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Application of the Response Displacement Method to the
Aseismic Analysis of Corroded Buried Pipeline

WANG Gui-xuan, FANG Ling-chao, ZHAO Jie
(Civil Engineering Technology Research and Dvevlopment Center , Dalian University , Dalian 116000, Liaoning ,China )
Abstract: As the transmission carriers of oil, gas, and water, buried pipelines are one of the im-
portant facilities in the field of underground engineering. With the increased usage of buried pipe-
lines, those that are under the influence of transport medium as well as the soil and loading envi-
ronment, especially metal pipelines, are prone to corrosion. After a major earthquake, a pipeline
with existing corrosion defects can be prone to leakage and fracture accidents, resulting in a huge
waste of resources, environmental pollution, and even the death of humans and animals. There-
fore, research on the seismic performance of buried corrosion pipelines has become increasingly
important. This paper examines buried pipelines and explores the impacts of pipeline corrosion
depth, corrosion width, and corrosion location on the seismic performance of the buried pipelines.
The purpose is to provide a theoretical reference for the safety and practicability of pipelines; pro-

vide guidance on the continued use, maintenance or replacement and safety of pipelines; and pro-
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vide data to encourage further research on the seismic design of pipelines. This paper takes the ac-

tual project as the background and then analyzes the buried pipeline response under different pa-

rameters in the finite element software ANSYS using the seismic response displacement method.

Key words: buried pipeline;

seismic deformation method;

corrosion parameter; seismic

performance; foundation spring constant
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Fig.1 Stratigraphic displacement and shear maps
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Fig.1 Elastic resistance coefficient two dimensional finite
element model
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Fig.3 Various idealized corrosion shapes
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Fig.5 Stress-strain contours of corrosion pipeline
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Table 1 The monitoring value of each monitoring position under different corrosion depth

JE il R B 10% 20% 30%
T4 U B ) @) ® @ @ ©) ® @ O} @) ® @

N }1/MPa 23.806 15.527 18.192 10.695 24.652 15.471 18.192 10.679 25.565 15.419 18.192 10.661
RAE/(X107%)  0.114 0 0.074 4 0.087 1 0.051 2 0.118 0 0.074 2 0.087 1 0.051 2 0.127 6 0.073 7 0.087 1 0.0510
fifs/(X107% m) 0.9381 0.7850 0.7721 0.562 2 0.946 7 0.784 7 0.7721 0.5620 0.9551 0.784 7 0.772 0 0.5617

JE il R BE 10% 50 % 60%
A LA B ©) @) ® @ @ ©) ® @ @ @) ® @

R 1/ MPa 26.649 15.371 18.192 10.641 28.134 15.324 18.192 10.615 30.602  15.274 18.191 10.579
RAE/(X107%)  0.127 6 0.073 7 0.087 1 0.051 0 0.134 7 0.0735 0.087 1 0.0509 0.146 5 0.073 2 0.087 1 0.050 7
fif%s/(X107% m) 0.9629 0.7851 0.771 9 0.561 4 0.969 3 0.786 0 0.771 7 0.5610 0.973 2 0.787 7 0.771 5 0.560 5
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Fig.6 Stress-strain and deformation contours under different corrosion depth
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Table 2 The monitoring value of each monitoring position under different corrosion width
JE& b 98 / () 0 15 30
R A @® ©) ©) @ ) @ ® @ O @ ® @
W J1/MPa 22.958 15.585 18.191 10.709 33.252  15.48 18.192  10.711 26.649 15.371 18.192 10.641
RAE/(X107%)  0.109 9 0.074 7 0.087 1 0.051 3 0.159 3 0.074 2 0.0871 0.0513 0.127 6 0.073 7 0.0871 0.051
fi#%/(X10*m) 0.929 3 0.7856 0.7722 0.562 4 0.982 2 0.784 8 0.772 0.561 7 0.9629 0.7851 0.771 9 0.561 4
JEE T FERE /() 45 60
Eiig LA ) ©) ® @ ) ©) ® @
R 1/ MPa 26.172  15.198 18.192 10.414 29.833 15.427 18.192 10.652
REAE/(X107%)  0.1253 0.072 9 0.087 1 0.049 9 0.142 9 0.074 0.087 1 0.051
fiFe/(X107*m) 0.9475 0.786 8 0.771 7 0.561 3 0.969 3 0.785 1 0.771 9 0.561 7
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Fig.7 Stress-strain and deformation contours under different corrosion width
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Table 3 The monitoring value of each monitoring position under different corrosion location

JE il A7 /il A ToL B

EaN AT @® @ ©) @ ) @ ® @ @® @ ® @

M J1/MPa 21.142  23.025 15.576 18.196 26.649 15.371 18.192  10.641 23.847 18.417 11.627 22.974
MiAS/(X1073)  0.1015 0.110 2 0.074 7 0.087 1  0.127 6 0.0737 0.087 10.051 0.114 3 0.0881 0.0557  0.11
fii#%/(X103m) 0.511 3 0.9302 0.786 0.770 9 0.962 9 0.7851 0.7719 0.5614  0.7685 0.772 6 0.518 2 0.929 4
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Table 4 The monitoring value of each monitoring position under different corrosion pipeline depth

HIR /m 1 2 3
FE I B ) ©) ©) @ @ @) ©) @ @) ©)] ©) @
M F1/MPa 20.896 14.271 17.262  9.483 21.345 14.218 17.262  9.398 24.649  15.456  18.192  9.452
MAF/(X107%)  0.1056 0.0479 0.0534 0.0298  0.1132 0.047 3 0.0534 0.0298  0.1356 0.037 8 0.0531 0.031
fi%#/(X1073 m) 0.7324 0.542 8 0.537 6 0.325 3 0.763 4 0.543 5 0.542 9 0.561 7 0.876 3 0.834 2 0.7927 0.648 9
R /m 4 5
Fh U B ©) @ ©) @ @ @ ©) @
i J1/MPa 26.649 15.371 18.192 10.641 31.565 17.542 19.478 11.483
MAE/(X107%) 0.127 6 0.073 7 0.087 1 0.051 0.142 9 0.079 0.096 3 0.089 0
fi%/(X1073m) 0.9629 0.7851 0.771 9 0.561 4 1.248 6 1.035 6 0.787 6 0.746 2
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Fig.8 Stress-strain and deformation

contours under different corrosion depth



5539 & 5 1 TR R

(30 7 7 H 0 I 1o A5 2 B0 R 4B PR 1 7

4 i

AR S 3 BT A 2 I T ok S 0 S ok Bl g A
LR Y0 PEBE R SE R, I 38 3 R A B v N 48 M 7R AT
BAEL LB 45t .

(D) FFAFIE & L LMY &
AR LR AR A A N I 22 55 A K

(2) 55 20 e K 1 & A A6 45 42 1 A ol v ot
i & ;

(3) JB b T 45 2 11 1o ) 5 Wil I G B R ot v oo B
B HE RN/ 0N 2 B B <157, i T ) 4R
LG 1R 5 T L B R e K g AR

(4) b 52 045 4 (0 A FH 52 ) 5 48 2 Y B3 R
I L B A X A ok e 1 L R AR
B A5 28 A e RS 0 2 R BAE JS o B L A A
ERARR AL ZBIREIN . 5 B 25 38 W A b 7% 7 2
VEFITR , 5 65 o B 4 140 485 2% 1 i 7 1 ik A2 B AR K3
Wi 7645 LR PR BT o B T A A LR IR AR T )
J o A LR A5 5 R AR IR B S, R AR 2

TR AU R R B R R B v S TR X

22 ik (References)

(1] ZEAR A TREYUZ-IERPE SN AIMI] JE R Bl 2F R
#.2005.

LI Jie.Basic Theory and Application of the Lifeline Engineering
Anti-seismic[ M ]. Beijing : Science Press,2005.(in Chinese)

[2] B P & 7 di il A 0 T o 9 A5 43 7 S5 00 SR LD 0L 08 ok 5 15 B
2002,23(3):128-130.

ZHAO Qing-hua.Investigation and Counter Measures for Cor-
rosion of LuNing oil Pipeline [ J]. Corrosion &. Protection,
2002,23(3) :128-130.(in Chinese)

[3] EWefe, T BE, ARan T, 5 A0 18 0 i AL 2 8 ik 5 B )i ok

AT 1] 546 T.,2001,95(2) : 39-40.
WANG Xiao-hua, WEI Yue-qin, ZHU Hong-wei, et al. A Pre-
liminary Analysis on Electrochemistry Corrosion and Anti-cor-
rosion Measures of Coal Pipes[ ] ]. Coal Chemical Industry,
2001,95(2) :39-40.(in Chinese)

[4] XU 220 25 RO AL IS T A F A 2 4t 48 2 o 7 2 17 43 A [ .
+ K TR 24,2007 .,40(2) : 104-108.

LIU Wei, LI Jie.Seismic Response Analysis of Buried Pipelines
with Stochastic Corrosions[ J]. China Civil Engineer Journal
2007,40(2) :104-108.(in Chinese)

[5] Shiro Takada, Liang Jian-Wen, Li Teng-yan. Shell-Model Re-
sponse of Buried Pipe Lines to Large Fault Movements[]].
Journal of Structural Engineering JSCE,1998:44.

[6] UMK, D Je R A AT BROT @ ks [ J B TR S
T3, 2001,21(2) :53-57.

ZHAO Lin,FENG Qi-min.Research on Methods for Establis-

(7]

(8]

9]

L1o]

[11]

[12]

[13]

[14]

[15]

hing FEM Model of Buried Pipelines[ ] ].Earthquake Engineer-
ing and Engineering Vibration, 2001, 21 (2): 53-57. (in Chi-
nese)

BRSO WRIEWT W AR B A A R T AR
FELT]. A LI, 1999.27(11) : 47-49.

CAI Wen-jun, CHEN Guo-min, PAN Dong-min, et al.

JEE VAl 1) WF 5 E

Advances in Research of Residual Strength Assessment of Cor-

roded Pipeline[ J].China Petroleum Machinery,1999,27(11):

47-49.(in Chinese)

Newmark N M, Hall W J.Pipeline Design to Resist Large Fault

Displacement[ C]//Proc of US Conf on Earthquake Eng Oak-

land: EERI, 1975.:416-425.

W B L BEE Kt T 45 A W e R ) R B ST G L . T B

i .1996(5) : 7-16.

PAN Chang-shi.Study on the Seismic Problem of Tunnel and

Underground Structures[ ] ]. World Tunnel, 1996 (5); 7-16. (in

Chinese)
TR R AN A5 IR T RN RS v Y B D A AT R B L
H R B HUR 4 A L) S R T, 2012, 28(4) £ 28-35.
WANG Gui-xuan, LU Xu-hua, ZHAO Jie, et al. Seismic
Analysis of Grouting-in-place Reinforced Concrete Under-
ground Channel Based on Response Displacement Method[ ] ].
World Earthquake Engineering, 2012, 28 (4):28-35. (in Chi-
nese)
TCHE K S AT T A5 R T DT TR S R A% 12 e A D 3 e G
ML AR %Y Iiﬂ‘:ﬁ%&.zow,azm;3478—3485.
GEN Ping, ZHANG Jing, HE Chuan, et al. Basic Theory of
Seismic Deformation Method in Cross Section of Tunnel and
Its Application[ ] ]. Chinese Journal of Rock Mechanics and
Engineering,2013,32(2) :3478-3485. (in Chinese)
W™K A0TSR A U T ok gt s
AT 2241, 2011, 28(1) :132-139.
CHEN Yan-fei, LI Xi,ZHOU Jing. Ultimate Flexural Capaci-

TH A B BR AR

ty of Pipe with Corrosion Defects Subject to Combined Load-
ings[ J].Chinese Journal of Computation Mechanics, 2011, 28
(1) :132-139.(in Chinese)

EUERK 5K E 2 AEBUMR A5 TS I R ok % R R R T A
B3l S H H TE ToR2 L 2007, 8(4) :31-33.

WANG Hai-qiu, ZHANG Chang-lin, LI Shuang-lin, et al. Oil
and Gas Pipeline Corrosion Failure Probability and the Predic-
tion Model[ J].OIL-Gasfield Surface Engineering,2007,8(4) ;
31-33.(in Chinese)

Corona E,Lee L. H,Kyriakides S.Yield Anisotropy Effects on
Buckling of Circular Tube Under Bending[ ] ]. International
Journal of Solids and Structures,2006,43(22/23) :7099-7118.
FAO5 B INEL A B IR AR B R KA RS X b A S )
AR L ME A BT ()] b7 TR 4441, 2015,37(2) : 362-366.

LU Fang-qin,SUN Hong, SHI Yu-cheng.Nonlinear Analysis
of Influence of Large Displacement Induced by Sand Liquefac-
tion on Underground Pipeline[ ] ].China Earthquake Engineer-
ing Journal,2015,37(2) :362-366.(in Chinese)



