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different is only in the cross section of the culvert itself as shown

below
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Structural design of Pive Culvert
Loads can be classified into 2 types

1) Vertical loads:

a) Weight of embankment over culvert (L.L.)
b) Own weight of culvert (D.L.)
¢) Live Load |

2) Horizontal Loads:

a) Earth pressure

b) Side pressure due to surcharge

A i

Vertical loads:

1) Weight of embankment over culvert

The weight of the earth fill above the pipe is not acting with its full value as

et A A AN

it is resisted by the effect of the lateral earth pressure.
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W= weight of earth = y,Dh

F = resistance acting at each side of the wedge of earth = u E

Where p=tang

@ = angle of internal friction

7’eh2 L 1=sing
2  l+sing

F=tang

2
Where @ = 300 = F = 0.192 Z-Zh—

g1 (t/ ) = net load on pipe =W -2 F

v

= y,Dh-2*0.192

S

21= y,Dh [1—0.192-1’-;—] ...... Y/ m

R b

For n=52D -2 g1 =zero
Then at a depth exceeding five times the diameter of the pipe there will be no
effect of the weight of the earth fill.
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2) Own weight of culvert:
g2 (t/ ) = half weight of culvert / m/

g = %[(D+2t)2 ~D? [ et/ 1)

gz(t / m/)

g2 (t/m?) = 5

Total vertical dead load g (t / m?) = g1 ; g2

3) Live Load:
for h<3m 2 p’ = p (live load intensity at ground level)

Road Level
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Horizontal loads:

D

wet

dry

1) Lateral earth pressure:

Case of wet earth pressure

Case of dry earth pressure

2) Side pressure due to surcharge:

p(t/m?)
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Vertical and horizontal loads:

1. Internal water pressure:

Internal pressure is considered to be uniformly distributed on both vertical
“and horizontal culvert side.

P=y "y

y=U.S.W.L. - center line level

USW.L.=D.SW.L. + hy,

US.WL | |
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t/m?
Calculation of straining actions: L l Xm (J [] |) |

1. For Vertical load (w): E

2 i
M; = wD Nj = zero +
16

2
M2=_ wD szw_[).
16 2 +

HERNRENR
w (t/m?)

2. For horizontal load (e):

eD? eD -
1 1 6 2
| eD?
i

i M, = N, = zero
T :

1:._

3
g
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e (t/m?)

e (m )
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3. Stress due to internal water pressure:
pw XD=2xT

—

p, xD

T, =T, =+

—=
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Empirical dimensions:

Pipe thickness t., = 0.35(D,+ 1) = 15 mm
Thickness of foundation t;=0.2 D + 0.3

0.25 0.5 to 0.8

te [

Check Stresses:
Sec (1) is critical for maximum +ve moment

Sec (2) is critical for maximum -ve moment
Sec (1) Max. t+ve:
Wmax =81 + ¢ +P (live load)

€min = Edry

_ W

2
—e_. )D
M nax min
max

16

Nmax = (Pw - emin) ‘122

_ N 6M
frax :

Sec (2) Max. -ve:
Wonax = g1+ g2 + P (live load)

€min = €dry

(W =€
—— max mn
Mmax -

16

)D°

D
N max =- I/vmax -
2
N
t t?
B - 107

— g maximum allowable tensile stresses for steel
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O'BSI/ D= 1/0'50!/ D=
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Example:

Empirical Dimensions:
Pipe thickness: =

=

g - Br=4.95m
ten =035(Dy +1)=0.35 (1.15+ 1) =0.75cm = 7.5 mm

.2 Take t = tyyin =15 mm
Spacing bet. Pipes = (0.50 - 0.80) m

Take Spacing = min. = 0.50 m
Thickness of foundation: '

tr=02D+03=02x115+03=053m

’ | .2 Take t;=0.60 m

Levels:
Lip level = water level — 0.30 = (7.20) - 0.30 = (6.90)
Centerline level = Lip level - D/2 = (6.90) - (1.15/2) = (6.325)

IV. Loads on Culvert: WY
4. Vertical Loads:
; 1. Weight of embankment over culvert:
3; Check: h = Road level — Centerline level PR | 6’-3_6;""“" TN
= (9.40) - (6.325) = 3.075m < 5D |, ™

! .- Weight of embankment is not neglected [t <" 5 -t
1 W,=7%xDxh=1.8x1.15x 3.075 = 6.635 t/m

! ' K _l-—sing 1-sin30° 1

For 9=30° ™™ Ging 1+sin30° 3 & # = tan ¢ =

tan 30°

E=exh2=(K, %y xh) x k2 =(1/3x1.8x3.075) x 3.075/2 =
2.837 t/m

F=uxE=tan30°x 2.837 = 1.638 t/m.

.. g1 =W, - 2x F=6.635 - 2x1.638 = 3.089 t/m
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2. Qwn weight of culvert:
g2 = half weight of culvert/m'
Doi=D+2t=115+2%x0.015=1.18 m

g2=—x——[D Dz]"?’szee/

.2 Total vertical d'ead_ load:

g§=(u+$)/D=(3.089 +0.214) /1.15 = 2.872 t/m'

p=10tnd 9.40
/| \
/

3. Live load:
p=10t/m? &h=3.075m>3.0m
B=D + (2 x h/tan 60°)
=115+ (2x3.075/1.732) = 4.701 m
p'=(@xD)/B=(1.0x1.15)/4.701
p' =0.245 t/m?
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5. Horizontal Loads:

1. Earth pressure:

a. Just after construction (ear,)

eary = Ko xh x y4

gcr.(ezzs)é
~——

3.075m

hs

= 1/3 x3.075 x 1.8 = 1.845 t/m?

4 €y, =1:845tm

D=
1.15

!
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a1 845t/m +

b. During repair (ewet)

G.W.T = U.S. water level = D.SJV.L + by
= (7.20) + 0.20 = (7.40)

ha = (9.40) — (7.40) = 2.00 m

hy = (7.40) - (6.325) = 1.075 m

Cwet

_ 3
,Ydry 1.8 t/m

Y 2. v

—CLG. 3;5)

*_

€,.,=2.669 t/m

D=
115

e, =2.669 t/m

=KaXh1X}’d'*'KaXhZX}/sub'*'hZX}/water

=1/3 [(2.00x1.8) + (1.075x1.1)] + 1.075x1.0

2.67 t/m?
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] “ ““ p=1.0tnf 9.40
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2. Surcharge lateral pressure:
p = 1.0 t/m2
=p xK, =1.0 x1/3 =0.333 t/m? .

0.333 t/m
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6. Internal water pressure:
he = USW.L. — Centerline Level = 7.40 - 6.325 =1.075 m

o =hw x p=1.075 x1.0 = 1.075 t/m?

w (m*)

V. Straining actions:
7. For Vertical Loads: (w)

|

M. = N, = zero

e b T e e

w (m?)

— |

8. For Horizontal Loads: (e)
2
| _eD N =— eD
16 2
eD?

I

_ll
e (tm )
[TITTTIT]
d
+
[—
+
[TTTLITT]
e (tm?*)

N, = zero

9. Stress due to internal water vressure:
PuXD=2xT
p. XD

T,=T,=+
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VI, Check stresses:

Section 1:

Wmax =g+ p =2.872 + 0.245 = 3.117 t/m?

€min = €dry = 1.845 t/m?

M = Woa -€)D” _ (3.117-1.845)x1.15
e 16 16

€. XD  p,xD 1.845x1.15  1.075x1.15
N =— > + > =— > +

t=15mm=0.015m
Max. tensile stresses
N,  6M,, -0443 063

) f — mun max

t max + 2 - +
t t 0.015 0.000225
<ftall =1.4 t/cm?

55
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=0.105m.r

=-0.443t

=2770t/m* =0.277t | cm®

Section 2:
M~ W - )D _ (3.117-1.845)x1.15%
e 16 16

N = Was XD _ 3UTXLIS _ oo
2 2

t=15mm=15cm b=1.0m=100cm
A =bxt=150cm? Z =bxt2/6 =37.5 cm*
Max. compressive stresses

Npy | My _-1709  0.63

f — min max

tmax Ty t2  0.015 0.000225

<fan =12 t/cm?

=0.105m.t

= 2686t/ m* = 0.268t/ cm*
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