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Fragility and very rare earthquake risk of buried pipeline

based on pulse-like ground motions
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(Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education,

Beijing University of Technology, Beijing 100124, China)

Abstract: The fifth generation “seismic ground motion parameters zonation map of China” (GB 18306—2015) , which was pro-
mulgated and implemented in China, introduced the vary rare earthquake effect for the first time. However, the current seismic de-
sign specifications still adopt the three-level defense principle. The seismic design for vary rare earthquake has become one of the ur-
gent issues that need to be addressed in structural seismic design. Based on the identification method of continuous wavelet trans-
form, this paper selects 12 pulse-like ground motions and 12 non-pulse seismic motions recorded in the Turkey mega earthquake on
February 6, 2023. The incremental dynamic analysis (IDA) is conducted on continuous pipelines and ductile iron pipelines to eval-
uate their seismic fragility. The fragility analysis results are compared with the failure probability obtained by empirical statistical
method. The results show that the effect of pulse-like ground motions significantly increases the probability of serious structural
damage for buried pipelines with different forms. Compared with continuous pipelines, ductile iron pipelines are more prone to dam-
age underground motions, and are more sensitive to the pulse-like ground motion. The empirical statistical results based on actual
seismic damage data are slightly lower than the failure probability of pipelines under non-pulse earthquake motion, but significantly
underestimate the damage of buried pipelines under pulse earthquake motion. In this paper, the failure probability of different types
of buried pipelines under pulse-like seismic motions is given, and the research results can provide a strong theoretical basis for the

risk assessment and seismic design of buried pipelines under very rare and pulse-like ground motions.

Keywords: structural seismic resistance; buried pipeline; fragility analysis; incremental dynamic analysis; pulse-like ground

motion; very rare earthquake
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Tab.1 Ground motion basic information

JC ik i L b 52 B Jik e 2 b 522 B
&) b 7 I /km W i o 132/ g £ st R /km WA %/ g
1 0125 EW 114 0.084 13 0120 EW 125 0.098
2 0130 EW 121 0.052 14 0123 NS 154 0.036
3 2104 EW 262 0.072 15 3134 EW 90 0.200
4 2107 EW 235 0.170 16 3137 EW 82 0.375
5 3115 EW 113 0.223 17 3139 EW 96 0.781
6 3137 NS 82 0.426 18 3142 EW 106 0.722
7 3147 NS 177 0.036 19 4412 EW 176 0.056
8 4406 NS 143 0.109 20 4611 EW 55 0.437
9 4408 NS 116 0.160 21 4617 NS 38 0.244
10 4612 EW 95 0.118 22 4620 NS 35 0.252
11 4624 EW 29 0.281 23 4624 NS 29 0.357
12 6303 NS 208 0.080 24 8002 NS 44 0.201
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Tab.2 The intensity of ground motion for very rare earthquake at different fortification levels

BB AT A R s 27
VIEE(0.1g) — 0.29g 0.45¢ 0.29g 0.40g 0.43g
VI £ (0.15¢) — 0.44g 0.64g 0.44g 0.40g 0.57¢
VILEE (0.2¢) — 0.58¢ 0.83¢ 0.58¢ 0.62g 0.72¢
VI (0.3g) — 0.87g 1.12¢g 0.87g 0.62¢ 0.80g
IX B (0.4¢) — 1.16g 1.47¢g 1.16g 0.80g 0.90g
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Tab.3 Mean value of ground motion intensity parameters
M RE o 28 HARPR AR ILRK TC Wk i 784 4th, 7 2y A7 Tk v 78 44 7 By
W AE N 2 / g PGA = max |a(¢)| 0.151 0.310
ARIAS #8 /(m-s ) Al= ZZJ'aUt)dt 0.011 0.024
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Tab.4 Pipeline parameters

FEME  AME/mm P E R/ (kgem )

SRPERL /G Pa

BEJE /mm g RSEE/MPa HBR 3% % /MPa

APISLX65 762 7800

210 17.5 450 535
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Fig.4 The implementation process of buried pipeline fragility
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Tab.5 Damage index of buried pipeline
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