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Seismic fragility curves play a crucial role in assessing potential seismic losses and predicting structural damage caused by earthquakes.
This study compares non-sampling-based methods of seismic fragility curve derivation, particularly the probabilistic seismic demand model
(PSDM) and finite element reliability analysis (FERA), both of which require employing sophisticated finite element analysis to evaluate and
predict structural damage caused by earthquakes. In this study, a three-dimensional finite element model of APl 5L X65, a buried gas
pipeline widely used in Korea, is constructed to derive seismic fragility curves. Its seismic vulnerability is assessed using nonlinear
time-history analysis. PSDM and a FERA are employed to derive seismic fragility curves for comparison purposes, and the results are
verified through a comparison with those from the Monte Carlo Simulation (MCS). It is observed that the fragility curves obtained from PSDM
are relatively conservative, which is attributed to the assumption introduced to consider the uncertainty factors. In addition, this study
provides a comprehensive comparison of seismic fragility curve derivation methods based on sophisticated finite element analysis, which
may contribute to developing more accurate and efficient seismic fragility analysis.
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Table 1. Material properties of APl 5L X65 gas pipeline

Fig. 3. Nonlinear time-history analysis result of strain distribution
for buried gas pipeline
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Mass density |Elastic modulus . s . Yield strength Ultimate Outer diameter . Coefficient of

(kg/m?®) (GPa) Poisson's ratio (MPa) strength (MPa) (mm) Thickness (mm) friction
7,850 210.7 0.3 445 563.8 762 17.5 0.8
Table 2. Detailed information of selected input ground motions

Name Earthquake Year PGA (g) | Magnitude (ML) | *Predominant period (s) Mechanism Station

EQO1 Gulf of Agaba 1995 0.109 7.20 0.44/0.14/0.18 Strike slip Eliat

EQ02 Borrego 1968 0.130 6.63 0.26/0.20/0.24 Strike slip El centro array #9

EQ03 Cape Mendocino 1992 0.178 7.01 0.32/1.68/0.52 Reverse Eureka-Myrtle & West

EQ04 Chi-Chi 1999 0.263 7.62 0.52/0.52/0.54 Reverse oblique CHY014

EQ05 Chi-Chi 1999 0.198 7.62 0.14/0.14/0.14 Reverse oblique ILAO67

EQO6 Coalinga-01 1983 0.194 6.36 0.64/1.46/0.46 Reverse Parkfield Fault Zone 1

EQO7 Imperial Valley 1979 0.351 6.35 0.48/0.06/0.12 Strike slip Delta

EQO8 Kocaeli 1999 0.187 7.51 0.54/0.04/0.38 Strike slip Fatih

EQO09 Landers 1992 0.109 7.28 0.44/0.96/0.50 Strike slip Indio-Coachella Canal

EQ10 Loma Prieta 1989 0.159 6.93 0.16/0.18/0.22 Reverse oblique Hayward-BART

EQ11 San Fernando 1971 0.107 6.61 0.18/0.28/0.22 Reverse Whittier Narrows Dam

EQ12 Tabas 1978 0.108 7.35 0.32/0.14/0.24 Reverse Ferdows

* Directions: Axial direction / Vertical direction / Transverse horizontal direction
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Table 3. Statistical properties of random variables
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Random variable Distribution type Mean Coefficient of variance
Yield strength (MPa) Log-Normal 465.5 0.07
Elastic modulus (GPa) Normal 210.7 0.05

FAshoink. w3k 1,000719] 2k 8.4 (PIPE3 1) 2 2-8510] 1.2 km] v Ad
ot X]‘:’} A& ofsralon, 250 Talul= gl delo] A
Z*(Rayleigh damping coefficient) S AR5} A A of Tl 5% = 7}
A1) Fig. 3= mj A% 744 vjatke] ABAQUS &S Uk, 919
O] A|k-g-Fofl thaf) ] AE A|Tte]E sAd& astas, Wy Eo] 2=
Aeh= Al oA S IR E RS EE&5IT H) HEE2 AT 1A
oA Ut ow, MY E R 1T 2HE Y] A7} EolFel uhet
21402 451 A0 2 Lpefateh. 8 ¢lmo 4 S5 Weto] &
@MEK“ 9l 2 /o] gt ARAIRE Y-8 Yoon et al.[17] ol 4] E3F

3 = 127)9] AskE Agekgon
PGAZ AN B8 e 4, 2 MO 2 SH4345ic], 451 A
Z3}+2] PGAE0.05 g F-E] 1.00 g7}1] 0.05 g 7HA 0 & Z7}A]7]H B]A
& Ato]e] sl Sealal ek, Qe Aol ohek sk <Al AR
Table 22} Yoon et al.[17]of|4] E18 4= 9t}

42 8BS Y

o

HISEl

>
=
Mo
ol

=

] thet B2/ Qo X7 Fobd B 8l i ]

= 71 (yield strength) 2} -4 A5 (elastic modulus)E &+

R 1346}‘2'13} IHE SEHTEE AR SR 7HdsIgl o,

S/ B0 7|20 ofe] B3lolAle] HR[20, 2118 AT}k Table

solt SRl £744 S stlcl e

Hg viae] 22l ek H71E 9J8A4] Shinozuka et
FE 7]‘*-4 3T &S AR AR =

40] A2]=lo] k. o17)4, = 21810 7Fel Sl vhehet vl vt
o] o) HF S-S oJn|5hH, g vl A ufke) BHE HEFES et

Table 4. Damage states and corresponding structural responses

Structural response
Damage states P

431 SEEX X7 2E DH(PSDM) &M Zat

2 Aol A= 12719 AJHE 5ol thafA] thegst A% e = HAEY
AZYolE BiAE agsiglom, siA AiE uige g 4 (3)& Z-8afA
A&1} o] PSDM-S =535tk Fig. 42 271 AA Y (logarithmic
scale)i g vlje] PSDMS YERJ R0, PGA7| 57 18PHA] 25

o) Bl AP} 2 -SHC] R} SR A ERIs 4= 9)
t}. o]4% PSDM-Z vl vl 25 S 29 HIA B A& aLefslr] laiA]
0.35 gollAf o] HdFE 2siglaL 39 #4415 S8 Foll= A (3)9
PSDM A|4>a, b=Table 52} Zo] =&%|ich

Fig. 5= 4181} 0] 4% PSDM & -84 =25 FoFe 2413 LEr
Wk 3ok 21418 Table 4] AAE SAMEIE 118]81o] Moderate 2+
Major &/ defol] thefiA] 212F =& ik

A7 AREA U= 25 S5 A F A 224 4do] o4l
% PSDM 9] 74$-0.35 g& 7|H 02 FoFe A4 9] Bd&-7ko] e
A Fle}. o= PGA 7|7} AARA Vel 25 39 g
E8HdAdo] o]41% PSDMO| B E7] wiZelch. E3E A% PSDMo] 2]

0.100 T

EQOL

EQ02

EQ03

EQO4

EQO5

EQ06

EQO7

EQO08

EQ09

EQ10

EQI1

% EQ12

PSDM (Linear)
PSDM (Bilinear)

0.025 [

0.005 [

AvdBPoox e#+0

Max. Strain

0.001 |

0.05 0.10 0.25 0.50 1.00
PGA (g)

Fig. 4. Linear and bilinear PSDMs of buried gas pipeline

Table 5. Coefficients of PSDMs

imit—state
(limi )
Minor damage <07 PSDM a b
(Minor leakage) & =0 1& Linear 0.0041 0.7826
Moderate damage 0.0026 0.5344
. 0.7ey < gp< gy
(Partial leakage) Bil (PGA £ 0.35) (PGA < 0.35)
ilinear
Major damage < 0.0048 1.1311
(Complete break) & =& (PGA > 0.35) (PGA > 0.35)
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Fig. 6. Seismic fragility curves derived by FERA
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Table 6. Comparison of analysis results of PSDMs, FERA and MCS

PGA Linear PSDM | Bilinear PSDM FERA MCS
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0.50¢g 0.776 0.711 0.629 0.634
0.75¢g 0.905 0.898 0.758 0.760
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