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Seismic vulnerability assessment of buried corroded steel pipes under
different site conditions
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Abstract: A nonlinear interaction analysis model for pipelines and soils is established to evaluate the anti-seismic performance
of corroded steel pipes buried in different sites. Based on the incremental dynamic time-history analysis method, the seismic
vulnerability of corroded steel pipes in different sites is analyzed by taking the structural strain of buried steel pipes as the
performance parameter. The results show that under the same site condition and service age, the probability of pipelines in a
basically intact state decreases gradually, while that in a seriously damaged state increases gradually with the increase of
earthquake intensity. Under the same site condition, the slope of the curve of moderately damaged limit becomes significantly
larger than that of the curve of basic ally intact limit, but the failure rate of pipelines decreases gradually with the increase of
their service age. In the weak site, the pipelines with 50 years of service age are moderately damaged when the seismic
fortification intensity is 8 degrees. Under the same earthquake intensity and service age, the failure probability of the pipelines
that reaches the basically intact limit and moderately damaged limit gradually increases with the decrease of the site equivalent
shear wave velocity. The failure probability is the highest in the weak field. Under the same service age, the peak acceleration
of ground motion that the pipelines reach the moderate damage or severe damage decreases obviously with the decrease of the
site equivalent shear wave velocity. The damage of pipelines in soft field at lower seismic intensity is even higher than that in
hard field at higher seismic intensity. This study may provide reference for the earthquake damage prediction and post-disaster
loss assessment of buried corroded pipelines in different sites.
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Fig. 1 Schematic diagram of pipeline model
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Fig. 2 Constitutive models for soil springs and pipelines
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Table 1 Initial stiffnesses per unit length and corresponding

displacements of nonlinear soil spring

Wm  ThAH  BH T
e
Tu .23x10°
188 Rt Xu 70.3()>(<)50
) Ty 2.01x10°
s Xu 0.0>(<)8
6
L )7;: 2.4(4)|-i)><110
T TR IR (N/m) 5 v BRSBTS ()

1+ K

T =nDac+nDHy 2°tan5 , @)




776 Pl

2024 4E

0274+0695
A+1 S+l
3~ 5 mm, 5%+
X, =
8 ~ 10 mm, b+

A D NEEIME: ¢ ABEBEERERNER T H
NETEIIER: 7 WA REE: KohE LIRS

FHG o MR BB o RARE LA EE S, 6= fo
o NWEESES; [l LIRS 58 - AL

R EE A A A SR IR )R 2 A G R B
W APISLX65 AU 4, HIE SR 2 s
%HESEﬁf”jﬁfh§£zﬁ$ﬁ9€%?7kﬁﬁ/E**ﬁﬁ‘ﬁikzaﬂgiﬁz“
SR IE 2 (b)) Fis. Ht, o e 7051
EMMﬁﬁEWWiﬁfﬁﬁfi,qmﬁgﬁmF
IRGREE, & BONE M JEIRGEEERE TR o, Me,
3 ) SR A T e A T R AR T (9 I 8L R0 R
22, o, BOUNEMEIRIREEE, &, BUVE RN
*?E@%fiEﬁMhﬁwEMﬁfﬁﬁEﬁﬂﬁ
IAVE IR ) 25, X T ARBAR B s BB b s
RN Eff1/10.
R2 EiEEH
Table 2 Parameters of pipelines

B Pk " Je Al R
EROOBRY gy g
(kg'm?3) GPa MPa MPa

a =0.608 -0.123¢c —

2)

€)

wm ME
mm

API
SL-X65

1.2 RBIIGF

N IGAE A A PR e F T 45 e 1 M RE
PRI RO HERATE, T 11 TR EET L, kI
El Centro HijZ3l. Kobe HZ 3 AL IR AN L&M=
1, SN AE—ERh T T ) e R Y AR 5 SOk
[19]7F (4R 3h & Rl AT xd b, AN S Gl
IEEIE LR TREYURHAMIE: GB/T 50470—2017)
HH A T f Kl 1 AR HEA T EE (LT 3D

1200

762 7850 210 17.5 450 535

1050 | —e— B ¥
900 [
750

600 |

RiAE/1076

450 -

300 ¢

150 1

0 ) ) , .
0.1 0.2 0.3 0.4 0.5
E1 Centrol 1l BE iR {E/ g
(a) El Centrofi /23l

0.1 0.‘2 0‘.3 0.‘4 ().5I
Kobe B i BE iR {E /¢
(b) KobekhiZzh
1200

—u— PR
1050} —e— RIS BeIE
—A— WS

900
750

600

RERE/1076

450"

300

150

0.1 0.2 0.3 0.4 0.5
b5 T 0 e B WA
(c) AT A BES

3 TREIMRENER TEHIERTEL

Fig. 3 Comparison of data under different ground motions
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Table 3 Geometrical and mechanical property parameters of buried pipelines under different service ages

MRt i/a KREH/Dy  Ei/GPa g 0,/MPa  [E,/GPa g, o,/MPa  &¥f2/m B¢ E/m
0~20 0 210.0 0.00214 450 21.00 0.02548 535 0.3810 0.0175
30 0.244 162.0 0.00211 342 16.20 0.02590 420 0.3768 0.0133
40 0.486 115.0 0.00204 235 11.50 0.02665 306 0.3726 0.0091
50 0.725 68.3 0.00189 129 6.83 0.02843 194 0.3684 0.0049
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Fig. 5 IDA curve clusters of pipeline strain at different service ages under each site condition
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Fig. 6 Seismic vulnerability curves of pipelines at different service ages under each site condition
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Table 5 Seismic damage probability of buried pipeline with seismic fortification intensity of 9 degrees
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Fig. 8 Growth values of failure probability of pipelines at different service ages under each site condition
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