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Abstract: The seismic dynamic response of subsea tunnels in complex hydrogeological environments is crucial for
ensuring their safe operation. This study investigates the combined effects of soil-structure interaction (SSI), cover-
to-diameter ratio (C/D), and hydrostatic-hydrodynamic pressures on tunnel lining responses, using the Shantou Bay
Tunnel as a case study. The Davidenkov constitutive model is employed to characterize the nonlinear dynamic
behavior of marine soils, while the coupled acoustic-structure method is integrated into the finite element model to
capture the interaction between seawater, seabed, and structure. Results indicate that, under 0.2 g seismic excitation
at a water depth of 50 m, the peak tunnel diameter deformation ratio with SSI is 23.74% greater than that without
SSI. As the depth increases, the combined hydrostatic and hydrodynamic pressures amplify the deformation ratio by
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6% to 42% compared to hydrostatic pressure alone, suggesting that neglecting hydrodynamic effects at significant

depths would substantially underestimate structural deformation. Furthermore, when the tunnel C/D is 1.5, the

additional impact of hydrodynamic pressure is only 9% to 14%, which is considerably lower than the 22% to 66%

observed for a C/D of 0.9. Additionally, the hydrodynamic pressure on the seabed exhibits a non-uniform “double-

peak and single-trough” distribution due to the presence of the tunnel.

Key words: tunnelling engineering; subsea tunnel; coupled acoustic-structure method; seismic response

characteristics; water-stratum-structure interaction
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Table 1  Finite element modeling conditions of subsea tunnels
PN #KIE 7 FIKES SSI ZMi(soil-  HEVR Hi(cover-
H) J Y >
ﬁ(ﬁi{?{?ﬁ)ﬁ (hydrostatic (hydrodynamic structure to-diameter KR (seawater depth)/m
conditio pressure) pressure) interaction effect) ratio)
TIi— J J 0.9
TH— J V J 0.9
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Schematic diagram of each modeling condition in the finite element model of subsea tunnels
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Fig.2 Irregular loading and unloading stress-strain curves for

the Davidenkov backbone model
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Table 2 Material parameters for silty clay

PGSR

% (density) (initial shear modulus) sty B ¥
plkg * m ) G /MPa (Poisson'’s ratio) 0
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Fig.3 Schematic diagram of boundary conditions in the subsea tunnel model
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Fig.4 Acceleration time history curves in the x, y and z directions and corresponding Fourier spectrums
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Table 5 The influence of CAS on the maximum diameter

deformation ratio at different water depths

TR (water MaxDDR,,./ MaxDDRg, s/ % 5#Z(difference
depth)/m %o %o ratio)/%
10 1.24 1.32 6.45
20 1.30 1.61 23.85
30 1.35 1.76 30.37
50 1.54 2.19 42.21

TE: Max DDR,,, WA K IR 7 1 & 38 ik AR B,
Max DDRg, s N IEHKIEIM G CAS HIBEHE B K AR RTER .

WA AR, 1N 6.45%. HAKEMKE, BhKE
JIITBORAE B354, 722 5% i 20 m B (1) 23.85%
T 50 m A 42.21%, Sk T 3K R S BE KR
BT R R0 BOKIRIS, A R E KR ST,
2% B AT 8 7K R BR85S Ao ) 45 4 1) e 5 50 g v
N, RUEPURE S R R m KR SR ERH &
IR AT RS R B RS 1) 2 A it
3.3 BEERRMEREESHE M

B9 JBR TANFEIZKIR TS, FRIE 1) IR 46 R Le AN
1.5 5 H b XV R R ARSI S AR o J
TRIGAD 1.5 53R L i BT 43 ) FT R Ry vk HE B A
RIREIE ., nTUUE M, 7E/KIR 30m AP, RIEREIE
FLARAR T 3R I AE 1) L v HE R 38 5 T /E /KR S0m 2%
PR, RHEBEIE 1 B AR TR 2R ARG R HE R 30 B v
MEEA KR N B TR MR LA H,
BRI RKEIE N, hRAWET; fEKFIE
F| 50 m I H I RIS, B EAE i e 18 i
JE I ZI R R AR T AR DT . TR, EE
J R ESE K (1) B 0 52 50 7K s g 16 5 e A 35 2 % T
o TERGRAKIRTS, BEIESZEN /KR T 5 m
T L YR A K P 0 P b R 3 P BT Ak 5 s ) L
JERZK AN, HBIER TG H BRI RT
Ko (HBEKEIGIN, PSS 52 57K K 7 )5 i AH
FEPR IR T8 () TE R, I e M A8 TR 328 T 14 R I
DSBS o B 10 NASFZK IR T 0 DU Bg i ik
B KEREEENZN BB ANFE TR
TEIZWE TN “PYER” B, RIEREE KR
MR RE MR ER KR, EiE T SR 1
FRHIE

R E A KR SR 2 R R B E K E A
TR PRI, ZH AN 2T AR E X, LS HR K
K 10 m NEEME, S LEAFEZKIR F3hKE 1068 ik
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Fig.9 Time history curves of tunnel diameter deformation
ratio at different water depths and C/D
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I8, JKIE 20 m B, AHEE 10 m B 27 R ETE 21.97%,
BEE7KAIAE] 50 m, 2 F7338 K E] 65.91%. X FHN
YLHH, BEAKIRIGIN, JRIEREIE 52 8K R H R i
TRIMBRIE K. Bk, Mg IRkEIE 7 @ R 7R KR
50 m DAL Igns, NPT RE BT AR B AT I 2 1 N kg
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Table 6 Influence of C/D on maximum diameter deformation

ratio of subsea tunnels at different water depths

KR Max DDR,,_y, Max DDR,,,.,
(water  {fi(value)/ 2 5% (difference fE(value)/ 235 #%(difference
depth)/m %o ratio)/% %o ratio)/%
10 1.32 - 1.82
20 1.61 21.97 1.99 9.34
30 1.76 33.33 2.01 10.44
50 2.19 65.91 2.07 13.74

W : MaxDDR., ,, NI 09 FREHRKEAELE R
(MaxDDR at C/D=0.9), MaxDDR,,,_, ; NEHR 1.5 T ERKEH
RAFF#( Max DDR at C/D=1.5 ).
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] K 796 25 A 2 R K IR A58 2 (1 ¥ PR 2% T 1R
77, VASRAGUE R R AN R 7o %A X fg
S WL FEAE FH XK B J7 e 2, A4S K 2 T R

BNKHE T, FEAEBNK R ) A% i3 22 g R R T ) 77 A i
MR D). B 11 NARKIRHUESE R T 3Kk
IR R R AR IS S FEdh 2. WTRLEH, 7
ANFRERGEAE T, WPRIR AR XS 7R FE E 3
A5 EKE AR 8. BUEXHE R,
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PRI TH 7 () DTk 3 ZEARDLAE ) S B3R 4y o T 7E
Wi 87 D5 1T, 7K 10 m B, Bh/K K J7084E y 10.25
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WEE 297 21.00 kPa, PRI HIAH X K 71 EE 2N
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Fig.11 Time history curves of hydrodynamic pressure and

relative vertical soil pressure on seabed surface

under different water depths
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