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FEM-IBEM coupling method for nonlinear seismic response analysis of
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Abstract: A finite element method-indirect boundary element method (FEM-IBEM) coupling method is proposed for nonlinear
seismic response analysis of underground structures in water-saturated soft soils based on the Biot’s theory of a poroelastic
medium. The FEM-IBEM coupling method can consider the dynamic coupling between solid frame and pore water, dynamic
soil-structure interaction as well as soil nonlinearity through equivalently linear analysis. The particular advantage of the
proposed coupling method is that the calculations of the FE subdomain and the IBE subdomain are independent as well as
parallel. Thus, the soil nonlinearity of both the FE subdomain (near field) and the IBE subdomain (far field) can be considered
by avoiding the interactive computation between them. The FEM-IBEM coupling method is validated by comparing with the
results in the existing literatures. The seismic internal forces and deformations of a two-story subway station in water-saturated
soft soils in Tianjin coastal district are studied. The differences in the seismic responses of the subway station between soil
linearity and nonlinearity are compared, and those in the seismic responses of the subway station between water-saturated soils
and dry soils (single-phase media) are also compared. It is shown that the soil nonlinearity and the dynamic coupling between
solid frame and pore water significantly influence the seismic responses of the subway station including structural internal
forces and deformations.
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Fig. 2 Diagram of coupling method: uniformly distributed tangential load p; , normal load p;' and pore pressure pf on i-th element
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Table 2 Soil parameters of water-saturated soft site in Tianjin
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Fig. 10 Horizontal relative displacements of subway station in
water-saturated site
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I BRI, RIASTE R M AN A SN AL BSK ) 30
TR E e . FERA AR TS, AR R b
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Table 3 Peak internal forces of subway station under soil nonlinearity
ZRE/(KN'm'm ") BT 4/(kN"m™) B H1/(KN-m™")
(DA PiAH FAAH FAAH Pt FAAH HAAH Pt FAAH HAAH
WA (MAEE) (TR WA RRER)  (TREE) A AR (TR

-1 418.4 4753 449.1 120.4 131.0 129.2 79.5 78.7 70.9
-2 38.2 44.5 39.8 55.8 60.1 51.1 73.2 104.2 96.5
-3 236.9 270.9 250.4 80.4 93.9 87.5 72.3 102.9 93.9
-4 851.9 943.9 881.4 336.0 357.2 337.2 342.4 391.3 365.3
-5 238.1 265.6 2443 67.1 65.6 58.2 — — —
-6 177.3 216.3 204.0 72.8 94.7 90.7 — — —
-7 205.2 224.8 203.9 62.5 63.2 55.4 — — —
M-8 253.9 295.3 274.6 65.9 79.4 75.6 — — —

DAV VL FD 1 A AR A BB R R 22 . PR
FHAR A () AR BT DDA R, BB ELARTA A B S P AR AT
BERUAR A (3R 2), (HERARRUA P K& 5 LB KA C 1)
SR CRAREFE, FLBRZE DL BRI b) . FAHRAY
F R R BT DI E L ARBE 8 L 5 AR RS () SC AR ih
ZIFE 7,

R 3G T HE LRI, Wi, BAE (M
R T FIRAH (P2 3 FEHL T Mgk el &
PRI N A . FTUAE H,  BARAE A Mk 22 0k
T 3 A 1 05 AR AR R — 3, B IA RS A bk
SR RBOEBATIN 18K, W I1EKIEY)
HITE RS b ISR . AT LG Y, FRAH AR
RITHE T3 RSk 25/ N 035 K TR Y, R
FHAH CHURIZE ) MRS R 15 223 P 0 KT 5 A
(P2 o, LA, A (LRI 5D
SER N RARRE AL FRRAE, A (CFREE) 45
NFRME. BAH (HIFIE ) SRS HE, 87
1 By I 5 A U B B 4 i A K 22% 5 30.1% A
42.3%; B (TLERE) BRKESSHE, 37
il TR AR AR 3 73 K 15.1%5 26.4%F0 31.8%
AT L, VRN ZEANFLRR K K180 0 88 B 1 FE OGS 1
BRZEE I N IR INE R

Bl 11 BRAR T ARG SRR T, PRIARMERD, FRAH (1
R FIRAH (P2 3 FE AR uk 1K
SEAIGI OIS . FTLLE Y, 3 P T 423k K P A
Ry AL, (HERAE (W) At (F+
B PG OUT B KSR XSRS 3K T AR v
S OUT M ZE 5 KPARXH N R o 1X 5 el 45 N 11
M. SHABAEIAEL, A (A B
TR 25 3y 30 K5 RN A 1R e KK AR ST AL R B K T
11%; A PR3 B 2R 555 (1) 7K P AR
7% 5 AR RIS AL R ZE A B, B RIS 3%

i B /m
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Fig. 11 Horizontal relative displacements of subway station under

soil nonlinearity
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3 RS LR I 70 35 KT AR A7 3t
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MISERANE A TT 1575 8 AR AR ZetE, SCHR[191R
R L ARFRIBVERAY . AR 5, ASCRISCHR[ 1911
W5 SRR, A iAo BAR A R A &
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T P A7 TR S R M R . ah, 3
LR 2 PR M2 0 1 KT A B 15 2 M U L
BERK, BRI 15%.

C3DUA B BRI F LB K (930 38 A P % M ik
TR N IRV AT B, K - R Ay B
HAN R4 47 2 S BB R SR 22 . LAASC A,
R U BURRIEAE (T L2 BIRE
b 2 3 ) ) 1 RIS T 5K T PAR SRR R . 3L
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