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Easy Design Procedure of Circular Pipe Culvert
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Abstract

Flow through culvert is very complex depending on the characteristics of hyd-
raulic conditions. A design method using a monograph is normally employed due to
wide range of flow characteristics and the difficulty of calculating inlet water depth.
The present study suggests the method of determining the inlet water depth of
circular pipe culvert using Bemoulli’s equation. By employing the explicit equation of
inlet water depth, a standard design method of pipe culvert is developed for a wide
range of flow characteristics. Explicit solution techniques are proposed to determine
the diameter, slope and discharge of circular pipe culvert.
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(Table 1) Class of culvert hydraulics

" . . Control
Class Type | Condition Govemning equation section
ip<ic Vz .
1 hr<he hy, +het+h+ Z_g: —ipL Outlet Mild-slope
N 2 hlg:lr; hi, +hi+h+he—i,L Downstream |  OPeN channel
I} =2 <a — 5
D 3 le<lo hio +h.+ Ve Entrance
hr<hc L TheT o,
— 3 Steep-slope
4 k<l h, +h 4+ Ve Entrance
D<hr Ln ¢ zg
D<ho D . Inlet: Pipe flow
1 o +hy,— Outlet
hr<D Bra thet g Hhu ik Outlet: Channel flow
2 BZ';T hy, +h+hr+h,—i,L | Downstream
1| Eoa o ;
o< D,V ;
3 hr<D hi, +5 5 +2— o Entrance Pipe flow
i< 2
4 :Sj:h hi, + + ;fg Entrance
V., : Entrance velocity, V, : Outlet velocity, Class Il : V,=V, =V
2
hy : Headwater depth, hrp : Tailwater depth, D : Culvert diameter, K =K,+K;, V —h—
2

K, : Entrance loss coefficient, K : Friction loss coetficient, V_ : Critical velocity

h;, : Entrance headloss, h; : Friction headloss, hy, : Outlet headloss, 1.1<a <1.2

i, : Critical slope, iy : culvert slope
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(Fig. 4) Critical depth of circular pipe flow
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(Table 2) Schematic factors for estima-
tions of circular pipe cross

section

h' A H) h | A H

D| D*| D D? D
005 | 0015 | 0.033 0.55 0443 | 0.265
010 | 0.049 | 0.064 0.60 0.492 0.278
0.15 | 0074 | 0.093 0.65 0.540 0.288
020 | 0.112 | 0121 0.70 0.587 0.296
025 | 0.154 | 0.147 0.75 0632 | 0.302
0.30 | 0198 | 0171 0.80 0.673 0.304
0.35 | 0245 | 0.193 0.85 0.712 0.303
040 | 0293 | 0.214 0.90 0.745 0.288
045 | 0.343 | 0.233 0.95 0.771 0.286
0.50 | 0.393 | 0.250 1.0 0.784 0.250




h
= a b
D
| 0.00 ~ 0.30 1.1 1.4
] 030 ~ 0.70 0.95 1.28
i 0.70 ~ 0.90 0.80 0.83
03 e
A h .83
0.6 ?=°8"(le/

0.0 0.2 0.4

o7]1A a%t be] Fx= <Table 3> AA|
H upel 2o <Fig. H>AAME B § %
o] AF3tel thste] FBE] ¥ AAE B
oF3 gl
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(Fig. 7) Inlet depth of circular pipe culvert
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Ka : Entrance loss coefficient,

Kf :
Hi. : Entrance headloss, h; : Friction headloss,

ic : Critical slope, 1, : culvert slope
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Class Type |  Condition Governing equation nggn%?:
— 5
1 Ip<le Vs 3 . |
hr<hc Koy T il Outet Mild-slope
i<l . 2 2 Open channel
h 2 h|::<|hT an;, +K ¥ * 4 h,—i,L | Downstream
I =2 <q
D 3 ic<ip 3
hr<hc n 2 g gh Entrance
Steep-slope
ie<i
4 [°)<}.;T n 2g % R Entrance
D<hg \' D . Inlet: Pipe flow
1 e Outlet
hr<D (Ko +1) 2g T2 bl QOutlet: Channel flow
2 io<ic v? . D
I hH D<hr (an + 1)— + hT - lbL ownstream
== > i
P 3 ?10;% (Kot D5 V ]2) Entrance Pipe flow
4 Bj'ﬁT (K, +1) 2 12) Entrance
Va : Entrance velocity, V, : Outlet velocity, Class 1 : V, =V, =V Vi oh
n : Headwater depth. hr : Tailwater depth, D : Culvert diameter, K =K, +K;, 2gc =—2£

¢ Critical velocity

Outlet headloss, 1.1<e¢ <1.4
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' = DH=1.0(Theoretical solution)
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(Fig. 9) Comparison of discharge of circular pipe Type 1-3 & 4
between theoretical estimations and approximations
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a B Y
-1 a DU N"B — 2.883 5.055 0.405Dy—2(1+72)
H anD%‘l . KnID(})'is an
|2 P =‘/ 22’DF "V (1-T+2)
D KnIN_2b+T_2b
0.961 _1.685 2 _
1-3 D}, W (B3+K.)Dx 0.135
0.961 _ 168 2 _
14 D hYE GTKOD, 1%
. _ [ 1.234D} /Dy
" ' Fom| S5+
2
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(Table 7> Approximated equation of culvert discharge((Design type B)

Fp Aprroxinfated equation
a=x,K,+v, b=x,K,+vp
Type 1-1 aZ+b |y =—0.104D4+0.538D;—0.046 | x,=—0.196D%+0.463Dy — 0619
v.=0.852D% —2.535Dy + 2.611 vy =0.069D% —0.226D g+ 0.550
a=x.K,+v. b=x,K,+vys
Type 1-2 ab” | x,=—6.025D4+12.451Dy—6.263 | x,=0.405D% —0.737Dy+0.638
v2=0.315D% —0.6515D +0.677 yp=—0.22D%4+ 0.446Dy +0.566
, a=0.80D¥—3.11D% +3.98Dy — 1.86
Type 1-34 | aK,+b
. b=—0.54D}+2.09D% — 2.69Dy; +1.55

(Table 8) Governing equation of pipe diameter of circular culvert (Design type C)
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(Table 9) Approximated equation of pipe diameter of circular culvert (Design type C)

Fp Approximated equation
a=x,K,+v, b=xK,+ vy
e 11 | —hp | = —0.104D}+0.538D—0.046 | xy=—0.196D%+0.463Dy; — 0619
ya=0.852D% —2.535Dy +2.611 | yy,=0.069D}—0.226Dy+0.550
a=x,K,+v. b=xK,+vy
Type 1-2 a{)z Xa=—6.025D4+12.451D,—6.263 | x,=10.405D% —0.737Dy+0.638
va=0.315D} —0.6515D;+0.677 | y,=—0.22D%+0.446Dy+0.566
e 134 | =L a=0.80D} —3.11D4 +3.98D;; — 1.86
aKatb |y, 54D%+2.09D% —2.69Dy +1.55

0.405Dy —2(1+7)
K

Ky D’
5.055

] Y2+ ]YD

_2.883 =(-reren(28)

+a-—2 D 2(b—1) N—Zb _
H Ko Di

3

A7 vp= D olnl, A% ast be

A% whst 2o] 0802 053]tk
YA AN FTURA P
A 247 Yo Fokd Aelgoad 44 43
¢ £2Y 4 glod, Fa A 2
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