ........
ntial ...............
......................
alyses ............
......................
......................
......................

ENTS 

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

....... 1 

....... 1 

....... 1 

....... 2 

....... 2 

....... 3 

....... 4 

....... 4 

....... 4 

....... 5 

....... 5 

....... 6 

....... 6 

....... 6 

....... 7 

....... 8 

....... 9 

..... 10 

..... 12 

..... 13 

..... 14 

..... 15 

..... 18 

..... 19 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

APPEND
 

Section
Section
Section
Section
Section

Subs
Subs

Section
Section
Section
Section

Subs
Subs

Section
Subs
Subs

Section
Subs
Subs
Subs

Section
Section
Section
Section
Section
 
 

idge Replaceme
G5556.02; SCD

DIX 

n 1  
n 2  
n 3  
n 4  
n 5  
section a 
section b 
n 6 
n 7 
n 8 
n 9 
section a 
section b 
n 10 
section a 
section b 
n 11 
section a 
section b 
section c 
n 12 
n 13 
n 14 
n 15 
n 16 

nt over Black M
DOT Project ID: 

  
  
  
  
  

Mingo Creek – FB
P029461 

Site Loc
Soil Tes
General
Boring L
Soil Par

SPT
CPT

Laborat
Seismic
Bridge F
Static S

SPT
CPT

Soil She
SPT
CPT

Embank
SLID
New
Pin P

End Ben
Interior 
Interior 
End Ben
Geotech

BGER 

cation Plan 
sting Location
lized Subsurfa
Logs & CPT
rameter Corre
Method 
Method 

tory Test Resu
c Design Data
Foundation L
ettlement Cal
Method 
Method 

ear Loss Calc
Method 
Method 

kment Slope S
DE Output 
mark Displac

Pile Calculatio
nt 1 Driven P
Bent 2 Drive
Bent 3 Drive

nt 4 Driven P
hnical Details

n Plan 
face Profile 

Logs 
elations 

ults 
a 
Loadings 
lculations 

culations 

Stability Anal

cement Calcu
ons 

Pile Analyses
en Pile Analys
en Pile Analys
Pile Analyses
s & Specificat

lyses 

ulations 

ses 
ses 

tions 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

 
A final su
over Blac
road and 
included w
performed
Geotechn
One borin
final sub
subsurfac
Manual (G
 
The follo
bridge em
 

1. T
pl
an
(I

2. A
3. O

pe
4. A

go
ax
S
th

5. W
de
gr

6. S
oc
br
T
el
co
at
sl
pi
en
de
pi

 

idge Replaceme
G5556.02; SCD

ubsurface inv
k Mingo Cree
bridge were 
with the proj
d from Nove
ical On-call c

ng and one CP
surface inve
e investigatio
GDM) and th

wing is a sum
mbankments. 

The proposed 
lanned found
nd 4 (EB1 an
IB2 and IB3).

Approximately
One (1) soil te

enetrometer t
Axial loading c

overn the inte
xial resistance
PT blow coun

he piles to the
We expect that

eformations r
round improv
ome seismic 
ccurs in the a
ridge embank

The anticipated
lements.  SKZ
oupled “set” (
t the beginnin
lopes at the be
iles at the end
nd of bridge w
eveloped by R
iles. 

nt over Black M
DOT Project ID: 

estigation wa
ek in William
closed follow
ect’s Request
ember 25, 2
contract and i
PT were gene
estigation wa
on for comp
e RFP. 

mmary of th

replacement 
dation elemen
nd EB4) and 
 

y two (2) feet 
st boring was
test (CPT) wa
conditions wi
erior bent pile
e through end
nts in excess 

e required min
t any settleme
resulting from
vement. 
soil shear stre

alluvial materi
kments and do
d ground imp
Z 20 sheet pil
(ie. two z-sha
ng and end of 
eginning of b
d slopes at bo
will require a 
Rocscience an

Mingo Creek – FB
P029461 

EXECUT

as performed 
msburg County
wing excessiv
t for Proposa
015 to Nove
included two 
erally perform
as to supple
pliance with 

e findings an

bridge consi
nts for the rep

18 inch squa

of fill is plan
s performed a
as performed a
ill govern the
e design.  The
d bearing on c
of 50 blows p
nimum tip ele
ent resulting f

m fill placeme

ength loss (SS
ial above the 
oes require gr
provement con
les are anticip
aped sections 
f bridge emban
ridge will req
th the beginn
ten (10) foot 

nd LPilev2013 d

 

BGER 

TIVE SUMM

for the dama
y, South Caro

ve flooding. 
als (RFP).  Th
ember 30, 20
(2) soil test b

med near each
ment the in
the requirem

nd our recom

ists of three
placement bri
are, pre-stress

nned relative t
t each propos
at and fifty (5
 end bent pile

e end bent and
cemented soil
per foot).  The
evation for lat
from fill place
nt will meet t

SL) is expecte
Pee Dee form

round improv
nsists of drivi
pated to be use
per set).  The
nkments.  Th
quire an eight
ning and end o

center-to-cen
developed by

MARY 

aged SC Rout
olina.  The br
A preliminar
he preliminar
015 by S&M
borings and tw

h proposed bri
nformation p
ments of the 

mmendations 

(3) spans (37
idge are HP14
sed concrete 

to the top of t
sed bent locat
50) feet from 
e design, and 
d interior ben
l material with
e PSC piles w
teral stability.
ement will oc
the GDM per

ed at the site. 
mation at both
vement to mee
ing steel shee
ed.  The shee

e shear piles a
he shear piles 
t (8) foot cent
of bridge as w
nter spacing.  
y Ensoft were 

te 51 (Battery
ridge was dam
ry subsurface
ry subsurface
ME, Inc. thr
wo (2) cone p
idge end bent

provided with
SCDOT Ge

for the bridg

7’-6”, 70’-0”
4x73 steel pi
piles at Inter

the existing e
tion.  In addit
each propose
lateral loadin

nt piles will de
hin the Pee D

will require au
. 
ccur rapidly.  
rformance crit

  The materia
h the beginnin
et the GDM p
et piles as shea
et piles will be
are planned to
on both the ri
ter-to-center s
well as the rig
 Both Slide V
used to evalu

y Park Rd.) b
maged such th
e investigation
e investigation
ough the SC
penetrometer
t.  The intent 
h the prelim
eotechnical D

ge foundation

”, & 56’-6”).
les at End Be
rior Bents 2

mbankments.
tion, one (1) c
ed bridge end
ng conditions 
evelop the req

Dee formation
ugering to adv

The predicte
teria without 

al subject to S
ng and end of
performance l
ar resistance 
e installed as 
o be implemen
ight and left s
spacing.  The 
ht side slope 

Version 7.009 
uate the shear

bridge 
hat the 
n was 
n was 

CDOT 
r tests.  
of the 

minary 
Design 

ns and 

 The 
ents 1 
and 3 

. 
cone 
. 

quired 
n (ie. 
vance 

d 

SSL 
f 
limits.  

a 
nted 
side 
shear 
at the 

r 

 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

1. INTR
 
The bridg
Williamsb
 
It is our u
the existin
understan
grade is ap
 
The propo
foundatio
EB4) and 
 
As specifi
(ROC) is
embankm
embankm
or 50 fee
located w
 
Roadway 
embankm
please ref
 
The final 
and the R
final desig
not offer 
the 2012 i
 
 
2. SUBS
 

2.1. P
 

On N
STB-
side o
drillin
tests) 
were 
boring
 
All bo
standa
energ
 
On N
perfor

idge Replaceme
G5556.02; SCD

RODUCTION

ge project is
burg County, 

understanding
ng bridge stru

nd that the ma
pproximately

osed replacem
n elements fo
18 inch squa

fied in the proj
 II and the 

ments only.  A
ment where mi
et, whichever
ithin 50 feet o

embankmen
ment.  For info
fer to the Fina

subsurface in
RFP.  The fina
gn recommen
design guida
interim revisi

SURFACE IN

Preliminary S

November 25, 
1 was perform
of the existin
ng techniques
were continu
obtained at 

gs.   

orings were a
ard penetratio
y ratio of the 

ovember 30, 
rmed.  CPT-2

nt over Black M
DOT Project ID: 

N 

s located on
South Caroli

g that the proj
ucture and rep
aximum incre
y two (2) feet.

ment bridge c
or the replace
are, pre-stresse

ject’s Reques
Bridge Oper
As defined i
itigation is re
r is greater.  
of the propos

nts located m
formation rela
al Roadway G

nvestigation w
al bridge foun

ndations were
ance, the AAS
ons were util

NVESTIGAT

Subsurface Inv

2015, two (2
med on the no

ng bridge.  Th
s were utilize
uously obtaine
regular, five 

advanced to a
on testing of 
hammer syst

2015, two (2)
2 was perform

Mingo Creek – FB
P029461 

n SC Route 
na.  A site loc

oject will incl
placement wit
ease in vertica
 

consists of th
ement bridge 
ed concrete p

st for Proposa
rational Class
n the RFP, t
quired to mee
As discussed

ed bridge end

more than 50
ated to the ro

Geotechnical E

was performe
ndation and b
 performed in
SHTO LRFD
ized. 

TION 

vestigation 

2) soil test bo
orth side of th
he borings w

ed to maintain
ed in the top 
(5) foot inte

a depth of 100
the encounte

tem is provide

) cone penetro
med in the gen

 

BGER 

51 (Battery
cation plan is

ude the demo
th a new brid
al grade of th

hree (3) span
are HP14x73

piles at Interio

als (RFP), the
sification is 
the “bridge e
et the global p
d in the follo
ds will be refe

0 feet from 
oadway sectio
Engineering R

ed by F&ME
bridge emban
n accordance 

D Specificatio

orings (design
he existing br

were advanced
n a stable bor
ten (10) feet.
ervals throug

0 feet below t
ered soils, an
ed as 81%. 

ometer sound
neral vicinity

y Park Rd.)
s presented in 

olition/remov
dge on the exi
he replacemen

ns (37’-6”, 70
3 steel piles a
or Bents 2 and

e Roadway str
II.  The spe
embankment”
performance 
owing sectio
erred to as the

a bridge en
ons outside o
Report. 

E in general a
nkment analy
with the 201

ons for Highw

nated as STB-
ridge, and ST
d using a CM
rehole.  Stand
.  Following t
ghout the rem

the top of the
n automatic h

dings (designa
y of STB-1, an

over Black 
Section 1 of 

val of the rem
isting horizon
nt bridge relat

0’-0”, & 56’-
at End Bents 
d 3 (IB2 and I

ructure Opera
ecified ROC 
” is the long
objectives of

ons, the roadw
e “bridge emb

nd are consi
f 50 feet from

accordance wi
yses and the d
0 GDM.  Wh

way Bridges, 

-1 and STB-4
TB-2 was perf
ME-45D drill 
dard split-spo
the continuou
maining depth

e existing emb
hammer syste

ated as CPT-2
nd CPT-3 wa

Page 1

Mingo Cre
the Appendix

maining portio
ntal alignment
tive to the ex

-6”).  The pla
1 and 4 (EB

IB3). 

ation Classific
applies to b

gitudinal leng
f the bridge sy
way embankm
bankments”.

idered a RO
m the bridge 

ith the 2010 
development 
here the GDM
6th Ed., 2012

4) were perfo
formed at the 

rig.  Rotary 
oon samples (
us sampling, S
hs of the soi

bankment.  D
em was used.

2 and CPT-3)
as performed 

ek in 
x. 

ons of 
t.  We 

xisting 

anned 
B1 and 

cation 
bridge 
gth of 
ystem 
ments 

OC IV 
ends, 

GDM 
of the 

M does 
2 with 

ormed.  
south 
wash 

(SPT-
SPT’s 
il test 

During 
  The 

) were 
in the 

 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

gener
CPT’
subse
below

 
2.2. F
 
On Ja
F&M
In acc
soil te
invest
the fin
 
The s
were u
of eac
(5) fo
gener
subsu
an aut
test b
surfac
 
From 
perfor
bent o
measu
extend
subse
below
the ex
 
2.3. F

 
North
subsu
system
boring
alignm
propo

 
The l
invest

 

idge Replaceme
G5556.02; SCD

ral vicinity of
s were adva
quently termi

w existing gra

Final Bridge S

anuary 18-20
E to supplem
cordance with
est boring is r
tigation are c
nal subsurfac

soil test borin
used to maint
ch test boring
oot intervals t
ral accordance
urface soils an
tomatic hamm
orings were a
ce in each test

February 1-2
rmed at the si
of the propose
urements wer
ded to a de
quently termi

w the existing 
xisting ground

Field Investig

hing and east
urface investi
m.  The coor
g/sounding l
ment.  Subse
osed roadway 

ocations of t
tigation are pr

nt over Black M
DOT Project ID: 

f STB-4.  Th
anced to dep
inated.  The C
de from the to

Subsurface In

, 2016, two (
ment the prelim
h the GDM f
required at eac
onsidered suf
e investigatio

ngs were adva
tain a stable b
g.  Following 
throughout th
e with ASTM
nd to collect s
mer system w
advanced to a
t boring. 

2, 2016, two 
ite.  CPT-5 an
ed bridge.  Th
re generally p
epth where th
inated.  CPT 
ground surfa

d surface at C

gation Summa

ting coordina
gation by F&
rdinates for t
ocation on t

equently, the 
alignment wa

the borings an
rovided in the

 

Mingo Creek – FB
P029461 

he CPT equip
pths were th
CPT’s were ex
op of the exis

nvestigation 

(2) soil test b
minary field i
for bridge ben
ch end bent.  
fficient for th
on will be use

anced utilizin
borehole.  SPT

the continuo
he remaining 
M D-1586 to 
subsurface so

was used.  The
an approxima

(2) cone pen
nd CPT-6 we
he CPT soun

performed on 
he maximum
refusal was e

ace at CPT-5 
CPT-6. 

ary 

ates for the 
&ME personn
the boring/so
the CAD dr
station and 

as determined

nd soundings
e following ta

BGER 

pment was ad
he maximum
xtended to an
sting embankm

borings (desig
investigation 
nts supported
The borings p

he end bent pi
d for the inter

ng a CME 55
T tests were c

ous sampling,
depths of the
determine th

oil samples.  D
e energy ratio
ate depth of s

netrometer te
ere performed
dings were ad
five (5) cent

m reaction fo
encountered a
and an appro

borings and 
nel utilizing 

ounding locat
rawing (prov
offset of eac

d. 

s performed d
able. 

dvanced utiliz
m reaction fo
n approximate
ment in each 

gnated as B-
for final brid

d by pile foun
performed du
ile design, an
rior bent pile

0 drill rig.  R
continuously 
 SPT sample
e borings.  S

he relative den
During SPT t

o for the CME
seventy-five (

ests (designat
d approximate
dvanced utili
timeter interv
orce from th
at an approxi

oximate depth

soundings w
a Trimble R

tions were us
vided by ICE
ch boring/sou

during the pr

zing a truck 
force was ob
e depth of twe
sounding. 

3 and B-4) w
dge foundatio
ndations, a m
uring the preli
nd the borings

design. 

Rotary wash 
obtained in th

es were obtain
SPT samples w
nsities and co
testing of the 
E 550 hamme
(75) feet belo

ted as CPT-5
ely 50 feet aw
zing a CME 

vals.  At each
he rig was o
imate depth o
h of twenty-fi

were obtained
R8 GPS rove
sed to coord
E) for the p
unding locati

reliminary an

Page 2

mounted rig.
bserved and 
enty-three (23

were perform
on design purp
inimum of on
iminary subsu
s performed d

drilling techn
he top ten (10
ned at regular
were perform
onsistencies o
encountered 

er is 74%.  Th
ow existing g

 and CPT-6)
way from eac
550 drill rig. 

h location, the
observed and
of sixteen (16
ive (25) feet b

d during the
er on the SC 
dinately place
proposed roa
ion relative t

nd final subsu

  The 
were 

3) feet 

med by 
poses.  
ne (1) 
urface 
during 

niques 
0) feet 
r, five 

med in 
of the 
soils, 

he soil 
round 

) were 
ch end 

 CPT 
e CPT 
d was 
6) feet 
below 

 final 
VRS 

e each 
adway 
to the 

urface 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

 

T
Nu

ST
ST

B
B

CP
CP
CP
CP

 
All of
logge
furthe
Unifie
 
We h
locati
invest
subsu
from 

 
 
3. LABO
 
Select so
physical a
limits, gra
strength a
classificat
 
Electro-ch
resistivity
properties
 
The type a
 

 

idge Replaceme
G5556.02; SCD

Test 
umber 

TB-1 Beg
TB-4 End
B-3 Bridg
B-4 Bridg
PT-2 Beg
PT-3 End
PT-5 
PT-6 

f the collected
d in the field

er examinatio
ed Soil Classi

have provided
ons of the b
tigations rela

urface profile 
linear interpo

ORATORY 

il samples fr
and engineeri
ain size distri
and behavior
tions by the A

hemical testin
y tests.  The 
s that could ca

and number o

nt over Black M
DOT Project ID: 

Test Hole 

in Bridge End 
d Bridge End B
ge Interior Ben
ge Interior Ben
in Bridge End 
d Bridge End B

Roadw
Roadw

d soil sample
d by F&ME p
on and analy
ification Syst

d an overall 
borings and 
ative to the 
in Section 3

olation betwee

TESTING P

rom the test 
ing soil prop
ibution, hydro
ral characteri
AASHTO clas

ng was also p
results from

ause possible 

of laboratory t

Typ
Moistu
Atterb

Gr
Hy
Wa

Corro
Organi

Mingo Creek – FB
P029461 

Soil Test

Locale 

Bent/Roadway
Bent/Roadway
nt 1/Bridge Dec
nt 2/Bridge Dec

Bent/Roadway
Bent/Roadway
way 
way 

es performed 
personnel, sea
ses.  The so
tem. 

boring locat
soundings p
project’s co
of the Appe

en soil testing

PROGRAM

borings wer
erties.  The l
ometer, and w
istics of the 
ssification sys

performed.  E
m the electro-

long-term de

tests are summ

Laborato

pe of Test 
ure Content 
berg Limits 
rain Size 
drometer 
ash #200 
osion Series 
ic Impurities 

BGER 

ing Location T

Station 

y 67+50 
69+15 

ck 67+84 
ck 68+69 
y 67+41 

69+27 
67+11 
69+77 

for the final 
aled in plastic
ils were visu

tion plan in
performed du
onstruction l
endix.  The g
g locations an

re tested in 
laboratory pro
wash #200 te

soil strata e
stem and the U

Electro-chemi
chemical test

egradation of 

marized in th

ry Test Progra

Num

Table 
Offset 

from CL 
(ft) 

2.0-RT 
5.0-LT 
1.0-RT 

CL 
5.0-LT 
4.0-RT 
1.0-RT 

CL 

subsurface in
c bags, and tr
ually classifie

Section 2 of
uring the pre
limits.  We 
generalized su
nd should be c

our laborato
ogram includ

ests.  These te
encountered 
Unified Soil 

cal testing co
ting will pro
foundation el

he following ta

am 

mber of Tests 
9 
6 
9 
1 
9 
2 
1 

Elevation 
(ft-MSL) 

26.0 
26.3 
26.0 
26.6 
25.8 
26.4 
25.4 
26.3 

nvestigation w
ransported to 
ed in the fiel

f the Append
eliminary and

have provid
ubsurface pro
considered illu

ry to determ
ded moisture 
ests were use
as well as t
Classification

onsisted of su
ovide indicati
lements. 

able. 

Page 3

Depth  
(ft) 

100.0 
100.0 
75.0 
75.0 
23.4 
23.6 
16.3 
24.9 

were examine
our laborato

ld based upo

dix displayin
d final subsu
ded a genera
ofile was gene
ustrative in n

mine represen
content, Atte

ed to determin
to verify the 
n System (US

ulfate, pH, an
ions of subsu

ed and 
ry for 

on the 

ng the 
urface 
alized 
erated 

nature. 

ntative 
erberg 
ne the 

field 
SCS).  

nd soil 
urface 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

Data shee
Appendix
 
 
4. GENE
 
The site i
Coastal P
sequences
over geolo
 
The near 
Pleistocen
the Paleo
Formation
shelf depo
not presen
 
 
5. SUBS
 
The below
F&ME b
included t
encounter
will vary 
in the des
strata are
boring/sou
as an abso
 

5.1. S
 

The te
table 
 

Geolog
Format

Fill

Pleistoc

Pee D
Format

 
 

idge Replaceme
G5556.02; SCD

ets presenting
x. 

ERAL SITE

is located in t
Plain is a gen
s formed duri
ogic time.  Th

surface geolo
ne age sedim
cene aged Rh
n.  The sedim
osits.  Due to 
nt in the area.

SURFACE C

w soil descri
ased on the 
the soil test b
red soil condi
across the sit

scription of th
e generally g
unding logs s
olute indicato

Soil Stratigrap

ests performe
summarizes t

gic 
tion 

Elevat
Top of

(ft-M

 +2

cene +2

Dee 
tion 

+

nt over Black M
DOT Project ID: 

g the results

 GEOLOGY

the Lower Co
ntly seaward d
ng eustatic se
he geology un

ogy at the sit
ents.  Underl
hems Format

ments in the 
uplift and su
 

CONDITION

iptions, strata
subsurface c

boring/soundi
itions.  As w
te.  Although
he soil stratig
gradual.  Th
should only b
r. 

phy 

ed during the 
the encounter

tion of 
f Layer 

MSL) 

Dept
of 

26 

20 

+7 

 

Mingo Creek – FB
P029461 

s of the labo

Y 

oastal Plain p
dipping surfa
ea level transg
nderlying the 

te includes re
lying these se
tion (where n
area consist 

ubsequent eros

NS 

a depths, and
conditions as
ing logs in Se

with any geolo
h the test borin
graphy on the
herefore, the

be considered 

subsurface in
red soils at the

Soil Stra

th to Top 
f Layer 

(ft) 

U

0 

6 

19 
SP

BGER 

oratory test p

physiographic
ace containing
gression or re
bridge site is

ecent alluvial
ediments unc
not eroded aw
of fluvial, be
sion, sedimen

d consistencie
s encountered
ection 4 of th
ogic formatio
ngs/sounding
e soil test bo
e outlined su

general on-si

nvestigations i
e site. 

atification T

USCS Soil 
Type 

SM 

SC & SM 

SC, SM, 
P-SM, & CL 

program are 

cal province 
g six terraces

egression and
s described in 

l sediments, 
conformably i
way) and the
each, backbar
nts from the P

es are genera
d in the test 
he Appendix
on, the depth 
gs designate s
oring/sounding
ubsurface pr
ite soil condi

indicate three

Table 

SPT  
N-Values 

(bpf) 

11 

7 

44 

provided in 

of South Car
s, which repr

d/or tectonic u
general term

which in turn
in the vicinity

en the Cretac
rrier, estuarin
Pliocene throu

alized and w
borings/soun
for detailed 
and thicknes

strata changes
g logs, transi
rofile shown 
itions and sho

e (3) main stra

Average 
CPT Tip 

Resistance 
(tsf) 

90 

20 

80 

Page 4

Section 6 o

rolina.  The L
resent sedime
uplift or subsi

ms. 

n are underla
y are sedimen
eous aged Pe

ne, and contin
ugh the Eocen

were interprete
ndings.  We 
descriptions o

ss of the soil 
s at specific d
itions betwee

on the soi
ould not be ut

ata.  The follo

Comments

Existing 
Embankme

Original Grou

 

of the 

Lower 
entary 
dence 

ain by 
nts of 
eeDee 
nental 
ne are 

ed by 
have 

of the 
strata 

depths 
en soil 
il test 
tilized 

owing 

s 

nt 

und 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

5.2. G
 

Withi
follow
 
The d
existin
select
 
 

6. BRID
 
The contr
summariz
Section 8 
 

 

E
B

1 
IB

2 
IB

3 
E

B
4 

1z-a
2x-a

 
 
 

idge Replaceme
G5556.02; SCD

Groundwater 

in the perfor
wing completi

depth to the g
ng roadway 
ted a design w

DGE FOUND

rolling factor
zed in the foll

of the Appen

Analysis

Axial Resist
Structural C

Lateral Sta

Lateral Displ

Axial Resist
Structural C

Lateral Sta

Lateral Displ

Axial Resist
Structural C

Lateral Sta

Lateral Displ

Axial Resist
Structural C

Lateral Sta

Lateral Displ

axis oriented in 
axis oriented in 

nt over Black M
DOT Project ID: 

Conditions 

rmed soil te
ion of the bor

groundwater t
elevations.  

water table rel

DATION LO

red loads per
lowing table. 
ndix.  The poi

For: 

tance & 
Capacity 

Str

ability Str

acements Se

tance & 
Capacity 

Str

ability Str

acements Se

tance & 
Capacity 

Str

ability Str

acements Se

tance & 
Capacity 

Str

ability Str

acements Se

longitudinal dir
transverse direc

 

Mingo Creek – FB
P029461 

est borings, t
rings or 24-ho

able was mea
For the geot

lative to the m

OADINGS 

r foundation 
 The loads w

int of applicat

Maximum

Limit S

rength 

rength 
M

ervice 
M

rength 

rength 
M

ervice 
M

rength 

rength 
M

ervice 
M

rength 

rength 
M

ervice 
M

rection (parallel
ction (perpendic

BGER 

the depth to
ours following

asured as app
technical fou

measured dept

element for 
were develope
tion for the lo

m Factored L

State 

-- 

Max Shear 

Max. Moment 

Max Shear 

Max. Moment 

-- 

Max Shear 

Max. Moment 

Max Shear 

Max. Moment 

-- 

Max Shear 

Max. Moment 

Max Shear 

Max. Moment 

-- 

Max Shear 

Max. Moment 

Max Shear 

Max. Moment 

l to roadway cen
cular to roadway

o groundwate
g completion

proximately 8
undation and 
th in each tes

the Strength
ed by ICE, an
oads is at the t

Loads 

Fy 
(kip) 

F
(ki

146 -

127 0

133 0

94 -

98 1

237 -

89 0

225 0

66 1

157 1

265 -

104 0

245 0

77 1

173 2

177 -

151 0

157 0

111 -

116 1

nterline) 
ay centerline) 

er was meas
n of the boring

8 to 10 feet be
embankment

t boring/soun

h and Service
nd all load cas
top of pile. 

Fx
2
 

ip) 
Fz

1
 

(kip) 
M

(k

-- -- 

0 3 

0 3 

1 2 

1 2 

-- -- 

0 -3 -

0 -2 

1 -2 

1 -1 

-- -- 

0 3 -

0 2 

1 2 

2 1 

-- -- 

0 4 

0 4 

1 3 

1 3 

Page 5

sured immed
gs. 

elow the top 
t design, we 

nding. 

e Limit State
ses are provid

Mz 
k-ft) 

Mx 
(k-ft) 

-- -- 

-2 23 

2 29 

-4 14 

5 18 

-- -- 

-12 -59 

-6 -75 

7 -38 

13 -47 

-- -- 

-12 49 

-6 65 

10 30 

16 39 

-- -- 

-2 24 

3 30 

-5 15 

6 19 

diately 

of the 
have 

es are 
ded in 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

7. CON
 
The concl
as encoun
our exper
conditions
or in unex
that devia
evaluate t
proposed 
 

7.1. S
 

Based
below
the pr
antici

 
Site p
Speci
Provi
emban
the em
requir
from 
plann
place 

 
7.2. B

 
Bridg
placem
existin

 
Settle
new f
emban

 

idge Replaceme
G5556.02; SCD

CLUSIONS 

lusions and re
ntered in the t
rience on sim
s or the prese
xplored areas
ate from the 
the impact o
bridge approa

Site Preparati

d on the subs
w the planned
roposed roadw
pated for acc

preparation s
fications for 
sions.  Whe
nkment fill h
mbankment f
red, and grub
obstruction r

ned roadway e
as long as stu

Bridge Emban

ge embankme
ment.  The m
ng roadway. 

ement is predi
fill.  The max
nkments follo

nt over Black M
DOT Project ID: 

AND RECO

ecommendati
test borings a
milar project
ence of undis
s of the site.  

soils indicat
of the identif
ach embankm

on 

urface condit
d bridge appro
way embankm
eptable roadw

should be pe
Highway Co

ere existing 
eights will no
footprint sho

bbing of tree r
removal shal
embankment a
umps do not e

nkment Static

ent construct
maximum fill

icted to be les
ximum predic
owing final pa

 

Mingo Creek – FB
P029461 

OMMENDAT

ions presented
and soundings
ts.  The rec
covered obstr
If subsurface
ed on the tes

fied condition
ments. 

tions as enco
oach embank
ments.  Exten
way embankm

erformed in a
nstruction, 20
ground surfa
ot exceed five
ould by stripp
root systems 
ll be backfill
areas where f
extend more t

c Settlements

tion at both 
l height is est

ss than one (1
cted settleme
aving operatio

BGER 

TIONS 

d in this repo
s, our analyse

commendation
ructions that 
e conditions a
st boring/sou
ns on the pr

untered durin
kment areas is
nsive undercu

ment performa

accordance w
007 Edition, 
ace approxim
e (5) feet abo
ped of any o
will be requi

led with suita
fill heights wi
than 8 inches 

bridge end 
timated to be

1) inch and is
nt at the road
ons are summ

rt are based u
es of the site 
ns do not re
could exist o
are discovere

unding logs, F
roposed bridg

ng the field in
s considered 
utting or othe
ance under no

with Section 
Supplementa

mates final g
ove existing g
organic mate
ired.  Stump 
able material
ill exceed five
above ground

d bent locati
e approximat

expected to o
dway centerli

marized in the

upon the gene
and subsurfa

eflect variati
outside the so
ed during con
F&ME shoul

ge foundation

nvestigations
as adequate f

er ground mo
ormal, static c

201 of the 
al Specificatio
grade or whe
grade, the gro
erials and top
holes and oth

l and proper
e (5) feet, stu
d line. 

ons will req
tely two (2) f

occur rapidly 
ine for the br

e following ta

Page 6

eral soil cond
ace conditions
ons in subsu

oil testing loca
nstruction acti
ld be contact
n systems an

, the soil sub
for constructi

odifications ar
conditions. 

SCDOT Sta
ons, and/or Sp
ere final roa

ound surface b
psoil to dept
her holes res
ly compacted

umps may be 

quire minima
feet relative t

after placem
ridge and roa

ables. 

ditions 
s, and 
urface 
ations 
ivities 
ted to 

nd the 

bgrade 
ion of 
re not 

andard 
pecial 
adway 
below 
ths as 
ulting 
d.  In 
left in 

al fill 
to the 

ment of 
adway 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

 

De
S

et
tl

em
en

t 

 

De

S
et

tl
em

en
t 

(L
i

di
l)

             1Perfo
 

The d
 

7.3. S
 

F&M
a Mul
by F&
(EB4)
subsu
Chapt

 
The s
depth
depth
eleme
fifteen
eleme
appro

 
Based
depth
classi

idge Replaceme
G5556.02; SCD

eformation 
ID No. 

(L
on

gi
tu

di
na

l)
 

EV-01 

EV-02 

EV-03 

Bridge/

eformation 
ID No. 

(L
on

gi
tu

di
na

l)
 

EV-05 

ormance Limit b

detailed static 

Seismic Site C

E has perform
lti-channel sp

&ME from th
) of the prop

urface shear w
ter 12 of the G

eismic site cl
h of 100 feet 
h-to-motion fo
ents.  As such
n (15) feet be
ents is approx
oach embankm

d on the MAS
h-to-motion is
fication of D

nt over Black M
DOT Project ID: 

Embankm

P

Maximum Ve
over the desig

Maximum Se
has been pave

Maximum Ve
longitudinally
roadway has 
in parenthesis
50 feet of em

Embankmen

Pe

Maximum Ve
End Bent and
Approach Sla

based on a twenty

settlement ca

Class Designa

med a seismic
pectral Analy
he top of the 
posed bridge. 
wave velocity
GDM. 

lass designati
below the de

or the bridge 
h, the depth-to
elow the top o
ximately forty
ments is consi

SW test resu
s less than 1

D for the bridg

Mingo Creek – FB
P029461 

ment Perform

Service L
erformance Li

ertical Settlem
gn life of the e

ettlement Rate 
ed. (inches/yea

ertical Differen
y along the pro
been paved.  D
s for informatio

mbankment long

nt Transition

Service Li
erformance Lim

ertical Differen
d End of Appro
ab Length (LSla

ty (20) foot appr

alculations are

ation 

c evaluation f
sis of Surface
existing road
 The results

y profile.  Th

ion is determi
epth-to-motio
structure is 

o-motion for t
of pile, and th
y (40) feet be
idered at the b

lts, the avera
,200 ft/s.  A
ge embankme

BGER 

mance Limits 

imit State  
mit Descriptio

ent along the p
mbankment. (i

per year after t
ar) 

ntial Settlemen
ofile grade afte
Differential rati
onal purposes.
gitudinally) 

n Performanc

imit State  
mit Description

ntial Settlemen
oach Slab (Inch
ab) is measured

roach slab length

e provided in 

for this bridge
e Waves (MA
dway approxi
s from the M
he seismic ev

ined from the
on.  In accord
estimated at 
the bridge en
he depth-to-m
elow the top 
base of the ex

age shear wav
As such, the 
ents.  The av

at SLS for R

on 

profile grade 
inches) 

the roadway 

nt occurring 
er the 
io is shown 
 (inches per 

ce Limits at 

n 

nt Between 
hes).  The 
 in feet. 

h at EB1 & EB4

n Section 9 of 

e site.  The se
ASW) test.  T
imately 500 f

MASW testing
valuation was

e average she
dance with s
the point-of-

nd bent founda
motion for the

of pile.  The 
xisting emban

ve velocity b
seismic eval

verage shear w

ROC II 

Predicted 

0 

0 

0 

SLS for ROC

Predicted 

0 

4 

f the Appendix

eismic evalua
The MASW t
feet from the 
g were utiliz
s performed i

ear wave velo
ection 12.4.2
-fixity of the 
ation element

e bridge interi
depth-to-mo

nkment fill. 

below the brid
luation indica
wave velocity

Page 7

Performance 
Limit 

8.00 

0.10 

1.50 
(1/400) 

C II 

Performance 
Limit 

2.00”1 

x. 

ation was bas
test was perfo
southern end

ed to generat
in accordance

ocity measure
2 of the GDM

bridge found
ts is approxim
ior bent found

otion for the b

dge embankm
ates a seismi
y below the b

sed on 
ormed 
d bent 
te the 
e with 

ed to a 
M, the 
dation 
mately 
dation 
bridge 

ments’ 
ic site 
bridge 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

found
seism

 
The S
table 
C and

 

 

 
The re

 
7.4. G

 
Geote
motio
liquef

 
Lique
result
liquef
(10% 

 
F&M
Calcu
from 
Geolo
metho
some 
the ex

 
The r
emban

 
 

idge Replaceme
G5556.02; SCD

dations’ depth
mic site classif

SCDOT provi
provides the 

d a Site Class 

eferenced AD

Geotechnical 

echnical seism
ons induced b
faction.  Cycl

efaction is th
ting from soi
faction gener
particle size 

E has perform
ulations were 

the CPT te
ogismiki.  Wh
odology for c
SSL is trigge

xisting emban

residual soil 
nkment globa

nt over Black M
DOT Project ID: 

h-to-motion is
fication of C f

ided the proje
applicable sp
D. 

Ac

 

 

FEE 

SEE 

Ac

 

 

FEE 

SEE 

DRS curves ar

Seismic Haza

mic hazards 
by earthquake
ic-softening i

he loss of a s
il particle co
ally consist o
ranging from

med soil shea
developed us
sts, calculati
here the calcu
alculating the
ered for the F

nkment and ex

strength para
al slope stabil

 

Mingo Creek – FB
P029461 

s greater than
for the bridge

ect ADRS cur
pectral acceler

celeration D

PGA 

0.11 

0.39 

celeration D

PGA 

0.14 

0.42 

re provided in

ard Potential

consist of a
es.  In sand-li
is the typical t

soil’s shear s
ntraction ind
of saturated, 

m 0.07 to 0.25 

ar loss (SSL) 
sing data obta
ions were de
ulations indic
e soil’s residu
FEE and SEE
xtending into 

ameters deter
lity analyses f

BGER 

n 1,200 ft/s.  
 end bent and

rves for a Site
rations from t

esign Respon

Site Cl
SD

0.2

0.

esign Respon

Site Cl
SD

0.2

0.

n Section 7 of

a loss in a s
ike soils, this
terminology f

strength due 
duced by seis

loose, “clean
mm) sands.

calculations i
ained from bo
eveloped wit
cate that SSL
ual shear stren
E seismic even

the creek cha

rmined from 
for the FEE an

As such, the
d interior bent

e Class C and
the developed

nse Spectra

lass C 

DS 

21 

80 

nse Spectra

lass D 

DS 

28 

88 

f the Appendi

oil’s shear s
s phenomenon
for fine grain

to a rapid in
smic vibratio
n” (i.e. Plasti

in accordance
oth SPT and C
th the CLiq 

L is triggered,
ngth was utili
nts within the
annel. 

the SSL ca
nd SEE seism

e seismic eva
t piles. 

d a Site Class
d ADRS curv

SD1 

0.10 

0.41 

SD1 

0.14 

0.50 

ix. 

strength throu
n is typically

ned soils. 

ncrease in po
ons.  Soils m
icity Indexes

e with Chapte
CPT tests.  U

v.1.7 softw
 the Idriss &
ized.  Based o
e loose, alluv

alculations we
mic events. 

Page 8

aluation indic

 D.  The follo
ves for a Site 

ugh cyclic g
y referred to a

ore water pre
most susceptib
s less than 7)

er 13 of the G
Using data obt
ware develope
& Boulanger (
on the calcula
vial material b

ere utilized i

ates a 

owing 
Class 

round 
as soil 

essure 
ble to 
), fine 

GDM.  
tained 
ed by 
2008) 

ations, 
below 

in the 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

7.5. S
 

Wher
perfor
distrib
Latera
liquef
metho

 
The c
from 
calcul
inche
liquef
FEE e
will in
the IB
 
The r
summ

 

Deform
ID N

S
et

tl
em

en
t 

(L
on

gi
tu

di
na

l)
 

 

Bridge/

Deform
ID N

S
et

tl
em

en
t 

(L
on

gi
tu

di
na

l)
 

  1Performan

 
The d

 
 

idge Replaceme
G5556.02; SCD

Seismic Induc

re the calcul
rmed to calcu
bution effects
al displaceme
faction induc
odology. 

calculated liqu
0.2 inches to
lated liquefac
s to 1.6 inche
faction-induce
event and the
nduce downd

B2 foundation

results from th
marized in the 

Embankm

mation 
No. 

EV-03 

Max
long
road
in pa
50 f

/Embankmen

mation 
No. 

EV-05 
Max
End 
Appr

nce Limit based

detailed seism

nt over Black M
DOT Project ID: 

ced Embankm

ations indica
ulate the ver
s of the fine-g
ents were als
ed settlemen

uefaction-indu
 0.4 inches fo

ction-induced
es for the FEE
ed vertical se
 SEE event.  

drag loadings 
n design. 

he seismic ve
following tab

ment Settleme

Perform

ximum Vertica
gitudinally alon
dway has been 
arenthesis for i

feet of embankm

nt Transition

Perform

ximum Vertical
Bent and End 
roach Slab Len

d on a twenty (20

mic settlement 

 

Mingo Creek – FB
P029461 

ment Deforma

ate that SSL
rtical settleme
grained soil p
so calculated 
t was calcula

uced vertical 
or the FEE ev

d vertical settl
E event and 1
ettlement at th
SSL is not pr
on the IB2 p

ertical deform
bles. 

ent Performa

EE I Limit St
mance Limit D

al Differential S
ng the profile g
paved.  Differ
informational p
ment longitudi

n Settlement 

EE I Limit Sta
mance Limit D

l Differential S
of Approach S

ngth (LSlab) is m

0) foot approach

calculations 

BGER 

ations 

L is triggered
ent from the 
particles that a

from lateral
ated in accor

settlement at
vent and 0.6 i
lement at the 
.8 inches to 3
he IB2 pile lo
redicted at th

piles.  The ad

mation analys

ance Limits a

ate  
Description 

Settlement occu
grade after the 
ential ratio is s
purposes. (inch
inally) 

Performanc

ate  
Description 

Settlement Betw
Slab (Inches).  T
measure in feet

h slab length at E

are provided 

d, a subsequ
sand-like so

are predicted 
l spreading d
rdance with t

t the beginnin
inches to 1.2
 end of bridg

3.3 inches for
ocations is ap

he IB3 pile loc
dditional down

ses at the brid

at EE I Limi

Des
E

urring 

shown 
hes per 

FE

SE

ce Limits at E

Des
EQ

ween 
The 
t. 

FE

SE

EB1 & EB4 

in Section 10

uent deforma
oil’s redistribu

to undergo S
due to the liq
the Idriss & 

ng of bridge e
inches for th

ge embankme
r the SEE eve
pproximately
cations.  The 
n drag loadin

dge approach

it State for R

sign 
EQ 

Predict

EE 0.9”

EE 1.5”

EE I Limit S

sign 
Q 

Predict

EE 0.7”

EE 1.8”

0 of the Appe

Page 9

ation analysis
ution effects.
SSL are negli
quefied soils.

Boulanger (

embankment v
he SEE event
ent varies from
ent.  The calcu
y 3.5 inches fo

seismic settle
ngs will not g

h embankmen

ROC II 

ted 
Perform

Lim

” 
1.50

(1/40

” 
4.00

(1/20

tate for ROC

ted 
Perform

Lim

” 2.00

”  4.00

ndix. 

s was 
.  Re-
igible.  

 The 
2008) 

varies 
.  The 
m 0.7 
ulated 

for the 
ement 

govern 

nts are 

mance 
mit 

0” 
00) 

0” 
00) 

C II 

mance 
mit 

0”1 

0”1 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

7.6. B
 

F&M
bridge
develo
the G
stabili
Equili

 
The s
these 
perfor

 
We h
sheet.
slopes

 
The s
spectr
lists a
used i
design
stabili
within
neglec
 
Both 
The p
SKZ 2
two z
spacin
Rocsc
resista
the pi
into S
and th
 
The s
Newm
the cr
additi
of the
spacin
capac
and m
are pr
 
The S
In acc
resista
result

idge Replaceme
G5556.02; SCD

Bridge Appro

E has perform
e embankmen
oped by Roc

GDM, a minim
ity design me
ibrium Metho

subsurface so
analyses wer

rmed at each 

ave performe
.  The plan an
s. 

seismic grou
rums’ peak gr
a FEE PGA o
in our seismic
n event.  The
ity analyses.  
n the planne
cted during th

bridge emban
planned groun
20 sheet piles

z-shaped secti
ng or a ten 
cience and LP
ance and a ce
ile spacing to
Slide is determ
he calculated 

shear piles w
mark deforma
ritical slope s
ion, the calcu
e SKZ 20 pile
ng.  The shea
city of a singl
moments are b
resented in Se

Slide output y
cordance wit
ance factor re
ts from the slo

nt over Black M
DOT Project ID: 

oach Embankm

med static an
nt side slopes
science, for t

mum of three
ethodologies 
od. 

oil stratigraph
re based on g
respective br

ed bridge end 
nd profile she

nd motion p
round acceler
of 0.14g and 
c slope stabil
e calculated r
A uniform d

d approach s
he seismic de

nkments will 
nd improvem
s are anticipat
ions per set).
(10) foot c

Pilev2013 devel
enter-to-cente
o develop a u
mined from L
Newmark de

ere evaluated
ation is applie
stability plane
ulated bending
e set.  The app
ar capacity of
le SKZ 20 pi
below the ma
ection 11C of 

ields factors 
th the GDM,
esults.  The fo
ope stability a

Mingo Creek – FB
P029461 

ment Slope St

nd seismic glo
.  F&ME util
the global slo
e (3) slope sta

used were th

hy, groundwa
generalized c
idge embankm

slope stabilit
eet shows 2H

parameters w
ration (PGA) 
a SEE PGA 
ity analyses w
residual soil s
istributed live
slab/roadway 
sign analyses

require grou
ment consists o

ted to be used
.  The sets w
center-to-cent
loped by Enso
er pile spacing
niform shear 

LPile based on
formation. 

d for structur
ed as a unifor
e.  The result
g moment det
propriate pile
f a single SKZ
ile set is appr
aximum value
f the Appendix

of safety resu
 the factor o

ollowing table
analyses.

BGER 

tability 

obal slope sta
lized the comp
ope stability a
ability metho
he Bishop M

ater condition
onditions as 
ment location

ty analyses ba
H:1V end slop

were calculate
for a Site Cl
of 0.42g.  Th
was taken as 
strength para
e loading of 2

pavement a
s. 

und improvem
of driven, ste
d.  The sheet 

will be spaced
er spacing.  
oft were used
g is entered.  
resistance be

n depth of th

ral stability u
rm soil movem
ing shear for
termined from
e group modif
Z 20 pile set 
roximately 70
es.  The resul
x. 

ults while the 
of safety resu
e presents the

ability analys
mputer softwar

analyses.  In 
odologies wer

Method, Spenc

ns, and soil 
indicated by 

n. 

ased on the p
pes armored 

ed based on 
lass D.  Speci
he horizontal 
the full PGA

ameters were 
250 pounds p
areas for the 

ment to meet t
eel sheets pile
piles will be 

d at either an
 Both Slide

d to evaluate t
The program
etween pile s

he critical slop

utilizing the L
ment loading

rce from LPil
m LPile is com
fication facto
is approxima

00 kip-ft.  Th
lts from the L

GDM design
ults were inv
e calculated ge

es of the brid
re program, S
accordance w

re utilized.  T
cer Method, a

strength para
the test borin

provided bridg
with rip-rap 

the provided
ifically, the R
ground accel

A value of the 
utilized with
er square foo
static design

the seismic p
es as shear re
installed as a

n eight (8) fo
Version 7.0

the shear pile
m divides the s
sets.  The she
pe stability p

LPile softwar
g along the len
le is then ente
mpared to the

ors are entered
ately 300 kip
he LPile calcu
LPile analyses

n criteria lists
verted to con
eotechnical re

 

Page 10

dge end slope
Slide Version 
with Chapter 
The three (3) 
and General 

ameters utiliz
ngs and soun

ge plan and p
at both bridg

d design res
Response Spe
leration value
respective se

h the seismic 
ot (psf) was ap
n.  Live load

performance l
esistance elem
a coupled “se
oot center-to-c
009 develope
s.  In Slide, a 
shear resistan

ear resistance 
lane along th

re.  The calcu
ngth of pile w
ered into Slid
e moment cap
d based on th
s, and the mo
ulated shear f
s of the shear

s resistance fa
nvert the valu
esistance fact

es and 
7.009 
17 of 
slope 
Limit 

zed in 
ndings 

profile 
ge end 

ponse 
ctrum 
e (Kh) 
eismic 

slope 
pplied 
d was 

limits.  
ments.  
et” (ie. 
center 
ed by 
shear 

nce by 
input 

he pile 

ulated 
within 
de.  In 
pacity 

he pile 
oment 
forces 
r piles 

actors.  
ues to 
tor (φ) 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

 

 
Wher
establ
with C
seism
equal 
accele
Newm

 

idge Replaceme
G5556.02; SCD

Locatio

Begin Bri
Left Side S

Begin Bri
Right Side 

Begin Bri
End Slo

End Brid
End Slo

End Brid
Left Side S

End Brid
Right Side 

1Design crite
2Newmark Se

re geotechnic
lished in the 
Chapter 13 of

mic displacem
or less than 1

eration value
mark seismic 

nt over Black M
DOT Project ID: 

Global Em

on Desi

idge 
Slope 

idge 
Slope 

idge 
ope 

dge 
ope 

dge 
Slope 

dge 
Slope 

ria based on R
eismic Displac

al resistance 
GDM, a New
f the GDM.  T
ent analysis. 
1.00, a Newm
es are greater
displacement

 

Mingo Creek – FB
P029461 

bankment Sl

ign Event

Static 

FEE 

SEE 

Static 

FEE 

SEE 

Static 

FEE 

SEE 

Static 

FEE 

SEE 

Static 

FEE 

SEE 

Static 

FEE 

SEE 

Roadway Oper
cement Analy

factors for s
wmark Seism
The following
 For those lo

mark Seismic 
r than the PG
t calculations 

BGER 

lope Stability

Resista

Bishop  
Method 

0.63 

0.91 

2.322 

0.61 

0.87 

2.272

0.78 

0.95 

2.222

0.95 

1.082

1.752

0.39 

0.78 

1.542

0.58 

0.99 

1.792

rational Classi
ysis performed

seismic slope
mic Displacem

g table presen
ocations wher
Displacemen
GA, and the 
are presented

y Results Sum

ance Factor (

Spencer 
Method M

0.65 

0.93 

1.892

0.63 

0.88 

2.002

0.79 

0.96 

1.752

0.96 

1.082

1.522

0.39 

0.77 

1.372 

0.58 

0.94 

1.522

ification (ROC
d in accordanc

e stability did
ment Analysis
nts the worst-
re the slope s

nt Analysis wa
calculated d

d in Section 1

mmary 

(φ) 

D
C

GLE  
Method 

0.65 

0.94 

1.892 

0.63 

0.89 

1.962 

0.79 

0.97 

1.892 

0.96 

1.092 

1.542 

0.39 

0.78 

1.432 

0.58 

0.97 

1.562 

C) II 
e with Chapte

d not comply
s was perform
-case results f
stability resis
as not perform
displacement 
11B of the Ap

Page 11

Design 
Criteria 

0.651 

0.901 

0.901 

0.651 

0.901 

0.901 

0.651 

0.901 

0.901 

0.651 

0.901 

0.901 

0.651 

0.901 

0.901 

0.651 

0.901 

0.901 

er 13 of GDM

y with the cr
med in accor
from the New
stance factors
med since the

is zero (0).
ppendix. 

riteria 
rdance 
wmark 
s were 
e yield 

 The 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

 

E

Deform
ID N

V
er

ti
ca

l 
D

is
pl

ac
em

en
t 

L
at

er
al

 
D

is
pl

ac
em

en
t 

 
The S
comp
presen

 
7.7. P

 
Electr
bridge
follow

 

 
Per A
consid

 
1. R
2. pH
3. pH
4. Su
5. L
6. S
7. A

 
Based
bridge
measu
 

idge Replaceme
G5556.02; SCD

Embankment

ation 
No. 

GI-01 
Ma
fail

GI-02 
Ma
slop

GI-03 
Ma
fail

GI-04 
Ma
slop

Slide output 
uter generate
nted in Sectio

Pile Corrosion

ro-chemical l
e embankmen
wing table. 

Bulk Samp

BS-1
BS-2

BQL = Be

AASHTO LR
dered indicati

Resistivity less
H less than 5.
H between 5.
ulfate concen

Landfills and c
oils subject to

Areas with a m

d on the elect
e site, and w
ures be imple

nt over Black M
DOT Project ID: 

t Global Insta

Extrem
Performa

aximum Vertica
lure surface. (in

aximum Vertic
pe failure surfa

aximum Latera
lure surface. (in

aximum Latera
pe failure surfa

graphs depic
ed critical fai
on 11A of the

n and Deterio

laboratory tes
nt.  The resul

R

ple ID 
Des
Bent

EB
EB

elow Quantitati

RFD Bridge 
ive of a poten

s than 2,000 o
.5; 
5 and 8.5 in s

ntrations great
cinder fills; 
o mine or indu

mixture of hig

tro-chemical 
we do not re
mented.   

Mingo Creek – FB
P029461 

ability Perfo

me Event Limit
ance Limit Des
al Displacemen
nches) 

cal Displaceme
ace. (inches) 

al Displacemen
nches) 

al Displaceme
ace. (inches) 

ting the slop
ilure circles 
 Appendix. 

oration Potent

sts were perf
lts from the p

Results of Ele

sign 
t ID 

Dep
(f

B4 0-
B1 0-
ion Limit 

Design Spe
ntial for steel 

ohm-cm; 

soils with high
ter than 1,000

ustrial discha
gh resistivity s

lab test resul
ecommend th

BGER 

rmance Lim

t State  
scription 
nt at top of slo

ent at bottom 

nt at top of slo

ent at bottom 

pe geometry, 
of each of th

tial 

formed on bu
performed ele

ectro-Chemica

pth 
ft) 

Resis
(ohm

-5 7,1
-5 10,0

ecifications, 
and/or concre

h organic con
0 ppm; 

arge; and, 
soils and low 

lts, corrosion/
hat steel corr

mits At EEI L

Predicte

ope < 0.2

4 

of < 0.2

4 

ope < 0.2

4 

of < 0.2

4 

soil strength
he above list

ulk soil samp
ectro-chemica

al Testing 

stivity 
m-cm) 

pH

100 7
000 6

the followin
ete pile deteri

ntent; 

resistivity hig

/deterioration
rosion or co

Limit State Fo

ed 
Design

EQ 

 FEE 

SEE 

 FEE 

SEE 

 FEE 

SEE 

 FEE 

SEE 

h parameters,
ted slope stab

mples collecte
al testing are 

H 
Sul
(mg

.0 BQ

.9 BQ

ng soil or si
ioration or co

gh alkaline so

n potential do
oncrete deteri

Page 12

or ROC II 

n Perform
Lim

2.0

4.0

2.0

4.0

6.0

12.0

6.0

12.0

, soil profiles
bility analyse

d at each ex
summarized 

lfate 
g/kg) 

QL 
QL 

ite condition
rrosion. 

oils. 

oes not exist 
ioration mitig

mance 
mit 

” 

” 

” 

” 

” 

0” 

” 

0” 

s, and 
es are 

xisting 
in the 

ns are 

at the 
gation 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

7.8. P
 

Drive
found
Limit
Streng
bents.
 
Resist
interio
within
based
Each 
found
driven
 
The f
applic
drivin

 

 

S
er

vi
ce

  
L

im
it

S
ta

te
S

tr
en

gt
h 

 
L

im
it

S
ta

te
E

E
I 

L
im

it
S

ta
te

 
 

idge Replaceme
G5556.02; SCD

Pile Foundatio

en pile found
dations are pla
t State axial 
gth Limit Sta
. 

tance factors 
or bent piles w
n the Coastal 

d upon pile dy
bent line will

dation system
n piles is 0.65

following tabl
cable limit sta
ng resistance f

L
im

it 
S

ta
te

 

Fa

Ge

N

E

Requ

Ant

L
im

it 
S

ta
te

 

Fa

Ge

N

E

F

Requ

Ant

L
im

it 
S

ta
te

 

Fa

Ge

N

Liquef

Requ

Ant

nt over Black M
DOT Project ID: 

on Axial Ana

dations are p
anned at IB2
loading cond

ate lateral lo

for driven pi
will develop 
Plain.  The m

ynamic meas
l be supported

ms.  As such, 
5. 

le outlines th
ate.  In the Br
for the Streng

 

actored Design

eotechnical Res

Nominal Resis

Estimated Scou

Downdrag L

uired Driving R

ticipated Pile T

actored Design

eotechnical Res

Nominal Resis

Estimated Scou

Factored Down

uired Driving R

ticipated Pile T

actored Design

eotechnical Res

Nominal Resis

faction Induced

uired Driving R

ticipated Pile T

 

Mingo Creek – FB
P029461 

alyses 

planned at EB
 and IB3 usin
ditions gover
ading conditi

iles were dete
the required b

method for co
urements (PD
d by more tha
the geotechn

he end bent an
ridge Plan No
gth Limit Stat

Pile Found

n Load (Tons)

sistance Factor

tance (Tons) 

r Loss (Tons)

oss (Tons) 

Resistance (Ton

Tip EL (ft-MSL

n Load (Tons)

sistance Factor

tance (Tons) 

r Loss (Tons)

ndrag (Tons) 

Resistance (Ton

Tip EL (ft-MSL

n Load (Tons)

sistance Factor

tance (Tons) 

d Downdrag (T

Resistance (Ton

Tip EL (ft-MSL

BGER 

B1 and EB4
ng 18” squar
rn the geotec
ions govern 

ermined in ac
bearing resist

ontrolling inst
DA) with CA
an four (4) pil
nical resistanc

nd interior be
otes section, w
te since it is c

dation Axial 

E

r N

N

N

N

ns) N

L) N

r 0

ns) 

L) 

r 1

Tons) 

ns) 

L) 

4 using steel 
re, pre-stresse
chnical pile d
the geotechn

ccordance wit
tance in end b
tallation and v

APWAP analy
les and are, th
ce factor for a

ent axial pile
we have only

controlling the

Loads 

EB1 IB

52 8

N/A N/

N/A N/

N/A N/

N/A N/

N/A N/

N/A N/

73 11

0.65 0.

188 18

0 1

0 0

113 19

-5 -30

52 8

1.00 1.

52 8

17 3

69 8

+2 -

 HP14x73 p
ed concrete pi
design at the

nical pile des

th the GDM. 
bearing on ce
verifying pile
yses at end o
herefore, clas
axial compre

e bearing requ
y provided the
e pile design. 

B2 IB3

82 93 

/A N/A

/A N/A

/A N/A

/A N/A

/A N/A

/A N/A

8.5 132.5

65 0.65

83 204

3 5 

0 0 

96 209

0.5 -32.5

82 93 

00 1.00

82 93 

3 0 

85 93 

5 -11 

Page 13

piles.  Driven
iles.  The Str
e end bents.
sign at the in

 The end ben
emented soil l
e capacities w

of drive condi
sified as redu

essive resistan

uirements for
e required ult

 EB4 

63 

A N/A 

A N/A 

A N/A 

A N/A 

A N/A 

A N/A 

5 89 

5 0.65 

4 188 

0 

0 

9 137 

5 -11 

63 

0 1.00 

63 

20 

83 

-1 

n pile 
rength 

 The 
nterior 

nt and 
layers 

will be 
itions.  
undant 
nce of 

r each 
timate 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

7.9. B
 

To de
latera
perfor
depth
test bo
 
A ver
ICE w
Erodi
mater
scour 
 
The f
occur
deflec

 

 
The m
perfor
critica
and p
critica
the fo

 

                           

                           

 

idge Replaceme
G5556.02; SCD

Bridge Found

etermine the f
l analyses ut
rmance of th

hs used as inp
oring/soundin

ry dense, cem
with the des
bility Index f

rial (ie. soil e
is limited to 

following tab
rring below th
ctions were de

B

minimum pile
rmed by later
al depth may 
ractically rem
al depths at e
ollowing table

                                   

                                   

nt over Black M
DOT Project ID: 

dation Lateral 

foundations’ r
tilizing the co
he IB2 and IB
put into the L
ng logs. 

mented sand la
sign soil para
formula.  The
exhibiting N-v
the top of thi

ble lists the 
he ground lin
etermined by 

Bent ID. 

EB1 

IB2 

IB3 

EB4 

e/shaft penetr
ral soil-struct
be considere

mains constan
ach bent loca

e. 

Bent N

EB

IB2

IB3

EB
   1Based on ma
   2Referenced 

Mingo Creek – FB
P029461 

Design Anal

response und
omputer softw
B3 foundation
PILE program

ayer was obs
ameters of th
e provided so
values greate
s cemented sa

maximum to
ne for the end
the geotechn

Lateral R

Design Event

Service 

Service 

Service 

Service 

ation depths 
ture interactio
ed as the poin
nt.  The critica
ation referenc

Cr

No. 
D

1 

2 

3 

4 

aximum Streng
from top of pil

BGER 

yses 

er static later
ware program
ns for the sc
m were based

erved in all t
his cemented
oil parameters
r than 50 bpf
and layer. 

op of pile de
d bent and in

nical and struc

Response Sum

Longitud
Top of P
Deflecti

(in)

< 0.1

0.95

0.90

0.1

required to m
on analyses u
nt where the l
al depths wer
ced from the b

itical Depth1 
Depth1,2  

(ft) 
M

15 

38 

39 

15 

gth load case 
le 

ral loading co
m LPilev.2013. 
oured condit

d on generaliz

tests performe
d sand layer 
s are similar 
f).  Based on

eflections and
nterior bent p
ctural enginee

mmary 

dinal  
Pile 
ion 

T
T
D

 

maintain latera
using the LPi
lateral deflec

re determined
bottom of the

Min. PSC Tip 
(ft-NAVD88

+6 

-15 

-16 

+6 

onditions, F&M
 We have an

tions.  The so
zed condition

ed at the site
for inclusio

to that of an
n the Erodibil

d maximum 
pile foundatio
er. 

Transverse  
Top of Pile 
Deflection 

(in) 

< 0.1 

0.20 

0.20 

< 0.1 

al stability (c
lev.2013 compu
tion of the fo

d for the scour
e cap elevatio

EL 
8) 

Page 14

ME has perfo
nalyzed the l
oil parameter
ns as shown o

.  F&ME pro
on in the HE
n intermediate
lity Index for

bending mom
ons.  The pro

critical depth)
uter program.
oundation bec
red condition
ons are provid

ormed 
lateral 
rs and 
on the 

ovided 
EC-18 
e geo-
rmula, 

ments 
ovided 

) were 
.  The 
comes 

n.  The 
ded in 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

We h
graph
 

 
8. BRID
 
Place the 

Reinforce
Install the

For End 
and the e
table: 

 

idge Replaceme
G5556.02; SCD

have included
hs from our LP

DGE PLAN N

following not
 

Bent I
Facto
Geote
Nomin
Estima
Facto
Requi
Metho
Pile In

 
ed pile tips w
e reinforced p

 
Bent 1 and E
stimated pile

 

 

nt over Black M
DOT Project ID: 

d the input/ou
PILE generat

NOTES 

tes on the brid

I.D. 
red Design L
chnical Resis
nal Resistanc
ated Scour 
red Downdra
ired Driving R
od of controllin

Installation Ch

with teeth ar
pile tips in ac

End Bent 4, 
e tip elevation

Bent I.D. 

EB1 
EB4 

 

Mingo Creek – FB
P029461 

utput summar
ed lateral ana

dge plans for 

Pi

Load 
stance Factor
ce 

ag 
Resistance 
ng installation

hart from Wave

re required t
ccordance wit

the required
n to achieve th

Pile Tip
Minim

El
(ft-N

BGER 

ry sheets, crit
alyses in Secti

EB1 and EB

ile Bearing 

r 
1

1
n of piles and v
e Equation wit

to mitigate h
th the manuf

d minimum p
he required a

p Elevation Ta
mum Pile Tip 

levation  
NAVD88) 

+6 
+6 

tical depth, d
ion 12 throug

4. 

EB1 
73 Tons 

0.65 
113 Tons 

0 Tons 
0 Tons 

113 Tons 
verifying their 
thout stress me

hard driving 
facturer’s ins

pile tip elevat
axial capacity

Table 
Estimate

Elev
(ft-NA

-
-

deflection and
gh 15 of the A

EB4 
89 Tons 

0.65 
137 Tons 

0 Tons 
0 Tons 

137 Tons 
capacity:   

easurements d

conditions a
stallation reco

tion to achie
ty are provide

ed Pile Tip 
vation 
AVD88) 
-5 
11 

Page 15

d bending mo
Appendix. 

during driving.

at EB1 and 
ommendation

eve lateral sta
ed in the follo

oment 

. 

EB4.  
ns. 

ability 
owing 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

The follow

A pile ha
installatio
reflects th
 
The pile 
driving cr
analyses. 
 
Pile Drivi
end bent. 
the produ
the lowes
four (4) d
warmed u
amount o
required 
required 
required u
 
Each pile
driving di
 
Reference
Section 7
Specificat

 

idge Replaceme
G5556.02; SCD

wing estimate
 

ammer havin
on.  However
he Contractor

lengths show
riteria shall 

ing Analyzer 
 If a CAPW

uction piles m
t blows per fo
day wait peri
up before re
of redriving 
will be 50, w
ultimate driv
ultimate drivi

e is to be inst
iscontinuities

e the 2007 S
711.  Notes 
tions. 

 

nt over Black M
DOT Project ID: 

ed parameter

Estima
Skin Qua
Toe Quak
Skin Dam
Toe Damp
% Skin F
Distributi
Bearing G
Pile Pene
Hammer 

1Distributio
surface and
2Bearing G
and consta
to perform 

 
ng a rated 
r, final hamm
r’s proposed d

wn on the pla
be based on

(PDA) testin
WAP analysis 
may be require
foot.  PDA tes
iod following
edriving begi
required to d
whichever oc
ving resistan
ing resistanc

talled in one 
s including an

Standard Spec
included in 

 

Mingo Creek – FB
P029461 

rs were used f

ated Pile Driv
ake (QS) 
ke (QT) 
mping (SD) 
ping (TD) 

Friction 
ion Shape No
Graph 
etration 
Energy Rang

on Shape No. v
d 1.0 at the pil

Graph Options 
ant end bearing

the wave equa

energy as in
mer approval
driving system

ans are for e
n results from

ng shall also 
determines th
ed.  The restr
sting shall als
g initial drive
ins by applyi
determine be
ccurs first.  I
nce, the Cont
e is obtained.

continuous o
nticipated tim

cifications fo
these plans 

BGER 

for performin

vability Analy

o. 
P

ge 4
varies with dep
le tip elevation
– proportiona

g.  Note: GRLW
ation analysis.

ndicated abo
l is based on
m. 

estimation pu
m the Pile D

be performed
hat capacity 
rike shall be p
lso be perform
e, pile restrik
ing at least 
earing shall 
If the ultima
tractor may 
. 

operation.  In
me intervals in

or Highway C
are in addit

ng a drivabili

ysis Paramete
0.10 in. 
0.05 in. 

0.05 sec/ft 
0.15 sec/ft 

20% 
1.01 

Proportional2

95% 
40 - 75 ft-kips
pth: 0 at the gr

n 
al, constant ski
WEAP (2010) 
 

ove is consid
n a wave equ

urposes only.
Driving Analy

d on the first 
has not been
performed on
med on the re

kes shall com
20 blows to
be 6 inches 

ate driving re
be required 

nclude details
n the Pile Ins

Construction
ition to the r

ity analysis fo

ers 

2 

s 
round  

in friction,  
was used  

dered suitabl
uation analys

.  The actua
yzer (PDA) a

t production p
n achieved, a
n the product
estrike.  Follo

mmence.  The
o another pil

or the total 
resistance has

to continue

ls of any anti
stallation Pla

n for Driven P
requirements

Page 16

or EB1 and E

le for driven
sis that accu

al pile length
and the CAP

pile driven at
a restrike of o
tion pile exhib
owing a mini

e hammer sh
le. The maxi
number of 

s not reache
e driving unt

icipated temp
an. 

Pile Founda
s of the Stan

EB4: 

n pile 
rately 

s and 
PWAP 

t each 
one of 
biting 
imum 
all be 
imum 
blows 

ed the 
til the 

porary 

ations, 
ndard 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

Place the 

The estim
concrete p
of the W
lateral sta
fabricated
of the pre
 
The estim
concrete p
of the W
lateral sta
fabricated
of the pre
 
The follow

idge Replaceme
G5556.02; SCD

following not
 

Bent I
Factor
Geotec
Nomin
Estima
Factor
Requir
Method
Pile In
 

mated pile tip
pile section f

W8x58 steel pi
ability for the
d and delivere
e-stressed con

mated pile tip
pile section f

W8x58 steel pi
ability for the
d and delivere
e-stressed con

wing estimate
 

Sk
To
Sk
To
%
D
B
To
To
E
Pi
H

1D
su
2B
an
to p

nt over Black M
DOT Project ID: 

tes on the brid

I.D. 
red Design L
chnical Resis
nal Resistanc
ated Scour 
red Downdra
red Driving R
d of controllin
stallation Cha

p elevation to
for Interior B
ile points of 

e 18-inch pre-
ed to the job 

ncrete pile. 

p elevation to
for Interior B
ile points of 

e 18-inch pre-
ed to the job 

ncrete pile. 

ed parameter

Estima
kin Quake (Q

Toe Quake (Q
kin Damping

Toe Damping 
% Skin Frictio
Distribution Sh

earing Graph
Toe No. 2 Qua
Toe No. 2 Dam
End Bearing F

ile Penetratio
Hammer Ener
Distribution Sh

rface and 1.0 a
Bearing Graph 
nd constant end

perform the w
 

Mingo Creek – FB
P029461 

dge plans for 

Pi

oad 
stance Factor
ce 

ag 
Resistance 
ng installation 
art from Wave 

o achieve the
Bent 2 is -28.0
f -30.5 ft-NA
-stressed con
site with a 2.

o achieve the
Bent 3 is -30.0
f -32.5 ft-NA
-stressed con
site with a 2.

rs were used f

ated Pile Driv
QS) 
T) 

g (SD) 
(TD) 

on 
hape No. 
h 
ake 
mping 
Fraction (Toe
on 
rgy Range 
ape No. varies
at the pile tip e
Options – prop

d bearing.  No
wave equation a

BGER 

IB2 and IB3

ile Bearing 

11
r 

1

1
of piles and ve
Equation with

e required ax
0 ft-NAVD88
VD88.  The 
crete pile sec
5 foot length

e required ax
0 ft-NAVD88
VD88.  The 
crete pile sec
5 foot length

for performin

vability Analy

e No. 2) 

s with depth: 0
elevation 
portional, con

ote: GRLWEAP
analysis. 

. 

IB2 
18.5 Tons 

0.65 
183 Tons 
13 Tons 
0 Tons 

196 Tons 
erifying their c
hout stress mea

xial resistanc
8.  This equat

minimum tip
ction is -15.0 f
h of W8x58 pi

xial resistanc
8.  This equat

minimum tip
ction is -16.0 f
h of W8x58 pi

ng a drivabili

ysis Paramete
0.10 i
0.05 i

0.05 se
0.15 se

20%
1.01

Proporti
0.05
0.15
0.90
25%

40 - 75 ft
0 at the ground

nstant skin fric
P (2010) was u

IB3 
132.5 Tons

0.65 
204 Tons

5 Tons 
0 Tons 

209 Tons
capacity:   
asurements du

ce for the 18
tes to an estim
ip elevation r
ft-NAVD88. 
ile point exte

ce for the 18
tes to an estim
ip elevation r
ft-NAVD88. 
ile point exte

ity analysis fo

ers 
in. 
in. 
ec/ft 
ec/ft 
% 

1 
ional2 
5 
5 
0 

% 
ft-kips 
d  

ction,  
used  

Page 17

s 

 

 

uring driving.

8-inch pre-str
mated tip elev
required to o
 The piles sh

ending from t

8-inch pre-str
mated tip elev
required to o
 The piles sh

ending from t

or IB2 and IB

ressed 
vation 
obtain 
hall be 
the tip 

ressed 
vation 
obtain 
hall be 
the tip 

B3: 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

A pile ha
installatio
reflects th
 
Predrill p
maximum
ground m
drive the 
than ¼ in
 
Predrill p
maximum
ground m
drive the 
than ¼ in
 
The pile 
driving cr
analyses. 
 
Pile Drivi
interior b
of the pr
exhibiting
minimum
shall be 
maximum
blows req
required 
required u
 
Each pile
driving di
 
Reference
Section 7
Specificat

9. VIBR
 
Currently
such, a v
Provision
proposed 

 

idge Replaceme
G5556.02; SCD

ammer havin
on.  However
he Contractor

pile location
m predrilling 
movements or
18” PSC pili

nch of movem

pile location
m predrilling 
movements or
18” PSC pili

nch of movem

lengths show
riteria shall 

ing Analyzer 
bent.  If a CA
roduction pil
g the lowest b

m four (4) day
warmed up 

m amount of 
quired will be 

ultimate driv
ultimate drivi

e is to be inst
iscontinuities

e the 2007 S
711.  Notes 
tions. 

 
 

RATION MO

, no residenti
vibration mon
s, the Contrac
bridge and ro

 
 

nt over Black M
DOT Project ID: 

ng a rated 
r, final hamm
r’s proposed d

s at IB2 to 
diameter of 

r voids below
ing to the esti

ment. 

s at IB3 to 
diameter of 

r voids below
ing to the esti

ment. 

wn on the pla
be based on

(PDA) testin
PWAP analy

les may be r
blows per foo
y wait period 

before redri
redriving req
50, whicheve

ving resistan
ing resistanc

talled in one 
s including an

Standard Spec
included in 

ONITORING

al structures 
nitoring progr
ctor is require
oadway constr

 

Mingo Creek – FB
P029461 

energy as in
mer approval
driving system

a minimum
f 30 inches.  
w ground do 
imated pile tip

a minimum
f 30 inches.  
w ground do 
imated pile tip

ans are for e
n results from

ng shall also 
ysis determine
required.  Th
ot.  PDA testin
d following in
iving begins
quired to dete
er occurs firs

nce, the Cont
e is obtained.

continuous o
nticipated tim

cifications fo
these plans 

G 

are located in
ram is not re
ed to monitor
ruction. 

BGER 

ndicated abo
l is based on
m. 

m elevation o
Perform pre
not occur.  A
p elevation.  D

m elevation o
Perform pre
not occur.  A
p elevation.  D

estimation pu
m the Pile D

be performed
es that capac
he restrike sh
ng shall also

nitial drive, pi
 by applying
ermine bearin
st.  If the ultim
tractor may 
. 

operation.  In
me intervals in

or Highway C
are in addit

n the vicinity 
ecommended.
r vibrations at

ove is consid
n a wave equ

of -15.0 ft-N
edrilling so sp
After predrill
Do not strike

of -16.0 ft-N
edrilling so sp
After predrill
Do not strike

urposes only.
Driving Analy

d on the first 
city has not b
hall be perfo

o be performe
ile restrikes s
g at least 20
ng shall be 6
mate driving 
be required 

nclude details
n the Pile Ins

Construction
ition to the r

of the bridge
.  In accorda
t all structures

dered suitabl
uation analys

NAVD88 tha
poils are min
ling operatio
e the pile ove

NAVD88 tha
poils are min
ling operatio
e the pile ove

.  The actua
yzer (PDA) a

t production p
been achieved
formed on th
ed on the rest
shall commen
0 blows to a
6 inches or th
g resistance h

to continue

ls of any anti
stallation Pla

n for Driven P
requirements

e and roadway
ance with the
s within a 300

Page 18

le for driven
sis that accu

t will result 
nimized and 

ons have occu
r 5 blows wit

t will result 
nimized and 

ons have occu
r 5 blows wit

al pile length
and the CAP

pile driven at
d, a restrike o
he production
trike.  Follow
nce.  The ham
another pile.
he total numb
as not reache

e driving unt

icipated temp
an. 

Pile Founda
s of the Stan

y construction
e project’s Sp
0 foot radius 

n pile 
rately 

in a 
large 

urred, 
th less 

in a 
large 

urred, 
th less 

s and 
PWAP 

t each 
of one 
n pile 

wing a 
mmer 
. The 
ber of 
ed the 
til the 

porary 

ations, 
ndard 

n.  As 
pecial 
of the 

 



 S-51
F&M

1 Emergency Bri
ME Project No.: 

10. LIMI
 
This repor
specific a
herein are
standards 
implied, i
 
In the eve
planned, t
reviewed 
 

idge Replaceme
G5556.02; SCD

ITATIONS O

rt has been pr
application to
e based upon 
in this geogr

s made. 

ent that any ch
the recommen
and verified i

nt over Black M
DOT Project ID: 

OF REPORT

repared in acc
 the referenc
the provided

raphic area at

hanges in natu
ndations cont
in writing. 

Mingo Creek – FB
P029461 

T 

cordance with
ced bridge pro
d test borings
t the time thi

ure, design, o
tained in this 

BGER 

h generally ac
oject.  The c
s and testing 
is report was 

or location of 
report will no

ccepted geote
conclusions an
result data co
prepared.  N

f the structure 
ot be consider

echnical engin
nd recommen
ontained with

No other warr

 and/or found
red valid unle

Page 19

neering practi
ndations cont
hin, and appli
ranty, express

dation elemen
ess the chang

ice for 
tained 
icable 
sed or 

nts are 
ges are 

 



 
  

 
 

 
F&ME 
CONSULTANTS 

S-51 EMERGENCY BRIDGE REPLACEMENT  
OVER BLACK MINGO CREEK 

FINAL BRIDGE GEOTECHNICAL ENGINEERING REPORT 

 
 

APPENDIX 
 

CONTENTS 
 

 
SECTION 1    SITE LOCATION PLAN 
SECTION 2    SOIL TESTING LOCATION PLAN 
SECTION 3    GENERALIZED SUBSURFACE PROFILE 
SECTION 4    BORING LOGS & CPT LOGS 
SECTION 5    SOIL PARAMETER CORRELATIONS 

SUBSECTION a   SPT METHOD 
 SUBSECTION b   CPT METHOD 
SECTION 6    LABORATORY TEST RESULTS 
SECTION 7    SEISMIC DESIGN DATA 
SECTION 8    BRIDGE FOUNDATION LOADINGS 
SECTION 9    STATIC SETTLEMENT CALCULATIONS 
 SUBSECTION a   SPT METHOD 
 SUBSECTION b   CPT METHOD 
SECTION 10   SOIL SHEAR LOSS CALCULATIONS 
 SUBSECTION a   SPT METHOD 
 SUBSECTION b   CPT METHOD 
SECTION 11   EMBANKMENT SLOPE STABILITY ANALYSES 
 SUBSECTION a   SLIDE RESULTS 
 SUBSECTION b   NEWMARK DEFORMATION CALCULATIONS 
 SUBSECTION c   PIN PILE CALCULATIONS 
SECTION 12   END BENT 1 DRIVEN PILE ANALYSES 
SECTION 13   INTERIOR BENT 2 DRIVEN PILE ANALYSES 
SECTION 14   INTERIOR BENT 3 DRIVEN PILE ANALYSES 
SECTION 15   END BENT 4 DRIVEN PILE ANALYSES 
SECTION 16   GEOTECHNICAL DETAILS & SPECIFICATIONS 
  



 
  

 
 

 
F&ME 
CONSULTANTS 

S-51 EMERGENCY BRIDGE REPLACEMENT  
OVER BLACK MINGO CREEK 

FINAL BRIDGE GEOTECHNICAL ENGINEERING REPORT 

 
 
 
 

APPENDIX 
 
 
 
 
 

SECTION 1 
 

SITE LOCATION PLAN 
  








 
  

 
 

 
F&ME 
CONSULTANTS 

S-51 EMERGENCY BRIDGE REPLACEMENT  
OVER BLACK MINGO CREEK 

FINAL BRIDGE GEOTECHNICAL ENGINEERING REPORT 

 
 
 
 

APPENDIX 
 
 
 
 
 

SECTION 2 
 

SOIL TESTING LOCATION PLAN 
  













 
  

 
 

 
F&ME 
CONSULTANTS 

S-51 EMERGENCY BRIDGE REPLACEMENT  
OVER BLACK MINGO CREEK 

FINAL BRIDGE GEOTECHNICAL ENGINEERING REPORT 

 
 
 
 

APPENDIX 
 
 
 
 
 

SECTION 3 
 

GENERALIZED SUBSURFACE PROFILE 
  





 
  

 
 

 
F&ME 
CONSULTANTS 

S-51 EMERGENCY BRIDGE REPLACEMENT  
OVER BLACK MINGO CREEK 

FINAL BRIDGE GEOTECHNICAL ENGINEERING REPORT 

 
 
 
 

APPENDIX 
 
 
 
 
 

SECTION 4 
 

BORING LOGS & CPT LOGS 
  



10

6

5

4

WOR

1

14

8

9

5

4

3

1

2

10

11

12

5

3

4

WOH

1

19

13

0.9

7.0

9.0

12.0

17.0

ASPHALT = 11 inches

medium dense, moist, brownish yellow,
subangular, silty fine SAND (SM), 10YR 6/6,
fill

- - - loose

- - - LL=NP, PL=NP, PI=NP, NMC=17.5,
%200=15.8

loose, moist, dark gray, subangular, low
plasticity fines, clayey fine SAND (SC), 2.5Y
4/1, fill

very loose, moist, very dark gray, high
plasticity fines, organic laden silty SAND
(SM), 10YR 3/1, trace wood fragments,
LL=167, PL=86, PI=81, alluvium

soft, wet, very dark gray, PEAT (PT), 10YR
3/1, alluvium

- - - NMC=205.0, %200=6.4, OC=26.3

medium dense, moist, dark greenish gray,
subangular, weakly reactive, silty fine SAND
(SM), Gley 1 3/5GY, trace moderately
cemented lenses, Pee Dee Formation

- - - LL=NP, PL=NP, PI=NP, NMC=15.2,
%200=22.8

- - - light yellowish brown, 2.5Y 6/4, few
gravel, LL=NP, PL=NP, PI=NP, NMC=20.4,
%200=13.1

1.0

3.0

5.0

7.0

9.0

13.5

18.5

23.5

21

10

7

7

1

3

29

24

SS/1

SS/2

SS/3

SS/4

SS/5

SS/6

SS/7

SS/8

Offset: Alignment:

TOB

Y

Mud RotaryCME 45D

33.7108808

N/A

S-51 (Battery Park Road) RBO Black Mingo Creek

11/25/2015
11/25/2015

Site Description:

Sampler Configuration Liner Required:

1s
t 6

"

2n
d 

6"

3r
d 

6"

0.0

Project ID:

Eng./Geo.:
Latitude:

Core Size:

Longitude:

Route:

Groundwater: 24HR

Liner Used:

N/A

100 ft
26.0 ft

E
le

va
tio

n
(f

t)

21.0

16.0

11.0

6.0

1.0

D
ep

th
(f

t) MATERIAL DESCRIPTION

S
am

pl
e

D
ep

th
(f

t)

N
 V

al
ue

G
ra

ph
ic

Lo
g

100 ft
Y

S
am

pl
e

N
o.

/T
yp

e

 FINES CONTENT (%)
10 20 30 40 50 60 70 80 900

WilliamsburgCounty:

PL LL

DRILLING METHOD
-
-
-

81%

NQ
CU
CT

-
-
-

Boring No.:

Split Spoon
Undisturbed Sample
Rock Core, 1-1/8"

P029461
S-45-51

Automatic

MC

STB-1

Soil Test Log

Date Started:
Total Depth: Date Completed:
Bore Hole Diameter (in):
Drill Machine:

Continued Next Page

RW
RC

-
-

HSA
CFA
DC

D. Schoen

-
-
-

SS
UD
AWG

Carolina Drilling

 SPT N VALUE 

Elev.:

Rotary Wash
Rock Core

Rock Core, 1-7/8"
Cuttings
Continuous Tube

SAMPLER TYPE

79.5754147

Driller:
Energy Ratio:

67+50

3

2'-RT

Drill Method:

Mainline

N/A

Soil Depth: Core Depth:

LEGEND

Boring Location:

0 ft

Hollow Stem Auger
Continuous Flight Augers
Driving Casing

Hammer Type:

S
C

_D
O

T
  G

55
56

.0
2 

S
-5

1 
R

B
O

 B
LA

C
K

 M
IN

G
O

 C
R

E
E

K
.G

P
J 

 S
C

D
O

T
 D

A
T

A
 T

E
M

P
LA

T
E

_1
2_

3
0_

20
1

4.
G

D
T

  2
/1

2
/1

6

167

205

NN



24

50/0.5"

5

7

9

50/4.5"

10

14

16

37

6

10

13

- - - very dense, light olive brown, 2.5Y 5/3,
50> material not continuous - discrete lenses
less than 6" thick

- - - recovered pieces of moderately
cemented sand

- - - medium dense, dark greenish gray,
weakly reactive, Gley 1 3/10Y

- - - not reactive, LL=NP, PL=NP, PI=NP,
NMC=32.6, %200=25.0

28.5

33.5

38.5

43.5

48.5

50/4.5"

50/0.5"

16

24

29

SS/9

SS/10

SS/11

SS/12

SS/13

Offset: Alignment:

TOB

Y

Mud RotaryCME 45D

33.7108808

N/A

S-51 (Battery Park Road) RBO Black Mingo Creek

11/25/2015
11/25/2015

Site Description:

Sampler Configuration Liner Required:

1s
t 6

"

2n
d 

6"

3r
d 

6"

Project ID:

Eng./Geo.:
Latitude:

Core Size:

Longitude:

Route:

Groundwater: 24HR

Liner Used:

N/A

100 ft
26.0 ft

E
le

va
tio

n
(f

t)

-4.0

-9.0

-14.0

-19.0

-24.0

D
ep

th
(f

t) MATERIAL DESCRIPTION

S
am

pl
e

D
ep

th
(f

t)

N
 V

al
ue

G
ra

ph
ic

Lo
g

100 ft
Y

S
am

pl
e

N
o.

/T
yp

e

 FINES CONTENT (%)
10 20 30 40 50 60 70 80 900

WilliamsburgCounty:

PL LL

DRILLING METHOD
-
-
-

81%

NQ
CU
CT

-
-
-

Boring No.:

Split Spoon
Undisturbed Sample
Rock Core, 1-1/8"

P029461
S-45-51

Automatic

MC

STB-1

Soil Test Log

Date Started:
Total Depth: Date Completed:
Bore Hole Diameter (in):
Drill Machine:

Continued Next Page

RW
RC

-
-

HSA
CFA
DC

D. Schoen

-
-
-

SS
UD
AWG

Carolina Drilling

 SPT N VALUE 

Elev.:

Rotary Wash
Rock Core

Rock Core, 1-7/8"
Cuttings
Continuous Tube

SAMPLER TYPE

79.5754147

Driller:
Energy Ratio:

67+50

3

2'-RT

Drill Method:

Mainline

N/A

Soil Depth: Core Depth:

LEGEND

Boring Location:

0 ft

Hollow Stem Auger
Continuous Flight Augers
Driving Casing

Hammer Type:

S
C

_D
O

T
  G

55
56

.0
2 

S
-5

1 
R

B
O

 B
LA

C
K

 M
IN

G
O

 C
R

E
E

K
.G

P
J 

 S
C

D
O

T
 D

A
T

A
 T

E
M

P
LA

T
E

_1
2_

3
0_

20
1

4.
G

D
T

  2
/1

2
/1

6

NN



31

50/4.5"

7

50/4.25"

5

35

9

7

21

7

5

52.0

57.0

62.0

hard, moist, very dark gray, low plasticity,
sandy CLAY (CL), Gley 1 3/N, Pee Dee

very dense, moist, dark gray, subangular,
slightly sility fine SAND (SP-SM), Gley 1 4/N,
Pee Dee

vey stiff, moist, very dark gray, weakly
reactive, low plasticity, sandy CLAY (CL),
Gley 1 3/N, Pee Dee

- - - LL=39, PL=23, PI=16, NMC=27.0,
%200=65.6

- - - hard, @ tip of spoon - greenish gray,
slightly cemented

- - - stiff, dark gray, Gley 1 3/N

53.5

58.5

63.5

68.5

73.5

56

50/4.5"

16

50/4.25"

12

SS/14

SS/15

SS/16

SS/17

SS/18

Offset: Alignment:

TOB

Y

Mud RotaryCME 45D

33.7108808

N/A

S-51 (Battery Park Road) RBO Black Mingo Creek

11/25/2015
11/25/2015

Site Description:

Sampler Configuration Liner Required:

1s
t 6

"

2n
d 

6"

3r
d 

6"

Project ID:

Eng./Geo.:
Latitude:

Core Size:

Longitude:

Route:

Groundwater: 24HR

Liner Used:

N/A

100 ft
26.0 ft

E
le

va
tio

n
(f

t)

-29.0

-34.0

-39.0

-44.0

-49.0

D
ep

th
(f

t) MATERIAL DESCRIPTION

S
am

pl
e

D
ep

th
(f

t)

N
 V

al
ue

G
ra

ph
ic

Lo
g

100 ft
Y

S
am

pl
e

N
o.

/T
yp

e

 FINES CONTENT (%)
10 20 30 40 50 60 70 80 900

WilliamsburgCounty:

PL LL

DRILLING METHOD
-
-
-

81%

NQ
CU
CT

-
-
-

Boring No.:

Split Spoon
Undisturbed Sample
Rock Core, 1-1/8"

P029461
S-45-51

Automatic

MC

STB-1

Soil Test Log

Date Started:
Total Depth: Date Completed:
Bore Hole Diameter (in):
Drill Machine:

Continued Next Page

RW
RC

-
-

HSA
CFA
DC

D. Schoen

-
-
-

SS
UD
AWG

Carolina Drilling

 SPT N VALUE 

Elev.:

Rotary Wash
Rock Core

Rock Core, 1-7/8"
Cuttings
Continuous Tube

SAMPLER TYPE

79.5754147

Driller:
Energy Ratio:

67+50

3

2'-RT

Drill Method:

Mainline

N/A

Soil Depth: Core Depth:

LEGEND

Boring Location:

0 ft

Hollow Stem Auger
Continuous Flight Augers
Driving Casing

Hammer Type:

S
C

_D
O

T
  G

55
56

.0
2 

S
-5

1 
R

B
O

 B
LA

C
K

 M
IN

G
O

 C
R

E
E

K
.G

P
J 

 S
C

D
O

T
 D

A
T

A
 T

E
M

P
LA

T
E

_1
2_

3
0_

20
1

4.
G

D
T

  2
/1

2
/1

6

NN



6

6

7

7

50/1.5"

10

14

10

11

7

9

8

9

100.0

- - - very stiff

- - - hard

BORING TERMINATED AT 100 FEET

78.5

83.5

88.5

93.5

98.5

17

23

18

20

50/1.5"

SS/19

SS/20

SS/21

SS/22

SS/23

Offset: Alignment:

TOB

Y

Mud RotaryCME 45D

33.7108808

N/A

S-51 (Battery Park Road) RBO Black Mingo Creek

11/25/2015
11/25/2015

Site Description:

Sampler Configuration Liner Required:

1s
t 6

"

2n
d 

6"

3r
d 

6"

Project ID:

Eng./Geo.:
Latitude:

Core Size:

Longitude:

Route:

Groundwater: 24HR

Liner Used:

N/A

100 ft
26.0 ft

E
le

va
tio

n
(f

t)

-54.0

-59.0

-64.0

-69.0

-74.0

D
ep

th
(f

t) MATERIAL DESCRIPTION

S
am

pl
e

D
ep

th
(f

t)

N
 V

al
ue

G
ra

ph
ic

Lo
g

100 ft
Y

S
am

pl
e

N
o.

/T
yp

e

 FINES CONTENT (%)
10 20 30 40 50 60 70 80 900

WilliamsburgCounty:

PL LL

DRILLING METHOD
-
-
-

81%

NQ
CU
CT

-
-
-

Boring No.:

Split Spoon
Undisturbed Sample
Rock Core, 1-1/8"

P029461
S-45-51

Automatic

MC

STB-1

Soil Test Log

Date Started:
Total Depth: Date Completed:
Bore Hole Diameter (in):
Drill Machine:

RW
RC

-
-

HSA
CFA
DC

D. Schoen

-
-
-

SS
UD
AWG

Carolina Drilling

 SPT N VALUE 

Elev.:

Rotary Wash
Rock Core

Rock Core, 1-7/8"
Cuttings
Continuous Tube

SAMPLER TYPE

79.5754147
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0.8

7.0

9.0

12.0

17.0

19.5

ASPHALT = 10 inches

medium dense, moist, light brownish yellow,
subangular, silty fine SAND (SM), 2.5Y 6/4,
fill

- - - loose, brownish yellow, 10YR 6/6

- - - very loose, yellowish brown, 10YR 5/6

very loose, moist, reddish yellow and strong
brown, subangular, low plasticity fines, clayey
SAND (SC), 7.5YR 6/6 and 7.5YR 4/6,
LL=48, PL=23, PI=25, NMC=29.6,
%200=33.8, fill

very loose, moist, very dark gray, high
plasticity fines, organic laden silty SAND
(SM), 10 YR 3/1, trace wood fragments,
LL=99, PL=47, PI=52, NMC=67.4,
%200=33.1, alluvium

loose, moist, dark grayish brown, subangular,
silty fine SAND (SM), 10YR 4/2, alluvium

loose, moist, dark grayish brown, subangular,
slightly silty fine SAND (SP-SM), 10YR 4/2,
alluvium

loose, moist, dark greenish gray, subangular,
silty fine SAND (SM), Gley 1 3/5GY, Pee
Dee Formation

- - - medium dense, light yellowish brown,
2.5Y 6/4
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S-51 (Battery Park Road) RBO Black Mingo Creek

11/25/2015
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Site Description:
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Drill Method:
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47.0

- - - very dense, light olive brown, 2.5Y 5/3,
LL=NP, PL=NP, PI=NP, NMC=30.9,
%200=13.9, @ tip of spoon - moderately
cemented, 50> material not continuous -
discrete lenses less than 6" thick

very dense, moist, light olive brown,
subangular, slightly silty fine SAND (SP-SM),
2.5Y 5/3, Pee Dee

stiff, moist, very dark gray, weakly reactive,
low plasticity, sandy CLAY (CL), Gley 1 3/N,
Pee Dee

medium dense, dark greenish gray,
subangular, not reactive, silty SAND (SM),
Gley 1 3/10Y, Pee Dee

LL=NP, PL=NP, PI=NP, NMC=32.2,
%200=19.5

very stiff, moist, very dark gray, weakly
reactive, low plasticity, sandy CLAY (CL),
Gley 1 3/N, Pee Dee
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medium dense, moist, dark greenish gray,
subangular, weakly reactive, silty fine SAND
(SM), Gley 1 3/10Y, Pee Dee

- - - not reactive

very stiff, dark greenish gray, not reactive,
low plasticity, sandy CLAY (CL), Gley 1
3/10Y, Pee Dee

- - - LL=44, PL=20, PI=24, NMC=23.1,
%200=66.1

- - - stiff, weakly reactive

- - - hard
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- - - very stiff

- - - hard

- - - LL=43, PL=18, PI=25, NMC=23.2,
%200=55.8

- - - very stiff

- - - hard

BORING TERMINATED AT 100 FEET
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3

7

50/5"

50/5.5"
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WOH/12"

WOH/18"

1

5

5

11

42

27

9

4th 6" = 2 Blows

4th 6" = WOH

4th 6" = 6 Blows

4th 6" = 6 Blows

4th 6" = 3 Blows

0.8

9.2

11.1

29.6

39.6

CONCRETE (8.25")

AIR GAP

ALLUVIUM

Very Loose to Loose, Wet, Black, Non to Low
Plasticity, Organic Silty SAND (SM/A-2-4),
with Traces of Wood, Munsell=2.5Y 2.5/1,
NMC=250%, %#200=15.7

  @SS-2 => NMC=311%, %#200=15.1

  @SS-3 => NMC=23.9%, LL=NP, PL=NP,
PI=NP, %#200=26.1

  @SS-4 => Dark Gray, Low Plasticity,
Munsell=2.5Y 4/1

  @SS-5 => NMC=16.7%, LL=NP, PL=NP,
PI=NP, %#200=32.9

  => Medium Dense, Yellowish Brown,
Munsell=10YR 5/6

PEE DEE FORMATION

Very Dense, Moist to Wet, Light Yellowish
Brown, Non-Plastic, Fine SAND (SP/A-3),
Munsell=2.5Y 6/3

Very Dense, Moist to Wet, Gray, Low
Plasticity, Silty Fine SAND (SM/A-2-4),
Munsell=2.5Y 5/1

11.1

13.1

15.1

17.1

19.1

24.6

29.6

34.6

39.6

2

WOH

3

10

8
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S-51 (Battery Park Road) RBO Black Mingo Creek
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5
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7
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8

Hard Drilling at 68.1 feet

54.6

64.6

74.6

85.9

  @SS-10 => Medium Dense, NMC=32.7%,
LL=NP, PL=NP, PI=NP, %#200=33.4

Hard to Very Stiff, Moist, Dark Gray, Low
Plasticity, CLAY (CL/A-6), Micaceous,
Munsell=5Y 4/1

Medium Dense, Moist, Dark Gray, Clayey,
Non-Plastic, Fine SAND (SC/A-2-4),
Munsell=5Y 4/1

  => Very Dense, Moist, with Sandstone
Lense, Munsell=5Y 4/1

Very Stiff, Moist, Very Dark Greenish Gray,
Low Plasticity, CLAY (CL), with Fine Sand,
Micaceous, Munsell=10Y 3/1

  => with Shell Fragments

  => Hard

Boring Terminated at 85.9 feet

44.6
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64.6
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                    4th 6" = 3 Blows

                    4th 6" = 9 Blows

                    4th 6" = 10 Blows
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FINAL BRIDGE GEOTECHNICAL ENGINEERING REPORT 

APPENDIX 

SECTION 5 

SOIL PARAMETER CORRELATIONS 

SUBSECTION A 
SPT METHOD



Project: S-51 Bridge over Black Mingo Creek - Soil Strength Parameter Calculations
Location : Station 67+50 (EB1)

Calc. By: JFH
Date:

Method: SCDOT Geotechnical Design Manual (2010); Chapter 7

Top of Boring EL = 26.3 ft-MSL
Groundwater Depth = 8.0 ft

Elevation Depth γ γ' σ'v Nmeas CR CS CB CE CN N60 N*
1,60

Correlated Effective 
Phi Angle, φ'

Correlated Effective 
Cohesion, c'

ft-MSL ft pcf pcf ksf dim dim dim dim dim dim dim dim deg psf
26.3 1 0.12 0.75 1.00 1.00 1.43 1.60 30.1 36.1 43.6 2257.5
25.3 2 0.23 0.75 1.00 1.00 1.43 1.60 30.1 36.1 43.6 2257.5
24.3 3 0.35 0.75 1.00 1.00 1.43 1.60 14.3 17.2 36.3 1075.0
23.3 4 0.46 0.75 1.00 1.00 1.43 1.60 14.3 17.2 36.3 1075.0
22.3 5 0.58 0.85 1.00 1.00 1.43 1.60 10.0 13.6 34.5 752.5
21.3 6 0.69 0.85 1.00 1.00 1.43 1.60 10.0 13.6 34.5 752.5
20.3 7 0.81 0.85 1.00 1.00 1.43 1.58 10.0 13.4 34.4 752.5
19.3 8 0.92 0.85 1.00 1.00 1.43 1.47 10.0 12.6 33.9 752.5
18.3 9 0.97 0.85 1.00 1.00 1.43 1.43 1.4 1.7 25.2 107.5
17.3 10 1.03 0.85 1.00 1.00 1.43 1.40 1.4 1.7 25.1 107.5
16.3 11 1.08 0.95 1.00 1.00 1.43 1.36 4.3 5.6 29.3 322.5
15.3 12 1.13 0.95 1.00 1.00 1.43 1.33 4.3 5.4 29.1 322.5
14.3 13 1.18 0.95 1.00 1.00 1.43 1.30 4.3 5.3 29.0 322.5
13.3 14 1.24 0.95 1.00 1.00 1.43 1.27 4.3 5.2 28.9 322.5
12.3 15 1.29 0.95 1.00 1.00 1.43 1.25 4.3 5.1 28.9 322.5
11.3 16 1.29 0.95 1.00 1.00 1.43 1.25 41.6 49.2 47.5 3117.5
10.3 17 1.29 0.95 1.00 1.00 1.43 1.25 41.6 49.2 47.5 3117.5
9.3 18 1.29 0.95 1.00 1.00 1.43 1.25 41.6 49.2 47.5 3117.5
8.3 19 1.29 0.95 1.00 1.00 1.43 1.25 41.6 49.2 47.5 3117.5
7.3 20 1.33 0.95 1.00 1.00 1.43 1.23 41.6 48.4 47.3 3117.5
6.3 21 1.33 0.95 1.00 1.00 1.43 1.23 34.4 40.1 44.8 2580.0
5.3 22 1.33 0.95 1.00 1.00 1.43 1.23 34.4 40.1 44.8 2580.0
4.3 23 1.33 0.95 1.00 1.00 1.43 1.23 34.4 40.1 44.8 2580.0
3.3 24 1.33 0.95 1.00 1.00 1.43 1.23 34.4 40.1 44.8 2580.0
2.3 25 1.38 0.95 1.00 1.00 1.43 1.20 34.4 39.4 44.6 2580.0
1.3 26 1.38 1.00 1.00 1.00 1.43 1.20 143.3 172.7 71.6 10750.0
0.3 27 1.38 1.00 1.00 1.00 1.43 1.20 143.3 172.7 71.6 10750.0
-0.7 28 1.38 1.00 1.00 1.00 1.43 1.20 143.3 172.7 71.6 10750.0
-1.7 29 1.38 1.00 1.00 1.00 1.43 1.20 143.3 172.7 71.6 10750.0
-2.7 30 1.44 1.00 1.00 1.00 1.43 1.18 143.3 169.2 71.0 10750.0
-3.7 31 1.44 1.00 1.00 1.00 1.43 1.18 143.3 169.2 71.0 10750.0
-4.7 32 1.44 1.00 1.00 1.00 1.43 1.18 143.3 169.2 71.0 10750.0
-5.7 33 1.44 1.00 1.00 1.00 1.43 1.18 143.3 169.2 71.0 10750.0
-6.7 34 1.44 1.00 1.00 1.00 1.43 1.18 143.3 169.2 71.0 10750.0
-7.7 35 1.49 1.00 1.00 1.00 1.43 1.16 143.3 165.9 70.5 10750.0
-8.7 36 1.49 1.00 1.00 1.00 1.43 1.16 22.9 26.5 40.2 1720.0
-9.7 37 1.49 1.00 1.00 1.00 1.43 1.16 22.9 26.5 40.2 1720.0

-10.7 38 1.49 1.00 1.00 1.00 1.43 1.16 22.9 26.5 40.2 1720.0
-11.7 39 1.49 1.00 1.00 1.00 1.43 1.16 22.9 26.5 40.2 1720.0
-12.7 40 1.55 1.00 1.00 1.00 1.43 1.14 22.9 26.1 40.0 1720.0
-13.7 41 1.55 1.00 1.00 1.00 1.43 1.14 34.4 39.1 44.5 2580.0
-14.7 42 1.55 1.00 1.00 1.00 1.43 1.14 34.4 39.1 44.5 2580.0
-15.7 43 1.55 1.00 1.00 1.00 1.43 1.14 34.4 39.1 44.5 2580.0
-16.7 44 1.55 1.00 1.00 1.00 1.43 1.14 34.4 39.1 44.5 2580.0
-17.7 45 1.60 1.00 1.00 1.00 1.43 1.12 34.4 38.5 44.3 2580.0
-18.7 46 1.60 1.00 1.00 1.00 1.43 1.12 41.6 46.5 46.8 3117.5
-19.7 47 1.60 1.00 1.00 1.00 1.43 1.12 41.6 46.5 46.8 3117.5
-20.7 48 1.60 1.00 1.00 1.00 1.43 1.12 41.6 46.5 46.8 3117.5
-21.7 49 1.60 1.00 1.00 1.00 1.43 1.12 41.6 46.5 46.8 3117.5
-22.7 50 1.65 1.00 1.00 1.00 1.43 1.10 41.6 45.7 46.5 3117.5
-23.7 51 1.65 1.00 1.00 1.00 1.43 1.10 80.3 45.7 46.5 6020.0
-24.7 52 1.65 1.00 1.00 1.00 1.43 1.10 80.3 45.7 46.5 6020.0
-25.7 53 1.65 1.00 1.00 1.00 1.43 1.10 80.3 45.7 46.5 6020.0
-26.7 54 1.65 1.00 1.00 1.00 1.43 1.10 80.3 45.7 46.5 6020.0
-27.7 55 1.70 1.00 1.00 1.00 1.43 1.08 80.3 45.0 46.3 6020.0
-28.7 56 1.70 1.00 1.00 1.00 1.43 1.08 143.3 45.0 46.3 10750.0
-29.7 57 1.70 1.00 1.00 1.00 1.43 1.08 143.3 45.0 46.3 10750.0
-30.7 58 1.70 1.00 1.00 1.00 1.43 1.08 143.3 45.0 46.3 10750.0
-31.7 59 1.70 1.00 1.00 1.00 1.43 1.08 143.3 45.0 46.3 10750.0
-32.7 60 1.76 1.00 1.00 1.00 1.43 1.07 143.3 44.4 46.1 10750.0
-33.7 61 1.76 1.00 1.00 1.00 1.43 1.07 22.9 44.4 46.1 1720.0
-34.7 62 1.76 1.00 1.00 1.00 1.43 1.07 22.9 44.4 46.1 1720.0
-35.7 63 1.76 1.00 1.00 1.00 1.43 1.07 22.9 44.4 46.1 1720.0
-36.7 64 1.76 1.00 1.00 1.00 1.43 1.07 22.9 44.4 46.1 1720.0
-37.7 65 1.81 1.00 1.00 1.00 1.43 1.05 22.9 43.7 45.9 1720.0
-38.7 66 1.81 1.00 1.00 1.00 1.43 1.05 143.3 43.7 45.9 10750.0
-39.7 67 1.81 1.00 1.00 1.00 1.43 1.05 143.3 43.7 45.9 10750.0
-40.7 68 1.81 1.00 1.00 1.00 1.43 1.05 143.3 43.7 45.9 10750.0
-41.7 69 1.81 1.00 1.00 1.00 1.43 1.05 143.3 43.7 45.9 10750.0
-42.7 70 1.86 1.00 1.00 1.00 1.43 1.04 143.3 43.1 45.8 10750.0
-43.7 71 1.86 1.00 1.00 1.00 1.43 1.04 17.2 43.1 45.8 1290.0
-44.7 72 1.86 1.00 1.00 1.00 1.43 1.04 17.2 43.1 45.8 1290.0
-45.7 73 1.86 1.00 1.00 1.00 1.43 1.04 17.2 43.1 45.8 1290.0
-46.7 74 1.86 1.00 1.00 1.00 1.43 1.04 17.2 43.1 45.8 1290.0
-47.7 75 1.91 1.00 1.00 1.00 1.43 1.02 17.2 42.5 45.6 1290.0
-48.7 76 1.91 1.00 1.00 1.00 1.43 1.02 24.4 42.5 45.6 1827.5
-49.7 77 1.91 1.00 1.00 1.00 1.43 1.02 24.4 42.5 45.6 1827.5
-50.7 78 1.91 1.00 1.00 1.00 1.43 1.02 24.4 42.5 45.6 1827.5
-51.7 79 1.91 1.00 1.00 1.00 1.43 1.02 24.4 42.5 45.6 1827.5
-52.7 80 1.97 1.00 1.00 1.00 1.43 1.01 24.4 41.9 45.4 1827.5
-53.7 81 1.97 1.00 1.00 1.00 1.43 1.01 33.0 41.9 45.4 2472.5
-54.7 82 1.97 1.00 1.00 1.00 1.43 1.01 33.0 41.9 45.4 2472.5
-55.7 83 1.97 1.00 1.00 1.00 1.43 1.01 33.0 41.9 45.4 2472.5
-56.7 84 1.97 1.00 1.00 1.00 1.43 1.01 33.0 41.9 45.4 2472.5
-57.7 85 2.02 1.00 1.00 1.00 1.43 1.00 33.0 41.4 45.2 2472.5
-58.7 86 2.02 1.00 1.00 1.00 1.43 1.00 25.8 41.4 45.2 1935.0
-59.7 87 2.02 1.00 1.00 1.00 1.43 1.00 25.8 41.4 45.2 1935.0
-60.7 88 2.02 1.00 1.00 1.00 1.43 1.00 25.8 41.4 45.2 1935.0
-61.7 89 2.02 1.00 1.00 1.00 1.43 1.00 25.8 41.4 45.2 1935.0
-62.7 90 2.07 1.00 1.00 1.00 1.43 0.98 25.8 40.8 45.1 1935.0
-63.7 91 2.07 1.00 1.00 1.00 1.43 0.98 28.7 40.8 45.1 2150.0
-64.7 92 2.07 1.00 1.00 1.00 1.43 0.98 28.7 40.8 45.1 2150.0
-65.7 93 2.07 1.00 1.00 1.00 1.43 0.98 28.7 40.8 45.1 2150.0
-66.7 94 2.07 1.00 1.00 1.00 1.43 0.98 28.7 40.8 45.1 2150.0
-67.7 95 2.12 1.00 1.00 1.00 1.43 0.97 28.7 40.3 44.9 2150.0
-68.7 96 2.12 1.00 1.00 1.00 1.43 0.97 143.3 40.3 44.9 10750.0
-69.7 97 2.12 1.00 1.00 1.00 1.43 0.97 143.3 40.3 44.9 10750.0
-70.7 98 2.12 1.00 1.00 1.00 1.43 0.97 143.3 40.3 44.9 10750.0
-71.7 99 2.12 1.00 1.00 1.00 1.43 0.97 143.3 40.3 44.9 10750.0
-72.7 100 2.18 1.00 1.00 1.00 1.43 0.96 143.3 39.8 44.8 10750.0
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Project: S-51 Bridge over Black Mingo Creek - Soil Strength Parameter Calculations
Location : Station 69+15 (EB4)

Calc. By: JFH
Date:

Method: SCDOT Geotechnical Design Manual (2010); Chapter 7

Top of Boring EL = 15.2 ft-MSL
Groundwater Depth = 0.0 ft

Elevation Depth γ γ' σ'v Nmeas CR CS CB CE CN N60 N*
1,60

Correlated Effective 
Phi Angle, φ'

Correlated Effective 
Cohesion, c'

ft-MSL ft pcf pcf ksf dim dim dim dim dim dim dim dim deg psf
15.2 1 0.05 0.75 1.00 1.00 1.43 1.60 2.9 3.4 27.3 215.0
14.2 2 0.11 0.75 1.00 1.00 1.43 1.60 2.9 3.4 27.3 215.0
13.2 3 0.16 0.75 1.00 1.00 1.43 1.60 0.0 0.0 20.0 0.0
12.2 4 0.21 0.75 1.00 1.00 1.43 1.60 0.0 0.0 20.0 0.0
11.2 5 0.26 0.85 1.00 1.00 1.43 1.60 4.3 5.8 29.5 322.5
10.2 6 0.32 0.85 1.00 1.00 1.43 1.60 4.3 5.8 29.5 322.5
9.2 7 0.37 0.85 1.00 1.00 1.43 1.60 14.3 19.5 37.3 1075.0
8.2 8 0.42 0.85 1.00 1.00 1.43 1.60 14.3 19.5 37.3 1075.0
7.2 9 0.47 0.85 1.00 1.00 1.43 1.60 11.5 15.6 35.5 860.0
6.2 10 0.53 0.85 1.00 1.00 1.43 1.60 11.5 15.6 35.5 860.0
5.2 11 0.58 0.95 1.00 1.00 1.43 1.60 25.8 39.2 44.6 1935.0
4.2 12 0.63 0.95 1.00 1.00 1.43 1.60 25.8 39.2 44.6 1935.0
3.2 13 0.68 0.95 1.00 1.00 1.43 1.60 25.8 39.2 44.6 1935.0
2.2 14 0.74 0.95 1.00 1.00 1.43 1.60 25.8 39.2 44.6 1935.0
1.2 15 0.79 0.95 1.00 1.00 1.43 1.59 25.8 39.0 44.5 1935.0
0.2 16 0.79 0.95 1.00 1.00 1.43 1.59 131.9 199.5 75.4 9890.0
-0.8 17 0.79 0.95 1.00 1.00 1.43 1.59 131.9 199.5 75.4 9890.0
-1.8 18 0.79 0.95 1.00 1.00 1.43 1.59 131.9 199.5 75.4 9890.0
-2.8 19 0.79 0.95 1.00 1.00 1.43 1.59 131.9 199.5 75.4 9890.0
-3.8 20 0.83 0.95 1.00 1.00 1.43 1.55 131.9 194.3 74.7 9890.0
-4.8 21 0.83 0.95 1.00 1.00 1.43 1.55 110.4 162.6 70.0 8277.5
-5.8 22 0.83 0.95 1.00 1.00 1.43 1.55 110.4 162.6 70.0 8277.5
-6.8 23 0.83 0.95 1.00 1.00 1.43 1.55 110.4 162.6 70.0 8277.5
-7.8 24 0.83 0.95 1.00 1.00 1.43 1.55 110.4 162.6 70.0 8277.5
-8.8 25 0.88 0.95 1.00 1.00 1.43 1.51 110.4 158.1 69.3 8277.5
-9.8 26 0.88 1.00 1.00 1.00 1.43 1.51 84.6 127.5 64.3 6342.5

-10.8 27 0.88 1.00 1.00 1.00 1.43 1.51 84.6 127.5 64.3 6342.5
-11.8 28 0.88 1.00 1.00 1.00 1.43 1.51 84.6 127.5 64.3 6342.5
-12.8 29 0.88 1.00 1.00 1.00 1.43 1.51 84.6 127.5 64.3 6342.5
-13.8 30 0.93 1.00 1.00 1.00 1.43 1.47 84.6 124.2 63.7 6342.5
-14.8 31 0.93 1.00 1.00 1.00 1.43 1.47 18.6 27.4 40.5 1397.5
-15.8 32 0.93 1.00 1.00 1.00 1.43 1.47 18.6 27.4 40.5 1397.5
-16.8 33 0.93 1.00 1.00 1.00 1.43 1.47 18.6 27.4 40.5 1397.5
-17.8 34 0.93 1.00 1.00 1.00 1.43 1.47 18.6 27.4 40.5 1397.5
-18.8 35 0.97 1.00 1.00 1.00 1.43 1.43 18.6 26.7 40.3 1397.5
-19.8 36 0.97 1.00 1.00 1.00 1.43 1.43 18.6 26.7 40.3 1397.5
-20.8 37 0.97 1.00 1.00 1.00 1.43 1.43 18.6 26.7 40.3 1397.5
-21.8 38 0.97 1.00 1.00 1.00 1.43 1.43 18.6 26.7 40.3 1397.5
-22.8 39 0.97 1.00 1.00 1.00 1.43 1.43 18.6 26.7 40.3 1397.5
-23.8 40 1.02 1.00 1.00 1.00 1.43 1.40 18.6 26.1 40.0 1397.5
-24.8 41 1.02 1.00 1.00 1.00 1.43 1.40 143.3 200.5 75.6 10750.0
-25.8 42 1.02 1.00 1.00 1.00 1.43 1.40 143.3 200.5 75.6 10750.0
-26.8 43 1.02 1.00 1.00 1.00 1.43 1.40 143.3 200.5 75.6 10750.0
-27.8 44 1.02 1.00 1.00 1.00 1.43 1.40 143.3 200.5 75.6 10750.0
-28.8 45 1.07 1.00 1.00 1.00 1.43 1.36 143.3 195.5 74.9 10750.0
-29.8 46 1.07 1.00 1.00 1.00 1.43 1.36 22.9 31.3 42.0 1720.0
-30.8 47 1.07 1.00 1.00 1.00 1.43 1.36 22.9 31.3 42.0 1720.0
-31.8 48 1.07 1.00 1.00 1.00 1.43 1.36 22.9 31.3 42.0 1720.0
-32.8 49 1.07 1.00 1.00 1.00 1.43 1.36 22.9 31.3 42.0 1720.0
-33.8 50 1.13 1.00 1.00 1.00 1.43 1.33 22.9 30.5 41.7 1720.0
-34.8 51 1.13 1.00 1.00 1.00 1.43 1.33 21.5 30.5 41.7 1612.5
-35.8 52 1.13 1.00 1.00 1.00 1.43 1.33 21.5 30.5 41.7 1612.5
-36.8 53 1.13 1.00 1.00 1.00 1.43 1.33 21.5 30.5 41.7 1612.5
-37.8 54 1.13 1.00 1.00 1.00 1.43 1.33 21.5 30.5 41.7 1612.5
-38.8 55 1.18 1.00 1.00 1.00 1.43 1.30 21.5 29.9 41.4 1612.5
-39.8 56 1.18 1.00 1.00 1.00 1.43 1.30 143.3 29.9 41.4 10750.0
-40.8 57 1.18 1.00 1.00 1.00 1.43 1.30 143.3 29.9 41.4 10750.0
-41.8 58 1.18 1.00 1.00 1.00 1.43 1.30 143.3 29.9 41.4 10750.0
-42.8 59 1.18 1.00 1.00 1.00 1.43 1.30 143.3 29.9 41.4 10750.0
-43.8 60 1.23 1.00 1.00 1.00 1.43 1.27 143.3 29.2 41.2 10750.0
-44.8 61 1.23 1.00 1.00 1.00 1.43 1.27 24.4 29.2 41.2 1827.5
-45.8 62 1.23 1.00 1.00 1.00 1.43 1.27 24.4 29.2 41.2 1827.5
-46.8 63 1.23 1.00 1.00 1.00 1.43 1.27 24.4 29.2 41.2 1827.5
-47.8 64 1.23 1.00 1.00 1.00 1.43 1.27 24.4 29.2 41.2 1827.5
-48.8 65 1.29 1.00 1.00 1.00 1.43 1.25 24.4 28.6 41.0 1827.5
-49.8 66 1.29 1.00 1.00 1.00 1.43 1.25 21.5 28.6 41.0 1612.5
-50.8 67 1.29 1.00 1.00 1.00 1.43 1.25 21.5 28.6 41.0 1612.5
-51.8 68 1.29 1.00 1.00 1.00 1.43 1.25 21.5 28.6 41.0 1612.5
-52.8 69 1.29 1.00 1.00 1.00 1.43 1.25 21.5 28.6 41.0 1612.5
-53.8 70 1.34 1.00 1.00 1.00 1.43 1.22 21.5 28.0 40.8 1612.5
-54.8 71 1.34 1.00 1.00 1.00 1.43 1.22 83.1 28.0 40.8 6235.0
-55.8 72 1.34 1.00 1.00 1.00 1.43 1.22 83.1 28.0 40.8 6235.0
-56.8 73 1.34 1.00 1.00 1.00 1.43 1.22 83.1 28.0 40.8 6235.0
-57.8 74 1.34 1.00 1.00 1.00 1.43 1.22 83.1 28.0 40.8 6235.0
-58.8 75 1.39 1.00 1.00 1.00 1.43 1.20 83.1 27.5 40.6 6235.0

SM

COASTAL 
PLAIN

50.0 50.0 115 52.6 58

50.0 50.0 115 52.6 17

50.0 50.0 115 52.6 15

50.0 50.0 115 52.6 15

50.0 50.0 115 52.6 100

40.0 45.0 115 52.6 100

45.0 50.0 115 52.6 16

13

35.0 40.0 110 47.6 13

77

25.0 30.0 110 47.6 59

20.0 25.0 110 47.6

30.0 35.0 110 47.6

52.6 18

15.0 20.0 105 42.6 92

8 10 115 52.6 8

10.0 15.0 115

115 52.6 3

6 8 115 52.6 10

115 52.6 2

2 4 115 52.6 0

1/5/2016

B-3

SPT Test Interval

ft

0 2

4 6



Project: S-51 Bridge over Black Mingo Creek - Soil Strength Parameter Calculations
Location : Station 69+15 (EB4)

Calc. By: JFH
Date:

Method: SCDOT Geotechnical Design Manual (2010); Chapter 7

Top of Boring EL = 8.5 ft-MSL
Groundwater Depth = 0.0 ft

Elevation Depth γ γ' σ'v Nmeas CR CS CB CE CN N60 N*
1,60

Correlated Effective 
Phi Angle, φ'

Correlated Effective 
Cohesion, c'

ft-MSL ft pcf pcf ksf dim dim dim dim dim dim dim dim deg psf
8.5 1 0.05 0.75 1.00 1.00 1.43 1.60 8.6 10.3 32.6 645.0
7.5 2 0.11 0.75 1.00 1.00 1.43 1.60 8.6 10.3 32.6 645.0
6.5 3 0.16 0.75 1.00 1.00 1.43 1.60 15.8 18.9 37.1 1182.5
5.5 4 0.21 0.75 1.00 1.00 1.43 1.60 15.8 18.9 37.1 1182.5
4.5 5 0.26 0.85 1.00 1.00 1.43 1.60 25.8 35.1 43.2 1935.0
3.5 6 0.32 0.85 1.00 1.00 1.43 1.60 25.8 35.1 43.2 1935.0
2.5 7 0.37 0.85 1.00 1.00 1.43 1.60 35.8 48.7 47.4 2687.5
1.5 8 0.42 0.85 1.00 1.00 1.43 1.60 35.8 48.7 47.4 2687.5
0.5 9 0.47 0.85 1.00 1.00 1.43 1.60 114.7 155.9 69.0 8600.0
-0.5 10 0.53 0.85 1.00 1.00 1.43 1.60 114.7 155.9 69.0 8600.0
-1.5 11 0.58 0.95 1.00 1.00 1.43 1.60 90.3 137.3 66.0 6772.5
-2.5 12 0.63 0.95 1.00 1.00 1.43 1.60 90.3 137.3 66.0 6772.5
-3.5 13 0.68 0.95 1.00 1.00 1.43 1.60 90.3 137.3 66.0 6772.5
-4.5 14 0.74 0.95 1.00 1.00 1.43 1.60 90.3 137.3 66.0 6772.5
-5.5 15 0.79 0.95 1.00 1.00 1.43 1.59 90.3 136.6 65.9 6772.5
-6.5 16 0.79 0.95 1.00 1.00 1.43 1.59 116.1 175.6 72.0 8707.5
-7.5 17 0.79 0.95 1.00 1.00 1.43 1.59 116.1 175.6 72.0 8707.5
-8.5 18 0.79 0.95 1.00 1.00 1.43 1.59 116.1 175.6 72.0 8707.5
-9.5 19 0.79 0.95 1.00 1.00 1.43 1.59 116.1 175.6 72.0 8707.5

-10.5 20 0.83 0.95 1.00 1.00 1.43 1.55 116.1 171.0 71.3 8707.5
-11.5 21 0.83 0.95 1.00 1.00 1.43 1.55 20.1 29.6 41.3 1505.0
-12.5 22 0.83 0.95 1.00 1.00 1.43 1.55 20.1 29.6 41.3 1505.0
-13.5 23 0.83 0.95 1.00 1.00 1.43 1.55 20.1 29.6 41.3 1505.0
-14.5 24 0.83 0.95 1.00 1.00 1.43 1.55 20.1 29.6 41.3 1505.0
-15.5 25 0.88 0.95 1.00 1.00 1.43 1.51 20.1 28.8 41.0 1505.0
-16.5 26 0.88 1.00 1.00 1.00 1.43 1.51 28.7 43.2 45.8 2150.0
-17.5 27 0.88 1.00 1.00 1.00 1.43 1.51 28.7 43.2 45.8 2150.0
-18.5 28 0.88 1.00 1.00 1.00 1.43 1.51 28.7 43.2 45.8 2150.0
-19.5 29 0.88 1.00 1.00 1.00 1.43 1.51 28.7 43.2 45.8 2150.0
-20.5 30 0.93 1.00 1.00 1.00 1.43 1.47 28.7 42.1 45.5 2150.0
-21.5 31 0.93 1.00 1.00 1.00 1.43 1.47 25.8 37.9 44.2 1935.0
-22.5 32 0.93 1.00 1.00 1.00 1.43 1.47 25.8 37.9 44.2 1935.0
-23.5 33 0.93 1.00 1.00 1.00 1.43 1.47 25.8 37.9 44.2 1935.0
-24.5 34 0.93 1.00 1.00 1.00 1.43 1.47 25.8 37.9 44.2 1935.0
-25.5 35 0.97 1.00 1.00 1.00 1.43 1.43 25.8 37.0 43.9 1935.0
-26.5 36 0.97 1.00 1.00 1.00 1.43 1.43 143.3 205.3 76.2 10750.0
-27.5 37 0.97 1.00 1.00 1.00 1.43 1.43 143.3 205.3 76.2 10750.0
-28.5 38 0.97 1.00 1.00 1.00 1.43 1.43 143.3 205.3 76.2 10750.0
-29.5 39 0.97 1.00 1.00 1.00 1.43 1.43 143.3 205.3 76.2 10750.0
-30.5 40 1.02 1.00 1.00 1.00 1.43 1.40 143.3 200.5 75.6 10750.0
-31.5 41 1.02 1.00 1.00 1.00 1.43 1.40 20.1 28.1 40.8 1505.0
-32.5 42 1.02 1.00 1.00 1.00 1.43 1.40 20.1 28.1 40.8 1505.0
-33.5 43 1.02 1.00 1.00 1.00 1.43 1.40 20.1 28.1 40.8 1505.0
-34.5 44 1.02 1.00 1.00 1.00 1.43 1.40 20.1 28.1 40.8 1505.0
-35.5 45 1.07 1.00 1.00 1.00 1.43 1.36 20.1 27.4 40.5 1505.0
-36.5 46 1.07 1.00 1.00 1.00 1.43 1.36 20.1 27.4 40.5 1505.0
-37.5 47 1.07 1.00 1.00 1.00 1.43 1.36 20.1 27.4 40.5 1505.0
-38.5 48 1.07 1.00 1.00 1.00 1.43 1.36 20.1 27.4 40.5 1505.0
-39.5 49 1.07 1.00 1.00 1.00 1.43 1.36 20.1 27.4 40.5 1505.0
-40.5 50 1.13 1.00 1.00 1.00 1.43 1.33 20.1 26.7 40.3 1505.0
-41.5 51 1.13 1.00 1.00 1.00 1.43 1.33 54.5 26.7 40.3 4085.0
-42.5 52 1.13 1.00 1.00 1.00 1.43 1.33 54.5 26.7 40.3 4085.0
-43.5 53 1.13 1.00 1.00 1.00 1.43 1.33 54.5 26.7 40.3 4085.0
-44.5 54 1.13 1.00 1.00 1.00 1.43 1.33 54.5 26.7 40.3 4085.0
-45.5 55 1.18 1.00 1.00 1.00 1.43 1.30 54.5 26.1 40.1 4085.0
-46.5 56 1.18 1.00 1.00 1.00 1.43 1.30 24.4 26.1 40.1 1827.5
-47.5 57 1.18 1.00 1.00 1.00 1.43 1.30 24.4 26.1 40.1 1827.5
-48.5 58 1.18 1.00 1.00 1.00 1.43 1.30 24.4 26.1 40.1 1827.5
-49.5 59 1.18 1.00 1.00 1.00 1.43 1.30 24.4 26.1 40.1 1827.5
-50.5 60 1.23 1.00 1.00 1.00 1.43 1.27 24.4 25.6 39.8 1827.5
-51.5 61 1.23 1.00 1.00 1.00 1.43 1.27 25.8 25.6 39.8 1935.0
-52.5 62 1.23 1.00 1.00 1.00 1.43 1.27 25.8 25.6 39.8 1935.0
-53.5 63 1.23 1.00 1.00 1.00 1.43 1.27 25.8 25.6 39.8 1935.0
-54.5 64 1.23 1.00 1.00 1.00 1.43 1.27 25.8 25.6 39.8 1935.0
-55.5 65 1.29 1.00 1.00 1.00 1.43 1.25 25.8 25.0 39.6 1935.0
-56.5 66 1.29 1.00 1.00 1.00 1.43 1.25 90.3 25.0 39.6 6772.5
-57.5 67 1.29 1.00 1.00 1.00 1.43 1.25 90.3 25.0 39.6 6772.5
-58.5 68 1.29 1.00 1.00 1.00 1.43 1.25 90.3 25.0 39.6 6772.5
-59.5 69 1.29 1.00 1.00 1.00 1.43 1.25 90.3 25.0 39.6 6772.5
-60.5 70 1.34 1.00 1.00 1.00 1.43 1.22 90.3 24.5 39.4 6772.5
-61.5 71 1.34 1.00 1.00 1.00 1.43 1.22 143.3 24.5 39.4 10750.0
-62.5 72 1.34 1.00 1.00 1.00 1.43 1.22 143.3 24.5 39.4 10750.0
-63.5 73 1.34 1.00 1.00 1.00 1.43 1.22 143.3 24.5 39.4 10750.0
-64.5 74 1.34 1.00 1.00 1.00 1.43 1.22 143.3 24.5 39.4 10750.0
-65.5 75 1.39 1.00 1.00 1.00 1.43 1.20 143.3 24.1 39.3 10750.0

50.0 50.0 115 52.6 100

SC

SP

COASTAL 
PLAIN

50.0 50.0 115 52.6 18

50.0 50.0 115 52.6 63

50.0 50.0 115 52.6 38

50.0 50.0 115 52.6 17

40.0 45.0 115 52.6 14

45.0 50.0 115 52.6 14

30.0 35.0 110 47.6 18

35.0 40.0 110 47.6 100

14

25.0 30.0 110 47.6 20

15.0 20.0 105 42.6 81

20.0 25.0 110 47.6

10 115 52.6 80

10.0 15.0 115 52.6 63

115 52.6 18

6 8 115 52.6 25

115 52.6 6

2 4 115 52.6 11

1/5/2016

B-4

SPT Test Interval

ft

0 2

4 6

8



Project: S-51 Bridge over Black Mingo Creek - Soil Strength Parameter Calculations
Location : Station 69+15 (EB4)

Calc. By: JFH
Date:

Method: SCDOT Geotechnical Design Manual (2010); Chapter 7

Top of Boring EL = 26.5 ft-MSL
Groundwater Depth = 8.5 ft

Elevation Depth γ γ' σ'v Nmeas CR CS CB CE CN N60 N*
1,60

Correlated Effective 
Phi Angle, φ'

Correlated Effective 
Cohesion, c'

ft-MSL ft pcf pcf ksf dim dim dim dim dim dim dim dim deg psf
26.5 1 0.12 0.75 1.00 1.00 1.43 1.60 21.5 25.8 39.9 1612.5
25.5 2 0.23 0.75 1.00 1.00 1.43 1.60 21.5 25.8 39.9 1612.5
24.5 3 0.35 0.75 1.00 1.00 1.43 1.60 8.6 10.3 32.6 645.0
23.5 4 0.46 0.75 1.00 1.00 1.43 1.60 8.6 10.3 32.6 645.0
22.5 5 0.58 0.85 1.00 1.00 1.43 1.60 1.4 1.9 25.5 107.5
21.5 6 0.69 0.85 1.00 1.00 1.43 1.60 1.4 1.9 25.5 107.5
20.5 7 0.81 0.85 1.00 1.00 1.43 1.58 1.4 1.9 25.4 107.5
19.5 8 0.92 0.85 1.00 1.00 1.43 1.47 1.4 1.8 25.3 107.5
18.5 9 0.97 0.85 1.00 1.00 1.43 1.43 2.9 3.5 27.3 215.0
17.5 10 1.03 0.85 1.00 1.00 1.43 1.40 2.9 3.4 27.2 215.0
16.5 11 1.08 0.95 1.00 1.00 1.43 1.36 11.5 14.8 35.1 860.0
15.5 12 1.13 0.95 1.00 1.00 1.43 1.33 11.5 14.5 34.9 860.0
14.5 13 1.18 0.95 1.00 1.00 1.43 1.30 11.5 14.2 34.8 860.0
13.5 14 1.24 0.95 1.00 1.00 1.43 1.27 11.5 13.9 34.6 860.0
12.5 15 1.29 0.95 1.00 1.00 1.43 1.25 11.5 13.6 34.5 860.0
11.5 16 1.29 0.95 1.00 1.00 1.43 1.25 8.6 10.2 32.5 645.0
10.5 17 1.29 0.95 1.00 1.00 1.43 1.25 8.6 10.2 32.5 645.0
9.5 18 1.29 0.95 1.00 1.00 1.43 1.25 8.6 10.2 32.5 645.0
8.5 19 1.29 0.95 1.00 1.00 1.43 1.25 8.6 10.2 32.5 645.0
7.5 20 1.33 0.95 1.00 1.00 1.43 1.23 8.6 10.0 32.4 645.0
6.5 21 1.33 0.95 1.00 1.00 1.43 1.23 34.4 40.1 44.8 2580.0
5.5 22 1.33 0.95 1.00 1.00 1.43 1.23 34.4 40.1 44.8 2580.0
4.5 23 1.33 0.95 1.00 1.00 1.43 1.23 34.4 40.1 44.8 2580.0
3.5 24 1.33 0.95 1.00 1.00 1.43 1.23 34.4 40.1 44.8 2580.0
2.5 25 1.38 0.95 1.00 1.00 1.43 1.20 34.4 39.4 44.6 2580.0
1.5 26 1.38 1.00 1.00 1.00 1.43 1.20 143.3 172.7 71.6 10750.0
0.5 27 1.38 1.00 1.00 1.00 1.43 1.20 143.3 172.7 71.6 10750.0
-0.5 28 1.38 1.00 1.00 1.00 1.43 1.20 143.3 172.7 71.6 10750.0
-1.5 29 1.38 1.00 1.00 1.00 1.43 1.20 143.3 172.7 71.6 10750.0
-2.5 30 1.43 1.00 1.00 1.00 1.43 1.18 143.3 169.7 71.1 10750.0
-3.5 31 1.43 1.00 1.00 1.00 1.43 1.18 74.5 88.3 56.9 5590.0
-4.5 32 1.43 1.00 1.00 1.00 1.43 1.18 74.5 88.3 56.9 5590.0
-5.5 33 1.43 1.00 1.00 1.00 1.43 1.18 74.5 88.3 56.9 5590.0
-6.5 34 1.43 1.00 1.00 1.00 1.43 1.18 74.5 88.3 56.9 5590.0
-7.5 35 1.47 1.00 1.00 1.00 1.43 1.16 74.5 86.8 56.6 5590.0
-8.5 36 1.47 1.00 1.00 1.00 1.43 1.16 17.2 20.0 37.6 1290.0
-9.5 37 1.47 1.00 1.00 1.00 1.43 1.16 17.2 20.0 37.6 1290.0

-10.5 38 1.47 1.00 1.00 1.00 1.43 1.16 17.2 20.0 37.6 1290.0
-11.5 39 1.47 1.00 1.00 1.00 1.43 1.16 17.2 20.0 37.6 1290.0
-12.5 40 1.52 1.00 1.00 1.00 1.43 1.15 17.2 19.7 37.4 1290.0
-13.5 41 1.52 1.00 1.00 1.00 1.43 1.15 31.5 36.2 43.6 2365.0
-14.5 42 1.52 1.00 1.00 1.00 1.43 1.15 31.5 36.2 43.6 2365.0
-15.5 43 1.52 1.00 1.00 1.00 1.43 1.15 31.5 36.2 43.6 2365.0
-16.5 44 1.52 1.00 1.00 1.00 1.43 1.15 31.5 36.2 43.6 2365.0
-17.5 45 1.57 1.00 1.00 1.00 1.43 1.13 31.5 35.5 43.4 2365.0
-18.5 46 1.57 1.00 1.00 1.00 1.43 1.13 25.8 29.1 41.2 1935.0
-19.5 47 1.57 1.00 1.00 1.00 1.43 1.13 25.8 29.1 41.2 1935.0
-20.5 48 1.57 1.00 1.00 1.00 1.43 1.13 25.8 29.1 41.2 1935.0
-21.5 49 1.57 1.00 1.00 1.00 1.43 1.13 25.8 29.1 41.2 1935.0
-22.5 50 1.63 1.00 1.00 1.00 1.43 1.11 25.8 28.6 41.0 1935.0
-23.5 51 1.63 1.00 1.00 1.00 1.43 1.11 31.5 28.6 41.0 2365.0
-24.5 52 1.63 1.00 1.00 1.00 1.43 1.11 31.5 28.6 41.0 2365.0
-25.5 53 1.63 1.00 1.00 1.00 1.43 1.11 31.5 28.6 41.0 2365.0
-26.5 54 1.63 1.00 1.00 1.00 1.43 1.11 31.5 28.6 41.0 2365.0
-27.5 55 1.68 1.00 1.00 1.00 1.43 1.09 31.5 28.2 40.8 2365.0
-28.5 56 1.68 1.00 1.00 1.00 1.43 1.09 28.7 28.2 40.8 2150.0
-29.5 57 1.68 1.00 1.00 1.00 1.43 1.09 28.7 28.2 40.8 2150.0
-30.5 58 1.68 1.00 1.00 1.00 1.43 1.09 28.7 28.2 40.8 2150.0
-31.5 59 1.68 1.00 1.00 1.00 1.43 1.09 28.7 28.2 40.8 2150.0
-32.5 60 1.73 1.00 1.00 1.00 1.43 1.07 28.7 27.7 40.7 2150.0
-33.5 61 1.73 1.00 1.00 1.00 1.43 1.07 40.1 27.7 40.7 3010.0
-34.5 62 1.73 1.00 1.00 1.00 1.43 1.07 40.1 27.7 40.7 3010.0
-35.5 63 1.73 1.00 1.00 1.00 1.43 1.07 40.1 27.7 40.7 3010.0
-36.5 64 1.73 1.00 1.00 1.00 1.43 1.07 40.1 27.7 40.7 3010.0
-37.5 65 1.78 1.00 1.00 1.00 1.43 1.06 40.1 27.3 40.5 3010.0
-38.5 66 1.78 1.00 1.00 1.00 1.43 1.06 17.2 27.3 40.5 1290.0
-39.5 67 1.78 1.00 1.00 1.00 1.43 1.06 17.2 27.3 40.5 1290.0
-40.5 68 1.78 1.00 1.00 1.00 1.43 1.06 17.2 27.3 40.5 1290.0
-41.5 69 1.78 1.00 1.00 1.00 1.43 1.06 17.2 27.3 40.5 1290.0
-42.5 70 1.84 1.00 1.00 1.00 1.43 1.04 17.2 26.9 40.4 1290.0
-43.5 71 1.84 1.00 1.00 1.00 1.43 1.04 143.3 26.9 40.4 10750.0
-44.5 72 1.84 1.00 1.00 1.00 1.43 1.04 143.3 26.9 40.4 10750.0
-45.5 73 1.84 1.00 1.00 1.00 1.43 1.04 143.3 26.9 40.4 10750.0
-46.5 74 1.84 1.00 1.00 1.00 1.43 1.04 143.3 26.9 40.4 10750.0
-47.5 75 1.89 1.00 1.00 1.00 1.43 1.03 143.3 26.5 40.2 10750.0
-48.5 76 1.89 1.00 1.00 1.00 1.43 1.03 24.4 26.5 40.2 1827.5
-49.5 77 1.89 1.00 1.00 1.00 1.43 1.03 24.4 26.5 40.2 1827.5
-50.5 78 1.89 1.00 1.00 1.00 1.43 1.03 24.4 26.5 40.2 1827.5
-51.5 79 1.89 1.00 1.00 1.00 1.43 1.03 24.4 26.5 40.2 1827.5
-52.5 80 1.94 1.00 1.00 1.00 1.43 1.01 24.4 26.2 40.1 1827.5
-53.5 81 1.94 1.00 1.00 1.00 1.43 1.01 71.7 26.2 40.1 5375.0
-54.5 82 1.94 1.00 1.00 1.00 1.43 1.01 71.7 26.2 40.1 5375.0
-55.5 83 1.94 1.00 1.00 1.00 1.43 1.01 71.7 26.2 40.1 5375.0
-56.5 84 1.94 1.00 1.00 1.00 1.43 1.01 71.7 26.2 40.1 5375.0
-57.5 85 1.99 1.00 1.00 1.00 1.43 1.00 71.7 25.8 39.9 5375.0
-58.5 86 1.99 1.00 1.00 1.00 1.43 1.00 44.4 25.8 39.9 3332.5
-59.5 87 1.99 1.00 1.00 1.00 1.43 1.00 44.4 25.8 39.9 3332.5
-60.5 88 1.99 1.00 1.00 1.00 1.43 1.00 44.4 25.8 39.9 3332.5
-61.5 89 1.99 1.00 1.00 1.00 1.43 1.00 44.4 25.8 39.9 3332.5
-62.5 90 2.05 1.00 1.00 1.00 1.43 0.99 44.4 25.5 39.8 3332.5
-63.5 91 2.05 1.00 1.00 1.00 1.43 0.99 24.4 25.5 39.8 1827.5
-64.5 92 2.05 1.00 1.00 1.00 1.43 0.99 24.4 25.5 39.8 1827.5
-65.5 93 2.05 1.00 1.00 1.00 1.43 0.99 24.4 25.5 39.8 1827.5
-66.5 94 2.05 1.00 1.00 1.00 1.43 0.99 24.4 25.5 39.8 1827.5
-67.5 95 2.10 1.00 1.00 1.00 1.43 0.98 24.4 25.2 39.7 1827.5
-68.5 96 2.10 1.00 1.00 1.00 1.43 0.98 143.3 25.2 39.7 10750.0
-69.5 97 2.10 1.00 1.00 1.00 1.43 0.98 143.3 25.2 39.7 10750.0
-70.5 98 2.10 1.00 1.00 1.00 1.43 0.98 143.3 25.2 39.7 10750.0
-71.5 99 2.10 1.00 1.00 1.00 1.43 0.98 143.3 25.2 39.7 10750.0
-72.5 100 2.15 1.00 1.00 1.00 1.43 0.96 143.3 24.9 39.6 10750.0
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S-51 over Black Mingo Creek - Estimated Soil Parameter Correlations
CPT-2
Correlations from CPeT-IT v.1.7.6.42

Depth 
(ft)

qc (tsf) fs (tsf) SBTn
Ksbt 
(ft/s)

SPT N60 
(blows/ft)

Constrained 
Mod. (tsf)

Dr (%)
Friction 

angle (°)
Es (tsf) Go (tsf) Nkt Su (tsf) Su ratio Kocr OCR Vs (ft/s)

State 
parameter

Ko Sensitivity
Peak phi 

(°)

0.164 0.95732 0.12848 9 1.33E-07 0 13.35364 0 0 0 27.745 14 0.06813 5.24716 0.33 24.2419 138.45677 0 1.95777 0.68849 20

0.328 0.96684 0.03399 3 1.13E-07 0 13.31665 0 0 0 28.48156 14 0.06794 2.97644 0.33 13.75115 142.48514 0 1.61268 1.01609 20

0.656 0.96208 0.12862 3 3.35E-08 0 13.19475 0 0 0 35.19725 14 0.06732 2.00983 0.33 9.28544 157.2693 0 1.41 0.8451 20

0.82 0.98589 0.0716 6 3.07E-05 5 208.27278 61 41 166.1751 208.2728 0 0 0 0.33 0 350.8143 -0.17099 0 0 20

1.148 55.63396 0.72421 6 1.03E-04 11 409.04845 77 43 326.3684 409.0485 0 0 0 0.33 0 474.71036 -0.2197 0 0 20

1.312 84.02962 1.22595 6 1.31E-04 15 580.88644 89 44 463.4732 580.8864 0 0 0 0.33 0 554.58911 -0.25739 0 0 20

1.476 69.04117 1.43136 6 9.05E-05 17 654.3179 91 45 522.0622 654.3179 0 0 0 0.33 0 584.40442 -0.26674 0 0 20

1.64 66.78361 1.56445 6 5.61E-05 16 669.33201 88 44 534.0415 669.332 0 0 0 0.33 0 590.01465 -0.2643 0 0 20

1.804 70.48905 1.58486 6 4.75E-05 16 681.0306 85 44 543.3755 681.0306 0 0 0 0.33 0 594.90808 -0.2594 0 0 20

1.969 66.43593 1.51411 6 4.41E-05 16 662.28046 82 44 528.4153 662.2805 0 0 0 0.33 0 588.16028 -0.24799 0 0 20

2.133 58.5583 1.23882 6 7.52E-05 17 665.43082 81 44 530.9289 665.4308 0 0 0 0.33 0 591.16602 -0.2379 0 0 20

2.297 91.31666 1.07423 6 1.70E-04 19 688.36912 83 44 549.2307 688.3691 0 0 0 0.33 0 602.43207 -0.23331 0 0 20

2.461 109.4914 1.06406 6 2.77E-04 22 761.8514 87 44 607.8602 761.8514 0 0 0 0.33 0 631.40082 -0.24068 0 0 20

2.625 112.711 1.45567 6 2.34E-04 22 800.04243 87 44 638.3317 800.0424 0 0 0 0.33 0 645.1579 -0.24342 0 0 20

2.789 97.19869 1.41906 6 1.89E-04 23 856.42617 88 44 683.3188 856.4262 0 0 0 0.33 0 664.68677 -0.24902 0 0 20

2.953 118.8503 1.62865 6 2.41E-04 26 926.19765 91 45 738.9875 926.1977 0 0 0 0.33 0 688.94733 -0.25532 0 0 20

3.117 155.5808 1.79367 6 3.08E-04 29 1021.76795 95 45 815.2404 1021.768 0 0 0 0.33 0 720.34094 -0.26548 0 0 20

3.281 154.1234 1.97675 6 2.92E-04 31 1082.1722 96 45 863.4353 1082.172 0 0 0 0.33 0 739.09906 -0.26926 0 0 20

3.445 139.6779 2.12976 6 2.04E-04 30 1089.98675 94 45 869.6703 1089.987 0 0 0 0.33 0 741.09167 -0.267 0 0 20

3.609 130.7191 2.09947 6 1.66E-04 29 1072.8608 91 45 856.006 1072.861 0 0 0 0.33 0 735.87939 -0.26112 0 0 20

3.773 132.0146 1.90167 6 1.42E-04 27 1023.21915 87 44 816.3983 1023.219 0 0 0 0.33 0 720.73737 -0.25077 0 0 20

3.937 110.6821 1.68297 6 1.17E-04 25 935.21856 82 44 746.185 935.2186 0 0 0 0.33 0 692.79706 -0.23436 0 0 20

4.101 86.66819 1.33182 6 5.63E-05 20 821.4611 73 43 655.4211 821.4611 0 0 0 0.33 0 653.55103 -0.21236 0 0 20

4.265 56.38171 1.27935 5 1.61E-05 15 685.92948 62 41 547.2842 685.9295 0 0 0 0.33 0 602.30774 -0.1886 0 0 20

4.429 26.1762 1.08454 5 1.42E-05 15 684.88978 61 41 546.4546 684.8898 0 0 0 0.33 0 602.05627 -0.18602 0 0 20

4.593 82.68652 1.31923 6 3.55E-05 18 758.43842 66 42 605.137 758.4384 0 0 0 0.33 0 631.46173 -0.19185 0 0 20

4.757 106.8385 1.36011 6 8.76E-05 22 859.31881 73 43 685.6267 859.3188 0 0 0 0.33 0 668.83783 -0.2066 0 0 20

4.921 98.05122 1.35741 6 1.02E-04 23 869.58994 74 43 693.8218 869.5899 0 0 0 0.33 0 672.9278 -0.20595 0 0 20

5.085 94.15051 1.24614 6 9.00E-05 21 836.061 71 42 667.0699 836.061 0 0 0 0.33 0 661.62115 -0.19743 0 0 20

5.249 89.03053 1.08859 6 6.29E-05 22 871.09816 70 42 695.0251 871.0982 0 0 0 0.33 0 673.12274 -0.20006 0 0 20

5.413 91.52622 1.82297 6 5.40E-05 22 914.46767 71 42 729.6285 914.4677 0 0 0 0.33 0 687.52972 -0.20429 0 0 20

5.577 100.023 1.67714 6 3.00E-05 22 933.22956 69 42 744.5981 933.2296 0 0 0 0.33 0 692.87683 -0.20498 0 0 20

5.741 65.9406 1.62574 6 3.48E-05 20 866.78141 66 42 691.5809 866.7814 0 0 0 0.33 0 671.49365 -0.19158 0 0 20

5.906 79.83838 1.00284 6 4.01E-05 20 823.36452 64 41 656.9398 823.3645 0 0 0 0.33 0 657.24677 -0.1817 0 0 20

6.07 93.75044 1.13566 6 8.75E-05 22 852.33443 68 42 680.0541 852.3344 0 0 0 0.33 0 668.93091 -0.18602 0 0 20

6.234 111.8299 1.37298 6 1.07E-04 25 948.44912 72 42 756.7413 948.4491 0 0 0 0.33 0 701.26874 -0.20009 0 0 20

In situ data Estimations



S-51 over Black Mingo Creek - Estimated Soil Parameter Correlations
CPT-2
Correlations from CPeT-IT v.1.7.6.42

Depth 
(ft)

qc (tsf) fs (tsf) SBTn
Ksbt 
(ft/s)

SPT N60 
(blows/ft)

Constrained 
Mod. (tsf)

Dr (%)
Friction 

angle (°)
Es (tsf) Go (tsf) Nkt Su (tsf) Su ratio Kocr OCR Vs (ft/s)

State 
parameter

Ko Sensitivity
Peak phi 

(°)

In situ data Estimations

6.398 123.9321 1.61856 6 1.15E-04 27 1048.44386 76 43 836.5244 1048.444 0 0 0 0.33 0 732.90472 -0.21272 0 0 20

6.562 132.748 1.8866 6 1.21E-04 30 1128.15863 78 43 900.1266 1128.159 0 0 0 0.33 0 757.08832 -0.22148 0 0 20

6.726 143.5595 1.97512 6 1.26E-04 31 1169.69257 79 43 933.2654 1169.693 0 0 0 0.33 0 769.48169 -0.22491 0 0 20

6.89 141.6354 1.89599 6 1.41E-04 32 1214.72836 81 44 969.1982 1214.728 0 0 0 0.33 0 782.76495 -0.22905 0 0 20

7.054 157.724 2.13608 6 1.30E-04 34 1279.37992 82 44 1020.782 1279.38 0 0 0 0.33 0 800.87903 -0.23416 0 0 20

7.218 160.3816 2.56872 6 1.35E-04 34 1275.5488 82 44 1017.725 1275.549 0 0 0 0.33 0 800.12207 -0.23213 0 0 20

7.382 143.4881 1.7604 6 1.69E-04 34 1254.10872 82 44 1000.619 1254.109 0 0 0 0.33 0 794.80688 -0.22933 0 0 20

7.546 168.888 1.69122 6 2.56E-04 33 1185.36605 81 44 945.7708 1185.366 0 0 0 0.33 0 776.39935 -0.22201 0 0 20

7.71 169.188 1.62076 6 2.56E-04 33 1176.72352 81 44 938.8752 1176.724 0 0 0 0.33 0 774.1474 -0.2194 0 0 20

7.874 140.0446 1.64181 6 1.55E-04 31 1139.6907 76 43 909.3277 1139.691 0 0 0 0.33 0 762.79999 -0.21013 0 0 20

8.038 114.0351 1.68383 6 6.43E-05 28 1103.15215 70 42 880.1746 1103.152 0 0 0 0.33 0 750.80597 -0.19836 0 0 20

8.202 95.58411 1.86619 5 2.34E-05 24 1057.08215 64 41 843.4166 1057.082 0 0 0 0.33 0 735.59961 -0.18816 0 0 20

8.366 69.84131 1.8802 5 1.28E-05 22 1029.4694 60 41 821.3852 1029.469 0 0 0 0.33 0 726.46564 -0.18423 0 0 20

8.53 78.73817 1.79154 5 1.29E-05 22 1008.30861 59 41 804.5016 1008.309 0 0 0 0.33 0 720.18005 -0.17934 0 0 20

8.694 91.05947 1.58671 6 3.49E-05 24 1019.52454 63 41 813.4504 1019.525 0 0 0 0.33 0 725.44586 -0.17805 0 0 20

8.858 120.0267 1.27039 6 8.23E-05 25 987.8954 66 42 788.2144 987.8954 0 0 0 0.33 0 717.25085 -0.176 0 0 20

9.022 116.5975 0.98685 6 1.60E-04 25 931.01098 67 42 742.8279 931.011 0 0 0 0.33 0 700.60327 -0.17103 0 0 20

9.186 111.5489 0.80526 6 1.99E-04 24 866.70887 65 41 691.523 866.7089 0 0 0 0.33 0 680.2226 -0.16116 0 0 20

9.35 109.139 0.72279 6 2.30E-04 23 830.32806 64 41 662.4958 830.3281 0 0 0 0.33 0 668.53058 -0.15485 0 0 20

9.514 111.125 0.68219 6 2.62E-04 24 846.60098 65 41 675.4795 846.601 0 0 0 0.33 0 674.50629 -0.15736 0 0 20

9.678 126.0706 0.83207 6 3.04E-04 26 914.24378 68 42 729.4498 914.2438 0 0 0 0.33 0 697.27148 -0.16876 0 0 20

9.843 146.7982 1.05368 6 3.16E-04 29 1007.15025 71 42 803.5773 1007.15 0 0 0 0.33 0 726.83551 -0.18224 0 0 20

10.007 152.7993 1.23271 6 2.91E-04 30 1064.2488 72 43 849.1347 1064.249 0 0 0 0.33 0 744.23669 -0.18731 0 0 20

10.171 143.7119 1.22318 6 2.14E-04 29 1058.38784 70 42 844.4584 1058.388 0 0 0 0.33 0 742.13647 -0.18299 0 0 20

10.335 120.6792 1.13331 6 1.42E-04 27 1011.46313 66 42 807.0185 1011.463 0 0 0 0.33 0 727.35254 -0.17175 0 0 20

10.499 106.1337 1.06968 6 1.06E-04 25 947.53661 63 41 756.0133 947.5366 0 0 0 0.33 0 707.03156 -0.15855 0 0 20

10.663 102.3187 0.88255 6 7.91E-05 23 894.81284 59 41 713.9464 894.8128 0 0 0 0.33 0 689.71082 -0.14669 0 0 20

10.827 86.6539 0.86619 6 6.53E-05 21 823.30946 56 40 656.8959 823.3095 0 0 0 0.33 0 665.67474 -0.13206 0 0 20

10.991 73.55628 0.6438 6 4.16E-05 19 769.2279 52 39 613.7457 769.2279 0 0 0 0.33 0 646.29565 -0.11822 0 0 20

11.155 66.14064 0.66662 6 2.05E-05 17 753.10578 48 39 600.8823 753.1058 0 0 0 0.33 0 639.54736 -0.11178 0 0 20

11.319 55.7054 0.96857 5 6.72E-06 15 737.81564 44 38 588.6827 737.8156 0 0 0 0.33 0 632.44104 -0.11101 0 0 20

11.483 35.00639 0.89108 5 2.09E-06 13 553.95518 38 36 558.1857 699.5927 0 0 0 0.33 0 616.81525 -0.11352 0 0 20

11.647 30.14836 0.75848 5 1.14E-06 12 465.00018 35 36 522.7828 655.2211 0 0 0 0.33 0 599.27734 -0.11065 0 0 20

11.811 36.62573 0.79396 5 1.11E-06 11 451.11824 35 35 509.5135 638.5903 0 0 0 0.33 0 592.99115 -0.10578 0 0 20

11.975 32.02965 0.73928 5 1.28E-06 11 458.42847 35 35 504.9151 632.8269 0 0 0 0.33 0 591.15894 -0.10106 0 0 20

12.139 31.72484 0.64408 4 8.21E-07 10 384.09998 0 0 458.1522 574.2175 14 1.95969 2.51667 0.33 11.62702 566.98511 0 1.52273 3.10195 20



S-51 over Black Mingo Creek - Estimated Soil Parameter Correlations
CPT-2
Correlations from CPeT-IT v.1.7.6.42

Depth 
(ft)

qc (tsf) fs (tsf) SBTn
Ksbt 
(ft/s)

SPT N60 
(blows/ft)

Constrained 
Mod. (tsf)

Dr (%)
Friction 

angle (°)
Es (tsf) Go (tsf) Nkt Su (tsf) Su ratio Kocr OCR Vs (ft/s)

State 
parameter

Ko Sensitivity
Peak phi 

(°)

In situ data Estimations

12.303 20.76093 0.47401 4 3.77E-07 8 293.45649 0 0 402.9222 504.9959 14 1.49723 1.94346 0.33 8.97877 536.32953 0 1.3939 2.84378 20

12.467 12.61182 0.42979 4 9.71E-08 6 197.99475 0 0 0 435.5704 14 1.01018 1.34003 0.33 6.19093 502.50421 0 1.22746 2.21555 20

12.631 11.2592 0.43669 3 3.70E-08 5 150.08014 0 0 0 393.0907 14 0.76572 1.02943 0.33 4.75594 480.32901 0 1.12161 1.8549 20

12.795 10.46858 0.34717 3 2.83E-08 5 120.01811 0 0 0 364.5211 14 0.67659 0.90503 0.33 4.18125 465.43658 0 1.07328 1.89951 20

12.959 8.88257 0.26335 3 2.70E-08 5 102.12056 0 0 0 339.9264 14 0.62563 0.8328 0.33 3.84753 452.35156 0 1.04317 2.07096 20

13.123 9.135 0.27764 3 2.16E-08 4 88.16157 0 0 0 329.8093 14 0.58269 0.77194 0.33 3.56636 446.6485 0 1.01645 2.02598 20

13.287 8.67777 0.30459 3 2.84E-08 5 101.54405 0 0 0 337.5286 14 0.62686 0.82647 0.33 3.81831 451.30048 0 1.04046 2.15239 20

13.451 10.74958 0.27401 3 2.98E-08 5 98.8552 0 0 0 330.8922 14 0.61996 0.81354 0.33 3.75854 447.82251 0 1.03486 2.26188 20

13.615 8.86829 0.22723 4 5.25E-08 5 111.23302 0 0 0 318.5123 14 0.661 0.85857 0.33 3.96659 441.89029 0 1.0541 2.90222 20

13.78 10.42095 0.16836 3 4.12E-08 4 88.80495 0 0 0 297.4081 14 0.59066 0.76708 0.33 3.54392 429.58368 0 1.01425 2.97715 20

13.944 7.81571 0.1877 3 2.18E-08 4 63.5868 0 0 0 282.6834 14 0.50055 0.64813 0.33 2.99438 420.17123 0 0.95746 2.63101 20

14.108 4.98662 0.20327 3 9.35E-09 4 44.6642 0 0 0 276.8328 14 0.42041 0.54203 0.33 2.50419 415.65506 0 0.83503 2.07925 26.42264

14.272 6.95841 0.20348 3 7.01E-09 4 39.82077 0 0 0 275.9348 14 0.39782 0.5107 0.33 2.35944 414.83646 0 0.80133 1.91818 27.39808

14.436 6.74885 0.20299 3 1.14E-08 4 50.15638 0 0 0 284.3796 14 0.44744 0.57192 0.33 2.64229 420.59912 0 0.83259 2.1544 28.38628

14.6 7.04891 0.20412 3 1.29E-08 4 52.58431 0 0 0 285.2689 14 0.45912 0.58435 0.33 2.6997 421.37741 0 0.83425 2.2465 28.96439

14.764 7.41088 0.19374 3 1.67E-08 4 58.48013 0 0 0 287.5346 14 0.48521 0.61493 0.33 2.84096 423.14951 0 0.84881 2.43051 29.49844

14.961 7.83 0.18905 3 1.80E-08 4 57.92759 0 0 0 283.0588 14 0.48413 0.61047 0.33 2.82039 420.70923 0 0.84484 2.56954 29.57648

15.092 7.0108 0.17113 3 2.14E-08 4 60.47386 0 0 0 280.9099 14 0.49548 0.62271 0.33 2.87694 419.73764 0 0.85216 2.76237 29.65973

15.256 7.9062 0.16715 3 1.72E-08 4 52.20294 0 0 0 272.1399 14 0.46129 0.57739 0.33 2.66753 414.25937 0 0.8257 2.71836 29.26958

15.42 6.41069 0.16061 3 1.67E-08 4 51.90754 0 0 0 273.139 14 0.46092 0.57458 0.33 2.65457 414.91766 0 0.81876 2.6981 29.67129

15.617 6.95365 0.17448 3 1.51E-08 4 50.97006 0 0 0 276.5243 14 0.45786 0.56798 0.33 2.62405 416.91653 0 0.80536 2.57694 30.35945

15.748 7.68712 0.18727 3 1.99E-08 4 64.42345 0 0 0 296.0995 14 0.51561 0.63749 0.33 2.94518 428.92334 0 0.84018 2.55278 31.45635

15.945 8.76827 0.23207 3 2.58E-08 4 80.75756 0 0 0 317.1818 14 0.57877 0.71191 0.33 3.28901 441.40024 0 0.88742 2.52135 31.6725

16.076 9.68748 0.25553 3 1.95E-08 4 77.27458 0 0 0 326.8522 14 0.56713 0.69518 0.33 3.21173 446.49988 0 0.89009 2.21952 30.5226

16.24 7.37754 0.26363 3 1.40E-08 4 66.89672 0 0 0 323.6212 14 0.52882 0.64542 0.33 2.98185 444.38065 0 0.868 2.04004 29.60872

16.437 7.2537 0.24294 3 1.09E-08 4 57.18126 0 0 0 313.92 14 0.49016 0.5952 0.33 2.74981 438.72812 0 0.83557 1.98304 29.47509

16.568 8.04433 0.22012 3 2.43E-08 4 76.81281 0 0 0 315.2863 14 0.56905 0.68869 0.33 3.18175 440.61121 0 0.88061 2.55633 30.96904

16.732 10.59717 0.1914 3 4.15E-08 5 99.82339 0 0 0 326.9416 14 0.65021 0.78329 0.33 3.61878 447.92276 0 0.93451 2.897 31.54585

16.929 10.69719 0.24835 4 1.20E-07 6 185.1691 0 0 0 391.7799 14 0.94474 1.11661 0.33 5.15874 483.82932 0 1.10873 3.20345 33.44429

17.06 20.4323 0.4273 4 5.06E-07 8 285.66353 0 0 371.9639 466.1948 14 1.45747 1.68556 0.33 7.78729 521.86615 0 1.32765 4.04971 20

17.257 32.35352 0.38244 5 2.15E-06 10 425.81366 31 34 426.6637 534.7518 0 0 0 0.33 0 554.63 -0.05393 0 0 20

17.388 41.02653 0.36644 5 2.78E-06 11 474.27066 33 35 453.7865 568.7458 0 0 0 0.33 0 569.3515 -0.05968 0 0 20

17.552 31.20093 0.56004 5 1.57E-06 11 432.37305 32 35 458.5195 574.6778 0 0 0 0.33 0 570.95099 -0.06681 0 0 20

17.717 23.55668 0.52513 4 3.44E-07 9 308.37689 0 0 0 539.6699 14 1.57335 1.79748 0.33 8.30435 554.08984 0 1.35717 2.99084 20

17.881 14.52646 0.46143 3 3.81E-08 6 175.07406 0 0 0 456.1381 14 0.89323 1.04119 0.33 4.81029 513.86029 0 1.12598 1.85684 20

18.045 2.66239 0.42773 3 6.39E-09 5 73.69917 0 0 0 401.5428 14 0.56924 0.66055 0.33 3.05176 485.56906 0 0.96369 1.28047 20



S-51 over Black Mingo Creek - Estimated Soil Parameter Correlations
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Correlations from CPeT-IT v.1.7.6.42
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18.209 9.97325 0.41785 3 3.38E-09 5 57.42923 0 0 0 398.6876 14 0.50363 0.58179 0.33 2.68788 483.52084 0 0.92274 1.07205 20

18.373 11.76405 0.53558 3 1.42E-08 6 135.94742 0 0 0 474.4096 14 0.7767 0.89302 0.33 4.12577 521.51953 0 1.06839 1.33544 20

18.537 14.11686 0.75649 3 9.15E-08 9 270.38982 0 0 0 601.1704 14 1.37954 1.56545 0.33 7.23236 578.32861 0 1.29451 1.77673 20

18.701 35.26358 0.99069 5 1.06E-06 13 499.01193 33 35 568.0351 711.9373 0 0 0 0.33 0 624.45184 -0.09838 0 0 20

18.865 60.79204 0.65994 5 6.18E-06 16 765.01885 40 37 610.3874 765.0189 0 0 0 0.33 0 646.22821 -0.09134 0 0 20

19.029 65.25476 0.58699 5 1.30E-05 16 742.92263 42 37 592.7574 742.9226 0 0 0 0.33 0 639.58032 -0.08439 0 0 20

19.226 53.02396 0.63519 5 1.47E-05 15 686.37592 41 37 547.6404 686.3759 0 0 0 0.33 0 619.23993 -0.07248 0 0 20

19.357 50.98549 0.30124 5 9.19E-06 14 658.11487 38 36 525.0917 658.1149 0 0 0 0.33 0 607.87091 -0.06663 0 0 20

19.521 45.55593 0.53168 5 8.55E-06 13 618.97056 37 36 493.8595 618.9706 0 0 0 0.33 0 592.73132 -0.05759 0 0 20

19.685 42.55062 0.43669 5 9.18E-06 14 643.85871 38 36 513.7171 643.8587 0 0 0 0.33 0 602.60199 -0.06255 0 0 20

19.849 58.24872 0.41002 5 1.44E-05 14 650.10764 40 37 518.7029 650.1076 0 0 0 0.33 0 605.89478 -0.06296 0 0 20

20.013 59.08697 0.46591 6 2.73E-05 16 688.02284 43 38 548.9544 688.0228 0 0 0 0.33 0 621.41833 -0.07239 0 0 20

20.21 72.08458 0.48823 6 3.12E-05 18 752.0914 45 38 600.0729 752.0914 0 0 0 0.33 0 644.93945 -0.08535 0 0 20

20.341 80.63852 0.70416 6 2.44E-05 19 806.33005 46 38 643.3484 806.3301 0 0 0 0.33 0 663.50879 -0.09371 0 0 20

20.505 64.37841 0.82808 6 3.73E-05 20 850.29295 49 39 678.4252 850.293 0 0 0 0.33 0 679.15326 -0.10329 0 0 20

20.669 101.6805 0.61749 6 5.54E-05 21 856.57027 51 39 683.4337 856.5703 0 0 0 0.33 0 681.96832 -0.10716 0 0 20

20.833 100.5707 0.6182 6 5.34E-05 23 936.76734 53 39 747.4208 936.7673 0 0 0 0.33 0 708.05444 -0.11921 0 0 20

20.997 87.13971 1.30509 5 1.58E-05 23 1043.74917 50 39 832.7786 1043.749 0 0 0 0.33 0 739.68274 -0.12753 0 0 20

21.161 71.1987 1.79702 5 4.39E-06 23 1031.38356 47 38 908.3126 1138.418 0 0 0 0.33 0 766.33545 -0.14316 0 0 20

21.325 66.30734 2.01209 5 1.71E-06 22 922.27045 44 38 963.206 1207.218 0 0 0 0.33 0 785.08661 -0.15936 0 0 20

21.49 63.81164 2.52258 5 1.76E-06 24 999.77394 46 38 1039.169 1302.425 0 0 0 0.33 0 811.54883 -0.16932 0 0 20

21.654 87.89223 2.74696 5 3.75E-06 30 1327.6971 52 39 1203.417 1508.282 0 0 0 0.33 0 866.16962 -0.18281 0 0 20

21.818 136.6678 3.58486 5 7.89E-06 36 1703.25877 59 41 1358.983 1703.259 0 0 0 0.33 0 914.51959 -0.19557 0 0 20

21.982 146.9983 3.91099 5 9.89E-06 38 1809.83874 62 41 1444.02 1809.839 0 0 0 0.33 0 939.61108 -0.20313 0 0 20

22.146 127.2994 3.64728 5 7.94E-06 37 1773.31359 60 41 1414.878 1773.314 0 0 0 0.33 0 931.06891 -0.20013 0 0 20

22.31 112.9301 3.3823 5 5.95E-06 35 1628.88934 58 40 1357.947 1701.96 0 0 0 0.33 0 914.18683 -0.19478 0 0 20

22.507 110.263 4.17157 5 3.48E-06 34 1536.68995 56 40 1411.24 1768.754 0 0 0 0.33 0 929.37012 -0.20291 0 0 20













S-51 over Black Mingo Creek - Estimated Soil Parameter Correlations
CPT-5
Correlations from CPeT-IT v.1.7.6.42

Depth 
(ft)

qc (tsf) fs (tsf) SBTn
Ksbt 
(ft/s)

SPT N60 
(blows/ft)

Constrained 
Mod. (tsf)

Dr (%)
Friction 

angle (°)
Es (tsf) Go (tsf) Nkt Su (tsf) Su ratio Kocr OCR Vs (ft/s)

State 
parameter

Ko Sensitivity
Peak phi 

(°)

0.164 1.32405 0.04266 5 3.64E-06 1 36.01452 45 38 32.80679 41.11784 0 0 0 0.33 0 147.96019 -0.13803 0 0 20

0.492 5.07712 0.09477 0 0.00E+00 19 437.25227 0 0 348.8715 437.2523 0 0 0 0.33 0 482.49826 0 0 0 20

0.656 403.8832 0.02112 0 0.00E+00 19 450.46642 0 0 359.4147 450.4664 0 0 0 0.33 0 489.73477 0 0 0 20

0.984 2.15754 0.19417 7 1.62E-02 21 530.50393 93 45 423.2744 530.5039 0 0 0 0.33 0 531.46423 -0.25831 0 0 20

1.148 49.44235 0.48895 6 4.87E-04 14 459.22888 80 43 366.406 459.2289 0 0 0 0.33 0 494.47498 -0.21595 0 0 20

1.312 157.5716 0.92158 6 1.85E-03 24 719.41027 100 46 573.9976 719.4103 0 0 0 0.33 0 618.89648 -0.27981 0 0 20

1.476 210.2098 1.25731 7 3.56E-03 33 918.14856 100 47 732.5653 918.1486 0 0 0 0.33 0 699.17548 -0.31418 0 0 20

1.64 231.3946 1.37021 7 4.06E-03 38 1049.73015 100 47 837.5507 1049.73 0 0 0 0.33 0 747.59875 -0.32899 0 0 20

1.804 259.9522 1.64245 7 3.92E-03 40 1129.13954 100 47 900.9092 1129.14 0 0 0 0.33 0 775.36023 -0.33451 0 0 20

1.969 258.3376 1.75628 7 3.38E-03 41 1175.90927 100 47 938.2255 1175.909 0 0 0 0.33 0 791.25531 -0.3348 0 0 20

2.133 242.0156 1.74327 6 2.61E-03 41 1175.64826 100 47 938.0172 1175.648 0 0 0 0.33 0 791.16748 -0.32838 0 0 20

2.297 224.9839 1.77661 6 1.65E-03 38 1159.55777 100 47 925.1791 1159.558 0 0 0 0.33 0 785.73468 -0.31802 0 0 20

2.526 191.7207 1.95301 6 8.46E-04 37 1171.23026 100 47 934.4922 1171.23 0 0 0 0.33 0 789.6795 -0.30701 0 0 20

2.657 172.7649 2.34248 6 3.58E-04 33 1149.95584 100 46 917.518 1149.956 0 0 0 0.33 0 782.47467 -0.29172 0 0 20

2.822 131.1239 2.38052 6 1.66E-04 29 1070.02491 96 45 853.7433 1070.025 0 0 0 0.33 0 754.79089 -0.27616 0 0 20

2.953 97.37015 1.8524 6 1.87E-04 28 1007.68109 93 45 804.0009 1007.681 0 0 0 0.33 0 732.47241 -0.26418 0 0 20

3.117 157.8907 1.50167 6 3.21E-04 29 1001.90391 93 45 799.3914 1001.904 0 0 0 0.33 0 730.36969 -0.26009 0 0 20

3.281 168.1878 1.74497 6 6.36E-04 31 1024.89904 96 45 817.7386 1024.899 0 0 0 0.33 0 738.70367 -0.26871 0 0 20

3.445 163.9537 1.40668 6 5.72E-04 29 960.92745 92 45 766.6974 960.9275 0 0 0 0.33 0 715.27826 -0.25508 0 0 20

3.609 118.7026 0.98862 6 5.19E-04 25 846.42001 85 44 675.3351 846.42 0 0 0 0.33 0 671.30933 -0.23271 0 0 20

3.773 107.7244 0.85908 6 3.31E-04 21 740.44663 77 43 590.7819 740.4466 0 0 0 0.33 0 627.87994 -0.20446 0 0 20

3.937 88.56378 0.81607 6 2.23E-04 19 682.60881 72 42 544.6347 682.6088 0 0 0 0.33 0 602.85889 -0.18812 0 0 20

4.101 74.03256 0.71098 6 1.26E-04 17 639.41677 67 42 510.173 639.4168 0 0 0 0.33 0 583.4743 -0.17506 0 0 20

4.265 65.85963 0.75002 6 7.79E-05 16 617.11053 63 41 492.3754 617.1105 0 0 0 0.33 0 573.2066 -0.16638 0 0 20

4.429 62.46378 0.80448 6 6.68E-05 15 619.08971 62 41 493.9546 619.0897 0 0 0 0.33 0 574.12506 -0.16377 0 0 20

4.593 69.18405 0.74106 6 7.86E-05 16 612.02462 62 41 488.3175 612.0246 0 0 0 0.33 0 570.83966 -0.15941 0 0 20

4.757 69.45553 0.58464 6 1.02E-04 16 612.27366 62 41 488.5162 612.2737 0 0 0 0.33 0 570.95581 -0.15725 0 0 20

4.921 72.09411 0.66434 6 1.45E-04 18 656.87409 65 41 524.1017 656.8741 0 0 0 0.33 0 591.38568 -0.16576 0 0 20

5.085 99.31812 0.86989 6 1.62E-04 20 727.60875 68 42 580.5389 727.6088 0 0 0 0.33 0 622.41302 -0.17837 0 0 20

5.249 100.8089 0.98877 6 1.74E-04 21 781.70725 71 42 623.7026 781.7073 0 0 0 0.33 0 645.13678 -0.18659 0 0 20

5.413 96.07943 0.97796 6 1.65E-04 22 812.55717 71 42 648.3169 812.5572 0 0 0 0.33 0 657.74365 -0.18947 0 0 20

5.577 108.2436 1.07202 6 1.94E-04 23 844.53579 73 43 673.8318 844.5358 0 0 0 0.33 0 670.56171 -0.19349 0 0 20

5.741 122.2175 1.0984 6 2.46E-04 24 847.02297 73 43 675.8162 847.023 0 0 0 0.33 0 671.5484 -0.19272 0 0 20

5.906 111.3727 0.831 6 2.37E-04 23 829.81982 72 42 662.0903 829.8198 0 0 0 0.33 0 664.69379 -0.18769 0 0 20

6.07 99.13237 0.92627 6 1.65E-04 22 799.76321 68 42 638.1089 799.7632 0 0 0 0.33 0 652.54492 -0.17894 0 0 20

6.234 89.84973 1.01763 6 8.19E-05 20 782.55741 64 41 624.3809 782.5574 0 0 0 0.33 0 645.48749 -0.17071 0 0 20

In situ data Estimations
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6.398 70.22234 0.99204 6 4.03E-05 18 749.787 60 41 598.2343 749.787 0 0 0 0.33 0 631.8277 -0.16075 0 0 20

6.562 58.65356 0.96403 6 2.87E-05 17 715.37508 57 40 570.778 715.3751 0 0 0 0.33 0 617.15839 -0.15195 0 0 20

6.726 67.55994 0.85553 5 2.18E-05 17 742.55438 56 40 592.4636 742.5544 0 0 0 0.33 0 628.77295 -0.15571 0 0 20

6.89 67.71235 1.29847 5 1.44E-05 16 712.52457 53 40 568.5036 712.5246 0 0 0 0.33 0 615.92755 -0.1494 0 0 20

7.087 37.36396 0.86171 5 7.03E-06 15 707.06835 50 39 564.1503 707.0684 0 0 0 0.33 0 613.56476 -0.15137 0 0 20

7.218 45.58927 1.09136 5 8.49E-06 15 714.2672 51 39 569.894 714.2672 0 0 0 0.33 0 616.6803 -0.14923 0 0 20

7.382 74.47073 1.23235 5 1.23E-05 18 841.06791 56 40 671.0648 841.0679 0 0 0 0.33 0 669.18353 -0.1677 0 0 20

7.546 78.00471 1.76978 5 2.07E-05 21 940.91092 61 41 750.7268 940.9109 0 0 0 0.33 0 707.78925 -0.17957 0 0 20

7.743 90.42126 1.65446 5 1.72E-05 21 965.48062 61 41 770.3303 965.4806 0 0 0 0.33 0 716.97083 -0.18148 0 0 20

7.874 72.67516 1.52023 5 1.69E-05 20 908.80642 58 40 725.1115 908.8064 0 0 0 0.33 0 695.60938 -0.17133 0 0 20

8.071 63.44491 1.19822 5 1.16E-05 18 824.17804 54 40 657.5889 824.178 0 0 0 0.33 0 662.43036 -0.15724 0 0 20

8.202 56.04832 1.04941 5 1.20E-05 17 783.56312 53 39 625.1833 783.5631 0 0 0 0.33 0 645.9021 -0.14907 0 0 20

8.399 64.38317 1.12841 5 1.10E-05 16 762.98478 51 39 608.7645 762.9848 0 0 0 0.33 0 637.3642 -0.14465 0 0 20

8.53 56.04356 1.03662 6 2.00E-05 17 731.09209 52 39 583.3182 731.0921 0 0 0 0.33 0 623.90112 -0.1354 0 0 20

8.694 67.91715 0.51511 5 9.69E-06 12 568.46411 44 38 453.5618 568.4641 0 0 0 0.33 0 550.15015 -0.10166 0 0 20

8.858 4.92947 0.18848 5 3.78E-06 8 363.21242 35 35 328.7232 411.9997 0 0 0 0.33 0 468.35825 -0.06383 0 0 20

9.022 6.4869 0.26619 3 8.53E-09 3 41.66415 0 0 0 221.1721 14 0.33038 0.64342 0.33 2.9726 343.15863 0 0.95507 1.55016 20

9.186 3.90071 0.17192 3 3.17E-08 3 75.07974 0 0 0 235.4369 14 0.44585 0.85917 0.33 3.96935 354.05197 0 1.05435 2.16695 20

9.35 9.65891 0.1668 3 3.05E-08 3 60.07209 0 0 0 212.869 14 0.40039 0.76548 0.33 3.53651 336.6557 0 0.91912 2.49949 31.91002

9.514 4.3627 0.13224 3 3.73E-08 3 66.35407 0 0 0 217.445 14 0.42421 0.79806 0.33 3.68704 340.25494 0 0.91743 2.64535 33.7597

9.711 4.72943 0.17241 3 7.55E-09 3 30.56285 0 0 0 197.4065 14 0.28846 0.54057 0.33 2.49746 324.19803 0 0.74967 1.84388 32.99722

9.843 3.84832 0.15528 3 6.22E-09 3 28.74528 0 0 0 199.0393 14 0.28076 0.52237 0.33 2.41335 325.53607 0 0.73493 1.73123 33.05948

10.007 4.02931 0.14909 3 6.01E-09 3 28.15054 0 0 0 199.0669 14 0.27908 0.51465 0.33 2.37767 325.55862 0 0.72711 1.7343 33.19129

10.171 4.65323 0.16872 3 9.36E-09 3 34.94893 0 0 0 205.6081 14 0.31232 0.57092 0.33 2.63763 330.86426 0 0.76439 1.92875 33.56339

10.367 5.26763 0.15826 3 1.01E-08 3 38.41928 0 0 0 213.7678 14 0.32917 0.59548 0.33 2.75112 337.36566 0 0.78042 1.89605 33.70548

10.499 4.76277 0.18343 3 1.97E-08 3 53.83068 0 0 0 225.0833 14 0.391 0.70242 0.33 3.24518 346.17953 0 0.83825 2.19469 34.95907

10.663 7.18226 0.18208 3 1.30E-08 3 50.0671 0 0 0 234.791 14 0.3787 0.67452 0.33 3.1163 353.56595 0 0.81462 1.84038 35.26826

10.827 4.69609 0.23946 3 1.41E-08 3 59.85398 0 0 0 254.0445 14 0.41583 0.73438 0.33 3.39284 367.77701 0 0.84507 1.7147 36.01205

10.991 6.27257 0.29143 3 1.07E-08 3 60.28465 0 0 0 269.2141 14 0.41909 0.73392 0.33 3.3907 378.5983 0 0.85718 1.47549 35.13274

11.155 7.47755 0.30416 3 1.22E-08 3 60.27769 0 0 0 264.18 14 0.42082 0.73081 0.33 3.37636 375.04181 0 0.8663 1.58945 34.31286

11.319 4.91042 0.18279 3 1.06E-08 3 48.60222 0 0 0 244.3802 14 0.37944 0.65352 0.33 3.01924 360.71378 0 0.82831 1.70862 33.22022

11.516 4.63894 0.16594 3 6.02E-09 3 32.53385 0 0 0 222.4659 14 0.31198 0.53205 0.33 2.45807 344.16083 0 0.74398 1.65606 32.94271

11.647 4.58179 0.20512 3 5.45E-09 3 36.0361 0 0 0 239.153 14 0.32941 0.55814 0.33 2.57859 356.83511 0 0.74769 1.46611 34.06829

11.811 5.52482 0.28951 3 4.47E-09 3 46.92919 0 0 0 284.0543 14 0.37744 0.63436 0.33 2.93075 388.89322 0 0.80059 1.11475 34.26078

12.008 6.72027 0.50082 3 5.22E-09 4 73.05903 0 0 0 346.2568 14 0.47321 0.7877 0.33 3.63917 429.36722 0 0.89174 0.9307 35.20942

12.139 8.62062 0.70452 3 6.64E-09 5 116.1441 0 0 0 419.3148 14 0.59855 0.99002 0.33 4.57388 472.49783 0 1.02253 0.81157 34.78087



S-51 over Black Mingo Creek - Estimated Soil Parameter Correlations
CPT-5
Correlations from CPeT-IT v.1.7.6.42
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In situ data Estimations

12.303 11.04487 0.96296 3 2.62E-08 6 171.85296 0 0 0 479.1634 14 0.8768 1.43885 0.33 6.64748 505.0932 0 1.2577 1.05388 20

12.467 18.62244 0.77853 3 2.20E-08 6 159.77516 0 0 0 459.9122 14 0.81518 1.32729 0.33 6.13206 494.84268 0 1.22346 1.05544 20

12.631 6.19637 0.52926 3 1.56E-08 5 127.15617 0 0 0 389.3387 14 0.64876 1.04813 0.33 4.84237 455.29565 0 1.12854 1.16058 20

12.795 4.12932 0.33566 3 2.54E-09 3 37.49838 0 0 0 303.1064 14 0.34545 0.55382 0.33 2.55866 401.72351 0 0.81132 0.84655 29.08807

12.959 5.8725 0.3348 3 2.79E-09 3 34.97385 0 0 0 282.9522 14 0.3349 0.53281 0.33 2.46159 388.13809 0 0.79682 0.99002 29.03948

13.156 5.75819 0.32407 3 4.11E-09 4 44.94221 0 0 0 291.4349 14 0.38137 0.60124 0.33 2.77773 393.91315 0 0.82261 1.14045 30.85613

13.287 5.96776 0.32428 3 4.20E-09 3 42.82992 0 0 0 284.2267 14 0.37342 0.58518 0.33 2.70352 389.0112 0 0.79523 1.19452 32.07797

13.451 5.37241 0.27074 3 3.51E-09 3 36.92845 0 0 0 273.6268 14 0.34804 0.54134 0.33 2.50099 381.68845 0 0.75363 1.19994 32.75613

13.648 4.56274 0.25773 3 4.10E-09 3 37.99991 0 0 0 271.0372 14 0.35464 0.54669 0.33 2.52573 379.87802 0 0.74921 1.28942 33.35727

13.812 6.18208 0.28013 3 1.05E-08 4 64.50545 0 0 0 298.9452 14 0.46375 0.70966 0.33 3.27865 398.95648 0 0.85856 1.52572 33.83017

13.944 10.07803 0.35578 3 1.46E-08 4 85.03139 0 0 0 324.2549 14 0.53402 0.81239 0.33 3.75325 415.50189 0 0.93468 1.52978 33.09644

14.108 7.74903 0.3904 3 1.13E-08 4 86.11181 0 0 0 342.9334 14 0.53936 0.81457 0.33 3.76332 427.30167 0 0.94219 1.33216 32.57778

14.272 6.50595 0.44415 3 5.15E-09 4 61.88519 0 0 0 336.5452 14 0.45889 0.68806 0.33 3.17883 423.30307 0 0.86782 1.0863 31.98434

14.436 6.68217 0.4074 3 8.26E-09 4 81.07795 0 0 0 354.9649 14 0.52713 0.78474 0.33 3.62552 434.73282 0 0.9372 1.18194 31.38706

14.6 10.8115 0.45965 3 1.96E-08 5 127.16624 0 0 0 381.6288 14 0.66252 0.97931 0.33 4.52439 450.76511 0 1.10262 1.41179 20

14.764 12.47847 0.51262 3 2.17E-08 5 131.08462 0 0 0 381.6976 14 0.67503 0.99077 0.33 4.57738 450.80576 0 1.10702 1.46787 20

14.961 7.42993 0.37974 3 6.34E-09 4 67.69626 0 0 0 344.132 14 0.48714 0.70901 0.33 3.27564 428.04776 0 0.98731 1.16634 20

15.092 2.88148 0.33559 4 1.42E-07 6 200.85334 0 0 0 412.6556 14 1.02476 1.4367 0.33 6.63756 468.7309 0 1.25706 2.48054 20

15.256 34.98734 0.49925 4 5.30E-07 10 372.2906 0 0 480.749 602.5387 14 1.89944 2.56799 0.33 11.86412 566.39862 0 1.53328 2.42315 20

15.42 44.21283 1.46975 5 3.30E-06 16 714.38696 43 38 662.5774 830.4303 0 0 0 0.33 0 664.93823 -0.13241 0 0 20

15.584 76.49967 1.54248 5 3.97E-06 20 892.26699 48 39 800.133 1002.833 0 0 0 0.33 0 730.70844 -0.15684 0 0 20

15.748 73.46578 1.96367 5 5.75E-06 22 1027.42239 51 39 861.7325 1080.038 0 0 0 0.33 0 758.31433 -0.16359 0 0 20

15.912 175.7892 3.42802 6 2.89E-05 36 1545.58222 70 42 1233.177 1545.582 0 0 0 0.33 0 907.14307 -0.2108 0 0 20



S-51 over Black Mingo Creek - Estimated Soil Parameter Correlations
CPT-6
Correlations from CPeT-IT v.1.7.6.42
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0.328 1.18593 0.08617 3 1.53E-07 0 16.338 0 0 0 33.08257 14 0.08336 2.66811 0.33 12.32668 132.71785 0 1.55347 1.28953 20

0.82 1.19069 0.0177 6 1.79E-04 6 204.75337 58 40 163.3671 204.7534 0 0 0 0.33 0 330.17581 -0.12849 0 0 20

0.984 75.5233 0.41763 6 1.66E-03 18 530.72616 90 45 423.4517 530.7262 0 0 0 0.33 0 531.5755 -0.25028 0 0 20

1.148 224.8648 1.22567 6 2.16E-03 30 896.81785 100 47 715.5462 896.8179 0 0 0 0.33 0 691.00604 -0.32058 0 0 20

1.312 234.0189 2.39602 6 1.77E-03 37 1121.70991 100 48 894.9813 1121.71 0 0 0 0.33 0 772.80511 -0.34406 0 0 20

1.476 186.1864 2.263 6 9.26E-04 37 1161.92213 100 48 927.0655 1161.922 0 0 0 0.33 0 786.53534 -0.33837 0 0 20

1.64 174.0175 2.13068 6 5.66E-04 34 1117.92666 100 47 891.9628 1117.927 0 0 0 0.33 0 771.50079 -0.32297 0 0 20

1.804 162.8773 2.37519 6 3.74E-04 31 1064.39049 100 46 849.2477 1064.39 0 0 0 0.33 0 752.80103 -0.30658 0 0 20

1.969 125.1609 2.0379 6 2.61E-04 29 1022.39079 100 46 815.7373 1022.391 0 0 0 0.33 0 737.79919 -0.2935 0 0 20

2.133 127.99 1.93523 6 2.26E-04 26 952.66266 98 45 760.1032 952.6627 0 0 0 0.33 0 712.19562 -0.27856 0 0 20

2.297 124.437 1.67409 6 3.01E-04 27 947.0811 97 45 755.6498 947.0811 0 0 0 0.33 0 710.1062 -0.2714 0 0 20

2.461 142.9166 1.58543 6 3.92E-04 27 941.84166 96 45 751.4694 941.8417 0 0 0 0.33 0 708.13922 -0.2692 0 0 20

2.625 145.217 1.5422 6 3.99E-04 29 982.4322 97 45 783.8555 982.4322 0 0 0 0.33 0 723.23761 -0.27119 0 0 20

2.789 143.5119 1.91419 6 3.21E-04 28 964.25703 94 45 769.354 964.257 0 0 0 0.33 0 716.51636 -0.26206 0 0 20

2.953 118.8455 1.50132 6 1.89E-04 24 877.76657 87 44 700.3457 877.7666 0 0 0 0.33 0 683.62701 -0.24442 0 0 20

3.117 74.78031 1.08596 6 9.16E-05 19 744.69597 76 43 594.1723 744.696 0 0 0 0.33 0 629.67902 -0.21754 0 0 20

3.281 57.40571 1.11895 6 2.73E-05 15 633.03027 66 42 505.0774 633.0303 0 0 0 0.33 0 580.5531 -0.1945 0 0 20

3.445 39.45005 1.10608 5 8.55E-06 12 556.01077 58 40 443.6256 556.0108 0 0 0 0.33 0 544.0907 -0.18402 0 0 20

3.609 25.49513 0.87707 5 4.82E-06 10 485.62367 54 40 420.6024 527.1549 0 0 0 0.33 0 529.784 -0.18073 0 0 20

3.773 39.68343 1.02645 5 4.79E-06 11 487.51619 53 39 422.7088 529.7951 0 0 0 0.33 0 531.10901 -0.17716 0 0 20

3.937 39.85965 1.05688 5 8.63E-06 12 586.38404 56 40 467.8596 586.384 0 0 0 0.33 0 558.75421 -0.1784 0 0 20

4.101 49.69002 1.07558 5 1.02E-05 13 608.3964 57 40 485.4227 608.3964 0 0 0 0.33 0 569.14514 -0.17771 0 0 20

4.298 48.67555 1.08212 5 1.16E-05 13 627.60991 58 40 500.7526 627.6099 0 0 0 0.33 0 578.06226 -0.17634 0 0 20

4.462 47.60392 1.08966 5 1.02E-05 13 630.07524 57 40 502.7196 630.0752 0 0 0 0.33 0 579.19647 -0.17486 0 0 20

4.626 46.97047 1.09826 5 9.20E-06 13 633.10975 56 40 505.1408 633.1098 0 0 0 0.33 0 580.58954 -0.1734 0 0 20

4.757 46.69423 1.0994 5 8.57E-06 13 635.65344 55 40 507.1703 635.6534 0 0 0 0.33 0 581.7547 -0.17219 0 0 20

4.921 46.38465 1.09854 5 8.05E-06 13 638.4237 55 40 509.3806 638.4237 0 0 0 0.33 0 583.021 -0.17036 0 0 20

5.085 46.02745 1.09207 5 7.53E-06 13 641.73537 54 40 512.0229 641.7354 0 0 0 0.33 0 584.53119 -0.16879 0 0 20

5.249 45.77502 1.10174 5 7.04E-06 13 645.0597 53 40 514.6753 645.0597 0 0 0 0.33 0 586.04327 -0.16731 0 0 20

5.446 45.47496 1.10196 5 6.52E-06 13 650.55072 53 39 519.0564 650.5507 0 0 0 0.33 0 588.53229 -0.16594 0 0 20

5.61 45.31303 1.11077 5 6.09E-06 13 655.69778 52 39 523.1631 655.6978 0 0 0 0.33 0 590.8559 -0.16505 0 0 20

5.774 45.20825 1.12577 5 5.70E-06 13 628.46999 52 39 527.9196 661.6592 0 0 0 0.33 0 593.53577 -0.16438 0 0 20

5.906 45.11776 1.13374 5 7.53E-06 13 629.18717 51 39 502.011 629.1872 0 0 0 0.33 0 578.78815 -0.15156 0 0 20

6.102 45.33208 0.62147 5 1.30E-05 12 571.62425 49 39 456.0832 571.6243 0 0 0 0.33 0 551.67719 -0.12964 0 0 20

6.266 45.57975 0.36459 6 4.37E-05 13 542.92063 52 39 433.1814 542.9206 0 0 0 0.33 0 537.64783 -0.11625 0 0 20

6.398 69.92228 0.50878 6 1.69E-04 18 673.07443 62 41 537.0275 673.0744 0 0 0 0.33 0 598.63385 -0.15053 0 0 20

In situ data Estimations



S-51 over Black Mingo Creek - Estimated Soil Parameter Correlations
CPT-6
Correlations from CPeT-IT v.1.7.6.42
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6.562 138.6539 0.97775 6 2.44E-04 23 812.35791 69 42 648.1579 812.3579 0 0 0 0.33 0 657.66302 -0.17745 0 0 20

6.726 118.7502 1.08759 6 2.17E-04 24 866.76373 71 42 691.5668 866.7637 0 0 0 0.33 0 679.32886 -0.18448 0 0 20

6.89 84.55828 0.89975 6 9.50E-05 21 799.8784 64 41 638.2009 799.8784 0 0 0 0.33 0 652.59192 -0.16677 0 0 20

7.054 68.7554 0.84607 6 4.47E-05 17 716.26623 57 40 571.489 716.2662 0 0 0 0.33 0 617.54266 -0.14622 0 0 20

7.218 59.5442 0.7636 6 2.61E-05 15 651.96024 52 39 520.181 651.9602 0 0 0 0.33 0 589.16949 -0.13049 0 0 20

7.382 47.74681 0.60405 6 2.19E-05 14 600.52785 49 39 479.1446 600.5279 0 0 0 0.33 0 565.4527 -0.11701 0 0 20

7.546 49.9996 0.51177 6 3.71E-05 15 636.20406 52 39 507.6096 636.2041 0 0 0 0.33 0 582.00665 -0.12324 0 0 20

7.71 85.32033 0.80334 6 1.09E-04 21 788.98115 62 41 629.5062 788.9812 0 0 0 0.33 0 648.13135 -0.15698 0 0 20

7.874 140.0303 1.20519 6 1.78E-04 26 937.34232 70 42 747.8795 937.3423 0 0 0 0.33 0 706.44574 -0.18331 0 0 20

8.038 131.6812 1.29691 6 2.08E-04 28 994.94512 72 42 793.8392 994.9451 0 0 0 0.33 0 727.82886 -0.19156 0 0 20

8.202 117.993 1.10907 6 1.95E-04 26 955.977 70 42 762.7476 955.977 0 0 0 0.33 0 713.43341 -0.1847 0 0 20

8.366 120.541 0.939 6 2.57E-04 26 924.07138 70 42 737.291 924.0714 0 0 0 0.33 0 701.427 -0.18088 0 0 20

8.53 137.6537 0.92627 6 2.44E-04 27 948.11264 71 42 756.4729 948.1126 0 0 0 0.33 0 710.4928 -0.18356 0 0 20

8.727 124.0226 1.28283 6 1.14E-04 26 1000.43874 69 42 798.2224 1000.439 0 0 0 0.33 0 729.83545 -0.1852 0 0 20

8.891 90.03547 1.69207 6 4.34E-05 23 967.09375 63 41 771.6174 967.0938 0 0 0 0.33 0 717.56958 -0.1743 0 0 20

9.022 71.75595 1.18443 6 8.50E-05 26 1020.1456 68 42 813.946 1020.146 0 0 0 0.33 0 736.98865 -0.18471 0 0 20

9.186 178.3897 1.31184 6 2.04E-04 25 895.58933 67 42 714.566 895.5893 0 0 0 0.33 0 690.53259 -0.17155 0 0 20

9.416 99.50387 0.31433 6 3.73E-04 22 767.00194 65 41 611.9696 767.0019 0 0 0 0.33 0 639.03986 -0.1557 0 0 20

9.547 55.75303 0.15684 6 1.21E-04 12 460.09566 46 38 367.0976 460.0957 0 0 0 0.33 0 494.94141 -0.07075 0 0 20

9.678 8.5206 0.10779 5 1.41E-05 8 339.34322 34 35 270.7526 339.3432 0 0 0 0.33 0 425.05908 -0.02044 0 0 20

9.843 18.3462 0.14568 5 8.65E-07 5 191.39808 25 32 226.1688 283.4649 0 0 0 0.33 0 388.48956 -0.02626 0 0 20

10.007 15.76478 0.22332 5 5.95E-07 5 191.4918 25 33 242.0839 303.4118 0 0 0 0.33 0 401.92584 -0.04122 0 0 20

10.171 8.63491 0.2379 4 1.31E-07 4 132.02837 0 0 0 275.1477 14 0.67361 1.17047 0.33 5.40756 382.74774 0 1.17196 3.14067 20

10.367 5.60102 0.16936 3 1.75E-08 3 52.79112 0 0 0 226.8843 14 0.38586 0.69803 0.33 3.22489 347.56174 0 0.98205 2.07056 20

10.499 3.55779 0.14063 3 7.38E-09 3 29.21409 0 0 0 197.9497 14 0.28804 0.51746 0.33 2.39068 324.64383 0 0.80195 1.93862 27.74298

10.696 4.4008 0.12684 3 3.48E-08 3 59.57706 0 0 0 214.9789 14 0.41413 0.73398 0.33 3.39097 338.31998 0 0.91753 2.87813 30.29292

10.827 10.86865 0.15556 4 5.60E-08 3 75.20843 0 0 0 224.14 14 0.47054 0.81549 0.33 3.76756 345.45331 0 1.03571 3.26078 20

11.024 6.06301 0.14184 4 5.39E-08 3 78.90245 0 0 0 232.0928 14 0.48399 0.83176 0.33 3.84275 351.52853 0 1.04273 3.09326 20

11.155 5.03425 0.1626 3 2.02E-08 3 58.9113 0 0 0 238.2272 14 0.41602 0.72248 0.33 3.33787 356.14383 0 0.99369 2.14366 20

11.352 8.03004 0.26612 3 4.62E-08 4 93.37754 0 0 0 261.0617 14 0.52939 0.89993 0.33 4.15767 372.82184 0 1.0712 2.51592 20

11.516 10.75434 0.1899 3 5.35E-08 4 104.27518 0 0 0 270.3928 14 0.56296 0.94503 0.33 4.36606 379.42615 0 1.08927 2.55084 20

11.68 6.46308 0.19282 3 4.29E-08 4 86.63433 0 0 0 256.6322 14 0.51335 0.86104 0.33 3.97798 369.64539 0 0.97922 2.5665 31.80324

11.844 5.84392 0.20533 3 1.20E-08 3 52.6301 0 0 0 251.7836 14 0.40003 0.67124 0.33 3.10115 366.13681 0 0.87296 1.76824 30.64352

11.975 5.99633 0.26698 3 4.44E-09 3 42.85084 0 0 0 272.8314 14 0.36212 0.60374 0.33 2.78929 381.13327 0 0.83491 1.18269 30.01215

12.172 4.89613 0.42787 3 3.15E-09 3 35.86201 0 0 0 268.0027 14 0.33286 0.54969 0.33 2.53955 377.74548 0 0.80943 1.09614 29.0029

12.336 4.69609 0.19794 3 2.73E-09 3 29.79277 0 0 0 259.6979 14 0.30459 0.49905 0.33 2.30559 371.84674 0 0.76624 1.04741 29.47065
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12.664 4.72467 0.22915 3 4.84E-09 3 33.45149 0 0 0 241.2428 14 0.32527 0.5247 0.33 2.4241 358.39087 0 0.77641 1.49383 30.15717

12.795 5.75819 0.21308 3 7.23E-09 3 39.39942 0 0 0 244.2552 14 0.3541 0.56769 0.33 2.62271 360.62149 0 0.79055 1.67782 31.47814

12.959 5.80582 0.17824 3 1.05E-08 3 43.77407 0 0 0 241.6791 14 0.37467 0.59609 0.33 2.75392 358.71478 0 0.80344 1.93422 32.04997

13.123 5.56292 0.17817 3 8.42E-09 3 41.41816 0 0 0 245.4727 14 0.36584 0.57763 0.33 2.66863 361.51917 0 0.78475 1.78562 32.44889

13.287 5.32954 0.24593 3 7.60E-09 3 41.93425 0 0 0 252.6126 14 0.3695 0.57903 0.33 2.6751 366.73907 0 0.78767 1.6783 32.30817

13.484 6.0011 0.22318 3 6.11E-09 3 37.94876 0 0 0 251.0878 14 0.35308 0.54836 0.33 2.5334 365.63058 0 0.78237 1.60128 31.02962

13.648 5.03902 0.17917 3 5.96E-09 3 32.68878 0 0 0 234.997 14 0.32892 0.50705 0.33 2.34258 353.72101 0 0.76396 1.76273 30.09858

13.78 4.40557 0.14625 3 4.09E-09 3 24.09271 0 0 0 216.571 14 0.28322 0.43402 0.33 2.00516 339.5704 0 0.72773 1.77768 28.57089

13.976 4.18648 0.14298 3 3.06E-09 3 18.88638 0 0 0 205.2327 14 0.25186 0.3826 0.33 1.7676 330.56204 0 0.6949 1.7433 27.87773

14.14 3.75307 0.13551 3 2.70E-09 2 15.53014 0 0 0 196.3469 14 0.22921 0.34568 0.33 1.59706 323.32684 0 0.6727 1.72394 27.18245

14.272 3.49588 0.11241 3 2.98E-09 2 15.5072 0 0 0 189.0766 14 0.22971 0.34443 0.33 1.59126 317.28433 0 0.66465 1.98179 27.66451

14.436 4.17219 0.09285 3 3.24E-09 2 15.36382 0 0 0 182.5948 14 0.22947 0.34161 0.33 1.57822 311.7984 0 0.64864 2.25544 28.59535

14.6 3.65781 0.09385 3 3.88E-09 2 16.4422 0 0 0 183.9242 14 0.23823 0.35214 0.33 1.62688 312.93143 0 0.64343 2.38464 29.60995

14.764 3.78164 0.107 3 3.17E-09 2 15.64772 0 0 0 187.2231 14 0.23322 0.34231 0.33 1.58149 315.72531 0 0.63369 2.18043 29.66476

14.928 3.96263 0.11361 3 3.43E-09 3 16.70496 0 0 0 190.91 14 0.24182 0.35245 0.33 1.62833 318.81888 0 0.64358 2.2035 29.61893

15.092 4.05788 0.10203 3 4.16E-09 3 17.77323 0 0 0 190.8182 14 0.2503 0.36228 0.33 1.67375 318.74222 0 0.6536 2.37882 29.53566

15.256 4.18171 0.09371 3 5.38E-09 3 18.69254 0 0 0 187.469 14 0.25758 0.37025 0.33 1.71056 315.93262 0 0.66296 2.702 29.37489

15.42 4.31984 0.08454 3 5.53E-09 3 18.69064 0 0 0 187.1737 14 0.25845 0.36896 0.33 1.70461 315.68369 0 0.66592 2.76659 29.08975

15.584 4.14838 0.09641 3 4.63E-09 3 17.62252 0 0 0 188.2766 14 0.25182 0.35705 0.33 1.64956 316.6124 0 0.66556 2.60976 28.38308

15.748 3.9912 0.10274 3 3.75E-09 3 16.42739 0 0 0 189.5066 14 0.24395 0.34356 0.33 1.58725 317.64493 0 0.66132 2.43078 27.84133

15.912 4.05312 0.09591 3 3.98E-09 3 16.93426 0 0 0 191.0016 14 0.24852 0.34765 0.33 1.60614 318.89542 0 0.67024 2.47513 27.47575

16.109 4.41033 0.09655 3 6.29E-09 3 20.73151 0 0 0 195.3023 14 0.27608 0.38312 0.33 1.77 322.46558 0 0.69164 2.82304 28.14132

16.273 5.15332 0.09506 3 1.06E-08 3 26.1965 0 0 0 200.5935 14 0.31138 0.42924 0.33 1.98308 326.80453 0 0.72723 3.2564 28.3257

16.437 5.60579 0.08951 3 1.35E-08 3 29.28869 0 0 0 203.5005 14 0.33033 0.45237 0.33 2.08996 329.16406 0 0.7487 3.49883 28.09063

16.568 5.29144 0.093 3 1.08E-08 3 27.95077 0 0 0 207.7125 14 0.32354 0.44077 0.33 2.03634 332.55316 0 0.74633 3.15016 27.58584

16.732 4.92947 0.11945 3 1.36E-08 3 33.04525 0 0 0 217.2742 14 0.35294 0.4777 0.33 2.20696 340.12131 0 0.76843 3.19352 28.06902

16.896 6.85839 0.11248 4 9.73E-08 4 102.22257 0 0 0 270.8623 14 0.6285 0.82983 0.33 3.83379 379.75543 0 0.96751 4.48629 31.13747

17.06 16.8888 0.17995 4 4.10E-07 6 197.33553 0 0 266.886 334.4971 14 1.00681 1.28611 0.33 5.94182 422.01306 0 1.21034 5.41812 20

17.257 20.90381 0.25389 5 1.46E-06 8 311.16136 28 33 334.294 418.9818 0 0 0 0.33 0 472.31015 -0.03594 0 0 20

17.421 31.3581 0.33978 5 5.99E-06 11 495.64038 35 36 412.6608 517.2016 0 0 0 0.33 0 524.75867 -0.05098 0 0 20

17.585 56.55318 0.43484 6 1.92E-05 14 620.50802 42 37 495.0862 620.508 0 0 0 0.33 0 574.78235 -0.07304 0 0 20

17.749 72.20841 0.55052 6 3.40E-05 16 673.79405 46 38 537.6016 673.7941 0 0 0 0.33 0 598.9538 -0.08607 0 0 20

17.881 63.664 0.48468 6 2.50E-05 16 683.41507 45 38 545.278 683.4151 0 0 0 0.33 0 603.21478 -0.0864 0 0 20

18.077 48.93274 0.555 5 8.02E-06 13 623.87674 39 37 497.774 623.8767 0 0 0 0.33 0 576.34045 -0.07364 0 0 20

18.241 25.49513 0.47423 5 2.26E-06 11 441.99731 33 35 439.0484 550.2739 0 0 0 0.33 0 541.27655 -0.06557 0 0 20

18.406 23.21852 0.32563 5 1.24E-06 8 333.01081 29 34 368.6581 462.0515 0 0 0 0.33 0 495.99225 -0.04713 0 0 20



S-51 over Black Mingo Creek - Estimated Soil Parameter Correlations
CPT-6
Correlations from CPeT-IT v.1.7.6.42

Depth 
(ft)

qc (tsf) fs (tsf) SBTn
Ksbt 
(ft/s)

SPT N60 
(blows/ft)

Constrained 
Mod. (tsf)

Dr (%)
Friction 

angle (°)
Es (tsf) Go (tsf) Nkt Su (tsf) Su ratio Kocr OCR Vs (ft/s)

State 
parameter

Ko Sensitivity
Peak phi 

(°)

In situ data Estimations

18.57 25.54752 0.16701 5 1.41E-06 8 301.15427 27 33 325.6025 408.0885 0 0 0 0.33 0 466.12982 -0.02697 0 0 20

18.701 18.56053 0.18919 5 7.71E-06 10 463.13938 33 35 369.5261 463.1394 0 0 0 0.33 0 496.57584 -0.02881 0 0 20

18.865 58.23443 0.33758 6 3.44E-05 13 547.81321 41 37 437.085 547.8132 0 0 0 0.33 0 540.06494 -0.05277 0 0 20

19.062 80.5004 0.29278 6 5.91E-05 15 587.87227 44 38 469.047 587.8723 0 0 0 0.33 0 559.46277 -0.06608 0 0 20

19.226 47.09907 0.26015 6 5.09E-05 14 554.00945 42 37 442.0288 554.0095 0 0 0 0.33 0 543.11066 -0.05585 0 0 20

19.39 43.30314 0.21713 6 2.02E-05 11 488.49673 37 36 389.758 488.4967 0 0 0 0.33 0 509.98868 -0.03261 0 0 20

19.554 37.93073 0.16637 5 8.23E-06 10 472.60107 33 35 377.0753 472.6011 0 0 0 0.33 0 501.62256 -0.02831 0 0 20

19.685 24.97122 0.31383 5 1.67E-06 8 337.35875 28 33 353.9153 443.5738 0 0 0 0.33 0 485.97357 -0.03231 0 0 20

19.882 12.82615 0.30252 6 4.65E-05 14 549.61783 41 37 438.5249 549.6178 0 0 0 0.33 0 540.95374 -0.052 0 0 20

20.013 129.0759 0.13004 6 2.16E-04 16 565.9489 48 39 451.555 565.9489 0 0 0 0.33 0 548.9317 -0.07134 0 0 20

20.21 83.89626 0.12862 6 3.73E-04 15 510.86747 47 38 407.607 510.8675 0 0 0 0.33 0 521.53546 -0.06507 0 0 20

20.374 11.99266 0.02837 6 2.73E-05 9 380.28768 33 35 303.421 380.2877 0 0 0 0.33 0 449.97235 0.0055 0 0 20

20.538 10.31141 0.07949 4 2.03E-07 4 101.09639 0 0 0 252.1908 14 0.66851 0.77156 0.33 3.56462 366.43277 0 1.01628 8.68479 20

20.669 9.11119 0.11845 4 8.41E-08 5 100.37952 0 0 0 293.8891 14 0.66407 0.77122 0.33 3.56303 395.5683 0 1.01612 4.62288 20

20.866 11.76881 0.22439 4 2.38E-07 6 189.40891 0 0 0 354.3177 14 0.96637 1.10212 0.33 5.09178 434.33633 0 1.14809 4.94683 20

20.997 23.03277 0.2315 5 1.99E-06 9 361.26544 29 34 367.3028 460.3528 0 0 0 0.33 0 495.07968 -0.03055 0 0 20

21.161 46.01792 0.33438 5 7.55E-06 12 582.10866 36 36 464.4484 582.1087 0 0 0 0.33 0 556.7135 -0.05294 0 0 20

21.325 59.2108 0.58742 6 1.61E-05 16 690.77602 42 37 551.1511 690.776 0 0 0 0.33 0 606.45465 -0.07561 0 0 20

21.49 68.22673 0.63747 6 1.96E-05 18 780.27236 45 38 622.5577 780.2724 0 0 0 0.33 0 644.54437 -0.09288 0 0 20

21.654 75.15181 0.78813 6 2.37E-05 19 841.58504 47 38 671.4774 841.585 0 0 0 0.33 0 669.38922 -0.10379 0 0 20

21.818 82.32454 0.89769 6 2.74E-05 21 883.75471 49 39 705.1234 883.7547 0 0 0 0.33 0 685.95496 -0.11092 0 0 20

21.982 85.62038 0.84757 6 3.35E-05 21 901.13751 50 39 718.9927 901.1375 0 0 0 0.33 0 692.66821 -0.11431 0 0 20

22.146 88.89717 0.82211 6 2.63E-05 22 946.26328 50 39 754.9973 946.2633 0 0 0 0.33 0 709.79956 -0.11952 0 0 20

22.343 83.57239 1.26904 5 8.76E-06 20 961.8888 46 38 767.4645 961.8888 0 0 0 0.33 0 715.63593 -0.12042 0 0 20

22.474 43.15549 1.37298 5 6.70E-06 21 993.62601 46 38 792.7867 993.626 0 0 0 0.33 0 727.34625 -0.12568 0 0 20

22.671 85.26318 1.1727 5 1.43E-05 22 1012.29036 49 39 807.6785 1012.29 0 0 0 0.33 0 734.14569 -0.12605 0 0 20

22.802 118.7693 1.06356 6 3.59E-05 25 1065.63668 55 40 850.242 1065.637 0 0 0 0.33 0 753.24158 -0.1364 0 0 20

22.999 102.4854 1.3599 6 2.95E-05 25 1072.86504 54 40 856.0093 1072.865 0 0 0 0.33 0 755.79193 -0.13558 0 0 20

23.13 76.89022 1.29406 5 1.09E-05 23 1076.71811 49 39 859.0836 1076.718 0 0 0 0.33 0 757.14789 -0.13359 0 0 20

23.294 70.84626 1.53999 5 5.36E-06 21 966.32633 45 38 820.7674 1028.695 0 0 0 0.33 0 740.07043 -0.12912 0 0 20

23.458 62.72097 1.28745 5 5.40E-06 21 972.422 45 38 824.8519 1033.814 0 0 0 0.33 0 741.90961 -0.12925 0 0 20

23.622 78.04757 1.31639 5 4.66E-06 21 933.85558 44 38 813.7975 1019.96 0 0 0 0.33 0 736.92145 -0.12769 0 0 20

23.786 62.42091 1.47878 5 5.28E-06 21 977.55495 45 38 832.7191 1043.675 0 0 0 0.33 0 745.43927 -0.12967 0 0 20

23.95 71.87502 1.40825 5 1.36E-05 24 1086.05565 50 39 866.5338 1086.056 0 0 0 0.33 0 760.42389 -0.13219 0 0 20

24.114 127.7185 1.19467 6 5.90E-05 28 1134.9968 58 40 905.5826 1134.997 0 0 0 0.33 0 777.36865 -0.14595 0 0 20

24.278 156.5095 1.16602 6 9.09E-05 34 1304.34699 65 41 1040.702 1304.347 0 0 0 0.33 0 833.34778 -0.17009 0 0 20



S-51 over Black Mingo Creek - Estimated Soil Parameter Correlations
CPT-6
Correlations from CPeT-IT v.1.7.6.42

Depth 
(ft)

qc (tsf) fs (tsf) SBTn
Ksbt 
(ft/s)

SPT N60 
(blows/ft)

Constrained 
Mod. (tsf)

Dr (%)
Friction 

angle (°)
Es (tsf) Go (tsf) Nkt Su (tsf) Su ratio Kocr OCR Vs (ft/s)

State 
parameter

Ko Sensitivity
Peak phi 

(°)

In situ data Estimations

24.442 158.386 2.41458 6 7.42E-05 37 1447.6799 67 42 1155.064 1447.68 0 0 0 0.33 0 877.94232 -0.18235 0 0 20

24.639 133.5148 2.86428 5 2.37E-05 37 1598.99661 63 41 1275.795 1598.997 0 0 0 0.33 0 922.68506 -0.18696 0 0 20
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BORING SAMPLE SAMPLE

ID NUMBER TYPE LL PL PI

STB-1 3 SS 5.0 to 6.5 21.3 to 19.8 17.5 15.8 NP NP NP - SM A-2-4
STB-1 5 SS 9.0 to 10.5 17.3 to 15.8 - - 167 86 81 - SM* nd
STB-1 6 SS 13.5 to 15.0 12.8 to 11.3 205.0 6.4 nd nd nd 26.3 PT A-8
STB-1 7 SS 18.5 to 20.0 7.8 to 6.3 15.2 22.8 NP NP NP - SM A-2-4
STB-1 8 SS 23.5 to 25.0 2.8 to 1.3 20.4 13.1 NP NP NP - SM A-2-4
STB-1 12 SS 43.5 to 45.0 -17.3 to -18.8 32.6 25.0 NP NP NP - SM A-2-4
STB-1 16 SS 63.5 to 65.0 -37.3 to -38.8 27.0 65.6 39 23 16 - CL A-6
STB-4 4 SS 7.0 to 8.5 19.5 to 18.0 29.6 33.8 48 23 25 - SC A-2-7
STB-4 5 SS 9.0 to 10.5 17.5 to 16.0 67.4 33.1 99 47 52 - SM* A-2-7
STB-4 9 SS 28.5 to 30.0 -2.0 to -3.5 30.9 13.9 NP NP NP - SM A-2-4
STB-4 12 SS 43.5 to 45.0 -17.0 to -18.5 32.2 19.5 NP NP NP - SM A-2-4
STB-4 16 SS 63.5 to 65.0 -37.0 to -38.5 23.1 66.1 44 20 24 - CL A-7-6
STB-4 21 SS 88.5 to 90.0 -62.0 to -63.5 23.3 55.8 43 18 25 - CL A-7-6

 SS = Split Spoon
 NP = Non Plastic
 * = organic laden
 nd = not determined (insufficient lab testing to determine)

Organic 
Content 

(%)

Laboratory Data Summary Sheet

2-Dec-15

AASHTO

SCDOT Project ID: P029461
S&ME Project No. 1413-15-145

S-45-51 Emergency Bridge Replacement Over Black Mingo Creek

USCS
ATTERBERG LIMITSELEVATION

NAVD 88 (FT)

DEPTH

(FT)

WATER 
CONTENT 

(%)

PASSING 
200 SIEVE 

(%)

Page 1 of 1



A

B

C

D

E

F
N

LL

25

This report shall not be reproduced, except in full, without the written approval of S&ME, Inc.

One-point Method

8 9

Tare Weight

Grooving tool

LL = F * FACTOR

6.27

10.20

# OF DROPS

% Moisture (D/E)*100 162.7%

29

Wet Soil Weight + A

Dry Soil Weight + A

Water Weight (B-C)

Dry Soil Weight (C-A)

Type and Specification

n/a

Type and Specification

Oven 13796
7/28/2015

6976 7/22/2015
S&ME ID #

Project #:
Project Name:

SCDOT

Balance (0.01 g)

ASTM D 4318 AASHTO T 89

Client Address:

Client Name:

Grooving tool
Cal Date:

12-2-15

955 Park Street, Room 406: Columbia, SC 29201

Form No. TR-D4318-T89-90

AASHTO T 90

Revision Date: 11/20/07

Revision No. 0

11-28-15

7/28/2015

SS-5

S&ME ID # Cal Date:

Quality Assurance

S&ME, Inc. 620 Wando Park Boulevard Mt. Pleasant, SC 29464

Sample Description:

Location:

Boring #:

10473

very dark gray, orgnaic laden silty SAND (SM)

Report Date:

Sample Date:

S-45-51 EBRO Black Mingo Creek

22.15

1.72

25.89

86.1%

4 5 6 7

23.41 24.17

1.94

25.35

2.23 2.02

85.1%

9.26 8.77

172.1% 173.3%

2

7/28/2015

37.78

27.58

Liquid Limit

26.11

28.33

14.50

STB-1 Sample #:

Offset:

5.38 5.06

35.37

21 16

Ave. Average

87.0%

One Point Liquid Limit

Kim Gonzalez

Air Dried

MH

167
86
81Plastic Index

Group Symbol

Plastic Limit

Telford Wood

Notes / Deviations / References:

10%

Note and deviations from the test method are recorded.

24

Factor

Estimate the % Retained on the #40 Sieve:

Multipoint Method

1.000

NP, Non-Plastic

9-10.5 FT

0.979

0.985

0.99

Grooving tool

21.18

Technician Name Date

Wet Preparation Dry Preparation

Technical Responsibility Date

19.56

21.31 20.73

Liquid Limit

0.995

0.974

28

30

27

26 1.005

1.022

Plastic Limit

11-25-15

1413-15-145

Depthn/a

LL Apparatus 6238

Test Date(s)

N

20

21

22

Another code

Tare #: 1 3

N Factor

23

Pan #

1.014

29 1.018

Client code Client Test # state #

Liquid Limit, Plastic Limit, and Plastic Index

1.009

15 20 25 30 35 40

160.0
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10 100
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# of Drops

S&ME, INC. - Corporate 3201 Spring Forest Road
Raleigh, NC. 27616

AB-STB-1, SS-5,12-2-13.xls
Page 1 of 1



A

B

C

D

E

F
N

LL

25

1.009

Client code Client Test # state #

Liquid Limit, Plastic Limit, and Plastic Index

N Factor

23

Pan #

1.014

29 1.018

N

20

21

22

Another code

Tare #: 1 3
Plastic Limit

11-25-15

1413-15-145

Depthn/a

LL Apparatus 6238

Test Date(s)

Liquid Limit

0.995

0.974

28

30

27

26 1.005

1.022

21.17

Technician Name Date

Wet Preparation Dry Preparation

Technical Responsibility Date

63.5-65 FT

0.979

0.985

0.99

Grooving tool

20.97

Notes / Deviations / References:

10%

Note and deviations from the test method are recorded.

24

Factor

Estimate the % Retained on the #40 Sieve:

Multipoint Method

1.000

NP, Non-Plastic

Air Dried

CL

39
23
16Plastic Index

Group Symbol

Plastic Limit

Telford Wood

One Point Liquid Limit

Kim Gonzalez

24.2%

Ave. Average

STB-1 Sample #:

Offset:

2

7/28/2015

50.93

42.59

Liquid Limit

1.03

26.25

4.25 4.33

22.6%

23.4%

4 5 6 7

25.22 25.44

21.11

0.98

26.42

10473

very dark gray, sandy CLAY (CL, A-6)

Report Date:

Sample Date:

S-45-51 EBRO Black Mingo Creek

7/28/2015

SS-16

S&ME ID # Cal Date:

Quality Assurance

S&ME, Inc. 620 Wando Park Boulevard Mt. Pleasant, SC 29464

Sample Description:

Location:

Boring #:

12-2-15

955 Park Street, Room 406: Columbia, SC 29201

Form No. TR-D4318-T89-90

AASHTO T 90

Revision Date: 11/20/07

Revision No. 0

11-28-15
Project #:
Project Name:

SCDOT

Balance (0.01 g)

ASTM D 4318 AASHTO T 89

Client Address:

Client Name:

Grooving tool
Cal Date: Type and Specification

n/a

Type and Specification

Oven 13796
7/28/2015

6976 7/22/2015
S&ME ID #

8.34

# OF DROPS

% Moisture (D/E)*100 38.9%

25

Wet Soil Weight + A

Dry Soil Weight + A

Water Weight (B-C)

Dry Soil Weight (C-A)

One-point Method

8 9

Tare Weight

Grooving tool

LL = F * FACTOR

21.42

This report shall not be reproduced, except in full, without the written approval of S&ME, Inc.
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A

B

C

D

E

F
N

LL

25

1.009

Client code Client Test # state #

Liquid Limit, Plastic Limit, and Plastic Index

N Factor

23

Pan #

1.014

29 1.018

N

20

21

22

Another code

Tare #: 1 3
Plastic Limit

11-25-15

1413-15-145

Depthn/a

LL Apparatus 6238

Test Date(s)

Liquid Limit

0.995

0.974

28

30

27

26 1.005

1.022

38.05

21.27 21.48

Technician Name Date

Wet Preparation Dry Preparation

Technical Responsibility Date

7-8.5 FT

0.979

0.985

0.99

Grooving tool

14.66

Notes / Deviations / References:

10%

Note and deviations from the test method are recorded.

24

Factor

Estimate the % Retained on the #40 Sieve:

Multipoint Method

1.000

NP, Non-Plastic

Air Dried

CL

48
23
25Plastic Index

Group Symbol

Plastic Limit

Telford Wood

One Point Liquid Limit

Kim Gonzalez

22.7%

Ave. Average

20 15

STB-4 Sample #:

Offset:

15.53 16.10

44.51

2

7/28/2015

43.92

36.68

Liquid Limit

37.01

46.32

21.95

7.50 8.27

48.3% 51.4%

0.97

19.90

4.27 3.06

23.9%

23.3%

4 5 6 7

18.93 17.42

14.36

0.73

18.15

10473

reddish yellow and strong brown, clayey SAND (SC, A-2-7)

Report Date:

Sample Date:

S-45-51 EBRO Black Mingo Creek

7/28/2015

SS-4

S&ME ID # Cal Date:

Quality Assurance

S&ME, Inc. 620 Wando Park Boulevard Mt. Pleasant, SC 29464

Sample Description:

Location:

Boring #:

12-2-15

955 Park Street, Room 406: Columbia, SC 29201

Form No. TR-D4318-T89-90

AASHTO T 90

Revision Date: 11/20/07

Revision No. 0

11-28-15
Project #:
Project Name:

SCDOT

Balance (0.01 g)

ASTM D 4318 AASHTO T 89

Client Address:

Client Name:

Grooving tool
Cal Date: Type and Specification

n/a

Type and Specification

Oven 13796
7/28/2015

6976 7/22/2015
S&ME ID #

7.24

# OF DROPS

% Moisture (D/E)*100 47.0%

35

Wet Soil Weight + A

Dry Soil Weight + A

Water Weight (B-C)

Dry Soil Weight (C-A)

One-point Method

8 9

Tare Weight

Grooving tool

LL = F * FACTOR

15.41

This report shall not be reproduced, except in full, without the written approval of S&ME, Inc.
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A

B

C

D

E

F
N

LL

25

1.009

Client code Client Test # state #

Liquid Limit, Plastic Limit, and Plastic Index

N Factor

23

Pan #

1.014

29 1.018

N

20

21

22

Another code

Tare #: 1 3
Plastic Limit

11-25-15

1413-15-145

Depthn/a

LL Apparatus 6238

Test Date(s)

Liquid Limit

0.995

0.974

28

30

27

26 1.005

1.022

32.41

22.46 21.06

Technician Name Date

Wet Preparation Dry Preparation

Technical Responsibility Date

9.5-10 FT

0.979

0.985

0.99

Grooving tool

21.25

Notes / Deviations / References:

10%

Note and deviations from the test method are recorded.

24

Factor

Estimate the % Retained on the #40 Sieve:

Multipoint Method

1.000

NP, Non-Plastic

Air Dried

MH

99
47
52Plastic Index

Group Symbol

Plastic Limit

Telford Wood

One Point Liquid Limit

Kim Gonzalez

49.0%

Ave. Average

34 16

STB-4 Sample #:

Offset:

12.05 11.29

44.85

2

7/28/2015

39.37

30.96

Liquid Limit

33.11

43.81

21.12

11.74 11.40

97.4% 101.0%

1.44

25.63

2.94 2.94

45.6%

47.3%

4 5 6 7

24.19 23.85

20.91

1.34

25.19

10473

very dark gray, organic laden silty SAND (SM, A-2-7)

Report Date:

Sample Date:

S-45-51 EBRO Black Mingo Creek

7/28/2015

SS-5

S&ME ID # Cal Date:

Quality Assurance

S&ME, Inc. 620 Wando Park Boulevard Mt. Pleasant, SC 29464

Sample Description:

Location:

Boring #:

12-2-15

955 Park Street, Room 406: Columbia, SC 29201

Form No. TR-D4318-T89-90

AASHTO T 90

Revision Date: 11/20/07

Revision No. 0

11-28-15
Project #:
Project Name:

SCDOT

Balance (0.01 g)

ASTM D 4318 AASHTO T 89

Client Address:

Client Name:

Grooving tool
Cal Date: Type and Specification

n/a

Type and Specification

Oven 13796
7/28/2015

6976 7/22/2015
S&ME ID #

8.41

# OF DROPS

% Moisture (D/E)*100 98.9%

25

Wet Soil Weight + A

Dry Soil Weight + A

Water Weight (B-C)

Dry Soil Weight (C-A)

One-point Method

8 9

Tare Weight

Grooving tool

LL = F * FACTOR

8.50

This report shall not be reproduced, except in full, without the written approval of S&ME, Inc.
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A

B

C

D

E

F
N

LL

25

This report shall not be reproduced, except in full, without the written approval of S&ME, Inc.

One-point Method

8 9

Tare Weight

Grooving tool

LL = F * FACTOR

14.69

6.18

# OF DROPS

% Moisture (D/E)*100 42.1%

31

Wet Soil Weight + A

Dry Soil Weight + A

Water Weight (B-C)

Dry Soil Weight (C-A)

Type and Specification

n/a

Type and Specification

Oven 13796
7/28/2015

6976 7/22/2015
S&ME ID #

Project #:
Project Name:

SCDOT

Balance (0.01 g)

ASTM D 4318 AASHTO T 89

Client Address:

Client Name:

Grooving tool
Cal Date:

12-2-15

955 Park Street, Room 406: Columbia, SC 29201

Form No. TR-D4318-T89-90

AASHTO T 90

Revision Date: 11/20/07

Revision No. 0

11-28-15

7/28/2015

SS-16

S&ME ID # Cal Date:

Quality Assurance

S&ME, Inc. 620 Wando Park Boulevard Mt. Pleasant, SC 29464

Sample Description:

Location:

Boring #:

10473

dark greenish gray, sandy CLAY (CL, A-7-6)

Report Date:

Sample Date:

S-45-51 EBRO Black Mingo Creek

14.99

0.30

16.84

19.6%

4 5 6 7

17.29 16.54

0.56

17.85

2.83 1.55

19.4%

7.23 7.06

44.4% 46.7%

2

7/28/2015

42.03

35.85

Liquid Limit

39.09

44.86

22.68

STB-4 Sample #:

Offset:

16.27 15.12

46.32

24 17

Ave. Average

19.8%

One Point Liquid Limit

Kim Gonzalez

Air Dried

CL

44
20
24Plastic Index

Group Symbol

Plastic Limit

Telford Wood

Notes / Deviations / References:

10%

Note and deviations from the test method are recorded.

24

Factor

Estimate the % Retained on the #40 Sieve:

Multipoint Method

1.000

NP, Non-Plastic

63.5-65 FT

0.979

0.985

0.99

Grooving tool

14.46

Technician Name Date

Wet Preparation Dry Preparation

Technical Responsibility Date

37.80

21.16 22.82

Liquid Limit

0.995

0.974

28

30

27

26 1.005

1.022

Plastic Limit

11-25-15

1413-15-145

Depthn/a

LL Apparatus 6238

Test Date(s)

N

20

21

22

Another code

Tare #: 1 3

N Factor

23

Pan #

1.014

29 1.018

Client code Client Test # state #

Liquid Limit, Plastic Limit, and Plastic Index

1.009

15 20 25 30 35 40

40.0

45.0

50.0

10 100

%
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# of Drops

S&ME, INC. - Corporate 3201 Spring Forest Road
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A

B

C

D

E

F
N

LL

25

1.009

Client code Client Test # state #

Liquid Limit, Plastic Limit, and Plastic Index

N Factor

23

Pan #

1.014

29 1.018

N

20

21

22

Another code

Tare #: 1 3
Plastic Limit

11-25-15

1413-15-145

Depthn/a

LL Apparatus 6238

Test Date(s)

Liquid Limit

0.995

0.974

28

30

27

26 1.005

1.022

37.23

21.45 21.06

Technician Name Date

Wet Preparation Dry Preparation

Technical Responsibility Date

88.5-90 FT

0.979

0.985

0.99

Grooving tool

22.64

Notes / Deviations / References:

10%

Note and deviations from the test method are recorded.

24

Factor

Estimate the % Retained on the #40 Sieve:

Multipoint Method

1.000

NP, Non-Plastic

Air Dried

CL

43
18
25Plastic Index

Group Symbol

Plastic Limit

Telford Wood

One Point Liquid Limit

Kim Gonzalez

18.2%

Ave. Average

25 17

STB-4 Sample #:

Offset:

18.54 15.99

47.48

2

7/28/2015

46.53

39.35

Liquid Limit

39.60

44.61

21.24

7.88 7.38

42.5% 46.2%

0.63

26.74

3.47 4.08

18.6%

18.4%

4 5 6 7

26.11 25.85

21.77

0.76

26.61

10473

dark greenish gray, sandy CLAY (CL, A-7-6)

Report Date:

Sample Date:

S-45-51 EBRO Black Mingo Creek

7/28/2015

SS-21

S&ME ID # Cal Date:

Quality Assurance

S&ME, Inc. 620 Wando Park Boulevard Mt. Pleasant, SC 29464

Sample Description:

Location:

Boring #:

12-2-15

955 Park Street, Room 406: Columbia, SC 29201

Form No. TR-D4318-T89-90

AASHTO T 90

Revision Date: 11/20/07

Revision No. 0

11-28-15
Project #:
Project Name:

SCDOT

Balance (0.01 g)

ASTM D 4318 AASHTO T 89

Client Address:

Client Name:

Grooving tool
Cal Date: Type and Specification

n/a

Type and Specification

Oven 13796
7/28/2015

6976 7/22/2015
S&ME ID #

7.18

# OF DROPS

% Moisture (D/E)*100 40.1%

30

Wet Soil Weight + A

Dry Soil Weight + A

Water Weight (B-C)

Dry Soil Weight (C-A)

One-point Method

8 9

Tare Weight

Grooving tool

LL = F * FACTOR

17.90

This report shall not be reproduced, except in full, without the written approval of S&ME, Inc.
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A B

STB-1, SS-7, 18.5-20'

STB-1,SS8,23.5-25'

Client Name:

Client Address:

Sampling Method: CME 45DDrill Rig :

12-2-15

Water Wt.
Percent

Moisture

%

Tare Wt. +
Dry Wt

Sample by: D. Schoen Sample Dates:

Tare Weight
Tare Wt.+
Wet Wt

Split Spoon

11-25-15

Project #:

Tare Wt. +
Dry Wt. after

Wash

% Passing
#200

32.6%

6.4%

11-28-15

Method;

Form No: TR-D1140-3

Material Finer than the #200 Sieve
Revision No. 0

Revision Date: 10/26/07

Quality AssuranceASTM D1140

Soaked Soak Time

Sample Identification

25.0%

12/2/2015

This report shall not be reproduced, except in full without the written approval of S&ME, Inc.

Telford Wood
DateSignature

Location Coordinator
PositionTechnical Responsibility

STB-1,SS16,63.5-65'

Boring #, Sample #, Depth

STB-1, SS-3, 5-6.5'

STB-1,SS6, 13.5-15'

253.41401.19 317.46

grams

60.29

60.33

grams

STB-1,SS12,43.5-45'

grams

60.99

%

45.64 17.5%

43.88

60.62

279.69

130.63

1413-15-145

SCDOT

955 Park Street, Room 406: Columbia, SC 29201

Report Date:

Project Name: S-45-51 EBRO Black Mingo Creek Test Date(s):

205.0%

320.88

140.73 65.6%

282.64

S&ME, Inc. Branch, Branch Address

60.89 255.24 124.61 120.55

15.8%60.34 366.52

gramsgrams

357.29 294.11

15.2%

58.79310.43 20.4%

61.09

STB-4,SS-5,9-10.5'
61.30 416.63

118.9961.08 356.73 179.18

317.36 230.83

237.74

STB-4,SS-4,7-8.5'

13.1%

22.8%

13.9%

33.8%

33.1%

75.92

67.4%

83.78

407.04

63.18 27.0%

348.25

29.6%

392.13 348.25

83.73

393.28

332.85

19.5%

STB-4,SS-16,63.5-65' 60.72 356.42

30.9%295.14

32.2%STB-4,SS-12,43.5-45' 60.04 360.49 242.97 73.15

300.98 142.14 55.44 23.1% 66.1%

287.34

STB-4,SS-9,28.5-30'

Technician Name

Nicet 2 12/2/2015
Signature Certification Type/No. Date

Kim Gonzalez

23.3% 55.8%STB-4,SS-21,88.5-90' 62.01 364.74 307.57 170.48 57.17

Notes / Deviations / References:

#200 Sieve 10482 Calibration Date: 6-24-15Balance ID. 6976 Calibration Date: 7-21-15

S&ME, Inc. - Corporate 3201 Spring Forest Road
Raliegh, NC. 27616

Form No. 200 Wash.xlsx
Page 1 of 1



STB-1 Sample Date:

Depth

Client Name:

Location:

11-25-15

Client Address:

13.5-15'

SC DOT

n/a Offset:

Boring No.

S&ME, Inc. Atlanta, 11420 Johns Creek Parkway, Duluth, GA 30097

Quality AssuranceASTM D-2974

Report Date:1413-15-145

Sample Description:

Sample No.

11-28-15

n/a

very dark gray, PEAT (PT)

SS-6

955 Park Street, Room 406; Columbia, SC 29201

S-45-51 EBRO Black Mingo Creek Test Date(s):

12-1-15

Method A: Moisture Content Determination

Moisture, Ash, and Organic Matter

Project Name:

Form No: TR-D2974-1

Revision No. 0

Revision Date: 07/10/08

Project #:

t grams

90

60.74

Tare #

Tare Weight (Dish plus Aluminum Foil Cover)

oC

Equipment:

b grams

186.76

107.33

a gramsMass of As-Received Specimen + Tare Wt.

Mass of Oven Dry Specimen + Tare Wt.

A (a-t)

79.43

126.02

w (a-b)

Mass of As-Received Specimen

Water Weight

Oven 6/22/1625130 Due:

B (b-t)Mass of Oven Dry Specimen

63.0%% Moisture Content as a % of As Received or Total Mass

t grams

100-D

73.7%

26.3%

S&ME ID #: Cal. Date :

% Organic Matter

Muffle Furnace: 26317

(b-t) 43.61B

Nicet 2
Technician Name Date Signature Level/Certification

D (C/B)*100% Ash Content

Kim Gonzalez 12/1/2015

Notes / Deviations / References:

12/1/2015

This report shall not be reproduced, except in full, without the written approval of S&ME, Inc.

Technical Responsibility Signature Position Date

Telford Wood Location Coordinator

Balance: 0.01 g.Readability, 500g. Minimum Capaccity

25128 03/14/16Cal. Date: 3/14/15S&ME ID #:Balance: Due:

Required Oven Temperature:105 + 5 o C

Mass of Oven Dry Specimen + Tare Wt.

Ash Weight + Tare Wt.

(w/A)*100

46.59

% Moisture Content as a % of Oven-dried Mass

9/15/2015

S&ME ID #: Cal. Date:

Muffle Furnace: 440 oC

Ash Weight

c

Mass of Oven Dry Specimen

L

80.42Tare Weight (Dish plus Aluminum Foil Cover)

Oven Temperature: 105

Tare #

170.5%(w/B)*100

Method C (440 o C) or D (750 o C): Ash Content and Organic Matter Determination

6/23/15

124.03

112.58

32.16C c-t

grams

b grams

S&ME, Inc. - Corporate 3201 Spring Forest Road
Raleigh, NC. 27616

Organic Content STB-1 , SS-3, 12-1-15.xls
Page 1 of 1



PROJECT: PROJECT NO.: G5556.02

1/27/2016

TESTED BY: 1/27/2016

1/28/2016

B-3 B-3 B-3 B-3 B-3

16-0133C 16-0133F 16-0133I 16-0133L 16-0133O

11.1-13.1' 13.1-15.1' 15.1-17.1' 19.1-21.1' 44.6-46.1'

249.9 311.3 23.9 16.7 32.7

WATER CONTENT, W%

BORING NO.

SAMPLE NO.

WATER CONTENT, W%

BORING NO.

WATER CONTENT, W%

SAMPLE DEPTH

SAMPLE NO.

F&ME CONSULTANTS

3112 Devine Street

Columbia, South Carolina 29205

MOISTURE CONTENT DETERMINATION

DATE OF WEIGHING:

BORING NO.

SAMPLE NUMBER: DATE SAMPLE RECEIVED:     

SAMPLE NO.

SAMPLE DEPTH

SAMPLE DEPTH

(AASHTO T265)

SAMPLE NO.

SAMPLE DEPTH

WATER CONTENT, W%

BORING NO.

S-51 RBO Black Mingo Creek

DATE OF TESTING:

16-0133

MB

VARIOUS
DESCRIPTION OF 

SOIL:
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B-3

B-3

B-3

ML

CL

MH

CH

26

33

33

CL-ML

P
L
A
S
T
I
C
I
T
Y

I
N
D
E
X

LIQUID LIMIT

Fines Classification

NP

NP

NP

NP

NP

NP

Silty F/C SAND (SM) A-2-4

Silty F/C SAND (SM) with Gravel A-2-4

Silty Fine SAND (SM) A-2-4

LL PL PI

NP

NP

NP

ATTERBERG LIMITS' RESULTS

17.1

21.1

46.1

BOREHOLE DEPTH

PROJECT NAME S-51 (Battery Park Road) RBO Black Mingo CreekPROJECT ID G5556.02

PROJECT COUNTY Williamsburg
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T
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 C
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100

0.0010.010.1110100

PI Cc

NP

NP

NP

NP

NP

NP

CuLL PL

NP

NP

NP

GRAIN SIZE DISTRIBUTION

1403 4 20 406 601.5 8 143/4 3/8

13.1

15.1

17.1

21.1

46.1

P
E

R
C

E
N

T
 F

IN
E

R
 B

Y
 W

E
IG

H
T

D50

COBBLES
GRAVEL

15.7

15.1

26.1

32.9

33.4

25.4

25.4

19.1

25.4

4.76

SAND

GRAIN SIZE IN MILLIMETERS

coarse fine

Silty F/C SAND (SM) A-2-4

Silty F/C SAND (SM) with Gravel A-2-4

Silty Fine SAND (SM) A-2-4

Classification

D100 D10 %Gravel

B-3

B-3

B-3

B-3

B-3

coarse
SILT OR CLAY

finemedium

13.1

15.1

17.1

21.1

46.1

%Sand %Silt %Clay

26.5

45.5

8.3

16.3

0.0

57.8

39.4

65.6

50.8

66.6

BOREHOLE DEPTH

BOREHOLE DEPTH D95

22.083

24.207

7.801

21.249

0.17

0.368

2.585

0.305

0.228

0.093

3 100

B-3

B-3

B-3

B-3

B-3

24 16 301 2006 10 501/2
HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

PROJECT NAME S-51 (Battery Park Road) RBO Black Mingo CreekPROJECT ID G5556.02

PROJECT COUNTY Williamsburg
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PROJECT: PROJECT NO.: G5556.02

1/27/2016

TESTED BY: 1/27/2016

1/28/2016

B-4 B-4 B-4

16-0140C 16-0140F 16-0140I

17.9-19.9' 19.9-21.9' 41.4-42.9'

25.0 28.2 34.8

WATER CONTENT, W%

BORING NO.

SAMPLE NO.

WATER CONTENT, W%

BORING NO.

WATER CONTENT, W%

SAMPLE DEPTH

SAMPLE NO.

F&ME CONSULTANTS

3112 Devine Street

Columbia, South Carolina 29205

MOISTURE CONTENT DETERMINATION

DATE OF WEIGHING:

BORING NO.

SAMPLE NUMBER: DATE SAMPLE RECEIVED:     

SAMPLE NO.

SAMPLE DEPTH

SAMPLE DEPTH

(AASHTO T265)

SAMPLE NO.

SAMPLE DEPTH

WATER CONTENT, W%

BORING NO.

S-51 RBO Black Mingo Creek

DATE OF TESTING:

16-0140

MB

VARIOUS
DESCRIPTION OF 

SOIL:
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69

CL-ML
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X

LIQUID LIMIT

Fines Classification

31

39

20

29

Clayey F/M SAND (SC) A-2-6(0)

Sandy SILT (ML) A-4(7)

LL PL PI

11

10

ATTERBERG LIMITS' RESULTS

21.9

42.9

BOREHOLE DEPTH

PROJECT NAME S-51 (Battery Park Road) RBO Black Mingo CreekPROJECT ID P029461

PROJECT COUNTY Williamsburg
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20

29

31

39

CuLL PL

11

10

GRAIN SIZE DISTRIBUTION

1403 4 20 406 601.5 8 143/4 3/8

19.9

21.9

42.9

P
E

R
C

E
N

T
 F

IN
E

R
 B

Y
 W

E
IG

H
T

D50

COBBLES
GRAVEL

34.0

35.3

68.7

19.1

19.1

4.76

SAND

GRAIN SIZE IN MILLIMETERS

coarse fine

Clayey F/M SAND (SC) A-2-6(0)

Sandy SILT (ML) A-4(7)

Classification

D100 D10 %Gravel

B-4

B-4

B-4

coarse
SILT OR CLAY

finemedium

19.9

21.9

42.9

%Sand %Silt %Clay

10.7

2.0

0.0

55.3

62.7

31.3

BOREHOLE DEPTH

BOREHOLE DEPTH D95

10.74

1.283

0.157

0.253

0.202

3 100

B-4

B-4

B-4

24 16 301 2006 10 501/2
HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

PROJECT NAME S-51 (Battery Park Road) RBO Black Mingo CreekPROJECT ID G5556.02

PROJECT COUNTY Williamsburg
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ICE JOB:   S-51 over Black Mingo Creek
1021 Briargate Circle SHEET NO. 1 OF 1
Columbia, SC  29210 CALCULATED BY: DKY DATE: 2/12/2016
PH:(803) 822-0333 CHECKED BY: DATE:

 

Top of Pile Reactions for End Bent 1

SERVICE REACTIONS - (7) HP14x73 Piles

Max Transverse (global Fx)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
7 35.792 1 -65 2 18 5

Max Axial (global Fy)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
4 19.292 -1 -104 2 11 -4

Max Longitudinal (global Fz)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
1 2.792 -1 -94 2 14 -4

Max Moment From Long. Load (global Mx)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
7 35.792 1 -98 2 18 5

Max Moment from Transverse load (global Mz)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
7 35.792 1 -83 2 18 5

Black Mingo Creek_End Bent 1_Service



ICE JOB:   S-51 over Black Mingo Creek
1021 Briargate Circle SHEET NO. 1 OF 1
Columbia, SC  29210 CALCULATED BY: DKY DATE: 2/12/2016
PH:(803) 822-0333 CHECKED BY: DATE:

 

Top of Pile Reactions for End Bent 1

STRENGTH REACTIONS - (7) HP14x73 Piles

Max Transverse (global Fx)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
7 35.792 1 -55 1 3 8

Max Axial (global Fy)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
4 19.292 -1 -146 1 2 -7

Max Longitudinal (global Fz)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
1 2.792 0 -127 3 23 -2

Max Moment From Long. Load (global Mx)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
7 35.792 0 -133 3 29 2

Max Moment from Transverse load (global Mz)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
7 35.792 1 -72 1 3 8

Black Mingo Creek_End Bent 1_Strength



ICE JOB:   S-51 over Black Mingo Creek
1021 Briargate Circle SHEET NO. 1 OF 1
Columbia, SC  29210 CALCULATED BY: DKY DATE: 2/15/2016
PH:(803) 822-0333 CHECKED BY: DATE:

 

Top of Pile Reactions for Interior Bent 2 (100 Yr Scour Case)

SERVICE REACTIONS - (7) 18" Square Concrete Piles

Max Transverse (global Fx)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
7 36.000 2 -92 2 -26 20

Max Axial (global Fy)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
4 19.500 1 -164 1 -28 13

Max Longitudinal (global Fz)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
1 3.000 1 -66 -2 -38 7

Max Moment From Long. Load (global Mx)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
4 19.500 1 -157 -1 -47 13

Max Moment from Transverse load (global Mz)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
1 3.000 -2 -105 2 -22 -31

Black Mingo_Bent 2_Service_100 Yr Scour_021516



ICE JOB:   S-51 over Black Mingo Creek
1021 Briargate Circle SHEET NO. 1 OF 1
Columbia, SC  29210 CALCULATED BY: DKY DATE: 2/15/2016
PH:(803) 822-0333 CHECKED BY: DATE:

 

Top of Pile Reactions for Interior Bent 2 (100 Yr Scour Case)

STRENGTH REACTIONS - (7) 18" Square Concrete Piles

Max Transverse (global Fx)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
7 36.000 3 -122 0 -19 34

Max Axial (global Fy)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
4 19.500 0 -237 2 -42 -6

Max Longitudinal (global Fz)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
1 3.000 0 -89 -3 -59 -12

Max Moment From Long. Load (global Mx)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
4 19.500 0 -225 -2 -75 -6

Max Moment from Transverse load (global Mz)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
4 19.500 -3 -113 0 -16 -45

Black Mingo_Bent 2_Strength_100 Yr Scour_021516



ICE JOB:   S-51 over Black Mingo Creek
1021 Briargate Circle SHEET NO. 1 OF 1
Columbia, SC  29210 CALCULATED BY: DKY DATE: 2/15/2016
PH:(803) 822-0333 CHECKED BY: DATE:

 

Top of Pile Reactions for Interior Bent 3 (100 Yr Scour Case)

SERVICE REACTIONS - (7) 18" Square Concrete Piles

Max Transverse (global Fx)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
7 36.000 2 -106 1 16 24

Max Axial (global Fy)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
4 19.500 2 -185 1 18 16

Max Longitudinal (global Fz)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
1 3.000 1 -77 2 30 10

Max Moment From Long. Load (global Mx)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
4 19.500 2 -173 1 39 16

Max Moment from Transverse load (global Mz)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
1 3.000 -2 -119 1 13 -33

Black Mingo_Bent 3_Service_100 Yr Scour_021516



ICE JOB:   S-51 over Black Mingo Creek
1021 Briargate Circle SHEET NO. 1 OF 1
Columbia, SC  29210 CALCULATED BY: DKY DATE: 2/15/2016
PH:(803) 822-0333 CHECKED BY: DATE:

 

Top of Pile Reactions for Interior Bent 3 (100 Yr Scour Case)

STRENGTH REACTIONS - (7) 18" Square Concrete Piles

Max Transverse (global Fx)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
7 36.000 3 -142 0 7 40

Max Axial (global Fy)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
4 19.500 0 -265 2 29 -6

Max Longitudinal (global Fz)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
1 3.000 0 -104 3 49 -12

Max Moment From Long. Load (global Mx)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
4 19.500 0 -245 2 65 -6

Max Moment from Transverse load (global Mz)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
4 19.500 -3 -132 0 6 -50

Black Mingo_Bent 3_Strength_100 Yr Scour_021516



ICE JOB:   S-51 over Black Mingo Creek
1021 Briargate Circle SHEET NO. 1 OF 1
Columbia, SC  29210 CALCULATED BY: DKY DATE: 2/12/2016
PH:(803) 822-0333 CHECKED BY: DATE:

 

Top of Pile Reactions for End Bent 4

SERVICE REACTIONS - (7) HP14x73 Piles

Max Transverse (global Fx)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
7 35.792 1 -77 3 19 6

Max Axial (global Fy)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
4 19.292 -1 -126 2 12 -4

Max Longitudinal (global Fz)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
1 2.792 -1 -111 3 15 -5

Max Moment From Long. Load (global Mx)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
7 35.792 1 -116 3 19 6

Max Moment from Transverse load (global Mz)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
7 35.792 1 -98 3 19 6

Black Mingo Creek_End Bent 4_Service



ICE JOB:   S-51 over Black Mingo Creek
1021 Briargate Circle SHEET NO. 1 OF 1
Columbia, SC  29210 CALCULATED BY: DKY DATE: 2/12/2016
PH:(803) 822-0333 CHECKED BY: DATE:

 

Top of Pile Reactions for End Bent 4

STRENGTH REACTIONS - (7) HP14x73 Piles

Max Transverse (global Fx)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
7 35.792 1 -66 1 4 8

Max Axial (global Fy)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
4 19.292 -1 -177 1 3 -7

Max Longitudinal (global Fz)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
1 2.792 0 -151 4 24 -2

Max Moment From Long. Load (global Mx)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
7 35.792 0 -157 4 30 3

Max Moment from Transverse load (global Mz)
Pile Distance Fx Fy Fz Mx Mz

Number from left end kips kips kips ft-k ft-k
7 35.792 1 -112 1 4 8

Black Mingo Creek_End Bent 4_Strength
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S-51 over Black Mingo Creek - Static Settlement Calculations

End of Bridge/End Bent 1

JFH

Hough Method

ft dim Depth (ft)

ft dim 0.2b = 5.1

ft ft 0.4b = 10.2

ft 0.6b = 15.3

ft 0.8b = 20.4
ft dim 1.0b = 25.5

ft ft2/day 1.2b = 30.6

ft 1.6b = 40.8

pcf

pcf in

psf ft

psi ft

ft

ft-MSL

ft-MSL ft2/day

days

TOL BOL H USCS K γ γ ' σʹot σʹob σʹom ∆σ σʹf Nmeas N60 N1,60 C' Δ H

ft-MSL ft-MSL ft dim dim pcf pcf psf psf psf psf psf dim dim dim dim (in)

1.0 2.5 26.3 23.8 2.5 SM 1.00 115 115 0.0 287.5 143.8 212.5 356.3 21 28.4 45 107 0.11

3.0 4.5 23.3 21.8 2.0 SM 1.00 115 115 287.5 517.5 402.5 212.5 615.0 10 13.5 22 61 0.07

5.0 6.5 21.3 19.8 2.0 SM 1.00 115 115 517.5 747.5 632.5 212.5 845.0 7 9.5 15 50 0.06

7.0 8.5 19.3 17.8 2.0 SC 1.00 115 52.6 747.5 852.7 800.1 212.5 1012.6 7 9.5 15 50 0.05

9.0 10.5 17.3 15.8 2.0 SM 1.00 105 42.6 852.7 937.9 895.3 212.5 1107.8 1 1.4 2 30 0.07

10.5 15.0 15.8 11.3 4.5 OH 1.00 105 42.6 937.9 1129.6 1033.8 212.5 1246.3 3 4.1 6 25 0.18

15.0 20.0 11.3 6.3 5.0 SM 0.90 115 52.6 1129.6 1392.6 1261.1 191.3 1452.4 29 39.2 49 115 0.03

20.0 25.0 6.3 1.3 5.0 SM 0.80 115 52.6 1392.6 1655.6 1524.1 170.0 1694.1 24 32.4 37 90 0.03

25.0 30.0 1.3 -3.7 5.0 SM 0.75 115 52.6 1655.6 1918.6 1787.1 159.4 1946.5 100 135.0 143 300 0.01

30.0 35.0 -3.7 -8.7 5.0 SM 0.70 115 52.6 1918.6 2181.6 2050.1 148.8 2198.9 100 135.0 133 300 0.01

35.0 40.0 -8.7 -13.7 5.0 SM 0.60 115 52.6 2181.6 2444.6 2313.1 127.5 2440.6 16 21.6 20 60 0.02

40.0 45.0 -13.7 -18.7 5.0 SM 0.60 115 52.6 2444.6 2707.6 2576.1 127.5 2703.6 24 32.4 29 75 0.02

45.0 50.0 -18.7 -23.7

50.0 55.0 -23.7 -28.7

55.0 60.0 -28.7 -33.7

60.0 65.0 -33.7 -38.7

65.0 70.0 -38.7 -43.7

70.0 75.0 -43.7 -48.7

Total Immediate Settlement (in) = 0.66

1.0 Total Consolidation Settlement (in) =

1.0

1.0

0.00

-- --

-- --

-- --

-- --

-- --

-- --

-- --

-- --

-- --

-- --

ft in days

-- --
-- --

t = N/A

STB-1

Embankment Settlement at Roadway Centerline

SPT Depth Sc t

Groundwater EL = 18.3 ch = 2cv = N/A
Uh = N/A

1.5 Drain Spacing = N/A

D = N/A

Ex. Ground EL @ CL = 26.3 F(n) = N/A

Stone Fill Unit Wgt. = 100.0 d = N/A

∆P ' = 212.5 N/A

Pt. of Interest in multiples of bf = 1.0 0.60 0.20

Soil Fill Unit Wgt. = 125.0 Wick Drain Parameters

Pt. of Interest from mid. pt. side slope = 25.5 Cv = N/A 0.75 0.20

Dist. from CL to mid. pt. side slope, bf = 25.5 Tv = N/A 0.80 0.20
Embankment Side Length = 10 U = N/A 0.90 0.20

Embankment Side Slope = 2:1 Hd = N/A 1.00 0.25

Embankment Crest Width = 41 H0 = N/A 1.00 0.25

Stone Fill Height = 0 e0 = N/A 1.00 0.25

@ CL Consolidation Parameters "K" "K"
Soil Fill Height = 1.7 Cc = N/A @ CL @ Mid-Slope

Project:

Location :

Calc. By:

Date: 12/28/2015

Method:



S-51 over Black Mingo Creek - Static Settlement Calculations

End of Bridge/End Bent 4

JFH

Hough Method

ft dim Depth (ft)

ft dim 0.2b = 5.1

ft ft 0.4b = 10.2

ft 0.6b = 15.3

ft 0.8b = 20.4
ft dim 1.0b = 25.5

ft ft2/day 1.2b = 30.6

ft 1.6b = 40.8

pcf

pcf in

psf ft

psi ft

ft

ft-MSL

ft-MSL ft2/day

days

TOL BOL H USCS K γ γ ' σʹot σʹob σʹom ∆σ σʹf Nmeas N60 N1,60 C' Δ H

ft-MSL ft-MSL ft dim dim pcf pcf psf psf psf psf psf dim dim dim dim (in)

1.0 2.5 26.3 23.8 2.5 SM 1.00 115 115 0.0 287.5 143.8 212.5 356.3 15 20.3 32 80 0.15

3.0 4.5 23.3 21.8 2.0 SM 1.00 110 110 287.5 507.5 397.5 212.5 610.0 6 8.1 13 47 0.09

5.0 6.5 21.3 19.8 2.0 SM 1.00 100 100 507.5 707.5 607.5 212.5 820.0 1 1.4 2 30 0.10

7.0 8.5 19.3 17.8 2.0 SC 1.00 100 37.6 707.5 782.7 745.1 212.5 957.6 1 1.4 2 30 0.09

9.0 10.5 17.3 15.8 2.0 SM 1.00 105 42.6 782.7 867.9 825.3 212.5 1037.8 2 2.7 4 34 0.07

10.5 15.0 15.8 11.3 4.5 SM 1.00 110 47.6 867.9 1082.1 975.0 212.5 1187.5 8 10.8 15 50 0.09

15.0 20.0 11.3 6.3 5.0 SP-SM 0.90 110 47.6 1082.1 1320.1 1201.1 191.3 1392.4 6 8.1 10 48 0.08

20.0 25.0 6.3 1.3 5.0 SM 0.80 115 52.6 1320.1 1583.1 1451.6 170.0 1621.6 24 32.4 38 92 0.03

25.0 30.0 1.3 -3.7 5.0 SM 0.75 115 52.6 1583.1 1846.1 1714.6 159.4 1874.0 100 135.0 146 300 0.01

30.0 35.0 -3.7 -8.7 5.0 SP-SM 0.70 115 52.6 1846.1 2109.1 1977.6 148.8 2126.4 52 70.2 71 210 0.01

35.0 40.0 -8.7 -13.7 5.0 CL 0.60 115 52.6 2109.1 2372.1 2240.6 127.5 2368.1 12 16.2 15 35 0.04

40.0 45.0 -13.7 -18.7 5.0 SM 0.60 115 52.6 2372.1 2635.1 2503.6 127.5 2631.1 22 29.7 27 70 0.02

45.0 50.0 -18.7 -23.7

50.0 55.0 -23.7 -28.7

55.0 60.0 -28.7 -33.7

60.0 65.0 -33.7 -38.7

65.0 70.0 -38.7 -43.7

70.0 75.0 -43.7 -48.7

Total Immediate Settlement (in) = 0.78

1.0 Total Consolidation Settlement (in) =

1.0

1.0

Project:

Location :

Calc. By:

Date: 12/28/2015

Method:

@ CL Consolidation Parameters "K" "K"
Soil Fill Height = 1.7 Cc = N/A @ CL @ Mid-Slope

Stone Fill Height = 0 e0 = N/A 1.00 0.25

Embankment Crest Width = 41 H0 = N/A 1.00 0.25

Embankment Side Slope = 2:1 Hd = N/A 1.00 0.25

Embankment Side Length = 10 U = N/A 0.90 0.20
Dist. from CL to mid. pt. side slope, bf = 25.5 Tv = N/A 0.80 0.20

Pt. of Interest from mid. pt. side slope = 25.5 Cv = N/A 0.75 0.20

Pt. of Interest in multiples of bf = 1.0 0.60 0.20

Soil Fill Unit Wgt. = 125.0 Wick Drain Parameters

Stone Fill Unit Wgt. = 100.0 d = N/A

∆P ' = 212.5 N/A

1.5 Drain Spacing = N/A

D = N/A

Ex. Ground EL @ CL = 26.3 F(n) = N/A

Groundwater EL = 18.3 ch = 2cv = N/A
Uh = N/A

t = N/A

STB-4

Embankment Settlement at Roadway Centerline

SPT Depth Sc t

ft in days

-- --
-- --

-- --

-- --

-- --

-- --

-- --

-- --

-- --

-- --

-- --

-- --

0.00
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S-51 Bridge over Black Mingo Creek - Soil Shear Loss Calculations

End Bent 1

JFH

SCDOT Geotechnical Design Manual (2010); Chapter 13; Idriss & Boulanger (2008)

8.0 ft

Age Correction

USCS Desig. γ γ' σv σ'v Nmeas CR CS CB CE CN FC PI ΔN1,60 N*
1,60,CS α β rd σv, OB σ'v0, OB CSRPEAK CSReq MSF CSReq,7.5 Cσ Kα KDR Kσ CRR*eq,7.5 (D/C)*SL

EQ Hazard 
Desc.

dim pcf pcf ksf ksf dim dim dim dim dim dim % dim dim dim dim dim dim ksf ksf dim dim dim dim dim dim dim dim

0.0 2.0 SM 125 125 0.250 0.250 21 0.75 1.00 1.00 1.35 1.70 16 NP 3.6 39.7

2.0 4.0 SM 125 125 0.500 0.500 10 0.75 1.00 1.00 1.35 1.70 16 NP 3.6 20.8

4.0 6.0 SM 125 125 0.750 0.750 7 0.75 1.00 1.00 1.35 1.67 16 NP 3.6 15.4

6.0 8.0 SC 115 115 0.980 0.980 7 0.85 1.00 1.00 1.35 1.45 15 NP 3.3 14.9

8.0 10.0 SM 115 52.6 1.210 1.085 1 0.85 1.00 1.00 1.35 1.52 20 81 4.5 6.2 -0.137 0.016 0.97832 1.46 1.34 0.150 0.097 1.009 0.097 0.064 1.03 1.00 1.00 0.100 0.97 Clay-Like

13.5 15.0 PT 115 52.6 1.785 1.348 3 0.95 1.00 1.00 1.35 1.27 6 NP 0.0 4.9 -0.236 0.027 0.96046 2.04 1.60 0.171 0.111 1.054 0.106 0.075 1.02 1.00 1.00 0.089 1.18 Sand-Like

18.5 20.0 SM 115 52.6 2.360 1.611 29 0.95 1.00 1.00 1.35 1.07 23 NP 4.9 44.6 -0.348 0.039 0.94052 2.61 1.86 0.185 0.120 1.054 0.114 0.300 1.04 1.00 1.00 -- 0.00 Sand-Like

23.5 25.0 SM 115 52.6 2.935 1.874 24 0.95 1.00 1.00 1.35 1.02 13 NP 2.5 34.0 -0.472 0.053 0.91887 3.19 2.12 0.193 0.125 1.054 0.119 0.218 1.00 1.00 1.00 359.825 0.00 Sand-Like

28.5 30.0 SM 115 52.6 3.510 2.137 24 1.00 1.00 1.00 1.35 0.98 10 NP 1.1 32.8 -0.604 0.068 0.89587 3.76 2.39 0.198 0.128 1.054 0.122 0.220 0.97 1.00 1.00 153.531 0.00 Sand-Like

33.5 35.0 SM 115 52.6 4.085 2.400 100 1.00 1.00 1.00 1.35 1.02 10 NP 1.1 139.1 -0.744 0.083 0.87189 4.34 2.65 0.200 0.130 1.054 0.123 -0.091 1.02 1.00 1.00 -- 0.00 Sand-Like

Layer Thickness γlim Fα ΔS N*
1,60,CS τrl / σ'vo Ru φrl τrl

ft dim dim in dim dim % deg psf

0.0 2.0 0.0 2.0

2.0 4.0 2.0 4.0

4.0 6.0 4.0 6.0

6.0 8.0 6.0 8.0

8.0 10.0 8.0 10.0 6.2 0.068 90.4

13.5 15.0 5.0 0.500 0.923 3.17 13.5 15.0 4.9 0.059 -- 3.39

18.5 20.0 18.5 20.0

23.5 25.0 23.5 25.0

28.5 30.0 28.5 30.0

33.5 35.0 33.5 35.0

S = 3.17 τrl / σ'vo = Liquefaction Residual Shear Strength Ratio

γlim = Limiting Shear Strain; Limiting shear strain is further limited to 50% of the computed value (Idriss & Boulanger, 2008) Ru = Excess Pore Pressure Ratio

γmax = Maximum Shear Strain; γmax = γlim if FSliq ≤ Fα (Idriss & Boulanger, 2008) φrl = Internal Friction Angle for Cyclic Liquefaction

LDI = Lateral Displacement Index τrl = Liquefaction Residual Shear Strength

εv = Volumetric Strain

S = Liquefaction Induced Vertical Displacement

30.00 71.744.9 0.500

ft

Liquefaction Induced Displacements Residual Soil Strength Parameters

SPT Test Interval N*
1,60,CS γmax ΔLDI LD SPT Test Interval

ft dim dim in in %
εv

4.9 Full SSL

39.7 No SSL

31.5 No SSL

31.7 No SSL

137.9 No SSL

36.1

17.2

11.8

11.7

1.7 Full SSL

Max. RF defining on-set of Liquefaction = 0.85

SPT-1
High Overburden 

Correction
Static Shear Stress 

Ratio Correction

SPT Test Interval N*
1,60 SSL Potential

ft dim

Design Event = FEE
Depth to Groundwater = Soil Fill Height = 2.0 ft Peak Ground Acceleration, PGA (%g) = 0.14

Earthquake Magnitude, Mw = 7.3

Project:

Location :

Calc. By:

Date: 2/2/2016

Method:

Soil Fill Unit Weight = 125 pcf

5.3%



S-51 Bridge over Black Mingo Creek - Soil Shear Loss Calculations

End Bent 1

JFH

SCDOT Geotechnical Design Manual (2010); Chapter 13; Idriss & Boulanger (2008)

8.0 ft

Age Correction

USCS Desig. γ γ' σv σ'v Nmeas CR CS CB CE CN FC PI ΔN1,60 N*
1,60,CS α β rd σv, OB σ'v0, OB CSRPEAK CSReq MSF CSReq,7.5 Cσ Kα KDR Kσ CRR*eq,7.5 (D/C)*SL

EQ Hazard 
Desc.

dim pcf pcf ksf ksf dim dim dim dim dim dim % dim dim dim dim dim dim ksf ksf dim dim dim dim dim dim dim dim

0.0 2.0 SM 125 125 0.250 0.250 21 0.75 1.00 1.00 1.35 1.70 16 NP 3.6 39.7

2.0 4.0 SM 125 125 0.500 0.500 10 0.75 1.00 1.00 1.35 1.70 16 NP 3.6 20.8

4.0 6.0 SM 125 125 0.750 0.750 7 0.75 1.00 1.00 1.35 1.67 16 NP 3.6 15.4

6.0 8.0 SC 115 115 0.980 0.980 7 0.85 1.00 1.00 1.35 1.45 15 NP 3.3 14.9

8.0 10.0 SM 115 52.6 1.210 1.085 1 0.85 1.00 1.00 1.35 1.52 20 81 4.5 6.2 -0.137 0.016 0.97832 1.46 1.34 0.449 0.292 1.009 0.290 0.064 1.03 1.00 1.00 0.100 2.90 Clay-Like

13.5 15.0 PT 115 52.6 1.785 1.348 3 0.95 1.00 1.00 1.35 1.27 6 NP 0.0 4.9 -0.236 0.027 0.96046 2.04 1.60 0.514 0.334 1.054 0.317 0.075 1.02 1.00 1.00 0.089 3.55 Sand-Like

18.5 20.0 SM 115 52.6 2.360 1.611 29 0.95 1.00 1.00 1.35 1.07 23 NP 4.9 44.6 -0.348 0.039 0.94052 2.61 1.86 0.554 0.360 1.054 0.341 0.300 1.04 1.00 1.00 -- 0.00 Sand-Like

23.5 25.0 SM 115 52.6 2.935 1.874 24 0.95 1.00 1.00 1.35 1.02 13 NP 2.5 34.0 -0.472 0.053 0.91887 3.19 2.12 0.579 0.376 1.054 0.357 0.218 1.00 1.00 1.00 359.825 0.00 Sand-Like

28.5 30.0 SM 115 52.6 3.510 2.137 24 1.00 1.00 1.00 1.35 0.98 10 NP 1.1 32.8 -0.604 0.068 0.89587 3.76 2.39 0.593 0.385 1.054 0.365 0.220 0.97 1.00 1.00 153.531 0.00 Sand-Like

33.5 35.0 SM 115 52.6 4.085 2.400 100 1.00 1.00 1.00 1.35 1.02 10 NP 1.1 139.1 -0.744 0.083 0.87189 4.34 2.65 0.599 0.389 1.054 0.369 -0.091 1.02 1.00 1.00 -- 0.00 Sand-Like

Layer Thickness γlim Fα ΔS N*
1,60,CS τrl / σ'vo Ru φrl τrl

ft dim dim in dim dim % deg psf

0.0 2.0 0.0 2.0

2.0 4.0 2.0 4.0

4.0 6.0 4.0 6.0

6.0 8.0 6.0 8.0

8.0 10.0 8.0 10.0 6.2 0.068 90.4

13.5 15.0 5.0 0.500 0.923 3.17 13.5 15.0 4.9 0.059 -- 3.39

18.5 20.0 18.5 20.0

23.5 25.0 23.5 25.0

28.5 30.0 28.5 30.0

33.5 35.0 33.5 35.0

S = 3.17 τrl / σ'vo = Liquefaction Residual Shear Strength Ratio

γlim = Limiting Shear Strain; Limiting shear strain is further limited to 50% of the computed value (Idriss & Boulanger, 2008) Ru = Excess Pore Pressure Ratio

γmax = Maximum Shear Strain; γmax = γlim if FSliq ≤ Fα (Idriss & Boulanger, 2008) φrl = Internal Friction Angle for Cyclic Liquefaction

LDI = Lateral Displacement Index τrl = Liquefaction Residual Shear Strength

εv = Volumetric Strain

S = Liquefaction Induced Vertical Displacement

Project:

Location :

Calc. By:

Date: 2/2/2016

Method:

Soil Fill Unit Weight = 125 pcf Design Event = SEE
Depth to Groundwater = Soil Fill Height = 2.0 ft Peak Ground Acceleration, PGA (%g) =

High Overburden 
Correction

Static Shear Stress 
Ratio Correction

SPT Test Interval N*
1,60 SSL Potential

ft dim

0.42
Earthquake Magnitude, Mw = 7.3

Max. RF defining on-set of Liquefaction = 0.9

SPT-1

11.7

1.7 Full SSL

4.9 Full SSL

36.1

17.2

11.8

137.9 No SSL

39.7 No SSL

31.5 No SSL

31.7 No SSL

Liquefaction Induced Displacements Residual Soil Strength Parameters

SPT Test Interval N*
1,60,CS γmax ΔLDI LD εv SPT Test Interval

ft dim dim in in % ft

4.9 0.500 30.00 71.74 5.3%



S-51 Bridge over Black Mingo Creek - Soil Shear Loss Calculations

Interior Bent 2

JFH

SCDOT Geotechnical Design Manual (2010); Chapter 13; Idriss & Boulanger (2008)

0.0 ft

Age Correction

USCS Desig. γ γ' σv σ'v Nmeas CR CS CB CE CN FC PI ΔN1,60 N*
1,60,CS α β rd σv, OB σ'v0, OB CSRPEAK CSReq MSF CSReq,7.5 Cσ Kα KDR Kσ CRR*eq,7.5 (D/C)*SL

EQ Hazard 
Desc.

dim pcf pcf ksf ksf dim dim dim dim dim dim % dim dim dim dim dim dim ksf ksf dim dim dim dim dim dim dim dim

0.0 2.0 SM 115 52.6 0.230 0.105 2 0.75 1.00 1.00 1.23 1.70 16 NP 3.6 6.7 -0.009 0.002 1.00179 0.23 0.11 0.307 0.199 1.054 0.189 0.070 1.10 1.00 1.00 0.111 1.70 Sand-Like

2.0 4.0 SM 115 52.6 0.460 0.210 0 0.75 1.00 1.00 1.23 1.70 15 NP 3.3 3.3 -0.037 0.005 0.99656 0.46 0.21 0.305 0.198 1.054 0.188 0.053 1.10 1.00 1.00 0.085 2.22 Sand-Like

4.0 6.0 SM 115 52.6 0.690 0.316 3 0.75 1.00 1.00 1.23 1.70 26 NP 5.1 9.9 -0.068 0.008 0.9909 0.69 0.32 0.303 0.197 1.054 0.187 0.075 1.10 1.00 1.00 0.149 1.25 Sand-Like

6.0 8.0 SM 115 52.6 0.920 0.421 10 0.85 1.00 1.00 1.23 1.70 26 NP 5.1 23.0 -0.101 0.012 0.98481 0.92 0.42 0.301 0.196 1.054 0.186 0.123 1.10 1.00 1.00 1.730 0.11 Sand-Like

8.0 10.0 SM 115 52.6 1.150 0.526 8 0.85 1.00 1.00 1.23 1.70 32 NP 5.4 19.7 -0.137 0.016 0.97832 1.15 0.53 0.299 0.195 1.054 0.185 0.108 1.10 1.00 1.00 0.710 0.26 Sand-Like

13.5 15.0 SM 115 52.6 1.725 0.789 18 0.95 1.00 1.00 1.23 1.41 15 NP 3.3 32.9 -0.236 0.027 0.96046 1.73 0.79 0.294 0.191 1.054 0.181 0.199 1.10 1.00 1.00 185.262 0.00 Sand-Like

18.5 20.0 SP 125 62.6 2.350 1.102 92 0.95 1.00 1.00 1.23 0.99 10 NP 1.1 108.3 -0.348 0.039 0.94052 2.35 1.10 0.281 0.183 1.054 0.173 -0.134 0.91 1.00 1.00 -- 0.00 Sand-Like

23.5 25.0 SP 125 62.6 2.975 1.415 77 0.95 1.00 1.00 1.23 1.02 10 NP 1.1 92.9 -0.472 0.053 0.91887 2.98 1.42 0.270 0.176 1.054 0.167 -0.181 0.93 1.00 1.00 -- 0.00 Sand-Like

Layer Thickness γlim Fα ΔS N*
1,60,CS τrl / σ'vo Ru φrl τrl

ft dim dim in dim dim % deg psf

0.0 2.0 2.0 0.500 0.947 1.11 0.0 2.0 6.7 0.071 -- 4.07

2.0 4.0 2.0 0.500 0.854 1.48 2.0 4.0 3.3 0.049 -- 2.82

4.0 6.0 2.0 0.480 0.917 0.90 4.0 6.0 9.9 0.097 -- 5.57

6.0 8.0 6.0 8.0

8.0 10.0 8.0 10.0

13.5 15.0 13.5 15.0

18.5 20.0 18.5 20.0

23.5 25.0 23.5 25.0

S = 3.49 τrl / σ'vo = Liquefaction Residual Shear Strength Ratio

γlim = Limiting Shear Strain; Limiting shear strain is further limited to 50% of the computed value (Idriss & Boulanger, 2008) Ru = Excess Pore Pressure Ratio

γmax = Maximum Shear Strain; γmax = γlim if FSliq ≤ Fα (Idriss & Boulanger, 2008) φrl = Internal Friction Angle for Cyclic Liquefaction

LDI = Lateral Displacement Index τrl = Liquefaction Residual Shear Strength

εv = Volumetric Strain

S = Liquefaction Induced Vertical Displacement

3.8%

4.6%

Project:

Location :

Calc. By:

Date: 2/5/2016

Method:

Soil Fill Unit Weight = 125 pcf Design Event = FEE
Depth to Groundwater = Soil Fill Height = 0.0 ft Peak Ground Acceleration, PGA (%g) = 0.14

Earthquake Magnitude, Mw = 7.3
Max. RF defining on-set of Liquefaction = 0.85

B-3
High Overburden 

Correction
Static Shear Stress 

Ratio Correction

SPT Test Interval N*
1,60 SSL Potential

ft dim

3.1 Full SSL

0.0 Full SSL

4.7 Full SSL

17.8 No SSL

14.3 No SSL

29.6 No SSL

107.1 No SSL

91.7 No SSL

ft

Liquefaction Induced Displacements Residual Soil Strength Parameters

SPT Test Interval N*
1,60,CS γmax ΔLDI LD

6.2%

SPT Test Interval

ft dim dim in in %
εv

6.7 0.500 12.00 28.70

3.3 0.500

9.9 0.480 11.53 27.56

12.00 28.70



S-51 Bridge over Black Mingo Creek - Soil Shear Loss Calculations

Interior Bent 2

JFH

SCDOT Geotechnical Design Manual (2010); Chapter 13; Idriss & Boulanger (2008)

0.0 ft

Age Correction

USCS Desig. γ γ' σv σ'v Nmeas CR CS CB CE CN FC PI ΔN1,60 N*
1,60,CS α β rd σv, OB σ'v0, OB CSRPEAK CSReq MSF CSReq,7.5 Cσ Kα KDR Kσ CRR*eq,7.5 (D/C)*SL

EQ Hazard 
Desc.

dim pcf pcf ksf ksf dim dim dim dim dim dim % dim dim dim dim dim dim ksf ksf dim dim dim dim dim dim dim dim

0.0 2.0 SM 115 52.6 0.230 0.105 2 0.75 1.00 1.00 1.23 1.70 16 NP 3.6 6.7 -0.009 0.002 1.00179 0.23 0.11 0.920 0.598 1.054 0.567 0.070 1.10 1.00 1.00 0.111 5.10 Sand-Like

2.0 4.0 SM 115 52.6 0.460 0.210 0 0.75 1.00 1.00 1.23 1.70 15 NP 3.3 3.3 -0.037 0.005 0.99656 0.46 0.21 0.915 0.595 1.054 0.564 0.053 1.10 1.00 1.00 0.085 6.67 Sand-Like

4.0 6.0 SM 115 52.6 0.690 0.316 3 0.75 1.00 1.00 1.23 1.70 26 NP 5.1 9.9 -0.068 0.008 0.9909 0.69 0.32 0.910 0.591 1.054 0.561 0.075 1.10 1.00 1.00 0.149 3.76 Sand-Like

6.0 8.0 SM 115 52.6 0.920 0.421 10 0.85 1.00 1.00 1.23 1.70 26 NP 5.1 23.0 -0.101 0.012 0.98481 0.92 0.42 0.904 0.588 1.054 0.557 0.123 1.10 1.00 1.00 1.730 0.32 Sand-Like

8.0 10.0 SM 115 52.6 1.150 0.526 8 0.85 1.00 1.00 1.23 1.70 32 NP 5.4 19.7 -0.137 0.016 0.97832 1.15 0.53 0.898 0.584 1.054 0.554 0.108 1.10 1.00 1.00 0.710 0.78 Sand-Like

13.5 15.0 SM 115 52.6 1.725 0.789 18 0.95 1.00 1.00 1.23 1.41 15 NP 3.3 32.9 -0.236 0.027 0.96046 1.73 0.79 0.882 0.573 1.054 0.544 0.199 1.10 1.00 1.00 185.262 0.00 Sand-Like

18.5 20.0 SP 125 62.6 2.350 1.102 92 0.95 1.00 1.00 1.23 0.99 10 NP 1.1 108.3 -0.348 0.039 0.94052 2.35 1.10 0.842 0.548 1.054 0.519 -0.134 0.91 1.00 1.00 -- 0.00 Sand-Like

23.5 25.0 SP 125 62.6 2.975 1.415 77 0.95 1.00 1.00 1.23 1.02 10 NP 1.1 92.9 -0.472 0.053 0.91887 2.98 1.42 0.811 0.527 1.054 0.500 -0.181 0.93 1.00 1.00 -- 0.00 Sand-Like

Layer Thickness γlim Fα ΔS N*
1,60,CS τrl / σ'vo Ru φrl τrl

ft dim dim in dim dim % deg psf

0.0 2.0 2.0 0.500 0.947 1.11 0.0 2.0 6.7 0.071 -- 4.07

2.0 4.0 2.0 0.500 0.854 1.48 2.0 4.0 3.3 0.049 -- 2.82

4.0 6.0 2.0 0.480 0.917 0.90 4.0 6.0 9.9 0.097 -- 5.57

6.0 8.0 6.0 8.0

8.0 10.0 8.0 10.0

13.5 15.0 13.5 15.0

18.5 20.0 18.5 20.0

23.5 25.0 23.5 25.0

S = 3.49 τrl / σ'vo = Liquefaction Residual Shear Strength Ratio

γlim = Limiting Shear Strain; Limiting shear strain is further limited to 50% of the computed value (Idriss & Boulanger, 2008) Ru = Excess Pore Pressure Ratio

γmax = Maximum Shear Strain; γmax = γlim if FSliq ≤ Fα (Idriss & Boulanger, 2008) φrl = Internal Friction Angle for Cyclic Liquefaction

LDI = Lateral Displacement Index τrl = Liquefaction Residual Shear Strength

εv = Volumetric Strain

S = Liquefaction Induced Vertical Displacement

3.3 0.500 12.00 28.70 6.2%

9.9 0.480 11.53 27.56 3.8%

ft dim dim in in % ft

6.7 0.500 12.00 28.70 4.6%

Liquefaction Induced Displacements Residual Soil Strength Parameters

SPT Test Interval N*
1,60,CS γmax ΔLDI LD εv SPT Test Interval

107.1 No SSL

91.7 No SSL

17.8 No SSL

14.3 Limited SSL

29.6 No SSL

3.1 Full SSL

0.0 Full SSL

4.7 Full SSL

SPT Test Interval N*
1,60 SSL Potential

ft dim

0.42
Earthquake Magnitude, Mw = 7.3

Max. RF defining on-set of Liquefaction = 0.9

B-3

Design Event = SEE
Depth to Groundwater = Soil Fill Height = 0.0 ft Peak Ground Acceleration, PGA (%g) =

High Overburden 
Correction

Static Shear Stress 
Ratio Correction

Project:

Location :

Calc. By:

Date: 2/5/2016

Method:

Soil Fill Unit Weight = 125 pcf



S-51 Bridge over Black Mingo Creek - Soil Shear Loss Calculations

Interior Bent 3

JFH

SCDOT Geotechnical Design Manual (2010); Chapter 13; Idriss & Boulanger (2008)

0.0 ft

Age Correction

USCS Desig. γ γ' σv σ'v Nmeas CR CS CB CE CN FC PI ΔN1,60 N*
1,60,CS α β rd σv, OB σ'v0, OB CSRPEAK CSReq MSF CSReq,7.5 Cσ Kα KDR Kσ CRR*eq,7.5 (D/C)*SL

EQ Hazard 
Desc.

dim pcf pcf ksf ksf dim dim dim dim dim dim % dim dim dim dim dim dim ksf ksf dim dim dim dim dim dim dim dim

0.0 2.0 SC 115 52.6 0.230 0.105 6 0.75 1.00 1.00 1.23 1.70 34 20 5.5 14.9 -0.009 0.002 1.00179 0.23 0.11 0.307 0.199 1.009 0.198 0.090 1.10 1.00 1.00 0.283 0.70 Clay-Like

2.0 4.0 SC 115 52.6 0.460 0.210 11 0.75 1.00 1.00 1.23 1.70 35 20 5.5 22.8 -0.037 0.005 0.99656 0.46 0.21 0.305 0.198 1.009 0.197 0.121 1.10 1.00 1.00 1.641 0.12 Clay-Like

4.0 6.0 SC 115 52.6 0.690 0.316 18 0.75 1.00 1.00 1.23 1.70 35 20 5.5 33.8 -0.068 0.008 0.9909 0.69 0.32 0.303 0.197 1.009 0.195 0.187 1.10 1.00 1.00 344.259 0.00 Clay-Like

6.0 8.0 SP 115 52.6 0.920 0.421 25 0.85 1.00 1.00 1.23 1.57 20 NP 4.5 45.7 -0.101 0.012 0.98481 0.92 0.42 0.301 0.196 1.054 0.186 0.300 1.10 1.00 1.00 -- 0.00 Sand-Like

8.0 10.0 SP 125 62.6 1.170 0.546 80 0.85 1.00 1.00 1.23 1.07 15 NP 3.3 93.3 -0.137 0.016 0.97832 1.17 0.55 0.293 0.191 1.054 0.181 -0.189 0.74 1.00 1.00 -- 0.00 Sand-Like

13.5 15.0 SP 125 62.6 1.795 0.859 63 0.95 1.00 1.00 1.23 1.09 10 NP 1.1 81.2 -0.236 0.027 0.96046 1.80 0.86 0.281 0.183 1.054 0.173 -0.255 0.77 1.00 1.00 -- 0.00 Sand-Like

18.5 20.0 SP 125 62.6 2.420 1.172 81 0.95 1.00 1.00 1.23 1.02 10 NP 1.1 97.6 -0.348 0.039 0.94052 2.42 1.17 0.272 0.177 1.054 0.168 -0.163 0.90 1.00 1.00 -- 0.00 Sand-Like

23.5 25.0 ML 115 52.6 2.995 1.435 14 0.95 1.00 1.00 1.23 1.16 69 10 5.5 24.5 -0.472 0.053 0.91887 3.00 1.44 0.268 0.175 1.009 0.173 0.129 1.05 1.00 1.00 2.781 0.06 Clay-Like

Layer Thickness γlim Fα ΔS N*
1,60,CS τrl / σ'vo Ru φrl τrl

ft dim dim in dim dim % deg psf

0.0 2.0 0.0 2.0

2.0 4.0 2.0 4.0

4.0 6.0 4.0 6.0

6.0 8.0 6.0 8.0

8.0 10.0 8.0 10.0

13.5 15.0 13.5 15.0

18.5 20.0 18.5 20.0

23.5 25.0 23.5 25.0

S = 0.00 τrl / σ'vo = Liquefaction Residual Shear Strength Ratio

γlim = Limiting Shear Strain; Limiting shear strain is further limited to 50% of the computed value (Idriss & Boulanger, 2008) Ru = Excess Pore Pressure Ratio

γmax = Maximum Shear Strain; γmax = γlim if FSliq ≤ Fα (Idriss & Boulanger, 2008) φrl = Internal Friction Angle for Cyclic Liquefaction

LDI = Lateral Displacement Index τrl = Liquefaction Residual Shear Strength

εv = Volumetric Strain

S = Liquefaction Induced Vertical Displacement

ft

Liquefaction Induced Displacements Residual Soil Strength Parameters

SPT Test Interval N*
1,60,CS γmax ΔLDI LD SPT Test Interval

ft dim dim in in %
εv

80.1 No SSL

96.4 No SSL

19.0 No SSL

9.4 No SSL

17.3 No SSL

28.3 No SSL

41.2 No SSL

90.1 No SSL

Max. RF defining on-set of Liquefaction = 0.85

B-4
High Overburden 

Correction
Static Shear Stress 

Ratio Correction

SPT Test Interval N*
1,60 SSL Potential

ft dim

Design Event = FEE
Depth to Groundwater = Soil Fill Height = 0.0 ft Peak Ground Acceleration, PGA (%g) = 0.14

Earthquake Magnitude, Mw = 7.3

Project:

Location :

Calc. By:

Date: 2/5/2016

Method:

Soil Fill Unit Weight = 125 pcf



S-51 Bridge over Black Mingo Creek - Soil Shear Loss Calculations

Interior Bent 3

JFH

SCDOT Geotechnical Design Manual (2010); Chapter 13; Idriss & Boulanger (2008)

0.0 ft

Age Correction

USCS Desig. γ γ' σv σ'v Nmeas CR CS CB CE CN FC PI ΔN1,60 N*
1,60,CS α β rd σv, OB σ'v0, OB CSRPEAK CSReq MSF CSReq,7.5 Cσ Kα KDR Kσ CRR*eq,7.5 (D/C)*SL

EQ Hazard 
Desc.

dim pcf pcf ksf ksf dim dim dim dim dim dim % dim dim dim dim dim dim ksf ksf dim dim dim dim dim dim dim dim

0.0 2.0 SC 115 52.6 0.230 0.105 6 0.75 1.00 1.00 1.23 1.70 34 20 5.5 14.9 -0.009 0.002 1.00179 0.23 0.11 0.920 0.598 1.009 0.593 0.090 1.10 1.00 1.00 0.283 2.09 Clay-Like

2.0 4.0 SC 115 52.6 0.460 0.210 11 0.75 1.00 1.00 1.23 1.70 35 20 5.5 22.8 -0.037 0.005 0.99656 0.46 0.21 0.915 0.595 1.009 0.590 0.121 1.10 1.00 1.00 1.641 0.36 Clay-Like

4.0 6.0 SC 115 52.6 0.690 0.316 18 0.75 1.00 1.00 1.23 1.70 35 20 5.5 33.8 -0.068 0.008 0.9909 0.69 0.32 0.910 0.591 1.009 0.586 0.187 1.10 1.00 1.00 344.259 0.00 Clay-Like

6.0 8.0 SP 115 52.6 0.920 0.421 25 0.85 1.00 1.00 1.23 1.57 20 NP 4.5 45.7 -0.101 0.012 0.98481 0.92 0.42 0.904 0.588 1.054 0.557 0.300 1.10 1.00 1.00 -- 0.00 Sand-Like

8.0 10.0 SP 125 62.6 1.170 0.546 80 0.85 1.00 1.00 1.23 1.07 15 NP 3.3 93.3 -0.137 0.016 0.97832 1.17 0.55 0.880 0.572 1.054 0.543 -0.189 0.74 1.00 1.00 -- 0.00 Sand-Like

13.5 15.0 SP 125 62.6 1.795 0.859 63 0.95 1.00 1.00 1.23 1.09 10 NP 1.1 81.2 -0.236 0.027 0.96046 1.80 0.86 0.843 0.548 1.054 0.520 -0.255 0.77 1.00 1.00 -- 0.00 Sand-Like

18.5 20.0 SP 125 62.6 2.420 1.172 81 0.95 1.00 1.00 1.23 1.02 10 NP 1.1 97.6 -0.348 0.039 0.94052 2.42 1.17 0.816 0.530 1.054 0.503 -0.163 0.90 1.00 1.00 -- 0.00 Sand-Like

23.5 25.0 ML 115 52.6 2.995 1.435 14 0.95 1.00 1.00 1.23 1.16 69 10 5.5 24.5 -0.472 0.053 0.91887 3.00 1.44 0.805 0.524 1.009 0.519 0.129 1.05 1.00 1.00 2.781 0.19 Clay-Like

Layer Thickness γlim Fα ΔS N*
1,60,CS τrl / σ'vo Ru φrl τrl

ft dim dim in dim dim % deg psf

0.0 2.0 0.0 2.0 14.9 0.213 22.4

2.0 4.0 2.0 4.0

4.0 6.0 4.0 6.0

6.0 8.0 6.0 8.0

8.0 10.0 8.0 10.0

13.5 15.0 13.5 15.0

18.5 20.0 18.5 20.0

23.5 25.0 23.5 25.0

S = 0.00 τrl / σ'vo = Liquefaction Residual Shear Strength Ratio

γlim = Limiting Shear Strain; Limiting shear strain is further limited to 50% of the computed value (Idriss & Boulanger, 2008) Ru = Excess Pore Pressure Ratio

γmax = Maximum Shear Strain; γmax = γlim if FSliq ≤ Fα (Idriss & Boulanger, 2008) φrl = Internal Friction Angle for Cyclic Liquefaction

LDI = Lateral Displacement Index τrl = Liquefaction Residual Shear Strength

εv = Volumetric Strain

S = Liquefaction Induced Vertical Displacement

Project:

Location :

Calc. By:

Date: 2/5/2016

Method:

Soil Fill Unit Weight = 125 pcf Design Event = SEE
Depth to Groundwater = Soil Fill Height = 0.0 ft Peak Ground Acceleration, PGA (%g) =

High Overburden 
Correction

Static Shear Stress 
Ratio Correction

SPT Test Interval N*
1,60 SSL Potential

ft dim

0.42
Earthquake Magnitude, Mw = 7.3

Max. RF defining on-set of Liquefaction = 0.9

B-4

41.2 No SSL

90.1 No SSL

80.1 No SSL

9.4 Full SSL

17.3 No SSL

28.3 No SSL

96.4 No SSL

19.0 No SSL

Liquefaction Induced Displacements Residual Soil Strength Parameters

SPT Test Interval N*
1,60,CS γmax ΔLDI LD εv SPT Test Interval

ft dim dim in in % ft



S-51 Bridge over Black Mingo Creek - Soil Shear Loss Calculations

End Bent 4

JFH

SCDOT Geotechnical Design Manual (2010); Chapter 13; Idriss & Boulanger (2008)

8.5 ft

Age Correction

USCS Desig. γ γ' σv σ'v Nmeas CR CS CB CE CN FC PI ΔN1,60 N*
1,60,CS α β rd σv, OB σ'v0, OB CSRPEAK CSReq MSF CSReq,7.5 Cσ Kα KDR Kσ CRR*eq,7.5 (D/C)*SL

EQ Hazard 
Desc.

dim pcf pcf ksf ksf dim dim dim dim dim dim % dim dim dim dim dim dim ksf ksf dim dim dim dim dim dim dim dim

0.0 2.0 SM 125 125 0.250 0.250 15 0.75 1.00 1.00 1.35 1.70 15 NP 3.3 29.1

2.0 4.0 SM 125 125 0.500 0.500 6 0.75 1.00 1.00 1.35 1.70 15 NP 3.3 13.6

4.0 6.0 SM 125 125 0.750 0.750 1 0.75 1.00 1.00 1.35 1.70 15 NP 3.3 5.0

6.0 8.0 SC 115 115 0.980 0.980 1 0.85 1.00 1.00 1.35 1.62 34 25 5.5 7.3

8.0 10.0 SM 115 52.6 1.210 1.085 2 0.85 1.00 1.00 1.35 1.48 33 52 5.5 8.9 -0.137 0.016 0.97832 1.46 1.34 0.150 0.097 1.009 0.097 0.070 1.03 1.00 1.00 0.127 0.76 Clay-Like

13.5 15.0 SM 115 52.6 1.785 1.348 8 0.95 1.00 1.00 1.35 1.22 20 NP 4.5 17.0 -0.236 0.027 0.96046 2.04 1.60 0.171 0.111 1.054 0.106 0.101 1.03 1.00 1.00 0.380 0.28 Sand-Like

18.5 20.0 SP-SM 115 52.6 2.360 1.611 6 0.95 1.00 1.00 1.35 1.13 20 NP 4.5 13.2 -0.348 0.039 0.94052 2.61 1.86 0.185 0.120 1.054 0.114 0.088 1.01 1.00 1.00 0.202 0.56 Sand-Like

23.5 25.0 SM 115 52.6 2.935 1.874 24 0.95 1.00 1.00 1.35 1.02 18 NP 4.1 35.6 -0.472 0.053 0.91887 3.19 2.12 0.193 0.125 1.054 0.119 0.218 1.00 1.00 1.00 1191.900 0.00 Sand-Like

28.5 30.0 SM 115 52.6 3.510 2.137 100 1.00 1.00 1.00 1.35 1.01 14 NP 2.9 138.9 -0.604 0.068 0.89587 3.76 2.39 0.198 0.128 1.054 0.122 -0.092 1.01 1.00 1.00 -- 0.00 Sand-Like

33.5 35.0 SP-SM 115 52.6 4.085 2.400 52 1.00 1.00 1.00 1.35 0.97 12 NP 2.1 70.4 -0.744 0.083 0.87189 4.34 2.65 0.200 0.130 1.054 0.123 -0.459 1.10 1.00 1.00 -- 0.00 Sand-Like

Layer Thickness γlim Fα ΔS N*
1,60,CS τrl / σ'vo Ru φrl τrl

ft dim dim in dim dim % deg psf

0.0 2.0 0.0 2.0

2.0 4.0 2.0 4.0

4.0 6.0 4.0 6.0

6.0 8.0 6.0 8.0

8.0 10.0 8.0 10.0

13.5 15.0 13.5 15.0

18.5 20.0 18.5 20.0

23.5 25.0 23.5 25.0

28.5 30.0 28.5 30.0

33.5 35.0 33.5 35.0

S = 0.00 τrl / σ'vo = Liquefaction Residual Shear Strength Ratio

γlim = Limiting Shear Strain; Limiting shear strain is further limited to 50% of the computed value (Idriss & Boulanger, 2008) Ru = Excess Pore Pressure Ratio

γmax = Maximum Shear Strain; γmax = γlim if FSliq ≤ Fα (Idriss & Boulanger, 2008) φrl = Internal Friction Angle for Cyclic Liquefaction

LDI = Lateral Displacement Index τrl = Liquefaction Residual Shear Strength

εv = Volumetric Strain

S = Liquefaction Induced Vertical Displacement

Project:

Location :

Calc. By:

Date: 2/2/2016

Method:

Soil Fill Unit Weight = 125 pcf Design Event = FEE
Depth to Groundwater = Soil Fill Height = 2.0 ft Peak Ground Acceleration, PGA (%g) = 0.14

Earthquake Magnitude, Mw = 7.3
Max. RF defining on-set of Liquefaction = 0.85

SPT-4
High Overburden 

Correction
Static Shear Stress 

Ratio Correction

SPT Test Interval N*
1,60 SSL Potential

ft dim

25.8

10.3

1.7

1.9

3.4 Limited SSL

12.6 No SSL

8.7 No SSL

31.5 No SSL

136.0 No SSL

68.3 No SSL

ft

Liquefaction Induced Displacements Residual Soil Strength Parameters

SPT Test Interval N*
1,60,CS γmax ΔLDI LD SPT Test Interval

ft dim dim in in %
εv



S-51 Bridge over Black Mingo Creek - Soil Shear Loss Calculations

End Bent 4

JFH

SCDOT Geotechnical Design Manual (2010); Chapter 13; Idriss & Boulanger (2008)

8.5 ft

Age Correction

USCS Desig. γ γ' σv σ'v Nmeas CR CS CB CE CN FC PI ΔN1,60 N*
1,60,CS α β rd σv, OB σ'v0, OB CSRPEAK CSReq MSF CSReq,7.5 Cσ Kα KDR Kσ CRR*eq,7.5 (D/C)*SL

EQ Hazard 
Desc.

dim pcf pcf ksf ksf dim dim dim dim dim dim % dim dim dim dim dim dim ksf ksf dim dim dim dim dim dim dim dim

0.0 2.0 SM 125 125 0.250 0.250 15 0.75 1.00 1.00 1.35 1.70 15 NP 3.3 29.1

2.0 4.0 SM 125 125 0.500 0.500 6 0.75 1.00 1.00 1.35 1.70 15 NP 3.3 13.6

4.0 6.0 SM 125 125 0.750 0.750 1 0.75 1.00 1.00 1.35 1.70 15 NP 3.3 5.0

6.0 8.0 SC 115 115 0.980 0.980 1 0.85 1.00 1.00 1.35 1.62 34 25 5.5 7.3

8.0 10.0 SM 115 52.6 1.210 1.085 2 0.85 1.00 1.00 1.35 1.48 33 52 5.5 8.9 -0.137 0.016 0.97832 1.46 1.34 0.449 0.292 1.009 0.290 0.070 1.03 1.00 1.00 0.127 2.29 Clay-Like

13.5 15.0 SM 115 52.6 1.785 1.348 8 0.95 1.00 1.00 1.35 1.22 20 NP 4.5 17.0 -0.236 0.027 0.96046 2.04 1.60 0.514 0.334 1.054 0.317 0.101 1.03 1.00 1.00 0.380 0.83 Sand-Like

18.5 20.0 SP-SM 115 52.6 2.360 1.611 6 0.95 1.00 1.00 1.35 1.13 20 NP 4.5 13.2 -0.348 0.039 0.94052 2.61 1.86 0.554 0.360 1.054 0.341 0.088 1.01 1.00 1.00 0.202 1.69 Sand-Like

23.5 25.0 SM 115 52.6 2.935 1.874 24 0.95 1.00 1.00 1.35 1.02 18 NP 4.1 35.6 -0.472 0.053 0.91887 3.19 2.12 0.579 0.376 1.054 0.357 0.218 1.00 1.00 1.00 1191.900 0.00 Sand-Like

28.5 30.0 SM 115 52.6 3.510 2.137 100 1.00 1.00 1.00 1.35 1.01 14 NP 2.9 138.9 -0.604 0.068 0.89587 3.76 2.39 0.593 0.385 1.054 0.365 -0.092 1.01 1.00 1.00 -- 0.00 Sand-Like

33.5 35.0 SP-SM 115 52.6 4.085 2.400 52 1.00 1.00 1.00 1.35 0.97 12 NP 2.1 70.4 -0.744 0.083 0.87189 4.34 2.65 0.599 0.389 1.054 0.369 -0.459 1.10 1.00 1.00 -- 0.00 Sand-Like

Layer Thickness γlim Fα ΔS N*
1,60,CS τrl / σ'vo Ru φrl τrl

ft dim dim in dim dim % deg psf

0.0 2.0 0.0 2.0

2.0 4.0 2.0 4.0

4.0 6.0 4.0 6.0

6.0 8.0 6.0 8.0

8.0 10.0 8.0 10.0 8.9 0.088 117.3

13.5 15.0 13.5 15.0

18.5 20.0 5.0 0.336 0.824 1.89 18.5 20.0 13.2 0.150 -- 8.53

23.5 25.0 23.5 25.0

28.5 30.0 28.5 30.0

33.5 35.0 33.5 35.0

S = 1.89 τrl / σ'vo = Liquefaction Residual Shear Strength Ratio

γlim = Limiting Shear Strain; Limiting shear strain is further limited to 50% of the computed value (Idriss & Boulanger, 2008) Ru = Excess Pore Pressure Ratio

γmax = Maximum Shear Strain; γmax = γlim if FSliq ≤ Fα (Idriss & Boulanger, 2008) φrl = Internal Friction Angle for Cyclic Liquefaction

LDI = Lateral Displacement Index τrl = Liquefaction Residual Shear Strength

εv = Volumetric Strain

S = Liquefaction Induced Vertical Displacement

13.2 0.336 20.13 48.15 3.1%

ft dim dim in in % ft

Liquefaction Induced Displacements Residual Soil Strength Parameters

SPT Test Interval N*
1,60,CS γmax ΔLDI LD εv SPT Test Interval

68.3 No SSL

8.7 Full SSL

31.5 No SSL

136.0 No SSL

1.9

3.4 Full SSL

12.6 Limited SSL

25.8

10.3

1.7

SPT Test Interval N*
1,60 SSL Potential

ft dim

0.42
Earthquake Magnitude, Mw = 7.3

Max. RF defining on-set of Liquefaction = 0.9

SPT-4

Design Event = SEE
Depth to Groundwater = Soil Fill Height = 2.0 ft Peak Ground Acceleration, PGA (%g) =

High Overburden 
Correction

Static Shear Stress 
Ratio Correction

Project:

Location :

Calc. By:

Date: 2/2/2016

Method:

Soil Fill Unit Weight = 125 pcf
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CPT2 results
Summary data report
Input field data
Cyclic stress resistance results
Cyclic resistance ratio results
Liquefaction potential index data
Vertical settlements summary report
Vertical settlements data report
Lateral displacements summary report
Lateral displacements data report
Strength loss data report
 
CPT3 results
Summary data report
Input field data
Cyclic stress resistance results
Cyclic resistance ratio results
Liquefaction potential index data
Vertical settlements summary report
Vertical settlements data report
Lateral displacements summary report
Lateral displacements data report
Strength loss data report
 
CPT-5 results
Summary data report
Input field data
Cyclic stress resistance results
Cyclic resistance ratio results
Liquefaction potential index data
Vertical settlements summary report
Vertical settlements data report
Lateral displacements summary report
Lateral displacements data report
Strength loss data report
 
CPT-6 results
Summary data report
Input field data
Cyclic stress resistance results
Cyclic resistance ratio results
Liquefaction potential index data
Vertical settlements summary report
Vertical settlements data report
Lateral displacements summary report
Lateral displacements data report
Strength loss data report
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FEE Event



L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : Location : 

F&ME Consultants, Inc.
3112 Devine Street
Columbia, SC
(803) 254-4540

CPT file : CPT2

8.00 ft
10.00 ft
3
2.60
Based on SBT

Use fill:
Fill height:
Fill weight:
Trans. detect. applied:
Kσ applied:

Yes
2.00 ft
125.00 lb/ft3
No
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sand & Clay
No
N/A
Method based
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SBTn Plot CRR plot
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During earthq.
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Friction Ratio

Mw=71/2, sigma'=1 atm base curve Summary of liquefaction potential

FS Plot

Factor of safety
21.510.50

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

FS Plot

During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading
Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground
geometry
Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT2

Cone resistance
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Cone resistance
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Friction Ratio Pore pressure

u (psi)
121086420

D
ep

th
 (

ft)

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

Pore pressure

Insitu

SBT Plot

Ic(SBT)
4321

D
ep

th
 (

ft)

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

SBT Plot Soil Behaviour Type

SBT (Robertson et al. 1986)
181614121086420

D
ep

th
 (

ft)

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

Soil Behaviour Type

Sand & silty sand

Silty sand & sandy silt

Clay & silty clay

Clay

Clay & silty clay

Clay

Organic soil

Clay

Clay & silty clay
Clay
Clay & silty clay

Clay

Clay & silty clay

Silty sand & sandy silt

Sand & silty sand
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14
8.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.00 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A

SBT legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT2

Norm. cone resistance
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Norm. cone resistance
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Norm. friction ratio Nom. pore pressure ratio
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Ic (Robertson 1990)
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SBTn Plot Norm. Soil Behaviour Type

SBTn (Robertson 1990)
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Norm. Soil Behaviour Type
Sand

Sand & silty sand

Silty sand & sandy silt

Clay & silty clay
Silty sand & sandy silt

Clay & silty clay
Clay
Clay & silty clay
Clay

Clay

Clay & silty clay

Clay & silty clay

Clay
Clay & silty clay

Clay & silty clay

Silty sand & sandy silt

Sand & silty sand

Sand & silty sand
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SBTn legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14
8.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.00 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT2
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Norm. cone resistance
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SBTn Index Apparent fines content
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"Fines" adjustment Corrected norm. cone resistance
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14
8.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.00 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT2
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CRR plot

During earthq.

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s
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Factor of safety
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FS Plot

During earthq.
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LPI Vertical settlements
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14
8.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.00 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no liq. are equally likely

Unlike to liquefy

Almost certain it will not liquefy

Very high risk

High risk

Low risk
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14
8.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.00 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A
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:: Field input data ::

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

1 0.26 140.05 0.00 87.36N/A0.29

2 0.41 164.19 0.00 115.010.000.25

3 0.56 150.61 1.06 120.111.290.11

4 0.70 156.73 1.08 123.263.220.06

5 0.85 151.03 1.18 123.483.54-0.01

6 1.00 143.07 1.18 123.254.090.02

7 1.15 129.24 1.04 122.324.65-0.01

8 1.30 110.30 0.88 121.065.470.01

9 1.44 93.37 0.81 119.636.450.01

10 1.65 81.72 0.67 118.546.950.02

11 1.78 84.07 0.62 117.666.590.02

12 1.92 88.00 0.59 117.236.410.02

13 2.08 79.29 0.57 116.906.960.01

14 2.24 69.98 0.57 116.348.170.01

15 2.39 62.78 0.52 115.608.940.01

16 2.55 61.18 0.45 114.688.710.02

17 2.70 63.87 0.40 113.878.220.02

18 2.84 61.18 0.38 113.078.490.01

19 3.00 50.96 0.35 112.069.740.01

20 3.16 42.41 0.30 110.6711.550.01

21 3.31 36.38 0.26 109.1513.100.01

22 3.47 32.02 0.22 107.8314.470.01

23 3.62 28.58 0.20 106.8915.770.01

24 3.77 26.49 0.20 106.4417.150.01

25 3.92 24.81 0.20 106.2818.470.01

26 4.08 23.38 0.20 106.1119.500.01

27 4.23 22.63 0.19 105.7321.120.01

28 4.38 19.03 0.18 105.1723.500.01

29 4.53 16.01 0.18 104.3128.710.01

30 4.84 10.90 0.17 103.7233.160.02

31 4.99 11.82 0.17 103.3233.440.15

32 5.13 15.00 0.16 103.0831.53-0.11

33 5.29 12.82 0.15 102.2530.61-0.07

34 5.43 11.57 0.12 100.8231.94-0.04

35 5.59 11.06 0.09 99.2431.63-0.24

36 5.74 10.90 0.08 98.5730.46-0.12

37 5.89 11.99 0.09 98.5430.81-0.17

38 6.04 10.64 0.09 98.7733.35-0.04

39 6.19 8.55 0.10 98.0738.16-0.16

40 6.34 7.04 0.08 97.2543.000.23

41 6.50 6.62 0.08 96.1345.560.40

42 6.65 6.20 0.07 95.1450.720.36

43 6.80 4.02 0.07 94.2260.690.47

44 6.95 2.85 0.07 93.6077.430.83

45 7.11 2.51 0.07 94.0380.210.98

46 7.25 3.77 0.08 95.2661.371.14

47 7.41 7.21 0.08 96.6445.440.48

48 7.56 9.47 0.09 97.2338.190.26
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:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

49 7.71 8.80 0.08 97.3438.040.27

50 7.87 7.46 0.08 96.9945.180.44

51 8.11 4.69 0.09 96.8656.670.60

52 8.26 3.86 0.10 97.1961.941.06

53 8.40 6.03 0.10 98.0752.781.04

54 8.55 8.47 0.10 98.8847.260.33

55 8.69 7.12 0.12 99.9749.950.33

56 8.84 5.70 0.16 101.4958.910.92

57 8.99 5.95 0.21 103.4864.071.29

58 9.14 6.96 0.28 105.2962.401.54

59 9.29 8.05 0.31 106.1364.381.19

60 9.45 6.03 0.31 105.9967.181.06

61 9.60 5.78 0.28 105.0872.981.30

62 9.74 5.36 0.24 104.3773.991.43

63 9.89 5.20 0.24 104.0572.881.30

64 10.04 5.87 0.24 104.0874.551.30

65 10.19 4.94 0.25 104.0974.991.38

66 10.34 5.11 0.25 104.0376.521.38

67 10.48 5.45 0.24 104.8073.731.45

68 10.64 6.29 0.31 106.0069.811.74

69 10.79 7.38 0.35 108.0759.661.43

70 10.94 11.90 0.43 109.1858.411.55

71 11.09 8.47 0.45 109.3964.991.10

72 11.15 4.36 0.44 108.2080.421.19

73 11.31 5.11 0.36 106.4292.720.92

74 11.46 4.27 0.27 105.0886.221.30

75 11.61 4.78 0.25 104.1384.131.88

76 11.77 4.94 0.25 104.2681.821.61

77 11.91 4.86 0.28 104.9079.502.27

78 12.07 5.78 0.30 105.7376.202.23

79 12.21 6.45 0.32 106.4670.402.31

80 12.36 7.29 0.33 108.2671.441.93

81 12.51 7.21 0.54 112.1675.722.55

82 12.65 9.30 1.08 118.5641.252.23

83 12.80 51.38 1.67 122.6428.402.87

84 12.95 63.53 1.94 124.1125.181.47

85 13.10 36.29 1.76 123.0827.440.96

86 13.26 31.93 1.19 120.5936.780.38

87 13.41 17.85 1.06 118.7150.980.38

88 13.53 4.86 1.36 120.9236.562.87

89 13.69 65.54 1.74 123.0533.882.81

90 13.85 37.55 2.10 124.9527.092.16

91 13.98 47.69 2.20 124.3132.601.26

92 14.14 35.79 1.66 122.9334.471.72

93 14.29 22.04 1.31 119.8343.461.66

94 14.50 11.57 0.92 116.6853.433.56

95 14.65 12.74 0.66 114.2257.302.02

96 14.80 13.16 0.64 113.4253.981.98
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:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

97 14.94 12.57 0.67 113.6050.092.02

98 15.09 16.51 0.65 113.7346.970.84

99 15.23 16.60 0.62 113.5844.100.19

100 15.38 15.42 0.59 112.8845.570.77

101 15.53 13.16 0.52 111.9745.980.81

102 15.69 14.16 0.45 112.0636.771.06

103 15.83 27.91 0.48 113.1934.310.97

104 15.98 21.12 0.68 115.2337.07-0.24

105 16.12 16.01 0.95 118.0830.631.39

106 16.28 55.74 1.14 120.0828.650.46

107 16.41 39.56 1.35 121.0628.59-0.73

108 16.57 22.97 1.36 121.0828.05-0.62

109 16.72 58.42 1.13 122.1917.68-0.39

110 16.87 112.73 1.32 123.3814.40-0.36

111 17.02 72.92 1.71 124.0315.22-0.63

112 17.17 58.17 1.52 122.8721.72-0.56

113 17.31 40.15 1.14 120.9422.82-0.45

114 17.46 48.61 0.87 119.6920.27-0.22

115 17.60 63.45 0.93 122.9014.21-0.12

116 17.80 129.91 2.10 125.9613.64-0.40

117 17.95 105.69 2.49 127.9014.48-0.57

118 18.10 87.50 2.42 127.5217.24-0.17

119 18.23 84.15 2.10 126.5116.580.08

120 18.39 97.56 1.65 125.7713.560.15

121 18.53 117.51 1.63 125.6711.67-0.12

122 18.68 115.08 1.86 126.4311.960.10

123 18.83 107.87 2.16 127.2513.630.39

124 18.98 104.85 2.37 128.3415.320.58

125 19.13 110.13 2.92 130.2014.340.73

126 19.26 166.12 3.79 133.555.992.32

127 19.41 514.20 4.56 135.273.69-0.29

128 19.56 398.11 4.50 135.662.320.07

129 19.71 357.21 3.78 134.882.850.04

130 19.86 385.54 3.68 134.472.800.75

131 20.00 374.56 3.92 134.733.310.36

132 20.14 322.01 4.32 134.985.14-0.15

133 20.29 240.71 4.71 134.758.14-0.03

134 20.44 179.28 4.54 134.0310.850.80

135 20.59 178.77 3.95 133.1010.124.94

136 20.73 230.66 3.20 132.707.270.84

137 20.89 280.36 3.34 133.095.260.12

138 21.07 312.46 3.89 133.844.751.47

139 21.21 310.61 3.98 134.284.370.63

140 21.35 339.19 3.79 133.763.812.40

141 21.50 327.63 3.03 132.692.98-0.47

142 21.65 320.92 2.48 131.452.260.22

143 21.79 334.25 2.36 131.092.130.01

144 21.93 320.59 2.67 130.692.31-0.02
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:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

145 22.08 280.02 2.19 129.732.21-0.14

146 22.23 290.75 1.57 128.561.941.30

147 22.32 286.14 1.79 128.661.681.64

148 22.54 311.37 2.20 130.562.600.06

149 22.69 305.67 3.17 132.974.490.61

150 22.81 266.19 4.65 130.963.960.08

151 22.96 242.72 0.00 127.081.920.36

152 23.09 282.96 0.00 87.36N/A4.06

153 23.24 502.38 0.00 87.36N/A12.80

154 23.40 696.16 0.00 87.36N/A1.33

Abbreviations

Depth:
qc:
fs:
u:
Fines content:
Unit weight:

Depth from free surface, at which CPT was performed (ft)
Measured cone resistance (tsf)
Sleeve friction resistance (tsf)
Pore pressure (tsf)
Percentage of fines in soil (%)
Bulk soil unit weight (pcf)
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:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data ::

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

1 2.26 0.14 0.00 0.14 1.00 0.091 0.086 1.10 2.0001.05 No1.10

2 2.41 0.15 0.00 0.15 1.00 0.091 0.086 1.10 2.0001.05 No1.10

3 2.56 0.15 0.00 0.15 1.00 0.091 0.086 1.10 2.0001.05 No1.10

4 2.70 0.16 0.00 0.16 1.00 0.091 0.086 1.10 2.0001.05 No1.10

5 2.85 0.17 0.00 0.17 1.00 0.091 0.086 1.10 2.0001.05 No1.10

6 3.00 0.18 0.00 0.18 1.00 0.091 0.086 1.10 2.0001.05 No1.10

7 3.15 0.19 0.00 0.19 1.00 0.091 0.086 1.10 2.0001.05 No1.10

8 3.30 0.20 0.00 0.20 1.00 0.091 0.086 1.10 2.0001.05 No1.10

9 3.44 0.21 0.00 0.21 1.00 0.091 0.086 1.10 2.0001.05 No1.10

10 3.65 0.22 0.00 0.22 1.00 0.091 0.086 1.10 2.0001.05 No1.10

11 3.78 0.23 0.00 0.23 1.00 0.091 0.086 1.10 2.0001.05 No1.10

12 3.92 0.24 0.00 0.24 1.00 0.091 0.086 1.10 2.0001.05 No1.10

13 4.08 0.25 0.00 0.25 1.00 0.091 0.086 1.10 2.0001.05 No1.10

14 4.24 0.25 0.00 0.25 1.00 0.091 0.086 1.10 2.0001.05 No1.10

15 4.39 0.26 0.00 0.26 1.00 0.091 0.086 1.10 2.0001.05 No1.10

16 4.55 0.27 0.00 0.27 1.00 0.091 0.086 1.10 2.0001.05 No1.10

17 4.70 0.28 0.00 0.28 0.99 0.091 0.086 1.10 2.0001.05 No1.10

18 4.84 0.29 0.00 0.29 0.99 0.090 0.086 1.10 2.0001.05 No1.10

19 5.00 0.30 0.00 0.30 0.99 0.090 0.086 1.10 2.0001.05 No1.10

20 5.16 0.31 0.00 0.31 0.99 0.090 0.086 1.10 2.0001.05 No1.10

21 5.31 0.32 0.00 0.32 0.99 0.090 0.086 1.09 2.0001.05 No1.10

22 5.47 0.32 0.00 0.32 0.99 0.090 0.086 1.09 2.0001.05 No1.10

23 5.62 0.33 0.00 0.33 0.99 0.090 0.086 1.08 2.0001.05 No1.10

24 5.77 0.34 0.00 0.34 0.99 0.090 0.086 1.08 2.0001.05 No1.10

25 5.92 0.35 0.00 0.35 0.99 0.090 0.086 1.07 2.0001.05 No1.10

26 6.08 0.36 0.00 0.36 0.99 0.090 0.086 1.07 2.0001.05 No1.10

27 6.23 0.36 0.00 0.36 0.99 0.090 0.085 1.07 2.0001.05 No1.10

28 6.38 0.37 0.00 0.37 0.99 0.090 0.085 1.06 2.0001.05 No1.10

29 6.53 0.38 0.00 0.38 0.99 0.090 0.085 1.06 2.0001.05 No1.10

30 6.84 0.40 0.00 0.40 0.99 0.090 0.085 1.05 2.0001.05 No1.10

31 6.99 0.40 0.00 0.40 0.99 0.090 0.085 1.05 2.0001.05 No1.10

32 7.13 0.41 0.00 0.41 0.99 0.090 0.085 1.05 2.0001.05 No1.10

33 7.29 0.42 0.00 0.42 0.99 0.090 0.085 1.05 2.0001.05 No1.10

34 7.43 0.43 0.00 0.43 0.99 0.090 0.085 1.05 2.0001.05 No1.10

35 7.59 0.43 0.00 0.43 0.99 0.090 0.085 1.05 2.0001.05 No1.10

36 7.74 0.44 0.00 0.44 0.99 0.090 0.085 1.04 2.0001.05 No1.10

37 7.89 0.45 0.00 0.45 0.99 0.090 0.085 1.04 2.0001.05 No1.10

38 8.04 0.46 0.00 0.46 0.98 0.090 0.085 1.04 2.0001.05 No1.10

39 8.19 0.46 0.00 0.46 0.98 0.090 0.085 1.04 2.0001.05 No1.10

40 8.34 0.47 0.00 0.47 0.98 0.090 0.085 1.04 2.0001.05 No1.10

41 8.49 0.48 0.00 0.48 0.98 0.089 0.085 1.04 2.0001.05 No1.10

42 8.65 0.49 0.00 0.49 0.98 0.089 0.085 1.04 2.0001.05 No1.10

43 8.80 0.49 0.00 0.49 0.98 0.089 0.085 1.03 2.0001.05 No1.10

44 8.95 0.50 0.00 0.50 0.98 0.089 0.085 1.03 2.0001.05 No1.10

45 9.11 0.51 0.00 0.51 0.98 0.089 0.085 1.03 2.0001.05 No1.10

46 9.26 0.51 0.00 0.51 0.98 0.089 0.085 1.03 2.0001.05 No1.10

47 9.41 0.52 0.00 0.52 0.98 0.089 0.085 1.03 2.0001.05 No1.10

48 9.56 0.53 0.00 0.53 0.98 0.089 0.085 1.03 2.0001.05 No1.10
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:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

49 9.71 0.54 0.00 0.54 0.98 0.089 0.085 1.03 2.0001.05 No1.10

50 9.87 0.54 0.00 0.54 0.98 0.089 0.084 1.03 2.0001.05 No1.10

51 10.11 0.56 0.00 0.55 0.98 0.090 0.085 1.03 0.0951.05 No1.10

52 10.26 0.56 0.01 0.55 0.98 0.090 0.086 1.03 0.0961.05 No1.10

53 10.40 0.57 0.01 0.56 0.98 0.091 0.086 1.03 0.0961.05 No1.10

54 10.55 0.58 0.02 0.56 0.98 0.092 0.087 1.03 0.0971.05 No1.10

55 10.69 0.58 0.02 0.56 0.98 0.092 0.087 1.03 0.0981.05 No1.10

56 10.84 0.59 0.03 0.57 0.98 0.093 0.088 1.03 0.0991.05 No1.10

57 10.99 0.60 0.03 0.57 0.97 0.094 0.089 1.03 0.0991.05 No1.10

58 11.14 0.61 0.04 0.57 0.97 0.094 0.089 1.03 0.1001.05 No1.10

59 11.29 0.62 0.04 0.58 0.97 0.095 0.090 1.03 0.1011.05 No1.10

60 11.45 0.62 0.05 0.58 0.97 0.095 0.091 1.03 0.1011.05 No1.10

61 11.60 0.63 0.05 0.58 0.97 0.096 0.091 1.03 0.1021.05 No1.10

62 11.74 0.64 0.05 0.58 0.97 0.097 0.092 1.03 0.1031.05 No1.10

63 11.89 0.65 0.06 0.59 0.97 0.097 0.092 1.03 0.1031.05 No1.10

64 12.04 0.65 0.06 0.59 0.97 0.098 0.093 1.03 0.1041.05 No1.10

65 12.19 0.66 0.07 0.59 0.97 0.098 0.093 1.03 0.1051.05 No1.10

66 12.34 0.67 0.07 0.60 0.97 0.099 0.094 1.03 0.1051.05 No1.10

67 12.48 0.68 0.08 0.60 0.97 0.100 0.094 1.03 0.1061.05 No1.10

68 12.64 0.69 0.08 0.60 0.97 0.100 0.095 1.03 0.1071.05 No1.10

69 12.79 0.69 0.09 0.61 0.97 0.101 0.096 1.03 0.1071.05 No1.10

70 12.94 0.70 0.09 0.61 0.97 0.101 0.096 1.03 0.1071.05 No1.10

71 13.09 0.71 0.10 0.61 0.97 0.102 0.097 1.03 0.1081.05 No1.10

72 13.15 0.71 0.10 0.62 0.97 0.102 0.097 1.02 0.1091.05 No1.10

73 13.31 0.72 0.10 0.62 0.97 0.103 0.097 1.02 0.1091.05 No1.10

74 13.46 0.73 0.11 0.62 0.97 0.103 0.098 1.02 0.1101.05 No1.10

75 13.61 0.74 0.11 0.63 0.97 0.104 0.098 1.02 0.1111.05 No1.10

76 13.77 0.75 0.12 0.63 0.97 0.104 0.099 1.02 0.1111.05 No1.10

77 13.91 0.75 0.12 0.63 0.96 0.105 0.099 1.02 0.1121.05 No1.10

78 14.07 0.76 0.13 0.64 0.96 0.105 0.100 1.02 0.1121.05 No1.10

79 14.21 0.77 0.13 0.64 0.96 0.106 0.100 1.02 0.1131.05 No1.10

80 14.36 0.78 0.14 0.64 0.96 0.106 0.101 1.02 0.1131.05 No1.10

81 14.51 0.79 0.14 0.65 0.96 0.107 0.101 1.02 0.1141.05 No1.10

82 14.65 0.79 0.15 0.65 0.96 0.107 0.102 1.02 0.1141.05 No1.10

83 14.80 0.80 0.15 0.65 0.96 0.107 0.102 1.04 0.1081.05 No1.10

84 14.95 0.81 0.15 0.66 0.96 0.108 0.102 1.04 0.1081.05 No1.10

85 15.10 0.82 0.16 0.66 0.96 0.108 0.103 1.03 0.1091.05 No1.10

86 15.26 0.83 0.16 0.67 0.96 0.109 0.103 1.03 0.1151.05 No1.10

87 15.41 0.84 0.17 0.67 0.96 0.109 0.104 1.03 0.1161.05 No1.10

88 15.53 0.85 0.17 0.68 0.96 0.109 0.104 1.02 0.1171.05 No1.10

89 15.69 0.86 0.18 0.68 0.96 0.110 0.104 1.04 0.1101.05 No1.10

90 15.85 0.87 0.18 0.69 0.96 0.110 0.105 1.03 0.1121.05 No1.10

91 15.98 0.88 0.19 0.69 0.96 0.111 0.105 1.03 0.1121.05 No1.10

92 16.14 0.89 0.19 0.69 0.96 0.111 0.105 1.03 0.1131.05 No1.10

93 16.29 0.89 0.20 0.70 0.96 0.111 0.106 1.02 0.1191.05 No1.10

94 16.50 0.91 0.20 0.70 0.95 0.112 0.106 1.02 0.1201.05 No1.10

95 16.65 0.92 0.21 0.71 0.95 0.112 0.106 1.02 0.1201.05 No1.10

96 16.80 0.92 0.21 0.71 0.95 0.113 0.107 1.02 0.1201.05 No1.10
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT2

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

97 16.94 0.93 0.22 0.72 0.95 0.113 0.107 1.02 0.1211.05 No1.10

98 17.09 0.94 0.22 0.72 0.95 0.113 0.107 1.02 0.1211.05 No1.10

99 17.23 0.95 0.23 0.72 0.95 0.114 0.108 1.02 0.1211.05 No1.10

100 17.38 0.96 0.23 0.73 0.95 0.114 0.108 1.02 0.1221.05 No1.10

101 17.53 0.97 0.24 0.73 0.95 0.114 0.108 1.02 0.1221.05 No1.10

102 17.69 0.97 0.24 0.73 0.95 0.115 0.109 1.02 0.1231.05 No1.10

103 17.83 0.98 0.24 0.74 0.95 0.115 0.109 1.02 0.1171.05 No1.10

104 17.98 0.99 0.25 0.74 0.95 0.115 0.109 1.02 0.1231.05 No1.10

105 18.12 1.00 0.25 0.75 0.95 0.116 0.110 1.02 0.1181.05 No1.10

106 18.28 1.01 0.26 0.75 0.95 0.116 0.110 1.03 0.1181.05 No1.10

107 18.41 1.02 0.26 0.75 0.95 0.116 0.110 1.02 0.1181.05 No1.10

108 18.57 1.03 0.27 0.76 0.95 0.116 0.110 1.02 0.1191.05 No1.10

109 18.72 1.04 0.27 0.76 0.95 0.117 0.111 1.03 0.1191.05 No1.10

110 18.87 1.05 0.28 0.77 0.95 0.117 0.111 1.04 0.1171.05 No1.10

111 19.02 1.05 0.28 0.77 0.94 0.117 0.111 1.03 0.1191.05 No1.10

112 19.17 1.06 0.29 0.78 0.94 0.118 0.111 1.03 0.1201.05 No1.10

113 19.31 1.07 0.29 0.78 0.94 0.118 0.112 1.02 0.1201.05 No1.10

114 19.46 1.08 0.30 0.79 0.94 0.118 0.112 1.02 0.1201.05 No1.10

115 19.60 1.09 0.30 0.79 0.94 0.118 0.112 1.03 0.1201.05 No1.10

116 19.80 1.10 0.31 0.80 0.94 0.119 0.112 1.04 0.1191.05 No1.10

117 19.95 1.11 0.31 0.80 0.94 0.119 0.113 1.03 0.1201.05 No1.10

118 20.10 1.12 0.31 0.81 0.94 0.119 0.113 1.03 0.1211.05 No1.10

119 20.23 1.13 0.32 0.81 0.94 0.119 0.113 1.03 0.1211.05 No1.10

120 20.39 1.14 0.32 0.82 0.94 0.119 0.113 1.03 0.1211.05 No1.10

121 20.53 1.15 0.33 0.82 0.94 0.120 0.113 1.03 0.1211.05 No1.10

122 20.68 1.16 0.33 0.82 0.94 0.120 0.114 1.03 0.1211.05 No1.10

123 20.83 1.17 0.34 0.83 0.94 0.120 0.114 1.03 0.1221.05 No1.10

124 20.98 1.18 0.34 0.83 0.94 0.120 0.114 1.03 0.1221.05 No1.10

125 21.13 1.19 0.35 0.84 0.94 0.120 0.114 1.03 0.1221.05 No1.10

126 21.26 1.20 0.35 0.84 0.94 0.121 0.114 1.05 0.1201.05 No1.10

127 21.41 1.21 0.36 0.85 0.93 0.121 0.114 1.07 0.1181.05 No1.10

128 21.56 1.22 0.36 0.85 0.93 0.121 0.115 1.06 0.1181.05 No1.10

129 21.71 1.23 0.37 0.86 0.93 0.121 0.115 1.06 0.1191.05 No1.10

130 21.86 1.24 0.37 0.87 0.93 0.121 0.115 1.06 0.1191.05 No1.10

131 22.00 1.24 0.37 0.87 0.93 0.121 0.115 1.06 0.1201.05 No1.10

132 22.14 1.25 0.38 0.88 0.93 0.121 0.115 1.06 0.1201.05 No1.10

133 22.29 1.26 0.38 0.88 0.93 0.122 0.115 1.05 0.1201.05 No1.10

134 22.44 1.27 0.39 0.89 0.93 0.122 0.115 1.04 0.1221.05 No1.10

135 22.59 1.28 0.39 0.89 0.93 0.122 0.116 1.04 0.1221.05 No1.10

136 22.73 1.29 0.40 0.90 0.93 0.122 0.116 1.05 0.1211.05 No1.10

137 22.89 1.30 0.40 0.90 0.93 0.122 0.116 1.05 0.1221.05 No1.10

138 23.07 1.32 0.41 0.91 0.93 0.122 0.116 1.05 0.1221.05 No1.10

139 23.21 1.33 0.41 0.91 0.93 0.122 0.116 1.04 0.1221.05 No1.10

140 23.35 1.34 0.42 0.92 0.93 0.122 0.116 1.04 0.1231.05 No1.10

141 23.50 1.35 0.42 0.92 0.93 0.123 0.116 1.04 0.1231.05 No1.10

142 23.65 1.36 0.43 0.93 0.92 0.123 0.116 1.04 0.1231.05 No1.10

143 23.79 1.36 0.43 0.93 0.92 0.123 0.117 1.04 0.1241.05 No1.10

144 23.93 1.37 0.43 0.94 0.92 0.123 0.117 1.04 0.1241.05 No1.10
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT2

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

145 24.08 1.38 0.44 0.94 0.92 0.123 0.117 1.03 0.1241.05 No1.10

146 24.23 1.39 0.44 0.95 0.92 0.123 0.117 1.03 0.1241.05 No1.10

147 24.32 1.40 0.45 0.95 0.92 0.123 0.117 1.03 0.1251.05 No1.10

148 24.54 1.41 0.45 0.96 0.92 0.123 0.117 1.03 0.1251.05 No1.10

149 24.69 1.42 0.46 0.96 0.92 0.124 0.117 1.03 0.1251.05 No1.10

150 24.81 1.43 0.46 0.97 0.92 0.124 0.117 1.03 0.1261.05 No1.10

151 24.96 1.44 0.47 0.97 0.92 0.124 0.117 1.02 0.1261.05 No1.10

152 25.09 1.45 0.47 0.98 0.92 0.124 0.118 1.02 0.1261.05 No1.10

153 25.24 1.45 0.48 0.98 0.92 0.124 0.118 1.02 0.1271.05 No1.10

154 25.40 1.46 0.48 0.98 0.92 0.124 0.118 1.02 0.1271.05 No1.10

Depth:
σv:
u0:
σv':
rd:
CSR:
MSF:
CSReq:
Kσ:
CSR*:

Depth from free surface, at which CPT was performed (ft)
Total overburden pressure at test point (tsf)
Water pressure at test point (tsf)
Effective overburden pressure based on GWT during earthquake (tsf)
Nonlinear shear mass factor
Cyclic Stress Ratio
Magnitude Scaling Factor
CSR adjusted for M=7.5
Effective overburden stress factor
CSR fully adjusted

Abbreviations
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT2

:: Cyclic Resistance Ratio (CRR) calculation data ::

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

1 148.10 -1.00 N/A 0.30 1.70 225.01 0.00 4.000 No No2.26 2.00225.01

2 159.67 4.51 1.20 0.26 1.70 263.80 0.01 4.000 No No2.41 2.00263.80

3 157.18 6.48 1.38 0.28 1.70 241.98 1.34 4.000 No No2.56 2.00243.32

4 152.79 8.41 1.53 0.26 1.70 251.81 10.55 4.000 No No2.70 2.00262.36

5 150.28 8.72 1.55 0.26 1.70 242.65 12.57 4.000 No No2.85 2.00255.22

6 141.11 9.25 1.58 0.27 1.70 229.86 16.21 4.000 No No3.00 2.00246.07

7 127.54 9.77 1.62 0.30 1.70 207.64 19.22 4.000 No No3.15 2.00226.86

8 110.97 10.54 1.66 0.33 1.70 177.21 23.01 4.000 No No3.30 2.00200.22

9 95.13 11.42 1.72 0.36 1.70 150.01 26.72 4.000 No No3.44 2.00176.73

10 86.38 11.88 1.74 0.39 1.70 131.29 27.44 4.000 No No3.65 2.00158.73

11 84.60 11.55 1.72 0.39 1.70 135.06 25.87 4.000 No No3.78 2.00160.94

12 83.79 11.39 1.72 0.38 1.70 141.39 25.55 4.000 No No3.92 2.00166.95

13 79.09 11.88 1.74 0.40 1.70 127.39 26.99 4.000 No No4.08 2.00154.38

14 70.68 12.95 1.80 0.41 1.70 112.44 30.90 4.000 No No4.24 2.00143.34

15 64.65 13.62 1.84 0.43 1.70 100.86 32.30 4.000 No No4.39 2.00133.16

16 62.61 13.42 1.83 0.44 1.70 98.30 30.94 4.000 No No4.55 2.00129.24

17 62.08 13.00 1.80 0.43 1.70 102.61 29.61 4.000 No No4.70 2.00132.22

18 58.67 13.22 1.82 0.44 1.70 98.30 30.02 4.000 No No4.84 2.00128.32

19 51.52 14.30 1.87 0.47 1.70 81.87 31.73 4.000 No No5.00 2.00113.61

20 43.25 15.83 1.95 0.49 1.70 68.14 34.04 4.000 No No5.16 2.00102.18

21 36.93 17.10 2.01 0.51 1.70 58.44 35.08 4.000 No No5.31 2.0093.53

22 32.32 18.21 2.05 0.53 1.70 51.44 35.63 4.000 No No5.47 2.0087.07

23 29.03 19.24 2.10 0.54 1.70 45.92 35.93 4.000 No No5.62 2.0081.84

24 26.63 20.33 2.14 0.55 1.70 42.55 36.52 4.000 No No5.77 2.0079.07

25 24.89 21.35 2.18 0.55 1.70 39.86 36.95 4.000 No No5.92 2.0076.81

26 23.61 22.14 2.21 0.56 1.70 37.57 37.07 4.000 No No6.08 2.0074.64

27 21.68 23.36 2.26 0.56 1.70 36.36 37.77 4.000 No No6.23 2.0074.13

28 19.22 25.14 2.33 0.58 1.70 30.57 37.16 4.000 No No6.38 2.0067.73

29 15.31 28.92 2.45 0.59 1.70 25.72 37.25 4.000 No No6.53 2.0062.97

30 12.91 32.06 2.55 0.63 1.70 17.51 35.29 4.000 No No6.84 2.0052.80

31 12.57 32.25 2.56 0.62 1.70 18.99 35.83 4.000 No No6.99 2.0054.82

32 13.21 30.92 2.52 0.60 1.70 24.10 37.28 4.000 No No7.13 2.0061.38

33 13.13 30.27 2.50 0.62 1.70 20.60 35.94 4.000 No No7.29 2.0056.54

34 11.82 31.21 2.53 0.62 1.70 18.58 35.48 4.000 No No7.43 2.0054.07

35 11.17 30.99 2.52 0.63 1.70 17.78 35.16 4.000 No No7.59 2.0052.94

36 11.31 30.17 2.50 0.63 1.70 17.51 34.87 4.000 No No7.74 2.0052.38

37 11.17 30.42 2.50 0.62 1.70 19.26 35.52 4.000 No No7.89 2.0054.78

38 10.39 32.20 2.56 0.63 1.70 17.10 35.18 4.000 No No8.04 2.0052.28

39 8.74 35.49 2.66 0.65 1.70 13.74 0.00 4.000 No Yes8.19 2.0013.74

40 7.41 38.74 2.75 0.66 1.70 11.31 0.00 4.000 No Yes8.34 2.0011.31

41 6.63 40.43 2.79 0.66 1.70 10.64 0.00 4.000 No Yes8.49 2.0010.64

42 5.62 43.79 2.88 0.66 1.70 9.96 0.00 4.000 No Yes8.65 2.009.96

43 4.37 50.09 3.03 0.68 1.70 6.46 0.00 4.000 No Yes8.80 2.006.46

44 3.14 60.27 3.26 0.69 1.70 4.58 0.00 4.000 No Yes8.95 2.004.58

45 3.06 61.91 3.29 0.70 1.70 4.04 0.00 4.000 No Yes9.11 2.004.04

46 4.51 50.51 3.04 0.69 1.70 6.06 0.00 4.000 No Yes9.26 2.006.06

47 6.83 40.36 2.79 0.65 1.70 11.58 0.00 4.000 No Yes9.41 2.0011.58

48 8.50 35.52 2.66 0.64 1.70 15.22 0.00 4.000 No Yes9.56 2.0015.22
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT2

:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

49 8.58 35.41 2.65 0.64 1.70 14.14 0.00 4.000 No Yes9.71 2.0014.14

50 6.99 40.18 2.79 0.65 1.70 11.98 0.00 4.000 No Yes9.87 2.0011.98

51 5.35 47.57 2.97 0.68 1.70 7.54 0.00 0.592 No Yes10.11 2.007.54

52 4.87 50.87 3.05 0.68 1.70 6.19 0.00 0.531 No Yes10.26 2.006.19

53 6.13 45.11 2.91 0.66 1.70 9.70 0.00 0.676 No Yes10.40 2.009.70

54 7.22 41.54 2.82 0.64 1.70 13.60 0.00 0.800 No Yes10.55 2.0013.60

55 7.10 43.29 2.87 0.66 1.70 11.45 0.00 0.781 No Yes10.69 2.0011.45

56 6.27 48.98 3.01 0.67 1.70 9.16 0.00 0.677 No Yes10.84 2.009.16

57 6.22 52.19 3.08 0.66 1.70 9.56 0.00 0.666 No Yes10.99 2.009.56

58 7.00 51.15 3.06 0.66 1.70 11.18 0.00 0.750 No Yes11.14 2.0011.18

59 7.03 52.38 3.08 0.65 1.70 12.93 0.00 0.747 No Yes11.29 2.0012.93

60 6.64 54.09 3.12 0.66 1.70 9.70 0.00 0.696 No Yes11.45 2.009.70

61 5.75 57.60 3.20 0.67 1.70 9.29 0.00 0.590 No Yes11.60 2.009.29

62 5.47 58.21 3.21 0.67 1.70 8.62 0.00 0.554 No Yes11.74 2.008.62

63 5.50 57.55 3.20 0.67 1.70 8.35 0.00 0.552 No Yes11.89 2.008.35

64 5.36 58.55 3.22 0.67 1.70 9.43 0.00 0.533 No Yes12.04 2.009.43

65 5.33 58.81 3.23 0.67 1.70 7.94 0.00 0.525 No Yes12.19 2.007.94

66 5.19 59.72 3.24 0.67 1.70 8.21 0.00 0.506 No Yes12.34 2.008.21

67 5.64 58.06 3.21 0.67 1.70 8.75 0.00 0.550 No Yes12.48 2.008.75

68 6.39 55.69 3.16 0.66 1.69 10.04 0.00 0.626 No Yes12.64 2.0010.04

69 8.54 49.45 3.02 0.65 1.67 11.65 0.00 0.851 No Yes12.79 2.0011.65

70 9.27 48.67 3.00 0.62 1.62 18.24 0.00 0.920 No Yes12.94 2.0018.24

71 8.26 52.75 3.09 0.65 1.65 13.16 0.00 0.807 No Yes13.09 2.0013.16

72 5.99 62.03 3.29 0.68 1.69 6.95 0.00 0.567 No Yes13.15 2.006.95

73 4.60 69.19 3.43 0.67 1.67 8.07 0.00 0.416 No Yes13.31 2.008.07

74 4.74 65.44 3.36 0.68 1.67 6.76 0.00 0.428 No Yes13.46 2.006.76

75 4.69 64.22 3.34 0.68 1.66 7.50 0.00 0.419 No Yes13.61 2.007.50

76 4.89 62.86 3.31 0.68 1.65 7.72 0.00 0.436 No Yes13.77 2.007.72

77 5.23 61.49 3.28 0.68 1.65 7.56 0.00 0.466 No Yes13.91 2.007.56

78 5.73 59.54 3.24 0.67 1.63 8.90 0.00 0.514 No Yes14.07 2.008.90

79 6.54 56.05 3.17 0.66 1.62 9.85 0.00 0.591 No Yes14.21 2.009.85

80 7.02 56.68 3.18 0.66 1.60 11.03 0.00 0.633 No Yes14.36 2.0011.03

81 7.97 59.25 3.23 0.66 1.59 10.86 0.00 0.722 No Yes14.51 2.0010.86

82 22.67 37.58 2.71 0.64 1.57 13.82 0.00 2.157 No Yes14.65 2.0013.82

83 41.44 28.71 2.45 0.46 1.38 66.89 50.84 0.175 No No14.80 1.62117.72

84 50.43 26.38 2.37 0.43 1.34 80.57 53.99 0.215 No No14.95 2.00134.56

85 43.93 28.02 2.43 0.51 1.42 48.55 44.46 0.131 No No15.10 1.2093.01

86 28.70 34.55 2.63 0.53 1.42 42.92 0.00 2.653 No Yes15.26 2.0042.92

87 18.23 43.95 2.88 0.59 1.48 24.93 0.00 1.647 No Yes15.41 2.0024.93

88 29.45 34.40 2.62 0.68 1.56 7.17 0.00 2.683 No Yes15.53 2.007.17

89 36.02 32.56 2.57 0.42 1.31 81.34 57.13 0.227 No No15.69 2.00138.46

90 50.29 27.77 2.42 0.51 1.39 49.15 44.54 0.133 No No15.85 1.1993.69

91 40.37 31.67 2.54 0.48 1.35 60.77 49.88 0.161 No No15.98 1.44110.65

92 35.20 32.97 2.58 0.52 1.38 46.59 45.38 0.130 No No16.14 1.1591.97

93 23.17 39.05 2.76 0.57 1.42 29.60 0.00 2.009 No Yes16.29 2.0029.60

94 15.48 45.52 2.92 0.63 1.46 15.99 0.00 1.305 No Yes16.50 2.0015.99

95 12.52 47.97 2.98 0.62 1.45 17.47 0.00 1.035 No Yes16.65 2.0017.47

96 12.85 45.87 2.93 0.62 1.44 17.94 0.00 1.056 No Yes16.80 2.0017.94
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:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

97 14.10 43.38 2.87 0.63 1.44 17.12 0.00 1.158 No Yes16.94 2.0017.12

98 15.24 41.35 2.82 0.60 1.42 22.10 0.00 1.248 No Yes17.09 2.0022.10

99 16.18 39.47 2.77 0.60 1.41 22.14 0.00 1.321 No Yes17.23 2.0022.14

100 15.07 40.44 2.79 0.61 1.41 20.57 0.00 1.217 No Yes17.38 2.0020.57

101 14.26 40.71 2.80 0.62 1.42 17.62 0.00 1.140 No Yes17.53 2.0017.62

102 18.42 34.55 2.63 0.62 1.41 18.85 0.00 1.483 No Yes17.69 2.0018.85

103 21.07 32.86 2.58 0.55 1.35 35.67 41.64 0.109 No No17.83 0.9377.31

104 21.69 34.76 2.63 0.58 1.37 27.35 0.00 1.736 No Yes17.98 2.0027.35

105 30.96 30.29 2.50 0.61 1.39 20.98 36.07 0.085 No No18.12 0.7157.05

106 37.11 28.88 2.45 0.46 1.27 67.12 50.99 0.176 No No18.28 1.49118.12

107 39.42 28.84 2.45 0.51 1.31 48.79 44.89 0.132 No No18.41 1.1293.68

108 40.31 28.45 2.44 0.58 1.35 29.22 38.26 0.097 No No18.57 0.8167.48

109 64.70 20.74 2.16 0.47 1.27 69.91 44.89 0.169 No No18.72 1.43114.80

110 81.35 18.15 2.05 0.35 1.19 127.07 55.01 0.571 No No18.87 2.00182.08

111 81.26 18.80 2.08 0.44 1.24 85.38 45.74 0.206 No No19.02 1.73131.12

112 57.07 23.81 2.28 0.46 1.25 68.77 48.17 0.173 No No19.17 1.45116.95

113 48.97 24.64 2.31 0.52 1.28 48.60 42.55 0.129 No No19.31 1.0791.15

114 50.73 22.72 2.24 0.49 1.26 57.98 43.80 0.145 No No19.46 1.21101.77

115 80.65 17.99 2.05 0.47 1.24 74.45 41.11 0.170 No No19.60 1.42115.56

116 99.68 17.54 2.03 0.33 1.16 142.67 57.05 1.123 No No19.80 2.00199.71

117 107.70 18.21 2.05 0.37 1.18 117.92 52.84 0.415 No No19.95 2.00170.76

118 92.44 20.39 2.15 0.40 1.19 98.74 52.55 0.277 No No20.10 2.00151.29

119 89.74 19.88 2.13 0.41 1.20 95.10 50.57 0.253 No No20.23 2.00145.67

120 99.74 17.47 2.02 0.39 1.18 108.98 48.45 0.310 No No20.39 2.00157.43

121 110.05 15.92 1.95 0.36 1.16 129.29 47.90 0.493 No No20.53 2.00177.19

122 113.49 16.17 1.96 0.36 1.16 126.49 48.23 0.460 No No20.68 2.00174.71

123 109.27 17.53 2.02 0.37 1.16 118.62 51.02 0.404 No No20.83 2.00169.65

124 107.63 18.88 2.08 0.37 1.16 115.07 53.83 0.397 No No20.98 2.00168.90

125 127.05 18.11 2.05 0.37 1.16 120.22 53.13 0.444 No No21.13 2.00173.35

126 263.50 11.01 1.69 0.32 1.13 177.89 26.70 1.420 No No21.26 2.00204.59

127 359.49 8.86 1.56 0.26 1.11 537.09 25.88 4.000 No No21.41 2.00562.97

128 423.17 7.53 1.46 0.26 1.10 415.01 7.56 4.000 No No21.56 2.00422.56

129 380.29 8.05 1.50 0.26 1.10 371.63 10.98 4.000 No No21.71 2.00382.61

130 372.45 7.99 1.50 0.26 1.10 400.32 11.13 4.000 No No21.86 2.00411.45

131 360.71 8.50 1.53 0.26 1.10 388.26 15.71 4.000 No No22.00 2.00403.97

132 312.43 10.23 1.65 0.26 1.09 333.18 32.95 4.000 No No22.14 2.00366.13

133 247.34 12.92 1.80 0.26 1.09 248.58 51.81 4.000 No No22.29 2.00300.38

134 199.62 15.24 1.92 0.28 1.10 185.57 56.78 4.000 No No22.44 2.00242.35

135 196.27 14.62 1.89 0.28 1.09 184.99 53.12 4.000 No No22.59 2.00238.11

136 229.96 12.16 1.76 0.26 1.09 236.91 43.29 4.000 No No22.73 2.00280.20

137 274.50 10.35 1.65 0.26 1.08 287.41 30.54 4.000 No No22.89 2.00317.96

138 301.15 9.87 1.62 0.26 1.08 319.61 27.69 4.000 No No23.07 2.00347.31

139 320.78 9.51 1.60 0.26 1.08 317.20 23.54 4.000 No No23.21 2.00340.74

140 325.82 8.98 1.57 0.26 1.08 345.79 19.24 4.000 No No23.35 2.00365.03

141 329.26 8.17 1.51 0.26 1.08 333.42 11.04 4.000 No No23.50 2.00344.46

142 327.60 7.47 1.46 0.26 1.07 326.04 5.85 4.000 No No23.65 2.00331.89

143 325.25 7.33 1.45 0.26 1.07 339.05 5.25 4.000 No No23.79 2.00344.30

144 311.62 7.51 1.46 0.26 1.07 324.70 6.10 4.000 No No23.93 2.00330.80
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:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

145 297.13 7.41 1.45 0.26 1.07 283.15 4.97 4.000 No No24.08 2.00288.12

146 285.65 7.14 1.43 0.26 1.07 293.52 3.78 4.000 No No24.23 2.00297.29

147 296.10 6.88 1.41 0.26 1.07 288.59 2.70 4.000 No No24.32 2.00291.29

148 301.07 7.80 1.48 0.26 1.06 313.31 7.77 4.000 No No24.54 2.00321.08

149 294.41 9.63 1.61 0.26 1.06 307.06 24.15 4.000 No No24.69 2.00331.21

150 271.53 9.12 1.58 0.26 1.06 267.04 16.98 4.000 No No24.81 2.00284.02

151 263.98 7.12 1.43 0.27 1.06 243.59 3.22 4.000 No No24.96 2.00246.80

152 342.77 -1.00 N/A 0.26 1.06 283.29 0.00 4.000 No No25.09 2.00283.29

153 429.38 -1.00 N/A 0.26 1.06 502.69 0.00 4.000 No No25.24 2.00502.69

154 631.64 -1.00 N/A 0.26 1.06 696.14 0.00 4.000 No No25.40 2.00696.14

Abbreviations
Depth:
qt:
FC:
Ic:
m:
CN:
qc1N:
∆qc1N:
qc1N,cs:
CRR7.5:
FS:

Depth from free surface, at which CPT was performed (ft)
Total cone resistance
Fines content (%)
Soil behavior type index
Stress exponent
Overburden correction factor
Normalized and adjusted cone resistance
Cone resistance correction factor due to fines
Normalized and adjusted cone resistance
Cyclic resistance ratio for Mw=7.5
Factor of safety against soil liquefaction
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:: Liquefaction Potential Index calculation data ::

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

2.26 2.00 0.00 9.66 0.15 0.00 2.41 2.00 0.00 9.63 0.15 0.00

2.56 2.00 0.00 9.61 0.15 0.00 2.70 2.00 0.00 9.59 0.14 0.00

2.85 2.00 0.00 9.57 0.15 0.00 3.00 2.00 0.00 9.54 0.15 0.00

3.15 2.00 0.00 9.52 0.15 0.00 3.30 2.00 0.00 9.50 0.15 0.00

3.44 2.00 0.00 9.48 0.14 0.00 3.65 2.00 0.00 9.44 0.21 0.00

3.78 2.00 0.00 9.42 0.14 0.00 3.92 2.00 0.00 9.40 0.13 0.00

4.08 2.00 0.00 9.38 0.16 0.00 4.24 2.00 0.00 9.35 0.16 0.00

4.39 2.00 0.00 9.33 0.15 0.00 4.55 2.00 0.00 9.31 0.15 0.00

4.70 2.00 0.00 9.28 0.15 0.00 4.84 2.00 0.00 9.26 0.14 0.00

5.00 2.00 0.00 9.24 0.17 0.00 5.16 2.00 0.00 9.21 0.16 0.00

5.31 2.00 0.00 9.19 0.15 0.00 5.47 2.00 0.00 9.17 0.16 0.00

5.62 2.00 0.00 9.14 0.15 0.00 5.77 2.00 0.00 9.12 0.15 0.00

5.92 2.00 0.00 9.10 0.15 0.00 6.08 2.00 0.00 9.07 0.15 0.00

6.23 2.00 0.00 9.05 0.15 0.00 6.38 2.00 0.00 9.03 0.15 0.00

6.53 2.00 0.00 9.00 0.15 0.00 6.84 2.00 0.00 8.96 0.31 0.00

6.99 2.00 0.00 8.93 0.15 0.00 7.13 2.00 0.00 8.91 0.14 0.00

7.29 2.00 0.00 8.89 0.15 0.00 7.43 2.00 0.00 8.87 0.14 0.00

7.59 2.00 0.00 8.84 0.16 0.00 7.74 2.00 0.00 8.82 0.15 0.00

7.89 2.00 0.00 8.80 0.15 0.00 8.04 2.00 0.00 8.77 0.15 0.00

8.19 2.00 0.00 8.75 0.15 0.00 8.34 2.00 0.00 8.73 0.15 0.00

8.49 2.00 0.00 8.71 0.15 0.00 8.65 2.00 0.00 8.68 0.15 0.00

8.80 2.00 0.00 8.66 0.15 0.00 8.95 2.00 0.00 8.64 0.15 0.00

9.11 2.00 0.00 8.61 0.15 0.00 9.26 2.00 0.00 8.59 0.15 0.00

9.41 2.00 0.00 8.57 0.16 0.00 9.56 2.00 0.00 8.54 0.15 0.00

9.71 2.00 0.00 8.52 0.15 0.00 9.87 2.00 0.00 8.50 0.15 0.00

10.11 2.00 0.00 8.46 0.24 0.00 10.26 2.00 0.00 8.44 0.15 0.00

10.40 2.00 0.00 8.42 0.14 0.00 10.55 2.00 0.00 8.39 0.15 0.00

10.69 2.00 0.00 8.37 0.14 0.00 10.84 2.00 0.00 8.35 0.15 0.00

10.99 2.00 0.00 8.32 0.15 0.00 11.14 2.00 0.00 8.30 0.15 0.00

11.29 2.00 0.00 8.28 0.15 0.00 11.45 2.00 0.00 8.26 0.15 0.00

11.60 2.00 0.00 8.23 0.15 0.00 11.74 2.00 0.00 8.21 0.15 0.00

11.89 2.00 0.00 8.19 0.15 0.00 12.04 2.00 0.00 8.17 0.14 0.00

12.19 2.00 0.00 8.14 0.15 0.00 12.34 2.00 0.00 8.12 0.15 0.00

12.48 2.00 0.00 8.10 0.15 0.00 12.64 2.00 0.00 8.07 0.16 0.00

12.79 2.00 0.00 8.05 0.15 0.00 12.94 2.00 0.00 8.03 0.15 0.00

13.09 2.00 0.00 8.00 0.15 0.00 13.15 2.00 0.00 8.00 0.06 0.00

13.31 2.00 0.00 7.97 0.16 0.00 13.46 2.00 0.00 7.95 0.15 0.00

13.61 2.00 0.00 7.93 0.15 0.00 13.77 2.00 0.00 7.90 0.15 0.00

13.91 2.00 0.00 7.88 0.15 0.00 14.07 2.00 0.00 7.86 0.15 0.00

14.21 2.00 0.00 7.83 0.15 0.00 14.36 2.00 0.00 7.81 0.14 0.00

14.51 2.00 0.00 7.79 0.15 0.00 14.65 2.00 0.00 7.77 0.14 0.00

14.80 1.62 0.00 7.74 0.15 0.00 14.95 2.00 0.00 7.72 0.15 0.00

15.10 1.20 0.00 7.70 0.15 0.00 15.26 2.00 0.00 7.68 0.15 0.00

15.41 2.00 0.00 7.65 0.15 0.00 15.53 2.00 0.00 7.63 0.12 0.00

15.69 2.00 0.00 7.61 0.16 0.00 15.85 1.19 0.00 7.58 0.16 0.00

15.98 1.44 0.00 7.56 0.14 0.00 16.14 1.15 0.00 7.54 0.15 0.00

16.29 2.00 0.00 7.52 0.15 0.00 16.50 2.00 0.00 7.49 0.21 0.00

16.65 2.00 0.00 7.46 0.15 0.00 16.80 2.00 0.00 7.44 0.15 0.00
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:: Liquefaction Potential Index calculation data :: (continued)

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

16.94 2.00 0.00 7.42 0.14 0.00 17.09 2.00 0.00 7.40 0.15 0.00

17.23 2.00 0.00 7.37 0.14 0.00 17.38 2.00 0.00 7.35 0.16 0.00

17.53 2.00 0.00 7.33 0.15 0.00 17.69 2.00 0.00 7.30 0.15 0.00

17.83 0.93 0.07 7.28 0.15 0.02 17.98 2.00 0.00 7.26 0.15 0.00

18.12 0.71 0.29 7.24 0.14 0.09 18.28 1.49 0.00 7.21 0.15 0.00

18.41 1.12 0.00 7.19 0.14 0.00 18.57 0.81 0.19 7.17 0.16 0.06

18.72 1.43 0.00 7.15 0.15 0.00 18.87 2.00 0.00 7.12 0.15 0.00

19.02 1.73 0.00 7.10 0.15 0.00 19.17 1.45 0.00 7.08 0.15 0.00

19.31 1.07 0.00 7.06 0.13 0.00 19.46 1.21 0.00 7.03 0.15 0.00

19.60 1.42 0.00 7.01 0.14 0.00 19.80 2.00 0.00 6.98 0.19 0.00

19.95 2.00 0.00 6.96 0.15 0.00 20.10 2.00 0.00 6.94 0.15 0.00

20.23 2.00 0.00 6.92 0.13 0.00 20.39 2.00 0.00 6.89 0.16 0.00

20.53 2.00 0.00 6.87 0.14 0.00 20.68 2.00 0.00 6.85 0.15 0.00

20.83 2.00 0.00 6.83 0.15 0.00 20.98 2.00 0.00 6.80 0.15 0.00

21.13 2.00 0.00 6.78 0.15 0.00 21.26 2.00 0.00 6.76 0.13 0.00

21.41 2.00 0.00 6.74 0.15 0.00 21.56 2.00 0.00 6.71 0.15 0.00

21.71 2.00 0.00 6.69 0.15 0.00 21.86 2.00 0.00 6.67 0.15 0.00

22.00 2.00 0.00 6.65 0.13 0.00 22.14 2.00 0.00 6.63 0.14 0.00

22.29 2.00 0.00 6.60 0.15 0.00 22.44 2.00 0.00 6.58 0.15 0.00

22.59 2.00 0.00 6.56 0.15 0.00 22.73 2.00 0.00 6.54 0.14 0.00

22.89 2.00 0.00 6.51 0.16 0.00 23.07 2.00 0.00 6.48 0.18 0.00

23.21 2.00 0.00 6.46 0.14 0.00 23.35 2.00 0.00 6.44 0.14 0.00

23.50 2.00 0.00 6.42 0.15 0.00 23.65 2.00 0.00 6.40 0.15 0.00

23.79 2.00 0.00 6.37 0.14 0.00 23.93 2.00 0.00 6.35 0.14 0.00

24.08 2.00 0.00 6.33 0.15 0.00 24.23 2.00 0.00 6.31 0.15 0.00

24.32 2.00 0.00 6.29 0.09 0.00 24.54 2.00 0.00 6.26 0.21 0.00

24.69 2.00 0.00 6.24 0.15 0.00 24.81 2.00 0.00 6.22 0.13 0.00

24.96 2.00 0.00 6.20 0.15 0.00 25.09 2.00 0.00 6.18 0.13 0.00

25.24 2.00 0.00 6.15 0.15 0.00 25.40 2.00 0.00 6.13 0.17 0.00

Abbreviations

Overall liquefaction potential: 0.18

LPI = 0.00 - Liquefaction risk very low
LPI between 0.00 and 5.00 - Liquefaction risk low
LPI between 5.00 and 15.00 - Liquefaction risk high
LPI > 15.00 - Liquefaction risk very high

FS:
FL:
wz:
dz:
LPI:

Calculated factor of safety for test point
1 - FS
Function value of the extend of soil liquefaction according to depth
Layer thickness (ft)
Liquefaction potential index value for test point
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qt:
Ic:
FS:
Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index
Calculated Factor of Safety against liquefaction
Post-liquefaction volumentric strain
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::  Post-earthquake settlement due to soil liquefaction ::

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

10.11 7.54 2.00 0.00 0.001.00 10.26 6.19 2.00 0.00 0.001.00

10.40 9.70 2.00 0.00 0.001.00 10.55 13.60 2.00 0.00 0.001.00

10.69 11.45 2.00 0.00 0.001.00 10.84 9.16 2.00 0.00 0.001.00

10.99 9.56 2.00 0.00 0.001.00 11.14 11.18 2.00 0.00 0.001.00

11.29 12.93 2.00 0.00 0.001.00 11.45 9.70 2.00 0.00 0.001.00

11.60 9.29 2.00 0.00 0.001.00 11.74 8.62 2.00 0.00 0.001.00

11.89 8.35 2.00 0.00 0.001.00 12.04 9.43 2.00 0.00 0.001.00

12.19 7.94 2.00 0.00 0.001.00 12.34 8.21 2.00 0.00 0.001.00

12.48 8.75 2.00 0.00 0.001.00 12.64 10.04 2.00 0.00 0.001.00

12.79 11.65 2.00 0.00 0.001.00 12.94 18.24 2.00 0.00 0.001.00

13.09 13.16 2.00 0.00 0.001.00 13.15 6.95 2.00 0.00 0.001.00

13.31 8.07 2.00 0.00 0.001.00 13.46 6.76 2.00 0.00 0.001.00

13.61 7.50 2.00 0.00 0.001.00 13.77 7.72 2.00 0.00 0.001.00

13.91 7.56 2.00 0.00 0.001.00 14.07 8.90 2.00 0.00 0.001.00

14.21 9.85 2.00 0.00 0.001.00 14.36 11.03 2.00 0.00 0.001.00

14.51 10.86 2.00 0.00 0.001.00 14.65 13.82 2.00 0.00 0.001.00

14.80 117.72 1.62 0.17 0.001.00 14.95 134.56 2.00 0.00 0.001.00

15.10 93.01 1.20 0.53 0.011.00 15.26 42.92 2.00 0.00 0.001.00

15.41 24.93 2.00 0.00 0.001.00 15.53 7.17 2.00 0.00 0.001.00

15.69 138.46 2.00 0.00 0.001.00 15.85 93.69 1.19 0.56 0.011.00

15.98 110.65 1.44 0.29 0.001.00 16.14 91.97 1.15 0.63 0.011.00

16.29 29.60 2.00 0.00 0.001.00 16.50 15.99 2.00 0.00 0.001.00

16.65 17.47 2.00 0.00 0.001.00 16.80 17.94 2.00 0.00 0.001.00

16.94 17.12 2.00 0.00 0.001.00 17.09 22.10 2.00 0.00 0.001.00

17.23 22.14 2.00 0.00 0.001.00 17.38 20.57 2.00 0.00 0.001.00

17.53 17.62 2.00 0.00 0.001.00 17.69 18.85 2.00 0.00 0.001.00

17.83 77.31 0.93 4.14 0.071.00 17.98 27.35 2.00 0.00 0.001.00

18.12 57.05 0.71 5.47 0.091.00 18.28 118.12 1.49 0.26 0.001.00

18.41 93.68 1.12 0.76 0.011.00 18.57 67.48 0.81 4.71 0.091.00

18.72 114.80 1.43 0.31 0.011.00 18.87 182.08 2.00 0.00 0.001.00

19.02 131.12 1.73 0.12 0.001.00 19.17 116.95 1.45 0.29 0.011.00

19.31 91.15 1.07 0.97 0.021.00 19.46 101.77 1.21 0.56 0.011.00

19.60 115.56 1.42 0.32 0.011.00 19.80 199.71 2.00 0.00 0.001.00

19.95 170.76 2.00 0.00 0.001.00 20.10 151.29 2.00 0.00 0.001.00

20.23 145.67 2.00 0.00 0.001.00 20.39 157.43 2.00 0.00 0.001.00

20.53 177.19 2.00 0.00 0.001.00 20.68 174.71 2.00 0.00 0.001.00

20.83 169.65 2.00 0.00 0.001.00 20.98 168.90 2.00 0.00 0.001.00

21.13 173.35 2.00 0.00 0.001.00 21.26 204.59 2.00 0.00 0.001.00

21.41 562.97 2.00 0.00 0.001.00 21.56 422.56 2.00 0.00 0.001.00

21.71 382.61 2.00 0.00 0.001.00 21.86 411.45 2.00 0.00 0.001.00

22.00 403.97 2.00 0.00 0.001.00 22.14 366.13 2.00 0.00 0.001.00

22.29 300.38 2.00 0.00 0.001.00 22.44 242.35 2.00 0.00 0.001.00

22.59 238.11 2.00 0.00 0.001.00 22.73 280.20 2.00 0.00 0.001.00

22.89 317.96 2.00 0.00 0.001.00 23.07 347.31 2.00 0.00 0.001.00

23.21 340.74 2.00 0.00 0.001.00 23.35 365.03 2.00 0.00 0.001.00

23.50 344.46 2.00 0.00 0.001.00 23.65 331.89 2.00 0.00 0.001.00

23.79 344.30 2.00 0.00 0.001.00 23.93 330.80 2.00 0.00 0.001.00

24.08 288.12 2.00 0.00 0.001.00 24.23 297.29 2.00 0.00 0.001.00
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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

24.32 291.29 2.00 0.00 0.001.00 24.54 321.08 2.00 0.00 0.001.00

24.69 331.21 2.00 0.00 0.001.00 24.81 284.02 2.00 0.00 0.001.00

24.96 246.80 2.00 0.00 0.001.00 25.09 283.29 2.00 0.00 0.001.00

25.24 502.69 2.00 0.00 0.001.00 25.40 696.14 2.00 0.00 0.001.00

Total estimated settlement: 0.36

Abbreviations
Qtn,cs:
FS:
ev (%):
DF:
Settlement:

Equivalent clean sand normalized cone resistance
Factor of safety against liquefaction
Post-liquefaction volumentric strain
ev depth weighting factor
Calculated settlement
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qt: Total cone resistance (cone resistance qc corrected for pore water effects)
Ic: Soil Behaviour Type Index
qc1N,cs: Equivalent clean sand normalized CPT total cone resistance

F.S.: Factor of safety
γmax: Maximum cyclic shear strain
LDI: Lateral displacement index

Abbreviations
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:: Lateral displacement index calculation ::

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

10.11 7.54 0.00 2.00 0.00 0.00 0.00

10.26 6.19 0.00 2.00 0.00 0.00 0.00

10.40 9.70 0.00 2.00 0.00 0.00 0.00

10.55 13.60 0.00 2.00 0.00 0.00 0.00

10.69 11.45 0.00 2.00 0.00 0.00 0.00

10.84 9.16 0.00 2.00 0.00 0.00 0.00

10.99 9.56 0.00 2.00 0.00 0.00 0.00

11.14 11.18 0.00 2.00 0.00 0.00 0.00

11.29 12.93 0.00 2.00 0.00 0.00 0.00

11.45 9.70 0.00 2.00 0.00 0.00 0.00

11.60 9.29 0.00 2.00 0.00 0.00 0.00

11.74 8.62 0.00 2.00 0.00 0.00 0.00

11.89 8.35 0.00 2.00 0.00 0.00 0.00

12.04 9.43 0.00 2.00 0.00 0.00 0.00

12.19 7.94 0.00 2.00 0.00 0.00 0.00

12.34 8.21 0.00 2.00 0.00 0.00 0.00

12.48 8.75 0.00 2.00 0.00 0.00 0.00

12.64 10.04 0.00 2.00 0.00 0.00 0.00

12.79 11.65 0.00 2.00 0.00 0.00 0.00

12.94 18.24 0.00 2.00 0.00 0.00 0.00

13.09 13.16 0.00 2.00 0.00 0.00 0.00

13.15 6.95 0.00 2.00 0.00 0.00 0.00

13.31 8.07 0.00 2.00 0.00 0.00 0.00

13.46 6.76 0.00 2.00 0.00 0.00 0.00

13.61 7.50 0.00 2.00 0.00 0.00 0.00

13.77 7.72 0.00 2.00 0.00 0.00 0.00

13.91 7.56 0.00 2.00 0.00 0.00 0.00

14.07 8.90 0.00 2.00 0.00 0.00 0.00

14.21 9.85 0.00 2.00 0.00 0.00 0.00

14.36 11.03 0.00 2.00 0.00 0.00 0.00

14.51 10.86 0.00 2.00 0.00 0.00 0.00

14.65 13.82 0.00 2.00 0.00 0.00 0.00

14.80 117.72 0.21 1.62 0.63 0.00 0.01

14.95 134.56 0.14 2.00 0.44 0.00 0.00

15.10 93.01 0.37 1.20 0.85 0.01 0.02

15.26 42.92 0.00 2.00 0.00 0.00 0.00

15.41 24.93 0.00 2.00 0.00 0.00 0.00

15.53 7.17 0.00 2.00 0.00 0.00 0.00

15.69 138.46 0.12 2.00 0.39 0.00 0.00

15.85 93.69 0.36 1.19 0.84 0.01 0.02

15.98 110.65 0.24 1.44 0.70 0.01 0.01

16.14 91.97 0.37 1.15 0.85 0.01 0.03

16.29 29.60 0.00 2.00 0.00 0.00 0.00

16.50 15.99 0.00 2.00 0.00 0.00 0.00

16.65 17.47 0.00 2.00 0.00 0.00 0.00

16.80 17.94 0.00 2.00 0.00 0.00 0.00

16.94 17.12 0.00 2.00 0.00 0.00 0.00

17.09 22.10 0.00 2.00 0.00 0.00 0.00
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:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

17.23 22.14 0.00 2.00 0.00 0.00 0.00

17.38 20.57 0.00 2.00 0.00 0.00 0.00

17.53 17.62 0.00 2.00 0.00 0.00 0.00

17.69 18.85 0.00 2.00 0.00 0.00 0.00

17.83 77.31 0.53 0.93 0.93 0.53 0.93

17.98 27.35 0.00 2.00 0.00 0.00 0.00

18.12 57.05 0.86 0.71 0.94 0.86 1.47

18.28 118.12 0.20 1.49 0.62 0.01 0.01

18.41 93.68 0.36 1.12 0.84 0.02 0.03

18.57 67.48 0.66 0.81 0.94 0.66 1.24

18.72 114.80 0.22 1.43 0.66 0.01 0.02

18.87 182.08 0.04 2.00 -0.19 0.00 0.00

19.02 131.12 0.15 1.73 0.48 0.00 0.01

19.17 116.95 0.21 1.45 0.64 0.01 0.02

19.31 91.15 0.38 1.07 0.86 0.02 0.03

19.46 101.77 0.30 1.21 0.78 0.01 0.03

19.60 115.56 0.22 1.42 0.65 0.01 0.02

19.80 199.71 0.02 2.00 -0.45 0.00 0.00

19.95 170.76 0.05 2.00 -0.03 0.00 0.00

20.10 151.29 0.09 2.00 0.23 0.00 0.00

20.23 145.67 0.10 2.00 0.30 0.00 0.00

20.39 157.43 0.08 2.00 0.15 0.00 0.00

20.53 177.19 0.04 2.00 -0.12 0.00 0.00

20.68 174.71 0.05 2.00 -0.09 0.00 0.00

20.83 169.65 0.06 2.00 -0.02 0.00 0.00

20.98 168.90 0.06 2.00 -0.01 0.00 0.00

21.13 173.35 0.05 2.00 -0.07 0.00 0.00

21.26 204.59 0.02 2.00 -0.52 0.00 0.00

21.41 562.97 0.00 2.00 -6.19 0.00 0.00

21.56 422.56 0.00 2.00 -3.97 0.00 0.00

21.71 382.61 0.00 2.00 -3.33 0.00 0.00

21.86 411.45 0.00 2.00 -3.79 0.00 0.00

22.00 403.97 0.00 2.00 -3.67 0.00 0.00

22.14 366.13 0.00 2.00 -3.06 0.00 0.00

22.29 300.38 0.00 2.00 -2.01 0.00 0.00

22.44 242.35 0.00 2.00 -1.09 0.00 0.00

22.59 238.11 0.00 2.00 -1.03 0.00 0.00

22.73 280.20 0.00 2.00 -1.69 0.00 0.00

22.89 317.96 0.00 2.00 -2.29 0.00 0.00

23.07 347.31 0.00 2.00 -2.76 0.00 0.00

23.21 340.74 0.00 2.00 -2.66 0.00 0.00

23.35 365.03 0.00 2.00 -3.05 0.00 0.00

23.50 344.46 0.00 2.00 -2.72 0.00 0.00

23.65 331.89 0.00 2.00 -2.51 0.00 0.00

23.79 344.30 0.00 2.00 -2.71 0.00 0.00

23.93 330.80 0.00 2.00 -2.50 0.00 0.00

24.08 288.12 0.00 2.00 -1.81 0.00 0.00

24.23 297.29 0.00 2.00 -1.96 0.00 0.00
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:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

24.32 291.29 0.00 2.00 -1.87 0.00 0.00

24.54 321.08 0.00 2.00 -2.34 0.00 0.00

24.69 331.21 0.00 2.00 -2.50 0.00 0.00

24.81 284.02 0.00 2.00 -1.75 0.00 0.00

24.96 246.80 0.00 2.00 -1.16 0.00 0.00

25.09 283.29 0.00 2.00 -1.74 0.00 0.00

25.24 502.69 0.00 2.00 -5.24 0.00 0.00

25.40 696.14 0.00 2.00 -8.24 0.00 0.00

Depth:
qc1N,cs:
Gammalim:
FS:
Fa:
Gammamax:
Lat. disp.:

Depth of test point
Adjusted and corrected cone resistance due to fines
Limiting shear strain
Calculated factor of safety against liquefaction
 
Maximum cyclic shear strain
Lateral displacement

Abbreviations

Total estimated displacement: 3.90
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:: Strength loss calculation  Idriss & Boulanger (2008) ::

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

2.26 148.10 1.00 237.93 -1.00 0.96 0.96237.93

2.41 159.67 1.00 256.50 1.20 0.97 0.97256.50

2.56 157.18 1.00 252.49 1.38 0.97 0.97252.49

2.70 152.79 1.00 245.42 1.53 0.96 0.96245.42

2.85 150.28 1.00 241.37 1.55 0.96 0.96241.37

3.00 141.11 1.00 226.63 1.58 0.95 0.95226.63

3.15 127.54 1.00 204.80 1.62 0.93 0.93204.80

3.30 110.97 1.01 180.62 1.66 0.63 0.91178.17

3.44 95.13 1.05 160.26 1.72 0.32 0.89152.71

3.65 86.38 1.07 147.92 1.74 0.22 0.87138.64

3.78 84.60 1.05 143.16 1.72 0.24 0.87135.75

3.92 83.79 1.05 140.94 1.72 0.27 0.87134.44

4.08 79.09 1.07 135.42 1.74 0.21 0.86126.88

4.24 70.68 1.11 125.63 1.80 0.17 0.85113.35

4.39 64.65 1.14 117.66 1.84 0.15 0.83103.64

4.55 62.61 1.13 113.10 1.83 0.14 0.83100.35

4.70 62.08 1.11 110.44 1.80 0.15 0.8399.49

4.84 58.67 1.12 105.20 1.82 0.14 0.8294.00

5.00 51.52 1.16 96.01 1.87 0.11 0.8082.49

5.16 43.25 1.24 85.54 1.95 0.10 0.7869.19

5.31 36.93 1.31 77.17 2.01 0.08 0.7659.03

5.47 32.32 1.38 71.14 2.05 0.08 0.7451.61

5.62 29.03 1.45 67.26 2.10 0.07 0.7246.31

5.77 26.63 1.54 65.30 2.14 0.07 0.7142.43

5.92 24.89 1.63 64.57 2.18 0.07 0.7039.64

6.08 23.61 1.70 64.01 2.21 0.06 0.7037.56

6.23 21.68 1.83 63.07 2.26 0.06 0.6934.45

6.38 19.22 2.03 62.03 2.33 0.06 0.6730.49

6.53 15.31 2.55 61.69 2.45 0.06 0.6424.19

6.84 12.91 3.06 62.06 2.55 0.05 0.6220.30

6.99 12.57 3.09 61.04 2.56 0.05 0.6219.75

7.13 13.21 2.86 59.51 2.52 0.06 0.6320.77

7.29 13.13 2.76 56.92 2.50 0.05 0.6320.62

7.43 11.82 2.91 53.90 2.53 0.05 0.6118.50

7.59 11.17 2.88 50.23 2.52 0.05 0.6117.46

7.74 11.31 2.74 48.47 2.50 0.05 0.6117.67

7.89 11.17 2.78 48.52 2.50 0.05 0.6117.43

8.04 10.39 3.08 49.79 2.56 0.05 0.6016.16

8.19 8.74 3.69 49.80 2.66 0.05 1.7713.51

8.34 7.41 4.35 49.35 2.75 0.05 1.4611.34

8.49 6.63 4.72 47.58 2.79 0.05 1.2710.08

8.65 5.62 5.50 46.49 2.88 0.05 1.048.45

8.80 4.37 7.11 45.69 3.03 0.05 0.786.42

8.95 3.14 10.05 44.65 3.26 0.06 0.534.44

9.11 3.06 10.56 45.42 3.29 0.06 0.504.30

9.26 4.51 7.23 47.84 3.04 0.05 0.766.62

9.41 6.83 4.70 48.59 2.79 0.05 1.1610.33

9.56 8.50 3.69 48.01 2.66 0.05 1.4313.00
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:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

9.71 8.58 3.67 48.19 2.65 0.05 1.4213.13

9.87 6.99 4.66 49.25 2.79 0.05 1.1210.56

10.11 5.35 6.45 50.91 2.97 0.05 0.827.90

10.26 4.87 7.32 52.19 3.05 0.05 0.747.13

10.40 6.13 5.82 53.18 2.91 0.05 0.949.13

10.55 7.22 4.97 54.03 2.82 0.06 1.1110.87

10.69 7.10 5.38 57.43 2.87 0.06 1.0810.68

10.84 6.27 6.81 63.54 3.01 0.06 0.949.32

10.99 6.22 7.68 70.94 3.08 0.06 0.929.23

11.14 7.00 7.40 77.52 3.06 0.06 1.0410.48

11.29 7.03 7.74 81.30 3.08 0.06 1.0410.51

11.45 6.64 8.22 81.10 3.12 0.06 0.979.86

11.60 5.75 9.25 77.82 3.20 0.06 0.828.42

11.74 5.47 9.43 75.02 3.21 0.06 0.777.96

11.89 5.50 9.23 73.75 3.20 0.06 0.777.99

12.04 5.36 9.53 73.89 3.22 0.06 0.747.75

12.19 5.33 9.61 73.95 3.23 0.06 0.737.70

12.34 5.19 9.88 73.75 3.24 0.06 0.707.46

12.48 5.64 9.38 76.64 3.21 0.06 0.768.17

12.64 6.39 8.68 81.34 3.16 0.06 0.879.37

12.79 8.54 6.94 88.90 3.02 0.06 1.1812.81

12.94 9.27 6.73 93.99 3.00 0.07 1.2813.96

13.09 8.26 7.84 96.70 3.09 0.06 1.1212.33

13.15 5.99 10.60 92.03 3.29 0.06 0.798.68

13.31 4.60 12.90 82.93 3.43 0.07 0.586.43

13.46 4.74 11.67 77.58 3.36 0.06 0.596.65

13.61 4.69 11.28 73.89 3.34 0.06 0.586.55

13.77 4.89 10.86 74.43 3.31 0.06 0.616.86

13.91 5.23 10.43 77.02 3.28 0.06 0.657.39

14.07 5.73 9.83 80.44 3.24 0.06 0.718.19

14.21 6.54 8.79 83.24 3.17 0.06 0.829.47

14.36 7.02 8.97 91.75 3.18 0.06 0.8810.23

14.51 7.97 9.74 114.33 3.23 0.07 1.0011.74

14.65 22.67 4.11 145.13 2.71 0.05 3.0035.34

14.80 41.44 2.52 164.89 2.45 0.11 0.7765.48

14.95 50.43 2.19 175.17 2.37 0.13 0.8079.91

15.10 43.93 2.42 167.92 2.43 0.09 0.7869.46

15.26 28.70 3.51 157.75 2.63 0.09 3.6844.98

15.41 18.23 5.54 155.91 2.88 0.07 2.2928.14

15.53 29.45 3.48 160.56 2.62 0.04 3.7346.15

15.69 36.02 3.14 178.23 2.57 0.14 0.7556.70

15.85 50.29 2.38 185.14 2.42 0.09 0.7977.74

15.98 40.37 2.99 190.36 2.54 0.11 0.7763.65

16.14 35.20 3.22 177.93 2.58 0.09 0.7555.33

16.29 23.17 4.42 158.94 2.76 0.07 2.7935.98

16.50 15.48 5.92 139.93 2.92 0.06 1.8123.62

16.65 12.52 6.55 123.45 2.98 0.07 1.4418.85

16.80 12.85 6.01 116.42 2.93 0.06 1.4719.37
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:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

16.94 14.10 5.40 115.40 2.87 0.06 1.6121.36

17.09 15.24 4.93 114.22 2.82 0.07 1.7323.18

17.23 16.18 4.51 111.26 2.77 0.06 1.8424.68

17.38 15.07 4.72 108.01 2.79 0.06 1.6922.87

17.53 14.26 4.78 102.82 2.80 0.06 1.5821.50

17.69 18.42 3.51 94.70 2.63 0.06 2.0627.01

17.83 21.07 3.20 97.77 2.58 0.07 0.6730.58

17.98 21.69 3.55 112.38 2.63 0.07 2.4131.69

18.12 30.96 2.76 122.34 2.50 0.05 0.7244.29

18.28 37.11 2.54 133.70 2.45 0.11 0.7452.54

18.41 39.42 2.54 141.03 2.45 0.09 0.7555.57

18.57 40.31 2.48 139.85 2.44 0.06 0.7556.37

18.72 64.70 1.57 135.38 2.16 0.11 0.8186.00

18.87 81.35 1.37 145.25 2.05 0.23 0.84105.69

19.02 81.26 1.42 150.03 2.08 0.13 0.84105.65

19.17 57.07 1.88 143.29 2.28 0.11 0.7976.20

19.31 48.97 1.98 128.91 2.31 0.08 0.7765.27

19.46 50.73 1.76 117.19 2.24 0.09 0.7766.47

19.60 80.65 1.36 139.61 2.05 0.11 0.83102.37

19.80 99.68 1.33 167.62 2.03 0.31 0.86125.61

19.95 107.70 1.38 187.27 2.05 0.20 0.87135.84

20.10 92.44 1.54 181.75 2.15 0.15 0.85117.67

20.23 89.74 1.50 170.22 2.13 0.15 0.84113.31

20.39 99.74 1.33 164.05 2.02 0.17 0.86123.35

20.53 110.05 1.24 166.50 1.95 0.23 0.87134.12

20.68 113.49 1.25 173.10 1.96 0.22 0.87138.00

20.83 109.27 1.33 178.09 2.02 0.20 0.87133.52

20.98 107.63 1.43 188.31 2.08 0.19 0.87132.08

21.13 127.05 1.37 212.05 2.05 0.21 0.89154.63

21.26 263.50 1.03 314.38 1.69 0.66 1.00304.27

21.41 359.49 1.00 405.93 1.56 1.05 1.05405.93

21.56 423.17 1.00 470.02 1.46 1.07 1.07470.02

21.71 380.29 1.00 423.15 1.50 1.05 1.05423.15

21.86 372.45 1.00 412.78 1.50 1.05 1.05412.78

22.00 360.71 1.00 400.48 1.53 1.04 1.04400.48

22.14 312.43 1.00 351.03 1.65 1.02 1.02350.79

22.29 247.34 1.11 312.12 1.80 0.98 0.98281.91

22.44 199.62 1.21 277.25 1.92 0.95 0.95229.72

22.59 196.27 1.18 263.96 1.89 0.95 0.95224.06

22.73 229.96 1.08 277.72 1.76 0.97 0.97257.70

22.89 274.50 1.01 304.56 1.65 1.00 1.00302.88

23.07 301.15 1.00 329.88 1.62 1.01 1.01329.88

23.21 320.78 1.00 349.45 1.60 1.02 1.02349.45

23.35 325.82 1.00 352.50 1.57 1.02 1.02352.50

23.50 329.26 1.00 352.99 1.51 1.02 1.02352.99

23.65 327.60 1.00 348.29 1.46 1.02 1.02348.29

23.79 325.25 1.00 344.53 1.45 1.02 1.02344.53

23.93 311.62 1.00 329.66 1.46 1.01 1.01329.66
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:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

24.08 297.13 1.00 313.18 1.45 1.00 1.00313.18

24.23 285.65 1.00 299.62 1.43 0.99 0.99299.62

24.32 296.10 1.00 309.55 1.41 1.00 1.00309.55

24.54 301.07 1.00 315.61 1.48 1.00 1.00315.61

24.69 294.41 1.00 311.12 1.61 1.00 1.00311.12

24.81 271.53 1.00 285.29 1.58 0.99 0.99285.29

24.96 263.98 1.00 273.25 1.43 0.98 0.98273.25

25.09 342.77 1.00 401.49 -1.00 1.04 1.04401.49

25.24 429.38 1.00 502.23 -1.00 1.08 1.08502.23

25.40 631.64 1.00 737.71 -1.00 1.16 1.16737.71

qt:
Kc:
Qtn,cs:
Ic:
Su(liq)/σ'v:
Su(peak)/σ'v:

Total cone resistance
Cone resistance correction factor due to fines
Adjusted and corrected cone resistance due to fines
Soil behavior type index
Calculated liquefied undrained strength ratio
Calculated peak undrained strength ratio

Abbreviations
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : Location : 

F&ME Consultants, Inc.
3112 Devine Street
Columbia, SC
(803) 254-4540

CPT file : CPT3

8.50 ft
10.50 ft
3
2.60
Based on SBT

Use fill:
Fill height:
Fill weight:
Trans. detect. applied:
Kσ applied:

Yes
2.00 ft
125.00 lb/ft3
No
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sand & Clay
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N/A
Method based
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Friction Ratio

Mw=71/2, sigma'=1 atm base curve Summary of liquefaction potential
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Factor of safety
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FS Plot

During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading
Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground
geometry
Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Cone resistance
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Friction Ratio Pore pressure
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SBT Plot Soil Behaviour Type

SBT (Robertson et al. 1986)
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Soil Behaviour Type
Sand & silty sand

Silty sand & sandy silt

Clay & silty clay

Silty sand & sandy silt

Sand & silty sand

Silty sand & sandy silt
Clay & silty clay

Clay & silty clay
Clay & silty clay

Clay

Sensitive f ine grained

Silty sand & sandy silt
Clay & silty clay

Sand & silty sand

Silty sand & sandy silt

Silty sand & sandy silt

Sand & silty sand
Silty sand & sandy silt

Sand & silty sand
Sand
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14
8.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.50 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A

SBT legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained
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Norm. cone resistance
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Norm. friction ratio Nom. pore pressure ratio
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Nom. pore pressure ratio SBTn Plot

Ic (Robertson 1990)
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SBTn legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14
8.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.50 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A
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Norm. cone resistance
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Norm. cone resistance
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SBTn Index Apparent fines content
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Apparent fines content "Fines" adjustment

Delta qc1N
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"Fines" adjustment Corrected norm. cone resistance
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14
8.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.50 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A
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CRR plot
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CRR plot

During earthq.

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s
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FS Plot

During earthq.
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LPI Vertical settlements
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14
8.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.50 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no liq. are equally likely

Unlike to liquefy

Almost certain it will not liquefy

Very high risk

High risk

Low risk



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT3

Norm. cone resistance
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Norm. cone resistance
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Residual strength correctionCorrected norm. cone resistance
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14
8.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.50 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT3

:: Field input data ::

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

1 0.27 129.12 0.00 114.900.840.39

2 0.46 127.95 1.12 123.736.24-0.06

3 0.66 110.91 1.57 124.387.86-0.08

4 0.85 102.09 1.58 124.859.770.02

5 0.97 98.23 1.54 124.3010.880.12

6 1.14 82.03 1.37 123.3711.83-0.01

7 1.28 73.04 1.19 122.1812.13-0.01

8 1.43 77.16 1.03 121.2511.460.05

9 1.57 77.83 0.96 120.0010.580.00

10 1.71 68.09 0.71 118.5511.16-0.03

11 1.86 52.98 0.63 117.0414.43-0.03

12 1.95 33.08 0.70 116.2319.710.00

13 2.11 30.31 0.68 115.3026.590.03

14 2.24 22.08 0.58 114.1428.880.05

15 2.36 21.91 0.49 113.0130.010.13

16 2.48 23.42 0.48 112.4229.430.06

17 2.62 21.24 0.46 111.8829.880.07

18 2.75 19.14 0.41 111.0928.190.09

19 2.87 24.35 0.33 111.3820.980.18

20 3.00 42.15 0.40 112.2916.550.16

21 3.14 42.06 0.46 112.6515.610.14

22 3.27 31.40 0.37 111.6017.040.13

23 3.42 29.13 0.28 109.6415.670.29

24 3.55 38.87 0.21 107.7312.700.17

25 3.69 38.20 0.16 106.585.000.10

26 3.85 39.38 0.17 106.555.000.10

27 3.97 42.90 0.20 107.845.000.09

28 4.12 48.61 0.24 109.649.160.10

29 4.25 51.88 0.32 111.919.430.12

30 4.40 56.08 0.45 113.8911.270.10

31 4.53 46.68 0.56 114.7914.560.11

32 4.68 33.33 0.55 114.2718.650.05

33 4.82 29.80 0.45 112.8019.200.16

34 4.96 36.27 0.32 111.4417.260.11

35 5.10 34.93 0.32 110.7018.020.05

36 5.33 22.92 0.36 110.7623.690.01

37 5.47 17.21 0.41 110.5133.450.00

38 5.60 13.43 0.41 110.2442.210.01

39 5.75 10.83 0.42 109.8849.770.05

40 5.89 9.65 0.43 109.5054.620.13

41 6.03 9.40 0.40 109.1054.750.12

42 6.15 10.16 0.36 108.9045.650.19

43 6.30 16.04 0.32 110.0525.880.29

44 6.44 40.80 0.34 111.2120.080.30

45 6.58 31.74 0.43 112.5120.220.11

46 6.73 21.58 0.51 112.7128.82-0.06

47 6.87 16.29 0.52 112.1438.95-0.05

48 7.00 12.26 0.48 111.1346.06-0.14
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT3

:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

49 7.15 11.17 0.42 109.5150.55-0.11

50 7.28 9.49 0.31 106.8452.54-0.14

51 7.43 6.88 0.16 102.6856.72-0.15

52 7.55 4.28 0.09 97.7962.93-0.14

53 7.71 3.53 0.07 95.6665.75-0.10

54 7.84 4.95 0.09 96.3263.86-0.08

55 7.98 5.12 0.10 97.3561.280.00

56 8.13 4.87 0.11 97.6161.320.03

57 8.26 5.12 0.10 97.8761.100.05

58 8.41 5.37 0.11 99.0759.020.07

59 8.68 6.38 0.15 99.9457.440.19

60 8.83 6.38 0.14 100.4456.360.27

61 8.96 6.21 0.14 100.8156.760.28

62 9.11 6.55 0.17 101.6758.040.27

63 9.23 6.63 0.19 102.0558.940.26

64 9.38 6.21 0.16 101.0161.950.33

65 9.51 4.62 0.12 98.9064.470.35

66 9.66 4.37 0.09 96.9566.490.31

67 9.79 4.53 0.09 96.0965.680.31

68 9.93 4.37 0.09 96.0065.910.30

69 10.07 4.28 0.09 95.7466.470.28

70 10.21 4.28 0.08 95.1165.540.29

71 10.35 4.28 0.07 94.0761.430.28

72 10.48 4.79 0.05 92.8157.570.29

73 10.63 4.70 0.05 91.7957.030.27

74 10.77 3.95 0.05 91.1558.510.26

75 10.91 4.11 0.04 89.7659.220.24

76 11.06 3.95 0.03 87.3655.840.25

77 11.18 3.78 0.01 87.3649.580.26

78 11.33 3.95 0.00 87.3643.350.28

79 11.46 4.45 0.00 87.3642.010.29

80 11.61 4.20 0.01 87.3649.060.29

81 11.67 3.19 0.02 93.5246.000.29

82 11.94 11.08 0.13 103.4724.370.40

83 12.13 38.45 0.30 109.3517.490.39

84 12.28 44.33 0.41 111.5315.450.15

85 12.40 33.08 0.35 110.2917.820.01

86 12.59 19.65 0.19 107.5523.69-0.10

87 12.74 13.18 0.20 104.8927.050.02

88 12.91 18.47 0.17 106.3721.940.15

89 13.07 35.93 0.26 111.3011.780.21

90 13.23 88.49 0.53 116.826.470.26

91 13.41 146.84 0.85 121.283.750.23

92 13.56 200.82 1.19 124.452.650.26

93 13.73 234.91 1.56 126.532.310.29

94 13.90 247.76 1.78 127.732.410.32

95 14.06 244.40 1.89 128.142.460.35

96 14.23 250.36 1.82 128.382.370.34
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:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

97 14.39 267.48 1.92 128.642.370.43

98 14.57 257.41 2.06 128.752.690.40

99 14.72 230.96 1.95 128.413.360.36

100 14.88 204.18 1.82 127.703.760.34

101 15.19 203.76 1.67 128.113.390.31

102 15.37 272.94 2.14 129.262.810.64

103 15.52 299.22 2.50 130.782.410.83

104 15.69 319.29 2.77 131.482.190.68

105 15.86 337.92 2.70 131.571.980.70

106 16.01 328.60 2.52 131.371.840.67

107 16.18 324.24 2.55 131.361.980.62

108 16.34 322.81 2.73 131.782.360.74

109 16.47 316.01 3.02 132.302.901.06

110 16.59 303.17 3.21 132.583.461.10

111 16.71 289.06 3.19 132.513.920.97

112 16.84 275.29 3.07 132.174.220.92

113 16.96 262.36 2.94 131.674.430.79

114 17.09 248.68 2.72 130.944.500.76

115 17.23 236.50 2.39 130.034.410.70

116 17.35 226.43 2.10 129.074.160.64

117 17.47 223.41 1.91 128.393.770.59

118 17.59 233.31 1.83 128.103.390.58

119 17.72 240.37 1.85 128.013.190.66

120 17.84 233.40 1.81 128.023.490.63

121 17.96 214.51 1.88 127.243.760.58

122 18.08 193.10 1.41 125.893.880.53

123 18.21 178.74 1.08 124.053.890.43

124 18.27 157.17 1.03 122.774.030.42

125 18.45 151.21 0.92 122.594.970.34

126 18.54 135.93 1.10 123.416.520.33

127 18.65 123.50 1.48 124.808.990.32

128 18.75 115.19 1.79 125.9511.350.31

129 18.84 108.98 1.97 126.1713.710.32

130 18.95 86.39 1.85 125.5915.840.47

131 19.05 74.97 1.61 124.5616.630.88

132 19.15 84.21 1.42 123.6614.872.46

133 19.27 94.45 1.24 122.8912.781.79

134 19.36 92.02 1.10 122.2712.141.18

135 19.46 84.54 1.11 122.1613.331.25

136 19.57 76.32 1.26 122.3914.911.78

137 19.66 75.81 1.29 122.0415.631.56

138 19.76 72.29 1.00 120.9316.290.98

139 19.88 56.59 0.86 119.5318.641.15

140 19.97 41.89 0.91 119.4222.421.64

141 20.09 47.02 1.11 120.2722.914.81

142 20.18 60.87 1.18 121.3321.051.98

143 20.29 63.22 1.24 122.0220.681.44

144 20.40 56.75 1.39 122.3222.652.34
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:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

145 20.50 50.46 1.42 122.4223.793.45

146 20.61 57.17 1.35 122.4321.043.41

147 20.70 75.39 1.25 122.6815.755.09

148 20.81 101.42 1.23 123.0512.290.62

149 20.91 108.56 1.29 123.3410.780.83

150 21.02 106.20 1.27 123.6011.231.20

151 21.13 98.31 1.38 124.1013.171.26

152 21.22 85.38 1.68 124.5615.912.37

153 21.44 76.65 1.72 125.1418.131.52

154 21.53 82.11 1.89 126.2016.862.79

155 21.65 116.53 2.26 127.0515.172.18

156 21.74 114.94 2.16 127.2314.740.26

157 21.84 92.69 1.98 126.6816.780.44

158 21.96 77.74 2.05 126.2317.942.70

159 22.06 93.70 1.94 126.0016.057.40

160 22.17 112.42 1.65 125.5612.110.66

161 22.26 131.48 1.43 125.199.070.93

162 22.38 151.29 1.45 125.567.400.90

163 22.48 168.50 1.68 127.247.560.91

164 22.60 172.87 2.44 129.038.950.88

165 22.69 160.19 2.96 130.3810.720.84

166 22.81 157.33 3.17 131.4211.621.21

167 22.90 181.01 3.70 132.9010.593.02

168 23.02 242.89 4.55 133.929.173.99

169 23.11 252.71 4.22 131.605.474.32

170 23.22 258.42 0.00 126.850.311.89

171 23.33 452.10 0.00 87.36N/A6.14

172 23.50 667.79 0.00 87.36N/A3.42

173 23.60 714.80 0.00 87.36N/A1.96

Abbreviations

Depth:
qc:
fs:
u:
Fines content:
Unit weight:

Depth from free surface, at which CPT was performed (ft)
Measured cone resistance (tsf)
Sleeve friction resistance (tsf)
Pore pressure (tsf)
Percentage of fines in soil (%)
Bulk soil unit weight (pcf)
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:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data ::

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

1 2.27 0.14 0.00 0.14 1.00 0.091 0.086 1.10 2.0001.05 No1.10

2 2.46 0.15 0.00 0.15 1.00 0.091 0.086 1.10 2.0001.05 No1.10

3 2.65 0.16 0.00 0.16 1.00 0.091 0.086 1.10 2.0001.05 No1.10

4 2.85 0.18 0.00 0.18 1.00 0.091 0.086 1.10 2.0001.05 No1.10

5 2.98 0.18 0.00 0.18 1.00 0.091 0.086 1.10 2.0001.05 No1.10

6 3.13 0.19 0.00 0.19 1.00 0.091 0.086 1.10 2.0001.05 No1.10

7 3.28 0.20 0.00 0.20 1.00 0.091 0.086 1.10 2.0001.05 No1.10

8 3.43 0.21 0.00 0.21 1.00 0.091 0.086 1.10 2.0001.05 No1.10

9 3.57 0.22 0.00 0.22 1.00 0.091 0.086 1.10 2.0001.05 No1.10

10 3.71 0.23 0.00 0.23 1.00 0.091 0.086 1.10 2.0001.05 No1.10

11 3.86 0.24 0.00 0.24 1.00 0.091 0.086 1.10 2.0001.05 No1.10

12 3.95 0.24 0.00 0.24 1.00 0.091 0.086 1.10 2.0001.05 No1.10

13 4.11 0.25 0.00 0.25 1.00 0.091 0.086 1.10 2.0001.05 No1.10

14 4.24 0.26 0.00 0.26 1.00 0.091 0.086 1.09 2.0001.05 No1.10

15 4.36 0.27 0.00 0.27 1.00 0.091 0.086 1.09 2.0001.05 No1.10

16 4.48 0.27 0.00 0.27 1.00 0.091 0.086 1.09 2.0001.05 No1.10

17 4.62 0.28 0.00 0.28 0.99 0.091 0.086 1.08 2.0001.05 No1.10

18 4.75 0.29 0.00 0.29 0.99 0.090 0.086 1.08 2.0001.05 No1.10

19 4.87 0.29 0.00 0.29 0.99 0.090 0.086 1.08 2.0001.05 No1.10

20 5.00 0.30 0.00 0.30 0.99 0.090 0.086 1.10 2.0001.05 No1.10

21 5.14 0.31 0.00 0.31 0.99 0.090 0.086 1.10 2.0001.05 No1.10

22 5.27 0.32 0.00 0.32 0.99 0.090 0.086 1.09 2.0001.05 No1.10

23 5.42 0.33 0.00 0.33 0.99 0.090 0.086 1.08 2.0001.05 No1.10

24 5.55 0.33 0.00 0.33 0.99 0.090 0.086 1.09 2.0001.05 No1.10

25 5.69 0.34 0.00 0.34 0.99 0.090 0.086 1.09 2.0001.05 No1.10

26 5.84 0.35 0.00 0.35 0.99 0.090 0.086 1.09 2.0001.05 No1.10

27 5.97 0.35 0.00 0.35 0.99 0.090 0.086 1.09 2.0001.05 No1.10

28 6.12 0.36 0.00 0.36 0.99 0.090 0.085 1.10 2.0001.05 No1.10

29 6.25 0.37 0.00 0.37 0.99 0.090 0.085 1.10 2.0001.05 No1.10

30 6.40 0.38 0.00 0.38 0.99 0.090 0.085 1.10 2.0001.05 No1.10

31 6.53 0.39 0.00 0.39 0.99 0.090 0.085 1.09 2.0001.05 No1.10

32 6.68 0.40 0.00 0.40 0.99 0.090 0.085 1.07 2.0001.05 No1.10

33 6.82 0.40 0.00 0.40 0.99 0.090 0.085 1.07 2.0001.05 No1.10

34 6.96 0.41 0.00 0.41 0.99 0.090 0.085 1.07 2.0001.05 No1.10

35 7.10 0.42 0.00 0.42 0.99 0.090 0.085 1.07 2.0001.05 No1.10

36 7.33 0.43 0.00 0.43 0.99 0.090 0.085 1.06 2.0001.05 No1.10

37 7.47 0.44 0.00 0.44 0.99 0.090 0.085 1.05 2.0001.05 No1.10

38 7.60 0.45 0.00 0.45 0.99 0.090 0.085 1.05 2.0001.05 No1.10

39 7.75 0.45 0.00 0.45 0.99 0.090 0.085 1.04 2.0001.05 No1.10

40 7.89 0.46 0.00 0.46 0.99 0.090 0.085 1.04 2.0001.05 No1.10

41 8.03 0.47 0.00 0.47 0.98 0.090 0.085 1.04 2.0001.05 No1.10

42 8.15 0.48 0.00 0.48 0.98 0.090 0.085 1.04 2.0001.05 No1.10

43 8.30 0.48 0.00 0.48 0.98 0.090 0.085 1.04 2.0001.05 No1.10

44 8.44 0.49 0.00 0.49 0.98 0.089 0.085 1.06 2.0001.05 No1.10

45 8.58 0.50 0.00 0.50 0.98 0.089 0.085 1.05 2.0001.05 No1.10

46 8.73 0.51 0.00 0.51 0.98 0.089 0.085 1.05 2.0001.05 No1.10

47 8.87 0.52 0.00 0.52 0.98 0.089 0.085 1.04 2.0001.05 No1.10

48 9.00 0.52 0.00 0.52 0.98 0.089 0.085 1.04 2.0001.05 No1.10
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:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

49 9.15 0.53 0.00 0.53 0.98 0.089 0.085 1.04 2.0001.05 No1.10

50 9.28 0.54 0.00 0.54 0.98 0.089 0.085 1.03 2.0001.05 No1.10

51 9.43 0.55 0.00 0.55 0.98 0.089 0.085 1.03 2.0001.05 No1.10

52 9.55 0.55 0.00 0.55 0.98 0.089 0.085 1.03 2.0001.05 No1.10

53 9.71 0.56 0.00 0.56 0.98 0.089 0.085 1.03 2.0001.05 No1.10

54 9.84 0.57 0.00 0.57 0.98 0.089 0.084 1.03 2.0001.05 No1.10

55 9.98 0.57 0.00 0.57 0.98 0.089 0.084 1.03 2.0001.05 No1.10

56 10.13 0.58 0.00 0.58 0.98 0.089 0.084 1.03 2.0001.05 No1.10

57 10.26 0.59 0.00 0.59 0.98 0.089 0.084 1.03 2.0001.05 No1.10

58 10.41 0.59 0.00 0.59 0.98 0.089 0.084 1.03 2.0001.05 No1.10

59 10.68 0.61 0.01 0.60 0.98 0.090 0.085 1.03 0.0951.05 No1.10

60 10.83 0.62 0.01 0.60 0.98 0.090 0.086 1.03 0.0961.05 No1.10

61 10.96 0.62 0.01 0.61 0.98 0.091 0.086 1.03 0.0971.05 No1.10

62 11.11 0.63 0.02 0.61 0.97 0.091 0.087 1.03 0.0971.05 No1.10

63 11.23 0.64 0.02 0.61 0.97 0.092 0.087 1.02 0.0981.05 No1.10

64 11.38 0.64 0.03 0.62 0.97 0.093 0.088 1.02 0.0991.05 No1.10

65 11.51 0.65 0.03 0.62 0.97 0.093 0.088 1.02 0.0991.05 No1.10

66 11.66 0.66 0.04 0.62 0.97 0.094 0.089 1.02 0.1001.05 No1.10

67 11.79 0.66 0.04 0.62 0.97 0.094 0.089 1.02 0.1001.05 No1.10

68 11.93 0.67 0.04 0.63 0.97 0.095 0.090 1.02 0.1011.05 No1.10

69 12.07 0.68 0.05 0.63 0.97 0.095 0.090 1.02 0.1021.05 No1.10

70 12.21 0.68 0.05 0.63 0.97 0.096 0.091 1.02 0.1021.05 No1.10

71 12.35 0.69 0.06 0.63 0.97 0.096 0.091 1.02 0.1031.05 No1.10

72 12.48 0.70 0.06 0.63 0.97 0.097 0.092 1.02 0.1031.05 No1.10

73 12.63 0.70 0.07 0.64 0.97 0.097 0.092 1.02 0.1041.05 No1.10

74 12.77 0.71 0.07 0.64 0.97 0.098 0.093 1.02 0.1051.05 No1.10

75 12.91 0.72 0.08 0.64 0.97 0.098 0.093 1.02 0.1051.05 No1.10

76 13.06 0.72 0.08 0.64 0.97 0.099 0.094 1.02 0.1061.05 No1.10

77 13.18 0.73 0.08 0.64 0.97 0.099 0.094 1.02 0.1061.05 No1.10

78 13.33 0.73 0.09 0.65 0.97 0.100 0.095 1.02 0.1071.05 No1.10

79 13.46 0.74 0.09 0.65 0.97 0.100 0.095 1.02 0.1071.05 No1.10

80 13.61 0.75 0.10 0.65 0.97 0.101 0.096 1.02 0.1081.05 No1.10

81 13.67 0.75 0.10 0.65 0.97 0.101 0.096 1.02 0.1081.05 No1.10

82 13.94 0.76 0.11 0.66 0.96 0.102 0.097 1.02 0.1041.05 No1.10

83 14.13 0.77 0.11 0.66 0.96 0.103 0.097 1.03 0.1041.05 No1.10

84 14.28 0.78 0.12 0.66 0.96 0.103 0.098 1.04 0.1041.05 No1.10

85 14.40 0.79 0.12 0.67 0.96 0.104 0.098 1.03 0.1051.05 No1.10

86 14.59 0.80 0.13 0.67 0.96 0.104 0.099 1.03 0.1061.05 No1.10

87 14.74 0.81 0.13 0.67 0.96 0.105 0.099 1.02 0.1071.05 No1.10

88 14.91 0.82 0.14 0.68 0.96 0.105 0.100 1.03 0.1071.05 No1.10

89 15.07 0.82 0.14 0.68 0.96 0.106 0.100 1.03 0.1071.05 No1.10

90 15.23 0.83 0.15 0.69 0.96 0.106 0.101 1.05 0.1051.05 No1.10

91 15.41 0.84 0.15 0.69 0.96 0.107 0.101 1.08 0.1031.05 No1.10

92 15.56 0.85 0.16 0.70 0.96 0.107 0.101 1.10 0.1011.05 No1.10

93 15.73 0.86 0.16 0.70 0.96 0.107 0.102 1.10 0.1021.05 No1.10

94 15.90 0.88 0.17 0.71 0.96 0.108 0.102 1.10 0.1021.05 No1.10

95 16.06 0.89 0.17 0.71 0.96 0.108 0.103 1.10 0.1031.05 No1.10

96 16.23 0.90 0.18 0.72 0.96 0.109 0.103 1.10 0.1031.05 No1.10
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:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

97 16.39 0.91 0.18 0.72 0.96 0.109 0.103 1.10 0.1031.05 No1.10

98 16.57 0.92 0.19 0.73 0.95 0.109 0.104 1.10 0.1041.05 No1.10

99 16.72 0.93 0.19 0.73 0.95 0.110 0.104 1.10 0.1041.05 No1.10

100 16.88 0.94 0.20 0.74 0.95 0.110 0.104 1.10 0.1041.05 No1.10

101 17.19 0.96 0.21 0.75 0.95 0.111 0.105 1.10 0.1051.05 No1.10

102 17.37 0.97 0.21 0.76 0.95 0.111 0.105 1.10 0.1051.05 No1.10

103 17.52 0.98 0.22 0.76 0.95 0.111 0.106 1.10 0.1061.05 No1.10

104 17.69 0.99 0.22 0.77 0.95 0.112 0.106 1.10 0.1061.05 No1.10

105 17.86 1.00 0.23 0.77 0.95 0.112 0.106 1.09 0.1071.05 No1.10

106 18.01 1.01 0.23 0.78 0.95 0.112 0.107 1.09 0.1071.05 No1.10

107 18.18 1.02 0.24 0.78 0.95 0.113 0.107 1.09 0.1081.05 No1.10

108 18.34 1.03 0.24 0.79 0.95 0.113 0.107 1.09 0.1081.05 No1.10

109 18.47 1.04 0.25 0.79 0.95 0.113 0.107 1.09 0.1091.05 No1.10

110 18.59 1.05 0.25 0.80 0.95 0.113 0.108 1.08 0.1091.05 No1.10

111 18.71 1.06 0.26 0.80 0.95 0.114 0.108 1.08 0.1091.05 No1.10

112 18.84 1.07 0.26 0.81 0.95 0.114 0.108 1.08 0.1101.05 No1.10

113 18.96 1.07 0.26 0.81 0.94 0.114 0.108 1.08 0.1101.05 No1.10

114 19.09 1.08 0.27 0.81 0.94 0.114 0.108 1.08 0.1101.05 No1.10

115 19.23 1.09 0.27 0.82 0.94 0.114 0.109 1.08 0.1111.05 No1.10

116 19.35 1.10 0.28 0.82 0.94 0.115 0.109 1.08 0.1111.05 No1.10

117 19.47 1.11 0.28 0.83 0.94 0.115 0.109 1.07 0.1121.05 No1.10

118 19.59 1.12 0.28 0.83 0.94 0.115 0.109 1.07 0.1121.05 No1.10

119 19.72 1.12 0.29 0.84 0.94 0.115 0.109 1.07 0.1121.05 No1.10

120 19.84 1.13 0.29 0.84 0.94 0.115 0.109 1.07 0.1131.05 No1.10

121 19.96 1.14 0.30 0.84 0.94 0.116 0.110 1.07 0.1131.05 No1.10

122 20.08 1.15 0.30 0.85 0.94 0.116 0.110 1.06 0.1141.05 No1.10

123 20.21 1.15 0.30 0.85 0.94 0.116 0.110 1.05 0.1151.05 No1.10

124 20.27 1.16 0.30 0.85 0.94 0.116 0.110 1.04 0.1161.05 No1.10

125 20.45 1.17 0.31 0.86 0.94 0.116 0.110 1.04 0.1171.05 No1.10

126 20.54 1.17 0.31 0.86 0.94 0.116 0.110 1.03 0.1181.05 No1.10

127 20.65 1.18 0.32 0.86 0.94 0.117 0.111 1.03 0.1181.05 No1.10

128 20.75 1.19 0.32 0.87 0.94 0.117 0.111 1.03 0.1191.05 No1.10

129 20.84 1.19 0.32 0.87 0.94 0.117 0.111 1.02 0.1191.05 No1.10

130 20.95 1.20 0.33 0.87 0.94 0.117 0.111 1.02 0.1201.05 No1.10

131 21.05 1.21 0.33 0.88 0.94 0.117 0.111 1.02 0.1201.05 No1.10

132 21.15 1.21 0.33 0.88 0.94 0.117 0.111 1.02 0.1201.05 No1.10

133 21.27 1.22 0.34 0.88 0.94 0.117 0.111 1.02 0.1201.05 No1.10

134 21.36 1.23 0.34 0.89 0.93 0.118 0.112 1.02 0.1201.05 No1.10

135 21.46 1.23 0.34 0.89 0.93 0.118 0.112 1.02 0.1211.05 No1.10

136 21.57 1.24 0.35 0.89 0.93 0.118 0.112 1.02 0.1211.05 No1.10

137 21.66 1.24 0.35 0.90 0.93 0.118 0.112 1.02 0.1211.05 No1.10

138 21.76 1.25 0.35 0.90 0.93 0.118 0.112 1.01 0.1211.05 No1.10

139 21.88 1.26 0.35 0.90 0.93 0.118 0.112 1.01 0.1221.05 No1.10

140 21.97 1.26 0.36 0.90 0.93 0.118 0.112 1.01 0.1221.05 No1.10

141 22.09 1.27 0.36 0.91 0.93 0.119 0.112 1.01 0.1221.05 No1.10

142 22.18 1.28 0.36 0.91 0.93 0.119 0.113 1.01 0.1221.05 No1.10

143 22.29 1.28 0.37 0.91 0.93 0.119 0.113 1.01 0.1221.05 No1.10

144 22.40 1.29 0.37 0.92 0.93 0.119 0.113 1.01 0.1231.05 No1.10
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:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

145 22.50 1.29 0.37 0.92 0.93 0.119 0.113 1.01 0.1231.05 No1.10

146 22.61 1.30 0.38 0.92 0.93 0.119 0.113 1.01 0.1231.05 No1.10

147 22.70 1.31 0.38 0.93 0.93 0.119 0.113 1.01 0.1231.05 No1.10

148 22.81 1.31 0.38 0.93 0.93 0.119 0.113 1.01 0.1231.05 No1.10

149 22.91 1.32 0.39 0.93 0.93 0.120 0.113 1.01 0.1231.05 No1.10

150 23.02 1.33 0.39 0.94 0.93 0.120 0.113 1.01 0.1231.05 No1.10

151 23.13 1.33 0.39 0.94 0.93 0.120 0.114 1.01 0.1231.05 No1.10

152 23.22 1.34 0.40 0.94 0.93 0.120 0.114 1.01 0.1241.05 No1.10

153 23.44 1.35 0.40 0.95 0.93 0.120 0.114 1.01 0.1241.05 No1.10

154 23.53 1.36 0.41 0.95 0.93 0.120 0.114 1.01 0.1241.05 No1.10

155 23.65 1.37 0.41 0.96 0.92 0.120 0.114 1.01 0.1241.05 No1.10

156 23.74 1.37 0.41 0.96 0.92 0.120 0.114 1.01 0.1241.05 No1.10

157 23.84 1.38 0.42 0.96 0.92 0.120 0.114 1.01 0.1241.05 No1.10

158 23.96 1.39 0.42 0.97 0.92 0.121 0.114 1.01 0.1251.05 No1.10

159 24.06 1.39 0.42 0.97 0.92 0.121 0.114 1.01 0.1251.05 No1.10

160 24.17 1.40 0.43 0.97 0.92 0.121 0.115 1.01 0.1251.05 No1.10

161 24.26 1.40 0.43 0.98 0.92 0.121 0.115 1.01 0.1251.05 No1.10

162 24.38 1.41 0.43 0.98 0.92 0.121 0.115 1.01 0.1251.05 No1.10

163 24.48 1.42 0.44 0.98 0.92 0.121 0.115 1.01 0.1251.05 No1.10

164 24.60 1.43 0.44 0.99 0.92 0.121 0.115 1.01 0.1251.05 No1.10

165 24.69 1.43 0.44 0.99 0.92 0.121 0.115 1.01 0.1251.05 No1.10

166 24.81 1.44 0.45 0.99 0.92 0.121 0.115 1.01 0.1251.05 No1.10

167 24.90 1.45 0.45 1.00 0.92 0.121 0.115 1.01 0.1251.05 No1.10

168 25.02 1.45 0.45 1.00 0.92 0.121 0.115 1.02 0.1251.05 No1.10

169 25.11 1.46 0.46 1.00 0.92 0.122 0.115 1.02 0.1251.05 No1.10

170 25.22 1.47 0.46 1.01 0.92 0.122 0.115 1.01 0.1251.05 No1.10

171 25.33 1.47 0.46 1.01 0.92 0.122 0.115 1.01 0.1251.05 No1.10

172 25.50 1.48 0.47 1.01 0.92 0.122 0.116 1.01 0.1261.05 No1.10

173 25.60 1.48 0.47 1.01 0.92 0.122 0.116 1.01 0.1261.05 No1.10

Depth:
σv:
u0:
σv':
rd:
CSR:
MSF:
CSReq:
Kσ:
CSR*:

Depth from free surface, at which CPT was performed (ft)
Total overburden pressure at test point (tsf)
Water pressure at test point (tsf)
Effective overburden pressure based on GWT during earthquake (tsf)
Nonlinear shear mass factor
Cyclic Stress Ratio
Magnitude Scaling Factor
CSR adjusted for M=7.5
Effective overburden stress factor
CSR fully adjusted

Abbreviations
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:: Cyclic Resistance Ratio (CRR) calculation data ::

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

1 128.74 6.00 1.34 0.32 1.70 207.46 0.51 4.000 No No2.27 2.00207.97

2 122.27 11.23 1.71 0.28 1.70 205.57 31.41 4.000 No No2.46 2.00236.98

3 113.65 12.68 1.79 0.31 1.70 178.19 39.21 4.000 No No2.65 2.00217.40

4 103.74 14.33 1.87 0.31 1.70 164.02 47.39 4.000 No No2.85 2.00211.41

5 94.12 15.27 1.92 0.32 1.70 157.82 51.14 4.000 No No2.98 2.00208.95

6 84.43 16.06 1.96 0.36 1.70 131.78 49.00 4.000 No No3.13 2.00180.78

7 77.41 16.31 1.97 0.38 1.70 117.35 46.66 4.000 No No3.28 2.00164.01

8 76.01 15.75 1.94 0.37 1.70 123.96 46.02 4.000 No No3.43 2.00169.98

9 74.36 15.01 1.91 0.37 1.70 125.04 43.17 4.000 No No3.57 2.00168.21

10 66.30 15.50 1.93 0.40 1.70 109.39 41.90 4.000 No No3.71 2.00151.30

11 51.38 18.17 2.05 0.44 1.70 85.11 44.25 4.000 No No3.86 2.00129.37

12 38.79 22.30 2.22 0.51 1.70 53.15 41.90 4.000 No No3.95 2.0095.05

13 28.49 27.40 2.40 0.51 1.70 48.69 44.22 4.000 No No4.11 2.0092.91

14 24.77 29.04 2.46 0.56 1.70 35.48 40.54 4.000 No No4.24 2.0076.01

15 22.47 29.85 2.48 0.56 1.70 35.21 40.71 4.000 No No4.36 2.0075.92

16 22.19 29.44 2.47 0.55 1.70 37.63 41.39 4.000 No No4.48 2.0079.03

17 21.27 29.75 2.48 0.56 1.70 34.13 40.32 4.000 No No4.62 2.0074.45

18 21.58 28.55 2.44 0.57 1.70 30.75 38.80 4.000 No No4.75 2.0069.55

19 28.55 23.26 2.26 0.55 1.70 39.12 38.53 4.000 No No4.87 2.0077.65

20 36.19 19.86 2.12 0.48 1.70 67.71 42.90 4.000 No No5.00 2.00110.61

21 38.54 19.12 2.09 0.48 1.70 67.58 41.58 4.000 No No5.14 2.00109.15

22 34.20 20.24 2.14 0.52 1.70 50.45 38.63 4.000 No No5.27 2.0089.08

23 33.14 19.16 2.10 0.54 1.70 46.81 36.04 4.000 No No5.42 2.0082.85

24 35.40 16.77 1.99 0.50 1.70 62.45 35.27 4.000 No No5.55 2.0097.72

25 38.82 14.78 1.90 0.52 1.70 61.37 29.44 4.000 No No5.69 2.0090.82

26 40.16 14.32 1.87 0.52 1.70 63.26 28.28 4.000 No No5.84 2.0091.55

27 43.63 13.96 1.85 0.50 1.70 68.93 28.05 4.000 No No5.97 2.0096.97

28 47.80 13.81 1.85 0.48 1.70 78.10 29.12 4.000 No No6.12 2.00107.22

29 52.19 14.04 1.86 0.47 1.70 83.36 31.00 4.000 No No6.25 2.00114.36

30 51.55 15.59 1.94 0.44 1.70 90.10 38.09 4.000 No No6.40 2.00128.19

31 45.37 18.28 2.06 0.46 1.70 75.00 41.88 4.000 No No6.53 2.00116.88

32 36.61 21.49 2.19 0.51 1.70 53.55 41.12 4.000 No No6.68 2.0094.67

33 33.14 21.91 2.21 0.53 1.70 47.88 39.92 4.000 No No6.82 2.0087.80

34 33.67 20.41 2.15 0.50 1.70 58.27 41.09 4.000 No No6.96 2.0099.36

35 31.37 21.00 2.17 0.50 1.70 56.11 41.27 4.000 No No7.10 2.0097.39

36 25.02 25.28 2.33 0.56 1.70 36.82 39.24 4.000 No No7.33 2.0076.06

37 17.85 32.26 2.56 0.58 1.70 27.65 38.78 4.000 No No7.47 2.0066.43

38 13.82 38.22 2.73 0.61 1.70 21.58 0.00 4.000 No Yes7.60 2.0021.58

39 11.31 43.18 2.86 0.63 1.70 17.40 0.00 4.000 No Yes7.75 2.0017.40

40 9.96 46.28 2.94 0.63 1.70 15.51 0.00 4.000 No Yes7.89 2.0015.51

41 9.74 46.36 2.94 0.64 1.70 15.11 0.00 4.000 No Yes8.03 2.0015.11

42 11.87 40.49 2.79 0.63 1.70 16.32 0.00 4.000 No Yes8.15 2.0016.32

43 22.34 26.88 2.39 0.60 1.70 25.76 36.50 4.000 No No8.30 2.0062.26

44 29.53 22.58 2.23 0.48 1.66 63.99 45.47 4.000 No No8.44 2.00109.46

45 31.37 22.69 2.24 0.51 1.70 50.99 41.64 4.000 No No8.58 2.0092.63

46 23.20 29.00 2.46 0.56 1.70 34.67 40.26 4.000 No No8.73 2.0074.92

47 16.71 36.03 2.67 0.59 1.70 26.17 0.00 4.000 No Yes8.87 2.0026.17

48 13.24 40.76 2.80 0.61 1.70 19.69 0.00 4.000 No Yes9.00 2.0019.69
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:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

49 10.97 43.68 2.88 0.62 1.70 17.94 0.00 4.000 No Yes9.15 2.0017.94

50 9.18 44.95 2.91 0.64 1.70 15.24 0.00 4.000 No Yes9.28 2.0015.24

51 6.88 47.61 2.97 0.66 1.70 11.06 0.00 4.000 No Yes9.43 2.0011.06

52 4.90 51.48 3.06 0.68 1.70 6.88 0.00 4.000 No Yes9.55 2.006.88

53 4.25 53.22 3.10 0.69 1.70 5.67 0.00 4.000 No Yes9.71 2.005.67

54 4.53 52.06 3.08 0.67 1.70 7.96 0.00 4.000 No Yes9.84 2.007.96

55 4.98 50.46 3.04 0.67 1.70 8.23 0.00 4.000 No Yes9.98 2.008.23

56 5.04 50.49 3.04 0.67 1.70 7.82 0.00 4.000 No Yes10.13 2.007.82

57 5.12 50.35 3.04 0.67 1.70 8.23 0.00 4.000 No Yes10.26 2.008.23

58 5.63 49.05 3.01 0.67 1.70 8.63 0.00 4.000 No Yes10.41 2.008.63

59 6.05 48.06 2.98 0.66 1.69 10.21 0.00 0.600 No Yes10.68 2.0010.21

60 6.33 47.38 2.97 0.66 1.69 10.17 0.00 0.626 No Yes10.83 2.0010.17

61 6.38 47.63 2.97 0.66 1.68 9.88 0.00 0.628 No Yes10.96 2.009.88

62 6.47 48.44 2.99 0.66 1.67 10.36 0.00 0.632 No Yes11.11 2.0010.36

63 6.47 49.00 3.01 0.66 1.67 10.45 0.00 0.628 No Yes11.23 2.0010.45

64 5.83 50.88 3.05 0.66 1.67 9.78 0.00 0.556 No Yes11.38 2.009.78

65 5.07 52.43 3.09 0.68 1.68 7.32 0.00 0.474 No Yes11.51 2.007.32

66 4.51 53.67 3.11 0.68 1.68 6.91 0.00 0.413 No Yes11.66 2.006.91

67 4.43 53.17 3.10 0.68 1.67 7.15 0.00 0.402 No Yes11.79 2.007.15

68 4.40 53.32 3.11 0.68 1.66 6.87 0.00 0.396 No Yes11.93 2.006.87

69 4.31 53.66 3.11 0.68 1.66 6.72 0.00 0.385 No Yes12.07 2.006.72

70 4.29 53.09 3.10 0.68 1.66 6.70 0.00 0.380 No Yes12.21 2.006.70

71 4.45 50.56 3.04 0.68 1.65 6.68 0.00 0.395 No Yes12.35 2.006.68

72 4.59 48.14 2.99 0.68 1.64 7.42 0.00 0.406 No Yes12.48 2.007.42

73 4.48 47.80 2.98 0.68 1.64 7.28 0.00 0.393 No Yes12.63 2.007.28

74 4.26 48.73 3.00 0.68 1.64 6.12 0.00 0.368 No Yes12.77 2.006.12

75 4.01 49.18 3.01 0.68 1.64 6.36 0.00 0.341 No Yes12.91 2.006.36

76 3.95 47.05 2.96 0.68 1.63 6.09 0.00 0.334 No Yes13.06 2.006.09

77 3.89 43.05 2.86 0.69 1.63 5.83 0.00 0.326 No Yes13.18 2.005.83

78 4.06 38.98 2.75 0.69 1.63 6.07 0.00 0.341 No Yes13.33 2.006.07

79 4.20 38.08 2.73 0.68 1.62 6.81 0.00 0.354 No Yes13.46 2.006.81

80 3.95 42.72 2.85 0.68 1.62 6.42 0.00 0.327 No Yes13.61 2.006.42

81 6.16 40.72 2.80 0.69 1.63 4.90 0.00 0.543 No Yes13.67 2.004.90

82 17.58 25.78 2.35 0.64 1.56 16.31 32.94 0.077 No No13.94 0.7449.25

83 31.29 20.59 2.15 0.52 1.42 51.75 39.48 0.129 No No14.13 1.2491.23

84 38.62 18.99 2.09 0.50 1.41 58.86 39.01 0.139 No No14.28 1.3497.87

85 32.35 20.84 2.16 0.54 1.43 44.86 37.82 0.116 No No14.40 1.1182.68

86 21.97 25.29 2.33 0.59 1.48 27.48 36.26 0.092 No No14.59 0.8763.74

87 17.10 27.73 2.42 0.63 1.51 18.79 34.56 0.081 No No14.74 0.7653.35

88 22.53 23.98 2.28 0.60 1.48 25.80 34.94 0.089 No No14.91 0.8360.74

89 47.63 16.02 1.96 0.55 1.42 48.34 30.15 0.111 No No15.07 1.0378.50

90 90.42 11.45 1.72 0.43 1.32 110.11 22.35 0.210 No No15.23 1.99132.46

91 145.39 8.92 1.56 0.35 1.25 172.83 11.16 0.608 No No15.41 2.00184.00

92 194.19 7.86 1.49 0.29 1.19 226.61 6.38 4.000 No No15.56 2.00232.99

93 227.83 7.51 1.46 0.26 1.17 260.65 5.15 4.000 No No15.73 2.00265.80

94 242.36 7.61 1.47 0.26 1.17 274.22 5.91 4.000 No No15.90 2.00280.14

95 247.51 7.66 1.47 0.26 1.17 269.86 6.10 4.000 No No16.06 2.00275.96

96 254.09 7.57 1.47 0.26 1.17 275.74 5.71 4.000 No No16.23 2.00281.45

CLiq v.1.7.6.34 - CPT Liquefaction Assessment Software - Report created on: 2/16/2016, 8:35:42 AM 47
Project file: P:\Geotechnical\G5500's\G5556.000 - Emergency Bridge Pkg 4 - Design Build\G5556.02 - S-51 over Black Mingo Creek\Reports\Final Report\Bridge\CPT\CLiq_FEE.clq



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT3

:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

97 258.42 7.58 1.47 0.26 1.16 293.92 6.02 4.000 No No16.39 2.00299.94

98 251.96 7.89 1.49 0.26 1.16 282.12 7.71 4.000 No No16.57 2.00289.83

99 230.86 8.54 1.54 0.26 1.16 252.58 11.56 4.000 No No16.72 2.00264.14

100 212.97 8.93 1.56 0.28 1.17 224.90 13.49 4.000 No No16.88 2.00238.39

101 226.97 8.58 1.54 0.29 1.16 223.88 10.82 4.000 No No17.19 2.00234.70

102 258.65 8.01 1.50 0.26 1.15 295.78 8.85 4.000 No No17.37 2.00304.63

103 297.16 7.62 1.47 0.26 1.14 323.56 6.73 4.000 No No17.52 2.00330.29

104 318.82 7.39 1.45 0.26 1.14 344.42 5.67 4.000 No No17.69 2.00350.09

105 328.61 7.18 1.44 0.26 1.14 363.66 4.72 4.000 No No17.86 2.00368.38

106 330.27 7.04 1.43 0.26 1.14 352.88 3.87 4.000 No No18.01 2.00356.75

107 325.23 7.18 1.44 0.26 1.13 347.36 4.53 4.000 No No18.18 2.00351.89

108 321.03 7.56 1.47 0.26 1.13 345.08 6.71 4.000 No No18.34 2.00351.79

109 314.01 8.09 1.50 0.26 1.13 337.20 10.49 4.000 No No18.47 2.00347.70

110 302.76 8.65 1.54 0.26 1.13 322.96 14.94 4.000 No No18.59 2.00337.89

111 289.19 9.08 1.57 0.26 1.13 307.41 18.53 4.000 No No18.71 2.00325.94

112 275.59 9.37 1.59 0.26 1.12 292.27 20.67 4.000 No No18.84 2.00312.94

113 262.12 9.57 1.60 0.26 1.12 278.09 21.83 4.000 No No18.96 2.00299.92

114 249.19 9.63 1.61 0.26 1.12 263.12 21.50 4.000 No No19.09 2.00284.62

115 237.21 9.55 1.60 0.26 1.12 249.81 19.93 4.000 No No19.23 2.00269.74

116 228.79 9.31 1.59 0.26 1.12 238.80 17.21 4.000 No No19.35 2.00256.01

117 227.73 8.94 1.56 0.27 1.12 235.75 13.98 4.000 No No19.47 2.00249.74

118 232.37 8.57 1.54 0.26 1.11 245.31 11.52 4.000 No No19.59 2.00256.84

119 235.70 8.39 1.52 0.26 1.11 252.35 10.39 4.000 No No19.72 2.00262.74

120 229.43 8.67 1.54 0.26 1.11 244.67 12.24 4.000 No No19.84 2.00256.90

121 213.68 8.93 1.56 0.28 1.11 225.95 13.50 4.000 No No19.96 2.00239.45

122 195.46 9.05 1.57 0.31 1.12 205.07 13.44 3.195 No No20.08 2.00218.51

123 176.34 9.05 1.57 0.32 1.13 190.86 12.83 1.358 No No20.21 2.00203.69

124 162.38 9.18 1.58 0.35 1.14 169.55 12.70 0.574 No No20.27 2.00182.25

125 148.10 10.07 1.64 0.36 1.14 162.78 18.41 0.556 No No20.45 2.00181.20

126 136.88 11.49 1.72 0.37 1.14 146.73 26.78 0.446 No No20.54 2.00173.51

127 124.88 13.66 1.84 0.37 1.14 133.24 38.09 0.421 No No20.65 2.00171.33

128 115.89 15.66 1.94 0.37 1.14 124.17 45.71 0.406 No No20.75 2.00169.88

129 103.52 17.59 2.03 0.37 1.14 117.40 50.91 0.391 No No20.84 2.00168.31

130 90.12 19.30 2.10 0.41 1.15 94.21 49.15 0.244 No No20.95 2.00143.36

131 81.88 19.92 2.13 0.44 1.16 82.31 47.07 0.201 No No21.05 1.68129.37

132 84.57 18.52 2.07 0.42 1.15 91.77 46.80 0.228 No No21.15 1.90138.58

133 90.25 16.84 1.99 0.41 1.15 102.24 44.91 0.259 No No21.27 2.00147.15

134 90.36 16.31 1.97 0.42 1.15 99.72 42.64 0.241 No No21.36 2.00142.36

135 84.31 17.28 2.01 0.43 1.15 91.83 43.69 0.218 No No21.46 1.81135.52

136 78.91 18.56 2.07 0.44 1.15 83.11 44.60 0.197 No No21.57 1.63127.70

137 74.83 19.13 2.09 0.44 1.15 82.41 45.60 0.198 No No21.66 1.63128.02

138 68.25 19.65 2.12 0.45 1.15 78.62 45.57 0.189 No No21.76 1.56124.19

139 56.94 21.48 2.19 0.49 1.16 62.13 43.63 0.152 No No21.88 1.25105.77

140 48.54 24.34 2.30 0.53 1.17 46.49 41.66 0.124 No No21.97 1.0288.15

141 49.97 24.70 2.31 0.51 1.17 51.79 43.60 0.135 No No22.09 1.1095.39

142 57.07 23.31 2.26 0.47 1.15 66.17 46.89 0.166 No No22.18 1.35113.06

143 60.31 23.03 2.25 0.47 1.15 68.48 47.31 0.171 No No22.29 1.40115.80

144 56.85 24.51 2.30 0.48 1.15 61.64 46.55 0.157 No No22.40 1.28108.19
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:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

145 54.84 25.35 2.33 0.50 1.15 54.97 45.07 0.143 No No22.50 1.16100.04

146 61.07 23.31 2.26 0.48 1.15 61.89 45.57 0.155 No No22.61 1.26107.46

147 78.04 19.23 2.10 0.45 1.13 80.64 45.33 0.193 No No22.70 1.57125.97

148 95.15 16.43 1.98 0.40 1.12 106.97 44.71 0.279 No No22.81 2.00151.68

149 105.41 15.18 1.92 0.39 1.11 114.12 41.64 0.300 No No22.91 2.00155.76

150 104.37 15.56 1.93 0.40 1.11 111.55 42.58 0.292 No No23.02 2.00154.12

151 96.66 17.16 2.01 0.40 1.11 103.30 46.14 0.269 No No23.13 2.00149.43

152 86.81 19.35 2.10 0.42 1.12 90.02 48.11 0.226 No No23.22 1.83138.13

153 81.41 21.09 2.17 0.44 1.12 80.85 48.56 0.201 No No23.44 1.62129.41

154 91.80 20.10 2.13 0.43 1.11 86.26 48.49 0.216 No No23.53 1.74134.75

155 104.55 18.77 2.08 0.36 1.09 120.28 54.93 0.467 No No23.65 2.00175.21

156 108.07 18.42 2.06 0.37 1.09 118.60 53.58 0.430 No No23.74 2.00172.18

157 95.14 20.04 2.13 0.41 1.10 96.37 51.22 0.261 No No23.84 2.00147.59

158 88.09 20.94 2.17 0.44 1.11 81.27 48.46 0.202 No No23.96 1.62129.73

159 94.67 19.46 2.11 0.41 1.10 97.10 50.29 0.260 No No24.06 2.00147.39

160 112.57 16.29 1.97 0.38 1.09 115.71 46.22 0.339 No No24.17 2.00161.92

161 131.74 13.73 1.84 0.37 1.08 134.63 38.70 0.444 No No24.26 2.00173.34

162 150.43 12.28 1.77 0.35 1.08 154.02 33.00 0.674 No No24.38 2.00187.02

163 164.23 12.41 1.77 0.32 1.07 170.36 36.22 1.574 No No24.48 2.00206.58

164 167.20 13.62 1.84 0.31 1.06 173.96 44.93 3.277 No No24.60 2.00218.89

165 163.48 15.13 1.91 0.31 1.07 161.30 51.17 2.188 No No24.69 2.00212.47

166 166.20 15.88 1.95 0.31 1.06 158.19 54.13 2.169 No No24.81 2.00212.33

167 193.78 15.02 1.91 0.29 1.06 180.78 54.58 4.000 No No24.90 2.00235.36

168 225.59 13.81 1.85 0.26 1.05 241.29 58.05 4.000 No No25.02 2.00299.34

169 251.39 10.53 1.66 0.26 1.05 250.79 29.37 4.000 No No25.11 2.00280.16

170 321.14 5.44 1.29 0.26 1.05 256.18 0.16 4.000 No No25.22 2.00256.34

171 459.49 -1.00 N/A 0.26 1.05 448.02 0.00 4.000 No No25.33 2.00448.02

172 595.96 -1.00 N/A 0.26 1.05 661.33 0.00 4.000 No No25.50 2.00661.33

173 699.17 -1.00 N/A 0.26 1.05 707.62 0.00 4.000 No No25.60 2.00707.62

Abbreviations
Depth:
qt:
FC:
Ic:
m:
CN:
qc1N:
∆qc1N:
qc1N,cs:
CRR7.5:
FS:

Depth from free surface, at which CPT was performed (ft)
Total cone resistance
Fines content (%)
Soil behavior type index
Stress exponent
Overburden correction factor
Normalized and adjusted cone resistance
Cone resistance correction factor due to fines
Normalized and adjusted cone resistance
Cyclic resistance ratio for Mw=7.5
Factor of safety against soil liquefaction
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:: Liquefaction Potential Index calculation data ::

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

2.27 2.00 0.00 9.65 0.18 0.00 2.46 2.00 0.00 9.63 0.18 0.00

2.65 2.00 0.00 9.60 0.20 0.00 2.85 2.00 0.00 9.57 0.20 0.00

2.98 2.00 0.00 9.55 0.13 0.00 3.13 2.00 0.00 9.52 0.16 0.00

3.28 2.00 0.00 9.50 0.14 0.00 3.43 2.00 0.00 9.48 0.15 0.00

3.57 2.00 0.00 9.46 0.14 0.00 3.71 2.00 0.00 9.43 0.14 0.00

3.86 2.00 0.00 9.41 0.14 0.00 3.95 2.00 0.00 9.40 0.09 0.00

4.11 2.00 0.00 9.37 0.16 0.00 4.24 2.00 0.00 9.35 0.13 0.00

4.36 2.00 0.00 9.34 0.12 0.00 4.48 2.00 0.00 9.32 0.12 0.00

4.62 2.00 0.00 9.30 0.14 0.00 4.75 2.00 0.00 9.28 0.13 0.00

4.87 2.00 0.00 9.26 0.12 0.00 5.00 2.00 0.00 9.24 0.13 0.00

5.14 2.00 0.00 9.22 0.15 0.00 5.27 2.00 0.00 9.20 0.13 0.00

5.42 2.00 0.00 9.17 0.15 0.00 5.55 2.00 0.00 9.15 0.13 0.00

5.69 2.00 0.00 9.13 0.14 0.00 5.84 2.00 0.00 9.11 0.15 0.00

5.97 2.00 0.00 9.09 0.13 0.00 6.12 2.00 0.00 9.07 0.15 0.00

6.25 2.00 0.00 9.05 0.14 0.00 6.40 2.00 0.00 9.03 0.14 0.00

6.53 2.00 0.00 9.00 0.14 0.00 6.68 2.00 0.00 8.98 0.15 0.00

6.82 2.00 0.00 8.96 0.14 0.00 6.96 2.00 0.00 8.94 0.14 0.00

7.10 2.00 0.00 8.92 0.13 0.00 7.33 2.00 0.00 8.88 0.23 0.00

7.47 2.00 0.00 8.86 0.14 0.00 7.60 2.00 0.00 8.84 0.13 0.00

7.75 2.00 0.00 8.82 0.15 0.00 7.89 2.00 0.00 8.80 0.14 0.00

8.03 2.00 0.00 8.78 0.14 0.00 8.15 2.00 0.00 8.76 0.12 0.00

8.30 2.00 0.00 8.73 0.15 0.00 8.44 2.00 0.00 8.71 0.14 0.00

8.58 2.00 0.00 8.69 0.14 0.00 8.73 2.00 0.00 8.67 0.15 0.00

8.87 2.00 0.00 8.65 0.14 0.00 9.00 2.00 0.00 8.63 0.14 0.00

9.15 2.00 0.00 8.61 0.15 0.00 9.28 2.00 0.00 8.59 0.13 0.00

9.43 2.00 0.00 8.56 0.15 0.00 9.55 2.00 0.00 8.54 0.12 0.00

9.71 2.00 0.00 8.52 0.16 0.00 9.84 2.00 0.00 8.50 0.14 0.00

9.98 2.00 0.00 8.48 0.14 0.00 10.13 2.00 0.00 8.46 0.15 0.00

10.26 2.00 0.00 8.44 0.13 0.00 10.41 2.00 0.00 8.41 0.14 0.00

10.68 2.00 0.00 8.37 0.28 0.00 10.83 2.00 0.00 8.35 0.15 0.00

10.96 2.00 0.00 8.33 0.13 0.00 11.11 2.00 0.00 8.31 0.15 0.00

11.23 2.00 0.00 8.29 0.13 0.00 11.38 2.00 0.00 8.27 0.15 0.00

11.51 2.00 0.00 8.25 0.13 0.00 11.66 2.00 0.00 8.22 0.15 0.00

11.79 2.00 0.00 8.20 0.13 0.00 11.93 2.00 0.00 8.18 0.15 0.00

12.07 2.00 0.00 8.16 0.14 0.00 12.21 2.00 0.00 8.14 0.14 0.00

12.35 2.00 0.00 8.12 0.14 0.00 12.48 2.00 0.00 8.10 0.13 0.00

12.63 2.00 0.00 8.08 0.14 0.00 12.77 2.00 0.00 8.05 0.14 0.00

12.91 2.00 0.00 8.03 0.14 0.00 13.06 2.00 0.00 8.01 0.15 0.00

13.18 2.00 0.00 7.99 0.13 0.00 13.33 2.00 0.00 7.97 0.15 0.00

13.46 2.00 0.00 7.95 0.13 0.00 13.61 2.00 0.00 7.93 0.15 0.00

13.67 2.00 0.00 7.92 0.06 0.00 13.94 0.74 0.26 7.87 0.27 0.17

14.13 1.24 0.00 7.85 0.19 0.00 14.28 1.34 0.00 7.82 0.15 0.00

14.40 1.11 0.00 7.80 0.12 0.00 14.59 0.87 0.13 7.78 0.18 0.06

14.74 0.76 0.24 7.75 0.15 0.09 14.91 0.83 0.17 7.73 0.17 0.07

15.07 1.03 0.00 7.70 0.16 0.00 15.23 1.99 0.00 7.68 0.16 0.00

15.41 2.00 0.00 7.65 0.18 0.00 15.56 2.00 0.00 7.63 0.15 0.00

15.73 2.00 0.00 7.60 0.17 0.00 15.90 2.00 0.00 7.58 0.17 0.00

16.06 2.00 0.00 7.55 0.16 0.00 16.23 2.00 0.00 7.53 0.17 0.00
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:: Liquefaction Potential Index calculation data :: (continued)

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

16.39 2.00 0.00 7.50 0.16 0.00 16.57 2.00 0.00 7.48 0.18 0.00

16.72 2.00 0.00 7.45 0.15 0.00 16.88 2.00 0.00 7.43 0.16 0.00

17.19 2.00 0.00 7.38 0.32 0.00 17.37 2.00 0.00 7.35 0.18 0.00

17.52 2.00 0.00 7.33 0.15 0.00 17.69 2.00 0.00 7.30 0.17 0.00

17.86 2.00 0.00 7.28 0.17 0.00 18.01 2.00 0.00 7.26 0.15 0.00

18.18 2.00 0.00 7.23 0.17 0.00 18.34 2.00 0.00 7.21 0.16 0.00

18.47 2.00 0.00 7.19 0.13 0.00 18.59 2.00 0.00 7.17 0.12 0.00

18.71 2.00 0.00 7.15 0.12 0.00 18.84 2.00 0.00 7.13 0.13 0.00

18.96 2.00 0.00 7.11 0.12 0.00 19.09 2.00 0.00 7.09 0.13 0.00

19.23 2.00 0.00 7.07 0.13 0.00 19.35 2.00 0.00 7.05 0.12 0.00

19.47 2.00 0.00 7.03 0.12 0.00 19.59 2.00 0.00 7.01 0.12 0.00

19.72 2.00 0.00 7.00 0.12 0.00 19.84 2.00 0.00 6.98 0.12 0.00

19.96 2.00 0.00 6.96 0.12 0.00 20.08 2.00 0.00 6.94 0.12 0.00

20.21 2.00 0.00 6.92 0.13 0.00 20.27 2.00 0.00 6.91 0.05 0.00

20.45 2.00 0.00 6.88 0.18 0.00 20.54 2.00 0.00 6.87 0.09 0.00

20.65 2.00 0.00 6.85 0.11 0.00 20.75 2.00 0.00 6.84 0.10 0.00

20.84 2.00 0.00 6.82 0.09 0.00 20.95 2.00 0.00 6.81 0.11 0.00

21.05 1.68 0.00 6.79 0.10 0.00 21.15 1.90 0.00 6.78 0.10 0.00

21.27 2.00 0.00 6.76 0.11 0.00 21.36 2.00 0.00 6.75 0.09 0.00

21.46 1.81 0.00 6.73 0.10 0.00 21.57 1.63 0.00 6.71 0.11 0.00

21.66 1.63 0.00 6.70 0.09 0.00 21.76 1.56 0.00 6.68 0.10 0.00

21.88 1.25 0.00 6.67 0.11 0.00 21.97 1.02 0.00 6.65 0.09 0.00

22.09 1.10 0.00 6.63 0.12 0.00 22.18 1.35 0.00 6.62 0.09 0.00

22.29 1.40 0.00 6.60 0.11 0.00 22.40 1.28 0.00 6.59 0.10 0.00

22.50 1.16 0.00 6.57 0.10 0.00 22.61 1.26 0.00 6.55 0.11 0.00

22.70 1.57 0.00 6.54 0.10 0.00 22.81 2.00 0.00 6.52 0.11 0.00

22.91 2.00 0.00 6.51 0.10 0.00 23.02 2.00 0.00 6.49 0.11 0.00

23.13 2.00 0.00 6.48 0.11 0.00 23.22 1.83 0.00 6.46 0.10 0.00

23.44 1.62 0.00 6.43 0.21 0.00 23.53 1.74 0.00 6.41 0.09 0.00

23.65 2.00 0.00 6.40 0.12 0.00 23.74 2.00 0.00 6.38 0.09 0.00

23.84 2.00 0.00 6.37 0.10 0.00 23.96 1.62 0.00 6.35 0.12 0.00

24.06 2.00 0.00 6.33 0.10 0.00 24.17 2.00 0.00 6.32 0.11 0.00

24.26 2.00 0.00 6.30 0.09 0.00 24.38 2.00 0.00 6.28 0.12 0.00

24.48 2.00 0.00 6.27 0.10 0.00 24.60 2.00 0.00 6.25 0.11 0.00

24.69 2.00 0.00 6.24 0.09 0.00 24.81 2.00 0.00 6.22 0.12 0.00

24.90 2.00 0.00 6.20 0.09 0.00 25.02 2.00 0.00 6.19 0.11 0.00

25.11 2.00 0.00 6.17 0.10 0.00 25.22 2.00 0.00 6.16 0.11 0.00

25.33 2.00 0.00 6.14 0.10 0.00 25.50 2.00 0.00 6.11 0.17 0.00

25.60 2.00 0.00 6.10 0.10 0.00

Abbreviations

Overall liquefaction potential: 0.39

LPI = 0.00 - Liquefaction risk very low
LPI between 0.00 and 5.00 - Liquefaction risk low
LPI between 5.00 and 15.00 - Liquefaction risk high
LPI > 15.00 - Liquefaction risk very high

FS:
FL:
wz:
dz:
LPI:

Calculated factor of safety for test point
1 - FS
Function value of the extend of soil liquefaction according to depth
Layer thickness (ft)
Liquefaction potential index value for test point
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Abbreviations
qt:
Ic:
FS:
Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index
Calculated Factor of Safety against liquefaction
Post-liquefaction volumentric strain



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT3

::  Post-earthquake settlement due to soil liquefaction ::

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

10.68 10.21 2.00 0.00 0.001.00 10.83 10.17 2.00 0.00 0.001.00

10.96 9.88 2.00 0.00 0.001.00 11.11 10.36 2.00 0.00 0.001.00

11.23 10.45 2.00 0.00 0.001.00 11.38 9.78 2.00 0.00 0.001.00

11.51 7.32 2.00 0.00 0.001.00 11.66 6.91 2.00 0.00 0.001.00

11.79 7.15 2.00 0.00 0.001.00 11.93 6.87 2.00 0.00 0.001.00

12.07 6.72 2.00 0.00 0.001.00 12.21 6.70 2.00 0.00 0.001.00

12.35 6.68 2.00 0.00 0.001.00 12.48 7.42 2.00 0.00 0.001.00

12.63 7.28 2.00 0.00 0.001.00 12.77 6.12 2.00 0.00 0.001.00

12.91 6.36 2.00 0.00 0.001.00 13.06 6.09 2.00 0.00 0.001.00

13.18 5.83 2.00 0.00 0.001.00 13.33 6.07 2.00 0.00 0.001.00

13.46 6.81 2.00 0.00 0.001.00 13.61 6.42 2.00 0.00 0.001.00

13.67 4.90 2.00 0.00 0.001.00 13.94 49.25 0.74 6.22 0.201.00

14.13 91.23 1.24 0.43 0.011.00 14.28 97.87 1.34 0.34 0.011.00

14.40 82.68 1.11 0.70 0.011.00 14.59 63.74 0.87 4.96 0.111.00

14.74 53.35 0.76 5.80 0.111.00 14.91 60.74 0.83 5.18 0.111.00

15.07 78.50 1.03 1.20 0.021.00 15.23 132.46 1.99 0.00 0.001.00

15.41 184.00 2.00 0.00 0.001.00 15.56 232.99 2.00 0.00 0.001.00

15.73 265.80 2.00 0.00 0.001.00 15.90 280.14 2.00 0.00 0.001.00

16.06 275.96 2.00 0.00 0.001.00 16.23 281.45 2.00 0.00 0.001.00

16.39 299.94 2.00 0.00 0.001.00 16.57 289.83 2.00 0.00 0.001.00

16.72 264.14 2.00 0.00 0.001.00 16.88 238.39 2.00 0.00 0.001.00

17.19 234.70 2.00 0.00 0.001.00 17.37 304.63 2.00 0.00 0.001.00

17.52 330.29 2.00 0.00 0.001.00 17.69 350.09 2.00 0.00 0.001.00

17.86 368.38 2.00 0.00 0.001.00 18.01 356.75 2.00 0.00 0.001.00

18.18 351.89 2.00 0.00 0.001.00 18.34 351.79 2.00 0.00 0.001.00

18.47 347.70 2.00 0.00 0.001.00 18.59 337.89 2.00 0.00 0.001.00

18.71 325.94 2.00 0.00 0.001.00 18.84 312.94 2.00 0.00 0.001.00

18.96 299.92 2.00 0.00 0.001.00 19.09 284.62 2.00 0.00 0.001.00

19.23 269.74 2.00 0.00 0.001.00 19.35 256.01 2.00 0.00 0.001.00

19.47 249.74 2.00 0.00 0.001.00 19.59 256.84 2.00 0.00 0.001.00

19.72 262.74 2.00 0.00 0.001.00 19.84 256.90 2.00 0.00 0.001.00

19.96 239.45 2.00 0.00 0.001.00 20.08 218.51 2.00 0.00 0.001.00

20.21 203.69 2.00 0.00 0.001.00 20.27 182.25 2.00 0.00 0.001.00

20.45 181.20 2.00 0.00 0.001.00 20.54 173.51 2.00 0.00 0.001.00

20.65 171.33 2.00 0.00 0.001.00 20.75 169.88 2.00 0.00 0.001.00

20.84 168.31 2.00 0.00 0.001.00 20.95 143.36 2.00 0.00 0.001.00

21.05 129.37 1.68 0.15 0.001.00 21.15 138.58 1.90 0.04 0.001.00

21.27 147.15 2.00 0.00 0.001.00 21.36 142.36 2.00 0.00 0.001.00

21.46 135.52 1.81 0.08 0.001.00 21.57 127.70 1.63 0.17 0.001.00

21.66 128.02 1.63 0.17 0.001.00 21.76 124.19 1.56 0.22 0.001.00

21.88 105.77 1.25 0.50 0.011.00 21.97 88.15 1.02 1.39 0.021.00

22.09 95.39 1.10 0.82 0.011.00 22.18 113.06 1.35 0.38 0.001.00

22.29 115.80 1.40 0.34 0.001.00 22.40 108.19 1.28 0.47 0.011.00

22.50 100.04 1.16 0.67 0.011.00 22.61 107.46 1.26 0.49 0.011.00

22.70 125.97 1.57 0.21 0.001.00 22.81 151.68 2.00 0.00 0.001.00

22.91 155.76 2.00 0.00 0.001.00 23.02 154.12 2.00 0.00 0.001.00

23.13 149.43 2.00 0.00 0.001.00 23.22 138.13 1.83 0.07 0.001.00

23.44 129.41 1.62 0.18 0.001.00 23.53 134.75 1.74 0.11 0.001.00
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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

23.65 175.21 2.00 0.00 0.001.00 23.74 172.18 2.00 0.00 0.001.00

23.84 147.59 2.00 0.00 0.001.00 23.96 129.73 1.62 0.18 0.001.00

24.06 147.39 2.00 0.00 0.001.00 24.17 161.92 2.00 0.00 0.001.00

24.26 173.34 2.00 0.00 0.001.00 24.38 187.02 2.00 0.00 0.001.00

24.48 206.58 2.00 0.00 0.001.00 24.60 218.89 2.00 0.00 0.001.00

24.69 212.47 2.00 0.00 0.001.00 24.81 212.33 2.00 0.00 0.001.00

24.90 235.36 2.00 0.00 0.001.00 25.02 299.34 2.00 0.00 0.001.00

25.11 280.16 2.00 0.00 0.001.00 25.22 256.34 2.00 0.00 0.001.00

25.33 448.02 2.00 0.00 0.001.00 25.50 661.33 2.00 0.00 0.001.00

25.60 707.62 2.00 0.00 0.001.00

Total estimated settlement: 0.66

Abbreviations
Qtn,cs:
FS:
ev (%):
DF:
Settlement:

Equivalent clean sand normalized cone resistance
Factor of safety against liquefaction
Post-liquefaction volumentric strain
ev depth weighting factor
Calculated settlement
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Estimation of post-earthquake lateral Displacements
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qt: Total cone resistance (cone resistance qc corrected for pore water effects)
Ic: Soil Behaviour Type Index
qc1N,cs: Equivalent clean sand normalized CPT total cone resistance

F.S.: Factor of safety
γmax: Maximum cyclic shear strain
LDI: Lateral displacement index

Abbreviations



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT3

:: Lateral displacement index calculation ::

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

10.68 10.21 0.00 2.00 0.00 0.00 0.00

10.83 10.17 0.00 2.00 0.00 0.00 0.00

10.96 9.88 0.00 2.00 0.00 0.00 0.00

11.11 10.36 0.00 2.00 0.00 0.00 0.00

11.23 10.45 0.00 2.00 0.00 0.00 0.00

11.38 9.78 0.00 2.00 0.00 0.00 0.00

11.51 7.32 0.00 2.00 0.00 0.00 0.00

11.66 6.91 0.00 2.00 0.00 0.00 0.00

11.79 7.15 0.00 2.00 0.00 0.00 0.00

11.93 6.87 0.00 2.00 0.00 0.00 0.00

12.07 6.72 0.00 2.00 0.00 0.00 0.00

12.21 6.70 0.00 2.00 0.00 0.00 0.00

12.35 6.68 0.00 2.00 0.00 0.00 0.00

12.48 7.42 0.00 2.00 0.00 0.00 0.00

12.63 7.28 0.00 2.00 0.00 0.00 0.00

12.77 6.12 0.00 2.00 0.00 0.00 0.00

12.91 6.36 0.00 2.00 0.00 0.00 0.00

13.06 6.09 0.00 2.00 0.00 0.00 0.00

13.18 5.83 0.00 2.00 0.00 0.00 0.00

13.33 6.07 0.00 2.00 0.00 0.00 0.00

13.46 6.81 0.00 2.00 0.00 0.00 0.00

13.61 6.42 0.00 2.00 0.00 0.00 0.00

13.67 4.90 0.00 2.00 0.00 0.00 0.00

13.94 49.25 1.05 0.74 0.94 1.05 3.44

14.13 91.23 0.38 1.24 0.86 0.01 0.02

14.28 97.87 0.33 1.34 0.81 0.01 0.01

14.40 82.68 0.46 1.11 0.91 0.01 0.02

14.59 63.74 0.73 0.87 0.94 0.73 1.60

14.74 53.35 0.94 0.76 0.94 0.94 1.74

14.91 60.74 0.78 0.83 0.94 0.78 1.61

15.07 78.50 0.51 1.03 0.92 0.02 0.05

15.23 132.46 0.14 1.99 0.46 0.00 0.00

15.41 184.00 0.04 2.00 -0.22 0.00 0.00

15.56 232.99 0.01 2.00 -0.95 0.00 0.00

15.73 265.80 0.00 2.00 -1.46 0.00 0.00

15.90 280.14 0.00 2.00 -1.69 0.00 0.00

16.06 275.96 0.00 2.00 -1.62 0.00 0.00

16.23 281.45 0.00 2.00 -1.71 0.00 0.00

16.39 299.94 0.00 2.00 -2.00 0.00 0.00

16.57 289.83 0.00 2.00 -1.84 0.00 0.00

16.72 264.14 0.00 2.00 -1.44 0.00 0.00

16.88 238.39 0.00 2.00 -1.03 0.00 0.00

17.19 234.70 0.01 2.00 -0.98 0.00 0.00

17.37 304.63 0.00 2.00 -2.08 0.00 0.00

17.52 330.29 0.00 2.00 -2.49 0.00 0.00

17.69 350.09 0.00 2.00 -2.81 0.00 0.00

17.86 368.38 0.00 2.00 -3.10 0.00 0.00

18.01 356.75 0.00 2.00 -2.91 0.00 0.00
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:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

18.18 351.89 0.00 2.00 -2.83 0.00 0.00

18.34 351.79 0.00 2.00 -2.83 0.00 0.00

18.47 347.70 0.00 2.00 -2.77 0.00 0.00

18.59 337.89 0.00 2.00 -2.61 0.00 0.00

18.71 325.94 0.00 2.00 -2.42 0.00 0.00

18.84 312.94 0.00 2.00 -2.21 0.00 0.00

18.96 299.92 0.00 2.00 -2.00 0.00 0.00

19.09 284.62 0.00 2.00 -1.76 0.00 0.00

19.23 269.74 0.00 2.00 -1.52 0.00 0.00

19.35 256.01 0.00 2.00 -1.31 0.00 0.00

19.47 249.74 0.00 2.00 -1.21 0.00 0.00

19.59 256.84 0.00 2.00 -1.32 0.00 0.00

19.72 262.74 0.00 2.00 -1.41 0.00 0.00

19.84 256.90 0.00 2.00 -1.32 0.00 0.00

19.96 239.45 0.00 2.00 -1.05 0.00 0.00

20.08 218.51 0.01 2.00 -0.73 0.00 0.00

20.21 203.69 0.02 2.00 -0.51 0.00 0.00

20.27 182.25 0.04 2.00 -0.19 0.00 0.00

20.45 181.20 0.04 2.00 -0.18 0.00 0.00

20.54 173.51 0.05 2.00 -0.07 0.00 0.00

20.65 171.33 0.05 2.00 -0.04 0.00 0.00

20.75 169.88 0.05 2.00 -0.02 0.00 0.00

20.84 168.31 0.06 2.00 0.00 0.00 0.00

20.95 143.36 0.11 2.00 0.33 0.00 0.00

21.05 129.37 0.16 1.68 0.50 0.00 0.01

21.15 138.58 0.12 1.90 0.39 0.00 0.00

21.27 147.15 0.10 2.00 0.28 0.00 0.00

21.36 142.36 0.11 2.00 0.34 0.00 0.00

21.46 135.52 0.13 1.81 0.43 0.00 0.00

21.57 127.70 0.16 1.63 0.52 0.01 0.01

21.66 128.02 0.16 1.63 0.52 0.01 0.01

21.76 124.19 0.18 1.56 0.56 0.01 0.01

21.88 105.77 0.27 1.25 0.74 0.01 0.02

21.97 88.15 0.41 1.02 0.88 0.03 0.03

22.09 95.39 0.35 1.10 0.83 0.02 0.03

22.18 113.06 0.23 1.35 0.68 0.01 0.01

22.29 115.80 0.21 1.40 0.65 0.01 0.01

22.40 108.19 0.26 1.28 0.72 0.01 0.02

22.50 100.04 0.31 1.16 0.79 0.02 0.02

22.61 107.46 0.26 1.26 0.73 0.01 0.02

22.70 125.97 0.17 1.57 0.54 0.01 0.01

22.81 151.68 0.09 2.00 0.23 0.00 0.00

22.91 155.76 0.08 2.00 0.17 0.00 0.00

23.02 154.12 0.08 2.00 0.19 0.00 0.00

23.13 149.43 0.09 2.00 0.25 0.00 0.00

23.22 138.13 0.13 1.83 0.40 0.00 0.00

23.44 129.41 0.16 1.62 0.50 0.01 0.02

23.53 134.75 0.14 1.74 0.44 0.00 0.00
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:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

23.65 175.21 0.05 2.00 -0.09 0.00 0.00

23.74 172.18 0.05 2.00 -0.05 0.00 0.00

23.84 147.59 0.10 2.00 0.28 0.00 0.00

23.96 129.73 0.15 1.62 0.50 0.01 0.01

24.06 147.39 0.10 2.00 0.28 0.00 0.00

24.17 161.92 0.07 2.00 0.09 0.00 0.00

24.26 173.34 0.05 2.00 -0.07 0.00 0.00

24.38 187.02 0.03 2.00 -0.26 0.00 0.00

24.48 206.58 0.02 2.00 -0.55 0.00 0.00

24.60 218.89 0.01 2.00 -0.73 0.00 0.00

24.69 212.47 0.01 2.00 -0.64 0.00 0.00

24.81 212.33 0.01 2.00 -0.64 0.00 0.00

24.90 235.36 0.01 2.00 -0.99 0.00 0.00

25.02 299.34 0.00 2.00 -1.99 0.00 0.00

25.11 280.16 0.00 2.00 -1.69 0.00 0.00

25.22 256.34 0.00 2.00 -1.31 0.00 0.00

25.33 448.02 0.00 2.00 -4.38 0.00 0.00

25.50 661.33 0.00 2.00 -7.71 0.00 0.00

25.60 707.62 0.00 2.00 -8.41 0.00 0.00

Depth:
qc1N,cs:
Gammalim:
FS:
Fa:
Gammamax:
Lat. disp.:

Depth of test point
Adjusted and corrected cone resistance due to fines
Limiting shear strain
Calculated factor of safety against liquefaction
 
Maximum cyclic shear strain
Lateral displacement

Abbreviations

Total estimated displacement: 8.72
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:: Strength loss calculation  Idriss & Boulanger (2008) ::

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

2.27 128.74 1.00 206.81 1.34 0.93 0.93206.81

2.46 122.27 1.04 204.67 1.71 0.93 0.93196.40

2.65 113.65 1.10 200.36 1.79 0.70 0.92182.53

2.85 103.74 1.17 194.11 1.87 0.48 0.90166.59

2.98 94.12 1.21 182.61 1.92 0.42 0.89151.11

3.13 84.43 1.25 169.23 1.96 0.24 0.87135.54

3.28 77.41 1.26 156.78 1.97 0.19 0.86124.24

3.43 76.01 1.23 150.31 1.94 0.21 0.86121.98

3.57 74.36 1.20 142.72 1.91 0.21 0.85119.31

3.71 66.30 1.22 129.73 1.93 0.17 0.84106.35

3.86 51.38 1.38 113.32 2.05 0.12 0.8082.37

3.95 38.79 1.72 106.88 2.22 0.08 0.7662.13

4.11 28.49 2.33 106.18 2.40 0.08 0.7245.57

4.24 24.77 2.57 101.66 2.46 0.07 0.7039.58

4.36 22.47 2.69 96.63 2.48 0.07 0.6935.88

4.48 22.19 2.63 93.10 2.47 0.07 0.6935.42

4.62 21.27 2.68 90.85 2.48 0.07 0.6933.92

4.75 21.58 2.50 85.86 2.44 0.06 0.6934.41

4.87 28.55 1.82 82.95 2.26 0.07 0.7245.59

5.00 36.19 1.50 86.82 2.12 0.10 0.7557.86

5.14 38.54 1.44 88.91 2.09 0.10 0.7661.62

5.27 34.20 1.53 83.69 2.14 0.08 0.7554.64

5.42 33.14 1.45 76.54 2.10 0.07 0.7452.92

5.55 35.40 1.29 72.84 1.99 0.09 0.7556.55

5.69 38.82 1.00 62.02 1.90 0.09 0.7662.02

5.84 40.16 1.00 64.16 1.87 0.09 0.7764.16

5.97 43.63 1.00 69.73 1.85 0.09 0.7869.73

6.12 47.80 1.14 87.33 1.85 0.11 0.7976.42

6.25 52.19 1.15 96.21 1.86 0.12 0.8083.46

6.40 51.55 1.22 100.91 1.94 0.13 0.8082.42

6.53 45.37 1.38 100.23 2.06 0.11 0.7872.47

6.68 36.61 1.64 95.87 2.19 0.08 0.7558.38

6.82 33.14 1.68 88.79 2.21 0.08 0.7452.79

6.96 33.67 1.55 82.93 2.15 0.09 0.7453.63

7.10 31.37 1.60 79.78 2.17 0.09 0.7349.93

7.33 25.02 2.05 81.49 2.33 0.07 0.7139.70

7.47 17.85 3.09 87.14 2.56 0.06 0.6628.18

7.60 13.82 4.24 91.97 2.73 0.06 3.0021.70

7.75 11.31 5.35 94.42 2.86 0.06 2.3817.64

7.89 9.96 6.11 94.58 2.94 0.06 2.0415.47

8.03 9.74 6.14 92.63 2.94 0.06 1.9515.10

8.15 11.87 4.73 87.61 2.79 0.06 2.3418.50

8.30 22.34 2.26 79.78 2.39 0.06 0.6935.31

8.44 29.53 1.75 81.93 2.23 0.10 0.7346.85

8.58 31.37 1.76 87.64 2.24 0.08 0.7349.80

8.73 23.20 2.56 93.95 2.46 0.07 0.7036.66

8.87 16.71 3.79 99.40 2.67 0.07 2.9826.21

9.00 13.24 4.79 98.88 2.80 0.06 2.3020.62
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:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

9.15 10.97 5.47 92.88 2.88 0.06 1.8516.97

9.28 9.18 5.78 81.42 2.91 0.06 1.5114.08

9.43 6.88 6.45 67.00 2.97 0.06 1.1010.38

9.55 4.90 7.49 53.77 3.06 0.06 0.757.18

9.71 4.25 7.97 48.91 3.10 0.06 0.636.13

9.84 4.53 7.65 50.28 3.08 0.06 0.666.57

9.98 4.98 7.21 52.52 3.04 0.06 0.727.28

10.13 5.04 7.22 53.13 3.04 0.06 0.727.36

10.26 5.12 7.18 53.76 3.04 0.06 0.727.49

10.41 5.63 6.83 56.61 3.01 0.06 0.798.29

10.68 6.05 6.57 58.75 2.98 0.06 0.838.94

10.83 6.33 6.39 59.98 2.97 0.06 0.879.38

10.96 6.38 6.46 61.11 2.97 0.06 0.879.46

11.11 6.47 6.67 63.92 2.99 0.06 0.889.58

11.23 6.47 6.82 65.27 3.01 0.06 0.879.57

11.38 5.83 7.32 62.44 3.05 0.06 0.778.53

11.51 5.07 7.75 56.62 3.09 0.06 0.667.30

11.66 4.51 8.10 51.78 3.11 0.06 0.576.39

11.79 4.43 7.96 49.73 3.10 0.06 0.566.25

11.93 4.40 8.00 49.53 3.11 0.06 0.556.19

12.07 4.31 8.10 48.95 3.11 0.06 0.536.04

12.21 4.29 7.94 47.54 3.10 0.06 0.535.99

12.35 4.45 7.24 45.21 3.04 0.06 0.556.25

12.48 4.59 6.59 42.61 2.99 0.05 0.566.46

12.63 4.48 6.50 40.80 2.98 0.05 0.556.27

12.77 4.26 6.75 39.82 3.00 0.05 0.515.90

12.91 4.01 6.87 37.67 3.01 0.05 0.475.49

13.06 3.95 6.31 34.00 2.96 0.05 0.465.39

13.18 3.89 5.32 28.15 2.86 0.05 0.455.29

13.33 4.06 4.40 24.42 2.75 0.05 0.475.55

13.46 4.20 4.21 24.27 2.73 0.05 0.495.76

13.61 3.95 5.24 28.05 2.85 0.05 0.455.35

13.67 6.16 4.79 42.58 2.80 0.05 0.758.90

13.94 17.58 2.12 57.57 2.35 0.04 0.6627.22

14.13 31.29 1.56 72.75 2.15 0.08 0.7346.59

14.28 38.62 1.43 80.95 2.09 0.09 0.7556.46

14.40 32.35 1.58 75.87 2.16 0.07 0.7347.91

14.59 21.97 2.05 68.56 2.33 0.06 0.6833.40

14.74 17.10 2.38 62.22 2.42 0.05 0.6526.18

14.91 22.53 1.90 63.68 2.28 0.05 0.6833.54

15.07 47.63 1.25 82.40 1.96 0.07 0.7766.12

15.23 90.42 1.05 124.79 1.72 0.16 0.85118.79

15.41 145.39 1.00 183.65 1.56 0.53 0.92183.65

15.56 194.19 1.00 240.40 1.49 0.96 0.96240.40

15.73 227.83 1.00 279.39 1.46 0.98 0.98279.39

15.90 242.36 1.00 296.62 1.47 0.99 0.99296.62

16.06 247.51 1.00 302.01 1.47 1.00 1.00302.01

16.23 254.09 1.00 308.34 1.47 1.00 1.00308.34
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:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

16.39 258.42 1.00 312.47 1.47 1.00 1.00312.47

16.57 251.96 1.00 304.85 1.49 1.00 1.00304.85

16.72 230.86 1.00 280.96 1.54 0.98 0.98280.96

16.88 212.97 1.00 259.58 1.56 0.97 0.97259.58

17.19 226.97 1.00 273.20 1.54 0.98 0.98273.20

17.37 258.65 1.00 307.73 1.50 1.00 1.00307.73

17.52 297.16 1.00 350.46 1.47 1.02 1.02350.46

17.69 318.82 1.00 373.42 1.45 1.03 1.03373.42

17.86 328.61 1.00 382.32 1.44 1.04 1.04382.32

18.01 330.27 1.00 382.15 1.43 1.04 1.04382.15

18.18 325.23 1.00 375.66 1.44 1.03 1.03375.66

18.34 321.03 1.00 371.42 1.47 1.03 1.03371.42

18.47 314.01 1.00 364.70 1.50 1.03 1.03364.70

18.59 302.76 1.00 352.96 1.54 1.02 1.02352.96

18.71 289.19 1.00 337.79 1.57 1.01 1.01337.79

18.84 275.59 1.00 321.90 1.59 1.01 1.01321.90

18.96 262.12 1.00 305.88 1.60 1.00 1.00305.88

19.09 249.19 1.00 289.97 1.61 0.99 0.99289.97

19.23 237.21 1.00 274.86 1.60 0.98 0.98274.86

19.35 228.79 1.00 263.67 1.59 0.97 0.97263.67

19.47 227.73 1.00 260.69 1.56 0.97 0.97260.69

19.59 232.37 1.00 264.30 1.54 0.97 0.97264.30

19.72 235.70 1.00 266.88 1.52 0.98 0.98266.88

19.84 229.43 1.00 259.84 1.54 0.97 0.97259.84

19.96 213.68 1.00 241.93 1.56 0.96 0.96241.93

20.08 195.46 1.00 220.90 1.57 0.95 0.95220.90

20.21 176.34 1.00 198.68 1.57 0.93 0.93198.68

20.27 162.38 1.00 182.88 1.58 0.49 0.92182.88

20.45 148.10 1.00 167.43 1.64 0.42 0.90167.43

20.54 136.88 1.05 164.30 1.72 0.30 0.89156.18

20.65 124.88 1.14 164.06 1.84 0.24 0.88144.33

20.75 115.89 1.23 166.13 1.94 0.21 0.87135.31

20.84 103.52 1.34 163.03 2.03 0.20 0.86121.88

20.95 90.12 1.46 155.33 2.10 0.14 0.84106.62

21.05 81.88 1.51 145.71 2.13 0.12 0.8296.80

21.15 84.57 1.40 138.60 2.07 0.14 0.8399.00

21.27 90.25 1.29 134.90 1.99 0.15 0.83104.42

21.36 90.36 1.26 131.23 1.97 0.15 0.83103.98

21.46 84.31 1.32 128.20 2.01 0.14 0.8297.23

21.57 78.91 1.40 127.99 2.07 0.12 0.8191.27

21.66 74.83 1.44 124.91 2.09 0.12 0.8186.51

21.76 68.25 1.48 116.94 2.12 0.12 0.7978.80

21.88 56.94 1.64 108.16 2.19 0.10 0.7765.90

21.97 48.54 1.94 109.68 2.30 0.08 0.7556.54

22.09 49.97 1.98 115.26 2.31 0.09 0.7558.14

22.18 57.07 1.83 120.53 2.26 0.10 0.7766.03

22.29 60.31 1.80 124.87 2.25 0.11 0.7869.55

22.40 56.85 1.96 128.71 2.30 0.10 0.7765.67
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:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

22.50 54.84 2.06 130.54 2.33 0.09 0.7763.32

22.61 61.07 1.82 127.52 2.26 0.10 0.7869.88

22.70 78.04 1.45 127.61 2.10 0.12 0.8187.92

22.81 95.15 1.27 134.28 1.98 0.16 0.84105.82

22.91 105.41 1.20 140.15 1.92 0.18 0.85116.37

23.02 104.37 1.22 140.77 1.93 0.17 0.85115.14

23.13 96.66 1.31 140.33 2.01 0.16 0.84107.05

23.22 86.81 1.46 141.19 2.10 0.14 0.8296.67

23.44 81.41 1.61 145.54 2.17 0.12 0.8190.67

23.53 91.80 1.52 154.66 2.13 0.13 0.83101.75

23.65 104.55 1.42 163.18 2.08 0.21 0.85115.12

23.74 108.07 1.39 165.19 2.06 0.20 0.85118.58

23.84 95.14 1.52 158.45 2.13 0.15 0.83104.59

23.96 88.09 1.59 154.05 2.17 0.12 0.8296.75

24.06 94.67 1.47 151.73 2.11 0.15 0.83103.25

24.17 112.57 1.26 152.87 1.97 0.19 0.85121.24

24.26 131.74 1.14 159.92 1.84 0.25 0.88140.33

24.38 150.43 1.08 172.09 1.77 0.36 0.89159.01

24.48 164.23 1.09 188.65 1.77 0.55 0.91173.46

24.60 167.20 1.14 201.02 1.84 0.63 0.91177.07

24.69 163.48 1.20 208.78 1.91 0.46 0.91173.72

24.81 166.20 1.24 218.84 1.95 0.43 0.91176.59

24.90 193.78 1.20 245.31 1.91 0.83 0.93205.01

25.02 225.59 1.14 271.13 1.85 0.96 0.96237.19

25.11 251.39 1.01 264.00 1.66 0.97 0.97260.47

25.22 321.14 1.00 323.96 1.29 1.01 1.01323.96

25.33 459.49 1.00 518.17 -1.00 1.09 1.09518.17

25.50 595.96 1.00 670.85 -1.00 1.14 1.14670.85

25.60 699.17 1.00 786.17 -1.00 1.17 1.17786.17

qt:
Kc:
Qtn,cs:
Ic:
Su(liq)/σ'v:
Su(peak)/σ'v:

Total cone resistance
Cone resistance correction factor due to fines
Adjusted and corrected cone resistance due to fines
Soil behavior type index
Calculated liquefied undrained strength ratio
Calculated peak undrained strength ratio

Abbreviations
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : Location : 

F&ME Consultants, Inc.
3112 Devine Street
Columbia, SC
(803) 254-4540

CPT file : CPT-5

8.00 ft
10.00 ft
3
2.60
Based on SBT

Use fill:
Fill height:
Fill weight:
Trans. detect. applied:
Kσ applied:

Yes
2.00 ft
125.00 lb/ft3
No
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:
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Factor of safety
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During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading
Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground
geometry
Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Cone resistance

qt (tsf)
25020015010050

D
ep

th
 (

ft)

15.5

15

14.5

14

13.5

13

12.5

12

11.5

11

10.5

10

9.5

9

8.5

8

7.5

7

6.5

6

5.5

5

4.5

4

3.5

3

2.5

2

1.5

1

0.5

Cone resistance

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s

Friction Ratio

Rf (%)
1086420

D
ep

th
 (

ft)

15.5

15

14.5

14

13.5

13

12.5

12

11.5

11

10.5

10

9.5

9

8.5

8

7.5

7

6.5

6

5.5

5

4.5

4

3.5

3

2.5

2

1.5

1

0.5

Friction Ratio Pore pressure

u (psi)
3020100-10

D
ep

th
 (

ft)

15.5

15

14.5

14

13.5

13

12.5

12

11.5

11

10.5

10

9.5

9

8.5

8

7.5

7

6.5

6

5.5

5

4.5

4

3.5

3

2.5

2

1.5

1

0.5

Pore pressure

Insitu

SBT Plot

Ic(SBT)
4321

D
ep

th
 (

ft)

15.5

15

14.5

14

13.5

13

12.5

12

11.5

11

10.5

10

9.5

9

8.5

8

7.5

7

6.5

6

5.5

5

4.5

4

3.5

3

2.5

2

1.5

1

0.5

SBT Plot Soil Behaviour Type

SBT (Robertson et al. 1986)
181614121086420

D
ep

th
 (

ft)

15.5

15

14.5

14

13.5

13

12.5

12

11.5

11

10.5

10

9.5

9

8.5

8

7.5

7

6.5

6

5.5

5

4.5

4

3.5

3

2.5

2

1.5

1

0.5

Soil Behaviour Type
Clay

Sand & silty sand

Silty sand & sandy silt

Sand & silty sand

Silty sand & sandy silt

Clay

Clay & silty clay

Silty sand & sandy silt
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14
8.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.00 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A

SBT legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained
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Norm. cone resistance
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SBTn legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand
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8. Very stiff sand to

9. Very stiff fine grained

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14
8.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.00 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-5

Norm. cone resistance

qc1N
600500400300200100

D
ep

th
 (

ft)

15.5

15

14.5

14

13.5

13

12.5

12

11.5

11

10.5

10

9.5

9

8.5

8

7.5

7

6.5

6

5.5

5

4.5

4

3.5

3

2.5

2

1.5

1

0.5

Norm. cone resistance

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s  ( i n t e r m e d i a t e  r e s u l t s )

SBTn Index

Ic (Robertson 1990)
4321

D
ep

th
 (

ft)

15.5

15

14.5

14

13.5

13

12.5

12

11.5

11

10.5

10

9.5

9

8.5

8

7.5

7

6.5

6

5.5

5

4.5

4

3.5

3

2.5

2

1.5

1

0.5

SBTn Index Apparent fines content

FC (%)
200150100500

D
ep

th
 (

ft)

15.5

15

14.5

14

13.5

13

12.5

12

11.5

11

10.5

10

9.5

9

8.5

8

7.5

7

6.5

6

5.5

5

4.5

4

3.5

3

2.5

2

1.5

1

0.5

Apparent fines content "Fines" adjustment

Delta qc1N
109876543210

D
ep

th
 (

ft)

15.5

15

14.5

14

13.5

13

12.5

12

11.5

11

10.5

10

9.5

9

8.5

8

7.5

7

6.5

6

5.5

5

4.5

4

3.5

3

2.5

2

1.5

1

0.5

"Fines" adjustment Corrected norm. cone resistance

qc1N,cs
200150100500

D
ep

th
 (

ft)

15.5

15

14.5

14

13.5

13

12.5

12

11.5

11

10.5

10

9.5

9

8.5

8

7.5

7

6.5

6

5.5

5

4.5

4

3.5

3

2.5

2

1.5

1

0.5

Corrected norm. cone resistance

CLiq v.1.7.6.34 - CPT Liquefaction Assessment Software - Report created on: 2/16/2016, 8:35:43 AM 66
Project file: P:\Geotechnical\G5500's\G5556.000 - Emergency Bridge Pkg 4 - Design Build\G5556.02 - S-51 over Black Mingo Creek\Reports\Final Report\Bridge\CPT\CLiq_FEE.clq

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14
8.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.00 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14
8.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.00 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no liq. are equally likely

Unlike to liquefy

Almost certain it will not liquefy

Very high risk

High risk

Low risk
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14
8.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.00 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A
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:: Field input data ::

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

1 0.16 1.32 0.04 92.0078.200.21

2 0.49 5.08 0.09 102.850.001.10

3 0.66 403.88 0.02 105.670.00-0.93

4 0.98 2.16 0.19 111.920.000.11

5 1.15 49.44 0.49 116.058.13-0.17

6 1.31 157.57 0.92 121.453.12-0.80

7 1.48 210.21 1.26 124.421.33-1.17

8 1.64 231.39 1.37 126.160.89-1.23

9 1.80 259.95 1.64 127.130.84-1.14

10 1.97 258.34 1.76 127.711.03-1.26

11 2.13 242.02 1.74 127.791.47-1.21

12 2.30 224.98 1.78 127.822.37-1.13

13 2.53 191.72 1.95 128.313.88-1.01

14 2.66 172.76 2.34 128.586.27-0.94

15 2.82 131.12 2.38 127.958.81-0.73

16 2.95 97.37 1.85 126.868.31-0.51

17 3.12 157.89 1.50 126.236.380.11

18 3.28 168.19 1.74 125.914.26-0.16

19 3.44 163.95 1.41 124.854.49-0.56

20 3.61 118.70 0.99 122.744.71-0.37

21 3.77 107.72 0.86 120.755.98-0.34

22 3.94 88.56 0.82 119.577.18-0.31

23 4.10 74.03 0.71 118.829.11-0.26

24 4.26 65.86 0.75 118.4910.83-0.24

25 4.43 62.46 0.80 118.5311.30-0.39

26 4.59 69.18 0.74 118.0210.50-0.56

27 4.76 69.46 0.58 117.649.37-0.57

28 4.92 72.09 0.66 118.427.96-0.55

29 5.08 99.32 0.87 120.007.43-0.60

30 5.25 100.81 0.99 121.067.08-0.72

31 5.41 96.08 0.98 121.647.13-1.00

32 5.58 108.24 1.07 122.066.52-1.44

33 5.74 122.22 1.10 121.825.72-1.71

34 5.91 111.37 0.83 121.395.76-2.12

35 6.07 99.13 0.93 120.936.79-2.79

36 6.23 89.85 1.02 120.999.07-3.77

37 6.40 70.22 0.99 120.6711.68-3.65

38 6.56 58.65 0.96 119.9912.99-3.57

39 6.73 67.56 0.86 120.7214.07-3.38

40 6.89 67.71 1.30 120.1915.87-0.51

41 7.09 37.36 0.86 120.4119.306.57

42 7.22 45.59 1.09 120.3718.19-0.18

43 7.38 74.47 1.23 122.7716.162.63

44 7.55 78.00 1.77 124.2113.697.00

45 7.74 90.42 1.65 124.6314.374.56

46 7.87 72.68 1.52 123.5814.381.89

47 8.07 63.44 1.20 122.0815.980.38

48 8.20 56.05 1.05 121.1715.84-0.31
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:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

49 8.40 64.38 1.13 120.7116.20-0.37

50 8.53 56.04 1.04 119.5413.700.45

51 8.69 67.92 0.52 115.4616.760.58

52 8.86 4.93 0.19 110.0021.432.01

53 9.02 6.49 0.27 102.8273.304.64

54 9.19 3.90 0.17 103.2359.406.89

55 9.35 9.66 0.17 101.1659.6312.44

56 9.51 4.36 0.13 101.3057.3021.62

57 9.71 4.73 0.17 100.2973.6120.86

58 9.84 3.85 0.16 100.5075.5822.50

59 10.01 4.03 0.15 100.4375.6923.98

60 10.17 4.65 0.17 100.7270.5223.31

61 10.37 5.27 0.16 101.3569.4022.98

62 10.50 4.76 0.18 101.9162.3224.66

63 10.66 7.18 0.18 102.9066.2529.67

64 10.83 4.70 0.24 104.3165.1628.87

65 10.99 6.27 0.29 105.4967.8130.17

66 11.15 7.48 0.30 104.9966.2720.73

67 11.32 4.91 0.18 103.4867.5321.10

68 11.52 4.64 0.17 101.8773.3325.00

69 11.65 4.58 0.21 103.2774.2427.54

70 11.81 5.52 0.29 106.5776.2630.93

71 12.01 6.72 0.50 110.0474.2622.61

72 12.14 8.62 0.70 113.2971.4428.88

73 12.30 11.04 0.96 115.0457.2814.80

74 12.47 18.62 0.78 114.3358.799.71

75 12.63 6.20 0.53 111.4561.9419.57

76 12.79 4.13 0.34 107.7784.9311.71

77 12.96 5.87 0.33 106.3482.1412.54

78 13.16 5.76 0.32 106.5375.4321.29

79 13.29 5.97 0.32 106.0075.0022.07

80 13.45 5.37 0.27 105.3176.7925.74

81 13.65 4.56 0.26 104.9674.7532.35

82 13.81 6.18 0.28 106.2764.5028.89

83 13.94 10.08 0.36 107.5961.0719.29

84 14.11 7.75 0.39 108.7063.4617.68

85 14.27 6.51 0.44 108.6671.5824.04

86 14.44 6.68 0.41 109.3666.4922.47

87 14.60 10.81 0.46 110.2457.896.12

88 14.76 12.48 0.51 110.1456.896.22

89 14.96 7.43 0.38 108.7269.179.09

90 15.09 2.88 0.34 110.3041.0811.30

91 15.26 34.99 0.50 116.4331.9112.82

92 15.42 44.21 1.47 121.0621.407.94

93 15.58 76.50 1.54 124.1420.50-8.29

94 15.75 73.47 1.96 125.1718.72-10.21

95 15.91 175.79 3.43 130.2412.01-6.27
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:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

Abbreviations

Depth:
qc:
fs:
u:
Fines content:
Unit weight:

Depth from free surface, at which CPT was performed (ft)
Measured cone resistance (tsf)
Sleeve friction resistance (tsf)
Pore pressure (tsf)
Percentage of fines in soil (%)
Bulk soil unit weight (pcf)
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:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data ::

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

1 2.16 0.13 0.00 0.13 1.00 0.091 0.086 1.08 2.0001.05 No1.10

2 2.49 0.15 0.00 0.15 1.00 0.091 0.086 1.09 2.0001.05 No1.10

3 2.66 0.16 0.00 0.16 1.00 0.091 0.086 1.10 2.0001.05 No1.10

4 2.98 0.18 0.00 0.18 1.00 0.091 0.086 1.07 2.0001.05 No1.10

5 3.15 0.19 0.00 0.19 1.00 0.091 0.086 1.10 2.0001.05 No1.10

6 3.31 0.20 0.00 0.20 1.00 0.091 0.086 1.10 2.0001.05 No1.10

7 3.48 0.21 0.00 0.21 1.00 0.091 0.086 1.10 2.0001.05 No1.10

8 3.64 0.22 0.00 0.22 1.00 0.091 0.086 1.10 2.0001.05 No1.10

9 3.80 0.23 0.00 0.23 1.00 0.091 0.086 1.10 2.0001.05 No1.10

10 3.97 0.24 0.00 0.24 1.00 0.091 0.086 1.10 2.0001.05 No1.10

11 4.13 0.25 0.00 0.25 1.00 0.091 0.086 1.10 2.0001.05 No1.10

12 4.30 0.26 0.00 0.26 1.00 0.091 0.086 1.10 2.0001.05 No1.10

13 4.53 0.27 0.00 0.27 1.00 0.091 0.086 1.10 2.0001.05 No1.10

14 4.66 0.28 0.00 0.28 0.99 0.091 0.086 1.10 2.0001.05 No1.10

15 4.82 0.29 0.00 0.29 0.99 0.090 0.086 1.10 2.0001.05 No1.10

16 4.95 0.30 0.00 0.30 0.99 0.090 0.086 1.10 2.0001.05 No1.10

17 5.12 0.31 0.00 0.31 0.99 0.090 0.086 1.10 2.0001.05 No1.10

18 5.28 0.32 0.00 0.32 0.99 0.090 0.086 1.10 2.0001.05 No1.10

19 5.45 0.33 0.00 0.33 0.99 0.090 0.086 1.10 2.0001.05 No1.10

20 5.61 0.34 0.00 0.34 0.99 0.090 0.086 1.10 2.0001.05 No1.10

21 5.77 0.35 0.00 0.35 0.99 0.090 0.086 1.10 2.0001.05 No1.10

22 5.94 0.36 0.00 0.36 0.99 0.090 0.086 1.10 2.0001.05 No1.10

23 6.10 0.37 0.00 0.37 0.99 0.090 0.085 1.10 2.0001.05 No1.10

24 6.26 0.38 0.00 0.38 0.99 0.090 0.085 1.10 2.0001.05 No1.10

25 6.43 0.39 0.00 0.39 0.99 0.090 0.085 1.10 2.0001.05 No1.10

26 6.59 0.40 0.00 0.40 0.99 0.090 0.085 1.10 2.0001.05 No1.10

27 6.76 0.41 0.00 0.41 0.99 0.090 0.085 1.10 2.0001.05 No1.10

28 6.92 0.42 0.00 0.42 0.99 0.090 0.085 1.10 2.0001.05 No1.10

29 7.08 0.43 0.00 0.43 0.99 0.090 0.085 1.10 2.0001.05 No1.10

30 7.25 0.44 0.00 0.44 0.99 0.090 0.085 1.10 2.0001.05 No1.10

31 7.41 0.45 0.00 0.45 0.99 0.090 0.085 1.10 2.0001.05 No1.10

32 7.58 0.46 0.00 0.46 0.99 0.090 0.085 1.10 2.0001.05 No1.10

33 7.74 0.47 0.00 0.47 0.99 0.090 0.085 1.10 2.0001.05 No1.10

34 7.91 0.48 0.00 0.48 0.99 0.090 0.085 1.10 2.0001.05 No1.10

35 8.07 0.49 0.00 0.49 0.98 0.090 0.085 1.10 2.0001.05 No1.10

36 8.23 0.50 0.00 0.50 0.98 0.090 0.085 1.10 2.0001.05 No1.10

37 8.40 0.51 0.00 0.51 0.98 0.090 0.085 1.08 2.0001.05 No1.10

38 8.56 0.52 0.00 0.52 0.98 0.089 0.085 1.07 2.0001.05 No1.10

39 8.73 0.53 0.00 0.53 0.98 0.089 0.085 1.07 2.0001.05 No1.10

40 8.89 0.54 0.00 0.54 0.98 0.089 0.085 1.07 2.0001.05 No1.10

41 9.09 0.55 0.00 0.55 0.98 0.089 0.085 1.05 2.0001.05 No1.10

42 9.22 0.56 0.00 0.56 0.98 0.089 0.085 1.05 2.0001.05 No1.10

43 9.38 0.57 0.00 0.57 0.98 0.089 0.085 1.07 2.0001.05 No1.10

44 9.55 0.58 0.00 0.58 0.98 0.089 0.085 1.07 2.0001.05 No1.10

45 9.74 0.59 0.00 0.59 0.98 0.089 0.085 1.07 2.0001.05 No1.10

46 9.87 0.60 0.00 0.60 0.98 0.089 0.084 1.06 2.0001.05 No1.10

47 10.07 0.61 0.00 0.61 0.98 0.089 0.085 1.05 0.0891.05 No1.10

48 10.20 0.62 0.01 0.61 0.98 0.090 0.085 1.05 0.0891.05 No1.10
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:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

49 10.40 0.63 0.01 0.62 0.98 0.091 0.086 1.05 0.0901.05 No1.10

50 10.53 0.64 0.02 0.62 0.98 0.091 0.087 1.05 0.0911.05 No1.10

51 10.69 0.65 0.02 0.63 0.98 0.092 0.087 1.05 0.0911.05 No1.10

52 10.86 0.66 0.03 0.63 0.98 0.093 0.088 1.02 0.0941.05 No1.10

53 11.02 0.67 0.03 0.63 0.97 0.093 0.088 1.02 0.0991.05 No1.10

54 11.19 0.67 0.04 0.64 0.97 0.094 0.089 1.02 0.1001.05 No1.10

55 11.35 0.68 0.04 0.64 0.97 0.094 0.090 1.02 0.1011.05 No1.10

56 11.51 0.69 0.05 0.64 0.97 0.095 0.090 1.02 0.1021.05 No1.10

57 11.71 0.70 0.05 0.65 0.97 0.096 0.091 1.02 0.1021.05 No1.10

58 11.84 0.71 0.06 0.65 0.97 0.096 0.091 1.02 0.1031.05 No1.10

59 12.01 0.72 0.06 0.65 0.97 0.097 0.092 1.02 0.1041.05 No1.10

60 12.17 0.72 0.07 0.66 0.97 0.097 0.092 1.02 0.1041.05 No1.10

61 12.37 0.73 0.07 0.66 0.97 0.098 0.093 1.02 0.1051.05 No1.10

62 12.50 0.74 0.08 0.66 0.97 0.099 0.094 1.02 0.1051.05 No1.10

63 12.66 0.75 0.08 0.67 0.97 0.099 0.094 1.02 0.1061.05 No1.10

64 12.83 0.76 0.09 0.67 0.97 0.100 0.095 1.02 0.1071.05 No1.10

65 12.99 0.77 0.09 0.67 0.97 0.100 0.095 1.02 0.1071.05 No1.10

66 13.15 0.77 0.10 0.68 0.97 0.101 0.096 1.02 0.1081.05 No1.10

67 13.32 0.78 0.10 0.68 0.97 0.101 0.096 1.02 0.1091.05 No1.10

68 13.52 0.79 0.11 0.68 0.97 0.102 0.097 1.02 0.1091.05 No1.10

69 13.65 0.80 0.11 0.69 0.97 0.102 0.097 1.02 0.1101.05 No1.10

70 13.81 0.81 0.12 0.69 0.96 0.103 0.098 1.02 0.1101.05 No1.10

71 14.01 0.82 0.13 0.69 0.96 0.104 0.098 1.02 0.1111.05 No1.10

72 14.14 0.83 0.13 0.70 0.96 0.104 0.099 1.02 0.1111.05 No1.10

73 14.30 0.84 0.13 0.70 0.96 0.104 0.099 1.02 0.1121.05 No1.10

74 14.47 0.85 0.14 0.71 0.96 0.105 0.099 1.02 0.1121.05 No1.10

75 14.63 0.85 0.14 0.71 0.96 0.105 0.100 1.02 0.1131.05 No1.10

76 14.79 0.86 0.15 0.71 0.96 0.106 0.100 1.02 0.1141.05 No1.10

77 14.96 0.87 0.15 0.72 0.96 0.106 0.101 1.02 0.1141.05 No1.10

78 15.16 0.88 0.16 0.72 0.96 0.107 0.101 1.02 0.1151.05 No1.10

79 15.29 0.89 0.16 0.72 0.96 0.107 0.102 1.02 0.1151.05 No1.10

80 15.45 0.90 0.17 0.73 0.96 0.108 0.102 1.02 0.1161.05 No1.10

81 15.65 0.91 0.18 0.73 0.96 0.108 0.103 1.02 0.1161.05 No1.10

82 15.81 0.92 0.18 0.74 0.96 0.109 0.103 1.02 0.1171.05 No1.10

83 15.94 0.92 0.19 0.74 0.96 0.109 0.103 1.02 0.1171.05 No1.10

84 16.11 0.93 0.19 0.74 0.96 0.109 0.104 1.02 0.1171.05 No1.10

85 16.27 0.94 0.20 0.75 0.96 0.110 0.104 1.02 0.1181.05 No1.10

86 16.44 0.95 0.20 0.75 0.95 0.110 0.104 1.02 0.1181.05 No1.10

87 16.60 0.96 0.21 0.75 0.95 0.111 0.105 1.02 0.1191.05 No1.10

88 16.76 0.97 0.21 0.76 0.95 0.111 0.105 1.02 0.1191.05 No1.10

89 16.96 0.98 0.22 0.76 0.95 0.111 0.106 1.01 0.1201.05 No1.10

90 17.09 0.99 0.22 0.77 0.95 0.112 0.106 1.01 0.1201.05 No1.10

91 17.26 1.00 0.23 0.77 0.95 0.112 0.106 1.02 0.1141.05 No1.10

92 17.42 1.01 0.23 0.78 0.95 0.112 0.107 1.02 0.1151.05 No1.10

93 17.58 1.02 0.24 0.78 0.95 0.113 0.107 1.03 0.1141.05 No1.10

94 17.75 1.03 0.24 0.79 0.95 0.113 0.107 1.03 0.1151.05 No1.10

95 17.91 1.04 0.25 0.79 0.95 0.113 0.107 1.07 0.1111.05 No1.10
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-5

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

Depth:
σv:
u0:
σv':
rd:
CSR:
MSF:
CSReq:
Kσ:
CSR*:

Depth from free surface, at which CPT was performed (ft)
Total overburden pressure at test point (tsf)
Water pressure at test point (tsf)
Effective overburden pressure based on GWT during earthquake (tsf)
Nonlinear shear mass factor
Cyclic Stress Ratio
Magnitude Scaling Factor
CSR adjusted for M=7.5
Effective overburden stress factor
CSR fully adjusted

Abbreviations

CLiq v.1.7.6.34 - CPT Liquefaction Assessment Software - Report created on: 2/16/2016, 8:35:43 AM 74
Project file: P:\Geotechnical\G5500's\G5556.000 - Emergency Bridge Pkg 4 - Design Build\G5556.02 - S-51 over Black Mingo Creek\Reports\Final Report\Bridge\CPT\CLiq_FEE.clq



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-5

:: Cyclic Resistance Ratio (CRR) calculation data ::

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

1 2.58 60.72 3.27 0.71 1.70 2.13 0.00 4.000 No Yes2.16 2.002.13

2 138.02 3.82 1.13 0.78 1.70 8.16 0.00 4.000 No No2.49 2.008.16

3 137.04 3.86 1.13 0.26 1.70 648.90 0.00 4.000 No No2.66 2.00648.90

4 151.82 4.10 1.16 0.78 1.70 3.47 0.00 4.000 No No2.98 2.003.47

5 69.72 12.91 1.80 0.49 1.70 79.44 25.62 4.000 No No3.15 2.00105.05

6 139.06 8.31 1.52 0.26 1.70 253.16 9.90 4.000 No No3.31 2.00263.06

7 199.71 6.51 1.38 0.26 1.70 337.73 1.83 4.000 No No3.48 2.00339.56

8 233.84 6.06 1.35 0.26 1.70 371.77 0.90 4.000 No No3.64 2.00372.66

9 249.88 6.01 1.34 0.26 1.70 417.65 0.89 4.000 No No3.80 2.00418.54

10 253.42 6.20 1.36 0.26 1.70 415.06 1.28 4.000 No No3.97 2.00416.34

11 241.76 6.66 1.40 0.26 1.70 388.83 2.54 4.000 No No4.13 2.00391.37

12 219.56 7.58 1.47 0.26 1.70 361.47 7.09 4.000 No No4.30 2.00368.56

13 196.48 9.04 1.57 0.26 1.68 304.52 17.98 4.000 No No4.53 2.00322.50

14 165.19 11.26 1.71 0.26 1.66 270.43 38.68 4.000 No No4.66 2.00309.11

15 133.74 13.51 1.83 0.27 1.64 203.09 49.12 4.000 No No4.82 2.00252.21

16 128.79 13.07 1.81 0.34 1.70 156.44 38.51 4.000 No No4.95 2.00194.95

17 141.15 11.36 1.71 0.26 1.58 236.23 35.88 4.000 No No5.12 2.00272.10

18 163.34 9.41 1.59 0.26 1.56 248.07 18.59 4.000 No No5.28 2.00266.66

19 150.28 9.62 1.61 0.26 1.54 238.59 19.90 4.000 No No5.45 2.00258.49

20 130.12 9.83 1.62 0.32 1.67 187.74 18.36 4.000 No No5.61 2.00206.10

21 104.99 11.00 1.69 0.34 1.68 170.90 25.95 4.000 No No5.77 2.00196.85

22 90.10 12.08 1.75 0.37 1.70 142.29 30.15 4.000 No No5.94 2.00172.44

23 76.15 13.76 1.84 0.40 1.70 118.94 36.11 4.000 No No6.10 2.00155.06

24 67.45 15.23 1.92 0.41 1.70 105.81 40.08 4.000 No No6.26 2.00145.89

25 65.83 15.62 1.94 0.42 1.70 100.36 40.40 4.000 No No6.43 2.00140.75

26 67.03 14.95 1.90 0.40 1.70 111.15 40.05 4.000 No No6.59 2.00151.21

27 70.24 13.99 1.86 0.41 1.70 111.59 35.91 4.000 No No6.76 2.00147.50

28 80.28 12.76 1.79 0.41 1.69 115.29 30.35 4.000 No No6.92 2.00145.64

29 90.73 12.30 1.77 0.36 1.56 146.46 32.14 4.000 No No7.08 2.00178.60

30 98.72 11.99 1.75 0.36 1.55 147.23 30.22 4.000 No No7.25 2.00177.45

31 101.70 12.04 1.75 0.37 1.55 140.58 29.64 4.000 No No7.41 2.00170.22

32 108.83 11.49 1.72 0.36 1.51 154.13 27.68 4.000 No No7.58 2.00181.80

33 113.92 10.77 1.68 0.34 1.46 169.20 24.02 4.000 No No7.74 2.00193.23

34 110.88 10.80 1.68 0.36 1.48 156.02 23.00 4.000 No No7.91 2.00179.02

35 100.08 11.73 1.74 0.37 1.49 139.59 27.57 4.000 No No8.07 2.00167.16

36 86.35 13.73 1.84 0.38 1.48 126.10 37.20 4.000 No No8.23 2.00163.29

37 72.86 15.93 1.95 0.41 1.52 101.04 41.66 4.000 No No8.40 2.00142.71

38 65.43 17.01 2.00 0.44 1.55 85.85 41.48 4.000 No No8.56 2.00127.33

39 64.61 17.89 2.04 0.42 1.49 95.41 46.19 4.000 No No8.73 2.00141.60

40 57.56 19.32 2.10 0.41 1.47 94.37 49.24 4.000 No No8.89 2.00143.61

41 50.25 21.99 2.21 0.50 1.58 55.83 42.37 4.000 No No9.09 2.0098.20

42 52.52 21.13 2.18 0.48 1.53 65.97 44.30 4.000 No No9.22 2.00110.27

43 66.07 19.55 2.11 0.40 1.42 99.77 51.20 4.000 No No9.38 2.00150.98

44 81.03 17.57 2.03 0.40 1.40 103.56 47.40 4.000 No No9.55 2.00150.97

45 80.43 18.12 2.05 0.37 1.36 116.13 52.12 4.000 No No9.74 2.00168.25

46 75.55 18.14 2.05 0.41 1.40 95.86 46.94 4.000 No No9.87 2.00142.80

47 64.07 19.41 2.11 0.44 1.41 84.35 46.68 0.206 No No10.07 2.00131.03

48 61.29 19.30 2.10 0.46 1.43 75.58 44.08 0.179 No No10.20 2.00119.65
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-5

:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

49 58.82 19.58 2.11 0.43 1.39 84.77 47.13 0.208 No No10.40 2.00131.90

50 62.78 17.58 2.03 0.47 1.42 75.33 40.38 0.171 No No10.53 1.88115.71

51 42.98 20.02 2.13 0.42 1.37 88.18 48.89 0.223 No No10.69 2.00137.07

52 26.48 23.60 2.27 0.69 1.67 7.77 29.11 0.066 No No10.86 0.7036.88

53 5.17 57.80 3.20 0.66 1.63 9.96 0.00 0.468 No Yes11.02 2.009.96

54 6.80 49.29 3.01 0.69 1.64 6.06 0.00 0.628 No Yes11.19 2.006.06

55 6.17 49.44 3.02 0.64 1.58 14.46 0.00 0.561 No Yes11.35 2.0014.46

56 6.51 47.97 2.98 0.68 1.63 6.71 0.00 0.590 No Yes11.51 2.006.71

57 4.63 57.99 3.21 0.68 1.62 7.22 0.00 0.399 No Yes11.71 2.007.22

58 4.53 59.16 3.23 0.69 1.62 5.89 0.00 0.387 No Yes11.84 2.005.89

59 4.51 59.23 3.23 0.68 1.61 6.13 0.00 0.382 No Yes12.01 2.006.13

60 4.99 56.12 3.17 0.68 1.60 7.03 0.00 0.425 No Yes12.17 2.007.03

61 5.24 55.45 3.15 0.67 1.58 7.89 0.00 0.445 No Yes12.37 2.007.89

62 6.11 51.10 3.06 0.68 1.58 7.13 0.00 0.526 No Yes12.50 2.007.13

63 5.95 53.52 3.11 0.66 1.56 10.57 0.00 0.507 No Yes12.66 2.0010.57

64 6.48 52.86 3.10 0.68 1.57 6.98 0.00 0.553 No Yes12.83 2.006.98

65 6.53 54.48 3.13 0.67 1.55 9.20 0.00 0.554 No Yes12.99 2.009.20

66 6.57 53.53 3.11 0.66 1.54 10.86 0.00 0.552 No Yes13.15 2.0010.86

67 6.00 54.31 3.13 0.68 1.55 7.20 0.00 0.495 No Yes13.32 2.007.20

68 5.06 57.82 3.20 0.68 1.55 6.78 0.00 0.405 No Yes13.52 2.006.78

69 5.32 58.36 3.22 0.68 1.54 6.68 0.00 0.426 No Yes13.65 2.006.68

70 6.00 59.57 3.24 0.67 1.53 7.98 0.00 0.484 No Yes13.81 2.007.98

71 7.35 58.37 3.22 0.66 1.51 9.59 0.00 0.602 No Yes14.01 2.009.59

72 9.11 56.68 3.18 0.65 1.49 12.15 0.00 0.756 No Yes14.14 2.0012.15

73 13.02 47.96 2.98 0.63 1.47 15.34 0.00 1.098 No Yes14.30 2.0015.34

74 12.17 48.91 3.00 0.59 1.42 25.08 0.00 1.013 No Yes14.47 2.0025.08

75 9.85 50.87 3.05 0.67 1.49 8.71 0.00 0.801 No Yes14.63 2.008.71

76 5.61 64.68 3.35 0.69 1.50 5.84 0.00 0.426 No Yes14.79 2.005.84

77 5.47 63.05 3.31 0.67 1.48 8.20 0.00 0.410 No Yes14.96 2.008.20

78 6.13 59.07 3.23 0.67 1.47 8.01 0.00 0.463 No Yes15.16 2.008.01

79 6.03 58.82 3.23 0.67 1.47 8.26 0.00 0.452 No Yes15.29 2.008.26

80 5.69 59.89 3.25 0.68 1.46 7.43 0.00 0.419 No Yes15.45 2.007.43

81 5.79 58.67 3.22 0.68 1.46 6.30 0.00 0.424 No Yes15.65 2.006.30

82 7.33 52.45 3.09 0.67 1.45 8.45 0.00 0.550 No Yes15.81 2.008.45

83 8.32 50.33 3.04 0.64 1.42 13.52 0.00 0.630 No Yes15.94 2.0013.52

84 8.40 51.81 3.07 0.66 1.43 10.45 0.00 0.632 No Yes16.11 2.0010.45

85 7.29 56.76 3.18 0.67 1.43 8.78 0.00 0.535 No Yes16.27 2.008.78

86 8.25 53.67 3.11 0.67 1.42 8.97 0.00 0.611 No Yes16.44 2.008.97

87 10.16 48.34 2.99 0.64 1.39 14.25 0.00 0.762 No Yes16.60 2.0014.25

88 10.34 47.71 2.98 0.63 1.38 16.30 0.00 0.772 No Yes16.76 2.0016.30

89 7.72 55.31 3.15 0.66 1.40 9.83 0.00 0.554 No Yes16.96 2.009.83

90 15.26 37.46 2.71 0.70 1.42 3.87 0.00 1.155 No Yes17.09 2.003.87

91 27.51 31.19 2.53 0.53 1.30 42.96 43.71 0.122 No No17.26 1.0786.67

92 51.96 23.57 2.27 0.51 1.28 53.47 43.22 0.137 No No17.42 1.2096.68

93 64.68 22.89 2.24 0.42 1.22 88.35 53.22 0.238 No No17.58 2.00141.57

94 74.34 21.54 2.19 0.43 1.22 84.99 50.44 0.218 No No17.75 1.90135.43

95 141.57 16.21 1.96 0.27 1.13 188.12 62.38 4.000 No No17.91 2.00250.49
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-5

:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

Abbreviations
Depth:
qt:
FC:
Ic:
m:
CN:
qc1N:
∆qc1N:
qc1N,cs:
CRR7.5:
FS:

Depth from free surface, at which CPT was performed (ft)
Total cone resistance
Fines content (%)
Soil behavior type index
Stress exponent
Overburden correction factor
Normalized and adjusted cone resistance
Cone resistance correction factor due to fines
Normalized and adjusted cone resistance
Cyclic resistance ratio for Mw=7.5
Factor of safety against soil liquefaction
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-5

:: Liquefaction Potential Index calculation data ::

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

2.16 2.00 0.00 9.67 0.33 0.00 2.49 2.00 0.00 9.62 0.33 0.00

2.66 2.00 0.00 9.60 0.16 0.00 2.98 2.00 0.00 9.55 0.33 0.00

3.15 2.00 0.00 9.52 0.16 0.00 3.31 2.00 0.00 9.50 0.16 0.00

3.48 2.00 0.00 9.47 0.16 0.00 3.64 2.00 0.00 9.45 0.16 0.00

3.80 2.00 0.00 9.42 0.16 0.00 3.97 2.00 0.00 9.40 0.17 0.00

4.13 2.00 0.00 9.37 0.16 0.00 4.30 2.00 0.00 9.35 0.16 0.00

4.53 2.00 0.00 9.31 0.23 0.00 4.66 2.00 0.00 9.29 0.13 0.00

4.82 2.00 0.00 9.27 0.17 0.00 4.95 2.00 0.00 9.25 0.13 0.00

5.12 2.00 0.00 9.22 0.16 0.00 5.28 2.00 0.00 9.20 0.16 0.00

5.45 2.00 0.00 9.17 0.16 0.00 5.61 2.00 0.00 9.15 0.16 0.00

5.77 2.00 0.00 9.12 0.16 0.00 5.94 2.00 0.00 9.10 0.16 0.00

6.10 2.00 0.00 9.07 0.16 0.00 6.26 2.00 0.00 9.05 0.16 0.00

6.43 2.00 0.00 9.02 0.16 0.00 6.59 2.00 0.00 9.00 0.16 0.00

6.76 2.00 0.00 8.97 0.16 0.00 6.92 2.00 0.00 8.95 0.16 0.00

7.08 2.00 0.00 8.92 0.16 0.00 7.25 2.00 0.00 8.90 0.16 0.00

7.41 2.00 0.00 8.87 0.16 0.00 7.58 2.00 0.00 8.85 0.16 0.00

7.74 2.00 0.00 8.82 0.16 0.00 7.91 2.00 0.00 8.80 0.17 0.00

8.07 2.00 0.00 8.77 0.16 0.00 8.23 2.00 0.00 8.75 0.16 0.00

8.40 2.00 0.00 8.72 0.16 0.00 8.56 2.00 0.00 8.70 0.16 0.00

8.73 2.00 0.00 8.67 0.16 0.00 8.89 2.00 0.00 8.65 0.16 0.00

9.09 2.00 0.00 8.62 0.20 0.00 9.22 2.00 0.00 8.60 0.13 0.00

9.38 2.00 0.00 8.57 0.16 0.00 9.55 2.00 0.00 8.55 0.16 0.00

9.74 2.00 0.00 8.52 0.20 0.00 9.87 2.00 0.00 8.50 0.13 0.00

10.07 2.00 0.00 8.47 0.20 0.00 10.20 2.00 0.00 8.45 0.13 0.00

10.40 2.00 0.00 8.42 0.20 0.00 10.53 1.88 0.00 8.40 0.13 0.00

10.69 2.00 0.00 8.37 0.16 0.00 10.86 0.70 0.30 8.35 0.16 0.12

11.02 2.00 0.00 8.32 0.16 0.00 11.19 2.00 0.00 8.30 0.16 0.00

11.35 2.00 0.00 8.27 0.16 0.00 11.51 2.00 0.00 8.25 0.16 0.00

11.71 2.00 0.00 8.22 0.20 0.00 11.84 2.00 0.00 8.20 0.13 0.00

12.01 2.00 0.00 8.17 0.16 0.00 12.17 2.00 0.00 8.15 0.16 0.00

12.37 2.00 0.00 8.12 0.20 0.00 12.50 2.00 0.00 8.10 0.13 0.00

12.66 2.00 0.00 8.07 0.16 0.00 12.83 2.00 0.00 8.05 0.16 0.00

12.99 2.00 0.00 8.02 0.16 0.00 13.15 2.00 0.00 8.00 0.16 0.00

13.32 2.00 0.00 7.97 0.16 0.00 13.52 2.00 0.00 7.94 0.20 0.00

13.65 2.00 0.00 7.92 0.13 0.00 13.81 2.00 0.00 7.90 0.16 0.00

14.01 2.00 0.00 7.87 0.20 0.00 14.14 2.00 0.00 7.85 0.13 0.00

14.30 2.00 0.00 7.82 0.16 0.00 14.47 2.00 0.00 7.80 0.16 0.00

14.63 2.00 0.00 7.77 0.16 0.00 14.79 2.00 0.00 7.75 0.16 0.00

14.96 2.00 0.00 7.72 0.16 0.00 15.16 2.00 0.00 7.69 0.20 0.00

15.29 2.00 0.00 7.67 0.13 0.00 15.45 2.00 0.00 7.65 0.16 0.00

15.65 2.00 0.00 7.62 0.20 0.00 15.81 2.00 0.00 7.59 0.16 0.00

15.94 2.00 0.00 7.57 0.13 0.00 16.11 2.00 0.00 7.55 0.16 0.00

16.27 2.00 0.00 7.52 0.16 0.00 16.44 2.00 0.00 7.50 0.16 0.00

16.60 2.00 0.00 7.47 0.16 0.00 16.76 2.00 0.00 7.45 0.16 0.00

16.96 2.00 0.00 7.42 0.20 0.00 17.09 2.00 0.00 7.40 0.13 0.00

17.26 1.07 0.00 7.37 0.16 0.00 17.42 1.20 0.00 7.35 0.16 0.00

17.58 2.00 0.00 7.32 0.16 0.00 17.75 1.90 0.00 7.30 0.16 0.00

17.91 2.00 0.00 7.27 0.16 0.00
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:: Liquefaction Potential Index calculation data :: (continued)

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

Abbreviations

Overall liquefaction potential: 0.12

LPI = 0.00 - Liquefaction risk very low
LPI between 0.00 and 5.00 - Liquefaction risk low
LPI between 5.00 and 15.00 - Liquefaction risk high
LPI > 15.00 - Liquefaction risk very high

FS:
FL:
wz:
dz:
LPI:

Calculated factor of safety for test point
1 - FS
Function value of the extend of soil liquefaction according to depth
Layer thickness (ft)
Liquefaction potential index value for test point
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Abbreviations
qt:
Ic:
FS:
Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index
Calculated Factor of Safety against liquefaction
Post-liquefaction volumentric strain



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-5

::  Post-earthquake settlement due to soil liquefaction ::

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

10.07 131.03 2.00 0.00 0.001.00 10.20 119.65 2.00 0.00 0.001.00

10.40 131.90 2.00 0.00 0.001.00 10.53 115.71 1.88 0.04 0.001.00

10.69 137.07 2.00 0.00 0.001.00 10.86 36.88 0.70 7.87 0.151.00

11.02 9.96 2.00 0.00 0.001.00 11.19 6.06 2.00 0.00 0.001.00

11.35 14.46 2.00 0.00 0.001.00 11.51 6.71 2.00 0.00 0.001.00

11.71 7.22 2.00 0.00 0.001.00 11.84 5.89 2.00 0.00 0.001.00

12.01 6.13 2.00 0.00 0.001.00 12.17 7.03 2.00 0.00 0.001.00

12.37 7.89 2.00 0.00 0.001.00 12.50 7.13 2.00 0.00 0.001.00

12.66 10.57 2.00 0.00 0.001.00 12.83 6.98 2.00 0.00 0.001.00

12.99 9.20 2.00 0.00 0.001.00 13.15 10.86 2.00 0.00 0.001.00

13.32 7.20 2.00 0.00 0.001.00 13.52 6.78 2.00 0.00 0.001.00

13.65 6.68 2.00 0.00 0.001.00 13.81 7.98 2.00 0.00 0.001.00

14.01 9.59 2.00 0.00 0.001.00 14.14 12.15 2.00 0.00 0.001.00

14.30 15.34 2.00 0.00 0.001.00 14.47 25.08 2.00 0.00 0.001.00

14.63 8.71 2.00 0.00 0.001.00 14.79 5.84 2.00 0.00 0.001.00

14.96 8.20 2.00 0.00 0.001.00 15.16 8.01 2.00 0.00 0.001.00

15.29 8.26 2.00 0.00 0.001.00 15.45 7.43 2.00 0.00 0.001.00

15.65 6.30 2.00 0.00 0.001.00 15.81 8.45 2.00 0.00 0.001.00

15.94 13.52 2.00 0.00 0.001.00 16.11 10.45 2.00 0.00 0.001.00

16.27 8.78 2.00 0.00 0.001.00 16.44 8.97 2.00 0.00 0.001.00

16.60 14.25 2.00 0.00 0.001.00 16.76 16.30 2.00 0.00 0.001.00

16.96 9.83 2.00 0.00 0.001.00 17.09 3.87 2.00 0.00 0.001.00

17.26 86.67 1.07 0.96 0.021.00 17.42 96.68 1.20 0.56 0.011.00

17.58 141.57 2.00 0.00 0.001.00 17.75 135.43 1.90 0.04 0.001.00

17.91 250.49 2.00 0.00 0.001.00

Total estimated settlement: 0.19

Abbreviations
Qtn,cs:
FS:
ev (%):
DF:
Settlement:

Equivalent clean sand normalized cone resistance
Factor of safety against liquefaction
Post-liquefaction volumentric strain
ev depth weighting factor
Calculated settlement
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Estimation of post-earthquake lateral Displacements
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qt: Total cone resistance (cone resistance qc corrected for pore water effects)
Ic: Soil Behaviour Type Index
qc1N,cs: Equivalent clean sand normalized CPT total cone resistance

F.S.: Factor of safety
γmax: Maximum cyclic shear strain
LDI: Lateral displacement index

Abbreviations
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:: Lateral displacement index calculation ::

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

10.07 131.03 0.15 2.00 0.48 0.00 0.00

10.20 119.65 0.20 2.00 0.61 0.00 0.00

10.40 131.90 0.15 2.00 0.47 0.00 0.00

10.53 115.71 0.22 1.88 0.65 0.00 0.00

10.69 137.07 0.13 2.00 0.41 0.00 0.00

10.86 36.88 1.47 0.70 0.94 1.47 2.89

11.02 9.96 0.00 2.00 0.00 0.00 0.00

11.19 6.06 0.00 2.00 0.00 0.00 0.00

11.35 14.46 0.00 2.00 0.00 0.00 0.00

11.51 6.71 0.00 2.00 0.00 0.00 0.00

11.71 7.22 0.00 2.00 0.00 0.00 0.00

11.84 5.89 0.00 2.00 0.00 0.00 0.00

12.01 6.13 0.00 2.00 0.00 0.00 0.00

12.17 7.03 0.00 2.00 0.00 0.00 0.00

12.37 7.89 0.00 2.00 0.00 0.00 0.00

12.50 7.13 0.00 2.00 0.00 0.00 0.00

12.66 10.57 0.00 2.00 0.00 0.00 0.00

12.83 6.98 0.00 2.00 0.00 0.00 0.00

12.99 9.20 0.00 2.00 0.00 0.00 0.00

13.15 10.86 0.00 2.00 0.00 0.00 0.00

13.32 7.20 0.00 2.00 0.00 0.00 0.00

13.52 6.78 0.00 2.00 0.00 0.00 0.00

13.65 6.68 0.00 2.00 0.00 0.00 0.00

13.81 7.98 0.00 2.00 0.00 0.00 0.00

14.01 9.59 0.00 2.00 0.00 0.00 0.00

14.14 12.15 0.00 2.00 0.00 0.00 0.00

14.30 15.34 0.00 2.00 0.00 0.00 0.00

14.47 25.08 0.00 2.00 0.00 0.00 0.00

14.63 8.71 0.00 2.00 0.00 0.00 0.00

14.79 5.84 0.00 2.00 0.00 0.00 0.00

14.96 8.20 0.00 2.00 0.00 0.00 0.00

15.16 8.01 0.00 2.00 0.00 0.00 0.00

15.29 8.26 0.00 2.00 0.00 0.00 0.00

15.45 7.43 0.00 2.00 0.00 0.00 0.00

15.65 6.30 0.00 2.00 0.00 0.00 0.00

15.81 8.45 0.00 2.00 0.00 0.00 0.00

15.94 13.52 0.00 2.00 0.00 0.00 0.00

16.11 10.45 0.00 2.00 0.00 0.00 0.00

16.27 8.78 0.00 2.00 0.00 0.00 0.00

16.44 8.97 0.00 2.00 0.00 0.00 0.00

16.60 14.25 0.00 2.00 0.00 0.00 0.00

16.76 16.30 0.00 2.00 0.00 0.00 0.00

16.96 9.83 0.00 2.00 0.00 0.00 0.00

17.09 3.87 0.00 2.00 0.00 0.00 0.00

17.26 86.67 0.42 1.07 0.89 0.02 0.04

17.42 96.68 0.34 1.20 0.82 0.01 0.03

17.58 141.57 0.12 2.00 0.35 0.00 0.00

17.75 135.43 0.13 1.90 0.43 0.00 0.00
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:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

17.91 250.49 0.00 2.00 -1.22 0.00 0.00

Depth:
qc1N,cs:
Gammalim:
FS:
Fa:
Gammamax:
Lat. disp.:

Depth of test point
Adjusted and corrected cone resistance due to fines
Limiting shear strain
Calculated factor of safety against liquefaction
 
Maximum cyclic shear strain
Lateral displacement

Abbreviations

Total estimated displacement: 2.96
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:: Strength loss calculation  Idriss & Boulanger (2008) ::

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

2.16 2.58 10.19 42.16 3.27 0.06 24.384.14

2.49 138.02 1.00 221.71 1.13 0.02 0.95221.71

2.66 137.04 1.00 220.12 1.13 0.94 0.94220.12

2.98 151.82 1.00 243.84 1.16 0.02 0.96243.84

3.15 69.72 1.11 123.88 1.80 0.11 0.84111.92

3.31 139.06 1.00 223.31 1.52 0.95 0.95223.31

3.48 199.71 1.00 320.73 1.38 1.01 1.01320.73

3.64 233.84 1.00 375.54 1.35 1.03 1.03375.54

3.80 249.88 1.00 401.30 1.34 1.04 1.04401.30

3.97 253.42 1.00 406.97 1.36 1.05 1.05406.97

4.13 241.76 1.00 388.23 1.40 1.04 1.04388.23

4.30 219.56 1.00 352.54 1.47 1.02 1.02352.54

4.53 196.48 1.00 315.43 1.57 1.00 1.00315.43

4.66 165.19 1.04 276.62 1.71 0.97 0.97265.15

4.82 133.74 1.13 242.62 1.83 0.94 0.94214.61

4.95 128.79 1.11 230.00 1.81 0.38 0.93206.64

5.12 141.15 1.05 237.13 1.71 0.95 0.95226.47

5.28 163.34 1.00 262.12 1.59 0.97 0.97262.12

5.45 150.28 1.00 241.11 1.61 0.96 0.96241.11

5.61 130.12 1.00 208.71 1.62 0.88 0.94208.71

5.77 104.99 1.03 173.87 1.69 0.53 0.90168.32

5.94 90.10 1.07 155.19 1.75 0.28 0.88144.38

6.10 76.15 1.14 139.13 1.84 0.19 0.86121.95

6.26 67.45 1.21 130.23 1.92 0.16 0.84107.95

6.43 65.83 1.23 129.11 1.94 0.15 0.83105.34

6.59 67.03 1.19 127.96 1.90 0.17 0.84107.25

6.76 70.24 1.15 129.30 1.86 0.17 0.84112.39

6.92 80.28 1.10 141.49 1.79 0.18 0.86128.51

7.08 90.73 1.08 157.40 1.77 0.30 0.88145.28

7.25 98.72 1.07 169.41 1.75 0.30 0.89158.11

7.41 101.70 1.07 174.78 1.75 0.27 0.90162.87

7.58 108.83 1.05 183.41 1.72 0.35 0.91174.31

7.74 113.92 1.02 186.75 1.68 0.50 0.92182.47

7.91 110.88 1.02 181.95 1.68 0.36 0.91177.57

8.07 100.08 1.06 170.07 1.74 0.26 0.90160.20

8.23 86.35 1.14 157.40 1.84 0.21 0.87138.14

8.40 72.86 1.24 144.60 1.95 0.15 0.85116.44

8.56 65.43 1.30 136.04 2.00 0.12 0.83104.49

8.73 64.61 1.36 139.95 2.04 0.14 0.83103.15

8.89 57.56 1.46 133.90 2.10 0.14 0.8291.81

9.09 50.25 1.69 135.24 2.21 0.09 0.8080.05

9.22 52.52 1.61 134.65 2.18 0.10 0.8083.68

9.38 66.07 1.48 155.65 2.11 0.16 0.83105.43

9.55 81.03 1.34 173.04 2.03 0.16 0.86129.46

9.74 80.43 1.37 176.33 2.05 0.19 0.86128.48

9.87 75.55 1.37 164.83 2.05 0.14 0.85120.02

10.07 64.07 1.46 149.36 2.11 0.13 0.83101.95

10.20 61.29 1.46 141.08 2.10 0.11 0.8296.86
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:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

10.40 58.82 1.48 136.79 2.11 0.13 0.8292.52

10.53 62.78 1.34 128.28 2.03 0.11 0.8295.93

10.69 42.98 1.51 101.37 2.13 0.13 0.7766.98

10.86 26.48 1.86 77.38 2.27 0.03 0.7141.69

11.02 5.17 9.30 69.21 3.20 0.06 0.657.44

11.19 6.80 6.90 69.23 3.01 0.05 0.8710.04

11.35 6.17 6.93 62.54 3.02 0.06 0.789.02

11.51 6.51 6.55 62.59 2.98 0.05 0.829.56

11.71 4.63 9.36 60.91 3.21 0.06 0.556.51

11.84 4.53 9.71 61.55 3.23 0.06 0.546.34

12.01 4.51 9.74 61.34 3.23 0.06 0.536.30

12.17 4.99 8.81 62.11 3.17 0.06 0.597.05

12.37 5.24 8.61 64.01 3.15 0.06 0.627.43

12.50 6.11 7.39 65.19 3.06 0.06 0.738.83

12.66 5.95 8.06 68.92 3.11 0.06 0.708.55

12.83 6.48 7.87 73.91 3.10 0.06 0.779.39

12.99 6.53 8.33 78.86 3.13 0.06 0.779.46

13.15 6.57 8.06 76.64 3.11 0.06 0.779.51

13.32 6.00 8.28 71.04 3.13 0.06 0.698.58

13.52 5.06 9.31 65.75 3.20 0.06 0.567.06

13.65 5.32 9.47 70.64 3.22 0.06 0.597.46

13.81 6.00 9.84 84.01 3.24 0.06 0.678.54

14.01 7.35 9.48 101.34 3.22 0.06 0.8410.69

14.14 9.11 8.97 121.26 3.18 0.07 1.0513.51

14.30 13.02 6.55 129.43 2.98 0.06 1.5219.77

14.47 12.17 6.79 124.95 3.00 0.08 1.4118.39

14.63 9.85 7.32 107.25 3.05 0.06 1.1114.65

14.79 5.61 11.43 89.49 3.35 0.06 0.597.83

14.96 5.47 10.92 82.86 3.31 0.06 0.577.59

15.16 6.13 9.69 83.69 3.23 0.06 0.648.64

15.29 6.03 9.61 81.31 3.23 0.06 0.638.46

15.45 5.69 9.93 78.41 3.25 0.06 0.587.89

15.65 5.79 9.56 76.94 3.22 0.06 0.598.04

15.81 7.33 7.76 81.46 3.09 0.06 0.7610.50

15.94 8.32 7.18 86.69 3.04 0.06 0.8812.08

16.11 8.40 7.58 92.51 3.07 0.06 0.8812.20

16.27 7.29 9.00 93.52 3.18 0.06 0.7410.40

16.44 8.25 8.10 96.23 3.11 0.06 0.8511.88

16.60 10.16 6.65 98.46 2.99 0.06 1.0614.82

16.76 10.34 6.48 97.25 2.98 0.06 1.0715.00

16.96 7.72 8.57 92.33 3.15 0.06 0.7710.77

17.09 15.26 4.08 87.83 2.71 0.04 1.6021.52

17.26 27.51 2.91 111.15 2.53 0.08 0.7038.21

17.42 51.96 1.85 128.65 2.27 0.09 0.7869.40

17.58 64.68 1.78 152.76 2.24 0.14 0.8185.78

17.75 74.34 1.65 160.24 2.19 0.13 0.8297.29

17.91 141.57 1.26 223.61 1.96 0.91 0.91177.98
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:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

qt:
Kc:
Qtn,cs:
Ic:
Su(liq)/σ'v:
Su(peak)/σ'v:

Total cone resistance
Cone resistance correction factor due to fines
Adjusted and corrected cone resistance due to fines
Soil behavior type index
Calculated liquefied undrained strength ratio
Calculated peak undrained strength ratio

Abbreviations
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : Location : 

F&ME Consultants, Inc.
3112 Devine Street
Columbia, SC
(803) 254-4540

CPT file : CPT-6

8.50 ft
10.50 ft
3
2.60
Based on SBT

Use fill:
Fill height:
Fill weight:
Trans. detect. applied:
Kσ applied:

Yes
2.00 ft
125.00 lb/ft3
No
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sand & Clay
No
N/A
Method based
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CRR plot
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Rf (%)
1086420

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

Friction Ratio

Mw=71/2, sigma'=1 atm base curve Summary of liquefaction potential
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Factor of safety
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FS Plot

During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading
Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground
geometry
Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Cone resistance

qt (tsf)
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Cone resistance

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s
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Friction Ratio Pore pressure
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Pore pressure

Insitu

SBT Plot

Ic(SBT)
4321

D
ep

th
 (

ft)

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

SBT Plot Soil Behaviour Type

SBT (Robertson et al. 1986)
181614121086420

D
ep

th
 (

ft)

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

Soil Behaviour Type
Organic soil
Silty sand & sandy silt

Sand & silty sand

Silty sand & sandy silt

Silty sand & sandy silt

Sand & silty sand
Silty sand & sandy silt

Sand & silty sand
Silty sand & sandy silt

Silty sand & sandy silt

Clay

Clay & silty clay
Silty sand & sandy silt

Silty sand & sandy silt
Sand & silty sand
Silty sand & sandy silt
Sand & silty sand
Clay & silty clay
Silty sand & sandy silt
Sand & silty sand
Silty sand & sandy silt

Silty sand & sandy silt
Sand & silty sand
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14
8.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.50 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A

SBT legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained
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Norm. cone resistance
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Norm. cone resistance

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s  ( n o r m a l i z e d )

Norm. friction ratio

Fr (%)
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Norm. friction ratio Nom. pore pressure ratio
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Nom. pore pressure ratio SBTn Plot

Ic (Robertson 1990)
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SBTn Plot Norm. Soil Behaviour Type

SBTn (Robertson 1990)
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Norm. Soil Behaviour Type
Organic soil
Silty sand & sandy silt

Sand & silty sand

Silty sand & sandy silt

Sand & silty sand

Silty sand & sandy silt

Clay

Clay

Clay & silty clay

Sand & silty sand
Silty sand & sandy silt
Sand & silty sand
Silty sand & sandy silt
Sand & silty sand
Clay & silty clay

Sand & silty sand

Silty sand & sandy silt

Silty sand & sandy silt

Sand & silty sand
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SBTn legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14
8.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.50 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A
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Norm. cone resistance
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Norm. cone resistance

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s  ( i n t e r m e d i a t e  r e s u l t s )
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SBTn Index Apparent fines content
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Apparent fines content "Fines" adjustment

Delta qc1N
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"Fines" adjustment Corrected norm. cone resistance
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Corrected norm. cone resistance
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14
8.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.50 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A
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CRR plot
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CRR plot

During earthq.

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s
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Factor of safety
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FS Plot

During earthq.
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LPI Vertical settlements
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Lateral displacements
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14
8.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.50 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no liq. are equally likely

Unlike to liquefy

Almost certain it will not liquefy

Very high risk

High risk

Low risk
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Norm. cone resistance
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Norm. cone resistance
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Residual strength correctionCorrected norm. cone resistance
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Corrected norm. cone resistance SBTn Index
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SBTn Index Liquefied Su/Sig'v
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.14
8.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.50 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Field input data ::

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

1 0.33 1.19 0.09 90.50100.00-0.05

2 0.82 1.19 0.02 104.3815.70-0.05

3 0.98 75.52 0.42 117.194.14-0.09

4 1.15 224.86 1.23 125.092.76-0.71

5 1.31 234.02 2.40 128.302.89-0.87

6 1.48 186.19 2.26 129.154.41-0.78

7 1.64 174.02 2.13 128.815.74-0.50

8 1.80 162.88 2.38 128.266.96-0.58

9 1.97 125.16 2.04 127.798.07-0.40

10 2.13 127.99 1.94 126.698.503.21

11 2.30 124.44 1.67 126.197.320.54

12 2.46 142.92 1.59 125.726.300.58

13 2.63 145.22 1.54 126.196.08-0.48

14 2.79 143.51 1.91 125.936.65-0.84

15 2.95 118.85 1.50 124.768.40-0.69

16 3.12 74.78 1.09 122.6211.19-0.08

17 3.28 57.41 1.12 120.8616.790.11

18 3.44 39.45 1.11 119.5623.291.06

19 3.61 25.50 0.88 118.9626.731.62

20 3.77 39.68 1.03 118.8526.433.43

21 3.94 39.86 1.06 119.8322.242.85

22 4.10 49.69 1.08 120.1220.941.98

23 4.30 48.68 1.08 120.3319.881.84

24 4.46 47.60 1.09 120.3320.371.81

25 4.63 46.97 1.10 120.3420.731.81

26 4.76 46.69 1.10 120.3420.951.81

27 4.92 46.38 1.10 120.3121.081.82

28 5.08 46.03 1.09 120.2921.241.83

29 5.25 45.78 1.10 120.2921.401.85

30 5.45 45.47 1.10 120.3121.591.85

31 5.61 45.31 1.11 120.3621.771.86

32 5.77 45.21 1.13 120.4221.941.86

33 5.91 45.12 1.13 119.2720.241.85

34 6.10 45.33 0.62 117.0317.191.85

35 6.27 45.58 0.36 114.8911.511.86

36 6.40 69.92 0.51 117.576.540.19

37 6.56 138.65 0.98 120.605.550.05

38 6.73 118.75 1.09 121.745.850.14

39 6.89 84.56 0.90 120.858.200.09

40 7.05 68.76 0.85 119.3610.830.08

41 7.22 59.54 0.76 117.9812.920.14

42 7.38 47.75 0.60 116.5113.560.24

43 7.55 50.00 0.51 117.0311.310.54

44 7.71 85.32 0.80 120.027.771.52

45 7.87 140.03 1.21 122.646.381.16

46 8.04 131.68 1.30 123.505.97-0.30

47 8.20 117.99 1.11 122.816.18-1.09

48 8.37 120.54 0.94 121.995.48-1.29
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

49 8.53 137.65 0.93 122.455.64-1.06

50 8.73 124.02 1.28 123.817.76-0.98

51 8.89 90.04 1.69 123.7810.91-1.10

52 9.02 71.76 1.18 124.258.66-1.03

53 9.19 178.39 1.31 121.406.11-2.12

54 9.42 99.50 0.31 117.964.5822.45

55 9.55 55.75 0.16 108.005.0023.83

56 9.68 8.52 0.11 103.8215.277.55

57 9.84 18.35 0.15 103.3030.063.01

58 10.01 15.76 0.22 105.0632.571.06

59 10.17 8.63 0.24 104.4944.533.07

60 10.37 5.60 0.17 102.2163.715.28

61 10.50 3.56 0.14 99.9372.6711.96

62 10.70 4.40 0.13 100.4856.5113.46

63 10.83 10.87 0.16 100.7951.669.72

64 11.02 6.06 0.14 101.4551.784.14

65 11.15 5.03 0.16 102.6961.1711.19

66 11.35 8.03 0.27 103.8252.8810.26

67 11.52 10.75 0.19 104.3151.2911.50

68 11.68 6.46 0.19 103.3953.2411.94

69 11.84 5.84 0.21 103.7465.5319.44

70 11.97 6.00 0.27 105.7576.1413.48

71 12.17 4.90 0.43 105.5180.1011.81

72 12.34 4.70 0.20 105.0283.6316.30

73 12.66 4.72 0.23 103.0574.1721.40

74 12.79 5.76 0.21 103.0069.6016.41

75 12.96 5.81 0.18 102.5065.4924.96

76 13.12 5.56 0.18 102.8667.5525.25

77 13.29 5.33 0.25 103.4168.4522.48

78 13.48 6.00 0.22 103.3370.5224.14

79 13.65 5.04 0.18 101.9770.5516.24

80 13.78 4.41 0.15 100.5174.5318.23

81 13.98 4.19 0.14 99.5678.3818.53

82 14.14 3.75 0.14 98.7881.4716.54

83 14.27 3.50 0.11 97.7878.7617.43

84 14.44 4.17 0.09 96.8376.4722.63

85 14.60 3.66 0.09 96.7874.4924.50

86 14.76 3.78 0.11 97.2476.8325.20

87 14.93 3.96 0.11 97.5175.7024.65

88 15.09 4.06 0.10 97.2773.4423.86

89 15.26 4.18 0.09 96.6170.5324.23

90 15.42 4.32 0.08 96.4770.1323.14

91 15.58 4.15 0.10 96.6671.9422.19

92 15.75 3.99 0.10 96.9074.1820.16

93 15.91 4.05 0.10 96.9473.4320.79

94 16.11 4.41 0.10 96.9668.4019.39

95 16.27 5.15 0.10 97.0463.0322.33

96 16.44 5.61 0.09 97.0660.5217.97
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

97 16.57 5.29 0.09 97.6462.7315.54

98 16.73 4.93 0.12 98.3660.4119.73

99 16.90 6.86 0.11 101.3143.4118.80

100 17.06 16.89 0.18 104.4333.1115.94

101 17.26 20.90 0.25 108.0325.3915.88

102 17.42 31.36 0.34 111.2118.2213.75

103 17.59 56.55 0.43 114.0013.308.76

104 17.75 72.21 0.55 115.2011.195.26

105 17.88 63.66 0.48 115.6812.314.16

106 18.08 48.93 0.55 114.6116.924.74

107 18.24 25.50 0.47 112.9623.078.93

108 18.41 23.22 0.33 109.8326.3212.39

109 18.57 25.55 0.17 107.0425.538.97

110 18.70 18.56 0.19 108.1817.0118.51

111 18.86 58.23 0.34 110.4411.0914.84

112 19.06 80.50 0.29 111.455.00-0.06

113 19.23 47.10 0.26 110.185.003.79

114 19.39 43.30 0.22 108.1713.023.93

115 19.55 37.93 0.17 108.3016.693.14

116 19.68 24.97 0.31 108.3224.552.34

117 19.88 12.83 0.30 109.905.003.75

118 20.01 129.08 0.13 108.555.0010.44

119 20.21 83.90 0.13 103.634.190.60

120 20.37 11.99 0.03 100.395.006.74

121 20.54 10.31 0.08 97.1237.4510.01

122 20.67 9.11 0.12 101.6744.1310.10

123 20.87 11.77 0.22 104.7536.4710.98

124 21.00 23.03 0.23 108.5623.5010.79

125 21.16 46.02 0.33 112.4417.026.17

126 21.32 59.21 0.59 115.3813.88-0.49

127 21.49 68.23 0.64 117.6313.12-2.63

128 21.65 75.15 0.79 118.9412.42-1.54

129 21.82 82.32 0.90 119.7511.89-3.21

130 21.98 85.62 0.85 119.9811.18-4.54

131 22.15 88.90 0.82 120.9812.07-4.55

132 22.34 83.57 1.27 121.7516.49-4.30

133 22.47 43.16 1.37 122.4217.699.42

134 22.67 85.26 1.17 122.3914.4317.73

135 22.80 118.77 1.06 122.8810.98-2.48

136 23.00 102.49 1.36 123.0611.68-0.53

137 23.13 76.89 1.29 123.5115.614.19

138 23.29 70.85 1.54 122.9718.758.63

139 23.46 62.72 1.29 123.0318.7245.30

140 23.62 78.05 1.32 122.8219.4316.59

141 23.79 62.42 1.48 123.1418.8421.88

142 23.95 71.88 1.41 123.4414.6761.96

143 24.11 127.72 1.19 123.609.33-1.74

144 24.28 156.51 1.17 125.858.01-4.21
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

145 24.44 158.39 2.41 127.688.65-2.21

146 24.64 133.51 2.86 129.6612.602.27

Abbreviations

Depth:
qc:
fs:
u:
Fines content:
Unit weight:

Depth from free surface, at which CPT was performed (ft)
Measured cone resistance (tsf)
Sleeve friction resistance (tsf)
Pore pressure (tsf)
Percentage of fines in soil (%)
Bulk soil unit weight (pcf)
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data ::

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

1 2.33 0.14 0.00 0.14 1.00 0.091 0.086 1.07 2.0001.05 No1.00

2 2.82 0.17 0.00 0.17 1.00 0.091 0.086 1.07 2.0001.05 No1.00

3 2.98 0.18 0.00 0.18 1.00 0.091 0.086 1.10 2.0001.05 No1.00

4 3.15 0.19 0.00 0.19 1.00 0.091 0.086 1.10 2.0001.05 No1.00

5 3.31 0.20 0.00 0.20 1.00 0.091 0.086 1.10 2.0001.05 No1.00

6 3.48 0.21 0.00 0.21 1.00 0.091 0.086 1.10 2.0001.05 No1.00

7 3.64 0.22 0.00 0.22 1.00 0.091 0.086 1.10 2.0001.05 No1.00

8 3.80 0.23 0.00 0.23 1.00 0.091 0.086 1.10 2.0001.05 No1.00

9 3.97 0.24 0.00 0.24 1.00 0.091 0.086 1.10 2.0001.05 No1.00

10 4.13 0.25 0.00 0.25 1.00 0.091 0.086 1.10 2.0001.05 No1.00

11 4.30 0.26 0.00 0.26 1.00 0.091 0.086 1.10 2.0001.05 No1.00

12 4.46 0.27 0.00 0.27 1.00 0.091 0.086 1.10 2.0001.05 No1.00

13 4.63 0.28 0.00 0.28 0.99 0.091 0.086 1.10 2.0001.05 No1.00

14 4.79 0.29 0.00 0.29 0.99 0.090 0.086 1.10 2.0001.05 No1.00

15 4.95 0.30 0.00 0.30 0.99 0.090 0.086 1.10 2.0001.05 No1.00

16 5.12 0.31 0.00 0.31 0.99 0.090 0.086 1.10 2.0001.05 No1.00

17 5.28 0.32 0.00 0.32 0.99 0.090 0.086 1.10 2.0001.05 No1.00

18 5.45 0.33 0.00 0.33 0.99 0.090 0.086 1.09 2.0001.05 No1.00

19 5.61 0.34 0.00 0.34 0.99 0.090 0.086 1.07 2.0001.05 No1.00

20 5.77 0.35 0.00 0.35 0.99 0.090 0.086 1.09 2.0001.05 No1.00

21 5.94 0.36 0.00 0.36 0.99 0.090 0.086 1.09 2.0001.05 No1.00

22 6.10 0.37 0.00 0.37 0.99 0.090 0.085 1.10 2.0001.05 No1.00

23 6.30 0.38 0.00 0.38 0.99 0.090 0.085 1.09 2.0001.05 No1.00

24 6.46 0.39 0.00 0.39 0.99 0.090 0.085 1.09 2.0001.05 No1.00

25 6.63 0.40 0.00 0.40 0.99 0.090 0.085 1.09 2.0001.05 No1.00

26 6.76 0.41 0.00 0.41 0.99 0.090 0.085 1.08 2.0001.05 No1.00

27 6.92 0.42 0.00 0.42 0.99 0.090 0.085 1.08 2.0001.05 No1.00

28 7.08 0.43 0.00 0.43 0.99 0.090 0.085 1.08 2.0001.05 No1.00

29 7.25 0.44 0.00 0.44 0.99 0.090 0.085 1.08 2.0001.05 No1.00

30 7.45 0.45 0.00 0.45 0.99 0.090 0.085 1.07 2.0001.05 No1.00

31 7.61 0.46 0.00 0.46 0.99 0.090 0.085 1.07 2.0001.05 No1.00

32 7.77 0.47 0.00 0.47 0.99 0.090 0.085 1.07 2.0001.05 No1.00

33 7.91 0.48 0.00 0.48 0.99 0.090 0.085 1.07 2.0001.05 No1.00

34 8.10 0.49 0.00 0.49 0.98 0.090 0.085 1.07 2.0001.05 No1.00

35 8.27 0.50 0.00 0.50 0.98 0.090 0.085 1.06 2.0001.05 No1.00

36 8.40 0.51 0.00 0.51 0.98 0.090 0.085 1.08 2.0001.05 No1.00

37 8.56 0.52 0.00 0.52 0.98 0.089 0.085 1.10 2.0001.05 No1.00

38 8.73 0.53 0.00 0.53 0.98 0.089 0.085 1.10 2.0001.05 No1.00

39 8.89 0.54 0.00 0.54 0.98 0.089 0.085 1.08 2.0001.05 No1.00

40 9.05 0.55 0.00 0.55 0.98 0.089 0.085 1.07 2.0001.05 No1.00

41 9.22 0.56 0.00 0.56 0.98 0.089 0.085 1.06 2.0001.05 No1.00

42 9.38 0.56 0.00 0.56 0.98 0.089 0.085 1.05 2.0001.05 No1.00

43 9.55 0.57 0.00 0.57 0.98 0.089 0.085 1.05 2.0001.05 No1.00

44 9.71 0.58 0.00 0.58 0.98 0.089 0.085 1.07 2.0001.05 No1.00

45 9.87 0.59 0.00 0.59 0.98 0.089 0.084 1.10 2.0001.05 No1.00

46 10.04 0.60 0.00 0.60 0.98 0.089 0.084 1.10 2.0001.05 No1.00

47 10.20 0.61 0.00 0.61 0.98 0.089 0.084 1.09 2.0001.05 No1.00

48 10.37 0.62 0.00 0.62 0.98 0.089 0.084 1.08 2.0001.05 No1.00
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

49 10.53 0.63 0.00 0.63 0.98 0.089 0.084 1.10 0.0771.05 No1.00

50 10.73 0.65 0.01 0.64 0.98 0.090 0.085 1.08 0.0791.05 No1.00

51 10.89 0.66 0.01 0.64 0.98 0.090 0.086 1.06 0.0811.05 No1.00

52 11.02 0.67 0.02 0.65 0.97 0.091 0.086 1.05 0.0821.05 No1.00

53 11.19 0.68 0.02 0.65 0.97 0.092 0.087 1.10 0.0791.05 No1.00

54 11.42 0.69 0.03 0.66 0.97 0.092 0.088 1.06 0.0831.05 No1.00

55 11.55 0.70 0.03 0.66 0.97 0.093 0.088 1.04 0.0851.05 No1.00

56 11.68 0.70 0.04 0.67 0.97 0.093 0.089 1.02 0.0871.05 No1.00

57 11.84 0.71 0.04 0.67 0.97 0.094 0.089 1.03 0.0871.05 No1.00

58 12.01 0.72 0.05 0.67 0.97 0.095 0.090 1.02 0.0881.05 No1.00

59 12.17 0.73 0.05 0.68 0.97 0.095 0.090 1.02 0.0921.05 No1.00

60 12.37 0.74 0.06 0.68 0.97 0.096 0.091 1.02 0.0931.05 No1.00

61 12.50 0.74 0.06 0.68 0.97 0.096 0.091 1.02 0.0941.05 No1.00

62 12.70 0.75 0.07 0.69 0.97 0.097 0.092 1.02 0.0941.05 No1.00

63 12.83 0.76 0.07 0.69 0.97 0.097 0.092 1.02 0.0951.05 No1.00

64 13.02 0.77 0.08 0.69 0.97 0.098 0.093 1.02 0.0951.05 No1.00

65 13.15 0.78 0.08 0.70 0.97 0.099 0.093 1.02 0.0961.05 No1.00

66 13.35 0.79 0.09 0.70 0.97 0.099 0.094 1.02 0.0961.05 No1.00

67 13.52 0.80 0.09 0.70 0.97 0.100 0.095 1.02 0.0971.05 No1.00

68 13.68 0.81 0.10 0.71 0.97 0.100 0.095 1.02 0.0981.05 No1.00

69 13.84 0.81 0.10 0.71 0.96 0.101 0.096 1.02 0.0981.05 No1.00

70 13.97 0.82 0.11 0.71 0.96 0.101 0.096 1.02 0.0991.05 No1.00

71 14.17 0.83 0.11 0.72 0.96 0.102 0.096 1.02 0.0991.05 No1.00

72 14.34 0.84 0.12 0.72 0.96 0.102 0.097 1.02 0.1001.05 No1.00

73 14.66 0.86 0.13 0.73 0.96 0.103 0.098 1.02 0.1011.05 No1.00

74 14.79 0.86 0.13 0.73 0.96 0.104 0.098 1.02 0.1011.05 No1.00

75 14.96 0.87 0.14 0.73 0.96 0.104 0.099 1.02 0.1021.05 No1.00

76 15.12 0.88 0.14 0.74 0.96 0.104 0.099 1.02 0.1021.05 No1.00

77 15.29 0.89 0.15 0.74 0.96 0.105 0.100 1.02 0.1021.05 No1.00

78 15.48 0.90 0.16 0.74 0.96 0.105 0.100 1.02 0.1031.05 No1.00

79 15.65 0.91 0.16 0.75 0.96 0.106 0.100 1.01 0.1031.05 No1.00

80 15.78 0.91 0.16 0.75 0.96 0.106 0.101 1.01 0.1041.05 No1.00

81 15.98 0.92 0.17 0.75 0.96 0.107 0.101 1.01 0.1041.05 No1.00

82 16.14 0.93 0.18 0.76 0.96 0.107 0.102 1.01 0.1051.05 No1.00

83 16.27 0.94 0.18 0.76 0.96 0.108 0.102 1.01 0.1051.05 No1.00

84 16.44 0.95 0.19 0.76 0.95 0.108 0.102 1.01 0.1061.05 No1.00

85 16.60 0.95 0.19 0.76 0.95 0.108 0.103 1.01 0.1061.05 No1.00

86 16.76 0.96 0.20 0.77 0.95 0.109 0.103 1.01 0.1071.05 No1.00

87 16.93 0.97 0.20 0.77 0.95 0.109 0.104 1.01 0.1071.05 No1.00

88 17.09 0.98 0.21 0.77 0.95 0.110 0.104 1.01 0.1071.05 No1.00

89 17.26 0.99 0.21 0.78 0.95 0.110 0.104 1.01 0.1081.05 No1.00

90 17.42 0.99 0.22 0.78 0.95 0.111 0.105 1.01 0.1081.05 No1.00

91 17.58 1.00 0.22 0.78 0.95 0.111 0.105 1.01 0.1091.05 No1.00

92 17.75 1.01 0.23 0.78 0.95 0.111 0.106 1.01 0.1091.05 No1.00

93 17.91 1.02 0.23 0.79 0.95 0.112 0.106 1.01 0.1091.05 No1.00

94 18.11 1.03 0.24 0.79 0.95 0.112 0.106 1.01 0.1101.05 No1.00

95 18.27 1.04 0.24 0.79 0.95 0.113 0.107 1.01 0.1101.05 No1.00

96 18.44 1.04 0.25 0.80 0.95 0.113 0.107 1.01 0.1111.05 No1.00
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:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

97 18.57 1.05 0.25 0.80 0.95 0.113 0.107 1.01 0.1111.05 No1.00

98 18.73 1.06 0.26 0.80 0.95 0.114 0.108 1.01 0.1111.05 No1.00

99 18.90 1.07 0.26 0.80 0.95 0.114 0.108 1.01 0.1121.05 No1.00

100 19.06 1.07 0.27 0.81 0.94 0.114 0.108 1.01 0.1071.05 No1.00

101 19.26 1.09 0.27 0.81 0.94 0.115 0.109 1.01 0.1071.05 No1.00

102 19.42 1.09 0.28 0.82 0.94 0.115 0.109 1.02 0.1071.05 No1.00

103 19.59 1.10 0.28 0.82 0.94 0.115 0.109 1.02 0.1071.05 No1.00

104 19.75 1.11 0.29 0.82 0.94 0.116 0.110 1.02 0.1071.05 No1.00

105 19.88 1.12 0.29 0.83 0.94 0.116 0.110 1.02 0.1081.05 No1.00

106 20.08 1.13 0.30 0.83 0.94 0.116 0.110 1.02 0.1081.05 No1.00

107 20.24 1.14 0.30 0.84 0.94 0.117 0.111 1.01 0.1091.05 No1.00

108 20.41 1.15 0.31 0.84 0.94 0.117 0.111 1.01 0.1091.05 No1.00

109 20.57 1.16 0.31 0.84 0.94 0.117 0.111 1.01 0.1101.05 No1.00

110 20.70 1.17 0.32 0.85 0.94 0.117 0.111 1.01 0.1101.05 No1.00

111 20.86 1.18 0.32 0.85 0.94 0.118 0.112 1.02 0.1101.05 No1.00

112 21.06 1.19 0.33 0.86 0.94 0.118 0.112 1.02 0.1101.05 No1.00

113 21.23 1.20 0.33 0.86 0.94 0.118 0.112 1.02 0.1101.05 No1.00

114 21.39 1.20 0.34 0.86 0.93 0.118 0.112 1.01 0.1111.05 No1.00

115 21.55 1.21 0.34 0.87 0.93 0.119 0.113 1.01 0.1111.05 No1.00

116 21.68 1.22 0.35 0.87 0.93 0.119 0.113 1.01 0.1121.05 No1.00

117 21.88 1.23 0.36 0.88 0.93 0.119 0.113 1.01 0.1121.05 No1.00

118 22.01 1.24 0.36 0.88 0.93 0.119 0.113 1.03 0.1101.05 No1.00

119 22.21 1.25 0.37 0.88 0.93 0.120 0.114 1.02 0.1121.05 No1.00

120 22.37 1.26 0.37 0.89 0.93 0.120 0.114 1.01 0.1131.05 No1.00

121 22.54 1.26 0.38 0.89 0.93 0.120 0.114 1.01 0.1181.05 No1.00

122 22.67 1.27 0.38 0.89 0.93 0.121 0.114 1.01 0.1191.05 No1.00

123 22.87 1.28 0.39 0.90 0.93 0.121 0.115 1.01 0.1191.05 No1.00

124 23.00 1.29 0.39 0.90 0.93 0.121 0.115 1.01 0.1141.05 No1.00

125 23.16 1.30 0.40 0.90 0.93 0.121 0.115 1.01 0.1141.05 No1.00

126 23.32 1.31 0.40 0.91 0.93 0.121 0.115 1.01 0.1141.05 No1.00

127 23.49 1.32 0.41 0.91 0.93 0.122 0.115 1.01 0.1141.05 No1.00

128 23.65 1.33 0.41 0.92 0.92 0.122 0.116 1.01 0.1141.05 No1.00

129 23.82 1.34 0.42 0.92 0.92 0.122 0.116 1.01 0.1141.05 No1.00

130 23.98 1.35 0.42 0.93 0.92 0.122 0.116 1.01 0.1141.05 No1.00

131 24.15 1.36 0.43 0.93 0.92 0.122 0.116 1.01 0.1151.05 No1.00

132 24.34 1.37 0.43 0.94 0.92 0.123 0.116 1.01 0.1151.05 No1.00

133 24.47 1.38 0.44 0.94 0.92 0.123 0.116 1.01 0.1151.05 No1.00

134 24.67 1.39 0.44 0.95 0.92 0.123 0.117 1.01 0.1151.05 No1.00

135 24.80 1.40 0.45 0.95 0.92 0.123 0.117 1.01 0.1151.05 No1.00

136 25.00 1.41 0.45 0.96 0.92 0.123 0.117 1.01 0.1161.05 No1.00

137 25.13 1.42 0.46 0.96 0.92 0.123 0.117 1.01 0.1161.05 No1.00

138 25.29 1.43 0.46 0.97 0.92 0.123 0.117 1.01 0.1161.05 No1.00

139 25.46 1.44 0.47 0.97 0.92 0.124 0.117 1.01 0.1161.05 No1.00

140 25.62 1.45 0.47 0.97 0.92 0.124 0.117 1.01 0.1161.05 No1.00

141 25.79 1.46 0.48 0.98 0.92 0.124 0.117 1.01 0.1171.05 No1.00

142 25.95 1.47 0.48 0.98 0.91 0.124 0.118 1.01 0.1171.05 No1.00

143 26.11 1.48 0.49 0.99 0.91 0.124 0.118 1.01 0.1171.05 No1.00

144 26.28 1.49 0.49 1.00 0.91 0.124 0.118 1.01 0.1171.05 No1.00
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:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

145 26.44 1.50 0.50 1.00 0.91 0.124 0.118 1.01 0.1171.05 No1.00

146 26.64 1.51 0.50 1.01 0.91 0.124 0.118 1.01 0.1171.05 No1.00

Depth:
σv:
u0:
σv':
rd:
CSR:
MSF:
CSReq:
Kσ:
CSR*:

Depth from free surface, at which CPT was performed (ft)
Total overburden pressure at test point (tsf)
Water pressure at test point (tsf)
Effective overburden pressure based on GWT during earthquake (tsf)
Nonlinear shear mass factor
Cyclic Stress Ratio
Magnitude Scaling Factor
CSR adjusted for M=7.5
Effective overburden stress factor
CSR fully adjusted

Abbreviations
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:: Cyclic Resistance Ratio (CRR) calculation data ::

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

1 1.19 86.70 3.74 0.71 1.70 1.91 0.00 4.000 No Yes2.33 2.001.91

2 25.97 19.18 2.10 0.75 1.70 1.91 23.92 4.000 No No2.82 2.0025.83

3 100.52 9.29 1.59 0.43 1.70 121.34 10.90 4.000 No No2.98 2.00132.24

4 178.13 7.96 1.49 0.26 1.70 361.28 9.97 4.000 No No3.15 2.00371.24

5 215.01 8.09 1.50 0.26 1.70 375.98 11.39 4.000 No No3.31 2.00387.37

6 198.06 9.55 1.60 0.26 1.70 299.13 22.86 4.000 No No3.48 2.00321.99

7 174.35 10.78 1.68 0.26 1.70 279.58 34.55 4.000 No No3.64 2.00314.13

8 154.01 11.88 1.74 0.26 1.70 261.69 43.95 4.000 No No3.80 2.00305.63

9 138.69 12.86 1.80 0.27 1.70 201.09 43.99 4.000 No No3.97 2.00245.08

10 125.88 13.23 1.82 0.26 1.70 205.63 47.53 4.000 No No4.13 2.00253.17

11 131.80 12.20 1.76 0.28 1.70 199.93 38.71 4.000 No No4.30 2.00238.64

12 137.53 11.29 1.71 0.26 1.69 228.61 34.40 4.000 No No4.46 2.00263.01

13 143.88 11.09 1.70 0.26 1.66 228.07 32.53 4.000 No No4.63 2.00260.60

14 135.85 11.60 1.73 0.26 1.63 221.58 36.42 4.000 No No4.79 2.00258.00

15 112.37 13.15 1.81 0.29 1.68 189.15 44.25 4.000 No No4.95 2.00233.40

16 83.67 15.53 1.93 0.38 1.70 120.15 44.31 4.000 No No5.12 2.00164.45

17 57.22 20.04 2.13 0.42 1.70 92.23 50.07 4.000 No No5.28 2.00142.30

18 40.80 24.99 2.32 0.47 1.70 63.38 47.47 4.000 No No5.45 2.00110.86

19 34.91 27.51 2.41 0.54 1.70 40.96 41.74 4.000 No No5.61 2.0082.70

20 35.05 27.29 2.40 0.47 1.70 63.76 49.09 4.000 No No5.77 2.00112.85

21 43.12 24.21 2.29 0.47 1.70 64.04 47.05 4.000 No No5.94 2.00111.09

22 46.11 23.23 2.26 0.44 1.70 79.83 51.00 4.000 No No6.10 2.00130.84

23 48.68 22.43 2.23 0.44 1.70 78.20 49.59 4.000 No No6.30 2.00127.79

24 47.78 22.79 2.24 0.45 1.70 76.48 49.49 4.000 No No6.46 2.00125.98

25 47.12 23.07 2.25 0.45 1.70 75.46 49.49 4.000 No No6.63 2.00124.95

26 46.71 23.24 2.26 0.45 1.70 75.02 49.53 4.000 No No6.76 2.00124.55

27 46.40 23.34 2.26 0.45 1.70 74.52 49.48 4.000 No No6.92 2.00124.01

28 46.09 23.46 2.26 0.45 1.70 73.95 49.43 4.000 No No7.08 2.00123.38

29 45.79 23.58 2.27 0.45 1.70 73.54 49.43 4.000 No No7.25 2.00122.97

30 45.55 23.72 2.27 0.45 1.70 73.06 49.41 4.000 No No7.45 2.00122.47

31 45.36 23.85 2.28 0.45 1.69 72.22 49.28 4.000 No No7.61 2.00121.51

32 45.24 23.98 2.28 0.46 1.67 71.32 49.12 4.000 No No7.77 2.00120.43

33 45.25 22.70 2.24 0.46 1.66 70.77 47.65 4.000 No No7.91 2.00118.41

34 45.37 20.36 2.14 0.47 1.65 70.58 44.50 4.000 No No8.10 2.00115.08

35 53.63 15.79 1.95 0.49 1.66 71.43 34.66 4.000 No No8.27 2.00106.09

36 84.73 11.51 1.72 0.44 1.57 104.04 21.99 4.000 No No8.40 2.00126.03

37 109.11 10.61 1.67 0.32 1.38 180.93 23.87 4.000 No No8.56 2.00204.80

38 113.99 10.89 1.69 0.35 1.41 158.32 23.84 4.000 No No8.73 2.00182.16

39 90.69 12.98 1.80 0.40 1.47 117.10 31.78 4.000 No No8.89 2.00148.88

40 70.95 15.23 1.92 0.43 1.49 96.51 38.14 4.000 No No9.05 2.00134.64

41 58.68 16.95 2.00 0.45 1.49 84.11 40.91 4.000 No No9.22 2.00125.02

42 52.43 17.47 2.02 0.48 1.53 68.92 38.52 4.000 No No9.38 2.00107.43

43 61.03 15.63 1.94 0.49 1.52 71.62 34.21 4.000 No No9.55 2.00105.84

44 91.80 12.60 1.78 0.41 1.41 113.90 29.26 4.000 No No9.71 2.00143.16

45 119.02 11.37 1.71 0.33 1.30 172.47 28.84 4.000 No No9.87 2.00201.30

46 129.90 11.00 1.69 0.34 1.31 163.35 25.13 4.000 No No10.04 2.00188.48

47 123.39 11.18 1.70 0.37 1.33 147.92 24.84 4.000 No No10.20 2.00172.76

48 125.38 10.54 1.67 0.37 1.32 150.30 20.71 4.000 No No10.37 2.00171.01
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:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

49 127.39 10.69 1.67 0.34 1.28 167.05 23.26 0.759 No No10.53 2.00190.31

50 117.22 12.59 1.78 0.35 1.29 150.69 34.58 0.634 No No10.73 2.00185.26

51 95.26 15.29 1.92 0.40 1.32 112.71 41.77 0.293 No No10.89 2.00154.48

52 113.37 13.38 1.83 0.45 1.37 93.18 29.89 0.186 No No11.02 2.00123.07

53 116.64 11.12 1.70 0.28 1.22 205.30 30.41 4.000 No No11.19 2.00235.71

54 111.43 9.71 1.61 0.42 1.33 125.36 13.51 0.229 No No11.42 2.00138.87

55 54.85 12.43 1.77 0.51 1.41 74.18 22.73 0.138 No No11.55 1.6296.91

56 27.70 18.84 2.08 0.68 1.58 12.73 26.44 0.068 No No11.68 0.7839.16

57 14.27 29.88 2.49 0.59 1.48 25.72 37.55 0.092 No No11.84 1.0563.27

58 14.28 31.65 2.54 0.61 1.49 22.22 36.81 0.087 No No12.01 0.9959.02

59 10.05 39.75 2.77 0.65 1.53 12.47 0.00 0.881 No Yes12.17 2.0012.47

60 6.03 51.97 3.08 0.67 1.54 8.17 0.00 0.502 No Yes12.37 2.008.17

61 4.67 57.42 3.20 0.69 1.56 5.23 0.00 0.373 No Yes12.50 2.005.23

62 6.44 47.47 2.97 0.68 1.54 6.41 0.00 0.533 No Yes12.70 2.006.41

63 7.24 44.39 2.89 0.63 1.49 15.32 0.00 0.603 No Yes12.83 2.0015.32

64 7.44 44.46 2.90 0.67 1.52 8.70 0.00 0.616 No Yes13.02 2.008.70

65 6.50 50.39 3.04 0.68 1.52 7.23 0.00 0.527 No Yes13.15 2.007.23

66 8.10 45.17 2.91 0.66 1.49 11.33 0.00 0.666 No Yes13.35 2.0011.33

67 8.58 44.16 2.89 0.64 1.47 14.94 0.00 0.704 No Yes13.52 2.0014.94

68 7.89 45.40 2.92 0.67 1.49 9.11 0.00 0.638 No Yes13.68 2.009.11

69 6.32 53.09 3.10 0.67 1.49 8.23 0.00 0.495 No Yes13.84 2.008.23

70 5.79 59.50 3.24 0.67 1.48 8.41 0.00 0.446 No Yes13.97 2.008.41

71 5.40 61.85 3.29 0.68 1.49 6.87 0.00 0.408 No Yes14.17 2.006.87

72 5.01 63.92 3.33 0.68 1.48 6.57 0.00 0.371 No Yes14.34 2.006.57

73 5.32 58.32 3.21 0.68 1.47 6.56 0.00 0.392 No Yes14.66 2.006.56

74 5.73 55.57 3.16 0.67 1.46 7.94 0.00 0.425 No Yes14.79 2.007.94

75 6.03 53.06 3.10 0.67 1.45 7.97 0.00 0.447 No Yes14.96 2.007.97

76 5.92 54.32 3.13 0.68 1.45 7.62 0.00 0.434 No Yes15.12 2.007.62

77 5.98 54.87 3.14 0.68 1.45 7.28 0.00 0.436 No Yes15.29 2.007.28

78 5.76 56.12 3.17 0.67 1.44 8.14 0.00 0.414 No Yes15.48 2.008.14

79 5.43 56.14 3.17 0.68 1.44 6.84 0.00 0.384 No Yes15.65 2.006.84

80 4.80 58.54 3.22 0.69 1.44 5.98 0.00 0.330 No Yes15.78 2.005.98

81 4.37 60.83 3.27 0.69 1.43 5.67 0.00 0.293 No Yes15.98 2.005.67

82 4.06 62.65 3.30 0.69 1.43 5.07 0.00 0.266 No Yes16.14 2.005.07

83 4.08 61.06 3.27 0.69 1.43 4.72 0.00 0.265 No Yes16.27 2.004.72

84 4.09 59.70 3.24 0.69 1.42 5.60 0.00 0.264 No Yes16.44 2.005.60

85 4.22 58.51 3.22 0.69 1.42 4.90 0.00 0.273 No Yes16.60 2.004.90

86 4.16 59.91 3.25 0.69 1.41 5.05 0.00 0.266 No Yes16.76 2.005.05

87 4.29 59.24 3.23 0.69 1.41 5.27 0.00 0.275 No Yes16.93 2.005.27

88 4.42 57.88 3.21 0.69 1.40 5.38 0.00 0.283 No Yes17.09 2.005.38

89 4.53 56.13 3.17 0.69 1.40 5.53 0.00 0.290 No Yes17.26 2.005.53

90 4.55 55.89 3.16 0.69 1.39 5.69 0.00 0.290 No Yes17.42 2.005.69

91 4.47 56.98 3.19 0.69 1.39 5.45 0.00 0.282 No Yes17.58 2.005.45

92 4.37 58.32 3.22 0.69 1.39 5.23 0.00 0.272 No Yes17.75 2.005.23

93 4.44 57.88 3.21 0.69 1.38 5.30 0.00 0.276 No Yes17.91 2.005.30

94 4.84 54.84 3.14 0.69 1.38 5.74 0.00 0.304 No Yes18.11 2.005.74

95 5.34 51.54 3.07 0.68 1.37 6.67 0.00 0.341 No Yes18.27 2.006.67

96 5.62 49.99 3.03 0.68 1.36 7.22 0.00 0.360 No Yes18.44 2.007.22
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:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

97 5.53 51.36 3.06 0.68 1.36 6.81 0.00 0.352 No Yes18.57 2.006.81

98 5.95 49.92 3.03 0.68 1.36 6.33 0.00 0.382 No Yes18.73 2.006.33

99 9.82 39.02 2.75 0.67 1.35 8.73 0.00 0.672 No Yes18.90 2.008.73

100 15.13 32.03 2.55 0.61 1.31 20.88 36.43 0.085 No No19.06 0.7957.31

101 23.27 26.53 2.37 0.60 1.29 25.58 36.28 0.090 No No19.26 0.8461.86

102 36.46 21.16 2.18 0.56 1.27 37.67 36.10 0.104 No No19.42 0.9773.77

103 53.51 17.26 2.01 0.49 1.23 65.69 37.23 0.147 No No19.59 1.37102.92

104 64.23 15.52 1.93 0.46 1.21 82.53 36.22 0.177 No No19.75 1.65118.76

105 61.67 16.45 1.98 0.48 1.22 73.12 36.93 0.160 No No19.88 1.49110.05

106 46.12 20.15 2.14 0.51 1.23 56.65 40.25 0.138 No No20.08 1.2796.91

107 32.67 24.82 2.31 0.58 1.26 30.33 36.90 0.096 No No20.24 0.8867.23

108 24.90 27.21 2.40 0.59 1.26 27.61 37.24 0.093 No No20.41 0.8564.85

109 22.63 26.63 2.38 0.58 1.25 30.18 37.82 0.097 No No20.57 0.8968.00

110 34.32 20.22 2.14 0.63 1.27 22.28 30.66 0.080 No No20.70 0.7352.94

111 52.59 15.44 1.93 0.50 1.21 66.42 32.53 0.141 No No20.86 1.2898.94

112 62.03 13.91 1.85 0.45 1.18 89.95 31.63 0.183 No No21.06 1.67121.58

113 57.00 14.31 1.87 0.54 1.22 54.25 26.56 0.114 No No21.23 1.0380.80

114 42.83 17.03 2.00 0.54 1.21 49.66 32.82 0.116 No No21.39 1.0582.48

115 35.45 19.97 2.13 0.55 1.21 43.49 36.31 0.112 No No21.55 1.0179.79

116 25.29 25.92 2.35 0.59 1.23 28.95 37.07 0.095 No No21.68 0.8566.02

117 55.70 14.55 1.88 0.70 1.27 15.41 19.77 0.065 No No21.88 0.5835.18

118 75.34 10.58 1.67 0.39 1.14 139.20 19.97 0.321 No No22.01 2.00159.17

119 75.07 9.34 1.59 0.49 1.18 93.40 9.65 0.148 No No22.21 1.32103.05

120 35.48 16.03 1.96 0.69 1.26 14.24 22.55 0.066 No No22.37 0.5936.79

121 10.60 35.01 2.64 0.65 1.24 12.06 0.00 0.637 No Yes22.54 2.0012.06

122 10.55 39.49 2.77 0.66 1.24 10.65 0.00 0.631 No Yes22.67 2.0010.65

123 14.79 34.34 2.62 0.65 1.23 13.65 0.00 0.910 No Yes22.87 2.0013.65

124 27.07 25.14 2.33 0.60 1.21 26.25 35.79 0.090 No No23.00 0.7962.04

125 42.83 20.22 2.14 0.52 1.17 51.07 38.79 0.127 No No23.16 1.1189.85

126 57.83 17.73 2.03 0.49 1.16 64.92 38.10 0.148 No No23.32 1.30103.02

127 67.51 17.12 2.01 0.47 1.15 74.13 38.94 0.166 No No23.49 1.45113.08

128 75.20 16.55 1.98 0.46 1.14 81.10 39.06 0.180 No No23.65 1.58120.16

129 80.99 16.11 1.96 0.44 1.13 88.25 39.38 0.197 No No23.82 1.73127.63

130 85.55 15.52 1.93 0.44 1.13 91.45 38.12 0.202 No No23.98 1.77129.57

131 85.97 16.26 1.97 0.43 1.12 94.42 41.25 0.219 No No24.15 1.91135.67

132 71.88 19.81 2.12 0.43 1.12 88.43 48.58 0.223 No No24.34 1.94137.01

133 70.77 20.75 2.16 0.53 1.15 46.87 38.28 0.120 No No24.47 1.0485.15

134 82.51 18.18 2.05 0.43 1.11 89.83 45.48 0.218 No No24.67 1.89135.31

135 102.24 15.35 1.92 0.38 1.10 123.25 44.22 0.384 No No24.80 2.00167.48

136 99.39 15.93 1.95 0.40 1.10 106.78 42.94 0.270 No No25.00 2.00149.72

137 83.47 19.11 2.09 0.45 1.11 80.75 45.13 0.193 No No25.13 1.66125.88

138 70.43 21.57 2.19 0.45 1.11 74.34 47.34 0.183 No No25.29 1.58121.68

139 70.88 21.54 2.19 0.48 1.11 65.96 44.84 0.161 No No25.46 1.39110.80

140 68.13 22.09 2.21 0.44 1.10 81.15 50.04 0.206 No No25.62 1.77131.19

141 71.26 21.64 2.20 0.48 1.11 65.30 44.76 0.160 No No25.79 1.37110.06

142 87.73 18.37 2.06 0.46 1.10 74.77 42.01 0.173 No No25.95 1.48116.78

143 118.97 13.96 1.85 0.37 1.08 130.14 39.10 0.400 No No26.11 2.00169.24

144 147.50 12.81 1.79 0.34 1.07 157.98 37.08 0.917 No No26.28 2.00195.06
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:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

145 157.72 13.37 1.82 0.33 1.06 159.33 40.81 1.146 No No26.44 2.00200.15

146 141.82 16.69 1.99 0.35 1.07 134.43 52.03 0.661 No No26.64 2.00186.46

Abbreviations
Depth:
qt:
FC:
Ic:
m:
CN:
qc1N:
∆qc1N:
qc1N,cs:
CRR7.5:
FS:

Depth from free surface, at which CPT was performed (ft)
Total cone resistance
Fines content (%)
Soil behavior type index
Stress exponent
Overburden correction factor
Normalized and adjusted cone resistance
Cone resistance correction factor due to fines
Normalized and adjusted cone resistance
Cyclic resistance ratio for Mw=7.5
Factor of safety against soil liquefaction
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:: Liquefaction Potential Index calculation data ::

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

2.33 2.00 0.00 9.65 0.49 0.00 2.82 2.00 0.00 9.57 0.49 0.00

2.98 2.00 0.00 9.55 0.16 0.00 3.15 2.00 0.00 9.52 0.16 0.00

3.31 2.00 0.00 9.50 0.16 0.00 3.48 2.00 0.00 9.47 0.16 0.00

3.64 2.00 0.00 9.45 0.16 0.00 3.80 2.00 0.00 9.42 0.16 0.00

3.97 2.00 0.00 9.40 0.17 0.00 4.13 2.00 0.00 9.37 0.16 0.00

4.30 2.00 0.00 9.35 0.16 0.00 4.46 2.00 0.00 9.32 0.16 0.00

4.63 2.00 0.00 9.30 0.16 0.00 4.79 2.00 0.00 9.27 0.16 0.00

4.95 2.00 0.00 9.25 0.16 0.00 5.12 2.00 0.00 9.22 0.16 0.00

5.28 2.00 0.00 9.20 0.16 0.00 5.45 2.00 0.00 9.17 0.16 0.00

5.61 2.00 0.00 9.15 0.16 0.00 5.77 2.00 0.00 9.12 0.16 0.00

5.94 2.00 0.00 9.10 0.16 0.00 6.10 2.00 0.00 9.07 0.16 0.00

6.30 2.00 0.00 9.04 0.20 0.00 6.46 2.00 0.00 9.02 0.16 0.00

6.63 2.00 0.00 8.99 0.16 0.00 6.76 2.00 0.00 8.97 0.13 0.00

6.92 2.00 0.00 8.95 0.16 0.00 7.08 2.00 0.00 8.92 0.16 0.00

7.25 2.00 0.00 8.90 0.16 0.00 7.45 2.00 0.00 8.87 0.20 0.00

7.61 2.00 0.00 8.84 0.16 0.00 7.77 2.00 0.00 8.82 0.16 0.00

7.91 2.00 0.00 8.80 0.13 0.00 8.10 2.00 0.00 8.77 0.20 0.00

8.27 2.00 0.00 8.74 0.16 0.00 8.40 2.00 0.00 8.72 0.13 0.00

8.56 2.00 0.00 8.70 0.16 0.00 8.73 2.00 0.00 8.67 0.16 0.00

8.89 2.00 0.00 8.65 0.16 0.00 9.05 2.00 0.00 8.62 0.16 0.00

9.22 2.00 0.00 8.60 0.16 0.00 9.38 2.00 0.00 8.57 0.16 0.00

9.55 2.00 0.00 8.55 0.16 0.00 9.71 2.00 0.00 8.52 0.16 0.00

9.87 2.00 0.00 8.50 0.16 0.00 10.04 2.00 0.00 8.47 0.16 0.00

10.20 2.00 0.00 8.45 0.16 0.00 10.37 2.00 0.00 8.42 0.16 0.00

10.53 2.00 0.00 8.40 0.16 0.00 10.73 2.00 0.00 8.37 0.20 0.00

10.89 2.00 0.00 8.34 0.16 0.00 11.02 2.00 0.00 8.32 0.13 0.00

11.19 2.00 0.00 8.30 0.16 0.00 11.42 2.00 0.00 8.26 0.23 0.00

11.55 1.62 0.00 8.24 0.13 0.00 11.68 0.78 0.22 8.22 0.13 0.07

11.84 1.05 0.00 8.20 0.16 0.00 12.01 0.99 0.01 8.17 0.16 0.00

12.17 2.00 0.00 8.15 0.16 0.00 12.37 2.00 0.00 8.12 0.20 0.00

12.50 2.00 0.00 8.10 0.13 0.00 12.70 2.00 0.00 8.07 0.20 0.00

12.83 2.00 0.00 8.05 0.13 0.00 13.02 2.00 0.00 8.02 0.20 0.00

13.15 2.00 0.00 8.00 0.13 0.00 13.35 2.00 0.00 7.97 0.20 0.00

13.52 2.00 0.00 7.94 0.16 0.00 13.68 2.00 0.00 7.92 0.16 0.00

13.84 2.00 0.00 7.89 0.16 0.00 13.97 2.00 0.00 7.87 0.13 0.00

14.17 2.00 0.00 7.84 0.20 0.00 14.34 2.00 0.00 7.82 0.16 0.00

14.66 2.00 0.00 7.77 0.33 0.00 14.79 2.00 0.00 7.75 0.13 0.00

14.96 2.00 0.00 7.72 0.16 0.00 15.12 2.00 0.00 7.70 0.16 0.00

15.29 2.00 0.00 7.67 0.16 0.00 15.48 2.00 0.00 7.64 0.20 0.00

15.65 2.00 0.00 7.62 0.16 0.00 15.78 2.00 0.00 7.60 0.13 0.00

15.98 2.00 0.00 7.57 0.20 0.00 16.14 2.00 0.00 7.54 0.16 0.00

16.27 2.00 0.00 7.52 0.13 0.00 16.44 2.00 0.00 7.50 0.16 0.00

16.60 2.00 0.00 7.47 0.16 0.00 16.76 2.00 0.00 7.45 0.16 0.00

16.93 2.00 0.00 7.42 0.16 0.00 17.09 2.00 0.00 7.40 0.16 0.00

17.26 2.00 0.00 7.37 0.16 0.00 17.42 2.00 0.00 7.35 0.16 0.00

17.58 2.00 0.00 7.32 0.16 0.00 17.75 2.00 0.00 7.30 0.16 0.00

17.91 2.00 0.00 7.27 0.16 0.00 18.11 2.00 0.00 7.24 0.20 0.00

18.27 2.00 0.00 7.22 0.16 0.00 18.44 2.00 0.00 7.19 0.16 0.00
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:: Liquefaction Potential Index calculation data :: (continued)

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

18.57 2.00 0.00 7.17 0.13 0.00 18.73 2.00 0.00 7.15 0.16 0.00

18.90 2.00 0.00 7.12 0.16 0.00 19.06 0.79 0.21 7.10 0.16 0.07

19.26 0.84 0.16 7.07 0.20 0.07 19.42 0.97 0.03 7.04 0.16 0.01

19.59 1.37 0.00 7.02 0.16 0.00 19.75 1.65 0.00 6.99 0.16 0.00

19.88 1.49 0.00 6.97 0.13 0.00 20.08 1.27 0.00 6.94 0.20 0.00

20.24 0.88 0.12 6.92 0.16 0.04 20.41 0.85 0.15 6.89 0.16 0.05

20.57 0.89 0.11 6.87 0.16 0.04 20.70 0.73 0.27 6.85 0.13 0.07

20.86 1.28 0.00 6.82 0.16 0.00 21.06 1.67 0.00 6.79 0.20 0.00

21.23 1.03 0.00 6.77 0.16 0.00 21.39 1.05 0.00 6.74 0.16 0.00

21.55 1.01 0.00 6.72 0.16 0.00 21.68 0.85 0.15 6.70 0.13 0.04

21.88 0.58 0.42 6.67 0.20 0.17 22.01 2.00 0.00 6.65 0.13 0.00

22.21 1.32 0.00 6.62 0.20 0.00 22.37 0.59 0.41 6.59 0.16 0.14

22.54 2.00 0.00 6.57 0.16 0.00 22.67 2.00 0.00 6.55 0.13 0.00

22.87 2.00 0.00 6.52 0.20 0.00 23.00 0.79 0.21 6.50 0.13 0.05

23.16 1.11 0.00 6.47 0.16 0.00 23.32 1.30 0.00 6.45 0.16 0.00

23.49 1.45 0.00 6.42 0.16 0.00 23.65 1.58 0.00 6.40 0.16 0.00

23.82 1.73 0.00 6.37 0.16 0.00 23.98 1.77 0.00 6.35 0.16 0.00

24.15 1.91 0.00 6.32 0.16 0.00 24.34 1.94 0.00 6.29 0.20 0.00

24.47 1.04 0.00 6.27 0.13 0.00 24.67 1.89 0.00 6.24 0.20 0.00

24.80 2.00 0.00 6.22 0.13 0.00 25.00 2.00 0.00 6.19 0.20 0.00

25.13 1.66 0.00 6.17 0.13 0.00 25.29 1.58 0.00 6.15 0.16 0.00

25.46 1.39 0.00 6.12 0.16 0.00 25.62 1.77 0.00 6.10 0.16 0.00

25.79 1.37 0.00 6.07 0.16 0.00 25.95 1.48 0.00 6.05 0.16 0.00

26.11 2.00 0.00 6.02 0.16 0.00 26.28 2.00 0.00 6.00 0.16 0.00

26.44 2.00 0.00 5.97 0.16 0.00 26.64 2.00 0.00 5.94 0.20 0.00

Abbreviations

Overall liquefaction potential: 0.83

LPI = 0.00 - Liquefaction risk very low
LPI between 0.00 and 5.00 - Liquefaction risk low
LPI between 5.00 and 15.00 - Liquefaction risk high
LPI > 15.00 - Liquefaction risk very high

FS:
FL:
wz:
dz:
LPI:

Calculated factor of safety for test point
1 - FS
Function value of the extend of soil liquefaction according to depth
Layer thickness (ft)
Liquefaction potential index value for test point
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qt:
Ic:
FS:
Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index
Calculated Factor of Safety against liquefaction
Post-liquefaction volumentric strain
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::  Post-earthquake settlement due to soil liquefaction ::

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

10.53 190.31 2.00 0.00 0.001.00 10.73 185.26 2.00 0.00 0.001.00

10.89 154.48 2.00 0.00 0.001.00 11.02 123.07 2.00 0.00 0.001.00

11.19 235.71 2.00 0.00 0.001.00 11.42 138.87 2.00 0.00 0.001.00

11.55 96.91 1.62 0.12 0.001.00 11.68 39.16 0.78 7.50 0.121.00

11.84 63.27 1.05 1.07 0.021.00 12.01 59.02 0.99 2.78 0.051.00

12.17 12.47 2.00 0.00 0.001.00 12.37 8.17 2.00 0.00 0.001.00

12.50 5.23 2.00 0.00 0.001.00 12.70 6.41 2.00 0.00 0.001.00

12.83 15.32 2.00 0.00 0.001.00 13.02 8.70 2.00 0.00 0.001.00

13.15 7.23 2.00 0.00 0.001.00 13.35 11.33 2.00 0.00 0.001.00

13.52 14.94 2.00 0.00 0.001.00 13.68 9.11 2.00 0.00 0.001.00

13.84 8.23 2.00 0.00 0.001.00 13.97 8.41 2.00 0.00 0.001.00

14.17 6.87 2.00 0.00 0.001.00 14.34 6.57 2.00 0.00 0.001.00

14.66 6.56 2.00 0.00 0.001.00 14.79 7.94 2.00 0.00 0.001.00

14.96 7.97 2.00 0.00 0.001.00 15.12 7.62 2.00 0.00 0.001.00

15.29 7.28 2.00 0.00 0.001.00 15.48 8.14 2.00 0.00 0.001.00

15.65 6.84 2.00 0.00 0.001.00 15.78 5.98 2.00 0.00 0.001.00

15.98 5.67 2.00 0.00 0.001.00 16.14 5.07 2.00 0.00 0.001.00

16.27 4.72 2.00 0.00 0.001.00 16.44 5.60 2.00 0.00 0.001.00

16.60 4.90 2.00 0.00 0.001.00 16.76 5.05 2.00 0.00 0.001.00

16.93 5.27 2.00 0.00 0.001.00 17.09 5.38 2.00 0.00 0.001.00

17.26 5.53 2.00 0.00 0.001.00 17.42 5.69 2.00 0.00 0.001.00

17.58 5.45 2.00 0.00 0.001.00 17.75 5.23 2.00 0.00 0.001.00

17.91 5.30 2.00 0.00 0.001.00 18.11 5.74 2.00 0.00 0.001.00

18.27 6.67 2.00 0.00 0.001.00 18.44 7.22 2.00 0.00 0.001.00

18.57 6.81 2.00 0.00 0.001.00 18.73 6.33 2.00 0.00 0.001.00

18.90 8.73 2.00 0.00 0.001.00 19.06 57.31 0.79 5.45 0.111.00

19.26 61.86 0.84 5.09 0.121.00 19.42 73.77 0.97 3.48 0.071.00

19.59 102.92 1.37 0.33 0.011.00 19.75 118.76 1.65 0.15 0.001.00

19.88 110.05 1.49 0.25 0.001.00 20.08 96.91 1.27 0.43 0.011.00

20.24 67.23 0.88 4.72 0.091.00 20.41 64.85 0.85 4.88 0.101.00

20.57 68.00 0.89 4.67 0.091.00 20.70 52.94 0.73 5.84 0.091.00

20.86 98.94 1.28 0.42 0.011.00 21.06 121.58 1.67 0.14 0.001.00

21.23 80.80 1.03 1.25 0.021.00 21.39 82.48 1.05 1.08 0.021.00

21.55 79.79 1.01 1.54 0.031.00 21.68 66.02 0.85 4.80 0.081.00

21.88 35.18 0.58 8.16 0.191.00 22.01 159.17 2.00 0.00 0.001.00

22.21 103.05 1.32 0.39 0.011.00 22.37 36.79 0.59 7.88 0.161.00

22.54 12.06 2.00 0.00 0.001.00 22.67 10.65 2.00 0.00 0.001.00

22.87 13.65 2.00 0.00 0.001.00 23.00 62.04 0.79 5.08 0.081.00

23.16 89.85 1.11 0.75 0.011.00 23.32 103.02 1.30 0.42 0.011.00

23.49 113.08 1.45 0.28 0.011.00 23.65 120.16 1.58 0.20 0.001.00

23.82 127.63 1.73 0.12 0.001.00 23.98 129.57 1.77 0.10 0.001.00

24.15 135.67 1.91 0.04 0.001.00 24.34 137.01 1.94 0.02 0.001.00

24.47 85.15 1.04 1.17 0.021.00 24.67 135.31 1.89 0.04 0.001.00

24.80 167.48 2.00 0.00 0.001.00 25.00 149.72 2.00 0.00 0.001.00

25.13 125.88 1.66 0.15 0.001.00 25.29 121.68 1.58 0.20 0.001.00

25.46 110.80 1.39 0.34 0.011.00 25.62 131.19 1.77 0.10 0.001.00

25.79 110.06 1.37 0.36 0.011.00 25.95 116.78 1.48 0.27 0.011.00

26.11 169.24 2.00 0.00 0.001.00 26.28 195.06 2.00 0.00 0.001.00
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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

26.44 200.15 2.00 0.00 0.001.00 26.64 186.46 2.00 0.00 0.001.00

Total estimated settlement: 1.57

Abbreviations
Qtn,cs:
FS:
ev (%):
DF:
Settlement:

Equivalent clean sand normalized cone resistance
Factor of safety against liquefaction
Post-liquefaction volumentric strain
ev depth weighting factor
Calculated settlement
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FS Plot

During earthq.
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qt: Total cone resistance (cone resistance qc corrected for pore water effects)
Ic: Soil Behaviour Type Index
qc1N,cs: Equivalent clean sand normalized CPT total cone resistance

F.S.: Factor of safety
γmax: Maximum cyclic shear strain
LDI: Lateral displacement index

Abbreviations



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Lateral displacement index calculation ::

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

10.53 190.31 0.03 2.00 -0.31 0.00 0.00

10.73 185.26 0.03 2.00 -0.24 0.00 0.00

10.89 154.48 0.08 2.00 0.19 0.00 0.00

11.02 123.07 0.18 2.00 0.57 0.00 0.00

11.19 235.71 0.01 2.00 -0.99 0.00 0.00

11.42 138.87 0.12 2.00 0.39 0.00 0.00

11.55 96.91 0.33 1.62 0.82 0.00 0.00

11.68 39.16 1.37 0.78 0.94 1.37 2.16

11.84 63.27 0.74 1.05 0.94 0.02 0.03

12.01 59.02 0.82 0.99 0.94 0.04 0.08

12.17 12.47 0.00 2.00 0.00 0.00 0.00

12.37 8.17 0.00 2.00 0.00 0.00 0.00

12.50 5.23 0.00 2.00 0.00 0.00 0.00

12.70 6.41 0.00 2.00 0.00 0.00 0.00

12.83 15.32 0.00 2.00 0.00 0.00 0.00

13.02 8.70 0.00 2.00 0.00 0.00 0.00

13.15 7.23 0.00 2.00 0.00 0.00 0.00

13.35 11.33 0.00 2.00 0.00 0.00 0.00

13.52 14.94 0.00 2.00 0.00 0.00 0.00

13.68 9.11 0.00 2.00 0.00 0.00 0.00

13.84 8.23 0.00 2.00 0.00 0.00 0.00

13.97 8.41 0.00 2.00 0.00 0.00 0.00

14.17 6.87 0.00 2.00 0.00 0.00 0.00

14.34 6.57 0.00 2.00 0.00 0.00 0.00

14.66 6.56 0.00 2.00 0.00 0.00 0.00

14.79 7.94 0.00 2.00 0.00 0.00 0.00

14.96 7.97 0.00 2.00 0.00 0.00 0.00

15.12 7.62 0.00 2.00 0.00 0.00 0.00

15.29 7.28 0.00 2.00 0.00 0.00 0.00

15.48 8.14 0.00 2.00 0.00 0.00 0.00

15.65 6.84 0.00 2.00 0.00 0.00 0.00

15.78 5.98 0.00 2.00 0.00 0.00 0.00

15.98 5.67 0.00 2.00 0.00 0.00 0.00

16.14 5.07 0.00 2.00 0.00 0.00 0.00

16.27 4.72 0.00 2.00 0.00 0.00 0.00

16.44 5.60 0.00 2.00 0.00 0.00 0.00

16.60 4.90 0.00 2.00 0.00 0.00 0.00

16.76 5.05 0.00 2.00 0.00 0.00 0.00

16.93 5.27 0.00 2.00 0.00 0.00 0.00

17.09 5.38 0.00 2.00 0.00 0.00 0.00

17.26 5.53 0.00 2.00 0.00 0.00 0.00

17.42 5.69 0.00 2.00 0.00 0.00 0.00

17.58 5.45 0.00 2.00 0.00 0.00 0.00

17.75 5.23 0.00 2.00 0.00 0.00 0.00

17.91 5.30 0.00 2.00 0.00 0.00 0.00

18.11 5.74 0.00 2.00 0.00 0.00 0.00

18.27 6.67 0.00 2.00 0.00 0.00 0.00

18.44 7.22 0.00 2.00 0.00 0.00 0.00

CLiq v.1.7.6.34 - CPT Liquefaction Assessment Software - Report created on: 2/16/2016, 8:35:44 AM 112
Project file: P:\Geotechnical\G5500's\G5556.000 - Emergency Bridge Pkg 4 - Design Build\G5556.02 - S-51 over Black Mingo Creek\Reports\Final Report\Bridge\CPT\CLiq_FEE.clq



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

18.57 6.81 0.00 2.00 0.00 0.00 0.00

18.73 6.33 0.00 2.00 0.00 0.00 0.00

18.90 8.73 0.00 2.00 0.00 0.00 0.00

19.06 57.31 0.85 0.79 0.94 0.85 1.68

19.26 61.86 0.76 0.84 0.94 0.76 1.80

19.42 73.77 0.57 0.97 0.94 0.06 0.13

19.59 102.92 0.29 1.37 0.77 0.01 0.02

19.75 118.76 0.20 1.65 0.62 0.00 0.01

19.88 110.05 0.25 1.49 0.70 0.01 0.01

20.08 96.91 0.33 1.27 0.82 0.01 0.02

20.24 67.23 0.67 0.88 0.94 0.67 1.32

20.41 64.85 0.71 0.85 0.94 0.71 1.40

20.57 68.00 0.66 0.89 0.94 0.66 1.29

20.70 52.94 0.95 0.73 0.94 0.95 1.50

20.86 98.94 0.32 1.28 0.80 0.01 0.02

21.06 121.58 0.19 1.67 0.59 0.00 0.01

21.23 80.80 0.49 1.03 0.91 0.03 0.05

21.39 82.48 0.47 1.05 0.91 0.02 0.04

21.55 79.79 0.50 1.01 0.92 0.03 0.06

21.68 66.02 0.69 0.85 0.94 0.69 1.08

21.88 35.18 1.54 0.58 0.94 1.54 3.64

22.01 159.17 0.07 2.00 0.13 0.00 0.00

22.21 103.05 0.29 1.32 0.77 0.01 0.02

22.37 36.79 1.47 0.59 0.94 1.47 2.89

22.54 12.06 0.00 2.00 0.00 0.00 0.00

22.67 10.65 0.00 2.00 0.00 0.00 0.00

22.87 13.65 0.00 2.00 0.00 0.00 0.00

23.00 62.04 0.76 0.79 0.94 0.76 1.19

23.16 89.85 0.39 1.11 0.87 0.02 0.03

23.32 103.02 0.29 1.30 0.77 0.01 0.02

23.49 113.08 0.23 1.45 0.67 0.01 0.02

23.65 120.16 0.19 1.58 0.60 0.01 0.01

23.82 127.63 0.16 1.73 0.52 0.00 0.01

23.98 129.57 0.15 1.77 0.50 0.00 0.01

24.15 135.67 0.13 1.91 0.43 0.00 0.00

24.34 137.01 0.13 1.94 0.41 0.00 0.00

24.47 85.15 0.44 1.04 0.89 0.02 0.04

24.67 135.31 0.13 1.89 0.43 0.00 0.00

24.80 167.48 0.06 2.00 0.01 0.00 0.00

25.00 149.72 0.09 2.00 0.25 0.00 0.00

25.13 125.88 0.17 1.66 0.54 0.00 0.01

25.29 121.68 0.19 1.58 0.59 0.01 0.01

25.46 110.80 0.24 1.39 0.70 0.01 0.02

25.62 131.19 0.15 1.77 0.48 0.00 0.01

25.79 110.06 0.25 1.37 0.70 0.01 0.02

25.95 116.78 0.21 1.48 0.64 0.01 0.02

26.11 169.24 0.06 2.00 -0.01 0.00 0.00

26.28 195.06 0.03 2.00 -0.38 0.00 0.00
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

26.44 200.15 0.02 2.00 -0.45 0.00 0.00

26.64 186.46 0.03 2.00 -0.25 0.00 0.00

Depth:
qc1N,cs:
Gammalim:
FS:
Fa:
Gammamax:
Lat. disp.:

Depth of test point
Adjusted and corrected cone resistance due to fines
Limiting shear strain
Calculated factor of safety against liquefaction
 
Maximum cyclic shear strain
Lateral displacement

Abbreviations

Total estimated displacement: 20.69
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Strength loss calculation  Idriss & Boulanger (2008) ::

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

2.33 1.19 19.01 35.79 3.74 0.06 5.641.88

2.82 25.97 1.45 60.32 2.10 0.03 0.7141.66

2.98 100.52 1.00 161.42 1.59 0.18 0.90161.42

3.15 178.13 1.00 286.09 1.49 0.99 0.99286.09

3.31 215.01 1.00 345.33 1.50 1.02 1.02345.33

3.48 198.06 1.00 318.09 1.60 1.00 1.00318.09

3.64 174.35 1.02 286.69 1.68 0.98 0.98279.97

3.80 154.01 1.07 263.92 1.74 0.96 0.96247.28

3.97 138.69 1.10 245.96 1.80 0.95 0.95222.64

4.13 125.88 1.12 226.19 1.82 0.93 0.93202.04

4.30 131.80 1.08 228.36 1.76 0.94 0.94211.54

4.46 137.53 1.04 230.52 1.71 0.95 0.95220.72

4.63 143.88 1.04 239.34 1.70 0.95 0.95230.91

4.79 135.85 1.06 230.32 1.73 0.94 0.94217.99

4.95 112.37 1.12 201.19 1.81 0.91 0.91180.26

5.12 83.67 1.22 163.80 1.93 0.20 0.87134.14

5.28 57.22 1.52 138.83 2.13 0.14 0.8291.61

5.45 40.80 2.02 131.52 2.32 0.10 0.7765.22

5.61 34.91 2.34 130.70 2.41 0.07 0.7555.74

5.77 35.05 2.31 129.51 2.40 0.11 0.7555.95

5.94 43.12 1.92 132.61 2.29 0.10 0.7868.90

6.10 46.11 1.82 133.87 2.26 0.12 0.7973.69

6.30 48.68 1.73 134.87 2.23 0.12 0.7977.81

6.46 47.78 1.77 135.16 2.24 0.12 0.7976.33

6.63 47.12 1.80 135.42 2.25 0.12 0.7975.26

6.76 46.71 1.82 135.55 2.26 0.12 0.7974.59

6.92 46.40 1.83 135.40 2.26 0.12 0.7974.07

7.08 46.09 1.84 135.42 2.26 0.12 0.7973.56

7.25 45.79 1.85 135.47 2.27 0.11 0.7873.06

7.45 45.55 1.87 135.84 2.27 0.11 0.7872.66

7.61 45.36 1.88 136.32 2.28 0.11 0.7872.34

7.77 45.24 1.90 136.96 2.28 0.11 0.7872.13

7.91 45.25 1.76 126.99 2.24 0.11 0.7872.13

8.10 45.37 1.54 111.47 2.14 0.11 0.7872.31

8.27 53.63 1.23 105.62 1.95 0.10 0.8185.56

8.40 84.73 1.05 142.67 1.72 0.15 0.87135.52

8.56 109.11 1.02 172.67 1.67 0.72 0.90169.83

8.73 113.99 1.03 181.34 1.69 0.38 0.91176.37

8.89 90.69 1.11 160.25 1.80 0.18 0.88144.45

9.05 70.95 1.21 136.70 1.92 0.14 0.84113.32

9.22 58.68 1.30 121.54 2.00 0.12 0.8293.59

9.38 52.43 1.33 111.11 2.02 0.10 0.8083.54

9.55 61.03 1.23 118.30 1.94 0.10 0.8296.47

9.71 91.80 1.09 149.78 1.78 0.17 0.87136.83

9.87 119.02 1.05 179.79 1.71 0.56 0.91171.67

10.04 129.90 1.03 190.20 1.69 0.43 0.92184.18

10.20 123.39 1.04 180.59 1.70 0.30 0.91173.65

10.37 125.38 1.01 175.20 1.67 0.32 0.91172.76
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

10.53 127.39 1.02 177.96 1.67 0.47 0.91174.42

10.73 117.22 1.09 179.83 1.78 0.33 0.90164.32

10.89 95.26 1.21 166.60 1.92 0.18 0.87137.75

11.02 113.37 1.13 179.14 1.83 0.13 0.89159.18

11.19 116.64 1.04 163.56 1.70 0.89 0.89157.63

11.42 111.43 1.00 146.31 1.61 0.20 0.88146.31

11.55 54.85 1.00 74.46 1.77 0.10 0.7974.46

11.68 27.70 1.42 57.13 2.08 0.03 0.7140.16

11.84 14.27 2.70 59.31 2.49 0.06 0.6321.98

12.01 14.28 2.99 65.67 2.54 0.06 0.6321.99

12.17 10.05 4.57 69.33 2.77 0.05 1.2215.17

12.37 6.03 7.62 66.33 3.08 0.06 0.708.70

12.50 4.67 9.19 59.77 3.20 0.06 0.526.50

12.70 6.44 6.42 59.97 2.97 0.05 0.749.34

12.83 7.24 5.64 59.91 2.89 0.06 0.8410.61

13.02 7.44 5.66 61.84 2.90 0.05 0.8610.92

13.15 6.50 7.19 67.55 3.04 0.06 0.739.39

13.35 8.10 5.84 69.72 2.91 0.06 0.9211.94

13.52 8.58 5.59 70.98 2.89 0.06 0.9812.70

13.68 7.89 5.89 68.31 2.92 0.05 0.8911.59

13.84 6.32 7.94 71.76 3.10 0.06 0.699.04

13.97 5.79 9.82 80.39 3.24 0.06 0.628.19

14.17 5.40 10.54 79.41 3.29 0.06 0.577.53

14.34 5.01 11.19 77.23 3.33 0.06 0.526.90

14.66 5.32 9.46 69.72 3.21 0.06 0.547.37

14.79 5.73 8.65 69.35 3.16 0.06 0.598.02

14.96 6.03 7.93 67.28 3.10 0.06 0.628.49

15.12 5.92 8.29 68.69 3.13 0.06 0.608.29

15.29 5.98 8.44 70.71 3.14 0.06 0.618.37

15.48 5.76 8.81 70.54 3.17 0.06 0.588.01

15.65 5.43 8.81 65.81 3.17 0.06 0.537.47

15.78 4.80 9.52 61.17 3.22 0.06 0.466.42

15.98 4.37 10.22 58.16 3.27 0.06 0.415.69

16.14 4.06 10.79 55.71 3.30 0.06 0.375.16

16.27 4.08 10.29 53.08 3.27 0.06 0.375.16

16.44 4.09 9.88 50.68 3.24 0.06 0.375.13

16.60 4.22 9.52 50.48 3.22 0.06 0.385.30

16.76 4.16 9.94 51.44 3.25 0.06 0.375.17

16.93 4.29 9.74 52.00 3.23 0.06 0.385.34

17.09 4.42 9.33 51.35 3.21 0.06 0.395.50

17.26 4.53 8.81 49.68 3.17 0.06 0.405.64

17.42 4.55 8.74 49.27 3.16 0.06 0.405.64

17.58 4.47 9.06 49.61 3.19 0.06 0.395.47

17.75 4.37 9.46 50.02 3.22 0.06 0.385.29

17.91 4.44 9.33 50.03 3.21 0.06 0.385.36

18.11 4.84 8.43 49.94 3.14 0.06 0.425.92

18.27 5.34 7.51 49.83 3.07 0.06 0.476.64

18.44 5.62 7.08 49.64 3.03 0.06 0.507.01
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

18.57 5.53 7.45 51.03 3.06 0.06 0.496.85

18.73 5.95 7.06 52.47 3.03 0.05 0.537.43

18.90 9.82 4.41 55.95 2.75 0.05 0.9312.69

19.06 15.13 3.05 59.49 2.55 0.06 0.6219.50

19.26 23.27 2.21 65.53 2.37 0.06 0.6729.62

19.42 36.46 1.61 73.20 2.18 0.06 0.7245.42

19.59 53.51 1.32 85.90 2.01 0.09 0.7765.22

19.75 64.23 1.22 94.28 1.93 0.12 0.7977.22

19.88 61.67 1.27 94.43 1.98 0.10 0.7974.37

20.08 46.12 1.52 85.98 2.14 0.09 0.7556.41

20.24 32.67 2.00 80.87 2.31 0.06 0.7140.50

20.41 24.90 2.30 70.95 2.40 0.06 0.6730.80

20.57 22.63 2.23 61.58 2.38 0.06 0.6627.67

20.70 34.32 1.53 62.79 2.14 0.05 0.7141.05

20.86 52.59 1.22 74.79 1.93 0.09 0.7661.46

21.06 62.03 1.00 71.64 1.85 0.13 0.7871.64

21.23 57.00 1.00 65.71 1.87 0.08 0.7765.71

21.39 42.83 1.30 64.87 2.00 0.07 0.7349.77

21.55 35.45 1.51 62.68 2.13 0.07 0.7141.53

21.68 25.29 2.13 64.06 2.35 0.06 0.6730.05

21.88 55.70 1.00 63.47 1.88 0.03 0.7763.47

22.01 75.34 1.00 83.70 1.67 0.25 0.8083.70

22.21 75.07 1.00 82.34 1.59 0.12 0.8082.34

22.37 35.48 1.00 39.98 1.96 0.03 0.7139.98

22.54 10.60 3.59 43.00 2.64 0.05 0.8811.96

22.67 10.55 4.51 54.30 2.77 0.05 0.8812.03

22.87 14.79 3.47 59.18 2.62 0.05 1.2617.06

23.00 27.07 2.04 63.48 2.33 0.05 0.6831.19

23.16 42.83 1.53 74.79 2.14 0.08 0.7348.87

23.32 57.83 1.35 88.06 2.03 0.09 0.7765.40

23.49 67.51 1.31 99.49 2.01 0.11 0.7976.03

23.65 75.20 1.28 107.47 1.98 0.12 0.8084.28

23.82 80.99 1.25 113.01 1.96 0.13 0.8190.32

23.98 85.55 1.22 115.77 1.93 0.13 0.8294.85

24.15 85.97 1.26 119.99 1.97 0.14 0.8295.29

24.34 71.88 1.50 120.23 2.12 0.13 0.8080.33

24.47 70.77 1.58 124.61 2.16 0.07 0.7979.11

24.67 82.51 1.38 125.27 2.05 0.13 0.8191.03

24.80 102.24 1.21 135.02 1.92 0.21 0.84111.39

25.00 99.39 1.24 134.16 1.95 0.16 0.84108.03

25.13 83.47 1.44 131.85 2.09 0.12 0.8191.38

25.29 70.43 1.65 127.39 2.19 0.11 0.7977.24

25.46 70.88 1.65 127.48 2.19 0.10 0.7977.39

25.62 68.13 1.70 125.99 2.21 0.12 0.7974.15

25.79 71.26 1.66 127.79 2.20 0.10 0.7977.17

25.95 87.73 1.39 130.50 2.06 0.11 0.8293.94

26.11 118.97 1.15 144.08 1.85 0.23 0.86125.38

26.28 147.50 1.10 170.45 1.79 0.40 0.89154.55
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

26.44 157.72 1.12 185.72 1.82 0.42 0.90165.12

26.64 141.82 1.28 191.64 1.99 0.26 0.89149.34

qt:
Kc:
Qtn,cs:
Ic:
Su(liq)/σ'v:
Su(peak)/σ'v:

Total cone resistance
Cone resistance correction factor due to fines
Adjusted and corrected cone resistance due to fines
Soil behavior type index
Calculated liquefied undrained strength ratio
Calculated peak undrained strength ratio

Abbreviations
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Procedure for the evaluation of soil liquefaction resistance, NCEER (1998)

Calculation of soil resistance against liquefaction is performed according to the Robertson & Wride (1998) procedure. The
procedure used in the software, slightly differs from the one originally published in NCEER-97-0022 (Proceedings of the NCEER
Workshop on Evaluation of Liquefaction Resistance of Soils). The revised procedure is presented below in the form of a
flowchart1:

1 "Estimating l iquefaction-induced ground settlements from CPT for level ground", G. Zhang, P.K. Robertson, and R.W.I. Brachman
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Procedure for the evaluation of soil liquefaction resistance (all soils), Robertson (2010)

Calculation of soil resistance against liquefaction is performed according to the Robertson & Wride (1998) procedure. This
procedure used in the software, slightly differs from the one originally published in NCEER-97-0022 (Proceedings of the NCEER
Workshop on Evaluation of Liquefaction Resistance of Soils). The revised procedure is presented below in the form of a
flowchart1:

1 P.K. Robertson, 2009.  “Performance based earthquake design using the CPT”, Keynote Lecture, International Conference on

Performance-based Design in Earthquake Geotechnical Engineering – from case history to practice, IS-Tokyo, June 2009
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Procedure for the evaluation of soil liquefaction resistance, Idriss & Boulanger (2008)
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Procedure for the evaluation of soil liquefaction resistance (sandy soils), Moss et al. (2006)
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Procedure for the evaluation of liquefaction-induced lateral spreading displacements

 
Site investigation 

with SPT or 
Design

earthquake
Ground

geometry

SPT data with 
content 

or CPT data 

Moment magnitude
of earthquake (Mw)
and peak surface
acceleration (amax)

Geometric parameters 
for each of different 

zones in level (or 
gently sloping) ground 
with (or without) a free 

face 

Liquefaction potential analysis
to calculate FS, (N 1 ) 60cs or

(q c1N ) cs 

(using the NCEER SPT- 
CPT-based method ( Youd et al.

2001)) 

Calculation of the lateral
displacement index 

( using Figure 1 and Equation [3])

Zones with three major
geometric parameters or

less - free face height (H),
the distance to a free face

(L), or/and slope (S)

Zones with 
more than 
three major 
geometric 
parameters 

L/H
or/and

S

Estimated lateral displacement, LD 

For gently sloping ground without a free face,

LD = (S + 0.20) · LDI (for 0.2% < S < 3.5%) 

For level ground with a free face,

      LD = 6 · (L/H)-0.8 · LDI (for 5 < L/H < 40) 

Evaluation of 
lateral 

displacements 
based on 

other 
approaches 

and 
engineering 
judgment 

If 
(N 1 ) 60cs  < 14

or 
( q c1N ) cs  < 70

evaluate 
potential 

of 
flow 

liquefaction

1 Flow chart i l lustrating major steps in estimating l iquefaction-induced lateral spreading displacements using the proposed approach

1 Figure 1

1 Equation [3]
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Procedure for the estimation of seismic induced settlements in dry sands

Robertson, P.K. and Lisheng, S., 2010, “Estimation of seismic compression in dry soils using the CPT” FIFTH INTERNATIONAL CONFERENCE ON
RECENT ADVANCES IN GEOTECHNICAL EARTHQUAKE ENGINEERING AND SOIL DYNAMICS, Symposium in honor of professor I. M. Idriss, San
Diego, CA
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Liquefaction Potential Index (LPI) calculation procedure

Graphical presentation of the LPI calculation procedure

Calculation of the Liquefaction Potential Index (LPI) is used to interpret the liquefaction assessment calculations in terms of
severity over depth. The calculation procedure is based on the methology developed by Iwasaki (1982) and is adopted by AFPS.
 
To estimate the severity of liquefaction extent at a given site, LPI is calculated based on the following equation:

LPI =

where:
FL = 1 - F.S. when F.S. less than 1
FL = 0 when F.S. greater than 1
z depth of measurment in meters
 
Values of LPI range between zero (0) when no test point is characterized as liquefiable and 100 when all points are characterized
as susceptible to liquefaction. Iwasaki proposed four (4) discrete categories based on the numeric value of LPI:

LPI = 0 : Liquefaction risk is very low
0 < LPI <= 5 : Liquefaction risk is low
5 < LPI <= 15 : Liquefaction risk is high
LPI > 15 : Liquefaction risk is very high
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Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no liq. are equally likely

Unlike to liquefy

Almost certain it will not liquefy

Very high risk

High risk

Low risk
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.42
8.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.00 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A
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:: Field input data ::

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

1 0.26 140.05 0.00 87.36N/A0.29

2 0.41 164.19 0.00 115.010.000.25

3 0.56 150.61 1.06 120.111.290.11

4 0.70 156.73 1.08 123.263.220.06

5 0.85 151.03 1.18 123.483.54-0.01

6 1.00 143.07 1.18 123.254.090.02

7 1.15 129.24 1.04 122.324.65-0.01

8 1.30 110.30 0.88 121.065.470.01

9 1.44 93.37 0.81 119.636.450.01

10 1.65 81.72 0.67 118.546.950.02

11 1.78 84.07 0.62 117.666.590.02

12 1.92 88.00 0.59 117.236.410.02

13 2.08 79.29 0.57 116.906.960.01

14 2.24 69.98 0.57 116.348.170.01

15 2.39 62.78 0.52 115.608.940.01

16 2.55 61.18 0.45 114.688.710.02

17 2.70 63.87 0.40 113.878.220.02

18 2.84 61.18 0.38 113.078.490.01

19 3.00 50.96 0.35 112.069.740.01

20 3.16 42.41 0.30 110.6711.550.01

21 3.31 36.38 0.26 109.1513.100.01

22 3.47 32.02 0.22 107.8314.470.01

23 3.62 28.58 0.20 106.8915.770.01

24 3.77 26.49 0.20 106.4417.150.01

25 3.92 24.81 0.20 106.2818.470.01

26 4.08 23.38 0.20 106.1119.500.01

27 4.23 22.63 0.19 105.7321.120.01

28 4.38 19.03 0.18 105.1723.500.01

29 4.53 16.01 0.18 104.3128.710.01

30 4.84 10.90 0.17 103.7233.160.02

31 4.99 11.82 0.17 103.3233.440.15

32 5.13 15.00 0.16 103.0831.53-0.11

33 5.29 12.82 0.15 102.2530.61-0.07

34 5.43 11.57 0.12 100.8231.94-0.04

35 5.59 11.06 0.09 99.2431.63-0.24

36 5.74 10.90 0.08 98.5730.46-0.12

37 5.89 11.99 0.09 98.5430.81-0.17

38 6.04 10.64 0.09 98.7733.35-0.04

39 6.19 8.55 0.10 98.0738.16-0.16

40 6.34 7.04 0.08 97.2543.000.23

41 6.50 6.62 0.08 96.1345.560.40

42 6.65 6.20 0.07 95.1450.720.36

43 6.80 4.02 0.07 94.2260.690.47

44 6.95 2.85 0.07 93.6077.430.83

45 7.11 2.51 0.07 94.0380.210.98

46 7.25 3.77 0.08 95.2661.371.14

47 7.41 7.21 0.08 96.6445.440.48

48 7.56 9.47 0.09 97.2338.190.26

CLiq v.1.7.6.34 - CPT Liquefaction Assessment Software - Report created on: 2/16/2016, 8:38:16 AM 7
Project file: P:\Geotechnical\G5500's\G5556.000 - Emergency Bridge Pkg 4 - Design Build\G5556.02 - S-51 over Black Mingo Creek\Reports\Final Report\Bridge\CPT\CLiq_SEE.clq



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT2

:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

49 7.71 8.80 0.08 97.3438.040.27

50 7.87 7.46 0.08 96.9945.180.44

51 8.11 4.69 0.09 96.8656.670.60

52 8.26 3.86 0.10 97.1961.941.06

53 8.40 6.03 0.10 98.0752.781.04

54 8.55 8.47 0.10 98.8847.260.33

55 8.69 7.12 0.12 99.9749.950.33

56 8.84 5.70 0.16 101.4958.910.92

57 8.99 5.95 0.21 103.4864.071.29

58 9.14 6.96 0.28 105.2962.401.54

59 9.29 8.05 0.31 106.1364.381.19

60 9.45 6.03 0.31 105.9967.181.06

61 9.60 5.78 0.28 105.0872.981.30

62 9.74 5.36 0.24 104.3773.991.43

63 9.89 5.20 0.24 104.0572.881.30

64 10.04 5.87 0.24 104.0874.551.30

65 10.19 4.94 0.25 104.0974.991.38

66 10.34 5.11 0.25 104.0376.521.38

67 10.48 5.45 0.24 104.8073.731.45

68 10.64 6.29 0.31 106.0069.811.74

69 10.79 7.38 0.35 108.0759.661.43

70 10.94 11.90 0.43 109.1858.411.55

71 11.09 8.47 0.45 109.3964.991.10

72 11.15 4.36 0.44 108.2080.421.19

73 11.31 5.11 0.36 106.4292.720.92

74 11.46 4.27 0.27 105.0886.221.30

75 11.61 4.78 0.25 104.1384.131.88

76 11.77 4.94 0.25 104.2681.821.61

77 11.91 4.86 0.28 104.9079.502.27

78 12.07 5.78 0.30 105.7376.202.23

79 12.21 6.45 0.32 106.4670.402.31

80 12.36 7.29 0.33 108.2671.441.93

81 12.51 7.21 0.54 112.1675.722.55

82 12.65 9.30 1.08 118.5641.252.23

83 12.80 51.38 1.67 122.6428.402.87

84 12.95 63.53 1.94 124.1125.181.47

85 13.10 36.29 1.76 123.0827.440.96

86 13.26 31.93 1.19 120.5936.780.38

87 13.41 17.85 1.06 118.7150.980.38

88 13.53 4.86 1.36 120.9236.562.87

89 13.69 65.54 1.74 123.0533.882.81

90 13.85 37.55 2.10 124.9527.092.16

91 13.98 47.69 2.20 124.3132.601.26

92 14.14 35.79 1.66 122.9334.471.72

93 14.29 22.04 1.31 119.8343.461.66

94 14.50 11.57 0.92 116.6853.433.56

95 14.65 12.74 0.66 114.2257.302.02

96 14.80 13.16 0.64 113.4253.981.98
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:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

97 14.94 12.57 0.67 113.6050.092.02

98 15.09 16.51 0.65 113.7346.970.84

99 15.23 16.60 0.62 113.5844.100.19

100 15.38 15.42 0.59 112.8845.570.77

101 15.53 13.16 0.52 111.9745.980.81

102 15.69 14.16 0.45 112.0636.771.06

103 15.83 27.91 0.48 113.1934.310.97

104 15.98 21.12 0.68 115.2337.07-0.24

105 16.12 16.01 0.95 118.0830.631.39

106 16.28 55.74 1.14 120.0828.650.46

107 16.41 39.56 1.35 121.0628.59-0.73

108 16.57 22.97 1.36 121.0828.05-0.62

109 16.72 58.42 1.13 122.1917.68-0.39

110 16.87 112.73 1.32 123.3814.40-0.36

111 17.02 72.92 1.71 124.0315.22-0.63

112 17.17 58.17 1.52 122.8721.72-0.56

113 17.31 40.15 1.14 120.9422.82-0.45

114 17.46 48.61 0.87 119.6920.27-0.22

115 17.60 63.45 0.93 122.9014.21-0.12

116 17.80 129.91 2.10 125.9613.64-0.40

117 17.95 105.69 2.49 127.9014.48-0.57

118 18.10 87.50 2.42 127.5217.24-0.17

119 18.23 84.15 2.10 126.5116.580.08

120 18.39 97.56 1.65 125.7713.560.15

121 18.53 117.51 1.63 125.6711.67-0.12

122 18.68 115.08 1.86 126.4311.960.10

123 18.83 107.87 2.16 127.2513.630.39

124 18.98 104.85 2.37 128.3415.320.58

125 19.13 110.13 2.92 130.2014.340.73

126 19.26 166.12 3.79 133.555.992.32

127 19.41 514.20 4.56 135.273.69-0.29

128 19.56 398.11 4.50 135.662.320.07

129 19.71 357.21 3.78 134.882.850.04

130 19.86 385.54 3.68 134.472.800.75

131 20.00 374.56 3.92 134.733.310.36

132 20.14 322.01 4.32 134.985.14-0.15

133 20.29 240.71 4.71 134.758.14-0.03

134 20.44 179.28 4.54 134.0310.850.80

135 20.59 178.77 3.95 133.1010.124.94

136 20.73 230.66 3.20 132.707.270.84

137 20.89 280.36 3.34 133.095.260.12

138 21.07 312.46 3.89 133.844.751.47

139 21.21 310.61 3.98 134.284.370.63

140 21.35 339.19 3.79 133.763.812.40

141 21.50 327.63 3.03 132.692.98-0.47

142 21.65 320.92 2.48 131.452.260.22

143 21.79 334.25 2.36 131.092.130.01

144 21.93 320.59 2.67 130.692.31-0.02
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:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

145 22.08 280.02 2.19 129.732.21-0.14

146 22.23 290.75 1.57 128.561.941.30

147 22.32 286.14 1.79 128.661.681.64

148 22.54 311.37 2.20 130.562.600.06

149 22.69 305.67 3.17 132.974.490.61

150 22.81 266.19 4.65 130.963.960.08

151 22.96 242.72 0.00 127.081.920.36

152 23.09 282.96 0.00 87.36N/A4.06

153 23.24 502.38 0.00 87.36N/A12.80

154 23.40 696.16 0.00 87.36N/A1.33

Abbreviations

Depth:
qc:
fs:
u:
Fines content:
Unit weight:

Depth from free surface, at which CPT was performed (ft)
Measured cone resistance (tsf)
Sleeve friction resistance (tsf)
Pore pressure (tsf)
Percentage of fines in soil (%)
Bulk soil unit weight (pcf)
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:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data ::

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

1 2.26 0.14 0.00 0.14 1.00 0.273 0.259 1.10 2.0001.05 No1.10

2 2.41 0.15 0.00 0.15 1.00 0.273 0.259 1.10 2.0001.05 No1.10

3 2.56 0.15 0.00 0.15 1.00 0.273 0.259 1.10 2.0001.05 No1.10

4 2.70 0.16 0.00 0.16 1.00 0.273 0.259 1.10 2.0001.05 No1.10

5 2.85 0.17 0.00 0.17 1.00 0.273 0.259 1.10 2.0001.05 No1.10

6 3.00 0.18 0.00 0.18 1.00 0.273 0.259 1.10 2.0001.05 No1.10

7 3.15 0.19 0.00 0.19 1.00 0.273 0.259 1.10 2.0001.05 No1.10

8 3.30 0.20 0.00 0.20 1.00 0.273 0.259 1.10 2.0001.05 No1.10

9 3.44 0.21 0.00 0.21 1.00 0.272 0.258 1.10 2.0001.05 No1.10

10 3.65 0.22 0.00 0.22 1.00 0.272 0.258 1.10 2.0001.05 No1.10

11 3.78 0.23 0.00 0.23 1.00 0.272 0.258 1.10 2.0001.05 No1.10

12 3.92 0.24 0.00 0.24 1.00 0.272 0.258 1.10 2.0001.05 No1.10

13 4.08 0.25 0.00 0.25 1.00 0.272 0.258 1.10 2.0001.05 No1.10

14 4.24 0.25 0.00 0.25 1.00 0.272 0.258 1.10 2.0001.05 No1.10

15 4.39 0.26 0.00 0.26 1.00 0.272 0.258 1.10 2.0001.05 No1.10

16 4.55 0.27 0.00 0.27 1.00 0.272 0.258 1.10 2.0001.05 No1.10

17 4.70 0.28 0.00 0.28 0.99 0.272 0.258 1.10 2.0001.05 No1.10

18 4.84 0.29 0.00 0.29 0.99 0.271 0.257 1.10 2.0001.05 No1.10

19 5.00 0.30 0.00 0.30 0.99 0.271 0.257 1.10 2.0001.05 No1.10

20 5.16 0.31 0.00 0.31 0.99 0.271 0.257 1.10 2.0001.05 No1.10

21 5.31 0.32 0.00 0.32 0.99 0.271 0.257 1.09 2.0001.05 No1.10

22 5.47 0.32 0.00 0.32 0.99 0.271 0.257 1.09 2.0001.05 No1.10

23 5.62 0.33 0.00 0.33 0.99 0.271 0.257 1.08 2.0001.05 No1.10

24 5.77 0.34 0.00 0.34 0.99 0.271 0.257 1.08 2.0001.05 No1.10

25 5.92 0.35 0.00 0.35 0.99 0.271 0.257 1.07 2.0001.05 No1.10

26 6.08 0.36 0.00 0.36 0.99 0.270 0.257 1.07 2.0001.05 No1.10

27 6.23 0.36 0.00 0.36 0.99 0.270 0.256 1.07 2.0001.05 No1.10

28 6.38 0.37 0.00 0.37 0.99 0.270 0.256 1.06 2.0001.05 No1.10

29 6.53 0.38 0.00 0.38 0.99 0.270 0.256 1.06 2.0001.05 No1.10

30 6.84 0.40 0.00 0.40 0.99 0.270 0.256 1.05 2.0001.05 No1.10

31 6.99 0.40 0.00 0.40 0.99 0.270 0.256 1.05 2.0001.05 No1.10

32 7.13 0.41 0.00 0.41 0.99 0.270 0.256 1.05 2.0001.05 No1.10

33 7.29 0.42 0.00 0.42 0.99 0.269 0.256 1.05 2.0001.05 No1.10

34 7.43 0.43 0.00 0.43 0.99 0.269 0.255 1.05 2.0001.05 No1.10

35 7.59 0.43 0.00 0.43 0.99 0.269 0.255 1.05 2.0001.05 No1.10

36 7.74 0.44 0.00 0.44 0.99 0.269 0.255 1.04 2.0001.05 No1.10

37 7.89 0.45 0.00 0.45 0.99 0.269 0.255 1.04 2.0001.05 No1.10

38 8.04 0.46 0.00 0.46 0.98 0.269 0.255 1.04 2.0001.05 No1.10

39 8.19 0.46 0.00 0.46 0.98 0.269 0.255 1.04 2.0001.05 No1.10

40 8.34 0.47 0.00 0.47 0.98 0.269 0.255 1.04 2.0001.05 No1.10

41 8.49 0.48 0.00 0.48 0.98 0.268 0.255 1.04 2.0001.05 No1.10

42 8.65 0.49 0.00 0.49 0.98 0.268 0.254 1.04 2.0001.05 No1.10

43 8.80 0.49 0.00 0.49 0.98 0.268 0.254 1.03 2.0001.05 No1.10

44 8.95 0.50 0.00 0.50 0.98 0.268 0.254 1.03 2.0001.05 No1.10

45 9.11 0.51 0.00 0.51 0.98 0.268 0.254 1.03 2.0001.05 No1.10

46 9.26 0.51 0.00 0.51 0.98 0.268 0.254 1.03 2.0001.05 No1.10

47 9.41 0.52 0.00 0.52 0.98 0.268 0.254 1.03 2.0001.05 No1.10

48 9.56 0.53 0.00 0.53 0.98 0.267 0.254 1.03 2.0001.05 No1.10
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:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

49 9.71 0.54 0.00 0.54 0.98 0.267 0.254 1.03 2.0001.05 No1.10

50 9.87 0.54 0.00 0.54 0.98 0.267 0.253 1.03 2.0001.05 No1.10

51 10.11 0.56 0.00 0.55 0.98 0.269 0.255 1.03 0.2851.05 No1.10

52 10.26 0.56 0.01 0.55 0.98 0.271 0.257 1.03 0.2871.05 No1.10

53 10.40 0.57 0.01 0.56 0.98 0.273 0.259 1.03 0.2891.05 No1.10

54 10.55 0.58 0.02 0.56 0.98 0.275 0.261 1.03 0.2911.05 No1.10

55 10.69 0.58 0.02 0.56 0.98 0.277 0.262 1.03 0.2931.05 No1.10

56 10.84 0.59 0.03 0.57 0.98 0.279 0.264 1.03 0.2961.05 No1.10

57 10.99 0.60 0.03 0.57 0.97 0.281 0.266 1.03 0.2981.05 No1.10

58 11.14 0.61 0.04 0.57 0.97 0.283 0.268 1.03 0.3001.05 No1.10

59 11.29 0.62 0.04 0.58 0.97 0.285 0.270 1.03 0.3021.05 No1.10

60 11.45 0.62 0.05 0.58 0.97 0.286 0.272 1.03 0.3041.05 No1.10

61 11.60 0.63 0.05 0.58 0.97 0.288 0.273 1.03 0.3061.05 No1.10

62 11.74 0.64 0.05 0.58 0.97 0.290 0.275 1.03 0.3081.05 No1.10

63 11.89 0.65 0.06 0.59 0.97 0.292 0.277 1.03 0.3101.05 No1.10

64 12.04 0.65 0.06 0.59 0.97 0.294 0.279 1.03 0.3121.05 No1.10

65 12.19 0.66 0.07 0.59 0.97 0.295 0.280 1.03 0.3141.05 No1.10

66 12.34 0.67 0.07 0.60 0.97 0.297 0.282 1.03 0.3161.05 No1.10

67 12.48 0.68 0.08 0.60 0.97 0.299 0.283 1.03 0.3181.05 No1.10

68 12.64 0.69 0.08 0.60 0.97 0.301 0.285 1.03 0.3201.05 No1.10

69 12.79 0.69 0.09 0.61 0.97 0.302 0.287 1.03 0.3211.05 No1.10

70 12.94 0.70 0.09 0.61 0.97 0.304 0.288 1.03 0.3221.05 No1.10

71 13.09 0.71 0.10 0.61 0.97 0.306 0.290 1.03 0.3251.05 No1.10

72 13.15 0.71 0.10 0.62 0.97 0.306 0.290 1.02 0.3271.05 No1.10

73 13.31 0.72 0.10 0.62 0.97 0.308 0.292 1.02 0.3281.05 No1.10

74 13.46 0.73 0.11 0.62 0.97 0.310 0.294 1.02 0.3301.05 No1.10

75 13.61 0.74 0.11 0.63 0.97 0.311 0.295 1.02 0.3321.05 No1.10

76 13.77 0.75 0.12 0.63 0.97 0.313 0.297 1.02 0.3341.05 No1.10

77 13.91 0.75 0.12 0.63 0.96 0.314 0.298 1.02 0.3351.05 No1.10

78 14.07 0.76 0.13 0.64 0.96 0.316 0.299 1.02 0.3371.05 No1.10

79 14.21 0.77 0.13 0.64 0.96 0.317 0.301 1.02 0.3381.05 No1.10

80 14.36 0.78 0.14 0.64 0.96 0.319 0.302 1.02 0.3401.05 No1.10

81 14.51 0.79 0.14 0.65 0.96 0.320 0.303 1.02 0.3411.05 No1.10

82 14.65 0.79 0.15 0.65 0.96 0.321 0.305 1.02 0.3421.05 No1.10

83 14.80 0.80 0.15 0.65 0.96 0.322 0.306 1.04 0.3241.05 No1.10

84 14.95 0.81 0.15 0.66 0.96 0.324 0.307 1.04 0.3241.05 No1.10

85 15.10 0.82 0.16 0.66 0.96 0.325 0.308 1.03 0.3281.05 No1.10

86 15.26 0.83 0.16 0.67 0.96 0.326 0.309 1.03 0.3451.05 No1.10

87 15.41 0.84 0.17 0.67 0.96 0.328 0.311 1.03 0.3481.05 No1.10

88 15.53 0.85 0.17 0.68 0.96 0.328 0.312 1.02 0.3521.05 No1.10

89 15.69 0.86 0.18 0.68 0.96 0.330 0.313 1.04 0.3311.05 No1.10

90 15.85 0.87 0.18 0.69 0.96 0.331 0.314 1.03 0.3351.05 No1.10

91 15.98 0.88 0.19 0.69 0.96 0.332 0.315 1.03 0.3351.05 No1.10

92 16.14 0.89 0.19 0.69 0.96 0.333 0.316 1.03 0.3381.05 No1.10

93 16.29 0.89 0.20 0.70 0.96 0.334 0.317 1.02 0.3561.05 No1.10

94 16.50 0.91 0.20 0.70 0.95 0.336 0.318 1.02 0.3591.05 No1.10

95 16.65 0.92 0.21 0.71 0.95 0.337 0.319 1.02 0.3601.05 No1.10

96 16.80 0.92 0.21 0.71 0.95 0.338 0.320 1.02 0.3611.05 No1.10
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT2

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

97 16.94 0.93 0.22 0.72 0.95 0.339 0.321 1.02 0.3621.05 No1.10

98 17.09 0.94 0.22 0.72 0.95 0.340 0.322 1.02 0.3631.05 No1.10

99 17.23 0.95 0.23 0.72 0.95 0.341 0.323 1.02 0.3641.05 No1.10

100 17.38 0.96 0.23 0.73 0.95 0.342 0.324 1.02 0.3661.05 No1.10

101 17.53 0.97 0.24 0.73 0.95 0.343 0.325 1.02 0.3671.05 No1.10

102 17.69 0.97 0.24 0.73 0.95 0.344 0.326 1.02 0.3681.05 No1.10

103 17.83 0.98 0.24 0.74 0.95 0.345 0.327 1.02 0.3521.05 No1.10

104 17.98 0.99 0.25 0.74 0.95 0.346 0.328 1.02 0.3701.05 No1.10

105 18.12 1.00 0.25 0.75 0.95 0.347 0.329 1.02 0.3551.05 No1.10

106 18.28 1.01 0.26 0.75 0.95 0.348 0.330 1.03 0.3531.05 No1.10

107 18.41 1.02 0.26 0.75 0.95 0.349 0.331 1.02 0.3551.05 No1.10

108 18.57 1.03 0.27 0.76 0.95 0.349 0.331 1.02 0.3581.05 No1.10

109 18.72 1.04 0.27 0.76 0.95 0.350 0.332 1.03 0.3561.05 No1.10

110 18.87 1.05 0.28 0.77 0.95 0.351 0.333 1.04 0.3511.05 No1.10

111 19.02 1.05 0.28 0.77 0.94 0.352 0.334 1.03 0.3561.05 No1.10

112 19.17 1.06 0.29 0.78 0.94 0.353 0.334 1.03 0.3591.05 No1.10

113 19.31 1.07 0.29 0.78 0.94 0.353 0.335 1.02 0.3611.05 No1.10

114 19.46 1.08 0.30 0.79 0.94 0.354 0.336 1.02 0.3611.05 No1.10

115 19.60 1.09 0.30 0.79 0.94 0.355 0.336 1.03 0.3611.05 No1.10

116 19.80 1.10 0.31 0.80 0.94 0.356 0.337 1.04 0.3561.05 No1.10

117 19.95 1.11 0.31 0.80 0.94 0.356 0.338 1.03 0.3591.05 No1.10

118 20.10 1.12 0.31 0.81 0.94 0.357 0.339 1.03 0.3621.05 No1.10

119 20.23 1.13 0.32 0.81 0.94 0.358 0.339 1.03 0.3631.05 No1.10

120 20.39 1.14 0.32 0.82 0.94 0.358 0.340 1.03 0.3631.05 No1.10

121 20.53 1.15 0.33 0.82 0.94 0.359 0.340 1.03 0.3621.05 No1.10

122 20.68 1.16 0.33 0.82 0.94 0.359 0.341 1.03 0.3631.05 No1.10

123 20.83 1.17 0.34 0.83 0.94 0.360 0.341 1.03 0.3651.05 No1.10

124 20.98 1.18 0.34 0.83 0.94 0.361 0.342 1.03 0.3661.05 No1.10

125 21.13 1.19 0.35 0.84 0.94 0.361 0.343 1.03 0.3661.05 No1.10

126 21.26 1.20 0.35 0.84 0.94 0.362 0.343 1.05 0.3601.05 No1.10

127 21.41 1.21 0.36 0.85 0.93 0.362 0.343 1.07 0.3541.05 No1.10

128 21.56 1.22 0.36 0.85 0.93 0.363 0.344 1.06 0.3551.05 No1.10

129 21.71 1.23 0.37 0.86 0.93 0.363 0.344 1.06 0.3571.05 No1.10

130 21.86 1.24 0.37 0.87 0.93 0.363 0.345 1.06 0.3581.05 No1.10

131 22.00 1.24 0.37 0.87 0.93 0.364 0.345 1.06 0.3591.05 No1.10

132 22.14 1.25 0.38 0.88 0.93 0.364 0.345 1.06 0.3601.05 No1.10

133 22.29 1.26 0.38 0.88 0.93 0.365 0.346 1.05 0.3611.05 No1.10

134 22.44 1.27 0.39 0.89 0.93 0.365 0.346 1.04 0.3661.05 No1.10

135 22.59 1.28 0.39 0.89 0.93 0.366 0.347 1.04 0.3671.05 No1.10

136 22.73 1.29 0.40 0.90 0.93 0.366 0.347 1.05 0.3641.05 No1.10

137 22.89 1.30 0.40 0.90 0.93 0.366 0.347 1.05 0.3651.05 No1.10

138 23.07 1.32 0.41 0.91 0.93 0.367 0.348 1.05 0.3661.05 No1.10

139 23.21 1.33 0.41 0.91 0.93 0.367 0.348 1.04 0.3671.05 No1.10

140 23.35 1.34 0.42 0.92 0.93 0.367 0.349 1.04 0.3681.05 No1.10

141 23.50 1.35 0.42 0.92 0.93 0.368 0.349 1.04 0.3691.05 No1.10

142 23.65 1.36 0.43 0.93 0.92 0.368 0.349 1.04 0.3701.05 No1.10

143 23.79 1.36 0.43 0.93 0.92 0.369 0.350 1.04 0.3711.05 No1.10

144 23.93 1.37 0.43 0.94 0.92 0.369 0.350 1.04 0.3711.05 No1.10
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT2

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

145 24.08 1.38 0.44 0.94 0.92 0.369 0.350 1.03 0.3721.05 No1.10

146 24.23 1.39 0.44 0.95 0.92 0.370 0.351 1.03 0.3731.05 No1.10

147 24.32 1.40 0.45 0.95 0.92 0.370 0.351 1.03 0.3741.05 No1.10

148 24.54 1.41 0.45 0.96 0.92 0.370 0.351 1.03 0.3751.05 No1.10

149 24.69 1.42 0.46 0.96 0.92 0.371 0.351 1.03 0.3761.05 No1.10

150 24.81 1.43 0.46 0.97 0.92 0.371 0.352 1.03 0.3771.05 No1.10

151 24.96 1.44 0.47 0.97 0.92 0.371 0.352 1.02 0.3781.05 No1.10

152 25.09 1.45 0.47 0.98 0.92 0.372 0.353 1.02 0.3791.05 No1.10

153 25.24 1.45 0.48 0.98 0.92 0.372 0.353 1.02 0.3801.05 No1.10

154 25.40 1.46 0.48 0.98 0.92 0.373 0.354 1.02 0.3811.05 No1.10

Depth:
σv:
u0:
σv':
rd:
CSR:
MSF:
CSReq:
Kσ:
CSR*:

Depth from free surface, at which CPT was performed (ft)
Total overburden pressure at test point (tsf)
Water pressure at test point (tsf)
Effective overburden pressure based on GWT during earthquake (tsf)
Nonlinear shear mass factor
Cyclic Stress Ratio
Magnitude Scaling Factor
CSR adjusted for M=7.5
Effective overburden stress factor
CSR fully adjusted

Abbreviations
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT2

:: Cyclic Resistance Ratio (CRR) calculation data ::

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

1 148.10 -1.00 N/A 0.30 1.70 225.01 0.00 4.000 No No2.26 2.00225.01

2 159.67 4.51 1.20 0.26 1.70 263.80 0.01 4.000 No No2.41 2.00263.80

3 157.18 6.48 1.38 0.28 1.70 241.98 1.34 4.000 No No2.56 2.00243.32

4 152.79 8.41 1.53 0.26 1.70 251.81 10.55 4.000 No No2.70 2.00262.36

5 150.28 8.72 1.55 0.26 1.70 242.65 12.57 4.000 No No2.85 2.00255.22

6 141.11 9.25 1.58 0.27 1.70 229.86 16.21 4.000 No No3.00 2.00246.07

7 127.54 9.77 1.62 0.30 1.70 207.64 19.22 4.000 No No3.15 2.00226.86

8 110.97 10.54 1.66 0.33 1.70 177.21 23.01 4.000 No No3.30 2.00200.22

9 95.13 11.42 1.72 0.36 1.70 150.01 26.72 4.000 No No3.44 2.00176.73

10 86.38 11.88 1.74 0.39 1.70 131.29 27.44 4.000 No No3.65 2.00158.73

11 84.60 11.55 1.72 0.39 1.70 135.06 25.87 4.000 No No3.78 2.00160.94

12 83.79 11.39 1.72 0.38 1.70 141.39 25.55 4.000 No No3.92 2.00166.95

13 79.09 11.88 1.74 0.40 1.70 127.39 26.99 4.000 No No4.08 2.00154.38

14 70.68 12.95 1.80 0.41 1.70 112.44 30.90 4.000 No No4.24 2.00143.34

15 64.65 13.62 1.84 0.43 1.70 100.86 32.30 4.000 No No4.39 2.00133.16

16 62.61 13.42 1.83 0.44 1.70 98.30 30.94 4.000 No No4.55 2.00129.24

17 62.08 13.00 1.80 0.43 1.70 102.61 29.61 4.000 No No4.70 2.00132.22

18 58.67 13.22 1.82 0.44 1.70 98.30 30.02 4.000 No No4.84 2.00128.32

19 51.52 14.30 1.87 0.47 1.70 81.87 31.73 4.000 No No5.00 2.00113.61

20 43.25 15.83 1.95 0.49 1.70 68.14 34.04 4.000 No No5.16 2.00102.18

21 36.93 17.10 2.01 0.51 1.70 58.44 35.08 4.000 No No5.31 2.0093.53

22 32.32 18.21 2.05 0.53 1.70 51.44 35.63 4.000 No No5.47 2.0087.07

23 29.03 19.24 2.10 0.54 1.70 45.92 35.93 4.000 No No5.62 2.0081.84

24 26.63 20.33 2.14 0.55 1.70 42.55 36.52 4.000 No No5.77 2.0079.07

25 24.89 21.35 2.18 0.55 1.70 39.86 36.95 4.000 No No5.92 2.0076.81

26 23.61 22.14 2.21 0.56 1.70 37.57 37.07 4.000 No No6.08 2.0074.64

27 21.68 23.36 2.26 0.56 1.70 36.36 37.77 4.000 No No6.23 2.0074.13

28 19.22 25.14 2.33 0.58 1.70 30.57 37.16 4.000 No No6.38 2.0067.73

29 15.31 28.92 2.45 0.59 1.70 25.72 37.25 4.000 No No6.53 2.0062.97

30 12.91 32.06 2.55 0.63 1.70 17.51 35.29 4.000 No No6.84 2.0052.80

31 12.57 32.25 2.56 0.62 1.70 18.99 35.83 4.000 No No6.99 2.0054.82

32 13.21 30.92 2.52 0.60 1.70 24.10 37.28 4.000 No No7.13 2.0061.38

33 13.13 30.27 2.50 0.62 1.70 20.60 35.94 4.000 No No7.29 2.0056.54

34 11.82 31.21 2.53 0.62 1.70 18.58 35.48 4.000 No No7.43 2.0054.07

35 11.17 30.99 2.52 0.63 1.70 17.78 35.16 4.000 No No7.59 2.0052.94

36 11.31 30.17 2.50 0.63 1.70 17.51 34.87 4.000 No No7.74 2.0052.38

37 11.17 30.42 2.50 0.62 1.70 19.26 35.52 4.000 No No7.89 2.0054.78

38 10.39 32.20 2.56 0.63 1.70 17.10 35.18 4.000 No No8.04 2.0052.28

39 8.74 35.49 2.66 0.65 1.70 13.74 0.00 4.000 No Yes8.19 2.0013.74

40 7.41 38.74 2.75 0.66 1.70 11.31 0.00 4.000 No Yes8.34 2.0011.31

41 6.63 40.43 2.79 0.66 1.70 10.64 0.00 4.000 No Yes8.49 2.0010.64

42 5.62 43.79 2.88 0.66 1.70 9.96 0.00 4.000 No Yes8.65 2.009.96

43 4.37 50.09 3.03 0.68 1.70 6.46 0.00 4.000 No Yes8.80 2.006.46

44 3.14 60.27 3.26 0.69 1.70 4.58 0.00 4.000 No Yes8.95 2.004.58

45 3.06 61.91 3.29 0.70 1.70 4.04 0.00 4.000 No Yes9.11 2.004.04

46 4.51 50.51 3.04 0.69 1.70 6.06 0.00 4.000 No Yes9.26 2.006.06

47 6.83 40.36 2.79 0.65 1.70 11.58 0.00 4.000 No Yes9.41 2.0011.58

48 8.50 35.52 2.66 0.64 1.70 15.22 0.00 4.000 No Yes9.56 2.0015.22
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT2

:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

49 8.58 35.41 2.65 0.64 1.70 14.14 0.00 4.000 No Yes9.71 2.0014.14

50 6.99 40.18 2.79 0.65 1.70 11.98 0.00 4.000 No Yes9.87 2.0011.98

51 5.35 47.57 2.97 0.68 1.70 7.54 0.00 0.592 No Yes10.11 2.007.54

52 4.87 50.87 3.05 0.68 1.70 6.19 0.00 0.531 No Yes10.26 1.856.19

53 6.13 45.11 2.91 0.66 1.70 9.70 0.00 0.676 No Yes10.40 2.009.70

54 7.22 41.54 2.82 0.64 1.70 13.60 0.00 0.800 No Yes10.55 2.0013.60

55 7.10 43.29 2.87 0.66 1.70 11.45 0.00 0.781 No Yes10.69 2.0011.45

56 6.27 48.98 3.01 0.67 1.70 9.16 0.00 0.677 No Yes10.84 2.009.16

57 6.22 52.19 3.08 0.66 1.70 9.56 0.00 0.666 No Yes10.99 2.009.56

58 7.00 51.15 3.06 0.66 1.70 11.18 0.00 0.750 No Yes11.14 2.0011.18

59 7.03 52.38 3.08 0.65 1.70 12.93 0.00 0.747 No Yes11.29 2.0012.93

60 6.64 54.09 3.12 0.66 1.70 9.70 0.00 0.696 No Yes11.45 2.009.70

61 5.75 57.60 3.20 0.67 1.70 9.29 0.00 0.590 No Yes11.60 1.939.29

62 5.47 58.21 3.21 0.67 1.70 8.62 0.00 0.554 No Yes11.74 1.808.62

63 5.50 57.55 3.20 0.67 1.70 8.35 0.00 0.552 No Yes11.89 1.788.35

64 5.36 58.55 3.22 0.67 1.70 9.43 0.00 0.533 No Yes12.04 1.719.43

65 5.33 58.81 3.23 0.67 1.70 7.94 0.00 0.525 No Yes12.19 1.677.94

66 5.19 59.72 3.24 0.67 1.70 8.21 0.00 0.506 No Yes12.34 1.608.21

67 5.64 58.06 3.21 0.67 1.70 8.75 0.00 0.550 No Yes12.48 1.738.75

68 6.39 55.69 3.16 0.66 1.69 10.04 0.00 0.626 No Yes12.64 1.9610.04

69 8.54 49.45 3.02 0.65 1.67 11.65 0.00 0.851 No Yes12.79 2.0011.65

70 9.27 48.67 3.00 0.62 1.62 18.24 0.00 0.920 No Yes12.94 2.0018.24

71 8.26 52.75 3.09 0.65 1.65 13.16 0.00 0.807 No Yes13.09 2.0013.16

72 5.99 62.03 3.29 0.68 1.69 6.95 0.00 0.567 No Yes13.15 1.746.95

73 4.60 69.19 3.43 0.67 1.67 8.07 0.00 0.416 No Yes13.31 1.278.07

74 4.74 65.44 3.36 0.68 1.67 6.76 0.00 0.428 No Yes13.46 1.306.76

75 4.69 64.22 3.34 0.68 1.66 7.50 0.00 0.419 No Yes13.61 1.267.50

76 4.89 62.86 3.31 0.68 1.65 7.72 0.00 0.436 No Yes13.77 1.317.72

77 5.23 61.49 3.28 0.68 1.65 7.56 0.00 0.466 No Yes13.91 1.397.56

78 5.73 59.54 3.24 0.67 1.63 8.90 0.00 0.514 No Yes14.07 1.538.90

79 6.54 56.05 3.17 0.66 1.62 9.85 0.00 0.591 No Yes14.21 1.759.85

80 7.02 56.68 3.18 0.66 1.60 11.03 0.00 0.633 No Yes14.36 1.8711.03

81 7.97 59.25 3.23 0.66 1.59 10.86 0.00 0.722 No Yes14.51 2.0010.86

82 22.67 37.58 2.71 0.64 1.57 13.82 0.00 2.157 No Yes14.65 2.0013.82

83 41.44 28.71 2.45 0.46 1.38 66.89 50.84 0.175 No No14.80 0.54117.72

84 50.43 26.38 2.37 0.43 1.34 80.57 53.99 0.215 No No14.95 0.67134.56

85 43.93 28.02 2.43 0.51 1.42 48.55 44.46 0.131 No No15.10 0.4093.01

86 28.70 34.55 2.63 0.53 1.42 42.92 0.00 2.653 No Yes15.26 2.0042.92

87 18.23 43.95 2.88 0.59 1.48 24.93 0.00 1.647 No Yes15.41 2.0024.93

88 29.45 34.40 2.62 0.68 1.56 7.17 0.00 2.683 No Yes15.53 2.007.17

89 36.02 32.56 2.57 0.42 1.31 81.34 57.13 0.227 No No15.69 0.69138.46

90 50.29 27.77 2.42 0.51 1.39 49.15 44.54 0.133 No No15.85 0.4093.69

91 40.37 31.67 2.54 0.48 1.35 60.77 49.88 0.161 No No15.98 0.48110.65

92 35.20 32.97 2.58 0.52 1.38 46.59 45.38 0.130 No No16.14 0.3891.97

93 23.17 39.05 2.76 0.57 1.42 29.60 0.00 2.009 No Yes16.29 2.0029.60

94 15.48 45.52 2.92 0.63 1.46 15.99 0.00 1.305 No Yes16.50 2.0015.99

95 12.52 47.97 2.98 0.62 1.45 17.47 0.00 1.035 No Yes16.65 2.0017.47

96 12.85 45.87 2.93 0.62 1.44 17.94 0.00 1.056 No Yes16.80 2.0017.94
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT2

:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

97 14.10 43.38 2.87 0.63 1.44 17.12 0.00 1.158 No Yes16.94 2.0017.12

98 15.24 41.35 2.82 0.60 1.42 22.10 0.00 1.248 No Yes17.09 2.0022.10

99 16.18 39.47 2.77 0.60 1.41 22.14 0.00 1.321 No Yes17.23 2.0022.14

100 15.07 40.44 2.79 0.61 1.41 20.57 0.00 1.217 No Yes17.38 2.0020.57

101 14.26 40.71 2.80 0.62 1.42 17.62 0.00 1.140 No Yes17.53 2.0017.62

102 18.42 34.55 2.63 0.62 1.41 18.85 0.00 1.483 No Yes17.69 2.0018.85

103 21.07 32.86 2.58 0.55 1.35 35.67 41.64 0.109 No No17.83 0.3177.31

104 21.69 34.76 2.63 0.58 1.37 27.35 0.00 1.736 No Yes17.98 2.0027.35

105 30.96 30.29 2.50 0.61 1.39 20.98 36.07 0.085 No No18.12 0.2457.05

106 37.11 28.88 2.45 0.46 1.27 67.12 50.99 0.176 No No18.28 0.50118.12

107 39.42 28.84 2.45 0.51 1.31 48.79 44.89 0.132 No No18.41 0.3793.68

108 40.31 28.45 2.44 0.58 1.35 29.22 38.26 0.097 No No18.57 0.2767.48

109 64.70 20.74 2.16 0.47 1.27 69.91 44.89 0.169 No No18.72 0.48114.80

110 81.35 18.15 2.05 0.35 1.19 127.07 55.01 0.571 No No18.87 1.63182.08

111 81.26 18.80 2.08 0.44 1.24 85.38 45.74 0.206 No No19.02 0.58131.12

112 57.07 23.81 2.28 0.46 1.25 68.77 48.17 0.173 No No19.17 0.48116.95

113 48.97 24.64 2.31 0.52 1.28 48.60 42.55 0.129 No No19.31 0.3691.15

114 50.73 22.72 2.24 0.49 1.26 57.98 43.80 0.145 No No19.46 0.40101.77

115 80.65 17.99 2.05 0.47 1.24 74.45 41.11 0.170 No No19.60 0.47115.56

116 99.68 17.54 2.03 0.33 1.16 142.67 57.05 1.123 No No19.80 2.00199.71

117 107.70 18.21 2.05 0.37 1.18 117.92 52.84 0.415 No No19.95 1.16170.76

118 92.44 20.39 2.15 0.40 1.19 98.74 52.55 0.277 No No20.10 0.77151.29

119 89.74 19.88 2.13 0.41 1.20 95.10 50.57 0.253 No No20.23 0.70145.67

120 99.74 17.47 2.02 0.39 1.18 108.98 48.45 0.310 No No20.39 0.85157.43

121 110.05 15.92 1.95 0.36 1.16 129.29 47.90 0.493 No No20.53 1.36177.19

122 113.49 16.17 1.96 0.36 1.16 126.49 48.23 0.460 No No20.68 1.27174.71

123 109.27 17.53 2.02 0.37 1.16 118.62 51.02 0.404 No No20.83 1.11169.65

124 107.63 18.88 2.08 0.37 1.16 115.07 53.83 0.397 No No20.98 1.08168.90

125 127.05 18.11 2.05 0.37 1.16 120.22 53.13 0.444 No No21.13 1.21173.35

126 263.50 11.01 1.69 0.32 1.13 177.89 26.70 1.420 No No21.26 2.00204.59

127 359.49 8.86 1.56 0.26 1.11 537.09 25.88 4.000 No No21.41 2.00562.97

128 423.17 7.53 1.46 0.26 1.10 415.01 7.56 4.000 No No21.56 2.00422.56

129 380.29 8.05 1.50 0.26 1.10 371.63 10.98 4.000 No No21.71 2.00382.61

130 372.45 7.99 1.50 0.26 1.10 400.32 11.13 4.000 No No21.86 2.00411.45

131 360.71 8.50 1.53 0.26 1.10 388.26 15.71 4.000 No No22.00 2.00403.97

132 312.43 10.23 1.65 0.26 1.09 333.18 32.95 4.000 No No22.14 2.00366.13

133 247.34 12.92 1.80 0.26 1.09 248.58 51.81 4.000 No No22.29 2.00300.38

134 199.62 15.24 1.92 0.28 1.10 185.57 56.78 4.000 No No22.44 2.00242.35

135 196.27 14.62 1.89 0.28 1.09 184.99 53.12 4.000 No No22.59 2.00238.11

136 229.96 12.16 1.76 0.26 1.09 236.91 43.29 4.000 No No22.73 2.00280.20

137 274.50 10.35 1.65 0.26 1.08 287.41 30.54 4.000 No No22.89 2.00317.96

138 301.15 9.87 1.62 0.26 1.08 319.61 27.69 4.000 No No23.07 2.00347.31

139 320.78 9.51 1.60 0.26 1.08 317.20 23.54 4.000 No No23.21 2.00340.74

140 325.82 8.98 1.57 0.26 1.08 345.79 19.24 4.000 No No23.35 2.00365.03

141 329.26 8.17 1.51 0.26 1.08 333.42 11.04 4.000 No No23.50 2.00344.46

142 327.60 7.47 1.46 0.26 1.07 326.04 5.85 4.000 No No23.65 2.00331.89

143 325.25 7.33 1.45 0.26 1.07 339.05 5.25 4.000 No No23.79 2.00344.30

144 311.62 7.51 1.46 0.26 1.07 324.70 6.10 4.000 No No23.93 2.00330.80
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:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

145 297.13 7.41 1.45 0.26 1.07 283.15 4.97 4.000 No No24.08 2.00288.12

146 285.65 7.14 1.43 0.26 1.07 293.52 3.78 4.000 No No24.23 2.00297.29

147 296.10 6.88 1.41 0.26 1.07 288.59 2.70 4.000 No No24.32 2.00291.29

148 301.07 7.80 1.48 0.26 1.06 313.31 7.77 4.000 No No24.54 2.00321.08

149 294.41 9.63 1.61 0.26 1.06 307.06 24.15 4.000 No No24.69 2.00331.21

150 271.53 9.12 1.58 0.26 1.06 267.04 16.98 4.000 No No24.81 2.00284.02

151 263.98 7.12 1.43 0.27 1.06 243.59 3.22 4.000 No No24.96 2.00246.80

152 342.77 -1.00 N/A 0.26 1.06 283.29 0.00 4.000 No No25.09 2.00283.29

153 429.38 -1.00 N/A 0.26 1.06 502.69 0.00 4.000 No No25.24 2.00502.69

154 631.64 -1.00 N/A 0.26 1.06 696.14 0.00 4.000 No No25.40 2.00696.14

Abbreviations
Depth:
qt:
FC:
Ic:
m:
CN:
qc1N:
∆qc1N:
qc1N,cs:
CRR7.5:
FS:

Depth from free surface, at which CPT was performed (ft)
Total cone resistance
Fines content (%)
Soil behavior type index
Stress exponent
Overburden correction factor
Normalized and adjusted cone resistance
Cone resistance correction factor due to fines
Normalized and adjusted cone resistance
Cyclic resistance ratio for Mw=7.5
Factor of safety against soil liquefaction
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:: Liquefaction Potential Index calculation data ::

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

2.26 2.00 0.00 9.66 0.15 0.00 2.41 2.00 0.00 9.63 0.15 0.00

2.56 2.00 0.00 9.61 0.15 0.00 2.70 2.00 0.00 9.59 0.14 0.00

2.85 2.00 0.00 9.57 0.15 0.00 3.00 2.00 0.00 9.54 0.15 0.00

3.15 2.00 0.00 9.52 0.15 0.00 3.30 2.00 0.00 9.50 0.15 0.00

3.44 2.00 0.00 9.48 0.14 0.00 3.65 2.00 0.00 9.44 0.21 0.00

3.78 2.00 0.00 9.42 0.14 0.00 3.92 2.00 0.00 9.40 0.13 0.00

4.08 2.00 0.00 9.38 0.16 0.00 4.24 2.00 0.00 9.35 0.16 0.00

4.39 2.00 0.00 9.33 0.15 0.00 4.55 2.00 0.00 9.31 0.15 0.00

4.70 2.00 0.00 9.28 0.15 0.00 4.84 2.00 0.00 9.26 0.14 0.00

5.00 2.00 0.00 9.24 0.17 0.00 5.16 2.00 0.00 9.21 0.16 0.00

5.31 2.00 0.00 9.19 0.15 0.00 5.47 2.00 0.00 9.17 0.16 0.00

5.62 2.00 0.00 9.14 0.15 0.00 5.77 2.00 0.00 9.12 0.15 0.00

5.92 2.00 0.00 9.10 0.15 0.00 6.08 2.00 0.00 9.07 0.15 0.00

6.23 2.00 0.00 9.05 0.15 0.00 6.38 2.00 0.00 9.03 0.15 0.00

6.53 2.00 0.00 9.00 0.15 0.00 6.84 2.00 0.00 8.96 0.31 0.00

6.99 2.00 0.00 8.93 0.15 0.00 7.13 2.00 0.00 8.91 0.14 0.00

7.29 2.00 0.00 8.89 0.15 0.00 7.43 2.00 0.00 8.87 0.14 0.00

7.59 2.00 0.00 8.84 0.16 0.00 7.74 2.00 0.00 8.82 0.15 0.00

7.89 2.00 0.00 8.80 0.15 0.00 8.04 2.00 0.00 8.77 0.15 0.00

8.19 2.00 0.00 8.75 0.15 0.00 8.34 2.00 0.00 8.73 0.15 0.00

8.49 2.00 0.00 8.71 0.15 0.00 8.65 2.00 0.00 8.68 0.15 0.00

8.80 2.00 0.00 8.66 0.15 0.00 8.95 2.00 0.00 8.64 0.15 0.00

9.11 2.00 0.00 8.61 0.15 0.00 9.26 2.00 0.00 8.59 0.15 0.00

9.41 2.00 0.00 8.57 0.16 0.00 9.56 2.00 0.00 8.54 0.15 0.00

9.71 2.00 0.00 8.52 0.15 0.00 9.87 2.00 0.00 8.50 0.15 0.00

10.11 2.00 0.00 8.46 0.24 0.00 10.26 1.85 0.00 8.44 0.15 0.00

10.40 2.00 0.00 8.42 0.14 0.00 10.55 2.00 0.00 8.39 0.15 0.00

10.69 2.00 0.00 8.37 0.14 0.00 10.84 2.00 0.00 8.35 0.15 0.00

10.99 2.00 0.00 8.32 0.15 0.00 11.14 2.00 0.00 8.30 0.15 0.00

11.29 2.00 0.00 8.28 0.15 0.00 11.45 2.00 0.00 8.26 0.15 0.00

11.60 1.93 0.00 8.23 0.15 0.00 11.74 1.80 0.00 8.21 0.15 0.00

11.89 1.78 0.00 8.19 0.15 0.00 12.04 1.71 0.00 8.17 0.14 0.00

12.19 1.67 0.00 8.14 0.15 0.00 12.34 1.60 0.00 8.12 0.15 0.00

12.48 1.73 0.00 8.10 0.15 0.00 12.64 1.96 0.00 8.07 0.16 0.00

12.79 2.00 0.00 8.05 0.15 0.00 12.94 2.00 0.00 8.03 0.15 0.00

13.09 2.00 0.00 8.00 0.15 0.00 13.15 1.74 0.00 8.00 0.06 0.00

13.31 1.27 0.00 7.97 0.16 0.00 13.46 1.30 0.00 7.95 0.15 0.00

13.61 1.26 0.00 7.93 0.15 0.00 13.77 1.31 0.00 7.90 0.15 0.00

13.91 1.39 0.00 7.88 0.15 0.00 14.07 1.53 0.00 7.86 0.15 0.00

14.21 1.75 0.00 7.83 0.15 0.00 14.36 1.87 0.00 7.81 0.14 0.00

14.51 2.00 0.00 7.79 0.15 0.00 14.65 2.00 0.00 7.77 0.14 0.00

14.80 0.54 0.46 7.74 0.15 0.16 14.95 0.67 0.33 7.72 0.15 0.12

15.10 0.40 0.60 7.70 0.15 0.21 15.26 2.00 0.00 7.68 0.15 0.00

15.41 2.00 0.00 7.65 0.15 0.00 15.53 2.00 0.00 7.63 0.12 0.00

15.69 0.69 0.31 7.61 0.16 0.12 15.85 0.40 0.60 7.58 0.16 0.22

15.98 0.48 0.52 7.56 0.14 0.16 16.14 0.38 0.62 7.54 0.15 0.22

16.29 2.00 0.00 7.52 0.15 0.00 16.50 2.00 0.00 7.49 0.21 0.00

16.65 2.00 0.00 7.46 0.15 0.00 16.80 2.00 0.00 7.44 0.15 0.00
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:: Liquefaction Potential Index calculation data :: (continued)

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

16.94 2.00 0.00 7.42 0.14 0.00 17.09 2.00 0.00 7.40 0.15 0.00

17.23 2.00 0.00 7.37 0.14 0.00 17.38 2.00 0.00 7.35 0.16 0.00

17.53 2.00 0.00 7.33 0.15 0.00 17.69 2.00 0.00 7.30 0.15 0.00

17.83 0.31 0.69 7.28 0.15 0.23 17.98 2.00 0.00 7.26 0.15 0.00

18.12 0.24 0.76 7.24 0.14 0.24 18.28 0.50 0.50 7.21 0.15 0.17

18.41 0.37 0.63 7.19 0.14 0.19 18.57 0.27 0.73 7.17 0.16 0.25

18.72 0.48 0.52 7.15 0.15 0.17 18.87 1.63 0.00 7.12 0.15 0.00

19.02 0.58 0.42 7.10 0.15 0.13 19.17 0.48 0.52 7.08 0.15 0.17

19.31 0.36 0.64 7.06 0.13 0.18 19.46 0.40 0.60 7.03 0.15 0.19

19.60 0.47 0.53 7.01 0.14 0.16 19.80 2.00 0.00 6.98 0.19 0.00

19.95 1.16 0.00 6.96 0.15 0.00 20.10 0.77 0.23 6.94 0.15 0.07

20.23 0.70 0.30 6.92 0.13 0.08 20.39 0.85 0.15 6.89 0.16 0.05

20.53 1.36 0.00 6.87 0.14 0.00 20.68 1.27 0.00 6.85 0.15 0.00

20.83 1.11 0.00 6.83 0.15 0.00 20.98 1.08 0.00 6.80 0.15 0.00

21.13 1.21 0.00 6.78 0.15 0.00 21.26 2.00 0.00 6.76 0.13 0.00

21.41 2.00 0.00 6.74 0.15 0.00 21.56 2.00 0.00 6.71 0.15 0.00

21.71 2.00 0.00 6.69 0.15 0.00 21.86 2.00 0.00 6.67 0.15 0.00

22.00 2.00 0.00 6.65 0.13 0.00 22.14 2.00 0.00 6.63 0.14 0.00

22.29 2.00 0.00 6.60 0.15 0.00 22.44 2.00 0.00 6.58 0.15 0.00

22.59 2.00 0.00 6.56 0.15 0.00 22.73 2.00 0.00 6.54 0.14 0.00

22.89 2.00 0.00 6.51 0.16 0.00 23.07 2.00 0.00 6.48 0.18 0.00

23.21 2.00 0.00 6.46 0.14 0.00 23.35 2.00 0.00 6.44 0.14 0.00

23.50 2.00 0.00 6.42 0.15 0.00 23.65 2.00 0.00 6.40 0.15 0.00

23.79 2.00 0.00 6.37 0.14 0.00 23.93 2.00 0.00 6.35 0.14 0.00

24.08 2.00 0.00 6.33 0.15 0.00 24.23 2.00 0.00 6.31 0.15 0.00

24.32 2.00 0.00 6.29 0.09 0.00 24.54 2.00 0.00 6.26 0.21 0.00

24.69 2.00 0.00 6.24 0.15 0.00 24.81 2.00 0.00 6.22 0.13 0.00

24.96 2.00 0.00 6.20 0.15 0.00 25.09 2.00 0.00 6.18 0.13 0.00

25.24 2.00 0.00 6.15 0.15 0.00 25.40 2.00 0.00 6.13 0.17 0.00

Abbreviations

Overall liquefaction potential: 3.50

LPI = 0.00 - Liquefaction risk very low
LPI between 0.00 and 5.00 - Liquefaction risk low
LPI between 5.00 and 15.00 - Liquefaction risk high
LPI > 15.00 - Liquefaction risk very high

FS:
FL:
wz:
dz:
LPI:

Calculated factor of safety for test point
1 - FS
Function value of the extend of soil liquefaction according to depth
Layer thickness (ft)
Liquefaction potential index value for test point
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Abbreviations
qt:
Ic:
FS:
Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index
Calculated Factor of Safety against liquefaction
Post-liquefaction volumentric strain
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::  Post-earthquake settlement due to soil liquefaction ::

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

10.11 7.54 2.00 0.00 0.001.00 10.26 6.19 1.85 0.00 0.001.00

10.40 9.70 2.00 0.00 0.001.00 10.55 13.60 2.00 0.00 0.001.00

10.69 11.45 2.00 0.00 0.001.00 10.84 9.16 2.00 0.00 0.001.00

10.99 9.56 2.00 0.00 0.001.00 11.14 11.18 2.00 0.00 0.001.00

11.29 12.93 2.00 0.00 0.001.00 11.45 9.70 2.00 0.00 0.001.00

11.60 9.29 1.93 0.00 0.001.00 11.74 8.62 1.80 0.00 0.001.00

11.89 8.35 1.78 0.00 0.001.00 12.04 9.43 1.71 0.00 0.001.00

12.19 7.94 1.67 0.00 0.001.00 12.34 8.21 1.60 0.00 0.001.00

12.48 8.75 1.73 0.00 0.001.00 12.64 10.04 1.96 0.00 0.001.00

12.79 11.65 2.00 0.00 0.001.00 12.94 18.24 2.00 0.00 0.001.00

13.09 13.16 2.00 0.00 0.001.00 13.15 6.95 1.74 0.00 0.001.00

13.31 8.07 1.27 0.00 0.001.00 13.46 6.76 1.30 0.00 0.001.00

13.61 7.50 1.26 0.00 0.001.00 13.77 7.72 1.31 0.00 0.001.00

13.91 7.56 1.39 0.00 0.001.00 14.07 8.90 1.53 0.00 0.001.00

14.21 9.85 1.75 0.00 0.001.00 14.36 11.03 1.87 0.00 0.001.00

14.51 10.86 2.00 0.00 0.001.00 14.65 13.82 2.00 0.00 0.001.00

14.80 117.72 0.54 2.71 0.051.00 14.95 134.56 0.67 2.34 0.041.00

15.10 93.01 0.40 3.46 0.061.00 15.26 42.92 2.00 0.00 0.001.00

15.41 24.93 2.00 0.00 0.001.00 15.53 7.17 2.00 0.00 0.001.00

15.69 138.46 0.69 2.27 0.041.00 15.85 93.69 0.40 3.43 0.061.00

15.98 110.65 0.48 2.89 0.051.00 16.14 91.97 0.38 3.50 0.061.00

16.29 29.60 2.00 0.00 0.001.00 16.50 15.99 2.00 0.00 0.001.00

16.65 17.47 2.00 0.00 0.001.00 16.80 17.94 2.00 0.00 0.001.00

16.94 17.12 2.00 0.00 0.001.00 17.09 22.10 2.00 0.00 0.001.00

17.23 22.14 2.00 0.00 0.001.00 17.38 20.57 2.00 0.00 0.001.00

17.53 17.62 2.00 0.00 0.001.00 17.69 18.85 2.00 0.00 0.001.00

17.83 77.31 0.31 4.14 0.071.00 17.98 27.35 2.00 0.00 0.001.00

18.12 57.05 0.24 5.47 0.091.00 18.28 118.12 0.50 2.70 0.051.00

18.41 93.68 0.37 3.43 0.061.00 18.57 67.48 0.27 4.71 0.091.00

18.72 114.80 0.48 2.78 0.051.00 18.87 182.08 1.63 0.18 0.001.00

19.02 131.12 0.58 2.41 0.041.00 19.17 116.95 0.48 2.73 0.051.00

19.31 91.15 0.36 3.53 0.061.00 19.46 101.77 0.40 3.16 0.061.00

19.60 115.56 0.47 2.76 0.051.00 19.80 199.71 2.00 0.00 0.001.00

19.95 170.76 1.16 0.57 0.011.00 20.10 151.29 0.77 1.59 0.031.00

20.23 145.67 0.70 2.15 0.031.00 20.39 157.43 0.85 1.19 0.021.00

20.53 177.19 1.36 0.36 0.011.00 20.68 174.71 1.27 0.45 0.011.00

20.83 169.65 1.11 0.64 0.011.00 20.98 168.90 1.08 0.67 0.011.00

21.13 173.35 1.21 0.50 0.011.00 21.26 204.59 2.00 0.00 0.001.00

21.41 562.97 2.00 0.00 0.001.00 21.56 422.56 2.00 0.00 0.001.00

21.71 382.61 2.00 0.00 0.001.00 21.86 411.45 2.00 0.00 0.001.00

22.00 403.97 2.00 0.00 0.001.00 22.14 366.13 2.00 0.00 0.001.00

22.29 300.38 2.00 0.00 0.001.00 22.44 242.35 2.00 0.00 0.001.00

22.59 238.11 2.00 0.00 0.001.00 22.73 280.20 2.00 0.00 0.001.00

22.89 317.96 2.00 0.00 0.001.00 23.07 347.31 2.00 0.00 0.001.00

23.21 340.74 2.00 0.00 0.001.00 23.35 365.03 2.00 0.00 0.001.00

23.50 344.46 2.00 0.00 0.001.00 23.65 331.89 2.00 0.00 0.001.00

23.79 344.30 2.00 0.00 0.001.00 23.93 330.80 2.00 0.00 0.001.00

24.08 288.12 2.00 0.00 0.001.00 24.23 297.29 2.00 0.00 0.001.00
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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

24.32 291.29 2.00 0.00 0.001.00 24.54 321.08 2.00 0.00 0.001.00

24.69 331.21 2.00 0.00 0.001.00 24.81 284.02 2.00 0.00 0.001.00

24.96 246.80 2.00 0.00 0.001.00 25.09 283.29 2.00 0.00 0.001.00

25.24 502.69 2.00 0.00 0.001.00 25.40 696.14 2.00 0.00 0.001.00

Total estimated settlement: 1.18

Abbreviations
Qtn,cs:
FS:
ev (%):
DF:
Settlement:

Equivalent clean sand normalized cone resistance
Factor of safety against liquefaction
Post-liquefaction volumentric strain
ev depth weighting factor
Calculated settlement
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qt: Total cone resistance (cone resistance qc corrected for pore water effects)
Ic: Soil Behaviour Type Index
qc1N,cs: Equivalent clean sand normalized CPT total cone resistance

F.S.: Factor of safety
γmax: Maximum cyclic shear strain
LDI: Lateral displacement index

Abbreviations



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT2

:: Lateral displacement index calculation ::

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

10.11 7.54 0.00 2.00 0.00 0.00 0.00

10.26 6.19 0.00 1.85 0.00 0.00 0.00

10.40 9.70 0.00 2.00 0.00 0.00 0.00

10.55 13.60 0.00 2.00 0.00 0.00 0.00

10.69 11.45 0.00 2.00 0.00 0.00 0.00

10.84 9.16 0.00 2.00 0.00 0.00 0.00

10.99 9.56 0.00 2.00 0.00 0.00 0.00

11.14 11.18 0.00 2.00 0.00 0.00 0.00

11.29 12.93 0.00 2.00 0.00 0.00 0.00

11.45 9.70 0.00 2.00 0.00 0.00 0.00

11.60 9.29 0.00 1.93 0.00 0.00 0.00

11.74 8.62 0.00 1.80 0.00 0.00 0.00

11.89 8.35 0.00 1.78 0.00 0.00 0.00

12.04 9.43 0.00 1.71 0.00 0.00 0.00

12.19 7.94 0.00 1.67 0.00 0.00 0.00

12.34 8.21 0.00 1.60 0.00 0.00 0.00

12.48 8.75 0.00 1.73 0.00 0.00 0.00

12.64 10.04 0.00 1.96 0.00 0.00 0.00

12.79 11.65 0.00 2.00 0.00 0.00 0.00

12.94 18.24 0.00 2.00 0.00 0.00 0.00

13.09 13.16 0.00 2.00 0.00 0.00 0.00

13.15 6.95 0.00 1.74 0.00 0.00 0.00

13.31 8.07 0.00 1.27 0.00 0.00 0.00

13.46 6.76 0.00 1.30 0.00 0.00 0.00

13.61 7.50 0.00 1.26 0.00 0.00 0.00

13.77 7.72 0.00 1.31 0.00 0.00 0.00

13.91 7.56 0.00 1.39 0.00 0.00 0.00

14.07 8.90 0.00 1.53 0.00 0.00 0.00

14.21 9.85 0.00 1.75 0.00 0.00 0.00

14.36 11.03 0.00 1.87 0.00 0.00 0.00

14.51 10.86 0.00 2.00 0.00 0.00 0.00

14.65 13.82 0.00 2.00 0.00 0.00 0.00

14.80 117.72 0.21 0.54 0.63 0.21 0.37

14.95 134.56 0.14 0.67 0.44 0.12 0.21

15.10 93.01 0.37 0.40 0.85 0.37 0.67

15.26 42.92 0.00 2.00 0.00 0.00 0.00

15.41 24.93 0.00 2.00 0.00 0.00 0.00

15.53 7.17 0.00 2.00 0.00 0.00 0.00

15.69 138.46 0.12 0.69 0.39 0.09 0.18

15.85 93.69 0.36 0.40 0.84 0.36 0.67

15.98 110.65 0.24 0.48 0.70 0.24 0.39

16.14 91.97 0.37 0.38 0.85 0.37 0.69

16.29 29.60 0.00 2.00 0.00 0.00 0.00

16.50 15.99 0.00 2.00 0.00 0.00 0.00

16.65 17.47 0.00 2.00 0.00 0.00 0.00

16.80 17.94 0.00 2.00 0.00 0.00 0.00

16.94 17.12 0.00 2.00 0.00 0.00 0.00

17.09 22.10 0.00 2.00 0.00 0.00 0.00
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:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

17.23 22.14 0.00 2.00 0.00 0.00 0.00

17.38 20.57 0.00 2.00 0.00 0.00 0.00

17.53 17.62 0.00 2.00 0.00 0.00 0.00

17.69 18.85 0.00 2.00 0.00 0.00 0.00

17.83 77.31 0.53 0.31 0.93 0.53 0.93

17.98 27.35 0.00 2.00 0.00 0.00 0.00

18.12 57.05 0.86 0.24 0.94 0.86 1.47

18.28 118.12 0.20 0.50 0.62 0.20 0.37

18.41 93.68 0.36 0.37 0.84 0.36 0.59

18.57 67.48 0.66 0.27 0.94 0.66 1.24

18.72 114.80 0.22 0.48 0.66 0.22 0.40

18.87 182.08 0.04 1.63 -0.19 0.01 0.02

19.02 131.12 0.15 0.58 0.48 0.15 0.26

19.17 116.95 0.21 0.48 0.64 0.21 0.38

19.31 91.15 0.38 0.36 0.86 0.38 0.61

19.46 101.77 0.30 0.40 0.78 0.30 0.54

19.60 115.56 0.22 0.47 0.65 0.22 0.37

19.80 199.71 0.02 2.00 -0.45 0.00 0.00

19.95 170.76 0.05 1.16 -0.03 0.03 0.05

20.10 151.29 0.09 0.77 0.23 0.06 0.11

20.23 145.67 0.10 0.70 0.30 0.08 0.12

20.39 157.43 0.08 0.85 0.15 0.05 0.09

20.53 177.19 0.04 1.36 -0.12 0.02 0.03

20.68 174.71 0.05 1.27 -0.09 0.02 0.04

20.83 169.65 0.06 1.11 -0.02 0.03 0.05

20.98 168.90 0.06 1.08 -0.01 0.03 0.05

21.13 173.35 0.05 1.21 -0.07 0.02 0.04

21.26 204.59 0.02 2.00 -0.52 0.00 0.00

21.41 562.97 0.00 2.00 -6.19 0.00 0.00

21.56 422.56 0.00 2.00 -3.97 0.00 0.00

21.71 382.61 0.00 2.00 -3.33 0.00 0.00

21.86 411.45 0.00 2.00 -3.79 0.00 0.00

22.00 403.97 0.00 2.00 -3.67 0.00 0.00

22.14 366.13 0.00 2.00 -3.06 0.00 0.00

22.29 300.38 0.00 2.00 -2.01 0.00 0.00

22.44 242.35 0.00 2.00 -1.09 0.00 0.00

22.59 238.11 0.00 2.00 -1.03 0.00 0.00

22.73 280.20 0.00 2.00 -1.69 0.00 0.00

22.89 317.96 0.00 2.00 -2.29 0.00 0.00

23.07 347.31 0.00 2.00 -2.76 0.00 0.00

23.21 340.74 0.00 2.00 -2.66 0.00 0.00

23.35 365.03 0.00 2.00 -3.05 0.00 0.00

23.50 344.46 0.00 2.00 -2.72 0.00 0.00

23.65 331.89 0.00 2.00 -2.51 0.00 0.00

23.79 344.30 0.00 2.00 -2.71 0.00 0.00

23.93 330.80 0.00 2.00 -2.50 0.00 0.00

24.08 288.12 0.00 2.00 -1.81 0.00 0.00

24.23 297.29 0.00 2.00 -1.96 0.00 0.00
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:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

24.32 291.29 0.00 2.00 -1.87 0.00 0.00

24.54 321.08 0.00 2.00 -2.34 0.00 0.00

24.69 331.21 0.00 2.00 -2.50 0.00 0.00

24.81 284.02 0.00 2.00 -1.75 0.00 0.00

24.96 246.80 0.00 2.00 -1.16 0.00 0.00

25.09 283.29 0.00 2.00 -1.74 0.00 0.00

25.24 502.69 0.00 2.00 -5.24 0.00 0.00

25.40 696.14 0.00 2.00 -8.24 0.00 0.00

Depth:
qc1N,cs:
Gammalim:
FS:
Fa:
Gammamax:
Lat. disp.:

Depth of test point
Adjusted and corrected cone resistance due to fines
Limiting shear strain
Calculated factor of safety against liquefaction
 
Maximum cyclic shear strain
Lateral displacement

Abbreviations

Total estimated displacement: 10.96
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:: Strength loss calculation  Idriss & Boulanger (2008) ::

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

2.26 148.10 1.00 237.93 -1.00 0.96 0.96237.93

2.41 159.67 1.00 256.50 1.20 0.97 0.97256.50

2.56 157.18 1.00 252.49 1.38 0.97 0.97252.49

2.70 152.79 1.00 245.42 1.53 0.96 0.96245.42

2.85 150.28 1.00 241.37 1.55 0.96 0.96241.37

3.00 141.11 1.00 226.63 1.58 0.95 0.95226.63

3.15 127.54 1.00 204.80 1.62 0.93 0.93204.80

3.30 110.97 1.01 180.62 1.66 0.63 0.91178.17

3.44 95.13 1.05 160.26 1.72 0.32 0.89152.71

3.65 86.38 1.07 147.92 1.74 0.22 0.87138.64

3.78 84.60 1.05 143.16 1.72 0.24 0.87135.75

3.92 83.79 1.05 140.94 1.72 0.27 0.87134.44

4.08 79.09 1.07 135.42 1.74 0.21 0.86126.88

4.24 70.68 1.11 125.63 1.80 0.17 0.85113.35

4.39 64.65 1.14 117.66 1.84 0.15 0.83103.64

4.55 62.61 1.13 113.10 1.83 0.14 0.83100.35

4.70 62.08 1.11 110.44 1.80 0.15 0.8399.49

4.84 58.67 1.12 105.20 1.82 0.14 0.8294.00

5.00 51.52 1.16 96.01 1.87 0.11 0.8082.49

5.16 43.25 1.24 85.54 1.95 0.10 0.7869.19

5.31 36.93 1.31 77.17 2.01 0.08 0.7659.03

5.47 32.32 1.38 71.14 2.05 0.08 0.7451.61

5.62 29.03 1.45 67.26 2.10 0.07 0.7246.31

5.77 26.63 1.54 65.30 2.14 0.07 0.7142.43

5.92 24.89 1.63 64.57 2.18 0.07 0.7039.64

6.08 23.61 1.70 64.01 2.21 0.06 0.7037.56

6.23 21.68 1.83 63.07 2.26 0.06 0.6934.45

6.38 19.22 2.03 62.03 2.33 0.06 0.6730.49

6.53 15.31 2.55 61.69 2.45 0.06 0.6424.19

6.84 12.91 3.06 62.06 2.55 0.05 0.6220.30

6.99 12.57 3.09 61.04 2.56 0.05 0.6219.75

7.13 13.21 2.86 59.51 2.52 0.06 0.6320.77

7.29 13.13 2.76 56.92 2.50 0.05 0.6320.62

7.43 11.82 2.91 53.90 2.53 0.05 0.6118.50

7.59 11.17 2.88 50.23 2.52 0.05 0.6117.46

7.74 11.31 2.74 48.47 2.50 0.05 0.6117.67

7.89 11.17 2.78 48.52 2.50 0.05 0.6117.43

8.04 10.39 3.08 49.79 2.56 0.05 0.6016.16

8.19 8.74 3.69 49.80 2.66 0.05 1.7713.51

8.34 7.41 4.35 49.35 2.75 0.05 1.4611.34

8.49 6.63 4.72 47.58 2.79 0.05 1.2710.08

8.65 5.62 5.50 46.49 2.88 0.05 1.048.45

8.80 4.37 7.11 45.69 3.03 0.05 0.786.42

8.95 3.14 10.05 44.65 3.26 0.06 0.534.44

9.11 3.06 10.56 45.42 3.29 0.06 0.504.30

9.26 4.51 7.23 47.84 3.04 0.05 0.766.62

9.41 6.83 4.70 48.59 2.79 0.05 1.1610.33

9.56 8.50 3.69 48.01 2.66 0.05 1.4313.00
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:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

9.71 8.58 3.67 48.19 2.65 0.05 1.4213.13

9.87 6.99 4.66 49.25 2.79 0.05 1.1210.56

10.11 5.35 6.45 50.91 2.97 0.05 0.827.90

10.26 4.87 7.32 52.19 3.05 0.05 0.747.13

10.40 6.13 5.82 53.18 2.91 0.05 0.949.13

10.55 7.22 4.97 54.03 2.82 0.06 1.1110.87

10.69 7.10 5.38 57.43 2.87 0.06 1.0810.68

10.84 6.27 6.81 63.54 3.01 0.06 0.949.32

10.99 6.22 7.68 70.94 3.08 0.06 0.929.23

11.14 7.00 7.40 77.52 3.06 0.06 1.0410.48

11.29 7.03 7.74 81.30 3.08 0.06 1.0410.51

11.45 6.64 8.22 81.10 3.12 0.06 0.979.86

11.60 5.75 9.25 77.82 3.20 0.06 0.828.42

11.74 5.47 9.43 75.02 3.21 0.06 0.777.96

11.89 5.50 9.23 73.75 3.20 0.06 0.777.99

12.04 5.36 9.53 73.89 3.22 0.06 0.747.75

12.19 5.33 9.61 73.95 3.23 0.06 0.737.70

12.34 5.19 9.88 73.75 3.24 0.06 0.707.46

12.48 5.64 9.38 76.64 3.21 0.06 0.768.17

12.64 6.39 8.68 81.34 3.16 0.06 0.879.37

12.79 8.54 6.94 88.90 3.02 0.06 1.1812.81

12.94 9.27 6.73 93.99 3.00 0.07 1.2813.96

13.09 8.26 7.84 96.70 3.09 0.06 1.1212.33

13.15 5.99 10.60 92.03 3.29 0.06 0.798.68

13.31 4.60 12.90 82.93 3.43 0.07 0.586.43

13.46 4.74 11.67 77.58 3.36 0.06 0.596.65

13.61 4.69 11.28 73.89 3.34 0.06 0.586.55

13.77 4.89 10.86 74.43 3.31 0.06 0.616.86

13.91 5.23 10.43 77.02 3.28 0.06 0.657.39

14.07 5.73 9.83 80.44 3.24 0.06 0.718.19

14.21 6.54 8.79 83.24 3.17 0.06 0.829.47

14.36 7.02 8.97 91.75 3.18 0.06 0.8810.23

14.51 7.97 9.74 114.33 3.23 0.07 1.0011.74

14.65 22.67 4.11 145.13 2.71 0.05 3.0035.34

14.80 41.44 2.52 164.89 2.45 0.11 0.7765.48

14.95 50.43 2.19 175.17 2.37 0.13 0.8079.91

15.10 43.93 2.42 167.92 2.43 0.09 0.7869.46

15.26 28.70 3.51 157.75 2.63 0.09 3.6844.98

15.41 18.23 5.54 155.91 2.88 0.07 2.2928.14

15.53 29.45 3.48 160.56 2.62 0.04 3.7346.15

15.69 36.02 3.14 178.23 2.57 0.14 0.7556.70

15.85 50.29 2.38 185.14 2.42 0.09 0.7977.74

15.98 40.37 2.99 190.36 2.54 0.11 0.7763.65

16.14 35.20 3.22 177.93 2.58 0.09 0.7555.33

16.29 23.17 4.42 158.94 2.76 0.07 2.7935.98

16.50 15.48 5.92 139.93 2.92 0.06 1.8123.62

16.65 12.52 6.55 123.45 2.98 0.07 1.4418.85

16.80 12.85 6.01 116.42 2.93 0.06 1.4719.37
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:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

16.94 14.10 5.40 115.40 2.87 0.06 1.6121.36

17.09 15.24 4.93 114.22 2.82 0.07 1.7323.18

17.23 16.18 4.51 111.26 2.77 0.06 1.8424.68

17.38 15.07 4.72 108.01 2.79 0.06 1.6922.87

17.53 14.26 4.78 102.82 2.80 0.06 1.5821.50

17.69 18.42 3.51 94.70 2.63 0.06 2.0627.01

17.83 21.07 3.20 97.77 2.58 0.07 0.6730.58

17.98 21.69 3.55 112.38 2.63 0.07 2.4131.69

18.12 30.96 2.76 122.34 2.50 0.05 0.7244.29

18.28 37.11 2.54 133.70 2.45 0.11 0.7452.54

18.41 39.42 2.54 141.03 2.45 0.09 0.7555.57

18.57 40.31 2.48 139.85 2.44 0.06 0.7556.37

18.72 64.70 1.57 135.38 2.16 0.11 0.8186.00

18.87 81.35 1.37 145.25 2.05 0.23 0.84105.69

19.02 81.26 1.42 150.03 2.08 0.13 0.84105.65

19.17 57.07 1.88 143.29 2.28 0.11 0.7976.20

19.31 48.97 1.98 128.91 2.31 0.08 0.7765.27

19.46 50.73 1.76 117.19 2.24 0.09 0.7766.47

19.60 80.65 1.36 139.61 2.05 0.11 0.83102.37

19.80 99.68 1.33 167.62 2.03 0.31 0.86125.61

19.95 107.70 1.38 187.27 2.05 0.20 0.87135.84

20.10 92.44 1.54 181.75 2.15 0.15 0.85117.67

20.23 89.74 1.50 170.22 2.13 0.15 0.84113.31

20.39 99.74 1.33 164.05 2.02 0.17 0.86123.35

20.53 110.05 1.24 166.50 1.95 0.23 0.87134.12

20.68 113.49 1.25 173.10 1.96 0.22 0.87138.00

20.83 109.27 1.33 178.09 2.02 0.20 0.87133.52

20.98 107.63 1.43 188.31 2.08 0.19 0.87132.08

21.13 127.05 1.37 212.05 2.05 0.21 0.89154.63

21.26 263.50 1.03 314.38 1.69 0.66 1.00304.27

21.41 359.49 1.00 405.93 1.56 1.05 1.05405.93

21.56 423.17 1.00 470.02 1.46 1.07 1.07470.02

21.71 380.29 1.00 423.15 1.50 1.05 1.05423.15

21.86 372.45 1.00 412.78 1.50 1.05 1.05412.78

22.00 360.71 1.00 400.48 1.53 1.04 1.04400.48

22.14 312.43 1.00 351.03 1.65 1.02 1.02350.79

22.29 247.34 1.11 312.12 1.80 0.98 0.98281.91

22.44 199.62 1.21 277.25 1.92 0.95 0.95229.72

22.59 196.27 1.18 263.96 1.89 0.95 0.95224.06

22.73 229.96 1.08 277.72 1.76 0.97 0.97257.70

22.89 274.50 1.01 304.56 1.65 1.00 1.00302.88

23.07 301.15 1.00 329.88 1.62 1.01 1.01329.88

23.21 320.78 1.00 349.45 1.60 1.02 1.02349.45

23.35 325.82 1.00 352.50 1.57 1.02 1.02352.50

23.50 329.26 1.00 352.99 1.51 1.02 1.02352.99

23.65 327.60 1.00 348.29 1.46 1.02 1.02348.29

23.79 325.25 1.00 344.53 1.45 1.02 1.02344.53

23.93 311.62 1.00 329.66 1.46 1.01 1.01329.66
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:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

24.08 297.13 1.00 313.18 1.45 1.00 1.00313.18

24.23 285.65 1.00 299.62 1.43 0.99 0.99299.62

24.32 296.10 1.00 309.55 1.41 1.00 1.00309.55

24.54 301.07 1.00 315.61 1.48 1.00 1.00315.61

24.69 294.41 1.00 311.12 1.61 1.00 1.00311.12

24.81 271.53 1.00 285.29 1.58 0.99 0.99285.29

24.96 263.98 1.00 273.25 1.43 0.98 0.98273.25

25.09 342.77 1.00 401.49 -1.00 1.04 1.04401.49

25.24 429.38 1.00 502.23 -1.00 1.08 1.08502.23

25.40 631.64 1.00 737.71 -1.00 1.16 1.16737.71

qt:
Kc:
Qtn,cs:
Ic:
Su(liq)/σ'v:
Su(peak)/σ'v:

Total cone resistance
Cone resistance correction factor due to fines
Adjusted and corrected cone resistance due to fines
Soil behavior type index
Calculated liquefied undrained strength ratio
Calculated peak undrained strength ratio

Abbreviations
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.42

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : Location : 

F&ME Consultants, Inc.
3112 Devine Street
Columbia, SC
(803) 254-4540

CPT file : CPT3

8.50 ft
10.50 ft
3
2.60
Based on SBT

Use fill:
Fill height:
Fill weight:
Trans. detect. applied:
Kσ applied:

Yes
2.00 ft
125.00 lb/ft3
No
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sand & Clay
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N/A
Method based
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Friction Ratio

Mw=71/2, sigma'=1 atm base curve Summary of liquefaction potential
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Factor of safety
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FS Plot

During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading
Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground
geometry
Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Cone resistance
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Friction Ratio Pore pressure
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SBT Plot Soil Behaviour Type

SBT (Robertson et al. 1986)
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Soil Behaviour Type
Sand & silty sand

Silty sand & sandy silt

Clay & silty clay

Silty sand & sandy silt

Sand & silty sand

Silty sand & sandy silt
Clay & silty clay

Clay & silty clay
Clay & silty clay

Clay

Sensitive f ine grained

Silty sand & sandy silt
Clay & silty clay

Sand & silty sand

Silty sand & sandy silt

Silty sand & sandy silt

Sand & silty sand
Silty sand & sandy silt

Sand & silty sand
Sand
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.42
8.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.50 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A

SBT legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained
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Norm. cone resistance
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Norm. friction ratio Nom. pore pressure ratio
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Nom. pore pressure ratio SBTn Plot

Ic (Robertson 1990)
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SBTn Plot Norm. Soil Behaviour Type
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SBTn legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.42
8.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.50 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A
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Norm. cone resistance
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Norm. cone resistance
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SBTn Index Apparent fines content
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Apparent fines content "Fines" adjustment

Delta qc1N
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"Fines" adjustment Corrected norm. cone resistance
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.42
8.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.50 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A
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CRR plot
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CRR plot

During earthq.

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s
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Factor of safety
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FS Plot

During earthq.
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LPI Vertical settlements
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.42
8.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.50 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no liq. are equally likely

Unlike to liquefy

Almost certain it will not liquefy

Very high risk

High risk

Low risk
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Norm. cone resistance
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Norm. cone resistance
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Residual strength correctionCorrected norm. cone resistance
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Corrected norm. cone resistance SBTn Index
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.42
8.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.50 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT3

:: Field input data ::

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

1 0.27 129.12 0.00 114.900.840.39

2 0.46 127.95 1.12 123.736.24-0.06

3 0.66 110.91 1.57 124.387.86-0.08

4 0.85 102.09 1.58 124.859.770.02

5 0.97 98.23 1.54 124.3010.880.12

6 1.14 82.03 1.37 123.3711.83-0.01

7 1.28 73.04 1.19 122.1812.13-0.01

8 1.43 77.16 1.03 121.2511.460.05

9 1.57 77.83 0.96 120.0010.580.00

10 1.71 68.09 0.71 118.5511.16-0.03

11 1.86 52.98 0.63 117.0414.43-0.03

12 1.95 33.08 0.70 116.2319.710.00

13 2.11 30.31 0.68 115.3026.590.03

14 2.24 22.08 0.58 114.1428.880.05

15 2.36 21.91 0.49 113.0130.010.13

16 2.48 23.42 0.48 112.4229.430.06

17 2.62 21.24 0.46 111.8829.880.07

18 2.75 19.14 0.41 111.0928.190.09

19 2.87 24.35 0.33 111.3820.980.18

20 3.00 42.15 0.40 112.2916.550.16

21 3.14 42.06 0.46 112.6515.610.14

22 3.27 31.40 0.37 111.6017.040.13

23 3.42 29.13 0.28 109.6415.670.29

24 3.55 38.87 0.21 107.7312.700.17

25 3.69 38.20 0.16 106.585.000.10

26 3.85 39.38 0.17 106.555.000.10

27 3.97 42.90 0.20 107.845.000.09

28 4.12 48.61 0.24 109.649.160.10

29 4.25 51.88 0.32 111.919.430.12

30 4.40 56.08 0.45 113.8911.270.10

31 4.53 46.68 0.56 114.7914.560.11

32 4.68 33.33 0.55 114.2718.650.05

33 4.82 29.80 0.45 112.8019.200.16

34 4.96 36.27 0.32 111.4417.260.11

35 5.10 34.93 0.32 110.7018.020.05

36 5.33 22.92 0.36 110.7623.690.01

37 5.47 17.21 0.41 110.5133.450.00

38 5.60 13.43 0.41 110.2442.210.01

39 5.75 10.83 0.42 109.8849.770.05

40 5.89 9.65 0.43 109.5054.620.13

41 6.03 9.40 0.40 109.1054.750.12

42 6.15 10.16 0.36 108.9045.650.19

43 6.30 16.04 0.32 110.0525.880.29

44 6.44 40.80 0.34 111.2120.080.30

45 6.58 31.74 0.43 112.5120.220.11

46 6.73 21.58 0.51 112.7128.82-0.06

47 6.87 16.29 0.52 112.1438.95-0.05

48 7.00 12.26 0.48 111.1346.06-0.14
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT3

:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

49 7.15 11.17 0.42 109.5150.55-0.11

50 7.28 9.49 0.31 106.8452.54-0.14

51 7.43 6.88 0.16 102.6856.72-0.15

52 7.55 4.28 0.09 97.7962.93-0.14

53 7.71 3.53 0.07 95.6665.75-0.10

54 7.84 4.95 0.09 96.3263.86-0.08

55 7.98 5.12 0.10 97.3561.280.00

56 8.13 4.87 0.11 97.6161.320.03

57 8.26 5.12 0.10 97.8761.100.05

58 8.41 5.37 0.11 99.0759.020.07

59 8.68 6.38 0.15 99.9457.440.19

60 8.83 6.38 0.14 100.4456.360.27

61 8.96 6.21 0.14 100.8156.760.28

62 9.11 6.55 0.17 101.6758.040.27

63 9.23 6.63 0.19 102.0558.940.26

64 9.38 6.21 0.16 101.0161.950.33

65 9.51 4.62 0.12 98.9064.470.35

66 9.66 4.37 0.09 96.9566.490.31

67 9.79 4.53 0.09 96.0965.680.31

68 9.93 4.37 0.09 96.0065.910.30

69 10.07 4.28 0.09 95.7466.470.28

70 10.21 4.28 0.08 95.1165.540.29

71 10.35 4.28 0.07 94.0761.430.28

72 10.48 4.79 0.05 92.8157.570.29

73 10.63 4.70 0.05 91.7957.030.27

74 10.77 3.95 0.05 91.1558.510.26

75 10.91 4.11 0.04 89.7659.220.24

76 11.06 3.95 0.03 87.3655.840.25

77 11.18 3.78 0.01 87.3649.580.26

78 11.33 3.95 0.00 87.3643.350.28

79 11.46 4.45 0.00 87.3642.010.29

80 11.61 4.20 0.01 87.3649.060.29

81 11.67 3.19 0.02 93.5246.000.29

82 11.94 11.08 0.13 103.4724.370.40

83 12.13 38.45 0.30 109.3517.490.39

84 12.28 44.33 0.41 111.5315.450.15

85 12.40 33.08 0.35 110.2917.820.01

86 12.59 19.65 0.19 107.5523.69-0.10

87 12.74 13.18 0.20 104.8927.050.02

88 12.91 18.47 0.17 106.3721.940.15

89 13.07 35.93 0.26 111.3011.780.21

90 13.23 88.49 0.53 116.826.470.26

91 13.41 146.84 0.85 121.283.750.23

92 13.56 200.82 1.19 124.452.650.26

93 13.73 234.91 1.56 126.532.310.29

94 13.90 247.76 1.78 127.732.410.32

95 14.06 244.40 1.89 128.142.460.35

96 14.23 250.36 1.82 128.382.370.34
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT3

:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

97 14.39 267.48 1.92 128.642.370.43

98 14.57 257.41 2.06 128.752.690.40

99 14.72 230.96 1.95 128.413.360.36

100 14.88 204.18 1.82 127.703.760.34

101 15.19 203.76 1.67 128.113.390.31

102 15.37 272.94 2.14 129.262.810.64

103 15.52 299.22 2.50 130.782.410.83

104 15.69 319.29 2.77 131.482.190.68

105 15.86 337.92 2.70 131.571.980.70

106 16.01 328.60 2.52 131.371.840.67

107 16.18 324.24 2.55 131.361.980.62

108 16.34 322.81 2.73 131.782.360.74

109 16.47 316.01 3.02 132.302.901.06

110 16.59 303.17 3.21 132.583.461.10

111 16.71 289.06 3.19 132.513.920.97

112 16.84 275.29 3.07 132.174.220.92

113 16.96 262.36 2.94 131.674.430.79

114 17.09 248.68 2.72 130.944.500.76

115 17.23 236.50 2.39 130.034.410.70

116 17.35 226.43 2.10 129.074.160.64

117 17.47 223.41 1.91 128.393.770.59

118 17.59 233.31 1.83 128.103.390.58

119 17.72 240.37 1.85 128.013.190.66

120 17.84 233.40 1.81 128.023.490.63

121 17.96 214.51 1.88 127.243.760.58

122 18.08 193.10 1.41 125.893.880.53

123 18.21 178.74 1.08 124.053.890.43

124 18.27 157.17 1.03 122.774.030.42

125 18.45 151.21 0.92 122.594.970.34

126 18.54 135.93 1.10 123.416.520.33

127 18.65 123.50 1.48 124.808.990.32

128 18.75 115.19 1.79 125.9511.350.31

129 18.84 108.98 1.97 126.1713.710.32

130 18.95 86.39 1.85 125.5915.840.47

131 19.05 74.97 1.61 124.5616.630.88

132 19.15 84.21 1.42 123.6614.872.46

133 19.27 94.45 1.24 122.8912.781.79

134 19.36 92.02 1.10 122.2712.141.18

135 19.46 84.54 1.11 122.1613.331.25

136 19.57 76.32 1.26 122.3914.911.78

137 19.66 75.81 1.29 122.0415.631.56

138 19.76 72.29 1.00 120.9316.290.98

139 19.88 56.59 0.86 119.5318.641.15

140 19.97 41.89 0.91 119.4222.421.64

141 20.09 47.02 1.11 120.2722.914.81

142 20.18 60.87 1.18 121.3321.051.98

143 20.29 63.22 1.24 122.0220.681.44

144 20.40 56.75 1.39 122.3222.652.34
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT3

:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

145 20.50 50.46 1.42 122.4223.793.45

146 20.61 57.17 1.35 122.4321.043.41

147 20.70 75.39 1.25 122.6815.755.09

148 20.81 101.42 1.23 123.0512.290.62

149 20.91 108.56 1.29 123.3410.780.83

150 21.02 106.20 1.27 123.6011.231.20

151 21.13 98.31 1.38 124.1013.171.26

152 21.22 85.38 1.68 124.5615.912.37

153 21.44 76.65 1.72 125.1418.131.52

154 21.53 82.11 1.89 126.2016.862.79

155 21.65 116.53 2.26 127.0515.172.18

156 21.74 114.94 2.16 127.2314.740.26

157 21.84 92.69 1.98 126.6816.780.44

158 21.96 77.74 2.05 126.2317.942.70

159 22.06 93.70 1.94 126.0016.057.40

160 22.17 112.42 1.65 125.5612.110.66

161 22.26 131.48 1.43 125.199.070.93

162 22.38 151.29 1.45 125.567.400.90

163 22.48 168.50 1.68 127.247.560.91

164 22.60 172.87 2.44 129.038.950.88

165 22.69 160.19 2.96 130.3810.720.84

166 22.81 157.33 3.17 131.4211.621.21

167 22.90 181.01 3.70 132.9010.593.02

168 23.02 242.89 4.55 133.929.173.99

169 23.11 252.71 4.22 131.605.474.32

170 23.22 258.42 0.00 126.850.311.89

171 23.33 452.10 0.00 87.36N/A6.14

172 23.50 667.79 0.00 87.36N/A3.42

173 23.60 714.80 0.00 87.36N/A1.96

Abbreviations

Depth:
qc:
fs:
u:
Fines content:
Unit weight:

Depth from free surface, at which CPT was performed (ft)
Measured cone resistance (tsf)
Sleeve friction resistance (tsf)
Pore pressure (tsf)
Percentage of fines in soil (%)
Bulk soil unit weight (pcf)
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT3

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data ::

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

1 2.27 0.14 0.00 0.14 1.00 0.273 0.259 1.10 2.0001.05 No1.10

2 2.46 0.15 0.00 0.15 1.00 0.273 0.259 1.10 2.0001.05 No1.10

3 2.65 0.16 0.00 0.16 1.00 0.273 0.259 1.10 2.0001.05 No1.10

4 2.85 0.18 0.00 0.18 1.00 0.273 0.259 1.10 2.0001.05 No1.10

5 2.98 0.18 0.00 0.18 1.00 0.273 0.259 1.10 2.0001.05 No1.10

6 3.13 0.19 0.00 0.19 1.00 0.273 0.259 1.10 2.0001.05 No1.10

7 3.28 0.20 0.00 0.20 1.00 0.273 0.259 1.10 2.0001.05 No1.10

8 3.43 0.21 0.00 0.21 1.00 0.272 0.258 1.10 2.0001.05 No1.10

9 3.57 0.22 0.00 0.22 1.00 0.272 0.258 1.10 2.0001.05 No1.10

10 3.71 0.23 0.00 0.23 1.00 0.272 0.258 1.10 2.0001.05 No1.10

11 3.86 0.24 0.00 0.24 1.00 0.272 0.258 1.10 2.0001.05 No1.10

12 3.95 0.24 0.00 0.24 1.00 0.272 0.258 1.10 2.0001.05 No1.10

13 4.11 0.25 0.00 0.25 1.00 0.272 0.258 1.10 2.0001.05 No1.10

14 4.24 0.26 0.00 0.26 1.00 0.272 0.258 1.09 2.0001.05 No1.10

15 4.36 0.27 0.00 0.27 1.00 0.272 0.258 1.09 2.0001.05 No1.10

16 4.48 0.27 0.00 0.27 1.00 0.272 0.258 1.09 2.0001.05 No1.10

17 4.62 0.28 0.00 0.28 0.99 0.272 0.258 1.08 2.0001.05 No1.10

18 4.75 0.29 0.00 0.29 0.99 0.271 0.257 1.08 2.0001.05 No1.10

19 4.87 0.29 0.00 0.29 0.99 0.271 0.257 1.08 2.0001.05 No1.10

20 5.00 0.30 0.00 0.30 0.99 0.271 0.257 1.10 2.0001.05 No1.10

21 5.14 0.31 0.00 0.31 0.99 0.271 0.257 1.10 2.0001.05 No1.10

22 5.27 0.32 0.00 0.32 0.99 0.271 0.257 1.09 2.0001.05 No1.10

23 5.42 0.33 0.00 0.33 0.99 0.271 0.257 1.08 2.0001.05 No1.10

24 5.55 0.33 0.00 0.33 0.99 0.271 0.257 1.09 2.0001.05 No1.10

25 5.69 0.34 0.00 0.34 0.99 0.271 0.257 1.09 2.0001.05 No1.10

26 5.84 0.35 0.00 0.35 0.99 0.271 0.257 1.09 2.0001.05 No1.10

27 5.97 0.35 0.00 0.35 0.99 0.271 0.257 1.09 2.0001.05 No1.10

28 6.12 0.36 0.00 0.36 0.99 0.270 0.256 1.10 2.0001.05 No1.10

29 6.25 0.37 0.00 0.37 0.99 0.270 0.256 1.10 2.0001.05 No1.10

30 6.40 0.38 0.00 0.38 0.99 0.270 0.256 1.10 2.0001.05 No1.10

31 6.53 0.39 0.00 0.39 0.99 0.270 0.256 1.09 2.0001.05 No1.10

32 6.68 0.40 0.00 0.40 0.99 0.270 0.256 1.07 2.0001.05 No1.10

33 6.82 0.40 0.00 0.40 0.99 0.270 0.256 1.07 2.0001.05 No1.10

34 6.96 0.41 0.00 0.41 0.99 0.270 0.256 1.07 2.0001.05 No1.10

35 7.10 0.42 0.00 0.42 0.99 0.270 0.256 1.07 2.0001.05 No1.10

36 7.33 0.43 0.00 0.43 0.99 0.269 0.256 1.06 2.0001.05 No1.10

37 7.47 0.44 0.00 0.44 0.99 0.269 0.255 1.05 2.0001.05 No1.10

38 7.60 0.45 0.00 0.45 0.99 0.269 0.255 1.05 2.0001.05 No1.10

39 7.75 0.45 0.00 0.45 0.99 0.269 0.255 1.04 2.0001.05 No1.10

40 7.89 0.46 0.00 0.46 0.99 0.269 0.255 1.04 2.0001.05 No1.10

41 8.03 0.47 0.00 0.47 0.98 0.269 0.255 1.04 2.0001.05 No1.10

42 8.15 0.48 0.00 0.48 0.98 0.269 0.255 1.04 2.0001.05 No1.10

43 8.30 0.48 0.00 0.48 0.98 0.269 0.255 1.04 2.0001.05 No1.10

44 8.44 0.49 0.00 0.49 0.98 0.268 0.255 1.06 2.0001.05 No1.10

45 8.58 0.50 0.00 0.50 0.98 0.268 0.255 1.05 2.0001.05 No1.10

46 8.73 0.51 0.00 0.51 0.98 0.268 0.254 1.05 2.0001.05 No1.10

47 8.87 0.52 0.00 0.52 0.98 0.268 0.254 1.04 2.0001.05 No1.10

48 9.00 0.52 0.00 0.52 0.98 0.268 0.254 1.04 2.0001.05 No1.10
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT3

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

49 9.15 0.53 0.00 0.53 0.98 0.268 0.254 1.04 2.0001.05 No1.10

50 9.28 0.54 0.00 0.54 0.98 0.268 0.254 1.03 2.0001.05 No1.10

51 9.43 0.55 0.00 0.55 0.98 0.268 0.254 1.03 2.0001.05 No1.10

52 9.55 0.55 0.00 0.55 0.98 0.267 0.254 1.03 2.0001.05 No1.10

53 9.71 0.56 0.00 0.56 0.98 0.267 0.254 1.03 2.0001.05 No1.10

54 9.84 0.57 0.00 0.57 0.98 0.267 0.253 1.03 2.0001.05 No1.10

55 9.98 0.57 0.00 0.57 0.98 0.267 0.253 1.03 2.0001.05 No1.10

56 10.13 0.58 0.00 0.58 0.98 0.267 0.253 1.03 2.0001.05 No1.10

57 10.26 0.59 0.00 0.59 0.98 0.267 0.253 1.03 2.0001.05 No1.10

58 10.41 0.59 0.00 0.59 0.98 0.267 0.253 1.03 2.0001.05 No1.10

59 10.68 0.61 0.01 0.60 0.98 0.269 0.255 1.03 0.2861.05 No1.10

60 10.83 0.62 0.01 0.60 0.98 0.271 0.257 1.03 0.2881.05 No1.10

61 10.96 0.62 0.01 0.61 0.98 0.272 0.258 1.03 0.2901.05 No1.10

62 11.11 0.63 0.02 0.61 0.97 0.274 0.260 1.03 0.2921.05 No1.10

63 11.23 0.64 0.02 0.61 0.97 0.276 0.262 1.02 0.2941.05 No1.10

64 11.38 0.64 0.03 0.62 0.97 0.278 0.263 1.02 0.2961.05 No1.10

65 11.51 0.65 0.03 0.62 0.97 0.279 0.265 1.02 0.2981.05 No1.10

66 11.66 0.66 0.04 0.62 0.97 0.281 0.266 1.02 0.3001.05 No1.10

67 11.79 0.66 0.04 0.62 0.97 0.283 0.268 1.02 0.3011.05 No1.10

68 11.93 0.67 0.04 0.63 0.97 0.284 0.270 1.02 0.3031.05 No1.10

69 12.07 0.68 0.05 0.63 0.97 0.286 0.271 1.02 0.3051.05 No1.10

70 12.21 0.68 0.05 0.63 0.97 0.287 0.273 1.02 0.3071.05 No1.10

71 12.35 0.69 0.06 0.63 0.97 0.289 0.274 1.02 0.3091.05 No1.10

72 12.48 0.70 0.06 0.63 0.97 0.291 0.276 1.02 0.3101.05 No1.10

73 12.63 0.70 0.07 0.64 0.97 0.292 0.277 1.02 0.3121.05 No1.10

74 12.77 0.71 0.07 0.64 0.97 0.294 0.279 1.02 0.3141.05 No1.10

75 12.91 0.72 0.08 0.64 0.97 0.295 0.280 1.02 0.3151.05 No1.10

76 13.06 0.72 0.08 0.64 0.97 0.297 0.282 1.02 0.3171.05 No1.10

77 13.18 0.73 0.08 0.64 0.97 0.298 0.283 1.02 0.3191.05 No1.10

78 13.33 0.73 0.09 0.65 0.97 0.300 0.285 1.02 0.3211.05 No1.10

79 13.46 0.74 0.09 0.65 0.97 0.301 0.286 1.02 0.3221.05 No1.10

80 13.61 0.75 0.10 0.65 0.97 0.303 0.287 1.02 0.3241.05 No1.10

81 13.67 0.75 0.10 0.65 0.97 0.304 0.288 1.02 0.3251.05 No1.10

82 13.94 0.76 0.11 0.66 0.96 0.306 0.291 1.02 0.3121.05 No1.10

83 14.13 0.77 0.11 0.66 0.96 0.308 0.292 1.03 0.3111.05 No1.10

84 14.28 0.78 0.12 0.66 0.96 0.310 0.294 1.04 0.3121.05 No1.10

85 14.40 0.79 0.12 0.67 0.96 0.311 0.295 1.03 0.3141.05 No1.10

86 14.59 0.80 0.13 0.67 0.96 0.313 0.296 1.03 0.3181.05 No1.10

87 14.74 0.81 0.13 0.67 0.96 0.314 0.298 1.02 0.3201.05 No1.10

88 14.91 0.82 0.14 0.68 0.96 0.316 0.299 1.03 0.3211.05 No1.10

89 15.07 0.82 0.14 0.68 0.96 0.317 0.301 1.03 0.3211.05 No1.10

90 15.23 0.83 0.15 0.69 0.96 0.318 0.302 1.05 0.3161.05 No1.10

91 15.41 0.84 0.15 0.69 0.96 0.320 0.303 1.08 0.3081.05 No1.10

92 15.56 0.85 0.16 0.70 0.96 0.321 0.304 1.10 0.3041.05 No1.10

93 15.73 0.86 0.16 0.70 0.96 0.322 0.306 1.10 0.3061.05 No1.10

94 15.90 0.88 0.17 0.71 0.96 0.324 0.307 1.10 0.3071.05 No1.10

95 16.06 0.89 0.17 0.71 0.96 0.325 0.308 1.10 0.3081.05 No1.10

96 16.23 0.90 0.18 0.72 0.96 0.326 0.309 1.10 0.3091.05 No1.10
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:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

97 16.39 0.91 0.18 0.72 0.96 0.327 0.310 1.10 0.3101.05 No1.10

98 16.57 0.92 0.19 0.73 0.95 0.328 0.311 1.10 0.3111.05 No1.10

99 16.72 0.93 0.19 0.73 0.95 0.329 0.312 1.10 0.3121.05 No1.10

100 16.88 0.94 0.20 0.74 0.95 0.330 0.313 1.10 0.3131.05 No1.10

101 17.19 0.96 0.21 0.75 0.95 0.332 0.315 1.10 0.3151.05 No1.10

102 17.37 0.97 0.21 0.76 0.95 0.333 0.316 1.10 0.3161.05 No1.10

103 17.52 0.98 0.22 0.76 0.95 0.334 0.317 1.10 0.3171.05 No1.10

104 17.69 0.99 0.22 0.77 0.95 0.335 0.318 1.10 0.3191.05 No1.10

105 17.86 1.00 0.23 0.77 0.95 0.336 0.319 1.09 0.3201.05 No1.10

106 18.01 1.01 0.23 0.78 0.95 0.337 0.320 1.09 0.3221.05 No1.10

107 18.18 1.02 0.24 0.78 0.95 0.338 0.321 1.09 0.3231.05 No1.10

108 18.34 1.03 0.24 0.79 0.95 0.339 0.321 1.09 0.3251.05 No1.10

109 18.47 1.04 0.25 0.79 0.95 0.340 0.322 1.09 0.3261.05 No1.10

110 18.59 1.05 0.25 0.80 0.95 0.340 0.323 1.08 0.3271.05 No1.10

111 18.71 1.06 0.26 0.80 0.95 0.341 0.323 1.08 0.3281.05 No1.10

112 18.84 1.07 0.26 0.81 0.95 0.341 0.324 1.08 0.3291.05 No1.10

113 18.96 1.07 0.26 0.81 0.94 0.342 0.324 1.08 0.3301.05 No1.10

114 19.09 1.08 0.27 0.81 0.94 0.343 0.325 1.08 0.3311.05 No1.10

115 19.23 1.09 0.27 0.82 0.94 0.343 0.326 1.08 0.3331.05 No1.10

116 19.35 1.10 0.28 0.82 0.94 0.344 0.326 1.08 0.3341.05 No1.10

117 19.47 1.11 0.28 0.83 0.94 0.344 0.327 1.07 0.3351.05 No1.10

118 19.59 1.12 0.28 0.83 0.94 0.345 0.327 1.07 0.3361.05 No1.10

119 19.72 1.12 0.29 0.84 0.94 0.346 0.328 1.07 0.3371.05 No1.10

120 19.84 1.13 0.29 0.84 0.94 0.346 0.328 1.07 0.3381.05 No1.10

121 19.96 1.14 0.30 0.84 0.94 0.347 0.329 1.07 0.3391.05 No1.10

122 20.08 1.15 0.30 0.85 0.94 0.347 0.329 1.06 0.3411.05 No1.10

123 20.21 1.15 0.30 0.85 0.94 0.348 0.330 1.05 0.3451.05 No1.10

124 20.27 1.16 0.30 0.85 0.94 0.348 0.330 1.04 0.3491.05 No1.10

125 20.45 1.17 0.31 0.86 0.94 0.349 0.331 1.04 0.3511.05 No1.10

126 20.54 1.17 0.31 0.86 0.94 0.349 0.331 1.03 0.3531.05 No1.10

127 20.65 1.18 0.32 0.86 0.94 0.350 0.332 1.03 0.3551.05 No1.10

128 20.75 1.19 0.32 0.87 0.94 0.350 0.332 1.03 0.3561.05 No1.10

129 20.84 1.19 0.32 0.87 0.94 0.351 0.332 1.02 0.3571.05 No1.10

130 20.95 1.20 0.33 0.87 0.94 0.351 0.333 1.02 0.3591.05 No1.10

131 21.05 1.21 0.33 0.88 0.94 0.351 0.333 1.02 0.3601.05 No1.10

132 21.15 1.21 0.33 0.88 0.94 0.352 0.334 1.02 0.3601.05 No1.10

133 21.27 1.22 0.34 0.88 0.94 0.352 0.334 1.02 0.3611.05 No1.10

134 21.36 1.23 0.34 0.89 0.93 0.353 0.335 1.02 0.3611.05 No1.10

135 21.46 1.23 0.34 0.89 0.93 0.353 0.335 1.02 0.3621.05 No1.10

136 21.57 1.24 0.35 0.89 0.93 0.354 0.335 1.02 0.3631.05 No1.10

137 21.66 1.24 0.35 0.90 0.93 0.354 0.336 1.02 0.3641.05 No1.10

138 21.76 1.25 0.35 0.90 0.93 0.354 0.336 1.01 0.3641.05 No1.10

139 21.88 1.26 0.35 0.90 0.93 0.355 0.336 1.01 0.3661.05 No1.10

140 21.97 1.26 0.36 0.90 0.93 0.355 0.337 1.01 0.3671.05 No1.10

141 22.09 1.27 0.36 0.91 0.93 0.356 0.337 1.01 0.3671.05 No1.10

142 22.18 1.28 0.36 0.91 0.93 0.356 0.338 1.01 0.3671.05 No1.10

143 22.29 1.28 0.37 0.91 0.93 0.356 0.338 1.01 0.3671.05 No1.10

144 22.40 1.29 0.37 0.92 0.93 0.357 0.338 1.01 0.3681.05 No1.10
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:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

145 22.50 1.29 0.37 0.92 0.93 0.357 0.339 1.01 0.3691.05 No1.10

146 22.61 1.30 0.38 0.92 0.93 0.358 0.339 1.01 0.3691.05 No1.10

147 22.70 1.31 0.38 0.93 0.93 0.358 0.339 1.01 0.3691.05 No1.10

148 22.81 1.31 0.38 0.93 0.93 0.358 0.340 1.01 0.3681.05 No1.10

149 22.91 1.32 0.39 0.93 0.93 0.359 0.340 1.01 0.3691.05 No1.10

150 23.02 1.33 0.39 0.94 0.93 0.359 0.340 1.01 0.3691.05 No1.10

151 23.13 1.33 0.39 0.94 0.93 0.359 0.341 1.01 0.3701.05 No1.10

152 23.22 1.34 0.40 0.94 0.93 0.360 0.341 1.01 0.3711.05 No1.10

153 23.44 1.35 0.40 0.95 0.93 0.360 0.342 1.01 0.3721.05 No1.10

154 23.53 1.36 0.41 0.95 0.93 0.361 0.342 1.01 0.3721.05 No1.10

155 23.65 1.37 0.41 0.96 0.92 0.361 0.342 1.01 0.3721.05 No1.10

156 23.74 1.37 0.41 0.96 0.92 0.361 0.342 1.01 0.3721.05 No1.10

157 23.84 1.38 0.42 0.96 0.92 0.361 0.343 1.01 0.3731.05 No1.10

158 23.96 1.39 0.42 0.97 0.92 0.362 0.343 1.01 0.3741.05 No1.10

159 24.06 1.39 0.42 0.97 0.92 0.362 0.343 1.01 0.3741.05 No1.10

160 24.17 1.40 0.43 0.97 0.92 0.362 0.344 1.01 0.3741.05 No1.10

161 24.26 1.40 0.43 0.98 0.92 0.363 0.344 1.01 0.3741.05 No1.10

162 24.38 1.41 0.43 0.98 0.92 0.363 0.344 1.01 0.3741.05 No1.10

163 24.48 1.42 0.44 0.98 0.92 0.363 0.344 1.01 0.3741.05 No1.10

164 24.60 1.43 0.44 0.99 0.92 0.363 0.345 1.01 0.3741.05 No1.10

165 24.69 1.43 0.44 0.99 0.92 0.364 0.345 1.01 0.3751.05 No1.10

166 24.81 1.44 0.45 0.99 0.92 0.364 0.345 1.01 0.3761.05 No1.10

167 24.90 1.45 0.45 1.00 0.92 0.364 0.345 1.01 0.3751.05 No1.10

168 25.02 1.45 0.45 1.00 0.92 0.364 0.346 1.02 0.3741.05 No1.10

169 25.11 1.46 0.46 1.00 0.92 0.365 0.346 1.02 0.3741.05 No1.10

170 25.22 1.47 0.46 1.01 0.92 0.365 0.346 1.01 0.3751.05 No1.10

171 25.33 1.47 0.46 1.01 0.92 0.365 0.346 1.01 0.3761.05 No1.10

172 25.50 1.48 0.47 1.01 0.92 0.366 0.347 1.01 0.3771.05 No1.10

173 25.60 1.48 0.47 1.01 0.92 0.367 0.348 1.01 0.3771.05 No1.10

Depth:
σv:
u0:
σv':
rd:
CSR:
MSF:
CSReq:
Kσ:
CSR*:

Depth from free surface, at which CPT was performed (ft)
Total overburden pressure at test point (tsf)
Water pressure at test point (tsf)
Effective overburden pressure based on GWT during earthquake (tsf)
Nonlinear shear mass factor
Cyclic Stress Ratio
Magnitude Scaling Factor
CSR adjusted for M=7.5
Effective overburden stress factor
CSR fully adjusted

Abbreviations
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:: Cyclic Resistance Ratio (CRR) calculation data ::

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

1 128.74 6.00 1.34 0.32 1.70 207.46 0.51 4.000 No No2.27 2.00207.97

2 122.27 11.23 1.71 0.28 1.70 205.57 31.41 4.000 No No2.46 2.00236.98

3 113.65 12.68 1.79 0.31 1.70 178.19 39.21 4.000 No No2.65 2.00217.40

4 103.74 14.33 1.87 0.31 1.70 164.02 47.39 4.000 No No2.85 2.00211.41

5 94.12 15.27 1.92 0.32 1.70 157.82 51.14 4.000 No No2.98 2.00208.95

6 84.43 16.06 1.96 0.36 1.70 131.78 49.00 4.000 No No3.13 2.00180.78

7 77.41 16.31 1.97 0.38 1.70 117.35 46.66 4.000 No No3.28 2.00164.01

8 76.01 15.75 1.94 0.37 1.70 123.96 46.02 4.000 No No3.43 2.00169.98

9 74.36 15.01 1.91 0.37 1.70 125.04 43.17 4.000 No No3.57 2.00168.21

10 66.30 15.50 1.93 0.40 1.70 109.39 41.90 4.000 No No3.71 2.00151.30

11 51.38 18.17 2.05 0.44 1.70 85.11 44.25 4.000 No No3.86 2.00129.37

12 38.79 22.30 2.22 0.51 1.70 53.15 41.90 4.000 No No3.95 2.0095.05

13 28.49 27.40 2.40 0.51 1.70 48.69 44.22 4.000 No No4.11 2.0092.91

14 24.77 29.04 2.46 0.56 1.70 35.48 40.54 4.000 No No4.24 2.0076.01

15 22.47 29.85 2.48 0.56 1.70 35.21 40.71 4.000 No No4.36 2.0075.92

16 22.19 29.44 2.47 0.55 1.70 37.63 41.39 4.000 No No4.48 2.0079.03

17 21.27 29.75 2.48 0.56 1.70 34.13 40.32 4.000 No No4.62 2.0074.45

18 21.58 28.55 2.44 0.57 1.70 30.75 38.80 4.000 No No4.75 2.0069.55

19 28.55 23.26 2.26 0.55 1.70 39.12 38.53 4.000 No No4.87 2.0077.65

20 36.19 19.86 2.12 0.48 1.70 67.71 42.90 4.000 No No5.00 2.00110.61

21 38.54 19.12 2.09 0.48 1.70 67.58 41.58 4.000 No No5.14 2.00109.15

22 34.20 20.24 2.14 0.52 1.70 50.45 38.63 4.000 No No5.27 2.0089.08

23 33.14 19.16 2.10 0.54 1.70 46.81 36.04 4.000 No No5.42 2.0082.85

24 35.40 16.77 1.99 0.50 1.70 62.45 35.27 4.000 No No5.55 2.0097.72

25 38.82 14.78 1.90 0.52 1.70 61.37 29.44 4.000 No No5.69 2.0090.82

26 40.16 14.32 1.87 0.52 1.70 63.26 28.28 4.000 No No5.84 2.0091.55

27 43.63 13.96 1.85 0.50 1.70 68.93 28.05 4.000 No No5.97 2.0096.97

28 47.80 13.81 1.85 0.48 1.70 78.10 29.12 4.000 No No6.12 2.00107.22

29 52.19 14.04 1.86 0.47 1.70 83.36 31.00 4.000 No No6.25 2.00114.36

30 51.55 15.59 1.94 0.44 1.70 90.10 38.09 4.000 No No6.40 2.00128.19

31 45.37 18.28 2.06 0.46 1.70 75.00 41.88 4.000 No No6.53 2.00116.88

32 36.61 21.49 2.19 0.51 1.70 53.55 41.12 4.000 No No6.68 2.0094.67

33 33.14 21.91 2.21 0.53 1.70 47.88 39.92 4.000 No No6.82 2.0087.80

34 33.67 20.41 2.15 0.50 1.70 58.27 41.09 4.000 No No6.96 2.0099.36

35 31.37 21.00 2.17 0.50 1.70 56.11 41.27 4.000 No No7.10 2.0097.39

36 25.02 25.28 2.33 0.56 1.70 36.82 39.24 4.000 No No7.33 2.0076.06

37 17.85 32.26 2.56 0.58 1.70 27.65 38.78 4.000 No No7.47 2.0066.43

38 13.82 38.22 2.73 0.61 1.70 21.58 0.00 4.000 No Yes7.60 2.0021.58

39 11.31 43.18 2.86 0.63 1.70 17.40 0.00 4.000 No Yes7.75 2.0017.40

40 9.96 46.28 2.94 0.63 1.70 15.51 0.00 4.000 No Yes7.89 2.0015.51

41 9.74 46.36 2.94 0.64 1.70 15.11 0.00 4.000 No Yes8.03 2.0015.11

42 11.87 40.49 2.79 0.63 1.70 16.32 0.00 4.000 No Yes8.15 2.0016.32

43 22.34 26.88 2.39 0.60 1.70 25.76 36.50 4.000 No No8.30 2.0062.26

44 29.53 22.58 2.23 0.48 1.66 63.99 45.47 4.000 No No8.44 2.00109.46

45 31.37 22.69 2.24 0.51 1.70 50.99 41.64 4.000 No No8.58 2.0092.63

46 23.20 29.00 2.46 0.56 1.70 34.67 40.26 4.000 No No8.73 2.0074.92

47 16.71 36.03 2.67 0.59 1.70 26.17 0.00 4.000 No Yes8.87 2.0026.17

48 13.24 40.76 2.80 0.61 1.70 19.69 0.00 4.000 No Yes9.00 2.0019.69
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:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

49 10.97 43.68 2.88 0.62 1.70 17.94 0.00 4.000 No Yes9.15 2.0017.94

50 9.18 44.95 2.91 0.64 1.70 15.24 0.00 4.000 No Yes9.28 2.0015.24

51 6.88 47.61 2.97 0.66 1.70 11.06 0.00 4.000 No Yes9.43 2.0011.06

52 4.90 51.48 3.06 0.68 1.70 6.88 0.00 4.000 No Yes9.55 2.006.88

53 4.25 53.22 3.10 0.69 1.70 5.67 0.00 4.000 No Yes9.71 2.005.67

54 4.53 52.06 3.08 0.67 1.70 7.96 0.00 4.000 No Yes9.84 2.007.96

55 4.98 50.46 3.04 0.67 1.70 8.23 0.00 4.000 No Yes9.98 2.008.23

56 5.04 50.49 3.04 0.67 1.70 7.82 0.00 4.000 No Yes10.13 2.007.82

57 5.12 50.35 3.04 0.67 1.70 8.23 0.00 4.000 No Yes10.26 2.008.23

58 5.63 49.05 3.01 0.67 1.70 8.63 0.00 4.000 No Yes10.41 2.008.63

59 6.05 48.06 2.98 0.66 1.69 10.21 0.00 0.600 No Yes10.68 2.0010.21

60 6.33 47.38 2.97 0.66 1.69 10.17 0.00 0.626 No Yes10.83 2.0010.17

61 6.38 47.63 2.97 0.66 1.68 9.88 0.00 0.628 No Yes10.96 2.009.88

62 6.47 48.44 2.99 0.66 1.67 10.36 0.00 0.632 No Yes11.11 2.0010.36

63 6.47 49.00 3.01 0.66 1.67 10.45 0.00 0.628 No Yes11.23 2.0010.45

64 5.83 50.88 3.05 0.66 1.67 9.78 0.00 0.556 No Yes11.38 1.889.78

65 5.07 52.43 3.09 0.68 1.68 7.32 0.00 0.474 No Yes11.51 1.597.32

66 4.51 53.67 3.11 0.68 1.68 6.91 0.00 0.413 No Yes11.66 1.386.91

67 4.43 53.17 3.10 0.68 1.67 7.15 0.00 0.402 No Yes11.79 1.337.15

68 4.40 53.32 3.11 0.68 1.66 6.87 0.00 0.396 No Yes11.93 1.316.87

69 4.31 53.66 3.11 0.68 1.66 6.72 0.00 0.385 No Yes12.07 1.266.72

70 4.29 53.09 3.10 0.68 1.66 6.70 0.00 0.380 No Yes12.21 1.246.70

71 4.45 50.56 3.04 0.68 1.65 6.68 0.00 0.395 No Yes12.35 1.286.68

72 4.59 48.14 2.99 0.68 1.64 7.42 0.00 0.406 No Yes12.48 1.317.42

73 4.48 47.80 2.98 0.68 1.64 7.28 0.00 0.393 No Yes12.63 1.267.28

74 4.26 48.73 3.00 0.68 1.64 6.12 0.00 0.368 No Yes12.77 1.176.12

75 4.01 49.18 3.01 0.68 1.64 6.36 0.00 0.341 No Yes12.91 1.086.36

76 3.95 47.05 2.96 0.68 1.63 6.09 0.00 0.334 No Yes13.06 1.056.09

77 3.89 43.05 2.86 0.69 1.63 5.83 0.00 0.326 No Yes13.18 1.025.83

78 4.06 38.98 2.75 0.69 1.63 6.07 0.00 0.341 No Yes13.33 1.066.07

79 4.20 38.08 2.73 0.68 1.62 6.81 0.00 0.354 No Yes13.46 1.106.81

80 3.95 42.72 2.85 0.68 1.62 6.42 0.00 0.327 No Yes13.61 1.016.42

81 6.16 40.72 2.80 0.69 1.63 4.90 0.00 0.543 No Yes13.67 1.674.90

82 17.58 25.78 2.35 0.64 1.56 16.31 32.94 0.077 No No13.94 0.2549.25

83 31.29 20.59 2.15 0.52 1.42 51.75 39.48 0.129 No No14.13 0.4191.23

84 38.62 18.99 2.09 0.50 1.41 58.86 39.01 0.139 No No14.28 0.4597.87

85 32.35 20.84 2.16 0.54 1.43 44.86 37.82 0.116 No No14.40 0.3782.68

86 21.97 25.29 2.33 0.59 1.48 27.48 36.26 0.092 No No14.59 0.2963.74

87 17.10 27.73 2.42 0.63 1.51 18.79 34.56 0.081 No No14.74 0.2553.35

88 22.53 23.98 2.28 0.60 1.48 25.80 34.94 0.089 No No14.91 0.2860.74

89 47.63 16.02 1.96 0.55 1.42 48.34 30.15 0.111 No No15.07 0.3478.50

90 90.42 11.45 1.72 0.43 1.32 110.11 22.35 0.210 No No15.23 0.66132.46

91 145.39 8.92 1.56 0.35 1.25 172.83 11.16 0.608 No No15.41 1.98184.00

92 194.19 7.86 1.49 0.29 1.19 226.61 6.38 4.000 No No15.56 2.00232.99

93 227.83 7.51 1.46 0.26 1.17 260.65 5.15 4.000 No No15.73 2.00265.80

94 242.36 7.61 1.47 0.26 1.17 274.22 5.91 4.000 No No15.90 2.00280.14

95 247.51 7.66 1.47 0.26 1.17 269.86 6.10 4.000 No No16.06 2.00275.96

96 254.09 7.57 1.47 0.26 1.17 275.74 5.71 4.000 No No16.23 2.00281.45
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:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

97 258.42 7.58 1.47 0.26 1.16 293.92 6.02 4.000 No No16.39 2.00299.94

98 251.96 7.89 1.49 0.26 1.16 282.12 7.71 4.000 No No16.57 2.00289.83

99 230.86 8.54 1.54 0.26 1.16 252.58 11.56 4.000 No No16.72 2.00264.14

100 212.97 8.93 1.56 0.28 1.17 224.90 13.49 4.000 No No16.88 2.00238.39

101 226.97 8.58 1.54 0.29 1.16 223.88 10.82 4.000 No No17.19 2.00234.70

102 258.65 8.01 1.50 0.26 1.15 295.78 8.85 4.000 No No17.37 2.00304.63

103 297.16 7.62 1.47 0.26 1.14 323.56 6.73 4.000 No No17.52 2.00330.29

104 318.82 7.39 1.45 0.26 1.14 344.42 5.67 4.000 No No17.69 2.00350.09

105 328.61 7.18 1.44 0.26 1.14 363.66 4.72 4.000 No No17.86 2.00368.38

106 330.27 7.04 1.43 0.26 1.14 352.88 3.87 4.000 No No18.01 2.00356.75

107 325.23 7.18 1.44 0.26 1.13 347.36 4.53 4.000 No No18.18 2.00351.89

108 321.03 7.56 1.47 0.26 1.13 345.08 6.71 4.000 No No18.34 2.00351.79

109 314.01 8.09 1.50 0.26 1.13 337.20 10.49 4.000 No No18.47 2.00347.70

110 302.76 8.65 1.54 0.26 1.13 322.96 14.94 4.000 No No18.59 2.00337.89

111 289.19 9.08 1.57 0.26 1.13 307.41 18.53 4.000 No No18.71 2.00325.94

112 275.59 9.37 1.59 0.26 1.12 292.27 20.67 4.000 No No18.84 2.00312.94

113 262.12 9.57 1.60 0.26 1.12 278.09 21.83 4.000 No No18.96 2.00299.92

114 249.19 9.63 1.61 0.26 1.12 263.12 21.50 4.000 No No19.09 2.00284.62

115 237.21 9.55 1.60 0.26 1.12 249.81 19.93 4.000 No No19.23 2.00269.74

116 228.79 9.31 1.59 0.26 1.12 238.80 17.21 4.000 No No19.35 2.00256.01

117 227.73 8.94 1.56 0.27 1.12 235.75 13.98 4.000 No No19.47 2.00249.74

118 232.37 8.57 1.54 0.26 1.11 245.31 11.52 4.000 No No19.59 2.00256.84

119 235.70 8.39 1.52 0.26 1.11 252.35 10.39 4.000 No No19.72 2.00262.74

120 229.43 8.67 1.54 0.26 1.11 244.67 12.24 4.000 No No19.84 2.00256.90

121 213.68 8.93 1.56 0.28 1.11 225.95 13.50 4.000 No No19.96 2.00239.45

122 195.46 9.05 1.57 0.31 1.12 205.07 13.44 3.195 No No20.08 2.00218.51

123 176.34 9.05 1.57 0.32 1.13 190.86 12.83 1.358 No No20.21 2.00203.69

124 162.38 9.18 1.58 0.35 1.14 169.55 12.70 0.574 No No20.27 1.65182.25

125 148.10 10.07 1.64 0.36 1.14 162.78 18.41 0.556 No No20.45 1.58181.20

126 136.88 11.49 1.72 0.37 1.14 146.73 26.78 0.446 No No20.54 1.26173.51

127 124.88 13.66 1.84 0.37 1.14 133.24 38.09 0.421 No No20.65 1.19171.33

128 115.89 15.66 1.94 0.37 1.14 124.17 45.71 0.406 No No20.75 1.14169.88

129 103.52 17.59 2.03 0.37 1.14 117.40 50.91 0.391 No No20.84 1.09168.31

130 90.12 19.30 2.10 0.41 1.15 94.21 49.15 0.244 No No20.95 0.68143.36

131 81.88 19.92 2.13 0.44 1.16 82.31 47.07 0.201 No No21.05 0.56129.37

132 84.57 18.52 2.07 0.42 1.15 91.77 46.80 0.228 No No21.15 0.63138.58

133 90.25 16.84 1.99 0.41 1.15 102.24 44.91 0.259 No No21.27 0.72147.15

134 90.36 16.31 1.97 0.42 1.15 99.72 42.64 0.241 No No21.36 0.67142.36

135 84.31 17.28 2.01 0.43 1.15 91.83 43.69 0.218 No No21.46 0.60135.52

136 78.91 18.56 2.07 0.44 1.15 83.11 44.60 0.197 No No21.57 0.54127.70

137 74.83 19.13 2.09 0.44 1.15 82.41 45.60 0.198 No No21.66 0.54128.02

138 68.25 19.65 2.12 0.45 1.15 78.62 45.57 0.189 No No21.76 0.52124.19

139 56.94 21.48 2.19 0.49 1.16 62.13 43.63 0.152 No No21.88 0.42105.77

140 48.54 24.34 2.30 0.53 1.17 46.49 41.66 0.124 No No21.97 0.3488.15

141 49.97 24.70 2.31 0.51 1.17 51.79 43.60 0.135 No No22.09 0.3795.39

142 57.07 23.31 2.26 0.47 1.15 66.17 46.89 0.166 No No22.18 0.45113.06

143 60.31 23.03 2.25 0.47 1.15 68.48 47.31 0.171 No No22.29 0.47115.80

144 56.85 24.51 2.30 0.48 1.15 61.64 46.55 0.157 No No22.40 0.43108.19
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:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

145 54.84 25.35 2.33 0.50 1.15 54.97 45.07 0.143 No No22.50 0.39100.04

146 61.07 23.31 2.26 0.48 1.15 61.89 45.57 0.155 No No22.61 0.42107.46

147 78.04 19.23 2.10 0.45 1.13 80.64 45.33 0.193 No No22.70 0.52125.97

148 95.15 16.43 1.98 0.40 1.12 106.97 44.71 0.279 No No22.81 0.76151.68

149 105.41 15.18 1.92 0.39 1.11 114.12 41.64 0.300 No No22.91 0.81155.76

150 104.37 15.56 1.93 0.40 1.11 111.55 42.58 0.292 No No23.02 0.79154.12

151 96.66 17.16 2.01 0.40 1.11 103.30 46.14 0.269 No No23.13 0.73149.43

152 86.81 19.35 2.10 0.42 1.12 90.02 48.11 0.226 No No23.22 0.61138.13

153 81.41 21.09 2.17 0.44 1.12 80.85 48.56 0.201 No No23.44 0.54129.41

154 91.80 20.10 2.13 0.43 1.11 86.26 48.49 0.216 No No23.53 0.58134.75

155 104.55 18.77 2.08 0.36 1.09 120.28 54.93 0.467 No No23.65 1.25175.21

156 108.07 18.42 2.06 0.37 1.09 118.60 53.58 0.430 No No23.74 1.16172.18

157 95.14 20.04 2.13 0.41 1.10 96.37 51.22 0.261 No No23.84 0.70147.59

158 88.09 20.94 2.17 0.44 1.11 81.27 48.46 0.202 No No23.96 0.54129.73

159 94.67 19.46 2.11 0.41 1.10 97.10 50.29 0.260 No No24.06 0.69147.39

160 112.57 16.29 1.97 0.38 1.09 115.71 46.22 0.339 No No24.17 0.91161.92

161 131.74 13.73 1.84 0.37 1.08 134.63 38.70 0.444 No No24.26 1.19173.34

162 150.43 12.28 1.77 0.35 1.08 154.02 33.00 0.674 No No24.38 1.80187.02

163 164.23 12.41 1.77 0.32 1.07 170.36 36.22 1.574 No No24.48 2.00206.58

164 167.20 13.62 1.84 0.31 1.06 173.96 44.93 3.277 No No24.60 2.00218.89

165 163.48 15.13 1.91 0.31 1.07 161.30 51.17 2.188 No No24.69 2.00212.47

166 166.20 15.88 1.95 0.31 1.06 158.19 54.13 2.169 No No24.81 2.00212.33

167 193.78 15.02 1.91 0.29 1.06 180.78 54.58 4.000 No No24.90 2.00235.36

168 225.59 13.81 1.85 0.26 1.05 241.29 58.05 4.000 No No25.02 2.00299.34

169 251.39 10.53 1.66 0.26 1.05 250.79 29.37 4.000 No No25.11 2.00280.16

170 321.14 5.44 1.29 0.26 1.05 256.18 0.16 4.000 No No25.22 2.00256.34

171 459.49 -1.00 N/A 0.26 1.05 448.02 0.00 4.000 No No25.33 2.00448.02

172 595.96 -1.00 N/A 0.26 1.05 661.33 0.00 4.000 No No25.50 2.00661.33

173 699.17 -1.00 N/A 0.26 1.05 707.62 0.00 4.000 No No25.60 2.00707.62

Abbreviations
Depth:
qt:
FC:
Ic:
m:
CN:
qc1N:
∆qc1N:
qc1N,cs:
CRR7.5:
FS:

Depth from free surface, at which CPT was performed (ft)
Total cone resistance
Fines content (%)
Soil behavior type index
Stress exponent
Overburden correction factor
Normalized and adjusted cone resistance
Cone resistance correction factor due to fines
Normalized and adjusted cone resistance
Cyclic resistance ratio for Mw=7.5
Factor of safety against soil liquefaction
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:: Liquefaction Potential Index calculation data ::

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

2.27 2.00 0.00 9.65 0.18 0.00 2.46 2.00 0.00 9.63 0.18 0.00

2.65 2.00 0.00 9.60 0.20 0.00 2.85 2.00 0.00 9.57 0.20 0.00

2.98 2.00 0.00 9.55 0.13 0.00 3.13 2.00 0.00 9.52 0.16 0.00

3.28 2.00 0.00 9.50 0.14 0.00 3.43 2.00 0.00 9.48 0.15 0.00

3.57 2.00 0.00 9.46 0.14 0.00 3.71 2.00 0.00 9.43 0.14 0.00

3.86 2.00 0.00 9.41 0.14 0.00 3.95 2.00 0.00 9.40 0.09 0.00

4.11 2.00 0.00 9.37 0.16 0.00 4.24 2.00 0.00 9.35 0.13 0.00

4.36 2.00 0.00 9.34 0.12 0.00 4.48 2.00 0.00 9.32 0.12 0.00

4.62 2.00 0.00 9.30 0.14 0.00 4.75 2.00 0.00 9.28 0.13 0.00

4.87 2.00 0.00 9.26 0.12 0.00 5.00 2.00 0.00 9.24 0.13 0.00

5.14 2.00 0.00 9.22 0.15 0.00 5.27 2.00 0.00 9.20 0.13 0.00

5.42 2.00 0.00 9.17 0.15 0.00 5.55 2.00 0.00 9.15 0.13 0.00

5.69 2.00 0.00 9.13 0.14 0.00 5.84 2.00 0.00 9.11 0.15 0.00

5.97 2.00 0.00 9.09 0.13 0.00 6.12 2.00 0.00 9.07 0.15 0.00

6.25 2.00 0.00 9.05 0.14 0.00 6.40 2.00 0.00 9.03 0.14 0.00

6.53 2.00 0.00 9.00 0.14 0.00 6.68 2.00 0.00 8.98 0.15 0.00

6.82 2.00 0.00 8.96 0.14 0.00 6.96 2.00 0.00 8.94 0.14 0.00

7.10 2.00 0.00 8.92 0.13 0.00 7.33 2.00 0.00 8.88 0.23 0.00

7.47 2.00 0.00 8.86 0.14 0.00 7.60 2.00 0.00 8.84 0.13 0.00

7.75 2.00 0.00 8.82 0.15 0.00 7.89 2.00 0.00 8.80 0.14 0.00

8.03 2.00 0.00 8.78 0.14 0.00 8.15 2.00 0.00 8.76 0.12 0.00

8.30 2.00 0.00 8.73 0.15 0.00 8.44 2.00 0.00 8.71 0.14 0.00

8.58 2.00 0.00 8.69 0.14 0.00 8.73 2.00 0.00 8.67 0.15 0.00

8.87 2.00 0.00 8.65 0.14 0.00 9.00 2.00 0.00 8.63 0.14 0.00

9.15 2.00 0.00 8.61 0.15 0.00 9.28 2.00 0.00 8.59 0.13 0.00

9.43 2.00 0.00 8.56 0.15 0.00 9.55 2.00 0.00 8.54 0.12 0.00

9.71 2.00 0.00 8.52 0.16 0.00 9.84 2.00 0.00 8.50 0.14 0.00

9.98 2.00 0.00 8.48 0.14 0.00 10.13 2.00 0.00 8.46 0.15 0.00

10.26 2.00 0.00 8.44 0.13 0.00 10.41 2.00 0.00 8.41 0.14 0.00

10.68 2.00 0.00 8.37 0.28 0.00 10.83 2.00 0.00 8.35 0.15 0.00

10.96 2.00 0.00 8.33 0.13 0.00 11.11 2.00 0.00 8.31 0.15 0.00

11.23 2.00 0.00 8.29 0.13 0.00 11.38 1.88 0.00 8.27 0.15 0.00

11.51 1.59 0.00 8.25 0.13 0.00 11.66 1.38 0.00 8.22 0.15 0.00

11.79 1.33 0.00 8.20 0.13 0.00 11.93 1.31 0.00 8.18 0.15 0.00

12.07 1.26 0.00 8.16 0.14 0.00 12.21 1.24 0.00 8.14 0.14 0.00

12.35 1.28 0.00 8.12 0.14 0.00 12.48 1.31 0.00 8.10 0.13 0.00

12.63 1.26 0.00 8.08 0.14 0.00 12.77 1.17 0.00 8.05 0.14 0.00

12.91 1.08 0.00 8.03 0.14 0.00 13.06 1.05 0.00 8.01 0.15 0.00

13.18 1.02 0.00 7.99 0.13 0.00 13.33 1.06 0.00 7.97 0.15 0.00

13.46 1.10 0.00 7.95 0.13 0.00 13.61 1.01 0.00 7.93 0.15 0.00

13.67 1.67 0.00 7.92 0.06 0.00 13.94 0.25 0.75 7.87 0.27 0.50

14.13 0.41 0.59 7.85 0.19 0.26 14.28 0.45 0.55 7.82 0.15 0.20

14.40 0.37 0.63 7.80 0.12 0.19 14.59 0.29 0.71 7.78 0.18 0.31

14.74 0.25 0.75 7.75 0.15 0.27 14.91 0.28 0.72 7.73 0.17 0.29

15.07 0.34 0.66 7.70 0.16 0.25 15.23 0.66 0.34 7.68 0.16 0.12

15.41 1.98 0.00 7.65 0.18 0.00 15.56 2.00 0.00 7.63 0.15 0.00

15.73 2.00 0.00 7.60 0.17 0.00 15.90 2.00 0.00 7.58 0.17 0.00

16.06 2.00 0.00 7.55 0.16 0.00 16.23 2.00 0.00 7.53 0.17 0.00
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:: Liquefaction Potential Index calculation data :: (continued)

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

16.39 2.00 0.00 7.50 0.16 0.00 16.57 2.00 0.00 7.48 0.18 0.00

16.72 2.00 0.00 7.45 0.15 0.00 16.88 2.00 0.00 7.43 0.16 0.00

17.19 2.00 0.00 7.38 0.32 0.00 17.37 2.00 0.00 7.35 0.18 0.00

17.52 2.00 0.00 7.33 0.15 0.00 17.69 2.00 0.00 7.30 0.17 0.00

17.86 2.00 0.00 7.28 0.17 0.00 18.01 2.00 0.00 7.26 0.15 0.00

18.18 2.00 0.00 7.23 0.17 0.00 18.34 2.00 0.00 7.21 0.16 0.00

18.47 2.00 0.00 7.19 0.13 0.00 18.59 2.00 0.00 7.17 0.12 0.00

18.71 2.00 0.00 7.15 0.12 0.00 18.84 2.00 0.00 7.13 0.13 0.00

18.96 2.00 0.00 7.11 0.12 0.00 19.09 2.00 0.00 7.09 0.13 0.00

19.23 2.00 0.00 7.07 0.13 0.00 19.35 2.00 0.00 7.05 0.12 0.00

19.47 2.00 0.00 7.03 0.12 0.00 19.59 2.00 0.00 7.01 0.12 0.00

19.72 2.00 0.00 7.00 0.12 0.00 19.84 2.00 0.00 6.98 0.12 0.00

19.96 2.00 0.00 6.96 0.12 0.00 20.08 2.00 0.00 6.94 0.12 0.00

20.21 2.00 0.00 6.92 0.13 0.00 20.27 1.65 0.00 6.91 0.05 0.00

20.45 1.58 0.00 6.88 0.18 0.00 20.54 1.26 0.00 6.87 0.09 0.00

20.65 1.19 0.00 6.85 0.11 0.00 20.75 1.14 0.00 6.84 0.10 0.00

20.84 1.09 0.00 6.82 0.09 0.00 20.95 0.68 0.32 6.81 0.11 0.08

21.05 0.56 0.44 6.79 0.10 0.09 21.15 0.63 0.37 6.78 0.10 0.08

21.27 0.72 0.28 6.76 0.11 0.07 21.36 0.67 0.33 6.75 0.09 0.06

21.46 0.60 0.40 6.73 0.10 0.08 21.57 0.54 0.46 6.71 0.11 0.10

21.66 0.54 0.46 6.70 0.09 0.09 21.76 0.52 0.48 6.68 0.10 0.10

21.88 0.42 0.58 6.67 0.11 0.14 21.97 0.34 0.66 6.65 0.09 0.12

22.09 0.37 0.63 6.63 0.12 0.15 22.18 0.45 0.55 6.62 0.09 0.11

22.29 0.47 0.53 6.60 0.11 0.12 22.40 0.43 0.57 6.59 0.10 0.12

22.50 0.39 0.61 6.57 0.10 0.12 22.61 0.42 0.58 6.55 0.11 0.13

22.70 0.52 0.48 6.54 0.10 0.09 22.81 0.76 0.24 6.52 0.11 0.05

22.91 0.81 0.19 6.51 0.10 0.04 23.02 0.79 0.21 6.49 0.11 0.04

23.13 0.73 0.27 6.48 0.11 0.06 23.22 0.61 0.39 6.46 0.10 0.07

23.44 0.54 0.46 6.43 0.21 0.19 23.53 0.58 0.42 6.41 0.09 0.08

23.65 1.25 0.00 6.40 0.12 0.00 23.74 1.16 0.00 6.38 0.09 0.00

23.84 0.70 0.30 6.37 0.10 0.06 23.96 0.54 0.46 6.35 0.12 0.10

24.06 0.69 0.31 6.33 0.10 0.06 24.17 0.91 0.09 6.32 0.11 0.02

24.26 1.19 0.00 6.30 0.09 0.00 24.38 1.80 0.00 6.28 0.12 0.00

24.48 2.00 0.00 6.27 0.10 0.00 24.60 2.00 0.00 6.25 0.11 0.00

24.69 2.00 0.00 6.24 0.09 0.00 24.81 2.00 0.00 6.22 0.12 0.00

24.90 2.00 0.00 6.20 0.09 0.00 25.02 2.00 0.00 6.19 0.11 0.00

25.11 2.00 0.00 6.17 0.10 0.00 25.22 2.00 0.00 6.16 0.11 0.00

25.33 2.00 0.00 6.14 0.10 0.00 25.50 2.00 0.00 6.11 0.17 0.00

25.60 2.00 0.00 6.10 0.10 0.00

Abbreviations

Overall liquefaction potential: 5.00

LPI = 0.00 - Liquefaction risk very low
LPI between 0.00 and 5.00 - Liquefaction risk low
LPI between 5.00 and 15.00 - Liquefaction risk high
LPI > 15.00 - Liquefaction risk very high

FS:
FL:
wz:
dz:
LPI:

Calculated factor of safety for test point
1 - FS
Function value of the extend of soil liquefaction according to depth
Layer thickness (ft)
Liquefaction potential index value for test point
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Abbreviations
qt:
Ic:
FS:
Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index
Calculated Factor of Safety against liquefaction
Post-liquefaction volumentric strain



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT3

::  Post-earthquake settlement due to soil liquefaction ::

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

10.68 10.21 2.00 0.00 0.001.00 10.83 10.17 2.00 0.00 0.001.00

10.96 9.88 2.00 0.00 0.001.00 11.11 10.36 2.00 0.00 0.001.00

11.23 10.45 2.00 0.00 0.001.00 11.38 9.78 1.88 0.00 0.001.00

11.51 7.32 1.59 0.00 0.001.00 11.66 6.91 1.38 0.00 0.001.00

11.79 7.15 1.33 0.00 0.001.00 11.93 6.87 1.31 0.00 0.001.00

12.07 6.72 1.26 0.00 0.001.00 12.21 6.70 1.24 0.00 0.001.00

12.35 6.68 1.28 0.00 0.001.00 12.48 7.42 1.31 0.00 0.001.00

12.63 7.28 1.26 0.00 0.001.00 12.77 6.12 1.17 0.00 0.001.00

12.91 6.36 1.08 0.00 0.001.00 13.06 6.09 1.05 0.00 0.001.00

13.18 5.83 1.02 0.00 0.001.00 13.33 6.07 1.06 0.00 0.001.00

13.46 6.81 1.10 0.00 0.001.00 13.61 6.42 1.01 0.00 0.001.00

13.67 4.90 1.67 0.00 0.001.00 13.94 49.25 0.25 6.22 0.201.00

14.13 91.23 0.41 3.52 0.081.00 14.28 97.87 0.45 3.28 0.061.00

14.40 82.68 0.37 3.88 0.061.00 14.59 63.74 0.29 4.96 0.111.00

14.74 53.35 0.25 5.80 0.111.00 14.91 60.74 0.28 5.18 0.111.00

15.07 78.50 0.34 4.08 0.081.00 15.23 132.46 0.66 2.38 0.041.00

15.41 184.00 1.98 0.01 0.001.00 15.56 232.99 2.00 0.00 0.001.00

15.73 265.80 2.00 0.00 0.001.00 15.90 280.14 2.00 0.00 0.001.00

16.06 275.96 2.00 0.00 0.001.00 16.23 281.45 2.00 0.00 0.001.00

16.39 299.94 2.00 0.00 0.001.00 16.57 289.83 2.00 0.00 0.001.00

16.72 264.14 2.00 0.00 0.001.00 16.88 238.39 2.00 0.00 0.001.00

17.19 234.70 2.00 0.00 0.001.00 17.37 304.63 2.00 0.00 0.001.00

17.52 330.29 2.00 0.00 0.001.00 17.69 350.09 2.00 0.00 0.001.00

17.86 368.38 2.00 0.00 0.001.00 18.01 356.75 2.00 0.00 0.001.00

18.18 351.89 2.00 0.00 0.001.00 18.34 351.79 2.00 0.00 0.001.00

18.47 347.70 2.00 0.00 0.001.00 18.59 337.89 2.00 0.00 0.001.00

18.71 325.94 2.00 0.00 0.001.00 18.84 312.94 2.00 0.00 0.001.00

18.96 299.92 2.00 0.00 0.001.00 19.09 284.62 2.00 0.00 0.001.00

19.23 269.74 2.00 0.00 0.001.00 19.35 256.01 2.00 0.00 0.001.00

19.47 249.74 2.00 0.00 0.001.00 19.59 256.84 2.00 0.00 0.001.00

19.72 262.74 2.00 0.00 0.001.00 19.84 256.90 2.00 0.00 0.001.00

19.96 239.45 2.00 0.00 0.001.00 20.08 218.51 2.00 0.00 0.001.00

20.21 203.69 2.00 0.00 0.001.00 20.27 182.25 1.65 0.17 0.001.00

20.45 181.20 1.58 0.20 0.001.00 20.54 173.51 1.26 0.45 0.001.00

20.65 171.33 1.19 0.54 0.011.00 20.75 169.88 1.14 0.59 0.011.00

20.84 168.31 1.09 0.66 0.011.00 20.95 143.36 0.68 2.18 0.031.00

21.05 129.37 0.56 2.45 0.031.00 21.15 138.58 0.63 2.27 0.031.00

21.27 147.15 0.72 1.96 0.031.00 21.36 142.36 0.67 2.20 0.021.00

21.46 135.52 0.60 2.33 0.031.00 21.57 127.70 0.54 2.48 0.031.00

21.66 128.02 0.54 2.48 0.031.00 21.76 124.19 0.52 2.56 0.031.00

21.88 105.77 0.42 3.03 0.041.00 21.97 88.15 0.34 3.65 0.041.00

22.09 95.39 0.37 3.37 0.051.00 22.18 113.06 0.45 2.83 0.031.00

22.29 115.80 0.47 2.76 0.041.00 22.40 108.19 0.43 2.96 0.041.00

22.50 100.04 0.39 3.21 0.041.00 22.61 107.46 0.42 2.98 0.041.00

22.70 125.97 0.52 2.52 0.031.00 22.81 151.68 0.76 1.62 0.021.00

22.91 155.76 0.81 1.33 0.021.00 23.02 154.12 0.79 1.44 0.021.00

23.13 149.43 0.73 1.84 0.021.00 23.22 138.13 0.61 2.28 0.031.00

23.44 129.41 0.54 2.45 0.061.00 23.53 134.75 0.58 2.34 0.031.00
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT3

:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

23.65 175.21 1.25 0.46 0.011.00 23.74 172.18 1.16 0.57 0.011.00

23.84 147.59 0.70 2.07 0.021.00 23.96 129.73 0.54 2.44 0.031.00

24.06 147.39 0.69 2.10 0.031.00 24.17 161.92 0.91 1.01 0.011.00

24.26 173.34 1.19 0.53 0.011.00 24.38 187.02 1.80 0.08 0.001.00

24.48 206.58 2.00 0.00 0.001.00 24.60 218.89 2.00 0.00 0.001.00

24.69 212.47 2.00 0.00 0.001.00 24.81 212.33 2.00 0.00 0.001.00

24.90 235.36 2.00 0.00 0.001.00 25.02 299.34 2.00 0.00 0.001.00

25.11 280.16 2.00 0.00 0.001.00 25.22 256.34 2.00 0.00 0.001.00

25.33 448.02 2.00 0.00 0.001.00 25.50 661.33 2.00 0.00 0.001.00

25.60 707.62 2.00 0.00 0.001.00

Total estimated settlement: 1.79

Abbreviations
Qtn,cs:
FS:
ev (%):
DF:
Settlement:

Equivalent clean sand normalized cone resistance
Factor of safety against liquefaction
Post-liquefaction volumentric strain
ev depth weighting factor
Calculated settlement
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT3

Cone resistance

qt (tsf)
600400200

D
ep

th
 (

ft)

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

Cone resistance SBTn Plot

Ic (Robertson 1990)
4321

D
ep

th
 (

ft)

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

SBTn Plot Corrected norm. cone resistance
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Corrected norm. cone resistance FS Plot
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Cyclic shear strain Lateral displacements
FILL

LDI
1614121086420

D
ep

th
 (

ft)

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

Lateral displacements

Estimation of post-earthquake lateral Displacements
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qt: Total cone resistance (cone resistance qc corrected for pore water effects)
Ic: Soil Behaviour Type Index
qc1N,cs: Equivalent clean sand normalized CPT total cone resistance

F.S.: Factor of safety
γmax: Maximum cyclic shear strain
LDI: Lateral displacement index

Abbreviations



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT3

:: Lateral displacement index calculation ::

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

10.68 10.21 0.00 2.00 0.00 0.00 0.00

10.83 10.17 0.00 2.00 0.00 0.00 0.00

10.96 9.88 0.00 2.00 0.00 0.00 0.00

11.11 10.36 0.00 2.00 0.00 0.00 0.00

11.23 10.45 0.00 2.00 0.00 0.00 0.00

11.38 9.78 0.00 1.88 0.00 0.00 0.00

11.51 7.32 0.00 1.59 0.00 0.00 0.00

11.66 6.91 0.00 1.38 0.00 0.00 0.00

11.79 7.15 0.00 1.33 0.00 0.00 0.00

11.93 6.87 0.00 1.31 0.00 0.00 0.00

12.07 6.72 0.00 1.26 0.00 0.00 0.00

12.21 6.70 0.00 1.24 0.00 0.00 0.00

12.35 6.68 0.00 1.28 0.00 0.00 0.00

12.48 7.42 0.00 1.31 0.00 0.00 0.00

12.63 7.28 0.00 1.26 0.00 0.00 0.00

12.77 6.12 0.00 1.17 0.00 0.00 0.00

12.91 6.36 0.00 1.08 0.00 0.00 0.00

13.06 6.09 0.00 1.05 0.00 0.00 0.00

13.18 5.83 0.00 1.02 0.00 0.00 0.00

13.33 6.07 0.00 1.06 0.00 0.00 0.00

13.46 6.81 0.00 1.10 0.00 0.00 0.00

13.61 6.42 0.00 1.01 0.00 0.00 0.00

13.67 4.90 0.00 1.67 0.00 0.00 0.00

13.94 49.25 1.05 0.25 0.94 1.05 3.44

14.13 91.23 0.38 0.41 0.86 0.38 0.85

14.28 97.87 0.33 0.45 0.81 0.33 0.58

14.40 82.68 0.46 0.37 0.91 0.46 0.69

14.59 63.74 0.73 0.29 0.94 0.73 1.60

14.74 53.35 0.94 0.25 0.94 0.94 1.74

14.91 60.74 0.78 0.28 0.94 0.78 1.61

15.07 78.50 0.51 0.34 0.92 0.51 1.01

15.23 132.46 0.14 0.66 0.46 0.13 0.24

15.41 184.00 0.04 1.98 -0.22 0.00 0.00

15.56 232.99 0.01 2.00 -0.95 0.00 0.00

15.73 265.80 0.00 2.00 -1.46 0.00 0.00

15.90 280.14 0.00 2.00 -1.69 0.00 0.00

16.06 275.96 0.00 2.00 -1.62 0.00 0.00

16.23 281.45 0.00 2.00 -1.71 0.00 0.00

16.39 299.94 0.00 2.00 -2.00 0.00 0.00

16.57 289.83 0.00 2.00 -1.84 0.00 0.00

16.72 264.14 0.00 2.00 -1.44 0.00 0.00

16.88 238.39 0.00 2.00 -1.03 0.00 0.00

17.19 234.70 0.01 2.00 -0.98 0.00 0.00

17.37 304.63 0.00 2.00 -2.08 0.00 0.00

17.52 330.29 0.00 2.00 -2.49 0.00 0.00

17.69 350.09 0.00 2.00 -2.81 0.00 0.00

17.86 368.38 0.00 2.00 -3.10 0.00 0.00

18.01 356.75 0.00 2.00 -2.91 0.00 0.00
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT3

:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

18.18 351.89 0.00 2.00 -2.83 0.00 0.00

18.34 351.79 0.00 2.00 -2.83 0.00 0.00

18.47 347.70 0.00 2.00 -2.77 0.00 0.00

18.59 337.89 0.00 2.00 -2.61 0.00 0.00

18.71 325.94 0.00 2.00 -2.42 0.00 0.00

18.84 312.94 0.00 2.00 -2.21 0.00 0.00

18.96 299.92 0.00 2.00 -2.00 0.00 0.00

19.09 284.62 0.00 2.00 -1.76 0.00 0.00

19.23 269.74 0.00 2.00 -1.52 0.00 0.00

19.35 256.01 0.00 2.00 -1.31 0.00 0.00

19.47 249.74 0.00 2.00 -1.21 0.00 0.00

19.59 256.84 0.00 2.00 -1.32 0.00 0.00

19.72 262.74 0.00 2.00 -1.41 0.00 0.00

19.84 256.90 0.00 2.00 -1.32 0.00 0.00

19.96 239.45 0.00 2.00 -1.05 0.00 0.00

20.08 218.51 0.01 2.00 -0.73 0.00 0.00

20.21 203.69 0.02 2.00 -0.51 0.00 0.00

20.27 182.25 0.04 1.65 -0.19 0.01 0.01

20.45 181.20 0.04 1.58 -0.18 0.01 0.02

20.54 173.51 0.05 1.26 -0.07 0.02 0.02

20.65 171.33 0.05 1.19 -0.04 0.02 0.03

20.75 169.88 0.05 1.14 -0.02 0.03 0.03

20.84 168.31 0.06 1.09 0.00 0.03 0.03

20.95 143.36 0.11 0.68 0.33 0.09 0.12

21.05 129.37 0.16 0.56 0.50 0.16 0.18

21.15 138.58 0.12 0.63 0.39 0.12 0.15

21.27 147.15 0.10 0.72 0.28 0.07 0.10

21.36 142.36 0.11 0.67 0.34 0.10 0.11

21.46 135.52 0.13 0.60 0.43 0.13 0.16

21.57 127.70 0.16 0.54 0.52 0.16 0.22

21.66 128.02 0.16 0.54 0.52 0.16 0.18

21.76 124.19 0.18 0.52 0.56 0.18 0.20

21.88 105.77 0.27 0.42 0.74 0.27 0.37

21.97 88.15 0.41 0.34 0.88 0.41 0.46

22.09 95.39 0.35 0.37 0.83 0.35 0.49

22.18 113.06 0.23 0.45 0.68 0.23 0.26

22.29 115.80 0.21 0.47 0.65 0.21 0.28

22.40 108.19 0.26 0.43 0.72 0.26 0.32

22.50 100.04 0.31 0.39 0.79 0.31 0.38

22.61 107.46 0.26 0.42 0.73 0.26 0.34

22.70 125.97 0.17 0.52 0.54 0.17 0.19

22.81 151.68 0.09 0.76 0.23 0.06 0.08

22.91 155.76 0.08 0.81 0.17 0.05 0.06

23.02 154.12 0.08 0.79 0.19 0.06 0.07

23.13 149.43 0.09 0.73 0.25 0.07 0.09

23.22 138.13 0.13 0.61 0.40 0.13 0.15

23.44 129.41 0.16 0.54 0.50 0.16 0.40

23.53 134.75 0.14 0.58 0.44 0.14 0.16
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT3

:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

23.65 175.21 0.05 1.25 -0.09 0.02 0.03

23.74 172.18 0.05 1.16 -0.05 0.03 0.03

23.84 147.59 0.10 0.70 0.28 0.08 0.09

23.96 129.73 0.15 0.54 0.50 0.15 0.21

24.06 147.39 0.10 0.69 0.28 0.08 0.10

24.17 161.92 0.07 0.91 0.09 0.04 0.06

24.26 173.34 0.05 1.19 -0.07 0.02 0.03

24.38 187.02 0.03 1.80 -0.26 0.00 0.01

24.48 206.58 0.02 2.00 -0.55 0.00 0.00

24.60 218.89 0.01 2.00 -0.73 0.00 0.00

24.69 212.47 0.01 2.00 -0.64 0.00 0.00

24.81 212.33 0.01 2.00 -0.64 0.00 0.00

24.90 235.36 0.01 2.00 -0.99 0.00 0.00

25.02 299.34 0.00 2.00 -1.99 0.00 0.00

25.11 280.16 0.00 2.00 -1.69 0.00 0.00

25.22 256.34 0.00 2.00 -1.31 0.00 0.00

25.33 448.02 0.00 2.00 -4.38 0.00 0.00

25.50 661.33 0.00 2.00 -7.71 0.00 0.00

25.60 707.62 0.00 2.00 -8.41 0.00 0.00

Depth:
qc1N,cs:
Gammalim:
FS:
Fa:
Gammamax:
Lat. disp.:

Depth of test point
Adjusted and corrected cone resistance due to fines
Limiting shear strain
Calculated factor of safety against liquefaction
 
Maximum cyclic shear strain
Lateral displacement

Abbreviations

Total estimated displacement: 17.98
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:: Strength loss calculation  Idriss & Boulanger (2008) ::

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

2.27 128.74 1.00 206.81 1.34 0.93 0.93206.81

2.46 122.27 1.04 204.67 1.71 0.93 0.93196.40

2.65 113.65 1.10 200.36 1.79 0.70 0.92182.53

2.85 103.74 1.17 194.11 1.87 0.48 0.90166.59

2.98 94.12 1.21 182.61 1.92 0.42 0.89151.11

3.13 84.43 1.25 169.23 1.96 0.24 0.87135.54

3.28 77.41 1.26 156.78 1.97 0.19 0.86124.24

3.43 76.01 1.23 150.31 1.94 0.21 0.86121.98

3.57 74.36 1.20 142.72 1.91 0.21 0.85119.31

3.71 66.30 1.22 129.73 1.93 0.17 0.84106.35

3.86 51.38 1.38 113.32 2.05 0.12 0.8082.37

3.95 38.79 1.72 106.88 2.22 0.08 0.7662.13

4.11 28.49 2.33 106.18 2.40 0.08 0.7245.57

4.24 24.77 2.57 101.66 2.46 0.07 0.7039.58

4.36 22.47 2.69 96.63 2.48 0.07 0.6935.88

4.48 22.19 2.63 93.10 2.47 0.07 0.6935.42

4.62 21.27 2.68 90.85 2.48 0.07 0.6933.92

4.75 21.58 2.50 85.86 2.44 0.06 0.6934.41

4.87 28.55 1.82 82.95 2.26 0.07 0.7245.59

5.00 36.19 1.50 86.82 2.12 0.10 0.7557.86

5.14 38.54 1.44 88.91 2.09 0.10 0.7661.62

5.27 34.20 1.53 83.69 2.14 0.08 0.7554.64

5.42 33.14 1.45 76.54 2.10 0.07 0.7452.92

5.55 35.40 1.29 72.84 1.99 0.09 0.7556.55

5.69 38.82 1.00 62.02 1.90 0.09 0.7662.02

5.84 40.16 1.00 64.16 1.87 0.09 0.7764.16

5.97 43.63 1.00 69.73 1.85 0.09 0.7869.73

6.12 47.80 1.14 87.33 1.85 0.11 0.7976.42

6.25 52.19 1.15 96.21 1.86 0.12 0.8083.46

6.40 51.55 1.22 100.91 1.94 0.13 0.8082.42

6.53 45.37 1.38 100.23 2.06 0.11 0.7872.47

6.68 36.61 1.64 95.87 2.19 0.08 0.7558.38

6.82 33.14 1.68 88.79 2.21 0.08 0.7452.79

6.96 33.67 1.55 82.93 2.15 0.09 0.7453.63

7.10 31.37 1.60 79.78 2.17 0.09 0.7349.93

7.33 25.02 2.05 81.49 2.33 0.07 0.7139.70

7.47 17.85 3.09 87.14 2.56 0.06 0.6628.18

7.60 13.82 4.24 91.97 2.73 0.06 3.0021.70

7.75 11.31 5.35 94.42 2.86 0.06 2.3817.64

7.89 9.96 6.11 94.58 2.94 0.06 2.0415.47

8.03 9.74 6.14 92.63 2.94 0.06 1.9515.10

8.15 11.87 4.73 87.61 2.79 0.06 2.3418.50

8.30 22.34 2.26 79.78 2.39 0.06 0.6935.31

8.44 29.53 1.75 81.93 2.23 0.10 0.7346.85

8.58 31.37 1.76 87.64 2.24 0.08 0.7349.80

8.73 23.20 2.56 93.95 2.46 0.07 0.7036.66

8.87 16.71 3.79 99.40 2.67 0.07 2.9826.21

9.00 13.24 4.79 98.88 2.80 0.06 2.3020.62
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:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

9.15 10.97 5.47 92.88 2.88 0.06 1.8516.97

9.28 9.18 5.78 81.42 2.91 0.06 1.5114.08

9.43 6.88 6.45 67.00 2.97 0.06 1.1010.38

9.55 4.90 7.49 53.77 3.06 0.06 0.757.18

9.71 4.25 7.97 48.91 3.10 0.06 0.636.13

9.84 4.53 7.65 50.28 3.08 0.06 0.666.57

9.98 4.98 7.21 52.52 3.04 0.06 0.727.28

10.13 5.04 7.22 53.13 3.04 0.06 0.727.36

10.26 5.12 7.18 53.76 3.04 0.06 0.727.49

10.41 5.63 6.83 56.61 3.01 0.06 0.798.29

10.68 6.05 6.57 58.75 2.98 0.06 0.838.94

10.83 6.33 6.39 59.98 2.97 0.06 0.879.38

10.96 6.38 6.46 61.11 2.97 0.06 0.879.46

11.11 6.47 6.67 63.92 2.99 0.06 0.889.58

11.23 6.47 6.82 65.27 3.01 0.06 0.879.57

11.38 5.83 7.32 62.44 3.05 0.06 0.778.53

11.51 5.07 7.75 56.62 3.09 0.06 0.667.30

11.66 4.51 8.10 51.78 3.11 0.06 0.576.39

11.79 4.43 7.96 49.73 3.10 0.06 0.566.25

11.93 4.40 8.00 49.53 3.11 0.06 0.556.19

12.07 4.31 8.10 48.95 3.11 0.06 0.536.04

12.21 4.29 7.94 47.54 3.10 0.06 0.535.99

12.35 4.45 7.24 45.21 3.04 0.06 0.556.25

12.48 4.59 6.59 42.61 2.99 0.05 0.566.46

12.63 4.48 6.50 40.80 2.98 0.05 0.556.27

12.77 4.26 6.75 39.82 3.00 0.05 0.515.90

12.91 4.01 6.87 37.67 3.01 0.05 0.475.49

13.06 3.95 6.31 34.00 2.96 0.05 0.465.39

13.18 3.89 5.32 28.15 2.86 0.05 0.455.29

13.33 4.06 4.40 24.42 2.75 0.05 0.475.55

13.46 4.20 4.21 24.27 2.73 0.05 0.495.76

13.61 3.95 5.24 28.05 2.85 0.05 0.455.35

13.67 6.16 4.79 42.58 2.80 0.05 0.758.90

13.94 17.58 2.12 57.57 2.35 0.04 0.6627.22

14.13 31.29 1.56 72.75 2.15 0.08 0.7346.59

14.28 38.62 1.43 80.95 2.09 0.09 0.7556.46

14.40 32.35 1.58 75.87 2.16 0.07 0.7347.91

14.59 21.97 2.05 68.56 2.33 0.06 0.6833.40

14.74 17.10 2.38 62.22 2.42 0.05 0.6526.18

14.91 22.53 1.90 63.68 2.28 0.05 0.6833.54

15.07 47.63 1.25 82.40 1.96 0.07 0.7766.12

15.23 90.42 1.05 124.79 1.72 0.16 0.85118.79

15.41 145.39 1.00 183.65 1.56 0.53 0.92183.65

15.56 194.19 1.00 240.40 1.49 0.96 0.96240.40

15.73 227.83 1.00 279.39 1.46 0.98 0.98279.39

15.90 242.36 1.00 296.62 1.47 0.99 0.99296.62

16.06 247.51 1.00 302.01 1.47 1.00 1.00302.01

16.23 254.09 1.00 308.34 1.47 1.00 1.00308.34
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:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

16.39 258.42 1.00 312.47 1.47 1.00 1.00312.47

16.57 251.96 1.00 304.85 1.49 1.00 1.00304.85

16.72 230.86 1.00 280.96 1.54 0.98 0.98280.96

16.88 212.97 1.00 259.58 1.56 0.97 0.97259.58

17.19 226.97 1.00 273.20 1.54 0.98 0.98273.20

17.37 258.65 1.00 307.73 1.50 1.00 1.00307.73

17.52 297.16 1.00 350.46 1.47 1.02 1.02350.46

17.69 318.82 1.00 373.42 1.45 1.03 1.03373.42

17.86 328.61 1.00 382.32 1.44 1.04 1.04382.32

18.01 330.27 1.00 382.15 1.43 1.04 1.04382.15

18.18 325.23 1.00 375.66 1.44 1.03 1.03375.66

18.34 321.03 1.00 371.42 1.47 1.03 1.03371.42

18.47 314.01 1.00 364.70 1.50 1.03 1.03364.70

18.59 302.76 1.00 352.96 1.54 1.02 1.02352.96

18.71 289.19 1.00 337.79 1.57 1.01 1.01337.79

18.84 275.59 1.00 321.90 1.59 1.01 1.01321.90

18.96 262.12 1.00 305.88 1.60 1.00 1.00305.88

19.09 249.19 1.00 289.97 1.61 0.99 0.99289.97

19.23 237.21 1.00 274.86 1.60 0.98 0.98274.86

19.35 228.79 1.00 263.67 1.59 0.97 0.97263.67

19.47 227.73 1.00 260.69 1.56 0.97 0.97260.69

19.59 232.37 1.00 264.30 1.54 0.97 0.97264.30

19.72 235.70 1.00 266.88 1.52 0.98 0.98266.88

19.84 229.43 1.00 259.84 1.54 0.97 0.97259.84

19.96 213.68 1.00 241.93 1.56 0.96 0.96241.93

20.08 195.46 1.00 220.90 1.57 0.95 0.95220.90

20.21 176.34 1.00 198.68 1.57 0.93 0.93198.68

20.27 162.38 1.00 182.88 1.58 0.49 0.92182.88

20.45 148.10 1.00 167.43 1.64 0.42 0.90167.43

20.54 136.88 1.05 164.30 1.72 0.30 0.89156.18

20.65 124.88 1.14 164.06 1.84 0.24 0.88144.33

20.75 115.89 1.23 166.13 1.94 0.21 0.87135.31

20.84 103.52 1.34 163.03 2.03 0.20 0.86121.88

20.95 90.12 1.46 155.33 2.10 0.14 0.84106.62

21.05 81.88 1.51 145.71 2.13 0.12 0.8296.80

21.15 84.57 1.40 138.60 2.07 0.14 0.8399.00

21.27 90.25 1.29 134.90 1.99 0.15 0.83104.42

21.36 90.36 1.26 131.23 1.97 0.15 0.83103.98

21.46 84.31 1.32 128.20 2.01 0.14 0.8297.23

21.57 78.91 1.40 127.99 2.07 0.12 0.8191.27

21.66 74.83 1.44 124.91 2.09 0.12 0.8186.51

21.76 68.25 1.48 116.94 2.12 0.12 0.7978.80

21.88 56.94 1.64 108.16 2.19 0.10 0.7765.90

21.97 48.54 1.94 109.68 2.30 0.08 0.7556.54

22.09 49.97 1.98 115.26 2.31 0.09 0.7558.14

22.18 57.07 1.83 120.53 2.26 0.10 0.7766.03

22.29 60.31 1.80 124.87 2.25 0.11 0.7869.55

22.40 56.85 1.96 128.71 2.30 0.10 0.7765.67
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:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

22.50 54.84 2.06 130.54 2.33 0.09 0.7763.32

22.61 61.07 1.82 127.52 2.26 0.10 0.7869.88

22.70 78.04 1.45 127.61 2.10 0.12 0.8187.92

22.81 95.15 1.27 134.28 1.98 0.16 0.84105.82

22.91 105.41 1.20 140.15 1.92 0.18 0.85116.37

23.02 104.37 1.22 140.77 1.93 0.17 0.85115.14

23.13 96.66 1.31 140.33 2.01 0.16 0.84107.05

23.22 86.81 1.46 141.19 2.10 0.14 0.8296.67

23.44 81.41 1.61 145.54 2.17 0.12 0.8190.67

23.53 91.80 1.52 154.66 2.13 0.13 0.83101.75

23.65 104.55 1.42 163.18 2.08 0.21 0.85115.12

23.74 108.07 1.39 165.19 2.06 0.20 0.85118.58

23.84 95.14 1.52 158.45 2.13 0.15 0.83104.59

23.96 88.09 1.59 154.05 2.17 0.12 0.8296.75

24.06 94.67 1.47 151.73 2.11 0.15 0.83103.25

24.17 112.57 1.26 152.87 1.97 0.19 0.85121.24

24.26 131.74 1.14 159.92 1.84 0.25 0.88140.33

24.38 150.43 1.08 172.09 1.77 0.36 0.89159.01

24.48 164.23 1.09 188.65 1.77 0.55 0.91173.46

24.60 167.20 1.14 201.02 1.84 0.63 0.91177.07

24.69 163.48 1.20 208.78 1.91 0.46 0.91173.72

24.81 166.20 1.24 218.84 1.95 0.43 0.91176.59

24.90 193.78 1.20 245.31 1.91 0.83 0.93205.01

25.02 225.59 1.14 271.13 1.85 0.96 0.96237.19

25.11 251.39 1.01 264.00 1.66 0.97 0.97260.47

25.22 321.14 1.00 323.96 1.29 1.01 1.01323.96

25.33 459.49 1.00 518.17 -1.00 1.09 1.09518.17

25.50 595.96 1.00 670.85 -1.00 1.14 1.14670.85

25.60 699.17 1.00 786.17 -1.00 1.17 1.17786.17

qt:
Kc:
Qtn,cs:
Ic:
Su(liq)/σ'v:
Su(peak)/σ'v:

Total cone resistance
Cone resistance correction factor due to fines
Adjusted and corrected cone resistance due to fines
Soil behavior type index
Calculated liquefied undrained strength ratio
Calculated peak undrained strength ratio

Abbreviations
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.42

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : Location : 

F&ME Consultants, Inc.
3112 Devine Street
Columbia, SC
(803) 254-4540

CPT file : CPT-5

8.00 ft
10.00 ft
3
2.60
Based on SBT

Use fill:
Fill height:
Fill weight:
Trans. detect. applied:
Kσ applied:

Yes
2.00 ft
125.00 lb/ft3
No
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:
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Factor of safety
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During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading
Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground
geometry
Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Cone resistance
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.42
8.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.00 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A

SBT legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained
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Norm. cone resistance
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SBTn legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.42
8.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.00 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-5

Norm. cone resistance

qc1N
600500400300200100

D
ep

th
 (

ft)

15.5

15

14.5

14

13.5

13

12.5

12

11.5

11

10.5

10

9.5

9

8.5

8

7.5

7

6.5

6

5.5

5

4.5

4

3.5

3

2.5

2

1.5

1

0.5

Norm. cone resistance

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s  ( i n t e r m e d i a t e  r e s u l t s )

SBTn Index

Ic (Robertson 1990)
4321

D
ep

th
 (

ft)

15.5

15

14.5

14

13.5

13

12.5

12

11.5

11

10.5

10

9.5

9

8.5

8

7.5

7

6.5

6

5.5

5

4.5

4

3.5

3

2.5

2

1.5

1

0.5

SBTn Index Apparent fines content

FC (%)
200150100500

D
ep

th
 (

ft)

15.5

15

14.5

14

13.5

13

12.5

12

11.5

11

10.5

10

9.5

9

8.5

8

7.5

7

6.5

6

5.5

5

4.5

4

3.5

3

2.5

2

1.5

1

0.5

Apparent fines content "Fines" adjustment

Delta qc1N
109876543210

D
ep

th
 (

ft)

15.5

15

14.5

14

13.5

13

12.5

12

11.5

11

10.5

10

9.5

9

8.5

8

7.5

7

6.5

6

5.5

5

4.5

4

3.5

3

2.5

2

1.5

1

0.5

"Fines" adjustment Corrected norm. cone resistance

qc1N,cs
200150100500

D
ep

th
 (

ft)

15.5

15

14.5

14

13.5

13

12.5

12

11.5

11

10.5

10

9.5

9

8.5

8

7.5

7

6.5

6

5.5

5

4.5

4

3.5

3

2.5

2

1.5

1

0.5

Corrected norm. cone resistance

CLiq v.1.7.6.34 - CPT Liquefaction Assessment Software - Report created on: 2/16/2016, 8:38:18 AM 66
Project file: P:\Geotechnical\G5500's\G5556.000 - Emergency Bridge Pkg 4 - Design Build\G5556.02 - S-51 over Black Mingo Creek\Reports\Final Report\Bridge\CPT\CLiq_SEE.clq

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.42
8.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.00 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.42
8.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.00 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no liq. are equally likely

Unlike to liquefy

Almost certain it will not liquefy

Very high risk

High risk

Low risk
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.42
8.00 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.00 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A
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:: Field input data ::

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

1 0.16 1.32 0.04 92.0078.200.21

2 0.49 5.08 0.09 102.850.001.10

3 0.66 403.88 0.02 105.670.00-0.93

4 0.98 2.16 0.19 111.920.000.11

5 1.15 49.44 0.49 116.058.13-0.17

6 1.31 157.57 0.92 121.453.12-0.80

7 1.48 210.21 1.26 124.421.33-1.17

8 1.64 231.39 1.37 126.160.89-1.23

9 1.80 259.95 1.64 127.130.84-1.14

10 1.97 258.34 1.76 127.711.03-1.26

11 2.13 242.02 1.74 127.791.47-1.21

12 2.30 224.98 1.78 127.822.37-1.13

13 2.53 191.72 1.95 128.313.88-1.01

14 2.66 172.76 2.34 128.586.27-0.94

15 2.82 131.12 2.38 127.958.81-0.73

16 2.95 97.37 1.85 126.868.31-0.51

17 3.12 157.89 1.50 126.236.380.11

18 3.28 168.19 1.74 125.914.26-0.16

19 3.44 163.95 1.41 124.854.49-0.56

20 3.61 118.70 0.99 122.744.71-0.37

21 3.77 107.72 0.86 120.755.98-0.34

22 3.94 88.56 0.82 119.577.18-0.31

23 4.10 74.03 0.71 118.829.11-0.26

24 4.26 65.86 0.75 118.4910.83-0.24

25 4.43 62.46 0.80 118.5311.30-0.39

26 4.59 69.18 0.74 118.0210.50-0.56

27 4.76 69.46 0.58 117.649.37-0.57

28 4.92 72.09 0.66 118.427.96-0.55

29 5.08 99.32 0.87 120.007.43-0.60

30 5.25 100.81 0.99 121.067.08-0.72

31 5.41 96.08 0.98 121.647.13-1.00

32 5.58 108.24 1.07 122.066.52-1.44

33 5.74 122.22 1.10 121.825.72-1.71

34 5.91 111.37 0.83 121.395.76-2.12

35 6.07 99.13 0.93 120.936.79-2.79

36 6.23 89.85 1.02 120.999.07-3.77

37 6.40 70.22 0.99 120.6711.68-3.65

38 6.56 58.65 0.96 119.9912.99-3.57

39 6.73 67.56 0.86 120.7214.07-3.38

40 6.89 67.71 1.30 120.1915.87-0.51

41 7.09 37.36 0.86 120.4119.306.57

42 7.22 45.59 1.09 120.3718.19-0.18

43 7.38 74.47 1.23 122.7716.162.63

44 7.55 78.00 1.77 124.2113.697.00

45 7.74 90.42 1.65 124.6314.374.56

46 7.87 72.68 1.52 123.5814.381.89

47 8.07 63.44 1.20 122.0815.980.38

48 8.20 56.05 1.05 121.1715.84-0.31
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:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

49 8.40 64.38 1.13 120.7116.20-0.37

50 8.53 56.04 1.04 119.5413.700.45

51 8.69 67.92 0.52 115.4616.760.58

52 8.86 4.93 0.19 110.0021.432.01

53 9.02 6.49 0.27 102.8273.304.64

54 9.19 3.90 0.17 103.2359.406.89

55 9.35 9.66 0.17 101.1659.6312.44

56 9.51 4.36 0.13 101.3057.3021.62

57 9.71 4.73 0.17 100.2973.6120.86

58 9.84 3.85 0.16 100.5075.5822.50

59 10.01 4.03 0.15 100.4375.6923.98

60 10.17 4.65 0.17 100.7270.5223.31

61 10.37 5.27 0.16 101.3569.4022.98

62 10.50 4.76 0.18 101.9162.3224.66

63 10.66 7.18 0.18 102.9066.2529.67

64 10.83 4.70 0.24 104.3165.1628.87

65 10.99 6.27 0.29 105.4967.8130.17

66 11.15 7.48 0.30 104.9966.2720.73

67 11.32 4.91 0.18 103.4867.5321.10

68 11.52 4.64 0.17 101.8773.3325.00

69 11.65 4.58 0.21 103.2774.2427.54

70 11.81 5.52 0.29 106.5776.2630.93

71 12.01 6.72 0.50 110.0474.2622.61

72 12.14 8.62 0.70 113.2971.4428.88

73 12.30 11.04 0.96 115.0457.2814.80

74 12.47 18.62 0.78 114.3358.799.71

75 12.63 6.20 0.53 111.4561.9419.57

76 12.79 4.13 0.34 107.7784.9311.71

77 12.96 5.87 0.33 106.3482.1412.54

78 13.16 5.76 0.32 106.5375.4321.29

79 13.29 5.97 0.32 106.0075.0022.07

80 13.45 5.37 0.27 105.3176.7925.74

81 13.65 4.56 0.26 104.9674.7532.35

82 13.81 6.18 0.28 106.2764.5028.89

83 13.94 10.08 0.36 107.5961.0719.29

84 14.11 7.75 0.39 108.7063.4617.68

85 14.27 6.51 0.44 108.6671.5824.04

86 14.44 6.68 0.41 109.3666.4922.47

87 14.60 10.81 0.46 110.2457.896.12

88 14.76 12.48 0.51 110.1456.896.22

89 14.96 7.43 0.38 108.7269.179.09

90 15.09 2.88 0.34 110.3041.0811.30

91 15.26 34.99 0.50 116.4331.9112.82

92 15.42 44.21 1.47 121.0621.407.94

93 15.58 76.50 1.54 124.1420.50-8.29

94 15.75 73.47 1.96 125.1718.72-10.21

95 15.91 175.79 3.43 130.2412.01-6.27
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:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

Abbreviations

Depth:
qc:
fs:
u:
Fines content:
Unit weight:

Depth from free surface, at which CPT was performed (ft)
Measured cone resistance (tsf)
Sleeve friction resistance (tsf)
Pore pressure (tsf)
Percentage of fines in soil (%)
Bulk soil unit weight (pcf)
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:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data ::

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

1 2.16 0.13 0.00 0.13 1.00 0.273 0.259 1.08 2.0001.05 No1.10

2 2.49 0.15 0.00 0.15 1.00 0.273 0.259 1.09 2.0001.05 No1.10

3 2.66 0.16 0.00 0.16 1.00 0.273 0.259 1.10 2.0001.05 No1.10

4 2.98 0.18 0.00 0.18 1.00 0.273 0.259 1.07 2.0001.05 No1.10

5 3.15 0.19 0.00 0.19 1.00 0.273 0.259 1.10 2.0001.05 No1.10

6 3.31 0.20 0.00 0.20 1.00 0.273 0.259 1.10 2.0001.05 No1.10

7 3.48 0.21 0.00 0.21 1.00 0.272 0.258 1.10 2.0001.05 No1.10

8 3.64 0.22 0.00 0.22 1.00 0.272 0.258 1.10 2.0001.05 No1.10

9 3.80 0.23 0.00 0.23 1.00 0.272 0.258 1.10 2.0001.05 No1.10

10 3.97 0.24 0.00 0.24 1.00 0.272 0.258 1.10 2.0001.05 No1.10

11 4.13 0.25 0.00 0.25 1.00 0.272 0.258 1.10 2.0001.05 No1.10

12 4.30 0.26 0.00 0.26 1.00 0.272 0.258 1.10 2.0001.05 No1.10

13 4.53 0.27 0.00 0.27 1.00 0.272 0.258 1.10 2.0001.05 No1.10

14 4.66 0.28 0.00 0.28 0.99 0.272 0.258 1.10 2.0001.05 No1.10

15 4.82 0.29 0.00 0.29 0.99 0.271 0.257 1.10 2.0001.05 No1.10

16 4.95 0.30 0.00 0.30 0.99 0.271 0.257 1.10 2.0001.05 No1.10

17 5.12 0.31 0.00 0.31 0.99 0.271 0.257 1.10 2.0001.05 No1.10

18 5.28 0.32 0.00 0.32 0.99 0.271 0.257 1.10 2.0001.05 No1.10

19 5.45 0.33 0.00 0.33 0.99 0.271 0.257 1.10 2.0001.05 No1.10

20 5.61 0.34 0.00 0.34 0.99 0.271 0.257 1.10 2.0001.05 No1.10

21 5.77 0.35 0.00 0.35 0.99 0.271 0.257 1.10 2.0001.05 No1.10

22 5.94 0.36 0.00 0.36 0.99 0.271 0.257 1.10 2.0001.05 No1.10

23 6.10 0.37 0.00 0.37 0.99 0.270 0.256 1.10 2.0001.05 No1.10

24 6.26 0.38 0.00 0.38 0.99 0.270 0.256 1.10 2.0001.05 No1.10

25 6.43 0.39 0.00 0.39 0.99 0.270 0.256 1.10 2.0001.05 No1.10

26 6.59 0.40 0.00 0.40 0.99 0.270 0.256 1.10 2.0001.05 No1.10

27 6.76 0.41 0.00 0.41 0.99 0.270 0.256 1.10 2.0001.05 No1.10

28 6.92 0.42 0.00 0.42 0.99 0.270 0.256 1.10 2.0001.05 No1.10

29 7.08 0.43 0.00 0.43 0.99 0.270 0.256 1.10 2.0001.05 No1.10

30 7.25 0.44 0.00 0.44 0.99 0.269 0.256 1.10 2.0001.05 No1.10

31 7.41 0.45 0.00 0.45 0.99 0.269 0.255 1.10 2.0001.05 No1.10

32 7.58 0.46 0.00 0.46 0.99 0.269 0.255 1.10 2.0001.05 No1.10

33 7.74 0.47 0.00 0.47 0.99 0.269 0.255 1.10 2.0001.05 No1.10

34 7.91 0.48 0.00 0.48 0.99 0.269 0.255 1.10 2.0001.05 No1.10

35 8.07 0.49 0.00 0.49 0.98 0.269 0.255 1.10 2.0001.05 No1.10

36 8.23 0.50 0.00 0.50 0.98 0.269 0.255 1.10 2.0001.05 No1.10

37 8.40 0.51 0.00 0.51 0.98 0.269 0.255 1.08 2.0001.05 No1.10

38 8.56 0.52 0.00 0.52 0.98 0.268 0.255 1.07 2.0001.05 No1.10

39 8.73 0.53 0.00 0.53 0.98 0.268 0.254 1.07 2.0001.05 No1.10

40 8.89 0.54 0.00 0.54 0.98 0.268 0.254 1.07 2.0001.05 No1.10

41 9.09 0.55 0.00 0.55 0.98 0.268 0.254 1.05 2.0001.05 No1.10

42 9.22 0.56 0.00 0.56 0.98 0.268 0.254 1.05 2.0001.05 No1.10

43 9.38 0.57 0.00 0.57 0.98 0.268 0.254 1.07 2.0001.05 No1.10

44 9.55 0.58 0.00 0.58 0.98 0.267 0.254 1.07 2.0001.05 No1.10

45 9.74 0.59 0.00 0.59 0.98 0.267 0.254 1.07 2.0001.05 No1.10

46 9.87 0.60 0.00 0.60 0.98 0.267 0.253 1.06 2.0001.05 No1.10

47 10.07 0.61 0.00 0.61 0.98 0.268 0.254 1.05 0.2661.05 No1.10

48 10.20 0.62 0.01 0.61 0.98 0.270 0.256 1.05 0.2681.05 No1.10
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-5

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

49 10.40 0.63 0.01 0.62 0.98 0.272 0.258 1.05 0.2701.05 No1.10

50 10.53 0.64 0.02 0.62 0.98 0.274 0.260 1.05 0.2731.05 No1.10

51 10.69 0.65 0.02 0.63 0.98 0.276 0.261 1.05 0.2741.05 No1.10

52 10.86 0.66 0.03 0.63 0.98 0.278 0.263 1.02 0.2831.05 No1.10

53 11.02 0.67 0.03 0.63 0.97 0.280 0.265 1.02 0.2981.05 No1.10

54 11.19 0.67 0.04 0.64 0.97 0.281 0.267 1.02 0.3011.05 No1.10

55 11.35 0.68 0.04 0.64 0.97 0.283 0.269 1.02 0.3021.05 No1.10

56 11.51 0.69 0.05 0.64 0.97 0.285 0.270 1.02 0.3051.05 No1.10

57 11.71 0.70 0.05 0.65 0.97 0.287 0.273 1.02 0.3071.05 No1.10

58 11.84 0.71 0.06 0.65 0.97 0.289 0.274 1.02 0.3091.05 No1.10

59 12.01 0.72 0.06 0.65 0.97 0.291 0.276 1.02 0.3111.05 No1.10

60 12.17 0.72 0.07 0.66 0.97 0.292 0.277 1.02 0.3131.05 No1.10

61 12.37 0.73 0.07 0.66 0.97 0.295 0.279 1.02 0.3151.05 No1.10

62 12.50 0.74 0.08 0.66 0.97 0.296 0.281 1.02 0.3161.05 No1.10

63 12.66 0.75 0.08 0.67 0.97 0.298 0.282 1.02 0.3181.05 No1.10

64 12.83 0.76 0.09 0.67 0.97 0.299 0.284 1.02 0.3201.05 No1.10

65 12.99 0.77 0.09 0.67 0.97 0.301 0.285 1.02 0.3221.05 No1.10

66 13.15 0.77 0.10 0.68 0.97 0.303 0.287 1.02 0.3231.05 No1.10

67 13.32 0.78 0.10 0.68 0.97 0.304 0.288 1.02 0.3261.05 No1.10

68 13.52 0.79 0.11 0.68 0.97 0.306 0.290 1.02 0.3281.05 No1.10

69 13.65 0.80 0.11 0.69 0.97 0.307 0.291 1.02 0.3291.05 No1.10

70 13.81 0.81 0.12 0.69 0.96 0.309 0.293 1.02 0.3311.05 No1.10

71 14.01 0.82 0.13 0.69 0.96 0.311 0.295 1.02 0.3331.05 No1.10

72 14.14 0.83 0.13 0.70 0.96 0.312 0.296 1.02 0.3341.05 No1.10

73 14.30 0.84 0.13 0.70 0.96 0.313 0.297 1.02 0.3351.05 No1.10

74 14.47 0.85 0.14 0.71 0.96 0.315 0.298 1.02 0.3361.05 No1.10

75 14.63 0.85 0.14 0.71 0.96 0.316 0.300 1.02 0.3391.05 No1.10

76 14.79 0.86 0.15 0.71 0.96 0.317 0.301 1.02 0.3411.05 No1.10

77 14.96 0.87 0.15 0.72 0.96 0.319 0.302 1.02 0.3421.05 No1.10

78 15.16 0.88 0.16 0.72 0.96 0.320 0.304 1.02 0.3441.05 No1.10

79 15.29 0.89 0.16 0.72 0.96 0.322 0.305 1.02 0.3451.05 No1.10

80 15.45 0.90 0.17 0.73 0.96 0.323 0.306 1.02 0.3471.05 No1.10

81 15.65 0.91 0.18 0.73 0.96 0.324 0.308 1.02 0.3491.05 No1.10

82 15.81 0.92 0.18 0.74 0.96 0.326 0.309 1.02 0.3501.05 No1.10

83 15.94 0.92 0.19 0.74 0.96 0.327 0.310 1.02 0.3501.05 No1.10

84 16.11 0.93 0.19 0.74 0.96 0.328 0.311 1.02 0.3521.05 No1.10

85 16.27 0.94 0.20 0.75 0.96 0.329 0.312 1.02 0.3541.05 No1.10

86 16.44 0.95 0.20 0.75 0.95 0.330 0.313 1.02 0.3551.05 No1.10

87 16.60 0.96 0.21 0.75 0.95 0.332 0.315 1.02 0.3561.05 No1.10

88 16.76 0.97 0.21 0.76 0.95 0.333 0.316 1.02 0.3571.05 No1.10

89 16.96 0.98 0.22 0.76 0.95 0.334 0.317 1.01 0.3591.05 No1.10

90 17.09 0.99 0.22 0.77 0.95 0.335 0.318 1.01 0.3611.05 No1.10

91 17.26 1.00 0.23 0.77 0.95 0.336 0.319 1.02 0.3431.05 No1.10

92 17.42 1.01 0.23 0.78 0.95 0.337 0.320 1.02 0.3441.05 No1.10

93 17.58 1.02 0.24 0.78 0.95 0.338 0.321 1.03 0.3431.05 No1.10

94 17.75 1.03 0.24 0.79 0.95 0.339 0.322 1.03 0.3441.05 No1.10

95 17.91 1.04 0.25 0.79 0.95 0.340 0.322 1.07 0.3321.05 No1.10
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-5

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

Depth:
σv:
u0:
σv':
rd:
CSR:
MSF:
CSReq:
Kσ:
CSR*:

Depth from free surface, at which CPT was performed (ft)
Total overburden pressure at test point (tsf)
Water pressure at test point (tsf)
Effective overburden pressure based on GWT during earthquake (tsf)
Nonlinear shear mass factor
Cyclic Stress Ratio
Magnitude Scaling Factor
CSR adjusted for M=7.5
Effective overburden stress factor
CSR fully adjusted

Abbreviations
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-5

:: Cyclic Resistance Ratio (CRR) calculation data ::

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

1 2.58 60.72 3.27 0.71 1.70 2.13 0.00 4.000 No Yes2.16 2.002.13

2 138.02 3.82 1.13 0.78 1.70 8.16 0.00 4.000 No No2.49 2.008.16

3 137.04 3.86 1.13 0.26 1.70 648.90 0.00 4.000 No No2.66 2.00648.90

4 151.82 4.10 1.16 0.78 1.70 3.47 0.00 4.000 No No2.98 2.003.47

5 69.72 12.91 1.80 0.49 1.70 79.44 25.62 4.000 No No3.15 2.00105.05

6 139.06 8.31 1.52 0.26 1.70 253.16 9.90 4.000 No No3.31 2.00263.06

7 199.71 6.51 1.38 0.26 1.70 337.73 1.83 4.000 No No3.48 2.00339.56

8 233.84 6.06 1.35 0.26 1.70 371.77 0.90 4.000 No No3.64 2.00372.66

9 249.88 6.01 1.34 0.26 1.70 417.65 0.89 4.000 No No3.80 2.00418.54

10 253.42 6.20 1.36 0.26 1.70 415.06 1.28 4.000 No No3.97 2.00416.34

11 241.76 6.66 1.40 0.26 1.70 388.83 2.54 4.000 No No4.13 2.00391.37

12 219.56 7.58 1.47 0.26 1.70 361.47 7.09 4.000 No No4.30 2.00368.56

13 196.48 9.04 1.57 0.26 1.68 304.52 17.98 4.000 No No4.53 2.00322.50

14 165.19 11.26 1.71 0.26 1.66 270.43 38.68 4.000 No No4.66 2.00309.11

15 133.74 13.51 1.83 0.27 1.64 203.09 49.12 4.000 No No4.82 2.00252.21

16 128.79 13.07 1.81 0.34 1.70 156.44 38.51 4.000 No No4.95 2.00194.95

17 141.15 11.36 1.71 0.26 1.58 236.23 35.88 4.000 No No5.12 2.00272.10

18 163.34 9.41 1.59 0.26 1.56 248.07 18.59 4.000 No No5.28 2.00266.66

19 150.28 9.62 1.61 0.26 1.54 238.59 19.90 4.000 No No5.45 2.00258.49

20 130.12 9.83 1.62 0.32 1.67 187.74 18.36 4.000 No No5.61 2.00206.10

21 104.99 11.00 1.69 0.34 1.68 170.90 25.95 4.000 No No5.77 2.00196.85

22 90.10 12.08 1.75 0.37 1.70 142.29 30.15 4.000 No No5.94 2.00172.44

23 76.15 13.76 1.84 0.40 1.70 118.94 36.11 4.000 No No6.10 2.00155.06

24 67.45 15.23 1.92 0.41 1.70 105.81 40.08 4.000 No No6.26 2.00145.89

25 65.83 15.62 1.94 0.42 1.70 100.36 40.40 4.000 No No6.43 2.00140.75

26 67.03 14.95 1.90 0.40 1.70 111.15 40.05 4.000 No No6.59 2.00151.21

27 70.24 13.99 1.86 0.41 1.70 111.59 35.91 4.000 No No6.76 2.00147.50

28 80.28 12.76 1.79 0.41 1.69 115.29 30.35 4.000 No No6.92 2.00145.64

29 90.73 12.30 1.77 0.36 1.56 146.46 32.14 4.000 No No7.08 2.00178.60

30 98.72 11.99 1.75 0.36 1.55 147.23 30.22 4.000 No No7.25 2.00177.45

31 101.70 12.04 1.75 0.37 1.55 140.58 29.64 4.000 No No7.41 2.00170.22

32 108.83 11.49 1.72 0.36 1.51 154.13 27.68 4.000 No No7.58 2.00181.80

33 113.92 10.77 1.68 0.34 1.46 169.20 24.02 4.000 No No7.74 2.00193.23

34 110.88 10.80 1.68 0.36 1.48 156.02 23.00 4.000 No No7.91 2.00179.02

35 100.08 11.73 1.74 0.37 1.49 139.59 27.57 4.000 No No8.07 2.00167.16

36 86.35 13.73 1.84 0.38 1.48 126.10 37.20 4.000 No No8.23 2.00163.29

37 72.86 15.93 1.95 0.41 1.52 101.04 41.66 4.000 No No8.40 2.00142.71

38 65.43 17.01 2.00 0.44 1.55 85.85 41.48 4.000 No No8.56 2.00127.33

39 64.61 17.89 2.04 0.42 1.49 95.41 46.19 4.000 No No8.73 2.00141.60

40 57.56 19.32 2.10 0.41 1.47 94.37 49.24 4.000 No No8.89 2.00143.61

41 50.25 21.99 2.21 0.50 1.58 55.83 42.37 4.000 No No9.09 2.0098.20

42 52.52 21.13 2.18 0.48 1.53 65.97 44.30 4.000 No No9.22 2.00110.27

43 66.07 19.55 2.11 0.40 1.42 99.77 51.20 4.000 No No9.38 2.00150.98

44 81.03 17.57 2.03 0.40 1.40 103.56 47.40 4.000 No No9.55 2.00150.97

45 80.43 18.12 2.05 0.37 1.36 116.13 52.12 4.000 No No9.74 2.00168.25

46 75.55 18.14 2.05 0.41 1.40 95.86 46.94 4.000 No No9.87 2.00142.80

47 64.07 19.41 2.11 0.44 1.41 84.35 46.68 0.206 No No10.07 0.77131.03

48 61.29 19.30 2.10 0.46 1.43 75.58 44.08 0.179 No No10.20 0.67119.65
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-5

:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

49 58.82 19.58 2.11 0.43 1.39 84.77 47.13 0.208 No No10.40 0.77131.90

50 62.78 17.58 2.03 0.47 1.42 75.33 40.38 0.171 No No10.53 0.63115.71

51 42.98 20.02 2.13 0.42 1.37 88.18 48.89 0.223 No No10.69 0.81137.07

52 26.48 23.60 2.27 0.69 1.67 7.77 29.11 0.066 No No10.86 0.2336.88

53 5.17 57.80 3.20 0.66 1.63 9.96 0.00 0.468 No Yes11.02 1.579.96

54 6.80 49.29 3.01 0.69 1.64 6.06 0.00 0.628 No Yes11.19 2.006.06

55 6.17 49.44 3.02 0.64 1.58 14.46 0.00 0.561 No Yes11.35 1.8614.46

56 6.51 47.97 2.98 0.68 1.63 6.71 0.00 0.590 No Yes11.51 1.946.71

57 4.63 57.99 3.21 0.68 1.62 7.22 0.00 0.399 No Yes11.71 1.307.22

58 4.53 59.16 3.23 0.69 1.62 5.89 0.00 0.387 No Yes11.84 1.255.89

59 4.51 59.23 3.23 0.68 1.61 6.13 0.00 0.382 No Yes12.01 1.236.13

60 4.99 56.12 3.17 0.68 1.60 7.03 0.00 0.425 No Yes12.17 1.367.03

61 5.24 55.45 3.15 0.67 1.58 7.89 0.00 0.445 No Yes12.37 1.417.89

62 6.11 51.10 3.06 0.68 1.58 7.13 0.00 0.526 No Yes12.50 1.667.13

63 5.95 53.52 3.11 0.66 1.56 10.57 0.00 0.507 No Yes12.66 1.5910.57

64 6.48 52.86 3.10 0.68 1.57 6.98 0.00 0.553 No Yes12.83 1.736.98

65 6.53 54.48 3.13 0.67 1.55 9.20 0.00 0.554 No Yes12.99 1.729.20

66 6.57 53.53 3.11 0.66 1.54 10.86 0.00 0.552 No Yes13.15 1.7110.86

67 6.00 54.31 3.13 0.68 1.55 7.20 0.00 0.495 No Yes13.32 1.527.20

68 5.06 57.82 3.20 0.68 1.55 6.78 0.00 0.405 No Yes13.52 1.246.78

69 5.32 58.36 3.22 0.68 1.54 6.68 0.00 0.426 No Yes13.65 1.296.68

70 6.00 59.57 3.24 0.67 1.53 7.98 0.00 0.484 No Yes13.81 1.467.98

71 7.35 58.37 3.22 0.66 1.51 9.59 0.00 0.602 No Yes14.01 1.819.59

72 9.11 56.68 3.18 0.65 1.49 12.15 0.00 0.756 No Yes14.14 2.0012.15

73 13.02 47.96 2.98 0.63 1.47 15.34 0.00 1.098 No Yes14.30 2.0015.34

74 12.17 48.91 3.00 0.59 1.42 25.08 0.00 1.013 No Yes14.47 2.0025.08

75 9.85 50.87 3.05 0.67 1.49 8.71 0.00 0.801 No Yes14.63 2.008.71

76 5.61 64.68 3.35 0.69 1.50 5.84 0.00 0.426 No Yes14.79 1.255.84

77 5.47 63.05 3.31 0.67 1.48 8.20 0.00 0.410 No Yes14.96 1.208.20

78 6.13 59.07 3.23 0.67 1.47 8.01 0.00 0.463 No Yes15.16 1.358.01

79 6.03 58.82 3.23 0.67 1.47 8.26 0.00 0.452 No Yes15.29 1.318.26

80 5.69 59.89 3.25 0.68 1.46 7.43 0.00 0.419 No Yes15.45 1.217.43

81 5.79 58.67 3.22 0.68 1.46 6.30 0.00 0.424 No Yes15.65 1.226.30

82 7.33 52.45 3.09 0.67 1.45 8.45 0.00 0.550 No Yes15.81 1.578.45

83 8.32 50.33 3.04 0.64 1.42 13.52 0.00 0.630 No Yes15.94 1.8013.52

84 8.40 51.81 3.07 0.66 1.43 10.45 0.00 0.632 No Yes16.11 1.8010.45

85 7.29 56.76 3.18 0.67 1.43 8.78 0.00 0.535 No Yes16.27 1.518.78

86 8.25 53.67 3.11 0.67 1.42 8.97 0.00 0.611 No Yes16.44 1.728.97

87 10.16 48.34 2.99 0.64 1.39 14.25 0.00 0.762 No Yes16.60 2.0014.25

88 10.34 47.71 2.98 0.63 1.38 16.30 0.00 0.772 No Yes16.76 2.0016.30

89 7.72 55.31 3.15 0.66 1.40 9.83 0.00 0.554 No Yes16.96 1.549.83

90 15.26 37.46 2.71 0.70 1.42 3.87 0.00 1.155 No Yes17.09 2.003.87

91 27.51 31.19 2.53 0.53 1.30 42.96 43.71 0.122 No No17.26 0.3686.67

92 51.96 23.57 2.27 0.51 1.28 53.47 43.22 0.137 No No17.42 0.4096.68

93 64.68 22.89 2.24 0.42 1.22 88.35 53.22 0.238 No No17.58 0.69141.57

94 74.34 21.54 2.19 0.43 1.22 84.99 50.44 0.218 No No17.75 0.63135.43

95 141.57 16.21 1.96 0.27 1.13 188.12 62.38 4.000 No No17.91 2.00250.49
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-5

:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

Abbreviations
Depth:
qt:
FC:
Ic:
m:
CN:
qc1N:
∆qc1N:
qc1N,cs:
CRR7.5:
FS:

Depth from free surface, at which CPT was performed (ft)
Total cone resistance
Fines content (%)
Soil behavior type index
Stress exponent
Overburden correction factor
Normalized and adjusted cone resistance
Cone resistance correction factor due to fines
Normalized and adjusted cone resistance
Cyclic resistance ratio for Mw=7.5
Factor of safety against soil liquefaction
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-5

:: Liquefaction Potential Index calculation data ::

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

2.16 2.00 0.00 9.67 0.33 0.00 2.49 2.00 0.00 9.62 0.33 0.00

2.66 2.00 0.00 9.60 0.16 0.00 2.98 2.00 0.00 9.55 0.33 0.00

3.15 2.00 0.00 9.52 0.16 0.00 3.31 2.00 0.00 9.50 0.16 0.00

3.48 2.00 0.00 9.47 0.16 0.00 3.64 2.00 0.00 9.45 0.16 0.00

3.80 2.00 0.00 9.42 0.16 0.00 3.97 2.00 0.00 9.40 0.17 0.00

4.13 2.00 0.00 9.37 0.16 0.00 4.30 2.00 0.00 9.35 0.16 0.00

4.53 2.00 0.00 9.31 0.23 0.00 4.66 2.00 0.00 9.29 0.13 0.00

4.82 2.00 0.00 9.27 0.17 0.00 4.95 2.00 0.00 9.25 0.13 0.00

5.12 2.00 0.00 9.22 0.16 0.00 5.28 2.00 0.00 9.20 0.16 0.00

5.45 2.00 0.00 9.17 0.16 0.00 5.61 2.00 0.00 9.15 0.16 0.00

5.77 2.00 0.00 9.12 0.16 0.00 5.94 2.00 0.00 9.10 0.16 0.00

6.10 2.00 0.00 9.07 0.16 0.00 6.26 2.00 0.00 9.05 0.16 0.00

6.43 2.00 0.00 9.02 0.16 0.00 6.59 2.00 0.00 9.00 0.16 0.00

6.76 2.00 0.00 8.97 0.16 0.00 6.92 2.00 0.00 8.95 0.16 0.00

7.08 2.00 0.00 8.92 0.16 0.00 7.25 2.00 0.00 8.90 0.16 0.00

7.41 2.00 0.00 8.87 0.16 0.00 7.58 2.00 0.00 8.85 0.16 0.00

7.74 2.00 0.00 8.82 0.16 0.00 7.91 2.00 0.00 8.80 0.17 0.00

8.07 2.00 0.00 8.77 0.16 0.00 8.23 2.00 0.00 8.75 0.16 0.00

8.40 2.00 0.00 8.72 0.16 0.00 8.56 2.00 0.00 8.70 0.16 0.00

8.73 2.00 0.00 8.67 0.16 0.00 8.89 2.00 0.00 8.65 0.16 0.00

9.09 2.00 0.00 8.62 0.20 0.00 9.22 2.00 0.00 8.60 0.13 0.00

9.38 2.00 0.00 8.57 0.16 0.00 9.55 2.00 0.00 8.55 0.16 0.00

9.74 2.00 0.00 8.52 0.20 0.00 9.87 2.00 0.00 8.50 0.13 0.00

10.07 0.77 0.23 8.47 0.20 0.11 10.20 0.67 0.33 8.45 0.13 0.11

10.40 0.77 0.23 8.42 0.20 0.12 10.53 0.63 0.37 8.40 0.13 0.13

10.69 0.81 0.19 8.37 0.16 0.08 10.86 0.23 0.77 8.35 0.16 0.32

11.02 1.57 0.00 8.32 0.16 0.00 11.19 2.00 0.00 8.30 0.16 0.00

11.35 1.86 0.00 8.27 0.16 0.00 11.51 1.94 0.00 8.25 0.16 0.00

11.71 1.30 0.00 8.22 0.20 0.00 11.84 1.25 0.00 8.20 0.13 0.00

12.01 1.23 0.00 8.17 0.16 0.00 12.17 1.36 0.00 8.15 0.16 0.00

12.37 1.41 0.00 8.12 0.20 0.00 12.50 1.66 0.00 8.10 0.13 0.00

12.66 1.59 0.00 8.07 0.16 0.00 12.83 1.73 0.00 8.05 0.16 0.00

12.99 1.72 0.00 8.02 0.16 0.00 13.15 1.71 0.00 8.00 0.16 0.00

13.32 1.52 0.00 7.97 0.16 0.00 13.52 1.24 0.00 7.94 0.20 0.00

13.65 1.29 0.00 7.92 0.13 0.00 13.81 1.46 0.00 7.90 0.16 0.00

14.01 1.81 0.00 7.87 0.20 0.00 14.14 2.00 0.00 7.85 0.13 0.00

14.30 2.00 0.00 7.82 0.16 0.00 14.47 2.00 0.00 7.80 0.16 0.00

14.63 2.00 0.00 7.77 0.16 0.00 14.79 1.25 0.00 7.75 0.16 0.00

14.96 1.20 0.00 7.72 0.16 0.00 15.16 1.35 0.00 7.69 0.20 0.00

15.29 1.31 0.00 7.67 0.13 0.00 15.45 1.21 0.00 7.65 0.16 0.00

15.65 1.22 0.00 7.62 0.20 0.00 15.81 1.57 0.00 7.59 0.16 0.00

15.94 1.80 0.00 7.57 0.13 0.00 16.11 1.80 0.00 7.55 0.16 0.00

16.27 1.51 0.00 7.52 0.16 0.00 16.44 1.72 0.00 7.50 0.16 0.00

16.60 2.00 0.00 7.47 0.16 0.00 16.76 2.00 0.00 7.45 0.16 0.00

16.96 1.54 0.00 7.42 0.20 0.00 17.09 2.00 0.00 7.40 0.13 0.00

17.26 0.36 0.64 7.37 0.16 0.24 17.42 0.40 0.60 7.35 0.16 0.22

17.58 0.69 0.31 7.32 0.16 0.11 17.75 0.63 0.37 7.30 0.16 0.13

17.91 2.00 0.00 7.27 0.16 0.00
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:: Liquefaction Potential Index calculation data :: (continued)

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

Abbreviations

Overall liquefaction potential: 1.57

LPI = 0.00 - Liquefaction risk very low
LPI between 0.00 and 5.00 - Liquefaction risk low
LPI between 5.00 and 15.00 - Liquefaction risk high
LPI > 15.00 - Liquefaction risk very high

FS:
FL:
wz:
dz:
LPI:

Calculated factor of safety for test point
1 - FS
Function value of the extend of soil liquefaction according to depth
Layer thickness (ft)
Liquefaction potential index value for test point
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Abbreviations
qt:
Ic:
FS:
Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index
Calculated Factor of Safety against liquefaction
Post-liquefaction volumentric strain



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-5

::  Post-earthquake settlement due to soil liquefaction ::

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

10.07 131.03 0.77 2.29 0.051.00 10.20 119.65 0.67 2.66 0.041.00

10.40 131.90 0.77 2.28 0.051.00 10.53 115.71 0.63 2.76 0.041.00

10.69 137.07 0.81 1.73 0.031.00 10.86 36.88 0.23 7.87 0.151.00

11.02 9.96 1.57 0.00 0.001.00 11.19 6.06 2.00 0.00 0.001.00

11.35 14.46 1.86 0.00 0.001.00 11.51 6.71 1.94 0.00 0.001.00

11.71 7.22 1.30 0.00 0.001.00 11.84 5.89 1.25 0.00 0.001.00

12.01 6.13 1.23 0.00 0.001.00 12.17 7.03 1.36 0.00 0.001.00

12.37 7.89 1.41 0.00 0.001.00 12.50 7.13 1.66 0.00 0.001.00

12.66 10.57 1.59 0.00 0.001.00 12.83 6.98 1.73 0.00 0.001.00

12.99 9.20 1.72 0.00 0.001.00 13.15 10.86 1.71 0.00 0.001.00

13.32 7.20 1.52 0.00 0.001.00 13.52 6.78 1.24 0.00 0.001.00

13.65 6.68 1.29 0.00 0.001.00 13.81 7.98 1.46 0.00 0.001.00

14.01 9.59 1.81 0.00 0.001.00 14.14 12.15 2.00 0.00 0.001.00

14.30 15.34 2.00 0.00 0.001.00 14.47 25.08 2.00 0.00 0.001.00

14.63 8.71 2.00 0.00 0.001.00 14.79 5.84 1.25 0.00 0.001.00

14.96 8.20 1.20 0.00 0.001.00 15.16 8.01 1.35 0.00 0.001.00

15.29 8.26 1.31 0.00 0.001.00 15.45 7.43 1.21 0.00 0.001.00

15.65 6.30 1.22 0.00 0.001.00 15.81 8.45 1.57 0.00 0.001.00

15.94 13.52 1.80 0.00 0.001.00 16.11 10.45 1.80 0.00 0.001.00

16.27 8.78 1.51 0.00 0.001.00 16.44 8.97 1.72 0.00 0.001.00

16.60 14.25 2.00 0.00 0.001.00 16.76 16.30 2.00 0.00 0.001.00

16.96 9.83 1.54 0.00 0.001.00 17.09 3.87 2.00 0.00 0.001.00

17.26 86.67 0.36 3.71 0.071.00 17.42 96.68 0.40 3.33 0.071.00

17.58 141.57 0.69 2.22 0.041.00 17.75 135.43 0.63 2.33 0.051.00

17.91 250.49 2.00 0.00 0.001.00

Total estimated settlement: 0.61

Abbreviations
Qtn,cs:
FS:
ev (%):
DF:
Settlement:

Equivalent clean sand normalized cone resistance
Factor of safety against liquefaction
Post-liquefaction volumentric strain
ev depth weighting factor
Calculated settlement
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Estimation of post-earthquake lateral Displacements
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qt: Total cone resistance (cone resistance qc corrected for pore water effects)
Ic: Soil Behaviour Type Index
qc1N,cs: Equivalent clean sand normalized CPT total cone resistance

F.S.: Factor of safety
γmax: Maximum cyclic shear strain
LDI: Lateral displacement index

Abbreviations



This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-5

:: Lateral displacement index calculation ::

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

10.07 131.03 0.15 0.77 0.48 0.08 0.18

10.20 119.65 0.20 0.67 0.61 0.20 0.31

10.40 131.90 0.15 0.77 0.47 0.08 0.18

10.53 115.71 0.22 0.63 0.65 0.22 0.34

10.69 137.07 0.13 0.81 0.41 0.06 0.12

10.86 36.88 1.47 0.23 0.94 1.47 2.89

11.02 9.96 0.00 1.57 0.00 0.00 0.00

11.19 6.06 0.00 2.00 0.00 0.00 0.00

11.35 14.46 0.00 1.86 0.00 0.00 0.00

11.51 6.71 0.00 1.94 0.00 0.00 0.00

11.71 7.22 0.00 1.30 0.00 0.00 0.00

11.84 5.89 0.00 1.25 0.00 0.00 0.00

12.01 6.13 0.00 1.23 0.00 0.00 0.00

12.17 7.03 0.00 1.36 0.00 0.00 0.00

12.37 7.89 0.00 1.41 0.00 0.00 0.00

12.50 7.13 0.00 1.66 0.00 0.00 0.00

12.66 10.57 0.00 1.59 0.00 0.00 0.00

12.83 6.98 0.00 1.73 0.00 0.00 0.00

12.99 9.20 0.00 1.72 0.00 0.00 0.00

13.15 10.86 0.00 1.71 0.00 0.00 0.00

13.32 7.20 0.00 1.52 0.00 0.00 0.00

13.52 6.78 0.00 1.24 0.00 0.00 0.00

13.65 6.68 0.00 1.29 0.00 0.00 0.00

13.81 7.98 0.00 1.46 0.00 0.00 0.00

14.01 9.59 0.00 1.81 0.00 0.00 0.00

14.14 12.15 0.00 2.00 0.00 0.00 0.00

14.30 15.34 0.00 2.00 0.00 0.00 0.00

14.47 25.08 0.00 2.00 0.00 0.00 0.00

14.63 8.71 0.00 2.00 0.00 0.00 0.00

14.79 5.84 0.00 1.25 0.00 0.00 0.00

14.96 8.20 0.00 1.20 0.00 0.00 0.00

15.16 8.01 0.00 1.35 0.00 0.00 0.00

15.29 8.26 0.00 1.31 0.00 0.00 0.00

15.45 7.43 0.00 1.21 0.00 0.00 0.00

15.65 6.30 0.00 1.22 0.00 0.00 0.00

15.81 8.45 0.00 1.57 0.00 0.00 0.00

15.94 13.52 0.00 1.80 0.00 0.00 0.00

16.11 10.45 0.00 1.80 0.00 0.00 0.00

16.27 8.78 0.00 1.51 0.00 0.00 0.00

16.44 8.97 0.00 1.72 0.00 0.00 0.00

16.60 14.25 0.00 2.00 0.00 0.00 0.00

16.76 16.30 0.00 2.00 0.00 0.00 0.00

16.96 9.83 0.00 1.54 0.00 0.00 0.00

17.09 3.87 0.00 2.00 0.00 0.00 0.00

17.26 86.67 0.42 0.36 0.89 0.42 0.83

17.42 96.68 0.34 0.40 0.82 0.34 0.66

17.58 141.57 0.12 0.69 0.35 0.09 0.17

17.75 135.43 0.13 0.63 0.43 0.13 0.26
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:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

17.91 250.49 0.00 2.00 -1.22 0.00 0.00

Depth:
qc1N,cs:
Gammalim:
FS:
Fa:
Gammamax:
Lat. disp.:

Depth of test point
Adjusted and corrected cone resistance due to fines
Limiting shear strain
Calculated factor of safety against liquefaction
 
Maximum cyclic shear strain
Lateral displacement

Abbreviations

Total estimated displacement: 5.94
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:: Strength loss calculation  Idriss & Boulanger (2008) ::

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

2.16 2.58 10.19 42.16 3.27 0.06 24.384.14

2.49 138.02 1.00 221.71 1.13 0.02 0.95221.71

2.66 137.04 1.00 220.12 1.13 0.94 0.94220.12

2.98 151.82 1.00 243.84 1.16 0.02 0.96243.84

3.15 69.72 1.11 123.88 1.80 0.11 0.84111.92

3.31 139.06 1.00 223.31 1.52 0.95 0.95223.31

3.48 199.71 1.00 320.73 1.38 1.01 1.01320.73

3.64 233.84 1.00 375.54 1.35 1.03 1.03375.54

3.80 249.88 1.00 401.30 1.34 1.04 1.04401.30

3.97 253.42 1.00 406.97 1.36 1.05 1.05406.97

4.13 241.76 1.00 388.23 1.40 1.04 1.04388.23

4.30 219.56 1.00 352.54 1.47 1.02 1.02352.54

4.53 196.48 1.00 315.43 1.57 1.00 1.00315.43

4.66 165.19 1.04 276.62 1.71 0.97 0.97265.15

4.82 133.74 1.13 242.62 1.83 0.94 0.94214.61

4.95 128.79 1.11 230.00 1.81 0.38 0.93206.64

5.12 141.15 1.05 237.13 1.71 0.95 0.95226.47

5.28 163.34 1.00 262.12 1.59 0.97 0.97262.12

5.45 150.28 1.00 241.11 1.61 0.96 0.96241.11

5.61 130.12 1.00 208.71 1.62 0.88 0.94208.71

5.77 104.99 1.03 173.87 1.69 0.53 0.90168.32

5.94 90.10 1.07 155.19 1.75 0.28 0.88144.38

6.10 76.15 1.14 139.13 1.84 0.19 0.86121.95

6.26 67.45 1.21 130.23 1.92 0.16 0.84107.95

6.43 65.83 1.23 129.11 1.94 0.15 0.83105.34

6.59 67.03 1.19 127.96 1.90 0.17 0.84107.25

6.76 70.24 1.15 129.30 1.86 0.17 0.84112.39

6.92 80.28 1.10 141.49 1.79 0.18 0.86128.51

7.08 90.73 1.08 157.40 1.77 0.30 0.88145.28

7.25 98.72 1.07 169.41 1.75 0.30 0.89158.11

7.41 101.70 1.07 174.78 1.75 0.27 0.90162.87

7.58 108.83 1.05 183.41 1.72 0.35 0.91174.31

7.74 113.92 1.02 186.75 1.68 0.50 0.92182.47

7.91 110.88 1.02 181.95 1.68 0.36 0.91177.57

8.07 100.08 1.06 170.07 1.74 0.26 0.90160.20

8.23 86.35 1.14 157.40 1.84 0.21 0.87138.14

8.40 72.86 1.24 144.60 1.95 0.15 0.85116.44

8.56 65.43 1.30 136.04 2.00 0.12 0.83104.49

8.73 64.61 1.36 139.95 2.04 0.14 0.83103.15

8.89 57.56 1.46 133.90 2.10 0.14 0.8291.81

9.09 50.25 1.69 135.24 2.21 0.09 0.8080.05

9.22 52.52 1.61 134.65 2.18 0.10 0.8083.68

9.38 66.07 1.48 155.65 2.11 0.16 0.83105.43

9.55 81.03 1.34 173.04 2.03 0.16 0.86129.46

9.74 80.43 1.37 176.33 2.05 0.19 0.86128.48

9.87 75.55 1.37 164.83 2.05 0.14 0.85120.02

10.07 64.07 1.46 149.36 2.11 0.13 0.83101.95

10.20 61.29 1.46 141.08 2.10 0.11 0.8296.86
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:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

10.40 58.82 1.48 136.79 2.11 0.13 0.8292.52

10.53 62.78 1.34 128.28 2.03 0.11 0.8295.93

10.69 42.98 1.51 101.37 2.13 0.13 0.7766.98

10.86 26.48 1.86 77.38 2.27 0.03 0.7141.69

11.02 5.17 9.30 69.21 3.20 0.06 0.657.44

11.19 6.80 6.90 69.23 3.01 0.05 0.8710.04

11.35 6.17 6.93 62.54 3.02 0.06 0.789.02

11.51 6.51 6.55 62.59 2.98 0.05 0.829.56

11.71 4.63 9.36 60.91 3.21 0.06 0.556.51

11.84 4.53 9.71 61.55 3.23 0.06 0.546.34

12.01 4.51 9.74 61.34 3.23 0.06 0.536.30

12.17 4.99 8.81 62.11 3.17 0.06 0.597.05

12.37 5.24 8.61 64.01 3.15 0.06 0.627.43

12.50 6.11 7.39 65.19 3.06 0.06 0.738.83

12.66 5.95 8.06 68.92 3.11 0.06 0.708.55

12.83 6.48 7.87 73.91 3.10 0.06 0.779.39

12.99 6.53 8.33 78.86 3.13 0.06 0.779.46

13.15 6.57 8.06 76.64 3.11 0.06 0.779.51

13.32 6.00 8.28 71.04 3.13 0.06 0.698.58

13.52 5.06 9.31 65.75 3.20 0.06 0.567.06

13.65 5.32 9.47 70.64 3.22 0.06 0.597.46

13.81 6.00 9.84 84.01 3.24 0.06 0.678.54

14.01 7.35 9.48 101.34 3.22 0.06 0.8410.69

14.14 9.11 8.97 121.26 3.18 0.07 1.0513.51

14.30 13.02 6.55 129.43 2.98 0.06 1.5219.77

14.47 12.17 6.79 124.95 3.00 0.08 1.4118.39

14.63 9.85 7.32 107.25 3.05 0.06 1.1114.65

14.79 5.61 11.43 89.49 3.35 0.06 0.597.83

14.96 5.47 10.92 82.86 3.31 0.06 0.577.59

15.16 6.13 9.69 83.69 3.23 0.06 0.648.64

15.29 6.03 9.61 81.31 3.23 0.06 0.638.46

15.45 5.69 9.93 78.41 3.25 0.06 0.587.89

15.65 5.79 9.56 76.94 3.22 0.06 0.598.04

15.81 7.33 7.76 81.46 3.09 0.06 0.7610.50

15.94 8.32 7.18 86.69 3.04 0.06 0.8812.08

16.11 8.40 7.58 92.51 3.07 0.06 0.8812.20

16.27 7.29 9.00 93.52 3.18 0.06 0.7410.40

16.44 8.25 8.10 96.23 3.11 0.06 0.8511.88

16.60 10.16 6.65 98.46 2.99 0.06 1.0614.82

16.76 10.34 6.48 97.25 2.98 0.06 1.0715.00

16.96 7.72 8.57 92.33 3.15 0.06 0.7710.77

17.09 15.26 4.08 87.83 2.71 0.04 1.6021.52

17.26 27.51 2.91 111.15 2.53 0.08 0.7038.21

17.42 51.96 1.85 128.65 2.27 0.09 0.7869.40

17.58 64.68 1.78 152.76 2.24 0.14 0.8185.78

17.75 74.34 1.65 160.24 2.19 0.13 0.8297.29

17.91 141.57 1.26 223.61 1.96 0.91 0.91177.98
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:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

qt:
Kc:
Qtn,cs:
Ic:
Su(liq)/σ'v:
Su(peak)/σ'v:

Total cone resistance
Cone resistance correction factor due to fines
Adjusted and corrected cone resistance due to fines
Soil behavior type index
Calculated liquefied undrained strength ratio
Calculated peak undrained strength ratio

Abbreviations
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.42

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : Location : 

F&ME Consultants, Inc.
3112 Devine Street
Columbia, SC
(803) 254-4540

CPT file : CPT-6

8.50 ft
10.50 ft
3
2.60
Based on SBT

Use fill:
Fill height:
Fill weight:
Trans. detect. applied:
Kσ applied:

Yes
2.00 ft
125.00 lb/ft3
No
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sand & Clay
No
N/A
Method based
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CRR plot

During earthq.
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Friction Ratio

Rf (%)
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Friction Ratio

Mw=71/2, sigma'=1 atm base curve Summary of liquefaction potential

FS Plot

Factor of safety
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FS Plot

During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading
Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground
geometry
Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Cone resistance
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Cone resistance

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s

Friction Ratio

Rf (%)
1086420

D
ep

th
 (

ft)

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

Friction Ratio Pore pressure
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Pore pressure

Insitu

SBT Plot

Ic(SBT)
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SBT Plot Soil Behaviour Type

SBT (Robertson et al. 1986)
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Soil Behaviour Type
Organic soil
Silty sand & sandy silt

Sand & silty sand

Silty sand & sandy silt

Silty sand & sandy silt

Sand & silty sand
Silty sand & sandy silt

Sand & silty sand
Silty sand & sandy silt

Silty sand & sandy silt

Clay

Clay & silty clay
Silty sand & sandy silt

Silty sand & sandy silt
Sand & silty sand
Silty sand & sandy silt
Sand & silty sand
Clay & silty clay
Silty sand & sandy silt
Sand & silty sand
Silty sand & sandy silt

Silty sand & sandy silt
Sand & silty sand
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.42
8.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.50 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A

SBT legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained
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Norm. cone resistance

Qtn
200150100500

D
ep

th
 (

ft)

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

Norm. cone resistance

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s  ( n o r m a l i z e d )

Norm. friction ratio

Fr (%)
1086420

D
ep

th
 (

ft)

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

Norm. friction ratio Nom. pore pressure ratio
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Nom. pore pressure ratio SBTn Plot

Ic (Robertson 1990)
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SBTn Plot Norm. Soil Behaviour Type

SBTn (Robertson 1990)
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Norm. Soil Behaviour Type
Organic soil
Silty sand & sandy silt

Sand & silty sand

Silty sand & sandy silt

Sand & silty sand

Silty sand & sandy silt

Clay

Clay

Clay & silty clay

Sand & silty sand
Silty sand & sandy silt
Sand & silty sand
Silty sand & sandy silt
Sand & silty sand
Clay & silty clay

Sand & silty sand

Silty sand & sandy silt

Silty sand & sandy silt

Sand & silty sand
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SBTn legend
1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to

9. Very stiff fine grained

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.42
8.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.50 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A
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Norm. cone resistance
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Norm. cone resistance

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s  ( i n t e r m e d i a t e  r e s u l t s )
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SBTn Index Apparent fines content

FC (%)
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Apparent fines content "Fines" adjustment

Delta qc1N
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"Fines" adjustment Corrected norm. cone resistance
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Corrected norm. cone resistance
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.42
8.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.50 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A
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CRR plot
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CRR plot

During earthq.

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s

FS Plot

Factor of safety
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FS Plot

During earthq.
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LPI Vertical settlements
FILL

Settlement (in)
3210

D
ep

th
 (

ft)

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

Vertical settlements Lateral displacements
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Lateral displacements
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.42
8.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.50 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A

F.S. color scheme LPI color scheme
Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no liq. are equally likely

Unlike to liquefy

Almost certain it will not liquefy

Very high risk

High risk

Low risk
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Norm. cone resistance
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Norm. cone resistance
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Residual strength correctionCorrected norm. cone resistance
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Corrected norm. cone resistance SBTn Index

Ic (Robertson 1990)
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SBTn Index Liquefied Su/Sig'v
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Peak Su ratio
Liq. Su ratio

Liquefied Su/Sig'v
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

I&B (2008)
I&B (2008)
Based on Ic value
7.30
0.42
8.50 ft

Depth to GWT (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

10.50 ft
3
2.60
Based on SBT
Yes
2.00 ft

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

125.00 lb/ft3
No
Yes
Sand & Clay
No
N/A
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:: Field input data ::

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

1 0.33 1.19 0.09 90.50100.00-0.05

2 0.82 1.19 0.02 104.3815.70-0.05

3 0.98 75.52 0.42 117.194.14-0.09

4 1.15 224.86 1.23 125.092.76-0.71

5 1.31 234.02 2.40 128.302.89-0.87

6 1.48 186.19 2.26 129.154.41-0.78

7 1.64 174.02 2.13 128.815.74-0.50

8 1.80 162.88 2.38 128.266.96-0.58

9 1.97 125.16 2.04 127.798.07-0.40

10 2.13 127.99 1.94 126.698.503.21

11 2.30 124.44 1.67 126.197.320.54

12 2.46 142.92 1.59 125.726.300.58

13 2.63 145.22 1.54 126.196.08-0.48

14 2.79 143.51 1.91 125.936.65-0.84

15 2.95 118.85 1.50 124.768.40-0.69

16 3.12 74.78 1.09 122.6211.19-0.08

17 3.28 57.41 1.12 120.8616.790.11

18 3.44 39.45 1.11 119.5623.291.06

19 3.61 25.50 0.88 118.9626.731.62

20 3.77 39.68 1.03 118.8526.433.43

21 3.94 39.86 1.06 119.8322.242.85

22 4.10 49.69 1.08 120.1220.941.98

23 4.30 48.68 1.08 120.3319.881.84

24 4.46 47.60 1.09 120.3320.371.81

25 4.63 46.97 1.10 120.3420.731.81

26 4.76 46.69 1.10 120.3420.951.81

27 4.92 46.38 1.10 120.3121.081.82

28 5.08 46.03 1.09 120.2921.241.83

29 5.25 45.78 1.10 120.2921.401.85

30 5.45 45.47 1.10 120.3121.591.85

31 5.61 45.31 1.11 120.3621.771.86

32 5.77 45.21 1.13 120.4221.941.86

33 5.91 45.12 1.13 119.2720.241.85

34 6.10 45.33 0.62 117.0317.191.85

35 6.27 45.58 0.36 114.8911.511.86

36 6.40 69.92 0.51 117.576.540.19

37 6.56 138.65 0.98 120.605.550.05

38 6.73 118.75 1.09 121.745.850.14

39 6.89 84.56 0.90 120.858.200.09

40 7.05 68.76 0.85 119.3610.830.08

41 7.22 59.54 0.76 117.9812.920.14

42 7.38 47.75 0.60 116.5113.560.24

43 7.55 50.00 0.51 117.0311.310.54

44 7.71 85.32 0.80 120.027.771.52

45 7.87 140.03 1.21 122.646.381.16

46 8.04 131.68 1.30 123.505.97-0.30

47 8.20 117.99 1.11 122.816.18-1.09

48 8.37 120.54 0.94 121.995.48-1.29
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

49 8.53 137.65 0.93 122.455.64-1.06

50 8.73 124.02 1.28 123.817.76-0.98

51 8.89 90.04 1.69 123.7810.91-1.10

52 9.02 71.76 1.18 124.258.66-1.03

53 9.19 178.39 1.31 121.406.11-2.12

54 9.42 99.50 0.31 117.964.5822.45

55 9.55 55.75 0.16 108.005.0023.83

56 9.68 8.52 0.11 103.8215.277.55

57 9.84 18.35 0.15 103.3030.063.01

58 10.01 15.76 0.22 105.0632.571.06

59 10.17 8.63 0.24 104.4944.533.07

60 10.37 5.60 0.17 102.2163.715.28

61 10.50 3.56 0.14 99.9372.6711.96

62 10.70 4.40 0.13 100.4856.5113.46

63 10.83 10.87 0.16 100.7951.669.72

64 11.02 6.06 0.14 101.4551.784.14

65 11.15 5.03 0.16 102.6961.1711.19

66 11.35 8.03 0.27 103.8252.8810.26

67 11.52 10.75 0.19 104.3151.2911.50

68 11.68 6.46 0.19 103.3953.2411.94

69 11.84 5.84 0.21 103.7465.5319.44

70 11.97 6.00 0.27 105.7576.1413.48

71 12.17 4.90 0.43 105.5180.1011.81

72 12.34 4.70 0.20 105.0283.6316.30

73 12.66 4.72 0.23 103.0574.1721.40

74 12.79 5.76 0.21 103.0069.6016.41

75 12.96 5.81 0.18 102.5065.4924.96

76 13.12 5.56 0.18 102.8667.5525.25

77 13.29 5.33 0.25 103.4168.4522.48

78 13.48 6.00 0.22 103.3370.5224.14

79 13.65 5.04 0.18 101.9770.5516.24

80 13.78 4.41 0.15 100.5174.5318.23

81 13.98 4.19 0.14 99.5678.3818.53

82 14.14 3.75 0.14 98.7881.4716.54

83 14.27 3.50 0.11 97.7878.7617.43

84 14.44 4.17 0.09 96.8376.4722.63

85 14.60 3.66 0.09 96.7874.4924.50

86 14.76 3.78 0.11 97.2476.8325.20

87 14.93 3.96 0.11 97.5175.7024.65

88 15.09 4.06 0.10 97.2773.4423.86

89 15.26 4.18 0.09 96.6170.5324.23

90 15.42 4.32 0.08 96.4770.1323.14

91 15.58 4.15 0.10 96.6671.9422.19

92 15.75 3.99 0.10 96.9074.1820.16

93 15.91 4.05 0.10 96.9473.4320.79

94 16.11 4.41 0.10 96.9668.4019.39

95 16.27 5.15 0.10 97.0463.0322.33

96 16.44 5.61 0.09 97.0660.5217.97
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

97 16.57 5.29 0.09 97.6462.7315.54

98 16.73 4.93 0.12 98.3660.4119.73

99 16.90 6.86 0.11 101.3143.4118.80

100 17.06 16.89 0.18 104.4333.1115.94

101 17.26 20.90 0.25 108.0325.3915.88

102 17.42 31.36 0.34 111.2118.2213.75

103 17.59 56.55 0.43 114.0013.308.76

104 17.75 72.21 0.55 115.2011.195.26

105 17.88 63.66 0.48 115.6812.314.16

106 18.08 48.93 0.55 114.6116.924.74

107 18.24 25.50 0.47 112.9623.078.93

108 18.41 23.22 0.33 109.8326.3212.39

109 18.57 25.55 0.17 107.0425.538.97

110 18.70 18.56 0.19 108.1817.0118.51

111 18.86 58.23 0.34 110.4411.0914.84

112 19.06 80.50 0.29 111.455.00-0.06

113 19.23 47.10 0.26 110.185.003.79

114 19.39 43.30 0.22 108.1713.023.93

115 19.55 37.93 0.17 108.3016.693.14

116 19.68 24.97 0.31 108.3224.552.34

117 19.88 12.83 0.30 109.905.003.75

118 20.01 129.08 0.13 108.555.0010.44

119 20.21 83.90 0.13 103.634.190.60

120 20.37 11.99 0.03 100.395.006.74

121 20.54 10.31 0.08 97.1237.4510.01

122 20.67 9.11 0.12 101.6744.1310.10

123 20.87 11.77 0.22 104.7536.4710.98

124 21.00 23.03 0.23 108.5623.5010.79

125 21.16 46.02 0.33 112.4417.026.17

126 21.32 59.21 0.59 115.3813.88-0.49

127 21.49 68.23 0.64 117.6313.12-2.63

128 21.65 75.15 0.79 118.9412.42-1.54

129 21.82 82.32 0.90 119.7511.89-3.21

130 21.98 85.62 0.85 119.9811.18-4.54

131 22.15 88.90 0.82 120.9812.07-4.55

132 22.34 83.57 1.27 121.7516.49-4.30

133 22.47 43.16 1.37 122.4217.699.42

134 22.67 85.26 1.17 122.3914.4317.73

135 22.80 118.77 1.06 122.8810.98-2.48

136 23.00 102.49 1.36 123.0611.68-0.53

137 23.13 76.89 1.29 123.5115.614.19

138 23.29 70.85 1.54 122.9718.758.63

139 23.46 62.72 1.29 123.0318.7245.30

140 23.62 78.05 1.32 122.8219.4316.59

141 23.79 62.42 1.48 123.1418.8421.88

142 23.95 71.88 1.41 123.4414.6761.96

143 24.11 127.72 1.19 123.609.33-1.74

144 24.28 156.51 1.17 125.858.01-4.21
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Field input data :: (continued)

Point ID qc

(tsf)
Depth
(ft)

Unit weight
(pcf)

Fines content
(%)

fs

(tsf)
u

(tsf)

145 24.44 158.39 2.41 127.688.65-2.21

146 24.64 133.51 2.86 129.6612.602.27

Abbreviations

Depth:
qc:
fs:
u:
Fines content:
Unit weight:

Depth from free surface, at which CPT was performed (ft)
Measured cone resistance (tsf)
Sleeve friction resistance (tsf)
Pore pressure (tsf)
Percentage of fines in soil (%)
Bulk soil unit weight (pcf)
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data ::

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

1 2.33 0.14 0.00 0.14 1.00 0.273 0.259 1.07 2.0001.05 No1.00

2 2.82 0.17 0.00 0.17 1.00 0.273 0.259 1.07 2.0001.05 No1.00

3 2.98 0.18 0.00 0.18 1.00 0.273 0.259 1.10 2.0001.05 No1.00

4 3.15 0.19 0.00 0.19 1.00 0.273 0.259 1.10 2.0001.05 No1.00

5 3.31 0.20 0.00 0.20 1.00 0.273 0.259 1.10 2.0001.05 No1.00

6 3.48 0.21 0.00 0.21 1.00 0.272 0.258 1.10 2.0001.05 No1.00

7 3.64 0.22 0.00 0.22 1.00 0.272 0.258 1.10 2.0001.05 No1.00

8 3.80 0.23 0.00 0.23 1.00 0.272 0.258 1.10 2.0001.05 No1.00

9 3.97 0.24 0.00 0.24 1.00 0.272 0.258 1.10 2.0001.05 No1.00

10 4.13 0.25 0.00 0.25 1.00 0.272 0.258 1.10 2.0001.05 No1.00

11 4.30 0.26 0.00 0.26 1.00 0.272 0.258 1.10 2.0001.05 No1.00

12 4.46 0.27 0.00 0.27 1.00 0.272 0.258 1.10 2.0001.05 No1.00

13 4.63 0.28 0.00 0.28 0.99 0.272 0.258 1.10 2.0001.05 No1.00

14 4.79 0.29 0.00 0.29 0.99 0.271 0.257 1.10 2.0001.05 No1.00

15 4.95 0.30 0.00 0.30 0.99 0.271 0.257 1.10 2.0001.05 No1.00

16 5.12 0.31 0.00 0.31 0.99 0.271 0.257 1.10 2.0001.05 No1.00

17 5.28 0.32 0.00 0.32 0.99 0.271 0.257 1.10 2.0001.05 No1.00

18 5.45 0.33 0.00 0.33 0.99 0.271 0.257 1.09 2.0001.05 No1.00

19 5.61 0.34 0.00 0.34 0.99 0.271 0.257 1.07 2.0001.05 No1.00

20 5.77 0.35 0.00 0.35 0.99 0.271 0.257 1.09 2.0001.05 No1.00

21 5.94 0.36 0.00 0.36 0.99 0.271 0.257 1.09 2.0001.05 No1.00

22 6.10 0.37 0.00 0.37 0.99 0.270 0.256 1.10 2.0001.05 No1.00

23 6.30 0.38 0.00 0.38 0.99 0.270 0.256 1.09 2.0001.05 No1.00

24 6.46 0.39 0.00 0.39 0.99 0.270 0.256 1.09 2.0001.05 No1.00

25 6.63 0.40 0.00 0.40 0.99 0.270 0.256 1.09 2.0001.05 No1.00

26 6.76 0.41 0.00 0.41 0.99 0.270 0.256 1.08 2.0001.05 No1.00

27 6.92 0.42 0.00 0.42 0.99 0.270 0.256 1.08 2.0001.05 No1.00

28 7.08 0.43 0.00 0.43 0.99 0.270 0.256 1.08 2.0001.05 No1.00

29 7.25 0.44 0.00 0.44 0.99 0.269 0.256 1.08 2.0001.05 No1.00

30 7.45 0.45 0.00 0.45 0.99 0.269 0.255 1.07 2.0001.05 No1.00

31 7.61 0.46 0.00 0.46 0.99 0.269 0.255 1.07 2.0001.05 No1.00

32 7.77 0.47 0.00 0.47 0.99 0.269 0.255 1.07 2.0001.05 No1.00

33 7.91 0.48 0.00 0.48 0.99 0.269 0.255 1.07 2.0001.05 No1.00

34 8.10 0.49 0.00 0.49 0.98 0.269 0.255 1.07 2.0001.05 No1.00

35 8.27 0.50 0.00 0.50 0.98 0.269 0.255 1.06 2.0001.05 No1.00

36 8.40 0.51 0.00 0.51 0.98 0.269 0.255 1.08 2.0001.05 No1.00

37 8.56 0.52 0.00 0.52 0.98 0.268 0.255 1.10 2.0001.05 No1.00

38 8.73 0.53 0.00 0.53 0.98 0.268 0.254 1.10 2.0001.05 No1.00

39 8.89 0.54 0.00 0.54 0.98 0.268 0.254 1.08 2.0001.05 No1.00

40 9.05 0.55 0.00 0.55 0.98 0.268 0.254 1.07 2.0001.05 No1.00

41 9.22 0.56 0.00 0.56 0.98 0.268 0.254 1.06 2.0001.05 No1.00

42 9.38 0.56 0.00 0.56 0.98 0.268 0.254 1.05 2.0001.05 No1.00

43 9.55 0.57 0.00 0.57 0.98 0.267 0.254 1.05 2.0001.05 No1.00

44 9.71 0.58 0.00 0.58 0.98 0.267 0.254 1.07 2.0001.05 No1.00

45 9.87 0.59 0.00 0.59 0.98 0.267 0.253 1.10 2.0001.05 No1.00

46 10.04 0.60 0.00 0.60 0.98 0.267 0.253 1.10 2.0001.05 No1.00

47 10.20 0.61 0.00 0.61 0.98 0.267 0.253 1.09 2.0001.05 No1.00

48 10.37 0.62 0.00 0.62 0.98 0.267 0.253 1.08 2.0001.05 No1.00
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

49 10.53 0.63 0.00 0.63 0.98 0.267 0.253 1.10 0.2311.05 No1.00

50 10.73 0.65 0.01 0.64 0.98 0.269 0.255 1.08 0.2361.05 No1.00

51 10.89 0.66 0.01 0.64 0.98 0.271 0.257 1.06 0.2431.05 No1.00

52 11.02 0.67 0.02 0.65 0.97 0.273 0.259 1.05 0.2471.05 No1.00

53 11.19 0.68 0.02 0.65 0.97 0.275 0.261 1.10 0.2371.05 No1.00

54 11.42 0.69 0.03 0.66 0.97 0.277 0.263 1.06 0.2481.05 No1.00

55 11.55 0.70 0.03 0.66 0.97 0.279 0.264 1.04 0.2541.05 No1.00

56 11.68 0.70 0.04 0.67 0.97 0.280 0.266 1.02 0.2601.05 No1.00

57 11.84 0.71 0.04 0.67 0.97 0.282 0.267 1.03 0.2611.05 No1.00

58 12.01 0.72 0.05 0.67 0.97 0.284 0.269 1.02 0.2631.05 No1.00

59 12.17 0.73 0.05 0.68 0.97 0.285 0.271 1.02 0.2771.05 No1.00

60 12.37 0.74 0.06 0.68 0.97 0.288 0.273 1.02 0.2801.05 No1.00

61 12.50 0.74 0.06 0.68 0.97 0.289 0.274 1.02 0.2811.05 No1.00

62 12.70 0.75 0.07 0.69 0.97 0.291 0.276 1.02 0.2831.05 No1.00

63 12.83 0.76 0.07 0.69 0.97 0.292 0.277 1.02 0.2841.05 No1.00

64 13.02 0.77 0.08 0.69 0.97 0.294 0.279 1.02 0.2861.05 No1.00

65 13.15 0.78 0.08 0.70 0.97 0.296 0.280 1.02 0.2881.05 No1.00

66 13.35 0.79 0.09 0.70 0.97 0.297 0.282 1.02 0.2891.05 No1.00

67 13.52 0.80 0.09 0.70 0.97 0.299 0.284 1.02 0.2911.05 No1.00

68 13.68 0.81 0.10 0.71 0.97 0.301 0.285 1.02 0.2931.05 No1.00

69 13.84 0.81 0.10 0.71 0.96 0.302 0.287 1.02 0.2941.05 No1.00

70 13.97 0.82 0.11 0.71 0.96 0.303 0.288 1.02 0.2961.05 No1.00

71 14.17 0.83 0.11 0.72 0.96 0.305 0.289 1.02 0.2981.05 No1.00

72 14.34 0.84 0.12 0.72 0.96 0.307 0.291 1.02 0.2991.05 No1.00

73 14.66 0.86 0.13 0.73 0.96 0.309 0.294 1.02 0.3021.05 No1.00

74 14.79 0.86 0.13 0.73 0.96 0.311 0.295 1.02 0.3031.05 No1.00

75 14.96 0.87 0.14 0.73 0.96 0.312 0.296 1.02 0.3051.05 No1.00

76 15.12 0.88 0.14 0.74 0.96 0.313 0.297 1.02 0.3061.05 No1.00

77 15.29 0.89 0.15 0.74 0.96 0.315 0.299 1.02 0.3071.05 No1.00

78 15.48 0.90 0.16 0.74 0.96 0.316 0.300 1.02 0.3091.05 No1.00

79 15.65 0.91 0.16 0.75 0.96 0.318 0.301 1.01 0.3101.05 No1.00

80 15.78 0.91 0.16 0.75 0.96 0.319 0.302 1.01 0.3121.05 No1.00

81 15.98 0.92 0.17 0.75 0.96 0.320 0.304 1.01 0.3131.05 No1.00

82 16.14 0.93 0.18 0.76 0.96 0.322 0.305 1.01 0.3151.05 No1.00

83 16.27 0.94 0.18 0.76 0.96 0.323 0.306 1.01 0.3161.05 No1.00

84 16.44 0.95 0.19 0.76 0.95 0.324 0.307 1.01 0.3171.05 No1.00

85 16.60 0.95 0.19 0.76 0.95 0.325 0.309 1.01 0.3181.05 No1.00

86 16.76 0.96 0.20 0.77 0.95 0.327 0.310 1.01 0.3201.05 No1.00

87 16.93 0.97 0.20 0.77 0.95 0.328 0.311 1.01 0.3211.05 No1.00

88 17.09 0.98 0.21 0.77 0.95 0.329 0.312 1.01 0.3221.05 No1.00

89 17.26 0.99 0.21 0.78 0.95 0.330 0.313 1.01 0.3241.05 No1.00

90 17.42 0.99 0.22 0.78 0.95 0.332 0.315 1.01 0.3251.05 No1.00

91 17.58 1.00 0.22 0.78 0.95 0.333 0.316 1.01 0.3261.05 No1.00

92 17.75 1.01 0.23 0.78 0.95 0.334 0.317 1.01 0.3271.05 No1.00

93 17.91 1.02 0.23 0.79 0.95 0.335 0.318 1.01 0.3281.05 No1.00

94 18.11 1.03 0.24 0.79 0.95 0.337 0.319 1.01 0.3301.05 No1.00

95 18.27 1.04 0.24 0.79 0.95 0.338 0.320 1.01 0.3311.05 No1.00

96 18.44 1.04 0.25 0.80 0.95 0.339 0.322 1.01 0.3321.05 No1.00
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

97 18.57 1.05 0.25 0.80 0.95 0.340 0.322 1.01 0.3331.05 No1.00

98 18.73 1.06 0.26 0.80 0.95 0.341 0.323 1.01 0.3341.05 No1.00

99 18.90 1.07 0.26 0.80 0.95 0.342 0.324 1.01 0.3351.05 No1.00

100 19.06 1.07 0.27 0.81 0.94 0.343 0.325 1.01 0.3211.05 No1.00

101 19.26 1.09 0.27 0.81 0.94 0.344 0.327 1.01 0.3221.05 No1.00

102 19.42 1.09 0.28 0.82 0.94 0.345 0.327 1.02 0.3221.05 No1.00

103 19.59 1.10 0.28 0.82 0.94 0.346 0.328 1.02 0.3221.05 No1.00

104 19.75 1.11 0.29 0.82 0.94 0.347 0.329 1.02 0.3221.05 No1.00

105 19.88 1.12 0.29 0.83 0.94 0.348 0.330 1.02 0.3231.05 No1.00

106 20.08 1.13 0.30 0.83 0.94 0.349 0.331 1.02 0.3251.05 No1.00

107 20.24 1.14 0.30 0.84 0.94 0.350 0.332 1.01 0.3271.05 No1.00

108 20.41 1.15 0.31 0.84 0.94 0.350 0.332 1.01 0.3281.05 No1.00

109 20.57 1.16 0.31 0.84 0.94 0.351 0.333 1.01 0.3291.05 No1.00

110 20.70 1.17 0.32 0.85 0.94 0.352 0.334 1.01 0.3301.05 No1.00

111 20.86 1.18 0.32 0.85 0.94 0.353 0.335 1.02 0.3291.05 No1.00

112 21.06 1.19 0.33 0.86 0.94 0.354 0.336 1.02 0.3291.05 No1.00

113 21.23 1.20 0.33 0.86 0.94 0.355 0.336 1.02 0.3311.05 No1.00

114 21.39 1.20 0.34 0.86 0.93 0.355 0.337 1.01 0.3321.05 No1.00

115 21.55 1.21 0.34 0.87 0.93 0.356 0.338 1.01 0.3331.05 No1.00

116 21.68 1.22 0.35 0.87 0.93 0.357 0.338 1.01 0.3351.05 No1.00

117 21.88 1.23 0.36 0.88 0.93 0.358 0.339 1.01 0.3361.05 No1.00

118 22.01 1.24 0.36 0.88 0.93 0.358 0.340 1.03 0.3311.05 No1.00

119 22.21 1.25 0.37 0.88 0.93 0.359 0.341 1.02 0.3351.05 No1.00

120 22.37 1.26 0.37 0.89 0.93 0.360 0.342 1.01 0.3391.05 No1.00

121 22.54 1.26 0.38 0.89 0.93 0.361 0.342 1.01 0.3551.05 No1.00

122 22.67 1.27 0.38 0.89 0.93 0.362 0.343 1.01 0.3561.05 No1.00

123 22.87 1.28 0.39 0.90 0.93 0.363 0.344 1.01 0.3571.05 No1.00

124 23.00 1.29 0.39 0.90 0.93 0.363 0.344 1.01 0.3411.05 No1.00

125 23.16 1.30 0.40 0.90 0.93 0.364 0.345 1.01 0.3411.05 No1.00

126 23.32 1.31 0.40 0.91 0.93 0.364 0.346 1.01 0.3411.05 No1.00

127 23.49 1.32 0.41 0.91 0.93 0.365 0.346 1.01 0.3421.05 No1.00

128 23.65 1.33 0.41 0.92 0.92 0.366 0.347 1.01 0.3421.05 No1.00

129 23.82 1.34 0.42 0.92 0.92 0.366 0.347 1.01 0.3431.05 No1.00

130 23.98 1.35 0.42 0.93 0.92 0.367 0.348 1.01 0.3431.05 No1.00

131 24.15 1.36 0.43 0.93 0.92 0.367 0.348 1.01 0.3441.05 No1.00

132 24.34 1.37 0.43 0.94 0.92 0.368 0.349 1.01 0.3451.05 No1.00

133 24.47 1.38 0.44 0.94 0.92 0.368 0.349 1.01 0.3461.05 No1.00

134 24.67 1.39 0.44 0.95 0.92 0.369 0.350 1.01 0.3461.05 No1.00

135 24.80 1.40 0.45 0.95 0.92 0.369 0.350 1.01 0.3451.05 No1.00

136 25.00 1.41 0.45 0.96 0.92 0.370 0.350 1.01 0.3471.05 No1.00

137 25.13 1.42 0.46 0.96 0.92 0.370 0.351 1.01 0.3481.05 No1.00

138 25.29 1.43 0.46 0.97 0.92 0.370 0.351 1.01 0.3481.05 No1.00

139 25.46 1.44 0.47 0.97 0.92 0.371 0.352 1.01 0.3491.05 No1.00

140 25.62 1.45 0.47 0.97 0.92 0.371 0.352 1.01 0.3491.05 No1.00

141 25.79 1.46 0.48 0.98 0.92 0.372 0.352 1.01 0.3501.05 No1.00

142 25.95 1.47 0.48 0.98 0.91 0.372 0.353 1.01 0.3511.05 No1.00

143 26.11 1.48 0.49 0.99 0.91 0.372 0.353 1.01 0.3501.05 No1.00

144 26.28 1.49 0.49 1.00 0.91 0.373 0.353 1.01 0.3501.05 No1.00
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:: Cyclic Stress Ratio fully adjusted (CSR*) calculation data :: (continued)

Point ID σv

(tsf)
Depth
(ft)

CSRrdu0

(tsf)
σv'

(tsf)
MSF CSReq Kσ CSR* Belongs to

transition
User
FS

145 26.44 1.50 0.50 1.00 0.91 0.373 0.354 1.01 0.3501.05 No1.00

146 26.64 1.51 0.50 1.01 0.91 0.373 0.354 1.01 0.3521.05 No1.00

Depth:
σv:
u0:
σv':
rd:
CSR:
MSF:
CSReq:
Kσ:
CSR*:

Depth from free surface, at which CPT was performed (ft)
Total overburden pressure at test point (tsf)
Water pressure at test point (tsf)
Effective overburden pressure based on GWT during earthquake (tsf)
Nonlinear shear mass factor
Cyclic Stress Ratio
Magnitude Scaling Factor
CSR adjusted for M=7.5
Effective overburden stress factor
CSR fully adjusted

Abbreviations
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:: Cyclic Resistance Ratio (CRR) calculation data ::

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

1 1.19 86.70 3.74 0.71 1.70 1.91 0.00 4.000 No Yes2.33 2.001.91

2 25.97 19.18 2.10 0.75 1.70 1.91 23.92 4.000 No No2.82 2.0025.83

3 100.52 9.29 1.59 0.43 1.70 121.34 10.90 4.000 No No2.98 2.00132.24

4 178.13 7.96 1.49 0.26 1.70 361.28 9.97 4.000 No No3.15 2.00371.24

5 215.01 8.09 1.50 0.26 1.70 375.98 11.39 4.000 No No3.31 2.00387.37

6 198.06 9.55 1.60 0.26 1.70 299.13 22.86 4.000 No No3.48 2.00321.99

7 174.35 10.78 1.68 0.26 1.70 279.58 34.55 4.000 No No3.64 2.00314.13

8 154.01 11.88 1.74 0.26 1.70 261.69 43.95 4.000 No No3.80 2.00305.63

9 138.69 12.86 1.80 0.27 1.70 201.09 43.99 4.000 No No3.97 2.00245.08

10 125.88 13.23 1.82 0.26 1.70 205.63 47.53 4.000 No No4.13 2.00253.17

11 131.80 12.20 1.76 0.28 1.70 199.93 38.71 4.000 No No4.30 2.00238.64

12 137.53 11.29 1.71 0.26 1.69 228.61 34.40 4.000 No No4.46 2.00263.01

13 143.88 11.09 1.70 0.26 1.66 228.07 32.53 4.000 No No4.63 2.00260.60

14 135.85 11.60 1.73 0.26 1.63 221.58 36.42 4.000 No No4.79 2.00258.00

15 112.37 13.15 1.81 0.29 1.68 189.15 44.25 4.000 No No4.95 2.00233.40

16 83.67 15.53 1.93 0.38 1.70 120.15 44.31 4.000 No No5.12 2.00164.45

17 57.22 20.04 2.13 0.42 1.70 92.23 50.07 4.000 No No5.28 2.00142.30

18 40.80 24.99 2.32 0.47 1.70 63.38 47.47 4.000 No No5.45 2.00110.86

19 34.91 27.51 2.41 0.54 1.70 40.96 41.74 4.000 No No5.61 2.0082.70

20 35.05 27.29 2.40 0.47 1.70 63.76 49.09 4.000 No No5.77 2.00112.85

21 43.12 24.21 2.29 0.47 1.70 64.04 47.05 4.000 No No5.94 2.00111.09

22 46.11 23.23 2.26 0.44 1.70 79.83 51.00 4.000 No No6.10 2.00130.84

23 48.68 22.43 2.23 0.44 1.70 78.20 49.59 4.000 No No6.30 2.00127.79

24 47.78 22.79 2.24 0.45 1.70 76.48 49.49 4.000 No No6.46 2.00125.98

25 47.12 23.07 2.25 0.45 1.70 75.46 49.49 4.000 No No6.63 2.00124.95

26 46.71 23.24 2.26 0.45 1.70 75.02 49.53 4.000 No No6.76 2.00124.55

27 46.40 23.34 2.26 0.45 1.70 74.52 49.48 4.000 No No6.92 2.00124.01

28 46.09 23.46 2.26 0.45 1.70 73.95 49.43 4.000 No No7.08 2.00123.38

29 45.79 23.58 2.27 0.45 1.70 73.54 49.43 4.000 No No7.25 2.00122.97

30 45.55 23.72 2.27 0.45 1.70 73.06 49.41 4.000 No No7.45 2.00122.47

31 45.36 23.85 2.28 0.45 1.69 72.22 49.28 4.000 No No7.61 2.00121.51

32 45.24 23.98 2.28 0.46 1.67 71.32 49.12 4.000 No No7.77 2.00120.43

33 45.25 22.70 2.24 0.46 1.66 70.77 47.65 4.000 No No7.91 2.00118.41

34 45.37 20.36 2.14 0.47 1.65 70.58 44.50 4.000 No No8.10 2.00115.08

35 53.63 15.79 1.95 0.49 1.66 71.43 34.66 4.000 No No8.27 2.00106.09

36 84.73 11.51 1.72 0.44 1.57 104.04 21.99 4.000 No No8.40 2.00126.03

37 109.11 10.61 1.67 0.32 1.38 180.93 23.87 4.000 No No8.56 2.00204.80

38 113.99 10.89 1.69 0.35 1.41 158.32 23.84 4.000 No No8.73 2.00182.16

39 90.69 12.98 1.80 0.40 1.47 117.10 31.78 4.000 No No8.89 2.00148.88

40 70.95 15.23 1.92 0.43 1.49 96.51 38.14 4.000 No No9.05 2.00134.64

41 58.68 16.95 2.00 0.45 1.49 84.11 40.91 4.000 No No9.22 2.00125.02

42 52.43 17.47 2.02 0.48 1.53 68.92 38.52 4.000 No No9.38 2.00107.43

43 61.03 15.63 1.94 0.49 1.52 71.62 34.21 4.000 No No9.55 2.00105.84

44 91.80 12.60 1.78 0.41 1.41 113.90 29.26 4.000 No No9.71 2.00143.16

45 119.02 11.37 1.71 0.33 1.30 172.47 28.84 4.000 No No9.87 2.00201.30

46 129.90 11.00 1.69 0.34 1.31 163.35 25.13 4.000 No No10.04 2.00188.48

47 123.39 11.18 1.70 0.37 1.33 147.92 24.84 4.000 No No10.20 2.00172.76

48 125.38 10.54 1.67 0.37 1.32 150.30 20.71 4.000 No No10.37 2.00171.01
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:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

49 127.39 10.69 1.67 0.34 1.28 167.05 23.26 0.759 No No10.53 2.00190.31

50 117.22 12.59 1.78 0.35 1.29 150.69 34.58 0.634 No No10.73 2.00185.26

51 95.26 15.29 1.92 0.40 1.32 112.71 41.77 0.293 No No10.89 1.21154.48

52 113.37 13.38 1.83 0.45 1.37 93.18 29.89 0.186 No No11.02 0.76123.07

53 116.64 11.12 1.70 0.28 1.22 205.30 30.41 4.000 No No11.19 2.00235.71

54 111.43 9.71 1.61 0.42 1.33 125.36 13.51 0.229 No No11.42 0.92138.87

55 54.85 12.43 1.77 0.51 1.41 74.18 22.73 0.138 No No11.55 0.5496.91

56 27.70 18.84 2.08 0.68 1.58 12.73 26.44 0.068 No No11.68 0.2639.16

57 14.27 29.88 2.49 0.59 1.48 25.72 37.55 0.092 No No11.84 0.3563.27

58 14.28 31.65 2.54 0.61 1.49 22.22 36.81 0.087 No No12.01 0.3359.02

59 10.05 39.75 2.77 0.65 1.53 12.47 0.00 0.881 No Yes12.17 2.0012.47

60 6.03 51.97 3.08 0.67 1.54 8.17 0.00 0.502 No Yes12.37 1.798.17

61 4.67 57.42 3.20 0.69 1.56 5.23 0.00 0.373 No Yes12.50 1.335.23

62 6.44 47.47 2.97 0.68 1.54 6.41 0.00 0.533 No Yes12.70 1.886.41

63 7.24 44.39 2.89 0.63 1.49 15.32 0.00 0.603 No Yes12.83 2.0015.32

64 7.44 44.46 2.90 0.67 1.52 8.70 0.00 0.616 No Yes13.02 2.008.70

65 6.50 50.39 3.04 0.68 1.52 7.23 0.00 0.527 No Yes13.15 1.837.23

66 8.10 45.17 2.91 0.66 1.49 11.33 0.00 0.666 No Yes13.35 2.0011.33

67 8.58 44.16 2.89 0.64 1.47 14.94 0.00 0.704 No Yes13.52 2.0014.94

68 7.89 45.40 2.92 0.67 1.49 9.11 0.00 0.638 No Yes13.68 2.009.11

69 6.32 53.09 3.10 0.67 1.49 8.23 0.00 0.495 No Yes13.84 1.688.23

70 5.79 59.50 3.24 0.67 1.48 8.41 0.00 0.446 No Yes13.97 1.518.41

71 5.40 61.85 3.29 0.68 1.49 6.87 0.00 0.408 No Yes14.17 1.376.87

72 5.01 63.92 3.33 0.68 1.48 6.57 0.00 0.371 No Yes14.34 1.246.57

73 5.32 58.32 3.21 0.68 1.47 6.56 0.00 0.392 No Yes14.66 1.306.56

74 5.73 55.57 3.16 0.67 1.46 7.94 0.00 0.425 No Yes14.79 1.407.94

75 6.03 53.06 3.10 0.67 1.45 7.97 0.00 0.447 No Yes14.96 1.477.97

76 5.92 54.32 3.13 0.68 1.45 7.62 0.00 0.434 No Yes15.12 1.427.62

77 5.98 54.87 3.14 0.68 1.45 7.28 0.00 0.436 No Yes15.29 1.427.28

78 5.76 56.12 3.17 0.67 1.44 8.14 0.00 0.414 No Yes15.48 1.348.14

79 5.43 56.14 3.17 0.68 1.44 6.84 0.00 0.384 No Yes15.65 1.246.84

80 4.80 58.54 3.22 0.69 1.44 5.98 0.00 0.330 No Yes15.78 1.065.98

81 4.37 60.83 3.27 0.69 1.43 5.67 0.00 0.293 No Yes15.98 0.935.67

82 4.06 62.65 3.30 0.69 1.43 5.07 0.00 0.266 No Yes16.14 0.845.07

83 4.08 61.06 3.27 0.69 1.43 4.72 0.00 0.265 No Yes16.27 0.844.72

84 4.09 59.70 3.24 0.69 1.42 5.60 0.00 0.264 No Yes16.44 0.835.60

85 4.22 58.51 3.22 0.69 1.42 4.90 0.00 0.273 No Yes16.60 0.864.90

86 4.16 59.91 3.25 0.69 1.41 5.05 0.00 0.266 No Yes16.76 0.835.05

87 4.29 59.24 3.23 0.69 1.41 5.27 0.00 0.275 No Yes16.93 0.865.27

88 4.42 57.88 3.21 0.69 1.40 5.38 0.00 0.283 No Yes17.09 0.885.38

89 4.53 56.13 3.17 0.69 1.40 5.53 0.00 0.290 No Yes17.26 0.905.53

90 4.55 55.89 3.16 0.69 1.39 5.69 0.00 0.290 No Yes17.42 0.895.69

91 4.47 56.98 3.19 0.69 1.39 5.45 0.00 0.282 No Yes17.58 0.865.45

92 4.37 58.32 3.22 0.69 1.39 5.23 0.00 0.272 No Yes17.75 0.835.23

93 4.44 57.88 3.21 0.69 1.38 5.30 0.00 0.276 No Yes17.91 0.845.30

94 4.84 54.84 3.14 0.69 1.38 5.74 0.00 0.304 No Yes18.11 0.925.74

95 5.34 51.54 3.07 0.68 1.37 6.67 0.00 0.341 No Yes18.27 1.036.67

96 5.62 49.99 3.03 0.68 1.36 7.22 0.00 0.360 No Yes18.44 1.097.22
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:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

97 5.53 51.36 3.06 0.68 1.36 6.81 0.00 0.352 No Yes18.57 1.066.81

98 5.95 49.92 3.03 0.68 1.36 6.33 0.00 0.382 No Yes18.73 1.146.33

99 9.82 39.02 2.75 0.67 1.35 8.73 0.00 0.672 No Yes18.90 2.008.73

100 15.13 32.03 2.55 0.61 1.31 20.88 36.43 0.085 No No19.06 0.2657.31

101 23.27 26.53 2.37 0.60 1.29 25.58 36.28 0.090 No No19.26 0.2861.86

102 36.46 21.16 2.18 0.56 1.27 37.67 36.10 0.104 No No19.42 0.3273.77

103 53.51 17.26 2.01 0.49 1.23 65.69 37.23 0.147 No No19.59 0.46102.92

104 64.23 15.52 1.93 0.46 1.21 82.53 36.22 0.177 No No19.75 0.55118.76

105 61.67 16.45 1.98 0.48 1.22 73.12 36.93 0.160 No No19.88 0.50110.05

106 46.12 20.15 2.14 0.51 1.23 56.65 40.25 0.138 No No20.08 0.4296.91

107 32.67 24.82 2.31 0.58 1.26 30.33 36.90 0.096 No No20.24 0.2967.23

108 24.90 27.21 2.40 0.59 1.26 27.61 37.24 0.093 No No20.41 0.2864.85

109 22.63 26.63 2.38 0.58 1.25 30.18 37.82 0.097 No No20.57 0.3068.00

110 34.32 20.22 2.14 0.63 1.27 22.28 30.66 0.080 No No20.70 0.2452.94

111 52.59 15.44 1.93 0.50 1.21 66.42 32.53 0.141 No No20.86 0.4398.94

112 62.03 13.91 1.85 0.45 1.18 89.95 31.63 0.183 No No21.06 0.56121.58

113 57.00 14.31 1.87 0.54 1.22 54.25 26.56 0.114 No No21.23 0.3480.80

114 42.83 17.03 2.00 0.54 1.21 49.66 32.82 0.116 No No21.39 0.3582.48

115 35.45 19.97 2.13 0.55 1.21 43.49 36.31 0.112 No No21.55 0.3479.79

116 25.29 25.92 2.35 0.59 1.23 28.95 37.07 0.095 No No21.68 0.2866.02

117 55.70 14.55 1.88 0.70 1.27 15.41 19.77 0.065 No No21.88 0.1935.18

118 75.34 10.58 1.67 0.39 1.14 139.20 19.97 0.321 No No22.01 0.97159.17

119 75.07 9.34 1.59 0.49 1.18 93.40 9.65 0.148 No No22.21 0.44103.05

120 35.48 16.03 1.96 0.69 1.26 14.24 22.55 0.066 No No22.37 0.2036.79

121 10.60 35.01 2.64 0.65 1.24 12.06 0.00 0.637 No Yes22.54 1.7912.06

122 10.55 39.49 2.77 0.66 1.24 10.65 0.00 0.631 No Yes22.67 1.7710.65

123 14.79 34.34 2.62 0.65 1.23 13.65 0.00 0.910 No Yes22.87 2.0013.65

124 27.07 25.14 2.33 0.60 1.21 26.25 35.79 0.090 No No23.00 0.2662.04

125 42.83 20.22 2.14 0.52 1.17 51.07 38.79 0.127 No No23.16 0.3789.85

126 57.83 17.73 2.03 0.49 1.16 64.92 38.10 0.148 No No23.32 0.43103.02

127 67.51 17.12 2.01 0.47 1.15 74.13 38.94 0.166 No No23.49 0.48113.08

128 75.20 16.55 1.98 0.46 1.14 81.10 39.06 0.180 No No23.65 0.53120.16

129 80.99 16.11 1.96 0.44 1.13 88.25 39.38 0.197 No No23.82 0.58127.63

130 85.55 15.52 1.93 0.44 1.13 91.45 38.12 0.202 No No23.98 0.59129.57

131 85.97 16.26 1.97 0.43 1.12 94.42 41.25 0.219 No No24.15 0.64135.67

132 71.88 19.81 2.12 0.43 1.12 88.43 48.58 0.223 No No24.34 0.65137.01

133 70.77 20.75 2.16 0.53 1.15 46.87 38.28 0.120 No No24.47 0.3585.15

134 82.51 18.18 2.05 0.43 1.11 89.83 45.48 0.218 No No24.67 0.63135.31

135 102.24 15.35 1.92 0.38 1.10 123.25 44.22 0.384 No No24.80 1.11167.48

136 99.39 15.93 1.95 0.40 1.10 106.78 42.94 0.270 No No25.00 0.78149.72

137 83.47 19.11 2.09 0.45 1.11 80.75 45.13 0.193 No No25.13 0.55125.88

138 70.43 21.57 2.19 0.45 1.11 74.34 47.34 0.183 No No25.29 0.53121.68

139 70.88 21.54 2.19 0.48 1.11 65.96 44.84 0.161 No No25.46 0.46110.80

140 68.13 22.09 2.21 0.44 1.10 81.15 50.04 0.206 No No25.62 0.59131.19

141 71.26 21.64 2.20 0.48 1.11 65.30 44.76 0.160 No No25.79 0.46110.06

142 87.73 18.37 2.06 0.46 1.10 74.77 42.01 0.173 No No25.95 0.49116.78

143 118.97 13.96 1.85 0.37 1.08 130.14 39.10 0.400 No No26.11 1.14169.24

144 147.50 12.81 1.79 0.34 1.07 157.98 37.08 0.917 No No26.28 2.00195.06
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:: Cyclic Resistance Ratio (CRR) calculation data :: (continued)

Point ID FC (%)qt

(tsf)
qc1NCNIc m ∆qc1N CRR7.5 Belongs to

trans. layer
Clay-like

behaviour
Depth
(ft)

FSqc1N,cs

145 157.72 13.37 1.82 0.33 1.06 159.33 40.81 1.146 No No26.44 2.00200.15

146 141.82 16.69 1.99 0.35 1.07 134.43 52.03 0.661 No No26.64 1.88186.46

Abbreviations
Depth:
qt:
FC:
Ic:
m:
CN:
qc1N:
∆qc1N:
qc1N,cs:
CRR7.5:
FS:

Depth from free surface, at which CPT was performed (ft)
Total cone resistance
Fines content (%)
Soil behavior type index
Stress exponent
Overburden correction factor
Normalized and adjusted cone resistance
Cone resistance correction factor due to fines
Normalized and adjusted cone resistance
Cyclic resistance ratio for Mw=7.5
Factor of safety against soil liquefaction
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:: Liquefaction Potential Index calculation data ::

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

2.33 2.00 0.00 9.65 0.49 0.00 2.82 2.00 0.00 9.57 0.49 0.00

2.98 2.00 0.00 9.55 0.16 0.00 3.15 2.00 0.00 9.52 0.16 0.00

3.31 2.00 0.00 9.50 0.16 0.00 3.48 2.00 0.00 9.47 0.16 0.00

3.64 2.00 0.00 9.45 0.16 0.00 3.80 2.00 0.00 9.42 0.16 0.00

3.97 2.00 0.00 9.40 0.17 0.00 4.13 2.00 0.00 9.37 0.16 0.00

4.30 2.00 0.00 9.35 0.16 0.00 4.46 2.00 0.00 9.32 0.16 0.00

4.63 2.00 0.00 9.30 0.16 0.00 4.79 2.00 0.00 9.27 0.16 0.00

4.95 2.00 0.00 9.25 0.16 0.00 5.12 2.00 0.00 9.22 0.16 0.00

5.28 2.00 0.00 9.20 0.16 0.00 5.45 2.00 0.00 9.17 0.16 0.00

5.61 2.00 0.00 9.15 0.16 0.00 5.77 2.00 0.00 9.12 0.16 0.00

5.94 2.00 0.00 9.10 0.16 0.00 6.10 2.00 0.00 9.07 0.16 0.00

6.30 2.00 0.00 9.04 0.20 0.00 6.46 2.00 0.00 9.02 0.16 0.00

6.63 2.00 0.00 8.99 0.16 0.00 6.76 2.00 0.00 8.97 0.13 0.00

6.92 2.00 0.00 8.95 0.16 0.00 7.08 2.00 0.00 8.92 0.16 0.00

7.25 2.00 0.00 8.90 0.16 0.00 7.45 2.00 0.00 8.87 0.20 0.00

7.61 2.00 0.00 8.84 0.16 0.00 7.77 2.00 0.00 8.82 0.16 0.00

7.91 2.00 0.00 8.80 0.13 0.00 8.10 2.00 0.00 8.77 0.20 0.00

8.27 2.00 0.00 8.74 0.16 0.00 8.40 2.00 0.00 8.72 0.13 0.00

8.56 2.00 0.00 8.70 0.16 0.00 8.73 2.00 0.00 8.67 0.16 0.00

8.89 2.00 0.00 8.65 0.16 0.00 9.05 2.00 0.00 8.62 0.16 0.00

9.22 2.00 0.00 8.60 0.16 0.00 9.38 2.00 0.00 8.57 0.16 0.00

9.55 2.00 0.00 8.55 0.16 0.00 9.71 2.00 0.00 8.52 0.16 0.00

9.87 2.00 0.00 8.50 0.16 0.00 10.04 2.00 0.00 8.47 0.16 0.00

10.20 2.00 0.00 8.45 0.16 0.00 10.37 2.00 0.00 8.42 0.16 0.00

10.53 2.00 0.00 8.40 0.16 0.00 10.73 2.00 0.00 8.37 0.20 0.00

10.89 1.21 0.00 8.34 0.16 0.00 11.02 0.76 0.24 8.32 0.13 0.08

11.19 2.00 0.00 8.30 0.16 0.00 11.42 0.92 0.08 8.26 0.23 0.04

11.55 0.54 0.46 8.24 0.13 0.15 11.68 0.26 0.74 8.22 0.13 0.24

11.84 0.35 0.65 8.20 0.16 0.27 12.01 0.33 0.67 8.17 0.16 0.27

12.17 2.00 0.00 8.15 0.16 0.00 12.37 1.79 0.00 8.12 0.20 0.00

12.50 1.33 0.00 8.10 0.13 0.00 12.70 1.88 0.00 8.07 0.20 0.00

12.83 2.00 0.00 8.05 0.13 0.00 13.02 2.00 0.00 8.02 0.20 0.00

13.15 1.83 0.00 8.00 0.13 0.00 13.35 2.00 0.00 7.97 0.20 0.00

13.52 2.00 0.00 7.94 0.16 0.00 13.68 2.00 0.00 7.92 0.16 0.00

13.84 1.68 0.00 7.89 0.16 0.00 13.97 1.51 0.00 7.87 0.13 0.00

14.17 1.37 0.00 7.84 0.20 0.00 14.34 1.24 0.00 7.82 0.16 0.00

14.66 1.30 0.00 7.77 0.33 0.00 14.79 1.40 0.00 7.75 0.13 0.00

14.96 1.47 0.00 7.72 0.16 0.00 15.12 1.42 0.00 7.70 0.16 0.00

15.29 1.42 0.00 7.67 0.16 0.00 15.48 1.34 0.00 7.64 0.20 0.00

15.65 1.24 0.00 7.62 0.16 0.00 15.78 1.06 0.00 7.60 0.13 0.00

15.98 0.93 0.07 7.57 0.20 0.03 16.14 0.84 0.16 7.54 0.16 0.06

16.27 0.84 0.16 7.52 0.13 0.05 16.44 0.83 0.17 7.50 0.16 0.06

16.60 0.86 0.14 7.47 0.16 0.05 16.76 0.83 0.17 7.45 0.16 0.06

16.93 0.86 0.14 7.42 0.16 0.05 17.09 0.88 0.12 7.40 0.16 0.04

17.26 0.90 0.10 7.37 0.16 0.04 17.42 0.89 0.11 7.35 0.16 0.04

17.58 0.86 0.14 7.32 0.16 0.05 17.75 0.83 0.17 7.30 0.16 0.06

17.91 0.84 0.16 7.27 0.16 0.06 18.11 0.92 0.08 7.24 0.20 0.03

18.27 1.03 0.00 7.22 0.16 0.00 18.44 1.09 0.00 7.19 0.16 0.00
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:: Liquefaction Potential Index calculation data :: (continued)

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz

18.57 1.06 0.00 7.17 0.13 0.00 18.73 1.14 0.00 7.15 0.16 0.00

18.90 2.00 0.00 7.12 0.16 0.00 19.06 0.26 0.74 7.10 0.16 0.26

19.26 0.28 0.72 7.07 0.20 0.31 19.42 0.32 0.68 7.04 0.16 0.24

19.59 0.46 0.54 7.02 0.16 0.19 19.75 0.55 0.45 6.99 0.16 0.16

19.88 0.50 0.50 6.97 0.13 0.14 20.08 0.42 0.58 6.94 0.20 0.24

20.24 0.29 0.71 6.92 0.16 0.24 20.41 0.28 0.72 6.89 0.16 0.25

20.57 0.30 0.70 6.87 0.16 0.24 20.70 0.24 0.76 6.85 0.13 0.21

20.86 0.43 0.57 6.82 0.16 0.19 21.06 0.56 0.44 6.79 0.20 0.18

21.23 0.34 0.66 6.77 0.16 0.22 21.39 0.35 0.65 6.74 0.16 0.22

21.55 0.34 0.66 6.72 0.16 0.22 21.68 0.28 0.72 6.70 0.13 0.19

21.88 0.19 0.81 6.67 0.20 0.32 22.01 0.97 0.03 6.65 0.13 0.01

22.21 0.44 0.56 6.62 0.20 0.22 22.37 0.20 0.80 6.59 0.16 0.27

22.54 1.79 0.00 6.57 0.16 0.00 22.67 1.77 0.00 6.55 0.13 0.00

22.87 2.00 0.00 6.52 0.20 0.00 23.00 0.26 0.74 6.50 0.13 0.19

23.16 0.37 0.63 6.47 0.16 0.20 23.32 0.43 0.57 6.45 0.16 0.18

23.49 0.48 0.52 6.42 0.16 0.17 23.65 0.53 0.47 6.40 0.16 0.15

23.82 0.58 0.42 6.37 0.16 0.14 23.98 0.59 0.41 6.35 0.16 0.13

24.15 0.64 0.36 6.32 0.16 0.11 24.34 0.65 0.35 6.29 0.20 0.13

24.47 0.35 0.65 6.27 0.13 0.16 24.67 0.63 0.37 6.24 0.20 0.14

24.80 1.11 0.00 6.22 0.13 0.00 25.00 0.78 0.22 6.19 0.20 0.08

25.13 0.55 0.45 6.17 0.13 0.11 25.29 0.53 0.47 6.15 0.16 0.15

25.46 0.46 0.54 6.12 0.16 0.16 25.62 0.59 0.41 6.10 0.16 0.12

25.79 0.46 0.54 6.07 0.16 0.16 25.95 0.49 0.51 6.05 0.16 0.15

26.11 1.14 0.00 6.02 0.16 0.00 26.28 2.00 0.00 6.00 0.16 0.00

26.44 2.00 0.00 5.97 0.16 0.00 26.64 1.88 0.00 5.94 0.20 0.00

Abbreviations

Overall liquefaction potential: 8.93

LPI = 0.00 - Liquefaction risk very low
LPI between 0.00 and 5.00 - Liquefaction risk low
LPI between 5.00 and 15.00 - Liquefaction risk high
LPI > 15.00 - Liquefaction risk very high

FS:
FL:
wz:
dz:
LPI:

Calculated factor of safety for test point
1 - FS
Function value of the extend of soil liquefaction according to depth
Layer thickness (ft)
Liquefaction potential index value for test point
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FS Plot

During earthq.
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Abbreviations
qt:
Ic:
FS:
Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index
Calculated Factor of Safety against liquefaction
Post-liquefaction volumentric strain
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::  Post-earthquake settlement due to soil liquefaction ::

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

10.53 190.31 2.00 0.00 0.001.00 10.73 185.26 2.00 0.00 0.001.00

10.89 154.48 1.21 0.55 0.011.00 11.02 123.07 0.76 2.58 0.041.00

11.19 235.71 2.00 0.00 0.001.00 11.42 138.87 0.92 1.22 0.031.00

11.55 96.91 0.54 3.32 0.051.00 11.68 39.16 0.26 7.50 0.121.00

11.84 63.27 0.35 4.99 0.101.00 12.01 59.02 0.33 5.31 0.101.00

12.17 12.47 2.00 0.00 0.001.00 12.37 8.17 1.79 0.00 0.001.00

12.50 5.23 1.33 0.00 0.001.00 12.70 6.41 1.88 0.00 0.001.00

12.83 15.32 2.00 0.00 0.001.00 13.02 8.70 2.00 0.00 0.001.00

13.15 7.23 1.83 0.00 0.001.00 13.35 11.33 2.00 0.00 0.001.00

13.52 14.94 2.00 0.00 0.001.00 13.68 9.11 2.00 0.00 0.001.00

13.84 8.23 1.68 0.00 0.001.00 13.97 8.41 1.51 0.00 0.001.00

14.17 6.87 1.37 0.00 0.001.00 14.34 6.57 1.24 0.00 0.001.00

14.66 6.56 1.30 0.00 0.001.00 14.79 7.94 1.40 0.00 0.001.00

14.96 7.97 1.47 0.00 0.001.00 15.12 7.62 1.42 0.00 0.001.00

15.29 7.28 1.42 0.00 0.001.00 15.48 8.14 1.34 0.00 0.001.00

15.65 6.84 1.24 0.00 0.001.00 15.78 5.98 1.06 0.00 0.001.00

15.98 5.67 0.93 0.00 0.001.00 16.14 5.07 0.84 0.00 0.001.00

16.27 4.72 0.84 0.00 0.001.00 16.44 5.60 0.83 0.00 0.001.00

16.60 4.90 0.86 0.00 0.001.00 16.76 5.05 0.83 0.00 0.001.00

16.93 5.27 0.86 0.00 0.001.00 17.09 5.38 0.88 0.00 0.001.00

17.26 5.53 0.90 0.00 0.001.00 17.42 5.69 0.89 0.00 0.001.00

17.58 5.45 0.86 0.00 0.001.00 17.75 5.23 0.83 0.00 0.001.00

17.91 5.30 0.84 0.00 0.001.00 18.11 5.74 0.92 0.00 0.001.00

18.27 6.67 1.03 0.00 0.001.00 18.44 7.22 1.09 0.00 0.001.00

18.57 6.81 1.06 0.00 0.001.00 18.73 6.33 1.14 0.00 0.001.00

18.90 8.73 2.00 0.00 0.001.00 19.06 57.31 0.26 5.45 0.111.00

19.26 61.86 0.28 5.09 0.121.00 19.42 73.77 0.32 4.33 0.091.00

19.59 102.92 0.46 3.12 0.061.00 19.75 118.76 0.55 2.68 0.051.00

19.88 110.05 0.50 2.91 0.051.00 20.08 96.91 0.42 3.32 0.081.00

20.24 67.23 0.29 4.72 0.091.00 20.41 64.85 0.28 4.88 0.101.00

20.57 68.00 0.30 4.67 0.091.00 20.70 52.94 0.24 5.84 0.091.00

20.86 98.94 0.43 3.25 0.061.00 21.06 121.58 0.56 2.62 0.061.00

21.23 80.80 0.34 3.97 0.081.00 21.39 82.48 0.35 3.89 0.081.00

21.55 79.79 0.34 4.02 0.081.00 21.68 66.02 0.28 4.80 0.081.00

21.88 35.18 0.19 8.16 0.191.00 22.01 159.17 0.97 0.91 0.011.00

22.21 103.05 0.44 3.12 0.071.00 22.37 36.79 0.20 7.88 0.161.00

22.54 12.06 1.79 0.00 0.001.00 22.67 10.65 1.77 0.00 0.001.00

22.87 13.65 2.00 0.00 0.001.00 23.00 62.04 0.26 5.08 0.081.00

23.16 89.85 0.37 3.58 0.071.00 23.32 103.02 0.43 3.12 0.061.00

23.49 113.08 0.48 2.83 0.061.00 23.65 120.16 0.53 2.65 0.051.00

23.82 127.63 0.58 2.48 0.051.00 23.98 129.57 0.59 2.44 0.051.00

24.15 135.67 0.64 2.32 0.051.00 24.34 137.01 0.65 2.30 0.051.00

24.47 85.15 0.35 3.77 0.061.00 24.67 135.31 0.63 2.33 0.061.00

24.80 167.48 1.11 0.64 0.011.00 25.00 149.72 0.78 1.57 0.041.00

25.13 125.88 0.55 2.52 0.041.00 25.29 121.68 0.53 2.62 0.051.00

25.46 110.80 0.46 2.89 0.061.00 25.62 131.19 0.59 2.41 0.051.00

25.79 110.06 0.46 2.91 0.061.00 25.95 116.78 0.49 2.73 0.051.00

26.11 169.24 1.14 0.59 0.011.00 26.28 195.06 2.00 0.00 0.001.00
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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

Depth
(ft)

FSqc1N,cs ev (%) Settlement
(in)

DF DF

26.44 200.15 2.00 0.00 0.001.00 26.64 186.46 1.88 0.05 0.001.00

Total estimated settlement: 3.25

Abbreviations
Qtn,cs:
FS:
ev (%):
DF:
Settlement:

Equivalent clean sand normalized cone resistance
Factor of safety against liquefaction
Post-liquefaction volumentric strain
ev depth weighting factor
Calculated settlement
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SBTn Plot Corrected norm. cone resistance
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Corrected norm. cone resistance FS Plot
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FS Plot

During earthq.
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Cyclic shear strain Lateral displacements
FILL

LDI
3530252015105

D
ep

th
 (

ft)

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

Lateral displacements

Estimation of post-earthquake lateral Displacements
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qt: Total cone resistance (cone resistance qc corrected for pore water effects)
Ic: Soil Behaviour Type Index
qc1N,cs: Equivalent clean sand normalized CPT total cone resistance

F.S.: Factor of safety
γmax: Maximum cyclic shear strain
LDI: Lateral displacement index

Abbreviations
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:: Lateral displacement index calculation ::

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

10.53 190.31 0.03 2.00 -0.31 0.00 0.00

10.73 185.26 0.03 2.00 -0.24 0.00 0.00

10.89 154.48 0.08 1.21 0.19 0.02 0.04

11.02 123.07 0.18 0.76 0.57 0.10 0.16

11.19 235.71 0.01 2.00 -0.99 0.00 0.00

11.42 138.87 0.12 0.92 0.39 0.04 0.12

11.55 96.91 0.33 0.54 0.82 0.33 0.52

11.68 39.16 1.37 0.26 0.94 1.37 2.16

11.84 63.27 0.74 0.35 0.94 0.74 1.46

12.01 59.02 0.82 0.33 0.94 0.82 1.61

12.17 12.47 0.00 2.00 0.00 0.00 0.00

12.37 8.17 0.00 1.79 0.00 0.00 0.00

12.50 5.23 0.00 1.33 0.00 0.00 0.00

12.70 6.41 0.00 1.88 0.00 0.00 0.00

12.83 15.32 0.00 2.00 0.00 0.00 0.00

13.02 8.70 0.00 2.00 0.00 0.00 0.00

13.15 7.23 0.00 1.83 0.00 0.00 0.00

13.35 11.33 0.00 2.00 0.00 0.00 0.00

13.52 14.94 0.00 2.00 0.00 0.00 0.00

13.68 9.11 0.00 2.00 0.00 0.00 0.00

13.84 8.23 0.00 1.68 0.00 0.00 0.00

13.97 8.41 0.00 1.51 0.00 0.00 0.00

14.17 6.87 0.00 1.37 0.00 0.00 0.00

14.34 6.57 0.00 1.24 0.00 0.00 0.00

14.66 6.56 0.00 1.30 0.00 0.00 0.00

14.79 7.94 0.00 1.40 0.00 0.00 0.00

14.96 7.97 0.00 1.47 0.00 0.00 0.00

15.12 7.62 0.00 1.42 0.00 0.00 0.00

15.29 7.28 0.00 1.42 0.00 0.00 0.00

15.48 8.14 0.00 1.34 0.00 0.00 0.00

15.65 6.84 0.00 1.24 0.00 0.00 0.00

15.78 5.98 0.00 1.06 0.00 0.00 0.00

15.98 5.67 0.00 0.93 0.00 0.00 0.00

16.14 5.07 0.00 0.84 0.00 0.00 0.00

16.27 4.72 0.00 0.84 0.00 0.00 0.00

16.44 5.60 0.00 0.83 0.00 0.00 0.00

16.60 4.90 0.00 0.86 0.00 0.00 0.00

16.76 5.05 0.00 0.83 0.00 0.00 0.00

16.93 5.27 0.00 0.86 0.00 0.00 0.00

17.09 5.38 0.00 0.88 0.00 0.00 0.00

17.26 5.53 0.00 0.90 0.00 0.00 0.00

17.42 5.69 0.00 0.89 0.00 0.00 0.00

17.58 5.45 0.00 0.86 0.00 0.00 0.00

17.75 5.23 0.00 0.83 0.00 0.00 0.00

17.91 5.30 0.00 0.84 0.00 0.00 0.00

18.11 5.74 0.00 0.92 0.00 0.00 0.00

18.27 6.67 0.00 1.03 0.00 0.00 0.00

18.44 7.22 0.00 1.09 0.00 0.00 0.00
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

18.57 6.81 0.00 1.06 0.00 0.00 0.00

18.73 6.33 0.00 1.14 0.00 0.00 0.00

18.90 8.73 0.00 2.00 0.00 0.00 0.00

19.06 57.31 0.85 0.26 0.94 0.85 1.68

19.26 61.86 0.76 0.28 0.94 0.76 1.80

19.42 73.77 0.57 0.32 0.94 0.57 1.13

19.59 102.92 0.29 0.46 0.77 0.29 0.57

19.75 118.76 0.20 0.55 0.62 0.20 0.39

19.88 110.05 0.25 0.50 0.70 0.25 0.39

20.08 96.91 0.33 0.42 0.82 0.33 0.78

20.24 67.23 0.67 0.29 0.94 0.67 1.32

20.41 64.85 0.71 0.28 0.94 0.71 1.40

20.57 68.00 0.66 0.30 0.94 0.66 1.29

20.70 52.94 0.95 0.24 0.94 0.95 1.50

20.86 98.94 0.32 0.43 0.80 0.32 0.63

21.06 121.58 0.19 0.56 0.59 0.19 0.44

21.23 80.80 0.49 0.34 0.91 0.49 0.95

21.39 82.48 0.47 0.35 0.91 0.47 0.92

21.55 79.79 0.50 0.34 0.92 0.50 0.98

21.68 66.02 0.69 0.28 0.94 0.69 1.08

21.88 35.18 1.54 0.19 0.94 1.54 3.64

22.01 159.17 0.07 0.97 0.13 0.04 0.06

22.21 103.05 0.29 0.44 0.77 0.29 0.68

22.37 36.79 1.47 0.20 0.94 1.47 2.89

22.54 12.06 0.00 1.79 0.00 0.00 0.00

22.67 10.65 0.00 1.77 0.00 0.00 0.00

22.87 13.65 0.00 2.00 0.00 0.00 0.00

23.00 62.04 0.76 0.26 0.94 0.76 1.19

23.16 89.85 0.39 0.37 0.87 0.39 0.77

23.32 103.02 0.29 0.43 0.77 0.29 0.57

23.49 113.08 0.23 0.48 0.67 0.23 0.45

23.65 120.16 0.19 0.53 0.60 0.19 0.38

23.82 127.63 0.16 0.58 0.52 0.16 0.32

23.98 129.57 0.15 0.59 0.50 0.15 0.30

24.15 135.67 0.13 0.64 0.43 0.13 0.26

24.34 137.01 0.13 0.65 0.41 0.12 0.28

24.47 85.15 0.44 0.35 0.89 0.44 0.69

24.67 135.31 0.13 0.63 0.43 0.13 0.32

24.80 167.48 0.06 1.11 0.01 0.03 0.04

25.00 149.72 0.09 0.78 0.25 0.06 0.14

25.13 125.88 0.17 0.55 0.54 0.17 0.27

25.29 121.68 0.19 0.53 0.59 0.19 0.37

25.46 110.80 0.24 0.46 0.70 0.24 0.48

25.62 131.19 0.15 0.59 0.48 0.15 0.29

25.79 110.06 0.25 0.46 0.70 0.25 0.48

25.95 116.78 0.21 0.49 0.64 0.21 0.41

26.11 169.24 0.06 1.14 -0.01 0.03 0.05

26.28 195.06 0.03 2.00 -0.38 0.00 0.00
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Estimation of post-earthquake lateral Displacements :: (continued)

Depth
(ft)

qc1N,cs FaFS Gammamax

(%)
LDIGammalim

(%)

26.44 200.15 0.02 2.00 -0.45 0.00 0.00

26.64 186.46 0.03 1.88 -0.25 0.00 0.01

Depth:
qc1N,cs:
Gammalim:
FS:
Fa:
Gammamax:
Lat. disp.:

Depth of test point
Adjusted and corrected cone resistance due to fines
Limiting shear strain
Calculated factor of safety against liquefaction
 
Maximum cyclic shear strain
Lateral displacement

Abbreviations

Total estimated displacement: 38.68
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Strength loss calculation  Idriss & Boulanger (2008) ::

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

2.33 1.19 19.01 35.79 3.74 0.06 5.641.88

2.82 25.97 1.45 60.32 2.10 0.03 0.7141.66

2.98 100.52 1.00 161.42 1.59 0.18 0.90161.42

3.15 178.13 1.00 286.09 1.49 0.99 0.99286.09

3.31 215.01 1.00 345.33 1.50 1.02 1.02345.33

3.48 198.06 1.00 318.09 1.60 1.00 1.00318.09

3.64 174.35 1.02 286.69 1.68 0.98 0.98279.97

3.80 154.01 1.07 263.92 1.74 0.96 0.96247.28

3.97 138.69 1.10 245.96 1.80 0.95 0.95222.64

4.13 125.88 1.12 226.19 1.82 0.93 0.93202.04

4.30 131.80 1.08 228.36 1.76 0.94 0.94211.54

4.46 137.53 1.04 230.52 1.71 0.95 0.95220.72

4.63 143.88 1.04 239.34 1.70 0.95 0.95230.91

4.79 135.85 1.06 230.32 1.73 0.94 0.94217.99

4.95 112.37 1.12 201.19 1.81 0.91 0.91180.26

5.12 83.67 1.22 163.80 1.93 0.20 0.87134.14

5.28 57.22 1.52 138.83 2.13 0.14 0.8291.61

5.45 40.80 2.02 131.52 2.32 0.10 0.7765.22

5.61 34.91 2.34 130.70 2.41 0.07 0.7555.74

5.77 35.05 2.31 129.51 2.40 0.11 0.7555.95

5.94 43.12 1.92 132.61 2.29 0.10 0.7868.90

6.10 46.11 1.82 133.87 2.26 0.12 0.7973.69

6.30 48.68 1.73 134.87 2.23 0.12 0.7977.81

6.46 47.78 1.77 135.16 2.24 0.12 0.7976.33

6.63 47.12 1.80 135.42 2.25 0.12 0.7975.26

6.76 46.71 1.82 135.55 2.26 0.12 0.7974.59

6.92 46.40 1.83 135.40 2.26 0.12 0.7974.07

7.08 46.09 1.84 135.42 2.26 0.12 0.7973.56

7.25 45.79 1.85 135.47 2.27 0.11 0.7873.06

7.45 45.55 1.87 135.84 2.27 0.11 0.7872.66

7.61 45.36 1.88 136.32 2.28 0.11 0.7872.34

7.77 45.24 1.90 136.96 2.28 0.11 0.7872.13

7.91 45.25 1.76 126.99 2.24 0.11 0.7872.13

8.10 45.37 1.54 111.47 2.14 0.11 0.7872.31

8.27 53.63 1.23 105.62 1.95 0.10 0.8185.56

8.40 84.73 1.05 142.67 1.72 0.15 0.87135.52

8.56 109.11 1.02 172.67 1.67 0.72 0.90169.83

8.73 113.99 1.03 181.34 1.69 0.38 0.91176.37

8.89 90.69 1.11 160.25 1.80 0.18 0.88144.45

9.05 70.95 1.21 136.70 1.92 0.14 0.84113.32

9.22 58.68 1.30 121.54 2.00 0.12 0.8293.59

9.38 52.43 1.33 111.11 2.02 0.10 0.8083.54

9.55 61.03 1.23 118.30 1.94 0.10 0.8296.47

9.71 91.80 1.09 149.78 1.78 0.17 0.87136.83

9.87 119.02 1.05 179.79 1.71 0.56 0.91171.67

10.04 129.90 1.03 190.20 1.69 0.43 0.92184.18

10.20 123.39 1.04 180.59 1.70 0.30 0.91173.65

10.37 125.38 1.01 175.20 1.67 0.32 0.91172.76
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

10.53 127.39 1.02 177.96 1.67 0.47 0.91174.42

10.73 117.22 1.09 179.83 1.78 0.33 0.90164.32

10.89 95.26 1.21 166.60 1.92 0.18 0.87137.75

11.02 113.37 1.13 179.14 1.83 0.13 0.89159.18

11.19 116.64 1.04 163.56 1.70 0.89 0.89157.63

11.42 111.43 1.00 146.31 1.61 0.20 0.88146.31

11.55 54.85 1.00 74.46 1.77 0.10 0.7974.46

11.68 27.70 1.42 57.13 2.08 0.03 0.7140.16

11.84 14.27 2.70 59.31 2.49 0.06 0.6321.98

12.01 14.28 2.99 65.67 2.54 0.06 0.6321.99

12.17 10.05 4.57 69.33 2.77 0.05 1.2215.17

12.37 6.03 7.62 66.33 3.08 0.06 0.708.70

12.50 4.67 9.19 59.77 3.20 0.06 0.526.50

12.70 6.44 6.42 59.97 2.97 0.05 0.749.34

12.83 7.24 5.64 59.91 2.89 0.06 0.8410.61

13.02 7.44 5.66 61.84 2.90 0.05 0.8610.92

13.15 6.50 7.19 67.55 3.04 0.06 0.739.39

13.35 8.10 5.84 69.72 2.91 0.06 0.9211.94

13.52 8.58 5.59 70.98 2.89 0.06 0.9812.70

13.68 7.89 5.89 68.31 2.92 0.05 0.8911.59

13.84 6.32 7.94 71.76 3.10 0.06 0.699.04

13.97 5.79 9.82 80.39 3.24 0.06 0.628.19

14.17 5.40 10.54 79.41 3.29 0.06 0.577.53

14.34 5.01 11.19 77.23 3.33 0.06 0.526.90

14.66 5.32 9.46 69.72 3.21 0.06 0.547.37

14.79 5.73 8.65 69.35 3.16 0.06 0.598.02

14.96 6.03 7.93 67.28 3.10 0.06 0.628.49

15.12 5.92 8.29 68.69 3.13 0.06 0.608.29

15.29 5.98 8.44 70.71 3.14 0.06 0.618.37

15.48 5.76 8.81 70.54 3.17 0.06 0.588.01

15.65 5.43 8.81 65.81 3.17 0.06 0.537.47

15.78 4.80 9.52 61.17 3.22 0.06 0.466.42

15.98 4.37 10.22 58.16 3.27 0.06 0.415.69

16.14 4.06 10.79 55.71 3.30 0.06 0.375.16

16.27 4.08 10.29 53.08 3.27 0.06 0.375.16

16.44 4.09 9.88 50.68 3.24 0.06 0.375.13

16.60 4.22 9.52 50.48 3.22 0.06 0.385.30

16.76 4.16 9.94 51.44 3.25 0.06 0.375.17

16.93 4.29 9.74 52.00 3.23 0.06 0.385.34

17.09 4.42 9.33 51.35 3.21 0.06 0.395.50

17.26 4.53 8.81 49.68 3.17 0.06 0.405.64

17.42 4.55 8.74 49.27 3.16 0.06 0.405.64

17.58 4.47 9.06 49.61 3.19 0.06 0.395.47

17.75 4.37 9.46 50.02 3.22 0.06 0.385.29

17.91 4.44 9.33 50.03 3.21 0.06 0.385.36

18.11 4.84 8.43 49.94 3.14 0.06 0.425.92

18.27 5.34 7.51 49.83 3.07 0.06 0.476.64

18.44 5.62 7.08 49.64 3.03 0.06 0.507.01
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

18.57 5.53 7.45 51.03 3.06 0.06 0.496.85

18.73 5.95 7.06 52.47 3.03 0.05 0.537.43

18.90 9.82 4.41 55.95 2.75 0.05 0.9312.69

19.06 15.13 3.05 59.49 2.55 0.06 0.6219.50

19.26 23.27 2.21 65.53 2.37 0.06 0.6729.62

19.42 36.46 1.61 73.20 2.18 0.06 0.7245.42

19.59 53.51 1.32 85.90 2.01 0.09 0.7765.22

19.75 64.23 1.22 94.28 1.93 0.12 0.7977.22

19.88 61.67 1.27 94.43 1.98 0.10 0.7974.37

20.08 46.12 1.52 85.98 2.14 0.09 0.7556.41

20.24 32.67 2.00 80.87 2.31 0.06 0.7140.50

20.41 24.90 2.30 70.95 2.40 0.06 0.6730.80

20.57 22.63 2.23 61.58 2.38 0.06 0.6627.67

20.70 34.32 1.53 62.79 2.14 0.05 0.7141.05

20.86 52.59 1.22 74.79 1.93 0.09 0.7661.46

21.06 62.03 1.00 71.64 1.85 0.13 0.7871.64

21.23 57.00 1.00 65.71 1.87 0.08 0.7765.71

21.39 42.83 1.30 64.87 2.00 0.07 0.7349.77

21.55 35.45 1.51 62.68 2.13 0.07 0.7141.53

21.68 25.29 2.13 64.06 2.35 0.06 0.6730.05

21.88 55.70 1.00 63.47 1.88 0.03 0.7763.47

22.01 75.34 1.00 83.70 1.67 0.25 0.8083.70

22.21 75.07 1.00 82.34 1.59 0.12 0.8082.34

22.37 35.48 1.00 39.98 1.96 0.03 0.7139.98

22.54 10.60 3.59 43.00 2.64 0.05 0.8811.96

22.67 10.55 4.51 54.30 2.77 0.05 0.8812.03

22.87 14.79 3.47 59.18 2.62 0.05 1.2617.06

23.00 27.07 2.04 63.48 2.33 0.05 0.6831.19

23.16 42.83 1.53 74.79 2.14 0.08 0.7348.87

23.32 57.83 1.35 88.06 2.03 0.09 0.7765.40

23.49 67.51 1.31 99.49 2.01 0.11 0.7976.03

23.65 75.20 1.28 107.47 1.98 0.12 0.8084.28

23.82 80.99 1.25 113.01 1.96 0.13 0.8190.32

23.98 85.55 1.22 115.77 1.93 0.13 0.8294.85

24.15 85.97 1.26 119.99 1.97 0.14 0.8295.29

24.34 71.88 1.50 120.23 2.12 0.13 0.8080.33

24.47 70.77 1.58 124.61 2.16 0.07 0.7979.11

24.67 82.51 1.38 125.27 2.05 0.13 0.8191.03

24.80 102.24 1.21 135.02 1.92 0.21 0.84111.39

25.00 99.39 1.24 134.16 1.95 0.16 0.84108.03

25.13 83.47 1.44 131.85 2.09 0.12 0.8191.38

25.29 70.43 1.65 127.39 2.19 0.11 0.7977.24

25.46 70.88 1.65 127.48 2.19 0.10 0.7977.39

25.62 68.13 1.70 125.99 2.21 0.12 0.7974.15

25.79 71.26 1.66 127.79 2.20 0.10 0.7977.17

25.95 87.73 1.39 130.50 2.06 0.11 0.8293.94

26.11 118.97 1.15 144.08 1.85 0.23 0.86125.38

26.28 147.50 1.10 170.45 1.79 0.40 0.89154.55
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This software is licensed to: F&ME Consultants, Inc. CPT name: CPT-6

:: Strength loss calculation  (Idriss & Boulanger (2008) :: (continued)

Depth
(ft)

Kcqt

(tsf)
Qtn,cs Ic Su(liq)/σ'v Su(peak)/σ'vQtn

26.44 157.72 1.12 185.72 1.82 0.42 0.90165.12

26.64 141.82 1.28 191.64 1.99 0.26 0.89149.34

qt:
Kc:
Qtn,cs:
Ic:
Su(liq)/σ'v:
Su(peak)/σ'v:

Total cone resistance
Cone resistance correction factor due to fines
Adjusted and corrected cone resistance due to fines
Soil behavior type index
Calculated liquefied undrained strength ratio
Calculated peak undrained strength ratio

Abbreviations
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Procedure for the evaluation of soil liquefaction resistance, NCEER (1998)

Calculation of soil resistance against liquefaction is performed according to the Robertson & Wride (1998) procedure. The
procedure used in the software, slightly differs from the one originally published in NCEER-97-0022 (Proceedings of the NCEER
Workshop on Evaluation of Liquefaction Resistance of Soils). The revised procedure is presented below in the form of a
flowchart1:

1 "Estimating l iquefaction-induced ground settlements from CPT for level ground", G. Zhang, P.K. Robertson, and R.W.I. Brachman
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Procedure for the evaluation of soil liquefaction resistance (all soils), Robertson (2010)

Calculation of soil resistance against liquefaction is performed according to the Robertson & Wride (1998) procedure. This
procedure used in the software, slightly differs from the one originally published in NCEER-97-0022 (Proceedings of the NCEER
Workshop on Evaluation of Liquefaction Resistance of Soils). The revised procedure is presented below in the form of a
flowchart1:

1 P.K. Robertson, 2009.  “Performance based earthquake design using the CPT”, Keynote Lecture, International Conference on

Performance-based Design in Earthquake Geotechnical Engineering – from case history to practice, IS-Tokyo, June 2009
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Procedure for the evaluation of soil liquefaction resistance, Idriss & Boulanger (2008)
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Procedure for the evaluation of soil liquefaction resistance (sandy soils), Moss et al. (2006)
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Procedure for the evaluation of liquefaction-induced lateral spreading displacements

 
Site investigation 

with SPT or 
Design

earthquake
Ground

geometry

SPT data with 
content 

or CPT data 

Moment magnitude
of earthquake (Mw)
and peak surface
acceleration (amax)

Geometric parameters 
for each of different 

zones in level (or 
gently sloping) ground 
with (or without) a free 

face 

Liquefaction potential analysis
to calculate FS, (N 1 ) 60cs or

(q c1N ) cs 

(using the NCEER SPT- 
CPT-based method ( Youd et al.

2001)) 

Calculation of the lateral
displacement index 

( using Figure 1 and Equation [3])

Zones with three major
geometric parameters or

less - free face height (H),
the distance to a free face

(L), or/and slope (S)

Zones with 
more than 
three major 
geometric 
parameters 

L/H
or/and

S

Estimated lateral displacement, LD 

For gently sloping ground without a free face,

LD = (S + 0.20) · LDI (for 0.2% < S < 3.5%) 

For level ground with a free face,

      LD = 6 · (L/H)-0.8 · LDI (for 5 < L/H < 40) 

Evaluation of 
lateral 

displacements 
based on 

other 
approaches 

and 
engineering 
judgment 

If 
(N 1 ) 60cs  < 14

or 
( q c1N ) cs  < 70

evaluate 
potential 

of 
flow 

liquefaction

1 Flow chart i l lustrating major steps in estimating l iquefaction-induced lateral spreading displacements using the proposed approach

1 Figure 1

1 Equation [3]
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Procedure for the estimation of seismic induced settlements in dry sands

Robertson, P.K. and Lisheng, S., 2010, “Estimation of seismic compression in dry soils using the CPT” FIFTH INTERNATIONAL CONFERENCE ON
RECENT ADVANCES IN GEOTECHNICAL EARTHQUAKE ENGINEERING AND SOIL DYNAMICS, Symposium in honor of professor I. M. Idriss, San
Diego, CA
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Liquefaction Potential Index (LPI) calculation procedure

Graphical presentation of the LPI calculation procedure

Calculation of the Liquefaction Potential Index (LPI) is used to interpret the liquefaction assessment calculations in terms of
severity over depth. The calculation procedure is based on the methology developed by Iwasaki (1982) and is adopted by AFPS.
 
To estimate the severity of liquefaction extent at a given site, LPI is calculated based on the following equation:

LPI =

where:
FL = 1 - F.S. when F.S. less than 1
FL = 0 when F.S. greater than 1
z depth of measurment in meters
 
Values of LPI range between zero (0) when no test point is characterized as liquefiable and 100 when all points are characterized
as susceptible to liquefaction. Iwasaki proposed four (4) discrete categories based on the numeric value of LPI:

LPI = 0 : Liquefaction risk is very low
0 < LPI <= 5 : Liquefaction risk is low
5 < LPI <= 15 : Liquefaction risk is high
LPI > 15 : Liquefaction risk is very high
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FS
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  GLE / Morgenstern‐Price 1.55
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Phi
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V. Loose SM 110 115 Mohr‐Coulomb 300 0
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(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

V. Loose SM 110 115 Mohr‐Coulomb 300 0
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0.430.43
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0.430.43

Method Name Min
FS

  Bishop simplified 0.43

  Spencer 0.53

  GLE / Morgenstern‐Price 0.53

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

SSL‐Sand 105 110 Mohr‐Coulomb 0 4

V. Loose SM 110 115 Mohr‐Coulomb 300 0

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

Loose SC 115 120 Mohr‐Coulomb 0 28
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0.620.62
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0.620.62

Method Name Min
FS

  Bishop simplified 0.62

  Spencer 0.66

  GLE / Morgenstern‐Price 0.66

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

SSL‐Sand 105 110 Mohr‐Coulomb 0 4

V. Loose SM 110 115 Mohr‐Coulomb 300 0

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

Loose SC 115 120 Mohr‐Coulomb 0 28
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1.021.02
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1.021.02

Method Name Min
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  Bishop simplified 1.02

  Spencer 1.03

  GLE / Morgenstern‐Price 1.03

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

SSL‐Sand 105 110 Mohr‐Coulomb 0 4

V. Loose SM 110 115 Mohr‐Coulomb 300 0

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

Loose SC 115 120 Mohr‐Coulomb 0 28

Support Name Color Type Force Applica on Out‐Of‐Plane
Spacing ( )

Pile Shear
Strength
(lbs)

SKZ 20 Sheet Pile Micro
Pile Passive (Method B) 8 89700
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1.631.63
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Method Name Min
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  Bishop simplified 1.63

  Spencer 1.58

  GLE / Morgenstern‐Price 1.58

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

V. Loose SM 110 115 Mohr‐Coulomb 300 0

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

Loose SC 115 120 Mohr‐Coulomb 0 28

Safety Factor
0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

5.50

6.00+

80
60

40
20

0

0 20 40 60 80 100 120 140

Analysis Description Begin Bridge_RT Side Slope_Static
Company F&ME, Inc.Scale 1:185Drawn By JFH
File Name Begin Bridge_RT Side Slope_Static.slimDate 02/03/2016, 2:00 PM

Project

S-51 Emergency Bridge Replacement over Black Mingo Creek

SLIDEINTERPRET 7.009



1.151.15
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Material Name Color Unit Weight
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Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

V. Loose SM 110 115 Mohr‐Coulomb 300 0
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Loose SC 115 120 Mohr‐Coulomb 0 28
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0.440.44
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  Bishop simplified 0.44

  Spencer 0.50

  GLE / Morgenstern‐Price 0.51

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34
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Loose SC 115 120 Mohr‐Coulomb 0 28
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(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

SSL‐Sand 105 110 Mohr‐Coulomb 0 4

V. Loose SM 110 115 Mohr‐Coulomb 300 0

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

Loose SC 115 120 Mohr‐Coulomb 0 28
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1.001.00
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Material Name Color Unit Weight
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(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

SSL‐Sand 105 110 Mohr‐Coulomb 0 4

V. Loose SM 110 115 Mohr‐Coulomb 300 0

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

Loose SC 115 120 Mohr‐Coulomb 0 28

Support Name Color Type Force Applica on Out‐Of‐Plane
Spacing ( )

Pile Shear
Strength
(lbs)

SKZ 20 Sheet Pile Micro
Pile Passive (Method B) 8 73900

Method Name Min
FS

  Bishop simplified 1.00

  Spencer 1.01

  GLE / Morgenstern‐Price 1.01
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1.291.29
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  Spencer 1.27

  GLE / Morgenstern‐Price 1.27

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30
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Silty Sand 110 115 Mohr‐Coulomb 0 34
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1.941.94

W

 250.00 lbs/ft2

1.941.94

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

V. Loose SM 110 115 Mohr‐Coulomb 300 0

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

Loose SC 115 120 Mohr‐Coulomb 0 28

Method Name Min
FS

  Bishop simplified 1.94

  Spencer 1.88

  GLE / Morgenstern‐Price 1.90

Support Name Color Type Force Applica on Out‐Of‐Plane
Spacing ( )

Pile Shear
Strength
(lbs)

SKZ 20 Sheet Pile Micro
Pile Passive (Method B) 10 63300
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1.051.05
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1.051.05

Method Name Min
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  Bishop simplified 1.05

  Spencer 1.04

  GLE / Morgenstern‐Price 1.03

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

V. Loose SM 110 115 Mohr‐Coulomb 300 0

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

SSL‐Clay 105 110 Mohr‐Coulomb 150 0

Loose SC 115 120 Mohr‐Coulomb 0 28
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0.450.45

W

0.450.45

Method Name Min
FS

  Bishop simplified 0.45

  Spencer 0.57

  GLE / Morgenstern‐Price 0.53

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

SSL‐Sand 110 115 Mohr‐Coulomb 0 4

V. Loose SM 110 115 Mohr‐Coulomb 300 0

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

SSL‐Clay 105 110 Mohr‐Coulomb 150 0

Loose SC 115 120 Mohr‐Coulomb 0 28
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Analysis Description Begin Bridge_End Slope_SEE
Company F&ME, Inc.Scale 1:330Drawn By JFH
File Name Begin Bridge_End Slope_SEE.slimDate 02/03/2016, 3:25 PM

Project

S-51 Emergency Bridge Replacement over Black Mingo Creek

SLIDEINTERPRET 7.009



0.780.78

W

0.780.78

Method Name Min
FS

  Bishop simplified 0.78

  Spencer 0.82

  GLE / Morgenstern‐Price 0.80

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

SSL‐Sand 110 115 Mohr‐Coulomb 0 4

V. Loose SM 110 115 Mohr‐Coulomb 300 0

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

SSL‐Clay 105 110 Mohr‐Coulomb 150 0

Loose SC 115 120 Mohr‐Coulomb 0 28

  0.173

Safety Factor
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Analysis Description Begin Bridge_End Slope_SEE Newmark
Company F&ME, Inc.Scale 1:330Drawn By JFH
File Name Begin Bridge_End Slope_SEE Newmark.slimDate 02/03/2016, 3:25 PM

Project

S-51 Emergency Bridge Replacement over Black Mingo Creek

SLIDEINTERPRET 7.009



1.011.01

W

1.011.01

Method Name Min
FS

  Bishop simplified 1.01

  Spencer 1.05

  GLE / Morgenstern‐Price 1.05

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

SSL‐Sand 110 115 Mohr‐Coulomb 0 4

V. Loose SM 110 115 Mohr‐Coulomb 300 0

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

SSL‐Clay 105 110 Mohr‐Coulomb 150 0

Loose SC 115 120 Mohr‐Coulomb 0 28

Support Name Color Type Force Applica on Out‐Of‐Plane
Spacing ( )

Pile Shear
Strength
(lbs)

SKZ 20 Sheet Pile Micro
Pile Passive (Method B) 10 63300

  0.19

Safety Factor
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Analysis Description Begin Bridge_End Slope_SEE Newmark_Pin Pile
Company F&ME, Inc.Scale 1:330Drawn By JFH
File Name Begin Bridge_End Slope_SEE Newmark_Pin Pile.slimDate 02/03/2016, 3:25 PM

Project

S-51 Emergency Bridge Replacement over Black Mingo Creek

SLIDEINTERPRET 7.009



1.051.05

W

 250.00 lbs/ft2

1.051.05

Method Name Min
FS

  Bishop simplified 1.05

  Spencer 1.04

  GLE / Morgenstern‐Price 1.04

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

V. Loose SM 110 115 Mohr‐Coulomb 300 0

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

Loose SC 115 120 Mohr‐Coulomb 0 28

Safety Factor
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Analysis Description End Bridge_End Slope_Static
Company F&ME, Inc.Scale 1:330Drawn By JFH
File Name End Bridge_End Slope_Static.slimDate 02/03/2016, 3:55 PM

Project

S-51 Emergency Bridge Replacement over Black Mingo Creek

SLIDEINTERPRET 7.009



1.891.89

W

 250.00 lbs/ft2

1.891.89

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

V. Loose SM 110 115 Mohr‐Coulomb 300 0

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

Loose SC 115 120 Mohr‐Coulomb 0 28

Support Name Color Type Force Applica on Out‐Of‐Plane
Spacing ( )

Pile Shear
Strength
(lbs)

SKZ 20 Sheet Pile Micro
Pile Passive (Method B) 10 30700

Method Name Min
FS

  Bishop simplified 1.89

  Spencer 1.85

  GLE / Morgenstern‐Price 1.85

Safety Factor
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Analysis Description End Bridge_End Slope_Static_Pin Pile
Company F&ME, Inc.Scale 1:330Drawn By JFH
File Name End Bridge_End Slope_Static_Pin Pile.slimDate 02/03/2016, 3:55 PM

Project

S-51 Emergency Bridge Replacement over Black Mingo Creek

SLIDEINTERPRET 7.009



0.930.93

W

0.930.93

Method Name Min
FS

  Bishop simplified 0.93

  Spencer 0.93

  GLE / Morgenstern‐Price 0.92

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

V. Loose SM 110 115 Mohr‐Coulomb 300 0

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

SSL‐Clay 105 110 Mohr‐Coulomb 150 0

Loose SC 115 120 Mohr‐Coulomb 0 28

  0.14
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0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

5.50

6.00+

15
0

12
5

10
0

75
50

25
0

-100 -75 -50 -25 0 25 50 75 100 125 150

Analysis Description End Bridge_End Slope_FEE
Company F&ME, Inc.Scale 1:330Drawn By JFH
File Name End Bridge_End Slope_FEE.slimDate 02/03/2016, 3:25 PM

Project

S-51 Emergency Bridge Replacement over Black Mingo Creek

SLIDEINTERPRET 7.009



1.001.00

W

1.001.00

Method Name Min
FS

  Bishop simplified 1.00

  Spencer 1.00

  GLE / Morgenstern‐Price 1.00

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

V. Loose SM 110 115 Mohr‐Coulomb 300 0

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

SSL‐Clay 105 110 Mohr‐Coulomb 150 0

Loose SC 115 120 Mohr‐Coulomb 0 28

  0.09

Safety Factor
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Analysis Description End Bridge_End Slope_FEE Newmark
Company F&ME, Inc.Scale 1:330Drawn By JFH
File Name End Bridge_End Slope_FEE Newmark.slimDate 02/03/2016, 3:25 PM

Project

S-51 Emergency Bridge Replacement over Black Mingo Creek

SLIDEINTERPRET 7.009



0.570.57

W

0.570.57

Method Name Min
FS

  Bishop simplified 0.57

  Spencer 0.66

  GLE / Morgenstern‐Price 0.65

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

SSL‐Sand 110 115 Mohr‐Coulomb 0 9

V. Loose SM 110 115 Mohr‐Coulomb 300 0

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

SSL‐Clay 105 110 Mohr‐Coulomb 150 0

Loose SC 115 120 Mohr‐Coulomb 0 28

  0.42

Safety Factor
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Analysis Description End Bridge_End Slope_SEE
Company F&ME, Inc.Scale 1:330Drawn By JFH
File Name End Bridge_End Slope_SEE.slimDate 02/03/2016, 3:25 PM

Project

S-51 Emergency Bridge Replacement over Black Mingo Creek

SLIDEINTERPRET 7.009



0.890.89

W

0.890.89

Method Name Min
FS

  Bishop simplified 0.89

  Spencer 0.88

  GLE / Morgenstern‐Price 0.88

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

SSL‐Sand 110 115 Mohr‐Coulomb 0 9

V. Loose SM 110 115 Mohr‐Coulomb 300 0

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

SSL‐Clay 105 110 Mohr‐Coulomb 150 0

Loose SC 115 120 Mohr‐Coulomb 0 28

  0.173

Safety Factor
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Analysis Description End Bridge_End Slope_SEE Newmark
Company F&ME, Inc.Scale 1:330Drawn By JFH
File Name End Bridge_End Slope_SEE Newmark.slimDate 02/03/2016, 3:25 PM

Project

S-51 Emergency Bridge Replacement over Black Mingo Creek

SLIDEINTERPRET 7.009



1.031.03

W

1.031.03

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

SSL‐Sand 110 115 Mohr‐Coulomb 0 9

V. Loose SM 110 115 Mohr‐Coulomb 300 0

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

SSL‐Clay 105 110 Mohr‐Coulomb 150 0

Loose SC 115 120 Mohr‐Coulomb 0 28

Support Name Color Type Force Applica on Out‐Of‐Plane
Spacing ( )

Pile Shear
Strength
(lbs)

SKZ 20 Sheet Pile Micro
Pile Passive (Method B) 10 30700

Method Name Min
FS

  Bishop simplified 1.03

  Spencer 1.07

  GLE / Morgenstern‐Price 1.05

  0.24

Safety Factor
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Analysis Description End Bridge_End Slope_SEE Newmark_Pin Pile
Company F&ME, Inc.Scale 1:330Drawn By JFH
File Name End Bridge_End Slope_SEE Newmark_Pin Pile.slimDate 02/03/2016, 3:25 PM

Project

S-51 Emergency Bridge Replacement over Black Mingo Creek

SLIDEINTERPRET 7.009



2.572.57

W

 250.00 lbs/ft2

2.572.57

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

Method Name Min
FS

  Bishop simplified 2.57

  Spencer 2.56

  GLE / Morgenstern‐Price 2.56

Safety Factor
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Analysis Description End Bridge_LT Side Slope_Static
Company F&ME, Inc.Scale 1:185Drawn By JFH
File Name End Bridge_LT Side Slope_Static.slimDate 02/03/2016, 1:45 PM

Project

S-51 Emergency Bridge Replacement over Black Mingo Creek

SLIDEINTERPRET 7.009



1.281.28

W

1.281.28

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

SSL‐Clay 105 110 Mohr‐Coulomb 150 0

Method Name Min
FS

  Bishop simplified 1.28

  Spencer 1.30

  GLE / Morgenstern‐Price 1.29

  0.14

Safety Factor
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Analysis Description End Bridge_LT Side Slope_FEE
Company F&ME, Inc.Scale 1:185Drawn By JFH
File Name End Bridge_LT Side Slope_FEE.slimDate 02/03/2016, 1:45 PM

Project

S-51 Emergency Bridge Replacement over Black Mingo Creek

SLIDEINTERPRET 7.009



0.650.65

W

0.650.65

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

SSL‐Sand 105 110 Mohr‐Coulomb 0 9

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

SSL‐Clay 105 110 Mohr‐Coulomb 150 0

Method Name Min
FS

  Bishop simplified 0.65

  Spencer 0.73

  GLE / Morgenstern‐Price 0.70

  0.42

Safety Factor
0.00
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Analysis Description End Bridge_LT Side Slope_SEE
Company F&ME, Inc.Scale 1:185Drawn By JFH
File Name End Bridge_LT Side Slope_SEE.slimDate 02/03/2016, 1:45 PM

Project

S-51 Emergency Bridge Replacement over Black Mingo Creek

SLIDEINTERPRET 7.009



0.990.99

W

0.990.99

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

SSL‐Sand 105 110 Mohr‐Coulomb 0 9

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

SSL‐Clay 105 110 Mohr‐Coulomb 150 0

Method Name Min
FS

  Bishop simplified 0.99

  Spencer 1.08

  GLE / Morgenstern‐Price 1.06

  0.21

Safety Factor
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Analysis Description End Bridge_LT Side Slope_SEE Newmark
Company F&ME, Inc.Scale 1:185Drawn By JFH
File Name End Bridge_LT Side Slope_SEE Newmark.slimDate 02/03/2016, 1:45 PM

Project

S-51 Emergency Bridge Replacement over Black Mingo Creek

SLIDEINTERPRET 7.009



1.731.73

W

 250.00 lbs/ft2

1.731.73

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

Method Name Min
FS

  Bishop simplified 1.73

  Spencer 1.72

  GLE / Morgenstern‐Price 1.72

Safety Factor
0.00
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Analysis Description End Bridge_RT Side Slope_Static
Company F&ME, Inc.Scale 1:185Drawn By JFH
File Name End Bridge_RT Side Slope_Static.slimDate 02/03/2016, 1:45 PM

Project

S-51 Emergency Bridge Replacement over Black Mingo Creek

SLIDEINTERPRET 7.009



1.011.01

W

1.011.01

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

SSL‐Clay 105 110 Mohr‐Coulomb 150 0

Method Name Min
FS

  Bishop simplified 1.01

  Spencer 1.06

  GLE / Morgenstern‐Price 1.03

  0.14

Safety Factor
0.00
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Analysis Description End Bridge_RT Side Slope_FEE
Company F&ME, Inc.Scale 1:185Drawn By JFH
File Name End Bridge_RT Side Slope_FEE.slimDate 02/03/2016, 1:45 PM

Project

S-51 Emergency Bridge Replacement over Black Mingo Creek

SLIDEINTERPRET 7.009



0.560.56

W

0.560.56

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

SSL‐Sand 105 110 Mohr‐Coulomb 0 9

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

SSL‐Clay 105 110 Mohr‐Coulomb 150 0

Method Name Min
FS

  Bishop simplified 0.56

  Spencer 0.66

  GLE / Morgenstern‐Price 0.64

  0.42

Safety Factor
0.00
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1.00

1.50

2.00
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4.00
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Analysis Description End Bridge_RT Side Slope_SEE
Company F&ME, Inc.Scale 1:185Drawn By JFH
File Name End Bridge_RT Side Slope_SEE.slimDate 02/03/2016, 1:45 PM

Project

S-51 Emergency Bridge Replacement over Black Mingo Creek

SLIDEINTERPRET 7.009



0.910.91

W

0.910.91

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

SSL‐Sand 105 110 Mohr‐Coulomb 0 9

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

SSL‐Clay 105 110 Mohr‐Coulomb 150 0

Method Name Min
FS

  Bishop simplified 0.91

  Spencer 0.97

  GLE / Morgenstern‐Price 0.95

  0.173

Safety Factor
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Analysis Description End Bridge_RT Side Slope_SEE Newmark
Company F&ME, Inc.Scale 1:185Drawn By JFH
File Name End Bridge_RT Side Slope_SEE Newmark.slimDate 02/03/2016, 1:45 PM

Project

S-51 Emergency Bridge Replacement over Black Mingo Creek

SLIDEINTERPRET 7.009



1.001.00

W

1.001.00

Material Name Color Unit Weight
(lbs/ 3)

Sat. Unit
Weight
(lbs/ 3)

Strength Type Cohesion
(psf)

Phi
(deg)

New Fill 120 125 Mohr‐Coulomb 0 30

Exis ng Fill 120 125 Mohr‐Coulomb 0 34

Silty Sand 110 115 Mohr‐Coulomb 0 34

SSL‐Sand 105 110 Mohr‐Coulomb 0 9

Coastal Plain 120 125 Mohr‐Coulomb 2500 0

Loose Sand 110 115 Mohr‐Coulomb 0 28

SSL‐Clay 105 110 Mohr‐Coulomb 150 0

Method Name Min
FS

  Bishop simplified 1.00

  Spencer 1.08

  GLE / Morgenstern‐Price 1.05

Support Name Color Type Force Applica on Out‐Of‐Plane
Spacing ( )

Pile Shear
Strength
(lbs)

SKZ 20 Sheet Pile Micro
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S-51 over Black Mingo Creek - FEE Newmark Displacement Calculations

JFH

SCDOT Geotechnical Design Manual (2010) - Section 13.17.2
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7.70

d = 0.15 inches => GI-01 through GI-04 performance limits are 2.00" or greater

Project:

Calc. By:

Date:

Method:

2/2/2016

End Bridge, End Slope

d = Displacement (in)

ky = Yield Acceleration (%g) =

kmax = Peak Ground Acceleration (%g) =
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S-51 over Black Mingo Creek - SEE Newmark Displacement Calculations

JFH

SCDOT Geotechnical Design Manual (2010) - Section 13.17.2

0.175

0.42

27.50

d = 3.85 inches => GI-01 through GI-04 performance limits are 4.00" or greater

0.173

0.42

27.50

d = 4.00 inches => GI-01 through GI-04 performance limits are 4.00" or greater

0.19

0.42

27.50

d = 2.88 inches => GI-01 through GI-04 performance limits are 4.00" or greater

0.24

0.42

27.50

d = 0.99 inches => GI-01 through GI-04 performance limits are 4.00" or greater

0.22

0.42

27.50

d = 1.56 inches => GI-01 through GI-04 performance limits are 4.00" or greater

d = Displacement (in)

ky = Yield Acceleration (%g) =

Begin Bridge, LT Side Slope, SKZ 20 Sheet Pile

d = Displacement (in)

ky = Yield Acceleration (%g) =

kmax = Peak Ground Acceleration (%g) =

Vpeak = Peak Ground Velocity (in/sec) = 55 SD1 =

Vpeak = Peak Ground Velocity (in/sec) = 55 SD1 =

Project:

Calc. By:

Date:

Method:

1/5/2016

Begin Bridge, RT Side Slope, SKZ 20 Sheet Pile

Begin Bridge, End Slope, SKZ 20 Sheet Pile

ky = Yield Acceleration (%g) =

kmax = Peak Ground Acceleration (%g) =

Vpeak = Peak Ground Velocity (in/sec) = 55 SD1 =

End Bridge, End Slope, SKZ 20 Sheet Pile

d = Displacement (in)

d = Displacement (in)

ky = Yield Acceleration (%g) =

Vpeak = Peak Ground Velocity (in/sec) = 55 SD1 =

kmax = Peak Ground Acceleration (%g) =

kmax = Peak Ground Acceleration (%g) =

End Bridge, RT Side Slope, SKZ 20 Sheet Pile

d = Displacement (in)

ky = Yield Acceleration (%g) =

kmax = Peak Ground Acceleration (%g) =

Vpeak = Peak Ground Velocity (in/sec) = 55 SD1 =

)log(61.1)log(85.01log62.3log75.049.1)log( max
maxmax
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SKZ 20_Begin Bridge_LT Side Slope_SEE.lp7o
================================================================================

                  LPile Plus for Windows, Version 2013-07.007

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                          © 1985-2013 by Ensoft, Inc.           
                              All Rights Reserved               

================================================================================

This copy of LPile is used by:      

Bradley Fischer
F&ME

Serial Number of Security Device:  291490957
This copy of LPile is licensed for exclusive use by:  F&ME Consultants, Columbia, 
Sout

Use of this program by any entity other than F&ME Consultants, Columbia, Sout
is forbidden by the software license agreement.

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:        P:\Geotechnical\G5500's\G5556.000 - Emergency Bridge 
Pkg 4 - Design Build\G5556.02 - S-51 over Black Mingo Creek\Reports\Final 
Report\Bridge\SLIDE\Sheet Pile\
Name of input data file:       SKZ 20_Begin Bridge_LT Side Slope_SEE.lp7d
Name of output report file:    SKZ 20_Begin Bridge_LT Side Slope_SEE.lp7o
Name of plot output file:      SKZ 20_Begin Bridge_LT Side Slope_SEE.lp7p
Name of runtime messeage file: SKZ 20_Begin Bridge_LT Side Slope_SEE.lp7r

--------------------------------------------------------------------------------
                           Date and Time of Analysis
--------------------------------------------------------------------------------

               Date:  February 16, 2016     Time:  14:58:52

--------------------------------------------------------------------------------
                                Problem Title
--------------------------------------------------------------------------------

Project Name: S-51 RBO Black Mingo Creek                                            
                                                                                    
                                                                                    
 
Job Number: G5556.02 (F&ME); P029461 (SCDOT)                                        
                                                                                    
                                                                                    
 
Client: SCDOT                                                                       
                                                                                    
                                                                                    
 
Engineer: JFH                                                                       
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SKZ 20_Begin Bridge_LT Side Slope_SEE.lp7o
                                                                                    
 
Description: Begin Bridge - Left Side Slope - SKZ 20 Sheet Pile                     
                                                                                    
                                                                                    
 

--------------------------------------------------------------------------------
                           Program Options and Settings
--------------------------------------------------------------------------------

Engineering Units of Input Data and Computations:
 - Engineering units are US Customary Units (pounds, feet, inches)

Analysis Control Options:
- Maximum number of iterations allowed                 =          500
- Deflection tolerance for convergence                 =   1.0000E-02 in
- Maximum allowable deflection                         =     100.0000 in
- Number of pile increments                            =          100

Loading Type and Number of Cycles of Loading:
 - Static loading specified

Computational Options:
 - Use unfactored loads in computations (conventional analysis)
 - Compute pile response under loading and nonlinear bending properties of pile
   (only if nonlinear pile properties are input)
 - Analysis uses p-y modification factors for p-y curves
 - Analysis includes loading by lateral soil movements acting on pile
 - Input of shear resistance at the pile tip not selected
 - Computation of pile-head foundation stiffness matrix not selected
 - Push-over analysis of pile not selected
 - Buckling analysis of pile not selected

Output Options:
 - No p-y curves to be computed and reported for user-specified depths
 - Report only summary tables of pile-head deflection, maximum bending moment,
   and maximum shear force in output report file.

--------------------------------------------------------------------------------
                    Pile Structural Properties and Geometry
--------------------------------------------------------------------------------

Total number of pile sections                          =          1

Total length of pile                                   =      30.00 ft

Depth of ground surface below top of pile              =       0.00 ft

Pile diameter values used for p-y curve computations are defined using 2 points.

p-y curves are computed using pile diameter values interpolated with depth over 
the length of the pile.

Point         Depth              Pile   
                X              Diameter 
                ft                in
-----       ---------        -----------
  1           0.00000         57.0000000
  2         30.000000         57.0000000
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Input Structural Properties:
----------------------------

Pile Section No. 1:

   Section Type                                        =    Elastic Pile
   Cross-sectional Shape                               =     Rectangular
   Section Length                                      =     30.00000 ft
   Top Width                                           =     57.00000 in
   Bottom Width                                        =     57.00000 in
   Top Section Depth                                   =     16.00000 in
   Bottom Section Depth                                =     16.00000 in
   Top Area                                            =     28.50000 Sq. in
   Bottom Area                                         =     28.50000 Sq. in
   Moment of Inertia at Top                            =   1204.00000 in^4
   Moment of Inertia at Bottom                         =   1204.00000 in^4
   Elastic Modulus                                     =    29000000. lbs/in^2

--------------------------------------------------------------------------------
                      Ground Slope and Pile Batter Angles
--------------------------------------------------------------------------------

Ground Slope Angle                                     =        0.000 degrees
                                                       =        0.000 radians

Pile Batter Angle                                      =        0.000 degrees
                                                       =        0.000 radians

--------------------------------------------------------------------------------
                       Soil and Rock Layering Information
--------------------------------------------------------------------------------

The soil profile is modelled using 8 layers

Layer 1 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =       0.0000 ft
   Distance from top of pile to bottom of layer        =      6.50000 ft
   Effective unit weight at top of layer               =    120.00000 pcf
   Effective unit weight at bottom of layer            =    120.00000 pcf
   Friction angle at top of layer                      =     34.00000 deg.
   Friction angle at bottom of layer                   =     34.00000 deg.
   Subgrade k at top of layer                          =     90.00000 pci
   Subgrade k at bottom of layer                       =     90.00000 pci

Layer 2 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =      6.50000 ft
   Distance from top of pile to bottom of layer        =      7.50000 ft
   Effective unit weight at top of layer               =    110.00000 pcf
   Effective unit weight at bottom of layer            =    110.00000 pcf
   Friction angle at top of layer                      =     28.00000 deg.
   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     25.00000 pci
   Subgrade k at bottom of layer                       =     25.00000 pci

Layer 3 is soft clay, p-y criteria by Matlock, 1970
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SKZ 20_Begin Bridge_LT Side Slope_SEE.lp7o
   Distance from top of pile to top of layer           =      7.50000 ft
   Distance from top of pile to bottom of layer        =     11.25000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Undrained cohesion at top of layer                  =    300.00000 psf
   Undrained cohesion at bottom of layer               =    300.00000 psf
   Epsilon-50 at top of layer                          =      0.02000 
   Epsilon-50 at bottom of layer                       =      0.02000 

Layer 4 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     11.25000 ft
   Distance from top of pile to bottom of layer        =     12.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     28.00000 deg.
   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 5 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     12.00000 ft
   Distance from top of pile to bottom of layer        =     13.25000 ft
   Effective unit weight at top of layer               =     48.00000 pcf
   Effective unit weight at bottom of layer            =     48.00000 pcf
   Friction angle at top of layer                      =      4.00000 deg.
   Friction angle at bottom of layer                   =      4.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 6 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     13.25000 ft
   Distance from top of pile to bottom of layer        =     15.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     28.00000 deg.
   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 7 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     15.00000 ft
   Distance from top of pile to bottom of layer        =     17.50000 ft
   Effective unit weight at top of layer               =     48.00000 pcf
   Effective unit weight at bottom of layer            =     48.00000 pcf
   Friction angle at top of layer                      =      4.00000 deg.
   Friction angle at bottom of layer                   =      4.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 8 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     17.50000 ft
   Distance from top of pile to bottom of layer        =     50.00000 ft
   Effective unit weight at top of layer               =     58.00000 pcf
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   Effective unit weight at bottom of layer            =     58.00000 pcf
   Friction angle at top of layer                      =     40.00000 deg.
   Friction angle at bottom of layer                   =     40.00000 deg.
   Subgrade k at top of layer                          =    125.00000 pci
   Subgrade k at bottom of layer                       =    125.00000 pci

   (Depth of lowest soil layer extends   20.00 ft below pile tip)

--------------------------------------------------------------------------------
                           Summary of Soil Properties
--------------------------------------------------------------------------------

                      Layer                     Layer      Effective    Undrained   
Angle of      Strain                   
Layer               Soil Type                   Depth       Unit Wt.    Cohesion    
Friction      Factor        kpy        
 Num.         (p-y Curve Criteria)               ft           pcf          psf      
   deg.     Epsilon 50      pci        
-----   ----------------------------------   ----------   ----------   ----------   
----------   ----------   ----------    
  1     Sand (Reese, et al.)                       0.00      120.000       --       
   34.000       --           90.000   
                                                  6.500      120.000       --       
   34.000       --           90.000   
  2     Sand (Reese, et al.)                      6.500      110.000       --       
   28.000       --           25.000   
                                                  7.500      110.000       --       
   28.000       --           25.000   
  3     Soft Clay                                 7.500       53.000      300.000   
   --          0.02000       --       
                                                 11.250       53.000      300.000   
   --          0.02000       --       
  4     Sand (Reese, et al.)                     11.250       53.000       --       
   28.000       --           20.000   
                                                 12.000       53.000       --       
   28.000       --           20.000   
  5     Sand (Reese, et al.)                     12.000       48.000       --       
    4.000       --           20.000   
                                                 13.250       48.000       --       
    4.000       --           20.000   
  6     Sand (Reese, et al.)                     13.250       53.000       --       
   28.000       --           20.000   
                                                 15.000       53.000       --       
   28.000       --           20.000   
  7     Sand (Reese, et al.)                     15.000       48.000       --       
    4.000       --           20.000   
                                                 17.500       48.000       --       
    4.000       --           20.000   
  8     Sand (Reese, et al.)                     17.500       58.000       --       
   40.000       --          125.000   
                                                 50.000       58.000       --       
   40.000       --          125.000   

--------------------------------------------------------------------------------
                   p-y Modification Factors for Group Action
--------------------------------------------------------------------------------

Distribution of p-y modifiers with depth defined using 2 points
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Point      Depth X         p-mult         y-mult
 No.          ft
-----     ----------     ----------     ----------
  1            0.000         0.6700         1.0000
  2          100.000         0.6700         1.0000

--------------------------------------------------------------------------------
                             Lateral Soil Movements
--------------------------------------------------------------------------------

Profile of soil movement with depth defined using 3 points

Point       Depth X     Soil Movement
 No.           ft             in
-----     ----------    -------------
  1          0.00000        3.85000
  2         15.75000        3.85000
  3         16.50000        0.00000

--------------------------------------------------------------------------------
                                 Loading Type
--------------------------------------------------------------------------------

Static loading criteria were used when computing p-y curves for all analyses.

--------------------------------------------------------------------------------
               Pile-head Loading and Pile-head Fixity Conditions
--------------------------------------------------------------------------------

Number of loads specified = 1

Load    Load         Condition               Condition            Axial Thrust      
     Compute
 No.    Type             1                       2                 Force, lbs      
Top y vs. Pile Length
-----   ----   --------------------   -----------------------   ----------------   
---------------------
   1     1     V =       0.0000 lbs   M =       0.0000 in-lbs         0.0000000     
       Yes 

V = perpendicular shear force applied to pile head
M = bending moment applied to pile head
y = lateral deflection relative to pile axis
S = pile slope relative to original pile batter angle
R = rotational stiffness applie to pile head
Axial thrust is assumed to be acting axially for all pile batter angles.

--------------------------------------------------------------------------------
    Computations of Nominal Moment Capacity and Nonlinear Bending Stiffness
--------------------------------------------------------------------------------

Axial thrust force values were determined from pile-head loading conditions

Number of Pile Sections Analyzed = 1
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Pile Section No. 1:
-------------------
Moment-curvature properties were derived from elastic section properties

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 1
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =              0.  lb
Moment     =              0. in- lb
Axial Load =              0.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    30.0000     4.8761319      5938891.        89730.
    28.5000     4.8756449      5342605.        87473.
    27.0000     4.8766942      4435045.       -83700.
    25.5000     4.8730385      3195940.        74222.
    24.0000     4.9087900      1999731.        65437.
    22.5000     4.9546523     -2369753.        60933.
    21.0000     5.0173158     -2639325.        55053.
    19.5000     5.0868035     -2785552.        54435.
    18.0000     4.1245778     -1126023.        26740.
    16.5000     3.8603833       -61262.  1498.5373330
    15.0000     3.8500000    -0.0003924    -0.0000585
    13.5000     3.8500000    -0.0011698    -0.0000766
    12.0000     3.8500000    -0.0028415    -0.0000987
    10.5000     3.8500000     0.0018459     0.0001240
     9.0000     3.8500000     0.0025657     0.0004924
     7.5000     3.8500000    -0.0022780     0.0008614
     6.0000     3.8500000    -0.0093621    -0.0045905
     4.5000     3.8499998    -0.0738069    -0.0255535
     3.0000     3.8499932    -1.0400631     0.2309790
     1.5000     3.8464858   -51.4965227  -220.7796246

--------------------------------------------------------------------------------
                           Summary of Pile Response(s)
--------------------------------------------------------------------------------

Definitions of Pile-head Loading Conditions:

Load Type 1: Load 1 = Shear, lbs, and Load 2 = Moment, in-lbs
Load Type 2: Load 1 = Shear, lbs, and Load 2 = Slope, radians
Load Type 3: Load 1 = Shear, lbs, and Load 2 = Rotational Stiffness, in-lbs/radian
Load Type 4: Load 1 = Top Deflection, inches, and Load 2 = Moment, in-lbs
Load Type 5: Load 1 = Top Deflection, inches, and Load 2 = Slope, radians

               Pile-head      Pile-head                                      Maximum
       Maximum                  
Load  Load    Condition 1    Condition 2        Axial        Pile-head       Moment 
        Shear        Pile-head  
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Case  Type    V(lbs) or     in-lb, rad.,       Loading      Deflection       in Pile
       in Pile       Rotation   
 No.   No.    y(inches)     or in-lb/rad.        lbs          inches         in-lbs 
         lbs          radians   
----  ----  --------------  --------------  -------------  -------------  
-------------  -------------  -------------
  1     1   V =      0.000  M =      0.000      0.0000000     4.87613190       
5938891.         89730.    -0.01846245

--------------------------------------------------------------------------------
                          Summary of Warning Messages
--------------------------------------------------------------------------------

The following warning was reported 1294 times

**** Warning ****

An unreasonable value was input for friction angle has been specified
for a soil layer defined uisng the sand criteria.  The input value is
either smaller than 20 degrees or higher than 48 degrees.  The input
data should be checked for correctness.

The analysis ended normally. 
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Soil Movement or Lateral Pile Deflection (in)
S-51 RBO Black Mingo Creek - Begin Bridge - Left Side Slope - SKZ 20 Sheet Piles
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Soil Movement or Lateral Pile Deflection (in)
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Bending Moment (in-kips)
S-51 RBO Black Mingo Creek - Begin Bridge - Left Side Slope - SKZ 20 Sheet Piles

D
ep

th
 (

ft
)

-1000 -500 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

0
2

4
6

8
10

12
14

16
18

20
22

24
26

28
30

Case 1

Bending Moment (in-kips)
S-51 RBO Black Mingo Creek - Begin Bridge - Left Side Slope - SKZ 20 Sheet Piles
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Shear Force (kips)
S-51 RBO Black Mingo Creek - Begin Bridge - Left Side Slope - SKZ 20 Sheet Piles
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================================================================================

                  LPile Plus for Windows, Version 2013-07.007

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                          © 1985-2013 by Ensoft, Inc.           
                              All Rights Reserved               

================================================================================

This copy of LPile is used by:      

Bradley Fischer
F&ME

Serial Number of Security Device:  291490957
This copy of LPile is licensed for exclusive use by:  F&ME Consultants, Columbia, 
Sout

Use of this program by any entity other than F&ME Consultants, Columbia, Sout
is forbidden by the software license agreement.

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:        P:\Geotechnical\G5500's\G5556.000 - Emergency Bridge 
Pkg 4 - Design Build\G5556.02 - S-51 over Black Mingo Creek\Reports\Final 
Report\Bridge\SLIDE\Sheet Pile\
Name of input data file:       SKZ 20_Begin Bridge_RT Side Slope_SEE.lp7d
Name of output report file:    SKZ 20_Begin Bridge_RT Side Slope_SEE.lp7o
Name of plot output file:      SKZ 20_Begin Bridge_RT Side Slope_SEE.lp7p
Name of runtime messeage file: SKZ 20_Begin Bridge_RT Side Slope_SEE.lp7r

--------------------------------------------------------------------------------
                           Date and Time of Analysis
--------------------------------------------------------------------------------

               Date:  February 16, 2016     Time:  15:22:31

--------------------------------------------------------------------------------
                                Problem Title
--------------------------------------------------------------------------------

Project Name: S-51 RBO Black Mingo Creek                                            
                                                                                    
                                                                                    
 
Job Number: G5556.02 (F&ME); P029461 (SCDOT)                                        
                                                                                    
                                                                                    
 
Client: SCDOT                                                                       
                                                                                    
                                                                                    
 
Engineer: JFH                                                                       
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Description: Begin Bridge - Right Side Slope - SKZ 20 Sheet Pile                    
                                                                                    
                                                                                    
 

--------------------------------------------------------------------------------
                           Program Options and Settings
--------------------------------------------------------------------------------

Engineering Units of Input Data and Computations:
 - Engineering units are US Customary Units (pounds, feet, inches)

Analysis Control Options:
- Maximum number of iterations allowed                 =          500
- Deflection tolerance for convergence                 =   1.0000E-02 in
- Maximum allowable deflection                         =     100.0000 in
- Number of pile increments                            =          100

Loading Type and Number of Cycles of Loading:
 - Static loading specified

Computational Options:
 - Use unfactored loads in computations (conventional analysis)
 - Compute pile response under loading and nonlinear bending properties of pile
   (only if nonlinear pile properties are input)
 - Analysis uses p-y modification factors for p-y curves
 - Analysis includes loading by lateral soil movements acting on pile
 - Input of shear resistance at the pile tip not selected
 - Computation of pile-head foundation stiffness matrix not selected
 - Push-over analysis of pile not selected
 - Buckling analysis of pile not selected

Output Options:
 - No p-y curves to be computed and reported for user-specified depths
 - Report only summary tables of pile-head deflection, maximum bending moment,
   and maximum shear force in output report file.

--------------------------------------------------------------------------------
                    Pile Structural Properties and Geometry
--------------------------------------------------------------------------------

Total number of pile sections                          =          1

Total length of pile                                   =      30.00 ft

Depth of ground surface below top of pile              =       0.00 ft

Pile diameter values used for p-y curve computations are defined using 2 points.

p-y curves are computed using pile diameter values interpolated with depth over 
the length of the pile.

Point         Depth              Pile   
                X              Diameter 
                ft                in
-----       ---------        -----------
  1           0.00000         57.0000000
  2         30.000000         57.0000000
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Input Structural Properties:
----------------------------

Pile Section No. 1:

   Section Type                                        =    Elastic Pile
   Cross-sectional Shape                               =     Rectangular
   Section Length                                      =     30.00000 ft
   Top Width                                           =     57.00000 in
   Bottom Width                                        =     57.00000 in
   Top Section Depth                                   =     16.00000 in
   Bottom Section Depth                                =     16.00000 in
   Top Area                                            =     28.50000 Sq. in
   Bottom Area                                         =     28.50000 Sq. in
   Moment of Inertia at Top                            =   1204.00000 in^4
   Moment of Inertia at Bottom                         =   1204.00000 in^4
   Elastic Modulus                                     =    29000000. lbs/in^2

--------------------------------------------------------------------------------
                      Ground Slope and Pile Batter Angles
--------------------------------------------------------------------------------

Ground Slope Angle                                     =        0.000 degrees
                                                       =        0.000 radians

Pile Batter Angle                                      =        0.000 degrees
                                                       =        0.000 radians

--------------------------------------------------------------------------------
                       Soil and Rock Layering Information
--------------------------------------------------------------------------------

The soil profile is modelled using 8 layers

Layer 1 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =       0.0000 ft
   Distance from top of pile to bottom of layer        =      5.00000 ft
   Effective unit weight at top of layer               =    120.00000 pcf
   Effective unit weight at bottom of layer            =    120.00000 pcf
   Friction angle at top of layer                      =     34.00000 deg.
   Friction angle at bottom of layer                   =     34.00000 deg.
   Subgrade k at top of layer                          =     90.00000 pci
   Subgrade k at bottom of layer                       =     90.00000 pci

Layer 2 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =      5.00000 ft
   Distance from top of pile to bottom of layer        =      6.50000 ft
   Effective unit weight at top of layer               =    110.00000 pcf
   Effective unit weight at bottom of layer            =    110.00000 pcf
   Friction angle at top of layer                      =     28.00000 deg.
   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     25.00000 pci
   Subgrade k at bottom of layer                       =     25.00000 pci

Layer 3 is soft clay, p-y criteria by Matlock, 1970
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   Distance from top of pile to top of layer           =      6.50000 ft
   Distance from top of pile to bottom of layer        =     10.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Undrained cohesion at top of layer                  =    300.00000 psf
   Undrained cohesion at bottom of layer               =    300.00000 psf
   Epsilon-50 at top of layer                          =      0.02000 
   Epsilon-50 at bottom of layer                       =      0.02000 

Layer 4 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     10.00000 ft
   Distance from top of pile to bottom of layer        =     10.75000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     28.00000 deg.
   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 5 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     10.75000 ft
   Distance from top of pile to bottom of layer        =     12.00000 ft
   Effective unit weight at top of layer               =     48.00000 pcf
   Effective unit weight at bottom of layer            =     48.00000 pcf
   Friction angle at top of layer                      =      4.00000 deg.
   Friction angle at bottom of layer                   =      4.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 6 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     12.00000 ft
   Distance from top of pile to bottom of layer        =     13.50000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     28.00000 deg.
   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 7 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     13.50000 ft
   Distance from top of pile to bottom of layer        =     16.50000 ft
   Effective unit weight at top of layer               =     48.00000 pcf
   Effective unit weight at bottom of layer            =     48.00000 pcf
   Friction angle at top of layer                      =      4.00000 deg.
   Friction angle at bottom of layer                   =      4.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 8 is stiff clay without free water

   Distance from top of pile to top of layer           =     16.50000 ft
   Distance from top of pile to bottom of layer        =     50.00000 ft
   Effective unit weight at top of layer               =     63.00000 pcf
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   Effective unit weight at bottom of layer            =     63.00000 pcf
   Undrained cohesion at top of layer                  =   2500.00000 psf
   Undrained cohesion at bottom of layer               =   2500.00000 psf
   Epsilon-50 at top of layer                          =      0.00400 
   Epsilon-50 at bottom of layer                       =      0.00400 

   (Depth of lowest soil layer extends   20.00 ft below pile tip)

--------------------------------------------------------------------------------
                           Summary of Soil Properties
--------------------------------------------------------------------------------

                      Layer                     Layer      Effective    Undrained   
Angle of      Strain                   
Layer               Soil Type                   Depth       Unit Wt.    Cohesion    
Friction      Factor        kpy        
 Num.         (p-y Curve Criteria)               ft           pcf          psf      
   deg.     Epsilon 50      pci        
-----   ----------------------------------   ----------   ----------   ----------   
----------   ----------   ----------    
  1     Sand (Reese, et al.)                       0.00      120.000       --       
   34.000       --           90.000   
                                                  5.000      120.000       --       
   34.000       --           90.000   
  2     Sand (Reese, et al.)                      5.000      110.000       --       
   28.000       --           25.000   
                                                  6.500      110.000       --       
   28.000       --           25.000   
  3     Soft Clay                                 6.500       53.000      300.000   
   --          0.02000       --       
                                                 10.000       53.000      300.000   
   --          0.02000       --       
  4     Sand (Reese, et al.)                     10.000       53.000       --       
   28.000       --           20.000   
                                                 10.750       53.000       --       
   28.000       --           20.000   
  5     Sand (Reese, et al.)                     10.750       48.000       --       
    4.000       --           20.000   
                                                 12.000       48.000       --       
    4.000       --           20.000   
  6     Sand (Reese, et al.)                     12.000       53.000       --       
   28.000       --           20.000   
                                                 13.500       53.000       --       
   28.000       --           20.000   
  7     Sand (Reese, et al.)                     13.500       48.000       --       
    4.000       --           20.000   
                                                 16.500       48.000       --       
    4.000       --           20.000   
  8     Stiff Clay w/o Free Water                16.500       63.000     2500.000   
   --          0.00400       --       
                                                 50.000       63.000     2500.000   
   --          0.00400       --       

--------------------------------------------------------------------------------
                   p-y Modification Factors for Group Action
--------------------------------------------------------------------------------

Distribution of p-y modifiers with depth defined using 2 points
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Point      Depth X         p-mult         y-mult
 No.          ft
-----     ----------     ----------     ----------
  1            0.000         0.6700         1.0000
  2          100.000         0.6700         1.0000

--------------------------------------------------------------------------------
                             Lateral Soil Movements
--------------------------------------------------------------------------------

Profile of soil movement with depth defined using 3 points

Point       Depth X     Soil Movement
 No.           ft             in
-----     ----------    -------------
  1          0.00000        4.00000
  2         14.00000        4.00000
  3         14.75000        0.00000

--------------------------------------------------------------------------------
                                 Loading Type
--------------------------------------------------------------------------------

Static loading criteria were used when computing p-y curves for all analyses.

--------------------------------------------------------------------------------
               Pile-head Loading and Pile-head Fixity Conditions
--------------------------------------------------------------------------------

Number of loads specified = 1

Load    Load         Condition               Condition            Axial Thrust      
     Compute
 No.    Type             1                       2                 Force, lbs      
Top y vs. Pile Length
-----   ----   --------------------   -----------------------   ----------------   
---------------------
   1     1     V =       0.0000 lbs   M =       0.0000 in-lbs         0.0000000     
       Yes 

V = perpendicular shear force applied to pile head
M = bending moment applied to pile head
y = lateral deflection relative to pile axis
S = pile slope relative to original pile batter angle
R = rotational stiffness applie to pile head
Axial thrust is assumed to be acting axially for all pile batter angles.

--------------------------------------------------------------------------------
    Computations of Nominal Moment Capacity and Nonlinear Bending Stiffness
--------------------------------------------------------------------------------

Axial thrust force values were determined from pile-head loading conditions

Number of Pile Sections Analyzed = 1
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Pile Section No. 1:
-------------------
Moment-curvature properties were derived from elastic section properties

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 1
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =              0.  lb
Moment     =              0. in- lb
Axial Load =              0.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    30.0000     4.8961133      4673013.        73883.
    28.5000     4.8929894      3788895.        68355.
    27.0000     4.9247579      2758098.        63714.
    25.5000     4.9614579      2022868.        55441.
    24.0000     5.0550561     -2113356.        55833.
    22.5000     5.1071167     -2226553.        48611.
    21.0000     5.2216492     -2603804.        48699.
    19.5000     5.3003521     -2834628.        49465.
    18.0000     4.7697457     -1937861.        38070.
    16.5000     4.0569569      -193363.  5430.4120096
    15.0000     4.0161829       -61642.  1908.9735433
    13.5000     4.0000000    -0.0019734     0.0000638
    12.0000     4.0000000    -0.0024677     0.0000987
    10.5000     4.0000000    -0.0026761     0.0001628
     9.0000     4.0000000    -0.0071387     0.0003447
     7.5000     4.0000000    -0.0047283     0.0002659
     6.0000     4.0000000     0.0140581     0.0027003
     4.5000     3.9999998    -0.0766251     0.0031019
     3.0000     3.9999930    -0.9082157    -0.0486884
     1.5000     3.9963489  -139.4269166   238.6889389

--------------------------------------------------------------------------------
                           Summary of Pile Response(s)
--------------------------------------------------------------------------------

Definitions of Pile-head Loading Conditions:

Load Type 1: Load 1 = Shear, lbs, and Load 2 = Moment, in-lbs
Load Type 2: Load 1 = Shear, lbs, and Load 2 = Slope, radians
Load Type 3: Load 1 = Shear, lbs, and Load 2 = Rotational Stiffness, in-lbs/radian
Load Type 4: Load 1 = Top Deflection, inches, and Load 2 = Moment, in-lbs
Load Type 5: Load 1 = Top Deflection, inches, and Load 2 = Slope, radians

               Pile-head      Pile-head                                      Maximum
       Maximum                  
Load  Load    Condition 1    Condition 2        Axial        Pile-head       Moment 
        Shear        Pile-head  
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Case  Type    V(lbs) or     in-lb, rad.,       Loading      Deflection       in Pile
       in Pile       Rotation   
 No.   No.    y(inches)     or in-lb/rad.        lbs          inches         in-lbs 
         lbs          radians   
----  ----  --------------  --------------  -------------  -------------  
-------------  -------------  -------------
  1     1   V =      0.000  M =      0.000      0.0000000     4.89611329       
4673013.         73883.    -0.01794198

--------------------------------------------------------------------------------
                          Summary of Warning Messages
--------------------------------------------------------------------------------

The following warning was reported 2295 times

**** Warning ****

An unreasonable value was input for friction angle has been specified
for a soil layer defined uisng the sand criteria.  The input value is
either smaller than 20 degrees or higher than 48 degrees.  The input
data should be checked for correctness.

The analysis ended normally. 
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Bending Moment (in-kips)
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Shear Force (kips)
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================================================================================

                  LPile Plus for Windows, Version 2013-07.007

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                          © 1985-2013 by Ensoft, Inc.           
                              All Rights Reserved               

================================================================================

This copy of LPile is used by:      

Bradley Fischer
F&ME

Serial Number of Security Device:  291490957
This copy of LPile is licensed for exclusive use by:  F&ME Consultants, Columbia, 
Sout

Use of this program by any entity other than F&ME Consultants, Columbia, Sout
is forbidden by the software license agreement.

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:        P:\Geotechnical\G5500's\G5556.000 - Emergency Bridge 
Pkg 4 - Design Build\G5556.02 - S-51 over Black Mingo Creek\Reports\Final 
Report\Bridge\SLIDE\Sheet Pile\
Name of input data file:       SKZ 20_Begin Bridge_End Slope_SEE.lp7d
Name of output report file:    SKZ 20_Begin Bridge_End Slope_SEE.lp7o
Name of plot output file:      SKZ 20_Begin Bridge_End Slope_SEE.lp7p
Name of runtime messeage file: SKZ 20_Begin Bridge_End Slope_SEE.lp7r

--------------------------------------------------------------------------------
                           Date and Time of Analysis
--------------------------------------------------------------------------------

               Date:  February 16, 2016     Time:  15:25:26

--------------------------------------------------------------------------------
                                Problem Title
--------------------------------------------------------------------------------

Project Name: S-51 RBO Black Mingo Creek                                            
                                                                                    
                                                                                    
 
Job Number: G5556.02 (F&ME); P029461 (SCDOT)                                        
                                                                                    
                                                                                    
 
Client: SCDOT                                                                       
                                                                                    
                                                                                    
 
Engineer: JFH                                                                       
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Description: Begin Bridge - End Slope - SKZ 20 Sheet Pile                           
                                                                                    
                                                                                    
 

--------------------------------------------------------------------------------
                           Program Options and Settings
--------------------------------------------------------------------------------

Engineering Units of Input Data and Computations:
 - Engineering units are US Customary Units (pounds, feet, inches)

Analysis Control Options:
- Maximum number of iterations allowed                 =          500
- Deflection tolerance for convergence                 =   1.0000E-02 in
- Maximum allowable deflection                         =     100.0000 in
- Number of pile increments                            =          100

Loading Type and Number of Cycles of Loading:
 - Static loading specified

Computational Options:
 - Use unfactored loads in computations (conventional analysis)
 - Compute pile response under loading and nonlinear bending properties of pile
   (only if nonlinear pile properties are input)
 - Analysis uses p-y modification factors for p-y curves
 - Analysis includes loading by lateral soil movements acting on pile
 - Input of shear resistance at the pile tip not selected
 - Computation of pile-head foundation stiffness matrix not selected
 - Push-over analysis of pile not selected
 - Buckling analysis of pile not selected

Output Options:
 - No p-y curves to be computed and reported for user-specified depths
 - Report only summary tables of pile-head deflection, maximum bending moment,
   and maximum shear force in output report file.

--------------------------------------------------------------------------------
                    Pile Structural Properties and Geometry
--------------------------------------------------------------------------------

Total number of pile sections                          =          1

Total length of pile                                   =      30.00 ft

Depth of ground surface below top of pile              =       0.00 ft

Pile diameter values used for p-y curve computations are defined using 2 points.

p-y curves are computed using pile diameter values interpolated with depth over 
the length of the pile.

Point         Depth              Pile   
                X              Diameter 
                ft                in
-----       ---------        -----------
  1           0.00000         57.0000000
  2         30.000000         57.0000000
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Input Structural Properties:
----------------------------

Pile Section No. 1:

   Section Type                                        =    Elastic Pile
   Cross-sectional Shape                               =     Rectangular
   Section Length                                      =     30.00000 ft
   Top Width                                           =     57.00000 in
   Bottom Width                                        =     57.00000 in
   Top Section Depth                                   =     16.00000 in
   Bottom Section Depth                                =     16.00000 in
   Top Area                                            =     28.50000 Sq. in
   Bottom Area                                         =     28.50000 Sq. in
   Moment of Inertia at Top                            =   1204.00000 in^4
   Moment of Inertia at Bottom                         =   1204.00000 in^4
   Elastic Modulus                                     =    29000000. lbs/in^2

--------------------------------------------------------------------------------
                      Ground Slope and Pile Batter Angles
--------------------------------------------------------------------------------

Ground Slope Angle                                     =        0.000 degrees
                                                       =        0.000 radians

Pile Batter Angle                                      =        0.000 degrees
                                                       =        0.000 radians

--------------------------------------------------------------------------------
                       Soil and Rock Layering Information
--------------------------------------------------------------------------------

The soil profile is modelled using 8 layers

Layer 1 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =       0.0000 ft
   Distance from top of pile to bottom of layer        =      5.00000 ft
   Effective unit weight at top of layer               =    125.00000 pcf
   Effective unit weight at bottom of layer            =    125.00000 pcf
   Friction angle at top of layer                      =     34.00000 deg.
   Friction angle at bottom of layer                   =     34.00000 deg.
   Subgrade k at top of layer                          =     90.00000 pci
   Subgrade k at bottom of layer                       =     90.00000 pci

Layer 2 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =      5.00000 ft
   Distance from top of pile to bottom of layer        =      7.00000 ft
   Effective unit weight at top of layer               =    115.00000 pcf
   Effective unit weight at bottom of layer            =    115.00000 pcf
   Friction angle at top of layer                      =     28.00000 deg.
   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 3 is soft clay, p-y criteria by Matlock, 1970
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   Distance from top of pile to top of layer           =      7.00000 ft
   Distance from top of pile to bottom of layer        =     12.50000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Undrained cohesion at top of layer                  =    300.00000 psf
   Undrained cohesion at bottom of layer               =    300.00000 psf
   Epsilon-50 at top of layer                          =      0.02000 
   Epsilon-50 at bottom of layer                       =      0.02000 

Layer 4 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     12.50000 ft
   Distance from top of pile to bottom of layer        =     13.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     28.00000 deg.
   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 5 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     13.00000 ft
   Distance from top of pile to bottom of layer        =     14.00000 ft
   Effective unit weight at top of layer               =     48.00000 pcf
   Effective unit weight at bottom of layer            =     48.00000 pcf
   Friction angle at top of layer                      =      4.00000 deg.
   Friction angle at bottom of layer                   =      4.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 6 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     14.00000 ft
   Distance from top of pile to bottom of layer        =     15.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     28.00000 deg.
   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 7 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     15.00000 ft
   Distance from top of pile to bottom of layer        =     17.50000 ft
   Effective unit weight at top of layer               =     48.00000 pcf
   Effective unit weight at bottom of layer            =     48.00000 pcf
   Friction angle at top of layer                      =      4.00000 deg.
   Friction angle at bottom of layer                   =      4.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 8 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     17.50000 ft
   Distance from top of pile to bottom of layer        =     50.00000 ft
   Effective unit weight at top of layer               =     58.00000 pcf
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   Effective unit weight at bottom of layer            =     58.00000 pcf
   Friction angle at top of layer                      =     40.00000 deg.
   Friction angle at bottom of layer                   =     40.00000 deg.
   Subgrade k at top of layer                          =    125.00000 pci
   Subgrade k at bottom of layer                       =    125.00000 pci

   (Depth of lowest soil layer extends   20.00 ft below pile tip)

--------------------------------------------------------------------------------
                           Summary of Soil Properties
--------------------------------------------------------------------------------

                      Layer                     Layer      Effective    Undrained   
Angle of      Strain                   
Layer               Soil Type                   Depth       Unit Wt.    Cohesion    
Friction      Factor        kpy        
 Num.         (p-y Curve Criteria)               ft           pcf          psf      
   deg.     Epsilon 50      pci        
-----   ----------------------------------   ----------   ----------   ----------   
----------   ----------   ----------    
  1     Sand (Reese, et al.)                       0.00      125.000       --       
   34.000       --           90.000   
                                                  5.000      125.000       --       
   34.000       --           90.000   
  2     Sand (Reese, et al.)                      5.000      115.000       --       
   28.000       --           20.000   
                                                  7.000      115.000       --       
   28.000       --           20.000   
  3     Soft Clay                                 7.000       53.000      300.000   
   --          0.02000       --       
                                                 12.500       53.000      300.000   
   --          0.02000       --       
  4     Sand (Reese, et al.)                     12.500       53.000       --       
   28.000       --           20.000   
                                                 13.000       53.000       --       
   28.000       --           20.000   
  5     Sand (Reese, et al.)                     13.000       48.000       --       
    4.000       --           20.000   
                                                 14.000       48.000       --       
    4.000       --           20.000   
  6     Sand (Reese, et al.)                     14.000       53.000       --       
   28.000       --           20.000   
                                                 15.000       53.000       --       
   28.000       --           20.000   
  7     Sand (Reese, et al.)                     15.000       48.000       --       
    4.000       --           20.000   
                                                 17.500       48.000       --       
    4.000       --           20.000   
  8     Sand (Reese, et al.)                     17.500       58.000       --       
   40.000       --          125.000   
                                                 50.000       58.000       --       
   40.000       --          125.000   

--------------------------------------------------------------------------------
                   p-y Modification Factors for Group Action
--------------------------------------------------------------------------------

Distribution of p-y modifiers with depth defined using 2 points
Page 5



SKZ 20_Begin Bridge_End Slope_SEE.lp7o

Point      Depth X         p-mult         y-mult
 No.          ft
-----     ----------     ----------     ----------
  1            0.000         0.7100         1.0000
  2          100.000         0.7100         1.0000

--------------------------------------------------------------------------------
                             Lateral Soil Movements
--------------------------------------------------------------------------------

Profile of soil movement with depth defined using 3 points

Point       Depth X     Soil Movement
 No.           ft             in
-----     ----------    -------------
  1          0.00000        2.90000
  2         14.50000        2.90000
  3         15.25000        0.00000

--------------------------------------------------------------------------------
                                 Loading Type
--------------------------------------------------------------------------------

Static loading criteria were used when computing p-y curves for all analyses.

--------------------------------------------------------------------------------
               Pile-head Loading and Pile-head Fixity Conditions
--------------------------------------------------------------------------------

Number of loads specified = 1

Load    Load         Condition               Condition            Axial Thrust      
     Compute
 No.    Type             1                       2                 Force, lbs      
Top y vs. Pile Length
-----   ----   --------------------   -----------------------   ----------------   
---------------------
   1     1     V =       0.0000 lbs   M =       0.0000 in-lbs         0.0000000     
       Yes 

V = perpendicular shear force applied to pile head
M = bending moment applied to pile head
y = lateral deflection relative to pile axis
S = pile slope relative to original pile batter angle
R = rotational stiffness applie to pile head
Axial thrust is assumed to be acting axially for all pile batter angles.

--------------------------------------------------------------------------------
    Computations of Nominal Moment Capacity and Nonlinear Bending Stiffness
--------------------------------------------------------------------------------

Axial thrust force values were determined from pile-head loading conditions

Number of Pile Sections Analyzed = 1
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Pile Section No. 1:
-------------------
Moment-curvature properties were derived from elastic section properties

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 1
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =              0.  lb
Moment     =              0. in- lb
Axial Load =              0.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    30.0000     3.5416368      4640995.        63364.
    28.5000     3.5373599      4366500.       -64445.
    27.0000     3.5337012      3870460.       -67722.
    25.5000     3.5363777      3031985.       -63676.
    24.0000     3.5587394      2040591.       -53407.
    22.5000     3.5983526      1072830.        38629.
    21.0000     3.6441124     -1450410.        34953.
    19.5000     3.6915031     -1645520.        34012.
    18.0000     3.3357116     -1161480.        26781.
    16.5000     3.0002900      -293343.  9381.4299900
    15.0000     2.9759621      -229388.  7524.2841879
    13.5000     2.9000000    -0.0004608    -0.0000638
    12.0000     2.9000000    -0.0013460     0.0000623
    10.5000     2.9000000     0.0041704    -0.0001667
     9.0000     2.9000000     0.0035361     0.0005293
     7.5000     2.9000000     0.0025077    -0.0001808
     6.0000     2.9000000     0.0064907    -0.0055875
     4.5000     2.9000001     0.0215359    -0.0028065
     3.0000     2.8999992    -0.2660877     0.2650442
     1.5000     2.9002169   -29.3184266    90.1248489

--------------------------------------------------------------------------------
                           Summary of Pile Response(s)
--------------------------------------------------------------------------------

Definitions of Pile-head Loading Conditions:

Load Type 1: Load 1 = Shear, lbs, and Load 2 = Moment, in-lbs
Load Type 2: Load 1 = Shear, lbs, and Load 2 = Slope, radians
Load Type 3: Load 1 = Shear, lbs, and Load 2 = Rotational Stiffness, in-lbs/radian
Load Type 4: Load 1 = Top Deflection, inches, and Load 2 = Moment, in-lbs
Load Type 5: Load 1 = Top Deflection, inches, and Load 2 = Slope, radians

               Pile-head      Pile-head                                      Maximum
       Maximum                  
Load  Load    Condition 1    Condition 2        Axial        Pile-head       Moment 
        Shear        Pile-head  
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Case  Type    V(lbs) or     in-lb, rad.,       Loading      Deflection       in Pile
       in Pile       Rotation   
 No.   No.    y(inches)     or in-lb/rad.        lbs          inches         in-lbs 
         lbs          radians   
----  ----  --------------  --------------  -------------  -------------  
-------------  -------------  -------------
  1     1   V =      0.000  M =      0.000      0.0000000     3.54163681       
4640995.         63364.    -0.01443149

--------------------------------------------------------------------------------
                          Summary of Warning Messages
--------------------------------------------------------------------------------

The following warning was reported 1101 times

**** Warning ****

An unreasonable value was input for friction angle has been specified
for a soil layer defined uisng the sand criteria.  The input value is
either smaller than 20 degrees or higher than 48 degrees.  The input
data should be checked for correctness.

The analysis ended normally. 
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Bending Moment (in-kips)
S-51 RBO Black Mingo Creek - Begin Bridge - End Slope - SKZ 20 Sheet Piles
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Shear Force (kips)
S-51 RBO Black Mingo Creek - Begin Bridge - End Slope - SKZ 20 Sheet Piles
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================================================================================

                  LPile Plus for Windows, Version 2013-07.007

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                          © 1985-2013 by Ensoft, Inc.           
                              All Rights Reserved               

================================================================================

This copy of LPile is used by:      

Bradley Fischer
F&ME

Serial Number of Security Device:  291490957
This copy of LPile is licensed for exclusive use by:  F&ME Consultants, Columbia, 
Sout

Use of this program by any entity other than F&ME Consultants, Columbia, Sout
is forbidden by the software license agreement.

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:        P:\Geotechnical\G5500's\G5556.000 - Emergency Bridge 
Pkg 4 - Design Build\G5556.02 - S-51 over Black Mingo Creek\Reports\Final 
Report\Bridge\SLIDE\Sheet Pile\
Name of input data file:       SKZ 20_End Bridge_End Slope_SEE.lp7d
Name of output report file:    SKZ 20_End Bridge_End Slope_SEE.lp7o
Name of plot output file:      SKZ 20_End Bridge_End Slope_SEE.lp7p
Name of runtime messeage file: SKZ 20_End Bridge_End Slope_SEE.lp7r

--------------------------------------------------------------------------------
                           Date and Time of Analysis
--------------------------------------------------------------------------------

               Date:  February 16, 2016     Time:  15:31:48

--------------------------------------------------------------------------------
                                Problem Title
--------------------------------------------------------------------------------

Project Name: S-69 RBO Jumping Run Creek                                            
                                                                                    
                                                                                    
 
Job Number: G5556.04 (F&ME); P029342 (SCDOT)                                        
                                                                                    
                                                                                    
 
Client: ICE                                                                         
                                                                                    
                                                                                    
 
Engineer: JFH                                                                       
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Description: IB2 Composite 18" Square PSC Pile - Longitudinal                       
                                                                                    
                                                                                    
 

--------------------------------------------------------------------------------
                           Program Options and Settings
--------------------------------------------------------------------------------

Engineering Units of Input Data and Computations:
 - Engineering units are US Customary Units (pounds, feet, inches)

Analysis Control Options:
- Maximum number of iterations allowed                 =          500
- Deflection tolerance for convergence                 =   1.0000E-02 in
- Maximum allowable deflection                         =     100.0000 in
- Number of pile increments                            =          100

Loading Type and Number of Cycles of Loading:
 - Static loading specified

Computational Options:
 - Use unfactored loads in computations (conventional analysis)
 - Compute pile response under loading and nonlinear bending properties of pile
   (only if nonlinear pile properties are input)
 - Analysis uses p-y modification factors for p-y curves
 - Analysis includes loading by lateral soil movements acting on pile
 - Input of shear resistance at the pile tip not selected
 - Computation of pile-head foundation stiffness matrix not selected
 - Push-over analysis of pile not selected
 - Buckling analysis of pile not selected

Output Options:
 - No p-y curves to be computed and reported for user-specified depths
 - Report only summary tables of pile-head deflection, maximum bending moment,
   and maximum shear force in output report file.

--------------------------------------------------------------------------------
                    Pile Structural Properties and Geometry
--------------------------------------------------------------------------------

Total number of pile sections                          =          1

Total length of pile                                   =      30.00 ft

Depth of ground surface below top of pile              =       0.00 ft

Pile diameter values used for p-y curve computations are defined using 2 points.

p-y curves are computed using pile diameter values interpolated with depth over 
the length of the pile.

Point         Depth              Pile   
                X              Diameter 
                ft                in
-----       ---------        -----------
  1           0.00000         57.0000000
  2         30.000000         57.0000000
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Input Structural Properties:
----------------------------

Pile Section No. 1:

   Section Type                                        =    Elastic Pile
   Cross-sectional Shape                               =     Rectangular
   Section Length                                      =     30.00000 ft
   Top Width                                           =     57.00000 in
   Bottom Width                                        =     57.00000 in
   Top Section Depth                                   =     16.00000 in
   Bottom Section Depth                                =     16.00000 in
   Top Area                                            =     28.50000 Sq. in
   Bottom Area                                         =     28.50000 Sq. in
   Moment of Inertia at Top                            =   1204.00000 in^4
   Moment of Inertia at Bottom                         =   1204.00000 in^4
   Elastic Modulus                                     =    29000000. lbs/in^2

--------------------------------------------------------------------------------
                      Ground Slope and Pile Batter Angles
--------------------------------------------------------------------------------

Ground Slope Angle                                     =        0.000 degrees
                                                       =        0.000 radians

Pile Batter Angle                                      =        0.000 degrees
                                                       =        0.000 radians

--------------------------------------------------------------------------------
                       Soil and Rock Layering Information
--------------------------------------------------------------------------------

The soil profile is modelled using 7 layers

Layer 1 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =       0.0000 ft
   Distance from top of pile to bottom of layer        =      4.50000 ft
   Effective unit weight at top of layer               =    115.00000 pcf
   Effective unit weight at bottom of layer            =    115.00000 pcf
   Friction angle at top of layer                      =     28.00000 deg.
   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     25.00000 pci
   Subgrade k at bottom of layer                       =     25.00000 pci

Layer 2 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =      4.50000 ft
   Distance from top of pile to bottom of layer        =      7.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     28.00000 deg.
   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 3 is sand, p-y criteria by Reese et al., 1974
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   Distance from top of pile to top of layer           =      7.00000 ft
   Distance from top of pile to bottom of layer        =      7.50000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     34.00000 deg.
   Friction angle at bottom of layer                   =     34.00000 deg.
   Subgrade k at top of layer                          =     60.00000 pci
   Subgrade k at bottom of layer                       =     60.00000 pci

Layer 4 is soft clay, p-y criteria by Matlock, 1970

   Distance from top of pile to top of layer           =      7.50000 ft
   Distance from top of pile to bottom of layer        =      8.50000 ft
   Effective unit weight at top of layer               =     48.00000 pcf
   Effective unit weight at bottom of layer            =     48.00000 pcf
   Undrained cohesion at top of layer                  =    150.00000 psf
   Undrained cohesion at bottom of layer               =    150.00000 psf
   Epsilon-50 at top of layer                          =      0.02000 
   Epsilon-50 at bottom of layer                       =      0.02000 

Layer 5 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =      8.50000 ft
   Distance from top of pile to bottom of layer        =     14.25000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     34.00000 deg.
   Friction angle at bottom of layer                   =     34.00000 deg.
   Subgrade k at top of layer                          =     60.00000 pci
   Subgrade k at bottom of layer                       =     60.00000 pci

Layer 6 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     14.25000 ft
   Distance from top of pile to bottom of layer        =     17.75000 ft
   Effective unit weight at top of layer               =     48.00000 pcf
   Effective unit weight at bottom of layer            =     48.00000 pcf
   Friction angle at top of layer                      =      9.00000 deg.
   Friction angle at bottom of layer                   =      9.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 7 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     17.75000 ft
   Distance from top of pile to bottom of layer        =     50.00000 ft
   Effective unit weight at top of layer               =     58.00000 pcf
   Effective unit weight at bottom of layer            =     58.00000 pcf
   Friction angle at top of layer                      =     40.00000 deg.
   Friction angle at bottom of layer                   =     40.00000 deg.
   Subgrade k at top of layer                          =    125.00000 pci
   Subgrade k at bottom of layer                       =    125.00000 pci

   (Depth of lowest soil layer extends   20.00 ft below pile tip)

--------------------------------------------------------------------------------
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                           Summary of Soil Properties
--------------------------------------------------------------------------------

                      Layer                     Layer      Effective    Undrained   
Angle of      Strain                   
Layer               Soil Type                   Depth       Unit Wt.    Cohesion    
Friction      Factor        kpy        
 Num.         (p-y Curve Criteria)               ft           pcf          psf      
   deg.     Epsilon 50      pci        
-----   ----------------------------------   ----------   ----------   ----------   
----------   ----------   ----------    
  1     Sand (Reese, et al.)                       0.00      115.000       --       
   28.000       --           25.000   
                                                  4.500      115.000       --       
   28.000       --           25.000   
  2     Sand (Reese, et al.)                      4.500       53.000       --       
   28.000       --           20.000   
                                                  7.000       53.000       --       
   28.000       --           20.000   
  3     Sand (Reese, et al.)                      7.000       53.000       --       
   34.000       --           60.000   
                                                  7.500       53.000       --       
   34.000       --           60.000   
  4     Soft Clay                                 7.500       48.000      150.000   
   --          0.02000       --       
                                                  8.500       48.000      150.000   
   --          0.02000       --       
  5     Sand (Reese, et al.)                      8.500       53.000       --       
   34.000       --           60.000   
                                                 14.250       53.000       --       
   34.000       --           60.000   
  6     Sand (Reese, et al.)                     14.250       48.000       --       
    9.000       --           20.000   
                                                 17.750       48.000       --       
    9.000       --           20.000   
  7     Sand (Reese, et al.)                     17.750       58.000       --       
   40.000       --          125.000   
                                                 50.000       58.000       --       
   40.000       --          125.000   

--------------------------------------------------------------------------------
                   p-y Modification Factors for Group Action
--------------------------------------------------------------------------------

Distribution of p-y modifiers with depth defined using 2 points

Point      Depth X         p-mult         y-mult
 No.          ft
-----     ----------     ----------     ----------
  1            0.000         0.7100         1.0000
  2          100.000         0.7100         1.0000

--------------------------------------------------------------------------------
                             Lateral Soil Movements
--------------------------------------------------------------------------------

Profile of soil movement with depth defined using 3 points

Point       Depth X     Soil Movement
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 No.           ft             in
-----     ----------    -------------
  1          0.00000        1.00000
  2          7.50000        1.00000
  3          8.25000        0.00000

--------------------------------------------------------------------------------
                                 Loading Type
--------------------------------------------------------------------------------

Static loading criteria were used when computing p-y curves for all analyses.

--------------------------------------------------------------------------------
               Pile-head Loading and Pile-head Fixity Conditions
--------------------------------------------------------------------------------

Number of loads specified = 1

Load    Load         Condition               Condition            Axial Thrust      
     Compute
 No.    Type             1                       2                 Force, lbs      
Top y vs. Pile Length
-----   ----   --------------------   -----------------------   ----------------   
---------------------
   1     1     V =       0.0000 lbs   M =       0.0000 in-lbs         0.0000000     
       Yes 

V = perpendicular shear force applied to pile head
M = bending moment applied to pile head
y = lateral deflection relative to pile axis
S = pile slope relative to original pile batter angle
R = rotational stiffness applie to pile head
Axial thrust is assumed to be acting axially for all pile batter angles.

--------------------------------------------------------------------------------
    Computations of Nominal Moment Capacity and Nonlinear Bending Stiffness
--------------------------------------------------------------------------------

Axial thrust force values were determined from pile-head loading conditions

Number of Pile Sections Analyzed = 1

Pile Section No. 1:
-------------------
Moment-curvature properties were derived from elastic section properties

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 1
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =              0.  lb
Moment     =              0. in- lb
Axial Load =              0.  lb
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    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    30.0000     0.8592280      1690685.        30764.
    28.5000     0.8804713      1733559.        33674.
    27.0000     0.8775355      1722263.        32463.
    25.5000     0.8838869      1727448.        32783.
    24.0000     0.8827079      1718845.        32894.
    22.5000     0.8760795      1682054.        32650.
    21.0000     0.8868174      1620962.        31390.
    19.5000     0.9317758      1517162.        31238.
    18.0000     1.1346393       944578.        23611.
    16.5000     1.2651520       624395.        19377.
    15.0000     1.2851282       559550.        17984.
    13.5000     1.3931288       386185.        16284.
    12.0000     1.5689529      -156372.        12356.
    10.5000     1.6996488      -237741.        11003.
     9.0000     1.4428626      -152732.  8385.8603846
     7.5000     1.0000000    -0.0021584    -0.0009678
     6.0000     1.0000000    -0.0042174     0.0038012
     4.5000     0.9999999    -0.0253911     0.0101426
     3.0000     1.0000126     0.4704990     0.1590265
     1.5000     0.9845086   -66.9172676  -105.2042602

--------------------------------------------------------------------------------
                           Summary of Pile Response(s)
--------------------------------------------------------------------------------

Definitions of Pile-head Loading Conditions:

Load Type 1: Load 1 = Shear, lbs, and Load 2 = Moment, in-lbs
Load Type 2: Load 1 = Shear, lbs, and Load 2 = Slope, radians
Load Type 3: Load 1 = Shear, lbs, and Load 2 = Rotational Stiffness, in-lbs/radian
Load Type 4: Load 1 = Top Deflection, inches, and Load 2 = Moment, in-lbs
Load Type 5: Load 1 = Top Deflection, inches, and Load 2 = Slope, radians

               Pile-head      Pile-head                                      Maximum
       Maximum                  
Load  Load    Condition 1    Condition 2        Axial        Pile-head       Moment 
        Shear        Pile-head  
Case  Type    V(lbs) or     in-lb, rad.,       Loading      Deflection       in Pile
       in Pile       Rotation   
 No.   No.    y(inches)     or in-lb/rad.        lbs          inches         in-lbs 
         lbs          radians   
----  ----  --------------  --------------  -------------  -------------  
-------------  -------------  -------------
  1     1   V =      0.000  M =      0.000      0.0000000     0.85922798       
1690685.         30764.    -0.00576769

--------------------------------------------------------------------------------
                          Summary of Warning Messages
--------------------------------------------------------------------------------

The following warning was reported 990 times
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**** Warning ****

An unreasonable value was input for friction angle has been specified
for a soil layer defined uisng the sand criteria.  The input value is
either smaller than 20 degrees or higher than 48 degrees.  The input
data should be checked for correctness.

The analysis ended normally. 
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Bending Moment (in-kips)
S-51 RBO Black Mingo Creek - End Bridge - End Slope - SKZ 20 Sheet Piles
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Shear Force (kips)
S-51 RBO Black Mingo Creek - End Bridge - End Slope - SKZ 20 Sheet Piles
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================================================================================

                  LPile Plus for Windows, Version 2013-07.007

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                          © 1985-2013 by Ensoft, Inc.           
                              All Rights Reserved               

================================================================================

This copy of LPile is used by:      

Bradley Fischer
F&ME

Serial Number of Security Device:  291490957
This copy of LPile is licensed for exclusive use by:  F&ME Consultants, Columbia, 
Sout

Use of this program by any entity other than F&ME Consultants, Columbia, Sout
is forbidden by the software license agreement.

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:        P:\Geotechnical\G5500's\G5556.000 - Emergency Bridge 
Pkg 4 - Design Build\G5556.02 - S-51 over Black Mingo Creek\Reports\Final 
Report\Bridge\SLIDE\Sheet Pile\
Name of input data file:       SKZ 20_End Bridge_RT Side Slope_SEE.lp7d
Name of output report file:    SKZ 20_End Bridge_RT Side Slope_SEE.lp7o
Name of plot output file:      SKZ 20_End Bridge_RT Side Slope_SEE.lp7p
Name of runtime messeage file: SKZ 20_End Bridge_RT Side Slope_SEE.lp7r

--------------------------------------------------------------------------------
                           Date and Time of Analysis
--------------------------------------------------------------------------------

               Date:  February 16, 2016     Time:  15:34:22

--------------------------------------------------------------------------------
                                Problem Title
--------------------------------------------------------------------------------

Project Name: S-69 RBO Jumping Run Creek                                            
                                                                                    
                                                                                    
 
Job Number: G5556.04 (F&ME); P029342 (SCDOT)                                        
                                                                                    
                                                                                    
 
Client: ICE                                                                         
                                                                                    
                                                                                    
 
Engineer: JFH                                                                       
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Description: IB2 Composite 18" Square PSC Pile - Longitudinal                       
                                                                                    
                                                                                    
 

--------------------------------------------------------------------------------
                           Program Options and Settings
--------------------------------------------------------------------------------

Engineering Units of Input Data and Computations:
 - Engineering units are US Customary Units (pounds, feet, inches)

Analysis Control Options:
- Maximum number of iterations allowed                 =          500
- Deflection tolerance for convergence                 =   1.0000E-02 in
- Maximum allowable deflection                         =     100.0000 in
- Number of pile increments                            =          100

Loading Type and Number of Cycles of Loading:
 - Static loading specified

Computational Options:
 - Use unfactored loads in computations (conventional analysis)
 - Compute pile response under loading and nonlinear bending properties of pile
   (only if nonlinear pile properties are input)
 - Analysis uses p-y modification factors for p-y curves
 - Analysis includes loading by lateral soil movements acting on pile
 - Input of shear resistance at the pile tip not selected
 - Computation of pile-head foundation stiffness matrix not selected
 - Push-over analysis of pile not selected
 - Buckling analysis of pile not selected

Output Options:
 - No p-y curves to be computed and reported for user-specified depths
 - Report only summary tables of pile-head deflection, maximum bending moment,
   and maximum shear force in output report file.

--------------------------------------------------------------------------------
                    Pile Structural Properties and Geometry
--------------------------------------------------------------------------------

Total number of pile sections                          =          1

Total length of pile                                   =      30.00 ft

Depth of ground surface below top of pile              =       0.00 ft

Pile diameter values used for p-y curve computations are defined using 2 points.

p-y curves are computed using pile diameter values interpolated with depth over 
the length of the pile.

Point         Depth              Pile   
                X              Diameter 
                ft                in
-----       ---------        -----------
  1           0.00000         57.0000000
  2         30.000000         57.0000000

Page 2



SKZ 20_End Bridge_RT Side Slope_SEE.lp7o

Input Structural Properties:
----------------------------

Pile Section No. 1:

   Section Type                                        =    Elastic Pile
   Cross-sectional Shape                               =     Rectangular
   Section Length                                      =     30.00000 ft
   Top Width                                           =     57.00000 in
   Bottom Width                                        =     57.00000 in
   Top Section Depth                                   =     16.00000 in
   Bottom Section Depth                                =     16.00000 in
   Top Area                                            =     28.50000 Sq. in
   Bottom Area                                         =     28.50000 Sq. in
   Moment of Inertia at Top                            =   1204.00000 in^4
   Moment of Inertia at Bottom                         =   1204.00000 in^4
   Elastic Modulus                                     =    29000000. lbs/in^2

--------------------------------------------------------------------------------
                      Ground Slope and Pile Batter Angles
--------------------------------------------------------------------------------

Ground Slope Angle                                     =        0.000 degrees
                                                       =        0.000 radians

Pile Batter Angle                                      =        0.000 degrees
                                                       =        0.000 radians

--------------------------------------------------------------------------------
                       Soil and Rock Layering Information
--------------------------------------------------------------------------------

The soil profile is modelled using 8 layers

Layer 1 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =       0.0000 ft
   Distance from top of pile to bottom of layer        =      5.00000 ft
   Effective unit weight at top of layer               =    125.00000 pcf
   Effective unit weight at bottom of layer            =    125.00000 pcf
   Friction angle at top of layer                      =     34.00000 deg.
   Friction angle at bottom of layer                   =     34.00000 deg.
   Subgrade k at top of layer                          =     90.00000 pci
   Subgrade k at bottom of layer                       =     90.00000 pci

Layer 2 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =      5.00000 ft
   Distance from top of pile to bottom of layer        =      6.50000 ft
   Effective unit weight at top of layer               =    115.00000 pcf
   Effective unit weight at bottom of layer            =    115.00000 pcf
   Friction angle at top of layer                      =     28.00000 deg.
   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     25.00000 pci
   Subgrade k at bottom of layer                       =     25.00000 pci

Layer 3 is sand, p-y criteria by Reese et al., 1974
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   Distance from top of pile to top of layer           =      6.50000 ft
   Distance from top of pile to bottom of layer        =      9.50000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     28.00000 deg.
   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 4 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =      9.50000 ft
   Distance from top of pile to bottom of layer        =     10.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     34.00000 deg.
   Friction angle at bottom of layer                   =     34.00000 deg.
   Subgrade k at top of layer                          =     60.00000 pci
   Subgrade k at bottom of layer                       =     60.00000 pci

Layer 5 is soft clay, p-y criteria by Matlock, 1970

   Distance from top of pile to top of layer           =     10.00000 ft
   Distance from top of pile to bottom of layer        =     11.00000 ft
   Effective unit weight at top of layer               =     48.00000 pcf
   Effective unit weight at bottom of layer            =     48.00000 pcf
   Undrained cohesion at top of layer                  =    150.00000 psf
   Undrained cohesion at bottom of layer               =    150.00000 psf
   Epsilon-50 at top of layer                          =      0.02000 
   Epsilon-50 at bottom of layer                       =      0.02000 

Layer 6 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     11.00000 ft
   Distance from top of pile to bottom of layer        =     16.50000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     34.00000 deg.
   Friction angle at bottom of layer                   =     34.00000 deg.
   Subgrade k at top of layer                          =     60.00000 pci
   Subgrade k at bottom of layer                       =     60.00000 pci

Layer 7 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     16.50000 ft
   Distance from top of pile to bottom of layer        =     20.00000 ft
   Effective unit weight at top of layer               =     48.00000 pcf
   Effective unit weight at bottom of layer            =     48.00000 pcf
   Friction angle at top of layer                      =      9.00000 deg.
   Friction angle at bottom of layer                   =      9.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 8 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     20.00000 ft
   Distance from top of pile to bottom of layer        =     50.00000 ft
   Effective unit weight at top of layer               =     58.00000 pcf
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   Effective unit weight at bottom of layer            =     58.00000 pcf
   Friction angle at top of layer                      =     40.00000 deg.
   Friction angle at bottom of layer                   =     40.00000 deg.
   Subgrade k at top of layer                          =    125.00000 pci
   Subgrade k at bottom of layer                       =    125.00000 pci

   (Depth of lowest soil layer extends   20.00 ft below pile tip)

--------------------------------------------------------------------------------
                           Summary of Soil Properties
--------------------------------------------------------------------------------

                      Layer                     Layer      Effective    Undrained   
Angle of      Strain                   
Layer               Soil Type                   Depth       Unit Wt.    Cohesion    
Friction      Factor        kpy        
 Num.         (p-y Curve Criteria)               ft           pcf          psf      
   deg.     Epsilon 50      pci        
-----   ----------------------------------   ----------   ----------   ----------   
----------   ----------   ----------    
  1     Sand (Reese, et al.)                       0.00      125.000       --       
   34.000       --           90.000   
                                                  5.000      125.000       --       
   34.000       --           90.000   
  2     Sand (Reese, et al.)                      5.000      115.000       --       
   28.000       --           25.000   
                                                  6.500      115.000       --       
   28.000       --           25.000   
  3     Sand (Reese, et al.)                      6.500       53.000       --       
   28.000       --           20.000   
                                                  9.500       53.000       --       
   28.000       --           20.000   
  4     Sand (Reese, et al.)                      9.500       53.000       --       
   34.000       --           60.000   
                                                 10.000       53.000       --       
   34.000       --           60.000   
  5     Soft Clay                                10.000       48.000      150.000   
   --          0.02000       --       
                                                 11.000       48.000      150.000   
   --          0.02000       --       
  6     Sand (Reese, et al.)                     11.000       53.000       --       
   34.000       --           60.000   
                                                 16.500       53.000       --       
   34.000       --           60.000   
  7     Sand (Reese, et al.)                     16.500       48.000       --       
    9.000       --           20.000   
                                                 20.000       48.000       --       
    9.000       --           20.000   
  8     Sand (Reese, et al.)                     20.000       58.000       --       
   40.000       --          125.000   
                                                 50.000       58.000       --       
   40.000       --          125.000   

--------------------------------------------------------------------------------
                   p-y Modification Factors for Group Action
--------------------------------------------------------------------------------

Distribution of p-y modifiers with depth defined using 2 points
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Point      Depth X         p-mult         y-mult
 No.          ft
-----     ----------     ----------     ----------
  1            0.000         0.7100         1.0000
  2          100.000         0.7100         1.0000

--------------------------------------------------------------------------------
                             Lateral Soil Movements
--------------------------------------------------------------------------------

Profile of soil movement with depth defined using 3 points

Point       Depth X     Soil Movement
 No.           ft             in
-----     ----------    -------------
  1          0.00000        1.50000
  2         17.75000        1.50000
  3         18.50000        0.00000

--------------------------------------------------------------------------------
                                 Loading Type
--------------------------------------------------------------------------------

Static loading criteria were used when computing p-y curves for all analyses.

--------------------------------------------------------------------------------
               Pile-head Loading and Pile-head Fixity Conditions
--------------------------------------------------------------------------------

Number of loads specified = 1

Load    Load         Condition               Condition            Axial Thrust      
     Compute
 No.    Type             1                       2                 Force, lbs      
Top y vs. Pile Length
-----   ----   --------------------   -----------------------   ----------------   
---------------------
   1     1     V =       0.0000 lbs   M =       0.0000 in-lbs         0.0000000     
       Yes 

V = perpendicular shear force applied to pile head
M = bending moment applied to pile head
y = lateral deflection relative to pile axis
S = pile slope relative to original pile batter angle
R = rotational stiffness applie to pile head
Axial thrust is assumed to be acting axially for all pile batter angles.

--------------------------------------------------------------------------------
    Computations of Nominal Moment Capacity and Nonlinear Bending Stiffness
--------------------------------------------------------------------------------

Axial thrust force values were determined from pile-head loading conditions

Number of Pile Sections Analyzed = 1
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Pile Section No. 1:
-------------------
Moment-curvature properties were derived from elastic section properties

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 1
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =              0.  lb
Moment     =              0. in- lb
Axial Load =              0.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    30.0000     1.7832665      3236584.        84316.
    28.5000     1.7707588     -2816702.        75815.
    27.0000     1.7561550     -3005360.        70345.
    25.5000     1.7609361     -3187939.        63432.
    24.0000     1.7684530     -3447646.        59078.
    22.5000     1.7767352     -3698967.        60233.
    21.0000     1.6903477     -2635536.        46944.
    19.5000     1.5246572      -327157.  8762.8268569
    18.0000     1.5011080       -13307.   523.3344810
    16.5000     1.5000000     0.0000890   0.000009988
    15.0000     1.5000000     0.0003853    -0.0000140
    13.5000     1.5000000    -0.0003604     0.0000155
    12.0000     1.5000000    -0.0006356    -0.0000299
    10.5000     1.5000000     0.0004297    -0.0000349
     9.0000     1.5000000    -0.0008309     0.0004831
     7.5000     1.5000000     0.0029959     0.0003084
     6.0000     1.5000000     0.0033052     0.0035935
     4.5000     1.5000001     0.0137989    -0.0058345
     3.0000     1.4999996    -0.0393030    -0.0447833
     1.5000     1.5001122    35.1089379   -93.0355112

--------------------------------------------------------------------------------
                           Summary of Pile Response(s)
--------------------------------------------------------------------------------

Definitions of Pile-head Loading Conditions:

Load Type 1: Load 1 = Shear, lbs, and Load 2 = Moment, in-lbs
Load Type 2: Load 1 = Shear, lbs, and Load 2 = Slope, radians
Load Type 3: Load 1 = Shear, lbs, and Load 2 = Rotational Stiffness, in-lbs/radian
Load Type 4: Load 1 = Top Deflection, inches, and Load 2 = Moment, in-lbs
Load Type 5: Load 1 = Top Deflection, inches, and Load 2 = Slope, radians

               Pile-head      Pile-head                                      Maximum
       Maximum                  
Load  Load    Condition 1    Condition 2        Axial        Pile-head       Moment 
        Shear        Pile-head  
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Case  Type    V(lbs) or     in-lb, rad.,       Loading      Deflection       in Pile
       in Pile       Rotation   
 No.   No.    y(inches)     or in-lb/rad.        lbs          inches         in-lbs 
         lbs          radians   
----  ----  --------------  --------------  -------------  -------------  
-------------  -------------  -------------
  1     1   V =      0.000  M =      0.000      0.0000000     1.78326649       
3236584.         84316.    -0.00216287

--------------------------------------------------------------------------------
                          Summary of Warning Messages
--------------------------------------------------------------------------------

The following warning was reported 838 times

**** Warning ****

An unreasonable value was input for friction angle has been specified
for a soil layer defined uisng the sand criteria.  The input value is
either smaller than 20 degrees or higher than 48 degrees.  The input
data should be checked for correctness.

The analysis ended normally. 
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Soil Movement or Lateral Pile Deflection (in)
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Bending Moment (in-kips)
S-51 RBO Black Mingo Creek - End Bridge - Right Side Slope - SKZ 20 Sheet Piles
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Shear Force (kips)
S-51 RBO Black Mingo Creek - End Bridge - Right Side Slope - SKZ 20 Sheet Piles
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Shear Force (kips)
S-51 RBO Black Mingo Creek - End Bridge - Right Side Slope - SKZ 20 Sheet Piles
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S-51 Emergency Bridge Replacement over Black Mingo Creek - Axial Capacity Analysis

End Bent 1 - HP14x73 Pile
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EB1_Long.lp7o
================================================================================

                  LPile Plus for Windows, Version 2013-07.007

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                          © 1985-2013 by Ensoft, Inc.           
                              All Rights Reserved               

================================================================================

This copy of LPile is used by:      

John Hamilton
F&ME, Inc.

Serial Number of Security Device:  228740981
This copy of LPile is licensed for exclusive use by:  F&ME Consultants, Charlotte, Nor

Use of this program by any entity other than F&ME Consultants, Charlotte, Nor
is forbidden by the software license agreement.

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:        P:\Geotechnical\G5500's\G5556.000 - Emergency Bridge Pkg 4 - 
Design Build\G5556.02 - S-51 over Black Mingo Creek\Reports\Final Report\Bridge\LPile\
Name of input data file:       EB1_Long.lp7d
Name of output report file:    EB1_Long.lp7o
Name of plot output file:      EB1_Long.lp7p
Name of runtime messeage file: EB1_Long.lp7r

--------------------------------------------------------------------------------
                           Date and Time of Analysis
--------------------------------------------------------------------------------

               Date:  February 15, 2016     Time:  17:07:38

--------------------------------------------------------------------------------
                                Problem Title
--------------------------------------------------------------------------------

Project Name: S-51 RBO Black Mingo Creek                                                         
                                                                                                 
                                                            
Job Number: G5556.02 (F&ME); P029461(SCDOT)                                                      
                                                                                                 
                                                            
Client: UIG                                                                                      
                                                                                                 
                                                            
Engineer: JFH                                                                                    
                                                                                                 
                                                            
Description: EB1 - Longitudinal Loads                                                            
                                                                                                 
                                                            

--------------------------------------------------------------------------------
                           Program Options and Settings
--------------------------------------------------------------------------------

Engineering Units of Input Data and Computations:
 - Engineering units are US Customary Units (pounds, feet, inches)

Analysis Control Options:
- Maximum number of iterations allowed                 =          500
- Deflection tolerance for convergence                 =   1.0000E-05 in
- Maximum allowable deflection                         =     100.0000 in
- Number of pile increments                            =          100

Loading Type and Number of Cycles of Loading:
 - Static loading specified

Computational Options:
 - Use unfactored loads in computations (conventional analysis)
 - Compute pile response under loading and nonlinear bending properties of pile
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   (only if nonlinear pile properties are input)
 - Use of p-y modification factors for p-y curves not selected
 - Loading by lateral soil movements acting on pile not selected
 - Input of shear resistance at the pile tip not selected
 - Computation of pile-head foundation stiffness matrix not selected
 - Push-over analysis of pile not selected
 - Buckling analysis of pile not selected

Output Options:
 - No p-y curves to be computed and reported for user-specified depths
 - Report only summary tables of pile-head deflection, maximum bending moment,
   and maximum shear force in output report file.

--------------------------------------------------------------------------------
                    Pile Structural Properties and Geometry
--------------------------------------------------------------------------------

Total number of pile sections                          =          1

Total length of pile                                   =      25.00 ft

Depth of ground surface below top of pile              =       0.00 ft

Pile diameter values used for p-y curve computations are defined using 2 points.

p-y curves are computed using pile diameter values interpolated with depth over 
the length of the pile.

Point         Depth              Pile   
                X              Diameter 
                ft                in
-----       ---------        -----------
  1           0.00000         14.6000000
  2         25.000000         14.6000000

Input Structural Properties:
----------------------------

Pile Section No. 1:

   Section Type                                        =    Elastic Pile
   Cross-sectional Shape                               =   Strong H-Pile
   Section Length                                      =     25.00000 ft
   Flange Width                                        =     14.60000 in
   Section Depth                                       =     13.60000 in
   Flange Thickness                                    =      0.50500 in
   Web Thickness                                       =      0.50500 in
   Section Area                                        =     21.40000 Sq. in
   Moment of Inertia                                   =    729.00000 in^4
   Elastic Modulus                                     =    29000000. lbs/in^2

--------------------------------------------------------------------------------
                      Ground Slope and Pile Batter Angles
--------------------------------------------------------------------------------

Ground Slope Angle                                     =        0.000 degrees
                                                       =        0.000 radians

Pile Batter Angle                                      =        0.000 degrees
                                                       =        0.000 radians

--------------------------------------------------------------------------------
                       Soil and Rock Layering Information
--------------------------------------------------------------------------------

The soil profile is modelled using 5 layers

Layer 1 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =       0.0000 ft
   Distance from top of pile to bottom of layer        =      5.00000 ft
   Effective unit weight at top of layer               =    125.00000 pcf
   Effective unit weight at bottom of layer            =    125.00000 pcf
   Friction angle at top of layer                      =     34.00000 deg.
   Friction angle at bottom of layer                   =     34.00000 deg.
   Subgrade k at top of layer                          =     90.00000 pci
   Subgrade k at bottom of layer                       =     90.00000 pci
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Layer 2 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =      5.00000 ft
   Distance from top of pile to bottom of layer        =      7.00000 ft
   Effective unit weight at top of layer               =     43.00000 pcf
   Effective unit weight at bottom of layer            =     43.00000 pcf
   Friction angle at top of layer                      =     28.00000 deg.
   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 3 is soft clay, p-y criteria by Matlock, 1970

   Distance from top of pile to top of layer           =      7.00000 ft
   Distance from top of pile to bottom of layer        =     11.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Undrained cohesion at top of layer                  =    300.00000 psf
   Undrained cohesion at bottom of layer               =    300.00000 psf
   Epsilon-50 at top of layer                          =      0.02000 
   Epsilon-50 at bottom of layer                       =      0.02000 

Layer 4 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     11.00000 ft
   Distance from top of pile to bottom of layer        =     14.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     28.00000 deg.
   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 5 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     14.00000 ft
   Distance from top of pile to bottom of layer        =     50.00000 ft
   Effective unit weight at top of layer               =     63.00000 pcf
   Effective unit weight at bottom of layer            =     63.00000 pcf
   Friction angle at top of layer                      =     40.00000 deg.
   Friction angle at bottom of layer                   =     40.00000 deg.
   Subgrade k at top of layer                          =    125.00000 pci
   Subgrade k at bottom of layer                       =    125.00000 pci

   (Depth of lowest soil layer extends   25.00 ft below pile tip)

--------------------------------------------------------------------------------
                           Summary of Soil Properties
--------------------------------------------------------------------------------

                      Layer                     Layer      Effective    Undrained    Angle of    
 Strain                   
Layer               Soil Type                   Depth       Unit Wt.    Cohesion     Friction    
 Factor        kpy        
 Num.         (p-y Curve Criteria)               ft           pcf          psf          deg.     
Epsilon 50      pci        
-----   ----------------------------------   ----------   ----------   ----------   ----------   
----------   ----------    
  1     Sand (Reese, et al.)                       0.00      125.000       --           34.000   
   --           90.000   
                                                  5.000      125.000       --           34.000   
   --           90.000   
  2     Sand (Reese, et al.)                      5.000       43.000       --           28.000   
   --           20.000   
                                                  7.000       43.000       --           28.000   
   --           20.000   
  3     Soft Clay                                 7.000       53.000      300.000       --       
  0.02000       --       
                                                 11.000       53.000      300.000       --       
  0.02000       --       
  4     Sand (Reese, et al.)                     11.000       53.000       --           28.000   
   --           20.000   
                                                 14.000       53.000       --           28.000   
   --           20.000   
  5     Sand (Reese, et al.)                     14.000       63.000       --           40.000   
   --          125.000   
                                                 50.000       63.000       --           40.000   
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   --          125.000   

--------------------------------------------------------------------------------
                                 Loading Type
--------------------------------------------------------------------------------

Static loading criteria were used when computing p-y curves for all analyses.

--------------------------------------------------------------------------------
               Pile-head Loading and Pile-head Fixity Conditions
--------------------------------------------------------------------------------

Number of loads specified = 4

Load    Load         Condition               Condition            Axial Thrust            Compute
 No.    Type             1                       2                 Force, lbs      Top y vs. Pile
Length
-----   ----   --------------------   -----------------------   ----------------   
---------------------
   1     1     V =   2000.00000 lbs   M =      168000. in-lbs            94000.             Yes 
   2     1     V =   2000.00000 lbs   M =      216000. in-lbs            98000.             Yes 
   3     1     V =   3000.00000 lbs   M =      276000. in-lbs           127000.             Yes 
   4     1     V =   3000.00000 lbs   M =      348000. in-lbs           133000.             Yes 

V = perpendicular shear force applied to pile head
M = bending moment applied to pile head
y = lateral deflection relative to pile axis
S = pile slope relative to original pile batter angle
R = rotational stiffness applie to pile head
Axial thrust is assumed to be acting axially for all pile batter angles.

--------------------------------------------------------------------------------
    Computations of Nominal Moment Capacity and Nonlinear Bending Stiffness
--------------------------------------------------------------------------------

Axial thrust force values were determined from pile-head loading conditions

Number of Pile Sections Analyzed = 1

Pile Section No. 1:
-------------------
Moment-curvature properties were derived from elastic section properties

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 1
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =           2000.  lb
Moment     =         168000. in- lb
Axial Load =          94000.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    25.0000     0.0560189       215691. -2138.0205429
    23.7500     0.0555894       215977. -2162.0201616
    22.5000     0.0557487       215849. -2138.2610546
    21.2500     0.0558330       215744. -2144.8314533
    20.0000     0.0560487       215631. -2122.3904034
    18.7500     0.0559642       215676. -2104.6390681
    17.5000     0.0559593       215687. -2094.0911503
    16.2500     0.0561311       215576. -2123.9640576
    15.0000     0.0568378       215155. -2240.8577727
    13.7500     0.0627491       212436. -2574.8096695
    12.5000     0.0691674       210278. -2789.9089444
    11.2500     0.0881968       206786. -3138.7305711
    10.0000     0.1422502       205123. -4002.2188338
     8.7500     0.2296429       206582. -5258.6262149
     7.5000     0.3483193       209403. -6397.7978725
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--------------------------------------------------------------------------------
                 Computed Values of Pile Loading and Deflection
                   for Lateral Loading for Load Case Number 2
--------------------------------------------------------------------------------

Pile-head conditions are Shear and Moment (Loading Type 1)

Shear force at pile head                               =       2000.0 lbs
Applied moment at pile head                            =     216000.0 in-lbs
Axial thrust load on pile head                         =      98000.0 lbs

   Depth    Deflect.    Bending    Shear       Slope      Total    Bending   Soil Res.  Soil Spr.
  Distrib. 
     X         y        Moment     Force         S       Stress   Stiffness      p         Es*h  
 Lat. Load 
   feet      inches     in-lbs      lbs       radians     psi*      lb-in^2    lb/in      lb/inch
   lb/inch 
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- 
---------- ----------
      0.00     0.0646    216000.  2000.0000  -0.001222  6742.4022  2.114E+10      0.000      
0.000      0.000
     0.250     0.0610    222355.  1975.3087  -0.001191  6806.0378  2.114E+10   -16.4609   
810.0000      0.000
     0.500     0.0574    228552.  1904.0909  -0.001159  6868.0970  2.114E+10   -31.0176  
1620.0000      0.000
     0.750     0.0540    234461.  1791.9408  -0.001126  6927.2652  2.114E+10   -43.7491  
2430.0000      0.000
     1.000     0.0507    239966.  1644.2121  -0.001093  6982.3928  2.114E+10   -54.7367  
3240.0000      0.000
     1.250     0.0475    244969.  1466.0101  -0.001058  7032.4869  2.114E+10   -64.0646  
4050.0000      0.000
     1.500     0.0443    249384.  1262.1848  -0.001023  7076.7051  2.114E+10   -71.8189  
4860.0000      0.000
     1.750     0.0413    253143.  1037.3251  -0.000988  7114.3464  2.114E+10   -78.0876  
5670.0000      0.000
     2.000     0.0384    256189.   795.7533  -0.000951  7144.8445  2.114E+10   -82.9602  
6480.0000      0.000
     2.250     0.0356    258477.   541.5221  -0.000915  7167.7589  2.114E+10   -86.5272  
7290.0000      0.000
     2.500     0.0329    259976.   278.4120  -0.000878  7182.7672  2.114E+10   -88.8795  
8100.0000      0.000
     2.750     0.0303    260664.     9.9307  -0.000841  7189.6568  2.114E+10   -90.1081  
8910.0000      0.000
     3.000     0.0279    260530.  -260.6869  -0.000804  7188.3166  2.114E+10   -90.3036  
9720.0000      0.000
     3.250     0.0255    259573.  -530.4760  -0.000767  7178.7290  2.114E+10   -89.5558     
10530.      0.000
     3.500     0.0233    257799.  -796.7389  -0.000731  7160.9620  2.114E+10   -87.9528     
11340.      0.000
     3.750     0.0211    255222. -1057.0400  -0.000694  7135.1607  2.114E+10   -85.5812     
12150.      0.000
     4.000     0.0191    251865. -1309.1996  -0.000658  7101.5398  2.114E+10   -82.5252     
12960.      0.000
     4.250     0.0172    247754. -1551.2865  -0.000623  7060.3763  2.114E+10   -78.8661     
13770.      0.000
     4.500     0.0154    242923. -1781.6090  -0.000588  7012.0016  2.114E+10   -74.6823     
14580.      0.000
     4.750     0.0137    237410. -1998.7054  -0.000554  6956.7947  2.114E+10   -70.0487     
15390.      0.000
     5.000     0.0120    231256. -2127.8657  -0.000521  6895.1757  2.114E+10   -16.0582  
3999.9538      0.000
     5.250     0.0105    224949. -2173.9631  -0.000488  6832.0128  2.114E+10   -14.6734  
4179.9538      0.000
     5.500   0.009115    218500. -2215.8427  -0.000457  6767.4336  2.114E+10   -13.2463  
4359.9538      0.000
     5.750   0.007791    211922. -2253.3972  -0.000426  6701.5692  2.114E+10   -11.7900  
4539.9538      0.000
     6.000   0.006557    205230. -2286.5574  -0.000397  6634.5538  2.114E+10   -10.3168  
4719.9538      0.000
     6.250   0.005411    198436. -2315.2899  -0.000368  6566.5228  2.114E+10    -8.8382  
4899.9538      0.000
     6.500   0.004350    191555. -2339.5950  -0.000340  6497.6124  2.114E+10    -7.3652  
5079.9538      0.000
     6.750   0.003369    184599. -2359.5044  -0.000314  6427.9582  2.114E+10    -5.9077  
5259.9538      0.000
     7.000   0.002468    177582. -2399.1297  -0.000288  6357.6945  2.114E+10   -20.5091     
24931.      0.000
     7.250   0.001642    170373. -2456.7275  -0.000263  6285.5082  2.114E+10   -17.8895     
32684.      0.000
     7.500   0.000889    162996. -2505.3835  -0.000240  6211.6384  2.114E+10   -14.5478     
49112.      0.000
     7.750   0.000205    155482. -2540.3804  -0.000217  6136.3895  2.114E+10    -8.7834    
128758.      0.000
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     8.000  -0.000413    147882. -2536.4030  -0.000195  6060.2841  2.114E+10    11.4351     
83032.      0.000
     8.250  -0.000968    140378. -2496.5993  -0.000175  5985.1474  2.114E+10    15.1008     
46800.      0.000
     8.500  -0.001463    133005. -2447.9908  -0.000156  5911.3130  2.114E+10    17.3048     
35483.      0.000
     8.750  -0.001902    125782. -2393.7250  -0.000137  5838.9826  2.114E+10    18.8724     
29774.      0.000
     9.000  -0.002286    118723. -2335.3251  -0.000120  5768.3005  2.114E+10    20.0608     
26321.      0.000
     9.250  -0.002621    111840. -2273.7497  -0.000104  5699.3767  2.114E+10    20.9894     
24026.      0.000
     9.500  -0.002908    105142. -2209.6782 -8.813E-05  5632.2979  2.114E+10    21.7249     
22415.      0.000
     9.750  -0.003150     98634. -2143.6277 -7.367E-05  5567.1331  2.114E+10    22.3088     
21249.      0.000
    10.000  -0.003350     92323. -2076.0108 -6.012E-05  5503.9376  2.114E+10    22.7691     
20392.      0.000
    10.250  -0.003510     86213. -2007.1685 -4.745E-05  5442.7556  2.114E+10    23.1258     
19764.      0.000
    10.500  -0.003634     80308. -1937.3896 -3.564E-05  5383.6217  2.114E+10    23.3934     
19310.      0.000
    10.750  -0.003724     74610. -1866.9245 -2.465E-05  5326.5626  2.114E+10    23.5833     
18997.      0.000
    11.000  -0.003782     69121. -1817.8603 -1.445E-05  5271.5977  2.114E+10     9.1262  
7238.6541      0.000
    11.250  -0.003811     63711. -1790.0352 -5.025E-06  5217.4264  2.114E+10     9.4239  
7418.6541      0.000
    11.500  -0.003812     58384. -1761.4147  3.638E-06  5164.0779  2.114E+10     9.6564  
7598.6541      0.000
    11.750  -0.003789     53141. -1732.1932  1.155E-05  5111.5752  2.114E+10     9.8246  
7778.6541      0.000
    12.000  -0.003743     47984. -1702.5612  1.873E-05  5059.9357  2.114E+10     9.9300  
7958.6541      0.000
    12.250  -0.003677     42914. -1672.7044  2.518E-05  5009.1711  2.114E+10     9.9745  
8138.6541      0.000
    12.500  -0.003592     37933. -1642.8022  3.091E-05  4959.2875  2.114E+10     9.9603  
8318.6541      0.000
    12.750  -0.003491     33039. -1613.0262  3.595E-05  4910.2857  2.114E+10     9.8903  
8498.6541      0.000
    13.000  -0.003376     28233. -1583.5397  4.029E-05  4862.1615  2.114E+10     9.7674  
8678.6541      0.000
    13.250  -0.003249     23514. -1554.4955  4.397E-05  4814.9058  2.114E+10     9.5953  
8858.6541      0.000
    13.500  -0.003113     18881. -1526.0359  4.697E-05  4768.5050  2.114E+10     9.3778  
9038.6541      0.000
    13.750  -0.002968     14331. -1498.2904  4.933E-05  4722.9414  2.114E+10     9.1192  
9218.6541      0.000
    14.000  -0.002817  9861.9228 -1413.9325  5.105E-05  4678.1938  2.114E+10    47.1195     
50188.      0.000
    14.250  -0.002661  5816.9493 -1274.9727  5.216E-05  4637.6885  2.114E+10    45.5204     
51313.      0.000
    14.500  -0.002504  2181.4164 -1141.0498  5.273E-05  4601.2833  2.114E+10    43.7616     
52438.      0.000
    14.750  -0.002345 -1060.3534 -1012.6056  5.281E-05  4590.0573  2.114E+10    41.8679     
53563.      0.000
    15.000  -0.002187 -3925.2679  -890.0086  5.245E-05  4618.7458  2.114E+10    39.8635     
54688.      0.000
    15.250  -0.002030 -6431.2475  -773.5562  5.172E-05  4643.8399  2.114E+10    37.7715     
55813.      0.000
    15.500  -0.001876 -8597.0156  -663.4779  5.065E-05  4665.5273  2.114E+10    35.6141     
56938.      0.000
    15.750  -0.001726    -10442.  -559.9386  4.930E-05  4684.0015  2.114E+10    33.4121     
58063.      0.000
    16.000  -0.001581    -11986.  -463.0425  4.771E-05  4699.4600  2.114E+10    31.1853     
59188.      0.000
    16.250  -0.001440    -13248.  -372.8368  4.592E-05  4712.1031  2.114E+10    28.9518     
60313.      0.000
    16.500  -0.001305    -14250.  -289.3165  4.397E-05  4722.1313  2.114E+10    26.7284     
61438.      0.000
    16.750  -0.001176    -15010.  -212.4286  4.189E-05  4729.7447  2.114E+10    24.5303     
62563.      0.000
    17.000  -0.001054    -15549.  -142.0765  3.972E-05  4735.1412  2.114E+10    22.3711     
63688.      0.000
    17.250  -0.000938    -15886.   -78.1251  3.749E-05  4738.5149  2.114E+10    20.2631     
64813.      0.000
    17.500  -0.000829    -16040.   -20.4051  3.523E-05  4740.0559  2.114E+10    18.2169     
65938.      0.000
    17.750  -0.000727    -16029.    31.2825  3.295E-05  4739.9483  2.114E+10    16.2415     
67063.      0.000
    18.000  -0.000631    -15871.    77.1614  3.069E-05  4738.3704  2.114E+10    14.3444     
68188.      0.000
    18.250  -0.000542    -15584.   117.4760  2.846E-05  4735.4930  2.114E+10    12.5319     
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69313.      0.000
    18.500  -0.000460    -15183.   152.4869  2.628E-05  4731.4797  2.114E+10    10.8087     
70438.      0.000
    18.750  -0.000385    -14685.   182.4670  2.416E-05  4726.4860  2.114E+10     9.1781     
71563.      0.000
    19.000  -0.000315    -14103.   207.6975  2.211E-05  4720.6589  2.114E+10     7.6422     
72688.      0.000
    19.250  -0.000252    -13451.   228.4640  2.016E-05  4714.1372  2.114E+10     6.2021     
73813.      0.000
    19.500  -0.000194    -12744.   245.0533  1.830E-05  4707.0510  2.114E+10     4.8575     
74938.      0.000
    19.750  -0.000142    -11992.   257.7505  1.654E-05  4699.5216  2.114E+10     3.6072     
76063.      0.000
    20.000 -9.519E-05    -11207.   266.8351  1.490E-05  4691.6621  2.114E+10     2.4492     
77188.      0.000
    20.250 -5.288E-05    -10400.   272.5795  1.337E-05  4683.5773  2.114E+10     1.3804     
78313.      0.000
    20.500 -1.500E-05 -9579.2981   275.2457  1.195E-05  4675.3636  2.114E+10     0.3971     
79438.      0.000
    20.750  1.881E-05 -8755.0873   275.0836  1.065E-05  4667.1102  2.114E+10    -0.5052     
80563.      0.000
    21.000  4.889E-05 -7935.0576   272.3290  9.463E-06  4658.8987  2.114E+10    -1.3312     
81688.      0.000
    21.250  7.559E-05 -7126.6779   267.2022  8.395E-06  4650.8038  2.114E+10    -2.0866     
82813.      0.000
    21.500  9.926E-05 -6336.7806   259.9065  7.439E-06  4642.8940  2.114E+10    -2.7772     
83938.      0.000
    21.750   0.000120 -5571.6135   250.6273  6.594E-06  4635.2318  2.114E+10    -3.4090     
85063.      0.000
    22.000   0.000139 -4836.8946   239.5313  5.856E-06  4627.8745  2.114E+10    -3.9883     
86188.      0.000
    22.250   0.000155 -4137.8689   226.7662  5.219E-06  4620.8747  2.114E+10    -4.5217     
87313.      0.000
    22.500   0.000170 -3479.3662   212.4602  4.679E-06  4614.2806  2.114E+10    -5.0156     
88438.      0.000
    22.750   0.000183 -2865.8589   196.7223  4.229E-06  4608.1372  2.114E+10    -5.4763     
89563.      0.000
    23.000   0.000196 -2301.5191   179.6425  3.862E-06  4602.4860  2.114E+10    -5.9102     
90688.      0.000
    23.250   0.000207 -1790.2747   161.2927  3.572E-06  4597.3666  2.114E+10    -6.3231     
91813.      0.000
    23.500   0.000217 -1335.8632   141.7271  3.350E-06  4592.8162  2.114E+10    -6.7207     
92938.      0.000
    23.750   0.000227  -941.8820   120.9838  3.188E-06  4588.8710  2.114E+10    -7.1082     
94063.      0.000
    24.000   0.000236  -611.8353    99.0860  3.078E-06  4585.5660  2.114E+10    -7.4903     
95188.      0.000
    24.250   0.000245  -349.1759    76.0439  3.010E-06  4582.9358  2.114E+10    -7.8711     
96313.      0.000
    24.500   0.000254  -157.3419    51.8563  2.974E-06  4581.0148  2.114E+10    -8.2539     
97438.      0.000
    24.750   0.000263   -39.7864    26.5137  2.960E-06  4579.8377  2.114E+10    -8.6412     
98563.      0.000
    25.000   0.000272      0.000      0.000  2.957E-06  4579.4393  2.114E+10    -9.0346     
49844.      0.000

* The above values of total stress are combined axial and bending stresses. 

Output Summary for Load Case No. 2:

Pile-head deflection             =      0.0645871 inches
Computed slope at pile head      =     -0.0012223 radians
Maximum bending moment           =        260664. inch-lbs
Maximum shear force              =  -2540.3804336 lbs
Depth of maximum bending moment  =      2.7500000 feet below pile head
Depth of maximum shear force     =      7.7500000 feet below pile head
Number of iterations             =              8
Number of zero deflection points =              2

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 2
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =           2000.  lb
Moment     =         216000. in- lb
Axial Load =          98000.  lb
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    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    25.0000     0.0645871       260664. -2540.3804336
    23.7500     0.0641248       260923. -2567.8346033
    22.5000     0.0642961       260790. -2542.3501313
    21.2500     0.0643899       260727. -2546.9434783
    20.0000     0.0646502       260627. -2521.0116888
    18.7500     0.0645393       260692. -2502.3107454
    17.5000     0.0645488       260680. -2486.7951010
    16.2500     0.0647223       260551. -2514.5634939
    15.0000     0.0655204       260214. -2644.8025977
    13.7500     0.0725664       257800. -3040.1236101
    12.5000     0.0804636       255962. -3300.7316068
    11.2500     0.1079871       253337. -3802.5960228
    10.0000     0.2024039       254238. -5281.4619537
     8.7500     0.3502890       257572. -6956.5261694
     7.5000     0.5177517       261890. -8253.2390804

--------------------------------------------------------------------------------
                 Computed Values of Pile Loading and Deflection
                   for Lateral Loading for Load Case Number 3
--------------------------------------------------------------------------------

Pile-head conditions are Shear and Moment (Loading Type 1)

Shear force at pile head                               =       3000.0 lbs
Applied moment at pile head                            =     276000.0 in-lbs
Axial thrust load on pile head                         =     127000.0 lbs

   Depth    Deflect.    Bending    Shear       Slope      Total    Bending   Soil Res.  Soil Spr.
  Distrib. 
     X         y        Moment     Force         S       Stress   Stiffness      p         Es*h  
 Lat. Load 
   feet      inches     in-lbs      lbs       radians     psi*      lb-in^2    lb/in      lb/inch
   lb/inch 
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- 
---------- ----------
      0.00     0.0892    276000.  3000.0000  -0.001654  8698.3654  2.114E+10      0.000      
0.000      0.000
     0.250     0.0843    285623.  2972.5378  -0.001614  8794.7249  2.114E+10   -18.3081   
651.5209      0.000
     0.500     0.0795    295065.  2887.7195  -0.001573  8889.2798  2.114E+10   -38.2375  
1442.5634      0.000
     0.750     0.0749    304148.  2741.9705  -0.001531  8980.2289  2.114E+10   -58.9285  
2361.4388      0.000
     1.000     0.0703    312683.  2539.6325  -0.001487  9065.7024  2.114E+10   -75.9635  
3240.0000      0.000
     1.250     0.0659    320518.  2292.1529  -0.001442  9144.1605  2.114E+10   -89.0229  
4050.0000      0.000
     1.500     0.0617    327535.  2008.7227  -0.001396  9214.4221  2.114E+10   -99.9306  
4860.0000      0.000
     1.750     0.0576    333634.  1695.6224  -0.001349  9275.5003  2.114E+10  -108.8029  
5670.0000      0.000
     2.000     0.0536    338737.  1358.7803  -0.001301  9326.5921  2.114E+10  -115.7584  
6480.0000      0.000
     2.250     0.0498    342779.  1003.7666  -0.001253  9367.0680  2.114E+10  -120.9174  
7290.0000      0.000
     2.500     0.0461    345714.   635.7886  -0.001204  9396.4608  2.114E+10  -124.4013  
8100.0000      0.000
     2.750     0.0425    347511.   259.6887  -0.001155  9414.4550  2.114E+10  -126.3320  
8910.0000      0.000
     3.000     0.0391    348152.  -120.0561  -0.001105  9420.8755  2.114E+10  -126.8312  
9720.0000      0.000
     3.250     0.0359    347633.  -499.3326  -0.001056  9415.6772  2.114E+10  -126.0198     
10530.      0.000
     3.500     0.0328    345961.  -874.3875  -0.001007  9398.9332  2.114E+10  -124.0168     
11340.      0.000
     3.750     0.0299    343154. -1241.8219  -0.000958  9370.8251  2.114E+10  -120.9394     
12150.      0.000
     4.000     0.0271    339240. -1598.5836  -0.000910  9331.6318  2.114E+10  -116.9017     
12960.      0.000
     4.250     0.0244    334255. -1941.9575  -0.000862  9281.7192  2.114E+10  -112.0143     
13770.      0.000
     4.500     0.0219    328245. -2269.5547  -0.000815  9221.5306  2.114E+10  -106.3838     
14580.      0.000
     4.750     0.0195    321259. -2579.2993  -0.000769  9151.5765  2.114E+10  -100.1126     
15390.      0.000
     5.000     0.0173    313355. -2764.0224  -0.000724  9072.4260  2.114E+10   -23.0362  
3999.9538      0.000
     5.250     0.0152    305226. -2830.2877  -0.000680  8991.0298  2.114E+10   -21.1407  
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4179.9538      0.000
     5.500     0.0132    296891. -2890.7711  -0.000637  8907.5631  2.114E+10   -19.1816  
4359.9538      0.000
     5.750     0.0114    288367. -2945.3087  -0.000596  8822.2069  2.114E+10   -17.1768  
4539.9538      0.000
     6.000   0.009625    279673. -2993.7888  -0.000555  8735.1466  2.114E+10   -15.1433  
4719.9538      0.000
     6.250   0.008019    270828. -3036.1498  -0.000516  8646.5700  2.114E+10   -13.0973  
4899.9538      0.000
     6.500   0.006528    261850. -3072.3765  -0.000478  8556.6665  2.114E+10   -11.0538  
5079.9538      0.000
     6.750   0.005148    252758. -3102.4975  -0.000442  8465.6250  2.114E+10    -9.0268  
5259.9538      0.000
     7.000   0.003877    243571. -3151.8266  -0.000407  8373.6332  2.114E+10   -23.8592     
18464.      0.000
     7.250   0.002708    234157. -3219.3601  -0.000373  8279.3592  2.114E+10   -21.1631     
23442.      0.000
     7.500   0.001640    224539. -3277.9389  -0.000340  8183.0511  2.114E+10   -17.8894     
32727.      0.000
     7.750   0.000667    214748. -3324.5954  -0.000309  8085.0092  2.114E+10   -13.2150     
59442.      0.000
     8.000  -0.000215    204827. -3330.5503  -0.000279  7985.6600  2.114E+10     9.2451    
129279.      0.000
     8.250  -0.001009    194978. -3293.7379  -0.000251  7887.0332  2.114E+10    15.2965     
45488.      0.000
     8.500  -0.001720    185256. -3243.4200  -0.000224  7789.6794  2.114E+10    18.2488     
31827.      0.000
     8.750  -0.002353    175688. -3185.6784  -0.000198  7693.8699  2.114E+10    20.2456     
25817.      0.000
     9.000  -0.002910    166293. -3122.7195  -0.000174  7599.7899  2.114E+10    21.7270     
22398.      0.000
     9.250  -0.003397    157084. -3055.8199  -0.000151  7507.5780  2.114E+10    22.8727     
20200.      0.000
     9.500  -0.003817    148073. -2985.8468  -0.000129  7417.3424  2.114E+10    23.7760     
18687.      0.000
     9.750  -0.004174    139268. -2913.4431  -0.000109  7329.1695  2.114E+10    24.4930     
17604.      0.000
    10.000  -0.004472    130676. -2839.1132 -8.994E-05  7243.1285  2.114E+10    25.0603     
16813.      0.000
    10.250  -0.004714    122302. -2763.2681 -7.199E-05  7159.2753  2.114E+10    25.5031     
16232.      0.000
    10.500  -0.004903    114151. -2686.2532 -5.521E-05  7077.6543  2.114E+10    25.8401     
15809.      0.000
    10.750  -0.005045    106226. -2608.3654 -3.958E-05  6998.3003  2.114E+10    26.0851     
15512.      0.000
    11.000  -0.005141     98531. -2550.6309 -2.505E-05  6921.2397  2.114E+10    12.4045  
7238.6541      0.000
    11.250  -0.005195     90942. -2512.7536 -1.161E-05  6845.2437  2.114E+10    12.8470  
7418.6541      0.000
    11.500  -0.005211     83463. -2473.6864  7.672E-07  6770.3563  2.114E+10    13.1978  
7598.6541      0.000
    11.750  -0.005191     76099. -2433.7020  1.209E-05  6696.6131  2.114E+10    13.4585  
7778.6541      0.000
    12.000  -0.005138     68852. -2393.0682  2.237E-05  6624.0416  2.114E+10    13.6307  
7958.6541      0.000
    12.250  -0.005056     61724. -2352.0465  3.164E-05  6552.6613  2.114E+10    13.7171  
8138.6541      0.000
    12.500  -0.004948     54715. -2310.8894  3.990E-05  6482.4838  2.114E+10    13.7209  
8318.6541      0.000
    12.750  -0.004817     47828. -2269.8394  4.717E-05  6413.5133  2.114E+10    13.6457  
8498.6541      0.000
    13.000  -0.004665     41060. -2229.1271  5.348E-05  6345.7467  2.114E+10    13.4959  
8678.6541      0.000
    13.250  -0.004496     34412. -2188.9690  5.884E-05  6279.1741  2.114E+10    13.2762  
8858.6541      0.000
    13.500  -0.004312     27882. -2149.5666  6.326E-05  6213.7794  2.114E+10    12.9921  
9038.6541      0.000
    13.750  -0.004116     21467. -2111.1043  6.676E-05  6149.5405  2.114E+10    12.6494  
9218.6541      0.000
    14.000  -0.003912     15164. -1993.9718  6.936E-05  6086.4300  2.114E+10    65.4389     
50188.      0.000
    14.250  -0.003700  9449.9796 -1800.8762  7.110E-05  6029.2089  2.114E+10    63.2916     
51313.      0.000
    14.500  -0.003485  4304.8174 -1614.5654  7.208E-05  5977.6867  2.114E+10    60.9155     
52438.      0.000
    14.750  -0.003268  -292.3376 -1435.6742  7.236E-05  5937.5068  2.114E+10    58.3453     
53563.      0.000
    15.000  -0.003051 -4364.3693 -1264.7347  7.203E-05  5978.2830  2.114E+10    55.6144     
54688.      0.000
    15.250  -0.002836 -7935.6354 -1102.1801  7.116E-05  6014.0446  2.114E+10    52.7553     
55813.      0.000
    15.500  -0.002624    -11032.  -948.3485  6.982E-05  6045.0475  2.114E+10    49.7990     
56938.      0.000
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    15.750  -0.002417    -13679.  -803.4879  6.806E-05  6071.5563  2.114E+10    46.7747     
58063.      0.000
    16.000  -0.002215    -15904.  -667.7608  6.596E-05  6093.8423  2.114E+10    43.7100     
59188.      0.000
    16.250  -0.002021    -17736.  -541.2501  6.358E-05  6112.1803  2.114E+10    40.6305     
60313.      0.000
    16.500  -0.001834    -19200.  -423.9649  6.096E-05  6126.8469  2.114E+10    37.5597     
61438.      0.000
    16.750  -0.001655    -20326.  -315.8467  5.815E-05  6138.1182  2.114E+10    34.5191     
62563.      0.000
    17.000  -0.001485    -21140.  -216.7758  5.521E-05  6146.2674  2.114E+10    31.5282     
63688.      0.000
    17.250  -0.001324    -21669.  -126.5775  5.217E-05  6151.5638  2.114E+10    28.6041     
64813.      0.000
    17.500  -0.001172    -21939.   -45.0286  4.908E-05  6154.2706  2.114E+10    25.7619     
65938.      0.000
    17.750  -0.001030    -21976.    28.1360  4.596E-05  6154.6437  2.114E+10    23.0145     
67063.      0.000
    18.000  -0.000896    -21805.    93.2171  4.286E-05  6152.9308  2.114E+10    20.3729     
68188.      0.000
    18.250  -0.000772    -21450.   150.5452  3.979E-05  6149.3700  2.114E+10    17.8458     
69313.      0.000
    18.500  -0.000658    -20932.   200.4744  3.678E-05  6144.1893  2.114E+10    15.4403     
70438.      0.000
    18.750  -0.000552    -20275.   243.3765  3.386E-05  6137.6057  2.114E+10    13.1611     
71563.      0.000
    19.000  -0.000454    -19498.   279.6357  3.103E-05  6129.8250  2.114E+10    11.0117     
72688.      0.000
    19.250  -0.000366    -18621.   309.6438  2.833E-05  6121.0414  2.114E+10     8.9936     
73813.      0.000
    19.500  -0.000285    -17662.   333.7944  2.575E-05  6111.4371  2.114E+10     7.1068     
74938.      0.000
    19.750  -0.000211    -16638.   352.4794  2.332E-05  6101.1827  2.114E+10     5.3499     
76063.      0.000
    20.000  -0.000145    -15564.   366.0842  2.104E-05  6090.4372  2.114E+10     3.7200     
77188.      0.000
    20.250 -8.479E-05    -14457.   374.9842  1.891E-05  6079.3481  2.114E+10     2.2133     
78313.      0.000
    20.500 -3.115E-05    -13329.   379.5414  1.693E-05  6068.0516  2.114E+10     0.8248     
79438.      0.000
    20.750  1.682E-05    -12193.   380.1010  1.512E-05  6056.6736  2.114E+10    -0.4516     
80563.      0.000
    21.000  5.959E-05    -11060.   376.9895  1.347E-05  6045.3296  2.114E+10    -1.6227     
81688.      0.000
    21.250  9.766E-05 -9941.0172   370.5116  1.198E-05  6034.1260  2.114E+10    -2.6959     
82813.      0.000
    21.500   0.000131 -8845.9107   360.9491  1.065E-05  6023.1599  2.114E+10    -3.6792     
83938.      0.000
    21.750   0.000162 -7783.4386   348.5587  9.471E-06  6012.5206  2.114E+10    -4.5811     
85063.      0.000
    22.000   0.000188 -6761.7754   333.5716  8.439E-06  6002.2899  2.114E+10    -5.4103     
86188.      0.000
    22.250   0.000212 -5788.4396   316.1922  7.548E-06  5992.5432  2.114E+10    -6.1759     
87313.      0.000
    22.500   0.000234 -4870.3740   296.5983  6.792E-06  5983.3500  2.114E+10    -6.8867     
88438.      0.000
    22.750   0.000253 -4014.0255   274.9407  6.162E-06  5974.7748  2.114E+10    -7.5517     
89563.      0.000
    23.000   0.000271 -3225.4252   251.3439  5.648E-06  5966.8779  2.114E+10    -8.1795     
90688.      0.000
    23.250   0.000287 -2510.2660   225.9068  5.241E-06  5959.7165  2.114E+10    -8.7785     
91813.      0.000
    23.500   0.000302 -1873.9780   198.7040  4.930E-06  5953.3449  2.114E+10    -9.3566     
92938.      0.000
    23.750   0.000316 -1321.7985   169.7874  4.703E-06  5947.8156  2.114E+10    -9.9211     
94063.      0.000
    24.000   0.000330  -858.8377   139.1878  4.549E-06  5943.1796  2.114E+10   -10.4786     
95188.      0.000
    24.250   0.000344  -490.1375   106.9180  4.453E-06  5939.4875  2.114E+10   -11.0346     
96313.      0.000
    24.500   0.000357  -220.7225    72.9751  4.402E-06  5936.7897  2.114E+10   -11.5940     
97438.      0.000
    24.750   0.000370   -55.6417    37.3437  4.383E-06  5935.1366  2.114E+10   -12.1602     
98563.      0.000
    25.000   0.000383      0.000      0.000  4.379E-06  5934.5794  2.114E+10   -12.7356     
49844.      0.000

* The above values of total stress are combined axial and bending stresses. 

Output Summary for Load Case No. 3:

Pile-head deflection             =      0.0892053 inches
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Computed slope at pile head      =     -0.0016541 radians
Maximum bending moment           =        348152. inch-lbs
Maximum shear force              =  -3330.5502505 lbs
Depth of maximum bending moment  =      3.0000000 feet below pile head
Depth of maximum shear force     =      8.0000000 feet below pile head
Number of iterations             =              8
Number of zero deflection points =              2

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 3
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =           3000.  lb
Moment     =         276000. in- lb
Axial Load =         127000.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    25.0000     0.0892053       348152. -3330.5502505
    23.7500     0.0884507       348511. -3369.9354294
    22.5000     0.0887251       348282. -3338.7670957
    21.2500     0.0888807       348247. -3338.9582011
    20.0000     0.0892347       348107. -3301.1051408
    18.7500     0.0890796       348205. -3274.4947922
    17.5000     0.0890488       348204. -3255.8003772
    16.2500     0.0893564       347970. -3298.6084267
    15.0000     0.0905632       347510. -3476.1593366
    13.7500     0.1014225       344376. -4026.3888258
    12.5000     0.1146674       342571. -4403.9510585
    11.2500     0.1819518       342521. -5463.1914635
    10.0000     0.6205937       355147. -9847.9001322

--------------------------------------------------------------------------------
                 Computed Values of Pile Loading and Deflection
                   for Lateral Loading for Load Case Number 4
--------------------------------------------------------------------------------

Pile-head conditions are Shear and Moment (Loading Type 1)

Shear force at pile head                               =       3000.0 lbs
Applied moment at pile head                            =     348000.0 in-lbs
Axial thrust load on pile head                         =     133000.0 lbs

   Depth    Deflect.    Bending    Shear       Slope      Total    Bending   Soil Res.  Soil Spr.
  Distrib. 
     X         y        Moment     Force         S       Stress   Stiffness      p         Es*h  
 Lat. Load 
   feet      inches     in-lbs      lbs       radians     psi*      lb-in^2    lb/in      lb/inch
   lb/inch 
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- 
---------- ----------
      0.00     0.1028    348000.  3000.0000  -0.001957  9699.7269  2.114E+10      0.000      
0.000      0.000
     0.250     0.0970    357771.  2971.4896  -0.001907  9797.5706  2.114E+10   -19.0070   
588.0580      0.000
     0.500     0.0913    367351.  2883.3671  -0.001855  9893.4985  2.114E+10   -39.7413  
1305.5584      0.000
     0.750     0.0858    376552.  2731.8308  -0.001803  9985.6365  2.114E+10   -61.2829  
2141.9531      0.000
     1.000     0.0805    385180.  2515.6492  -0.001749     10072.  2.114E+10   -82.8382  
3086.9644      0.000
     1.250     0.0753    393041.  2238.8269  -0.001693     10151.  2.114E+10  -101.7100  
4050.0000      0.000
     1.500     0.0703    399964.  1915.3253  -0.001637     10220.  2.114E+10  -113.9577  
4860.0000      0.000
     1.750     0.0655    405839.  1558.6448  -0.001580     10279.  2.114E+10  -123.8292  
5670.0000      0.000
     2.000     0.0609    410577.  1175.6994  -0.001522     10326.  2.114E+10  -131.4678  
6480.0000      0.000
     2.250     0.0564    414108.   772.9705  -0.001463     10362.  2.114E+10  -137.0182  
7290.0000      0.000
     2.500     0.0521    416383.   356.5040  -0.001405     10384.  2.114E+10  -140.6261  
8100.0000      0.000
     2.750     0.0480    417368.   -68.0911  -0.001345     10394.  2.114E+10  -142.4373  
8910.0000      0.000
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     3.000     0.0440    417048.  -495.6419  -0.001286     10391.  2.114E+10  -142.5966  
9720.0000      0.000
     3.250     0.0402    415421.  -921.4080  -0.001227     10375.  2.114E+10  -141.2475     
10530.      0.000
     3.500     0.0366    412499. -1341.0759  -0.001168     10346.  2.114E+10  -138.5311     
11340.      0.000
     3.750     0.0332    408307. -1750.7513  -0.001110     10304.  2.114E+10  -134.5858     
12150.      0.000
     4.000     0.0300    402880. -2146.9489  -0.001053     10249.  2.114E+10  -129.5459     
12960.      0.000
     4.250     0.0269    396265. -2526.5805  -0.000996     10183.  2.114E+10  -123.5418     
13770.      0.000
     4.500     0.0240    388515. -2886.9411  -0.000940     10105.  2.114E+10  -116.6986     
14580.      0.000
     4.750     0.0213    379693. -3225.6932  -0.000886     10017.  2.114E+10  -109.1361     
15390.      0.000
     5.000     0.0187    369868. -3426.7925  -0.000833  9918.7060  2.114E+10   -24.9301  
3999.9538      0.000
     5.250     0.0163    359797. -3498.2101  -0.000781  9817.8593  2.114E+10   -22.6817  
4179.9538      0.000
     5.500     0.0140    349502. -3562.7811  -0.000730  9714.7645  2.114E+10   -20.3656  
4359.9538      0.000
     5.750     0.0119    339003. -3620.3338  -0.000682  9609.6361  2.114E+10   -18.0029  
4539.9538      0.000
     6.000   0.009924    328324. -3670.7578  -0.000634  9502.6930  2.114E+10   -15.6131  
4719.9538      0.000
     6.250   0.008091    317485. -3714.0000  -0.000588  9394.1566  2.114E+10   -13.2150  
4899.9538      0.000
     6.500   0.006393    306509. -3750.0610  -0.000544  9284.2493  2.114E+10   -10.8257  
5079.9538      0.000
     6.750   0.004826    295419. -3778.9919  -0.000501  9173.1925  2.114E+10    -8.4616  
5259.9538      0.000
     7.000   0.003385    284235. -3825.8738  -0.000460  9061.2056  2.114E+10   -22.7930     
20203.      0.000
     7.250   0.002064    272831. -3889.0322  -0.000421  8947.0035  2.114E+10   -19.3126     
28068.      0.000
     7.500   0.000860    261237. -3939.5704  -0.000383  8830.9061  2.114E+10   -14.3795     
50165.      0.000
     7.750  -0.000233    249499. -3946.8255  -0.000347  8713.3646  2.114E+10     9.5427    
122803.      0.000
     8.000  -0.001220    237833. -3908.0564  -0.000312  8596.5417  2.114E+10    16.3034     
40092.      0.000
     8.250  -0.002106    226300. -3854.3134  -0.000279  8481.0533  2.114E+10    19.5253     
27820.      0.000
     8.500  -0.002895    214929. -3792.4785  -0.000248  8367.1963  2.114E+10    21.6981     
22487.      0.000
     8.750  -0.003593    203742. -3724.9662  -0.000218  8255.1729  2.114E+10    23.3102     
19465.      0.000
     9.000  -0.004204    192754. -3653.1634  -0.000190  8145.1348  2.114E+10    24.5584     
17527.      0.000
     9.250  -0.004733    181975. -3578.0089  -0.000163  8037.2007  2.114E+10    25.5447     
16193.      0.000
     9.500  -0.005184    171416. -3500.1970  -0.000138  7931.4656  2.114E+10    26.3299     
15237.      0.000
     9.750  -0.005563    161084. -3420.2714  -0.000115  7828.0062  2.114E+10    26.9538     
14537.      0.000
    10.000  -0.005872    150986. -3338.6750 -9.260E-05  7726.8847  2.114E+10    27.4438     
14020.      0.000
    10.250  -0.006118    141126. -3255.7792 -7.187E-05  7628.1509  2.114E+10    27.8200     
13641.      0.000
    10.500  -0.006304    131509. -3171.9031 -5.253E-05  7531.8443  2.114E+10    28.0974     
13372.      0.000
    10.750  -0.006433    122137. -3087.3253 -3.453E-05  7437.9954  2.114E+10    28.2877     
13191.      0.000
    11.000  -0.006511    113012. -3021.3285 -1.785E-05  7346.6267  2.114E+10    15.7101  
7238.6541      0.000
    11.250  -0.006540    104023. -2973.5027 -2.451E-06  7256.6097  2.114E+10    16.1737  
7418.6541      0.000
    11.500  -0.006526     95173. -2924.4491  1.168E-05  7167.9913  2.114E+10    16.5287  
7598.6541      0.000
    11.750  -0.006470     86467. -2874.4908  2.457E-05  7080.8087  2.114E+10    16.7768  
7778.6541      0.000
    12.000  -0.006378     77907. -2823.9445  3.623E-05  6995.0890  2.114E+10    16.9207  
7958.6541      0.000
    12.250  -0.006253     69494. -2773.1183  4.669E-05  6910.8500  2.114E+10    16.9635  
8138.6541      0.000
    12.500  -0.006098     61231. -2722.3092  5.597E-05  6828.1005  2.114E+10    16.9092  
8318.6541      0.000
    12.750  -0.005917     53116. -2671.8015  6.408E-05  6746.8402  2.114E+10    16.7626  
8498.6541      0.000
    13.000  -0.005714     45149. -2621.8646  7.105E-05  6667.0605  2.114E+10    16.5287  
8678.6541      0.000
    13.250  -0.005491     37328. -2572.7508  7.690E-05  6588.7448  2.114E+10    16.2138  
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8858.6541      0.000
    13.500  -0.005252     29651. -2524.6939  8.166E-05  6511.8691  2.114E+10    15.8242  
9038.6541      0.000
    13.750  -0.005001     22115. -2477.9070  8.533E-05  6436.4028  2.114E+10    15.3671  
9218.6541      0.000
    14.000  -0.004740     14715. -2335.9060  8.794E-05  6362.3089  2.114E+10    79.3001     
50188.      0.000
    14.250  -0.004473  8029.0061 -2102.1885  8.956E-05  6295.3535  2.114E+10    76.5116     
51313.      0.000
    14.500  -0.004203  2030.7825 -1877.2266  9.027E-05  6235.2890  2.114E+10    73.4630     
52438.      0.000
    14.750  -0.003932 -3306.3890 -1661.7378  9.018E-05  6248.0625  2.114E+10    70.1962     
53563.      0.000
    15.000  -0.003662 -8011.6072 -1456.3158  8.938E-05  6295.1792  2.114E+10    66.7517     
54688.      0.000
    15.250  -0.003395    -12116. -1261.4359  8.795E-05  6336.2755  2.114E+10    63.1682     
55813.      0.000
    15.500  -0.003134    -15650. -1077.4593  8.598E-05  6371.6720  2.114E+10    59.4828     
56938.      0.000
    15.750  -0.002879    -18649.  -904.6394  8.354E-05  6401.6988  2.114E+10    55.7305     
58063.      0.000
    16.000  -0.002633    -21145.  -743.1281  8.072E-05  6426.6924  2.114E+10    51.9437     
59188.      0.000
    16.250  -0.002395    -23172.  -592.9830  7.758E-05  6446.9927  2.114E+10    48.1530     
60313.      0.000
    16.500  -0.002167    -24765.  -454.1744  7.418E-05  6462.9401  2.114E+10    44.3860     
61438.      0.000
    16.750  -0.001950    -25956.  -326.5931  7.058E-05  6474.8733  2.114E+10    40.6681     
62563.      0.000
    17.000  -0.001744    -26781.  -210.0583  6.683E-05  6483.1266  2.114E+10    37.0218     
63688.      0.000
    17.250  -0.001549    -27270.  -104.3249  6.300E-05  6488.0281  2.114E+10    33.4671     
64813.      0.000
    17.500  -0.001366    -27457.    -9.0919  5.912E-05  6489.8981  2.114E+10    30.0216     
65938.      0.000
    17.750  -0.001194    -27372.    75.9903  5.523E-05  6489.0468  2.114E+10    26.6999     
67063.      0.000
    18.000  -0.001035    -27045.   151.3116  5.137E-05  6485.7737  2.114E+10    23.5144     
68188.      0.000
    18.250  -0.000886    -26505.   217.2958  4.757E-05  6480.3661  2.114E+10    20.4750     
69313.      0.000
    18.500  -0.000749    -25779.   274.3923  4.386E-05  6473.0982  2.114E+10    17.5894     
70438.      0.000
    18.750  -0.000623    -24894.   323.0704  4.026E-05  6464.2304  2.114E+10    14.8627     
71563.      0.000
    19.000  -0.000508    -23873.   363.8117  3.680E-05  6454.0091  2.114E+10    12.2982     
72688.      0.000
    19.250  -0.000402    -22740.   397.1048  3.349E-05  6442.6659  2.114E+10     9.8972     
73813.      0.000
    19.500  -0.000307    -21517.   423.4390  3.035E-05  6430.4178  2.114E+10     7.6590     
74938.      0.000
    19.750  -0.000220    -20224.   443.2993  2.739E-05  6417.4672  2.114E+10     5.5813     
76063.      0.000
    20.000  -0.000142    -18879.   457.1616  2.462E-05  6404.0022  2.114E+10     3.6602     
77188.      0.000
    20.250 -7.242E-05    -17500.   465.4878  2.204E-05  6390.1966  2.114E+10     1.8906     
78313.      0.000
    20.500 -1.004E-05    -16104.   468.7225  1.965E-05  6376.2107  2.114E+10     0.2659     
79438.      0.000
    20.750  4.549E-05    -14704.   467.2890  1.747E-05  6362.1917  2.114E+10    -1.2216     
80563.      0.000
    21.000  9.476E-05    -13314.   461.5863  1.548E-05  6348.2745  2.114E+10    -2.5802     
81688.      0.000
    21.250   0.000138    -11947.   451.9871  1.369E-05  6334.5823  2.114E+10    -3.8193     
82813.      0.000
    21.500   0.000177    -10613.   438.8348  1.209E-05  6321.2274  2.114E+10    -4.9488     
83938.      0.000
    21.750   0.000211 -9323.1466   422.4428  1.067E-05  6308.3126  2.114E+10    -5.9792     
85063.      0.000
    22.000   0.000241 -8086.7182   403.0927  9.436E-06  6295.9314  2.114E+10    -6.9209     
86188.      0.000
    22.250   0.000267 -6912.1203   381.0337  8.372E-06  6284.1693  2.114E+10    -7.7850     
87313.      0.000
    22.500   0.000291 -5807.1965   356.4826  7.469E-06  6273.1049  2.114E+10    -8.5823     
88438.      0.000
    22.750   0.000312 -4779.1850   329.6237  6.718E-06  6262.8107  2.114E+10    -9.3236     
89563.      0.000
    23.000   0.000331 -3834.8151   300.6096  6.107E-06  6253.3540  2.114E+10   -10.0192     
90688.      0.000
    23.250   0.000349 -2980.4007   269.5621  5.623E-06  6244.7982  2.114E+10   -10.6792     
91813.      0.000
    23.500   0.000365 -2221.9301   236.5738  5.254E-06  6237.2031  2.114E+10   -11.3130     
92938.      0.000
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    23.750   0.000380 -1565.1506   201.7103  4.985E-06  6230.6262  2.114E+10   -11.9293     
94063.      0.000
    24.000   0.000395 -1015.6464   165.0124  4.802E-06  6225.1237  2.114E+10   -12.5360     
95188.      0.000
    24.250   0.000409  -578.9086   126.4988  4.689E-06  6220.7503  2.114E+10   -13.1397     
96313.      0.000
    24.500   0.000423  -260.3955    86.1701  4.630E-06  6217.5608  2.114E+10   -13.7461     
97438.      0.000
    24.750   0.000437   -65.5827    44.0119  4.607E-06  6215.6100  2.114E+10   -14.3593     
98563.      0.000
    25.000   0.000451      0.000      0.000  4.602E-06  6214.9533  2.114E+10   -14.9820     
49844.      0.000

* The above values of total stress are combined axial and bending stresses. 

Output Summary for Load Case No. 4:

Pile-head deflection             =      0.1027615 inches
Computed slope at pile head      =     -0.0019569 radians
Maximum bending moment           =        417368. inch-lbs
Maximum shear force              =  -3946.8255259 lbs
Depth of maximum bending moment  =      2.7500000 feet below pile head
Depth of maximum shear force     =      7.7500000 feet below pile head
Number of iterations             =              8
Number of zero deflection points =              2

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 4
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =           3000.  lb
Moment     =         348000. in- lb
Axial Load =         133000.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    25.0000     0.1027615       417368. -3946.8255259
    23.7500     0.1019049       417674. -3990.5108478
    22.5000     0.1022195       417473. -3957.0521931
    21.2500     0.1024186       417468. -3954.9928493
    20.0000     0.1028317       417345. -3911.1076368
    18.7500     0.1026216       417455. -3879.1142327
    17.5000     0.1026115       417457. -3852.1698612
    16.2500     0.1029100       417303. -3893.8400440
    15.0000     0.1043869       416891. -4095.5513884
    13.7500     0.1178259       414885. -4762.1309276
    12.5000     0.1355453       414253. -5221.2679997
    11.2500     0.2469228       416186. -6752.5486922

--------------------------------------------------------------------------------
                           Summary of Pile Response(s)
--------------------------------------------------------------------------------

Definitions of Pile-head Loading Conditions:

Load Type 1: Load 1 = Shear, lbs, and Load 2 = Moment, in-lbs
Load Type 2: Load 1 = Shear, lbs, and Load 2 = Slope, radians
Load Type 3: Load 1 = Shear, lbs, and Load 2 = Rotational Stiffness, in-lbs/radian
Load Type 4: Load 1 = Top Deflection, inches, and Load 2 = Moment, in-lbs
Load Type 5: Load 1 = Top Deflection, inches, and Load 2 = Slope, radians

               Pile-head      Pile-head                                      Maximum        
Maximum                  
Load  Load    Condition 1    Condition 2        Axial        Pile-head       Moment          
Shear        Pile-head  
Case  Type    V(lbs) or     in-lb, rad.,       Loading      Deflection       in Pile        in 
Pile       Rotation   
 No.   No.    y(inches)     or in-lb/rad.        lbs          inches         in-lbs           lbs
         radians   
----  ----  --------------  --------------  -------------  -------------  -------------  
-------------  -------------
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  1     1   V =  2000.0000  M =    168000.         94000.     0.05601888        215691.     
-2138.0205    -0.00102780
  2     1   V =  2000.0000  M =    216000.         98000.     0.06458707        260664.     
-2540.3804    -0.00122227
  3     1   V =  3000.0000  M =    276000.        127000.     0.08920530        348152.     
-3330.5503    -0.00165410
  4     1   V =  3000.0000  M =    348000.        133000.     0.10276149        417368.     
-3946.8255    -0.00195694

The analysis ended normally. 
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Lateral Pile Deflection (inches)
S-51 over Black Mingo Creek - EB1 - Longitudinal Loads
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Lateral Pile Deflection (inches)
S-51 over Black Mingo Creek - EB1 - Longitudinal Loads
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Bending Moment (in-kips)
S-51 over Black Mingo Creek - EB1 - Longitudinal Loads
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Pile Length (ft)

S-51 over Black Mingo Creek - EB1 - Longitudinal Loads
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Pile Length (ft)

S-51 over Black Mingo Creek - EB1 - Longitudinal Loads
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================================================================================

                  LPile Plus for Windows, Version 2013-07.007

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                          © 1985-2013 by Ensoft, Inc.           
                              All Rights Reserved               

================================================================================

This copy of LPile is used by:      

John Hamilton
F&ME, Inc.

Serial Number of Security Device:  228740981
This copy of LPile is licensed for exclusive use by:  F&ME Consultants, Charlotte, Nor

Use of this program by any entity other than F&ME Consultants, Charlotte, Nor
is forbidden by the software license agreement.

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:        P:\Geotechnical\G5500's\G5556.000 - Emergency Bridge Pkg 4 - Design Build\G5556.02 - S-51 over Black Mingo 
Creek\Reports\Final Report\Bridge\LPile\
Name of input data file:       EB1_Trans.lp7d
Name of output report file:    EB1_Trans.lp7o
Name of plot output file:      EB1_Trans.lp7p
Name of runtime messeage file: EB1_Trans.lp7r

--------------------------------------------------------------------------------
                           Date and Time of Analysis
--------------------------------------------------------------------------------

               Date:  February 15, 2016     Time:  17:17:03

--------------------------------------------------------------------------------
                                Problem Title
--------------------------------------------------------------------------------

Project Name: S-51 RBO Black Mingo Creek                                                                                                      
                                                                                                                 
Job Number: G5556.02 (F&ME); P029461(SCDOT)                                                                                                   
                                                                                                                 
Client: UIG                                                                                                                                   
                                                                                                                 
Engineer: JFH                                                                                                                                 
                                                                                                                 
Description: EB1 - Longitudinal Loads                                                                                                         
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--------------------------------------------------------------------------------
                           Program Options and Settings
--------------------------------------------------------------------------------

Engineering Units of Input Data and Computations:
 - Engineering units are US Customary Units (pounds, feet, inches)

Analysis Control Options:
- Maximum number of iterations allowed                 =          500
- Deflection tolerance for convergence                 =   1.0000E-05 in
- Maximum allowable deflection                         =     100.0000 in
- Number of pile increments                            =          100

Loading Type and Number of Cycles of Loading:
 - Static loading specified

Computational Options:
 - Use unfactored loads in computations (conventional analysis)
 - Compute pile response under loading and nonlinear bending properties of pile
   (only if nonlinear pile properties are input)
 - Use of p-y modification factors for p-y curves not selected
 - Loading by lateral soil movements acting on pile not selected
 - Input of shear resistance at the pile tip not selected
 - Computation of pile-head foundation stiffness matrix not selected
 - Push-over analysis of pile not selected
 - Buckling analysis of pile not selected

Output Options:
 - No p-y curves to be computed and reported for user-specified depths
 - Report only summary tables of pile-head deflection, maximum bending moment,
   and maximum shear force in output report file.

--------------------------------------------------------------------------------
                    Pile Structural Properties and Geometry
--------------------------------------------------------------------------------

Total number of pile sections                          =          1

Total length of pile                                   =      25.00 ft

Depth of ground surface below top of pile              =       0.00 ft

Pile diameter values used for p-y curve computations are defined using 2 points.

p-y curves are computed using pile diameter values interpolated with depth over 
the length of the pile.

Point         Depth              Pile   
                X              Diameter 
                ft                in
-----       ---------        -----------
  1           0.00000         13.6000000
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  2         25.000000         13.6000000

Input Structural Properties:
----------------------------

Pile Section No. 1:

   Section Type                                        =    Elastic Pile
   Cross-sectional Shape                               =     Weak H-Pile
   Section Length                                      =     25.00000 ft
   Flange Width                                        =     14.60000 in
   Section Depth                                       =     13.60000 in
   Flange Thickness                                    =      0.50500 in
   Web Thickness                                       =      0.50500 in
   Section Area                                        =     21.40000 Sq. in
   Moment of Inertia                                   =    261.00000 in^4
   Elastic Modulus                                     =    29000000. lbs/in^2

--------------------------------------------------------------------------------
                      Ground Slope and Pile Batter Angles
--------------------------------------------------------------------------------

Ground Slope Angle                                     =        0.000 degrees
                                                       =        0.000 radians

Pile Batter Angle                                      =        0.000 degrees
                                                       =        0.000 radians

--------------------------------------------------------------------------------
                       Soil and Rock Layering Information
--------------------------------------------------------------------------------

The soil profile is modelled using 5 layers

Layer 1 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =       0.0000 ft
   Distance from top of pile to bottom of layer        =      5.00000 ft
   Effective unit weight at top of layer               =    125.00000 pcf
   Effective unit weight at bottom of layer            =    125.00000 pcf
   Friction angle at top of layer                      =     34.00000 deg.
   Friction angle at bottom of layer                   =     34.00000 deg.
   Subgrade k at top of layer                          =     90.00000 pci
   Subgrade k at bottom of layer                       =     90.00000 pci

Layer 2 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =      5.00000 ft
   Distance from top of pile to bottom of layer        =      7.00000 ft
   Effective unit weight at top of layer               =     43.00000 pcf
   Effective unit weight at bottom of layer            =     43.00000 pcf
   Friction angle at top of layer                      =     28.00000 deg.
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   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 3 is soft clay, p-y criteria by Matlock, 1970

   Distance from top of pile to top of layer           =      7.00000 ft
   Distance from top of pile to bottom of layer        =     11.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Undrained cohesion at top of layer                  =    300.00000 psf
   Undrained cohesion at bottom of layer               =    300.00000 psf
   Epsilon-50 at top of layer                          =      0.02000 
   Epsilon-50 at bottom of layer                       =      0.02000 

Layer 4 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     11.00000 ft
   Distance from top of pile to bottom of layer        =     14.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     28.00000 deg.
   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 5 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     14.00000 ft
   Distance from top of pile to bottom of layer        =     50.00000 ft
   Effective unit weight at top of layer               =     63.00000 pcf
   Effective unit weight at bottom of layer            =     63.00000 pcf
   Friction angle at top of layer                      =     40.00000 deg.
   Friction angle at bottom of layer                   =     40.00000 deg.
   Subgrade k at top of layer                          =    125.00000 pci
   Subgrade k at bottom of layer                       =    125.00000 pci

   (Depth of lowest soil layer extends   25.00 ft below pile tip)

--------------------------------------------------------------------------------
                           Summary of Soil Properties
--------------------------------------------------------------------------------

                      Layer                     Layer      Effective    Undrained    Angle of      Strain                   
Layer               Soil Type                   Depth       Unit Wt.    Cohesion     Friction      Factor        kpy        
 Num.         (p-y Curve Criteria)               ft           pcf          psf          deg.     Epsilon 50      pci        
-----   ----------------------------------   ----------   ----------   ----------   ----------   ----------   ----------    
  1     Sand (Reese, et al.)                       0.00      125.000       --           34.000       --           90.000   
                                                  5.000      125.000       --           34.000       --           90.000   
  2     Sand (Reese, et al.)                      5.000       43.000       --           28.000       --           20.000   
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                                                  7.000       43.000       --           28.000       --           20.000   
  3     Soft Clay                                 7.000       53.000      300.000       --          0.02000       --       
                                                 11.000       53.000      300.000       --          0.02000       --       
  4     Sand (Reese, et al.)                     11.000       53.000       --           28.000       --           20.000   
                                                 14.000       53.000       --           28.000       --           20.000   
  5     Sand (Reese, et al.)                     14.000       63.000       --           40.000       --          125.000   
                                                 50.000       63.000       --           40.000       --          125.000   

--------------------------------------------------------------------------------
                                 Loading Type
--------------------------------------------------------------------------------

Static loading criteria were used when computing p-y curves for all analyses.

--------------------------------------------------------------------------------
               Pile-head Loading and Pile-head Fixity Conditions
--------------------------------------------------------------------------------

Number of loads specified = 2

Load    Load         Condition               Condition            Axial Thrust            Compute
 No.    Type             1                       2                 Force, lbs      Top y vs. Pile Length
-----   ----   --------------------   -----------------------   ----------------   ---------------------
   1     2     V =   1000.00000 lbs   S =       0.0000 in/in             65000.             Yes 
   2     2     V =   1000.00000 lbs   S =       0.0000 in/in             55000.             Yes 

V = perpendicular shear force applied to pile head
M = bending moment applied to pile head
y = lateral deflection relative to pile axis
S = pile slope relative to original pile batter angle
R = rotational stiffness applie to pile head
Axial thrust is assumed to be acting axially for all pile batter angles.

--------------------------------------------------------------------------------
    Computations of Nominal Moment Capacity and Nonlinear Bending Stiffness
--------------------------------------------------------------------------------

Axial thrust force values were determined from pile-head loading conditions

Number of Pile Sections Analyzed = 1

Pile Section No. 1:
-------------------
Moment-curvature properties were derived from elastic section properties

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 1
--------------------------------------------------------------------------------
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Boundary Condition Type 2, Shear and Slope

Shear      =           1000.  lb
Slope      =         0.00000
Axial Load =          65000.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    25.0000     0.0074401       -36105.  1000.0000000
    23.7500     0.0073533       -36014.  1000.0000000
    22.5000     0.0073972       -36008.  1000.0000000
    21.2500     0.0073838       -36064.  1000.0000000
    20.0000     0.0074321       -36090.  1000.0000000
    18.7500     0.0074305       -36034.  1000.0000000
    17.5000     0.0074365       -36023.  1000.0000000
    16.2500     0.0074475       -36028.  1000.0000000
    15.0000     0.0074077       -36011.  1000.0000000
    13.7500     0.0075694       -35946.  1000.0000000
    12.5000     0.0077573       -36009.  1000.0000000
    11.2500     0.0078458       -36027.  1000.0000000
    10.0000     0.0081369       -36641.  1000.0000000
     8.7500     0.0084912       -38022.  1000.0000000
     7.5000     0.0086684       -39702.  1000.0000000
     6.2500     0.0087034       -38757.  1000.0000000
     5.0000     0.0088784       -37294.  1000.0000000
     3.7500     0.0122090       -29558.  1000.0000000
     2.5000     0.0250649       -19991.  1000.0000002
     1.2500     0.2476692       -10194.  1006.0287814

--------------------------------------------------------------------------------
                 Computed Values of Pile Loading and Deflection
                   for Lateral Loading for Load Case Number 2
--------------------------------------------------------------------------------

Pile-head conditions are Shear and Pile-head Rotation (Loading Type 2)

Shear force at pile head                               =       1000.0 lbs
Rotation of pile head                                  =    0.000E+00 radians
Axial load at pile head                                =      55000.0 lbs

(Zero slope for this load indicates fixed-head conditions)

   Depth    Deflect.    Bending    Shear       Slope      Total    Bending   Soil Res.  Soil Spr.   Distrib. 
     X         y        Moment     Force         S       Stress   Stiffness      p         Es*h    Lat. Load 
   feet      inches     in-lbs      lbs       radians     psi*      lb-in^2    lb/in      lb/inch    lb/inch 
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
      0.00   0.007435    -36081.  1000.0000      0.000  3510.1424  7.569E+09      0.000      0.000      0.000
     0.250   0.007413    -33080.   996.9977 -1.371E-05  3431.9508  7.569E+09    -2.0015   810.0000      0.000
     0.500   0.007352    -30095.   988.0400 -2.623E-05  3354.1721  7.569E+09    -3.9703  1620.0000      0.000
     0.750   0.007256    -27143.   973.2688 -3.757E-05  3277.2731  7.569E+09    -5.8772  2430.0000      0.000
     1.000   0.007127    -24243.   952.9074 -4.775E-05  3201.7059  7.569E+09    -7.6971  3240.0000      0.000
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     1.250   0.006969    -21410.   927.2490 -5.680E-05  3127.9022  7.569E+09    -9.4085  4050.0000      0.000
     1.500   0.006786    -18661.   896.6460 -6.474E-05  3056.2683  7.569E+09   -10.9935  4860.0000      0.000
     1.750   0.006581    -16009.   861.4991 -7.161E-05  2987.1803  7.569E+09   -12.4377  5670.0000      0.000
     2.000   0.006356    -13468.   822.2476 -7.745E-05  2920.9814  7.569E+09   -13.7300  6480.0000      0.000
     2.250   0.006116    -11050.   779.3595 -8.231E-05  2857.9791  7.569E+09   -14.8621  7290.0000      0.000
     2.500   0.005863 -8764.5868   733.3228 -8.624E-05  2798.4428  7.569E+09   -15.8290  8100.0000      0.000
     2.750   0.005599 -6621.3326   684.6373 -8.929E-05  2742.6033  7.569E+09   -16.6280  8910.0000      0.000
     3.000   0.005327 -4627.2976   633.8068 -9.152E-05  2690.6514  7.569E+09   -17.2590  9720.0000      0.000
     3.250   0.005050 -2788.2912   581.3324 -9.299E-05  2642.7386  7.569E+09   -17.7239     10530.      0.000
     3.500   0.004769 -1108.6179   527.7066 -9.376E-05  2598.9770  7.569E+09   -18.0266     11340.      0.000
     3.750   0.004487   408.8887   473.4082 -9.390E-05  2580.7465  7.569E+09   -18.1724     12150.      0.000
     4.000   0.004206  1762.8174   418.8977 -9.347E-05  2616.0213  7.569E+09   -18.1680     12960.      0.000
     4.250   0.003926  2953.1191   364.6139 -9.253E-05  2647.0330  7.569E+09   -18.0212     13770.      0.000
     4.500   0.003650  3981.0364   310.9709 -9.116E-05  2673.8139  7.569E+09   -17.7407     14580.      0.000
     4.750   0.003379  4849.0270   258.3566 -8.941E-05  2696.4283  7.569E+09   -17.3355     15390.      0.000
     5.000   0.003114  5560.6808   226.1467 -8.735E-05  2714.9694  7.569E+09    -4.1377  3986.3770      0.000
     5.250   0.002855  6234.7313   213.9923 -8.501E-05  2732.5309  7.569E+09    -3.9652  4166.3770      0.000
     5.500   0.002604  6872.6870   202.3857 -8.241E-05  2749.1520  7.569E+09    -3.7724  4346.3770      0.000
     5.750   0.002361  7476.2413   191.3844 -7.957E-05  2764.8768  7.569E+09    -3.5618  4526.3770      0.000
     6.000   0.002126  8047.2503   181.0377 -7.649E-05  2779.7536  7.569E+09    -3.3360  4706.3770      0.000
     6.250   0.001902  8587.7094   171.3874 -7.319E-05  2793.8345  7.569E+09    -3.0976  4886.3770      0.000
     6.500   0.001687  9099.7287   162.4668 -6.969E-05  2807.1745  7.569E+09    -2.8495  5066.3770      0.000
     6.750   0.001484  9585.5076   154.3008 -6.599E-05  2819.8308  7.569E+09    -2.5946  5246.3770      0.000
     7.000   0.001291     10047.   126.6487 -6.209E-05  2831.8624  7.569E+09   -15.8402     36799.      0.000
     7.250   0.001111     10366.    80.2762 -5.805E-05  2840.1626  7.569E+09   -15.0748     40704.      0.000
     7.500   0.000943     10548.    36.2381 -5.390E-05  2844.9104  7.569E+09   -14.2840     45439.      0.000
     7.750   0.000788     10601.    -5.3851 -4.971E-05  2846.2909  7.569E+09   -13.4648     51286.      0.000
     8.000   0.000645     10532.   -44.5008 -4.553E-05  2844.4961  7.569E+09   -12.6124     58681.      0.000
     8.250   0.000514     10349.   -80.9979 -4.139E-05  2839.7259  7.569E+09   -11.7190     68335.      0.000
     8.500   0.000396     10060.  -114.7345 -3.734E-05  2832.1902  7.569E+09   -10.7721     81510.      0.000
     8.750   0.000290  9673.0425  -145.5181 -3.343E-05  2822.1114  7.569E+09    -9.7503    100718.      0.000
     9.000   0.000196  9197.8117  -173.0641 -2.969E-05  2809.7299  7.569E+09    -8.6137    131924.      0.000
     9.250   0.000112  8644.4563  -196.8995 -2.616E-05  2795.3130  7.569E+09    -7.2766    194442.      0.000
     9.500  3.894E-05  8025.0462  -216.1138 -2.285E-05  2779.1751  7.569E+09    -5.5329    426269.      0.000
     9.750 -2.485E-05  7355.3148  -218.9418 -1.980E-05  2761.7262  7.569E+09     3.6476    440394.      0.000
    10.000 -7.989E-05  6717.9306  -204.5463 -1.702E-05  2745.1200  7.569E+09     5.9495    223415.      0.000
    10.250  -0.000127  6133.6524  -185.0135 -1.447E-05  2729.8974  7.569E+09     7.0724    167140.      0.000
    10.500  -0.000167  5612.6244  -162.6962 -1.214E-05  2716.3228  7.569E+09     7.8058    140474.      0.000
    10.750  -0.000200  5161.4817  -138.4961 -1.001E-05  2704.5688  7.569E+09     8.3276    125046.      0.000
    11.000  -0.000227  4784.9499  -125.1925 -8.035E-06  2694.7588  7.569E+09     0.5415  7164.0164      0.000
    11.250  -0.000248  4412.9783  -123.4697 -6.212E-06  2685.0676  7.569E+09     0.6071  7344.0164      0.000
    11.500  -0.000264  4046.1819  -121.5658 -4.536E-06  2675.5112  7.569E+09     0.6621  7524.0164      0.000
    11.750  -0.000275  3685.0802  -119.5125 -3.003E-06  2666.1032  7.569E+09     0.7067  7704.0164      0.000
    12.000  -0.000282  3330.0982  -117.3406 -1.613E-06  2656.8546  7.569E+09     0.7412  7884.0164      0.000
    12.250  -0.000285  2981.5689  -115.0802 -3.623E-07  2647.7742  7.569E+09     0.7658  8064.0164      0.000
    12.500  -0.000284  2639.7368  -112.7600  7.517E-07  2638.8682  7.569E+09     0.7810  8244.0164      0.000
    12.750  -0.000280  2304.7609  -110.4075  1.732E-06  2630.1409  7.569E+09     0.7873  8424.0164      0.000
    13.000  -0.000274  1976.7201  -108.0486  2.580E-06  2621.5942  7.569E+09     0.7853  8604.0164      0.000
    13.250  -0.000265  1655.6177  -105.7072  3.300E-06  2613.2283  7.569E+09     0.7756  8784.0164      0.000
    13.500  -0.000254  1341.3876  -103.4053  3.894E-06  2605.0415  7.569E+09     0.7590  8964.0164      0.000
    13.750  -0.000242  1033.9008  -101.1625  4.365E-06  2597.0303  7.569E+09     0.7362  9144.0164      0.000
    14.000  -0.000228   732.9722   -94.3848  4.715E-06  2589.1901  7.569E+09     3.7823     49805.      0.000
    14.250  -0.000213   466.0363   -83.2810  4.952E-06  2582.2354  7.569E+09     3.6202     50930.      0.000
    14.500  -0.000198   231.6518   -72.6944  5.091E-06  2576.1288  7.569E+09     3.4376     52055.      0.000
    14.750  -0.000183    28.1903   -62.6799  5.142E-06  2570.8279  7.569E+09     3.2387     53180.      0.000
    15.000  -0.000167  -146.1248   -53.2804  5.119E-06  2573.9005  7.569E+09     3.0277     54305.      0.000
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    15.250  -0.000152  -293.1812   -44.5265  5.032E-06  2577.7319  7.569E+09     2.8083     55430.      0.000
    15.500  -0.000137  -414.9440   -36.4381  4.891E-06  2580.9043  7.569E+09     2.5840     56555.      0.000
    15.750  -0.000123  -513.4238   -29.0251  4.707E-06  2583.4700  7.569E+09     2.3580     57680.      0.000
    16.000  -0.000109  -590.6480   -22.2884  4.489E-06  2585.4820  7.569E+09     2.1332     58805.      0.000
    16.250 -9.571E-05  -648.6352   -16.2207  4.243E-06  2586.9928  7.569E+09     1.9120     59930.      0.000
    16.500 -8.337E-05  -689.3721   -10.8077  3.978E-06  2588.0541  7.569E+09     1.6967     61055.      0.000
    16.750 -7.184E-05  -714.7939    -6.0291  3.700E-06  2588.7164  7.569E+09     1.4891     62180.      0.000
    17.000 -6.117E-05  -726.7672    -1.8592  3.414E-06  2589.0284  7.569E+09     1.2908     63305.      0.000
    17.250 -5.136E-05  -727.0759     1.7316  3.126E-06  2589.0364  7.569E+09     1.1031     64430.      0.000
    17.500 -4.242E-05  -717.4094     4.7764  2.839E-06  2588.7846  7.569E+09     0.9269     65555.      0.000
    17.750 -3.432E-05  -699.3543     7.3111  2.559E-06  2588.3142  7.569E+09     0.7629     66680.      0.000
    18.000 -2.706E-05  -674.3872     9.3730  2.286E-06  2587.6637  7.569E+09     0.6117     67805.      0.000
    18.250 -2.061E-05  -643.8709    11.0007  2.025E-06  2586.8686  7.569E+09     0.4734     68930.      0.000
    18.500 -1.491E-05  -609.0515    12.2332  1.777E-06  2585.9615  7.569E+09     0.3482     70055.      0.000
    18.750 -9.944E-06  -571.0581    13.1094  1.543E-06  2584.9716  7.569E+09     0.2359     71180.      0.000
    19.000 -5.654E-06  -530.9040    13.6678  1.325E-06  2583.9254  7.569E+09     0.1363     72305.      0.000
    19.250 -1.996E-06  -489.4887    13.9455  1.122E-06  2582.8464  7.569E+09     0.0489     73430.      0.000
    19.500  1.080E-06  -447.6017    13.9785  9.367E-07  2581.7551  7.569E+09    -0.0268     74555.      0.000
    19.750  3.624E-06  -405.9270    13.8010  7.676E-07  2580.6693  7.569E+09    -0.0914     75680.      0.000
    20.000  5.686E-06  -365.0487    13.4455  6.148E-07  2579.6043  7.569E+09    -0.1456     76805.      0.000
    20.250  7.313E-06  -325.4566    12.9422  4.780E-07  2578.5728  7.569E+09    -0.1900     77930.      0.000
    20.500  8.554E-06  -287.5530    12.3192  3.565E-07  2577.5853  7.569E+09    -0.2254     79055.      0.000
    20.750  9.452E-06  -251.6592    11.6021  2.496E-07  2576.6501  7.569E+09    -0.2526     80180.      0.000
    21.000  1.005E-05  -218.0225    10.8146  1.565E-07  2575.7737  7.569E+09    -0.2724     81305.      0.000
    21.250  1.039E-05  -186.8232     9.9777  7.630E-08  2574.9609  7.569E+09    -0.2855     82430.      0.000
    21.500  1.051E-05  -158.1814     9.1104  7.927E-09  2574.2147  7.569E+09    -0.2927     83555.      0.000
    21.750  1.044E-05  -132.1634     8.2294 -4.961E-08  2573.5368  7.569E+09    -0.2947     84680.      0.000
    22.000  1.021E-05  -108.7887     7.3493 -9.736E-08  2572.9278  7.569E+09    -0.2921     85805.      0.000
    22.250  9.855E-06   -88.0354     6.4829 -1.364E-07  2572.3871  7.569E+09    -0.2856     86930.      0.000
    22.500  9.393E-06   -69.8463     5.6410 -1.677E-07  2571.9132  7.569E+09    -0.2757     88055.      0.000
    22.750  8.849E-06   -54.1340     4.8329 -1.922E-07  2571.5038  7.569E+09    -0.2630     89180.      0.000
    23.000  8.240E-06   -40.7855     4.0663 -2.110E-07  2571.1561  7.569E+09    -0.2480     90305.      0.000
    23.250  7.582E-06   -29.6666     3.3476 -2.250E-07  2570.8664  7.569E+09    -0.2311     91430.      0.000
    23.500  6.890E-06   -20.6255     2.6821 -2.350E-07  2570.6308  7.569E+09    -0.2126     92555.      0.000
    23.750  6.173E-06   -13.4961     2.0742 -2.417E-07  2570.4451  7.569E+09    -0.1927     93680.      0.000
    24.000  5.439E-06    -8.1006     1.5272 -2.460E-07  2570.3045  7.569E+09    -0.1719     94805.      0.000
    24.250  4.697E-06    -4.2517     1.0441 -2.485E-07  2570.2042  7.569E+09    -0.1502     95930.      0.000
    24.500  3.949E-06    -1.7540     0.6272 -2.496E-07  2570.1392  7.569E+09    -0.1277     97055.      0.000
    24.750  3.199E-06    -0.4060     0.2786 -2.501E-07  2570.1040  7.569E+09    -0.1047     98180.      0.000
    25.000  2.448E-06      0.000      0.000 -2.502E-07  2570.0935  7.569E+09    -0.0810     49652.      0.000

* The above values of total stress are combined axial and bending stresses. 

Output Summary for Load Case No. 2:

Pile-head deflection             =      0.0074346 inches
Computed slope at pile head      =       0.000000 radians
Maximum bending moment           =        -36081. inch-lbs
Maximum shear force              =   1000.0000000 lbs
Depth of maximum bending moment  =       0.000000 feet below pile head
Depth of maximum shear force     =       0.000000 feet below pile head
Number of iterations             =              7
Number of zero deflection points =              2
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--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 2
--------------------------------------------------------------------------------

Boundary Condition Type 2, Shear and Slope

Shear      =           1000.  lb
Slope      =         0.00000
Axial Load =          55000.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    25.0000     0.0074346       -36081.  1000.0000000
    23.7500     0.0073479       -35991.  1000.0000000
    22.5000     0.0073917       -35985.  1000.0000000
    21.2500     0.0073783       -36040.  1000.0000000
    20.0000     0.0074265       -36066.  1000.0000000
    18.7500     0.0074250       -36011.  1000.0000000
    17.5000     0.0074309       -36000.  1000.0000000
    16.2500     0.0074406       -36011.  1000.0000000
    15.0000     0.0074022       -35988.  1000.0000000
    13.7500     0.0075633       -35923.  1000.0000000
    12.5000     0.0077503       -35985.  1000.0000000
    11.2500     0.0078386       -36003.  1000.0000000
    10.0000     0.0081285       -36612.  1000.0000000
     8.7500     0.0084814       -37986.  1000.0000000
     7.5000     0.0086585       -39657.  1000.0000000
     6.2500     0.0086965       -38700.  1000.0000000
     5.0000     0.0088742       -37252.  1000.0000000
     3.7500     0.0122078       -29537.  1000.0000001
     2.5000     0.0250647       -19985.  1000.0000002
     1.2500     0.2476710       -10194.  1005.9269298

--------------------------------------------------------------------------------
                           Summary of Pile Response(s)
--------------------------------------------------------------------------------

Definitions of Pile-head Loading Conditions:

Load Type 1: Load 1 = Shear, lbs, and Load 2 = Moment, in-lbs
Load Type 2: Load 1 = Shear, lbs, and Load 2 = Slope, radians
Load Type 3: Load 1 = Shear, lbs, and Load 2 = Rotational Stiffness, in-lbs/radian
Load Type 4: Load 1 = Top Deflection, inches, and Load 2 = Moment, in-lbs
Load Type 5: Load 1 = Top Deflection, inches, and Load 2 = Slope, radians

               Pile-head      Pile-head                                      Maximum        Maximum                  
Load  Load    Condition 1    Condition 2        Axial        Pile-head       Moment          Shear        Pile-head  
Case  Type    V(lbs) or     in-lb, rad.,       Loading      Deflection       in Pile        in Pile       Rotation   
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 No.   No.    y(inches)     or in-lb/rad.        lbs          inches         in-lbs           lbs          radians   
----  ----  --------------  --------------  -------------  -------------  -------------  -------------  -------------
  1     2   V =  1000.0000  S =      0.000         65000.     0.00744013        -36105.      1000.0000    -0.00000000
  2     2   V =  1000.0000  S =      0.000         55000.     0.00743458        -36081.      1000.0000    -0.00000000

The analysis ended normally. 
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Lateral Pile Deflection (inches)
S-51 over Black Mingo Creek - EB1 - Transverse Loads
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Bending Moment (in-kips)
S-51 over Black Mingo Creek - EB1 - Transverse Loads
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Bending Moment (in-kips)
S-51 over Black Mingo Creek - EB1 - Transverse Loads
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Pile Length (ft)

S-51 over Black Mingo Creek - EB1 - Transverse Loads
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Pile Length (ft)

S-51 over Black Mingo Creek - EB1 - Transverse Loads
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S-51 Emergency Bridge Replacement over Black Mingo Creek - Axial Capacity Analysis

Interior Bent 2 - 18" Square PSC Pile

JFH

APILE 2014.6.4

1Axial capacity analyses were modeled with a 18" Square PSC pile with no stinger
2The axial capacities shown are unfactored.
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IB2_Long.lp7o
================================================================================

                  LPile Plus for Windows, Version 2013-07.007

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                          © 1985-2013 by Ensoft, Inc.           
                              All Rights Reserved               

================================================================================

This copy of LPile is used by:      

John Hamilton
F&ME, Inc.

Serial Number of Security Device:  228740981
This copy of LPile is licensed for exclusive use by:  F&ME Consultants, Charlotte, Nor

Use of this program by any entity other than F&ME Consultants, Charlotte, Nor
is forbidden by the software license agreement.

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:        P:\Geotechnical\G5500's\G5556.000 - Emergency Bridge Pkg 4 - Design Build\G5556.02 - S-51 over Black 
Mingo Creek\Reports\Final Report\Bridge\LPile\
Name of input data file:       IB2_Long.lp7d
Name of output report file:    IB2_Long.lp7o
Name of plot output file:      IB2_Long.lp7p
Name of runtime messeage file: IB2_Long.lp7r

--------------------------------------------------------------------------------
                           Date and Time of Analysis
--------------------------------------------------------------------------------

               Date:  February 15, 2016     Time:  18:45:40

--------------------------------------------------------------------------------
                                Problem Title
--------------------------------------------------------------------------------

Project Name: S-51 RBO Black Mingo Creek                                                                                               
                                                                                                                        
Job Number: G5556.02 (F&ME); P029461 (SCDOT)                                                                                           
                                                                                                                        
Client: ICE                                                                                                                            
                                                                                                                        
Engineer: JFH                                                                                                                          
                                                                                                                        
Description: IB2 18" Square PSC Pile - Longitudinal Loads                                                                              
                                                                                                                        

--------------------------------------------------------------------------------
                           Program Options and Settings
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IB2_Long.lp7o
--------------------------------------------------------------------------------

Engineering Units of Input Data and Computations:
 - Engineering units are US Customary Units (pounds, feet, inches)

Analysis Control Options:
- Maximum number of iterations allowed                 =          500
- Deflection tolerance for convergence                 =   1.0000E-02 in
- Maximum allowable deflection                         =     100.0000 in
- Number of pile increments                            =          100

Loading Type and Number of Cycles of Loading:
 - Static loading specified

Computational Options:
 - Use unfactored loads in computations (conventional analysis)
 - Compute pile response under loading and nonlinear bending properties of pile
   (only if nonlinear pile properties are input)
 - Use of p-y modification factors for p-y curves not selected
 - Loading by lateral soil movements acting on pile not selected
 - Input of shear resistance at the pile tip not selected
 - Computation of pile-head foundation stiffness matrix not selected
 - Push-over analysis of pile not selected
 - Buckling analysis of pile not selected

Output Options:
 - No p-y curves to be computed and reported for user-specified depths
 - Report only summary tables of pile-head deflection, maximum bending moment,
   and maximum shear force in output report file.

--------------------------------------------------------------------------------
                    Pile Structural Properties and Geometry
--------------------------------------------------------------------------------

Total number of pile sections                          =          2

Total length of pile                                   =      42.50 ft

Depth of ground surface below top of pile              =      21.50 ft

Pile diameter values used for p-y curve computations are defined using 4 points.

p-y curves are computed using pile diameter values interpolated with depth over 
the length of the pile.

Point         Depth              Pile   
                X              Diameter 
                ft                in
-----       ---------        -----------
  1           0.00000         18.0000000
  2         40.000000         18.0000000
  3         40.000000          8.2200000
  4         42.500000          8.2200000

Input Structural Properties:
----------------------------

Pile Section No. 1:
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   Section Type                                        =    Elastic Pile
   Cross-sectional Shape                               =     Rectangular
   Section Length                                      =     40.00000 ft
   Top Width                                           =     18.00000 in
   Bottom Width                                        =     18.00000 in
   Top Section Depth                                   =     18.00000 in
   Bottom Section Depth                                =     18.00000 in
   Top Area                                            =    324.00000 Sq. in
   Bottom Area                                         =    324.00000 Sq. in
   Moment of Inertia at Top                            =   8748.00000 in^4
   Moment of Inertia at Bottom                         =   8748.00000 in^4
   Elastic Modulus                                     =     5422453. lbs/in^2

Pile Section No. 2:

   Section Type                                        =    Elastic Pile
   Cross-sectional Shape                               =   Strong H-Pile
   Section Length                                      =      2.50000 ft
   Flange Width                                        =      8.22000 in
   Section Depth                                       =      8.75000 in
   Flange Thickness                                    =      0.81000 in
   Web Thickness                                       =      0.51000 in
   Section Area                                        =     17.10000 Sq. in
   Moment of Inertia                                   =    228.00000 in^4
   Elastic Modulus                                     =    29000000. lbs/in^2

--------------------------------------------------------------------------------
                      Ground Slope and Pile Batter Angles
--------------------------------------------------------------------------------

Ground Slope Angle                                     =        0.000 degrees
                                                       =        0.000 radians

Pile Batter Angle                                      =        0.000 degrees
                                                       =        0.000 radians

--------------------------------------------------------------------------------
                       Soil and Rock Layering Information
--------------------------------------------------------------------------------

The soil profile is modelled using 3 layers

Layer 1 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     21.50000 ft
   Distance from top of pile to bottom of layer        =     26.00000 ft
   Effective unit weight at top of layer               =     48.00000 pcf
   Effective unit weight at bottom of layer            =     48.00000 pcf
   Friction angle at top of layer                      =     32.00000 deg.
   Friction angle at bottom of layer                   =     32.00000 deg.
   Subgrade k at top of layer                          =     30.00000 pci
   Subgrade k at bottom of layer                       =     30.00000 pci

Layer 2 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     26.00000 ft
   Distance from top of pile to bottom of layer        =     36.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
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   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     40.00000 deg.
   Friction angle at bottom of layer                   =     40.00000 deg.
   Subgrade k at top of layer                          =    125.00000 pci
   Subgrade k at bottom of layer                       =    125.00000 pci

Layer 3 is stiff clay without free water

   Distance from top of pile to top of layer           =     36.00000 ft
   Distance from top of pile to bottom of layer        =    100.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Undrained cohesion at top of layer                  =   2500.00000 psf
   Undrained cohesion at bottom of layer               =   2500.00000 psf
   Epsilon-50 at top of layer                          =      0.00500 
   Epsilon-50 at bottom of layer                       =      0.00500 

   (Depth of lowest soil layer extends   57.50 ft below pile tip)

--------------------------------------------------------------------------------
                           Summary of Soil Properties
--------------------------------------------------------------------------------

                      Layer                     Layer      Effective    Undrained    Angle of      Strain                   
Layer               Soil Type                   Depth       Unit Wt.    Cohesion     Friction      Factor        kpy        
 Num.         (p-y Curve Criteria)               ft           pcf          psf          deg.     Epsilon 50      pci        
-----   ----------------------------------   ----------   ----------   ----------   ----------   ----------   ----------    
  1     Sand (Reese, et al.)                     21.500       48.000       --           32.000       --           30.000   
                                                 26.000       48.000       --           32.000       --           30.000   
  2     Sand (Reese, et al.)                     26.000       53.000       --           40.000       --          125.000   
                                                 36.000       53.000       --           40.000       --          125.000   
  3     Stiff Clay w/o Free Water                36.000       53.000     2500.000       --          0.00500       --       
                                                100.000       53.000     2500.000       --          0.00500       --       

--------------------------------------------------------------------------------
                                 Loading Type
--------------------------------------------------------------------------------

Static loading criteria were used when computing p-y curves for all analyses.

--------------------------------------------------------------------------------
               Pile-head Loading and Pile-head Fixity Conditions
--------------------------------------------------------------------------------

Number of loads specified = 4

Load    Load         Condition               Condition            Axial Thrust            Compute
 No.    Type             1                       2                 Force, lbs      Top y vs. Pile Length
-----   ----   --------------------   -----------------------   ----------------   ---------------------
   1     1     V =  -2000.00000 lbs   M =     -456000. in-lbs            65000.             Yes 
   2     1     V =  -1000.00000 lbs   M =     -564000. in-lbs           157000.             Yes 
   3     1     V =  -3000.00000 lbs   M =     -708000. in-lbs            89000.             Yes 
   4     1     V =  -2000.00000 lbs   M =     -900000. in-lbs           225000.             Yes 
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V = perpendicular shear force applied to pile head
M = bending moment applied to pile head
y = lateral deflection relative to pile axis
S = pile slope relative to original pile batter angle
R = rotational stiffness applie to pile head
Axial thrust is assumed to be acting axially for all pile batter angles.

--------------------------------------------------------------------------------
    Computations of Nominal Moment Capacity and Nonlinear Bending Stiffness
--------------------------------------------------------------------------------

Axial thrust force values were determined from pile-head loading conditions

Number of Pile Sections Analyzed = 2

Pile Section No. 1:
-------------------
Moment-curvature properties were derived from elastic section properties

Pile Section No. 2:
-------------------
Moment-curvature properties were derived from elastic section properties

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 1
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =          -2000.  lb
Moment     =        -456000. in- lb
Axial Load =          65000.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    42.5000    -1.5534227     -1113957.        10783.
    40.3750    -1.5518882     -1114025.        10577.
    38.2500    -1.5455580     -1113685.        10387.
    36.1250    -1.7339357     -1120463.        13604.
    34.0000    -2.8976226     -1174355.        18308.

--------------------------------------------------------------------------------
                 Computed Values of Pile Loading and Deflection
                   for Lateral Loading for Load Case Number 2
--------------------------------------------------------------------------------

Pile-head conditions are Shear and Moment (Loading Type 1)

Shear force at pile head                               =      -1000.0 lbs
Applied moment at pile head                            =    -564000.0 in-lbs
Axial thrust load on pile head                         =     157000.0 lbs
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   Depth    Deflect.    Bending    Shear       Slope      Total    Bending   Soil Res.  Soil Spr.   Distrib. 
     X         y        Moment     Force         S       Stress   Stiffness      p         Es*h    Lat. Load 
   feet      inches     in-lbs      lbs       radians     psi*      lb-in^2    lb/in      lb/inch    lb/inch 
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
      0.00    -1.4796   -564000. -1000.0000   0.007073  1064.8148  4.744E+10      0.000      0.000      0.000
     0.425    -1.4437   -574739. -1000.0000   0.007012  1075.8634  4.744E+10      0.000      0.000      0.000
     0.850    -1.4081   -585429. -1000.0000   0.006950  1086.8611  4.744E+10      0.000      0.000      0.000
     1.275    -1.3728   -596068. -1000.0000   0.006886  1097.8070  4.744E+10      0.000      0.000      0.000
     1.700    -1.3378   -606656. -1000.0000   0.006821  1108.7000  4.744E+10      0.000      0.000      0.000
     2.125    -1.3032   -617192. -1000.0000   0.006756  1119.5394  4.744E+10      0.000      0.000      0.000
     2.550    -1.2689   -627675. -1000.0000   0.006689  1130.3240  4.744E+10      0.000      0.000      0.000
     2.975    -1.2350   -638104. -1000.0000   0.006621  1141.0531  4.744E+10      0.000      0.000      0.000
     3.400    -1.2014   -648477. -1000.0000   0.006552  1151.7257  4.744E+10      0.000      0.000      0.000
     3.825    -1.1682   -658795. -1000.0000   0.006481  1162.3408  4.744E+10      0.000      0.000      0.000
     4.250    -1.1353   -669056. -1000.0000   0.006410  1172.8976  4.744E+10      0.000      0.000      0.000
     4.675    -1.1028   -679260. -1000.0000   0.006337  1183.3951  4.744E+10      0.000      0.000      0.000
     5.100    -1.0706   -689405. -1000.0000   0.006264  1193.8325  4.744E+10      0.000      0.000      0.000
     5.525    -1.0389   -699491. -1000.0000   0.006189  1204.2088  4.744E+10      0.000      0.000      0.000
     5.950    -1.0075   -709516. -1000.0000   0.006113  1214.5231  4.744E+10      0.000      0.000      0.000
     6.375    -0.9765   -719481. -1000.0000   0.006037  1224.7747  4.744E+10      0.000      0.000      0.000
     6.800    -0.9459   -729384. -1000.0000   0.005959  1234.9625  4.744E+10      0.000      0.000      0.000
     7.225    -0.9158   -739223. -1000.0000   0.005880  1245.0857  4.744E+10      0.000      0.000      0.000
     7.650    -0.8860   -748999. -1000.0000   0.005800  1255.1434  4.744E+10      0.000      0.000      0.000
     8.075    -0.8566   -758711. -1000.0000   0.005719  1265.1348  4.744E+10      0.000      0.000      0.000
     8.500    -0.8276   -768357. -1000.0000   0.005637  1275.0590  4.744E+10      0.000      0.000      0.000
     8.925    -0.7991   -777937. -1000.0000   0.005553  1284.9151  4.744E+10      0.000      0.000      0.000
     9.350    -0.7710   -787451. -1000.0000   0.005469  1294.7024  4.744E+10      0.000      0.000      0.000
     9.775    -0.7433   -796896. -1000.0000   0.005384  1304.4199  4.744E+10      0.000      0.000      0.000
    10.200    -0.7161   -806273. -1000.0000   0.005298  1314.0668  4.744E+10      0.000      0.000      0.000
    10.625    -0.6893   -815580. -1000.0000   0.005211  1323.6423  4.744E+10      0.000      0.000      0.000
    11.050    -0.6629   -824818. -1000.0000   0.005123  1333.1456  4.744E+10      0.000      0.000      0.000
    11.475    -0.6370   -833984. -1000.0000   0.005033  1342.5758  4.744E+10      0.000      0.000      0.000
    11.900    -0.6116   -843078. -1000.0000   0.004943  1351.9322  4.744E+10      0.000      0.000      0.000
    12.325    -0.5866   -852100. -1000.0000   0.004852  1361.2139  4.744E+10      0.000      0.000      0.000
    12.750    -0.5621   -861048. -1000.0000   0.004760  1370.4201  4.744E+10      0.000      0.000      0.000
    13.175    -0.5380   -869923. -1000.0000   0.004667  1379.5501  4.744E+10      0.000      0.000      0.000
    13.600    -0.5145   -878722. -1000.0000   0.004573  1388.6030  4.744E+10      0.000      0.000      0.000
    14.025    -0.4914   -887446. -1000.0000   0.004478  1397.5781  4.744E+10      0.000      0.000      0.000
    14.450    -0.4688   -896093. -1000.0000   0.004382  1406.4746  4.744E+10      0.000      0.000      0.000
    14.875    -0.4467   -904664. -1000.0000   0.004285  1415.2918  4.744E+10      0.000      0.000      0.000
    15.300    -0.4251   -913156. -1000.0000   0.004188  1424.0288  4.744E+10      0.000      0.000      0.000
    15.725    -0.4040   -921570. -1000.0000   0.004089  1432.6849  4.744E+10      0.000      0.000      0.000
    16.150    -0.3834   -929904. -1000.0000   0.003990  1441.2594  4.744E+10      0.000      0.000      0.000
    16.575    -0.3633   -938159. -1000.0000   0.003889  1449.7516  4.744E+10      0.000      0.000      0.000
    17.000    -0.3437   -946332. -1000.0000   0.003788  1458.1607  4.744E+10      0.000      0.000      0.000
    17.425    -0.3247   -954424. -1000.0000   0.003686  1466.4859  4.744E+10      0.000      0.000      0.000
    17.850    -0.3061   -962434. -1000.0000   0.003583  1474.7267  4.744E+10      0.000      0.000      0.000
    18.275    -0.2881   -970361. -1000.0000   0.003479  1482.8822  4.744E+10      0.000      0.000      0.000
    18.700    -0.2706   -978205. -1000.0000   0.003374  1490.9517  4.744E+10      0.000      0.000      0.000
    19.125    -0.2537   -985964. -1000.0000   0.003268  1498.9346  4.744E+10      0.000      0.000      0.000
    19.550    -0.2373   -993639. -1000.0000   0.003162  1506.8302  4.744E+10      0.000      0.000      0.000
    19.975    -0.2215  -1001228. -1000.0000   0.003055  1514.6378  4.744E+10      0.000      0.000      0.000
    20.400    -0.2061  -1008731. -1000.0000   0.002947  1522.3567  4.744E+10      0.000      0.000      0.000
    20.825    -0.1914  -1016147. -1000.0000   0.002838  1529.9863  4.744E+10      0.000      0.000      0.000
    21.250    -0.1772  -1023475. -1000.0000   0.002728  1537.5259  4.744E+10      0.000      0.000      0.000
    21.675    -0.1636  -1030715.  -984.8268   0.002618  1544.9748  4.744E+10     5.9503   185.5234      0.000
    22.100    -0.1505  -1037712.  -914.2863   0.002507  1552.1732  4.744E+10    21.7127   735.7597      0.000
    22.525    -0.1380  -1044055.  -761.4622   0.002395  1558.6987  4.744E+10    38.2184  1412.3654      0.000
    22.950    -0.1261  -1049314.  -525.9086   0.002282  1564.1090  4.744E+10    54.1556  2190.6401      0.000
    23.375    -0.1147  -1053074.  -212.8131   0.002169  1567.9773  4.744E+10    68.6269  3050.6702      0.000
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    23.800    -0.1040  -1054958.   167.3825   0.002056  1569.9158  4.744E+10    80.4694  3947.8179      0.000
    24.225    -0.0938  -1054659.   603.2105   0.001942  1569.6077  4.744E+10    90.4436  4919.6254      0.000
    24.650    -0.0841  -1051916.  1077.1576   0.001829  1566.7859  4.744E+10    95.4181  5783.4000      0.000
    25.075    -0.0751  -1046601.  1566.9506   0.001716  1561.3176  4.744E+10    96.6576  6563.7000      0.000
    25.500    -0.0666  -1038681.  2058.1185   0.001604  1553.1702  4.744E+10    95.9573  7344.0000      0.000
    25.925    -0.0587  -1028177.  2541.4222   0.001493  1542.3630  4.744E+10    93.5736  8124.3000      0.000
    26.350    -0.0514  -1015150.  3209.2476   0.001383  1528.9608  4.744E+10   168.3187     16698.      0.000
    26.775    -0.0446   -997658.  4066.2257   0.001275  1510.9646  4.744E+10   167.7511     19169.      0.000
    27.200    -0.0384   -975716.  4900.6327   0.001169  1488.3912  4.744E+10   159.4673     21178.      0.000
    27.625    -0.0327   -949543.  5690.4849   0.001065  1461.4641  4.744E+10   150.2787     23432.      0.000
    28.050    -0.0275   -919379.  6416.6229   0.000965  1430.4315  4.744E+10   134.4813     24908.      0.000
    28.475    -0.0229   -885639.  7048.1193   0.000868  1395.7189  4.744E+10   113.1643     25240.      0.000
    28.900    -0.0187   -848879.  7593.1297   0.000775  1357.8997  4.744E+10   100.5653     27453.      0.000
    29.325    -0.0150   -809429.  8091.1064   0.000686  1317.3143  4.744E+10    94.7197     32282.      0.000
    29.750    -0.0117   -767447.  8553.4426   0.000601  1274.1225  4.744E+10    86.5886     37777.      0.000
    30.175  -0.008836   -723146.  8969.6731   0.000521  1228.5457  4.744E+10    76.6390     44234.      0.000
    30.600  -0.006379   -676790.  9342.9701   0.000445  1180.8541  4.744E+10    69.7520     55766.      0.000
    31.025  -0.004293   -628561.  9658.2608   0.000375  1131.2360  4.744E+10    53.8915     64021.      0.000
    31.450  -0.002552   -578877.  9881.5161   0.000310  1080.1202  4.744E+10    33.6596     67272.      0.000
    31.875  -0.001128   -528267.     10007.   0.000251  1028.0524  4.744E+10    15.5968     70523.      0.000
    32.300  6.319E-06   -477206.     10047.   0.000197   975.5204  4.744E+10    -0.0914     73774.      0.000
    32.725   0.000879   -426106.     10013.   0.000148   922.9486  4.744E+10   -13.2738     77026.      0.000
    33.150   0.001518   -375315.  9917.8067   0.000105   870.6943  4.744E+10   -23.8911     80277.      0.000
    33.575   0.001951   -325113.  9775.4057  6.745E-05   819.0460  4.744E+10   -31.9525     83528.      0.000
    34.000   0.002206   -275714.  9598.2184  3.515E-05   768.2240  4.744E+10   -37.5328     86779.      0.000
    34.425   0.002309   -227267.  9398.5484  8.112E-06   718.3819  4.744E+10   -40.7692     90031.      0.000
    34.850   0.002289   -179861.  9187.8475 -1.377E-05   669.6106  4.744E+10   -41.8586     93282.      0.000
    35.275   0.002169   -133529.  8976.4191 -3.062E-05   621.9435  4.744E+10   -41.0545     96533.      0.000
    35.700   0.001976    -88253.  8773.1331 -4.254E-05   575.3632  4.744E+10   -38.6655     99784.      0.000
    36.125   0.001735    -43975.  7865.1824 -4.965E-05   529.8097  4.744E+10  -317.3936    932954.      0.000
    36.550   0.001470 -7948.6142  6261.2371 -5.244E-05   492.7455  4.744E+10  -311.6046   1081256.      0.000
    36.975   0.001200     19974.  4693.8494 -5.180E-05   505.1169  4.744E+10  -303.0573   1287865.      0.000
    37.400   0.000941     40012.  3177.0526 -4.857E-05   525.7321  4.744E+10  -291.7650   1580567.      0.000
    37.825   0.000705     52457.  1725.1281 -4.360E-05   538.5363  4.744E+10  -277.6172   2009178.      0.000
    38.250   0.000497     57678.   353.5052 -3.768E-05   543.9071  4.744E+10  -260.2741   2672389.      0.000
    38.675   0.000320     56123.  -857.0926 -3.156E-05   542.3080  4.744E+10  -214.4701   3414357.      0.000
    39.100   0.000175     48986. -1708.1826 -2.591E-05   534.9649  4.744E+10  -119.2907   3481041.      0.000
    39.525  5.605E-05     38741. -2111.7957 -2.120E-05   524.4254  4.744E+10   -38.9889   3547727.      0.000
    39.950 -4.143E-05     27480. -2136.3429 -1.764E-05   512.8390  4.744E+10    29.3626   3614413.      0.000
    40.375  -0.000124     16979. -1814.7505 -9.611E-06  9487.3554  6.612E+09    96.7521   3984375.      0.000
    40.800  -0.000139  8984.4884 -1290.1959  4.022E-07  9343.2438  6.612E+09   108.9555   3984375.      0.000
    41.225  -0.000120  3818.3595  -773.8134  5.340E-06  9250.1175  6.612E+09    93.5474   3984375.      0.000
    41.650 -8.500E-05  1083.0402  -365.9361  7.230E-06  9200.8098  6.612E+09    66.4045   3984375.      0.000
    42.075 -4.599E-05    74.2327  -104.9752  7.676E-06  9182.6247  6.612E+09    35.9331   3984375.      0.000
    42.500 -6.699E-06      0.000      0.000  7.705E-06  9181.2865  6.612E+09     5.2336   1992187.      0.000

* The above values of total stress are combined axial and bending stresses. 

Output Summary for Load Case No. 2:

Pile-head deflection             =     -1.4795938 inches
Computed slope at pile head      =      0.0070732 radians
Maximum bending moment           =      -1054958. inch-lbs
Maximum shear force              =         10047. lbs
Depth of maximum bending moment  =     23.8000000 feet below pile head
Depth of maximum shear force     =     32.3000000 feet below pile head
Number of iterations             =              6
Number of zero deflection points =              3
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--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 2
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =          -1000.  lb
Moment     =        -564000. in- lb
Axial Load =         157000.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    42.5000    -1.4795938     -1054958.        10047.
    40.3750    -1.4785636     -1054995.  9880.5304254
    38.2500    -1.4722839     -1054395.  9649.2182432
    36.1250    -1.6229546     -1071539.        12482.
    34.0000    -3.1746354     -1261460.        19857.

--------------------------------------------------------------------------------
                 Computed Values of Pile Loading and Deflection
                   for Lateral Loading for Load Case Number 3
--------------------------------------------------------------------------------

Pile-head conditions are Shear and Moment (Loading Type 1)

Shear force at pile head                               =      -3000.0 lbs
Applied moment at pile head                            =    -708000.0 in-lbs
Axial thrust load on pile head                         =      89000.0 lbs

   Depth    Deflect.    Bending    Shear       Slope      Total    Bending   Soil Res.  Soil Spr.   Distrib. 
     X         y        Moment     Force         S       Stress   Stiffness      p         Es*h    Lat. Load 
   feet      inches     in-lbs      lbs       radians     psi*      lb-in^2    lb/in      lb/inch    lb/inch 
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
      0.00    -2.6143   -708000. -3000.0000     0.0116  1003.0864  4.744E+10      0.000      0.000      0.000
     0.425    -2.5554   -728544. -3000.0000     0.0115  1024.2218  4.744E+10      0.000      0.000      0.000
     0.850    -2.4969   -749052. -3000.0000     0.0114  1045.3205  4.744E+10      0.000      0.000      0.000
     1.275    -2.4388   -769523. -3000.0000     0.0114  1066.3817  4.744E+10      0.000      0.000      0.000
     1.700    -2.3811   -789957. -3000.0000     0.0113  1087.4042  4.744E+10      0.000      0.000      0.000
     2.125    -2.3239   -810352. -3000.0000     0.0112  1108.3871  4.744E+10      0.000      0.000      0.000
     2.550    -2.2671   -830708. -3000.0000     0.0111  1129.3293  4.744E+10      0.000      0.000      0.000
     2.975    -2.2107   -851023. -3000.0000     0.0110  1150.2298  4.744E+10      0.000      0.000      0.000
     3.400    -2.1548   -871297. -3000.0000     0.0109  1171.0875  4.744E+10      0.000      0.000      0.000
     3.825    -2.0994   -891528. -3000.0000     0.0108  1191.9015  4.744E+10      0.000      0.000      0.000
     4.250    -2.0445   -911716. -3000.0000     0.0107  1212.6708  4.744E+10      0.000      0.000      0.000
     4.675    -1.9901   -931859. -3000.0000     0.0106  1233.3943  4.744E+10      0.000      0.000      0.000
     5.100    -1.9362   -951957. -3000.0000     0.0105  1254.0709  4.744E+10      0.000      0.000      0.000
     5.525    -1.8828   -972008. -3000.0000     0.0104  1274.6998  4.744E+10      0.000      0.000      0.000
     5.950    -1.8299   -992012. -3000.0000     0.0103  1295.2799  4.744E+10      0.000      0.000      0.000
     6.375    -1.7776  -1011968. -3000.0000     0.0102  1315.8102  4.744E+10      0.000      0.000      0.000
     6.800    -1.7259  -1031874. -3000.0000     0.0101  1336.2897  4.744E+10      0.000      0.000      0.000
     7.225    -1.6747  -1051729. -3000.0000   0.009980  1356.7174  4.744E+10      0.000      0.000      0.000
     7.650    -1.6241  -1071534. -3000.0000   0.009866  1377.0922  4.744E+10      0.000      0.000      0.000
     8.075    -1.5740  -1091286. -3000.0000   0.009750  1397.4133  4.744E+10      0.000      0.000      0.000
     8.500    -1.5246  -1110985. -3000.0000   0.009631  1417.6796  4.744E+10      0.000      0.000      0.000
     8.925    -1.4758  -1130629. -3000.0000   0.009511  1437.8901  4.744E+10      0.000      0.000      0.000
     9.350    -1.4276  -1150219. -3000.0000   0.009388  1458.0438  4.744E+10      0.000      0.000      0.000
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     9.775    -1.3800  -1169752. -3000.0000   0.009264  1478.1398  4.744E+10      0.000      0.000      0.000
    10.200    -1.3331  -1189228. -3000.0000   0.009137  1498.1771  4.744E+10      0.000      0.000      0.000
    10.625    -1.2868  -1208646. -3000.0000   0.009008  1518.1546  4.744E+10      0.000      0.000      0.000
    11.050    -1.2412  -1228005. -3000.0000   0.008877  1538.0715  4.744E+10      0.000      0.000      0.000
    11.475    -1.1963  -1247305. -3000.0000   0.008744  1557.9267  4.744E+10      0.000      0.000      0.000
    11.900    -1.1521  -1266543. -3000.0000   0.008609  1577.7193  4.744E+10      0.000      0.000      0.000
    12.325    -1.1085  -1285720. -3000.0000   0.008472  1597.4483  4.744E+10      0.000      0.000      0.000
    12.750    -1.0656  -1304834. -3000.0000   0.008332  1617.1128  4.744E+10      0.000      0.000      0.000
    13.175    -1.0235  -1323884. -3000.0000   0.008191  1636.7117  4.744E+10      0.000      0.000      0.000
    13.600    -0.9821  -1342869. -3000.0000   0.008048  1656.2442  4.744E+10      0.000      0.000      0.000
    14.025    -0.9414  -1361789. -3000.0000   0.007902  1675.7092  4.744E+10      0.000      0.000      0.000
    14.450    -0.9015  -1380643. -3000.0000   0.007755  1695.1059  4.744E+10      0.000      0.000      0.000
    14.875    -0.8623  -1399429. -3000.0000   0.007605  1714.4333  4.744E+10      0.000      0.000      0.000
    15.300    -0.8239  -1418147. -3000.0000   0.007454  1733.6904  4.744E+10      0.000      0.000      0.000
    15.725    -0.7863  -1436796. -3000.0000   0.007300  1752.8763  4.744E+10      0.000      0.000      0.000
    16.150    -0.7495  -1455374. -3000.0000   0.007145  1771.9901  4.744E+10      0.000      0.000      0.000
    16.575    -0.7134  -1473882. -3000.0000   0.006987  1791.0308  4.744E+10      0.000      0.000      0.000
    17.000    -0.6782  -1492318. -3000.0000   0.006828  1809.9975  4.744E+10      0.000      0.000      0.000
    17.425    -0.6438  -1510680. -3000.0000   0.006667  1828.8893  4.744E+10      0.000      0.000      0.000
    17.850    -0.6102  -1528969. -3000.0000   0.006503  1847.7052  4.744E+10      0.000      0.000      0.000
    18.275    -0.5774  -1547184. -3000.0000   0.006338  1866.4444  4.744E+10      0.000      0.000      0.000
    18.700    -0.5455  -1565323. -3000.0000   0.006170  1885.1059  4.744E+10      0.000      0.000      0.000
    19.125    -0.5145  -1583385. -3000.0000   0.006001  1903.6888  4.744E+10      0.000      0.000      0.000
    19.550    -0.4843  -1601371. -3000.0000   0.005830  1922.1922  4.744E+10      0.000      0.000      0.000
    19.975    -0.4550  -1619278. -3000.0000   0.005657  1940.6152  4.744E+10      0.000      0.000      0.000
    20.400    -0.4266  -1637106. -3000.0000   0.005482  1958.9569  4.744E+10      0.000      0.000      0.000
    20.825    -0.3991  -1654854. -3000.0000   0.005305  1977.2164  4.744E+10      0.000      0.000      0.000
    21.250    -0.3725  -1672522. -3000.0000   0.005126  1995.3928  4.744E+10      0.000      0.000      0.000
    21.675    -0.3468  -1690108. -2981.4189   0.004945  2013.4853  4.744E+10     7.2867   107.1470      0.000
    22.100    -0.3221  -1707422. -2894.1984   0.004763  2031.2979  4.744E+10    26.9174   426.2301      0.000
    22.525    -0.2983  -1723952. -2703.5338   0.004578  2048.3045  4.744E+10    47.8531   818.2601      0.000
    22.950    -0.2754  -1739154. -2407.0924   0.004392  2063.9440  4.744E+10    68.3985  1266.7318      0.000
    23.375    -0.2535  -1752491. -2009.7252   0.004204  2077.6660  4.744E+10    87.4318  1759.2759      0.000
    23.800    -0.2325  -1763469. -1522.6749   0.004015  2088.9603  4.744E+10   103.5683  2271.8558      0.000
    24.225    -0.2125  -1771668.  -958.0208   0.003825  2097.3947  4.744E+10   117.8646  2828.7209      0.000
    24.650    -0.1935  -1776714.  -329.6780   0.003634  2102.5862  4.744E+10   128.5443  3388.3475      0.000
    25.075    -0.1754  -1778330.   345.1583   0.003443  2104.2487  4.744E+10   136.0974  3956.5226      0.000
    25.500    -0.1584  -1776319.  1049.6389   0.003252  2102.1800  4.744E+10   140.1695  4514.2443      0.000
    25.925    -0.1423  -1770576.  1764.0433   0.003062  2096.2714  4.744E+10   139.9891  5018.6570      0.000
    26.350    -0.1271  -1761105.  2708.6042   0.002872  2086.5278  4.744E+10   230.4270  9243.9452      0.000
    26.775    -0.1130  -1745555.  3899.6874   0.002683  2070.5298  4.744E+10   236.6645     10684.      0.000
    27.200    -0.0998  -1723764.  5100.0521   0.002497  2048.1112  4.744E+10   234.0668     11966.      0.000
    27.625    -0.0875  -1695801.  6287.6571   0.002313  2019.3425  4.744E+10   231.6607     13503.      0.000
    28.050    -0.0762  -1661730.  7439.5440   0.002132  1984.2897  4.744E+10   220.0597     14734.      0.000
    28.475    -0.0657  -1621853.  8509.1671   0.001956  1943.2648  4.744E+10   199.4004     15467.      0.000
    28.900    -0.0562  -1576712.  9497.8057   0.001784  1896.8227  4.744E+10   188.3011     17082.      0.000
    29.325    -0.0476  -1526595.     10452.   0.001617  1845.2626  4.744E+10   185.8596     19933.      0.000
    29.750    -0.0397  -1471570.     11384.   0.001456  1788.6524  4.744E+10   179.7534     23077.      0.000
    30.175    -0.0327  -1411798.     12277.   0.001301  1727.1582  4.744E+10   170.4918     26588.      0.000
    30.600    -0.0265  -1347522.     13136.   0.001153  1661.0310  4.744E+10   166.3452     32068.      0.000
    31.025    -0.0209  -1278854.     13967.   0.001011  1590.3848  4.744E+10   159.3867     38808.      0.000
    31.450    -0.0161  -1205978.     14755.   0.000878  1515.4093  4.744E+10   149.5319     47254.      0.000
    31.875    -0.0120  -1129154.     15484.   0.000752  1436.3719  4.744E+10   136.6809     58127.      0.000
    32.300  -0.008465  -1048719.     16141.   0.000635  1353.6204  4.744E+10   120.6700     72702.      0.000
    32.725  -0.005513   -965095.     16661.   0.000527  1267.5871  4.744E+10    83.2591     77026.      0.000
    33.150  -0.003090   -879258.     16997.   0.000428  1179.2775  4.744E+10    48.6340     80277.      0.000
    33.575  -0.001149   -792113.     17169.   0.000338  1089.6223  4.744E+10    18.8156     83528.      0.000
    34.000   0.000358   -704440.     17202.   0.000258   999.4238  4.744E+10    -6.0869     86779.      0.000
    34.425   0.001478   -616891.     17119.   0.000187   909.3529  4.744E+10   -26.0917     90031.      0.000
    34.850   0.002260   -529991.     16948.   0.000125   819.9491  4.744E+10   -41.3379     93282.      0.000
    35.275   0.002752   -444139.     16709.  7.248E-05   731.6250  4.744E+10   -52.0807     96533.      0.000
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    35.700   0.002999   -359621.     16427.  2.928E-05   644.6721  4.744E+10   -58.6852     99784.      0.000
    36.125   0.003050   -276612.     15340. -4.925E-06   559.2716  4.744E+10  -367.6022    614653.      0.000
    36.550   0.002949   -203151.     13449. -3.072E-05   483.6940  4.744E+10  -373.8444    646489.      0.000
    36.975   0.002737   -139403.     11537. -4.913E-05   418.1100  4.744E+10  -376.1851    701011.      0.000
    37.400   0.002448    -85433.  9620.9865 -6.122E-05   362.5854  4.744E+10  -375.0233    781286.      0.000
    37.825   0.002112    -41213.  7719.8122 -6.803E-05   317.0918  4.744E+10  -370.5353    894584.      0.000
    38.250   0.001754 -6629.1294  5850.0603 -7.060E-05   281.5115  4.744E+10  -362.7008   1054493.      0.000
    38.675   0.001392     18521.  4029.4605 -6.996E-05   293.7464  4.744E+10  -351.2600   1286647.      0.000
    39.100   0.001041     34535.  2278.0419 -6.711E-05   310.2211  4.744E+10  -335.5709   1644617.      0.000
    39.525   0.000708     41818.   621.0169 -6.300E-05   317.7144  4.744E+10  -314.2428   2264116.      0.000
    39.950   0.000398     40926.  -899.5747 -5.855E-05   316.7967  4.744E+10  -282.0676   3614413.      0.000
    40.375   0.000111     32696. -1839.1880 -4.374E-05  5794.0650  6.612E+09   -86.4082   3984375.      0.000
    40.800 -4.818E-05     22206. -1963.5462 -2.257E-05  5604.9785  6.612E+09    37.6403   3984375.      0.000
    41.225  -0.000120     12688. -1629.2840 -9.112E-06  5433.4002  6.612E+09    93.4430   3984375.      0.000
    41.650  -0.000141  5596.0085 -1109.8629 -2.060E-06  5305.5538  6.612E+09   110.2516   3984375.      0.000
    42.075  -0.000141  1369.4850  -548.5726  6.259E-07  5229.3651  6.612E+09   109.8623   3984375.      0.000
    42.500  -0.000135      0.000      0.000  1.154E-06  5204.6784  6.612E+09   105.2642   1992187.      0.000

* The above values of total stress are combined axial and bending stresses. 

Output Summary for Load Case No. 3:

Pile-head deflection             =     -2.6143359 inches
Computed slope at pile head      =      0.0115903 radians
Maximum bending moment           =      -1778330. inch-lbs
Maximum shear force              =         17202. lbs
Depth of maximum bending moment  =     25.0750000 feet below pile head
Depth of maximum shear force     =     34.0000000 feet below pile head
Number of iterations             =              6
Number of zero deflection points =              2

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 3
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =          -3000.  lb
Moment     =        -708000. in- lb
Axial Load =          89000.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    42.5000    -2.6143359     -1778330.        17202.
    40.3750    -2.6109999     -1778322.        16782.
    38.2500    -2.6529654     -1779946.        18200.
    36.1250    -3.3707546     -1821748.        24150.

--------------------------------------------------------------------------------
                 Computed Values of Pile Loading and Deflection
                   for Lateral Loading for Load Case Number 4
--------------------------------------------------------------------------------

Pile-head conditions are Shear and Moment (Loading Type 1)
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Shear force at pile head                               =      -2000.0 lbs
Applied moment at pile head                            =    -900000.0 in-lbs
Axial thrust load on pile head                         =     225000.0 lbs

   Depth    Deflect.    Bending    Shear       Slope      Total    Bending   Soil Res.  Soil Spr.   Distrib. 
     X         y        Moment     Force         S       Stress   Stiffness      p         Es*h    Lat. Load 
   feet      inches     in-lbs      lbs       radians     psi*      lb-in^2    lb/in      lb/inch    lb/inch 
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
      0.00    -3.1589   -900000. -2000.0000     0.0142  1620.3704  4.744E+10      0.000      0.000      0.000
     0.425    -3.0869   -926405. -2000.0000     0.0141  1647.5359  4.744E+10      0.000      0.000      0.000
     0.850    -3.0154   -952695. -2000.0000     0.0140  1674.5838  4.744E+10      0.000      0.000      0.000
     1.275    -2.9444   -978868. -2000.0000     0.0139  1701.5108  4.744E+10      0.000      0.000      0.000
     1.700    -2.8740  -1004921. -2000.0000     0.0138  1728.3135  4.744E+10      0.000      0.000      0.000
     2.125    -2.8040  -1030849. -2000.0000     0.0137  1754.9888  4.744E+10      0.000      0.000      0.000
     2.550    -2.7347  -1056650. -2000.0000     0.0135  1781.5331  4.744E+10      0.000      0.000      0.000
     2.975    -2.6660  -1082321. -2000.0000     0.0134  1807.9434  4.744E+10      0.000      0.000      0.000
     3.400    -2.5978  -1107858. -2000.0000     0.0133  1834.2162  4.744E+10      0.000      0.000      0.000
     3.825    -2.5302  -1133259. -2000.0000     0.0132  1860.3485  4.744E+10      0.000      0.000      0.000
     4.250    -2.4633  -1158519. -2000.0000     0.0131  1886.3369  4.744E+10      0.000      0.000      0.000
     4.675    -2.3970  -1183637. -2000.0000     0.0129  1912.1783  4.744E+10      0.000      0.000      0.000
     5.100    -2.3313  -1208609. -2000.0000     0.0128  1937.8694  4.744E+10      0.000      0.000      0.000
     5.525    -2.2663  -1233432. -2000.0000     0.0127  1963.4071  4.744E+10      0.000      0.000      0.000
     5.950    -2.2020  -1258102. -2000.0000     0.0125  1988.7883  4.744E+10      0.000      0.000      0.000
     6.375    -2.1384  -1282617. -2000.0000     0.0124  2014.0098  4.744E+10      0.000      0.000      0.000
     6.800    -2.0755  -1306975. -2000.0000     0.0123  2039.0685  4.744E+10      0.000      0.000      0.000
     7.225    -2.0133  -1331170. -2000.0000     0.0121  2063.9613  4.744E+10      0.000      0.000      0.000
     7.650    -1.9518  -1355202. -2000.0000     0.0120  2088.6851  4.744E+10      0.000      0.000      0.000
     8.075    -1.8911  -1379066. -2000.0000     0.0118  2113.2369  4.744E+10      0.000      0.000      0.000
     8.500    -1.8311  -1402761. -2000.0000     0.0117  2137.6137  4.744E+10      0.000      0.000      0.000
     8.925    -1.7719  -1426282. -2000.0000     0.0115  2161.8124  4.744E+10      0.000      0.000      0.000
     9.350    -1.7135  -1449627. -2000.0000     0.0114  2185.8301  4.744E+10      0.000      0.000      0.000
     9.775    -1.6559  -1472793. -2000.0000     0.0112  2209.6639  4.744E+10      0.000      0.000      0.000
    10.200    -1.5990  -1495778. -2000.0000     0.0111  2233.3106  4.744E+10      0.000      0.000      0.000
    10.625    -1.5430  -1518578. -2000.0000     0.0109  2256.7675  4.744E+10      0.000      0.000      0.000
    11.050    -1.4879  -1541191. -2000.0000     0.0107  2280.0317  4.744E+10      0.000      0.000      0.000
    11.475    -1.4335  -1563613. -2000.0000     0.0106  2303.1003  4.744E+10      0.000      0.000      0.000
    11.900    -1.3801  -1585843. -2000.0000     0.0104  2325.9704  4.744E+10      0.000      0.000      0.000
    12.325    -1.3275  -1607877. -2000.0000     0.0102  2348.6392  4.744E+10      0.000      0.000      0.000
    12.750    -1.2758  -1629713. -2000.0000     0.0101  2371.1039  4.744E+10      0.000      0.000      0.000
    13.175    -1.2249  -1651348. -2000.0000   0.009876  2393.3618  4.744E+10      0.000      0.000      0.000
    13.600    -1.1750  -1672779. -2000.0000   0.009697  2415.4100  4.744E+10      0.000      0.000      0.000
    14.025    -1.1260  -1694003. -2000.0000   0.009516  2437.2460  4.744E+10      0.000      0.000      0.000
    14.450    -1.0780  -1715019. -2000.0000   0.009333  2458.8669  4.744E+10      0.000      0.000      0.000
    14.875    -1.0308  -1735823. -2000.0000   0.009148  2480.2702  4.744E+10      0.000      0.000      0.000
    15.300    -0.9847  -1756412. -2000.0000   0.008960  2501.4531  4.744E+10      0.000      0.000      0.000
    15.725    -0.9394  -1776786. -2000.0000   0.008770  2522.4131  4.744E+10      0.000      0.000      0.000
    16.150    -0.8952  -1796939. -2000.0000   0.008578  2543.1476  4.744E+10      0.000      0.000      0.000
    16.575    -0.8519  -1816872. -2000.0000   0.008384  2563.6540  4.744E+10      0.000      0.000      0.000
    17.000    -0.8097  -1836580. -2000.0000   0.008187  2583.9298  4.744E+10      0.000      0.000      0.000
    17.425    -0.7684  -1856061. -2000.0000   0.007989  2603.9724  4.744E+10      0.000      0.000      0.000
    17.850    -0.7282  -1875314. -2000.0000   0.007788  2623.7795  4.744E+10      0.000      0.000      0.000
    18.275    -0.6890  -1894335. -2000.0000   0.007585  2643.3486  4.744E+10      0.000      0.000      0.000
    18.700    -0.6508  -1913122. -2000.0000   0.007381  2662.6772  4.744E+10      0.000      0.000      0.000
    19.125    -0.6137  -1931674. -2000.0000   0.007174  2681.7630  4.744E+10      0.000      0.000      0.000
    19.550    -0.5777  -1949987. -2000.0000   0.006965  2700.6036  4.744E+10      0.000      0.000      0.000
    19.975    -0.5427  -1968059. -2000.0000   0.006755  2719.1968  4.744E+10      0.000      0.000      0.000
    20.400    -0.5088  -1985889. -2000.0000   0.006542  2737.5401  4.744E+10      0.000      0.000      0.000
    20.825    -0.4759  -2003474. -2000.0000   0.006328  2755.6313  4.744E+10      0.000      0.000      0.000
    21.250    -0.4442  -2020811. -2000.0000   0.006111  2773.4683  4.744E+10      0.000      0.000      0.000
    21.675    -0.4136  -2037899. -1980.3560   0.005893  2791.0488  4.744E+10     7.7035    94.9897      0.000
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    22.100    -0.3841  -2054536. -1888.1396   0.005673  2808.1644  4.744E+10    28.4597   377.8757      0.000
    22.525    -0.3557  -2070179. -1686.6772   0.005452  2824.2578  4.744E+10    50.5452   724.6386      0.000
    22.950    -0.3285  -2084251. -1373.6988   0.005228  2838.7358  4.744E+10    72.1915  1120.7770      0.000
    23.375    -0.3024  -2096189.  -954.1779   0.005003  2851.0174  4.744E+10    92.3265  1557.0486      0.000
    23.800    -0.2775  -2105467.  -439.4432   0.004778  2860.5625  4.744E+10   109.5302  2013.2357      0.000
    24.225    -0.2537  -2111636.   158.3179   0.004551  2866.9093  4.744E+10   124.8859  2510.7401      0.000
    24.650    -0.2310  -2114296.   824.7906   0.004324  2869.6463  4.744E+10   136.4760  3012.4963      0.000
    25.075    -0.2096  -2113146.  1541.9303   0.004096  2868.4629  4.744E+10   144.7553  3522.6070      0.000
    25.500    -0.1893  -2107970.  2292.5863   0.003870  2863.1377  4.744E+10   149.6196  4031.7489      0.000
    25.925    -0.1701  -2098642.  3057.2373   0.003643  2853.5413  4.744E+10   150.2435  4504.4966      0.000
    26.350    -0.1521  -2085148.  4066.0639   0.003419  2839.6581  4.744E+10   245.3747  8227.5568      0.000
    26.775    -0.1352  -2065014.  5337.3030   0.003195  2818.9442  4.744E+10   253.1504  9546.6820      0.000
    27.200    -0.1195  -2038041.  6625.0729   0.002975  2791.1941  4.744E+10   251.8574     10748.      0.000
    27.625    -0.1049  -2004265.  7907.4972   0.002758  2756.4458  4.744E+10   251.0541     12206.      0.000
    28.050    -0.0914  -1963713.  9160.9232   0.002544  2714.7250  4.744E+10   240.4855     13422.      0.000
    28.475    -0.0789  -1916663.     10335.   0.002336  2666.3198  4.744E+10   220.0836     14218.      0.000
    28.900    -0.0676  -1863652.     11430.   0.002132  2611.7821  4.744E+10   209.1911     15792.      0.000
    29.325    -0.0572  -1804971.     12492.   0.001935  2551.4100  4.744E+10   207.1074     18468.      0.000
    29.750    -0.0478  -1740679.     13532.   0.001745  2485.2668  4.744E+10   200.9353     21431.      0.000
    30.175    -0.0394  -1670947.     14532.   0.001561  2413.5257  4.744E+10   191.1786     24748.      0.000
    30.600    -0.0319  -1596036.     15495.   0.001386  2336.4568  4.744E+10   186.6262     29843.      0.000
    31.025    -0.0253  -1516074.     16427.   0.001218  2254.1913  4.744E+10   178.8918     36112.      0.000
    31.450    -0.0195  -1431272.     17312.   0.001060  2166.9463  4.744E+10   167.8592     43976.      0.000
    31.875    -0.0145  -1341927.     18131.   0.000911  2075.0279  4.744E+10   153.3859     54120.      0.000
    32.300    -0.0102  -1248427.     18867.   0.000772  1978.8347  4.744E+10   135.2427     67773.      0.000
    32.725  -0.006585  -1151256.     19465.   0.000643  1878.8641  4.744E+10    99.4515     77026.      0.000
    33.150  -0.003624  -1051356.     19864.   0.000524  1776.0860  4.744E+10    57.0393     80277.      0.000
    33.575  -0.001239   -949842.     20062.   0.000417  1671.6482  4.744E+10    20.2933     83528.      0.000
    34.000   0.000625   -847683.     20086.   0.000320  1566.5468  4.744E+10   -10.6311     86779.      0.000
    34.425   0.002024   -745697.     19968.   0.000234  1461.6223  4.744E+10   -35.7267     90031.      0.000
    34.850   0.003014   -644547.     19736.   0.000159  1357.5591  4.744E+10   -55.1274     93282.      0.000
    35.275   0.003651   -544752.     19420.  9.557E-05  1254.8893  4.744E+10   -69.1009     96533.      0.000
    35.700   0.003989   -446688.     19044.  4.227E-05  1153.9995  4.744E+10   -78.0421     99784.      0.000
    36.125   0.004082   -350597.     17831. -5.910E-07  1055.1413  4.744E+10  -397.7200    496925.      0.000
    36.550   0.003983   -264809.     15782. -3.367E-05   966.8813  4.744E+10  -405.7226    519541.      0.000
    36.975   0.003738   -189540.     13703. -5.810E-05   889.4445  4.744E+10  -409.8283    559099.      0.000
    37.400   0.003390   -124908.     11611. -7.500E-05   822.9504  4.744E+10  -410.4572    617480.      0.000
    37.825   0.002973    -70936.  9524.3652 -8.553E-05   767.4239  4.744E+10  -407.8190    699503.      0.000
    38.250   0.002518    -27563.  7459.4501 -9.082E-05   722.8014  4.744E+10  -401.9516    814212.      0.000
    38.675   0.002047  5358.7836  5433.0625 -9.202E-05   699.9576  4.744E+10  -392.7102    978441.      0.000
    39.100   0.001579     28065.  3463.4018 -9.022E-05   723.3184  4.744E+10  -379.7058   1226309.      0.000
    39.525   0.001127     40893.  1571.5431 -8.651E-05   736.5150  4.744E+10  -362.1995   1639504.      0.000
    39.950   0.000697     44294.  -217.1016 -8.194E-05   740.0142  4.744E+10  -339.2297   2483309.      0.000
    40.375   0.000291     38866. -1570.6514 -6.456E-05     13859.  6.612E+09  -191.5741   3358014.      0.000
    40.800  3.812E-05     28421. -2135.1043 -3.861E-05     13670.  6.612E+09   -29.7799   3984375.      0.000
    41.225  -0.000103     17177. -2006.0166 -2.103E-05     13468.  6.612E+09    80.4025   3984375.      0.000
    41.650  -0.000176  8008.1818 -1479.7505 -1.132E-05     13302.  6.612E+09   125.9764   3642594.      0.000
    42.075  -0.000218  2109.2186  -786.7841 -7.414E-06     13196.  6.612E+09   145.7751   3404995.      0.000
    42.500  -0.000252      0.000      0.000 -6.601E-06     13158.  6.612E+09   162.7676   1647008.      0.000

* The above values of total stress are combined axial and bending stresses. 

Output Summary for Load Case No. 4:

Pile-head deflection             =     -3.1589342 inches
Computed slope at pile head      =      0.0141703 radians
Maximum bending moment           =      -2114296. inch-lbs
Maximum shear force              =         20086. lbs
Depth of maximum bending moment  =     24.6500000 feet below pile head
Depth of maximum shear force     =     34.0000000 feet below pile head
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Number of iterations             =              6
Number of zero deflection points =              2

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 4
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =          -2000.  lb
Moment     =        -900000. in- lb
Axial Load =         225000.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    42.5000    -3.1589342     -2114296.        20086.
    40.3750    -3.1540889     -2113718.        19632.
    38.2500    -3.2923497     -2136248.        22425.
    36.1250    -4.9656123     -2427013.        33524.

--------------------------------------------------------------------------------
                           Summary of Pile Response(s)
--------------------------------------------------------------------------------

Definitions of Pile-head Loading Conditions:

Load Type 1: Load 1 = Shear, lbs, and Load 2 = Moment, in-lbs
Load Type 2: Load 1 = Shear, lbs, and Load 2 = Slope, radians
Load Type 3: Load 1 = Shear, lbs, and Load 2 = Rotational Stiffness, in-lbs/radian
Load Type 4: Load 1 = Top Deflection, inches, and Load 2 = Moment, in-lbs
Load Type 5: Load 1 = Top Deflection, inches, and Load 2 = Slope, radians

               Pile-head      Pile-head                                      Maximum        Maximum                  
Load  Load    Condition 1    Condition 2        Axial        Pile-head       Moment          Shear        Pile-head  
Case  Type    V(lbs) or     in-lb, rad.,       Loading      Deflection       in Pile        in Pile       Rotation   
 No.   No.    y(inches)     or in-lb/rad.        lbs          inches         in-lbs           lbs          radians   
----  ----  --------------  --------------  -------------  -------------  -------------  -------------  -------------
  1     1   V = -2000.0000  M =   -456000.         65000.    -1.55342274      -1113957.         10783.     0.00707618
  2     1   V = -1000.0000  M =   -564000.        157000.    -1.47959379      -1054958.         10047.     0.00707321
  3     1   V = -3000.0000  M =   -708000.         89000.    -2.61433591      -1778330.         17202.     0.01159030
  4     1   V = -2000.0000  M =   -900000.        225000.    -3.15893419      -2114296.         20086.     0.01417027

The analysis ended normally. 
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Lateral Pile Deflection (inches)
S-51 over Black Mingo Creek - IB2 - Longitudinal Loads
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Lateral Pile Deflection (inches)
S-51 over Black Mingo Creek - IB2 - Longitudinal Loads
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Bending Moment (in-kips)
S-51 over Black Mingo Creek - IB2 - Longitudinal Loads
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Pile Length (ft)

S-51 over Black Mingo Creek - IB2 - Longitudinal Loads
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Pile Length (ft)

S-51 over Black Mingo Creek - IB2 - Longitudinal Loads
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IB2_Trans.lp7o
================================================================================

                  LPile Plus for Windows, Version 2013-07.007

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                          © 1985-2013 by Ensoft, Inc.           
                              All Rights Reserved               

================================================================================

This copy of LPile is used by:      

John Hamilton
F&ME, Inc.

Serial Number of Security Device:  228740981
This copy of LPile is licensed for exclusive use by:  F&ME Consultants, Charlotte, Nor

Use of this program by any entity other than F&ME Consultants, Charlotte, Nor
is forbidden by the software license agreement.

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:        P:\Geotechnical\G5500's\G5556.000 - Emergency Bridge Pkg 4 - Design Build\G5556.02 - S-51 over Black Mingo 
Creek\Reports\Final Report\Bridge\LPile\
Name of input data file:       IB2_Trans.lp7d
Name of output report file:    IB2_Trans.lp7o
Name of plot output file:      IB2_Trans.lp7p
Name of runtime messeage file: IB2_Trans.lp7r

--------------------------------------------------------------------------------
                           Date and Time of Analysis
--------------------------------------------------------------------------------

               Date:  February 15, 2016     Time:  18:51:00

--------------------------------------------------------------------------------
                                Problem Title
--------------------------------------------------------------------------------

Project Name: S-51 RBO Black Mingo Creek                                                                                                      
                                                                                                                 
Job Number: G5556.02 (F&ME); P029461 (SCDOT)                                                                                                  
                                                                                                                 
Client: ICE                                                                                                                                   
                                                                                                                 
Engineer: JFH                                                                                                                                 
                                                                                                                 
Description: IB2 18" Square PSC Pile - Transverse Loads                                                                                       
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--------------------------------------------------------------------------------
                           Program Options and Settings
--------------------------------------------------------------------------------

Engineering Units of Input Data and Computations:
 - Engineering units are US Customary Units (pounds, feet, inches)

Analysis Control Options:
- Maximum number of iterations allowed                 =          500
- Deflection tolerance for convergence                 =   1.0000E-02 in
- Maximum allowable deflection                         =     100.0000 in
- Number of pile increments                            =          100

Loading Type and Number of Cycles of Loading:
 - Static loading specified

Computational Options:
 - Use unfactored loads in computations (conventional analysis)
 - Compute pile response under loading and nonlinear bending properties of pile
   (only if nonlinear pile properties are input)
 - Use of p-y modification factors for p-y curves not selected
 - Loading by lateral soil movements acting on pile not selected
 - Input of shear resistance at the pile tip not selected
 - Computation of pile-head foundation stiffness matrix not selected
 - Push-over analysis of pile not selected
 - Buckling analysis of pile not selected

Output Options:
 - No p-y curves to be computed and reported for user-specified depths
 - Report only summary tables of pile-head deflection, maximum bending moment,
   and maximum shear force in output report file.

--------------------------------------------------------------------------------
                    Pile Structural Properties and Geometry
--------------------------------------------------------------------------------

Total number of pile sections                          =          2

Total length of pile                                   =      42.50 ft

Depth of ground surface below top of pile              =      21.50 ft

Pile diameter values used for p-y curve computations are defined using 4 points.

p-y curves are computed using pile diameter values interpolated with depth over 
the length of the pile.

Point         Depth              Pile   
                X              Diameter 
                ft                in
-----       ---------        -----------
  1           0.00000         18.0000000
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  2         40.000000         18.0000000
  3         40.000000          8.2200000
  4         42.500000          8.2200000

Input Structural Properties:
----------------------------

Pile Section No. 1:

   Section Type                                        =    Elastic Pile
   Cross-sectional Shape                               =     Rectangular
   Section Length                                      =     40.00000 ft
   Top Width                                           =     18.00000 in
   Bottom Width                                        =     18.00000 in
   Top Section Depth                                   =     18.00000 in
   Bottom Section Depth                                =     18.00000 in
   Top Area                                            =    324.00000 Sq. in
   Bottom Area                                         =    324.00000 Sq. in
   Moment of Inertia at Top                            =   8748.00000 in^4
   Moment of Inertia at Bottom                         =   8748.00000 in^4
   Elastic Modulus                                     =     5422453. lbs/in^2

Pile Section No. 2:

   Section Type                                        =    Elastic Pile
   Cross-sectional Shape                               =   Strong H-Pile
   Section Length                                      =      2.50000 ft
   Flange Width                                        =      8.22000 in
   Section Depth                                       =      8.75000 in
   Flange Thickness                                    =      0.81000 in
   Web Thickness                                       =      0.51000 in
   Section Area                                        =     17.10000 Sq. in
   Moment of Inertia                                   =     75.00000 in^4
   Elastic Modulus                                     =    29000000. lbs/in^2

--------------------------------------------------------------------------------
                      Ground Slope and Pile Batter Angles
--------------------------------------------------------------------------------

Ground Slope Angle                                     =        0.000 degrees
                                                       =        0.000 radians

Pile Batter Angle                                      =        0.000 degrees
                                                       =        0.000 radians

--------------------------------------------------------------------------------
                       Soil and Rock Layering Information
--------------------------------------------------------------------------------

The soil profile is modelled using 3 layers

Layer 1 is sand, p-y criteria by Reese et al., 1974
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   Distance from top of pile to top of layer           =     21.50000 ft
   Distance from top of pile to bottom of layer        =     26.00000 ft
   Effective unit weight at top of layer               =     48.00000 pcf
   Effective unit weight at bottom of layer            =     48.00000 pcf
   Friction angle at top of layer                      =     32.00000 deg.
   Friction angle at bottom of layer                   =     32.00000 deg.
   Subgrade k at top of layer                          =     30.00000 pci
   Subgrade k at bottom of layer                       =     30.00000 pci

Layer 2 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     26.00000 ft
   Distance from top of pile to bottom of layer        =     36.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     40.00000 deg.
   Friction angle at bottom of layer                   =     40.00000 deg.
   Subgrade k at top of layer                          =    125.00000 pci
   Subgrade k at bottom of layer                       =    125.00000 pci

Layer 3 is stiff clay without free water

   Distance from top of pile to top of layer           =     36.00000 ft
   Distance from top of pile to bottom of layer        =    100.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Undrained cohesion at top of layer                  =   2500.00000 psf
   Undrained cohesion at bottom of layer               =   2500.00000 psf
   Epsilon-50 at top of layer                          =      0.00500 
   Epsilon-50 at bottom of layer                       =      0.00500 

   (Depth of lowest soil layer extends   57.50 ft below pile tip)

--------------------------------------------------------------------------------
                           Summary of Soil Properties
--------------------------------------------------------------------------------

                      Layer                     Layer      Effective    Undrained    Angle of      Strain                   
Layer               Soil Type                   Depth       Unit Wt.    Cohesion     Friction      Factor        kpy        
 Num.         (p-y Curve Criteria)               ft           pcf          psf          deg.     Epsilon 50      pci        
-----   ----------------------------------   ----------   ----------   ----------   ----------   ----------   ----------    
  1     Sand (Reese, et al.)                     21.500       48.000       --           32.000       --           30.000   
                                                 26.000       48.000       --           32.000       --           30.000   
  2     Sand (Reese, et al.)                     26.000       53.000       --           40.000       --          125.000   
                                                 36.000       53.000       --           40.000       --          125.000   
  3     Stiff Clay w/o Free Water                36.000       53.000     2500.000       --          0.00500       --       
                                                100.000       53.000     2500.000       --          0.00500       --       

--------------------------------------------------------------------------------
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                                 Loading Type
--------------------------------------------------------------------------------

Static loading criteria were used when computing p-y curves for all analyses.

--------------------------------------------------------------------------------
               Pile-head Loading and Pile-head Fixity Conditions
--------------------------------------------------------------------------------

Number of loads specified = 2

Load    Load         Condition               Condition            Axial Thrust            Compute
 No.    Type             1                       2                 Force, lbs      Top y vs. Pile Length
-----   ----   --------------------   -----------------------   ----------------   ---------------------
   1     2     V =   2000.00000 lbs   S =       0.0000 in/in             92000.             Yes 
   2     2     V =   3000.00000 lbs   S =       0.0000 in/in            122000.             Yes 

V = perpendicular shear force applied to pile head
M = bending moment applied to pile head
y = lateral deflection relative to pile axis
S = pile slope relative to original pile batter angle
R = rotational stiffness applie to pile head
Axial thrust is assumed to be acting axially for all pile batter angles.

--------------------------------------------------------------------------------
    Computations of Nominal Moment Capacity and Nonlinear Bending Stiffness
--------------------------------------------------------------------------------

Axial thrust force values were determined from pile-head loading conditions

Number of Pile Sections Analyzed = 2

Pile Section No. 1:
-------------------
Moment-curvature properties were derived from elastic section properties

Pile Section No. 2:
-------------------
Moment-curvature properties were derived from elastic section properties

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 1
--------------------------------------------------------------------------------

Boundary Condition Type 2, Shear and Slope

Shear      =           2000.  lb
Slope      =         0.00000
Axial Load =          92000.  lb
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    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    42.5000     0.1870996      -377990. -2758.7838397
    40.3750     0.1866880      -377761. -2714.0264433
    38.2500     0.1855242      -377081. -2618.8087284
    36.1250     0.1915432      -381196. -3026.1113910
    34.0000     0.2136025      -397865. -3602.5685706
    31.8750     0.2733102      -449941. -3481.4695949
    29.7500     0.3643478      -540049. -2212.3969083
    27.6250     0.4163203      -603561.  2000.0000013
    25.5000     0.4208999      -608508.  2000.0000006
    25.5000      0.000000   2131957412.    348502857.
    25.5000      0.000000   2131957412.    348502857.
    25.5000      0.000000   2131957412.    348502857.
    25.5000      0.000000   2131957412.    348502857.
    25.5000      0.000000   2131957412.    348502857.
    25.5000      0.000000   2131957412.    348502857.
    25.5000      0.000000   2131957412.    348502857.
    25.5000      0.000000   2131957412.    348502857.
    25.5000      0.000000   2131957412.    348502857.
    25.5000      0.000000   2131957412.    348502857.
    25.5000      0.000000   2131957412.    348502857.

--------------------------------------------------------------------------------
                 Computed Values of Pile Loading and Deflection
                   for Lateral Loading for Load Case Number 2
--------------------------------------------------------------------------------

Pile-head conditions are Shear and Pile-head Rotation (Loading Type 2)

Shear force at pile head                               =       3000.0 lbs
Rotation of pile head                                  =    0.000E+00 radians
Axial load at pile head                                =     122000.0 lbs

(Zero slope for this load indicates fixed-head conditions)

   Depth    Deflect.    Bending    Shear       Slope      Total    Bending   Soil Res.  Soil Spr.   Distrib. 
     X         y        Moment     Force         S       Stress   Stiffness      p         Es*h    Lat. Load 
   feet      inches     in-lbs      lbs       radians     psi*      lb-in^2    lb/in      lb/inch    lb/inch 
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
      0.00     0.2846   -571985.  3000.0000      0.000   965.0052  4.744E+10      0.000      0.000      0.000
     0.425     0.2844   -556666.  3000.0000 -6.067E-05   949.2447  4.744E+10      0.000      0.000      0.000
     0.850     0.2839   -541310.  3000.0000  -0.000120   933.4460  4.744E+10      0.000      0.000      0.000
     1.275     0.2832   -525917.  3000.0000  -0.000177   917.6100  4.744E+10      0.000      0.000      0.000
     1.700     0.2821   -510489.  3000.0000  -0.000233   901.7378  4.744E+10      0.000      0.000      0.000
     2.125     0.2808   -495027.  3000.0000  -0.000287   885.8305  4.744E+10      0.000      0.000      0.000
     2.550     0.2792   -479532.  3000.0000  -0.000339   869.8891  4.744E+10      0.000      0.000      0.000
     2.975     0.2774   -464005.  3000.0000  -0.000390   853.9147  4.744E+10      0.000      0.000      0.000
     3.400     0.2752   -448447.  3000.0000  -0.000439   837.9084  4.744E+10      0.000      0.000      0.000
     3.825     0.2729   -432859.  3000.0000  -0.000486   821.8712  4.744E+10      0.000      0.000      0.000
     4.250     0.2703   -417242.  3000.0000  -0.000532   805.8043  4.744E+10      0.000      0.000      0.000
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     4.675     0.2675   -401597.  3000.0000  -0.000576   789.7086  4.744E+10      0.000      0.000      0.000
     5.100     0.2644   -385925.  3000.0000  -0.000618   773.5852  4.744E+10      0.000      0.000      0.000
     5.525     0.2611   -370227.  3000.0000  -0.000659   757.4354  4.744E+10      0.000      0.000      0.000
     5.950     0.2577   -354505.  3000.0000  -0.000698   741.2600  4.744E+10      0.000      0.000      0.000
     6.375     0.2540   -338759.  3000.0000  -0.000735   725.0602  4.744E+10      0.000      0.000      0.000
     6.800     0.2502   -322990.  3000.0000  -0.000771   708.8371  4.744E+10      0.000      0.000      0.000
     7.225     0.2462   -307199.  3000.0000  -0.000805   692.5918  4.744E+10      0.000      0.000      0.000
     7.650     0.2420   -291388.  3000.0000  -0.000837   676.3254  4.744E+10      0.000      0.000      0.000
     8.075     0.2376   -275558.  3000.0000  -0.000867   660.0389  4.744E+10      0.000      0.000      0.000
     8.500     0.2331   -259709.  3000.0000  -0.000896   643.7334  4.744E+10      0.000      0.000      0.000
     8.925     0.2285   -243843.  3000.0000  -0.000923   627.4100  4.744E+10      0.000      0.000      0.000
     9.350     0.2237   -227960.  3000.0000  -0.000949   611.0699  4.744E+10      0.000      0.000      0.000
     9.775     0.2188   -212062.  3000.0000  -0.000972   594.7141  4.744E+10      0.000      0.000      0.000
    10.200     0.2138   -196150.  3000.0000  -0.000994   578.3437  4.744E+10      0.000      0.000      0.000
    10.625     0.2087   -180225.  3000.0000  -0.001014   561.9598  4.744E+10      0.000      0.000      0.000
    11.050     0.2034   -164288.  3000.0000  -0.001033   545.5635  4.744E+10      0.000      0.000      0.000
    11.475     0.1981   -148339.  3000.0000  -0.001050   529.1559  4.744E+10      0.000      0.000      0.000
    11.900     0.1927   -132381.  3000.0000  -0.001065   512.7380  4.744E+10      0.000      0.000      0.000
    12.325     0.1873   -116414.  3000.0000  -0.001078   496.3111  4.744E+10      0.000      0.000      0.000
    12.750     0.1817   -100440.  3000.0000  -0.001090   479.8761  4.744E+10      0.000      0.000      0.000
    13.175     0.1762    -84458.  3000.0000  -0.001100   463.4343  4.744E+10      0.000      0.000      0.000
    13.600     0.1705    -68471.  3000.0000  -0.001108   446.9866  4.744E+10      0.000      0.000      0.000
    14.025     0.1648    -52479.  3000.0000  -0.001115   430.5342  4.744E+10      0.000      0.000      0.000
    14.450     0.1592    -36484.  3000.0000  -0.001119   414.0782  4.744E+10      0.000      0.000      0.000
    14.875     0.1534    -20486.  3000.0000  -0.001122   397.6197  4.744E+10      0.000      0.000      0.000
    15.300     0.1477 -4487.2923  3000.0000  -0.001124   381.1598  4.744E+10      0.000      0.000      0.000
    15.725     0.1420     11512.  3000.0000  -0.001123   388.3869  4.744E+10      0.000      0.000      0.000
    16.150     0.1362     27511.  3000.0000  -0.001121   404.8463  4.744E+10      0.000      0.000      0.000
    16.575     0.1305     43507.  3000.0000  -0.001117   421.3039  4.744E+10      0.000      0.000      0.000
    17.000     0.1248     59501.  3000.0000  -0.001112   437.7584  4.744E+10      0.000      0.000      0.000
    17.425     0.1192     75491.  3000.0000  -0.001105   454.2089  4.744E+10      0.000      0.000      0.000
    17.850     0.1136     91476.  3000.0000  -0.001096   470.6541  4.744E+10      0.000      0.000      0.000
    18.275     0.1080    107454.  3000.0000  -0.001085   487.0931  4.744E+10      0.000      0.000      0.000
    18.700     0.1025    123426.  3000.0000  -0.001073   503.5247  4.744E+10      0.000      0.000      0.000
    19.125     0.0971    139389.  3000.0000  -0.001058   519.9477  4.744E+10      0.000      0.000      0.000
    19.550     0.0917    155343.  3000.0000  -0.001043   536.3612  4.744E+10      0.000      0.000      0.000
    19.975     0.0864    171287.  3000.0000  -0.001025   552.7640  4.744E+10      0.000      0.000      0.000
    20.400     0.0813    187219.  3000.0000  -0.001006   569.1550  4.744E+10      0.000      0.000      0.000
    20.825     0.0762    203138.  3000.0000  -0.000985   585.5331  4.744E+10      0.000      0.000      0.000
    21.250     0.0712    219044.  3000.0000  -0.000962   601.8973  4.744E+10      0.000      0.000      0.000
    21.675     0.0664    234935.  2989.3380  -0.000938   618.2463  4.744E+10    -4.1812   321.3000      0.000
    22.100     0.0617    250702.  2944.7189  -0.000912   634.4673  4.744E+10   -13.3165  1101.6000      0.000
    22.525     0.0571    266106.  2857.0619  -0.000884   650.3148  4.744E+10   -21.0588  1881.9000      0.000
    22.950     0.0526    280944.  2733.2986  -0.000854   665.5803  4.744E+10   -27.4758  2662.2000      0.000
    23.375     0.0484    295049.  2580.0040  -0.000823   680.0914  4.744E+10   -32.6398  3442.5000      0.000
    23.800     0.0442    308285.  2403.3715  -0.000791   693.7087  4.744E+10   -36.6279  4222.8000      0.000
    24.225     0.0403    320548.  2209.1903  -0.000757   706.3246  4.744E+10   -39.5216  5003.1000      0.000
    24.650     0.0365    331761.  2002.8249  -0.000722   717.8609  4.744E+10   -41.4060  5783.4000      0.000
    25.075     0.0329    341875.  1789.1966  -0.000686   728.2664  4.744E+10   -42.3698  6563.7000      0.000
    25.500     0.0295    350864.  1572.7675  -0.000649   737.5146  4.744E+10   -42.5044  7344.0000      0.000
    25.925     0.0263    358724.  1357.5269  -0.000611   745.6012  4.744E+10   -41.9037  8124.3000      0.000
    26.350     0.0233    365471.   923.7256  -0.000572   752.5418  4.744E+10  -128.2145     28077.      0.000
    26.775     0.0205    368858.   275.5437  -0.000532   756.0264  4.744E+10  -125.9746     31379.      0.000
    27.200     0.0179    368943.  -345.2980  -0.000492   756.1146  4.744E+10  -117.4928     33547.      0.000
    27.625     0.0155    365948.  -921.0210  -0.000453   753.0334  4.744E+10  -108.2809     35740.      0.000
    28.050     0.0132    360113. -1438.1959  -0.000414   747.0295  4.744E+10   -94.5327     36409.      0.000
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    28.475     0.0112    351794. -1876.6386  -0.000376   738.4711  4.744E+10   -77.4055     35155.      0.000
    28.900   0.009410    341438. -2247.8141  -0.000338   727.8173  4.744E+10   -68.1535     36937.      0.000
    29.325   0.007778    329287. -2586.7408  -0.000302   715.3162  4.744E+10   -64.7589     42462.      0.000
    29.750   0.006326    315430. -2905.0678  -0.000268   701.0595  4.744E+10   -60.0752     48430.      0.000
    30.175   0.005048    299989. -3197.1752  -0.000235   685.1736  4.744E+10   -54.4768     55041.      0.000
    30.600   0.003934    283111. -3455.6099  -0.000203   667.8092  4.744E+10   -46.8702     60769.      0.000
    31.025   0.002975    264994. -3670.3466  -0.000174   649.1712  4.744E+10   -37.3403     64021.      0.000
    31.450   0.002161    245889. -3838.2509  -0.000146   629.5157  4.744E+10   -28.5045     67272.      0.000
    31.875   0.001482    226026. -3963.2011  -0.000121   609.0806  4.744E+10   -20.4956     70523.      0.000
    32.300   0.000927    205615. -4049.6710 -9.774E-05   588.0814  4.744E+10   -13.4141     73774.      0.000
    32.725   0.000485    184841. -4102.5632 -7.675E-05   566.7092  4.744E+10    -7.3279     77026.      0.000
    33.150   0.000144    163865. -4127.0465 -5.801E-05   545.1281  4.744E+10    -2.2734     80277.      0.000
    33.575  -0.000106    142818. -4128.3963 -4.152E-05   523.4749  4.744E+10     1.7441     83528.      0.000
    34.000  -0.000279    121807. -4111.8393 -2.730E-05   501.8586  4.744E+10     4.7489     86779.      0.000
    34.425  -0.000385    100911. -4082.4027 -1.532E-05   480.3609  4.744E+10     6.7948     90031.      0.000
    34.850  -0.000435     80185. -4044.7688 -5.588E-06   459.0382  4.744E+10     7.9636     93282.      0.000
    35.275  -0.000442     59661. -4003.1321  1.929E-06   437.9230  4.744E+10     8.3645     96533.      0.000
    35.700  -0.000416     39351. -3961.0617  7.252E-06   417.0275  4.744E+10     8.1337     99784.      0.000
    36.125  -0.000368     19249. -3394.9690  1.040E-05   396.3470  4.744E+10   213.8634   2964342.      0.000
    36.550  -0.000310  4709.1294 -2372.6648  1.169E-05   381.3880  4.744E+10   187.0401   3080955.      0.000
    36.975  -0.000249 -4966.4351 -1504.2991  1.168E-05   381.6527  4.744E+10   153.4954   3147632.      0.000
    37.400  -0.000191    -10649.  -806.6961  1.084E-05   387.4992  4.744E+10   120.0744   3214312.      0.000
    37.825  -0.000138    -13208.  -273.8409  9.554E-06   390.1319  4.744E+10    88.8884   3280992.      0.000
    38.250 -9.306E-05    -13454.   108.5980  8.121E-06   390.3851  4.744E+10    61.0876   3347674.      0.000
    38.675 -5.534E-05    -12111.   358.8393  6.747E-06   389.0027  4.744E+10    37.0462   3414357.      0.000
    39.100 -2.425E-05 -9802.5517   495.5119  5.569E-06   386.6281  4.744E+10    16.5508   3481041.      0.000
    39.525  1.464E-06 -7063.3346   535.1192  4.662E-06   383.8100  4.744E+10    -1.0185   3547727.      0.000
    39.950  2.330E-05 -4350.1373   490.4074  4.048E-06   381.0187  4.744E+10   -16.5155   3614413.      0.000
    40.375  4.276E-05 -2066.2174   363.1111  1.392E-06  7247.7316  2.175E+09   -33.4046   3984375.      0.000
    40.800  3.750E-05  -648.1368   203.2163 -1.790E-06  7170.0208  2.175E+09   -29.2992   3984375.      0.000
    41.225  2.450E-05     8.8171    79.7002 -2.540E-06  7134.9861  2.175E+09   -19.1385   3984375.      0.000
    41.650  1.160E-05   167.9661     7.7937 -2.333E-06  7143.7075  2.175E+09    -9.0601   3984375.      0.000
    42.075  7.053E-07    91.2159   -16.7148 -2.029E-06  7139.5016  2.175E+09    -0.5510   3984375.      0.000
    42.500 -9.095E-06      0.000      0.000 -1.922E-06  7134.5029  2.175E+09     7.1059   1992187.      0.000

* The above values of total stress are combined axial and bending stresses. 

Output Summary for Load Case No. 2:

Pile-head deflection             =      0.2845687 inches
Computed slope at pile head      =       0.000000 radians
Maximum bending moment           =       -571985. inch-lbs
Maximum shear force              =  -4128.3963445 lbs
Depth of maximum bending moment  =       0.000000 feet below pile head
Depth of maximum shear force     =     33.5750000 feet below pile head
Number of iterations             =              6
Number of zero deflection points =              3

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 2
--------------------------------------------------------------------------------

Boundary Condition Type 2, Shear and Slope
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Shear      =           3000.  lb
Slope      =         0.00000
Axial Load =         122000.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    42.5000     0.2845687      -571985. -4128.3963445
    40.3750     0.2836994      -571503. -4061.7781239
    38.2500     0.2815841      -570277. -3916.0563040
    36.1250     0.2951638      -579321. -4604.8386773
    34.0000     0.3411847      -613590. -5284.6099862
    31.8750     0.4459600      -706118. -4799.3429626
    29.7500     0.5886405      -850874.  3000.0000000
    27.6250     0.6546065      -937362.  3000.0000012
    25.5000     0.6619076      -938152.  3000.0000008
    25.5000      0.000000   3352727747.    548049554.
    25.5000      0.000000   3352727747.    548049554.
    25.5000      0.000000   3352727747.    548049554.
    25.5000      0.000000   3352727747.    548049554.
    25.5000      0.000000   3352727747.    548049554.
    25.5000      0.000000   3352727747.    548049554.
    25.5000      0.000000   3352727747.    548049554.
    25.5000      0.000000   3352727747.    548049554.
    25.5000      0.000000   3352727747.    548049554.
    25.5000      0.000000   3352727747.    548049554.
    25.5000      0.000000   3352727747.    548049554.

--------------------------------------------------------------------------------
                           Summary of Pile Response(s)
--------------------------------------------------------------------------------

Definitions of Pile-head Loading Conditions:

Load Type 1: Load 1 = Shear, lbs, and Load 2 = Moment, in-lbs
Load Type 2: Load 1 = Shear, lbs, and Load 2 = Slope, radians
Load Type 3: Load 1 = Shear, lbs, and Load 2 = Rotational Stiffness, in-lbs/radian
Load Type 4: Load 1 = Top Deflection, inches, and Load 2 = Moment, in-lbs
Load Type 5: Load 1 = Top Deflection, inches, and Load 2 = Slope, radians

               Pile-head      Pile-head                                      Maximum        Maximum                  
Load  Load    Condition 1    Condition 2        Axial        Pile-head       Moment          Shear        Pile-head  
Case  Type    V(lbs) or     in-lb, rad.,       Loading      Deflection       in Pile        in Pile       Rotation   
 No.   No.    y(inches)     or in-lb/rad.        lbs          inches         in-lbs           lbs          radians   
----  ----  --------------  --------------  -------------  -------------  -------------  -------------  -------------
  1     2   V =  2000.0000  S =      0.000         92000.     0.18709959       -377990.     -2758.7838     0.00000000
  2     2   V =  3000.0000  S =      0.000        122000.     0.28456867       -571985.     -4128.3963     0.00000000

The analysis ended normally. 
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Lateral Pile Deflection (inches)
S-51 over Black Mingo Creek - IB2 - Transverse Loads
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Bending Moment (in-kips)
S-51 over Black Mingo Creek - IB2 - Transverse Loads
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Bending Moment (in-kips)
S-51 over Black Mingo Creek - IB2 - Transverse Loads
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Pile Length (ft)

S-51 over Black Mingo Creek - IB2 - Transverse Loads
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S-51 Emergency Bridge Replacement over Black Mingo Creek - Axial Capacity Analysis

Interior Bent 3 - 18" Square PSC Pile

JFH

APILE 2014.6.4

1Axial capacity analyses were modeled with a 18" Square PSC pile with no stinger
2The axial capacities shown are unfactored.
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IB3_Long.lp7o
================================================================================

                  LPile Plus for Windows, Version 2013-07.007

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                          © 1985-2013 by Ensoft, Inc.           
                              All Rights Reserved               

================================================================================

This copy of LPile is used by:      

John Hamilton
F&ME, Inc.

Serial Number of Security Device:  228740981
This copy of LPile is licensed for exclusive use by:  F&ME Consultants, Charlotte, Nor

Use of this program by any entity other than F&ME Consultants, Charlotte, Nor
is forbidden by the software license agreement.

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:        P:\Geotechnical\G5500's\G5556.000 - Emergency Bridge Pkg 4 - Design Build\G5556.02 - S-51 over Black 
Mingo Creek\Reports\Final Report\Bridge\LPile\
Name of input data file:       IB3_Long.lp7d
Name of output report file:    IB3_Long.lp7o
Name of plot output file:      IB3_Long.lp7p
Name of runtime messeage file: IB3_Long.lp7r

--------------------------------------------------------------------------------
                           Date and Time of Analysis
--------------------------------------------------------------------------------

               Date:  February 15, 2016     Time:  18:56:33

--------------------------------------------------------------------------------
                                Problem Title
--------------------------------------------------------------------------------

Project Name: S-51 RBO Jumping Run Creek                                                                                               
                                                                                                                        
Job Number: G5556.02 (F&ME); P029461 (SCDOT)                                                                                           
                                                                                                                        
Client: ICE                                                                                                                            
                                                                                                                        
Engineer: JFH                                                                                                                          
                                                                                                                        
Description: IB3 18" Square PSC Pile - Longitudinal Loads                                                                              
                                                                                                                        

--------------------------------------------------------------------------------
                           Program Options and Settings
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--------------------------------------------------------------------------------

Engineering Units of Input Data and Computations:
 - Engineering units are US Customary Units (pounds, feet, inches)

Analysis Control Options:
- Maximum number of iterations allowed                 =          500
- Deflection tolerance for convergence                 =   1.0000E-02 in
- Maximum allowable deflection                         =     100.0000 in
- Number of pile increments                            =          100

Loading Type and Number of Cycles of Loading:
 - Static loading specified

Computational Options:
 - Use unfactored loads in computations (conventional analysis)
 - Compute pile response under loading and nonlinear bending properties of pile
   (only if nonlinear pile properties are input)
 - Analysis uses p-y modification factors for p-y curves
 - Loading by lateral soil movements acting on pile not selected
 - Input of shear resistance at the pile tip not selected
 - Computation of pile-head foundation stiffness matrix not selected
 - Push-over analysis of pile not selected
 - Buckling analysis of pile not selected

Output Options:
 - No p-y curves to be computed and reported for user-specified depths
 - Report only summary tables of pile-head deflection, maximum bending moment,
   and maximum shear force in output report file.

--------------------------------------------------------------------------------
                    Pile Structural Properties and Geometry
--------------------------------------------------------------------------------

Total number of pile sections                          =          2

Total length of pile                                   =      51.50 ft

Depth of ground surface below top of pile              =      22.50 ft

Pile diameter values used for p-y curve computations are defined using 4 points.

p-y curves are computed using pile diameter values interpolated with depth over 
the length of the pile.

Point         Depth              Pile   
                X              Diameter 
                ft                in
-----       ---------        -----------
  1           0.00000         18.0000000
  2         49.000000         18.0000000
  3         49.000000          8.2200000
  4         51.500000          8.2200000

Input Structural Properties:
----------------------------

Pile Section No. 1:
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   Section Type                                        =    Elastic Pile
   Cross-sectional Shape                               =     Rectangular
   Section Length                                      =     49.00000 ft
   Top Width                                           =     18.00000 in
   Bottom Width                                        =     18.00000 in
   Top Section Depth                                   =     18.00000 in
   Bottom Section Depth                                =     18.00000 in
   Top Area                                            =    324.00000 Sq. in
   Bottom Area                                         =    324.00000 Sq. in
   Moment of Inertia at Top                            =   8748.00000 in^4
   Moment of Inertia at Bottom                         =   8748.00000 in^4
   Elastic Modulus                                     =     5422453. lbs/in^2

Pile Section No. 2:

   Section Type                                        =    Elastic Pile
   Cross-sectional Shape                               =   Strong H-Pile
   Section Length                                      =      2.50000 ft
   Flange Width                                        =      8.22000 in
   Section Depth                                       =      8.75000 in
   Flange Thickness                                    =      0.81000 in
   Web Thickness                                       =      0.51000 in
   Section Area                                        =     17.10000 Sq. in
   Moment of Inertia                                   =    228.00000 in^4
   Elastic Modulus                                     =    29000000. lbs/in^2

--------------------------------------------------------------------------------
                      Ground Slope and Pile Batter Angles
--------------------------------------------------------------------------------

Ground Slope Angle                                     =        0.000 degrees
                                                       =        0.000 radians

Pile Batter Angle                                      =        0.000 degrees
                                                       =        0.000 radians

--------------------------------------------------------------------------------
                       Soil and Rock Layering Information
--------------------------------------------------------------------------------

The soil profile is modelled using 2 layers

Layer 1 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     22.50000 ft
   Distance from top of pile to bottom of layer        =     38.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     40.00000 deg.
   Friction angle at bottom of layer                   =     40.00000 deg.
   Subgrade k at top of layer                          =    125.00000 pci
   Subgrade k at bottom of layer                       =    125.00000 pci

Layer 2 is stiff clay without free water

   Distance from top of pile to top of layer           =     38.00000 ft
   Distance from top of pile to bottom of layer        =     75.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
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   Effective unit weight at bottom of layer            =     53.00000 pcf
   Undrained cohesion at top of layer                  =   2500.00000 psf
   Undrained cohesion at bottom of layer               =   2500.00000 psf
   Epsilon-50 at top of layer                          =      0.00500 
   Epsilon-50 at bottom of layer                       =      0.00500 

   (Depth of lowest soil layer extends   23.50 ft below pile tip)

--------------------------------------------------------------------------------
                           Summary of Soil Properties
--------------------------------------------------------------------------------

                      Layer                     Layer      Effective    Undrained    Angle of      Strain                   
Layer               Soil Type                   Depth       Unit Wt.    Cohesion     Friction      Factor        kpy        
 Num.         (p-y Curve Criteria)               ft           pcf          psf          deg.     Epsilon 50      pci        
-----   ----------------------------------   ----------   ----------   ----------   ----------   ----------   ----------    
  1     Sand (Reese, et al.)                     22.500       53.000       --           40.000       --          125.000   
                                                 38.000       53.000       --           40.000       --          125.000   
  2     Stiff Clay w/o Free Water                38.000       53.000     2500.000       --          0.00500       --       
                                                 75.000       53.000     2500.000       --          0.00500       --       

--------------------------------------------------------------------------------
                   p-y Modification Factors for Group Action
--------------------------------------------------------------------------------

Distribution of p-y modifiers with depth defined using 2 points

Point      Depth X         p-mult         y-mult
 No.          ft
-----     ----------     ----------     ----------
  1           22.500         0.8700         1.0000
  2           51.000         0.8700         1.0000

--------------------------------------------------------------------------------
                                 Loading Type
--------------------------------------------------------------------------------

Static loading criteria were used when computing p-y curves for all analyses.

--------------------------------------------------------------------------------
               Pile-head Loading and Pile-head Fixity Conditions
--------------------------------------------------------------------------------

Number of loads specified = 4

Load    Load         Condition               Condition            Axial Thrust            Compute
 No.    Type             1                       2                 Force, lbs      Top y vs. Pile Length
-----   ----   --------------------   -----------------------   ----------------   ---------------------
   1     1     V =   2000.00000 lbs   M =      360000. in-lbs            77000.             Yes 
   2     1     V =   1000.00000 lbs   M =      468000. in-lbs           173000.             Yes 
   3     1     V =   3000.00000 lbs   M =      588000. in-lbs           104000.             Yes 
   4     1     V =   2000.00000 lbs   M =      780000. in-lbs           245000.             Yes 
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V = perpendicular shear force applied to pile head
M = bending moment applied to pile head
y = lateral deflection relative to pile axis
S = pile slope relative to original pile batter angle
R = rotational stiffness applie to pile head
Axial thrust is assumed to be acting axially for all pile batter angles.

--------------------------------------------------------------------------------
    Computations of Nominal Moment Capacity and Nonlinear Bending Stiffness
--------------------------------------------------------------------------------

Axial thrust force values were determined from pile-head loading conditions

Number of Pile Sections Analyzed = 2

Pile Section No. 1:
-------------------
Moment-curvature properties were derived from elastic section properties

Pile Section No. 2:
-------------------
Moment-curvature properties were derived from elastic section properties

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 1
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =           2000.  lb
Moment     =         360000. in- lb
Axial Load =          77000.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    51.5000     1.4225990      1041562. -9486.9131997
    48.9250     1.4237786      1042555. -9498.2926765
    46.3500     1.4221674      1041987. -9502.1123044
    43.7750     1.4226607      1042002. -9492.0573444
    41.2000     1.4258254      1042020. -9325.4336874
    38.6250     1.4368030      1042486. -9669.6563722
    36.0500     1.6403077      1052793.       -12916.
    33.4750     3.7888690      1180777.       -19848.
    30.9000   -24.7633459      -674227.        24441.
    28.3250   -15.6730454       360000.        10520.
    25.7500   -12.2580699       360000.  3480.1916615
    25.7500      0.000000 -61529107680.   9956166291.
    25.7500      0.000000 -61529107680.   9956166291.
    25.7500      0.000000 -61529107680.   9956166291.
    25.7500      0.000000 -61529107680.   9956166291.
    25.7500      0.000000 -61529107680.   9956166291.
    25.7500      0.000000 -61529107680.   9956166291.
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    25.7500      0.000000 -61529107680.   9956166291.
    25.7500      0.000000 -61529107680.   9956166291.
    25.7500      0.000000 -61529107680.   9956166291.

--------------------------------------------------------------------------------
                 Computed Values of Pile Loading and Deflection
                   for Lateral Loading for Load Case Number 2
--------------------------------------------------------------------------------

Pile-head conditions are Shear and Moment (Loading Type 1)

Shear force at pile head                               =       1000.0 lbs
Applied moment at pile head                            =     468000.0 in-lbs
Axial thrust load on pile head                         =     173000.0 lbs

   Depth    Deflect.    Bending    Shear       Slope      Total    Bending   Soil Res.  Soil Spr.   Distrib. 
     X         y        Moment     Force         S       Stress   Stiffness      p         Es*h    Lat. Load 
   feet      inches     in-lbs      lbs       radians     psi*      lb-in^2    lb/in      lb/inch    lb/inch 
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
      0.00     1.3323    468000.  1000.0000  -0.006307  1015.4321  4.744E+10      0.000      0.000      0.000
     0.515     1.2935    480890.  1000.0000  -0.006245  1028.6935  4.744E+10      0.000      0.000      0.000
     1.030     1.2551    493713.  1000.0000  -0.006181  1041.8859  4.744E+10      0.000      0.000      0.000
     1.545     1.2171    506467.  1000.0000  -0.006116  1055.0076  4.744E+10      0.000      0.000      0.000
     2.060     1.1795    519151.  1000.0000  -0.006049  1068.0568  4.744E+10      0.000      0.000      0.000
     2.575     1.1424    531763.  1000.0000  -0.005981  1081.0315  4.744E+10      0.000      0.000      0.000
     3.090     1.1056    544300.  1000.0000  -0.005911  1093.9300  4.744E+10      0.000      0.000      0.000
     3.605     1.0693    556762.  1000.0000  -0.005839  1106.7505  4.744E+10      0.000      0.000      0.000
     4.120     1.0335    569146.  1000.0000  -0.005766  1119.4913  4.744E+10      0.000      0.000      0.000
     4.635     0.9981    581450.  1000.0000  -0.005691  1132.1505  4.744E+10      0.000      0.000      0.000
     5.150     0.9631    593674.  1000.0000  -0.005614  1144.7263  4.744E+10      0.000      0.000      0.000
     5.665     0.9287    605815.  1000.0000  -0.005536  1157.2171  4.744E+10      0.000      0.000      0.000
     6.180     0.8947    617872.  1000.0000  -0.005456  1169.6211  4.744E+10      0.000      0.000      0.000
     6.695     0.8612    629842.  1000.0000  -0.005375  1181.9365  4.744E+10      0.000      0.000      0.000
     7.210     0.8283    641725.  1000.0000  -0.005292  1194.1617  4.744E+10      0.000      0.000      0.000
     7.725     0.7958    653519.  1000.0000  -0.005208  1206.2949  4.744E+10      0.000      0.000      0.000
     8.240     0.7639    665221.  1000.0000  -0.005122  1218.3345  4.744E+10      0.000      0.000      0.000
     8.755     0.7325    676831.  1000.0000  -0.005035  1230.2787  4.744E+10      0.000      0.000      0.000
     9.270     0.7017    688346.  1000.0000  -0.004946  1242.1260  4.744E+10      0.000      0.000      0.000
     9.785     0.6714    699766.  1000.0000  -0.004855  1253.8746  4.744E+10      0.000      0.000      0.000
    10.300     0.6416    711088.  1000.0000  -0.004763  1265.5229  4.744E+10      0.000      0.000      0.000
    10.815     0.6125    722311.  1000.0000  -0.004670  1277.0693  4.744E+10      0.000      0.000      0.000
    11.330     0.5839    733434.  1000.0000  -0.004575  1288.5122  4.744E+10      0.000      0.000      0.000
    11.845     0.5559    744454.  1000.0000  -0.004479  1299.8500  4.744E+10      0.000      0.000      0.000
    12.360     0.5286    755371.  1000.0000  -0.004381  1311.0812  4.744E+10      0.000      0.000      0.000
    12.875     0.5018    766182.  1000.0000  -0.004282  1322.2040  4.744E+10      0.000      0.000      0.000
    13.390     0.4756    776887.  1000.0000  -0.004182  1333.2171  4.744E+10      0.000      0.000      0.000
    13.905     0.4501    787484.  1000.0000  -0.004080  1344.1189  4.744E+10      0.000      0.000      0.000
    14.420     0.4252    797970.  1000.0000  -0.003976  1354.9078  4.744E+10      0.000      0.000      0.000
    14.935     0.4010    808346.  1000.0000  -0.003872  1365.5824  4.744E+10      0.000      0.000      0.000
    15.450     0.3774    818609.  1000.0000  -0.003766  1376.1411  4.744E+10      0.000      0.000      0.000
    15.965     0.3544    828758.  1000.0000  -0.003658  1386.5825  4.744E+10      0.000      0.000      0.000
    16.480     0.3321    838792.  1000.0000  -0.003550  1396.9052  4.744E+10      0.000      0.000      0.000
    16.995     0.3105    848709.  1000.0000  -0.003440  1407.1076  4.744E+10      0.000      0.000      0.000
    17.510     0.2896    858507.  1000.0000  -0.003329  1417.1884  4.744E+10      0.000      0.000      0.000
    18.025     0.2694    868186.  1000.0000  -0.003216  1427.1462  4.744E+10      0.000      0.000      0.000
    18.540     0.2499    877744.  1000.0000  -0.003102  1436.9796  4.744E+10      0.000      0.000      0.000
    19.055     0.2311    887180.  1000.0000  -0.002987  1446.6872  4.744E+10      0.000      0.000      0.000
    19.570     0.2130    896492.  1000.0000  -0.002871  1456.2677  4.744E+10      0.000      0.000      0.000
    20.085     0.1956    905680.  1000.0000  -0.002754  1465.7197  4.744E+10      0.000      0.000      0.000
    20.600     0.1789    914741.  1000.0000  -0.002635  1475.0419  4.744E+10      0.000      0.000      0.000
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    21.115     0.1630    923675.  1000.0000  -0.002516  1484.2331  4.744E+10      0.000      0.000      0.000
    21.630     0.1478    932480.  1000.0000  -0.002395  1493.2918  4.744E+10      0.000      0.000      0.000
    22.145     0.1334    941155.  1000.0000  -0.002273  1502.2170  4.744E+10      0.000      0.000      0.000
    22.660     0.1197    949699.   977.2827  -0.002149  1511.0073  4.744E+10    -7.3519   379.4618      0.000
    23.175     0.1068    957830.   845.9745  -0.002025  1519.3726  4.744E+10   -35.1427  2032.9058      0.000
    23.690     0.0947    964486.   533.9750  -0.001900  1526.2198  4.744E+10   -65.8280  4295.6966      0.000
    24.205     0.0834    968493.    36.7085  -0.001774  1530.3422  4.744E+10   -95.0996  7051.1559      0.000
    24.720     0.0728    968733.  -626.3367  -0.001648  1530.5891  4.744E+10  -119.4782     10146.      0.000
    25.235     0.0630    964275. -1424.7265  -0.001522  1526.0027  4.744E+10  -138.9004     13629.      0.000
    25.750     0.0540    954377. -2321.3781  -0.001397  1515.8202  4.744E+10  -151.2781     17324.      0.000
    26.265     0.0457    938569. -3271.6346  -0.001274  1499.5569  4.744E+10  -156.2483     21121.      0.000
    26.780     0.0382    916663. -4221.2176  -0.001153  1477.0197  4.744E+10  -151.0601     24423.      0.000
    27.295     0.0315    888860. -5119.1244  -0.001035  1448.4156  4.744E+10  -139.5246     27400.      0.000
    27.810     0.0254    855604. -5928.6935  -0.000921  1414.2019  4.744E+10  -122.4719     29763.      0.000
    28.325     0.0201    817552. -6610.5083  -0.000813  1375.0532  4.744E+10   -98.1802     30217.      0.000
    28.840     0.0154    775636. -7176.2754  -0.000709  1331.9297  4.744E+10   -84.9159     34104.      0.000
    29.355     0.0113    730368. -7674.6035  -0.000611  1285.3585  4.744E+10   -76.3553     41685.      0.000
    29.870   0.007840    682083. -8110.6371  -0.000519  1235.6824  4.744E+10   -64.7559     51042.      0.000
    30.385   0.004910    631230. -8466.8478  -0.000433  1183.3641  4.744E+10   -50.5226     63592.      0.000
    30.900   0.002488    578359. -8707.2271  -0.000354  1128.9702  4.744E+10   -27.2700     67745.      0.000
    31.415   0.000531    524366. -8810.5849  -0.000282  1073.4219  4.744E+10    -6.1791     71899.      0.000
    31.930  -0.001003    470064. -8791.5287  -0.000218  1017.5557  4.744E+10    12.3462     76052.      0.000
    32.445  -0.002159    416168. -8666.7909  -0.000160   962.1072  4.744E+10    28.0220     80205.      0.000
    32.960  -0.002980    363285. -8454.5085  -0.000109   907.7002  4.744E+10    40.6778     84359.      0.000
    33.475  -0.003508    311904. -8173.5491 -6.517E-05   854.8394  4.744E+10    50.2476     88512.      0.000
    33.990  -0.003786    262399. -7842.8894 -2.776E-05   803.9083  4.744E+10    56.7621     92666.      0.000
    34.505  -0.003851    215025. -7481.0462  3.337E-06   755.1699  4.744E+10    60.3393     96819.      0.000
    35.020  -0.003744    169926. -7105.5623  2.841E-05   708.7716  4.744E+10    61.1765    100973.      0.000
    35.535  -0.003500    127140. -6732.5408  4.776E-05   664.7527  4.744E+10    59.5424    105126.      0.000
    36.050  -0.003154     86610. -6376.2250  6.169E-05   623.0552  4.744E+10    55.7702    109279.      0.000
    36.565  -0.002738     48198. -6048.6150  7.047E-05   583.5366  4.744E+10    50.2525    113433.      0.000
    37.080  -0.002283     11698. -5759.1143  7.437E-05   545.9857  4.744E+10    43.4371    117586.      0.000
    37.595  -0.001819    -23144. -5514.1952  7.363E-05   557.7614  4.744E+10    35.8247    121740.      0.000
    38.110  -0.001373    -56615. -4426.9149  6.843E-05   592.1963  4.744E+10   316.0459   1422634.      0.000
    38.625  -0.000973    -78007. -2532.8386  5.966E-05   614.2048  4.744E+10   296.9238   1886264.      0.000
    39.140  -0.000636    -88048.  -770.5092  4.884E-05   624.5352  4.744E+10   273.4094   2658728.      0.000
    39.655  -0.000369    -87635.   830.4792  3.740E-05   624.1101  4.744E+10   244.7099   4097155.      0.000
    40.170  -0.000173    -77863.  1950.5263  2.662E-05   614.0571  4.744E+10   117.7649   4200469.      0.000
    40.685 -4.011E-05    -63583.  2398.6525  1.740E-05   599.3656  4.744E+10    27.2598   4200469.      0.000
    41.200  4.186E-05    -48253.  2394.9755  1.012E-05   583.5940  4.744E+10   -28.4497   4200469.      0.000
    41.715  8.497E-05    -34003.  2128.6098  4.761E-06   568.9333  4.744E+10   -57.7528   4200469.      0.000
    42.230   0.000101    -21954.  1738.6498  1.116E-06   556.5369  4.744E+10   -68.4478   4200469.      0.000
    42.745  9.876E-05    -12516.  1319.7182 -1.129E-06   546.8270  4.744E+10   -67.1287   4200469.      0.000
    43.260  8.675E-05 -5639.7762   930.1029 -2.312E-06   539.7529  4.744E+10   -58.9604   4200469.      0.000
    43.775  7.019E-05 -1014.7949   600.5047 -2.745E-06   534.9946  4.744E+10   -47.7057   4200469.      0.000
    44.290  5.281E-05  1788.3320   342.1763 -2.695E-06   535.7905  4.744E+10   -35.8957   4200469.      0.000
    44.805  3.688E-05  3220.2669   153.8098 -2.369E-06   537.2636  4.744E+10   -25.0643   4200469.      0.000
    45.320  2.353E-05  3694.4858    26.9356 -1.918E-06   537.7515  4.744E+10   -15.9953   4200469.      0.000
    45.835  1.316E-05  3557.2928   -50.1390 -1.446E-06   537.6104  4.744E+10    -8.9480   4200469.      0.000
    46.350  5.661E-06  3077.8599   -89.6766 -1.014E-06   537.1171  4.744E+10    -3.8474   4200469.      0.000
    46.865  6.343E-07  2451.0578  -102.8972 -6.536E-07   536.4723  4.744E+10    -0.4311   4200469.      0.000
    47.380 -2.418E-06  1807.4480   -99.1502 -3.762E-07   535.8101  4.744E+10     1.6438   4200469.      0.000
    47.895 -4.016E-06  1226.3661   -85.6365 -1.786E-07   535.2123  4.744E+10     2.7296   4200469.      0.000
    48.410 -4.626E-06   749.3624   -67.4864 -4.991E-08   534.7216  4.744E+10     3.1442   4200469.      0.000
    48.925 -4.633E-06   392.3406   -48.0408  2.446E-08   534.3543  4.744E+10     3.1488   4200469.      0.000
    49.440 -4.324E-06   155.5258   -29.2303  1.227E-07     10120.  6.612E+09     2.9387   4200469.      0.000
    49.955 -3.116E-06    30.7923   -13.6050  2.098E-07     10118.  6.612E+09     2.1180   4200469.      0.000
    50.470 -1.731E-06   -13.0803    -3.4253  2.181E-07     10117.  6.612E+09     1.1764   4200469.      0.000
    50.985 -4.210E-07   -12.0104     1.0940  2.063E-07     10117.  6.612E+09     0.2861   4200469.      0.000
    51.500  8.194E-07      0.000      0.000  2.007E-07     10117.  6.612E+09    -0.6402   2414062.      0.000
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* The above values of total stress are combined axial and bending stresses. 

Output Summary for Load Case No. 2:

Pile-head deflection             =      1.3323299 inches
Computed slope at pile head      =     -0.0063066 radians
Maximum bending moment           =        968733. inch-lbs
Maximum shear force              =  -8810.5849283 lbs
Depth of maximum bending moment  =     24.7200000 feet below pile head
Depth of maximum shear force     =     31.4150000 feet below pile head
Number of iterations             =              6
Number of zero deflection points =              4

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 2
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =           1000.  lb
Moment     =         468000. in- lb
Axial Load =         173000.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    51.5000     1.3323299       968733. -8810.5849283
    48.9250     1.3335667       969595. -8808.0112772
    46.3500     1.3319135       968954. -8824.9913865
    43.7750     1.3323802       969056. -8817.7170065
    41.2000     1.3359262       969325. -8704.0570534
    38.6250     1.3419627       970221. -8809.7434434
    36.0500     1.5049353       991589.       -11701.

--------------------------------------------------------------------------------
                 Computed Values of Pile Loading and Deflection
                   for Lateral Loading for Load Case Number 3
--------------------------------------------------------------------------------

Pile-head conditions are Shear and Moment (Loading Type 1)

Shear force at pile head                               =       3000.0 lbs
Applied moment at pile head                            =     588000.0 in-lbs
Axial thrust load on pile head                         =     104000.0 lbs

   Depth    Deflect.    Bending    Shear       Slope      Total    Bending   Soil Res.  Soil Spr.   Distrib. 
     X         y        Moment     Force         S       Stress   Stiffness      p         Es*h    Lat. Load 
   feet      inches     in-lbs      lbs       radians     psi*      lb-in^2    lb/in      lb/inch    lb/inch 
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
      0.00     2.4636    588000.  3000.0000    -0.0108   925.9259  4.744E+10      0.000      0.000      0.000
     0.515     2.3973    613435.  3000.0000    -0.0107   952.0939  4.744E+10      0.000      0.000      0.000
     1.030     2.3315    638819.  3000.0000    -0.0106   978.2091  4.744E+10      0.000      0.000      0.000
     1.545     2.2662    664150.  3000.0000    -0.0105  1004.2692  4.744E+10      0.000      0.000      0.000
     2.060     2.2014    689425.  3000.0000    -0.0104  1030.2722  4.744E+10      0.000      0.000      0.000
     2.575     2.1372    714642.  3000.0000    -0.0103  1056.2157  4.744E+10      0.000      0.000      0.000
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     3.090     2.0736    739799.  3000.0000    -0.0102  1082.0976  4.744E+10      0.000      0.000      0.000
     3.605     2.0106    764894.  3000.0000    -0.0101  1107.9159  4.744E+10      0.000      0.000      0.000
     4.120     1.9481    789926.  3000.0000    -0.0100  1133.6682  4.744E+10      0.000      0.000      0.000
     4.635     1.8864    814891.  3000.0000  -0.009944  1159.3525  4.744E+10      0.000      0.000      0.000
     5.150     1.8252    839788.  3000.0000  -0.009836  1184.9666  4.744E+10      0.000      0.000      0.000
     5.665     1.7648    864614.  3000.0000  -0.009725  1210.5083  4.744E+10      0.000      0.000      0.000
     6.180     1.7050    889368.  3000.0000  -0.009611  1235.9756  4.744E+10      0.000      0.000      0.000
     6.695     1.6460    914048.  3000.0000  -0.009493  1261.3662  4.744E+10      0.000      0.000      0.000
     7.210     1.5877    938651.  3000.0000  -0.009372  1286.6781  4.744E+10      0.000      0.000      0.000
     7.725     1.5302    963176.  3000.0000  -0.009249  1311.9092  4.744E+10      0.000      0.000      0.000
     8.240     1.4734    987620.  3000.0000  -0.009121  1337.0572  4.744E+10      0.000      0.000      0.000
     8.755     1.4174   1011981.  3000.0000  -0.008991  1362.1202  4.744E+10      0.000      0.000      0.000
     9.270     1.3623   1036257.  3000.0000  -0.008858  1387.0960  4.744E+10      0.000      0.000      0.000
     9.785     1.3079   1060447.  3000.0000  -0.008721  1411.9826  4.744E+10      0.000      0.000      0.000
    10.300     1.2545   1084548.  3000.0000  -0.008582  1436.7777  4.744E+10      0.000      0.000      0.000
    10.815     1.2019   1108558.  3000.0000  -0.008439  1461.4795  4.744E+10      0.000      0.000      0.000
    11.330     1.1502   1132475.  3000.0000  -0.008293  1486.0857  4.744E+10      0.000      0.000      0.000
    11.845     1.0994   1156298.  3000.0000  -0.008144  1510.5944  4.744E+10      0.000      0.000      0.000
    12.360     1.0495   1180023.  3000.0000  -0.007991  1535.0035  4.744E+10      0.000      0.000      0.000
    12.875     1.0006   1203650.  3000.0000  -0.007836  1559.3109  4.744E+10      0.000      0.000      0.000
    13.390     0.9527   1227176.  3000.0000  -0.007678  1583.5147  4.744E+10      0.000      0.000      0.000
    13.905     0.9057   1250600.  3000.0000  -0.007516  1607.6127  4.744E+10      0.000      0.000      0.000
    14.420     0.8598   1273918.  3000.0000  -0.007352  1631.6030  4.744E+10      0.000      0.000      0.000
    14.935     0.8148   1297130.  3000.0000  -0.007184  1655.4835  4.744E+10      0.000      0.000      0.000
    15.450     0.7710   1320233.  3000.0000  -0.007014  1679.2523  4.744E+10      0.000      0.000      0.000
    15.965     0.7281   1343226.  3000.0000  -0.006840  1702.9074  4.744E+10      0.000      0.000      0.000
    16.480     0.6864   1366106.  3000.0000  -0.006664  1726.4467  4.744E+10      0.000      0.000      0.000
    16.995     0.6458   1388872.  3000.0000  -0.006484  1749.8684  4.744E+10      0.000      0.000      0.000
    17.510     0.6063   1411522.  3000.0000  -0.006302  1773.1704  4.744E+10      0.000      0.000      0.000
    18.025     0.5679   1434053.  3000.0000  -0.006117  1796.3508  4.744E+10      0.000      0.000      0.000
    18.540     0.5307   1456464.  3000.0000  -0.005928  1819.4077  4.744E+10      0.000      0.000      0.000
    19.055     0.4946   1478754.  3000.0000  -0.005737  1842.3391  4.744E+10      0.000      0.000      0.000
    19.570     0.4597   1500919.  3000.0000  -0.005543  1865.1431  4.744E+10      0.000      0.000      0.000
    20.085     0.4261   1522959.  3000.0000  -0.005346  1887.8178  4.744E+10      0.000      0.000      0.000
    20.600     0.3937   1544871.  3000.0000  -0.005146  1910.3613  4.744E+10      0.000      0.000      0.000
    21.115     0.3625   1566654.  3000.0000  -0.004944  1932.7718  4.744E+10      0.000      0.000      0.000
    21.630     0.3326   1588306.  3000.0000  -0.004738  1955.0472  4.744E+10      0.000      0.000      0.000
    22.145     0.3039   1609825.  3000.0000  -0.004530  1977.1859  4.744E+10      0.000      0.000      0.000
    22.660     0.2766   1631209.  2971.6281  -0.004319  1999.1858  4.744E+10    -9.1818   205.1618      0.000
    23.175     0.2505   1652105.  2804.9569  -0.004105  2020.6845  4.744E+10   -44.7571  1103.9754      0.000
    23.690     0.2258   1671154.  2404.2078  -0.003888  2040.2822  4.744E+10   -84.9352  2324.1519      0.000
    24.205     0.2025   1686819.  1757.6832  -0.003670  2056.3986  4.744E+10  -124.2960  3793.5389      0.000
    24.720     0.1805   1697596.   884.0948  -0.003449  2067.4858  4.744E+10  -158.4187  5424.2655      0.000
    25.235     0.1599   1702180.  -185.0415  -0.003228  2072.2021  4.744E+10  -187.5802  7251.6980      0.000
    25.750     0.1406   1699458. -1408.8214  -0.003006  2069.4012  4.744E+10  -208.4651  9163.1594      0.000
    26.265     0.1227   1688631. -2733.3103  -0.002785  2058.2628  4.744E+10  -220.1721     11089.      0.000
    26.780     0.1062   1669255. -4101.6512  -0.002567  2038.3278  4.744E+10  -222.6567     12960.      0.000
    27.295     0.0910   1641234. -5464.2282  -0.002351  2009.5002  4.744E+10  -218.3067     14829.      0.000
    27.810     0.0771   1604739. -6778.1072  -0.002139  1971.9534  4.744E+10  -206.8969     16581.      0.000
    28.325     0.0645   1560207. -7984.0435  -0.001933  1926.1389  4.744E+10  -183.3738     17560.      0.000
    28.840     0.0532   1508541. -9082.9877  -0.001733  1872.9847  4.744E+10  -172.2716     20005.      0.000
    29.355     0.0431   1450169.    -10132.  -0.001541  1812.9315  4.744E+10  -167.2704     23978.      0.000
    29.870     0.0342   1385288.    -11135.  -0.001356  1746.1810  4.744E+10  -157.3786     28460.      0.000
    30.385     0.0264   1314280.    -12085.  -0.001180  1673.1273  4.744E+10  -150.0901     35198.      0.000
    30.900     0.0196   1237429.    -12985.  -0.001014  1594.0629  4.744E+10  -141.1404     44529.      0.000
    31.415     0.0138   1155084.    -13817.  -0.000858  1509.3462  4.744E+10  -127.8561     57171.      0.000
    31.930   0.008983   1067760.    -14551.  -0.000713  1419.5061  4.744E+10  -109.7429     75499.      0.000
    32.445   0.005005    976155.    -15091.  -0.000580  1325.2620  4.744E+10   -64.9556     80205.      0.000
    32.960   0.001813    881987.    -15368.  -0.000459  1228.3816  4.744E+10   -24.7462     84359.      0.000
    33.475  -0.000669    786800.    -15415.  -0.000350  1130.4528  4.744E+10     9.5833     88512.      0.000
    33.990  -0.002518    691913.    -15268.  -0.000254  1032.8327  4.744E+10    37.7501     92666.      0.000
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    34.505  -0.003809    598411.    -14967.  -0.000170   936.6364  4.744E+10    59.6739     96819.      0.000
    35.020  -0.004619    507137.    -14550. -9.797E-05   842.7333  4.744E+10    75.4616    100973.      0.000
    35.535  -0.005020    418702.    -14053. -3.766E-05   751.7515  4.744E+10    85.3917    105126.      0.000
    36.050  -0.005084    333494.    -13511.  1.134E-05   664.0890  4.744E+10    89.9002    109279.      0.000
    36.565  -0.004880    251692.    -12956.  4.946E-05   579.9301  4.744E+10    89.5663    113433.      0.000
    37.080  -0.004473    173289.    -12417.  7.714E-05   499.2688  4.744E+10    85.1021    117586.      0.000
    37.595  -0.003926     98122.    -11915.  9.482E-05   421.9365  4.744E+10    77.3424    121740.      0.000
    38.110  -0.003301     25901.    -10448.   0.000103   347.6347  4.744E+10   397.3656    744000.      0.000
    38.625  -0.002654    -31146. -8025.6680   0.000103   353.0310  4.744E+10   386.5324    899953.      0.000
    39.140  -0.002033    -73428. -5682.6380  9.575E-05   396.5310  4.744E+10   371.7297   1129979.      0.000
    39.655  -0.001471   -101507. -3443.3682  8.435E-05   425.4184  4.744E+10   352.9530   1482971.      0.000
    40.170  -0.000990   -116097. -1333.9695  7.018E-05   440.4286  4.744E+10   329.7002   2057257.      0.000
    40.685  -0.000603   -118085.   600.7296  5.492E-05   442.4740  4.744E+10   296.4160   3035634.      0.000
    41.200  -0.000312   -108742.  2170.9902  4.015E-05   432.8623  4.744E+10   211.7590   4200469.      0.000
    41.715  -0.000107    -91303.  3050.4928  2.712E-05   414.9207  4.744E+10    72.8697   4200469.      0.000
    42.230  2.362E-05    -71073.  3226.0517  1.654E-05   394.1080  4.744E+10   -16.0545   4200469.      0.000
    42.745  9.723E-05    -51450.  2972.2423  8.559E-06   373.9199  4.744E+10   -66.0844   4200469.      0.000
    43.260   0.000129    -34347.  2496.2496  2.970E-06   356.3241  4.744E+10   -87.9585   4200469.      0.000
    43.775   0.000134    -20600.  1943.1554 -6.092E-07   342.1814  4.744E+10   -91.0364   4200469.      0.000
    44.290   0.000122    -10329.  1405.8751 -2.624E-06   331.6140  4.744E+10   -82.8408   4200469.      0.000
    44.805   0.000102 -3220.3555   936.7094 -3.507E-06   324.3008  4.744E+10   -68.9928   4200469.      0.000
    45.320  7.854E-05  1253.3967   558.5698 -3.635E-06   322.2772  4.744E+10   -53.3825   4200469.      0.000
    45.835  5.658E-05  3688.2389   274.7824 -3.313E-06   324.7821  4.744E+10   -38.4581   4200469.      0.000
    46.350  3.759E-05  4653.9656    76.9910 -2.769E-06   325.7757  4.744E+10   -25.5521   4200469.      0.000
    46.865  2.235E-05  4643.4081   -48.9109 -2.164E-06   325.7648  4.744E+10   -15.1929   4200469.      0.000
    47.380  1.085E-05  4052.2086  -118.6451 -1.597E-06   325.1566  4.744E+10    -7.3748   4200469.      0.000
    47.895  2.610E-06  3179.0081  -146.9157 -1.126E-06   324.2582  4.744E+10    -1.7743   4200469.      0.000
    48.410 -3.070E-06  2237.7777  -145.9508 -7.734E-07   323.2899  4.744E+10     2.0866   4200469.      0.000
    48.925 -6.948E-06  1376.0508  -124.9098 -5.380E-07   322.4033  4.744E+10     4.7228   4200469.      0.000
    49.440 -9.719E-06   694.5835   -89.9039 -1.237E-07  6094.3921  6.612E+09     6.6060   4200469.      0.000
    49.955 -8.478E-06   264.9973   -51.6862  3.247E-07  6086.6483  6.612E+09     5.7622   4200469.      0.000
    50.470 -5.706E-06    55.3249   -21.8977  4.744E-07  6082.8686  6.612E+09     3.8781   4200469.      0.000
    50.985 -2.614E-06    -6.2679    -4.4244  4.973E-07  6081.9843  6.612E+09     1.7767   4200469.      0.000
    51.500  4.414E-07      0.000      0.000  4.944E-07  6081.8713  6.612E+09    -0.3449   2414062.      0.000

* The above values of total stress are combined axial and bending stresses. 

Output Summary for Load Case No. 3:

Pile-head deflection             =      2.4635864 inches
Computed slope at pile head      =     -0.0107666 radians
Maximum bending moment           =       1702180. inch-lbs
Maximum shear force              =        -15415. lbs
Depth of maximum bending moment  =     25.2350000 feet below pile head
Depth of maximum shear force     =     33.4750000 feet below pile head
Number of iterations             =              6
Number of zero deflection points =              4

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 3
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =           3000.  lb
Moment     =         588000. in- lb
Axial Load =         104000.  lb

Page 10



IB3_Long.lp7o

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    51.5000     2.4635864      1702180.       -15415.
    48.9250     2.4652852      1702633.       -15408.
    46.3500     2.4629545      1701530.       -15447.
    43.7750     2.4643077      1702012.       -15404.
    41.2000     2.4679103      1702061.       -14994.
    38.6250     2.5518239      1707694.       -17225.
    36.0500     3.3455502      1766914.       -23579.

--------------------------------------------------------------------------------
                 Computed Values of Pile Loading and Deflection
                   for Lateral Loading for Load Case Number 4
--------------------------------------------------------------------------------

Pile-head conditions are Shear and Moment (Loading Type 1)

Shear force at pile head                               =       2000.0 lbs
Applied moment at pile head                            =     780000.0 in-lbs
Axial thrust load on pile head                         =     245000.0 lbs

   Depth    Deflect.    Bending    Shear       Slope      Total    Bending   Soil Res.  Soil Spr.   Distrib. 
     X         y        Moment     Force         S       Stress   Stiffness      p         Es*h    Lat. Load 
   feet      inches     in-lbs      lbs       radians     psi*      lb-in^2    lb/in      lb/inch    lb/inch 
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
      0.00     3.0199    780000.  2000.0000    -0.0134  1558.6420  4.744E+10      0.000      0.000      0.000
     0.515     2.9375    812548.  2000.0000    -0.0133  1592.1276  4.744E+10      0.000      0.000      0.000
     1.030     2.8557    844936.  2000.0000    -0.0132  1625.4484  4.744E+10      0.000      0.000      0.000
     1.545     2.7747    877157.  2000.0000    -0.0131  1658.5976  4.744E+10      0.000      0.000      0.000
     2.060     2.6943    909205.  2000.0000    -0.0129  1691.5689  4.744E+10      0.000      0.000      0.000
     2.575     2.6147    941074.  2000.0000    -0.0128  1724.3556  4.744E+10      0.000      0.000      0.000
     3.090     2.5358    972757.  2000.0000    -0.0127  1756.9514  4.744E+10      0.000      0.000      0.000
     3.605     2.4577   1004248.  2000.0000    -0.0126  1789.3497  4.744E+10      0.000      0.000      0.000
     4.120     2.3805   1035541.  2000.0000    -0.0124  1821.5443  4.744E+10      0.000      0.000      0.000
     4.635     2.3040   1066630.  2000.0000    -0.0123  1853.5286  4.744E+10      0.000      0.000      0.000
     5.150     2.2284   1097508.  2000.0000    -0.0122  1885.2966  4.744E+10      0.000      0.000      0.000
     5.665     2.1537   1128170.  2000.0000    -0.0120  1916.8417  4.744E+10      0.000      0.000      0.000
     6.180     2.0799   1158610.  2000.0000    -0.0119  1948.1580  4.744E+10      0.000      0.000      0.000
     6.695     2.0071   1188820.  2000.0000    -0.0117  1979.2391  4.744E+10      0.000      0.000      0.000
     7.210     1.9352   1218797.  2000.0000    -0.0116  2010.0789  4.744E+10      0.000      0.000      0.000
     7.725     1.8642   1248533.  2000.0000    -0.0114  2040.6714  4.744E+10      0.000      0.000      0.000
     8.240     1.7943   1278022.  2000.0000    -0.0112  2071.0105  4.744E+10      0.000      0.000      0.000
     8.755     1.7254   1307260.  2000.0000    -0.0111  2101.0903  4.744E+10      0.000      0.000      0.000
     9.270     1.6576   1336239.  2000.0000    -0.0109  2130.9048  4.744E+10      0.000      0.000      0.000
     9.785     1.5908   1364955.  2000.0000    -0.0107  2160.4480  4.744E+10      0.000      0.000      0.000
    10.300     1.5252   1393402.  2000.0000    -0.0105  2189.7143  4.744E+10      0.000      0.000      0.000
    10.815     1.4606   1421574.  2000.0000    -0.0104  2218.6978  4.744E+10      0.000      0.000      0.000
    11.330     1.3973   1449466.  2000.0000    -0.0102  2247.3928  4.744E+10      0.000      0.000      0.000
    11.845     1.3350   1477071.  2000.0000  -0.009973  2275.7936  4.744E+10      0.000      0.000      0.000
    12.360     1.2740   1504386.  2000.0000  -0.009779  2303.8947  4.744E+10      0.000      0.000      0.000
    12.875     1.2142   1531403.  2000.0000  -0.009581  2331.6905  4.744E+10      0.000      0.000      0.000
    13.390     1.1556   1558119.  2000.0000  -0.009380  2359.1754  4.744E+10      0.000      0.000      0.000
    13.905     1.0982   1584527.  2000.0000  -0.009175  2386.3442  4.744E+10      0.000      0.000      0.000
    14.420     1.0422   1610622.  2000.0000  -0.008967  2413.1914  4.744E+10      0.000      0.000      0.000
    14.935     0.9874   1636400.  2000.0000  -0.008755  2439.7118  4.744E+10      0.000      0.000      0.000
    15.450     0.9339   1661855.  2000.0000  -0.008540  2465.9000  4.744E+10      0.000      0.000      0.000
    15.965     0.8818   1686982.  2000.0000  -0.008322  2491.7510  4.744E+10      0.000      0.000      0.000
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    16.480     0.8311   1711776.  2000.0000  -0.008101  2517.2597  4.744E+10      0.000      0.000      0.000
    16.995     0.7817   1736233.  2000.0000  -0.007876  2542.4209  4.744E+10      0.000      0.000      0.000
    17.510     0.7337   1760347.  2000.0000  -0.007649  2567.2298  4.744E+10      0.000      0.000      0.000
    18.025     0.6872   1784114.  2000.0000  -0.007418  2591.6814  4.744E+10      0.000      0.000      0.000
    18.540     0.6421   1807529.  2000.0000  -0.007184  2615.7710  4.744E+10      0.000      0.000      0.000
    19.055     0.5984   1830588.  2000.0000  -0.006947  2639.4937  4.744E+10      0.000      0.000      0.000
    19.570     0.5562   1853285.  2000.0000  -0.006707  2662.8450  4.744E+10      0.000      0.000      0.000
    20.085     0.5155   1875617.  2000.0000  -0.006464  2685.8201  4.744E+10      0.000      0.000      0.000
    20.600     0.4763   1897579.  2000.0000  -0.006218  2708.4146  4.744E+10      0.000      0.000      0.000
    21.115     0.4386   1919166.  2000.0000  -0.005969  2730.6240  4.744E+10      0.000      0.000      0.000
    21.630     0.4025   1940375.  2000.0000  -0.005718  2752.4439  4.744E+10      0.000      0.000      0.000
    22.145     0.3680   1961202.  2000.0000  -0.005464  2773.8700  4.744E+10      0.000      0.000      0.000
    22.660     0.3350   1981641.  1970.2150  -0.005207  2794.8981  4.744E+10    -9.6392   177.8296      0.000
    23.175     0.3036   2001321.  1794.8844  -0.004948  2815.1453  4.744E+10   -47.1021   958.7889      0.000
    23.690     0.2738   2018808.  1372.6206  -0.004686  2833.1356  4.744E+10   -89.5529  2021.0763      0.000
    24.205     0.2457   2032476.   690.2598  -0.004422  2847.1974  4.744E+10  -131.2758  3302.0910      0.000
    24.720     0.2192   2040729.  -233.3372  -0.004156  2855.6886  4.744E+10  -167.6229  4726.2950      0.000
    25.235     0.1943   2042178. -1366.1205  -0.003890  2857.1793  4.744E+10  -198.9736  6328.1651      0.000
    25.750     0.1711   2035625. -2666.0201  -0.003625  2850.4374  4.744E+10  -221.7058  8008.1178      0.000
    26.265     0.1495   2020203. -4076.6075  -0.003361  2834.5709  4.744E+10  -234.7950  9705.1069      0.000
    26.780     0.1296   1995415. -5540.9079  -0.003099  2809.0688  4.744E+10  -239.0887     11405.      0.000
    27.295     0.1112   1961102. -7010.6367  -0.002841  2773.7673  4.744E+10  -236.5517     13146.      0.000
    27.810     0.0944   1917367. -8442.1524  -0.002589  2728.7731  4.744E+10  -226.7220     14837.      0.000
    28.325     0.0792   1864596. -9772.4297  -0.002342  2674.4812  4.744E+10  -203.7885     15899.      0.000
    28.840     0.0655   1803673.    -10999.  -0.002103  2611.8036  4.744E+10  -193.1134     18224.      0.000
    29.355     0.0532   1735019.    -12178.  -0.001873  2541.1720  4.744E+10  -188.4468     21885.      0.000
    29.870     0.0423   1658826.    -13311.  -0.001652  2462.7838  4.744E+10  -178.2928     26024.      0.000
    30.385     0.0328   1575496.    -14389.  -0.001441  2377.0533  4.744E+10  -170.5722     32139.      0.000
    30.900     0.0245   1485340.    -15413.  -0.001242  2284.3008  4.744E+10  -160.8380     40524.      0.000
    31.415     0.0175   1388749.    -16362.  -0.001054  2184.9272  4.744E+10  -146.2389     51783.      0.000
    31.930     0.0115   1286299.    -17204.  -0.000880  2079.5256  4.744E+10  -126.2229     67859.      0.000
    32.445   0.006573   1178774.    -17858.  -0.000720  1968.9034  4.744E+10   -85.3118     80205.      0.000
    32.960   0.002601   1067759.    -18231.  -0.000573  1854.6898  4.744E+10   -35.5010     84359.      0.000
    33.475  -0.000512    955176.    -18318.  -0.000442  1738.8646  4.744E+10     7.3368     88512.      0.000
    33.990  -0.002856    842686.    -18163.  -0.000324  1623.1339  4.744E+10    42.8274     92666.      0.000
    34.505  -0.004522    731665.    -17812.  -0.000222  1508.9149  4.744E+10    70.8392     96819.      0.000
    35.020  -0.005598    623206.    -17310.  -0.000134  1397.3309  4.744E+10    91.4647    100973.      0.000
    35.535  -0.006173    518116.    -16703. -5.923E-05  1289.2143  4.744E+10   105.0016    105126.      0.000
    36.050  -0.006330    416935.    -16033.  1.681E-06  1185.1183  4.744E+10   111.9343    109279.      0.000
    36.565  -0.006152    319947.    -15338.  4.968E-05  1085.3359  4.744E+10   112.9172    113433.      0.000
    37.080  -0.005716    227208.    -14653.  8.532E-05   989.9254  4.744E+10   108.7590    117586.      0.000
    37.595  -0.005097    138577.    -14007.   0.000109   898.7422  4.744E+10   100.4114    121740.      0.000
    38.110  -0.004367     53755.    -12385.   0.000122   811.4763  4.744E+10   424.4859    600723.      0.000
    38.625  -0.003593    -14866. -9792.3480   0.000124   771.4670  4.744E+10   414.4628    712818.      0.000
    39.140  -0.002832    -67655. -7274.3043   0.000119   825.7763  4.744E+10   400.4381    873943.      0.000
    39.655  -0.002124   -105136. -4855.2790   0.000108   864.3376  4.744E+10   382.4180   1112439.      0.000
    40.170  -0.001502   -127992. -2561.5496  9.240E-05   887.8514  4.744E+10   359.8893   1480837.      0.000
    40.685  -0.000982   -137077.  -439.7706  7.513E-05   897.1983  4.744E+10   326.7706   2055528.      0.000
    41.200  -0.000573   -133655.  1466.4414  5.749E-05   893.6776  4.744E+10   290.1265   3127346.      0.000
    41.715  -0.000272   -119126.  2933.8057  4.103E-05   878.7301  4.744E+10   184.7487   4200469.      0.000
    42.230 -6.622E-05    -97517.  3643.7513  2.692E-05   856.4990  4.744E+10    45.0072   4200469.      0.000
    42.745  6.086E-05    -74170.  3654.9947  1.573E-05   832.4798  4.744E+10   -41.3686   4200469.      0.000
    43.260   0.000128    -52389.  3257.8570  7.488E-06   810.0710  4.744E+10   -87.1550   4200469.      0.000
    43.775   0.000153    -33926.  2666.3485  1.865E-06   791.0760  4.744E+10  -104.2718   4200469.      0.000
    44.290   0.000151    -19439.  2026.4263 -1.611E-06   776.1714  4.744E+10  -102.8228   4200469.      0.000
    44.805   0.000133 -8874.4104  1428.3291 -3.456E-06   765.3029  4.744E+10   -90.7362   4200469.      0.000
    45.320   0.000109 -1773.9452   919.9338 -4.149E-06   757.9979  4.744E+10   -73.7931   4200469.      0.000
    45.835  8.221E-05  2508.5356   519.2465 -4.101E-06   758.7536  4.744E+10   -55.8792   4200469.      0.000
    46.350  5.788E-05  4656.3613   225.0251 -3.635E-06   760.9633  4.744E+10   -39.3381   4200469.      0.000
    46.865  3.729E-05  5300.8524    25.1539 -2.986E-06   761.6264  4.744E+10   -25.3452   4200469.      0.000
    47.380  2.097E-05  4976.3053   -97.2047 -2.317E-06   761.2925  4.744E+10   -14.2531   4200469.      0.000
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    47.895  8.657E-06  4106.4167  -159.4292 -1.725E-06   760.3975  4.744E+10    -5.8843   4200469.      0.000
    48.410 -3.491E-07  3010.9830  -176.8784 -1.261E-06   759.2706  4.744E+10     0.2373   4200469.      0.000
    48.925 -6.931E-06  1924.0185  -161.5877 -9.398E-07   758.1523  4.744E+10     4.7112   4200469.      0.000
    49.440 -1.196E-05  1016.6047  -121.9021 -3.393E-07     14346.  6.612E+09     8.1321   4200469.      0.000
    49.955 -1.113E-05   418.3361   -73.4080  3.313E-07     14335.  6.612E+09     7.5618   4200469.      0.000
    50.470 -7.870E-06   108.2791   -33.5132  5.774E-07     14329.  6.612E+09     5.3491   4200469.      0.000
    50.985 -3.989E-06     2.3649    -8.6063  6.291E-07     14328.  6.612E+09     2.7113   4200469.      0.000
    51.500 -9.456E-08      0.000      0.000  6.302E-07     14327.  6.612E+09     0.0739   2414062.      0.000

* The above values of total stress are combined axial and bending stresses. 

Output Summary for Load Case No. 4:

Pile-head deflection             =      3.0198860 inches
Computed slope at pile head      =     -0.0133842 radians
Maximum bending moment           =       2042178. inch-lbs
Maximum shear force              =        -18318. lbs
Depth of maximum bending moment  =     25.2350000 feet below pile head
Depth of maximum shear force     =     33.4750000 feet below pile head
Number of iterations             =              7
Number of zero deflection points =              4

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 4
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =           2000.  lb
Moment     =         780000. in- lb
Axial Load =         245000.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    51.5000     3.0198860      2042178.       -18318.
    48.9250     3.0222233      2043211.       -18313.
    46.3500     3.0189016      2042113.       -18349.
    43.7750     3.0218705      2042520.       -18282.
    41.2000     3.0261071      2043809.       -17836.
    38.6250     3.1804577      2072107.       -21174.
    36.0500     5.4386392      2512470.       -35353.

--------------------------------------------------------------------------------
                           Summary of Pile Response(s)
--------------------------------------------------------------------------------

Definitions of Pile-head Loading Conditions:

Load Type 1: Load 1 = Shear, lbs, and Load 2 = Moment, in-lbs
Load Type 2: Load 1 = Shear, lbs, and Load 2 = Slope, radians
Load Type 3: Load 1 = Shear, lbs, and Load 2 = Rotational Stiffness, in-lbs/radian
Load Type 4: Load 1 = Top Deflection, inches, and Load 2 = Moment, in-lbs
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Load Type 5: Load 1 = Top Deflection, inches, and Load 2 = Slope, radians

               Pile-head      Pile-head                                      Maximum        Maximum                  
Load  Load    Condition 1    Condition 2        Axial        Pile-head       Moment          Shear        Pile-head  
Case  Type    V(lbs) or     in-lb, rad.,       Loading      Deflection       in Pile        in Pile       Rotation   
 No.   No.    y(inches)     or in-lb/rad.        lbs          inches         in-lbs           lbs          radians   
----  ----  --------------  --------------  -------------  -------------  -------------  -------------  -------------
  1     1   V =  2000.0000  M =    360000.         77000.     1.42259898       1041562.     -9486.9132    -0.00637234
  2     1   V =  1000.0000  M =    468000.        173000.     1.33232991        968733.     -8810.5849    -0.00630660
  3     1   V =  3000.0000  M =    588000.        104000.     2.46358641       1702180.        -15415.    -0.01076662
  4     1   V =  2000.0000  M =    780000.        245000.     3.01988597       2042178.        -18318.    -0.01338417

The analysis ended normally. 
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Lateral Pile Deflection (inches)
S-51 over Black Mingo - IB3 - Longitudinal Loads
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Lateral Pile Deflection (inches)
S-51 over Black Mingo - IB3 - Longitudinal Loads
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Bending Moment (in-kips)
S-51 over Black Mingo - IB3 - Longitudinal Loads
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Bending Moment (in-kips)
S-51 over Black Mingo - IB3 - Longitudinal Loads
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Pile Length (ft)

S-51 over Black Mingo - IB3 - Longitudinal Loads
P

il
e-

h
ea

d
 D

ef
le

ct
io

n
 (

in
)

0 5 10 15 20 25 30 35 40 45 50 55 60

0
0.

5
1

1.
5

2
2.

5
3

3.
5

4
4.

5
5

5.
5

6

SER - Max Shear

SER - Max Moment

STR - Max Shera

STR - Max Moment

Pile Length (ft)

S-51 over Black Mingo - IB3 - Longitudinal Loads
P

il
e-

h
ea

d
 D

ef
le

ct
io

n
 (

in
)

0 5 10 15 20 25 30 35 40 45 50 55 6

0
0.

5
1

1.
5

2
2.

5
3

3.
5

4
4.

5
5

5.
5

6

SER - Max Shear

SER - Max Moment

STR - Max Shera

STR - Max Moment



IB3_Trans.lp7o
================================================================================

                  LPile Plus for Windows, Version 2013-07.007

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                          © 1985-2013 by Ensoft, Inc.           
                              All Rights Reserved               

================================================================================

This copy of LPile is used by:      

John Hamilton
F&ME, Inc.

Serial Number of Security Device:  228740981
This copy of LPile is licensed for exclusive use by:  F&ME Consultants, Charlotte, Nor

Use of this program by any entity other than F&ME Consultants, Charlotte, Nor
is forbidden by the software license agreement.

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:        P:\Geotechnical\G5500's\G5556.000 - Emergency Bridge Pkg 4 - Design Build\G5556.02 - S-51 over Black Mingo 
Creek\Reports\Final Report\Bridge\LPile\
Name of input data file:       IB3_Trans.lp7d
Name of output report file:    IB3_Trans.lp7o
Name of plot output file:      IB3_Trans.lp7p
Name of runtime messeage file: IB3_Trans.lp7r

--------------------------------------------------------------------------------
                           Date and Time of Analysis
--------------------------------------------------------------------------------

               Date:  February 15, 2016     Time:  19:01:08

--------------------------------------------------------------------------------
                                Problem Title
--------------------------------------------------------------------------------

Project Name: S-51 RBO Jumping Run Creek                                                                                                      
                                                                                                                 
Job Number: G5556.02 (F&ME); P029461 (SCDOT)                                                                                                  
                                                                                                                 
Client: ICE                                                                                                                                   
                                                                                                                 
Engineer: JFH                                                                                                                                 
                                                                                                                 
Description: IB3 18" Square PSC Pile - Transverse Loads                                                                                       
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--------------------------------------------------------------------------------
                           Program Options and Settings
--------------------------------------------------------------------------------

Engineering Units of Input Data and Computations:
 - Engineering units are US Customary Units (pounds, feet, inches)

Analysis Control Options:
- Maximum number of iterations allowed                 =          500
- Deflection tolerance for convergence                 =   1.0000E-02 in
- Maximum allowable deflection                         =     100.0000 in
- Number of pile increments                            =          100

Loading Type and Number of Cycles of Loading:
 - Static loading specified

Computational Options:
 - Use unfactored loads in computations (conventional analysis)
 - Compute pile response under loading and nonlinear bending properties of pile
   (only if nonlinear pile properties are input)
 - Analysis uses p-y modification factors for p-y curves
 - Loading by lateral soil movements acting on pile not selected
 - Input of shear resistance at the pile tip not selected
 - Computation of pile-head foundation stiffness matrix not selected
 - Push-over analysis of pile not selected
 - Buckling analysis of pile not selected

Output Options:
 - No p-y curves to be computed and reported for user-specified depths
 - Report only summary tables of pile-head deflection, maximum bending moment,
   and maximum shear force in output report file.

--------------------------------------------------------------------------------
                    Pile Structural Properties and Geometry
--------------------------------------------------------------------------------

Total number of pile sections                          =          2

Total length of pile                                   =      51.50 ft

Depth of ground surface below top of pile              =      22.50 ft

Pile diameter values used for p-y curve computations are defined using 4 points.

p-y curves are computed using pile diameter values interpolated with depth over 
the length of the pile.

Point         Depth              Pile   
                X              Diameter 
                ft                in
-----       ---------        -----------
  1           0.00000         18.0000000
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  2         49.000000         18.0000000
  3         49.000000          8.7500000
  4         51.500000          8.7500000

Input Structural Properties:
----------------------------

Pile Section No. 1:

   Section Type                                        =    Elastic Pile
   Cross-sectional Shape                               =     Rectangular
   Section Length                                      =     49.00000 ft
   Top Width                                           =     18.00000 in
   Bottom Width                                        =     18.00000 in
   Top Section Depth                                   =     18.00000 in
   Bottom Section Depth                                =     18.00000 in
   Top Area                                            =    324.00000 Sq. in
   Bottom Area                                         =    324.00000 Sq. in
   Moment of Inertia at Top                            =   8748.00000 in^4
   Moment of Inertia at Bottom                         =   8748.00000 in^4
   Elastic Modulus                                     =     5422453. lbs/in^2

Pile Section No. 2:

   Section Type                                        =    Elastic Pile
   Cross-sectional Shape                               =     Weak H-Pile
   Section Length                                      =      2.50000 ft
   Flange Width                                        =      8.22000 in
   Section Depth                                       =      8.75000 in
   Flange Thickness                                    =      0.81000 in
   Web Thickness                                       =      0.51000 in
   Section Area                                        =     17.10000 Sq. in
   Moment of Inertia                                   =     75.10000 in^4
   Elastic Modulus                                     =    29000000. lbs/in^2

--------------------------------------------------------------------------------
                      Ground Slope and Pile Batter Angles
--------------------------------------------------------------------------------

Ground Slope Angle                                     =        0.000 degrees
                                                       =        0.000 radians

Pile Batter Angle                                      =        0.000 degrees
                                                       =        0.000 radians

--------------------------------------------------------------------------------
                       Soil and Rock Layering Information
--------------------------------------------------------------------------------

The soil profile is modelled using 2 layers

Layer 1 is sand, p-y criteria by Reese et al., 1974
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   Distance from top of pile to top of layer           =     22.50000 ft
   Distance from top of pile to bottom of layer        =     38.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     40.00000 deg.
   Friction angle at bottom of layer                   =     40.00000 deg.
   Subgrade k at top of layer                          =    125.00000 pci
   Subgrade k at bottom of layer                       =    125.00000 pci

Layer 2 is stiff clay without free water

   Distance from top of pile to top of layer           =     38.00000 ft
   Distance from top of pile to bottom of layer        =     75.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Undrained cohesion at top of layer                  =   2500.00000 psf
   Undrained cohesion at bottom of layer               =   2500.00000 psf
   Epsilon-50 at top of layer                          =      0.00500 
   Epsilon-50 at bottom of layer                       =      0.00500 

   (Depth of lowest soil layer extends   23.50 ft below pile tip)

--------------------------------------------------------------------------------
                           Summary of Soil Properties
--------------------------------------------------------------------------------

                      Layer                     Layer      Effective    Undrained    Angle of      Strain                   
Layer               Soil Type                   Depth       Unit Wt.    Cohesion     Friction      Factor        kpy        
 Num.         (p-y Curve Criteria)               ft           pcf          psf          deg.     Epsilon 50      pci        
-----   ----------------------------------   ----------   ----------   ----------   ----------   ----------   ----------    
  1     Sand (Reese, et al.)                     22.500       53.000       --           40.000       --          125.000   
                                                 38.000       53.000       --           40.000       --          125.000   
  2     Stiff Clay w/o Free Water                38.000       53.000     2500.000       --          0.00500       --       
                                                 75.000       53.000     2500.000       --          0.00500       --       

--------------------------------------------------------------------------------
                   p-y Modification Factors for Group Action
--------------------------------------------------------------------------------

Distribution of p-y modifiers with depth defined using 2 points

Point      Depth X         p-mult         y-mult
 No.          ft
-----     ----------     ----------     ----------
  1           22.500         0.8700         1.0000
  2           51.000         0.8700         1.0000

--------------------------------------------------------------------------------
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                                 Loading Type
--------------------------------------------------------------------------------

Static loading criteria were used when computing p-y curves for all analyses.

--------------------------------------------------------------------------------
               Pile-head Loading and Pile-head Fixity Conditions
--------------------------------------------------------------------------------

Number of loads specified = 2

Load    Load         Condition               Condition            Axial Thrust            Compute
 No.    Type             1                       2                 Force, lbs      Top y vs. Pile Length
-----   ----   --------------------   -----------------------   ----------------   ---------------------
   1     2     V =   2000.00000 lbs   S =       0.0000 in/in            106000.             Yes 
   2     2     V =   3000.00000 lbs   S =       0.0000 in/in            142000.             Yes 

V = perpendicular shear force applied to pile head
M = bending moment applied to pile head
y = lateral deflection relative to pile axis
S = pile slope relative to original pile batter angle
R = rotational stiffness applie to pile head
Axial thrust is assumed to be acting axially for all pile batter angles.

--------------------------------------------------------------------------------
    Computations of Nominal Moment Capacity and Nonlinear Bending Stiffness
--------------------------------------------------------------------------------

Axial thrust force values were determined from pile-head loading conditions

Number of Pile Sections Analyzed = 2

Pile Section No. 1:
-------------------
Moment-curvature properties were derived from elastic section properties

Pile Section No. 2:
-------------------
Moment-curvature properties were derived from elastic section properties

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 1
--------------------------------------------------------------------------------

Boundary Condition Type 2, Shear and Slope

Shear      =           2000.  lb
Slope      =         0.00000
Axial Load =         106000.  lb
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    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    51.5000     0.1793470      -373492. -2361.1376621
    48.9250     0.1795041      -373627. -2360.4162191
    46.3500     0.1792787      -373443. -2365.8601550
    43.7750     0.1793077      -373477. -2361.6144497
    41.2000     0.1795021      -373675. -2330.5765567
    38.6250     0.1797740      -373990. -2260.8910126
    36.0500     0.1861668      -378290. -2894.4968785
    33.4750     0.2086751      -396487. -3424.0967010
    30.9000     0.3022700      -482586. -3116.8039281
    28.3250     0.4039130      -592925.  2000.0000009
    25.7500     0.4210900      -628978.  2000.0000007
    25.7500      0.000000   2091689559.    338607536.
    25.7500      0.000000   2091689559.    338607536.
    25.7500      0.000000   2091689559.    338607536.
    25.7500      0.000000   2091689559.    338607536.
    25.7500      0.000000   2091689559.    338607536.
    25.7500      0.000000   2091689559.    338607536.
    25.7500      0.000000   2091689559.    338607536.
    25.7500      0.000000   2091689559.    338607536.
    25.7500      0.000000   2091689559.    338607536.

--------------------------------------------------------------------------------
                 Computed Values of Pile Loading and Deflection
                   for Lateral Loading for Load Case Number 2
--------------------------------------------------------------------------------

Pile-head conditions are Shear and Pile-head Rotation (Loading Type 2)

Shear force at pile head                               =       3000.0 lbs
Rotation of pile head                                  =    0.000E+00 radians
Axial load at pile head                                =     142000.0 lbs

(Zero slope for this load indicates fixed-head conditions)

   Depth    Deflect.    Bending    Shear       Slope      Total    Bending   Soil Res.  Soil Spr.   Distrib. 
     X         y        Moment     Force         S       Stress   Stiffness      p         Es*h    Lat. Load 
   feet      inches     in-lbs      lbs       radians     psi*      lb-in^2    lb/in      lb/inch    lb/inch 
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
      0.00     0.2745   -567139.  3000.0000      0.000  1021.7479  4.744E+10      0.000      0.000      0.000
     0.515     0.2742   -548567.  3000.0000 -7.268E-05  1002.6404  4.744E+10      0.000      0.000      0.000
     1.030     0.2736   -529931.  3000.0000  -0.000143   983.4685  4.744E+10      0.000      0.000      0.000
     1.545     0.2725   -511236.  3000.0000  -0.000211   964.2342  4.744E+10      0.000      0.000      0.000
     2.060     0.2710   -492481.  3000.0000  -0.000276   944.9398  4.744E+10      0.000      0.000      0.000
     2.575     0.2691   -473671.  3000.0000  -0.000339   925.5874  4.744E+10      0.000      0.000      0.000
     3.090     0.2668   -454806.  3000.0000  -0.000400   906.1794  4.744E+10      0.000      0.000      0.000
     3.605     0.2641   -435890.  3000.0000  -0.000458   886.7178  4.744E+10      0.000      0.000      0.000
     4.120     0.2611   -416923.  3000.0000  -0.000513   867.2050  4.744E+10      0.000      0.000      0.000
     4.635     0.2578   -397909.  3000.0000  -0.000566   847.6431  4.744E+10      0.000      0.000      0.000
     5.150     0.2541   -378849.  3000.0000  -0.000617   828.0345  4.744E+10      0.000      0.000      0.000
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     5.665     0.2502   -359747.  3000.0000  -0.000665   808.3812  4.744E+10      0.000      0.000      0.000
     6.180     0.2459   -340602.  3000.0000  -0.000711   788.6857  4.744E+10      0.000      0.000      0.000
     6.695     0.2414   -321419.  3000.0000  -0.000754   768.9501  4.744E+10      0.000      0.000      0.000
     7.210     0.2366   -302200.  3000.0000  -0.000794   749.1766  4.744E+10      0.000      0.000      0.000
     7.725     0.2316   -282945.  3000.0000  -0.000832   729.3677  4.744E+10      0.000      0.000      0.000
     8.240     0.2263   -263659.  3000.0000  -0.000868   709.5254  4.744E+10      0.000      0.000      0.000
     8.755     0.2208   -244342.  3000.0000  -0.000901   689.6522  4.744E+10      0.000      0.000      0.000
     9.270     0.2152   -224997.  3000.0000  -0.000932   669.7502  4.744E+10      0.000      0.000      0.000
     9.785     0.2093   -205627.  3000.0000  -0.000960   649.8217  4.744E+10      0.000      0.000      0.000
    10.300     0.2033   -186233.  3000.0000  -0.000985   629.8691  4.744E+10      0.000      0.000      0.000
    10.815     0.1971   -166817.  3000.0000  -0.001008   609.8945  4.744E+10      0.000      0.000      0.000
    11.330     0.1908   -147383.  3000.0000  -0.001029   589.9003  4.744E+10      0.000      0.000      0.000
    11.845     0.1844   -127932.  3000.0000  -0.001047   569.8888  4.744E+10      0.000      0.000      0.000
    12.360     0.1779   -108466.  3000.0000  -0.001062   549.8623  4.744E+10      0.000      0.000      0.000
    12.875     0.1713    -88988.  3000.0000  -0.001075   529.8230  4.744E+10      0.000      0.000      0.000
    13.390     0.1646    -69500.  3000.0000  -0.001085   509.7732  4.744E+10      0.000      0.000      0.000
    13.905     0.1579    -50003.  3000.0000  -0.001093   489.7152  4.744E+10      0.000      0.000      0.000
    14.420     0.1511    -30501.  3000.0000  -0.001098   469.6514  4.744E+10      0.000      0.000      0.000
    14.935     0.1443    -10996.  3000.0000  -0.001101   449.5839  4.744E+10      0.000      0.000      0.000
    15.450     0.1375  8511.2018  3000.0000  -0.001101   447.0280  4.744E+10      0.000      0.000      0.000
    15.965     0.1307     28017.  3000.0000  -0.001099   467.0957  4.744E+10      0.000      0.000      0.000
    16.480     0.1239     47520.  3000.0000  -0.001094   487.1601  4.744E+10      0.000      0.000      0.000
    16.995     0.1172     67017.  3000.0000  -0.001086   507.2190  4.744E+10      0.000      0.000      0.000
    17.510     0.1105     86506.  3000.0000  -0.001076   527.2699  4.744E+10      0.000      0.000      0.000
    18.025     0.1039    105986.  3000.0000  -0.001064   547.3107  4.744E+10      0.000      0.000      0.000
    18.540     0.0973    125454.  3000.0000  -0.001049   567.3390  4.744E+10      0.000      0.000      0.000
    19.055     0.0909    144907.  3000.0000  -0.001031   587.3526  4.744E+10      0.000      0.000      0.000
    19.570     0.0846    164343.  3000.0000  -0.001011   607.3491  4.744E+10      0.000      0.000      0.000
    20.085     0.0784    183761.  3000.0000  -0.000988   627.3263  4.744E+10      0.000      0.000      0.000
    20.600     0.0724    203158.  3000.0000  -0.000963   647.2818  4.744E+10      0.000      0.000      0.000
    21.115     0.0665    222532.  3000.0000  -0.000935   667.2135  4.744E+10      0.000      0.000      0.000
    21.630     0.0608    241880.  3000.0000  -0.000905   687.1190  4.744E+10      0.000      0.000      0.000
    22.145     0.0553    261200.  3000.0000  -0.000872   706.9960  4.744E+10      0.000      0.000      0.000
    22.660     0.0500    280491.  2982.0100  -0.000837   726.8423  4.744E+10    -5.8220   719.1343      0.000
    23.175     0.0450    299527.  2879.2204  -0.000799   746.4269  4.744E+10   -27.4432  3771.2021      0.000
    23.690     0.0402    317481.  2636.5824  -0.000759   764.8979  4.744E+10   -51.0804  7861.8367      0.000
    24.205     0.0356    333447.  2251.9351  -0.000717   781.3245  4.744E+10   -73.4009     12746.      0.000
    24.720     0.0313    346573.  1744.9755  -0.000672   794.8278  4.744E+10   -90.6637     17904.      0.000
    25.235     0.0273    356195.  1163.9750  -0.000627   804.7279  4.744E+10   -97.3624     22058.      0.000
    25.750     0.0235    362059.   554.4980  -0.000580   810.7604  4.744E+10   -99.8794     26211.      0.000
    26.265     0.0201    364067.   -59.4710  -0.000533   812.8259  4.744E+10   -98.8161     30364.      0.000
    26.780     0.0170    362259.  -657.6500  -0.000485   810.9658  4.744E+10   -94.7693     34518.      0.000
    27.295     0.0141    356790. -1223.3989  -0.000438   805.3393  4.744E+10   -88.3209     38671.      0.000
    27.810     0.0115    347907. -1743.5988  -0.000392   796.2006  4.744E+10   -80.0285     42825.      0.000
    28.325   0.009263    335928. -2190.3705  -0.000348   783.8764  4.744E+10   -64.5578     43069.      0.000
    28.840   0.007248    321445. -2559.6526  -0.000305   768.9760  4.744E+10   -54.9510     46851.      0.000
    29.355   0.005492    304826. -2881.2686  -0.000264   751.8786  4.744E+10   -49.1319     55285.      0.000
    29.870   0.003981    286296. -3151.4105  -0.000226   732.8149  4.744E+10   -38.2927     59438.      0.000
    30.385   0.002701    266271. -3355.6204  -0.000190   712.2129  4.744E+10   -27.7947     63592.      0.000
    30.900   0.001635    245154. -3496.8969  -0.000157   690.4874  4.744E+10   -17.9259     67745.      0.000
    31.415   0.000767    223324. -3579.8532  -0.000126   668.0288  4.744E+10    -8.9208     71899.      0.000
    31.930  7.810E-05    201128. -3610.3881 -9.834E-05   645.1933  4.744E+10    -0.9610     76052.      0.000
    32.445  -0.000449    178872. -3595.3654 -7.358E-05   622.2964  4.744E+10     5.8227     80205.      0.000
    32.960  -0.000831    156818. -3542.3057 -5.172E-05   599.6073  4.744E+10    11.3487     84359.      0.000
    33.475  -0.001088    135180. -3459.0938 -3.269E-05   577.3457  4.744E+10    15.5807     88512.      0.000
    33.990  -0.001235    114121. -3353.7054 -1.645E-05   555.6804  4.744E+10    18.5255     92666.      0.000
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    34.505  -0.001291     93757. -3233.9532 -2.913E-06   534.7295  4.744E+10    20.2293     96819.      0.000
    35.020  -0.001272     74155. -3107.2514  8.025E-06   514.5625  4.744E+10    20.7746    100973.      0.000
    35.535  -0.001192     55337. -2980.3998  1.646E-05   495.2031  4.744E+10    20.2777    105126.      0.000
    36.050  -0.001068     37288. -2859.3833  2.249E-05   476.6339  4.744E+10    18.8862    109279.      0.000
    36.565  -0.000914     19956. -2749.1839  2.622E-05   458.8024  4.744E+10    16.7770    113433.      0.000
    37.080  -0.000744  3262.1990 -2653.6037  2.773E-05   441.6278  4.744E+10    14.1551    117586.      0.000
    37.595  -0.000571    -12891. -2575.0935  2.711E-05   451.5342  4.744E+10    11.2528    121740.      0.000
    38.110  -0.000409    -28614. -1822.1958  2.440E-05   467.7094  4.744E+10   232.4035   3512476.      0.000
    38.625  -0.000270    -35456.  -571.6705  2.023E-05   474.7494  4.744E+10   172.2973   3949498.      0.000
    39.140  -0.000159    -35715.   281.1918  1.559E-05   475.0153  4.744E+10   103.7099   4034714.      0.000
    39.655 -7.686E-05    -32008.   759.9823  1.118E-05   471.2020  4.744E+10    51.2384   4119929.      0.000
    40.170 -2.064E-05    -26341.   961.6490  7.382E-06   465.3715  4.744E+10    14.0259   4200469.      0.000
    40.685  1.438E-05    -20135.   974.7898  4.354E-06   458.9869  4.744E+10    -9.7732   4200469.      0.000
    41.200  3.318E-05    -14300.   874.9006  2.111E-06   452.9839  4.744E+10   -22.5534   4200469.      0.000
    41.715  4.047E-05 -9325.2073   720.2117  5.720E-07   447.8654  4.744E+10   -27.5078   4200469.      0.000
    42.230  4.025E-05 -5399.5615   550.6735 -3.872E-07   443.8267  4.744E+10   -27.3590   4200469.      0.000
    42.745  3.569E-05 -2518.2029   391.1855 -9.029E-07   440.8623  4.744E+10   -24.2553   4200469.      0.000
    43.260  2.909E-05  -562.9238   255.1365 -1.104E-06   438.8507  4.744E+10   -19.7735   4200469.      0.000
    43.775  2.205E-05   637.2212   147.7366 -1.099E-06   438.9272  4.744E+10   -14.9837   4200469.      0.000
    44.290  1.551E-05  1265.0292    68.8602 -9.749E-07   439.5731  4.744E+10   -10.5426   4200469.      0.000
    44.805  9.995E-06  1490.0444    15.2906 -7.954E-07   439.8046  4.744E+10    -6.7938   4200469.      0.000
    45.320  5.680E-06  1455.4173   -17.6309 -6.035E-07   439.7689  4.744E+10    -3.8604   4200469.      0.000
    45.835  2.536E-06  1273.1853   -34.8852 -4.258E-07   439.5815  4.744E+10    -1.7235   4200469.      0.000
    46.350  4.168E-07  1024.9834   -41.0862 -2.761E-07   439.3261  4.744E+10    -0.2833   4200469.      0.000
    46.865 -8.768E-07   765.8440   -40.1202 -1.594E-07   439.0595  4.744E+10     0.5960   4200469.      0.000
    47.380 -1.554E-06   529.3779   -35.0153 -7.507E-08   438.8162  4.744E+10     1.0561   4200469.      0.000
    47.895 -1.805E-06   333.1868   -27.9618 -1.888E-08   438.6144  4.744E+10     1.2266   4200469.      0.000
    48.410 -1.787E-06   183.8034   -20.4183  1.480E-08   438.4607  4.744E+10     1.2147   4200469.      0.000
    48.925 -1.622E-06    80.7912   -13.2589  3.204E-08   438.3547  4.744E+10     1.1022   4200469.      0.000
    49.440 -1.391E-06    19.8669    -6.9312  6.549E-08  8305.2509  2.178E+09     0.9456   4200469.      0.000
    49.955 -8.123E-07    -4.9933    -2.3034  8.659E-08  8304.3845  2.178E+09     0.5521   4200469.      0.000
    50.470 -3.209E-07    -8.7553     0.0766  6.708E-08  8304.6036  2.178E+09     0.2181   4200469.      0.000
    50.985  1.686E-08    -4.1640     0.7153  4.875E-08  8304.3361  2.178E+09    -0.0115   4200469.      0.000
    51.500  2.816E-07      0.000      0.000  4.284E-08  8304.0936  2.178E+09    -0.2200   2414062.      0.000

* The above values of total stress are combined axial and bending stresses. 

Output Summary for Load Case No. 2:

Pile-head deflection             =      0.2744668 inches
Computed slope at pile head      =       0.000000 radians
Maximum bending moment           =       -567139. inch-lbs
Maximum shear force              =  -3610.3880840 lbs
Depth of maximum bending moment  =       0.000000 feet below pile head
Depth of maximum shear force     =     31.9300000 feet below pile head
Number of iterations             =              6
Number of zero deflection points =              4

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 2
--------------------------------------------------------------------------------

Boundary Condition Type 2, Shear and Slope
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Shear      =           3000.  lb
Slope      =         0.00000
Axial Load =         142000.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    51.5000     0.2744668      -567139. -3610.3880840
    48.9250     0.2747020      -567337. -3606.5583775
    46.3500     0.2743649      -567065. -3617.5362291
    43.7750     0.2744274      -567130. -3611.0913207
    41.2000     0.2747498      -567466. -3558.3336054
    38.6250     0.2752088      -567963. -3471.3709416
    36.0500     0.2879765      -576602. -4465.6185051
    33.4750     0.3524237      -627024. -5246.8961065
    30.9000     0.5359689      -795173. -4228.5128704
    28.3250     0.6674305      -947528.  3000.0000008
    25.7500     0.6736510      -976965.  3000.0000026
    25.7500      0.000000   3346256334.    541688575.
    25.7500      0.000000   3346256334.    541688575.
    25.7500      0.000000   3346256334.    541688575.
    25.7500      0.000000   3346256334.    541688575.
    25.7500      0.000000   3346256334.    541688575.
    25.7500      0.000000   3346256334.    541688575.
    25.7500      0.000000   3346256334.    541688575.
    25.7500      0.000000   3346256334.    541688575.
    25.7500      0.000000   3346256334.    541688575.

--------------------------------------------------------------------------------
                           Summary of Pile Response(s)
--------------------------------------------------------------------------------

Definitions of Pile-head Loading Conditions:

Load Type 1: Load 1 = Shear, lbs, and Load 2 = Moment, in-lbs
Load Type 2: Load 1 = Shear, lbs, and Load 2 = Slope, radians
Load Type 3: Load 1 = Shear, lbs, and Load 2 = Rotational Stiffness, in-lbs/radian
Load Type 4: Load 1 = Top Deflection, inches, and Load 2 = Moment, in-lbs
Load Type 5: Load 1 = Top Deflection, inches, and Load 2 = Slope, radians

               Pile-head      Pile-head                                      Maximum        Maximum                  
Load  Load    Condition 1    Condition 2        Axial        Pile-head       Moment          Shear        Pile-head  
Case  Type    V(lbs) or     in-lb, rad.,       Loading      Deflection       in Pile        in Pile       Rotation   
 No.   No.    y(inches)     or in-lb/rad.        lbs          inches         in-lbs           lbs          radians   
----  ----  --------------  --------------  -------------  -------------  -------------  -------------  -------------
  1     2   V =  2000.0000  S =      0.000        106000.     0.17934697       -373492.     -2361.1377    -0.00000000
  2     2   V =  3000.0000  S =      0.000        142000.     0.27446684       -567139.     -3610.3881    -0.00000000

The analysis ended normally. 
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Lateral Pile Deflection (inches)
S-51 over Black Mingo - IB3 - Transverse Loads

D
ep

th
 (

ft
)

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24 0.26

0
5

10
15

20
25

30
35

40
45

50
55

60

SER - Max Shear

STR - Max Shear

Lateral Pile Deflection (inches)
S-51 over Black Mingo - IB3 - Transverse Loads

D
ep

th
 (

ft
)

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24 0.26

0
5

10
15

20
25

30
35

40
45

50
55

0

SER - Max Shear

STR - Max Shear



Bending Moment (in-kips)
S-51 over Black Mingo - IB3 - Transverse Loads
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Pile Length (ft)

S-51 over Black Mingo - IB3 - Transverse Loads
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EB4_Long.lp7o
================================================================================

                  LPile Plus for Windows, Version 2013-07.007

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                          © 1985-2013 by Ensoft, Inc.           
                              All Rights Reserved               

================================================================================

This copy of LPile is used by:      

John Hamilton
F&ME, Inc.

Serial Number of Security Device:  228740981
This copy of LPile is licensed for exclusive use by:  F&ME Consultants, Charlotte, Nor

Use of this program by any entity other than F&ME Consultants, Charlotte, Nor
is forbidden by the software license agreement.

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:        P:\Geotechnical\G5500's\G5556.000 - Emergency Bridge Pkg 4 - Design Build\G5556.02 - S-51 over Black 
Mingo Creek\Reports\Final Report\Bridge\LPile\
Name of input data file:       EB4_Long.lp7d
Name of output report file:    EB4_Long.lp7o
Name of plot output file:      EB4_Long.lp7p
Name of runtime messeage file: EB4_Long.lp7r

--------------------------------------------------------------------------------
                           Date and Time of Analysis
--------------------------------------------------------------------------------

               Date:  February 15, 2016     Time:  17:24:05

--------------------------------------------------------------------------------
                                Problem Title
--------------------------------------------------------------------------------

Project Name: S-51 RBO Black Mingo Creek                                                                                               
                                                                                                                        
Job Number: G5556.02 (F&ME); P029461 (SCDOT)                                                                                           
                                                                                                                        
Client: UIG                                                                                                                            
                                                                                                                        
Engineer: JFH                                                                                                                          
                                                                                                                        
Description: EB4 - Longitudinal Loads                                                                                                  
                                                                                                                        

--------------------------------------------------------------------------------
                           Program Options and Settings
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--------------------------------------------------------------------------------

Engineering Units of Input Data and Computations:
 - Engineering units are US Customary Units (pounds, feet, inches)

Analysis Control Options:
- Maximum number of iterations allowed                 =          500
- Deflection tolerance for convergence                 =   1.0000E-05 in
- Maximum allowable deflection                         =     100.0000 in
- Number of pile increments                            =          100

Loading Type and Number of Cycles of Loading:
 - Static loading specified

Computational Options:
 - Use unfactored loads in computations (conventional analysis)
 - Compute pile response under loading and nonlinear bending properties of pile
   (only if nonlinear pile properties are input)
 - Use of p-y modification factors for p-y curves not selected
 - Loading by lateral soil movements acting on pile not selected
 - Input of shear resistance at the pile tip not selected
 - Computation of pile-head foundation stiffness matrix not selected
 - Push-over analysis of pile not selected
 - Buckling analysis of pile not selected

Output Options:
 - No p-y curves to be computed and reported for user-specified depths
 - Values of pile-head deflection, bending moment, shear force, and 
   soil reaction are printed for full length of pile.
 - Printing Increment (nodal spacing of output points) = 1

--------------------------------------------------------------------------------
                    Pile Structural Properties and Geometry
--------------------------------------------------------------------------------

Total number of pile sections                          =          1

Total length of pile                                   =      32.00 ft

Depth of ground surface below top of pile              =       0.00 ft

Pile diameter values used for p-y curve computations are defined using 2 points.

p-y curves are computed using pile diameter values interpolated with depth over 
the length of the pile.

Point         Depth              Pile   
                X              Diameter 
                ft                in
-----       ---------        -----------
  1           0.00000         14.6000000
  2         32.000000         14.6000000

Input Structural Properties:
----------------------------

Pile Section No. 1:

   Section Type                                        =    Elastic Pile
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   Cross-sectional Shape                               =   Strong H-Pile
   Section Length                                      =     32.00000 ft
   Flange Width                                        =     14.60000 in
   Section Depth                                       =     13.60000 in
   Flange Thickness                                    =      0.50500 in
   Web Thickness                                       =      0.50500 in
   Section Area                                        =     21.40000 Sq. in
   Moment of Inertia                                   =    729.00000 in^4
   Elastic Modulus                                     =    29000000. lbs/in^2

--------------------------------------------------------------------------------
                      Ground Slope and Pile Batter Angles
--------------------------------------------------------------------------------

Ground Slope Angle                                     =        0.000 degrees
                                                       =        0.000 radians

Pile Batter Angle                                      =        0.000 degrees
                                                       =        0.000 radians

--------------------------------------------------------------------------------
                       Soil and Rock Layering Information
--------------------------------------------------------------------------------

The soil profile is modelled using 4 layers

Layer 1 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =       0.0000 ft
   Distance from top of pile to bottom of layer        =      3.00000 ft
   Effective unit weight at top of layer               =    115.00000 pcf
   Effective unit weight at bottom of layer            =    115.00000 pcf
   Friction angle at top of layer                      =     28.00000 deg.
   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     25.00000 pci
   Subgrade k at bottom of layer                       =     25.00000 pci

Layer 2 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =      3.00000 ft
   Distance from top of pile to bottom of layer        =      6.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     28.00000 deg.
   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 3 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =      6.00000 ft
   Distance from top of pile to bottom of layer        =     17.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     34.00000 deg.
   Friction angle at bottom of layer                   =     34.00000 deg.
   Subgrade k at top of layer                          =     60.00000 pci
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   Subgrade k at bottom of layer                       =     60.00000 pci

Layer 4 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     17.00000 ft
   Distance from top of pile to bottom of layer        =     50.00000 ft
   Effective unit weight at top of layer               =     63.00000 pcf
   Effective unit weight at bottom of layer            =     63.00000 pcf
   Friction angle at top of layer                      =     40.00000 deg.
   Friction angle at bottom of layer                   =     40.00000 deg.
   Subgrade k at top of layer                          =    125.00000 pci
   Subgrade k at bottom of layer                       =    125.00000 pci

   (Depth of lowest soil layer extends   18.00 ft below pile tip)

--------------------------------------------------------------------------------
                           Summary of Soil Properties
--------------------------------------------------------------------------------

                      Layer                     Layer      Effective    Angle of                  
Layer               Soil Type                   Depth       Unit Wt.    Friction       kpy        
 Num.         (p-y Curve Criteria)               ft           pcf          deg.        pci        
-----   ----------------------------------   ----------   ----------   ----------   ----------    
  1     Sand (Reese, et al.)                       0.00      115.000       28.000       25.000   
                                                  3.000      115.000       28.000       25.000   
  2     Sand (Reese, et al.)                      3.000       53.000       28.000       20.000   
                                                  6.000       53.000       28.000       20.000   
  3     Sand (Reese, et al.)                      6.000       53.000       34.000       60.000   
                                                 17.000       53.000       34.000       60.000   
  4     Sand (Reese, et al.)                     17.000       63.000       40.000      125.000   
                                                 50.000       63.000       40.000      125.000   

--------------------------------------------------------------------------------
                                 Loading Type
--------------------------------------------------------------------------------

Static loading criteria were used when computing p-y curves for all analyses.

--------------------------------------------------------------------------------
               Pile-head Loading and Pile-head Fixity Conditions
--------------------------------------------------------------------------------

Number of loads specified = 4

Load    Load         Condition               Condition            Axial Thrust            Compute
 No.    Type             1                       2                 Force, lbs      Top y vs. Pile Length
-----   ----   --------------------   -----------------------   ----------------   ---------------------
   1     1     V =   3000.00000 lbs   M =      180000. in-lbs           111000.             Yes 
   2     1     V =   3000.00000 lbs   M =      228000. in-lbs           116000.             Yes 
   3     1     V =   4000.00000 lbs   M =      288000. in-lbs           151000.             Yes 
   4     1     V =   4000.00000 lbs   M =      360000. in-lbs           157000.             Yes 

V = perpendicular shear force applied to pile head
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M = bending moment applied to pile head
y = lateral deflection relative to pile axis
S = pile slope relative to original pile batter angle
R = rotational stiffness applie to pile head
Axial thrust is assumed to be acting axially for all pile batter angles.

--------------------------------------------------------------------------------
    Computations of Nominal Moment Capacity and Nonlinear Bending Stiffness
--------------------------------------------------------------------------------

Axial thrust force values were determined from pile-head loading conditions

Number of Pile Sections Analyzed = 1

Pile Section No. 1:
-------------------
Moment-curvature properties were derived from elastic section properties

--------------------------------------------------------------------------------
                 Computed Values of Pile Loading and Deflection
                   for Lateral Loading for Load Case Number 1
--------------------------------------------------------------------------------

Pile-head conditions are Shear and Moment (Loading Type 1)

Shear force at pile head                               =       3000.0 lbs
Applied moment at pile head                            =     180000.0 in-lbs
Axial thrust load on pile head                         =     111000.0 lbs

   Depth    Deflect.    Bending    Shear       Slope      Total    Bending   Soil Res.  Soil Spr.   Distrib. 
     X         y        Moment     Force         S       Stress   Stiffness      p         Es*h    Lat. Load 
   feet      inches     in-lbs      lbs       radians     psi*      lb-in^2    lb/in      lb/inch    lb/inch 
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
      0.00     0.1281    180000.  3000.0000  -0.001788  6989.3850  2.114E+10      0.000      0.000      0.000
     0.320     0.1213    192275.  2977.6466  -0.001754  7112.3039  2.114E+10   -11.6424   368.6400      0.000
     0.640     0.1146    204364.  2913.0444  -0.001718  7233.3546  2.114E+10   -22.0046   737.2800      0.000
     0.960     0.1081    216112.  2811.0309  -0.001680  7350.9977  2.114E+10   -31.1275  1105.9200      0.000
     1.280     0.1017    227384.  2676.2799  -0.001639  7463.8770  2.114E+10   -39.0553  1474.5600      0.000
     1.600     0.0955    238063.  2513.2897  -0.001597  7570.8132  2.114E+10   -45.8354  1843.2000      0.000
     1.920     0.0894    248048.  2326.3721  -0.001553  7670.7969  2.114E+10   -51.5175  2211.8400      0.000
     2.240     0.0836    257254.  2119.6421  -0.001507  7762.9812  2.114E+10   -56.1543  2580.4800      0.000
     2.560     0.0779    265612.  1897.0089  -0.001460  7846.6745  2.114E+10   -59.8005  2949.1200      0.000
     2.880     0.0724    273067.  1662.1674  -0.001411  7921.3318  2.114E+10   -62.5128  3317.7600      0.000
     3.200     0.0670    279580.  1441.6822  -0.001361  7986.5469  2.114E+10   -52.3233  2997.4517      0.000
     3.520     0.0619    285299.  1239.3169  -0.001309  8043.8192  2.114E+10   -53.0754  3292.3637      0.000
     3.840     0.0570    290214.  1035.2186  -0.001257  8093.0334  2.114E+10   -53.2259  3587.2757      0.000
     4.160     0.0523    294321.   831.6027  -0.001204  8134.1634  2.114E+10   -52.8241  3882.1877      0.000
     4.480     0.0477    297627.   630.4947  -0.001150  8167.2652  2.114E+10   -51.9197  4177.0997      0.000
     4.800     0.0434    300144.   433.7284  -0.001096  8192.4699  2.114E+10   -50.5628  4472.0117      0.000
     5.120     0.0393    301892.   242.9455  -0.001041  8209.9760  2.114E+10   -48.8033  4766.9237      0.000
     5.440     0.0354    302897.    59.5963  -0.000986  8220.0417  2.114E+10   -46.6911  5061.8357      0.000
     5.760     0.0317    303190.  -115.0599  -0.000931  8222.9783  2.114E+10   -44.2757  5356.7477      0.000
     6.080     0.0283    302807.  -395.0376  -0.000876  8219.1422  2.114E+10  -101.5460     13794.      0.000
     6.400     0.0250    300903.  -779.5451  -0.000821  8200.0772  2.114E+10   -98.7184     15157.      0.000
     6.720     0.0220    297521. -1148.6244  -0.000767  8166.2024  2.114E+10   -93.5104     16351.      0.000
     7.040     0.0191    292736. -1492.9322  -0.000713  8118.2893  2.114E+10   -85.8166     17235.      0.000
     7.360     0.0165    286663. -1807.0315  -0.000661  8057.4777  2.114E+10   -77.7768     18120.      0.000
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     7.680     0.0140    279421. -2089.8248  -0.000609  7984.9595  2.114E+10   -69.5114     19005.      0.000
     8.000     0.0118    271133. -2340.6605  -0.000559  7901.9608  2.114E+10   -61.1322     19890.      0.000
     8.320   0.009749    261922. -2559.3006  -0.000511  7809.7252  2.114E+10   -52.7428     20774.      0.000
     8.640   0.007878    251913. -2745.8872  -0.000464  7709.4985  2.114E+10   -44.4377     21659.      0.000
     8.960   0.006184    241229. -2900.9077  -0.000419  7602.5150  2.114E+10   -36.3021     22544.      0.000
     9.280   0.004657    229991. -3025.1587  -0.000377  7489.9842  2.114E+10   -28.4120     23429.      0.000
     9.600   0.003290    218317. -3119.7111  -0.000336  7373.0798  2.114E+10   -20.8341     24313.      0.000
     9.920   0.002076    206318. -3185.8740  -0.000297  7252.9298  2.114E+10   -13.6258     25198.      0.000
    10.240   0.001006    194103. -3225.1597  -0.000261  7130.6079  2.114E+10    -6.8355     26083.      0.000
    10.560  7.161E-05    181772. -3239.2495  -0.000227  7007.1262  2.114E+10    -0.5029     26968.      0.000
    10.880  -0.000736    169419. -3229.9607  -0.000195  6883.4293  2.114E+10     5.3408     27852.      0.000
    11.200  -0.001426    157132. -3199.2150  -0.000165  6760.3897  2.114E+10    10.6725     28737.      0.000
    11.520  -0.002006    144990. -3149.0085  -0.000138  6638.8042  2.114E+10    15.4767     29622.      0.000
    11.840  -0.002485    133065. -3081.3833  -0.000113  6519.3915  2.114E+10    19.7448     30506.      0.000
    12.160  -0.002872    121421. -2998.4015 -8.956E-05  6402.7911  2.114E+10    23.4749     31391.      0.000
    12.480  -0.003173    110114. -2902.1211 -6.853E-05  6289.5629  2.114E+10    26.6712     32276.      0.000
    12.800  -0.003398     99191. -2794.5736 -4.952E-05  6180.1875  2.114E+10    29.3432     33161.      0.000
    13.120  -0.003554     88694. -2677.7445 -3.246E-05  6075.0680  2.114E+10    31.5053     34045.      0.000
    13.440  -0.003647     78654. -2553.5554 -1.726E-05  5974.5317  2.114E+10    33.1765     34930.      0.000
    13.760  -0.003686     69097. -2423.8488 -3.841E-06  5878.8333  2.114E+10    34.3791     35815.      0.000
    14.080  -0.003677     60042. -2290.3740  7.887E-06  5788.1576  2.114E+10    35.1390     36700.      0.000
    14.400  -0.003625     51500. -2154.7763  1.802E-05  5702.6239  2.114E+10    35.4848     37584.      0.000
    14.720  -0.003538     43478. -2018.5871  2.664E-05  5622.2900  2.114E+10    35.4471     38469.      0.000
    15.040  -0.003421     35975. -1883.2167  3.386E-05  5547.1563  2.114E+10    35.0584     39354.      0.000
    15.360  -0.003278     28986. -1749.9474  3.976E-05  5477.1715  2.114E+10    34.3527     40239.      0.000
    15.680  -0.003116     22501. -1619.9299  4.443E-05  5412.2366  2.114E+10    33.3648     41123.      0.000
    16.000  -0.002937     16507. -1494.1797  4.798E-05  5352.2109  2.114E+10    32.1301     42008.      0.000
    16.320  -0.002747     10985. -1373.5753  5.047E-05  5296.9167  2.114E+10    30.6847     42893.      0.000
    16.640  -0.002549  5914.7712 -1258.8573  5.201E-05  5246.1447  2.114E+10    29.0643     43777.      0.000
    16.960  -0.002348  1272.6472 -1150.6285  5.266E-05  5199.6598  2.114E+10    27.3049     44662.      0.000
    17.280  -0.002145 -2966.9486 -1010.5109  5.251E-05  5216.6261  2.114E+10    45.6731     81765.      0.000
    17.600  -0.001944 -6532.8380  -841.5352  5.164E-05  5252.3339  2.114E+10    42.3351     83609.      0.000
    17.920  -0.001748 -9473.9651  -685.5523  5.019E-05  5281.7855  2.114E+10    38.9060     85452.      0.000
    18.240  -0.001559    -11841.  -542.8102  4.826E-05  5305.4850  2.114E+10    35.4389     87295.      0.000
    18.560  -0.001378    -13684.  -413.3628  4.594E-05  5323.9424  2.114E+10    31.9816     89138.      0.000
    18.880  -0.001206    -15054.  -297.0910  4.333E-05  5337.6669  2.114E+10    28.5766     90981.      0.000
    19.200  -0.001045    -16002.  -193.7235  4.051E-05  5347.1602  2.114E+10    25.2606     92825.      0.000
    19.520  -0.000895    -16577.  -102.8580  3.755E-05  5352.9111  2.114E+10    22.0651     94668.      0.000
    19.840  -0.000757    -16824.   -23.9817  3.451E-05  5355.3910  2.114E+10    19.0163     96511.      0.000
    20.160  -0.000630    -16790.    43.5091  3.146E-05  5355.0500  2.114E+10    16.1351     98354.      0.000
    20.480  -0.000515    -16517.   100.2894  2.844E-05  5352.3135  2.114E+10    13.4380    100197.      0.000
    20.800  -0.000412    -16044.   147.0884  2.548E-05  5347.5800  2.114E+10    10.9365    102041.      0.000
    21.120  -0.000319    -15409.   184.6727  2.262E-05  5341.2191  2.114E+10     8.6386    103884.      0.000
    21.440  -0.000238    -14645.   213.8310  1.989E-05  5333.5708  2.114E+10     6.5480    105727.      0.000
    21.760  -0.000167    -13784.   235.3605  1.731E-05  5324.9442  2.114E+10     4.6653    107570.      0.000
    22.080  -0.000105    -12853.   250.0551  1.489E-05  5315.6181  2.114E+10     2.9881    109413.      0.000
    22.400 -5.217E-05    -11876.   258.6945  1.265E-05  5305.8408  2.114E+10     1.5115    111257.      0.000
    22.720 -7.749E-06    -10877.   262.0347  1.058E-05  5295.8311  2.114E+10     0.2282    113100.      0.000
    23.040  2.908E-05 -9872.7896   260.8014  8.695E-06  5285.7792  2.114E+10    -0.8706    114943.      0.000
    23.360  5.903E-05 -8881.0552   255.6827  6.992E-06  5275.8483  2.114E+10    -1.7954    116786.      0.000
    23.680  8.279E-05 -7915.1069   247.3253  5.467E-06  5266.1755  2.114E+10    -2.5575    118629.      0.000
    24.000   0.000101 -6986.2577   236.3299  4.114E-06  5256.8743  2.114E+10    -3.1692    120473.      0.000
    24.320   0.000114 -6103.6001   223.2498  2.925E-06  5248.0356  2.114E+10    -3.6433    122316.      0.000
    24.640   0.000123 -5274.1924   208.5891  1.891E-06  5239.7302  2.114E+10    -3.9925    124159.      0.000
    24.960   0.000129 -4503.2480   192.8024  1.003E-06  5232.0101  2.114E+10    -4.2297    126002.      0.000
    25.280   0.000131 -3794.3251   176.2955  2.499E-07  5224.9112  2.114E+10    -4.3676    127845.      0.000
    25.600   0.000131 -3149.5114   159.4266 -3.807E-07  5218.4542  2.114E+10    -4.4183    129689.      0.000
    25.920   0.000128 -2569.6044   142.5081 -9.001E-07  5212.6472  2.114E+10    -4.3934    131532.      0.000
    26.240   0.000124 -2054.2818   125.8095 -1.320E-06  5207.4869  2.114E+10    -4.3038    133375.      0.000
    26.560   0.000118 -1602.2618   109.5600 -1.652E-06  5202.9605  2.114E+10    -4.1595    135218.      0.000
    26.880   0.000111 -1211.4526    93.9516 -1.908E-06  5199.0470  2.114E+10    -3.9698    137061.      0.000
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    27.200   0.000103  -879.0872    79.1431 -2.098E-06  5195.7188  2.114E+10    -3.7430    138905.      0.000
    27.520  9.511E-05  -601.8458    65.2632 -2.232E-06  5192.9426  2.114E+10    -3.4862    140748.      0.000
    27.840  8.633E-05  -375.9632    52.4147 -2.321E-06  5190.6807  2.114E+10    -3.2057    142591.      0.000
    28.160  7.729E-05  -197.3222    40.6782 -2.373E-06  5188.8918  2.114E+10    -2.9070    144434.      0.000
    28.480  6.811E-05   -61.5319    30.1154 -2.396E-06  5187.5321  2.114E+10    -2.5944    146277.      0.000
    28.800  5.888E-05    36.0070    20.7732 -2.399E-06  5187.2765  2.114E+10    -2.2713    148121.      0.000
    29.120  4.968E-05   100.0512    12.6868 -2.386E-06  5187.9178  2.114E+10    -1.9403    149964.      0.000
    29.440  4.056E-05   135.4762     5.8830 -2.365E-06  5188.2725  2.114E+10    -1.6033    151807.      0.000
    29.760  3.152E-05   147.2491     0.3831 -2.339E-06  5188.3904  2.114E+10    -1.2613    153650.      0.000
    30.080  2.259E-05   140.4124    -3.7949 -2.313E-06  5188.3219  2.114E+10    -0.9147    155493.      0.000
    30.400  1.376E-05   120.0765    -6.6333 -2.290E-06  5188.1183  2.114E+10    -0.5636    157337.      0.000
    30.720  5.006E-06    91.4204    -8.1139 -2.270E-06  5187.8313  2.114E+10    -0.2075    159180.      0.000
    31.040 -3.680E-06    59.6971    -8.2161 -2.257E-06  5187.5137  2.114E+10     0.1543    161023.      0.000
    31.360 -1.232E-05    30.2448    -6.9161 -2.248E-06  5187.2188  2.114E+10     0.5227    162866.      0.000
    31.680 -2.095E-05     8.4980    -4.1873 -2.245E-06  5187.0010  2.114E+10     0.8985    164709.      0.000
    32.000 -2.957E-05      0.000      0.000 -2.244E-06  5186.9159  2.114E+10     1.2824     83276.      0.000

* The above values of total stress are combined axial and bending stresses. 

Output Summary for Load Case No. 1:

Pile-head deflection             =      0.1280774 inches
Computed slope at pile head      =     -0.0017878 radians
Maximum bending moment           =        303190. inch-lbs
Maximum shear force              =  -3239.2494672 lbs
Depth of maximum bending moment  =      5.7600000 feet below pile head
Depth of maximum shear force     =     10.5600000 feet below pile head
Number of iterations             =              6
Number of zero deflection points =              3

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 1
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =           3000.  lb
Moment     =         180000. in- lb
Axial Load =         111000.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    32.0000     0.1280774       303190. -3239.2494672
    30.4000     0.1284139       303595. -3245.4804447
    28.8000     0.1279987       303275. -3239.9744933
    27.2000     0.1288951       301908. -3229.8162852
    25.6000     0.1287667       302876. -3239.4548159
    24.0000     0.1284007       302935. -3238.0734925
    22.4000     0.1282538       302935. -3227.4498486
    20.8000     0.1282678       302983. -3205.9000833
    19.2000     0.1290077       302491. -3204.1459411
    17.6000     0.1295625       301397. -3329.4521385
    16.0000     0.1329713       299045. -3718.8493124
    14.4000     0.1420246       292978. -4231.0356084
    12.8000     0.1634572       282598. -4803.1878197
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    11.2000     0.2095552       269614. -5337.9575018
     9.6000     0.3177421       259067. -5894.2946346

--------------------------------------------------------------------------------
                 Computed Values of Pile Loading and Deflection
                   for Lateral Loading for Load Case Number 2
--------------------------------------------------------------------------------

Pile-head conditions are Shear and Moment (Loading Type 1)

Shear force at pile head                               =       3000.0 lbs
Applied moment at pile head                            =     228000.0 in-lbs
Axial thrust load on pile head                         =     116000.0 lbs

   Depth    Deflect.    Bending    Shear       Slope      Total    Bending   Soil Res.  Soil Spr.   Distrib. 
     X         y        Moment     Force         S       Stress   Stiffness      p         Es*h    Lat. Load 
   feet      inches     in-lbs      lbs       radians     psi*      lb-in^2    lb/in      lb/inch    lb/inch 
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
      0.00     0.1424    228000.  3000.0000  -0.002036  7703.6883  2.114E+10      0.000      0.000      0.000
     0.320     0.1346    240418.  2975.1847  -0.001993  7828.0337  2.114E+10   -12.9246   368.6400      0.000
     0.640     0.1271    252625.  2903.5292  -0.001948  7950.2759  2.114E+10   -24.3959   737.2800      0.000
     0.960     0.1197    264452.  2790.5168  -0.001901  8068.7112  2.114E+10   -34.4647  1105.9200      0.000
     1.280     0.1125    275750.  2641.4301  -0.001852  8181.8432  2.114E+10   -43.1847  1474.5600      0.000
     1.600     0.1054    286389.  2461.3385  -0.001801  8288.3752  2.114E+10   -50.6130  1843.2000      0.000
     1.920     0.0986    296258.  2255.0879  -0.001748  8387.2017  2.114E+10   -56.8092  2211.8400      0.000
     2.240     0.0920    305265.  2027.2904  -0.001694  8477.3999  2.114E+10   -61.8354  2580.4800      0.000
     2.560     0.0856    313336.  1782.3148  -0.001637  8558.2202  2.114E+10   -65.7560  2949.1200      0.000
     2.880     0.0794    320412.  1524.2798  -0.001580  8629.0773  2.114E+10   -68.6372  3317.7600      0.000
     3.200     0.0735    326450.  1282.3608  -0.001521  8689.5399  2.114E+10   -57.3623  2997.4517      0.000
     3.520     0.0678    331616.  1060.6821  -0.001461  8741.2680  2.114E+10   -58.0954  3292.3637      0.000
     3.840     0.0623    335898.   837.4624  -0.001401  8784.1492  2.114E+10   -58.1649  3587.2757      0.000
     4.160     0.0570    339295.   615.1421  -0.001339  8818.1697  2.114E+10   -57.6270  3882.1877      0.000
     4.480     0.0520    341816.   395.9447  -0.001278  8843.4062  2.114E+10   -56.5383  4177.0997      0.000
     4.800     0.0472    343475.   181.8766  -0.001215  8860.0174  2.114E+10   -54.9554  4472.0117      0.000
     5.120     0.0426    344295.   -25.2725  -0.001153  8868.2358  2.114E+10   -52.9347  4766.9237      0.000
     5.440     0.0383    344308.  -223.9288  -0.001090  8868.3589  2.114E+10   -50.5321  5061.8357      0.000
     5.760     0.0343    343547.  -412.7320  -0.001028  8860.7415  2.114E+10   -47.8029  5356.7477      0.000
     6.080     0.0304    342053.  -707.9485  -0.000966  8845.7874  2.114E+10  -105.9556     13366.      0.000
     6.400     0.0269    338970. -1108.9995  -0.000904  8814.9109  2.114E+10  -102.9251     14719.      0.000
     6.720     0.0235    334341. -1496.0877  -0.000843  8768.5620  2.114E+10   -98.6833     16126.      0.000
     7.040     0.0204    328231. -1861.1913  -0.000782  8707.3708  2.114E+10   -91.4748     17235.      0.000
     7.360     0.0175    320745. -2195.2854  -0.000724  8632.4067  2.114E+10   -82.5325     18120.      0.000
     7.680     0.0148    312016. -2494.6096  -0.000666  8544.9961  2.114E+10   -73.3656     19005.      0.000
     8.000     0.0124    302179. -2758.5381  -0.000610  8446.4996  2.114E+10   -64.0972     19890.      0.000
     8.320     0.0101    291374. -2986.8988  -0.000556  8338.2939  2.114E+10   -54.8407     20774.      0.000
     8.640   0.008102    279736. -3179.9352  -0.000504  8221.7544  2.114E+10   -45.6991     21659.      0.000
     8.960   0.006262    267401. -3338.2671  -0.000455  8098.2404  2.114E+10   -36.7654     22544.      0.000
     9.280   0.004609    254503. -3462.8508  -0.000407  7969.0811  2.114E+10   -28.1219     23429.      0.000
     9.600   0.003134    241169. -3554.9388  -0.000362  7835.5631  2.114E+10   -19.8406     24313.      0.000
     9.920   0.001826    227524. -3616.0401  -0.000320  7698.9201  2.114E+10   -11.9830     25198.      0.000
    10.240   0.000677    213683. -3647.8813  -0.000280  7560.3234  2.114E+10    -4.6010     26083.      0.000
    10.560  -0.000322    199757. -3652.3687  -0.000242  7420.8742  2.114E+10     2.2638     26968.      0.000
    10.880  -0.001183    185849. -3631.5513  -0.000207  7281.5974  2.114E+10     8.5786     27852.      0.000
    11.200  -0.001914    172052. -3587.5862  -0.000175  7143.4368  2.114E+10    14.3199     28737.      0.000
    11.520  -0.002524    158452. -3522.7056  -0.000145  7007.2511  2.114E+10    19.4721     29622.      0.000
    11.840  -0.003024    145126. -3439.1858  -0.000117  6873.8124  2.114E+10    24.0278     30506.      0.000
    12.160  -0.003424    132143. -3339.3183 -9.191E-05  6743.8039  2.114E+10    27.9865     31391.      0.000
    12.480  -0.003730    119562. -3225.3837 -6.905E-05  6617.8209  2.114E+10    31.3544     32276.      0.000
    12.800  -0.003954    107434. -3099.6276 -4.843E-05  6496.3707  2.114E+10    34.1436     33161.      0.000
    13.120  -0.004102     95800. -2964.2391 -2.998E-05  6379.8750  2.114E+10    36.3713     34045.      0.000
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    13.440  -0.004184     84695. -2821.3316 -1.358E-05  6268.6722  2.114E+10    38.0597     34930.      0.000
    13.760  -0.004207     74144. -2672.9264  8.409E-07  6163.0207  2.114E+10    39.2347     35815.      0.000
    14.080  -0.004178     64166. -2520.9379  1.340E-05  6063.1024  2.114E+10    39.9260     36700.      0.000
    14.400  -0.004104     54772. -2367.1618  2.420E-05  5969.0275  2.114E+10    40.1657     37584.      0.000
    14.720  -0.003992     45965. -2213.2652  3.335E-05  5880.8391  2.114E+10    39.9888     38469.      0.000
    15.040  -0.003848     37744. -2060.7780  4.095E-05  5798.5180  2.114E+10    39.4316     39354.      0.000
    15.360  -0.003677     30102. -1911.0874  4.712E-05  5721.9888  2.114E+10    38.5322     40239.      0.000
    15.680  -0.003486     23025. -1765.4330  5.194E-05  5651.1249  2.114E+10    37.3294     41123.      0.000
    16.000  -0.003278     16497. -1624.9041  5.553E-05  5585.7542  2.114E+10    35.8627     42008.      0.000
    16.320  -0.003059     10496. -1490.4376  5.798E-05  5525.6657  2.114E+10    34.1719     42893.      0.000
    16.640  -0.002833  4998.5031 -1362.8178  5.939E-05  5470.6143  2.114E+10    32.2967     43777.      0.000
    16.960  -0.002603   -23.2568 -1242.6769  5.984E-05  5420.7936  2.114E+10    30.2767     44662.      0.000
    17.280  -0.002373 -4598.5670 -1087.5161  5.942E-05  5466.6095  2.114E+10    50.5363     81765.      0.000
    17.600  -0.002147 -8428.3177  -900.7414  5.824E-05  5504.9595  2.114E+10    46.7422     83609.      0.000
    17.920  -0.001926    -11568.  -728.7021  5.642E-05  5536.4009  2.114E+10    42.8615     85452.      0.000
    18.240  -0.001713    -14075.  -571.6194  5.409E-05  5561.5040  2.114E+10    38.9524     87295.      0.000
    18.560  -0.001511    -16006.  -429.5023  5.136E-05  5580.8440  2.114E+10    35.0670     89138.      0.000
    18.880  -0.001319    -17419.  -302.1710  4.833E-05  5594.9932  2.114E+10    31.2514     90981.      0.000
    19.200  -0.001140    -18370.  -189.2808  4.508E-05  5604.5137  2.114E+10    27.5456     92825.      0.000
    19.520  -0.000973    -18913.   -90.3455  4.169E-05  5609.9520  2.114E+10    23.9833     94668.      0.000
    19.840  -0.000819    -19101.    -4.7600  3.824E-05  5611.8337  2.114E+10    20.5925     96511.      0.000
    20.160  -0.000679    -18984.    68.1772  3.478E-05  5610.6592  2.114E+10    17.3956     98354.      0.000
    20.480  -0.000552    -18608.   129.2434  3.136E-05  5606.9007  2.114E+10    14.4097    100197.      0.000
    20.800  -0.000438    -18019.   179.2718  2.804E-05  5600.9995  2.114E+10    11.6468    102041.      0.000
    21.120  -0.000337    -17257.   219.1334  2.483E-05  5593.3639  2.114E+10     9.1145    103884.      0.000
    21.440  -0.000248    -16358.   249.7206  2.178E-05  5584.3685  2.114E+10     6.8163    105727.      0.000
    21.760  -0.000170    -15358.   271.9316  1.890E-05  5574.3534  2.114E+10     4.7519    107570.      0.000
    22.080  -0.000102    -14287.   286.6579  1.621E-05  5563.6241  2.114E+10     2.9180    109413.      0.000
    22.400 -4.515E-05    -13171.   294.7722  1.371E-05  5552.4524  2.114E+10     1.3082    111257.      0.000
    22.720  2.918E-06    -12035.   297.1189  1.143E-05  5541.0769  2.114E+10    -0.0860    113100.      0.000
    23.040  4.259E-05    -10899.   294.5059  9.343E-06  5529.7043  2.114E+10    -1.2750    114943.      0.000
    23.360  7.467E-05 -9781.6267   287.6977  7.464E-06  5518.5112  2.114E+10    -2.2709    116786.      0.000
    23.680  9.992E-05 -8696.5397   277.4107  5.786E-06  5507.6454  2.114E+10    -3.0869    118629.      0.000
    24.000   0.000119 -7656.2670   264.3094  4.301E-06  5497.2284  2.114E+10    -3.7368    120473.      0.000
    24.320   0.000133 -6670.4755   249.0036  3.000E-06  5487.3570  2.114E+10    -4.2350    122316.      0.000
    24.640   0.000142 -5746.5917   232.0481  1.872E-06  5478.1055  2.114E+10    -4.5960    124159.      0.000
    24.960   0.000147 -4890.0142   213.9416  9.062E-07  5469.5280  2.114E+10    -4.8344    126002.      0.000
    25.280   0.000149 -4104.3275   195.1282  8.936E-08  5461.6603  2.114E+10    -4.9642    127845.      0.000
    25.600   0.000148 -3391.5090   175.9988 -5.914E-07  5454.5224  2.114E+10    -4.9990    129689.      0.000
    25.920   0.000145 -2752.1298   156.8932 -1.149E-06  5448.1198  2.114E+10    -4.9518    131532.      0.000
    26.240   0.000139 -2185.5450   138.1035 -1.598E-06  5442.4462  2.114E+10    -4.8345    133375.      0.000
    26.560   0.000132 -1690.0715   119.8769 -1.950E-06  5437.4846  2.114E+10    -4.6585    135218.      0.000
    26.880   0.000124 -1263.1530   102.4200 -2.218E-06  5433.2096  2.114E+10    -4.4337    137061.      0.000
    27.200   0.000115  -901.5097    85.9023 -2.415E-06  5429.5882  2.114E+10    -4.1693    138905.      0.000
    27.520   0.000106  -601.2721    70.4607 -2.551E-06  5426.5817  2.114E+10    -3.8732    140748.      0.000
    27.840  9.567E-05  -358.0991    56.2034 -2.638E-06  5424.1467  2.114E+10    -3.5524    142591.      0.000
    28.160  8.541E-05  -167.2798    43.2145 -2.686E-06  5422.2358  2.114E+10    -3.2126    144434.      0.000
    28.480  7.504E-05   -23.8187    31.5580 -2.703E-06  5420.7993  2.114E+10    -2.8585    146277.      0.000
    28.800  6.465E-05    77.4942    21.2817 -2.698E-06  5421.3368  2.114E+10    -2.4938    148121.      0.000
    29.120  5.432E-05   142.0286    12.4209 -2.678E-06  5421.9830  2.114E+10    -2.1212    149964.      0.000
    29.440  4.408E-05   175.2728     5.0023 -2.650E-06  5422.3159  2.114E+10    -1.7426    151807.      0.000
    29.760  3.397E-05   182.8067    -0.9531 -2.617E-06  5422.3913  2.114E+10    -1.3591    153650.      0.000
    30.080  2.398E-05   170.2847    -5.4270 -2.585E-06  5422.2659  2.114E+10    -0.9711    155493.      0.000
    30.400  1.411E-05   143.4300    -8.4018 -2.557E-06  5421.9970  2.114E+10    -0.5783    157337.      0.000
    30.720  4.347E-06   108.0363    -9.8581 -2.534E-06  5421.6426  2.114E+10    -0.1802    159180.      0.000
    31.040 -5.345E-06    69.9769    -9.7737 -2.518E-06  5421.2615  2.114E+10     0.2241    161023.      0.000
    31.360 -1.499E-05    35.2168    -8.1229 -2.508E-06  5420.9134  2.114E+10     0.6357    162866.      0.000
    31.680 -2.461E-05     9.8273    -4.8760 -2.504E-06  5420.6592  2.114E+10     1.0554    164709.      0.000
    32.000 -3.422E-05      0.000      0.000 -2.503E-06  5420.5607  2.114E+10     1.4841     83276.      0.000

* The above values of total stress are combined axial and bending stresses. 
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Output Summary for Load Case No. 2:

Pile-head deflection             =      0.1423688 inches
Computed slope at pile head      =     -0.0020356 radians
Maximum bending moment           =        344308. inch-lbs
Maximum shear force              =  -3652.3687147 lbs
Depth of maximum bending moment  =      5.4400000 feet below pile head
Depth of maximum shear force     =     10.5600000 feet below pile head
Number of iterations             =              6
Number of zero deflection points =              3

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 2
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =           3000.  lb
Moment     =         228000. in- lb
Axial Load =         116000.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    32.0000     0.1423688       344308. -3652.3687147
    30.4000     0.1427414       344703. -3657.7707478
    28.8000     0.1422907       344416. -3654.4106196
    27.2000     0.1432001       343291. -3640.6639903
    25.6000     0.1430978       344117. -3654.8469694
    24.0000     0.1427226       344162. -3651.0183826
    22.4000     0.1425604       344140. -3640.1372107
    20.8000     0.1425776       344189. -3618.7734403
    19.2000     0.1433466       343788. -3610.9336751
    17.6000     0.1439331       342805. -3739.3810190
    16.0000     0.1476722       340746. -4159.3847658
    14.4000     0.1576594       335295. -4732.9707828
    12.8000     0.1814704       325809. -5390.9480495
    11.2000     0.2333589       314094. -6036.2287649
     9.6000     0.3736506       307894. -6883.7670624

--------------------------------------------------------------------------------
                 Computed Values of Pile Loading and Deflection
                   for Lateral Loading for Load Case Number 3
--------------------------------------------------------------------------------

Pile-head conditions are Shear and Moment (Loading Type 1)

Shear force at pile head                               =       4000.0 lbs
Applied moment at pile head                            =     288000.0 in-lbs
Axial thrust load on pile head                         =     151000.0 lbs

   Depth    Deflect.    Bending    Shear       Slope      Total    Bending   Soil Res.  Soil Spr.   Distrib. 
     X         y        Moment     Force         S       Stress   Stiffness      p         Es*h    Lat. Load 
   feet      inches     in-lbs      lbs       radians     psi*      lb-in^2    lb/in      lb/inch    lb/inch 
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---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
      0.00     0.1880    288000.  4000.0000  -0.002660  9940.0254  2.114E+10      0.000      0.000      0.000
     0.320     0.1779    304887.  3967.2063  -0.002606     10109.  2.114E+10   -17.0801   368.6400      0.000
     0.640     0.1680    321491.  3872.4753  -0.002549     10275.  2.114E+10   -32.2589   737.2800      0.000
     0.960     0.1583    337585.  3722.9839  -0.002490     10437.  2.114E+10   -45.6012  1105.9200      0.000
     1.280     0.1489    352970.  3525.6523  -0.002427     10591.  2.114E+10   -57.1757  1474.5600      0.000
     1.600     0.1397    367476.  3287.1287  -0.002361     10736.  2.114E+10   -67.0554  1843.2000      0.000
     1.920     0.1308    380954.  3013.7735  -0.002294     10871.  2.114E+10   -75.3171  2211.8400      0.000
     2.240     0.1221    393281.  2711.6462  -0.002223     10994.  2.114E+10   -82.0409  2580.4800      0.000
     2.560     0.1137    404358.  2386.4929  -0.002151     11105.  2.114E+10   -87.3098  2949.1200      0.000
     2.880     0.1056    414104.  2043.7353  -0.002076     11203.  2.114E+10   -91.2097  3317.7600      0.000
     3.200     0.0977    422462.  1722.1305  -0.002000     11286.  2.114E+10   -76.2928  2997.4517      0.000
     3.520     0.0902    429650.  1427.1572  -0.001923     11358.  2.114E+10   -77.3392  3292.3637      0.000
     3.840     0.0830    435652.  1129.8502  -0.001844     11419.  2.114E+10   -77.5082  3587.2757      0.000
     4.160     0.0760    440466.   833.4378  -0.001765     11467.  2.114E+10   -76.8732  3882.1877      0.000
     4.480     0.0694    444100.   540.8661  -0.001685     11503.  2.114E+10   -75.5079  4177.0997      0.000
     4.800     0.0631    446573.   254.7983  -0.001604     11528.  2.114E+10   -73.4858  4472.0117      0.000
     5.120     0.0571    447916.   -22.3853  -0.001522     11541.  2.114E+10   -70.8806  4766.9237      0.000
     5.440     0.0514    448167.  -288.5856  -0.001441     11544.  2.114E+10   -67.7653  5061.8357      0.000
     5.760     0.0460    447371.  -541.9822  -0.001360     11536.  2.114E+10   -64.2121  5356.7477      0.000
     6.080     0.0410    445581.  -906.5412  -0.001279     11518.  2.114E+10  -125.6624     11779.      0.000
     6.400     0.0362    441892. -1383.3743  -0.001198     11481.  2.114E+10  -122.6882     13011.      0.000
     6.720     0.0318    436347. -1846.0129  -0.001118     11426.  2.114E+10  -118.2694     14298.      0.000
     7.040     0.0276    429011. -2293.7771  -0.001040     11352.  2.114E+10  -114.9412     15979.      0.000
     7.360     0.0238    419936. -2729.9093  -0.000963     11261.  2.114E+10  -112.2110     18120.      0.000
     7.680     0.0202    409162. -3137.5865  -0.000887     11153.  2.114E+10  -100.1209     19005.      0.000
     8.000     0.0170    396868. -3498.5350  -0.000814     11030.  2.114E+10   -87.8731     19890.      0.000
     8.320     0.0140    383237. -3812.4394  -0.000743     10894.  2.114E+10   -75.6187     20774.      0.000
     8.640     0.0113    368451. -4079.5381  -0.000675     10746.  2.114E+10   -63.4952     21659.      0.000
     8.960   0.008794    352689. -4300.5726  -0.000609     10588.  2.114E+10   -51.6269     22544.      0.000
     9.280   0.006576    336129. -4476.7351  -0.000547     10422.  2.114E+10   -40.1244     23429.      0.000
     9.600   0.004594    318942. -4609.6161  -0.000487     10250.  2.114E+10   -29.0845     24313.      0.000
     9.920   0.002833    301292. -4701.1523  -0.000431     10073.  2.114E+10   -18.5906     25198.      0.000
    10.240   0.001283    283337. -4753.5752  -0.000378  9893.3324  2.114E+10    -8.7130     26083.      0.000
    10.560 -6.995E-05    265223. -4769.3609  -0.000328  9711.9468  2.114E+10     0.4912     26968.      0.000
    10.880  -0.001238    247089. -4751.1819  -0.000282  9530.3541  2.114E+10     8.9770     27852.      0.000
    11.200  -0.002233    229061. -4701.8608  -0.000238  9349.8263  2.114E+10    16.7111     28737.      0.000
    11.520  -0.003069    211255. -4624.3264  -0.000198  9171.5244  2.114E+10    23.6714     29622.      0.000
    11.840  -0.003757    193776. -4521.5726  -0.000162  8996.4950  2.114E+10    29.8462     30506.      0.000
    12.160  -0.004310    176717. -4396.6202  -0.000128  8825.6683  2.114E+10    35.2332     31391.      0.000
    12.480  -0.004740    160159. -4252.4813 -9.739E-05  8659.8577  2.114E+10    39.8391     32276.      0.000
    12.800  -0.005058    144171. -4092.1276 -6.975E-05  8499.7607  2.114E+10    43.6784     33161.      0.000
    13.120  -0.005276    128812. -3918.4613 -4.496E-05  8345.9612  2.114E+10    46.7728     34045.      0.000
    13.440  -0.005403    114129. -3734.2893 -2.290E-05  8198.9322  2.114E+10    49.1501     34930.      0.000
    13.760  -0.005451    100159. -3542.3007 -3.436E-06  8059.0403  2.114E+10    50.8439     35815.      0.000
    14.080  -0.005430     86928. -3345.0475  1.355E-05  7926.5502  2.114E+10    51.8922     36700.      0.000
    14.400  -0.005347     74453. -3144.9275  2.821E-05  7801.6308  2.114E+10    52.3370     37584.      0.000
    14.720  -0.005213     62743. -2944.1712  4.067E-05  7684.3609  2.114E+10    52.2236     38469.      0.000
    15.040  -0.005035     51795. -2744.8301  5.107E-05  7574.7360  2.114E+10    51.5999     39354.      0.000
    15.360  -0.004821     41603. -2548.7685  5.956E-05  7472.6756  2.114E+10    50.5155     40239.      0.000
    15.680  -0.004578     32151. -2357.6571  6.625E-05  7378.0305  2.114E+10    49.0217     41123.      0.000
    16.000  -0.004312     23419. -2172.9681  7.130E-05  7290.5898  2.114E+10    47.1705     42008.      0.000
    16.320  -0.004030     15380. -1995.9730  7.482E-05  7210.0896  2.114E+10    45.0144     42893.      0.000
    16.640  -0.003737  8003.5335 -1827.7415  7.695E-05  7136.2199  2.114E+10    42.6061     43777.      0.000
    16.960  -0.003439  1254.0934 -1669.1415  7.779E-05  7068.6329  2.114E+10    39.9981     44662.      0.000
    17.280  -0.003140 -4905.6836 -1463.9805  7.746E-05  7105.1989  2.114E+10    66.8566     81765.      0.000
    17.600  -0.002844    -10079. -1216.7200  7.610E-05  7157.0041  2.114E+10    61.9249     83609.      0.000
    17.920  -0.002555    -14338.  -988.6421  7.388E-05  7199.6549  2.114E+10    56.8657     85452.      0.000
    18.240  -0.002277    -17758.  -780.0871  7.096E-05  7233.8939  2.114E+10    51.7567     87295.      0.000
    18.560  -0.002010    -20412.  -591.1124  6.750E-05  7260.4718  2.114E+10    46.6676     89138.      0.000
    18.880  -0.001758    -22376.  -421.5229  6.361E-05  7280.1374  2.114E+10    41.6603     90981.      0.000
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    19.200  -0.001522    -23723.  -270.9020  5.943E-05  7293.6279  2.114E+10    36.7881     92825.      0.000
    19.520  -0.001302    -24525.  -138.6426  5.504E-05  7301.6613  2.114E+10    32.0969     94668.      0.000
    19.840  -0.001099    -24851.   -23.9773  5.056E-05  7304.9295  2.114E+10    27.6245     96511.      0.000
    20.160  -0.000914    -24768.    73.9925  4.605E-05  7304.0924  2.114E+10    23.4014     98354.      0.000
    20.480  -0.000745    -24337.   156.2691  4.159E-05  7299.7738  2.114E+10    19.4510    100197.      0.000
    20.800  -0.000594    -23616.   223.9320  3.724E-05  7292.5575  2.114E+10    15.7901    102041.      0.000
    21.120  -0.000459    -22660.   278.1141  3.304E-05  7282.9847  2.114E+10    12.4297    103884.      0.000
    21.440  -0.000341    -21518.   319.9794  2.902E-05  7271.5527  2.114E+10     9.3751    105727.      0.000
    21.760  -0.000237    -20236.   350.7028  2.523E-05  7258.7136  2.114E+10     6.6267    107570.      0.000
    22.080  -0.000147    -18854.   371.4531  2.168E-05  7244.8747  2.114E+10     4.1807    109413.      0.000
    22.400 -7.005E-05    -17409.   383.3767  1.839E-05  7230.3987  2.114E+10     2.0295    111257.      0.000
    22.720 -5.510E-06    -15931.   387.5849  1.536E-05  7215.6045  2.114E+10     0.1623    113100.      0.000
    23.040  4.792E-05    -14450.   385.1427  1.260E-05  7200.7697  2.114E+10    -1.4343    114943.      0.000
    23.360  9.126E-05    -12988.   377.0597  1.011E-05  7186.1313  2.114E+10    -2.7756    116786.      0.000
    23.680   0.000126    -11566.   364.2834  7.879E-06  7171.8892  2.114E+10    -3.8787    118629.      0.000
    24.000   0.000152    -10199.   347.6939  5.902E-06  7158.2075  2.114E+10    -4.7616    120473.      0.000
    24.320   0.000171 -8902.1300   328.1008  4.168E-06  7145.2182  2.114E+10    -5.4431    122316.      0.000
    24.640   0.000184 -7684.3017   306.2410  2.661E-06  7133.0232  2.114E+10    -5.9422    124159.      0.000
    24.960   0.000191 -6553.2856   282.7785  1.368E-06  7121.6975  2.114E+10    -6.2778    126002.      0.000
    25.280   0.000194 -5514.1493   258.3057  2.722E-07  7111.2919  2.114E+10    -6.4685    127845.      0.000
    25.600   0.000193 -4569.8135   233.3447 -6.436E-07  7101.8356  2.114E+10    -6.5321    129689.      0.000
    25.920   0.000189 -3721.3159   208.3506 -1.397E-06  7093.3390  2.114E+10    -6.4857    131532.      0.000
    26.240   0.000183 -2968.0613   183.7153 -2.004E-06  7085.7961  2.114E+10    -6.3452    133375.      0.000
    26.560   0.000174 -2308.0581   159.7717 -2.483E-06  7079.1870  2.114E+10    -6.1255    135218.      0.000
    26.880   0.000164 -1738.1352   136.7983 -2.851E-06  7073.4800  2.114E+10    -5.8399    137061.      0.000
    27.200   0.000152 -1254.1414   115.0248 -3.123E-06  7068.6334  2.114E+10    -5.5005    138905.      0.000
    27.520   0.000140  -851.1233    94.6375 -3.314E-06  7064.5977  2.114E+10    -5.1179    140748.      0.000
    27.840   0.000127  -523.4829    75.7842 -3.439E-06  7061.3168  2.114E+10    -4.7014    142591.      0.000
    28.160   0.000113  -265.1129    58.5807 -3.510E-06  7058.7295  2.114E+10    -4.2587    144434.      0.000
    28.480  9.965E-05   -69.5121    43.1156 -3.541E-06  7056.7708  2.114E+10    -3.7961    146277.      0.000
    28.800  8.603E-05    70.1206    29.4555 -3.541E-06  7056.7769  2.114E+10    -3.3185    148121.      0.000
    29.120  7.246E-05   160.8122    17.6506 -3.520E-06  7057.6851  2.114E+10    -2.8298    149964.      0.000
    29.440  5.900E-05   209.7591     7.7389 -3.486E-06  7058.1752  2.114E+10    -2.3325    151807.      0.000
    29.760  4.569E-05   224.2891    -0.2498 -3.446E-06  7058.3207  2.114E+10    -1.8282    153650.      0.000
    30.080  3.253E-05   211.8378    -6.2893 -3.407E-06  7058.1961  2.114E+10    -1.3174    155493.      0.000
    30.400  1.953E-05   179.9385   -10.3546 -3.371E-06  7057.8766  2.114E+10    -0.8000    157337.      0.000
    30.720  6.642E-06   136.2238   -12.4193 -3.343E-06  7057.4389  2.114E+10    -0.2753    159180.      0.000
    31.040 -6.146E-06    88.4346   -12.4531 -3.322E-06  7056.9603  2.114E+10     0.2577    161023.      0.000
    31.360 -1.887E-05    44.4363   -10.4215 -3.310E-06  7056.5197  2.114E+10     0.8004    162866.      0.000
    31.680 -3.157E-05    12.2359    -6.2850 -3.305E-06  7056.1973  2.114E+10     1.3540    164709.      0.000
    32.000 -4.425E-05      0.000      0.000 -3.304E-06  7056.0748  2.114E+10     1.9194     83276.      0.000

* The above values of total stress are combined axial and bending stresses. 

Output Summary for Load Case No. 3:

Pile-head deflection             =      0.1880322 inches
Computed slope at pile head      =     -0.0026602 radians
Maximum bending moment           =        448167. inch-lbs
Maximum shear force              =  -4769.3608726 lbs
Depth of maximum bending moment  =      5.4400000 feet below pile head
Depth of maximum shear force     =     10.5600000 feet below pile head
Number of iterations             =              6
Number of zero deflection points =              3

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 3
--------------------------------------------------------------------------------
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Boundary Condition Type 1, Shear and Moment

Shear      =           4000.  lb
Moment     =         288000. in- lb
Axial Load =         151000.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    32.0000     0.1880322       448167. -4769.3608726
    30.4000     0.1885354       448671. -4776.8729816
    28.8000     0.1879745       448186. -4768.0931291
    27.2000     0.1888868       446805. -4756.7060037
    25.6000     0.1889172       447947. -4770.5317282
    24.0000     0.1885291       447847. -4766.9736875
    22.4000     0.1882822       447909. -4752.1929487
    20.8000     0.1883119       447946. -4721.0240035
    19.2000     0.1891951       447506. -4716.1077012
    17.6000     0.1900094       446147. -4895.4811819
    16.0000     0.1954041       443064. -5463.0991110
    14.4000     0.2093636       435438. -6221.5209891
    12.8000     0.2423312       422901. -7081.2983023
    11.2000     0.3226841       410038. -8029.6074186
     9.6000     0.7085374       418407.       -10465.

--------------------------------------------------------------------------------
                 Computed Values of Pile Loading and Deflection
                   for Lateral Loading for Load Case Number 4
--------------------------------------------------------------------------------

Pile-head conditions are Shear and Moment (Loading Type 1)

Shear force at pile head                               =       4000.0 lbs
Applied moment at pile head                            =     360000.0 in-lbs
Axial thrust load on pile head                         =     157000.0 lbs

   Depth    Deflect.    Bending    Shear       Slope      Total    Bending   Soil Res.  Soil Spr.   Distrib. 
     X         y        Moment     Force         S       Stress   Stiffness      p         Es*h    Lat. Load 
   feet      inches     in-lbs      lbs       radians     psi*      lb-in^2    lb/in      lb/inch    lb/inch 
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
      0.00     0.2100    360000.  4000.0000  -0.003037     10941.  2.114E+10      0.000      0.000      0.000
     0.320     0.1984    377171.  3963.4244  -0.002970     11113.  2.114E+10   -19.0498   368.6400      0.000
     0.640     0.1872    394020.  3857.8529  -0.002900     11282.  2.114E+10   -35.9353   737.2800      0.000
     0.960     0.1762    410296.  3691.4445  -0.002827     11445.  2.114E+10   -50.7357  1105.9200      0.000
     1.280     0.1655    425778.  3472.0457  -0.002751     11600.  2.114E+10   -63.5345  1474.5600      0.000
     1.600     0.1550    440278.  3207.1746  -0.002672     11745.  2.114E+10   -74.4192  1843.2000      0.000
     1.920     0.1449    453631.  2904.0057  -0.002591     11879.  2.114E+10   -83.4813  2211.8400      0.000
     2.240     0.1351    465705.  2569.3562  -0.002507     12000.  2.114E+10   -90.8154  2580.4800      0.000
     2.560     0.1257    476387.  2209.6741  -0.002422     12107.  2.114E+10   -96.5191  2949.1200      0.000
     2.880     0.1165    485595.  1831.0281  -0.002334     12199.  2.114E+10  -100.6924  3317.7600      0.000
     3.200     0.1077    493265.  1476.2155  -0.002246     12276.  2.114E+10   -84.1059  2997.4517      0.000
     3.520     0.0993    499640.  1151.2729  -0.002155     12340.  2.114E+10   -85.1351  3292.3637      0.000
     3.840     0.0912    504705.   824.2454  -0.002064     12390.  2.114E+10   -85.1917  3587.2757      0.000
     4.160     0.0834    508459.   498.7066  -0.001972     12428.  2.114E+10   -84.3597  3882.1877      0.000
     4.480     0.0760    510913.   177.9076  -0.001880     12453.  2.114E+10   -82.7231  4177.0997      0.000
     4.800     0.0690    512092.  -135.2222  -0.001787     12464.  2.114E+10   -80.3654  4472.0117      0.000
     5.120     0.0623    512029.  -438.0737  -0.001694     12464.  2.114E+10   -77.3698  4766.9237      0.000
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     5.440     0.0560    510770.  -728.3556  -0.001601     12451.  2.114E+10   -73.8186  5061.8357      0.000
     5.760     0.0500    508366. -1004.0897  -0.001508     12427.  2.114E+10   -69.7929  5356.7477      0.000
     6.080     0.0444    504877. -1390.8399  -0.001416     12392.  2.114E+10  -131.6395     11381.      0.000
     6.400     0.0392    499392. -1890.2166  -0.001325     12337.  2.114E+10  -128.4525     12598.      0.000
     6.720     0.0342    491958. -2374.3983  -0.001235     12263.  2.114E+10  -123.7254     13875.      0.000
     7.040     0.0297    482645. -2842.4452  -0.001146     12170.  2.114E+10  -120.0490     15537.      0.000
     7.360     0.0254    471510. -3299.4677  -0.001060     12058.  2.114E+10  -117.9836     17812.      0.000
     7.680     0.0215    458583. -3730.5903  -0.000975     11929.  2.114E+10  -106.5595     19005.      0.000
     8.000     0.0179    444035. -4113.6472  -0.000893     11783.  2.114E+10   -92.9493     19890.      0.000
     8.320     0.0147    428068. -4444.4860  -0.000814     11623.  2.114E+10   -79.3626     20774.      0.000
     8.640     0.0117    410883. -4723.4870  -0.000738     11451.  2.114E+10   -65.9504     21659.      0.000
     8.960   0.009002    392681. -4951.5818  -0.000665     11269.  2.114E+10   -52.8490     22544.      0.000
     9.280   0.006585    373657. -5130.1950  -0.000595     11078.  2.114E+10   -40.1787     23429.      0.000
     9.600   0.004429    353999. -5261.1848  -0.000529     10881.  2.114E+10   -28.0451     24313.      0.000
     9.920   0.002520    333889. -5346.7847  -0.000467     10680.  2.114E+10   -16.5382     25198.      0.000
    10.240   0.000844    313499. -5389.5461  -0.000408     10476.  2.114E+10    -5.7334     26083.      0.000
    10.560  -0.000613    292989. -5392.2824  -0.000353     10270.  2.114E+10     4.3082     26968.      0.000
    10.880  -0.001867    272511. -5358.0156  -0.000302     10065.  2.114E+10    13.5392     27852.      0.000
    11.200  -0.002930    252203. -5289.9241  -0.000254  9861.9421  2.114E+10    21.9252     28737.      0.000
    11.520  -0.003817    232191. -5191.2951  -0.000210  9661.5439  2.114E+10    29.4441     29622.      0.000
    11.840  -0.004542    212587. -5065.4787  -0.000170  9465.2388  2.114E+10    36.0853     30506.      0.000
    12.160  -0.005119    193493. -4915.8460  -0.000133  9274.0288  2.114E+10    41.8485     31391.      0.000
    12.480  -0.005561    174994. -4745.7499 -9.922E-05  9088.7860  2.114E+10    46.7432     32276.      0.000
    12.800  -0.005881    157165. -4558.4907 -6.905E-05  8910.2532  2.114E+10    50.7876     33161.      0.000
    13.120  -0.006092    140068. -4357.2839 -4.206E-05  8739.0474  2.114E+10    54.0076     34045.      0.000
    13.440  -0.006204    123752. -4145.2327 -1.810E-05  8575.6626  2.114E+10    56.4358     34930.      0.000
    13.760  -0.006231    108254. -3925.3033  2.974E-06  8420.4753  2.114E+10    58.1108     35815.      0.000
    14.080  -0.006181     93602. -3700.3039  2.131E-05  8273.7499  2.114E+10    59.0764     36700.      0.000
    14.400  -0.006067     79810. -3472.8671  3.706E-05  8135.6449  2.114E+10    59.3803     37584.      0.000
    14.720  -0.005897     66885. -3245.4352  5.038E-05  8006.2204  2.114E+10    59.0738     38469.      0.000
    15.040  -0.005680     54824. -3020.2488  6.143E-05  7885.4453  2.114E+10    58.2108     39354.      0.000
    15.360  -0.005425     43616. -2799.3374  7.037E-05  7773.2054  2.114E+10    56.8472     40239.      0.000
    15.680  -0.005140     33241. -2584.5133  7.735E-05  7669.3116  2.114E+10    55.0403     41123.      0.000
    16.000  -0.004831     23674. -2377.3672  8.252E-05  7573.5085  2.114E+10    52.8483     42008.      0.000
    16.320  -0.004506     14883. -2179.2658  8.602E-05  7485.4830  2.114E+10    50.3296     42893.      0.000
    16.640  -0.004170  6833.0353 -1991.3510  8.799E-05  7404.8727  2.114E+10    47.5427     43777.      0.000
    16.960  -0.003830  -516.6541 -1814.5412  8.857E-05  7341.6222  2.114E+10    44.5458     44662.      0.000
    17.280  -0.003490 -7209.4328 -1586.3300  8.787E-05  7408.6418  2.114E+10    74.3142     81765.      0.000
    17.600  -0.003155    -12806. -1311.7470  8.605E-05  7464.6804  2.114E+10    68.6978     83609.      0.000
    17.920  -0.002829    -17387. -1058.9666  8.331E-05  7510.5611  2.114E+10    62.9587     85452.      0.000
    18.240  -0.002515    -21039.  -828.2960  7.982E-05  7547.1265  2.114E+10    57.1823     87295.      0.000
    18.560  -0.002216    -23845.  -619.7310  7.574E-05  7575.2253  2.114E+10    51.4453     89138.      0.000
    18.880  -0.001934    -25890.  -432.9910  7.122E-05  7595.7016  2.114E+10    45.8151     90981.      0.000
    19.200  -0.001669    -27256.  -267.5535  6.640E-05  7609.3845  2.114E+10    40.3503     92825.      0.000
    19.520  -0.001424    -28025.  -122.6886  6.138E-05  7617.0796  2.114E+10    35.1002     94668.      0.000
    19.840  -0.001198    -28272.     2.5069  5.626E-05  7619.5610  2.114E+10    30.1058     96511.      0.000
    20.160  -0.000992    -28073.   109.0770  5.115E-05  7617.5661  2.114E+10    25.3995     98354.      0.000
    20.480  -0.000805    -27496.   198.1761  4.610E-05  7611.7900  2.114E+10    21.0063    100197.      0.000
    20.800  -0.000638    -26607.   271.0396  4.119E-05  7602.8819  2.114E+10    16.9435    102041.      0.000
    21.120  -0.000489    -25464.   328.9573  3.646E-05  7591.4429  2.114E+10    13.2220    103884.      0.000
    21.440  -0.000358    -24124.   373.2492  3.195E-05  7578.0235  2.114E+10     9.8467    105727.      0.000
    21.760  -0.000243    -22636.   405.2430  2.771E-05  7563.1238  2.114E+10     6.8168    107570.      0.000
    22.080  -0.000145    -21046.   426.2552  2.374E-05  7547.1927  2.114E+10     4.1271    109413.      0.000
    22.400 -6.103E-05    -19391.   437.5739  2.007E-05  7530.6291  2.114E+10     1.7681    111257.      0.000
    22.720  9.269E-06    -17709.   440.4445  1.670E-05  7513.7832  2.114E+10    -0.2730    113100.      0.000
    23.040  6.721E-05    -16029.   436.0577  1.363E-05  7496.9582  2.114E+10    -2.0118    114943.      0.000
    23.360   0.000114    -14377.   425.5398  1.087E-05  7480.4127  2.114E+10    -3.4663    116786.      0.000
    23.680   0.000151    -12774.   409.9454  8.406E-06  7464.3632  2.114E+10    -4.6558    118629.      0.000
    24.000   0.000179    -11238.   390.2521  6.225E-06  7448.9872  2.114E+10    -5.6011    120473.      0.000
    24.320   0.000199 -9784.3057   367.3570  4.316E-06  7434.4259  2.114E+10    -6.3234    122316.      0.000
    24.640   0.000212 -8422.3427   342.0750  2.663E-06  7420.7876  2.114E+10    -6.8443    124159.      0.000
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    24.960   0.000219 -7160.3804   315.1388  1.247E-06  7408.1506  2.114E+10    -7.1850    126002.      0.000
    25.280   0.000221 -6003.5811   287.2000  5.190E-08  7396.5668  2.114E+10    -7.3664    127845.      0.000
    25.600   0.000219 -4954.7470   258.8318 -9.433E-07  7386.0640  2.114E+10    -7.4087    129689.      0.000
    25.920   0.000214 -4014.6157   230.5322 -1.758E-06  7376.6498  2.114E+10    -7.3307    131532.      0.000
    26.240   0.000206 -3182.1404   202.7286 -2.412E-06  7368.3137  2.114E+10    -7.1503    133375.      0.000
    26.560   0.000195 -2454.7526   175.7826 -2.923E-06  7361.0298  2.114E+10    -6.8840    135218.      0.000
    26.880   0.000183 -1828.6048   149.9959 -3.312E-06  7354.7597  2.114E+10    -6.5466    137061.      0.000
    27.200   0.000170 -1298.7900   125.6157 -3.596E-06  7349.4543  2.114E+10    -6.1514    138905.      0.000
    27.520   0.000156  -859.5398   102.8412 -3.792E-06  7345.0558  2.114E+10    -5.7103    140748.      0.000
    27.840   0.000141  -504.3968    81.8298 -3.916E-06  7341.4995  2.114E+10    -5.2331    142591.      0.000
    28.160   0.000126  -226.3645    62.7034 -3.983E-06  7338.7153  2.114E+10    -4.7285    144434.      0.000
    28.480   0.000110   -18.0322    45.5544 -4.005E-06  7336.6292  2.114E+10    -4.2033    146277.      0.000
    28.800  9.496E-05   128.3223    30.4516 -3.995E-06  7337.7336  2.114E+10    -3.6628    148121.      0.000
    29.120  7.966E-05   220.6530    17.4459 -3.963E-06  7338.6582  2.114E+10    -3.1110    149964.      0.000
    29.440  6.452E-05   267.0857     6.5755 -3.919E-06  7339.1231  2.114E+10    -2.5506    151807.      0.000
    29.760  4.956E-05   275.8783    -2.1295 -3.870E-06  7339.2112  2.114E+10    -1.9832    153650.      0.000
    30.080  3.480E-05   255.3972    -8.6428 -3.821E-06  7339.0061  2.114E+10    -1.4092    155493.      0.000
    30.400  2.022E-05   214.1088   -12.9388 -3.779E-06  7338.5926  2.114E+10    -0.8283    157337.      0.000
    30.720  5.780E-06   160.5832   -14.9892 -3.745E-06  7338.0566  2.114E+10    -0.2396    159180.      0.000
    31.040 -8.544E-06   103.5070   -14.7614 -3.721E-06  7337.4851  2.114E+10     0.3583    161023.      0.000
    31.360 -2.279E-05    51.7021   -12.2173 -3.707E-06  7336.9663  2.114E+10     0.9668    162866.      0.000
    31.680 -3.701E-05    14.1476    -7.3130 -3.701E-06  7336.5903  2.114E+10     1.5875    164709.      0.000
    32.000 -5.122E-05      0.000      0.000 -3.699E-06  7336.4486  2.114E+10     2.2214     83276.      0.000

* The above values of total stress are combined axial and bending stresses. 

Output Summary for Load Case No. 4:

Pile-head deflection             =      0.2099709 inches
Computed slope at pile head      =     -0.0030367 radians
Maximum bending moment           =        512092. inch-lbs
Maximum shear force              =  -5392.2824498 lbs
Depth of maximum bending moment  =      4.8000000 feet below pile head
Depth of maximum shear force     =     10.5600000 feet below pile head
Number of iterations             =              6
Number of zero deflection points =              3

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 4
--------------------------------------------------------------------------------

Boundary Condition Type 1, Shear and Moment

Shear      =           4000.  lb
Moment     =         360000. in- lb
Axial Load =         157000.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    32.0000     0.2099709       512092. -5392.2824498
    30.4000     0.2105322       512629. -5402.2001272
    28.8000     0.2099047       512230. -5396.8747709
    27.2000     0.2108215       511082. -5376.6973707
    25.6000     0.2108846       511986. -5397.4402421
    24.0000     0.2104959       511840. -5391.2482619
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    22.4000     0.2102319       511931. -5376.8610620
    20.8000     0.2102815       511954. -5344.3223239
    19.2000     0.2111913       511608. -5333.5343146
    17.6000     0.2120502       510422. -5517.3288260
    16.0000     0.2180139       507704. -6133.2835134
    14.4000     0.2335622       500959. -6986.0212504
    12.8000     0.2708509       490087. -7987.5084940
    11.2000     0.3769257       482631. -9290.3048087
     9.6000     1.1553067       521454.       -14041.

--------------------------------------------------------------------------------
                           Summary of Pile Response(s)
--------------------------------------------------------------------------------

Definitions of Pile-head Loading Conditions:

Load Type 1: Load 1 = Shear, lbs, and Load 2 = Moment, in-lbs
Load Type 2: Load 1 = Shear, lbs, and Load 2 = Slope, radians
Load Type 3: Load 1 = Shear, lbs, and Load 2 = Rotational Stiffness, in-lbs/radian
Load Type 4: Load 1 = Top Deflection, inches, and Load 2 = Moment, in-lbs
Load Type 5: Load 1 = Top Deflection, inches, and Load 2 = Slope, radians

               Pile-head      Pile-head                                      Maximum        Maximum                  
Load  Load    Condition 1    Condition 2        Axial        Pile-head       Moment          Shear        Pile-head  
Case  Type    V(lbs) or     in-lb, rad.,       Loading      Deflection       in Pile        in Pile       Rotation   
 No.   No.    y(inches)     or in-lb/rad.        lbs          inches         in-lbs           lbs          radians   
----  ----  --------------  --------------  -------------  -------------  -------------  -------------  -------------
  1     1   V =  3000.0000  M =    180000.        111000.     0.12807739        303190.     -3239.2495    -0.00178776
  2     1   V =  3000.0000  M =    228000.        116000.     0.14236875        344308.     -3652.3687    -0.00203558
  3     1   V =  4000.0000  M =    288000.        151000.     0.18803224        448167.     -4769.3609    -0.00266021
  4     1   V =  4000.0000  M =    360000.        157000.     0.20997092        512092.     -5392.2824    -0.00303670

The analysis ended normally. 
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Lateral Pile Deflection (inches)
S-51 over Black Mingo Creek - EB4 - Longitudinal Loads
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Lateral Pile Deflection (inches)
S-51 over Black Mingo Creek - EB4 - Longitudinal Loads
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Bending Moment (in-kips)
S-51 over Black Mingo Creek - EB4 - Longitudinal Loads
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Pile Length (ft)

S-51 over Black Mingo Creek - EB4 - Longitudinal Loads
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S-51 over Black Mingo Creek - EB4 - Longitudinal Loads
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EB4_Trans.lp7o
================================================================================

                  LPile Plus for Windows, Version 2013-07.007

                Analysis of Individual Piles and Drilled Shafts 
               Subjected to Lateral Loading Using the p-y Method

                          © 1985-2013 by Ensoft, Inc.           
                              All Rights Reserved               

================================================================================

This copy of LPile is used by:      

John Hamilton
F&ME, Inc.

Serial Number of Security Device:  228740981
This copy of LPile is licensed for exclusive use by:  F&ME Consultants, Charlotte, Nor

Use of this program by any entity other than F&ME Consultants, Charlotte, Nor
is forbidden by the software license agreement.

--------------------------------------------------------------------------------
                            Files Used for Analysis
--------------------------------------------------------------------------------

Path to file locations:        P:\Geotechnical\G5500's\G5556.000 - Emergency Bridge Pkg 4 - Design Build\G5556.02 - S-51 over Black Mingo 
Creek\Reports\Final Report\Bridge\LPile\
Name of input data file:       EB4_Trans.lp7d
Name of output report file:    EB4_Trans.lp7o
Name of plot output file:      EB4_Trans.lp7p
Name of runtime messeage file: EB4_Trans.lp7r

--------------------------------------------------------------------------------
                           Date and Time of Analysis
--------------------------------------------------------------------------------

               Date:  February 15, 2016     Time:  17:27:55

--------------------------------------------------------------------------------
                                Problem Title
--------------------------------------------------------------------------------

Project Name: S-51 RBO Black Mingo Creek                                                                                                      
                                                                                                                 
Job Number: G5556.02 (F&ME); P029461 (SCDOT)                                                                                                  
                                                                                                                 
Client: UIG                                                                                                                                   
                                                                                                                 
Engineer: JFH                                                                                                                                 
                                                                                                                 
Description: EB4 - Longitudinal Loads                                                                                                         
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--------------------------------------------------------------------------------
                           Program Options and Settings
--------------------------------------------------------------------------------

Engineering Units of Input Data and Computations:
 - Engineering units are US Customary Units (pounds, feet, inches)

Analysis Control Options:
- Maximum number of iterations allowed                 =          500
- Deflection tolerance for convergence                 =   1.0000E-05 in
- Maximum allowable deflection                         =     100.0000 in
- Number of pile increments                            =          100

Loading Type and Number of Cycles of Loading:
 - Static loading specified

Computational Options:
 - Use unfactored loads in computations (conventional analysis)
 - Compute pile response under loading and nonlinear bending properties of pile
   (only if nonlinear pile properties are input)
 - Use of p-y modification factors for p-y curves not selected
 - Loading by lateral soil movements acting on pile not selected
 - Input of shear resistance at the pile tip not selected
 - Computation of pile-head foundation stiffness matrix not selected
 - Push-over analysis of pile not selected
 - Buckling analysis of pile not selected

Output Options:
 - No p-y curves to be computed and reported for user-specified depths
 - Values of pile-head deflection, bending moment, shear force, and 
   soil reaction are printed for full length of pile.
 - Printing Increment (nodal spacing of output points) = 1

--------------------------------------------------------------------------------
                    Pile Structural Properties and Geometry
--------------------------------------------------------------------------------

Total number of pile sections                          =          1

Total length of pile                                   =      23.00 ft

Depth of ground surface below top of pile              =       0.00 ft

Pile diameter values used for p-y curve computations are defined using 2 points.

p-y curves are computed using pile diameter values interpolated with depth over 
the length of the pile.

Point         Depth              Pile   
                X              Diameter 
                ft                in
-----       ---------        -----------

Page 2



EB4_Trans.lp7o
  1           0.00000         13.6000000
  2         23.000000         13.6000000

Input Structural Properties:
----------------------------

Pile Section No. 1:

   Section Type                                        =    Elastic Pile
   Cross-sectional Shape                               =     Weak H-Pile
   Section Length                                      =     23.00000 ft
   Flange Width                                        =     14.60000 in
   Section Depth                                       =     13.60000 in
   Flange Thickness                                    =      0.50500 in
   Web Thickness                                       =      0.50500 in
   Section Area                                        =     21.40000 Sq. in
   Moment of Inertia                                   =    261.00000 in^4
   Elastic Modulus                                     =    29000000. lbs/in^2

--------------------------------------------------------------------------------
                      Ground Slope and Pile Batter Angles
--------------------------------------------------------------------------------

Ground Slope Angle                                     =        0.000 degrees
                                                       =        0.000 radians

Pile Batter Angle                                      =        0.000 degrees
                                                       =        0.000 radians

--------------------------------------------------------------------------------
                       Soil and Rock Layering Information
--------------------------------------------------------------------------------

The soil profile is modelled using 4 layers

Layer 1 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =       0.0000 ft
   Distance from top of pile to bottom of layer        =      3.00000 ft
   Effective unit weight at top of layer               =    115.00000 pcf
   Effective unit weight at bottom of layer            =    115.00000 pcf
   Friction angle at top of layer                      =     28.00000 deg.
   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     25.00000 pci
   Subgrade k at bottom of layer                       =     25.00000 pci

Layer 2 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =      3.00000 ft
   Distance from top of pile to bottom of layer        =      6.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
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   Friction angle at top of layer                      =     28.00000 deg.
   Friction angle at bottom of layer                   =     28.00000 deg.
   Subgrade k at top of layer                          =     20.00000 pci
   Subgrade k at bottom of layer                       =     20.00000 pci

Layer 3 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =      6.00000 ft
   Distance from top of pile to bottom of layer        =     17.00000 ft
   Effective unit weight at top of layer               =     53.00000 pcf
   Effective unit weight at bottom of layer            =     53.00000 pcf
   Friction angle at top of layer                      =     34.00000 deg.
   Friction angle at bottom of layer                   =     34.00000 deg.
   Subgrade k at top of layer                          =     60.00000 pci
   Subgrade k at bottom of layer                       =     60.00000 pci

Layer 4 is sand, p-y criteria by Reese et al., 1974

   Distance from top of pile to top of layer           =     17.00000 ft
   Distance from top of pile to bottom of layer        =     50.00000 ft
   Effective unit weight at top of layer               =     63.00000 pcf
   Effective unit weight at bottom of layer            =     63.00000 pcf
   Friction angle at top of layer                      =     40.00000 deg.
   Friction angle at bottom of layer                   =     40.00000 deg.
   Subgrade k at top of layer                          =    125.00000 pci
   Subgrade k at bottom of layer                       =    125.00000 pci

   (Depth of lowest soil layer extends   27.00 ft below pile tip)

--------------------------------------------------------------------------------
                           Summary of Soil Properties
--------------------------------------------------------------------------------

                      Layer                     Layer      Effective    Angle of                  
Layer               Soil Type                   Depth       Unit Wt.    Friction       kpy        
 Num.         (p-y Curve Criteria)               ft           pcf          deg.        pci        
-----   ----------------------------------   ----------   ----------   ----------   ----------    
  1     Sand (Reese, et al.)                       0.00      115.000       28.000       25.000   
                                                  3.000      115.000       28.000       25.000   
  2     Sand (Reese, et al.)                      3.000       53.000       28.000       20.000   
                                                  6.000       53.000       28.000       20.000   
  3     Sand (Reese, et al.)                      6.000       53.000       34.000       60.000   
                                                 17.000       53.000       34.000       60.000   
  4     Sand (Reese, et al.)                     17.000       63.000       40.000      125.000   
                                                 50.000       63.000       40.000      125.000   

--------------------------------------------------------------------------------
                                 Loading Type
--------------------------------------------------------------------------------
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Static loading criteria were used when computing p-y curves for all analyses.

--------------------------------------------------------------------------------
               Pile-head Loading and Pile-head Fixity Conditions
--------------------------------------------------------------------------------

Number of loads specified = 2

Load    Load         Condition               Condition            Axial Thrust            Compute
 No.    Type             1                       2                 Force, lbs      Top y vs. Pile Length
-----   ----   --------------------   -----------------------   ----------------   ---------------------
   1     2     V =   1000.00000 lbs   S =       0.0000 in/in             77000.             Yes 
   2     2     V =   1000.00000 lbs   S =       0.0000 in/in             66000.             Yes 

V = perpendicular shear force applied to pile head
M = bending moment applied to pile head
y = lateral deflection relative to pile axis
S = pile slope relative to original pile batter angle
R = rotational stiffness applie to pile head
Axial thrust is assumed to be acting axially for all pile batter angles.

--------------------------------------------------------------------------------
    Computations of Nominal Moment Capacity and Nonlinear Bending Stiffness
--------------------------------------------------------------------------------

Axial thrust force values were determined from pile-head loading conditions

Number of Pile Sections Analyzed = 1

Pile Section No. 1:
-------------------
Moment-curvature properties were derived from elastic section properties

--------------------------------------------------------------------------------
                 Computed Values of Pile Loading and Deflection
                   for Lateral Loading for Load Case Number 1
--------------------------------------------------------------------------------

Pile-head conditions are Shear and Pile-head Rotation (Loading Type 2)

Shear force at pile head                               =       1000.0 lbs
Rotation of pile head                                  =    0.000E+00 radians
Axial load at pile head                                =      77000.0 lbs

(Zero slope for this load indicates fixed-head conditions)

   Depth    Deflect.    Bending    Shear       Slope      Total    Bending   Soil Res.  Soil Spr.   Distrib. 
     X         y        Moment     Force         S       Stress   Stiffness      p         Es*h    Lat. Load 
   feet      inches     in-lbs      lbs       radians     psi*      lb-in^2    lb/in      lb/inch    lb/inch 
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---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
      0.00     0.0143    -47278.  1000.0000      0.000  4829.9056  7.569E+09      0.000      0.000      0.000
     0.230     0.0143    -44517.   998.6369 -1.674E-05  4757.9498  7.569E+09    -0.9878   190.4400      0.000
     0.460     0.0142    -41759.   994.5607 -3.247E-05  4686.1002  7.569E+09    -1.9660   380.8800      0.000
     0.690     0.0141    -39013.   987.8094 -4.719E-05  4614.5565  7.569E+09    -2.9262   571.3200      0.000
     0.920     0.0140    -36286.   978.4443 -6.092E-05  4543.5147  7.569E+09    -3.8602   761.7600      0.000
     1.150     0.0138    -33586.   966.5472 -7.366E-05  4473.1658  7.569E+09    -4.7609   952.2000      0.000
     1.380     0.0136    -30919.   952.2188 -8.542E-05  4403.6940  7.569E+09    -5.6219  1142.6400      0.000
     1.610     0.0133    -28293.   935.5767 -9.622E-05  4335.2755  7.569E+09    -6.4375  1333.0800      0.000
     1.840     0.0130    -25714.   916.7531  -0.000106  4268.0775  7.569E+09    -7.2027  1523.5200      0.000
     2.070     0.0127    -23188.   895.8931  -0.000115  4202.2571  7.569E+09    -7.9133  1713.9600      0.000
     2.300     0.0124    -20720.   873.1524  -0.000123  4137.9604  7.569E+09    -8.5655  1904.4000      0.000
     2.530     0.0121    -18316.   848.6961  -0.000130  4075.3218  7.569E+09    -9.1565  2094.8400      0.000
     2.760     0.0117    -15980.   822.6963  -0.000136  4014.4635  7.569E+09    -9.6839  2285.2800      0.000
     2.990     0.0113    -13716.   795.3308  -0.000142  3955.4948  7.569E+09   -10.1461  2475.7200      0.000
     3.220     0.0109    -11529.   769.4743  -0.000146  3898.5122  7.569E+09    -8.5904  2172.5990      0.000
     3.450     0.0105 -9406.7593   745.4097  -0.000150  3843.2112  7.569E+09    -8.8476  2324.9510      0.000
     3.680     0.0101 -7350.8445   720.7095  -0.000153  3789.6471  7.569E+09    -9.0511  2477.3030      0.000
     3.910   0.009657 -5363.3079   695.5212  -0.000156  3737.8645  7.569E+09    -9.2012  2629.6550      0.000
     4.140   0.009225 -3445.4469   669.9911  -0.000157  3687.8973  7.569E+09    -9.2988  2782.0070      0.000
     4.370   0.008790 -1598.1536   644.2626  -0.000158  3639.7686  7.569E+09    -9.3450  2934.3590      0.000
     4.600   0.008353   178.0769   618.4755  -0.000158  3602.7704  7.569E+09    -9.3413  3086.7110      0.000
     4.830   0.007916  1883.1350   592.7647  -0.000158  3647.1934  7.569E+09    -9.2896  3239.0630      0.000
     5.060   0.007481  3517.2826   567.2602  -0.000157  3689.7689  7.569E+09    -9.1920  3391.4150      0.000
     5.290   0.007049  5081.1368   542.0851  -0.000155  3730.5130  7.569E+09    -9.0509  3543.7670      0.000
     5.520   0.006623  6575.6515   517.3557  -0.000153  3769.4505  7.569E+09    -8.8689  3696.1190      0.000
     5.750   0.006203  8002.0967   493.1807  -0.000151  3806.6146  7.569E+09    -8.6492  3848.4710      0.000
     5.980   0.005791  9362.0357   469.6601  -0.000147  3842.0459  7.569E+09    -8.3947  4000.8230      0.000
     6.210   0.005389     10657.   428.9570  -0.000144  3875.7923  7.569E+09   -21.1003     10807.      0.000
     6.440   0.004997     11791.   371.6941  -0.000140  3905.3295  7.569E+09   -20.3946     11264.      0.000
     6.670   0.004618     12768.   316.4884  -0.000135  3930.7953  7.569E+09   -19.6096     11721.      0.000
     6.900   0.004251     13596.   263.5446  -0.000130  3952.3434  7.569E+09   -18.7555     12178.      0.000
     7.130   0.003898     14279.   213.0391  -0.000125  3970.1417  7.569E+09   -17.8426     12635.      0.000
     7.360   0.003559     14825.   165.1207  -0.000120  3984.3701  7.569E+09   -16.8809     13092.      0.000
     7.590   0.003235     15241.   119.9104  -0.000115  3995.2182  7.569E+09   -15.8802     13549.      0.000
     7.820   0.002926     15535.    77.5027  -0.000109  4002.8839  7.569E+09   -14.8501     14006.      0.000
     8.050   0.002633     15715.    37.9661  -0.000103  4007.5710  7.569E+09   -13.7997     14463.      0.000
     8.280   0.002356     15789.     1.3444 -9.752E-05  4009.4875  7.569E+09   -12.7378     14920.      0.000
     8.510   0.002095     15764.   -32.3419 -9.177E-05  4008.8442  7.569E+09   -11.6726     15377.      0.000
     8.740   0.001850     15649.   -63.0947 -8.604E-05  4005.8525  7.569E+09   -10.6120     15834.      0.000
     8.970   0.001620     15452.   -90.9363 -8.037E-05  4000.7230  7.569E+09    -9.5631     16292.      0.000
     9.200   0.001406     15182.  -115.9081 -7.478E-05  3993.6644  7.569E+09    -8.5325     16749.      0.000
     9.430   0.001207     14844.  -138.0691 -6.931E-05  3984.8817  7.569E+09    -7.5262     17206.      0.000
     9.660   0.001023     14449.  -157.4939 -6.397E-05  3974.5753  7.569E+09    -6.5498     17663.      0.000
     9.890   0.000854     14002.  -174.2715 -5.878E-05  3962.9399  7.569E+09    -5.6079     18120.      0.000
    10.120   0.000699     13512.  -188.5030 -5.377E-05  3950.1632  7.569E+09    -4.7048     18577.      0.000
    10.350   0.000557     12985.  -200.3004 -4.893E-05  3936.4255  7.569E+09    -3.8441     19034.      0.000
    10.580   0.000429     12427.  -209.7849 -4.430E-05  3921.8987  7.569E+09    -3.0287     19491.      0.000
    10.810   0.000313     11845.  -217.0851 -3.988E-05  3906.7457  7.569E+09    -2.2612     19948.      0.000
    11.040   0.000209     11246.  -222.3355 -3.567E-05  3891.1200  7.569E+09    -1.5435     20405.      0.000
    11.270   0.000116     10633.  -225.6754 -3.168E-05  3875.1652  7.569E+09    -0.8767     20862.      0.000
    11.500  3.391E-05     10013.  -227.2468 -2.791E-05  3859.0150  7.569E+09    -0.2620     21319.      0.000
    11.730 -3.809E-05  9390.6924  -227.1936 -2.437E-05  3842.7926  7.569E+09     0.3005     21776.      0.000
    11.960  -0.000101  8769.5988  -225.6602 -2.106E-05  3826.6108  7.569E+09     0.8107     22233.      0.000
    12.190  -0.000154  8154.0010  -222.7903 -1.798E-05  3810.5722  7.569E+09     1.2690     22690.      0.000
    12.420  -0.000200  7547.4380  -218.7258 -1.512E-05  3794.7691  7.569E+09     1.6763     23147.      0.000
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    12.650  -0.000238  6953.0594  -213.6060 -1.247E-05  3779.2833  7.569E+09     2.0337     23604.      0.000
    12.880  -0.000269  6373.6339  -207.5666 -1.004E-05  3764.1872  7.569E+09     2.3427     24061.      0.000
    13.110  -0.000293  5811.5600  -200.7390 -7.820E-06  3749.5431  7.569E+09     2.6049     24519.      0.000
    13.340  -0.000312  5268.8786  -193.2495 -5.800E-06  3735.4043  7.569E+09     2.8223     24976.      0.000
    13.570  -0.000325  4747.2881  -185.2188 -3.974E-06  3721.8150  7.569E+09     2.9970     25433.      0.000
    13.800  -0.000334  4248.1597  -176.7617 -2.334E-06  3708.8109  7.569E+09     3.1314     25890.      0.000
    14.030  -0.000338  3772.5554  -167.9862 -8.714E-07  3696.4196  7.569E+09     3.2277     26347.      0.000
    14.260  -0.000339  3321.2463  -158.9936  4.220E-07  3684.6614  7.569E+09     3.2886     26804.      0.000
    14.490  -0.000336  2894.7312  -149.8783  1.555E-06  3673.5491  7.569E+09     3.3167     27261.      0.000
    14.720  -0.000330  2493.2570  -140.7272  2.538E-06  3663.0893  7.569E+09     3.3146     27718.      0.000
    14.950  -0.000322  2116.8386  -131.6199  3.378E-06  3653.2822  7.569E+09     3.2849     28175.      0.000
    15.180  -0.000311  1765.2793  -122.6287  4.086E-06  3644.1228  7.569E+09     3.2304     28632.      0.000
    15.410  -0.000299  1438.1914  -113.8185  4.670E-06  3635.6010  7.569E+09     3.1538     29089.      0.000
    15.640  -0.000286  1135.0162  -105.2468  5.139E-06  3627.7021  7.569E+09     3.0576     29546.      0.000
    15.870  -0.000271   855.0447   -96.9639  5.502E-06  3620.4079  7.569E+09     2.9445     30003.      0.000
    16.100  -0.000255   597.4369   -89.0130  5.767E-06  3613.6962  7.569E+09     2.8170     30460.      0.000
    16.330  -0.000239   361.2417   -81.4304  5.942E-06  3607.5425  7.569E+09     2.6776     30917.      0.000
    16.560  -0.000222   145.4156   -74.2456  6.034E-06  3601.9194  7.569E+09     2.5287     31374.      0.000
    16.790  -0.000206   -51.1589   -67.4817  6.051E-06  3599.4637  7.569E+09     2.3727     31831.      0.000
    17.020  -0.000189  -229.6556   -58.7516  6.000E-06  3604.1142  7.569E+09     3.9536     57719.      0.000
    17.250  -0.000173  -378.0178   -48.2321  5.889E-06  3607.9796  7.569E+09     3.6692     58672.      0.000
    17.480  -0.000157  -498.4001   -38.5018  5.729E-06  3611.1160  7.569E+09     3.3817     59624.      0.000
    17.710  -0.000141  -592.9831   -29.5651  5.530E-06  3613.5802  7.569E+09     3.0942     60576.      0.000
    17.940  -0.000126  -663.9499   -21.4184  5.301E-06  3615.4292  7.569E+09     2.8092     61528.      0.000
    18.170  -0.000112  -713.4658   -14.0517  5.050E-06  3616.7192  7.569E+09     2.5290     62480.      0.000
    18.400 -9.814E-05  -743.6615    -7.4491  4.784E-06  3617.5059  7.569E+09     2.2555     63433.      0.000
    18.630 -8.531E-05  -756.6183    -1.5903  4.511E-06  3617.8435  7.569E+09     1.9900     64385.      0.000
    18.860 -7.324E-05  -754.3574     3.5484  4.235E-06  3617.7846  7.569E+09     1.7337     65337.      0.000
    19.090 -6.193E-05  -738.8312     7.9935  3.963E-06  3617.3801  7.569E+09     1.4873     66289.      0.000
    19.320 -5.136E-05  -711.9178    11.7728  3.699E-06  3616.6789  7.569E+09     1.2513     67241.      0.000
    19.550 -4.151E-05  -675.4174    14.9149  3.446E-06  3615.7279  7.569E+09     1.0256     68194.      0.000
    19.780 -3.234E-05  -631.0519    17.4484  3.208E-06  3614.5720  7.569E+09     0.8102     69146.      0.000
    20.010 -2.380E-05  -580.4657    19.4008  2.987E-06  3613.2541  7.569E+09     0.6046     70098.      0.000
    20.240 -1.585E-05  -525.2290    20.7983  2.785E-06  3611.8150  7.569E+09     0.4081     71050.      0.000
    20.470 -8.431E-06  -466.8427    21.6650  2.604E-06  3610.2938  7.569E+09     0.2200     72002.      0.000
    20.700 -1.479E-06  -406.7448    22.0225  2.445E-06  3608.7280  7.569E+09     0.0391     72955.      0.000
    20.930  5.065E-06  -346.3176    21.8893  2.308E-06  3607.1537  7.569E+09    -0.1356     73907.      0.000
    21.160  1.126E-05  -286.8967    21.2807  2.192E-06  3605.6055  7.569E+09    -0.3054     74859.      0.000
    21.390  1.717E-05  -229.7798    20.2086  2.098E-06  3604.1174  7.569E+09    -0.4715     75811.      0.000
    21.620  2.284E-05  -176.2368    18.6813  2.024E-06  3602.7225  7.569E+09    -0.6352     76763.      0.000
    21.850  2.834E-05  -127.5191    16.7036  1.969E-06  3601.4532  7.569E+09    -0.7979     77716.      0.000
    22.080  3.371E-05   -84.8698    14.2767  1.930E-06  3600.3420  7.569E+09    -0.9607     78668.      0.000
    22.310  3.899E-05   -49.5322    11.3987  1.905E-06  3599.4213  7.569E+09    -1.1248     79620.      0.000
    22.540  4.422E-05   -22.7589     8.0649  1.892E-06  3598.7238  7.569E+09    -1.2910     80572.      0.000
    22.770  4.943E-05    -5.8181     4.2683  1.887E-06  3598.2824  7.569E+09    -1.4602     81524.      0.000
    23.000  5.464E-05      0.000      0.000  1.886E-06  3598.1308  7.569E+09    -1.6328     41238.      0.000

* The above values of total stress are combined axial and bending stresses. 

Output Summary for Load Case No. 1:

Pile-head deflection             =      0.0143391 inches
Computed slope at pile head      =       0.000000 radians
Maximum bending moment           =        -47278. inch-lbs
Maximum shear force              =   1000.0000000 lbs
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Depth of maximum bending moment  =       0.000000 feet below pile head
Depth of maximum shear force     =       0.000000 feet below pile head
Number of iterations             =              6
Number of zero deflection points =              2

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 1
--------------------------------------------------------------------------------

Boundary Condition Type 2, Shear and Slope

Shear      =           1000.  lb
Slope      =         0.00000
Axial Load =          77000.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    23.0000     0.0143391       -47278.  1000.0000000
    21.8500     0.0143020       -47298.  1000.0000000
    20.7000     0.0141915       -47218.  1000.0000000
    19.5500     0.0142420       -47248.  1000.0000000
    18.4000     0.0142559       -47255.  1000.0000000
    17.2500     0.0142436       -47227.  1000.0000000
    16.1000     0.0143841       -47269.  1000.0000000
    14.9500     0.0145229       -47279.  1000.0000000
    13.8000     0.0148264       -47537.  1000.0000000
    12.6500     0.0154366       -48268.  1000.0000000
    11.5000     0.0163554       -49815.  1000.0000000
    10.3500     0.0173091       -52332.  1000.0000000
     9.2000     0.0181086       -55230.  1000.0000000
     8.0500     0.0181668       -56450.  1000.0000000
     6.9000     0.0186010       -53533.  1000.0000000
     5.7500     0.0234974       -43434.  1000.0000000
     4.6000     0.0315111       -35463.  1000.0000000
     3.4500     0.0498854       -27097.  1000.0000000
     2.3000     0.1053117       -18431.   999.9999991

--------------------------------------------------------------------------------
                 Computed Values of Pile Loading and Deflection
                   for Lateral Loading for Load Case Number 2
--------------------------------------------------------------------------------

Pile-head conditions are Shear and Pile-head Rotation (Loading Type 2)

Shear force at pile head                               =       1000.0 lbs
Rotation of pile head                                  =    0.000E+00 radians
Axial load at pile head                                =      66000.0 lbs

(Zero slope for this load indicates fixed-head conditions)
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   Depth    Deflect.    Bending    Shear       Slope      Total    Bending   Soil Res.  Soil Spr.   Distrib. 
     X         y        Moment     Force         S       Stress   Stiffness      p         Es*h    Lat. Load 
   feet      inches     in-lbs      lbs       radians     psi*      lb-in^2    lb/in      lb/inch    lb/inch 
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
      0.00     0.0143    -47221.  1000.0000      0.000  4314.3991  7.569E+09      0.000      0.000      0.000
     0.230     0.0143    -44460.   998.6387 -1.672E-05  4242.4502  7.569E+09    -0.9864   190.4400      0.000
     0.460     0.0142    -41703.   994.5680 -3.242E-05  4170.6201  7.569E+09    -1.9634   380.8800      0.000
     0.690     0.0141    -38958.   987.8259 -4.713E-05  4099.1075  7.569E+09    -2.9222   571.3200      0.000
     0.920     0.0140    -36233.   978.4734 -6.084E-05  4028.1075  7.569E+09    -3.8550   761.7600      0.000
     1.150     0.0138    -33535.   966.5924 -7.356E-05  3957.8098  7.569E+09    -4.7545   952.2000      0.000
     1.380     0.0136    -30870.   952.2834 -8.530E-05  3888.3977  7.569E+09    -5.6143  1142.6400      0.000
     1.610     0.0133    -28247.   935.6638 -9.608E-05  3820.0465  7.569E+09    -6.4288  1333.0800      0.000
     1.840     0.0130    -25671.   916.8656  -0.000106  3752.9222  7.569E+09    -7.1930  1523.5200      0.000
     2.070     0.0127    -23147.   896.0337  -0.000115  3687.1812  7.569E+09    -7.9026  1713.9600      0.000
     2.300     0.0124    -20683.   873.3236  -0.000123  3622.9684  7.569E+09    -8.5540  1904.4000      0.000
     2.530     0.0120    -18282.   848.9001  -0.000130  3560.4175  7.569E+09    -9.1442  2094.8400      0.000
     2.760     0.0117    -15949.   822.9350  -0.000136  3499.6499  7.569E+09    -9.6710  2285.2800      0.000
     2.990     0.0113    -13690.   795.6059  -0.000142  3440.7739  7.569E+09   -10.1327  2475.7200      0.000
     3.220     0.0109    -11506.   769.7836  -0.000146  3383.8853  7.569E+09    -8.5791  2172.5990      0.000
     3.450     0.0105 -9387.0694   745.7507  -0.000150  3328.6795  7.569E+09    -8.8360  2324.9510      0.000
     3.680     0.0101 -7334.8245   721.0827  -0.000153  3275.2110  7.569E+09    -9.0393  2477.3030      0.000
     3.910   0.009645 -5350.9506   695.9270  -0.000155  3223.5239  7.569E+09    -9.1894  2629.6550      0.000
     4.140   0.009214 -3436.7223   670.4296  -0.000157  3173.6513  7.569E+09    -9.2870  2782.0070      0.000
     4.370   0.008779 -1593.0103   644.7337  -0.000158  3125.6159  7.569E+09    -9.3333  2934.3590      0.000
     4.600   0.008342   179.7105   618.9787  -0.000158  3088.7943  7.569E+09    -9.3298  3086.7110      0.000
     4.830   0.007906  1881.3489   593.2996  -0.000158  3133.1281  7.569E+09    -9.2783  3239.0630      0.000
     5.060   0.007472  3512.1841   567.8258  -0.000157  3175.6173  7.569E+09    -9.1810  3391.4150      0.000
     5.290   0.007041  5072.8491   542.6805  -0.000155  3216.2783  7.569E+09    -9.0402  3543.7670      0.000
     5.520   0.006615  6564.3120   517.9799  -0.000153  3255.1364  7.569E+09    -8.8588  3696.1190      0.000
     5.750   0.006196  7987.8563   493.8321  -0.000150  3292.2249  7.569E+09    -8.6396  3848.4710      0.000
     5.980   0.005785  9345.0572   470.3373  -0.000147  3327.5849  7.569E+09    -8.3857  4000.8230      0.000
     6.210   0.005383     10638.   429.6769  -0.000144  3361.2645  7.569E+09   -21.0783     10807.      0.000
     6.440   0.004992     11769.   372.4723  -0.000140  3390.7423  7.569E+09   -20.3743     11264.      0.000
     6.670   0.004613     12745.   317.3202  -0.000135  3416.1562  7.569E+09   -19.5910     11721.      0.000
     6.900   0.004247     13570.   264.4251  -0.000130  3437.6598  7.569E+09   -18.7388     12178.      0.000
     7.130   0.003894     14252.   213.9633  -0.000125  3455.4209  7.569E+09   -17.8278     12635.      0.000
     7.360   0.003556     14797.   166.0832  -0.000120  3469.6192  7.569E+09   -16.8680     13092.      0.000
     7.590   0.003233     15212.   120.9058  -0.000114  3480.4442  7.569E+09   -15.8693     13549.      0.000
     7.820   0.002925     15506.    78.5254  -0.000109  3488.0933  7.569E+09   -14.8411     14006.      0.000
     8.050   0.002632     15685.    39.0106  -0.000103  3492.7701  7.569E+09   -13.7928     14463.      0.000
     8.280   0.002355     15759.     2.4053 -9.738E-05  3494.6823  7.569E+09   -12.7328     14920.      0.000
     8.510   0.002095     15734.   -31.2701 -9.164E-05  3494.0403  7.569E+09   -11.6696     15377.      0.000
     8.740   0.001850     15619.   -62.0172 -8.592E-05  3491.0550  7.569E+09   -10.6109     15834.      0.000
     8.970   0.001620     15423.   -89.8583 -8.026E-05  3485.9368  7.569E+09    -9.5638     16292.      0.000
     9.200   0.001406     15153.  -114.8346 -7.469E-05  3478.8938  7.569E+09    -8.5350     16749.      0.000
     9.430   0.001208     14816.  -137.0048 -6.922E-05  3470.1306  7.569E+09    -7.5304     17206.      0.000
     9.660   0.001024     14422.  -156.4434 -6.389E-05  3459.8473  7.569E+09    -6.5555     17663.      0.000
     9.890   0.000855     13976.  -173.2388 -5.871E-05  3448.2380  7.569E+09    -5.6151     18120.      0.000
    10.120   0.000700     13487.  -187.4921 -5.371E-05  3435.4901  7.569E+09    -4.7134     18577.      0.000
    10.350   0.000559     12961.  -199.3149 -4.888E-05  3421.7834  7.569E+09    -3.8539     19034.      0.000
    10.580   0.000430     12404.  -208.8281 -4.426E-05  3407.2894  7.569E+09    -3.0397     19491.      0.000
    10.810   0.000315     11824.  -216.1599 -3.984E-05  3392.1706  7.569E+09    -2.2732     19948.      0.000
    11.040   0.000211     11226.  -221.4446 -3.564E-05  3376.5803  7.569E+09    -1.5563     20405.      0.000
    11.270   0.000118     10615.  -224.8210 -3.166E-05  3360.6616  7.569E+09    -0.8903     20862.      0.000
    11.500  3.575E-05  9996.1368  -226.4308 -2.790E-05  3344.5479  7.569E+09    -0.2762     21319.      0.000
    11.730 -3.622E-05  9374.8863  -226.4175 -2.437E-05  3328.3621  7.569E+09     0.2858     21776.      0.000
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    11.960 -9.876E-05  8755.1900  -224.9253 -2.106E-05  3312.2167  7.569E+09     0.7956     22233.      0.000
    12.190  -0.000152  8140.9724  -222.0974 -1.798E-05  3296.2141  7.569E+09     1.2536     22690.      0.000
    12.420  -0.000198  7535.7637  -218.0756 -1.512E-05  3280.4462  7.569E+09     1.6608     23147.      0.000
    12.650  -0.000236  6942.7053  -212.9987 -1.248E-05  3264.9949  7.569E+09     2.0181     23604.      0.000
    12.880  -0.000267  6364.5589  -207.0023 -1.006E-05  3249.9321  7.569E+09     2.3271     24061.      0.000
    13.110  -0.000291  5803.7168  -200.2174 -7.840E-06  3235.3201  7.569E+09     2.5895     24519.      0.000
    13.340  -0.000310  5262.2149  -192.7701 -5.822E-06  3221.2120  7.569E+09     2.8071     24976.      0.000
    13.570  -0.000324  4741.7469  -184.7809 -3.998E-06  3207.6519  7.569E+09     2.9822     25433.      0.000
    13.800  -0.000332  4243.6810  -176.3642 -2.360E-06  3194.6755  7.569E+09     3.1169     25890.      0.000
    14.030  -0.000337  3769.0762  -167.6280 -8.989E-07  3182.3103  7.569E+09     3.2137     26347.      0.000
    14.260  -0.000337  3318.7018  -158.6735  3.934E-07  3170.5764  7.569E+09     3.2751     26804.      0.000
    14.490  -0.000334  2893.0554  -149.5946  1.526E-06  3159.4868  7.569E+09     3.3037     27261.      0.000
    14.720  -0.000329  2492.3835  -140.4784  2.508E-06  3149.0478  7.569E+09     3.3022     27718.      0.000
    14.950  -0.000321  2116.7010  -131.4043  3.348E-06  3139.2599  7.569E+09     3.2732     28175.      0.000
    15.180  -0.000310  1765.8119  -122.4445  4.056E-06  3130.1180  7.569E+09     3.2194     28632.      0.000
    15.410  -0.000298  1439.3296  -113.6638  4.640E-06  3121.6119  7.569E+09     3.1434     29089.      0.000
    15.640  -0.000285  1136.6971  -105.1197  5.110E-06  3113.7272  7.569E+09     3.0480     29546.      0.000
    15.870  -0.000270   857.2072   -96.8624  5.474E-06  3106.4455  7.569E+09     2.9356     30003.      0.000
    16.100  -0.000255   600.0225   -88.9351  5.739E-06  3099.7449  7.569E+09     2.8088     30460.      0.000
    16.330  -0.000238   364.1943   -81.3742  5.915E-06  3093.6007  7.569E+09     2.6701     30917.      0.000
    16.560  -0.000222   148.6819   -74.2091  6.009E-06  3087.9859  7.569E+09     2.5219     31374.      0.000
    16.790  -0.000205   -47.6292   -67.4630  6.027E-06  3085.3531  7.569E+09     2.3666     31831.      0.000
    17.020  -0.000189  -225.9098   -58.7547  5.977E-06  3089.9979  7.569E+09     3.9439     57719.      0.000
    17.250  -0.000172  -374.1326   -48.2605  5.868E-06  3093.8597  7.569E+09     3.6606     58672.      0.000
    17.480  -0.000156  -494.4452   -38.5523  5.709E-06  3096.9942  7.569E+09     3.3743     59624.      0.000
    17.710  -0.000141  -589.0212   -29.6347  5.512E-06  3099.4583  7.569E+09     3.0878     60576.      0.000
    17.940  -0.000126  -660.0367   -21.5044  5.284E-06  3101.3085  7.569E+09     2.8038     61528.      0.000
    18.170  -0.000112  -709.6503   -14.1513  5.034E-06  3102.6011  7.569E+09     2.5245     62480.      0.000
    18.400 -9.798E-05  -739.9860    -7.5599  4.770E-06  3103.3915  7.569E+09     2.2519     63433.      0.000
    18.630 -8.519E-05  -753.1187    -1.7099  4.498E-06  3103.7336  7.569E+09     1.9872     64385.      0.000
    18.860 -7.315E-05  -751.0635     3.4222  4.224E-06  3103.6801  7.569E+09     1.7317     65337.      0.000
    19.090 -6.187E-05  -735.7668     7.8627  3.953E-06  3103.2816  7.569E+09     1.4861     66289.      0.000
    19.320 -5.133E-05  -709.1012    11.6394  3.689E-06  3102.5868  7.569E+09     1.2506     67241.      0.000
    19.550 -4.151E-05  -672.8615    14.7806  3.437E-06  3101.6426  7.569E+09     1.0256     68194.      0.000
    19.780 -3.236E-05  -628.7646    17.3147  3.200E-06  3100.4938  7.569E+09     0.8107     69146.      0.000
    20.010 -2.385E-05  -578.4501    19.2693  2.980E-06  3099.1829  7.569E+09     0.6056     70098.      0.000
    20.240 -1.591E-05  -523.4836    20.6704  2.779E-06  3097.7508  7.569E+09     0.4096     71050.      0.000
    20.470 -8.507E-06  -465.3619    21.5420  2.599E-06  3096.2365  7.569E+09     0.2219     72002.      0.000
    20.700 -1.569E-06  -405.5187    21.9054  2.440E-06  3094.6774  7.569E+09     0.0415     72955.      0.000
    20.930  4.961E-06  -345.3326    21.7794  2.303E-06  3093.1093  7.569E+09    -0.1328     73907.      0.000
    21.160  1.114E-05  -286.1355    21.1790  2.188E-06  3091.5670  7.569E+09    -0.3022     74859.      0.000
    21.390  1.704E-05  -229.2216    20.1162  2.094E-06  3090.0842  7.569E+09    -0.4680     75811.      0.000
    21.620  2.270E-05  -175.8571    18.5991  2.020E-06  3088.6939  7.569E+09    -0.6314     76763.      0.000
    21.850  2.819E-05  -127.2904    16.6326  1.965E-06  3087.4285  7.569E+09    -0.7937     77716.      0.000
    22.080  3.354E-05   -84.7612    14.2178  1.926E-06  3086.3205  7.569E+09    -0.9561     78668.      0.000
    22.310  3.882E-05   -49.5097    11.3530  1.901E-06  3085.4021  7.569E+09    -1.1198     79620.      0.000
    22.540  4.404E-05   -22.7851     8.0335  1.888E-06  3084.7058  7.569E+09    -1.2857     80572.      0.000
    22.770  4.924E-05    -5.8529     4.2520  1.883E-06  3084.2646  7.569E+09    -1.4545     81524.      0.000
    23.000  5.444E-05      0.000      0.000  1.882E-06  3084.1121  7.569E+09    -1.6267     41238.      0.000

* The above values of total stress are combined axial and bending stresses. 

Output Summary for Load Case No. 2:

Pile-head deflection             =      0.0143197 inches
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Computed slope at pile head      =       0.000000 radians
Maximum bending moment           =        -47221. inch-lbs
Maximum shear force              =   1000.0000000 lbs
Depth of maximum bending moment  =       0.000000 feet below pile head
Depth of maximum shear force     =       0.000000 feet below pile head
Number of iterations             =              6
Number of zero deflection points =              2

--------------------------------------------------------------------------------
            Pile-head Deflection vs. Pile Length for Load Case 2
--------------------------------------------------------------------------------

Boundary Condition Type 2, Shear and Slope

Shear      =           1000.  lb
Slope      =         0.00000
Axial Load =          66000.  lb

    Pile       Pile Head       Maximum       Maximum
   Length      Deflection      Moment         Shear 
    feet         inches        ln-lbs          lbs 
------------  ------------  ------------  ------------
    23.0000     0.0143197       -47221.  1000.0000000
    21.8500     0.0142826       -47241.  1000.0000000
    20.7000     0.0141724       -47161.  1000.0000000
    19.5500     0.0142228       -47191.  1000.0000000
    18.4000     0.0142366       -47198.  1000.0000000
    17.2500     0.0142245       -47170.  1000.0000000
    16.1000     0.0143646       -47212.  1000.0000000
    14.9500     0.0145028       -47222.  1000.0000000
    13.8000     0.0148045       -47478.  1000.0000000
    12.6500     0.0154108       -48204.  1000.0000000
    11.5000     0.0163228       -49739.  1000.0000000
    10.3500     0.0172681       -52234.  1000.0000000
     9.2000     0.0180620       -55105.  1000.0000000
     8.0500     0.0181249       -56311.  1000.0000000
     6.9000     0.0185740       -53410.  1000.0000000
     5.7500     0.0234876       -43357.  1000.0000000
     4.6000     0.0315077       -35421.   999.9999998
     3.4500     0.0498845       -27079.  1000.0000000
     2.3000     0.1053116       -18426.   999.9999991

--------------------------------------------------------------------------------
                           Summary of Pile Response(s)
--------------------------------------------------------------------------------

Definitions of Pile-head Loading Conditions:

Load Type 1: Load 1 = Shear, lbs, and Load 2 = Moment, in-lbs
Load Type 2: Load 1 = Shear, lbs, and Load 2 = Slope, radians
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Load Type 3: Load 1 = Shear, lbs, and Load 2 = Rotational Stiffness, in-lbs/radian
Load Type 4: Load 1 = Top Deflection, inches, and Load 2 = Moment, in-lbs
Load Type 5: Load 1 = Top Deflection, inches, and Load 2 = Slope, radians

               Pile-head      Pile-head                                      Maximum        Maximum                  
Load  Load    Condition 1    Condition 2        Axial        Pile-head       Moment          Shear        Pile-head  
Case  Type    V(lbs) or     in-lb, rad.,       Loading      Deflection       in Pile        in Pile       Rotation   
 No.   No.    y(inches)     or in-lb/rad.        lbs          inches         in-lbs           lbs          radians   
----  ----  --------------  --------------  -------------  -------------  -------------  -------------  -------------
  1     2   V =  1000.0000  S =      0.000         77000.     0.01433905        -47278.      1000.0000     0.00000000
  2     2   V =  1000.0000  S =      0.000         66000.     0.01431969        -47221.      1000.0000     0.00000000

The analysis ended normally. 
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Lateral Pile Deflection (inches)
S-51 over Black Mingo Creek - EB4 - Transverse Loads
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Lateral Pile Deflection (inches)
S-51 over Black Mingo Creek - EB4 - Transverse Loads
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Bending Moment (in-kips)
S-51 over Black Mingo Creek - EB4 - Transverse Loads
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Pile Length (ft)

S-51 over Black Mingo Creek - EB4 - Transverse Loads
P

il
e-

h
ea

d
 D

ef
le

ct
io

n
 (

in
)

0 2 4 6 8 10 12 14 16 18 20 22

0
0.

01
0.

02
0.

03
0.

04
0.

05
0.

06
0.

07
0.

08
0.

09
0.

1

SER - Max Shear

STR - Max Shear

Pile Length (ft)

S-51 over Black Mingo Creek - EB4 - Transverse Loads
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