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Abstract: At present, the existing theoretical studies on the seepage field around subsea shield tunnels under wave action
generally consider the linings as an impermeable medium, and seldom consider the permeability of the tunnel linings, especially
the influences of the coupling action of waves and currents on the tunnel. In addition, the existing theories generally regard the
seabed as being homogeneous and isotropic, ignoring the influences of multilayered seabed. Firstly, based on the dynamic
boundary conditions of seabed surface under wave-current interaction, the pore water pressure response of pure seabed under

wave-current interaction is obtained by the transmission and

reflection matrix method. Secondly, the mirror image method is SR EXARBSESTE (42177145, 41977247); At
introduced to establish the governing equation for the excess BT R FATE R G A E S RS R (KF2022-07):

IR ARSI 5 B R B pi S VR H - (201703)5 Il T2

Tl B RE AW LA TRERE 7 PRI H  (TUI2022-YB-01)
analytical solution of the equation is obtained by the Fourier WES AR 2023-01-06

pore water pressure caused by the existence of tunnel, and the
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series expansion under the continuous seepage between sand and linings. Then, based on the superposition principle, the
seepage pressure of the sand around the tunnel in multilayered seabed under the action of waves and currents is obtained.
Finally, the theoretical analytical solution is compared with the numerical results and the existing experimental results, and a
good agreement is obtained. In addition, the influencing factors for the permeabilites of seabed and tunnel linings are analyzed.
The results show that the following currents will increase the pore pressure in the seabed and the liquefaction degree of the seabed,
while the opposing currents will reduce the pore pressure in the seabed and the liquefaction of the seabed. The relative difference of
the seabed response to the opposing currents at the same velocity is generally greater than that of the following currents. When the
permeability coefficient of the upper seabed is large (k>1 < 102 m/s), the overall pore pressure of the seabed is large, and the pore
pressure at the first stratification changes significantly. When the permeability coefficient of tunnel linings is small (k<<1X10°¢
m/s), the tunnel has an obvious “block” effects on the propagation of the excess pore pressure in the seabed.

Key words: subsea shield tunnel; multilayered seabed; wave-current coupling; seepage pore pressure; transmission and
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interaction
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Fig. 6 Comparison of excess pore pressures around pipeline
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Fig. 7 3D numerical model
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Fig. 8 Comparison of excess pore water pressure responses outside

tunnel

3 BHHSh

EFSHERIBIENE (k) FBRERWREENE (k) i
17T 8050 WRBIVIEL RN 20 MPa, iR TIE A
2 s, PN 100 m, FEIEMEVR N 15 m, RS
N3ZE, BIEE R R S0m, &2 LER 5 50H
10, 10, 30 m. ¥ FiE & Bl (1 IR X 3adh 47k AL %
AL, SRAZGMEREESTSEL R, THE S ARm
A2 m, FFAREN 18° , HHKRRILEME p, 5
TCHFR I RR I BRI py 34T 7 VH— A s
3.1 BREERY k

BB RIZIE BB I EL1X 102, 1X107° mys,
SEMERFGRE T HAESED C1): 1X102, 1X10°,
I1X10%m/s (10 1 :0.1) A1 CID): 1X104, 1X107,
1X102 m/s (0.1 5 1:10). FRIERTHIEERHN
1X10°m/s.

B9 JEIR T AFRIGIRIBIE 00 s TE ) 71 36
) R LR AR . K 9 T, BiE
FRECE AN [0S B 38 4ol 70 JE) 6] e o L 90 A A B
SO, SRR UGRE REER O, R IE ] ALK
TERETE M HE X 3K p, / p, BBARTHET, A& B AL &
BARE PRI Ao XETF X EHER (1), 55—
ZESEILERRIAE, 1 (1) BTEEBE
BB, ARNTFUEAERE AL R AR /s EEEAL
JEUFIRBE 7 AR R A, SRS B R EL
JE po & ETIRN, B SR ESILE p, B ETHEN,
FEAEREE BETTRA L B s B TE N FL AR R )
FERRA “BRES” VER, ATRR 75 (R FLH g sk N
WA o

K10 feon T ANRIEIE RECT 73 2R, BEiE
BlH— B EfLE A . T 28K, 2

- Fi
2, 1Z: B HER

LRSI

SOOI W LW A R RN R Al atataitny
SRR RSN RRRESLRRER RS

(b) R EHLIEN

9 TEIBKSIER THGEIMKEMB XL
Fig. 9 Comparison of external water pressure responses of tunnel

for different seabed permeability coefficients
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