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Seismic Response Analysis of Buried Corroded Pipelines
Under Incident Seismic Waves
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2. Heilongjiang Key Laboratory of Disaster Prevention, Mitigation and Protection Engineering,
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Abstract; This paper takes buried X80 pipeline as the research object, and discusses the influence law
of incidence angle, corrosion parameters and insulation layer on seismic response of pipeline corrosion
area. Under the excitation of P wave and SV wave, the stress in the center of the pipeline corrosion area
reaches the maximum value of 556. 7 and 559. 7 MPa and increases by 26. 1% and 28. 0% when the in-
cidence angles 6, and 6, are 60° and 45° and 30° and 45°, respectively, compared to that of 441. 3 and
437.0 MPa under the vertical incidence. When the incidence angle was the maximum response angle,
the influence ratio of corrosion depth, length and width on corrosion pipe stress under P wave and SV
wave was 58. 0% and 51. 9%, 22. 8% and 27. 1%, and 19.2% and 21. 0%, respectively. The increase of
the thickness of the pipeline insulation layer can effectively reduce the maximum stress in the corrosion
zone of the pipeline under earthquake. Therefore, in the seismic design and maintenance of pipelines,
we should pay attention to the incidence angle of seismic waves and corrosion depth, and consider the
seismic isolation effect of insulation layer.

Key words: X80 corroded pipeline ; seismic wave of oblique incidence ; viscous-spring boundary ; safety

assessment; P waves; SV waves
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Fig. 10 Stress time history curve of corrosion zone of pipeline under different corrosion widths



5 4 1]

7 2 A MR TSR IR T o A T e 5 25

J& ply 5 BE AN 160 mm 35 F] 320 mm {45 72
W D3GR R, Yk S FE A 320 mm )
640 mm FIEFE T, 1 7 38 4 R TR, 7T DA
A, Y s B — 5 T R Tl B A s A Xt
5 ol A Tt R e 5 M R TR/, 2 2t
W ERZ G, R AR R P B bl e
JE RSN, MR AR R B4 T8 1 i 1 R T 0/
X5 i B AR A A I
4.2.3 Gl Il o R R T T ol DX 3t R e )3
A0

HE DNV-RP-F101 FRife, 4@ i EE 2 100 mm,
JEMTERE A 160 mm B, 76 P AN SV BEVER T E
T DX T R BE SR B 249 0 0. 7 B, 38 K AR 8K
PR, 36 O [ J85 s TR B2 (0. 2¢.,0. 3¢.,0. 4¢.,0. 5¢ I
0. 6¢) XA TE HEA T4l 7R M o R FE S MR 40T, i B
BN J e R B AR R ) R e O i R PR 5T
Tl TR B K ML e A T A AR AR

A 11 AT LU 6 Tk R B 8 T, 7 T ok X

+3.420e+08
+3.221e+08

B 7534 S B X TR A8 I8 N BB 2 B Y 1 )
OIS B[R ER AL W ) 07 1] 77 A 22 e
HE 12 FTLAUE 4 TE BN 7 e N 7E 10 s Bk #)]
K, I H Bl A 6 i R B A 3, A8 TE T Tl DX
Mises [ /] e KB 2 87 15 0K, 3 3 4002 45 18 BE AR
=8 A S VA I S SRR A I VA
PHYREE N 0. 2¢ BEANE] 0. 61, P P F B S (EHE K
BRI N 0.406% . 0. 433% 0. 424% . 0. 530%;
SV T @ R ) B 3 K A 5 0 0. 406% |
0. 408% .0. 407% 0. 532% , TEJERIREE M 0. 2t 14
JnE] 0. 5¢ pyE R W IR AR AR R RS E , 1T Y
JE TR 3K 5] 0. 60 5, 7 7 48 4 o R B g AR K
AT BEAE: B T8 T R B 8 B — e AR R A, A A
IRGER A T 2 AR Ak, Bl O Tk TR B Ak 23
FEEAREG | A R R AR
4.2.4 UMY

U RECH S BB AL G R By e AR 5 2
B AL ) LR X T HE M A Dl A G B )

. YRBEd=0.21

S.Mises
(Avg:100%)
+5.628e¢08

YR d=0.3t

YR d=0.4¢

YR d=0.5¢

| | .

WEd=0.61
1
(b) SVI%

P11 AR bR B A I et DX ) ) 5 T

Fig. 11 Stress cloud diagram of pipeline corrosion zone of pipeline under different corrosion depths

600 |L—— J& bR BE d=0.21 ]
—— SRR =03 560
560 F—— IR d=0.41 550 -

—— SR B d=0.5¢
5 520 F—— PEbEEEa-0.6: |} 540 i
2 430

MisesM /]
~
B
(=)

360
320

MisesV. Jj/MPa

640 F— EUMRIEG-021 ' -
600 | TEBREREG=0.31 560 1
L JE& PR Ed=0.4¢ 550 ]
60 JRURRBEG0.5t T gl .
T B EEa=0.6r ! 1
520
480
440
400
360
320
280
0 5 10 15 20
I 16/
(b) SV

PEl 12 ASTR) G Gl iR B S 4 T J8 ok [X A 7 g e il 2%

Fig. 12 Stress time history curve of corrosion zone of pipeline under different corrosion depths



26

Wode TR R il (A& R D

2024 4F.

AR S E R RE R QR i B ok BE
FE R BE 0T RS 8, FRAT DA H S L sk B
FRE IO TR R SRR S — | T
S P 2 AR A T, DAV T IRR E 0. 2¢
AP BE 100 mm A JE 1l S8 BE 100 mm Ry 4 %
TR A ek SO0 A8 I B K AR )
R BB RN
Ao/o

NN (6)
R, f—HURTE R Ao/o —B KRN F178
fbit; AF/F —S5075 ki,

2 JBIR T AN [F) 2 07 Ak i X 07 1) e R A5 AU
MR AR (6) TR A SHOT B R R
BRONE T R R B R U RS & S HUE b
HRERWE 13w, H 1.2.3 .4 FoR 8858
ZHW PURIE L

ML 13 AT RIAR S, PERT SV IR JE R
K BE RN B B X T ik A B N ) 5w L 4y g R
58. 0% 51. 9% . 22. 8% F1 27. 1% L) J% 19. 2% #il
21. 0% , JB5 R B XoF g2V FH I 4L kb J b 4578 e R
SERN SR B K, P AR LT SV h R
TR, D, 7R A T A R L RS
RS T e R B 5K A Bl T R AR T T A
KEFRN T, DT 38 AT A T 4 I 1 XU

4.3 RREEEX 18 EIE S X IgREE SR
ST

PRI JZE AL HE ORI PR 340 e X 45 18 1 P A=
PEREF=AE 2, ORI 2 5 R O MR, LB A
R 175. 12 MPa, JAFA Lo 0. 443, SR BUR R AR TR
JZIEFE(0.,20.,40 .60 mm) i i LA FER 2 IS
BE ST 1) b A= e g R 2, A AT AR IR 2 R B e
b T A TE BT R R BRI

4 B 14, PR 2 R BE 43 5 0,20, 40,
60 mm 5, P T XTI A4 JE ok X R RS ARAN AUy
556. 65 .463.99 416. 50 374. 87 MPa, i K 5y
SIh-16.65% .—10. 24% . —10. 00% ; SV T Xt i
A JE e DX g K A 3800 ST IRl 559. 65 ,468. 34
420. 67 ,378. 64 MPa, H K #4351 hy - 16. 32%
-10. 18% .—9.99% , H1 b AT, 38 hn o8 i )2 8 B
AT DU S0 /NS T 6 ok DX A e R S5 %08 77, AT
T R 0 A8 T B SE R, T B — B4R 1Y I R A
T2 AR/ SR R, 255 288 B ]
DAGZ i 31 i 5 2 %ot A T B R I, DT AR A TE

5 #i¢

D) TEASCWF5E B9 T OUMAA BE AT, Pl

R2 SHTUESNNTUENER

Tab. 2 Table ofparameter variation and stress variation

L/ AF/ Ao/o w/ AF/ Ao/ d/ AF/ Ao/
mm a P SV mm F P SV mm F P SV
150 0.5 0.001 66 0.002 46 150 0.5 0.001 25 0.001 37 0. 3¢ 0.5 0.004 06 0.004 06
200 1.0 0.004 04 0.004 91 200 1.0 0.003 19 0.00386 0.4t 1.0 0.008 41 0.008 16
250 1.5 0.004 93 0.006 06 250 1.5 0.004 48 0.00552 0.5¢ 1.5 0.01269 0.012 26
300 2.0 0.005 51 0.006 92 300 2.0 0.00513 0.00636 0.6t 2.0 0.01805 0.017 64
0.010 T 0.010
4
1 23
0.008} g 0.008F
\'\?2 0.006} B \?2 0.006F
= 3
B 2 =
& 0004f 4 & 0004}
3 2 3
4 4
0.002} 4 0.002F
0.000 0.000 _ .
R Jo3 e JERE JR T [ JE R
(a) Pk (b) SV

P13 S RS SRR AR S R i 2]

Fig. 13

Relationship between sensitivity coefficient and parameter changes
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Fig. 14 Stress response of the corroded zone of pipelines under different insulation layer thicknesses
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