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Performance Research of Buried Pipeline Under Strike-slip
Fault Movement in Permafrost Region
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(1. School of Civil Engineering and Architecture, Northeast Petroleum University, Daqing 163318, China;
2. Key Laboratory of Earthquake Engineering and Engineering Vibration, Institute of Engineering Mechanics,
China Earthquake Administration, Harbin 150080, China)

Abstract; This paper established analytical model of pipe-soil system under freezing-thawing, conduc-
ted thermo-mechanical coupling analysis of the system under fault movement, and investigated the strain
developing law. Different soil stiffness at different temperatures, leads to different pipe-soil interaction
and different strain development laws of the pipe under fault movement. By comparing the numerical re-
sults of the force field under the real temperature field and the simplified temperature field, it is found
that the strain law corresponding to the two temperature fields is quite different, and the local buckling
of the pipeline is obviously earlier than the tensile failure. It is recommended that for the buried pipeline
across the frozen soil fault, it is necessary to obtain the true pipe-soil temperature field by finite element
simulation considering the temperature of the soil ground and pipe fluid, and then adopt the strain under
fault movement for the seismic design or checking computation.
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Fig. 1 Finite element model

T4 k-2 ot T A Ak R B e ) AR

b 90 b 25 9k APL 5 L X56, 0 M B R

7 800 kg/m’, LI Ky 434 J/(kg-°C) , TR KL

$760.5 w/(m-C) , AR FEZER ARG+ FEb 4 19T

G AFRREE T SR EE IR LA

1, HARBITIER DC3DS, & E B ICR ] DS4.,
1 THERISH

Tab.1 Thermal parameters of soil

wE,  EmE/ L FRREH
(C) (kg-m?) (J-kg'=C") (J-m'-C"-h")
-30 1920 2 540 3 744
-10 1920 2 540 3 744
-5 1920 2 540 3 744
-2 1920 2 540 3 744
-1 1920 2 540 3 744
-0.5 1920 2 540 3 744
0 1920 3 350 2592
15 1920 3 350 2592
30 1920 3 350 2592
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Fig. 2 The constitutive diagram of steel
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Tab. 2 Mechanical parameters of soil

RE/C

W

H -20 -10 -5 -2 0 20

p/(kg-m?) 1920 1920 1920 1920 1920 1920
E/MPa 200 100 50 23.4 6 6

v 0.32 0.32 0.32 0.32 0.35 0.35

o/MPa 0.6 0.6 0.6 0.57 0.15 0.15
o/(°) 26 26 26 26 24 24
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Fig. 3 Equivalent boundary spring force-displacement curve
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Fig. 5 Pipeline strain contours under different fault

displacements at 17.5 °C
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Fig. 6 Pipeline strain distribution diagrams at 17.5 C

05' d—lo! d=1.5m

8 I 7369+00

g o

] s

+7.283e-01 d=1.5m
+5.673e-01
[ | mereoed
+8.448e-02
~2.300e-01

d=0.5 ’ d=1. 0! d=1.5m
(a) RIEH M EENAL = E
Sm d—l 0m d=1.5m

+2.350e-01 d=0.5m
o] By

6660-02 d=1.0m

U Lshes d=1.5m
~1.011e-01

(] Bl d=2.0m
~2.688e-01
a Saoreon
~4.366e-01

d=1.7m d=1.8 m d=19m
(b) TEH BB N =
& 7 HuEERAERL(=22. 6 °C) ARIKIEAAE FEER =K

Fig. 7 Pipeline strain contours under different fault

displacements at =22.6 C

iKF) 1 m B, NCFTC R AE & —0. 179, CFTC [ L]
AR —0. 275, CFTC [ 7208 3 a4, ity 7 B o
PR SRR E] 1.5 m J5, NCFTC A9 15 28 i /N
—0. 130, 22 BLSEHE I f5 98/ 1 A 3, Tl CFTC /9 )
AN 0.345, & IE 2 B, W R RN
0.5 m B ,NCFTC AYHLAE 0. 381, CFTC 45 18 il 1)
o AR i Ze B (i 0), i 1.0 m B,
NCFTC i 7% 3 K %] 0.721, CFTC 4 HL [ 725 K
0.122 1% 1.5 m B, NCFTC J¥ 2834 K %) 1. 230,
CFTC L A= 38 fin# 0. 233,

R A A= Je s etk i1 3% F1 5% 1 i 1 A8 L K
15% 1) J ~F- A1 2 W2 e 00 8%, HAR L3R 3 A
MG EE I 1A PERE . TSR V22 0. 56% FR1E
*= 3 SRR EIE R d,
Tab. 3 Critical fault displacement d,, corresponding

to various performance criteria

R WIE JBE 3%hifh S%if ARk
AT JEM AR AR 15%
NCFTC 0.09 0.18 0.21 0. 80
CFTC ™0.31 0.39 0.42 1.43

H NCFTC Fn A% R URRMIG IR B W b 40 5 ik (O
RS, AR AR T IR, CFTC £/R %
FEVRALE PR B AT ik (ST IR E ), R & AR
NG



%4

AR R 5 U L DCE W T T S 18 )~ P e bt

65

S

1.4
——d=05m
L2r ; - —-d=10m
1+ ' cc--d=1.5m
w08}
# 4
F 0.6 F ).1
& oaf N
il
02} !
0 4
-0.2 1 L 1 1 1 1 L
31 315 32 325 33 335 34 345 35
B S A)/m
(a) NCFTChL
0.25
——d=0.5m i
- = -d=1.0m o
L I
02F ... a=15m ii
—=d=2.0m i
w015} i
5| [
T !
& 01 Ii
f I
0.05F N I
A I
0 L i N
31 315 32 325 33 335 34 345 35
BB HF/m
(¢) CFTCHL

0.1
0.05 }
0-.'.
005
2
E o1t
&
0.15F — A05m
02} I - =-d=1.0m
! <o g=15m
025 1 1 1 1 1 L 1
31 315 32 325 33 335 34 345 35
1 A /m
(b) NCFTCJE
0.16
0.08F 4 )
kol I
0 \ 'i N
T
i'
& -008F !
iﬁ Ii '
£ 016} I i
# i d=0.5m “‘
024 !! — —-d=1.0m l‘
onl - d=1.5m §
—-—d=2.0m
-0.4 e
31 31,5 32 325 33 335 34 345 35
B A /m
(d) CFTCH

&l 8 b I Fe AR (—22. 6 °C ) B8 18 i A8 43 A ]
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