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Effects of a tunnel on site ground motion for 3D obliquely incident seismic waves
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Abstract; Considering a circular tunnel embedded in saturated soil, the amplification of site ground motion due to the
tunnel is studied by a 2.5D finite element-boundary element coupling method. It is assumed that seismic waves are
incident at an arbitrary angle from bedrock, and the incident direction is described by a horizontal angle 6, and a vertical
angle 6,. A parametric investigation on the effects of the incident angle of seismic waves on ground acceleration responses
is conducted. It is shown that the amplification factors of the ground accelerations for the oblique incidence case are much
larger than those for the vertical incidence case. Moreover, the incident angle also has a big influence on the acceleration
response spectra, in terms of the amplitude, distribution pattern and predominant period, and the influence is more
pronounced for the vertical acceleration responses. It is also shown that, for the numerical example in this study, when 6,
< 30° and 0,> 30°, the ratios of the amplitudes of the vertical accelerations to those of the horizontal accelerations can
be larger than 0. 65 which is recommended by the code for seismic design, and the amplitudes of the response spectra for
the vertical accelerations may be larger than those for the horizontal accelerations.
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Fig.1 The model for ground motion above a tunnel

subjected to 3D obliquely incident seismic waves
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Table 1 Parameters of the saturated soil site
12 +2 JEEE(m)  pua(MPa) v p(kg/m*)  pi(kg/m*) n m(kg/m*)  b(N - s/m*) a M(MPa)
1 1 1 58.95 0.25 2321 0 0.3 0 0 0 0
2 | 9 58.95 0.25 2321 1000 0.3 7222.2 10° 0.997 5904. 2
3 1 10 78. 00 0.25 2357 1000 0.3 7222.2 10° 0. 996 5905. 1
4 I 10 99.98 0.25 2393 1000 0.3 7222.2 10° 0. 995 5906. 1
5 I 10 125.00 0.25 2429 1000 0.3 7222.2 10° 0. 994 5907.2
6 I 10 182. 25 0.25 2464 1000 0.3 7222.2 10° 0.992 5909. 8
7 Il| 10 251.13 0.25 2500 1000 0.3 7222.2 10° 0. 988 5912.9
8 v 10 332.00 0.25 2536 1000 0.3 7222.2 10° 0. 985 5916.5
9 v 10 425.25 0.25 2571 1000 0.3 7222.2 10° 0. 980 5920.7
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Fig.2 Dynamic shear modulus ratio and Fig. 3 The input motion from the bedrock

damping ratio versus shear strain
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Fig.5 Effects of the incident angle of seismic waves on the maximum ground accelerations
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Fig. 6 Effects of the incident angle of seismic waves on the acceleration response spectra
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Fig.7 Comparison of the predominant periods of acceleration response spectra between the tunnel site and free field
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