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Structural Analysis of Buried Pipes due to

Surcharged Load
Young-bin Kim

Department of Ocean Engineering, The Graduate School,

Pu-kyong National University

ABSTRACT

The purpose of this study, loading location of surcharged load for buried
pipe, performed numerical analysis in order to investigate the structural
behavior of buried pipes due to the-change of the buried depth.

The results of numerical analysis, the maximum displacement to occur as
loading location of the surcharged load away from the center of the buried
pipe is reduced. The maximum displacement is reduced to occur as buried
depth becomes deeper. The loading location of the surcharged load is
positioned within the diameter of the pipe, the maximum stress generated is
increased, and the loading location is positioned beyond the diameter range
of the pipe, the maximum stress generated is reduced. Buried depth is hardly
affected by the loading location of the surcharged load when the buried
depth deeper than the width of the surcharged load.
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Figure 1.1 Schematic view of the analysis model
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Table 1. Material properties of soil

Angle of
Mechanical Young's Poisson’s | Density | Cohesion internal
parameters | modulus(MPa) ratio (kg/m?®) | (MPa) friction
(degree)
soil 6 0.35 1920 0.15 24

Table 12> Ab A8 4o Ab&5 A vEe] =4 2] o]t}
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atzoll A&ate 20KN/m= EX3tg o= A3ts3

Table 2. Parameter of numerical analysis

Casel | Case2 | Case3 | Cased | Caseb | Caseb | Case7 | Case8 | Case9

Oh 0.5h 1h 1.5h 2h 2.5h 3h 5h 7h
€y

Om 0.3m 0.6m 0.9m 1.2m 1.5m 1.8m 3m 4.2m
d, | -15m -1.2m -0.9m =0.6m -0.3m Om 0.3m 1.5m 2.7m

0.5D 1D 1.5D 2D 2.8D 3D 5D D 10D
h
03048 | 0.6096 | 09144 | 1.2192 | 1.5240 | 1.8288 | 3.0480 | 4.2672 | 6.0960

m m m m m m m m m
D 0.6096 | 0.5088 | 0.4064 | 0.3085

m m m m

Table 2% Fx|a]A o ALg&®E WF2 2 ekl gholrh e, = A 2 o] (h=0.
609.6m)ell #3k 52 ol F IIA A Z A S FdsF o hie #eo A

(D=0.6096m)°ll #3 gz ofF 7FA] F5-= S FPsAH. D= KS D

B2 iehe ashA okt
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Table 3. Material properties soil and steel pipe

Angle of
Mechanical Young's Poisson’s | Density | Cohesion internal
parameters | modulus(MPa) ratio (kg/m?) | (MPa) friction
(degree)
Soil 6 0.35 1920 0.15 24
Steel pipe 210,000 0.3 7850

Table 32 A& A8H A|dtz} ofd

Wu, 2010).

o] EAAE e o]tk (Yaping
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Figure 3.5 Boundary condition
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Figure 3.7 Cont bipe and 'soil
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Figure 3.8 Load condition of numerical analysis model
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Figure 4.1 Displacement contour of buried depth (e,=0m, h=609.6mm)
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Figure 4.2 Maximum displacement of pipe (D=609.6.5mm, h=609.6mm)
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Figure 4.3 Stress contour of buried depth (e,=0m, h=609.6mm)

=

rr
|

Figure 4.3% Ast52 A9 X7 0m; wiAdZ o1 7k 609.6mme 7 -0 el
g Fxolth HUWeY Fxete g Husge Bxv wjAdzlolrt e

o1 ')
IRy

Jhu
o

do] 27k & F AGZo|t Ak A%, Arjgel

e
k>
n

P
T 9

- 24 -

Collection @ pknu



(aje, =0k (ble, =2h=1.2m

Figure 4.4

ximurairess of pipe
Figure 4.4+ wjd &)= 7 Gﬁﬂﬁ_ﬁbz_, 6mmel 7§ wl AT A

Hoje ol FAs= AAE HEd adolth

-5 .

€)Collection @ pknu



Table 4. Maximum displacement according to load location

ew

Om [03m | 06m | 09m | 12m | 15m | 1.8m | 3m | 4.2m

h
0.3048m 150 | 15.0 | 149 | 145 | 138 | 128 | 116 | 7.8 | 57
0.6096m 146 | 145 | 142 | 138 | 131 | 123 | 11.3 | 78 | 5.6
0.9144m 139 | 138 | 136 | 132 | 126 | 119 | 11.0 | 78 | 5.7
1.2192m 133 | 132 | 13.0 | 126 | 121 | 115 | 10.7 | 7.8 | 57
1.5240m 1277 | 126 | 124 | 120 | 116 | 11.0 | 104 | 78 | 5.7
1.8288m 121 112.04 | 11.86 | 11.55 | 11.15 | 10.66 | 10.11 | 7.76 | 3.78
3.0480m 10.04 | 999 9.89 | 9.71 | 947 | 919 | 886 | 7.31 | 5.76
4.2672m 842 839 | 832 | 822 | 807 | 789 | 766 | 6.64 | 549
6.0960m 6,56,{16.05 | 6.04~| 645 Wb.38-| 6.28™ 617 556 | 4.85

Table 4= AA5t5 2 Astel =)ok vjAdziolo] @A we A5 vjdade] Ao E

Gl ek EelH B % gxo] Adelt 3 @52 B v
ML FATES O 5 Ak E=E AARF NN Rl W55 wAse

Mok ade el Qk
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Figure 4.5 Maximum displacement according to loading location
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Figure 4.6 Maximum displacement according to buried depth
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$ Wzl FAEFE A
AgHom A Wl ZABTE A & 5 Ak o9 @Y FAsF A
st A1 7F 3mT4.2m7h A1 & G- wjAzlol7F Tt @ AW U A st
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Table 5. Maximum stress according to load location
h | om | 03m | 06m | 09m | 12m | 16m | 18m | 3m | 42m
0.3048m 135 | 139 | 149 163 | 1.70- | 163 | 1.51 | 0.34 | 0.10
0.6096m 167 17 1.8 | 190 | 1.79 | 1.59 155 | 047 | 0.19
0.9144m L83 (1102 | MG ANESSN 192 | 14948047 | 0.27
1.2192m 186 | 194 1198 | 192 | 195 | 1.49 | 1.39 | 0.79 | 0.35
1.5240m 1.81 | 1.89 |"192 | 1.85 | 1.70 | 1.45 | 1.30 | 0.86 | 0.44
1.8288m 174 1 1.80 | 1.82% 1.77 | 164 | 143 | 1.28 | 0:89 | 0.50
3.0480m 1.36 [~1.40 |~142 | 140 | 1.35 | 1.26-] 1.15] 0.82 | 0.62
4.2672m 1.07 | 1.09 112 1.11 | 1.09 | 1.05{ 1.00 | 0.76 | 0.58
6.0960m 0.79 | 0.80 | 0.81 | 0.82 | 0.81 | 0.80 | 0.78 | 0.66 | 0.54

Table 5= AAlal5 3 wWdole] #Ad we Wawe A ¢4 v
= molt}. Figure 43914 e BxolA ®i= sl o], o]}
1.

8m™12192m 74 7t d5 AsE HAd $HE IS &
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Figure 4.7 Maximum stress according to loading location
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Figure 4.8 Maximum stress according to buried depth
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Figure 4.9 Displacement contour (D=318.5mm, h=609.6mm)

Figure 4.9& #9] 7o 3185mmel™ mjAdzlo]7} 609.6mms! 74-5-o] e} = WY
o] Bxolt}t #e] Aol 609.6mm<! 4Kt i3S YER L A

- 33 -

Collection @ pknu



(ale =Th=42m

Figure 4.10 Maximum Qg&lacement of pipe (D 31 @n 1=609.6mm)
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Figure 4.11 Stress contour of diameter (D=318.5mm, h=609.6mm)
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Figure 4.12 Maximum stress of pipe (D=318.5mm, h=609.6mm)
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Table 6. Maximum displacement according to load location

Cw

- Om |03m | 06m | 09m | 1.2m | 1.5m | 1.8m | 3m | 4.2m

609.6mm 146 | 145 | 142 | 138 | 131 | 123 | 113 | 78 | 56

508.8mm 1477 | 146 | 143 | 139 | 132 | 123 | 11.2 | 7.7 | 56

406.4mm 148 | 147 | 144 | 139 | 132 | 123 | 11.1 | 76 | 55

318.5mm 149 | 148 | 145 | 140 | 132 | 122 | 11.0 | 75 | 55
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Figure 4.13 Maximum displacement according to diameter
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Table 7 Maximum stress according to load location

@
5 “1 0m [03m |06m | 09m [12m | 15m | 1.8m | 3m | 42m
609.6mm | 167 | 1.76 | 1.85 | 1.90 | 1.79 | 159 | 155 | 047 | 0.19
508.8mm | 156 | 1.60 | 1.68 | 1.70 | 1.69 | 1.78 | 154 | 047 | 0.18
4064mm | 174 | 177 | 1.80 | 178 | 1.74 | 158 | 147 | 051 | 0.17
3185mm | 051 | 054 | 077 | 1.08 | 150 | 1.71 | 157 | 0.37 | 0.12
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Figure 4.14 Maximum-stress' according to diameter
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