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Abstract: The seismic response analysis of the coral islands in South China Sea is of practical significance for the seismic
safety of the islands. A two-dimensional FEM model is established for a typical coral island in Xisha Islands considering the
unsaturated zone caused by the fluctuation of daily tides. The accuracy of the model is then verified based on the seismic event
records captured by the seismometers installed on the coral island. Then the nonlinear seismic response of the coral island with
different earthquake signal inputs is explored. The major conclusions are drawn as follows: (1) The PGA amplification is more

significant at the edge of the island because of the bowl-shaped interface between the coral sands and reef limestone, decreases

from the surface of the island (loose coral sand layer) with depth and bends at the lithological and the unsaturated-saturated

significant guide to the seismic stability evaluation and seismic design of the coral sand sites in Xisha Islands.

interfaces. (2) The resonance periods of the acceleration response spectra coincide with those of the input ground motion.
=]

However, the surface ground motion durations are significantly enlarged as compared to those of bedrock. (3) The saturation
degree impacts the PGA amplification factor and the Arias intensity, but has less effects on the PSA. The findings provide
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W b B A KR 1Y) St
CLSRGREIE B  lR BONAER K R A v TR A
W I o AR F A O R R, X4 B
b PR SRR M SR IR PR A o i T I i A A A
PRSI I e, T SIEED B R A SR

Gy B SRR AT R IR I S M P A, R
i By i R L 5 H AR R A R e 72 3
Wi MERFAE o (HL B2 PR ok =2 S R A =%, X m

EETH: EXRARRBERESTHE (420723015 42120104008)
s BER: 2023-06-19

*@fE/EH (E-mail: zhenguo@tongji.edu.cn)



1724 "+ T OB % M

2024 4E

I B I e ) b R 2 A LA AL TR AP B BB A
U, BT RS i SR B RS T R M R R T, TR
HB g R, ) o e i S A s e R A
HE IR .

HAT, A X IR A I e i A T 9 3 2
SR TE TRERD S TR IR 5 RS LA T . 1A%
B %% 2 PR B U SRR 1 5T PR 5 RN SRl R 561,
W, K SESEUIE T I B R TR R PR
SRR T 9%, DT Fee rE it B R 37 b F= 2 7 e 243 At
WF s ER At 7 IR Bkt — R BRI R AT 7T 0 B
BARD (0 AR SR S RS b f T RE SR R 1 AT T3
NASTHI S 251800 i 2 pAy At ) 3 S Oy 8 S
JE BURE TR IR S DR 20 S B 0 3 RV ) sz e,
Javdanian S50 @ i HEPRAEAIIE IR = HhiAES, SRA T A
[Fi) ] s R 25 5 B PR WD AE /N KBS 1) Y AR R T 17
AR RHENNE S AR R ISR A T B S
[i] &5 [ 3 R0 25 B %o SR 8 0 — 4R TR 5 /N
AR IR R AL .

TESM IR Sy A3 Mo FR Bl g e L4y M A T, IR
B 98 3 B2 18 SRR 7 M AP R 1R T SRR AE . S A
SRR IR e TR RL, K S SRR 3 I AR
AR AN RS E S I e S R BER R, W1, 1k
KFFEIUET OpenSees AR u# A, KH £ JE AR
IHPE AN TT 2 T R ik B R AL 00, R
B R OR RS B R, HP AR B G BR
[ MBI A E Matasovie AR 3T 1 B g
A B M WA N P (PGAD UK IR 7 A2 im
TR NRE (PSA) FF-IE, REUHIERMNEE. KF
HZEISIHET ANASYS A FRIGEAFRT 7 I 1 1
Iy AR 2R 1 72 I B R

T I St T 80 S5 A 37 b A 2 2 b RE ) 77 i) )8 4y
MBI 5T, AROHLER T T X B 30 e iR,
EHRAAFE SRR . oG, S Hh 0 7= e B
g N MR SE SRR VA OC, Hl T8 = B
W BRE S IE R, S K2 R A HAl X 1)
BN GRRE A, AT M SRR I R i
SEBEATIRAE 52t vk, BB T 9E AR 1R T k-
SRERIB) M EAE, REAOE WA THL T
2 SRR, AN P& A o £ BT S PR A LA 3 B A
JZ R, ST W A B A S AT AL 3 5T S B K
SCHUR PR R . BTk, AT UL T DI
RIS AR B RN TR B, LK A I b M
HOBRAFAE M550 J2 4548 B oK SCHB SRR 1 B AR 37 th
Hh R Bl Jyme Lo b 4 PR TR, BT RS i ST
W B ST (240 s—200 Hz) =/ EHUEAGT

b R B S B R R A 2, BETT PR T AN [l
NHUFRAT 5 261 T Sy iR A R 30 g i LA

1 HEARD BRIt TiE i B et
1.1 Mo SREFAE

SO FE I RS (5 i 3 M B AR A 3R,
BN S my HEBIRE, N AT . Hi5EE
SLEARHIHENR (B 1D, mHRZ 2.1 km?M, 4
AR I S TR R oR (B 2), R 22 m LK
(11370 PRl PN DR A 8 i T 2 A P (PR SO B8 DL 5P e g b
i, FLBRRFSE MR, 22~169 m REETEREN 5
i A LB IR -

B 55

[ PN
[ #lmFufiE
500m - El e
(I73) (5 .
Aﬁ ATHER o HEPY A
#k

B 1 Ragrib K AR R At T EE (b)) FitEREE
B &, #'3CHk1s], Bssh)
Fig. 1 Plan view and geological cross-section of a typical coral

island in Xisha, South China Sea (modified after Reference [15])
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Fig. 2 Tidal curves of a typical coral island in Xisha, South China
Sea (modified after Reference [6])
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Table 2 Parameters of HSS constitutive model for coral sands
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Table 3 Parameters of constitutive model for reef limestone
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Fig. 4 Schematic diagram of boundary conditions for FEM model
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Fig. 5 Locations of selected epicenters and seismic stations in this
study
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Table 4 Information of four recordings of seismic events

5 RIS (] R I ) L) R /km iz P EE/km
1 2020-01-07T06:05:19 6.3 2.34 96.35 17 2304.8

#2-1 2020-06-04T08:46:28 4.3 -13.61 168.08 48 7042.4
#2-2 2020-06-04T08:49:40 6.4 2.91 128.24 112 2304.8
#3 2020-07-17T14:03:40 6.1 11.84 94.93 10 1884.9
#4 2020-12-10T13:19:58 6.1 24.78 122.02 71 1414.7
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Fig. 6 Input seismic waveforms and Fourier spectra of four
seismic recordings at bedrock station QIZ on Hainan Island
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spectra of event 1 at surface center of coral island
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