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ABSTRACT 

The weighted residual method was applied to the problem of scattering and diffraction of plane elastic 
waves, in the form of SH waves, by a tunnel of arbitrary shape located below the swface of a two
dimensional half-space. In order to demonstrate the versatility of the method, it was applied to shallow 
aod deep circular, elliptical, square, and rotated square tunnels with walls that were harder and denser 
than the surrounding medium. Resuhs obtained were quite sintilar to those obtained using available 
closed form solutions. It was shown that significant grouod mution amplifications, with respect to the 
amplitude of incident waves, occurred on the ground surface in the vicinity of the tunnel. Amplifications 
were dependent upon the shape and depth of the tunnel and the frequency and angle of incidence of 
incoming SH-waves. Amplification profiles for the lower frequency incident waves were simple near the 
tunnel on the surface of the balf-space with peak amplifications that did not vary much from 2, the value 
expected on the surface of a smooth half-space in the absence of a sub-surfuce discontinuity. As the 
frequency of the incident waves is increaseil. the amplification profiles near the tunnel became more 
complicated with peak values exceeding 7 for rotated square shaped tunnels located near the grouod 
surface. 
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INTRODUCTION 

One of the many areas of earthquake engineering and seismological research has been the effect of 
local site conditions on ground motion. Among the local site topographies of interest are turmels located 
below the· ground surface. In this paper, the problem of the scattering and diffraction of incident SH 
waves by an arbitrarily shaped tunnel below the surface of a two-dimensional half-space is studied. A 
numerical solution for the problem is appropriate as the bouodary between the material of the 
discoutinuity and the half-space may be non-circular or irregular, making it difficuh to describe the 
solntion in closed form using the cylindrical coordinate system employed. The method of weighted 
residuals is implemented in order to study possible amplifications and de-amplifications of displacements 
on the surface of the half-space above and near a sub-surfuce tunnel. 

Currently. with respect to sub-surfa.ce discontinuities, closed form solutions exist for a cavity in an 
infinite space (Pao and Mow, 1973), a circular cavity in a half-space (Lee, 1977), an elastic tunnel and 
inclusion in a half-space (Lee and Trifunac, 1979), aod a circular cavity in a wedge shaped half-space 
(Lee and Sherif, 1996). With respect to the scattering of SH-waves by swface discontinuities, closed 
form solutions exist for a semi-cylindrical valley (Trifunac, 1971), a semi-cylindrical canyon (Trifunac, 
1973), a semi-elliptical valley (Wong and Trifunac, 1974a), a semi-cylindrical canyon (Wong and 
Trifunac, 1974b), a circular arc hill (Yuan and Men, 1992), a cylindrical canyon of circular arc cross
section (Yuan and Liao, 1994), a cylindrical alluvial valley of circular arc cross-section (Yuan and Liao, 
1995), and a circular alluvial valley in a wedge shaped medium (Sherif and Lee, 1997). Other analytic 
solutions have been developed by Gregory (1967), Gregory (1970), Datta (1978), Dravinski (1982, 1983). 
Dravinski (1983) used a boundary integral method to determine the effects of elastic inclusions of 
arbitrary shape on incident elastic waves in a half-space. A closed form solution for the scattering and 
diffraction of P, SV, and SH-waves by a three-dimensional alluvial valley has also been developed (Lee, 
1984). A closed form solution for the three-dimensional diffraction of elastic waves by a spherical cavity 
in an elastic half-space was developed by Lee (1988). Datta and EI-Akily (1978) and Datta and Shah 
(1982) used the method of matched wave expansions to address the problem of a cavity buried in elastic 
































