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Figure 1
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Figures

Figure 2

FLOW FOR CIRCULAR PIPE FLOWING FULL
BASED ON MANNING'S EQUATION n=0.010
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Figure 3

FLOW FOR CIRCULAR PIPE FLOWING FULL

BASED ON MANNING'S EQUATION n=0.011
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Figure 4

FLOW FOR CIRCULAR PIPE FLOWING FULL

BASED ON MANNING'S EQUATION n=0.012
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FLOW FOR CIRCULAR PIPE FLOWING FULL
BASED ON MANNING'S EQUATION n=0.013
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Figure 5
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Figures

Figure 6

FLOW FOR HORIZONTAL ELLIPTICAL PIPE FLOWING FULL

BASED ON MANNING’S EQUATION n=0.010
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Figure 7

FLOW FOR HORIZONTAL ELLIPTICAL PIPE FLOWING FULL
BASED ON MANNING'S EQUATION n=0.011
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Figure 8

FLOW FOR HORIZONTAL ELLIPTICAL PIPE FLOWING FULL

BASED ON MANNING'S EQUATION n=0.012
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Figure 9

FLOW FOR HORIZONTAL ELLIPTICAL PIPE FLOWING FULL
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BASED ON MANNING'S EQUATION n

3.456 .81

// /// // // AN // // /z N // » // /V\ \ﬂv\ = BN . Vo)
AN AN ANEAN AN VAN AN \ N\ N b —t
AVAVAN AN AN AN AP\, ¢ NE;
NN AAVAR N 3 N T N\ o -
AR VAN NAEAY O 2K XA\ — . \u
NN / //v et % V\Av\\, N o
NN\ e oS ten it )
S NS e U T S W
3
SRS S S A S e RN DAL
</ v«///xw///\/\ AV //V,Aoﬂ.w.d. c/ NI //\ : m
AN BN T % S WS IRV EoNIGS
N\ \/,,”%,Avma/ N\ A X N2 A
SRR O ISP SIS B 17y
L~ [73 -/
RSSO R | e
BRI R QNS AU e € e NN N2 @RI
£ OO DRI RS
£e D A NN &% @.»/ 0 N N -
£ B MRV 1 NA N e Nk SV Nk CON X N
£ 5 NN OXNAE N Wi W ANE AN EAN AR N
32 5 7 &H@%&V N B D N \ //// bW// // N /.\ //
<3 XA\ LR XN \ NN )
% e G S (TN NN WA S YA
53 TN :
=3 IABDEX OO AN AN L~
NN AN DNNAN \ AAE NN TN
NN S E e 1AV Se NN
S8 § g883885g g gmesss § g-enos

5000

ANOJ3S ¥3d 1334 J18NI NI MO14

2 3 456 810

2

1

.02 .03.04.05

.01

SLOPE OF PIPE IN FEET PER 100 FEET

American Concrete Pipe Association « 222 W. Las Colinas Blvd., Suite 641 « Irving, Texas 75039-5423 » 972-506-7216 * Fax 972-506-7682



Figures 189

Figure 10
FLOW FOR VERTICAL ELLIPTICAL PIPE FLOWING FULL
BASED ON MANNING'S EQUATION n=0.010
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Figure 11
FLOW FOR VERTICAL ELLIPTICAL PIPE FLOWING FULL
BASED ON MANNING'S EQUATION n=0.011
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Figure 12
FLOW FOR VERTICAL ELLIPTICAL PIPE FLOWING FULL
BASED ON MANNING'S EQUATION n=0.012
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Figure 13

FLOW FOR VERTICAL ELLIPTICAL PIPE FLOWING FULL

BASED ON MANNING'S EQUATION n=0.013
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FLOW FOR ARCH PIPE FLOWING FULL
BASED ON MANNING’'S EQUATION n=0.010
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Figure 15
FLOW FOR ARCH PIPE FLOWING FULL
BASED ON MANNING’S EQUATION n=0.011
5000 | g .
4000 //// d
| e
3000 | /// yas P
Numbers in parentheses indicate 4
approx. equivalent circular size .{'Y// /////
2000 ] , A/S X = 5
‘ %
: /(‘/‘,\< 3 >>< /, ///
//
XK
1000 5 A /\\/ \r \/ ( \\ yd i
y e
o XX NSO
600 S \Ns . i L B
00| | b XX X NN
400 \b%b\*\/(\,& X 4 o \Z >( X/i K e /// d
< ¢ X
g w0 LN e X ’/\jo ) A S
2 o S SN AN O
\ + \ g Z /i
8 200 7 /Qi\] %m%/@\k |, )F%}; \ ><\ )
BTN N ¢ d
s e AR
‘\/< < / LotV
: AT AR A
& 100 g4 >§</ N pavid )
v A TS ¢ DX AT\ \ P!
© 80 \ 7\ N \d X 26
s VN X X @ NP CHIIY A GNP @A B
3 607\ \ 2 /@/\A\ S\ AN\ X2
s X X oX TNEX ‘
S 407\ (3@*9’g & /\)‘\ \ N5 X122
par DX X
© 30 A Xs?“bb s AN >/\ AP 20
AT SONK XX
20 o ® 3 v \ 4 » /</ ’< \ 18
< e v
pd ( d ngs\ﬁ/< N\ ,>< /}216
N % *
/ ) e % 7 /\ / >< >/) 12
10 \/ d \3>“ 'L\)X \ 210
\ \ N\ A NN d
8 y \ \ N\ +A DX "\
\ ot I y \ 7.
5 S ! ‘\_'5/ \')\
RS 7 ® <l
4 RLL NN\ B2 4 RHSEC
D
3 }:/ (\ ( //53/
/ % /\// \ g
2 1.0 1.5 /2

01 .02 .03.0405 .1 2 345681 2 3 456 810
SLOPE OF PIPE IN FEET PER 100 FEET

American Concrete Pipe Association ® 222 W. Las Colinas Blvd., Suite 641 ¢ Irving, Texas 75039-5423 ¢ 972-506-7216 ¢ Fax 972-506-7682



Figures 195

Figure 16
FLOW FOR ARCH PIPE FLOWING FULL
BASED ON MANNING'S EQUATION n 0.012
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Figure 17
FLOW FOR ARCH PIPE FLOWING FULL
BASED ON MANNING’S EQUATION n=0.013
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Figure 18.2
FLOW FOR BOX SECTIONS FLOWING FULL
BASED ON MANNINGS EQUATION n = 0.012
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Figure 19.1

FLOW FOR BOX SECTIONS FLOWING FULL

BASED ON MANNINGS EQUATION n
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Figure 19.2

FLOW FOR BOX SECTIONS FLOWING FULL
BASED ON MANNINGS EQUATION n = 0.013
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Figure 20

RELATIVE VELOCITY AND FLOW IN
CIRCULAR PIPE FOR ANY DEPTH OF FLOW
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Figure 21

RELATIVE VELOCITY AND FLOW IN
HORIZONTAL ELLIPTICAL PIPE FOR ANY DEPTH OF FLOW
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Figure 22

RELATIVE VELOCITY AND FLOW IN
VERTICAL ELLIPTICAL PIPE FOR ANY DEPTH OF FLOW
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Figure 23
RELATIVE VELOCITY AND FLOW IN
ARCH PIPE FOR ANY DEPTH OF FLOW
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Figure 24.1

RELATIVE VELOCITY AND FLOW IN PRECAST BOX
SECTIONS FOR ANY DEPTH OF FLOW
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Figure 24.2

RELATIVE VELOCITY AND FLOW IN PRECAST BOX
SECTIONS FOR ANY DEPTH OF FLOW
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Figure 24.3

RELATIVE VELOCITY AND FLOW IN PRECAST BOX
SECTIONS FOR ANY DEPTH OF FLOW
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Figure 24.4
RELATIVE VELOCITY AND FLOW IN PRECAST BOX
SECTIONS FOR ANY DEPTH OF FLOW
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Figure 24.5
RELATIVE VELOCITY AND FLOW IN PRECAST BOX
SECTIONS FOR ANY DEPTH OF FLOW
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Figure 24.6
RELATIVE VELOCITY AND FLOW IN PRECAST BOX
SECTIONS FOR ANY DEPTH OF FLOW
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Figure 24.7

RELATIVE VELOCITY AND FLOW IN PRECAST BOX
SECTIONS FOR ANY DEPTH OF FLOW
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Figure 24.8
RELATIVE VELOCITY AND FLOW IN PRECAST BOX
SECTIONS FOR ANY DEPTH OF FLOW
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Figure 24.9
RELATIVE VELOCITY AND FLOW IN PRECAST BOX
SECTIONS FOR ANY DEPTH OF FLOW
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Figure 25

MAP OF THE UNITED STATES
2-YEAR, 30-MINUTE RAINFALL INTENSITY

ADAPTED FROM CHART 2, RAINFALL FREQUENCY ATLAS OF THE UNITED STATES,
U.S DEPARTMENT OF COMMERCE,WEATHER BUREAU, TECHNICAL PAPER NO. 40
MAY 1961

Figure 26
INTENSITY-DURATION CURVE
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Figures

Figure 27

CALIFORNIA CHART “A” FOR CALCULATION OF “DESIGN DISCHARGES”
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Figure 28
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Figure 29
CRITICAL DEPTH
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Figure 30
CRITICAL DEPTH
VERTICAL ELLIPTICAL PIPE
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Figure 31.1
CRITICAL DEPTH
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Figure 31.2
CRITICAL DEPTH
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Figure 32
CRITICAL DEPTH—PRECAST CONCRETE BOX SECTIONS
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Figure 33

HEADWATER DEPTH FOR CIRCULAR CONCRETE
PIPE CULVERTS WITH INLET CONTROL
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Figure 34
HEADWATER DEPTH FOR HORIZONTAL ELLIPTICAL
CONCRETE PIPE CULVERTS WITH INLET CONTROL
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Figure 35
HEADWATER DEPTH FOR VERTICAL ELLIPTICAL
CONCRETE PIPE CULVERTS WITH INLET CONTROL
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Figure 36

HEADWATER DEPTH FOR CONCRETE ARCH CULVERTS
WITH INLET CONTROL
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Figure 37
HEADWATER DEPTH FOR CONCRETE BOX
CULVERTS WITH INLET CONTROL
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Figure 38
HEAD FOR CIRCULAR CONCRETE PIPE
CULVERTS FLOWING FULL
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Figure 39
HEAD FOR ELLIPTICAL CONCRETE PIPE
CULVERTS FLOWING FULL
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Figure 40
HEAD FOR CONCRETE ARCH CULVERTS FLOWING FULL

n=0012
= / \__tH
5,000 - i [ho =
- B \7a v/ AN S R N\
4’000 E Slope Sp —
3,000 o SUBMERGED OUTLET CULVERT FLOWING FULL
- Z|, HW H+ho-Sol
2,000 5 Z For outlet crown not submerged, compute HW by
o | = methods described in the design procedure
o -
N ~.4
800 F —169 x 106 - .6
600 E 154 %97 -
7)) 400 - —122x78 '_‘1-0
) C o [F115x72 —F
- 300F Lf'—mxsz lLﬂE
— o &) b =)
3 200F Z [ 8 Zr
5 — =L 73048 IF3
o u L |- 65x40 aE
< C —4
T 100 L1 a3 <<t
3 8oE > TE
2] 5 X |- 51x31 —-6
Q 60F Z -
50 . E — 44x27 58
aof - -10
R W 36x22 C
N L
30 - 7 3
- — 28x18 E
20 20
— - 22x13 B
10F
8 -
5L

American Concrete Pipe Association ® 222 W. Las Colinas Blvd., Suite 641 ¢ Irving, Texas 75039-5423 ¢ 972-506-7216 ¢ Fax 972-506-7682



230

Figure 41
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Figure 42
CULVERT CAPACITY
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Figure 43
CULVERT CAPACITY
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Figure 44
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18-INCH DIAMETER PIPE
20 1 i i i i 1 /
; -
18 ] 3/ -
- Manning’'s n=0.012
L . . -
w - Projecting Inlet
w ¢
! 4 /.
z ; Outlet Unsubmerged / /
3 e aaee
g 16 /’ H
z /i
S :
— - T / 4
w : !
’—_-! ; - s : f . »V .ff e 43 s S o
ax / / !
O x Jofi /
w i / /
-J ot H /'
n° : /
+ i /.
= 12 . il /
T i
w ! /
o) . / / /
/.
m l /. Lox /
D ; : ! Lo f. | //
i 10 T ! ! ’ T e OYTLET CONTROL
:, ‘ ";’/ : JARRNY, -
c /. / y.4
S /. DARY4 Y4
" ; <‘V '// / / ’//
m - H Y // A /
w e NS o
z 8 s A AT .
) y AL ARBY AN VS Z
8 /x/ // / ,\6-/ ] ./i/N /'/
- , / 4 AN /L
z Sy ZRRR YD 4 BBV
o / VARY.4 4dRNvd
(W) pEaRYy 4 yav 4
y4 /. 4 D aV.4kw |
= % NN NN ANy, SNARY ARV A 7 7
w : /oS / Ve
- ViR 4 AN i
z i - yanva 4D 4 ”
7 ARVaRR YD 4
o ARV ARD4 2y 4 avav
o pd /. yanv.d A 4
w ARV4 yd
; / I, /,
b o yaw4nyd yavs
4 YAV ARy av4e 7
u yavanrdrera Z
H yavd aw
v /7 v AW
w 1/ 4 4 "
< s S eeV =l OV ;' ;
2 . /'/ 4: Z < C b\ 7 i
ZZ22 ’:’(‘/’t“\_?‘ i ;
e H i { i
e ; ; RN
0 { ) ’,m 4 i
4 8 12 16 20 24 28

CULVERT DISCHARGE Q IN CUBIC FEET PER SECOND

American Concrete Pipe Association ® 222 W. Las Colinas Blvd., Suite 641 ¢ Irving, Texas 75039-5423 ¢ 972-506-7216 ¢ Fax 972-506-7682



234 Concrete Pipe Design Manual

Figure 45
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Figure 46
CULVERT CAPACITY
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Figure 47
CULVERT CAPACITY
27-INCH DIAMETER PIPE
20 ,
18
- Manning's n=0.012
ﬁ Projecting Inlet
; Outlet Unsubmerged
a 16
o4
'.—
b4
o .
(U]
-
L R
= 14 !
© ;
[n4 » e
& .
u- |
- !
R ‘ R
A L]
+ 12 j A
= i y
T ' A
W
! ] 4
° g 77
5 ‘ ' Ay
< 10 - L
¥ i i Yy '4
> i ] S A v
-] ! ARV 4
! i 7/
5 ! - eI 2y 5
= i <y d Q..
w 1 4 n V.d
w i ! i \/// 7
; 8 T : P ARRY ARV 4 7
- |
s yd 7 < N
g ,./, o A
E ! v.d ‘- o o
g o N0 0 O paEv 4Ry yd » \
N | 7 // g AT )
- 6 L . V. Z > o e
w P » ». - _ S
- o~
A o = o X
g A TLETICONT > L=
[T pavw. . » r » r -
. " A
= P P A A
== o A gy -
4 7 A " " ! ot o
u- e - P g B
o - e — o~ 1 A
v e -
93 %
o] TP
2' B
gt
> ===
2 » T
i i
| |
0 ; Pl } { il i i : : i ! 1
15 20 25 30 35 40 45

CULVERT DISCHARGE Q IN CUBIC FEET PER SECOND

American Concrete Pipe Association ® 222 W. Las Colinas Blvd., Suite 641 ¢ Irving, Texas 75039-5423 ¢ 972-506-7216 ¢ Fax 972-506-7682



Figures 237

Figure 48
CULVERT CAPACITY
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Figure 49
CULVERT CAPACITY
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Figure 50
CULVERT CAPACITY
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Figure 51
CULVERT CAPACITY
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Figure 52
CULVERT CAPACITY
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Figure 53
CULVERT CAPACITY
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Figure 54
CULVERT CAPACITY
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Figure 55
CULVERT CAPACITY
66-INCH DIAMETER PIPE
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Figure 56
CULVERT CAPACITY
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7L 0 0 S A O D b

o

f Manning's n=0.012 0 / /
et : Projecting Inlet B .
i Outlet Unsubmerged e i

T~

N
i S
~

2of

-

~

| S mnpmnmne nnnn s npu -

~
&

16

‘\‘

o

~

o
OO
TIORGOS NY

e &

NS
AN
i

N
N
N
AN\
N

/S
Y s ————————— 5/ /177,

A / -
w7/, 7,
/e
477 /74
8 / Y H
i /4 i ;
H y

VALUES OF HW FOR INLET CONTROL IN FEET and VALUES OF HW + S L FOR OUTLET CONTROL IN FEET
=

100 200 300 400 500 600 700

CULVERT DISCHARGE Q IN CUBIC FEET PER SECOND

American Concrete Pipe Association ® 222 W. Las Colinas Blvd., Suite 641 ¢ Irving, Texas 75039-5423 ¢ 972-506-7216 ¢ Fax 972-506-7682



246 Concrete Pipe Design Manual

Figure 57
CULVERT CAPACITY
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Figure 58
CULVERT CAPACITY
84-INCH DIAMETER PIPE
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Figure 59

CULVERT CAPACITY
90-INCH DIAMETER PIPE
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Figure 60

CULVERT CAPACITY
96-INCH DIAMETER PIPE
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Figure 61
CULVERT CAPACITY
102-INCH DIAMETER PIPE
28 T ! ! R T 1] CT /. /
; L O S oo ; / /.
' NN ‘ Y (W7 Vi B/
S AN A AW AN
Y Yy 1 /
TANY A
TAW ST WSV
» Vi ATIWAY,
; bt : o e S A Am A / / /
26 E— ] i 17 7
T _ SR (A / / /
- , Manning’'s n=0.012 & Il Vi f /
o bi.dd Projecting Inlet : [ At ‘// fof ]
w ) 4 ]
= Outlet Unsubmerged o ~Il:I / / / I '[/ /
: Jos £ ,41 L ff u
5 M- AR AT RISy /Hf /
= n gt A4S A T
= b/ AT 4 @ KoY ) Y 4
o ; /.S /iW/ /
O : £ S/ L~/ /
— {11 [ S AN
w Ly L7 §
] JARTAN 87 4 3/
= 22 717177 AW BT
) YV iT LI
© / 11/ /
x s
/ll /. I} A 'I/ /‘ / /
o B0 A O O A / LA A
n - N VA WA WA
+ 20 e T 7 VA9 BT 4
= e = - (T iy /.
T H /] / f / iff
o L1 (LSS /
o / II / I; /. ) / ‘1/
=) ! s LA
< 181 ~ : S/ QITLE .;;;u oL for
> - e (e
° / i YAV 94 [
5 AL ]S VTGAWNY.
- i LLILLLIS TS
w /; // '/l / 1// -/
w X v 1/ /
S 16 / /!// /,(,{ 7/ :
z I TR /S
o) / /'//!/ ’
e ,”// /",/,‘/TJ /-
= iy es
= 1/
ol /) Fe s aEs
- /}“///'// |
=z '/ /. A/
z 7 ///
o ~
I v 4w
n :
o
v
w
=]
|
/ '&?9
7
400 600 800 1000 1200 1400 1600

CULVERT DISCHARGE Q IN CUBIC FEET PER SECOND

American Concrete Pipe Association ® 222 W. Las Colinas Blvd., Suite 641 ¢ Irving, Texas 75039-5423 ¢ 972-506-7216 ¢ Fax 972-506-7682



Figures 251

Figure 62
CULVERT CAPACITY
108-INCH DIAMETER PIPE
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Figure 63
CULVERT CAPACITY
114-INCH DIAMETER PIPE
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Figure 64

CULVERT CAPACITY
120-INCH DIAMETER PIPE
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Figure 65

CULVERT CAPACITY
132-INCH DIAMETER PIPE
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Figure 66
CULVERT CAPACITY
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CULVERT CAPACITY
14 x 23-INCH (RISE x SPAN) HORIZONTAL ELLIPTICAL

EQUIVALENT 18-INCH CIRCULAR

Figure 67
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Figure 68
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Figure 69

CULVERT CAPACITY
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Figure 70

CULVERT CAPACITY
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Figure 71

CULVERT CAPACITY
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Figure 72
CULVERT CAPACITY
38 x 60-INCH (RISE x SPAN) HORIZONTAL ELLIPTICAL
EQUIVALENT 48-INCH CIRCULAR
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Figure 75
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Figure 78
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Figure 79
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Figure 81
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Figure 85
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Figure 86
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Figure 87
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Figure 89
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Figure 91
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Figure 92
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Figure 93
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Figure 94
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Figure 96
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Figure 97
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Figure 98
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Figure 101
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Figure 102

CULVERT CAPACITY
97 x 154-INCH (RISE x SPAN) ARCH
EQUIVALENT 120-INCH CIRCULAR
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Figure 103

CULVERT CAPACITY
106 x 169-INCH (RISE x SPAN) ARCH
EQUIVALENT 132-INCH CIRCULAR

28 — z I N O T T
r AR T !
i
26 i - 1 R : [ i y
m e 1 Manning’s n=0.012 : :
T i 1 Projecting Inlet
- F ~| Outlet Unsubmerged
» - - Approx Equivalent Circular |-~
Q o4 [ Size Based on Area
o : i J 1
O RN N :
= ‘ %
w |
- i I i il H
= ~ - . L
« 5 A -
(@] . :
w e | ’ i Al
] ! | : i - ..v]_
wo I i e ]
+ I I ! | ‘
: V07" - .
é | {/ : y
i e H .
w /. "/ > Ll A
@0 p, LA A /’ /!
=) 4 J S/ / £ /]
3 / 40 Y ARV AW .5
< ~ y. (/' 1 /,' ‘// [// f//
> 18 SWANY, ; AP, /4 /f
° ,/ RVARBZRY SRy SN
(% ‘ 7/ /'/ ! o //
[ I y4 7 Vi A
w il LATmi 4 A
w P ONTIR i a
w /1’ / f
i /) I
Z 16 7 : l
: Lo AL 7. : I
6’ N j / A- AL A 4
s AT A A A A A .
- | A 4 y.4 1/ / 4N/ ’
4 /, l, I’ l, 4/ /' A N
o VA7 7 7 yd
o y474D 4V 4 y.d 4
! NN A4V 4 4 A §
= 14 AL A V. P
w /. i p4V.4 D4 A, d
3 ! | AV 4. A
zZ / pav.e s B 1 L A
- V.04V 4 ’ y./ 4
o« /// A '/ /. C AL
! / / j -
8 A //I yavd 7 ] 4
AV O EVEAVEAV ey
z 12 A ol
w // '/' /; V.l '47 pd /
Ve y. w7 :
s 4 H
8 7 /'l 17 ’47 Z I i
w /£, pe j
> o T .
b v A .
S 77870 o
10 LA ; \¢ I
P 2588 H : —+-
i ;
: |
. H IR L e
8 HH H i [ ! H i i [ H ;! L
1000 1200 1400 1600 1800 2000 2200

CULVERT DISCHARGE Q IN CUBIC FEET PER SECOND

American Concrete Pipe Association ® 222 W. Las Colinas Blvd., Suite 641 ¢ Irving, Texas 75039-5423 ¢ 972-506-7216 ¢ Fax 972-506-7682



Figures 293

Figure 104
CULVERT CAPACITY
3 x 2-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 33-INCH CIRCULAR
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Figure 105
CULVERT CAPACITY
3 x 3-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 39-INCH CIRCULAR
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Figure 106
CULVERT CAPACITY
4 x 2-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 36-INCH CIRCULAR
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Figure 107
CULVERT CAPACITY
4 x 3-FOOT ((SPAN x RISE) BOX SECTION
EQUIVALENT 42-INCH CIRCULAR
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Figure 108
CULVERT CAPACITY
4 x 4-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 54-INCH CIRCULAR
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Figure 109
CULVERT CAPACITY
5 x 3-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 48-INCH CIRCULAR
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Figure 110
CULVERT CAPACITY
5 x 4-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 60-INCH CIRCULAR
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Figure 111

CULVERT CAPACITY
5 x 5-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 66-INCH CIRCULAR
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Figure 112
CULVERT CAPACITY
6 x 3-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 57-INCH CIRCULAR
20
7/
18 Vi
11 Manning's n=0.012
m 30°-75° Wing Wall Flare y
e Crown Edge Rounded 4
> Outlet Unsubmerged
3 Approx. Equivalent Circular A
o1 Size Based on Area :
a
[ /! Y,
8 /
o Y,
E 7
5 ] Ky vy " A
g /. I@ \ y / A
J :? <
(De g A y, AR AL
g 12 / .
; 7117 y
a4 oV A
[TH I} N4 AW
8 ; . AV.EDAV.0 4 '// > 1" >
% P AV aw 4 ’ /,' y.
&J / y T '/l
s 10! / V. - Z - p.
B 4 y
.g / A W, ,’ /I //‘
© 7 a AAA A AT
E £ / Y pd
i iva 4 yan
_Z_ 8 Il / / /, !l,
- P, 4 y .94 p.
o AT4W4 /4 yd ]
x AV e’/ 04 AL LEI T T
- A 404 y
Z y o4 40 4 y
o) 4 40’4
p s
O A VIV Ve "4
E / £ ,'4’ /'
- 6 /V: ~ //" 7 ; >
Z 70474 4
o ,{;,/' 7 ”.
2 8
2 &’
T
& 4 ,
w A
w
> B
< y b
> A = l&\\
C)
2 2
HuS
T 1 i
0 . - ~ H L1
50 100 150 200 250 300 350

CULVERT DISCHARGE Q@ IN CUBIC FEET PER SECOND

American Concrete Pipe Association ® 222 W. Las Colinas Blvd., Suite 641 ¢ Irving, Texas 75039-5423 ¢ 972-506-7216 ¢ Fax 972-506-7682



302 Concrete Pipe Design Manual

Figure 113

CULVERT CAPACITY
6 x 4-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 66-INCH CIRCULAR
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Figure 114

CULVERT CAPACITY
6 x 5-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 75-INCH CIRCULAR
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Figure 115
CULVERT CAPACITY
6 x 6-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 81-INCH CIRCULAR
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Figure 116
CULVERT CAPACITY
7 x 4-FOOT (SPAN x RISE) BOX SECTION
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Figure 117

CULVERT CAPACITY
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Figure 118

CULVERT CAPACITY
7 x 6-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 87-INCH CIRCULAR
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Figure 119
CULVERT CAPACITY
7 x 7-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 94-INCH CIRCULAR
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Figure 120
CULVERT CAPACITY
8 x 4-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 76-INCH CIRCULAR
24 T T T
N e ] ] 7y
. ™ T 7
; ; H i I /
T e I .
i H i i /
T ; i i / / /.
i ] ! : [
22 LT - | ; 1 /
Manning's n=0.012 4]
_ i 30°-75° Wing Wall Flare ! i / VA Ay AR y
w -1 Crown Edge Rounded l 7 /_ yimm//
rn -1 Outlet Unsubmerged A /
Zz I Approx. Equivalent Circular Y AN/ | ) y
0 Size Based on Area . cofope fof L /
Q 20 T T T ] VAW AR S
o i i [ d Vimw
T - E . By A
(@] ; i i ; h / /!
O | 7 & / / |
& i i ] S, WA / 7
3 T J A
[ [ : ! i 4 A
D 18 ' L vl i WY A 7
(@) Ao i i o ?]_[ y 4 y
o g oot / d ol i 4 { /
@ o &yl 11
bt 7/ /AN ARYARY.
- ! o y y /
e I / #1 /A / ]
T 16 ? L e / ’
; b j " /{ / N y |
X T ' y ALy
L5 - v/ e 1 / y /i
? ! y Vy ARV S/
=) i ! /. £ /
| J 1/l y, / 7
P4 i/ AXoIvi NTRO|
> 14 i y /. VA /i
) AW AV AN ARWA
° I A, VARV RN
S i ! . VAV, /.
— ! ‘ I
¥ : et / y / / i/A i
Z l ' 4 / yd // I Rl
: 12 i TAT4W, 4
e | v, A /4 /£
‘ 7
@ T
= 4
Z
Q
(G
-
w
-
Z
o
(@)
w
3
T
w
(@)
%]
w
3 f
- !
<
>
I
f
4
200 300 400 500 600 700 800

CULVERT DISCHARGE Q IN CUBIC FEET PER SECOND

American Concrete Pipe Association ® 222 W. Las Colinas Blvd., Suite 641 ¢ Irving, Texas 75039-5423 ¢ 972-506-7216 ¢ Fax 972-506-7682



310 Concrete Pipe Design Manual

Figure 121
CULVERT CAPACITY
8 x 5-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 85-INCH CIRCULAR
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Figure 122
CULVERT CAPACITY
8 x 6-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 93-INCH CIRCULAR
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Figure 123
CULVERT CAPACITY
8 x 7-FOOT (SPAN x RISE) BOX SECTION
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Figure 124
CULVERT CAPACITY
8 x 8-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 108-INCH CIRCULAR
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Figure 125
CULVERT CAPACITY
9 x 5-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 90-INCH CIRCULAR
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Figure 126

CULVERT CAPACITY
FOOT (SPAN x RISE) BOX SECTION
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Figure 127

CULVERT CAPACITY
9 x 7-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 107-INCH CIRCULAR
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Figure 128

CULVERT CAPACITY
9 x 8-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 114-INCH CIRCULAR
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Figure 129
CULVERT CAPACITY
9 x 9-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 121-INCH CIRCULAR
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Figure 130

CULVERT CAPACITY
10 x 5-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 94-INCH CIRCULAR
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Figure 131
CULVERT CAPACITY
10 x 6-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 104-INCH CIRCULAR
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Figure 132

CULVERT CAPACITY
10 x 7-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 112-INCH CIRCULAR
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Figure 133

CULVERT CAPACITY
10 x 8-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 120-INCH CIRCULAR
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Figure 134
CULVERT CAPACITY
10 x 9-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 128-INCH CIRCULAR
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Figure 135
CULVERT CAPACITY

10 x 10-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 135-INCH CIRCULAR
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Figure 136
CULVERT CAPACITY
11 x 4-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 88-INCH CIRCULAR
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Figure 137
CULVERT CAPACITY
11 x 6-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 109-INCH CIRCULAR
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Figure 138

CULVERT CAPACITY
11 x 8-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 126-INCH CIRCULAR
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Figure 139
CULVERT CAPACITY
11 x 10-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 141-INCH CIRCULAR
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Figure 140
CULVERT CAPACITY
11 x 11-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 148-INCH CIRCULAR
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Figure 141
CULVERT CAPACITY
12 x 4-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 92-INCH CIRCULAR
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Figure 142
CULVERT CAPACITY
12 x 6-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 113-INCH CIRCULAR
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Figure 143

CULVERT CAPACITY
12 x 8-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 131-INCH CIRCULAR
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Figures
CULVERT CAPACITY
12 x 10-FOOT (SPAN x RISE) BOX CIRCULAR

Figure 144

EQUIVALENT 147-INCH CIRCULAR

o
. o
N NN AEAAN ANAY T 1 : ; Yo}
N N X n \ o 1 ! - ; ~
: i h.NA v PN\ i d : ; H
i X NN N T
| T B A VAN VA AN i ; 1
SN MM C §
NN\ - O, o N
N BINP 1 NS m
7 i i AN A0 D TN \ RN ]
FEENRERNE R W7 SRR WA v L : 3
> NG F T i1 m
EENEERNEN) //rm, "N / /- VAWA W - E R T
N NN // Y :
i SN N A\ / NN RN : - :
O
N r/r /%,
: . \ ONE RN N N T 1o
AN T N\ N ; ; o
3 T —
/ Lf/ N\ // - o~
AN ff N :
N F N \ N i
L B // N /ﬂ 1//7~ NN P
L i [ N AN RN N
: A VAN INAAN NS
b s . B ERAE N AN\ A\
: NOd AN jo
; AN WAV R\ Y o
EESEE ( — S ING S AR\RLRNY >
RN T © - EEE VAR ! —
Lo ii - =3 -
e.w hrv I "% N /4 // ///
— = 1 H "N \ i INENEEE
1NesBV0 T . /r N 1
SLSO-w b TN NANAN \
S=35E 8| ENENSURRRSRNN AN\ EREa.
S o2 : B N\ A\ . idiiil)o
N=o0e%c \ A A AW\ , : i R
o062 N RN SO SO SN T -1~
c 95 S0 H N / X\ I 5 H —
c o3 A NAR. VAT R WAL R i
oW o 99 : h AN A
- W cloft : \¢ N \ P O S
oS C .0 i ; \, \ N\
Co Wuxa B /I l' / NN\ i
copom - O S8 EEA A G NA ]
cCOTrO=ao F 1 | SAONUNGN AN
aoﬁvcm Wz ‘‘‘‘‘ : il i TN N\ v N\\\ 4
= O4» il RN RS NN NS\ il e
_ - AN AN\ Q
e i : H SO NN L\ . w
P : NN \ -
i FR BENEEREEEE RN NN EEEN : i NN NN
HESN NN H : | ui ] BN RN N NN \ L
A SERREEE NN, T
EREREEN S T L SISO RN IO A BERE RRRE REEEE /Or \ MR ]
I i RN EREE N S ih i : SOOI \ [ L
| HE : L R i ! N\ Jo
: R i i 1O
Q © < o~ o oo} © o~ OB
o™ N N o~N N — — ..4I — —

1334 NI TOHINOD 1371N0 HO4 T1°S+MH 40 SINTVA Pue 1334 NI TOHLINOD 13INI HO4 MH 40 SINTVA
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Figure 145
CULVERT CAPACITY
12 x 12-FOOT (SPAN x RISE) BOX SECTION
EQUIVALENT 161-INCH CIRCULAR
32 -

Manning’sn = 0.012
30°-75° Wing Wall Flare
Crown Edge Rounded
Outlet Unsubmerged
Approx. Equivalent Circular|
Size Based on Area b

[
w
w
u.
£
-
o
o
-
Z
o
O
[
w
-
-
2
o
oc
o
[N
-
c’,o
+
=
I
[V
O
%]
w
)
-
<
>
e}
[ =
®
[
w A
w W d A v
(. Y/’/ '/ yavd
Z >/:“;% / /,l / I/‘I
o y "/’/ A gv.d '/ A
o //’ /4/&.9/’ ) 7 j’/
= W v N
zZ yd //7‘ AR P
o] S P I AN ) 2
@) /o PVt V.87 AP,
o AN S
7 7 o\
lilJ & :’ 2, j/.\ N “
=z AN DY
—_ :/ A ,/j; e
< s i
s A I
z Z
I i
w
o y
ot - -
LDU bodd AN A A b b 1
I ;
21 - .6/ j/ A }
L L o ek
14 PV O =t +
7 j T
e Aﬁf N : ‘ e
N |
Z 727
4 i
12 i { i | I i b ; i ] | ;
1600 1800 2000 2200 2400 2600 2800

CULVERT DISCHARGE Q IN CUBIC FEET PER SECOND

American Concrete Pipe Association ® 222 W. Las Colinas Blvd., Suite 641 ¢ Irving, Texas 75039-5423 ¢ 972-506-7216 ¢ Fax 972-506-7682



Figures 335

Figure 146
ESSENTIAL FEATURES OF TYPES OF INSTALLATIONS

®© O
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Figure 147

EARTH LOADS ON JACKED OR TUNNELED INSTALLATIONS
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MAXIMUM WIDTH OF EXCAVATION B; IN FEET
For earth weighing other than 120 pounds per cubic foot, muitiply loads by w/120.
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Figure 148
EARTH LOADS ON JACKED OR TUNNELED INSTALLATIONS

SAND AND GRAVEL COHESION TERM 2 C, B,
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Figure 149
EARTH LOADS ON JACKED OR TUNNELED INSTALLATIONS

100 SATURATED TOP SOIL TRENCH TERM C, w B? 120 PCF
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For earth weighing other than 120 pounds per cubic foot, multiply loads by w/120.
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Figure 150
EARTH LOADS ON JACKED OR TUNNELED INSTALLATIONS
SATURATED TOP SOIL COHESION TERM 2C B,
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Figure 151
EARTH LOAD ON JACKED OR TUNNELED INSTALLATIONS
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100

90t

i - i
i o i I I
80 i i i | ; I -
! 1 i

70+

60H— -

50

HEIGHT OF COVER H IN FEET

40H-

30

10 :

I
!

S
I ]
I/

2 4 6 8 10 12 14
MAXIMUM WIDTH OF EXCAVATION Bt IN FEET

For earth weighing other than 120 pounds per cubic foot, multiply loads by w/120.
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Figure 152
EARTH LOADS ON JACKED OR TUNNELED INSTALLATIONS
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Figure 153
EARTH LOADS JACKED OR TUNNELED INSTALLATIONS
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MAXIMUM WIDTH OF EXCAVATION B; IN FEET
For earth weighing other than 120 pounds per cubic foot, multiply loads by w/120.
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Figure 154
EARTH LOADS ON JACKED OR TUNNELED INSTALLATIONS
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Figure 155
TRENCH BACKFILL LOADS ON VERTICAL ELLIPTICAL PIPE
100 POUNDS PER CUBIC FOOT BACKFILL MATERIAL
SAND AND GRAVEL Ky’ = 0.165
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For backfill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds per
cubic foot, increase 20%; etc.

Transition loads and widths based on Ku = 0.19, rqy = 0.7 and p = 0.7 in the embankment
equation

American Concrete Pipe Association ® 222 W. Las Colinas Blvd., Suite 641 ¢ Irving, Texas 75039-5423 ¢ 972-506-7216 ¢ Fax 972-506-7682



Figures 345

Figure 156
TRENCH BACKFILL LOADS ON VERTICAL ELLIPTICAL PIPE
100 POUNDS PER CUBIC FOOT BACKFILL MATERIAL PIPE
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HEIGHT OF BACKFILL H ABOVE TOP OF PIPE IN FEET

For backfill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds per
cubic foot, increase 20%; etc.

Transition loads and widths based on Ku = 0.19, rqg = 0.7 and p = 0.7 in the embankment
equation
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Figure 157
TRENCH BACKFILL LOADS ON VERTICAL ELLIPTICAL PIPE
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For backfill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds per

cubic foot, increase 20%,; etc.

Transition loads and widths based on K= 0.19, rey= 0.7 and p = 0.7 in the embankment
equation
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Figure 158
TRENCH BACKFILL LOADS ON VERTICAL ELLIPTICAL PIPE
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For backfill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds per
cubic foot, increase 20%; etc.

Transition loads and widths based on K = 0.19, r¢4 = 0.7 and p = 0.7 in the embankment
equation
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Figure 159
TRENCH BACKFILL LOADS ON VERTICAL ELLIPTICAL PIPE
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For backfill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds per
cubic foot, increase 20%; etc.

Transition loads and widths based on Ku = 0.19, res = 0.7 and p = 0.7 in the embankment
equation
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Figure 160
TRENCH BACKFILL LOADS ON VERTICAL ELLIPTICAL PIPE
100 POUNDS PER CUBIC FOOT BACKFILL MATERIAL PIPE
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For backfill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds per
cubic foot, increase 20%,; etc.

Transition loads and widths based on Ku = 0.19, rey = 0.7 and p = 0.7 in the embankment
equation
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Figure 161

TRENCH BACKFILL LOADS ON VERTICAL ELLIPTICAL PIPE
100 POUNDS PER CUBIC FOOT BACKFILL MATERIAL
SATURATED CLAY Ky’ =0.110
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For backfill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds per
cubic foot, increase 20%; etc.

Transition loads and widths based on Ku = 0.19, reg= 0.7 and p = 0.7 in the embankment
equation
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Figure 162
TRENCH BACKFILL LOADS ON VERTICAL ELLIPTICAL PIPE
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For backfill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds per
cubic foot, increase 20%; etc.

Transition loads and widths based on K w=0.19,ry=0.7 and p = 0.7 in the embankment
equation
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Figure 163
TRENCH BACKFILL LOADS ON HORIZONTAL ELLIPTICAL PIPE
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HEIGHT OF BACKFILL H ABOVE TOP OF PIPE IN FEET

For backfill weighing 110 pounds per cubic foot, increase loads 1 0%; for 120 pounds per
cubic foot, increase 20%; etc.

Transition loads and widths based on Ku = 0.19, rsg=0.7 and p = 0.7 in the embankment
equation
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Figure 164
TRENCH BACKFILL LOADS ON HORIZONTAL ELLIPTICAL PIPE
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HEIGHT OF BACKFILL H ABOVE TOP OF PIPE IN FEET

For backfill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds per
cubic foot, increase 20%,; etc.

Transition loads and widths based on Ky = 0.19, rsg = 0.7 and p = 0.7 in the embankment
equation
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Figure 165
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HEIGHT OF BACKFILL H ABOVE TOP OF PIPE IN FEET

For backfill weighing 110 pounds per cubic foot, increase loads 1 0%; for 120 pounds per
cubic foot, increase 20%,; etc.

Transition loads and widths based on K u=0.19,rg=0.7 and p = 0.7 in the embankment
equation
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Figure 166
TRENCH BACKFILL LOADS ON HORIZONTAL ELLIPTICAL PIPE
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HEIGHT OF BACKFILL H ABOVE TOP OF PIPE IN FEET

For backfill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds per
cubic foot, increase 20%; etc.

Transition loads and widths based on K y=0.19, r; = 0.7 and p = 0.7 in the embankment
equation
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Figure 167
TRENCH BACKFILL LOADS ON HORIZONTAL ELLIPTICAL PIPE
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HEIGHT OF BACKFILL H ABOVE TOP OF PIPE IN FEET

For backfill weighing 110 pounds per cubic foot, increase loads 10%,; for 120 pounds per
cubic foot, increase 20%; etc.

Transition loads and widths based on Ku = 0.19, reg = 0.7 and p = 0.7 in the embankment
equation
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Figure 168
TRENCH BACKFILL LOADS ON HORIZONTAL ELLIPTICAL PIPE
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For backfill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds per
cubic foot, increase 20%; etc.
Transition loads and widths based on Ku = 0.19, rey = 0.7 and p = 0.7 in the embankment
equation
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0.19,rsg=0.7 and p = 0.7 in the embankment

HEIGHT OF BACKFILL H ABOVE TOP OF PIPE IN FEET
For backfill weighing 110 pounds per cubic foot, increase loads 10%,; for 120 pounds per

cubic foot, increase 20%; etc.
Transition loads and widths based on K,

equation
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Figure 170
TRENCH BACKFILL LOADS ON HORIZONTAL ELLIPTICAL PIPE
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HEIGHT OF BACKFILL H ABOVE TOP OF PIPE IN FEET

For backfill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds per
cubic foot, increase 20%; etc.

Transition loads and widths based on K w=019,ry=0.7 and p = 0.7 in the embankment
equation
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Figure 171

TRENCH BACKFILL LOADS ON ARCH PIPE
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For backfill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds per

cubic foot, increase 20%; etc.

Transition loads and widths based on Ku = 0.19, r¢y = 0.7 and p = 0.7 in the embankment
equation

American Concrete Pipe Association ® 222 W. Las Colinas Blvd., Suite 641 ¢ Irving, Texas 75039-5423 ¢ 972-506-7216 ¢ Fax 972-506-7682



Figures 361

Figure 172
TRENCH BACKFILL LOADS ON ARCH PIPE
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HEIGHT OF BACKFILL H ABOVE TOP OF PIPE IN FEET

For backfill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds per
cubic foot, increase 20%; etc.

Transition loads and widths based on Ky = 0.19, ryy = 0.7 and p .= 0.7 in the embankment
equation
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Figure 173
TRENCH BACKFILL LOADS ON ARCH PIPE
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For backfill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds per

cubic foot, increase 20%; etc.

Transition loads and widths based on Ky = 0.19, rey= 0.7 and p = 0.7 in the embankment
equation
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Figure 174
TRENCH BACKFILL LOADS ON ARCH PIPE
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For backfill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds per
cubic foot, increase 20%; etc.

Transition loads and widths based on K = 0.19, rey= 0.7 and p = 0.7 in the embankment
equation
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Figure 175
TRENCH BACKFILL LOADS ON ARCH PIPE
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For backfill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds per
cubic foot, increase 20%; etc.
Transition loads and widths based on Ku. = 0.19, reg = 0.7 and p = 0.7 in the embankment
equation
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Figure 176
TRENCH BACKFILL LOADS ON ARCH PIPE
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For backfill weighing 110 pounds per cubic foot, increase loads 10%,; for 120 pounds per

cubic foot, increase 20%; etc.

Transition loads and widths based on Ku = 0.19, reg = 0.7 and p = 0.7 in the embankment

equation
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Figure 177
TRENCH BACKFILL LOADS ON ARCH PIPE
100 POUNDS PER CUBIC FOOT BACKFILL MATERIAL
SATURATED CLAY Ku' =0.110
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For backfill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds per
cubic foot, increase 20%; etc.

Transition loads and widths based on Ku = 0.19, rg = 0.7 and p = 0.7 in the embankment
eniation
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Figure 178
TRENCH BACKFILL LOADS ON ARCH PIPE
100 POUNDS PER CUBIC FOOT BACKFILL MATERIAL PIPE
SATURATED CLAY Ky =0.110 132 120 SIZE
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HEIGHT OF BACKFILL H ABOVE TOP OF PIPE IN FEET

For backfill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds per
cubic foot, increase 20%; etc.

Transition loads and widths based on K u=0.19,ry=07and p = 0.7 in the embankment
equation
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Figure 179

EMBANKMENT FILL LOADS ON VERTICAL ELLIPTICAL PIPE
POSITIVE PROJECTING rgp=0 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate pipe sizes.
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Figure 180

EMBANKMENT FILL LOADS ON VERTICAL ELLIPTICAL PIPE
POSITIVE PROJECTING ryqp=0.1 100 POUNDS PER CUBIC FOOT FILL
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For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate pipe sizes.
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Figure 181

EMBANKMENT FILL LOADS ON VERTICAL ELLIPTICAL PIPE
POSITIVE PROJECTING rp=0.3 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate pipe sizes.
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Figure 182

EMBANKMENT FILL LOADS ON VERTICAL ELLIPTICAL PIPE
POSITIVE PROJECTING r, p=0.5 100 POUNDS PER CUBIC FOOT FILL

100,000
90,000
80,000 S
H/ V.
70,000 A7
7 Y.y
/A /
50,000 (o KN
40,000 854
' g3'+’\/Af’>+§,////
30,000 175 %@/ /
' + b
// / A%>/, ?

N\
QNN

N

IS

"3

[V MY ‘\f Y
RN
AN

DNNNNANINNN

\\\

7

2,000

5
(@)
[
%
S 15,000 7 %
P
Z / Z
. /// /
& 17’
& 1)) /444,
X 10,000 74 ///;;1///7/ ’/4//
Z 9000 47, //{,j 1/ LN
£ 8000 TR 7 77 7&
~ PN 7 77 7
= 7,000 LN S
= NN L s
o 500 T T 7
3 5000 AL
_ ' //;/1,/// ///'// p uf/ /Q%
2 som y //?A; /;//,/‘7’ 4
/) //,,4///;/%/
3,000 A 7 /éé,// / %
i
/

//
//
3 4 5 6 7 8 910 15 20 25 30 35404550
HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

AA N AR IR

A

1,000

NN

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate pipe sizes.
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Figure 183

EMBANKMENT FILL LOADS ON VERTICAL ELLIPTICAL PIPE
POSITIVE PROJECTING ryp=1.0 100POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase
Interpolate for intermediate pipe sizes.
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Figure 184

EMBANKMENT FILL LOADS ON HORIZONTAL ELLIPTICAL PIPE
POSITIVE PROJECTING ryqp=0 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate pipe sizes.
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Figure 185

EMBANKMENT FILL LOADS ON HORIZONTAL ELLIPTICAL PIPE
POSITIVE PROJECTING ryp=0.1 100POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate pipe sizes.
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Figure 186

EMBANKMENT FILL LOADS ON HORIZONTAL ELLIPTICAL PIPE

100000 POSITIVE PROJECTING _rap=0.3 100 POUNDS PER CUBIC FOOT FILL

YA
90,000 477
80,000 &,
I T8 7
70,000 yar e /07
60,000 KON
' </ éye/ /
N, /\’/ / Y
50,000 YU
' //Q‘;/'?, ,//4:’ /
40,000 //,// &@/}"/:’;’ 4
' Y ik @,j ,
+
30,000 ///A//@P? &}// /

/,
/

5
o
[T / / +ﬂy/
E /////// +§\ ™ /
2 15000 A ;7 7 //, b @,/<+?
- ! T 7
& / %/%/ 7 + /
= 7/ ¥/
S 10,000 871/ e /
z 2L A L L LS s
S 9,000 AT 77777 T
S oo 4 e
= 7000 T 777707
= 5 LN L S S
() 6.000 / // // //// f ////// %\\
S W1/ PN VIS ARN A
= 5000 / ////; 46774 Y V4
2 s S
4,000 /. //// /,/ /7 / VL, _a
N7 s 4
v/ 4 / 4 4 < V‘
3,000 7//;/// ////// ?////,/ ¢ \\@°/
i
/l
2000 / /, //1// /
0
g /, //// Y,
o
7k
1,000 240107 |
2 3 4 5 6 7 8910 15 20 25 30 35404550

HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate pipe sizes.
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Figure 187
EMBANKMENT FILL LOADS ON HORIZONTAL ELLIPTICAL PIPE
POSITIVE PROJECTING rup=0.5 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate pipe sizes.
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Figure 188

EMBANKMENT FILL LOADS ON HORIZONTAL ELLIPTICAL PIPE
POSITIVE PROJECTING rgp=1.0 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate pipe sizes.
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Figure 189
EMBANKMENT FILL LOADS ON ARCH PIPE
POSITIVE PROJECTING rgp=0 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate pipe sizes.
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Figure 190
EMBANKMENT FILL LOADS ON ARCH PIPE
POSITIVE PROJECTING rp=0.1 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate pipe sizes.

American Concrete Pipe Association ® 222 W. Las Colinas Blvd., Suite 641 ¢ Irving, Texas 75039-5423 ¢ 972-506-7216 ¢ Fax 972-506-7682



380 Concrete Pipe Design Manual

Figure 191

EMBANKMENT FILL LOADS ON ARCH PIPE
POSITIVE PROJECTING ryqqp=0.3 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate pipe sizes.
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Figure 192
o EMBANKMENT FILL LOADS ON ARCH PIPE
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POSITIVE PROJECTING rsq p=0.5 100 POUNDS PER CUBIC FOOT FILL
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For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.

Interpolate for intermediate pipe sizes.
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Figure 193

EMBANKMENT FILL LOADS ON ARCH PIPE
POSITIVE PROJECTING rgyp=1.0 100 POUNDS PER CUBIC FOOT FILL

100,000 7717
90,000 I F
SIA X
80,000 V/EVATSW,
8743
I
Y
60,000 i A7
A A A
50,000 /////«% / /€7=
oAV i
40,000 7 /// S
VB84
/ / éF /14

30,000 //7 /// ; /

uk}‘ \Q%
<3
N\
B
O N ¥

A
= / 7/' / '*'S'A\b /<
S 20,000 an g JJ
5 s
=4 7% / / Ve
5 N, / Vs
o // f ) / /
8 //// f / A /.\‘b/
=z 10,000 7 ’ A/ SV Ay A A 4
3 9,000 AT
a 27717 A, S, S WA
= 8000 ’ - /// VAVLY,
g 7,000 704/ 08 7 ///j§’/
2 600 AT TV AV AT
= VAN A /8
- 4,000 /4990837 d /S
: 7 7 4 O
L/ /{/ 4 N s
3,000///,//// AR {/ Wik,
/A// // / ;‘ d
/
// / / a4
2,000 ’/ //////
j4477/4

é

NN

/
Z
4%

2 3 4 5 6 7 8 910 15 20 25 30 35404550

HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate pipe sizes.
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Figure 194

EMBANKMENT FILL LOADS ON CIRCULAR PIPE
NEGATIVE PROJECTING p'=05 r, =0 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET
For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate trench widths.
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Figure 195

EMBANKMENT FILL LOADS ON CIRCULAR PIPE
NEGATIVE PROJECTING p'=05 r_=-01 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET
For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate trench widths.
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Figure 196

EMBANKMENT FILL LOADS ON CIRCULAR PIPE

NEGATIVE PROJECTING p'=05 r,=—-03 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate trench widths.
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Figure 197

EMBANKMENT FILL LOADS ON CIRCULAR PIPE
NEGATIVE PROJECTING p’=05 r,=-05 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET
For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate trench widths.
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Figure 198

EMBANKMENT FILL LOADS ON CIRCULAR PIPE

NEGATIVE PROJECTING p’=05 r,=-10 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET
For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate trench widths.
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Figure 199

EMBANKMENT FILL LOADS ON CIRCULAR PIPE
NEGATIVE PROJECTING p' =10 r, =0 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpoiate for intermediate trerich widths.
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Figure 200

EMBANKMENT FILL LOADS ON CIRCULAR PIPE
NEGATIVE PROJECTING p’=10 r_=-01 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate trench widths.
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Figure 201

EMBANKMENT FILL LOADS ON CIRCULAR PIPE
NEGATIVE PROJECTING p’=10 r,=-03 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate trench widths.
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Figure 202

EMBANKMENT FILL LOADS ON CIRCULAR PIPE
NEGATIVE PROJECTING p'=10 r,=-05 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate trench widths.
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Figure 203

EMBANKMENT FILL LOADS ON CIRCULAR PIPE
NEGATIVE PROJECTING p'=10 r_ =-10 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate trench widths.
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Figures

393

EMBANKMENT FILL LOADS ON CIRCULAR PIPE

NEGATIVE PROJECTING p'=15 r =0 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET
For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.

Interpolate for intermediate trench widths.
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Figure 205

EMBANKMENT FILL LOADS ON CIRCULAR PIPE
NEGATIVE PROJECTING p'=15 r_ =-01 100 POUNDS PER CUBIC FOOT FILL

sd
200,000 i T i T
{ | ?
|
150,000 - b
i 7
| y
| ////:
{ : | / /
100,000 pes Al
90,000 ///,}//
80,000 | A A A
70,000 - i ard g
‘ 1/ A
60,000 : pdiv
A A
50,000 A
— AN
S yavd
2 40,000 LA
x /| i//[
&5 / // PZ
Z 30,000 SRy
g
i rafre
9
%) /] %
2 20,000 “BEYS
3 pd
@ A
£ 15000
S ¢ ‘9/
g e
o
-
_ 10,000
= 9,000
8,000
7,000 s
6,000 27—
5,000 L
4,000 |
3,000 /
2,000 e L HEN ; ; o
10 15 20 30 40 4550 60 70 80 90 100

HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate trench widths.
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Figure 206

EMBANKMENT FILL LOADS ON CIRCULAR PIPE
NEGATIVE PROJECTING p'=15 r

= —03 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate trench widths.
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Figure 207

EMBANKMENT FILL LOADS ON CIRCULAR PIPE
NEGATIVE PROJECTING p’=15 r=-05 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate trench widths.
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Figure 208

EMBANKMENT FILL LOADS ON CIRCULAR PIPE
NEGATIVE PROJECTING p'=15 r,=-10 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate trench widths.
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Figure 209
EMBANKMENT FILL LOADS ON CIRCULAR PIPE
NEGATIVE PROJECTING p'=20 r_,=0 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate trench widths.
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Figure 210

EMBANKMENT FILL LOADS ON CIRCULAR PIPE

NEGATIVE PROJECTING p'=20 r,=-01 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate trench widths.
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Figure 211

EMBANKMENT FILL LOADS ON CIRCULAR PIPE
NEGATIVE PROJECTING p’'=20 r = —-03 100 POUNDS PER CUBIC FOOT FILL
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For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate trench widths.
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Figure 212

EMBANKMENT FILL LOADS ON CIRCULAR PIPE
NEGATIVE PROJECTING p’'=20 r,=-05 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Interpolate for intermediate trench widths.
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Figure 213

EMBANKMENT FILL LOADS ON CIRCULAR PIPE
NEGATIVE PROJECTING p’=20 r_=-10 100 POUNDS PER CUBIC FOOT FILL
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HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET

For fill weighing 110 pounds per cubic foot, increase loads 10%; for 120 pounds increase 20%, etc.
Internniate for intermediate trench widthe
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Figure 214

LOAD COEFFICIENT DIAGRAM
FOR TRENCH INSTALLATIONS
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