CHAPTER 5
CULVERT DESIGN

HYDRAULICS OF CULVERTS

There are two major types of culvert flow: 1) flevith inlet control, and 2) flow with outlet
control. For each type, different factors and folasiare used to compute the hydraulic capacity
of the culvert. Under inlet control, the slope, gbuess, diameter of the culvert barrel, inlet
shape, and the amount of headwater or pondingarttrance must be considered. Outlet
control involves the additional consideration of #levation of the tailwater in the outlet channel
ahr]d the Ienlgth of the culvert. Flow with outlehtol will not be discussed within the scope of
this manual.

The need for making involved computations to deteenthe probable type of flow under which
a culvert will operate may be avoided by computiegdwater depths from Exhibits 5-1 and 5-2
for inlet control.

Culverts Flowing With Inlet Control

Inlet control means that the discharge capacity afllvert is controlled at the culvert entrance by
the depth of headwater (HW) and the shape of thramee. The following figure shows inlet
control flow for three types of culvert entrances.

In inlet control the length of the culvert barreddaoutlet conditions are not factors in
determining culvert capacity.

In all culvert design, headwater or depth of pogdihthe entrance to a culvert is an important
factor in culvert capacity. The headwater deptiésvertical distance from the culvert invert at
the entrance to the energy line of the headwater (pepth + velocity head). Because of the low
velocities in most entrance pools, the water seréatd the energy line at the entrance are
assumed to coincide.

Headwater-discharge relationships for various tygesrcular culverts flowing with inlet

control are based on laboratory research with nsogiedl verified in some instances by full-scale
tests. Exhibits 5-1 and 5-2 give headwater-disahaetationships for round concrete and
corrugated metal pipe culverts flowing with inleingrol.

Example 5-1
It is desired to determine the maximum dischargenoéxisting 42-inch concrete culvert. The

allowable headwater depth (HW) upstream is 8.0dadtthe slope of the culvert is 0.02 ft/ft.
The culvert has a projecting entrance conditionthede will be no backwater from down-
stream flow. Assume inlet control.
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using Exhibit 5-1, compute_ HW
D

HW = 8(12)=2.29
D 42

At 2.29 on scale 3, projecting entrance, draw @batal line to scale 1. From this point on scale
1 draw a connecting line between it and 42-incimaier on scale 4. On scale 5 read 128 cfs.

Check for inlet control
So> S

where
S =installed slope of culvert

S, =neutral slope - that slope of which the loss nedddue to friction is equal to the
gain in head due to elevation.

From Table 5-1, n(design) for concrete pipe = 0.012
from Exhibit 5-3, sheet 3 of 6

for Q = 128 cfs and D = 42 inches
$,=0.013

therefore, the culvert is in inlet control, 0.02603

Example 5-2

Determine the required diameter of a corrugateghoetvert pipe to be installed in an existing
channel. Q =100 cfs, HW max. = 7.0 feet apd 6.03. There will be no backwater from
downstream flow. Entrance to be mitered to conftorthe slope of the embankment.

The solution of this problem must be made by pipk diameters and solution of HRY use of
Exhibit 5-2.

Try D = 36"

draw a line through 36 inch on scale 4 and 10@nfscale 5 to an intersection with
scale 1, then a horizontal line from scale 1 tdes2amitered inlet. On scale 2 read
HW =3.8,
D
then HW = 3.8(3) = 11.4 feet  (too high)
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Try D = 48”
read from scale 2, HW 1.45
D
HW = 1.45(4) = 5.80 feet (low)

Try D =42"
read from scale 2, HW 2.23,
D
HW = 2.23(3.5) = 7.8 feet (high)

From the foregoing trials, it will be necessaryristall the 48-inch pipe diameter pipe if the HW
is to be 7.0 feet maximum.

Check for inlet control
So> S

from Exhibit 5-3, sheet 6 of 6
s, =0.017

0.03 > 0.017 therefore, inlet control

Table 5-1 Values of Manning's, n
ot : Values of n

Description of pipe Vi Design Niax.
Steel, riveted and spiral 0.013 0.015 -©.01 | 0.017
Annular corrugated metal 0.021 0.021 -0.025 | 0.0255
Helical corrugated metal 0.013 0.015 -0.020 | 0.021
Neat cement surface 0.010 0.013
Concrete 0.010 .01@ -0.017 0.017
Vitrified sewer pipe 0.010 0.013 -0.015 [0) 04
Clay, common drainage til¢ 0.011 0.012 -0.014 0.017
Corrugated plastic 0.014 0.015 -0.016 0.01

8-02 5-4



(CY) &)
— 180 — 10,000
— 168 " 8,000 EXAMPLE (nn (2 (3)
156  6.000 D= 42 inches (3.3 feel) g .
= - Qe 120 efs o
— 144 — 3,000 & =l 8
& — 4,000 & Ww ™ - — 3
132 i o iR - Lok
I E_ i ) 2.3 .8 Bl - 4.
s E @ 2.1 7.4 r - =
i g ; g — -4 -
108 2 [&1] 2.2 T : =y ;_-
L = D in fout - E 3
e - L 1,000 s 3
o = -
— 800 - L
e e B
- 84 B Past il Sy o
- 600 F L -2
b & o L 2
— %500 / - o =
E 22 =
L 72 — 400 L L B
3 Z '\-1/ ; B [E
£ — 300 o £[ b=vn L s
=  E 200 et E : r
bl e S i Wi-18 | i
= 2 w
E -~ 54 5 E/ S L - L
x v E 100 -
w - 48 Pt zt E |
> e x — 80
3 S . =
3 .{42 3 — 80 & It - 1.0 1.0
s 2% Ww ., ENTRANCE o PR 2 L
x - 40 D TYPE 5 :
Pl S 1 B = I —9 — .9
- — 30 (] Square edge with -
g = neadwall g = L
- 33 E =
bt L 20 @) Groeve ond with <l
= E headwall = - .8 - 8
— 30 E
- 4] Groove end - .8 L
27 - projacting | -
— 10 %
e . =T
— 24 e - .7
= L] To use scale (2) or (3) project - -
L 21 -5 horizentally te scale (1), then -
E 4 use straight inclined line through
L D ond Q scales, or reverss as — 8
A illustrated. — 8 .8
— 18 E
- 2 3 ¥ L
=15 C e
b Lo =
1.0 -
-2 HEADWATER DEPTH FOR

HEADWATER SCALES 283

REVISED MAY 1964
BUREAU OF PUBLIC ROADS JAN. 1943

CONCRETE PIPE CULVERTS
WITH INLET CONTROL

EXHIBIT 5-1

8-02

5-5



O @ (3>

180 i 10,000 { | )
68 = fLPgY EXAMPLE
ing — 6,000 D= 36 inches (3.0 foer) S (2)
| = 000 Q=68 et N (3)
— 144 i . —
r l — 4,000 A % T
32 | -~ 3,000 S A 3 s, 6
B = e .
& - m 1.8 5.4 F ¥ - F
— 120 - :_ 2,000 [+-] 2.1 6.3 - s B
[ < E (&) Eat 0 E - F
— 108 3 = — 3 & — 4
ki o - "D in fast L # -
2 o B L
— |96 S = 1,000 E —3 K
s = - =
L S ~ 800 -3
[ 3 —_— - = -
-
-84 = ~ 600 Eoroeir -
L = 500 L E o
— 400 P SR 9% S s
— 72 - B L
41 — 300 -~ R& & -
=L - - * et | i
2 eF - T C -
£ l S E 200 . =t -
z 60 =F "“‘“/!)' g L z 1.8 — 1.5
=2 st . / o S
S -sa St o, w - L
= w100 _~ 2 =
= o - et - -
w a8 x - 80 o E
> o |
= x- =
=2 L g 60 = il
o | a2 P ol 50 - .o — 1.0
- gt = - L
S S o = i
E 40 i 1.0
-4 - bl e, T i RSN [ e
w % 30 MW ENTRANGE « i
E —= SCALE w b L
;l E D TYPE - — .9
— 33 s
g 3 20 m Headwall g - .8 8 L
. 30 — @ * Mitersd 1o conform > -
: E . 1o siope - = = — .8
a =27 = 10 (&) . Projecting
x p— — T -7 I~
< b B
S L2 o 7
- -6 - N ;
™ B
b To use scale (2) or (3) preject s
gt - 4 herizantally to scale (1), then — .6
- use straight inclined line through - .6
e D and Q scales, or reverse o8 - .8
E illustrated. . :
— |18 E o ; =
E e I
18 F el JiEs
— 1.0 — .S
S S HEADWATER DEPTH FOR
C. M. PIPE CULVERTS
WITH INLET CONTROL
BUREAU OF PUBLIC ROADS JAN, 1963
EXHIBIT 5-2

8-02 5.6



8-02



8-02



8-02



8-02 5-10



8-02 5-11



8-02 5-12



