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Numerical Analysis of Underground Pipeline under Uniform and
Non-uniform Excitations of Three-directional Ground Motion
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Abstract: Based on one industrial underground pipeline, with soil-pipe interaction and traveling
wave effect taken into consideration, a finite element model was built to study the dynamic re-
sponse of pipelines under uniform and non-uniform excitation,and the influence of some relative
factors was analyzed. The results are: the peak value of the displacement response curve under
non-uniform excitation, as well as shape, differs from that under uniform excitation. Horizontal
displacement under non-uniform excitation is apparently greater than that under uniform excita-
tion, while vertical displacement under non-uniform excitation is slightly greater than that under
uniform excitation. The stress response of one monitor point differs from that of other points on
the same section under both uniform and non-uniform excitation,and the stress response under
non-uniform excitation is more intense compared to that under uniform excitation.Displacement
and stress of a pipeline in the subsurface is usually influenced by the change in soil properties and
pipe trend and bucking under seismic excitation.
Key words: underground pipeline; traveling wave effect; soil-pipe interaction; displacement re-

sponse; stress response
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Table 1 Soil parameters
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Fig.1 Distribution of monitoring sections along

the pipeline
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Fig.4 Goodman element model

Goodman FLITTE A R T 4 455 400 45 fik 1 52
YA S U2 R A 1l s 0 42 fi D D) 1) 10 ) AR B
() S8 s O 25 JEAE il A8 TE i AR R PR R HORS E S
SEHPERAR R TR UE

R Bl 30 Rk FH R/ s 3l iy AT
W FUVCE — R A R R BELE e 2H R BT

SR WSO 1) N T 300 5 8 30 20 i e 0 S S 90 A H
S5 o 30 3o 286 4 LT ey I RE A 9 Y R K A
PRSP TG PR G Xof ™ S5 Fa B4 52 W o AT AT L5 4 i
AU 75 D g N T R S R

2 HEROW

ARV R H Chichi #7857 37 i) i 1%
B 2 oAy VI 0 i At 72 904 1) o 3 € D {E S 0,21
g, =ANTT I Y JIE R AR AN 5 PR o (AT BT Y
o My (]2 A LA BT 1A 2 ]
BEEIT I 2 Jr SR 1 R TE 1T AR LA B
AT

I JE/ (mes™

B A/ s
(a) xIn)

I E/ (mes?)

IR/ s
(b) I

ik g/ (mes™

B A1/ s
(c) zIn

B 5 = dieik FerA2 L

Fig.5 Acceleration time-history curves in three directions

AR S AE— Bk A T2 25 5 AT i AR 2B
RIS 2R I 788 A (] A7 5 0 52 B A ot 7 8 el 2 A [ 2B
1 T 35 M 72 P AL 16 10 T 1) SRR 1) — AL B R —



A6 A 10 W=7 @4 em & (—5)
Fig.6 Displacement response curves in three directions on

top of section 10 (uniform)
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Table 2 Peak displacement of each observation point on section 10
W x [t v [ 2 [
I - — - ; - ”
o -3 /m P—2H/m  HRAGE -3 /m JP—2/m  HERAGE -3 /m E—8/m KRG
TH R 0.001 3 0.005 6 4.35 0.001 7 0.010 3 6.03 0.004 9 0.006 8 1.38
R A7 0.001 3 0.005 8 4.51 0.001 7 0.010 2 5.97 0.004 9 0.006 8 1.38
JKEB 0.001 2 0.005 4 4.32 0.001 7 0.009 9 5.89 0.004 9 0.006 8 1.38
g 0.001 2 0.005 6 4.50 0.001 7 0.010 1 5.94 0.004 9 0.006 8 1.38
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Table 3 Residual displacements of each observation point on section 10
s —F(/m AP—%/m
AN
x y P4 X y P4
T3 —0.000 695 0.000 411 0.003 665 —0.000 519 0.000 360 0.003 607
I A7 —0.000 680 0.000 402 0.003 654 —0.000 518 0.000 354 0.003 605
Jiskiils —0.000 669 0.000 404 0.003 662 —0.000 520 0.000 358 0.003 604
23 22 —0.000 683 0.000 413 0.003 673 —0.000 520 0.000 364 0.003 607
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Table 4 Peak stress of each section along the pipeline under

uniform and non-uniform excitation

1E B 77 oY1 1

) —%  JE—-% WK —% % WK
/kPa /kPa 58 /kPa /kPa 155

1 2.54 29.07 11.46 1.56 7.68 4.94
2 1.60 58.41 36.53 2.60 43.47 16.72
3 2.52 37.23 14.76 0.93 29.57 31.82
4 5.22 63.71 12.20 0.43 45.56 104.86
5 5.32 43.00 8.09 2.06 18.44 8.95
6 4.04 54.80 13.56 3.13 12.23 3.91
7 2.91 103.87 35.73 1.36 22.79 16.74
8 4.46 25.99 5.83 3.48 14.17 4.07
9 3.06 74.77 24.43 1.92 16.13 8.42
10 2.73 67.13 24.61 2.10 37.29 17.80
11 4.69 45.49 9.69 2.63 28.80 10.94
12 4.77 36.07 7.56 1.62 7.22 4.46
13 3.28 41.56 12.69 1.86 24.71 13.31
14 3.54 45.94 12.98 1.99 6.14 3.08
15 3.68 97.03 26.36 1.21 25.10 20.69
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Fig.8 Peak displacemetn in three directions of each

section along the pipeline (non-uniform)
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