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Abstract: The analysis of seismic response at seabed sites is a crucial initial step in marine engineering construction. In this study,
a fluid-solid weak coupling model is employed to replicate the interaction between seawater and the seabed. Specifically, four repre-
sentative borehole sections along the proposed tunnel at Qiongzhou strait are chosen to investigate the influence induced by seawa-
ter, soft sediments, and bedrock earthquake motion on the seismic responses of the seabed site. A generalized non-Masing constitu-
tive model (DCZ model) is utilized to account for the dynamic nonlinearity of the seabed soft soil. The findings indicate that the
suppression effect of seawater on seismic motion in the seabed 1s limited to depths shallower than 50 m. Furthermore, the suppres-
sion effect is more pronounced in the vertical direction compared to the horizontal direction. Additionally, there is a positive correla-
tion between the suppression effect of seawater on seismic motion at the seabed surface and the frequency response phenomenon
characterized by high frequency suppression and low frequency amplification in the seabed seismic response. This correlation is in-
fluenced by the depth of the seawater. The mean lines of the horizontal and vertical spectrum /# obtained by numerical calculation
are higher than the design spectrum in the land code in several period ranges, and the possibility of adverse effects induced by sea-

water and seabed soft sedimentation on the seismic resistance of marine structures should be considered.
Keywords: seabed site; nonlinear seismic response; fluid-solid weak coupling model; Qiongzhou Strait; soil nonlinearity
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Fig. 2 Seawater seabed soil column model
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852 & 3 T

%38 %

% 100.0 m, T i A5 5 — 25.60 m, b3 0 8 B B+
Je > KA R, RO R R 2R A B AL
ZK-08 FL ¥ 120.20 m , T Ifi % % — 55.60 m, 1= & %
ARIEBR TR LZE, N2 AN LR R,
BifL ZK-11 L ¥ 200.20 m, T i 45 5 — 84.80 m, I
SRR RN i e w Al 1] ot R | SR U
AR FE )2 0 A, R0 K 2 A% 1R 0 95 v
FL ;B FL ZK-13 L% 120.50 m , T 1 b =5 — 81.60 m,
L T LS A BR AR R R R R T
Bt o MR E R 3 S E X R E ) (GB 18306—
2015)"™ R - 35 Y1 Pk ik Ve =500 m/s H T A7
E AR D SR 1Y b AT AR SEA . R 3R
A AL R FL TR BE AL V2 A S BSR4 N
Hh 2 Bl AT

2.2 THIEERESH

K H SCHk[15-16 ] % F Davidenkov B 48 fify 2k 7
ST T X non-Masing A< #4155 (DCZ #6570 ) 1% 3R 16

PR A 18l 221 3 I R L DCZ R HL i 3 1 3l 17
J1-J1 78 K F N 4 B R .
e R By Jge ~
= ¢ JiiiE 3
/.'P"'/ 1
v j< TRy
T
-

[ 4 DCZ AR A Y I g R A8 7R 75 18]
Fig.4 Schematic diagram of stress-strain described by DCZ

model

Davidenkov ‘B 28 i £ £ ik 20 h

rZGXyZGmnXXyX[I*Hb/)} (2)

)= ) — (3)

1+<y/7r)
KL BN S5y MBTRAS ;G MBI G, =
oV R B UIEiGE , b o & E, VoI

DN AJH R 75 b BT NP H A5 IR 5 A B Ly, o9 LA S Y

FERLA S8, i A B AR 6 25 H 0 B A e 45 2%
+ G/ G,y TN Ay BIE 2 (A & 5 BT 7 ) 802
10 100miA %3
g - %Eﬁiﬁ '''''
vy 08| - - BmaEis
RN - BRI 17
S 06F " ﬁfﬁ%%%w """" 02 <
ﬁﬂ_ﬁ{ OF .- o e
Y]
P 1SN
5% 01 %
% 02F-7".
0 sl
10° 10"
1.0 10.3
3
o 08 st -
S —WRRLS =
- - WFEE-L6 02
33 0.6 F——mmE+7 3
18 - RS -
— AR+ 1Y}
B o4f- - BEEL0 =
E —-— WAL 0.1 =
A
= 02F- — Hmaiiy o

0 il L L = 3 ()
10° 10° 1 0: 10° 10° 10"
BYNAE y
A5 BN iUk 3 3 Y 5l 0 DI L S5 B L ith 2%
Fig.5 Variations of shear modulus ratio and damping ratio of

soil at Qiongzhou Strait seabed

2.3 WANESMEDD

T M Vg e Ko G I 4 Ml X BT TG Py B b R e SR 4K
Wi, S 7% i 1 M AR AR G R R DL R T a0 AR LI B
S fm B HE H AR SR R L 9 (KiK-Net) 1 BT 5 |
g hE g UL S 3 4 M R 0 SRR R B A
M=, I LB # PR 4 . MRS E B sk 1
IR o B EW /NS [a] o fin B g 45 K Y b 7% 32 B s

x1 EEMBEINFREHRIERER

Tab.1 Information of original earthquake recordings for bedrock input motions
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