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= Design Example
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e S
Objectives

The objective is to design pipe culverts accordimgSBR
guidelines including all the necessary parts arpliegpnances.
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Hydraulic Structures

Pipe Culverts

T —
You Will Need

= | ecture notescan be taken in class, copied from notes givenuesits
representatives, or printed from the course website

» Recommended readingPages 202-215Small Canal StructuréBook.

» The followingcharts and tablesthe following are necessary for the design prooedur

Transitions details Erosion Protection works Table 21 and 22
(5 pages) (2 pages) (2 pages)
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Introduction

Culvert in cross-drainage works
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Hydraulic Structures

Pipe Culverts

Design Criteria
1. Alinement

Location of culvert is to use the natural chanHel.canal crosses a natural channel with a
skew, it is better to locate the culvert on a sketh the canal.

PROFILE

Figure 4-26. Plan and profile of typical culverts. 103-D-1303
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Design Criteria
2. Profile

= S should be much steeper than critical slope.

= S is usually 0.005 to facilitate dissipation of enelyy hydraulic jump in the pipe
without being flat enough to permit sedimentationhe pipe. The pipe should be under
canal prism with at least 2etbelow the invert of an earth section canal, andagst 0.5
footbelow the lining of concrete lined canal.
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Hydraulic Structures

Pipe Culverts

Design Criteria
3. Conduit

Culverts may be single or multi barreled and maysesi
of the following types:

Precast reinforced concrete pressure pipe (PCP),®

Precast reinforced concrete culvert pipe (RCCP)

Asbestos-cement pressure pipe (AC),

Reinforced plastic mortar pressure pipe (RPM), o

Rectangular concrete box section.

Figure 4-20. Double-barreled pipe culvert with
concrete percolation collars. P-328-701-2021

Design Criteria
3. Conduit (continued)

Selection of the type of culvert conduit depends on
= The project life.

= Life expectancy of the pipe.

= Loading conditions to be imposed on the pipe.

= The cost of each type.

= |[ts availability at the site.
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Hydraulic Structures

Design Criteria
4. Inlet

Several types of transitions are used as culviatsimamely type 1 through type 4. The
best choice for any particular situation is depahdgon the hydraulics, the topographic
character of the site, and the relative elevatafrtee canal and drainage channel.

See details P337-341mall Canal structurés

Figure 4.23. Precast concrete pipe culvert with precast

Figure 7-7. Type 4 inlet concrete transition. P-328-701-9300
concrete inlet transition. P-328-701-6507

Design Criteria
4. Inlet (Continued)

Benefits of concrete transitions:

= A greater capacity is provided by good
transitioning.

= The required length of pipe may be shortene
by the length of the concrete transitions.

continued on next slide

Figure 4-19. Culvert, constructed prior to
construction of canal. P514-417-366
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Hydraulic Structures

Pipe Culverts

Design Criteria
4. Inlet (Continued)

Benefits of concrete transitions
(Continued):

= Reduction in erosion. Reduces the threat
to the canal bank.

= The cutoff walls of concrete transitions
reduce the danger of piping by
percolation.

Note: Freeboard from inlet water surface to
the top of bank should be at leaste2¢

Figure 4-22. Precast concrete pipe culvert with type 3
inlet transition. P482-417-824
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Design Criteria
5.0utlet

Its function is to release water to the outlet clenvithout excessive erosion.
a. Concrete transitions

In case of concrete transitions, the culvert candwized on the basis of maximum
full pipe velocity of 10/#/ sec there are two types of concrete transitions:

e Typel concrete transitiors used for well-defined outlet channel.
» Type2 concrete transitiors used for poorly defined outlet channel.
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Figure 7-1. Type 1 concrete transition. P33-D-25693




Hydraulic Structures

e S
Design Criteria
5.0utlet (Continued)

b. Outlet energy dissipators

e Baffled outleperforms well in dissipating _
excess energy, provided clogging by weeds o
other debris can be avoided. The culvert pipe
should be sized on full pipe velocity of 12
ftlsec the theoretical velocity should not excee
50 fil sec

Figure 4-24. Baffled outlet at end of a culvert.
P328-701-8219
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Design Criteria
5.0utlet (Continued)

» Other types of energy dissipators
Examplebaffled apron drop

Figure 4-25. Concrete box culvert with baffled apron
drop at outlet. P-707-729-1947
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Hydraulic Structures

Pipe Culverts

Design Criteria
6. Hydraulics

a. Design capacity

Generally, for small irrigation structures, crosaidage are sized on the basis
of storm runoff for a 25-years flood frequency.

b. Pipe velocity

The culvert should be designed for a maximum padeaity of 10/#/secif a
concrete transition is used at outlet, and for gimam full pipe velocity of 12
ft/secif an energy dissipator is used.
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Design Criteria
6. Hydraulics

c. Pipe diameter
Q =AV

7TD 2
4

D =1.13\/§
\Y

The minimum pipe diameter permitted is 24 incheecBst concrete pioe is widely
supplied in increments of 3 inches cameter.

V
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Hydraulic Structures

Pipe Culverts

Design Criteria
6. Hydraulics (Continued)

d. Hydraulic control

 Inlet control if the upstream water surface is not influencedidw conditions d.s.
from inlet, it is said to have inlet control.

» Outlet contralif the water surface is influenced by downstreow conditions, it
is said to have outlet control.
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Design Criteria
6. Hydraulics (Continued)

e. Determination of inlet or outlet control
1. Inlet control hydraulics

Where inlet control exits, the head required averlinlet
is computed from the orifice equation:

Q =CAV
=CA+/2gh
2
h =%
2gC-°A
C =0.6V =%,g = 32.2t kec?

h =0.043¥ *
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Hydraulic Structures

Pipe Culverts

Design Criteria
6. Hydraulics (Continued)

2. Outlet control hydraulics
i. Inlet losses
h, =k;Ah,
ii. Pipelosses
The pipe losses consist of friction losses and bessks.
iii.  Outlet losses
h, = k,Ah,

Page = 21

Design Criteria
7. Pipe Collars

Tt is customary to locate collars on the pipe as
follows: one collar below the centerline of the
uphill bank, two collars under downhill bank,
with one under the inside edge and one
located 2 77 downstream the outside edge.

Figure 4-21. Concrete box culvert with concrete
percolation collars. P328-701-3743

= il EpAC A = =
\\\\ / g/"—l—x—)

= PIPE COLLARS ——
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Hydraulic Structures

Pipe Culverts

Design Criteria
7. Pipe Collars (Continued)

A “short path” between collars will occur if thesistance to percolation
through the soil is less than the resistance togb&tion along concrete
surface of the pipe and collars.

K, X =K, X +2K)Y

2X =0.3X + A &Y )
Solving forX in terms off
2X -0.3Xk = ¥

167X = 2

X =1.%

(min))
Figure 4-27. Weighted-creep method. 103-D-1304

Page = 23

Design Example

Assume that a precast concrete pipe culvert isetetmconvey storm runoff water under
a canal at its intersection with the natural chénne

[~
A

T f__\
ﬁij \_‘\/t /Zc. Canol / J

= f py—p—— -{[L
4 w7
/ Symmetrical
T / / Toar € Clvert
/ ] e,
- / ,/
i / -
/

] i S ahe-

Precost Concrete Pioe

PROFILE
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Hydraulic Structures

Design Example
A. Assumptions

1. Properties of the canal section are:

b =8ft,h, =6ft,ss=13H ¥V d,= 4t W, = 6t andVv,= 1f2to
accommodate an operating road.

2. The cross drainage channel is wide, shallow andlydefined both at inlet and
outlet. It is estimated that the outlet channel support a depth of ft and a velocit
of 1ft/sec for the design flow.

3. The outside bank heigH‘|§1 = 4ft ,hbz = oft .

4. It has been determined that the 25-year flood cyidldl a discharge of 4&s.

Usen = 0.013 for concrete.
Original ground surface

(Channel Invert)
|_Fw|4._‘ /'\é:l < r—wzﬂ?"

hy,
/M ]

Ni
|
i
|
“tf
|
/ R
P

D
o
"
b€

€ Headwall
opening

1
]
-+
%
L
o
¥
o
n
-
]
o
o

Figure 4-28, Culvert—typical profile. 103-D-1305

Design Example
B. Design

1. Pipe velocity
V =10ft /sec

2. Pipe diameter

D :1.13,/g = 1.1%/E = 2.38
\% 10

D =2x12+ 0.38 12 28.5th
Provide 30inches diameter = 2.5t

A :%(2.5)2 = 4.9t

v =2 =% _9 17 /sec
401
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Hydraulic Structures

Pipe Culverts

Design Example
Inlet Type

3. Inlet type

As the drainage channel is poorly defined and tieucanal bank is only #higher
than channel invert, a type 3 or 4 inlet transitioh be good.

Use type 3 transition (Fig. 7.5).

,ﬂ"j‘_’f £ug iz bt s B = 3ft ,L = 7ft 6inches 1
S EA | P |, =6inches,H = 6ft

% @2 In center of neagwoll
SECTION B-8

STR. | MAX. DIMENSIONS EST. QUANTITIES

No. Q [ L H A B [ t, [ e [E08CT0 FEE
241 | 16 | 24 |60 |26 4026 8 | & |24 8 o |

24-2 | 21 | 24 |6-0 |2-6|4-6"|7-6"| 24| 6 | 24" 2.0 160

24-3 | 26 | 24 |6-0 |2-6'|5-0|2-6"|2-6"| & |24 2.2 180

24-4_| 31 |24 |6-0|2-6|5-82-6"[3-2"] 6 |24 2.4 200

27-1 | 35 | 27 |6-9"|2-9"| 5-6"[2-6"| 3=07] & | 24 2.6 210

27-2 |40 | 27 |6-9"|2-9"| 6-0"|2-6"| 576" 6 |2 28 220

30+ |45 | 307 | 767|353 6-d'[3-0"[s5 0] 6 |24"[ 30 240

30-2 | 50 | 30" | 7-6"|3-3"| 6-67|3-07| 3°6"| 6" |24 32 260

33-1_| 55 | 35" |9-0"|3-5"] 6-0'|3-0"[35%07 & |Z-6"| 43 230

SECTION A-A 332 |60 |35 |50 |39 |66|3-0|5-6| & |7-6"] 46 320
36|70 | 36 |9-0'|3-9[7-0[35-0T[4=0"| & [7-6| 50 340

Page = 27 Tobulated dimensions ond maximum Q's, provide freeboord ot the heodwall,

with full-pipe velocities ranging up to 10 fps

Design Example
Pipe Friction Slope

4. Pipe friction slope

- 1486R 2/38 1/2
n

usingn = 0.013

{ V n T _| 9.17x 0.013
" [1.486R*] | 1.486(0.625"°
S, =0.012

Page = 28
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Hydraulic Structures

Pipe Culverts

Design Example
Critical Slope

Table 22.—Velocily head and discharge at eritical depths and
slalirc pressures in circuwlar conduils partly full

5. Critical Slope

-3-=
5/2 — 52 _ M D=Diameter of circle. :
D> = (2-5) = 9.88: 4=Depth of water. " i
h=Velocity head for » critical depth of d, 1
t‘l’)[achsrge when the eritical depth is d. L]
8/3 _ 8/3 _ = Pressure on cross section of water prism Q
D - 25 - 1151 in cubic units of water. To get P In ]
pounds, when d and D are In fect. |
multiply by 62.5. 1
45 !
DQ5’2 “ossz -
' d/m 0 P dl b | Q| Pd|s| o] P
D D Dy m D D Dy m D D3 D3
USIng Table 22 1 2 3 [ 1 2 3 4 1 2 3 [
I ] I
dC —_ L28 | 0736 | . .0103 ui.zno 1.6164 | . 0088 || .87 | . 5302 |4.2721 . 2038
- =0.89 222 | 0773 | 2857 | .onis || .56 | (2224 [1.6735 | (1042 | T8& | 3Am9
D .23 | .0811 | .3116 | .0128 || .56 | . 2279 |1.7327 | .1087 . 5900 4. 5486 | . 3084
.24 | 0848 | . 3386 | .0143 57| .2335 [1.7923 | . 1133 [T.90 | 6204 [4.7033 | .
.25 | L0887 | . 3667 | . 0157 58 | .2393 [1.8530 | . 1179 || .91 | .6555 |4.8726 | .3233

d, =0.89xD = 0.8% 2.5 2.2@z

Page = 29

e ——
Design Example
Critical Slope (Continued)

From Table 21 get % =0.491

D *"S,

Table 21.—Uniform flow in c¢ircular sections flowing partly full
d=Depth of flow
D=Diameter of pipe
A=Area of low

Q=Discharge in second-feet by Man-
ning’s formula

n=Manning’s coeflicient

S=8lope of the channel botiom and of

R=Hydraulic radius the water surface
—_— -
d] Al B | e | e ||a] a| B | 00| an
D D2 D | Dinsiz| @nsinn || D i ™ D DSt dersSin
-0,35 | 0.2450 | 0.19356 | 0.1218 2.00 0,85 | 0.7115 | 0.3033 0. 477 0. 736
0.38 | 0.25646 | 0.1978 | 0.1284 1.058 |} 0.86 | 0.7186 | 0.3026 0. 481 0. 720
0.87 | 0.2642 | 0.2020 | 0.1351 1.915 III.87 0.7254 | 0.3018 0. 485 0. 703
0.38 [ 0.2739 | 0.2082 | 0.1420 1. 875 0.7320 | 0.3007 0. 488 (1)
0.3310.2836 | 0.2102 | 0.1490 1.835 || 0.89 | 0.7384 | 0.2095 0. 491 0. 670
Q.
—1_—-=0.491
8/3 1/2
D *"S,
2
45x%0.013
. =| ———— | =0.0107
11.51x 0.49
Page = 30
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Hydraulic Structures

Design Example
Invert Slope

6. Invert slope

Original ground surface
(Channel Invert)

hy;—

& Headwall

opening

y, =D +t+2+h,—h, -B

:2.5+3—'5+ 2+ 6- 4- 3= 3.8t
12

Page = 31

Assume class B-25 pipe with thickness 3.5inches .
Provide a minimum cover off2 over concrete pipe.

Figure 4-28, Culvert—typical profile. 103-D-1305

‘ ‘ These pressure pipes are classed as to their
capacity to withstand external loads of cover
and wheel (equivalent earth cover) and internal
hydrostatic head measured to the centerline of
the pipe. Designations of A, B, C, and D
represent 5, 10, 15, and 20 feet of cover
respectively, while the associated number such
as 25, 50, 75, 100, 125, and 150 represents
feet of hydrostatic head. As an example, C 50
would be pressure pipe for 15-foot maximum
cover and 50-foot maximum head. ,

P26 “Small Canal Structurés

Design Example
Invert Slope (Continued)

Original ground surface

(Channel Invert)
h I-—W - "
/ bl/ J : ) [I;;

hy;—

& Headwall

opening

Page = 32

L, =1.5n, +W, +1.5h, +B —H )+t, - 0.5
=1.5x 6+ 6+ 1.§ 4 3- §+ 0.5 0.5 16f6

Figure 4-28, Culvert—typical profile. 103-D-1305

Pipe Culverts
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Hydraulic Structures

Design Example
Invert Slope (Continued)

Original ground surface

(Channel Invert)
W e © ¥ — 2']-'
|

/Mn

Figure 4-28, Culvert—typical profile. 103-D-1305

L, = 41ft

Page = 34

— T ol i
) : &£ lb .
m R e ™ £
TR - i A3
L ) w
o Say | r———
€ Hecqwull & = T g
opening o ety Lulg D ﬁ
Ly Lo
Figure 4-28, Culvert—typical profile. 103-D-1305
S, = Y, _38_ 0.23
L, 16.5
a, =tan™(S,)=12.95 say 1%
S, > S,
0.23> 0.0107
page = 33 This permits free flow at pipe inlet with inlet dowl.
Design Example
Invert Slope (Continued)
Original ground surface
(Channel Invert)
! 3 W 2'
T A i
i 1:1_ — ' L
i A% \\ﬁ\ | T
o Sy ! w 1
€ Headwall —%-
Opggin\;u o ety Lu,s 1 U H B
Ly Lo

Pipe Culverts
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Hydraulic Structures

Pipe Culverts

Design Example
Outlet type

7. Outlet type
As outlet channel is poorly defined, use type Bdition.
From Fig. 7.4, wittD = 30inches
L =6ft 9inches ,E = 4ft 6inches g = 24nches B = 6t 6nches
C =4ft 2inches t = 6inches,
Concrete Cubic yds.) = 2.2, Reinforcement steébg¢) = 180

*4 Longit continuous in
headwall and wingwalls:

Pipe empedment~_ [ [P
; B TABLE OF DIMENSIONS AND EST. auAN tTlES
i p— T REIN]
T | ¢ @ s | ¢ ¢ ‘ te Lcu Yo%) (5%
| [ ) *a@i2 z-;’ 247 Is o |5-6" )5 el 5 | & | [ 740 ]
W e 27" 5" |69 |5-6" [3=9"| 5" 5’ 2.0 60
/Q | 4" |6'-9"|g-6" |4-2"| 5 6 2.2 | 180
) 50, | 6" | 776" ‘ Cd & 4 | 200
""‘.‘ = '( D & |76 ¢5’ s | & | er | 220
T = S 0 & -3 g0 |50 & | & | 35 | 260
‘o —¥l -'z‘ 3 -3 |9-0"|5-3| 6 8" 3.6 | 290
= e *, 5 = e }5 I 8" 47 | 370 |
a AEEiom hingmolt zl i o' [o-s"|e=0"| 7" | & | <8 380
- 4] 0" |0-6"[6-0"] ] 0
Fillet Y 1 =

i ]
Precast concrete pipe shown *4 @ 12

te™ =

LONGITUDINAL SECTION

Design Example
Inlet Hydraulics

8. Inlet Hydraulics
h =0.043% *?

=0.0433 9.1%° = 3.6%
Whereh is the head to discharge the design flow.

Page = 36
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Hydraulic Structures

e S
Design Example
Inlet Freeboard

9. Inlet freeboard

For type 3 transition, T__ Lt
D’ 4 £dge bor~, | |
d =h+ —-B — 117 4@ 12
! 2 "‘4 @2 A_—6"Fillet
P H _;'L‘"Pwe embedment
D/2 ) :
COS (al) = ;
D'/2
' D
= — #, = \
COSs (a ) ree “~Precast concrete pipe
! 6" Fillet =
R 2.5
=————==2156/1 SECTION A-A
cos (130)

Figure 7-5: Concrete inlet transition

d, :3_64+?—3 =1.91t

[y, =hy, —d, =4-19=2.1ft >2ft (Minimum freeboard) O K.

Page = 37

Design Example
Collars

10. Collars

Provide 1 collar under upper bank of canal andlusounder lower bank.

= W

\
§
\
\.
e

PIPE COLLARS ——

Page = 38
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Pipe Culverts

e S
Design Example
Erosion Protection

11. Erosion Protection ké 7-14. Cross-drainage Structures.—The
following protection is considered minimum

Erosion protection is not required at rert for cross-drainage structures with concrete

inlet. transitions.
For Q= 45 cfsuse type 2 protection autlet
. Type of protection Outlet length,
(12 inchesof coarse gravel for outlet lgth = Q. ¢ofs Tnlet Outlet feet
121 311090 | N | Tyee? i3
91 to 240 Type 1 Type 3 16

Where the velocity in the conduit is greater
than 15 feel per second at the outlet, use the
protection type for the next higher discharge
{type 3 minimum). Where baffled outlets are
provided at the outlet of a structure the

protection should be a thickness of%with the
NWS et | ! 2 minimum diameter of rock equal to 5\% and
T
:-.'t

extending a distance W (5 feet minimum)

beyond the baffled outlet. W is the inside

N LINE

e : - = ~IN-LINE .
on.::.r::: | S 1 T i sasawny  width of the baffled outlet box.
256 (50 Mn) - WLET OUTLET |, e ~ORAINAGE. see yy
LONGITUDINAL SECTION odie «
CONCRETE INLET OR OUTLET TRANSITIONS P345 “Small Canal Works

Figure 7-8

Design Example
Verification of Hydraulics

C. Verification of hydraulics by Bernoulli’'s method

1. Energy balance at outlet

© ® €)
Ve=19.74 fps Vz=19.3 fps Vy=15.9%p

Figure 4-29. Culvert hydraulics. 103-D-1306

Page = 40
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Hydraulic Structures

Design Example
Verification of Hydraulics

At section (1)
—£=0.89,d, = 2.24t

> 0|2

< =7.384 (Table 21)
AC
2.5)°

O

=0.738,A = 4.63t°

—

Ve=9.74 fps
29 2x32.2
E, =d, +h,_=2.22+1.48 3.7t > 1.0%

If E, >E,, the structure is inlet controlled.

Page = 41

Vz=19.3 fps

Design Example
Verification of Hydraulics

2. Specific energy at section (2)
Tryd, =1.2ft

szgzﬁz

A, 2

2 1932 Ve=9.74 fps
VS (99 g

Page = 42

Vy=15.9 fps

Vz=19.3 fps

Pipe Culverts
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Pipe Culverts

Design Example
Verification of Hydraulics

7.50= 7.54 O K.

Page = 43

QN _0.216 (Table 22
8/3
D(s,,)
&()11/32:0216 - Leg he, = 1.8'
11.51s, ) — —1
S;, =0.0554 ‘ 3 ?“
IS, +Sf1 g | T
f:’:
o ® (ONNO]
= 0.54ft Ve=9.7a fps Vze18.3 fps VoFigTETs
148+ 222 3.6 054 58 1 Figure 4-29. Culvert hydraulics. 103-D-1306

Design Example
Verification of Hydraulics

3. Specific energy and velocity at section (3)
y, =0.005x 41= 0.2t

Try d, = 1.4ft L e
T ‘__h__hf. z I.B‘\\!
4 _14_; 65 ] = |
D 25 E :
A—32 =0.4526 3 ‘f =
D , fuzd yLdﬁ‘ w—;ﬁ _st\‘.
A;=0 4526( 2 3 = 2.88° = -l O ;f_‘%?
Q 45 L,= 16.5 L,d 1" ‘-‘_
V,=—=——-=15.9ft /sec ® : ® R oFf ®
A3 2 ’ 83 Ve=9.74 fps V;=19.3 fps Vy=15.9 s
V.2 15.¢
hVa = _; = 2x 32_2: 3.9ft Figure 4-29. Culvert hydraulics. 103-D-1306

Page = 44
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Pipe Culverts

Design Example
Verification of Hydraulics

900279 (Table 21
D®(s,)

'

__—~hs,=0sa’

45% 0.013
2T e 20.279 \I\ o hey s 1o
11.5s, )" ! ]
S, =0.033
3 T { = \%' —
S +S E ‘ ‘
" |: 2 ’ 1 T l 1 2o L‘;’Qms‘\\ﬁ-\:
Yz =0.20'
={ij41: 1.8t _— | - :
2 ® ® of®
? Ve=9.74 fps Vz=19.3 fps Vy=15.9 fis
58+1.2+ 0.2 1.8 3.94 1
7_20; 7.14 Figure 4-29. Culvert hydraulics. 103-D-1306

ThereforeV, =15.9ft /sec

Page = 45

Design Example
Erosion Protection (Revisited)

4. Outlet prOteCtion 1 7-14. Cross-drainage Structures.—The
. o . following protection is considered minimum
Since the velocity is 15.8/secexceeding 15  for cross-drainage structures with concrete

ﬁ/S&‘C transitions.
type 3 protection (121chesof riprap on 6
/nchessand and gravel bedding for protection Type of protection Outlet length,
Q, cfs Inlet Outlet feet
outlet length = 16%) — o ey N
31 to 90 Nene Type 2 12
91 to 240 Type 1 Type 3 16

Where the velocity in the conduit is greater
than 15 feet per second at the outlet, use the
protection type for the next higher discharge
{type 3 minimum). Where baffled outlets are
provided at the outlet of a structure the

protection should be a thickness of%with the
minimum diameter of rock equal to -2~w6 and

extending a distance W (5 feet minimum)
beyond the baffled outlet. W is the inside
width of the baffled outlet box.

P345 “Small Canal WorRs , ,
Page = 46
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Finished®

Pipe Culverts
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