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Discussion on the optimum number of input ground motions in seismic
fragility analysis of underground structures by cloud method

ZHUANG Haiyang"?, YANG Jing’, LIU Yuanyuan®’, TANG Baizan'
(1.School of Civil Engineering and Architechue, East China Jiaotong University, Nanchang 330013, China;
2.Institute of Geotechnical Engineering, Nanjing Tech University, Nanjing 210009, China)

Abstract: Based on the seismic fragility method, this paper designed a random sampling procedure to investigate the effect of differ-
ent amounts of input ground motions on the seismic fragility curves of underground structures in the cloud method. Taking a shal-
low-buried subway station with two-story and three-span as the research object, a non-linear dynamic interaction finite element
model of the soil-underground structure was established, and 350 natural ground motions were selected as inputs to calculate the
seismic response. The seismic fragility curves were constructed based on PGA-IDR finally. The results show that the amount of in-
put ground motions has a greater effect on the PGA thresholds for each performance level of underground structures when the
amount is less than 190. When the amount is greater than 190, the seismic fragility curves for minor and moderate damage to under-
ground structures are not affected by the amount; when the amount is greater than 280, the curves for extensive damage and col-
lapse are negligibly affected by the amount. When the underground structure is in an area with a low probability of strong seismic

threat, this paper recommends 190 natural ground motions as inputs, otherwise, it should be 280.

Keywords: subway station structure ; input ground motion;seismic fragility ; seismic performance
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Fig.2 Input ground motions

B0 T e AT BR AR RS S B 3 A A TRk
3 8 i A b 7R B0 A9 TR B A St % B8 TR 4 K AR
Hi 7= B ic Sk i 3 A 1 TR SR PA 43 AR Y R, R
A fE TR B3 M 30 m + 2 1 SR8y Ik Vi, KT
300 m/s Ay b ic B KR E SN . B 2(b) 45
Tk e KSR M 7R Bh il SR E S ML Vo, o A, Ho
it 300 m/s B 206 4>, IEAb, A SC 350 45 K AR b
EE Ik H 1804~ AUk, Lﬁb%ﬁﬂsﬁﬁﬂﬁr 20 km
WA 1104, 20~60 km N B A 624, KR Hb 7=
Bl 5 A PR TR Y 37 3 i 3 S KOE [ A,
5 M 3% 1 5 B 1) Hb R Bl 30 S5 Y 06 N JE PGA X
gy R IGE SCHE A N W N JE O PBA (peak

bedrock acceleration) .

4 RO
4.1 XHZA
B 31 e g Hy R BB A Y A B 5 SR X BB 4 B 4

#h 350 4% i A LR sh i i AR . B YANG
T, 3T IDR A )2 = 1 b Ak il S5 A Bt

PERE g bR R AN 1 PR o AR SOl 45 Pk

P BE 45 0 BR AE 10 v (B &% 9 BB, 0 T 81 359 1Y
IDR B {E A2 R 1.2% . K 3(a) % ih T PGA-IDR Y
XU B Ve [0l U5 43 B 45 21 48 etk & A X e
IDR [ {8, BP AT 3580 10 4% 40 5 1R BB 55 901 PGA 1]
(B (p) o WNFR 1 PR, 52 D50 T 22 18 35 4 e 18530 Ay
0.355¢.0.447g.0.556g & 0.711g. i %, vl AR ¥

1=2.608x-3.532
4R R=0780,4,-0455 . -

g [HEeEr U ]
1Y
= 1

_8 =

_9 (L] 1 1 1

25 20 -15 -10 05 0
In(PG4)
(2) IM-DMXU # tk E R 5347

(a) Double logarithmic linear regression analysis of IM-DM

100

90

BEFHER / %
3

0 0.102030405060.708091.0
PGA/lg

(b) X FRLH b7 5 1R th 2%

(b) Seismic fragility curve of control group
B3 Ok B AL R B 454 4 A

Fig.3 Seismic fragility analysis of control group



590 & 3 T

S

%38 %

*1 MEZEHMHBFRLEHMREERERIDRELER
R PGA B1E
Tab.1 IDR quantification system of seismic performance
levels for subway station structure with two-story
and three-span and PGA thresholds

i 1 fE IDR

bnggiﬁu IDR K ffi ;?ﬂﬁ/ g

FEARGELF IDR<C0.126 % — —

BEIR  0.126%<<IDR<0.266 % 0.196 0.355

FEEREIR  0.266 % <<IDR<C0.450% 0.358 0.447

FEERAR 0.450% <<IDR<C0.813% 0.632 0.556
15135 IDR>>0.813% 1.200 0.711

(2) T3 % T 454 19 3t 7= B 40 1k il 2k,
K 3(b) iz .

4.2 HARAHEHE

ALV Y A M RE Bl 8L B D R 50 %L TE
350 4% H 5% Bl A B ALl B 50 F% 4E b i A b iR sh Al
A B AHA B E KN, H A LS T
PR RE A AT 00 (A 18 A9 A MRS 3l B0 T
W, RIS B E T AN REAR L) | R A TR [ E Y
AR S B R PR AR A AN B AR, B4
G5 TR SO E REAR B W TV . TR A 350 5%
KR 7% s AR B /) MR 450 IDR 504 15, &
KA AL A0 B 50 A~ IDR 88 11 545 120 A 21 B Hl 1)
P K bR 22, G X AR Rk, B AT A5 3] AR
AL A S bR o 2%, 3 — 2Dt A RE AR L
PIE 0 AR S 2R B0 S b o 22 178 S R B G
FRES S, BT 55 52 il B i+ 1 Ok, e 24 ] LA i
A5 5 ZR R U B LU B [ A b R B B T R
ARABE S . — B S 7 REGTHE R
JT7R ¢

X
QZEE (5)
Ko, Co7AE SR80 X M i 4 8008 448, SD Ry i%
ZH B P AR TE 25 o
AR B R A B e /D o 20, SR TG FEAR A
B L1 o s E 1500, F 54 H T ARHEEEA
HEE TSR R ., NE ST LU, Y

[ IDR¥HR |

Y
| BEALHI S0 IDR |

Y E-11/
[ TS0 MDRAIE B2 |

¥
[ NEBATEE |

¥ i=i+1
| s RS R

[

¥
| AREEMBRE TSR |
P4 REAS 2 RO E R

Fig.4 Flowchart of sample group amount determination
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Fig. 10 The maximum error between the damage probability of each seismic performance level of different curves and

the estimated probability of the control group

5 4 it

WRFELE R AR, 5 Kl J2E r B AL Ak BT i
F1% i A M 75 3l 1SRG R, Sy ORAIE T AR BEAS 2 RE
g AR i AR SR NI A R A A, B PR
IEREA LB AE 400 41 LA b o A M2 sh 8o R T
190 25, X 2 fRURBEIR B v J3E RSO ) e A M 5% 2 A
B i 77 A O A B35 ) i R TN 15 22 DU AR RS 5K
FEH A M RE S T 280 Z I 5 25 2 WG

AR SC Y I BIF 5T B R 25 A 7 T 5 5 (PGA<T
0.3g) JEUHE 32 A AR Y DI, T 5 > i 2D JHE b 752 o A3
P23 I i A B0 M RE S B HEAE R A 190 22 KR
M2 Sl 5 1T 25 3l T 45 K3 T iR R PP A 3 5 R 4 X sk
B, U A DT 280 8 KR MBRZE)

A, e 2 B B, AR SCRT E IR Y 350 4% KK
b 72 Bl I R BT X AT T 37 A 4% S R P M R Bl AT
B, I HLR X — TR 7 M T R 64 73 A7, DA e A S
B WA AE—E SR BR A . (BT B A4 BE AL R
4 S B T O A T SR S



594 B T B % W 55 38 &
dynamic analysis[J]. Earthquake Engineering &. Struc-
5 2T Hk: tural Dynamics, 2002, 31(3): 491-514.
(12] =TT, EAEr, B T¥, & BERNERR-NE
] ¥ BT 0 3 R S 5 A3 BT [T A IR R R A A
[1] BATTAGLIA L, FERREIRA T M, LOURENCO P

[2]

[4]

(5]

[6]

[7]

(8]

[9]

[10]

[11]

B. Seismic fragility assessment of masonry building ag-
gregates: a case study in the old city centre of Seixal,
Portugal [ J]. Earthquake Engineering &. Structural Dy-
namics, 2021, 50(5): 1358-1377.

KIMJS, PARK W S, HAN T S. Framework to eval-
uate seismic fragility of bridges considering component
damage correlations[ J]. Journal of Earthquake and Tsu-
nami, 2021, 15(5): 2150022.

ZHUANG H Y, YANG J, CHEN S, et al. Statistical
numerical method for determining seismic performance
and fragility of shallow-buried underground structure
[J]. Tunnelling and Underground Space Technology,
2021, 116: 104090.

MIANO A, JALAYER F, EBRAHIMIAN H, et al.
Cloud to IDA: efficient fragility assessment with limit-
ed scaling[ J]. Earthquake Engineering &. Structural Dy~
namics, 2018, 47(5): 1124-1147.

ZHONG Z L, SHEN Y Y, ZHAO M, et al. Seismic
fragility assessment of the Daikai subway station in lay-
ered soil [J]. Soil Dynamics and Earthquake Engineer-
ing, 2020, 132: 106044.

FLIERT, VEBL, ARFE, 58 JLT IDA B T AR HE A7 07T
RPEREPFAT [T]. 55 - TR 241, 2018, 40(6): 978-984.
KONG Xianjing, PANG Rui, ZOU Degao, et al. Seis-
mic performance evaluation of high CFRDs based on in-
cremental dynamic analysis[J]. Chinese Journal of Geo-
technical Engineering, 2018, 40(6): 978-984.
JALAYER F, DE RISI R, MANFREDI G. Bayesian
cloud analysis: efficient structural fragility assessment
using linear regression[J]. Bulletin of Earthquake Engi-
neering, 2015, 13(4): 1183-1203.

TN, B, B, FETRESEEM R L
A3 PR TSR T [T]. k3 5 ey, 2020, 39(2)
169-177.

JIN Congcong, CHI Shichun, LI Shijie, et al. Seismic
reliability analysis of high earth-rock fill dams based on
an improved cloud method[J]. Journal of Vibration and
Shock, 2020, 39(2): 169-177.

T, BRA . 3T 2 2000 1 A3 e o SR 3B
SR ST (1], TR1%:, 2016, 33(6): 68-76.
YU Xiaohui, LYU Dagang. Probabilistic seismic de-
mand analysis and seismic fragility analysis based on a
cloud-stripe method [ J]. Engineering Mechanics, 2016,
33(6): 68-76.

A%, Bh AT, TR, 55 LT 400 -2 BIE MR
) I X 45 ) b R By AR S R A AT )L R TR S T
PR3, 2020, 40(5): 107-117.

CHENG Shiyan, HAN Jianping, YU Xiaohui, et al.
Investigation on effect of ground motion duration on
seismic fragility of structures based on stripe—cloud ap-
proach[J]. Earthquake Engineering and Engineering
Dynamics, 2020, 40(5): 107-117.

VAMVATSIKOS D, CORNELL C A. Incremental

[20]

fi, 2016, 37(12): 1671-1676.

YUAN Wancheng, WANG Zhengnan, PANG Yutao,
et al. Seismic fragility analysis of a continuous girder
bridge subject to an earthquake mainshock-aftershock se-
quencel[J]. Journal of Harbin Engineering University,
2016, 37(12): 1671-1676.

W5, TR, TR, A5 65 1 4 TR BE 1 45 1 1
RS AE LT ]. AT M, 2022, 43(8): 20-31.
DATI Kuangyu, YU Xiaohui, LI Yushi, et al. Seismic
fragility analysis of reinforced concrete structures consid-
ering reinforcement corrosion[J]. Journal of Building
Structures, 2022, 43(8): 20-31.

National Institute of Building Sciences. HAZUS-MH:
D.C.: Federal
Emergency Management Agency and National Institute
of Building Sciences, 2004.

ARGYROUDIS S, TSINIDIS G, GATTI F, et al.

Effects of SSI and lining corrosion on the seismic vulner-

technical manuals[ R]. Washington,

ability of shallow circular tunnels[J]. Soil Dynamics and
Earthquake Engineering, 2017, 98: 244-256.
ZHUANG H Y, REN J W, MIAO Y, et al. Seismic
performance levels of a large underground subway sta-
tion in different soil foundations[J]. Journal of Earth-
quake Engineering, 2021, 25(14): 2808-2833.
KUHLEMEYER R L, LYSMER J. Finite element
method accuracy for wave propagation problems[J].
Journal of the Soil Mechanics and Foundations Divi-
sion, 1973, 99(5): 421-427.

LEE J, FENVES G L. Plasticcdamage model for cyclic
loading of concrete structures[J]. Journal of Engineer-
ing Mechanics, 1998, 124(8): 892-900.

ZHUANG H'Y, CHEN G X, ZHU D H. Dynamic vis-
co-plastic memorial nested yield surface model of soil
[J]. Frontiers of Architecture and Civil Engineering in
China, 2008, 2: 49-55.

ZHUANG H Y, ZHAO C, CHEN S, et al. Seismic
performance of underground subway station with sliding
between column and longitudinal beam[J]. Tunnelling
and Underground Space Technology, 2020, 102:
103439.

BAKERJ W, LIN T, SHAHI S K, et al. New ground
motion selection procedures and selected motions for
the PEER transportation research program[ R]. Berke-
ley, CA: Pacific Earthquake Engineering Research
Center, 2011.

YANG J, ZHUANG H Y, ZHANG G Y, et al. Seis-
mic performance and fragility of two-story and three-
span underground structures using a random forest mod-
el and a new damage description method[J]. Tunnelling
and Underground Space Technology, 2023, 135:
104980.

BEMEE LI (1978—) B il 3%,

E-mail: zhuang7802@163.com



