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Abstract: Based on the case study of a large-scale immersed tunnel and the previous research results, several problems in
establishing the refined local model for seismic response analysis of the immersed tunnel are discussed emphatically as follows:
(1) problem of model range size, (2) simplified method for hydrodynamic action of overlying water body, (3) the proper model
of damping matrix in time domain and its effect, (4) selection of seismic input mode and its effect. The reasonable way for
three-dimensional refined local modeling of the immersed tunnel is verified by engineering examples. The numerical results
show that when the seismic responses of an immersed tunnel pipe is investigated carefully, at least the influence of other three
pipes at two sides of the pipe must be considered and the effect of the limited soil layer whose horizontal length is at least 5
times the thickness of the soil layer at two sides of the pipe should be included. The method of equivalent additional mass can
be used to simulate the overlying water body. When the fundamental frequency of the immersed tunnel-soil layer system is
lower than the predominate frequencies of the input seismic wave, the ratio coefficients of the Rayleigh proportional damping
matrix are determined by the optimization method based on the fundamental frequency of the system. It should be fully noted
that the excitation of multi-support seismic input along tunnel axis has a great influence on the seismic response of the
immersed tunnel.
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Fig. 1 Sketch drawing of immersed tunnel sections and flat slope segment local models
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Fig. 2 Sketch drawing of slope segment local models for immersed tunnel
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Table 1 Longitudinal open displacements of E17 and relative

€rrors

T FRK¥k Hp ] Nz SR KBk
W VEEAE R VEEAE R VEEAE R
/mm /% /mm /% /mm /%
1 4.00 -31.8 2.45 -30.50 4.28 -31.0
2 4.62 -21.1 2.76 -21.60 4.86 -21.7
3 5.55 -5.15 3.34 -5.14 5.84 -5.75
4 5.76 -1.44 3.46 -1.51 6.10 -1.69
5 5.85 0 3.52 0 6.20 0

*2 B BT YA ER B RIRE
Table 2 Longitudinal compression displacements of E17 and

relative errors

T FRK¥k Hp ] Nz SR KBk

W VEEAE R VEEAE R VEEAE R
/mm /% /mm /% /mm /%

1 2.49 -32.6 1.75 32.70 2.82 -33.0

2 2.88 -22.2 2.02 22.20 3.31 -21.5

3 3.51 -4.96 2.46 5.01 4.01 -4.78

4 3.65 -1.28 2.46 1.49 4.15 -1.36

5 3.70 0 2.59 0 4.21 0

=3 EPEIT AR ARIRE

Table 3 Longitudinal axial forces of E17 and relative errors

T KBk Hp e Nz SR Kk

W VEEAE R VEEAE R VEEAE R
/mm /% /mm /% /mm /%

1 9.33 -36.0 8.24 -34.6 10.4 -35.30

2 11.3 -22.7 9.65 -23.4 12.3 -23.40

3 13.8 -5.67 11.9 -5.65 15.1 -6.33

4 14.4 -1.51 12.4 -1.55 15.8 -1.77

5 14.6 0 12.6 0 16.1 0
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Table 4 Longitudinal open displacements of E29 and relative

€rrors

T KBk Hp ] Nz SR Kk

W VEEAE R VEEAE R VEEAE R
/mm 1% /mm /% /mm /%

1 4.19 -38.3 2.80 -39.4 3.84 -38.4

2 5.15 -24.2 3.49 -24.5 4.72 -24.3

3 5.82 -14.2 3.96 -14.1 5.32 -14.8

4 6.29 -7.22 4.28 -7.18 5.77 -7.55

5 6.60 -2.66 4.51 -2.25 6.10 -2.26

6 6.78 0 4.62 0 6.24 0

&5 BT E2 YEENEGRUBRIRE
Table 5 Longitudinal compression displacements of E29 and

relative errors

T Fr K¥3k ) SR o KHEk

W Bl RE Bl RE Bl RE
/mm /% /mm /% /mm /%

1 3.24 -38.6 2.41 -38.5 3.92 -38.4

2 4.02 -23.8 2.99 -23.8 4.88 -23.4

3 4.56 -13.6 3.40 -13.7 5.53 -13.2

4 4.92 -6.77 3.67 -6.59 5.93 -6.89

5 5.12 -3.16 3.80 -3.15 6.18 -2.96

6 5.28 0 3.93 0 6.37 0
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Table 6 Longitudinal axial forces of E17 and relative errors

T KBk Hp ] Nz Sk KBk
VI < 2 R VEEAE R VEEAE R
/mm /% /mm /% /mm /%
1 9.69 -41.60 8.08 —41.40 7.76 -41.1
2 1240 -2550 10.30 -25.60 9.86 -25.2
3 1400 -1580 11.70 -15.50 11.03 -16.3
4 15.20 -8.13  12.70 -8.25 12.07 -8.45
5 15.90 -4.02 13.20 -4.15 12.63 -4.16
6 16.60 0 13.80 0 13.18 0
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Fig. 3 Sketch drawing of seabed surface hydrodynamic pressure

decomposition
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Fig. 4 Finite element model for seabed soil layer
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Fig. 5 Peak accelerations of seabed surface under different direction excitations
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Fig. 6 Peak displacements of seabed surface under different direction excitations
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Table 7 Characteristic frequencies of different seismic waves (Hz)

Mozt / Y fa Ts

El Centro 1.579 1.447 0.843 1.648
Taft 1.845 1.548 0.917 2.224
Lan Cang 2.326 1.659 0.826 1.443
Hachinohe 3.157 1.734 0.856 1.486
Kobe 3.678 1.685 0.927 1.343
Loma Prieta 2.863 1.887 0.882 2.323
Northridge 2.175 1.793 0.935 1.814
Parkfield 2.473 1.582 0.747 1.259
Qian An 1.984 1.796 0.853 1.864
Tian Jin 2.348 1.647 0.794 1.376
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Fig. 7 Finite elements model for immersed tunnel soil site (part)
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Table 8 Peak horizontal displacements of surface middle point (em)
. Rayleigh PHJe FFEA R 4577 K
) i
(fif2) A (fisf)) h) Unhy)  (Lafy 0
El Centro 12.850 13.020 13.280 15.860 13.400 13.140 13.770
Taft 4.746 4.825 4.949 5.740 5.064 5.018 5.203
Lan Cang 10.720 10.850 11.060 13.180 11.390 11.010 11.710
Hachinohe 7.795 7.848 7.930 7.841 7.966 7.691 8.507
Kobe 18.720 18.900 19.170 21.800 19.690 19.140 20.660
Loma Prieta 6.450 6.546 6.710 8.538 7.103 6.818 7.387
Northridge 7.393 7.438 7.507 7.588 7.571 7.268 8.051
Parkfield 31.350 31.700 31.620 31.190 32.350 32.150 32.390
Qian An 4.104 4.114 4.130 4.799 4.149 4.139 4.627
Tian Jin 11.170 11.350 11.640 11.600 11.770 11.280 12.330
R 9 RS KT INEEIEE
Table 9 Peak horizontal accelerations of surface middle point (m/s?)
X Rayleigh BHJe A [F 4577 X .
MR LT
(fi:12) ) (fi:15) (fis 1) (fiSip) (JarSp)

El Centro 6.434 6.514 6.638 7.826 6.896 6.760 7.242
Taft 2.742 2.780 2.843 3.453 2.997 2.930 3.170
Lan Cang 8.285 8.367 8.495 11.130 8.703 8.638 9.035
Hachinohe 3.379 3.371 3.431 3.534 3.612 3.530 3.850
Kobe 10.760 10.750 10.560 11.710 10.290 10.450 9.433
Loma Prieta 4.887 4971 5.109 6.456 5.710 5.528 5.970
Northridge 5.343 5.384 5.450 5.532 5.574 5.513 5.936
Parkfield 12.280 12.270 12.250 12.190 11.920 12.210 10.990
Qian An 3.815 3.856 5.095 3.618 4.875 4.964 4.445
Tian Jin 5.072 5.120 5.204 5.198 4.923 5.005 4.526
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Fig. 8 Peak longitudinal relative displacement of immersed tunnel
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Fig. 9 Peak longitudinal axial forces of immersed tunnel section
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Table 10 Longitudinal relative displacements of joints under different apparent wave velocities

(mm)

NN 2000 m/s 3000 m/s 4000 m/s —
oA 355
-7 Pi— 7% -7 Pi— 7% -7 Pi— 7% i
= 5.73 7.00 7.21 8.75 7.71 8.64 5.56

EJ32/33 %iffff
E4i & 2.87 5.30 4.30 8.63 4.17 8.53 5.74
= 2.18 3.67 3.20 5.30 3.55 5.39 2.08

sy TR
E4i & 2.35 4.50 3.19 5.81 3.67 5.92 4.69
= 0.95 3.79 3.43 4.15 3.10 3.70 3.10

Eeny TR
i & 1.05 3.42 2.55 3.03 2.33 2.58 2.11
E16/7 K& 3.51 2.74 7.81 3.11 8.03 4.14 5.78
E4i & 2.69 2.93 4.55 4.16 4.66 4.44 5.38
- TR 438 3.26 7.16 3.68 7.43 4.45 4.82
E4i & 3.66 3.65 6.74 4.51 6.78 5.25 7.33
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Table 11 Longitudinal axial forces of joints under different apparent wave velocities (10°N)

o e 2000 m/s 3000 m/s 4000 m/s —
DDA

e T R T R A
EJ32/33 1.13 1.68 1.36 2.73 1.49 2.70 1.81
EJ28/29 0.75 1.42 1.01 1.84 1.16 1.87 1.48
EJ16/17 1.00 1.20 1.09 1.31 0.98 1.17 0.67
EJ6/7 1.17 0.59 1.58 0.84 1.62 0.90 1.42
EJ1/2 1.26 0.85 1.87 0.96 1.94 1.16 1.77

of soil layer with deep deposit using general software[J].
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