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Culvert Design Nomographs

Design Nomographs are given in SI and English Units. For example, Chart 1A is in SI Units

and Chart IB is in English Units. English design charts have a small symbol in the upper
outside corner representing the shape involved. SI charts have the chart number in a box.

Chart Circular Culverts

Headwater Depth for Concrete Pipe Culverts With Inlet Control
Headwater Depth for C.M. Pipe Culverts with Inlet Control

Headwater Depth for Circular Pipe Culverts with Beveled Ring Control
Critical Depth - Circular Pipe

Head for Concrete Pipe Culverts, Flowing Full, n = 0.012

Head for Standard C.M. Pipe Culverts, Flowing Full, n = 0.024

Head for Structural Plate Corrugated Metal Pipe Culverts Flowing Full,
n = 0.0328 to 0.0302

Chart Concrete Box Culverts

8A, 8B Headwater Depth for Box Culverts with Inlet Control

9A, 9B Headwater Depth for Inlet Control Rectangular Box Culverts, Flared
Wingwalls 18° to 33.7° and 45° with Beveled Edge at Top of Inlet

10A, 10B Headwater Depth for Inlet Control, Rectangular Box Culverts, 90° Headwall, Chamfered
or Beveled Inlet Edges

11A, 11B Headwater Depth for Inlet Control, Single Barrel Box Culverts, Skewed Headwalls,
Chamfered or Beveled Inlet Edges

12A, 12B Headwater Depth for Inlet Control, Rectangular Box Culverts, Flared Wingwalls, Normal
and Skewed Inlets, Chamfered at Top of Opening (12A: 19 mm; 12B: 3/4 inch)

13A, 13B Headwater Depth for Inlet Control, Rectangular Box Culverts, Offset Flared Wingwalls
and Beveled Edge at Top of Inlet

14A, 14B Critical Depth — Rectangular Section
15A, 15B Head for Concrete Box Culverts, Flowing Full, n = 0.012
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Chart Concrete Metal Box Culverts

16A, 16B Headwater Depth for C.M. Box Culverts, Rise/Span < 0.3 with Inlet Control

17A, 17B Headwater Depth for C.M. Box Culverts, 0.3 < Rise/Span < 0.4 with Inlet Control

18A, 18B Headwater Depth for C.M. Box Culverts, 0.4 < Rise/Span < 0.5 with Inlet Control

19A, 19B Headwater Depth for C.M. Box Culverts, 0.5 < Rise/Span with Inlet Control

20A, 20B Dimensionless Critical Depth Chart for Corrugated Metal Box Culverts

21A, 21B Head for C.M. Box Culverts, Flowing Full with Concrete Bottom, Rise/Span < 0.3

22A, 22B Head for C.M. Box Culverts, Flowing Full with Concrete Bottom, 0.3 < Rise/Span < 0.4

23A, 23B Head for C.M. Box Culverts, Flowing Full with Concrete Bottom, 0.4 < Rise/Span < 0.5
24A, 24B Head for C.M. Box Culverts, Flowing Full with Concrete Bottom, 0.5 < Rise/Span

25A, 25B Head for C.M. Box Culverts, Flowing Full with C.M. Bottom, Rise/ Span < 0.3

26A, 26B Head for C.M. Box Culverts Flowing Full with C.M. Bottom, 0.3 < Rise/Span < 0.4
27A, 27B Head for C.M. Box Culverts Flowing Full with C.M. Bottom, 0.4 < Rise/Span < 0.5
28A, 28B Head for C.M. Box Culverts Flowing Full with C.M. Bottom, 0.5 < Rise/Span

Chart Elliptical Culverts

29A, 29B Headwater Depth for Oval Concrete Pipe Culverts, Long Axis Horizontal with Inlet
Control

30A, 30B Headwater Depth for Oval Concrete Pipe Culverts, Long Axis Vertical with Inlet Control
31A, 31B Critical Depth - Oval Concrete Pipe, Long Axis Horizontal

32A, 32B Critical Depth - Oval Concrete Pipe, Long Axis Vertical

33A, 33B Head for Oval Concrete Pipe Culverts, Long Axis Horizontal or Vertical, Flowing Full,
n=0.012
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Chart

34A, 34B
35A, 35B

36A, 36B

37A, 37B
38A, 38B

39A, 39B
40A, 40B

Chart

41A, 41B
42A, 42B
43A, 43B
44A, 44B
45A, 45B
46A, 46B
47A, 47B
48A, 48B
49A, 49B
50A, 50B

Chart

51A, 5IB
S2A, 52B
53A, 53B
54A, 54B

Pipe/Arch Culverts

Headwater Depth for C.M. Pipe-Arch Culverts with Inlet Control

Headwater Depth for Inlet Control, Structural Plate Pipe- Arch Culverts, Radius Corner
Plate, Projecting or Headwall Inlet, Headwall with or without Edge Bevel, (35A: 457mm;
35B: 18-in)

Headwater Depth for Inlet Control, Structural Plate Pipe- Arch Culverts, Radius Corner
Plate, Projecting or Headwall Inlet, Headwall with or without Edge Bevel, (36A: 787mm;
36B: 31-in)

Critical Depth - Standard Corrugated Metal Pipe-Arch

Critical Depth - Structural Plate Corrugated Metal Pipe-Arch (Corner Radius - 38A:
457mm; 38B: 18-in)

Head for Standard C.M. Pipe-Arch Culverts, Flowing Full, n = 0.024

Head for Structural Plate C.M. Pipe-Arch Culverts, Flowing Full, n = 0.0327 - 0.0306
(Corner Radius - 40A: 457mm; 40B: 18-in)

Arch Culverts

Headwater Depth for C.M. Arch Culverts with Inlet Control, 0.3 < Rise/Span < 0.4
Headwater Depth for C.M. Arch Culverts with Inlet Control, 0.4 < Rise/Span < 0.5
Headwater Depth for C.M. Arch Culverts with Inlet Control, 0.5 < Rise/Span
Dimensionless Critical Depth Chart for Corrugated Metal Arch Culverts

Head for C.M. Arch Culverts, Flowing Full, Concrete Bottom, 0.3 < Rise/Span < 0.4
Head for C.M. Arch Culverts, Flowing Full, Concrete Bottom, 0.4 < Rise/Span < 0.5
Head for C.M. Arch Culverts, Flowing Full, Concrete Bottom, 0.5 < Rise/Span

Head for C.M. Arch Culverts, Flowing Full, Earth Bottom, 0.3 < Rise/Span < 0.4
Head for C.M. Arch Culverts, Flowing Full with Earth Bottom, 0.4 < Rise/Span < 0.5
Head for C.M. Arch Culverts, Flowing Full with Earth Bottom, 0.5 < Rise/Span

Long Span Culverts

Inlet Control, Headwater Depth for Circular or Elliptical Structural Plate, C.M. Conduits
Inlet Control, Headwater Depth for C.M. High and Low Profile Structural Plate Arches
Dimensionless Critical Depth Chart for Structural Plate Ellipse, Long Axis Horizontal

Dimensionless Critical Depth Chart for Structural Plate Low and High Profile Arches
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Chart Circular Tapered Inlets

55A, 55B Throat Control for Side-Tapered Inlets to Pipe Culvert (Circular Section Only)

56A, 56B Face Control for Side-Tapered Inlets to Pipe Culverts (Non-Rectangular Section Only)

Chart Rectangular Tapered Inlets

Throat Control for Box Culverts with Tapered Inlets
Face Control for Box Culverts with Side-Tapered Inlets

Face Control for Box Culverts with Slope-Tapered Inlets

Chart Roadway Overtopping Coefficients

60A, 60B Discharge Coefficients for Roadway Overtopping

Design Forms

Culvert Design Form (61)

Tapered Inlet Design Form (62)

Slope-Tapered Inlet with Mitered Face - Design Form (63)
Storage Routing Calculation Form (64)

Water Surface Profile Computation Form (65)
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CHART 4A

1.0

0.8 / /

0.6

0.4

dc CANNOT EXCEED TOP OF PIPE
02

Critical Depth-dc (m)

0.5 1 15 2 25 3
Discharge-Q (m¥s)

25

15 /
/ dc CANNOT EXCEED TOP OF PIPE

1.0 A 2700 mm

Critical Depth-dc (m)

05 1500 mm

0 5 10

15 20 25 30
Discharge-Q (m%/s)

45
40
35 "]
: % =il
25 P

2.0 =
T ﬂ;{’ﬁm o de CANNOT EXCEED TOP OF PIPE

V" 3300 mm ]
1.0 o L |

Discharge-Q (m?¥s)

Critical Depth-dc (m)
\

Adapted from Bureau of Public Roads Critical Depth-Circular Pipe

230



CRITICAL DE PTH-dc-FEET

CHART 4B

3
W =
-
2 =
o 9
o3
; ﬁﬁ d¢ CANNOT EXGEED TOP QF PIPE
1
L.s‘a ]
*.obia,
!
% 10 20 30 40 50 60 70 80 90 100
DISCHARGE-Q-CFS
6 : &
I
= /L"/
//
5 — /4,4 7,/ 7
28 90 ?/é/ 7 i
4 »;‘//1//// = e 4’_/9' a8 " “:_"’J
9 > i '
A A / uu
Zall 3
7 : dc CANNOT EXCEED TOP OF PIPE .
3 /e I o
H w
/s :
] i
2 Dia. a
() 100 200 300 400 500  6Q0 700 8oc 900 1000 2
OISCHARGE -Q-CFS =
(5]
14
"] =
/
12
,//*%
S
10 ,—9"14/
e
. g
7
. A% i d; CANNOT EXGEED TOP OF PIPE
ﬁ#ja' 3
ALH‘
. 9' DIA
o 1000 2000 3000 4000

BUREAU OF PUBLIC ROADS
JAN. 1964

DISCHARGE-Q-CFS

231

CRITICAL DEPTH
CIRCULAR PIPE



in m3/s

Discharge (Q)

- 100
- 80
- 60
- 50
[ 5
40 g ”ZJ
I -l
r =1
- 30 =
- r 3000
E 20
i - 2700
F 1S - 2400
- 2100
10
- g8 - 1800
B - 1650
o - 1500
~ 5
- - 1350
- E - 1200 =1
'_ & =103 e /
s ‘ge“‘-l/: - 1050
= O‘/ e
F 2 _ [-900
a < ba2s
= (]
— 15 £
- & [~750
C fa)
five: - 675
_-T 08 ~ 600
- 06 - 625
—05
L 24 ~ 450
- 03 —375
[ 02
- L300
L 01

Adapted fram
Bureau of Public Roads Jan. 1963

CHART 5A

S, A R i, 1
.
i —> ho
fp S i

Slopes S —&

Submerged Outlet Culvert Flowing Full

For outliet crown not submerged, compute HW by
meathods described [n the design procedure

)
#/
#
-

/D' 41200 L=33.5m

HEAD FOR

CONCRETE PIPE CULVERTS

FLOWING FULL
n=0.012

232

Head (H) inm

[ 01

0.2

03

TTT T v T T T TrrT

- 04

R = i e i o
w

B T R L L

(s 1}
alﬂ ~N o o



B 2000

o (L 10 1 L R TS
@
o
o

(]
(=]
[+]

]
©

it

DISGHARGE (Q) IN GFS
T'IIIII\I'FIIIlllllllrl[]lur
o o \@
© 0 '©

\e,

-t

o

\

|
»
o

=
w
=]

T

20

BUREAU OF PUBLK

CHART 5B

= .-T_“l___mr;
=T
HW{ ho 1y
- ST P ST ]
Z | W Slopas So—= -
i3 SUBMERGED OQUTLET CULVERT FLOWING FuLL =
2| §
2 L
120 A Bt e Sl %
— 108 :a
il .‘!f'/‘: 10
-84 i
72 —
66 — r
- 60 ‘I: =2
[T -
- 54 z[
Q - 4822 -
- -
ol - al
Z a2 wEe
= L
8l ss [
e 33 —6
= I
g — 30 L
= —8
E — 27 =
—10
_24 -
18 Esh
15
—12
HEAD FOR
CONCRETE PIPE CULVERTS
FLOWING FULL
ROADS JAN, 1963 n=0.012

233



Discharge (Q) in m3/s

1y

w

N

-
th

[= SN
(-]

TTITT T 7 Py [TITI[ T P T I Trer|—r

fe
o o o
* oo

o
w

006
—0.05

|

Diameter (D) in mm

TURNING

— 3000
— 2700
~ 2400

— 2100

— 1800
— 1650
— 1500
~ 1350

— 1200
— 1050
— 900
— 825

750 ]
/675

— 600

— 525

— 450

— 375

— 300

Adapted from

Bureau of Public Roads Jan. 1963

LINE

et e EXAMPLE

CHART 6A

Submerged Outlet Culvert Flowing Full

Slope so_' Y ;ﬂ” <

For outlet ecrewn not submarged, compute HW by

mathods described In the design procedure

e ot Ejg‘/
e

Q= 0.98 m¥s - g0

HEAD FOR

STANDARD

— 01

Head (H) inm
T

l3

w

C.M. PIPE CULVERTS
FLOWING FULL

234

n=0.024



2000
a
1000 HIE
s 2
800 3
€00 —~ 20
800 — 108
400 - 98
300 = 1
200 T8
- o8
- 80
w
S 84
100 o
sE 0 S
= o Y
§ &0 g'_
§ B8 CISY
«
& 33
af —Stze Wl 7
wh30
30 e P
2lepr
(~]
=2 24
~2)
10 - 18
8
i 18
)
4 -2
a
2

BUREAU OF PUBLIC ROADS JaN, 1983

CHART 6B

W .
$ops Sgw=r B

SUBMERGED OUTLET CULVERT FLOWING FyLL

For oullel grown nel submarged, sompula MW by .8
meiheds descrided I the detlgn procedurs

HEAD (H) IN FEET

1]

20

HEAD FOR
STANDARD
C. M. PIPE CULVERTS
FLOWING FULL
n=0.024

235



3

B
(=]

w
o

N
o

SR BN R LS L |

T
—
(4}

Nominal Diameter (D) in mm

Discharge (Q) in m3/s

=1

Adapted from

4500
r 4200
- 3900

- 3600

- 3300

- 3000
- 2850
- 2700
- 2550

- 2400
2250

- 1950

- 1650

—1500

r 2100
—

-

TURNING

Diam. (mm)
1500
2100
3000
4500

Bureau of Public Roads Jan. 1963

CHART 7A

0z

et H
HW _
_b h,
Slope S,— W

Submerged Outlet Culvert Flowing Full

L B R R |
L o
w

For outlet crown not submerged, compute HW by
methods described in the design procedure

I
-
1)

Head (H) inm
N

W

UL T B B

E.S

LINE
6]

L B AL I
o~ M

1
S

n
0.0328 =
0.0320
0.0311 15

00302 HEAD FOR
STRUCTURAL PLATE
CORR. METAL PIPE CULVERTS
FLOWING FULL
n=0.0328 TO 0.0302

236



BUREAU OF PUBLIC ROADS JAN, 1963

CHART 7B

— 3000
H
— 4000 HW s —
. e b T —
El Sioge Sg —» i
E 3000 SUBMERGED OUTLET CULVERT FLOWING FULL r
3 fmo For ouwtlel crown nol submerged, computs HW by -
g L 188 mothods described in tha design procsdura B
2000 |
E ~ 156 [ 2
— - 144 E
r w | B
lil C
Shise
! z| ] &
Tiooo! - 120 i
= (WL} w
—8oo © w4
A é - 08 ™ -
SET° wlioe 2k s
& [ F
Zzi nan X 96 ::: F
v E -‘- (=] ’:_' 6
o |[-500 algo ot ’
vk 'Y =
(] P e | Muc' =
2 feo0 3 ot i
it & TEES C o
2 ;300 / a_“-o‘#?f\xiu&' - 10
Cl: 28 Ik
: - 88 A
- 200 2l — 18
Ls0 s =
[ :-'20
— 100 — 30
Diem. " ~ 40
! 0.0328
st i
1 3 £
T Ty 0.0302 i
o HEAD FOR

STRUCTURAL PLATE
CORR. METAL PIPE CULVERTS
FLOWING FULL
n=0.0328 TO 0.0302

237



Height of Box (D) in mm

- 4000

3500

- 3000

~2500

1500

L 1000

- 900

—~ 800

- 700 //

— 600

- 500

- 400

L 300

Adapted from

Bureau of Public Roads Jan. 1963

3/s per m

Ratio of Discharge to Width (Q/B) inm

CHART 8A

100
C
80
~60
[ 50 (1) (2) (3)
8 re ~ 10
40 £ Ls B
E EXAMPLE R
L =7 -8
30 1500 mm x 600 mm Box m L 5 L. 7
§ Q=2.12m%s -5 e L s
20 Q/B=1.4 m®/sim L4 - -5
E L 4 k
- - - E 4
& HW HN - -
I3 Inlet -a [
F D (m) L [ -
10 (1 175 107 £ L B2
8 (2) 190 118 " ' C
L ~ 2 r i
(3) 205 125 - L > r
: 6 /'-_ [ H-.l_ 2
C 5 *Din meters K - -
- 8w [}
ol Sl e
I8 L — 15
= 3 X -
- % Sl [
F 2 z -
[ o | A
-2 ~ ] "
E // T k1o F —
o ST
L @» |—o09 —1.0 — 1.0
C Angle of /ﬁ___ EL - by
L1 Wingwall o - =
- Flare — - |-oa a9 Re
-08 L E L e
| 06 f o7 —08 [‘— 0.8
- By WINGWALL a. -
F05 ‘o SCALE T ipe ot - 3
B 04 m 30° to 75° o 08
03 @ 90° and 15° g B
o 0.6 — 08
(o) 0° (extensions ol
© |05
02 of sides) e = -
:_ ¥ —05 — 05
5 To use scale (2) or (3) project
r horizontally to scale (1), then | 04
01 use stralght inclined |ine through : [ =
- D and Q scalas, or revarse as
:0.08 Hiustrated. | (S
—0.06
—0.05 — L
¥ | o020 Q.35 035
—0.04
L0.03

HEADWATER DEPTH
FOR BOX CULVERTS
WITH INLET CONTROL
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CHART 8B

— 12
— 600
s - (n (@2 (3
. L EXAMPLE -8 [® o
- 400 8'12' Box Q:TScle o 8 —
2 o Q/8 3 18cts/tt, & 7 — B
—9 = Hw  Hw & = — 7
- 300 tniet [i] faet & L 6
F & " 178 a3 2 5 %
=8 T_zoo {2) 190 3.8 — 4 B =9
- - 3  eoB e g -4
o L - 4
1 E -3 f C
N P —3 "
- - - - 3
-2 §-wo - i -
: - 80 = M o
i — 2 s
& -l 2. 8
— 60 = B — 2
-9 wr Vel - i [
S [ % ~ sFw [ [
o St - M Tty P 5
w el £ L .
w @ i "
Pl ) 4 o r 2
= r L
= i S i—""‘y o -
e ol =r g i
- 4
E f: 2F 20/ wi 1o g
@ L~ i
== z =
3 E’- | =) —1.0 P10
e e e EL OB F
E ngwe a
@ ,/ E - 10 Flara —. g . g — .9 — 9
1] o k=]
b o - -
& = arh il
3 e Beln o e e
w [ ® = E L
/ Q :_ 5 e 3
e oF® HWgoa e WINGWALL 3 7
_4 E W D FLARE .8 ! i
xr ) 30° te 73° i
=% (@ 90%and 15° —6& &
i 3 0* {extensions — .5
L 2 af sides) i r
! 3 i —.5 (.8
[~ Te vae scale (2] or (3) project
L horizontally Yo scula (1), then
r use sirgight inclined line through — .4 - -
:- 1 D ond Q acoles, or reverse os
= Hustrated.
- .8 . -.4 .4
— .8
= £ 5 a8 .33 L 3%

HEADWATER DEPTH
FOR BOX CULVERTS
WITH INLET CONTROL

BUREAU OF PUBLIC RCADS JAN. 1963
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Height of Box (D) in mm

CHART 9A

EXAMPLE
r 4000 1500 mm x 1500 mm Box (2)
Q= 7.08 m%s - 50 (@] i
z 3 - {
L Q/NB= 4.72 m*/s/m | 40 0,
- INLET HY B : o
D (m - 30  SCALE ENTRANCE TYPE i
141 216 : [
- (1)  45° WINGWALL FLAIR -
- 3000 1.33 2.04 WITH d=0,043D
L 20 (2) 18°7033.7° winawaLL|
- FLAIR WITH d=0.0830 | n
*D in meters C 4 -
C L £ i
5 L ; 3
- F = n. I
L
L 10 : E 18
| et - 15 o b
- 8 e e e i i e
; ’.a"“— [a]
a - ‘g"
= - =
2000 mE L & /,_.-"' T |
o E /’-‘-_ I~ =
c 5~ E
L =l L o L
e WES L - o
2 oy m T
ol 3¢ R
L T =] S o) 9
- bl SO ] ©
e E
2 e L £
F 1500 5 L 8 - o8
S 0.8
2 i = B
L 5 L2 | =
22 e - 0.8
Dok @
o g B —~ 0.8 w 12
e | =
K& E T é’ - 07
o - - 07 8
L % Fsan ;I :45°or33.7" P
Co J I 4 = £ =
% | o TopBeveld : - 0.6
L [
1000 r | Height D in millimiters L ola o
= 5
— 0.6 i 8
- 900 05 il
2 ke 43
05 ©
- 0.4 3
+ 800 LONGITUDINAL SECTION E ™
o
0.3 - I
—
- 700 2
02 5 L (2)
(@)
L 600
HEADWATER DEPTH FOR INLET CONTROL
L o1 RECTANGULAR BOX CULVERTS

FLARED WINGWALLS 18° TO 33.7° AND 45°
WITH BEVELED EDGE AT TOP OF INLET
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12

- 4.5

-4

- 3.8

28

EXAMPLE

5'z 5" BOX

Q= 250 CFS

%nB =30 CFS/FT.

INLET

"
(2}

HW HW
/D (FEET)

41 T

.33 &7

RATIO OF DISCHARGE TO WIDTH IQIHB)\IN CFS PER FOOT

\

CHART 9B

0] (2)
- 4.0 r
~ 400
F |‘ 30
- 300 20 "
| SCALE ENTRANCE TYPE L 258
{1) 45° WINGWALL FLAIR r :
| 200 WITH d= .043D ‘ E %zo
o (2) 18°TO 33.7° WINGWALL ﬁ
£ FLAIR WITH d=.083D 2.0 8
[ ; t & L
- (AR = 16
r =)
L 1.6 ~
i - - 14
I ..!ru——- e
I - x T
o <2
L - T L ]
L x 1.2
- -
o |-1.z 5
g w
=30 = i
l‘ ) 11 [
=40 = .0
r 0 ]
a 2 }
- 30 e s
L L g i
3 -
L =2
I 20 TOP EDGE et .8
E BEVEL ANGLE w [
r REQUIRED .8 &
r =
C® 4/D ANGLE L = .
L 0.042 45° = /
L 0083 18°-33.7° L.7 G
(=]
Lo FACE *0R 337" =
9 TOPBEVEL 4 =] F.6
2
HEIGHT D IN FEET ™ g
L7 : L
MIN.
L 8 % N |. - 4
BEVEL d
5 BEVEL ANGLE .5
[/ 5% ; L5
-4 LONGITUDINAL SECTION
-3
- .4
La
Lo 0] (2)
HEADWATER DEPTH FOR INLET CONTROL
Ly RECTANGULAR BOX CULVERTS
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FLARED WINGWALLS I1B° TO 33.7° & 45°
WITH BEVELED EDGE AT TOP OF INLET



CHART 10A

EXAMPLE
=2.123 m p=1.52 m
Q=14.16 m3/s Q/NB=6.65 m3/s/m
ALL EDGES % % C 10

" 4000 L 80

- Chamfer 19 mm 2.31 3.51 —

o 13 mm Bevel 2.09 3.17 60

- 25 mm Bevel 1.88 287 [-50

i * Din meters |-40

- 3000 o

R 30

L 1=
® [ 20

L [=% _—

o [
-

L (3] -
E
£t

" 2000 r

i é‘ 10

£ L
gf aré
£+ ~ -
— s —_ -6
g - !
- - = -5
or-"1500 =
@ © 4
@ =
- ©
oF m -3
o -
sl or
o L
T E L2
- NOTES ON BEVELS oL
FACE DIMENSION OF ALL o-r
- 1000 SIDE AND TOP BEVELS °F
SHALL NOT BE LESS THEN SC
SHOWN. TO OBTAIN BEVEL c [
- 900  TERMINATION IN ONE PLANE o1
IN A RECTANGULAR BOX, i
EITHER INCREASE d OR b, OR 0.8
- 800  DECREASE THE BEVEL ANGLE L
E
ace Bevel Angle 0.6
L 700 5° Ford=13mmxD | (0.5
Top Bevel d 33.7% Ford=25mm x D |
leight D in millimiters 0.4
L 600 Face Bevel Angle i
5° For b=13 mm x 8 __0'3
Side Bevel b 3379 Forb=25mmx B |~
Width B in millimiters 02 Bevel

Face dimensions b and d of
bevels are each related to
the opening dimension at
right angles lo the edge

Adapted from
Federal Highway Administration
May 1873

HEADWATER DEPTH FOR INLET CONTROL

INLET FACE-ALL EDGES
25 mm Bevels 33.79(1:1.5) __
13 mm Bevels 45° (1:1)

19 mm Chamfers

12

—_

—

D )Minimum Height
Above Bevel

Headwater Depth in Terms of Height (HWI/D)

—

™

LI |
w0 Newg

T T T T TTTT]
w

L
|

T
N

I]I[I

|
=
n

1.0

—0.9

0.8

—0.7

— 0.6

—0.5

— 9 |7

-8

7 —6

L5 B

L —4

— 4 C

C e T

" 3 L

R 2

— ——

-2 L

B 15

1—-1.5 -

o [10
L 0.9

0.9

L os [°°
07

0.7 0

| 06 [06

| g5 =05

RECTANGULAR BOX CULVERTS

90°
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HEADWALL
CHAMFERED OR BEVELED INLET EDGES



CHART 10B

EXAMPLE
BeTFT. DeSFT. Qs300CFS Q/NB.a713 INLET FACE—-ALL EDGES:

HW HW 1 IN/FT, BEVELS 337 (1:1.8) —
ALL EDGES T tew V2 IN/FT BEVELS 45° (1:) —\
CHAMFER 3/4° 2.3 1.8 3/4 INCH CHAMFERS
172 IN/FT BEVEL _\ — 8

- 200 104 _ x —9
[4 1IN/FT BEVEL .88 9.4 . — 0 =7
L N 600 o -8 ¢
pdll L 500 s T [®
0 E_m "7_ ?G -—6
- C ..-. i S
e E 390 s [ :
L [ - -4 E
".-T "~ h-‘ :

-8 # E 200 LA 2
i 2t Tl e v W

7 Qo - 150 B 3 : -

" 3 e Y, |
- 4 i 8 b e
L ¢ = 9 sawE — " T L -2 ¢

[ 80 _______‘;.——- ] M

=} E —_— & e L
5 ~— - T u & b

o 1= P T AR T

___‘&‘—-——-—"——-‘ w—d ‘:. €0 = s — 18 =
s E E 50 g )

+ =L B L

[ s 3 o BT F [

- =

z & 30 = [ s _
e E ] 3 i

« |20 2 g 19
L 5

(NOTES ON BEVELS) AL & Fio

FACE DIMENSION OF ALL - 18 b5, — 09

SIDE AND TOP BEVELS g i ; - 09

SHALL NOT BE LESS THAN i L 09
~ 3 SHOWR.TO OBTAIN BEVEL 5[ 9

TERMINATION IN ONE PLANE L 10 [ —~ 0.8

IN A RECTANGULAR BOX, § 9 I —08

EITHER INCREASE d OR b, OR —08

DECREASE THE BEVEL ANGLE. — 8
L T — o7

o7
-8
L :
— Q8
F : [ mos 1
2 Bevel s
n”_L ézrwn-uz’-a 3
5 S 33.74 For bel"xB r
Side Beveld €
L — Q35
Width B In Fest [ — 05
— 2

FACE DIMENSIONS b AND d OF
BEVELS ARE EACH RELATED TO
THE OPENING DIMENSION AT
RIGHT ANGLES TO THE EDGE

HEADWATER DEPTH FOR INLET CONTROL
RECTANGULAR BOX CULVERTS
90° HEADWALL
FEDERAL HIGHWAY ADMINISTRATION  CHAMFERED OR BEVELED INLET EDGES
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ExAMPLE CHART 11A

B=2100 mm D=1500mm Q=14 m>/a
EDGE & SKEW HW~ HW

12 mm CHAMFER D (m)
BEVELED EDGES-TOP AND SIDES
P 45° <81 981 18 mm CHAMFER ALL EDGES — \
—— T —
30° 2.43 3.89 80 SKEW ANGLE 48° 30° 16° 10°-45°
L 3500 15° 238 3e0 [~ 50 e
= o -8
VARIED BEVEL 40 =7z E7 F T L
- Lk —8 — 5
e e [
- 3000 10° to 45° 2.07 3.14 30 L i L.ett I
1= —5 — 4
*Din meters R "
L4 B4 F
20 e B C
- 2500 = B S e
- ; : B : 3 :
- a Elanz B i
£ o B L
» L - 5
- EF 10 WO N T -
g [ 2000 ¥ PE——" 7 e bl < i
Ef sfs = S [L.FaF2f
el o S S SR
= — @ T B — T E
=5 LB z (-] i i <o i 1.5
-t PUROE ot o s S s 1e
2 — — .9 L - - o
= 1500 el L L k i
o R e e ;
2] o L B L
Er z g
3 £ SF T 1.0
o s 2 o 1.
T o = 1.0
= s [ S =00
= = = — 0.9
E - P - X -]
- 1000 g B [ os[ %
@ 1 d — 0.8
s e 0.8
- 200 of o8 :'3. -
D2 Min. . o — 0.7
- 800 5 7 £~ 06 = —az[ %7
g ® oz
— 0.5 @
| 700 0.042D a .y T o
45° e os[” 0.8
Top Edge 0.3
- 600 Obtuse Angle Side
Bevel Not Necassary for Skew 30° and More

0.5
| .- 05
Lgs OS5 \

BEVELED EDGES
AS DETAILED

S N

A
—[‘k~ 0.0428 TB \ Flow L SKEW SIDE
A 1 ANGLE BEVEL b
2. i - 10* 0.78 mm x B (m)
18° .0 mmx 8 (m)
Skew. \I'_ b Skew 225° :.oﬁrnmx::m:
i L . ag® 1.5 mmxB(m}
b Variable 00" 37.8° 20 mmxB(m]
-?-:;: L t< 48° 213 mxa:rn:
Skew Less Than 30° Skew 30° and More
B‘:":::::"f::ﬂ':’ HEADWATER DEPTH FOR INLET CONTROL
Vi n es
Desionsd for Same Capacly st Ay Sk AL e | R
Federai Hignway Adminjairation May 1873 CHAMFERED OR BEVELED INLET EDGES
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EXAMPLE CHART 11B

B=7FT. D¢SFL Q+500CF3

BEVELED EDGES - TOP ANO $IDES — —
epcE e swew  HW  HW 3/4 INCH CMAMFER ALL EDOES — A\
3/8" CHAMFER D foat ————
Eh ase g3l 25 —g§00 SKEW ANGLE ——43° 30 3¢ hoane,
E o0 2.43 12.1 B = T e -
T 18 236 us [300 re L. Fr s
[ YARIED BEVEL —7 L7 i
o 0 TO 48° 20T 103 E—M)O —+t=g-1-8 =L ':"’
i s :—500 ;5 _—5 ?5 — 4
L9 e P P S T
[ wo -4 g E
@ | 200 LA o e
— B 8.‘ E _.:._:_ —r e
w 180 arF3 3 E
|'5 ‘é‘\ : s = L
i b -
" £ RIS - | s P R e
e 5 Fo ponnit et
L ¢ £ s O ;x; B Sl :
— =-1=70 = - =
(=) — [T S B — 1.5
- i T E — 80 T | E &
d --""‘-—F- = I 1.8 15 LS
fz-—""’ = -5 B i = B~
- o 2
< o [-40 B S S iy
@ E " o _ 4
& [ = [ S S i
= 3 g F
4 3 5t z B 1.0
g S E™ a [ ,oftof"e
E 2 E g i =
x & | oql-0s[09
i w :
a [ : 0.8
I — 10 _on 08
3 § 2 Z Losl08
E-&-Iin % s 5 AT
3 ’_? e or '—'0-? -—0'7
b~ r— |
b ; 2ls
00420 P S 08
as° =4 o6 [~ 08
L2 To® EDGE ES
OBTUSE ANGLE SIDE
SEVEL NOT NECESSARY FOR SKEW 30° AND MORE

0.5
_Qs i 05 —as X
BEVELED EDGES

AS DETAILED
SEE A,
0 3M" 8 (]
15 1"x8
2-1/2° (7 b )
30* Fr2© s
372 "8

48 228

SKEW 30" AND MORE

u:mnwiggfa ES
besianEo Fon saue Camcrry v sew HEADWATER DEPTH FOR INLET CONTROL

SINGLE BARREL BOX CULVERTS
FEDERAL HIGHWAY ADMINISTRATION SKEWED HEADWALLS

MAY 19873 CHAMFERED OR BEVELED INLET EDGES
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CHART 12A

INLET & ww W Hw
NORMAL D (m)
43° ww 218 332
18.4° wwy 2327 3,47
SKEWED 15°-45° 30° SKEW
AT B NORMAL INLETS—]
b "-—--—‘
P T WINGWALL FLARE-=~45° 18.4° 18.4°
8
- 4000 B ke S Iaa E > FE® g8
- L = 7 - 7
- EXAMPLE L. = o
i g [ 50 ® e s
- = [~ 40 B=2100mm D=1500mm [ g5 [ I
Ii o E o a — 5 — 5
a Q=14 m¥/s Q/B=6.87 3 | -
- 3000 o F9 - i
=~ F - &k B e
- EF St - E
s - 2 & e E
{SHE ? z * La fa
33 ) I
e =t o s
S E —_— = B
E L 2000 =10 WA "z 2 [, b2
‘E i & 8 ,——‘/ o= * =
il -_a-_ — o L = L
[ Ji — S |- 8 L8 - fi
= PO N E s Las [15
= r —— -5 @ [ -
(AR e o [ = L
W FOUYE -4 7 B
S o e n L
m e = r
o= 5 C 3 Pt L L
| 4 °
D | ) O 10 10 1.0
= 2F 5
= -
- 1000 @ : © —~09 [— 09 ~ 0.9
o =
[ =]
- 900 % B g —-o8 |- 08 - 0.8
(i T
- 800 208
- 0.8 - 07 Q7 | 07
- 700 - 0.5
04 L o6 o8 [ 06
- 600 [ 0.3 Mot
Equal F " Headwater Scale for Skewed
Flare - Inlets |s Constructed for 30*
Angles _18.4" C 0.2 Skewand 3:1 Wingwall Flare (18.4") 05 - 05 - 0.5

Also a Good Approximation for
Any Skew Angle from 15° to 45°
and for Greater Flare Angles of
Wingwalls.

HEADWATER DEPTH FOR INLET CONTROL

it RECTANGULAR BOX CULVERTS
AL FLARED WINGWALLS
R RN TR SRR NORMAL AND SKEWED INLETS

19 mm CHAMFERED AT TOP OF OPENING
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CHART 12B

HE{GHT OF BARREL (D) IN FEET

EXAMPLE
B=7FT. D=5FT. Q= 500 CFS 30°® SKEW
Q._ ns NORMAL INLETS
INLET 8 ww H'w HW WINGWALL FLARE=-45° 184° |8.4°
NORMAL D FT sl S SRS
45° WW 218 09 _ o0 T Fo Eg
I84°WW 227 4 b5 b -
12 SKEWED 15240° 500 =1 =6 =6
Ly 1eaorMoRE o F oo Sl =5 ~5
- e 4 o
0 300 e F CE8 e
-9 L = -
s W Sr° Ea |3
8 = [ 3 L
8 ! 150 g b= : =
e S 100 AMPLE /"?“ “ o 2
- E% — ]
o E [=To) "____,-" o T -
8Q— w | g -
~6 £ 70 = | & -
—% @« i 1.5
£ ot — 5 60 E — 1.5 —1.s "
s o E L ® g L B i
< g 40 r - F
- ﬂ l F
&EI 30 a o o b
4 B pi
& «
—10 ~1L0o Lo
w 20 &
@ e
I & Fis 2 Loy 09 09
@ p
=3 = Lo z |os |08 a8
< 9
= 8 ore:
u ey
- ) ; HEADWATER SCALE FOR skewen [ O7 [(O7 [O7
=] INLETS 1S CONSTRUCTED FOR 30°
5 SKEW AND 3| WINGWALL FLARE
(18.4%°) - 0.6
4  ALSO A GOOD APPROXIMATION |+ 06 (0.6 ¢
FOR ANY SKEW ANGLE FROM 15°
TO 45° AND FOR GREATER FLARE
3 ANGLES OF WINGWALLS.
! Los ~a5 0.5
i HEADWATER DEPTH FOR INLET CONTROL

RECTANGULAR B0X CULVERTS
BUREAU OF PUBLIC ROADS NORMAL AND SKEWED INLETS
3/4" CHAMFER AT TOP OF OPENING
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Height of Barrel (D) in mm

EXAMPLE

CHART 13A

B=2100 mm D=1500 mm

[ 4000 Q=17 m¥%s Q/B=8.1

I 3000

- 1000
- 900

- 800

r 700

4

Discharge per m of Barrel Widi}] ( QINB ) in m3/s per m

- go0 DM AP

Bevel Angle

Bevel d ] I %

i

o o
[= 2 =]

r TOP EDGE
" 40 BEVEL ANGLE
- REQUIRED
F 30
F d ANGLE
B 0.042 45°
[ 20
- 0.083 33.7°
[ 10 LE
_8 a'm_“__._—"
= ot
| 6

5 winewaLL '
[T FLARE ANGLE I‘-"usi"“ LI e
4 D (m)

48° 42 mmim 2.08 g.14

_3 23.79 B3Immém  1.80 280
= 18,4° BImmim 1.82 3274
: *D In metery
2
[ 4
o8 WINGWALLS
= FLARE ANGLE MIN. OFFSET
e 11 45° 0.75 mm x B (m)
—0.5
e 1:1.533.7° 1.0 mmxB(m)
0.4
L *1:2 28.8° 125mmxB(m)
-0.3

LONGITUDINAL SECTION

Equal
Flare

Angles

Wingwall
Offset

Adapled from
Bureau of Public Romds Offica of R & D
August 1968

HEADWATER DEPTH FOR INLET CONTROL

AND BEVELED EDGE AT TOP OF INLET

18.4° WW&d=0.083D

33.7° WWE&d=0.083D —\\

45° WW&d=0.042ID‘\
]

1.3 184° 15 mmxB(m)

* USE 33.7° x 0.0083D TOP

EDGE BEVEL AND READ
HW ON SCALE FOR 18.4°

5

& La

@ r

b

z L

= Is

ot

P~ -

= [

o L

I -

L -

P o

o e

A E

@

L

sl [

= ET

=

s L

o b

a

— -

-

LAl

=

o

e L

£ |
o8
_os
| o7
|_os
[ o5

8
a
| 6

5
r |4
14 E
B L
C 3
| 3 L
B | 2
2 3
——
it 15
1.5
| 10 | 4.0
| 0@ | 0.9
L oa [-08

07 | 0.7
| 08 |0e

os LOS

RECTANGULAR BOX CULVERTS
OFFSET FLARED WINGWALLS
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CHART 13B

EXAMPLE
8 = 7FT D=5FT. Q=600 CFS 1B4°WW 8 d = 0.083D
$-ns 337° WWa d = 0.083D
[ ]
WINGWALL TOPEDGE HW HW 43 w“‘°‘°‘2°‘] N6
FLARE ANGLE BEVEL D FT ¢ I,
— - ' o -
12 450 2msFT 206 03 [-8500 piOp EGE C s |
L0 3T OIINFTL08S | REQUIRED = -4
184° 1IN/FT. 18290 F a2t FE*F
i 300 4 Anee S FY B |4
[ o g; ooz 48° B E  [3 [
R [ 0083 337 T3
) i:—aoo =r [
B E st
L - g ':-|5° ﬁ [ L 2
T w Ot x b ’___—_2___-
m =
- S g _g ww‘-/‘dt 3 - -
- = — = 9
-6 = ’E-OQ..-/ - [ - L5
- 70 [ .
~ " - 3 ~ 1.5
- 8 — F ol & 15 | -
— ﬂ R
s 230
u 2o z F
= = s - E - = 3
< el 30 sl |
—4 % St e |
i L E20 E Co Fo [0
" e E : <
P 5 ;—IS g o9 09 0.9
3 T af <
o o T [os 08 0.8
x |9 =
<8 wugmn.l.s o
" [ 7 FLARE ANGLE MIN,OFFS o
Sbe w1 asc akke(rm) [O7 [O7 o7
ols L5 337 1"xB
4 -~ w2 266° 1-14 B
|, BwWapeT. . 4 I3 184 1-vZ%B “TGg foe [0€
eeve ¢ J ] ts # USE 33.7°x 0.0083DTOP
BEVEL ANGLE o EDGE BEVEL AND READ
HW ON SCALE FOR 18.4° [_
ww Los Los “0B

EQUAL
FLARE
ANGLES

=T

' —
WINGWALL t___g ““““
OFFSET HEADWATER DEPTH FOR INLET CONTROL

PLAN RECTANGULAR BOX CULVERTS
BUREAD OF PUBLIC ROADS OFFSET FLARED WINGWALLS
OFFICE OF R® D AUGUST 19e8 AND BEVELED EDGE AT TOP OF INLET
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CHART 14A

186
15
14 Yl

1:2 W
1.1 e,

0.9 P

0.7 Vi
06 P
05 /

0.4 /
0.3 A

/ dc CANNOT EXCEED TOP OF PIPE
0.2

0.1

Critical Depth-dc (m)

Q/B

45 b5

3:5 <-B = base of section (m) -
/ Q = flow (m*/s) 3
3 dc = 0.315((Q/B)?) =
L/
2.5 /

Critical Depth-dc (m)

/ dc CANNOT EXCEED TOP OF PIPE
15
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CHART 16A
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CHART 17A
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CHART 18A
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Ap9-% of Box Culvert (mz's)

CHART 19A
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CHART 20A
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Rise/Span > 0.5
/ Rise/Span < 0.3

k Example:

Rise (D) = 1980 mm (1.98 m)

/A Span (B) = 6730 mm (6.73 m)
Area (A) =11 m?

Flow (Q) = 29.73 m*/s
Riseﬁpan =1.98/6.73 =u.:9'29
Q/AD =29.73/(11)(1.98) =1.92
dc/D = 0.63
dc=0.63(1.98)=1.25m

Q/AD "

Dimensionless Critical Depth Chart
for Corrugated Metal Box Culverts

262



CHART 20B [

Yy
4’1"
e
N
N

A

EXAMPLE:

N

RISE (D} = €1t 6 in

SPAN(B) = 22 #1 ) in

AREA (A) = 118.4 112

P77l FLOW (Q) = 1080 tr 3/

—| RISE/SPAN=6.5/22.,08%,29

Q/ap = 1080/(118.4)(8.5)%

3.48

de

0 OO O 0 O [

—D*’.GE

d; = .63(8.8)=4.|1

R o ot S e o ke o

Py,

E|X[A|M|P|L E

st i b DIMENSIONLESS CRITICAL

DEPTH CHART FOR CORRU -

GATED METAL BOX CULVERTS

R e o s o ot mie s e i sl o

|

4.0 5.0 6.0 7.0

A DO°

263



80
70

20

15

10

Discharge (Q) in m3/s

QO N oo

1.5

Adapted from

Culvert Area
(m*)

14 +
13 4
121
M+

10+

CHART 21A

*= RIS

|- SPAN

Area (m?) n

Turning Line

Fileaminke e lunm

—_— ol -k

Kaiser Aluminum and Chemical Corporation

i Slope S, I = ]

SUBMERGED OUTLET CULVERT FLOWING FULL

264

- 0.25

T
o
©o
Head (H) in m

HEAD FOR
C.M. BOX CULVERTS
FLOWING FULL
CONCRETE BOTTOM
RISE/SPAN < 0.3



| DI S GRS SE (B I I 2

1000 -
200

800
700

600

500

400

Q) in cfs.

Discharge

200

100

50

CHART 21B

CULVERT @
AREA i
o SPAN —
< ‘L 75
K, %
%, %
ju 5
j-Eg %y < i
—+130
4120 0.90 159
-+110 e
_.:|oo T 15
—+90
_-_w + 20
470 s
. 259 — 200 +25 %
\JLSO ; "-\: Lo L €
el *»q'z/ 430 =
it e 309 sogl]: =
- = = o
s |~ o 3
+40 40! O ;i'_::nn,e 05
i 4] — + 45
- T 5.0
\“
T Mega~ + 6.0
\‘.
370
L5 480
420 = Area (ft3) 0 + so0
2 +10.0
£ 20 - 30 0.025 :
[ 31 - 150 0.024 T12.0
T 14.0
T 16.0
+ 180
+ 200
— r
/ S
Hw T HEAD FOR
Al o

Siope Sg —= YR

SUBMERGED QUTLET CULVERT FLOWING FULL

Nomographs adapted from material furnished by

Kaiser Aluminum and Chemical Corporation

Duplicalion of this nomograph may dislort scale

265

C.M. BOX CULVERTS

FLOWING FULL
CONCRETE BOTTOM

RISE /SPAN < 0.3



CHART 22A

70 Culvert Area

@
(m?) __f_
80

SPAN _J,
50
—0.2
40 T
17 +
A i 4025
15 +
2 W +0.3
134+
120 —+0.35
11+ e
20 10+ ¢
g —t ——
0 — +0.5
T S 7
£ o
7ok B - 0.8
o e 2 “+0.7 E
o~ (B o area=8.1 ™ 3
g 408 -~
10 il | e 2
) 9 . i
g . +10 >~
£ dl o
K 7 4 112 §
E 6 9.4
5 35 +1.6
1418
a -+ 2
24 ® . o
3 = Area (m?) n
@ 43
E 2.3 ~7 0.025
2 7.1-18.86 0.024 M
B + 4
4+ 5
1.5
L6
= Jﬁ\__ 5
HW — =
— hy
e Sore 5, —u yozemT HEAD FOR
SUBMERGED QUTLET CULVERT FLOWING FULL C M BOX C U LVE RTS
FLOWING FULL
Adapted from
Kaiser Aluminum and Chemical Corparation CON CRETE BOTTOM

0.3 = RISE/SPAN < 0.4

266



CHART 22B Q

3000
CULVERT w
AREA &
2000 —
b——— Span ——J
1500
55 fem
{80
7o
Ilgg - 1.0
- 1‘
.
130
800 120 °
o
700 |w - 1..
800 90
": — ——— 80 i ‘.Q_L_
o 500 S e we=00 . — .J..,o
E 70 anes Sy AT v
S 400 es T O e0o o Stamp, 4252
=4 80 e
® +— 3.0 =
g %00 #o =
= #— 3.5 2
..g. 40 ¥ 4.0 i
a 4 45
20 + 80
30
+ 80
4 70
2 Area (ft?) £y + 8.0
20 £ + 9.0
100 2 25 - 1% 0.025 4 100
€ 76 - 200 0.024
e <+ 12.0
+ 14.0
4 18.0
80 4 130
+ 200
/ﬁ\—“..H
Mw! =t HEAD FOR
— N he
A Siope Ry W c . M v Box CULVERTS

SUBMERGED OUTLET CULVERT FLOWING FULL FLOW‘NG FULL
Nur::mlnph: sdapted from ml_tn:‘ﬂ fumisi.ud by CONCRETE BOTTOM
Kaiser Aluminum and Chemical Corporation 0.3 < RISE /SPAN > 0.4

Quplication of this nomograph mey dislon scals

267



CHART 23A

80
Culvert Area
70 (m?)
60
50
20 S0
40 18T
16
15 +
14 +
30 Bl LSl +0.3
- i 0.35
N ST R it s
. e 404
o 1045
U:]
‘;’é ) s Jos
- 74 dlos
£ E
i e+ to7
a &
=4 10 51 1°* =
5 A +o8 I
@ s 4+ 1.0
= T +12 T
& 114
o
5 + 1.6
+1.8
4 T2
sl o Area (m?) n
3 a
o 1.8 -6.3 0.026
£ 54-13.2 0.025 T3
E i3s3 = 20.4 0.024 i 14
2 ta
1.5 45
Lg
| T A,
W =
= HEAD FOR
e — A C.M. BOX CULVERTS

SUBMERGED QUTLET CULVERT FLOWING FULL

FLOWING FULL
CONCRETE BOTTOM
0.4 < RISE/SPAN < 0.5

Adapted from
Kaiser Aluminum and Chemical Corporation

268



CHART 23B Q

3000 I
CULVERT @
AREA T
2000 R
1500 5 :zg
i 75
L 80
-+ 160
1000 ] ey 10
900 : lw\-’fz_, ::
i o —-_"EE :_:.._guoocu___ Sy
700 ~ i ;
- 1 100 o, 15
. 800 - —:- 90 \%
2 3 £ 80 Fiz
o 500 + L 30p T~ 20
s t + 70 2
5 40} " A 25 ¢
E‘ 3o0 -:-E T3 weE
2 i 3 63
e 4 4 30 402
a 4 i 4.5
200 4
8.0
= 30
+ 8.0
i 2 - 7.0
Area (ft*) o &5
L] = .
420 E
100 + -~ 20 - 57 0.026 i i
£ 58 - 142 0.025 :
3 143 - 220 0.024 3
+ 140
-} 18.0
50 - =+ 180
1 200
e e i HEAD FOR
=t
e e e C.M. BOX CULVERTS

Slope Sg —= "M‘H

SUBMERGED OUTLET CULVERT FLOWING FULL

FLOWING FULL
CONCRETE BOTTOM

Nomographs adapted {rom material furnished by .

Kaiser Aluminum and Chemical Corporation 0.4 < RISE/SPAN «<0.5

Duptication of this nomograph may dislort scale
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Discharge (Q) in m3/s

CHART 24A

80
Culvert Area w
70 (mZ) T
6o l
L—— SPAN————f T 92
50
40
°‘*O_ T0.3
30 ‘f;% +0.35
® +04
A % 4 0.45
10 + 2 |
20 T =05
8+ T 08
18 D gt o7
XR el 0
T08 g
5 -+ r—
10 B TE =
9 TR 12 z
8 4+ Breamg 5 02 I ——e™0.0 el
- \ — .,i-:_la_zm 114 ;'?
-L1:8
& °‘N
34 'b-;" thh -+ 1.8
= \h(g T
4 \%'
"o
2T g °\ —-+3
3 =
o -
£ Area (m?) n \ .
£ 4
2 - 3.7 - 8.0 0.026 o I
6.1 -44.1 0.025 -5
L6
1.5
ﬁ ”
HW . — 2
—p hy
= s HEAD FOR
L Stope 5, o EXIEopRY
SUBMERGED OUTLET CULVERT FLOWING FULL C .M. BOX C ULVE RTS
FLOWING FULL
CONCRETE BOTTOM
Adapted from
Kalsar Aluminum and Chemical Corparation 05 5 R[S E/S PAN
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CHART 24B Q

3000
CULVERT
AREA
2000 IE
- .75
1500
- 1.0
1000
900 F —+ 120
soo ¥ -+ 110 1.5
ES -+ 100
700 ¥ -
=3 90
. | 800 -E —+ 80 L
L. "\ -
o + —+70
" + —+60 H
g “of i ao S
e 1 T L 35 =
2+ 01 181 02 IR — ke L 40 —
S G G i i L 45 &
o \ i .
g 1 Ls0 T
200 + %
%y - 8.0
v&e%" _
T \ <+ 8.0
4+ 9.0
PR
- g \60 \ 110.0
100 -+ 2
£ Area (t?) i \ THhe
2 4140
40 - 65 0.026 2l .50
66 - 120 0.025 Lae
+20.0
s0 L
H
HW = —:L_"_'" C.M. BOX CULVERTS

Sionr  Sa —= | VRTINS FLOWING FULL
SUBMERGED DU FT CatviERT FLOWING FulLl CQNCRETE BOTTOH

Nomographs sdapted rom material furnished by 0 ‘5 = R 's E ISPAN

Kuiser Aluminum and Chemical Corporation

Duplication of this nomograph may disiort scate
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Discharge (Q) in m3/s

20

15

10

o N @0 ©

1.5

Adaptad from

CHART 25A

Culvert Area

(m?)

j— RIS

St

area, b »
42 m2 T m—

Area (m?) n

Turning Line

.6 0.035
.9 0.034
8.9 0.033

2
5
1

o~N®
1]

1
2.
6

he

Slope Sy —p W

SUBMERGED OUTLET CULVERT FLOWING FULL

?H:L_/ — b E

CORRUGATED METAL BOTTOM

Kaiser Aluminum and Chemical Corporation
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T0.3

- 0.35

TO.4
10.45
0.5

T 06

0.7
- 0.8

- 0.9
-1

P
Head (H) in m

HEAD FOR
C.M. BOX CULVERTS
FLOWING FULL

RISE/SPAN < 0.3



CHART 25B

3000
CULVERT i
AREA __"L‘
2000
L—SPAN_-[ -. 75
1500 440
+ 150
+ 190
1000 + 130 415
800 +120
800 T10 420
00 —Eé T 100
- -+ 80 4
. 800 F - 25
< i ¥ i 80 +3o0
< + + 70 +a3s g
£ I L ]
. I +40 =
G 400 h \-‘:-60 I.s =
® 75 4 50~ 150 3
4 e j_ — o 6.0 3
u + T e =y 460 o
£ I Area = —= £ 400}
S T -~40. 455 pi~ Q---. —Ke=09 d é
& 1 I -oac\.,' ,_e_::‘%m! 480
200 4+ <1 9.0
430 <T+10.0
4 +12.0
- H
o ~3:14.0
L g +16.0
4 S
100 4 £ +18.0
= Ares (ft?) o +20.0
20 - 28 0.035
29 - 63 0.034
64 - 156 0.033
50 L
- e
TR
Y — e HEAD FOR

W
Slope S —= C.M. BOX CULVERTS
SUBMERGED QUTLET CULVERT FLOWING FULL

FLOWING FULL
Nomographs adapted from material furnished by CORRUGATED "ETAL BOTTOH

Kaiser Aluminum and Chemical Corparation
RISE/SPAN « 0.3

Duplication of this nomograph may distor! scate
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CHART 26A

Discharge (Q) in m3/s

80 r
Culvert Area u
70 (m?) [
60
L——SPAN-—_.
50
18 4
17 T
40 16 +
15 +
14 +
30 i
124
11 =+
10 +
20 S E
8- £
15 7Ts T
Ly et
o
o
R L &
9 Ly
8 4+ ~ - K,"”’E'
7 — — ;"_z o
ol =3.5mM
y area=3 .°__~
3T ‘.”3,,',3-.._
5 L E‘)\(AMPLE
4
AL g
2 3
3 o
[=
€| Area (m?) n lg
2
5 1.8 -2.8 0.035
2.9-5.9 0.034
6.0 - 14.3 0.033
ok 14,4 - 18.6  0.032
D_ — HEAD FOR
P — C.M. BOX CULVERTS
SUBMERGED OUTLET CULVERT FLOWING FULL FLOW]NG FU I_L_
CORRUGATED METAL BOTTOM
Adapted from
Aluml and L Co ra
Kaiser Aluminum and Chemical Corporation 0.3 E RlSE/SPAN < 0.4
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CHART 26B Q

3000
CULVERT
AREA
- - 75
i
160 e
150
140
1000 130
oo e - 1.5
800 1o
700 '9%0 4%
e i - 2.5
o
% s00 70 - 3.0
& 3 - 3.5 §
E 400 k4 - 4.0 E
z 50 [ s
? 200 e (=
% 40 £ E
é .“,,_._ 3 - T10=x
. : + 8.0
30 oty ~Imp,, 4:;-23
e
e ~ oy -+-12.0
= M
Tig .~ -+ 14.0
20 g 4 L T =144
100 £ Area (It?) n +4-18.0
= +20.0
20 - 30 0.035
31 -63 0.034
64 - 154 0.033
155 - 200 0.032
50
ket ~ HEAD FOR
H
,.m! L A= C.M. BOX CULVERTS
—_— hg
2 Slone  Sq —u “ANVRCOPTIRTT FLOWING FuULL

SUBMERGED OUTLET CULVERT FLOWING FulL. CORRUGATED METAL BOTTON

Nomographs sdapted from material furnished by

Kaiser Aluminum and Chemical Corporation 0'3 % RISE ,SPAN = 0'4

Duplication of this namagraph may disiorl scale
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CHART 27A

BO
Culvert Area w
70 (m?) 2 —0.2
60 |
20 +
50 18 E:
16 -
40 151
14 +
13
30 12 +
=
10 & £
ST e
20 8- ¥
::503 7+ E.
E 15 =
£ B @
— 4 o
a ~ "iT
10 sl
sgeel [/
% 8 i -:r;:i-;"_“-z
w7
B
6 o
5
4 ol
2T o T 6
3 - Ls
£ Area (m?) n
=
= 1.9-5.3 0.034
2 5.4-13.2 0.033
13.3 - 20.4 0.032
1.5
| e L S HEAD FOR
—_— he
e C.M. BOX CULVERTS
SUBMERGED OUTLET CULVERT FLOWING FULL FLO W| N G F ULL
CORRUGATED METAL BOTTOM
Adapted from

Kaiser Aluminum and Chemical Corporation

0.4 < RISE/SPAN < 0.5
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CHART 27B D

3000
CULVERT
AREA
2000 -j_— 220 .75
1 200
1500 =10 1.0
4160
+ 140
1 1.5
1000 14120
900 I
800 4100 2.0
700 :E 190 j "
= 600 £ T80 25
S so0f g4 35
£ I 180 0%
= 4001 b 45 =
o 7 =1 sQ__ 50 %5
& + - T~ 80T
|.. 300 + . = i L1
£ IR A0 3 70w
_3_ 1 -'“l = 41.0 ft ol =
= T 9.0
20051 +30 L 10.0
L 12.0
ar " 4 14.0
7 4 160
ik g 4 100
100 -+ E Area lft’[ il + 200
-
20 - 57 0.034
58 - 142 0.033
143 - 220 0.032
50 -

A G HEAD FOR

—— C. M. BOX CULVERTS
SUBMERGED OUTLET CULVERT FLOWING FULL FLOWING FULL
Nomographs adapted from material furnished by CORRUGATED METAL BOTTOM

Kaiser Aluminum and Chemical Corporation
0.4 < RISE/SPAN=<0.5

Quplication ol this nomograph may distori scale
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CHART 28A

Discharge (Q) in m3/s

80
70 Culvert Area w
(m?) 3
e | T-0.2
50
40
30
11+
=t Q:!‘:'I-D“rni‘ E
2F o] e s P
15 7 z
o
i H
T
10 5T
o
8 il £
7
8
> +3
4 —
<4
o
E o
3 = 3 +5
£ Area (m?) n
-
o 3.7 - 5.2 0.034
2 5.3-11.1 0.033
1.5
o Eia e
HW =5 i HEAD FOR
— h,
Sope 5 o RymeosreA C.M. BOX CULVERTS
SUBMERGED OUTLET CULVERT FLOWING FULL FLOWING FULL..
CORRUGATED METAL BOTTOM
::i.s‘:r.:l::rnum and Chemical Corporation 0 5 < RISE/SPAN
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CHART 28B

3000
CULVERT w
AREA _T.
L_ ‘
SPAN —————= T 75
1500 + 1.0
1000 +15
900 "l'fooh. .
-+ - 0
e +100" "“‘\-ﬂlm:' We1 84— T20
~— —
700 T90 eonclt. —p T
. eoF——-Lso NeTs oy, j e
5 500 T™ %o e
e + 40 2
g i T 45 E
- -+ 50 T 5.0 F
2 300 s +e0 _
- b
£ _‘..40 T70 ®
- =
= ’ +80
200 T90
+10.0
+12.0
L]
E 14,0
-
o -+18.0
g Area (1t [ 8o
100 5 zea ( L 4200
40 - 56 0.034
57 - 120 0.033
50
wAniih .
HW 'ho_" HEAD FOR
Sione So—= VROF™T 0 M BOX CULVERTS

SUBMERGED QUTLET CULVERT FLOWING FULL

Norqagnplu idapted from matcrial furnished by
Kaiser Aluminum and Chemical Corporation

Ouplication of this nomogQraph may distort scale
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FLOWING FULL :
CORRUGATED METAL BOTTOM

0.5 < RISE/SPAN



Size (Span x Rise) of Oval Pipe in mm

- 3840 x 2440

3455 x 2195

~ 3070 x 1950
- 2880x 1830

- 2690 x 1705

- 2495 x 1585

—~ 2305 x 1465

-2110x 1340 __ —
el

-
—

= 1920 x 1220

~1730 x 1095
}- 15635 x 975

~ 1345 x 855

—1250 x 795

— 1150 x 730

— 1055 x 670

— 960 x 610

— 770 x 490

— 575 x 365

Adapted from
Bureau of Public Roads Jan.

/

Discharge (Q) in m3/s

LA LI LR LN [LELE RN LI I

1963

CHART 29A

v ) L |

—
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| R R R LR R |

[
[}

T

1Al
w O
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ooo o =
A 0 @

o
w

(=]
o

GELILE B SR UL AL LA A |

T
e
-

o
8

o
8

005
- 0.04

- 0.03

EXAMPLE

Size: 1920 mm x 1220 mm
Q=8.5 m/s

HwW
D (m}

m 28
22

23

34
27
28

* D in meters

- /
*Br_bg/

To use scale (2) or (3)
draw a straight line
through known values
of size and discharge
to intersect scale (1).
From point on scale (1)
project horizontally to
solution on either scale

(2) or (3).
HW/D ENTRANCE
SCALE TYPE

(U] Square sdge wiih

headwall

@ Groove end with
headwall

()] Groove and
projecting

B D

w1

—1.0

— 0.9

— 0.8

— 0.7

Headwater Depth in Terms of Rise (HW/D)
T

I
o
n

—0.4

HEADWATER DEPTH FOR
OVAL CONCRETE PIPE CULVERTS
LONG AXIS HORIZONTAL

WITH INLET CONTROL
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(2)
3

— 4.0 (3)

| — 4.0

— 3.0 I

- — 3.0
—— — —

— 2.0 f

® — 2.0

e s

1.0 - 1.0

— 0.9 — 0.9

— 0.8 — 0.8

0.7 —0.7

—0.6 — 0.6

—0.5 —05

—04 ‘— 0.4




151 x97

— 136 x 87

FIRIx7T

Fl3xT2
F106x 68
- 98x 63

- 91x 58

F83x53

//
<76 x 48

- 68 x 43
- 60 x 38

33 x34
— 49 x 32
- 4% x 29

42 x27

SIZE (SPAN x RISE) OF OVAL PIPE IN INCHES

-38x24

~30x19

L23xl4

—

—

BUREAU OF PUBLIC ROADS JAN. 1963

DISCHARGE (Q)IN CFS
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T
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CHART 29B

EXAMPLE
sgo:}?&: :s"
e (2)
(3)
HY ® Hw — 4.0
3] (teet) ) B — 4.0
t 2.8 1.2 40 2.0 K
(2 22 8.8 [ = 2
(3 23 92 L = E 3.0
*Din feat e =
el ooy
— r — 20
e 22T [ . %2
}?5‘"3‘ i 20 L L
25 N 1.8 I
~E r £
xr-\.5 -
= = B
w B -
To use scale (2) or(3) @0l
drow a siraight line o = -
fhrough ®nown volues w b
of size and diacharge o .0
1o intersect scale (1). S : — 1.0
From point on ucale (1) = - ~ -
project horizentally to e[ - 9 - o
solution on sither scole wi g $
() or (3), B s E
z
iy —.8 — .8
T8
- b (£
=-.l -
(=1 =T s
— .7
x : f
Hw /D ENTRANCE el
SCALE TYPE 2 = — 6 .6
— .6
i Square edge with 5
headwall x| = 5
2) Groove end wilh
heodwoll — .5 — 5
3 Grove end —=.B
projecting
[ T i R =

)]

HEADWATER DEPTH FOR
OVAL CONCRETE PIPE CULVERTS
LONG AXIS HORIZONTAL
WITH INLET CONTROL
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— 2440 x 3840

2195 x 3455

1950 x 3070
1830 x 2880

— 1705 x 2690

1585 x 2495

1465 x 2305

— 1340x 2110

1220 x 1920

- T
1095 x 1730 =

-

L
/'
l="975 x 1535

— 855 x 1345
— 795 x 1250
— 730 x 1150

— 675 x 1050

Size (Span x Rise) of Oval Pipe in mm

— 600 x 950

— 475 x 750

L 350 x 575

Adapted from
Bureau of Public Roads Jan. 1963

CHART 30A

\

Discharge (Q) in m3/s

£ 200
T 100 EXAMPLE
E 80 Silze: 975 mm x 1535 mm
Q=5.7 m3/s
—
- 60 Y
= 90 D (m)
— 40 )] 26 40
© 20 a0
30 @) 21 az
[ * D in meters
= 20
:_ / -1
C & -
il o
—~ 8 Lt
— i —_
=6
— 5 To use scale (2) or (3)
— 4 draw straight line
- through known values
e of size and discharge
o to intersect scale (1).
"_'_ From point on scale (1)
E 2 project horizontally to
=& solution on either scals
E (2) or (3).
=
08 Hwp ENTRANCE
SCALE TYPE
— 06
— 0.5 ™ Square sdge with
—04 haadwall
i @) Groove end with
= 03 haadwall
r @ Groove end
- projecting
£ 02
- 01 s
— 0.08
— 0.06
— 0.05
— 0.04
— 0.03

\

Headwater Depth in Terms of Rise ( HW/D )

(1
—6
-5

=4

=

— 1.0

— 0.9

— 0.8

— 0.7

— 0.5

— 0.4

HEADWATER DEPTH FOR
OVAL CONCRETE PIPE CULVERTS
LONG AXIS VERTICAL
WITH INLET CONTROL
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2
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—6

=
-5 3
L L5
=4 B
L —4
3 C
L 3
_—'2 i B 2
L 1.5 s
—1.0 — 1.0
— 0.9 - 0.9
— 0.8 0.8
— 0.7 — 0.7
L 0.6 0.6
L L
- 0.5 — 0.5
L 0.4 L 0.4




97 1181

[~ a87al138

= 77Tri21
~72x113
— 68 x 108

- 63x 98

—58x 91
- 33283

~ 48x 76

- 43 68 Lt

//
-

<38 x 60

— 34 x 53
—32x49
—=29x45%

—2Tx 42

—SIZE (SPAN x RISE) OF OVAL PIPE IN INGHES

—24x38

19230

— 14223

BUREAU OF PUBLIC ROADS JAN. 1943

DISCHARGE (Q) IN CFS \

CHART 30B

5000

400

0 EXAMPLE

3000 Size: 38”1 80"

Q=200 cfy

2000 [
BT

1)) 2.8 13.0
{2) 2.0 1.0

1000 (5] 2.1 10.8

800
€00
500
400

100
8o

60
50

40
10

20

o a2 00 O

* 0 in feat

Te use scole () or (3)
drow a siralght [ing
through known values
of siza and discherge
to infersec! ascoie (1),
From point on acale (1)
project herizomraily 1o
solution on either scole
(Z)er(d).

HW A ENTRANCE
SCALE TYPE
{1 Squars sdge with
headwoll
(2) Groove end with
headwall

()] Groove end
projecting

n
At

HEADWATER DEPTH FOR
OVAL CONCRETE PIPE CULVERTS
LONG AXIS VERTICAL
WITH INLET CONTROL

283

(3)
- 6 —5
m Es
! s
8 -4 -
-8 E :—4
= S €
Fs | g
P i g o e T
[ - Y
bz f -
= L s
- I
o5 | X
'- =
L L
ot - b
2F
[ — 1.0 ~1.0
gruo b r
- - 9 ~ .9
ELe | s
x|
—.8 .8
aF®
& [ |
°r 7 7
&7 _' .-
E-
4 -8
<F® &
w
¥l i i
L s s o
- 4 L".‘ — 4



CHART 31A

1:2

1.0
08 4=

a

/

0.6

Critical Depth-dc (m)

Critical Depth-dc (m)

0.4

7

0.2

|
1345 mm x 855 mm

1150 mm'x 730 mm

575 mm XLBS mm

N
N\

1730 mm x 1095 mm

dc CANNOT EXCEED TOP OF PIPE

2.0

I
1

3

T

4

Discharge-Q (m%s)

(&)}

1.8

\

1.6

-

e
//

14

1.2

1.0

0.8

0.6

0.4

1535 mm x 975 mm

dc CANNOT EXCEED TOP OF PIPE

0.2
0

10

20

15

25

30

Discharge-Q (m¥s)

Adapted from Bureau of Public Roads

Critical Depth-Oval Concrete Pipe
Long Axis Horizontal
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34

3.0

2.0

o

-]

CRITICAL DEPTH - d.-FEET

BUREAU OF PUBLIC ROADS
JAN. 1964

DISCHARGE-Q -CFS
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CRITICAL DEPTH

CHART 31B
//
—T
—
A
" A
L~ l/
i /
L
2 il
. //
/// dc CANNOT EXCEED TOP OF PIPE
s
Y,
Y, /74
éﬁa’:ﬂ'
1
53 534"
45%29"
"x 29
|
"x14"
0 20 40 60 8o 100 120 140 160 180 200
DISCHARGE- Q-CFS
/\-—/—/
"] i
> el i
e ,"/
AR
// r//
p 2 | |
7 77 de CANNOT EXCEED TOP OF PIPE
%%
=
e
V = 15/%9
121"77
7 IOS':QB'
9!_": 58"
76"x 8'5.1135'
o 100 200 300 400 500 600 T00 800 S00 1000

OVAL CONCRETE PIPE
LONG AXIS HORIZONTAL



CHART 32A

1.6
1.5 :
1.4 =
1.3 e
1.2 //
1.4 ///
. 1.0 ///
‘E—’ 0.9 //
p 0.8 A
8 0.7 /:////
5 Y /74
S os |
0.4 095 mm x 1730 mm
0.3 855 Imm x 1345 m:'n
Sk d ::“m“:]:’;;f::i_ dc CANNOT EXCEED TOP OF PIPE |
01 385 mm x 575 mm l |
0 [ 2 | 4 I 6
1 3 5
Discharge-Q (m¥s)
3.0
2.8
26 o
24 i1
2.2 = i
2.0 A,{/
b = - Y
o 1.2 /V,//
% 5 //{/’/ 2440 mm x 3840 mm
0.8 /// 1850 mm x 3|070 mm
/‘f 1705 mm x 2690 mm
0.6 "Luss mm x 2305 mm
0.4 | 120mmx120mml .. CANNOT EXCEED TOP OF PIPE
g 975 mrnxl( 1535 mm \ . ;
0 | 10 | 20 I 30

5 ¢ 25
Discharge-Q (m?3/s)

Adapted from Bureau of Public Roads

Critical Depth-Oval Concrete Pipe
Long Axis Vertical

286



CHART 32B
5 o
"
"
4 ’f//
/pé//‘
-
L]
3
/
2 A //
Z dc CANNOT EXGEED TOP OF PIPE
38,55
AT
! 24% 38"
o 14%23"
w
& o
0o 20 40 80 80 100 120 140 160 180 200
° DISCHARGE-Q-CFS
i
w
Q
-
=
Q
Eio
[+ 4
0 " —
8 —r __-//
L—T
//6/ =]
2/ —
6 %, -
1
Z=
4 < e
& E97% I51°
///ﬁm. i dc CANNOT EXCEED TOP OF PIPE
/ 68"x106"
W R
£ 138"260°
0
o 100 200 300 400 500

BUREAU OF PUBLIC ROADS
JAN. 1964

600 700 800 900 1000

DISCHARGE- Q- CFS
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CRITICAL DEPTH
OVAL CONCRETE PIPE
LONG AXIS VERTICAL
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Discharge (Q) in m3/s

AJPLER 0y [ g ) |

T
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0.8
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LI B e |
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Adapted from

Size (SPAN x RISE) of PIPE-ARCH in mm

Bureau of Public Roads Jan. 1963

CHART 33A

(1]
=
-1
2 ~0.1
E =
k= L
SUBMERGED OUTLET CULVERT FLOWING FULL "
—~ 3840x2440 L
For outlet crown not submerged, compute HW by [
| 3455x2195 methods described In the design procedure. o2
L so70x 1950 L
| 2880x 1830 r
| 2690x 1705 L o3
| 2495x 1585 §
. 2305x 1485 [ 0.4
L 2110x 1340
0.5
I 1920x 1220 L
0.8
. 1730x 1095
E [ov
=3
| 1535x975 = OB
-"‘-n.._. fizecd —
134h5b \:E 0.9
- x -
-_ = L 1
| T%50x 795 =
)
L 1150x 730 [
- 1085 x870 ._1'5
| 980 x 810 5
- -2
e SN =) I
- 770 x 490 Y
Note: L
-4
Dimensions on size scale are L
[T Fordered‘lor long axis horizontal | 5
installation. They should be |
reversed for long axis vertical. | &
b 7
[ 8
9
C 10

HEAD FOR
OVAL CONCRETE PIPE CULVERTS
LONG AXIS HORIZONTAL OR VERTICAL
FLOWING FULL
n=0.0I2
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DISCHARGE (Q) IN CFS

BUREAU

- 2000

L ol LT L

T
@
Q
o

600
500

) LI B |

400

- 300

- 200

SIZE (SPAN x RISE) IN INGHES

TURNING

riSlx97

F 136 0BT

FI121x7T
FI13xT2
106 x 68
F98x63
-9ix 58
- 83x53

- T6n 48

- 68x 43

-~ 60x38
..-"‘-_

S
- 53:3—4‘_‘>
- 89x32
- 45x 29
Frazz2v

F38x24

r30x19

L23x14

CHART 33B

LINE

Slope Sg—»
SUBMERGED OUTLET CULVERT FLOWING FULL

For oullel crown not submarged, compute HW by
maihods describad in the design procedurs

HEAD FOR
OVAL CONCRETE PIPE CULVERTS

15

- 0.4

- 0.5

-0.6
0.7

~0.8

—0.9
- 1.0

fe
WL
u‘ =
= s
} L
27 3%
< ® =r
z o
[ 4
-3
NOTE :—6
Dimensions on size scale ore T~ |
ordered for long oxis horizonial e e
installotion. They should be [ g
reversed for leng ozis vertical. L
k-]
~10
L
L 20

LONG AXIS HORIZONTAL OR VERTICAL

OF PUBLIC ROADS JAN. 1963

FLOWING FULL
n=0.012
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CHART 34A

F 200
- 5050 x 3070 | (m
[ - 100 4
[ 4670 x 2820 [ 80 EXAMPLE I {_23 3)
Size: 885 mm x 610 mm
L ) L 4
ot - 3910 x 2540 f gg Q=0.57 m¥s L i
5= : B Y W [ 2 r
20 ¥ 40 o (m) i - -3
'5% - 3480 x 2210 L 20 a 110 o8t L -
E Y § 2 115 o84 -2 £
3% 5 L L
£S5 [ 2900x 1960 F 20 i Sens - e, o r 7 S
£ F * D in maters I -2
~ 2 [ - :
$ 3 [ 2490x1750 : ETI | i
- - 10 " [ P
E - 1.5
el L 8 Ik 1.5
E [ 2130 x 1550 - i L
=3 [ 6 I I
—L 5 1850 x 1400 5 /-—__.'...__._
< e e "
1 L
o 2F ~ e p L
- St 18oox1200 f 3 o 21 51
a =k o % e T L 1.0
— L % [v 2 =
Stie20x1100  Zf 2 i = Mt
» St = H F - 0.9
¥ | 1440 x 970 ) e & 08 |og
x il 2 5
= =k b ~ w [ L -0.8
r 08
@ [ 1240 x 840 aF .~ § Eorensdaory F
5 06 L,
N “Fos S B o7
©“ L 1080 x 740 // L 04 % SCALE EN%ECE £ g
1 - ) Headwall % ~ 0.6 0.6
E’ = 03 @ Miterad to conform e [ 0.6
3 // : te slope 3 '
(_'!3 - 885x 610 - 02 @ Projecting g |
© b © L
2 o
& =" 05 Los
] L act TE 2
- 710x 510 S et i e
: 0.08 use straight inclined line through
D and Q scales, or reverse as E L +
r 610x 460 - 0.06 Mustrated.
- 0.05
- 0.04
L - 0.4 e 0.4
- 530 x 380 ~ 0.03 ey :
- 0.02 095
£+ La3oxaso % Ligas '
" Additional sizes not dimensioned are HEADWATER DEPTH FOR
listed in fabricator's catalo
9 C. M. PIPE-ARCH CULVERTS
g::f::uu;rg:"bllc Roads Jan. 1963 WIT H | N LE T CONT Ro L
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CHART 34B (3

- 5,000
i e 168'=7"210"=|" - 4,000 (M
b - 4
F15'-4"x 9'-3" - 3,000 EXAMPLE (@) ——
F 3 — 4 (3)
Sizer 38°x 22 L 5 | - &
. Breeore-ar €, 000 et oals L
8 r - Hw T uw 7 -3
EE . 1'-5"x 7'-3° J ifsen) § i -3
L 11-5x 7' Iy L L
:E : o '.ooo [{}) .10 2.0 -
& _ - (] 118 N -2
§a‘ [ fae0 IR S ; I
= - 9'-6"x 6'-5° y L
g s F 600 *D In test [ F $ *
ig - 500 1 [
@ - 8'-2"x58'-9° L 400 ol L L
E 300 s B
- 70" x 51" [
I - 200 I
L T le-rraa-r z s Eman
g =
S Lo
_w 4 . v | o0 < K - 1.0
o - 72°x 44 w Z< = !
o ©1 8o x| - 1LO
(' . 0} E - “\}/ = . - .9 2
o i 5teo o vt !
= ” - 9
W =t 50 7 3 3
" w o« (]
v | s x3e* ] - w - .8
F 40
@ 4 P (=}
- il - "I A
z | sf*@ -~ 2
< | 80°x 31" 2] - w7 - .7
) e %0 e !
4 e HW ENTRANGE z T
NLasaere b AALE TYPE x
@ = - =
~ ] Headwall o | .6
- L 1o w - .6
= G r @) Miterad to conform o L &
p L// L @ e slepe [
[TV ]
o 36"z 22" - (3 Projacting : F
g » 2
- <L 8
= - 4 w ) L .8
Y g To use scale () or (3) project
- 29°x18 L 3 horizentally te scelu (I}, then
uss strolght Inciined lne throwgh
D ond Q scolen, or reverss as & 3 g
- 25" x |16"* - 2 ilvstreted.
- .4 - - .4
22 ni3® L 1.0 i~—l—-= s
- '.
E L .38
= L .38 ’
B [ L 18" xi1* L : |‘ .35
¥ ADDITIONAL SIZES NOT DIMENSIONED ARE HEADWATER DEPTH FOR
LISTED IN FABRICATOR'S CATALOG C. M. PIPE-ARCH CULVERTS
BUREAU OF PUBLIC ROADS JAN. 1963 W|TH INLET CONT ROL
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Pipe-Arch Size-Span x Rise (D) mm

Additional Sizes Indicated Are

CHART 35A

EXAMPLE

Size: 3.93 x2.53 Q=28 m¥Ys
TYPE OF INLET

Listed in Manufacturer Catalog

HEADWELL ] 90° HEADWALL:
P RO T v TBEvED] 33.7° X 0.100 BEVEL
HW/D 1.42 127 1.17 NO BEVEL.
HW(m) 3.80 3.20 | 298 PROJECTING \ :
= 180 \l I
- 5060 x 3080 ¥ o [ 30 F ¥
[ - 100 R0 49 5o
—~ 4660 x 2800 zao _40 - r
[ :_ a E = 30 L
“ — 80 —_— - = -
L B —30 |
= = 50 % : - : 20
[~ 3830 x 2530 E 40 @ - L —2a0 [
L — s, - ] = — B
5 — : © |20 [ [ 4
i — = TE*E 15
I - ~EXamp = —1.5
— 3470 x 2190 ek \LF\ ::_ E £ &
- ﬁE‘ 20 "‘: R o8, S S
- £ s S8 e 8 L1}
B N s L )
L 2000 x 1950 <k s | 10
" s Lo z —1o | o
L o g O oo *
[L s B = —0.9
— 2470 x 1770 o s F —0.9 0.8
[ i = —Q8
if [ 3 |-oe -
@ -
8 [~ 4 [ —0.7
B T
— 2130 x 1550 - 3 Bad
- - o6 08
= —2 -0.86
- 1880 x 1400 -
:_ L o8 —-08
— r —0.B
— 1

ol N
.r_
No Bevel
HEADWATER DEPTH FOR INLET CONTROL
STRUCTURAL PLATE PIPE-ARCH CULVERTS
Adapted from 457 mm RADIUS CORNER PLATE
Bureau of Public Roads Office of R&AD PROJECTING OR HEADWALL INLET
July 1868

HEADWALL WITH OR WITHOUT EDGE BEVEL
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CHART 35B

EXAMPLE
SIZE 129'x8.3' Q=1000 CFS TYPE OF INLET
90° HEADWALL |
PROVECTHERDIRLL 33.7°x 0.100 BEVEL
T4 BT TR R A ‘W“ NO BEVEL \
HWF| 1.8 [10.5 |97 PROJECTING !
L 5000 o o
- 16,6 x 10,1 - a0 [ C
E 4000 C a
o FE0 E 30 F 0
[ 153x9.2 L 3000 i -
: : g oo E9e
i L 2000 LBt -
B E = = & £
o ; z -F o 2.0
'-IIZ;E_:_B.3 :—ESOD # L r—Z.O :
5 ""-_.._.\ : E | : r
L t o B = —20 [ i
O e EE Lol
e a = ~5) o 5
-haxtz o <% 800 --*lﬁ_l.hs\ < =
28 = 5 Lis
- Zla » [T00 ~S _ | i B
- T Ew w [go0 o T~ F— —— —
; o o i E i = 4
<8¢ w 500 A
L Y gL > [ 0
~95x64 1+ AL & -400 z +
B WS < 1.0
L N n= x E o5
: @93 S | s00 £ 3o |
B = 5 & 0.9
& 3 = i & 3. -
—8.1x58 f:a L 200 E A a8 i
- WA - L =
2 95 E a 0.8
3 < - 07
. ; w 07
- 0.7
TOx 5.1 | 100 _ -
B ~30 L
80 —0.8
B —70 0.8
-6.1x46  Eheswcuen 80
: -850 Los ~08
o Los

PROJECTING INLET
WITH PARTIAL HEADWALL FOR ANCHORAGE

DJ; 2.
o

0.18

woseee  “nreseve. HEADWATER DEPTH FOR INLET CONTROL
MeADwaLL NLETS  STRUCTURAL PLATE PIPE- ARCH CULVERTS

BUREAU OF PUBLIC ROADS 18-IN. RADIUS CORNER PLATE

L DRCGN PROJECTING OR HEADWALL INLET

HEADWALL WITH OR WITHOUT EDGE BEVEL
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Pipe-Arch Size-Span x Rise (D) mm

Additional Sizes Indicated Are

CHART 36A

EXAMPLE
Size: 5310x3510 mm Q=70.8 m¥s

HEADWELL
NO BEV] BEVEL
1.45 1.32
5.09 4,83

l PROJECT

HW/D 1.64
HW(m) | 5.75

8270 x 4010
8070 x 3910

5870 x 3780

\

-

a—
—

———
- 5310 x 3510

- 4830 x 3250

Discharge (Q) in m3/s \

- 4380 x 3050

Listed in Manufacturer Catalog

- 4040 x 2840

No Bevel

Headwall Inlets
Adapted from
Buresu of Public Roads Offics of R&D
July 1988

33.7" Bevel

Y

HEADWATER DEPTH FOR INLET CONTROL
STRUCTURAL PLATE PIPE-ARCH CULVERTS

TYPE OF INLET
90" HEADWALL
33.7° X 0.10 D BEVEL
NOBEVEL “~3.0
PROJECTING —3.8
T %40 | L
B —3.0 [
= 200 - 30 L - 20
-_ 150 [~ _—ZO -
i 3 F .
B o ~20
i = I - 1.5
_ 2 [ -
ghLC E__’:_..._..:_'__..
3 et [ oI
80 — ol L
e
B £ B
e E = -
— 60 < |
I k] ¥ =
el G Bl 1.0
E ~ L0
- 40 s - 09
- kLo
C £ — 0.9
- £
— 30 - -
B a Q9 | — 0.8
e (=] - 08
@
= - - 0.8
- 20 g — 07
r B ~ Q7
L o
T I Q7
r - 0.6
B — 08
E 10 - 08
GE T
— 05

787 mm RADIUS CORNER PLATE
PROJECTING OR HEADWALL INLET

HEADWALL WITH OR WITHOUT EDGE BEVEL
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CHART 36B Q

EXAMPLE
SIZE 17.4"211.5" Q= 2500CFS ;;f:EgS\J:LET
L
HEADWALL
l’RWEC- 33.7°x 0.10D BEVEL
0 BEV] BEY 5§ AN
HW /D] 164 | 145 | 132 NO BEVEL _3m [ 3.0
HwFT[189 |67 [ 152 PROJECTNG—\_ 40 - ’ B
kx|
30 ¢ - 2.0
~ 6500 N C
t 6000 L
I - 20 [
- 5000 [ i
s - 20 | L 1.5
- 20,6 x13.2 - 4000 z ¥ s F
l 9.9x 2.9 . bl Oy e g
L €. i
e 3000  gxpwEE /:,— 1.5 i
| ol = — -
L 19.3x123 & & L — 5 &
-: = —-’""‘ @ I -
a - // I 3
— L 2000 & i
— g P s A - 1.0
-7 A% 118 EE§ ik z | 6
o | - P .
miq o - 1500 o
: o g '{"9" L - —09
a<a et = - 1.0
Hz° <l = - 0.9
@0 T -
F15.8x107 1Ay o
HH‘Z ‘U-':l’._moo a:l - Q9 ~ 0.8
=2 =T o
B o S [ 900 ~ 0.8
r Q - [+ 4
gst = 0ER E o8
FKaxi00 23 ey < S
! = I (=] i
w = ¥ q 07
Qv 600 w
a== - * Lo
L 13.3x 94 500
r ~ 0.6
06
- 06
o8
PROJECTING INLET ()
WITH PARTIAL HEADWALL FOR ANCHORAGE L 05

=

N rowaLL o™ HEADWATER DEPTH FOR INLET CONTROL
STRUCTURAL PLATE PIPE-ARCH CULVERTS
BUREAV OF PUBLIC ROADS 31-IN.RADIUS CORNER PLATE
T PROJECTING OR HEADWALL INLET
HEADWALL WITH OR WITHOUT EDGE BEVEL
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CHART 37A

0.7
0.6 =
L1 1
0.5 — /,/
E e
= ~
o 0.4 ,/
= P
3
8 %
I os AL
3 / Z/
0.2 /,A 1060 mm x 740 mm.
| I
// 885 mm x610mm) 40 CANNOT EXCEED TOP OF PIPE
/ 710 mm x 510 mm
0.1 610=mmlx 46? mm . | I | ! |
0 02 | 04 [ 08 | 0 1.2 | 149 1is
1] 03 3§05 07

8 1
09 e 1.3 1.5 1.7
Discharge-Q (m%s)

0.

1.2

1.1

1.0

0.9

0.8
0.7 P

E 06 y//
o
E 0.5 //,//‘
g 7/
a 0.4 V7
3 74
b=} 0.3 4 1800 mm x 1200 mm
O - 1620 mm x'1100 mm
0.2 1440 mm x 970 mm
: 1240 mm x 840 mm

1060 mm x 740 mm
0.1

dc CANNOT EXCEED TOP OF PIPE |
0 ! ] ] |

| 4 | 6
1 3 5 7

Discharge-Q (m?s)

o
(%)

Adapted from Bureau of Public Roads

Critical Depth-Standard C.M. Pipe
Arch
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CRITICAL DEPTH -d_-FEET

CRITICAL DEPTH -d - FEET

2.0

o8

06

0.4

34
32
30
28
26
24
2.2
2.0
1.8
1.6
1.4
1.2
Lo
o.e

CHART 37B O

—— ’-
FIZ
AT
T
4
P
P //
>
. /j
/]
»
,«/ y de GANNOT EXGEED TOP OF PI
v d4a
/i r/,/
/0 43x27"
Lﬁ'-zr
29%18°
25"% 16" |
) 10 20 30 40 50 60
DISCHARGE-Q- GFS
-
/
/
fl/
~
//1’4
7 //4
Al/ A
Y AA dc CANNOT EXCEED TOP OF PIPE
Y7/
), /4
72" 44"
65" x 40"
8 x 36
?’: BI:
3 x#'r

0.6

20 40 60 80 100 120 140 160 180 200 220 24C
DISCHARGE-Q-CFS

BUREAU OF PUBLIC ROADS

JAN. 1964 CRITICAL DEPTH
STANDARD C.M. PIPE-ARCH
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1.6

CHART 38A

1.5

1.4

1.3

T2

1.1
1.0
0.9
0.8

Critical Depth-dc (m)

0.7
06
0.5
0.4

3.0
28
26
2.4
2:2
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

Critical Depth-dc (m)

Adapted from Bureau of Public Roads ~ Critical Depth-Structural Plate C.M. Pipe

= |
,//; //
e L
A
/,f// A
».: ///,/
A
// vdvd
= //,/
) /4*
//‘// 2900 mm x 1960 mm
DRI,
3730 mim x 1550 mm | — OC CANNOT EXCEED TOP OF PIPE
P Pid Plarld Pl D LT R es KEy
Discharge-Q (m%s)
/:/
//
_ﬂmmnxzmt)mm/;f;—//
e
A v mm X mim
A%A m?oz:imzoﬂo
y il
- )
9.1Dmmx2..:40mrr-
2900 mm x 1960 mm
dc CANNOT EXCEED TOP OF PIPE 1
: 10 w i 40 e 60 1,

Discharge-Q (m?s)

Arch, 457 mm Corner Radius
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CRITICAL DEPTH-dsFEET

CRITICAL DEPTH-d FEET

CHART 38B Q

8
=T
T | A H
= < il
AT ]
4 ]
il // .
g / 4
o '//
v A
3 ; //
/ ’/
PP de CANNOT EXCEED TOP OF PIPE
//' /’/’r
F9-6'x6-5"
2 v fzo'a-g'.l‘;rs'_
5"|.l4‘?'
'0 100 200 300 400 $00 600
DISCHARGE-Q-CFS
: o
8 (d
— |~
== T
7 ]
/' g
///,‘d/
e
; V44
// 4 //
’ A
N A
s 16'-7"x 10" 1" de CANNOT EXCEED TOP OF PIPE
3 RO
- 5:'9;5_83': G
5-6"x6-5" l
2 L ! 1

o 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
DISCHARGE-Q-CFS

BUREAU OF PUBLIC ROADS

CRITICAL DEPTH
b STRUCTURAL PLATE

C.M. PIPE-ARCH

18 INCH CORNER RADIUS
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Y
o

SLE LR AL
ah o

[ 1.5

=1

Discharge (Q) in m3/s

o8

Adapted from

- Q=1.18 m3;g
—

in mm

l

Size (SPAN x RISE) of Pipe-Arch

TURNING

— 1800 x 1200

- 1820 x 1100

|— 1440 x 70
=24
— 1240 x 840

— 1080 x 740

— 885x 6810

— 710x 510

- 810x 480

Bursau of Public Roads Jan. 1983

CHART 39A

LINE

—
SUBMERGED OUTLET CULVERT FLOWING FULL

For outlet crown not submerged, compute HW by
methods described in the design procedure,

o
=3

o
-y
o

o
(¥

o
@

|lll1]lll||l|l||||]1—]

o

Head (H) inm
E-y

-
4]

N

w

B

[
a

HEAD FOR
STANDARD C.M. PIPE-ARCH CULVERTS
FLOWING FULL
n = 0.024
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— 300

DISCHARGE (Q) IN CFS

BUREAU OF PUBLIC ROADS JAN, 1983

— 72" X 44"
65" X 40"

58" x36"
.Izt\

- s0'x3)"

— 43" X27"

—36'X22"

SIZE (SPAN X RISE) OF PIPE-ARCH

—29'x18"

— 25" X1 6"

" TURNING

CHART 39B

H
[
hg

Slops Sg—s

o TS

SUBMERGED OQUTLET CULVERT FLOWING FULL

For oullet crown not submerged, compute HW by

LINE

oy

E

e >~

HEAD FOR

methods describad in the design procedurs

HEAD (H) IN FEET

©

1.0

~n

&

STANDARD G M. PIPE-ARCH CULVERTS
FLOWING FULL

n=0.024
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Adapted from
Bursau of Publlc Roads Jan. 1983

— 100
- B0
— 80
- 70
— 60
C
- 40
C 5050 x 3070
39 "
E E:-mc)xzazo
L) E[
Lo T 3 a
e f =
— 20 - 3910 x 2450
£r 1
~ L L
St o
- 15 ar
y i |- 3480x2210
or =f
a F oL
G wr
a L ol
o Ko m_—mormao
- x
— 8 z"
e Rk
- 24001750
— 7
- ar > 7
— 8 w
- 40:1550
C 5 -
F 4 L 1850 x 1400
C <
A z
- F4
=3 ‘é
-2
L 1

LINE

CHART 40A

lope S, -M, =
SUBMERGED OUTLET CULVERT FLOWING FULL
For outlet crown not submerged, compute HW by
methods described in the design procedure.
4.
] wq E
£ E
o 5
o of
£ =
2
o -
‘s s
R T
o«
®
e
0
2%
2=
EXAMPLE e
Q=17 ms
Size n
1850x 1400  0.0327
2490x1750  0.0321
3480x2210 0.0318
S050x3070 0.0308
HEAD FOR

STRUCTURAL PLATE
CORRUGATED METAL
PIPE ARCH CULVERTS

457 mm CORNER RADIUS
FLOWING FULL
n=0.0327 TO 0.0306
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CHART 40B (3

B A R —
~ 3000 ; :"
b Hw . —
E » o
= -
E mb' Siopy S5 s e A
SUBMERGED OUTLET CULVERT FLOWING FULL
E— 2000
r For outle! crown nol submerged, compute HW by F ;
e methods described in the design procedure
4 - 16.6%10.} -
— 1000 F -t
o C1s3x 9.2 & Lo d
& - F W L
et 1 2|
g L Ei2ex 83 T F
= £ af
-~ 600 x | =F 3
o o r Tl
w @ + E
OLgoo < -IlLex T.2 o
| o b
= i -
: & . - &
O 400 & [ ‘ ok
§ C § C 95x 6.4 “./ F 2
N [ B s
§ - 300 2 | 19/ 400 |
@ F : L s2x 8.8 EXAMPLE — 8
o | ————— ——= . crFs 3
e g I E &
- 200 = 4: 5.1 C
F N ~ 9
L @ [ ~ 10
- —
- 61x 4.6 Size n b=
61146 00327 i
e 8.1x%8 0.032 i
i H 14272 00318 |
F g5 166101  0.0306 gk
— 100 5 L
r F
— 20
HEAD FOR
STRUCTURAL PLATE
CORRUGATED METAL
| o PIPE ARCH CULVERTS

I8 IN. CORNER RADIUS
FLOWING FULL
n=0.0327 TO 0.0306

BUREAU OF PUBLIC ROADS JAN. 1963

303



CHART 41A

Entrance Conditions

(2) 90° headwall
{4) Mitered to embankment

(2)
T 50
(5) Thin wall projecting corrugated metal +
-t 4.0
Fao
T
-+ 20
T18
T 186
~ 414
a 1
<
r +12
— .___'"__h 2y E .
B E ::1.0
o ~|——
e 5
Example = AL
'y
A= 113 m? -+ 0.8
Q= 28.7 mis E 18
o2
e g w g +o07
(2 0.93 2.25 g <L
(4) o0.98 2.20 T
& 103 248 5 B
T 0.5
8
<04
I i
SPAM ]
<03
HEADWATER DEPTH

30 T 300
28 +
26 +
24 + s
22 1 150
20 T
18 Sl 138
16 B0
1= 70
14 :-' 80
ey 50
+~ L 40
—
5 30
9 »
-+ )
8+ E 20
+ E
o il =z
£ 7 5 g 15
|-
= =1 o
s SF g A0
g - e
< T %] 8
= + N7
& I o g
< Z 3-_ 5
E 4
i 3
3 —
1 2
F 15
) 1
3 09
08
s 07
06
i 05
i i 04
03
1 R by
09—

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation

i i rdreattl 1 1
L

410

NN S O T O O O T O |
5 i TR AR 13

«

(-]

]
i

L
o

[
T

T 18
-+ 1_6

-1+05

FOR C. M. ARCH CULVERTS
0.3 <RISE/SPAN < 0.4
WITH INLET CONTROL
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CHART 41B Q

Entrance Conditions (2) (4) (5)
(2} 20° headwall,
(49 Mitered o embankment. 50 1o | 6.0
=+ L
Thin wall projecting corrugated melal. -+ T
(] projecting 9 Fao $50 5o
10,000 -+ i1 T
9000 i 2 -+ 4.0 a: 4.0
8000 T 3.0 :: B
260 7000 e s F
+ RE
240 Aolen g +-3.0 j_ 3.o
220 5000 -+ L 5
4000 Al i il
200 3 ol T
180 3000 :: 1.8 =4 i e
o 420 4
160 B + 18
2000 - | -E 18 T
140 o - T 1.6
w 14 L 16 <+
1500 - 1.4
120 +—~ e r Tt
i = + 1.4
) 31
106072 £ Tl
® 100 200 TR Eaivee - T1.2 12
2 800 e T
= o —_— @ 4+ 10
e 700 S ____é"‘ i +1.0 =+
] 2 ey M e TR
a- 80 = 600 = -1__ 9 4110
] c 500 Example e L T2 <+
e 0 " £ -+ 9
L 5 o A= 122211 a +.8 5 P
3 60 e 0= 1014 ¢is Sl 1l P -
2 @ 300 [ 8
= g‘ Entrance HW HW = + .7 o ’
S 50 = s Type D 11t ; N
= H (2) 0.93 7.97 'g + g -
S ) 0.95 7.52 @ b :
40 o T 1 s
(5) 1.03  B8.16 7
+ .6
100 T T -8
90
80 AL i it =+
30 70 .8
60 -+ .5 <+ .5
50 0 I
40 ~+
P 4
20 20 j_ <+ .4
l + .4
SPAN -——-I + .4
20 A
=+ .3
10 HEADWATER DEPTH
10 FOR C.M.ARCH CULVERTS
Duplication ol this nemograph may distort scale o' 3 s RI sE /SPAN < 0.4
Nomographs adapted from material furnished by VIITH 'NLET c°N TR oL

Kaiser Aluminum and Chemical Corporation
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CHART 42A

50 —
46 + Entrance Conditions
P (2) 90° headwall 2 @ 5
1G (4) Mitered to embankment T s
38 T (5) Thin wall projecting corrugated metal Shdo EAE T30
341 AL ¥ e
T 300 + T4 20
301 —+30 -+ 4
= - S S
28T 200 o +30 430
24 1+ —_— :g—,a _Ea.(ampla T :: T
221 et e TR . 5
201 i I 1 05
A1 100 -+ 1.8 —+-2.0
18 T 90 -+ 420 <
-+ 80 4+ 1.8 =+ E 1.8
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EXAMPL

Example:
Rise (D) = 1755 mm

Span (B) = 4875 mm
Area (A)=6.2m?

Flow (Q) = 11.33 m¥/s
RiseInSfan = 1755/4875 = 0.36

05
Q/AD = 11.33/(6.2)(1.755) =1.38
do/D =047
dc = (0.47)(1755) = 825 mm

1 2

05 1.5 25 35 45
a/As®

Dimensionless Critical Depth Chart
for Corrugated Metal Arch Culverts
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FLOW (Q) = 400 f1 ¥s

RISE/SPAN= B.78/16 = .38

a/ap %400/(86.8)(5.78)°3
2.8

1“7-- 47

9. =(.47)(8.78) = 2,7 #¢

/

E[X|AM[P|LI|E

DIMENSIONLESS CRITICAL

DEPTH CHART FOR CORRU -

GATED METAL ARCH CULVERTS
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Discharge (Q) in m3/s
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3.0
2.8
26
24
22
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

CHART 52A

I
lfhin Edge Projecting

quare Edge
ratl/

=S
\\i\
B

/ // Beveled Edge

0 1 2 3 4 5

0.5

Q/AD

Inlet Control-Headwater Depth for High and Low Profile
Structural Plate Corrugated Metal Arch

(SI Units)
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( English Units)

CHART 52B




dc/D

CHART 53A
1.0
0.9
//
0.8 / /
0.7 pd
Pa
e iy
A
0.6 //
//
0.5 //
4
/ Example:
0.4 Rise (D) = 3.96 m
/ Span (B)=6.12m

Area (A) = 18.75 m?

Flow (Q) = 59.47 m*
0.3 Q/AD™* = 59.47/(18.75)(3.96)"°

/ =1.59

dc/D =0.65
0.2 / dc=0.65(3.96) =257 m
0.1

0 0.5 1 1.5 2 25 3 3.5

Dimensionless Critical Depth Chart for Structural Plate
Ellipse Long Axis Horizontal
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CHART 53B
9 L
{/
8
5 i
//]
’/
e
7 /]
/]
6 pd }
& ( } EXAMPLE :
RISE (D) = 13 14
i SPAN (B) = 201t lin
.5 £ AREA (A)= 201.8 112
FLOW (Q) = 2100 ft s
%ﬁ_ 7 t Q/AD = 2100/(201.8X13.0)"
{/ l =29
.4 A — | d
T = s .85
" )
af]
4 = | 4. = (.68)(I13) = 8.5 1
/ <,
3 i | |
wf |
l
/ y
|
2 1/ 1
1
T
|
i
iy !
| DIMENSIONLESS CRITICAL
| DEPTH CHART,STRUCTURAL
H PLATE ELLIPSE LONG AXIS
! HORIZONTAL
0 1 5 (8
(o] 1.0 2.0 3.0 4.0 5.0 6.0 7.0
/A D05



HWI/D

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

CHART 54A

High-Profile Arch Rise/Span > 0.56
T /
High-Profile Arch Rise/Span < 0.55// Lok-Brofie Arch
///
/. .
Example:
Rise (D) = 4040 mm
7 Span (B) = 7925 mm 1
’// Area (A)=27.3 m?
/ Flow (Q) = 56.63 m¥s ]
i Rise/Span = 4040/7925 = 0.51
z Q/AD = 56.63/(27.3)(4.04) = 1.03 | |
8 de/D = 0.45
de = (0.45)(4040) = 1818 mm
0 1 2 3 4

Dimensionless Critical Depth Chart for Structural Plate
Low- and High-Profile Arches
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CHART 54B

N
i

AR, EXAMPLE :

o,

A A RISE (D) = 13 11 3in

SPAN(B)= 28 ft

&,
\gr&‘«

AREA{A)= 294 1t°

oy

’ FLOW(Q)= 2000 13/,

~
ae

RISE/SPAN=|3.26/28= 5]

|
<]
<

0.3
Q/AD =2000/(294.0XI3.28)

\"::\\

Lo a8

°]

9 (,48)(13.25) = 8,0 1t

[I/i'

— e ] — A

E|X|A[M|P|LE

DIMENSIONLESS CRITICAL

DEPTH CHART ,STRUCTURAL

PLATE LOW AND HIGH

PROFILE ARCHES

P el o et el

I O

.0 3.0 4.0 5.0 6.0 70

A D%°
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Diameter of Culvert Throat (D) in mm

[ 4500
4200

T

- 3900
~ 3600

[~ 3300

= 3000

= 2700

I~ 2400

[~ 2100

-
~ 1800

[~ 1500

~ 1200

— 900

[~ 750

[~ 525

I~ 450

- 375

— 300

-1
- 0.8
Po

- 0.6
— 0.5

- 0.4

Discharge per Barrel (Q/N) in m3/s

- 0.3

- 0.2

0.08
0.07
0.06

I~ 0.05
- 0.04

- 0.03

- 0.02

= 0.01

CHART 55A

(0] 2)
- 4.0 - e
SCALE  ENTRANCE r
(1) SMOOTHINLETS (CONCRETE) - [
(2)  ROUGH INLETS (CMP) 3.0 s
E et o e -
& f'g — 2.0
s - 1.9
; :'? 45
il - 1.7
- 1.6 b =
- 1.5
1.5
F 1.4
1.4
- 1.3
- 1.3
1.2
- 1.2
F 1.4
- 1.1
1.0 B
L - 1.0
TAPER MAY VARY FRom [ 0-8
E L, [41ToB: - 0.9
: it DSE<1.4D i
- 0.8
- 0.8
EXAMPLE L
D = 1800 mm (1.8 m) r 07
Q=17 m¥s - 0.7
ENTRANCE  HW Hwy L
D (m)
(b} 2.38 4.33
- 0.6
@) 2.42 4.42 0.6
- 0.5 0.5
- 0.4 0.4
(n )
THROAT CONTROL

FOR SIDE-TAPERED INLETS TO PIPE CULVERT

(CIRCULAR SECTION ONLY)
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Headwater Depth at Throat in Terms Diameters (HW¢/D) in m/m



DIAMETER OF CULVERT THROAT (D) IN INCHES

~ 180
168
Hi156

- 144

- 132

- 120

—~ 108

- 96

- 84

~ 21

\

DISCHARGE PER BARREL (Q/N) IN CFS)\

\
\

-30

CHART 55B

SCALE

(2)

ENTRANCE
0] SMOOTH INLETS (CONCRETE)
ROUGH INLETS (CMP)

!
L% ELEVATION
TAPER
Br D
L PLAN
TAPER MAY VARY FROM
£ y 4170 €
DLEZ£ILID

EXAMPLE

D=72 INCHES (6.0 FEET)

Q=800CFS
ENTRANCE HW,
]

b 2,38
(2) 242

333

HW,
(FEET)

4.2
4.5

]

~20
rLe
- 1.8
F LT

F 16
- 1S

14

F1.3

(1}

THROAT CONTROL
FOR SIDE - TAPERED INLETS TO PIPE CULVERT

(CIRCULAR SECTION ONLY)

-20

- L6

1.5

F L4

L3

H.2

)

O

HEADWATER OEPTH AT THROAT IN TERMS OF DIAMETERS ( HW, /D) IN FT. PER FT.



Height of Face (E) in mm

4200

3900
3600

3300

3000 7]

2700

2400

2100

18001+~

1500

12001

10507

900

7504

600

1

Ratio of Discharge to Width of Face (Q/By)'in m3/s/m

\

20

0.8
0.7 4
0.6

0.5 4

0.4

0.3 4

0.2

CHART 56A

334

SCALE ENTRANCE TYPE ) 40 (2) (3
(1) BEVELED EDGE
(2) SQUARE EDGE r 4.0
3) THIN EDGE PROJECTING L 30
0.042B OR 0.0838 ; -
- r4.0
3.0 L
i - 3.0
P e e |
— F1.9 -
—
gxpebie - 1.8 g i
" X
—,—-"‘ 1.7 L 1.9
E
L = k- 1.8 =
16 E 2.0
. c b7 1.9
o e [
14 S 1.7
2 Fis
T k1.6
-
F1.3 = [14 i
=
] L
L 3% P12 14
°
= k42 1.3
1]
L4 @
] 1.2
0 P ;
L0 E
i
k1.1
] c [0
o L
ot
L1 | TAPER MAY VARY Fos w i
FROM 4:1 TO 6:1 % fos ’
DsSEs<1.1D L = L
=
3
k0.
EXAMPLE 08 O "
E = 1800 mm (1.8 m) '5 F 0.8 |
<
Q=17 m¥s - g
INLET a [ - 0.8
Ll HY Q. 8p o
E 8y (m) ro7 I
(8] 2.0 8.13 2.77 0.7
{2) 2.26 6.13 277
) 2.65 6.13 277 ! - 0.7
- 0.8 - 0.6
n (2} B Log

FACE CONTROL FOR SIDE-TAPERED
INLETS TO PIPE CULVERTS
(NON-RECTANGULAR SECTIONS ONLY)



HEIGHT OF FACE (E) IN INCHES

136

144

132 4

120

108

96

84

48

42+

)

304

24

RATIO OF DISCHARGE TO WIDTH OF FACE lql\!,] IN CFS/FT.

\

g 2\3 288

400

200

3

1

§ B VB UM o I |

1

1

Tl

a4 ) s saal

CHART 56B

SCALE - ENTRANCE TYPE Ulip40 L =
[{}] BEVELED EDGE
(2} SQUARE EDGE 40
(3) THIN EDGE PROJECTING
0.0428 OR 0.0838 30 L
|» - 4.0
-30 L
H I Lo
E -
- 20— tom—— —
e Lig & -
= E
Py — rLe
e z |20 :
=
i Sl K
-~
re g[8 -2.0
= MJ 1.9
LS !
5 lie 18
FACE SECTION ba 2 e
/ / a4 ([
| w kLG
-] i 3 e
rl vy
1 i THROAT SECTION g | i
HW, HW ]
\ 1 5 Lis a5
He X
= E L1z 3
T z
] ELEVATION P
< L
'T‘PER £t i .2
A T T Lo =
B E l-l.i
I: g 1.0
s & 3
PLAN = |
L s =
' TAPER MAY VARY e 12
FROM 41 TO 6:1 g I
DLELLID x i
EXAMPLE " 8
E =72 INCHES (6.0 FEET) b8 |
Qs 600 CFS
INLET HW q B¢ 5
TYPE g g,y FEET &
5
0 20 €8 ai r
T
(2) 226 66 9.
( 2.65 668 9, il
I
Le Le
) () @ Le
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FACE CONTROL FOR SIDE-TAPERED
INLETS TO PIPE CULVERTS
(NON-RECTANGULAR SECTIONS ONLY)



Height of Box (D) in mm

CHART 57A

4000

60 -
50 — ~ 4.0
40 i
j 30
3000 30 4 I
- SIDE-TAPERED "
E ! _~FACE SECTION L

20 -
[ | | 2 THROAT -2.0
HW

: I | ; - 1.9 E
-~ Hw ‘ E
T L T i B
E B LSo s“ =17 vl
~ fa)
o 1.6 =
%] 10 : [ %
1 FACE SECTION 3

2000 a . :/ :
= . - 1.4 =)
1 3 THROAT £
g @
E 8- WEIR | 13 &
= CRES' =
i - 1.2 n

&
§ WITH FALL £
3 ! @
'3 s R e = i T o
"""""""" —=— |77 77 SLOPE-TAPERED P
1500-——— 5 | :
5 o
5 5 e FACE SECTION L0 2
-
8 EA i :
E TR THRoaT [&9 =
N i = SECTION o
z ] s"\ D £
S ] FALL— L 5
& ] o ro.s 8

(] ]
5 1 VERTICAL FACE i =
c H ®

Q

g ] 0.7 2
1000 LR R L i X :
(]
] BEND 9 T

0.8
900 -Egn

i Sk Lo
EXAMPLE ol AL
S
18
1500 mm x 1500 mm BOX 05 THROAT
800
Q =5.66 m¥s MITERED FACE SECTION
Q/NB = 3.72 m¥s/m 0.4 — - 0.5
700 HWffD =1.12
HW = 1.7 m D] -
~-0.4
600 0.2 J

THROAT CONTROL FOR BOX
CULVERTS WITH TAPERED
INLETS
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IN FEET

HEIGHT OF BOX (D)

CHART 57B

600
~12 -
500 — s
-l 400 I
| ~3.0
- lo - -
sk SIDE- TAPERED .
el [
. L , FACE SECTION i =
& 200 =
o THROAT 20 ¥
o - HW, =
ri sk It e =z
Q L 0 -
-8 z - 1.8 -
z X - S
B LIsD (+] - 1.7 ;
E - 16 5
-7 ok =
A m-] 1 FACE SECTION -
|~ :/ o
o w
% =
= s
L&
= 3
w [ 4
a B
L = =
w =
L
EXAMPLE =— e
E =il i - £
a i T T
3 5.4 ———)FACE SECTION 2 o
o E
L - vd .
w 7 HWs  Hwy -.9 <
ot THROAT o
« 4 Fr SECTION Fod
0 §r. /o
x - -~ o
-4 P} ] FALL-{ D =
@ : S .8
o o} [« 4
w i VERTICAL FACE L a
w =
1 o
i =) 4 L 7 =
= 4 ) e
-] = BEVELOPTIONAL) <
x g FACE  BEND | =
L 4 HWe SECTION -SECTION
3 .6
EXAMPLE i FALL—
5'x 3' BOX Q=200 CFS o il |
THROAT
NB = 40 CFS/FT. 5.l SECTION
H Wy MITERED FACE
- /o= 112 - 0
HW, = 5.6 FEET
" L
L.4
L2 Z-J

THROAT CONTROL FOR BOX
CULVERTS WITH TAPERED
INLETS
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Height of Box (D) in mm

CHART 58A

40
)
- Scale Entrance type s 1 -
3800 = - 4.0
s0 (1) 15° to 25° Wingwall Flares
3400 with Top Edge Beveled - 3.0
7] or L
3200 26° to 90" Wingwall Flares F
N with No Bevels (Square Edges) 3.0 L
3000 20 ] [ L 25
4 (2) 26° to 45° Wingwall Flares -
2800 ] with Top Edge Beveled -
or
2800 45° 1o 90" Wingwall Flares L 2.0
] with Bevels on Top and Sides E L
2400-~-FXMPLe ] E
il Soho S - 20 = "
& e e e —— FEESS R -
2200 £ !: L § I
B g S
2050 @ q EXAMPLE T F1s
E 6 ~—
1800 [ D=2440 mm Q=34 mis -
= ] F 1.4
1800 ;;_ 5 INLET oy Qg By F 1.5 %
1700 g ] i T
=0 o) 1 101 338 s s =
1600 s 4 @) 1.69 101 335 @
@ - 1.3 E
A ©
1500 g 3 (=]
£
e =
1400 s <
= e
1300 ] £ faa
3 s
1200 ] &
& ® 1.0
Iﬂ- £
1100 ﬁ g.
2 a r [X]
1000 E e }
- ®
(=] >
= - 0.8
800 [ -g
" T
06 - :rrﬂnl-‘mml.':'h :,rwﬁmw.“
PLAN 0.7 L
800 TAPER4TO1 PLAN 15
0.6 1 TAPER4TO1
0.4 -
700 r 0.6 F 0.8
o3 -
800 - L
= 0.5 - 05

(2}

FACE CONTROL FOR BOX CULVERTS
WITH SIDE-TAPERED INLETS
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CHART 58B

400 m (2)
-3.5
12 . 4.0
300+ SCALE ENTRANCE TYPE 30
=1} 3
- {1) 15°TO 26° WINGWALL FLARES
WITH TOP EDGE BEVELED -
10 oR B 25
200 26° TO 90° WINGWALL FLARES L
] WITH NO BEVELS (SQUARE EDGES) |
= 4 (2) 26° TO 45° WINGWALL FLARES .
- WITH TOP EDGE BEVELED
: oR i =20
45° TO 90° WINGWALL FLARES E +
-8 _EXAMPLE 4 WITH BEVELS ON TOP AND SIDES =
S e e R ESSS k2o I
g et B 5 e A, g___._»
90 4
-7 1 t L
L 80 =
F 4 EXAMPLE
w 704 I = K]
w g D= B FEET Q=1200 CFS ; *
z 90 INLET  HW g, By =
- 6.0 = E TYPE ~p B; (FEET) - -!-E- Fe
bl
B0 ~
e S i w 13 109 Ho : i L
-5, A .
= (2) 188 108 IO I : -y
3 40 o
50 - 3 @
w o - L2
E 30 ui
= Liz
L 4.5 o F4
= 3 WITH FALL w
B FACE SECTION FACE SECTION | Q
L tl S -
lao » ¥
B E
[
8 = 1.0
x =1
= L8 E
3.8 s X o F
3 a
=3 .9
w &
o !; L
=} =
3.0 ot o
< < r.8
= ;:j
7 SYMMETRICAL FLARE SYMMETRICAL FLARE | L
1 ANGLES FROM 18° TO ANGLES FROM I5° TO
20° 80°*
& 1 PLAN PLAN L7 L7
L2.s TAPER 4 TO | TAPER4TO|
8-
4 L .6 L.e
- 2.0
3 L L
L. 5 .5

" (2)

FACE CONTROL FOR BOX CULVERTS
WITH SIDE TAPERED INLETS
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Height of Box (D) in mm

3

=

3800

F 3400

EXAMPLE

3200

D=1830mm  Q=22.8 m’/s

INLET v g B,
TYPE D B,

3000

(m)
2800 1.41

1.38

5.87
5.87

4.0
4.0

)
(2)
2600

2400

2200

2000

-
‘.——"-‘
—
— e
-—

1800

1800
1700

1600
1500

1400

1300

1200

1100

1000

700

600

CHART 59A

1
Ratio of Discharge to Width of the Face (Q/By)\in m3/sim

(2)

|-‘|.0
Scale Entrance type ~ 4.0 L
30
(1) 15°to 25° Wingwall Flares I 3.0
1 with Top Edge Beveled t-3.0 i
b i L
20 26° to 90" Wingwall Flares i "
] with No Bevels i i
] 2.0
] (2) 26° to 45° Wingwall Flares 2.0
1 with Top Edge Beveled [ 13 [-5a
- or ~ E - 1.8
i) 45° to 90° Wingwall Flares - 1.8 E
£ with Beveis on Top and Sides = s
.: .-—""'1" ;:_:_- =
1 T L o W
> .---""-—* ; 1.2
. .—‘.-- = - 1.2 =
al F1.1 = 14
§ VERTICAL FACE E
1 =
4~ Face Section 1.0 ® 1.0
x
T—5 Throat 5 w
3 P s .’ :
a a‘ e L 0.8 £ fos
- @ - @ [
Elevation et
2+ L3 Ly 0.8 E fos
] i ! 5l
] B [
8 or E foz
. T“‘ o & .
] L
L o
d Symmetrical Flare i =T
14 Angles from 15° to 80" ©
] PLAN 0.6 ﬁ L 0.6
08 MITERED FACE a
0.7 - L gl &
3
0.6 - g
- 0.5 - 0.5
0.5 o
o
0.4 1 B Lo |
0.3 1
0.4 - 0.4
0.2
L0.3 - 0.3
1 2
0.1.] 1 )
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FACE CONTROL FOR BOX
CULVERTS WITH SLOPE
TAPERED INLETS



HEIGHT OF BOX (D) IN FEET

-8

T

=5

-4

EXAMPLE

D=6 FEET Q=800 CFS

INLET HW QB
TYPE B (FEET)

)] 141 8l 134
@) 138 &1 131
expMRE -~

RATIO OF DISCHARGE TO FACE WIDTH (Q/B¢) IN BFS\,‘PER FOOT

CHART 59B

400
] 40
3004 SCALE ENTRANCE TYPE !
(1) 15°TO 26° WING WALL FLARES | 35
WITH TOP EDGE BEVELED i
OR b
200 26°TO 90° WINGWALL FLARES |-
1 WITH NO BEVELS 5
1 (@ 26° TO 45° WING WALL FLARES 20
] WITH TOP EDGE BEVELED TR .
] oR X &
- 45° 0 90° WING WALL FLARES | | g &
100} WITH BEVELS ON TOP AND &
] SIDES :
i R P
80 e el z
70 SR b=
) PP 1.2 T
_—805 =
1 VERTICAL FACE - 1L =
50— E
I FACE SECT a
sl — 10N L1.0 i
| THROAT - w
SECTION =
30 X s
L E
L 8 =
20 w
B Q
p - <
E ('S
] L7 ™
! g
1 3
] SYMMETRICAL FLARE =
j ANGLES FROM I5° T 90° -
10 PLAN e E
: MITERED FACE i &
) BEVELIOPTIONAL) x
1 FACE  BEND =
HW ¢ SECTION  [-.5 2
5 - —
h"j o
| x
4 o g
= 8=
THROAT
y SECTION
. b
s | L ‘L;
2 - [ i
W i
WEID Bt d g s
CREST '
TAPER e
b | 0]
|-

341

FACE CONTROL FOR BOX
CULVERTS WITH SLOPE
TAPERED INLETS
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Cr

Cr

CHART 60A

Ca=kCr
1.71 Cr = Coefficient of Free Discharge
P J e —— ke = Adjustment Factor for Submerged Weir Flow
. _—| Paved /7 TWis H'??ef Than Roadway Elevation)
o P / Qr=Cd L HWr
1.67 /
okl / Gravel 1.00 -

. V
1.65 Vi Paved
1.64 // 0.90 N\
1.63 |— Gravel \\
1.62
0.80

0.04 0.06 0.08 0.1
HW (m) .
0.70
A) Discharge Coeflicient for HWiLr > 0.15 \\
0.60
17
Paved =y 0.50

/ 0.06 0.7 08 09 1.0
18

Gravel
/ huHW (m)

15 / C) Submergence Factor
1.4 7
13
© 02 04 06 08 1 12 Discharge Coefficients for
HWr (m) Roadway Overtopping

B) Discharge Coefficient for HWiLr < 0.15

342



CHART 60B

3.00 >
2.90
0.16 020 0.4 028 032
A) DISCHARGE COEFFICIENT FOR
HW, /L, > ©.15
3.10
PAVED
3.00 [
S‘i’
2.90 /“q/
Cr 2.80
aine. LA
2.80 /
2.50
0 }.0 2.0 3.0 4.0
Hw, ft.

B) DISCHARGE COEFFICIENT FOR
HW, /L, £0.15

0.%0 \(“[D

[ LN
\
|

0.30

0¢ 07 08 03 (0
h/HW,
C) SUBMERGENCE FACTOR

English Discharge Coefficients
for Roadway Overtopping
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