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9-A-2 Culverts
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Culverts 9-A-3

These charts provide nomographs to determine inlet and outlet control headwater depths for
common culvert shapes. Nomographs for additional culvert shapes are in FHWA Hydraulic
Design Series No. 5 “Hydraulic Design of Highway Culverts.”

Note: The outlet control nomographs provide accurate estimates of headwater depths if there is
full flow in the culvert barrel and a submerged outlet. The nomographs may slightly
overestimate headwater depths if the barrel flows partially full.

INDEX TO CULVERT PERFORMANCE CHARTS

Chart Shape Material Control Comments

1 Circular  Concrete Inlet Inlet projecting or in headwall

2 Circular  Concrete Inlet Prefabricated concrete end section

3 Circular  Metal Inlet Corrugated or structural plate pipe with inlet

projecting, mitered, or in headwall. (Use Scale
2 for ODOT sloped end with or without
slope paving.)

4 Circular  Metal Inlet Safety end section with bars (Use for
concrete or metal barrel.)

5 Circular Metal Inlet Prefabricated metal end section

6 Circular  Metal Inlet Reinforced concrete beveled ring around
inlet

7 Circular  Concrete Outlet

8 Circular  Metal Outlet Corrugated metal pipe
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9-A-4 Culverts

INDEX TO CULVERT PERFORMANCE CHARTS, CONTD.

Chart Shape Material Control Comments

9 Circular  Metal Outlet Structural plate pipe

10 Box Concrete Inlet Top edge square with wingwalls

11 Box Concrete Inlet Top edge beveled with wingwalls (Use

Scale 2 for box culvert shown on ODOT
Standard Drawing BR 800.)

12 Box Concrete Outlet
13 Pipe- Metal Inlet Corrugated pipe-arch with inlet projecting,
Arch mitered, or in headwall (Use Scale 2 for
ODOT sloped end with or without slope
paving.)
14 Pipe- Metal Inlet Structural plate pipe-arch with inlet
Arch projecting, or in headwall with or without
beveled edge and 18-inch corner radius
15 Pipe- Metal Inlet Structural plate pipe-arch with inlet
Arch projecting, or in headwall with or without
beveled edge and 31-inch corner radius
16 Pipe- Metal Outlet Corrugated metal
Arch
17 Pipe- Metal Outlet Structural plate with 18-inch corner radius
Arch
18 Arch Metal Inlet Structural plate arch with inlet projecting,

mitered, or in headwall with
0.3 < Rise/Span < 0.4
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Culverts 9-A-5

INDEX TO CULVERT PERFORMANCE CHARTS, CONTD.

Chart Shape Material Control Comments

19 Arch Metal Inlet Structural plate arch with inlet projecting,
mitered, or in headwall with
0.4 <Rise/Span < 0.5

20 Arch Metal Inlet Structural plate arch with inlet projecting,
mitered, or in headwall with
0.5 < Rise/Span

21 Arch Metal Outlet Structural plate arch with earth bottom and
0.3 < Rise/Span < 0.4

22 Arch Metal Outlet Structural plate arch with earth bottom and
0.4 <Rise/Span < 0.5

23 Arch Metal Outlet Structural plate arch with earth bottom and
0.5 < Rise/Span
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DIAMETER OF CULVERT (D) IN INCHES
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HEADWATER DEPTH FOR

CHART 1

CONCRETE PIPE CULVERTS
WITH INLET CONTROL
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D = 42 inches (3.5 feet)
Q=120cfs
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SCALE ENTRANCE
TYPE

Square edge with
headwall

Groove end with
headwall

Groove and projecting

To use scale (2) or (3) project
horizontally to scale (1), then
use straight incline line through
D and Q scales, or reverse as
illustrated.
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Culverts 9-A-7

CHART 2

HEADWATER DEPTH FOR
PREFABRICATED CONCRETE
END SECTION IN INLET CONTROL
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9-A-8 Culverts

CHART 3

HEADWATER DEPTH FOR
C.M. CULVERTS
WITH INLET CONTROL
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Culverts 9-A-9

CHART 4

HEADWATER DEPTH FOR
SAFETY END SECTIONS
WITH SAFETY BARS IN

INLET CONTROL
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9-A-10

CHART 5

HEADWATER DEPTH FOR
PREFABRICATED METAL
END SECTIONS IN INLET CONTROL
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DIAMETER OF CULVERT (D) IN INCHES
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HEADWATER DEPTH FOR

CHART 6

CIRCULAR PIPE CULVERTS
WITH BEVELED RING
INLET CONTROL

DISCHARGE (@) IN CFS
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D D D D TYPE
0.042 0.063 0.042 0.083 A
0.083 0.125 0.042 0.125 B

DIAMETER =D

BEVELLED RING
MINIMUM 300°

M

9-A-11

A B
F36 3.0
Lo |
L al
| St20
[
F20 |
r20 ol
- [TTRR
ST
L2 1.5
1.5 8T
y o=
=1 I -
[0] o[
s 8
AN
P i
1.0
1.0 % I
o0 9 TI-9
g 8
L7 -7
6 .6
Ls2 L2

ODOT Hydraulics Manual



9-A-12 Culverts

CHART 7

HEAD FOR
CONCRETE PIPE CULVERTS
FLOWING FULL IN OUTLET CONTROL
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Culverts 9-A-13

CHART 8

HEAD FOR STANDARD
C.M. PIPE CULVERTS
FLOWING FULL IN OUTLET CONTROL
n=0.024
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9-A-14 Culverts

CHART 9

HEAD FOR
STRUCTURAL PLATE
CORR. METAL PIPE CULVERTS
FLOWING FULL IN OUTLET CONTROL
N =0.0328 TO 0.0302
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Culverts
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HEIGHT OF BOX (D) IN FEET

HEADWATER DEPTH
FOR BOX CULVERTS

CHART 10

WITH INLET CONTROL

RATIO OF DISCHARGE T\Q\WIDTH (Q/B) IN CFS PER FOOT
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To use scale (2) (3) project
hoizontally to (1) then

use straight inclined line through
D and Q scales, or reverse as
illustrated.
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9-A-16

HEIGHT OF BOX (D) IN FEET
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HEADWATER DEPTH FOR RECTANGULAR BOX
CULVERTS WITH INLET CONTROL

CHART 11

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

EXAMPLE
5'X5'BOX Q=250CFS

Q
NB = 50 CFS/FT

INLET HW HW
D (feet)

) 141 74
) 133 67

ODOT Hydraulics Manual

RATIO OF DISCHARGE TO WIDTH (Q‘/NB) IN CFS PER FOOT
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SCALE ENTRANCE TYPE

(1) 45° WINGWALL FLAIR
WITHd =.043D

(2) 18° TO 33.7° WINGWALL
FLAIRWITHd =.083D
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d/D ANGLE

0.042 45°
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Culverts 9-A-17

CHART 12

HEAD FOR
CONCRETE BOX CULVERTS
FLOWING FULL IN OUTLET CONTROL
n=0.012
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9-A-18

HEADWATER DEPTH FOR
C.M. PIPE-ARCH CULVERTS

CHART 13

WITH INLET CONTROL
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* ADDITIONAL SIZES NOT DIMENSIONED ARE

LISTED IN FABRICATOR'S CATALOG
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EXAMPLE

Size: 35"x 24"
Q=20cfs

HW *  HW
D (feet)

(@) 110 20
@ 115 2.1
@ 122 2.2

*D in fest

ENTRANCE
TYPE
(1) Headwall
2 Mitered to conform
to slope
3) Projecting

To use scale (2) or (3) project
horizontally to scale (1), then
use straight inclined line through
D and Q scales, or reverse as
illustrated.

N

HEADWATER DEPTH IN TERMS OF RISE (HW/D) '

@

Culverts
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Culverts 9-A-19

CHART 14

HEADWATER DEPTH FOR STRUCTURAL PLATE
PIPE-ARCH CULVERTS WITH INLET CONTROL

()

EXAMPLE TYPE OF INLET
SIZE 12.9' X 8.3' Q =1000 CFS 90° HEADWALL:
HEADWALL 33.7°X 0.10 D BEVEL
PROJECTRG BEVIBEVEL
HW/D| 1.42 127 | 1.7 NO BEVEL
HWit | 11.8 10.5 | 9.7
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H i
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i -39 T 0.6 08
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50 Los —05
EMBANKMENT ~- 0.5

SIDE SLOPE

PROJECTING INLET

WITH PARTIAL HEADWALL FOR ANCHORAGE

MIN
3- MIN,
l:‘—o 15

NO BEVEL 33.79 BEVEL

HEADWALL INLETS

[E
I

18-IN. RADIUS CORNER PLATE
PROJECTING OR HEADWALL INLET
HEADWALL WITH OR WITHOUT EDGE BEVEL
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9-A-20 Culverts

CHART 15

HEADWATER DEPTH FOR STRUCTURAL PLATE
PIPE-ARCH CULVERTS WITH INLET CONTROL

@

TYPE OF INLET

90° HEADWALL
33.7° X 0.10 D BEVEL

NO BEVEL
PROJECTING‘\‘ 30
\ 35|

EXAMPLE 4.0 i
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Culverts 9-A-21

CHART 16

HEAD FOR
STANDARD C.M. PIPE-ARCH CULVERTS
FLOWING FULL IN OUTLET CONTROL

n=0.024
VA — _
= W LI VAR
— 300 HW J— he
L NS Slope So—v w7
o SUBMERGED OUTLET WITH CULVERT FLOWING FULL
=200
C For outlet crown not submerged, compute HW by
C methods described in the design procedure
~ [©]
L Z | w
A —.4
L £|=5
= : - -
—100 . 5
- 90 B
- 8 - 6
C 70 — 71" x 47 - 7
- 60 L 64" x 33" -8
Lso & !
B g:: I=.57" x 38" L
(2] 1 r
i 40 2 C
n_ [ " I~
P e 49 n
a C 30 (= N N S W N G r
w - [T B
o | 0 —42"x29 )
£ | o r
< x -
E:) 20 = i
Q[ = r
= vy og" -3
o+ ® —35"x24 [
C w o
= N E
L 7 4
10 - 28" x 20" 5000 5
-9 s
-8 L 24" x 18" r
L7 =7
6 __g
-5 Co
- 4
-3
P
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9-A-22

CHART 17

HEAD FOR
STRUCTURAL PLATE
CORRUGATED METAL
PIPE ARCH CULVERTS
18 IN. CORNER RADIUS

FLOWING FULL IN OUTLET CONTROL

n=0.0327 TO 0.0306

I VAR — _
R
— 3000 HW - he
-_ WW
F SUBMERGED OUTLET WITH CULVERT FLOWING FULL
- 2000 For outlet crown not submerged, compute HW by
- methods described in the design procedure
i - 16.6x 10.1
—1000 |
- = F15.3x9.2
L 800 Y [
L o
-z [129x83
o 600 5f
'-('5 E [y
> 500 5[ 11.4x7.2
5 r ol
C ol
o 40 oo
r 6
o [ O 95x64 ,08.-
N o ¥
[ @\ r 9t
S5 F300xl 182>
D r x| 82x58 | -7 EXAMPLE
o F zZr Q = 260 CFS
af
C aL
200 |9
: N 7.0x5.1
o
L 6.1x46 SizE N
[0} 6.1x4.6 0.0327
4 m 8.1x5.8 0.0321
L E Z 11.4x7.2 0.0315
L 100 S5 — 16.6x10.1 0.0306
| [
— 50
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Culverts 9-A-23

CHART 18

HEADWATER DEPTH FOR C.M. ARCH
CULVERTS 0.3 < RISE / SPAN <0.4
WITH INLET CONTROL

@ @ )
Entrance Conditions
(2) 90° headwall 150 +60 Lo
(4) Mitered to embankment T T L
(5) Thin wall projecting corrugated metal. Ta0 T 0 150
10,000 T I N
9000 T T40 40
8000 430 + L
260 - ;ggg 1 I a0 a0
240 - 5000 T T
220 1 L r
200 4000 120 + I
180 3000 118 | 20 T20
160 4 +16 T, I'8
T 2000 T 1 116
140 —— +—14 116 4
T 1500 4 T 114
120 +14 |
I +12 T
1000 e g 1 +12 112
100 + 900 EXAMPLE > 1
T 800 . T z o [, 1
%0 T 700 0 e z 1 -
- T @
® g0 1 600 r 19 + 1.0
2 8 Example e T .9 L
© + 2 500 2 4
g 70+ 5 400 A = 12221 g 18 T T°
7] 1 ;' a —+ .8 B
c = w1
5 80 2 300 Q = 1014cfs 2 | las
g T 5 Entrance ~ HW HW Z 17
= _ I 2 Type D () g i
6 50 4 T T 7
g T 200 1
< T @ 0.93 7.37 + .7
I 1 16 T i
w0l 50 o) 0.95 7.52
T (5) 1.03 8.16 1 +86 1§
T 100
T 90 |
30 1 gg 45
T 60 1+5 15
i 50 T
L 40 I | L
[)
1 b + a4
20 30 ki L,
T -~ spaN— T4
1 20 1
+ 3
10
ol
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9-A-24

360

320
300
280

260 -

240
220
200

180
160
140

-y
N
o

—_
o
88

Arch Area in square feet
(2] ~
S o 38

3]
o

40

30 I

20

10

HEADWATER DEPTH

CHART 19

FOR C.M. ARCH CULVERTS
0.4 <RISE / SPAN <0.5
WITH INLET CONTROL

Entrance Conditions

(@) 90 headwall
{4) Mitered to embankment

(5) Thin wall projecting corrugated metal.

M

LI
(o]
(=
o
o

Discharge (Q) in cfs

10

ODOT Hydraulics Manual

Example
A =2775 1>

Q =6000 cfs
Entrance HW HW
Type D (ft)

@ 203 2674
@ 240 3164

) 233 3069

b

| —span—

Headwater Depth to Rise (HW /D)

@ @ 6
140 F30 50
F 40 F40
T30 T -
T30 30
Tie T L
e 1,, 120
+ I Lise
114 T8 L+
1 T, T4
412 .. T
1'% L1z L2
T o T
19 T +1.0
[ © 49 +
ls + +o9
___8 -
.+
17 i
-7
+ 7
16 T L
T6 16
15 T -
—~5 +5
1a T 7T
14 T4
1.3
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Arch Area in Square Feet

400

300
280
260
240
220

200
180
160

140

120

100
90
80

70
60

50

40

30

20

10

CHART 20

HEADWATER DEPTH
FOR C.M. ARCH CULVERTS

0.5 <RISE /SPAN
WITH INLET CONTROL

Entrance Conditions
(2) 90° headwall

(4) Mitered to embankment
(5) Thin wall projecting corrugated metal.

Discharge (Q) in cfs

10

Entrance

Type D ()
@ 1.50
@ 175
®) 1.63

)

PSpan —

Headwater Depth to Rise (HW / D)

@ 4 ©
oI 50 ——6.0 __ 6.0
F40 F50 £50
1 F40Xao
T30 1 I
i T30 T30
—__— 20 T :
8 ], T 2.0
116 715 118
- e 1.8
+14 416 +
T,, T1a T
412 "
T H2 {12
_--_ 1 -0 1 1 .0 -
1o T <10
17 49 1
+8 7 T°
1l T8 T

1l +.8
+.7 1
T 1,
-+ .6 T 1
1 T6 16
45 T T

15 —+.5
+a4 ]

da T
43

423
+3
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9-A-26 Culverts

CHART 21

HEAD FOR C.M. ARCH CULVERTS
FLOWING FULL
EARTH BOTTOM (n, = 0.022)
0.3 <RISE/SPAN <0.4

@
3
5000
Area of - SPAN -

4000 Culvert

3000

2000

1500

1000
900
800

700
600
500

DISCHARGE (Q) IN CFS

400

HEAD (H) IN FEET

300 35

1 Area (it?) n
200 2

Ly
m
-
o
=]

20-60 0.029
61 - 260 0.028

Turning Line

100

L=ty
— |

TNV Slope So—- PROr”S
SUBMERGED OUTLET WITH CULVERT FLOWING FULL

For outlet crown not submerged, compute HW by
methods described in the design procedure
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Culverts 9-A-27

CHART 22

HEAD FOR C.M. ARCH CULVERTS
FLOWING FULL IN OUTLET CONTROL
EARTH BOTTOM (n, =0.022)

0.4 <RISE/SPAN < 0.5

5000

4000

3000

2000

1500

Discharge (Q) in cfs
[+2]
[=]
o

Head (H) in feet

300

45 Area (ft?) n_

20-90 0.029
91-360 0.028

200

Turning Line

100

=
— o -

NI Slope So—v DT
SUBMERGED OUTLET WITH CULVERT FLOWING FULL

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

April 2014 ODOT Hydraulics Manual



9-A-28 Culverts

CHART 23

HEAD FOR C.M. ARCH CULVERTS
FLOWING FULL IN OUTLET CONTROL
EARTH BOTTOM (n,=0.022)

0.5 <RISE/SPAN

L

5000
E Area of LIJI
4000 | Culvert %)
8000 - |« span— o]
1 ggg; 340 1 .75
: 1300
2000 + 280+ 1o
1500 1
I T15
I 420
1000 4
g 0% + 25
£ 800 130
g 700F +35
o : +a0 &
g 600 +a5 ¢
g S0+ TS0 £
[a) T +—60 T
1 [1:]
400 - +70 £
T 4 80
I + 9.0
3001 4100
I 1120
T 30+ Area (ft?) T 14.0
200 1 125 ° 20-40 EE 16.0
+ 180
5 41-150 <F 20.0
| 20—+ g’ 151 - 300 0.028
E
2
100 J—

7
=T /7 NPy
— he

NI Slope So— \4,,\\\/,/\\\///\\\
SUBMERGED OUTLET WITH CULVERT FLOWING FULL

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