SCDOT Bridge Inspection Guidance Document AASHTO Detail Categories for Fatigue

APPENDIX H

Appendix/Attachment Title

AASHTO Detail Categories for Fatigue
Appendix/Attachment Revision and Year:

Version 1.0, 2020

Appendix/Attachment Introduction and Discussion

Fatigue Categories - AASHTO LRFD Bridge Design Specifications, 8th Edition, Table 6.6.1.2.3-1 which
includes Detail Categories for Load-Induced Fatigue

Appendix/Attachment Description

AASHTO fatigue specifications classify commonly used steel bridge details into fatigue Categories A, B, B’,
C, C’, D, E and E’ based on their fatigue characteristics. Details that fall into Categories D, E and E’ shall be
considered as fatigue-prone details (FPDs).

Section 5.4.4.2 of the BIGD requires photographs of all FCMs and FPDs to be maintained in the Bridge File
and to be taken at every inspection.
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AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS, EIGHTH EpiTion, 2017

Table 6.6.1.2.3-1—Detail Categories for Load-Induced Fatigue

Description

Category

Constant
A
{ksi)’

Threshold
(AF) Potential Crack
kei Initiation Point

[Tustrative Examples

Section 1—Plain Material away from Any Welding

et al., 2007).

1.1 Base metal, except noncoated A 250 = 10* 24 Away from all %
weathering steel, with rolled or welds or structural
cleaned surfaces. Flame-cul edges connections
with surface roughness value of
1,000 p-in. or less, but without re-
entrant corners. %
1.2 Noncoated weathering steel base B 120 = 10° 16 Away from all
metal with rolled or cleaned surfaces welds or structural
designed and detailed in accordance connections
with FHWA (1989). Flame-cut edges
with surface roughness value of
1,000 p-in. or less, but without re-
cotrant cormers.
1.3 Member with re-entrant corers C 44 % 107 10 At any external
at copes, cuts, block-outs or other edge
geometrical discontinuities made to
the requirements of AASHTO/AWS
D1.5, except weld access holes.
1.4 Rolled cross sections with weld G 44 % 10° 10 In the base metal
access holes made to the at the
requirements of AASHTO/AWS re-entrant corner
D1.5, Article 3.2.4. of the weld access
hole
1.5 Open holes in members {(Brown D 22 % 10% 7 In the net section

originating at the
side of the hole

Section 2—Connected M

aterial in Mechanically Fastened Joint

]

2.1 Base metal at the gross section of
high-strength bolted joints designed as
slip-critical connections with
pretensioned high-strength bolts
installed in holes drlled full size or
subpunched and reamed 10 size—e.g.,
bolted flange and web splices and
bolted stiffeners. (Mote: see Condition
2.3 for bolt holes punched full size;
see Condition 2.5 for bolted angle or
tee section member connections to
russel or connection plates.)

B

120 = 10°

1o Through the gross
section near the
hole

continued on next page
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SECTION 6: STEEL STRUCTURES

Table 6.6.1.2.3-1 (continued)—Detail Categories for Load-Induced Fatigue

Constant Threshold

A (AF )y Potential Crack
Dieseription Category {ksi)? ksi Initiation Point Ilustrative Examples
2.2 Base metal at the net section of B 120 = 10" 16 In the net section
high-strength bolted joints designed originating at the
as bearing-type connections but side of the hole
fabricated and installed to all
requirements for slip-critical
connhections with pretensioned high-
strength bolts installed in holes
drilled full size or subpunched and
reamed to size. (Note: see Condition
2.3 for bolt holes punched full size;
see Condition 2.5 for bolted angle or
tee section member connections to
gusset or connection plates.)
2.3 Base metal at the net or gross D 2= 107 7 In the net section
section of high-strength bolted joints originating at the -
with pretensioned bolts installed in side of the hole or » =
holes punched full size (Brown et al., through the gross
2007); and base metal at the net section section near the
of other mechanically fastened joints, hole, as applicable
excepl for evebars and pin plates, e.g.,
joints using ASTM A307 bolts or non-
pretensioned high-strength bolts,
{Mote: see Condition 2.5 for bolted
angle or tee section member
CONMECUIoNS 10 gussel of conngction
plates).
2.4 Base metal at the net section of E 11 =10° 4.5 In the net scetion
evebar heads or pin plates (Mote: for originating at the
base metal in the shank of eyebars or side of the hole
through the gross section of pin
plates, see Condition 1.1 or 1.2, as
applicable.)
2.5 Base melal in angle or tee section See See See Through the gross
members connected to a gusset or applicable | applicable applicable section near the
connection plate with high-strength Category Constant Threshold hole, or in the net

above above above

bolted slip-critical connections. The
fatigue stress range shall be
caleulated on the effective net area of
the member,

Ae = UA,, in which U=(1-x /L) and

s the gross area of the

where A,

member. X is the distance from the
centroid of the member to the surface
of the gusset or connection plate and
L is the out-to-out distance between
the bolts in the connection parallel to
the line of force. The effect of the
moment due to the eccentricities in
the connection shall be ignored in
computing the stress range
(McDonald and Frank, 200%). The
fatigue category shall be taken as that
specified for Condition 2.1. For all
other types of bolted connections,
replace A, with the net area of the
member, A, in computing the
effective net area according to the
preceding equation and use the
appropriate fatigue category for that
connection type specified for
Condition 2.2 or 2.3, as applicable.

section originating
al the side of the
hole, as applicable

continued on next page
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AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS, EIGHTH EpiTioN, 2017

Table 6.6.1.2.3-1 (continued)—Detail Categories for Load-Induced Fatigue

Constant Threshold Potential
A (AF b Crack
Description Category (ksi)’ ksi Inifiation Point Iustrative Examples
Section 3—Welded Joints Joining Components of Built-up Members
3.1 Base metal and weld metal in B 120 = 10° 6 From surface
members without attachments built or internal
up of plates or shapes connected by discontinuities
continuous lengitudinal complete in the weld
Joint penetration groove welds away from the
back-gouged and welded from the end of the
second side, or by continuous fillet weld
welds parallel to the direction of
applied stress
3.2 Base metal and weld metal in B’ 6l = 10* 12 From surface
members without attachments built or internal
up of plates or shapes connected by discontinuities
continuous lengitudinal complete in the weld,
joint penetration groove welds with meluding weld
backing bars not removed, or by attaching
continuous partial joint penetration hacking bars
groove welds parallel to the
direction of applied stress.
3.3 Base metal and weld metal at D 22« 10¢ 7 From the weld
the termination of longitudinal termination
welds at weld access holes made to into the web or
the requirements of AASHTO/AWS flange
D15, Article 3.2.4 in built-up
members. (Note: does not include
the flange butt splice).
3.4 Base metal and weld metal in B 120 = 10° 6 From surface )
partial length welded cover plates or internal
connected by continuous fillet discontinuities
welds parallel to the direction of in the weld
applied stress. away from the
end of the
weld
3.5 Base metal at the termination of In the flange at
partial length welded cover plates the toc of the
having square or tapered ends that end weld or in
are narrower than the flange, with the flange at the
or without welds across the ends, or termination of
cover plates that are wider than the the longitudinal .
3 . wi or w/o End Weld
flange with welds across the ends: weld or in the s A
edge ol the
flange with
wide cover
plates
Flange thickness = (.8 in. E 11 = 10° 45
Flange thickness = 0.8 in. E 3.0 = 10 26

continued on next page
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SECTION 6: STEEL STRUCTURES 6-39

Table 6.6.1.2.3-1 (continued)}—Detail Categories for Load-Induced Fatigue

Constant Threshold Potential
A (AF ) gy Crack
Description Category (ksiy’ ksi Initiation Point Iustrative Examples

Secction 3—Woelded Joints Joining Components of Built-Up Members {(continued)

3.6 Base metal at the termination B 120 = 10% 16 In the flange at End of Weld
of partial length welded cover the termination {One Bolt Space)
plates with slip-critical bolted end of the

connections satisfying the longitudinal

requirements of Article weld

6.10.12.2.3.

3.7 Base metal at the termination E 39 = 10° 2.6 In the edge of

of partial length welded cover the flange at

plates that are wider than the the end of the

flange and without welds across cover plate

the ends. weld

Section 4—Welded Stiffener Connections

4.1 Base metal at the toe of e
transverse stiffener-to-flange fillet C' 44 = 10° 12 Initiating from
welds and transverse stiffener-to- the ;
web fillet welds. (Note: includes E‘:'E“‘m?_ﬂ'mjﬂl
similar welds on bearing stiffeners discont '“'—lllk"
and connection plates). Base metal at ”_10 toe of
adjacent to bearing stiffener-to- the h“.ﬂ “:EId
Mange fillet welds or groove extending into
welds. the base metal

4.2 Base metal and weld metal in B 120 = 10° 16 From the

longitudinal web or longitudinal surface or (

box-flange stiffeners connected by internal (
continuous fillet welds parallel o discontinuities b
the direction of applied stress, in the weld

away from the
end of the
weld

continued on next page
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6-41) AASHTO LRFD BrRIDGE DESIGN SPECIFICATIONS, EIGHTH EpITION, 2017

Table 6.6.1.2.3-1 (continued)—Detail Categories for Load-Induced Fatigue

Constant Threshold Potential
A {AF) Crack
Description Category (ksi)’ ksi Initiation Point Hustrative Examples
Section 4—Welded Stiffener Connections {continued)
4.3 Base metal at the termination
of longitudinal stiffener-to-web or
longitudinal stiffener-to-box
flange welds:
With the stiffener attached by In the primary Fillel, CJP or PP 1ifener
welds and with no transition radius member at the
provided at the termination: end of the
o . E 11 % 10° 45 weldatthe | oo -
Stiffener thickness < 1.0 in. - weld tos tang wio Transiion Radius
21 ; : t g 3 2

Stiffener thickness = 1.0 in. £ 3910 2.6
With the stiffener attached by
welds and with a transition radius
R provided at the termination with
the weld termination ground
smooth:

R=z24in. B 120 = 107 16 R

c AT - In the primary ™ Stiffaner
in=Rz61 B ® e Grind
24in.>=R=61n, ”'h““bc_l ]m;-r \\_ /,—I»
6in.>R=2in. D 22 % 10° 7 the point ol | yep or__ — e
tangency of | Flange o Tranaltion Rads
2in. =R E 1= 10 45 the radius v
Section 5—Welded Joints Transverse to the Direction of Primary Stress

5.1 Base metal and weld metal in or From internal S Sound
adjacent to complete joint discontinuitics _EE_
penetration groove welded butt in the filler =
splices, with weld soundness metal or along P & Ground o
established by NDT and with welds the fusion ool
ground smooth and flush parallel to boundary or at

the direction of stress. Transitions in the start of the ENE Gl
thickness or width shall be made on transition Smaooth
a slope no greater than 1:2.5 (see

also Figure 6.13.6.2-1). \_)/

Fo= 100 ksi B 1200 = 10% 16
F, 2 100 ksi B 61 = 10¢ 12
5.2 Base metal and weld metal in B 120 = 10° 16 From internal Conit o
or adjacent to complete joint discontinuities .J‘:D__
penetration groove welded bur in the filler L%
splices, with weld soundness metal or fz20m
established by NDT and with discontinuities
welds ground parallel to the along the fusion
direction of stress at transitions in boundary

width made on a radius of not less
than 2 fi with the poini of tangency
at the end of the groove weld (see
also Figure 6.13.6.2-1).

continued on next page
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SECTION 6: STEEL STRUCTURES

Table 6.6.1.2.3-1 (continued)—Detail Categories for Load-Induced Fatigue

Constant

Threshold

penetration groove welds on
opposite sides of the plate normal
to the direction of primary stress,

weld extending
into the base
metal or
initiating at the

weld root subject
1o tension

extending up and

then out through
the weld

A {AF) iy Potential Crack
Diescription Category (ksi) ksi Initiation Point Hlustrative Examples
5.3 Base metal and weld metal in C 44 = |0F 10 From the cw
or adjacent to the e of complete surface <
joint penetration groove welded T discontinuity at
or corner joints, or in complete the toe of the
joint penetration groove welded weld extending
butt splices, with or without into the base CIPW ek
transitions in thickness having metal or along P, o Pl
slopes no greater than 1:2.5 when the fusion "—EE“'
weld reinforcement is not removed, boundary
{Note: cracking in the flange of the
“T" may eccur due to out-of-plane
bending stresses induced by the
stemy},
5.4 Base metal and weld metal at Cas 44 = 107 10 Initiating from
details where loaded discontinuous adjusted the geometrical
plate elements are connected with a in Eq. discontinuity al
pair of fillet welds or partial joint 6.6.1.2.5-4 the to¢ of the

Section 6—Transversely Loaded Welded Attachments

6.1 Base metal in a longitudinally
loaded component at a transversely
loaded detail (e.g. a lateral
connection plate) attached by a
weld parallel te the direction of
primary stress and incorporating a
transition radius R:

With the weld termination ground
smooth:

kz24in,

in>R=6in.
Gin. > R > 2in,
2in.>R

For any transition radius with the
weld termination not ground
smooth,

{Note: Condition 6.2, 6.3 or 6.4, as
applicable, shall also be checked.)

120 =
1

44 < 10

22 = 10P

11 =10

11 = 108

16

4.5

4.5

MNear point of
tangency of the
radius at the
edge of the
longitudinally
loaded
component or at
the toe of the
weld at the
weld
termination if
not ground
smooth

s
s e
5 ; CJP, PJP or Fillal
R
&
o R —
st

confinued on next page
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AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS, EIGHTH EDITION, 2017

Table 6.6.1.2.3-1 (continued)—Detail Categories for Load-Induced Fatigue

Constant Threshold
4 () 1t Potential Crack
Description Category (ksi)’ ksi Initiation Point IMustrative Examples

Section 6—Transversely

Loaded Welded Attachments (continued)

6.2 Base metal in a transversely
loaded detail (2.g, a lateral
connection plate) attached to a
longitudinally loaded component of
equal thickness by a complete joint
penetration groove weld parallel to
the direction of primary stress and
incorporating a transition radius &,
with weld soundness established by
NDT and with the weld termination
ground smooth:

Weld Reinf. Not

with the weld reinforcement not
removed.

(Mote: Condition 6.1 shall also be
checked.)

With the weld reinforeement Weld Reinf. Removed  Removed
removed:
R =24in. B 120 = 107 16 Near points of
i tangency of the
in.>Rz6in. C 44 = 108 10 radius or in the
- i i weld or at the
hin=R=2in D 22 = 10 7 fusion boundary of
2in.=R 11 = 10 45 the longitudinally
pianed o loaded component
or the transversely
loaded attachment
With the weld reinforcement not At the toe of the
removed: weld either along
the edge of the
R=24in, C 44 % 108 10 longitudinally
loaded component
24 in. = R =6 in, C 44 % [0 10 or the transversely
loaded attachment
6 it > Rz 2in. D 22 = 10 7
2in.>R E 1= 10° 4.5
(Note: Condition 6.1 shall also be
checked.)
6.3 Base metal in a transversely At the toe of the t:
loaded detail {e.g. a lateral weld along the CJP
connection plate) attached to a edge of the thinner ta
longitudinally loaded component plate
of unequal Llhjc[-m-:ss h)lf a e T R
complete joint penetration groove teeninat oo o
weld parallel to the direction of small radius weld ’TW
primary stress and incorporating a transitions
weld transition radius R, with i Weld Reinforcement Removed
weld soundness established by At the toe of the .#’,
MWDT and with the weld dwc{d[ﬂ :f“iil_lhc e -
e ds ih: edge of the thinner
ermination ground smoo plate Weld Reinforcement Not Remaved
With the weld reinforcement removed:
R=2in, D 22 = 10F 7
R<2in E 11 = 10* 4.5
For any weld transition radius E 11 = 107 4.5

continued on next page
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SECTION 6: STEEL STRUCTURES 6-43

Table 6.6.1.2.3-1 (continued)—Detail Categories for Load-Induced Fatigue

Constant | Threshold
A (AF )y Potential Crack
Description Calegory {ksiy’ ksi [nitiation Point Hustrative Examples

Section 6—Transverscly Loaded Welded Attachments (continued)

6.4 Base metal in a transverscly See Fillet or PJP
loaded detail (c.g. a lateral Condition on Both Sides
connection plate) attached to a 54

longitudinally loaded component by
a fillet weld or a partial joint
penetration groove weld, with the
weld parallel to the direction of
primary stress (Note: Condition 6.1
shall also be checked.)

Section 7—Longitudinally Loaded Welded Attachments

7.1 Base metal in a longitudinally In the primary

L
%
leaded component at a detail with a member at the @ _L
length L in the direction of the end of the weld 1
t
!
)

primary stress and a thickness ¢ at the weld toe
attached by groove or fillet welds P
parallel or transverse to the direction

of primary stress where the detail k‘
incorporates no transition radius;

L=2in, C 44 = 108 10
2in£L=12tordin D 22 = 10% 7

L= 12tor4in.

i< 1.0in. E 11 = 10° 4.5
i=1.0in, E 3.9 = 10¢ 2.6
(MNote: see Condition 7.2 for welded
angle or tee section member
connections to gusset or connection
plates. )
7.2 Base metal in angle or tee section E 3.9 =107 2.6 Toe of fillet

members connected to a gusset or welds in

connection plate by longitudinal fillet connected o1 —

welds along both sides of the clement &

connected element of the member o G
cross-section, and with or without =

backside welds. The fatigue stress

range shall be calculated on the ;

effective net area of the member, 4, = g, M
L, in which L'=(1- X /L)and

where A, is the gross area of the b

member. x is the distance from the

centroid of the member to the surface
of the gusset or connection plate and
L is the maximum length of the
lengitudinal welds. The effect of the
moment due to the eccentricities in
the connection shall be ignored in
computing the stress range
(McDonald and Frank, 2009),

continued on next page
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6-44 AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS, EIGHTH EDITION, 2017

Table 6.6.1.2.3-1 (continued)—Detail Categories for Load-Induced Fatigue

Constant | Threshold
4 (AF) Potential Crack

Description Category [kl\'j ) ksi Initiation Paint Mlustrative Examples

Section 8—Orthotropic Deck Details

8.1 Rib to Deck Weld—One-sided L) 44 = 10* 0 See Figure
{60% min) penctration weld with o 1 Ao
root gap = 0L02 in. prior to welding. % =
Weld throat = rib wall thickness. s,

Allowable Design Level <0.02" r Ao

-l
1.2, 0r3 e weld throat 2 rib

-~ :
~_ribt

8.2 Rib Splice (Welded)—Single D 22 % 108 7 See Figure
groove butt weld with permanent
backing bar left in place. Weld gap
= rib wall thickness

Allowable Design Level
l.2,0r3

8.3 Rib Splice (Bolted )—Base B 120 = 16 See Figure
mtal at gross section of high 10
strength slip critical connection

Allowable Design Level
1,2, 0r3

8.4 Deck Plate Splice (in Plane}— D 22 = 10* 7 See Figure
Transverse or Longitudinal single
groove butt splice with permanent
backing bar left in place

Allowable Design Level
1,2, 0r3

8.5 Rib to FB Weld (Rib}—Rib wall (' 44 x 10 10 See Figure c — y
at rib to FB weld (fillet or CIP) LA =~

Allowable Design Level — @ $
1,2, 0r3

b af

[——]

continued on next page
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SECTION 6: STEEL STRUCTURES

Table 6.6.1.2.3-1 (continued)—Detail Categories for Load-Induced Fatigue

Threshol
Constant d
I . A (AFy Potential Crack o . ,
Description Category (ksi)' ksi Initiation Point Mustrative Examples
8.6 Rib to FB Weld (FB Web)—FB C 44 = 10° 10 Sec Figure
web at rib to FB weld (fillet, PIP, or
CIP) (see
Note 1)
Allowable Design Level
lor3
Tl
<= A =
8.7 FB Cutout—Base metal at edge A 250 = 10° 24 See Figure
with “smooth™ flame cut finish as
per AWS D15
< < S
Allowable Design Level
lord
8.8 Rib Wall at Cutout—Rib wall at C 44 = 10% 10 Sce Figure AfY |
rib to FB weld (fillet, PJP, or CIP) L -
= NN < [ R—
i_l
Allowable Design Level
| or3
8.9 Rib te Deck Plate at FB C 44 = 10% 10 See Figure Af
Allowable Design Level J :
lord

Note 1: Where stresses are dominated by in-plane component at fillet or PIP welds, Eq. 6.6.1.2.5-4 shall be considered. In this case, Af should
be calculated at the mid-thickness and the extrapolation procedure as per Article 9.8.3.4.3 need not be applied,

Section 9—Miscellancous

9.1 Base metal at stud-type shear
connectors attached by fillet or
autormatic stud welding

44 = 10*

10

At the toe of
the weld in the
base metal

continued on next page
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[ AASHTO LRFD BrinGe DEsIGS SPECIFICATIONS, EiIGHTH Emmiox, 2017

Table 6.6.1.2.3-1 {continued }—Detail Categories for Load-Induced Fatigue

Constant | Threshold

L . 4 (AF Potential Crack
Description Category (ksi’) ksi Initiation Point IMlustrative Examples
Section 9—Miscellancous (continued )

9.2 Monpretensioned high-strength Al the root of .
bolts, commaon bolis, threaded the threads =
anchor rods, and hanger rods with extending o

cut, ground, or rolled threads, Use the tensile -

the stress range acting on the tensile stress arca

stress area due to live load |1:|||:a.
pryimg action when applicable

(Fatigue 1) Finite Life E 39= 10" N/A

{Fatigue I} Infinite Life ] NiA 7
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