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Analytical solution of dynamic soil-tunnel interaction for incident plane SH wave
FU Jia"?, LIANG Jian-wen"?, DU Jin-jin®
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Abstract: The wave function expansion method is used to obtain the analytical solution of dynamic responses of a rigid lined

tunnel embedded in homogeneous half-space to the excitation of incident plane SH waves, and the boundary condition is

verified. It is shown that the mechanism of soil-tunnel interaction is evidently different from that of soil-foundation-
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superstructure interaction. The soil-tunnel interaction leads to the result that the tunnel response is smaller than the

corresponding free-field response, and that the peak frequency of response spectra of the former is lower than that of the latter.
and ground surface, while the influences of tunnel mass are little.
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The angle and frequency of the incident waves and the tunnel embedment have significant influences on the responses of tunnel
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Fig. 1 Model of rigid lined tunnel in elastic half-space (Cartesian
Coordinates x;0y,, Polar Coordinates r,06,)
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Table 1 Errors of tunnel boundary conditions cin
—— — N=15 N=20 N=30 N=40 N=60 N=80

S ] 5. 5. 5. 5 5, 5.
0.1 0.100 0.100 3.13x10°" 2.87x107° 2.38x10™"7 2.38x10™"7 — —
0.2 0.198 0.198 1.28x107"2 1.21x10™ 5.45x107" 5.30x107"7 5.52x107"7 —
0.3 0.293 0.293 3.01x10™ 2.96x10™° 1.14x107"° 1.12x107"¢ 1.10x10™° —
0.4 0.384 0.384 5.68x10™"2 5.77x10™% 1.58x107¢ 1.57x107¢ 1.58x107'¢ —
0.5 0.478 0.478 9.56x107'2 9.97x10™" 1.22x107¢ 1.21x107"° 1.07x107° —
0.6 0.544 0.544 1.50x10™" 1.60x10™ 2.60x107° 2.75%x107'° 3.04x107"° —
0.7 0.614 0.614 2.25x10™"! 2.44x10™ 2.66x107° 2.67x107° 2.67x107° —
0.8 0.677 0.677 3.27x107" 3.59x10™ 2.52x107¢ 2.54x107° 2.53%x107° 2.52x107'°
0.9 0.733 0.733 4.61x10™" 5.13x10™ 2.61x107"° 2.79x107'¢ 2.69x107'° 3.04x10"°
1 0.785 0.785 6.36x10™" 7.16x10 2.35%x107¢ 2.72x107¢ 2.72x107¢ 2.26x107°
2 0.708 0.708 7.46x107"° 9.19x107" 1.27x107" 1.28x107"° 1.30x10™ 1.32x10°"
3 0.921 0.921 3.45x10” 4.37x10™ 1.10x107% 1.38x107"° 1.20x107"% 1.04x107"
4 0.851 0.851 2.13x10%® 1.66x10™ 1.72x10™ 1.86x10™" 1.82x10™° 1.60x10°"
5 0.731 0.731 3.84x107 1.25x1071° 4.88x10™"° 4.98x10™"° 4.56x10™"° 5.15x10°"°
6 0.768 0.768 4.97x10°° 1.55%107 4.73x10™"° 4.50x10™"° 4.20x10™ 433x10™"°
7 0.431 0.431 4.23x107 1.66x10° 7.13x10°"° 5.80x10°"° 5.75x107"° 5.59x10°"°
8 0.866 0.866 1.81x10™ 1.82x107 2.07x10™ 8.93x10°"° 8.96x10™" 9.18x10°™"°
9 0.465 0.465 2.07x10° 2.33x10°° 1.69x107" 9.20x10™" 8.88x10™° 9.48x10™"
10 0.459 0.459 8.96x107 1.55%10° 2.54x10™ 1.09x10™ 1.03x10™ 1.08x10™
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Fig. 3 Spectral amplifications of tunnel response
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