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Fig.1 Field photos of oil pipeline bending caused by migrating pingos at the 86th highway station of Wuli
on the Qinghai—Tibet Plateau
a—Migrating pingo in February 2002 (looking eastward) ; b—Partially ablated migrating pingo in May 2002 (looking eastward)
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Fig.2 Diagram showing vertical change in temperatures of
the permafrost in the Hoh Xil area in January®
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Fig.3 Stress—strain curve of the permafrost
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Table 1 Mechanical properties of the pingo and
bridge used in numerical modeling
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Fig.4 Model of a migrating pingo and oil pipelines and

finite element mesh
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Fig.5 Displacement distribution of a migrating
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a—Contour (m) of vertical displacement of the pingo in section;b—Contour (m) of vertical displacement of the pingo in plan view
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Fig.6 3D contours of the principal stress and strain fields

of the migrating pingo (unit: MPa)

—HEAT VA XTI LU A A0TSR L O T I BRI
POV B BCRRRERL A R /N AR TG 100 m, m L 5E
80 m, M B Y i [l 8 K T oK Fe AT 1B i A v X o )
IR vk bty BB 30 A A E IR 0.5 m,

Hy T RE JEE (RS S 2 ok ) SRR SR RSE (R
PR 2B, WGge — R 1 = 4E SER T, A% &) 43 A TR A R
IR R A ot BV UK SR = 4 SE R ot E'.J_A\Fﬁéiaﬁ
JC (BT, AR T PR R o RS 4 SR A
P BLAE T8 0 B AR FNBE JEE ) BRI 43 Ry 54700 A géﬁ%ﬁii
TG, 40 M IE I TR Shvk e & & A ST in s | DL
R TERE B 25 2R BIRL A IT IS R 43 ] 4,

22 MR
2.2.1 #H ok iy 7L B Fe It 3 6 E R

BEALZE R R vk e g i DR K 15 m, BN 12 m,
THE B R 2.7 m(1& 5), UK EERYTEAR | s 5 55 552 o L i)
FY 86 IR S vk e (B 1) T4 —F,

222 BBk by B A 5 A

ME 6 5T 3 MFENN 6,.0,. 0, FHEHE =iz
B(XY,YZ,ZX 3 AP ERRATUEDS . EWNTT o, FE
/Hﬁﬁilﬁﬁ 7.9 Mpa (5K J1) 8153 Mpa(JER J))Z [A] ik

1 B HRBOT T FE 3~8 m WIRAL | 2R 2 07 1 8%, Hi
%l(i 1.2 Mpa #1-0.9 Mpa,

FER I (0 ,) EETE 7 Mpa (3K 1) —15 Mpa (JEI J1)
Z[8) 5K ) FEEEIAGAE 3~8 m TR AL | 33 324 R N T,
K/NH 1.8 Mpa 2 =15 Mpa, F ¥T 7K 0 JE B ) e Kk
—15 Mpa, i & 10 R ) BEAIG

FRJI (o) EELE 4 Mpa Fl-21 Mpa,3~6 m ML A
JRHS R 1, HK/NTE 4 Mpa DUR , #3838 R FR R F7 UK e
L RN J1 i KA —18 Mpa #-21 Mpa.

223 BFhok A BEEY

B 2 UK e = A 00 $8 E AR T 32 B4 A T vk e i TR
NLAE R IK 0.6, 153 25 8% 8l vk Fr (358 07 |, 581 7 A48 28 25 /DN
UK CF LA A 1 DX S8 P B A T 0,

3 EIEME AT MRS AR

31 MMEESHETR

Bifi 5 DK Fr () [ kS | JHE U E b T A A i A 3B kA RS o
BRI (b EEdh Ze a5l 7, 5 &SR 3 UK B 5| 04 i A
ARG R XS FRTE , B 7 AL ) T 38 T ok e A 2p i B AR R
B HE R 2k . AE UK e By BB B8 BE SR R i i A T A HE
IR 1.6 m, BEE &Sk bl BREEAR /N Hah
HEREREB LAy 0, BIEIE ER A REZE (K 7),

8 3l ok B 5]k 0 i A ﬁﬂ’J%Hﬁ”’rﬁ/ 545 8 WO A
TEGE W AR AR B YD G Z5 i A Y S OB R | A I i AR R
Lo GNPE TR KR RUIRAT ) NI ESTER 11 S VA rﬂﬁfiﬂi’ﬁ
(F8), mE s, élfﬂJ{EH féiﬂi?;kmmﬁf W 3h vk oA~
23 B I B A HE A AT BB S 0, il I8 E 1N



ERYIE G W

F S REAE . T R SRS B vk I | A ol A Tt o (A A 679

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0
-0.2
-0.4
0.6

o A fi LT L
o WAL TR

A 1 i )£ D/

KOV 2 #x/m

1 1 1 | | | 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

WRD/m

P 7 86 1H BERE vk I | % i i 4 2 o o 4
Fig.7 Flexure of oil pipeline bending at the 86th station
of the highway
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Fig.8 Change in flexure of oil pipeline bending with depth

[, 5 it A5 T2 (9 e B B R [ 4n i A% 8h ok B K Bl A e 2 o )
il e ) i e A S R TR Y B B AF TEAR R R
3.2 HE/KA

EIE Ny JE A E S MR TR, TRk A A
TR PIT 13 MR E NS AR 7R IE 0 A TR
no S [ B ST A T A M M AR R A
AR = SR UEAT BT R 23 (o) I Y i A B T, )
Zr 0 8154 4~ i Von Mises Y875 Jith fIie v U] Fn ansys A
PRI (10 UL P A6 1) A A 9 U AT T ) AR 9B R 1 ) A3 AT
A TE Y P IR L F1 L 450 Mpa, TFREZE SR LA 10 f1# 2,

o1 10 ISR 3 AT LA BB m N ) o B (x Bl 1) 5 A
TEHNER T 1) —B0) 43 A 0 1B 2 B (SR 1)) 487 Mpa B (FE L
71)—489 Mpa Z 18], R J) o, 510 I (KRR J) ) E2AE

9 A IH HIT M (SRR R )
Fig.9 Finite element mesh of bending oil pipelines
(partially enlarged)
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Table 2 Distribution of stresses of bending oil

pipelines caused by the migrating pingo
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Fig.10 Distribution of stress and strain after bending of oil pipelines
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Table 3 Plastic strains within bending oil pipelines
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Numerical modeling of oil pipeline bending caused by migrating pingos in the
permafrost on the northern Qinghai-Tibet Plateau

WANG Lian—jie, WU Zhen—han, HU Dao—gong, WANG Wei, SUN Dong—sheng

(Institute of Geomechanics, Chinese Academy of Geological Sciences, Beijing 100081, China)

Abstract : Migrating pingos are developed along active faults in the permafrost area on the northern Qinghai—Tibet Plateau. They may
destruct oil pipelines, bridges and culverts in the area. 3D nonlinear finite —element numerical modeling is performed of the
destruction of oil pipelines by using the ANSYS finite element general procedure. It reveals the stress field, displacement field and
plastic deformation caused by freezing and expansion of the migrating pingo and presents the oil pipe bending deformation caused by
the migrating pingo and stress distribution. Bending of pipes produces compressive stresses of =515 MPa and tensional stress of 520
MPa inside the pipes, which exceed the yield strength of 450 MPa for the pipes, thus leading to plastic deformation and destruction of
the buried oil pipes. The modeling of oil pipeline bending caused by the migrating pingo may provide an important basis for pipeline
engineering design and prevention and control of geohazards produced by the migrating pingos in the study area. Finally measures of
prevention and control are proposed.

Key words : migrating pingo; oil pipeline ; numerical modeling ; permafrost; geohazard
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