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1.

RIPRAP FOR BOX CULVERTS

ESTIMATED RIPRAP QUANTITIES
HEIGHT 2:1 SLOPE | 421 SLOPE | 6:1 SLOPE
OF BOX TONS TONS TONS

4 14 26 38
5' 18 52 47
6! 21 59 57
/! 25 45 66
8' 28 o1 /6
9 31 58 85
10" 35 64 95
17 38 /1 104
12 47 /7 114
15 45 84 125
14 49 90 133
15 52 96 142

QUANTITIES ARE FOR ONE END OF CULVERT
QUANTITIES DO NOT INCLUDE CHANNEL RIPRAP
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H - VERTICAL HEIGHT OF BOX CULVERT
W = OUTSIDE WIDTH OF BOX CULVERT
RIPRAP WEIGHT - 3400 LBS. PER C.Y.

RIPRAP DEPTH - 1.0

16-1




2. RIPRAP FOR PIPE

ESTIMATED RIPRAP QUANTITIES

PIPE SIZE 2:1 SLOPE | 4:1 SLOPE 6:1 SLOPE
D oD TONS TONS TONS
18" 23" 2 3 4
24" 30" 3 4 5
30" 37" 3 5 7
36" | 44" 4 6 9
42" 51" 5 8 11
48" | 58" 6 9 13
54" | 65" 7 12 16
6O" | 72" 8 14 19
72" 86" 12 19 27
34" | 100" 15 25 36
96" | 114" 19 33 46
108" 128" 24 40 58
120" 140" 28 48 68

QUANTITIES ARE FOR ONE END OF PIPE

QUANTITIES DO NOT INCLUDE CHANNEL RIPRAP
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VERTICAL HEIGHT
WEIGHT OF RIPRAP
DEPTH OF RIPRAP -

- INSIDE PIPE DIAMETER

OQUTSIDE DIAMETER
VERTICAL HEIGHT

- 1.2 0D OR 1.0'MINMUM ABOVE TOP OF PIPE
5400 LBS PER C.Y.
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INCHES and FRACTIONS in DECIMALS of A FOOT
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DECIMAL EQUIVALENTS OF FRACTIONAL PARTS OF ONE INCH

015825
031250

46875

062500
078125
093750
109375
125000
140625

.156250 .

171875
187500
203125
218750
234375
250000

285625
281250
296875
312500
328125

515825
S31Z50

546875

562500
578125
583750
509375
525000
840825
656250
BT18T5

* 557500

J03125
T18750
134375
0000

765625
781250
-T86875
812500
828195
843750
B59375
B75000
BY0GLS
906250
921875
837500
853125

868750 -

984375
1.000000
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ASTM STANDARD

REINFORCING BARS

. BAR SIIE
DESIGMATION

AREA*

" Bf). INCHES

WEIGHT
19unuﬁ

376 -

#3 11 375
*1 .20 668 | .500
#5H 31| 1.043 | .625
*6 44 | 1,502 | .750
#1 .60 | 2.044 | .375
# 8 19 | 2.670 | 1.000
9 1.00 | 3.400 | 1.128
710 1.27 | 4.303 | 1.270
#11 1.56 | 5.3i3 | 1.410
*14 2.25 | 17.650 | 1.693
~18 4.00 | 13.600 | 2.251
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PROPERTIES OF THE CIRCLE

Circumferance = S.28118r = 304150 ¢

v Diameter = 0.3780 circumferance
-._‘.;I Area = 314159 r2
° ] \ Are  a -%:;: = DO1TASIr AS
! ’
x x Anple Ar = BT o e 2
F [d
Radivar = 4BLtct
Chord ¢ =2%2pr—bl =2 ru'n-!'-

F]
Rist b -r-—-“"’l-rl—{l-%un%
-Zr-inlé:--r-f-y— [ L
Yy mb=rvrr gz
A o= N r ey — B}

Diameter of circle of sgual periphery 38 sgquars = 1.27TZM side of squars

Side of anuare of saual pariphery a1 circla = O.TE540 dismetar of circle
Diameter of circie circumacribed about square = 141421 sige of squars
Side of aguare inscribed in gircle = 0.70711 diamuetar of circls

CIRCULAR SECTOR r = radius of gircla ¥ = angls ncp in degrees

Q Arsa of Bector ncpo = 3§ (length of are nop ¥ ™
N -.llv.m-u:-'H::lw-m:I-mJ-r:“—"fr—-=r

= 0.00FT266 X & X ¥

CIRCULAR SEGMENT
r o= radius of circie £ = chord b = risa
Area of Segrment mop = Arsa of Settor nope — Arsa of triangle nep

{Langth of are nop 3 ] = 2 {r =— bl
= 2

Area of Sepment nap = Ares of Clrele — Arsa of Segment nep

VALUES FOR FUNCTIONS OF T

= = 114159265859, log = Q.49TI46%

w o= SBG9E0, log = D.AWTIIT % = 0.3183094, log = 1.5028501 - 0.5641896, log = 1.7514251

k3
¥ = 310062767, log = 14714408 % = 0.1013212, log = T.0057003 1 = 00174533, log = 22418774

VT = 17724530, log = 0.2485745 ..'"_. - 0.0XTTELE, log = 2. SOREE00 % = 572057705, log = 1.7EB1Z26

Mote:  Logs of fractions such as L:502BS01 and Z.5085500 may also be written 9.5028501 — 10 snd
B.5085500 = 10 respectivaly.
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TRIGONOMETRIC FORMULAS

Raglive AF -
TRIGOHNOMETRIC =gind A ~ gond A = gin A coset A
FURNCTIONS = con A poc A = Tan A cot A
1 a Sine & -%-m-m-ht:nhnii—:ml&-nc
=] .
. Comime A -:'Tn;—-:rﬁ-sinlwthuﬁl1—ﬂnll—ﬁﬂ
B sin A 1 .
Tangens & CmA T LA TR AcA - FO
* Coatangent & = —oil . &
@ TR T Saw e Acome A =HG
i ] [+ F LI 1
Semant A - —— -
" iR A EEm A A0
Cosecant A =984 _ 1 =-AG
COE A B A
RIGHT ANGLED
TRIANGLES
af = gd o ¥ v
Bl = gl = g¥
gl = 3L 4 B
Fraguured
[ T
» A B » -1 [ Araa
a. B 'hl'l-l--:- hnlh-} AT .?h
B sina=2 | cmp=2 ei—as avEi—ar
2
= ol eat A
A3 o — A awat A o A z
%
A b 0 — A Btan A B bleand
Ean A 2
A& 90— A & min A © con A f“-'!'-i'-:l'z—*'
OBLIOUE AMGLED e
TRIANGLES gmtkb e 89 = bY =g —3 be cok A
F3 : s
Bl e g8 Seg® — F gocos B
o - Il.-:'ﬂ-.! (8= b (8 =c] ef = 38 s bl ab con G
k| 3
iy
~ 8 c B e Arna
1 1 . 1
5, b.e hn?.&,- hn?ﬂl- hn-i-c- ¥ ¥ (o=} {#=b} {s—c]
K Tk K '
[ 1] T - B —
asin @ in g
a. A, B JISCF—cA B g::n.q. '::;HA;
2 8. & mhn_hdn.ﬂ. b zin C
3 ain B
a xin 'Il—-'------'\—l - - | aB zin C
a, b C L2 A = e alebi—ZapconC —_—
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AREAS OF PLANE FIGURES
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= b a [

0.54%
= 3 Ares = (6)? = 30 Ani.
1.414 = B.4B4 Ana.

'f Rectangle and Parallelogram
- Area = abor bo/dE = B
| 4 Example. o = 6; b = 8.

Arca = 3 X 0 = 18 Ana

Ares = Lik(a + b
Example. a = 2: b = 4: k = 3,
Arca = 34 3 32 4 4) = 9. Ans.

Trapeziom
Ares = | bt 4 ch
'ﬂph.}gns-j:-blt:c -+2:1—3:.il-!.
Area = S +2) + (2 X (2 X 3] =15
r——- .
Triangles
Both formulas apply to both Ggures
Area = Lobk
Example, & = 3; b = 5,
Area = M(3 X 5) = Ti{ Ana,

Ares = A/ 5(8 = a)(§ — {8 — ¢) when § =
a4+ b+e

[
Fxample, a = 21 b = 3;¢ = &
5 -‘_'4":3_..4&;

Aren = 2/ 4.5(4.5 = D145 —~ 3} (4.5 — 4]} = 2.9,
Ans.

Regular Polygons
5 sides = 1.720477 57 = 3.63271 #?
-1

w2 EDHLS0 57 = 346410 rF

T % = 3833875 5% = 337101 2

Area | 8 "™ = 4.BEB4PT 5 = 331368
9 “ = 181875 57 = 427673 2

10 = 7.604250 &% = 3.248%0 r?

11 * = 9585675 51 = 9,22908 £2
12 = 11180300 5% = :,!‘Im ri

n « pumber of sides: r = short madins;
5 = length of side; R = long radias.

Area .,15:(..,;_1_3" =T Py 200
4 n z n
-
- ﬂr:lﬂ-ﬁ_
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AREAS OF PLANE FIGURES

Circle

r = T 1416: 4 = area: d = diamcter; p = cireun-
ferenee ar periphery; r = radius.

p = oed = 5,1416d, p = 23/xd = 354/ 4

p = dwr = 6.2832r T
__ r. d
F P A -
4 = T Tisie d_iﬁ/:""-'l“vrd
-2 P - A
’ 2. Geeaie r 1/, = 0564+ A
. k| =
A o= 2 = nTeswdT A= -
4 e 1257
A = wr? = 3141677 A= '—: - ?

Circular Ring
Aren = mt Y = £ o= A4 AT — r7)
Aren = B TRSENE — &7 = THSHD — d]{D <y
Aren = difference in areas between the inner and
puler cirches,
Example, # = 4: 7 = 4,
Arca = 3.1416{4 — 27 = 3706992 Ans

CQuadrant
1
Arca = 5} = 0.7854r? = 0.3927¢%,

Example. r = 3. ¢ = chonl.
Aren = THSL 3 3 = TG Ans.

Sepment
b = length of arc, # = angle in degrees
e = clard = </ 3(2hr — k%)
Area = lolr = olr — K}
e L Sr o B :
RTT" F)

e .
When @ is greater than 180" then 3 » difference

. =M
between v and k is added Lo Ll (raction T
Fxample.r = 3.8 = 'Iil.l;a.ll -!Lgﬂﬂts .8)
- 1 .1 -,
Area = 3.01416 X 3% X v -_—
w 5 52TH. Ans.

Sector

b o
Aren = 3 = "
# = angle in degrees: b = bength of are,
Ezample. r = 3: 8 = 120°

. 130
Aren = A 1416 X I° X T -

94248, Ans.
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AREAS OF PLANE FIGURES

- R

i
I

Spandrel
Aren = 021462 = 0.10773
Ezample. r = 3
Aren = 0.7148 % 37 = 1.9314. An3
Parabola

[ = Ie:g{hnf:urvtd line = periphery — ¢
| = /140 + 20320 X log(v/c+v/1+e)l
. iy
in which ¢ = ("—)
J'i.ru-;d
Ex.-.-pk._:n!n:.i = 4
MFEKEXI. = R, Ans.

Ellipse
Area =mr b = 3 1416ab

b
Circum. = 2« ‘\a"'f-‘:-zi&- (close approximation)

Example.a = 3; b = 4,
Area = 31416 x 3 x 4 = 376992 Ans.

Circurn. = 2% 3.1416 V' M
= £2812 x 3.5355 = 22.21 Ans.
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Vertical SLOPE DISTANCE

Height 11 1:1 1%4:1 2:1 2%:1 3:1 41 - 61
1 1 1 2 2 3 3 4 [3
2 2 3 4 4 5 6 8 12
3 3 4 5 7 3 9 12 18
4 4 6 7 9 11 13 16 24
5 6 7 9 11 14 16 21 30
6 7 8 11 13 16 19 25 16
7 8 10 13 15 19 2 29 43
8 g9 11 14 18 22 | 25 33 49
9 10 13 16 20 24 28 37 55
10 11 14 18 22 27 32 41 61
11 12 19 20 28 30 35 45 67
12 13 17 22 27 32 38 49 73
13 15 18 23 29 35 41 54 79
14 16 20 23 31 38 44 58 85
15 17 21 27 34 40 47 62 91
16 18 23 20 36 43 51 66 97
17 19 24 31 38 46 54 70 103
18 20 25 32 40 49 57 74 109
19 21 27 34 42 51 60 78 116
20 22 | 28 36 45 54 63 82 122
21 23 30 38 47 57 66 87 128
22 25 3l 40 49 59 70 91 134
23 26 33 41 51 62 73 95 140
24 27 34 43 54 65 76 99 146
25 28 35 45 56 67 79 103 152
26 29 37 47 58 70 82 107 158
27 30 38 49 60 73 85 111 164
23 31 40 50 63 75 89 115 170
29 32 41 52 65 78 92 120 176
30 34 42 54 67 81 95 124 182
31 35 44 56 69 83 98 128 188
32 36 45 58 72 86 101 132 195
33 17 47 59 74 89 104 136 201
34 38 48 61 76 92 108 140 207
35 39 50 63 78 94 11 144 213
36 40 51 65 80 97 114 148 219
37 41 52 | 67 83 100 117 153 225
38 42 54 69 85 102 120 | 157 231
39 44 55 70 87 105 123 161 237
40 45 57 72 89 108 126 165 243
a1 46 58 74 92 110 130 169 | - 249
42 47 59 76 94 113 133 173 255
13 48 61 78 96 116 136 177 261
44 49 62 79 o8 118 139 181 268
45 50 bod g1 101 121 142 186 274
45 51 65 83 103 124 145 150 280
47 53 66 &5 105 126 149 194 286
48 54 68 87 107 129 152 198 202
49 55 69 88 110 132 155 202 208
50 56 71 90 112 135 206 304
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METRIC CONVERSION

Area, Length, and Velume Conversion Factors

Cuantity From Inch-Pound To Metric Units Multiply by
Units

Length mile km 1,608 344
yard m L9144
toat m 0.304 8

mm 3048

inch mm 254

Area square mile km? 2.580 Q0
acre m® 4 046.856

ha (10 000 m?) 0.404 685 6

sguare yard me LA38 127 38
square foot m? 0.092 903 04
square inch mm® f45 15

Volume acre foot m> 1 233.49
cubic yard m> 0.764 555
cubic foot m> 0.028 316 8
cubic foot cm® 28 316.85
cubic foot L(1000 cm®) 28.316 85
100 board feet m 0.235 974
gallon L{1000 em®) 3.785 41
cubic inch em® 16,387 064
cubic inch mm> 16.387 064
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NEW CONCRETE DESIGNATIONS

New Previous
Class 2500 Class B
Class 3000 Class A
Class 4000 Class D

Class 4000DS (Drill Shaft)

No Previous Designation

Class 4000S (Seal)

No Previous Designation

Class 4000P (Prestressed)

Class AA

Class 5000

Class X

Class 6000 No Previous Designation
Class 6500 Class E
Class 7000 No Previous Designation
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