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Abstract: Under the action of faults, the failure of pipelines with corrosion defects mainly occurs in
weak parts of pipeline structure, such as corrosion areas. To explore the impact of corrosion-defect

pipelines on the failure mode during fault displacement, a three-dimensional model of corrosion-defect
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pipelines crossing a reverse fault was established based on elastic-plastic finite element theory. On this
basis, parameters such as corrosion position, corrosion depth, and fault dislocation were explored re-
garding their influence on local corrosion areas, pipe stress-strain distribution, and failure modes under
the action of the reverse fault. The results showed that the main failure mode of the pipeline during
fault displacement was local buckling damage at the top of the downthrown segment and the bottom of
the upheld segment, with the bottom of the downthrown segment and the top of the upheld segment in
tension. When the top of the upheld pipe segment was locally corroded, the main failure mode of the
pipeline was a dual failure mode of tensile failure at the top of the upheld segment and local buckling
failure at the bottom. When the top of the downthrown pipe segment was locally corroded, the main
failure mode remained buckling failure, but the pipeline experienced buckling failure at a smaller fault
dislocation. Different corrosion locations significantly affected the stress distribution of the corroded
pipeline. Corrosion at the top of the downthrown pipe segment had a greater impact on the degradation
of the pipeline’s seismic performance compared to corrosion at the top of the upheld pipe segment,
which in turn influenced the changes in the failure mode of the upheld pipe segment. As corrosion deep-
ened, the strain caused by local corrosion at the top of the upheld pipe segment followed a nearly lin-

ear growth trend, while the strain caused by corrosion at the bottom of the downthrown pipe segment

followed a nonlinear growth trend.

Keywords: buried pipeline; failure mode; numerical simulation; corrosion defect; reverse fault

0 5

T

M B A A T R Dy 1 R R B e e A
ROA: TR, 7 o DB i, S Al o B 2 2 B b 5 LY
JEIX o b g A TE VR A SRR TR Sh )2 18 Ak W K
T Z KRR W 5 32 B A HTE A B (PGD) Y
SEWR o 22 UCRE I VA A B BRI 2 5| A 1 T PGD 23
T R b A I 25 A8 B IR, 40 1906 AF Y TH 4 1l b
R 19TLAR Y 26 2 K FE 2 AR (1999 4F i + HE L
B 25 K R b AR RN 1999 4 1 4R 4R MR 5 BT 2 A
A T R T B T E B R

RARS G AR KW 03 S b B b 45 N s A
[t 5 45 AP IR A AR AR TR 2, A T AP A ot A R
mCO2 H2S LA K45 WA LR , 2 H & KRR
149 7K 43 6 45 38 T0 50 ¥4 B6E BTG o DT 5 | A 1 T
N JE 1l (Top of the line corrosion, TLC) , 5 3% i
BE JELUG |5 B AR ARG, 7 R AN A 2 A T K
SR S HOR T R 2 PR 38 [ il TR U
[ PR P 23 Kk B — 30098 A 2 BR, A SR U RF IS O
TLC S8 T bl 1 15% FNfE b 50% B9 48 18 B ™ .
LEA DA B R O, A 06 T T 2 AR R B M
ThAE I PR M RE R T T .

H i FE P Ah — 2 2z 2 (1 F 5T 32 A op 7 2

VE IR JC I Pl 8 38 19 2 s = R A
A N A T T o % ok A A I g 2 4
TE PN HE 2 5 o for 2 A R B9 B SR8 K B9 B 9T L R
F S5 RIE gE T B R v T S e A AE R [
A b Bl o R B LK R K A T A BR R T g B i Oib
ft U AIF 5T N TR ol 2 e b e g ) VR R R
TE AR R P9 A R, O A ST ok A % A PR P T
W23 2L BIF 5T FR 3 T T N R R B
] 3 (VR AR 200 T A K DL K A1 350 A 5 % A8 3 1Y)
S, 2 T 2R RS Dol Sl o B A 4 R 8 0 9 R X
B, ARSI E TSR B A5 A I BB )2 Y 3 b
A T 7E KT 2 5 20 B A TR) BB TR v R R A7 3
b A 0 R 7 IS AR B B BIF 5 S TR Dok o R R X
(A 52 Wi S K T R BE TRAR . 2018 4F B SCHRIF R T
AN T e o e B L I U2 R Xk B I )2
IS R R S R . AR R T T R ik
TR S BN R BT T e  EE it B R
S8 3 110 W T T R Ak x4 Ak A X R i 1 #F
FEMANZ

Ry i — 2 0 5T 3 W 2 Sh AR T A T AN TR
Tl (7 AN [ 8 b R B AN [ T 2 4 8 e 4 S B0
HAR s W 5 AR SCTE R B 9T 1 SR A 1
SET 2 R R G R W Y L R A T 4 BR
JCEE R R B9 16 R B kA E TR A Bh

1387



A S RO A I R S R R B . T T R
AT A T A [ A B Y B 1 I AT S 4R M RS SO

1 ZHHEREES
11 EE LR R8Tk E

AR SCR 38 A BR T3 B B ABAQUS #E 57
=4k 302 R B A A A A,
TE BT 2 B4 58 SUSRBE 6 LA K 2 45 b 3 1 T )2 10 £
BN T4 Ml I ) GO S A DG B R T L
Wi 2 75 58 X BE 0= 90° B AW )2 051 Ff3 8= 6015 AT A
Ll 388 58 B 1 e 7R A8 T AE 16 BT 2 AR R 7 AR AN )
KA AR PR IL, A SCH 32 R I A 0
JZ 0=90"F1 B=60"H:F Jay S Ji 1ah %] 45 18 2 R0AE =X 1) 52
Wi, MBS 3 %6 FH AP 5L X65 4538, 5K FH 4% 1) [\ 14
SHEFEROT A IR E R 3 m AR (FEEE)
D=0.914 4 m, BEJE /=0.011 9 m; Jy W B i A& % 4%
T8 R A 2, AR R SE 8 m < 6.8 mX 30 m, R
75 TH A SR T I LR o

6.8
At

| 3°

() HEEE  (b) BiEE

dpy = 0.2
(o) BB (R TR

BT 302 A8 T = A B o3 B A

Fig.1 Reverse fault-pipeline 3D numerical analysis model

i m

1.2 EEMBREXSH

+ {4 2k I Mohr-Coulomb A< #4) 155 %4 | 2 1 if]
R IR A T TR o 0 3 e 1A R AR A R K
ok B UL A A R A Ak B B e . B TE R
2 [ A i P22 CAPT) X65 89 7 77 07 A% 3 98 P ARy
AR U045 36 7E W 2 4E R = AR R AR TR o R )
O AE S 2 AN (1) B

1388

AEINEAY
sl‘?p{a},+x(q) :l (1)

Kb, e BN A 0 RN T 50,0 JE AR B T, B
448.5 MPa; E, i 9] i M AE 8L B 201 GPas A FI N
TR NS E A BIE0.533 F1 14, 18 2 Jy X654
4 N ) — o7 2% T & .

700
600
500+
£ 400f
p=
< 300}
200
100
UO 1 2 3 4 5 6 7
el %
El 2  X654# i Ramberg-Osgood 748 #4 45 18

Fig.2 Ramberg-Osgood constitutive model of X65 steel

®1 LHENNESH

Table 1 Mechanical parameters of soil

W/ OFRPERE AL NEEEE AR kA

1% |
Y kgem ) B/MPa v fie/() H/Pa ¢/0)
Zh+ 1960 20 0.3 33.5 26 000 3

1.3 HERELHEEERKEU

T A5 UL T J2= 37 i 1) A BR T AR L T AT T R Al
e b P9 AU 5 2o — o o U W 2 A 2 L A ik
BN B 2R AR PR 00, o5 — Bl R A 3
5z (10 A58 TR o A Mk R B . PR OT L A%
A PR A fb A L A B | nT LR S A
OLIBT 22 5 30 7 A= 4 ) B R R g 2 A R
AR SR P BE 45 RS TR D X T Y 5 1 2L B
PRI RS A 2 fk SR A5 UL BT SR ) i Sl R T A 2 e JEE
PR BCE N 0.7 0 - X B R Bk
F 0.3

TE T B rh AR 5 280 05 R 20 R A 40 5 52 1 Ji
ith B A LA B, AT 058 32 BT I A R/
0.2 m DL 6 B2 0L 2SR, SR AE T 550K5 BE A [R] i
Oy AR BB A BT T RH 52 10 m P A9 A TE SR
R 240 TR A, G 38 2 514 D00 S AR X LU 5 0

I AL i ger By A A R IR . B R ik
] L 00 78 2 T[] X o A A R it i g A 4
JH A A 00 A 455 10 ) 0 0 M I ) SR A RIS E . A



M CR 25 B 5, Az )RR R sh B & Wi 2 07
] 607l i 57 7% 5 2, 1T B 400300 W7 )22 0% 3, 7 5 7E
Ly
R 4l 28 50 G2 1T Oy B 100000 7R ) A 1 T )2 A B
U453 TR A Bl R MR R G 2 R) A X R 56
FLOIFVI RN 25 5 B R R R B i
10g 10 mes = M — 2.247 log,, (k/Ly )+ 0.6489M +
0.0518s — 0.3407v — 2.9850 —
0.1369M? +(—0.0306S} + 0.2302S? +
0.5792S; )+[—0.3898r —
0.2749(1 — )] R/100
(2)
Ko, MR R R N E IR (km) s H b 58 TR B B
L R B
bR 28 A5 3 50 4F 18 B HE 2R 3000 B 4 Bl i
g 1.2 m, AR R 63 %0 BHAE SN 0.99 m, A
K UL 07 5 vk it Jn U 2 A Bl i L 8 Bl ) B Uy
Bk W24 3 & R 0.3~1.2 m, 4§F§ 0.1 m 5 & — Ff
T o R IH bR B 7 RN R A A B[R] B
Hh BT AV it e K T2 A 2 R 0.02 mm'tY

14 BHEEEHER

e 2 PRI A 4 - — A B AR 62.8 km
rh BT A5 0 B L I b 4 s A R R B G g AR
9 625 4b " KRG AS [ J5 1ok AR BE Y B B R Ay
BEJE 60% .70% .80% .90% ,100% (0.6£.0.7¢,0.8¢,
0.9/F1 /=0.011 9 m) F.Fh T80, Bl 2 3 b R B 0
TR, T8 2 R JEL 320 0 0 /S

x2 ARFREEXIESLL
Table 2 Proportions of residual wall thicknesses in differ-

ent intervals

JE IR/ % B B A2 e/ %%
90~100 1295 13.4
80~90 3277 34.5
70~80 2672 27.8
60~40 2261 23.5
50~50 30 3.1
40~60 0 0

A e A R 8 I o A i 7 W O S
AL B RATIE 2 T A AN O, o e T
TE AR B R A (HE T JZ 1) 358 B8 il sl b o 513
b A T AR R B R o WF ST SR ik DX R /)
LR L BOE L 5000 PR, JE ik DX SR 48

ERHS=0.28 m’MIENTIE.

(a) B IE 11 1T

HHTEAE
N L

() ‘BT ) 0 T i A o i )
P35 0 AL S R T
Fig.3 Schematic diagram of corroded local pipe model
TE s d B IR I, S O JE ol DI A 30 A 2 D BE JEE

2 BRSNS MEE K ED

X T % A7 2% T B A A ) 3K B
Jet MR 5 B RN I o B I A S R A AR AT T LA 20k
S L A T AR SCAR AR il A 6 A T R
TREBURR R M) , L P 2 TN AR B0 4 T8
W o 75 A8 I 32 B W72 5 Sl 2 R DU = RO R A
BR PR 25 2 A7 20 A AR Al O s AR O A G 2R 2
7ED]

2.1 HIMEIR

I DN 32 B W 0 2, AR A RE N A
o A A A IR R B AR AR 2
TE 25 JE S b A I JE Tl R B L A R R AR )
SR RE Y52 R 5, SR ) B8 R W ) 2 14 O 1
AT R LT @ WE (£ 3) .

R3  TEMIEHR A R PR Rz 22

Table 3 Ultimate tensile strain of different specifications

P 1 A BR 32 Aif B A2 / %
DNV-OS-F101(2007) 2.0
ASCE-ALA(2001) 2.0
IRRK-GSDMA(2007) 3.0
Eurocode 8-past 4(2006) 5.0

AR [ B e A 25 T 7S ) A8 O R AR 1
TR P B AR, B IR AT AR B A R AR
SCR B B VRS (e, 12 304 ¢

1389



22 BEREH

TEWZ R SR ma T A8 1E R B 2= — s L
b 25 75 A A2 TR RE SRR T o 4 T A6 AR i — 5 R
JEE I AE BE 2 DR R R B T R R R AOIR L 2
Vg B s o | 1 R VW I = 1 DR /16 SR S 1
MR CSA 76627 ML 45 Hh 19 A SCE  , A SCAF 18
R ) 22 VF TR 4 B A (e TR LA IR O -

- A o)
=0.5(—)—0.002 5+ 3000(—= ) 3
& (D) (E) (3)

PD PD
< 0.4

7’21?%\
0, — (4)

PD
0.40},,?> 04
o,

K e WEVEIEGE RIAS 50 MBEJR s D N T8 H AL 50,
SRR ST 5 PR R 5 0, R IR B ST,
AR BBV RS N AR (e ] —0.016,

23 MHEMHER

Il R R 60 3B A K A 0
SR 2 5 O BT AR S S T % P
25 8 3 S T T R £
F 2 00 AT T e AT B W 9
I 26 P 6052 S 7765 B R A8 3 9% R
A I 0 97 2% B 7 SR 1 B 20 5 i
S (AT L W PR 2

p—— (5)
D
S, D A AR S AD A AR i,
% ik 1) 0.15 45 38 % A BEBR™ 4 S B 2 i 4%
B 5 0I5 1 o 38 2 B 54 O 2% 4.
x4 AXFTIEERFEXFHF

Table 4 Identification of the selected failure modes in this

paper
PRt PO L AR 3L 3 T PR
7 A 7 34 AR PLAH R AE (6] 0.03
Jith fil B R FEVF R 455 1 25 e ] —0.016
1 1 b 2 ZEVR G 1R % (] 0.15
3 ER5HH

3.1 HEHERELEIE
R T IR UEA FRICAL T 58 RPE SR Jalali 76 75

1390

B BRI T R IEATRY 4 955 APT-SL B 24N
BT 4 N ST AR R IR 6 2% SR AT X e b %
26 7E R AR 300 i J2 R AR A FEL R AT, A 4 TR .

¥4 Jalali )12t 4o 155 0 B8
Fig.4 Photo of Jalali's test model

ST A B TR SR T R S A (R A A
RS AR ST WL 3% 5, 1 AR 48 12 56 o in far 2% 76 A R
JCRE A F 43 it A 0.2 m F10.6 m B Ak IR 2 4 2
P 5 A B oo A Y 5 5 36 4 TOU A 1) o7 A% A % L T
T P& T 7R %A R ST AR AL R By B T T AR R AR
Jeb il B r AL B, b A A A8 T TR A 0 1R N AR
96 AL PR o0 45 - 4 ) 2 0.02 A1 0.018, T % 4b &
T FR Y e (B N AR, 3K 3% RN A BR T 45 2R 4 ) 2
—0.095F1 —0.081(FHEK/NEF/NT20%), 3

£S5 Jalali HIEHEEERRXESH
Table 5 Full-scale test parameters of buried pipeline by

Jalali
ZH g/ PR B HER/
. I NER/N
ke (kgem ) &#/MPa M m
. 1790 33 0.32 33.5 1
B
ZH Wi 2 i BEJEL/ )
‘ B /mm S 7Y ST
B $iil /() mm H#/m
- 114.3 61 4.4 26 0.6
B
0.02F
0.00F
w0027
E -0.04} _
it ' e ;
-0.06F —u— JalalifYid350.6 m
s— ACHFRIG0.6 m
-0.08} I'-f —a— Jalalil#i#5:0.2 m
I'-,I —— A HRIT02 m
-0.10 .
-2 -1 0 1 2 3 4
FETERER /m

S A8 To0A) Bl 1) AR
Fig.5 Axial strain at the top of the pipe



22 5 B0 Ji DA T RE R TR B Sl I i A g AR
JRCAN 2 2] FIAL B R AR AR, AL, i TR0 8 I S
MR, BREREESMENZ — Wi,
A SC T S B A BR TR R T T I R A Sl i
Mo A TE A R B A B

32 AEEHMEEEEN KRR

K H ABAQUS #3738 Wi 24 FH N Jmy 5085 o 4
YA BR TR W 5 AR W2 A B i 0.9 mE,
N T JE s 7 A TD S ok RS K A TS 1 i AR
A3 A R OB S 52, A T T 7 A3
B BRI 2R A 22 Ak A5 A Y IO R Ay R JRE R
0.6, 0.7¢, 0.8¢,0.9¢ Fl £ (=0.011 9 K 52 & & 1A
BEJEL) .

3.2.1  FiE B ARAL B A W7 2 AL 69 R BB K

6 1& 7 by W7 2 Ak A A S TS S ol O )2 A
Bl 0.9 m BF AN [ 58 4% BE JEE (0.67.,0.72.0.8¢.0.9¢2 il
£) 5 3 TP RS S % il 1) 1 AR P A IEL 6 BT W
Tl 1) AS [ S e R A Y AR i 2R AR A
T TUUJE o R B AR A S T 7 TG S ) AR e 1 o
7 Firs 48 TG phk b R o=[14.7 m,15.3 m il
FEL PN 5% Wi 57 3 19 0L A8 W) 7, 7 TR0 4 B TR Ol 0.6t 15 i
A f KAE 0.003 , 328 oA 34 B fo V5 P AR R4S | B L 7E
— T 43 B S BB 2 A3 BT T AN A T R I 2 A I AL R
A A L . XL 6 R 7RI SR AR T,
T A T T A b A A RS A7 R A e il 2k Ak
% I, 35 R 45 7 2% 43 51 — 0.052 F11—0.086 35 %
T AE T BEICRRN I A TR AL T 2 PR R
KB VR AR o (B 8 O W2 Ak & A A T T I
Ty, W72 B B i 0.9 m B AS [ 8 4 BE R (0.62.0.72,
0.8¢.0.9¢ F 1) % 1 #Y Mises W 1 2= &l . i & 8 o] 41,
WWTRER T, R &AL B TR 2 R R Z P b

0.050 WTE‘ L]

0.025F

| - - - 011

: 0.8t

-0.050 i -= 09¢
I 6 S

— L 1 I i L
0.073 0 5 0 15 20 25 30

PR/ m
VA6 2 0 5 0 o

Fig.6 Axial strain at the bottom of fault pipe during corrosion
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Fig.12 Axial strain at the bottom of the downthrown pipe

during corrosion
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Table 6 Critical fault displacement of pipes with different

corrosion levels of the upheld pipe
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