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Simulation of the coupling mechanism between medium flowing vibration
effects and seismic response of crossing oil pipeline

WENG Guangyuan, CAO Jingting, ZHAI Yao, XU Linjie, HUI Yang
(School of Mechanical Engineering, Xi’ an Shiyou University, Xi’ an 710065, China)

Abstract: To explore the coupling mechanism of the time-varying fluid-solid coupling vibration of the medium
flowing through the pipeline on the seismic response, the oil pipeline supported on the diagonal spanning structure
is taken as the research object. Considering the time-varying characteristics of the dynamics during the medium
flowing process through the pipeline and adopting the two-way fluid-solid coupling theoretical model, the theoretical
method for calculating the coupling between the medium time-varying fluid-solid coupling vibration and seismic
response is proposed, and a finite element simulation model for the coupled medium-pipeline-span system is
established. By setting the calculation parameters and boundary conditions of the coupling interface, the simulation
is carried out. In the finite element simulation model, by setting the calculation parameters of the medium, fluid,
pipeline, crossing structures, and considering the boundary conditions of the coupling interface, simulation
calculations were carried out. The displacements and acceleration responses at the end of the bridge platform and
the cross-section of the pipeline across the location were extracted for calculations and comparative analysis with the

calculation results without considering the medium flowing vibration effects was carried out. The results show that .
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when the medium flows from the left side of the pipeline to the right side over time, the state changes of different
fluids in the pipeline caused by the medium flow and the seismic coupling result in differences in the pipeline
displacement response and acceleration response distributions along the pipeline length. When the source of the
medium flow reaches about 4/5 of the pipeline length over time, the peak displacement response and peak
acceleration response of the media occur all the time. The coupling response of the right half of the pipeline is larger
than that of the left half of the pipeline, and the calculation results of the pipe cross-section at six typical locations
in the right half of the cross-section reveal the general rules of the medium flowing vibration coupling with the
seismic response. Under the same conditions, the displacement coupling response of the pipeline considering the
medium flowing vibration effects coupling with seismic response is approximately 2.7 times that without considering
the medium flowing vibration effects. It indicates that the fluid-solid coupling vibration considering the medium
flowing vibration effects has non-negligible effects on the earthquake response.

Key words: crossing pipeline; medium; medium flowing vibration; fluid-solid coupling; seismic response;

coupling; simulation
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Table 1 Basic parameters of each main component

B 5 FPERLE/Pa HER /N A W/ (kg/m?) HAE/ mm
Hil X60 2.06x10" 0.30 7850.00 ® 711x12.7
X R 32 e 0.78%10° 0.47 0.94

gy Q345 2.10x 10" 0.30 7850.00
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Fig.3 Schematic diagram of seismic response of oil and gas pipeline with fluid-solid

coupling vibration effects when the medium is flowing
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Fig.7 Time-history curves of pipe cross-section displacement response at typical location of crossing section

A&7 AT, ERT 30 s PN, 6 S B AN TE AR B LR I R LR 0, & BT BRAE A N s R Sk
S B0, HEA AN FAISRE BT s RS L ARE LB T 1IR30 ;30~90 s P, 45 T8 N I A 5%
[i) 53 R (RIS 8l , R XA A rp , 6 A~ LR A7 i Ak A T AR I 140 1S 6% Wi 7 A8 A 175 490 i A AH (], i 28 B 1) i)
FEAE ISR ZE LT IE 52 KA B RS IR 590 ~ 135 s PN, Bifi 35 65 R X BEL A TR A48 22 | A R HIR 3 %
M 7 it 2 e (R B 8 384 K, ELAS P EL A 1 % T 4 A R AR 1 e X S i B v, 6 A MR A A S AT 3 A
128 sZEA7 B T A 5 2R B AR S A F% mi 1y W, 5 L it 7 1 B2 v ) o7 5 AR | 28 i I 20 457 6% i 17 DA {1 78K
135~160 s P ,6 /™ LI ( B Ah45 T8 AR AT 1) 26 A PR 30 -5 Mo R A 5 V8 FH I (2 A i o7 25 R 3 i, i R i 28 2
PR R AR B AL AR A0 0 R R A {7 8 Wi 07 06 {4 28 o A1 0y 57 A% i oy e (L 357 1A K5 2, MBS Hh A A 1)
Tl 1 BRI AR 6, 58 R AYEEE S 51 0.145 ,0.139 ,0.127 .0.073 .0.041 .0.041 m, FF&5S 1K 7 rh 2 mt R h
AN AL M) 1o s R 43 A IR 557 % D 07 Fsf A 0 A PR A, T DA HE A0 T A9 428 s B 0 6 1k X B ) b 72 A7 A6 Wi )
AN

LR 5 FnEl 7 ar e B ek i A T e i R 2 S RS A T 58 DX B ) 2R IR 2 5 A% M 7
B A e N BT B S R T 5 60 B R ALAS A 1, HL A L 6 00 BT B 2% FERS B IX B B ()7 B AR A
TE R 1A A0 2R IS IR B S RS I Ry A5 VLR M O 204 K T B 4 Bt SR %o i 1 e o o A T B R O o7 L
HHIESHMAE,
3.3.2 /I AT 0 R e g AR AT

W X B 6 7~ L TR0 A AT A4 28 AR SN IR R (0 ~ 135 ) | 20 At 4R B0 5 1 A - T 5k 2 e 7 (135 ~
160 s) B REMIZE ILIKT 8,



158 W & L B 5 T & #& 3 44 4
20 —— 25 -
e — 15
£ 10 n
% < 10
E 5 (87.78, 0.77740) g 19 (87.90, 0.56405)
8 ety £ 3 Tt
% % 10
= i
g ::2 (151.68. —17.83009 ) = 13 (151.62, -20.60908 )
20030 40 60 80 100 120 10 160 >0 20 40 60 80 100 120 140 160
IF[a] /s 5[] /s
Ca ) I S8 o7 e 2 ) G TET 2003 3 oy s b 2
_ %2 — {3 T [— e
%10 & 12 (87.78, 1.73131) Il
Z (87.90, 0.97563) & 78, 17313
\‘5 5 ’ \ "y n.‘.;.L i é (6) \L Ll Y )
® 0 R i B -6 e pteste
R 12 (
E s (14532, -23.07726) g1 (14532, -31.26194)
-20 30
020 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
1] /s ] /s
(e ) A8 3 3 3 w7 i 7t il 2 () R 403k g 7 ) ey 2
P 33— w6
oy o 16 (87.84, 1.73914)
Z g W 84, 1.7
ERR (87.84, 1.01102)~__ bt < % L
-8 [ 8 oo
o - g
é _52 (14532, -37.89710) B %4 (14532, -46.72909
T 32 = 40
—40 —48
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
Hif[al/s i ) /s
(e ) AR S ek J3g o 7 i 7t il 2 (£) TR 6038 7 s 7 2
B8 Bl X B Bl AU (v B A0 18 A T 0 FE N R B AE B 2%

Fig.8 Time-history curves of acceleration response of pipeline cross section at typical location of crossing section
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Fig.9 Clouds of pipe displacement response with/without consideration of time-varying vibration effect
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