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1. Introduction

Itis well established that the seismic ground response of surface topographies may differ from those of free
field motion during earthquakes. Although the topography effect on ground response can be crucial when the
wavelength is comparable to irregularity dimensions, only a few building codes have considered this issue. This
is because of the complex nature of seismic wave scattering by topographical structures, which can only be
solved accurately and economically using advanced numerical methods under realistic conditions. Among the
numerical methods, the BEM is a very effective tool for dynamic analysis of linear elastic bounded and
unbounded media. In this research, a three-dimensional model of the Pacoima dam site is prepared. Time
domain 3D boundary element method is used to apply the non-uniform excitation at the dam supports. This
model is subjected to the vertically propagating incident S waves. Time delay can be characterized by
calculating the value of time delay for which the cross-correlation between two records is maximized. Finally,
to obtain the time delay in topographic site, a function considering effective parameters such as the height from
the canyon base, wave velocity and predominant frequency, is presented. Furthermore, a code was developed
for generating the spatial variation of seismic ground motions.

2. Methodology

The numerical parametric study was executed using the time- domain Boundary element formulation for
three-dimensional elasto-dynamics. The governing equation for an elastic, isotropic, and homogeneous body
with a small amplitude displacement field can be written as:

(C12 - C22) X uj,ij(X' t) + CZZ X ul-‘jj(X,t) + bl(X,t) —u(X,t) =0 (1)

in which u; denotes the displacement vector; bi denotes the body force vector and; c1and cz are the spreading

- . . 1 . .
velocities of the compressional and shear waves, respectively, where ¢? = %, c: = % with A and u being

the Lame constants, and p the mass density. In this paper, assuming the linear behavior of media, the body
forces are disregarded. The corresponding governing boundary integral equation for an elastic, isotropic,
homogeneous body, ignoring contributions from initial conditions and body forces, can be obtained using the
well- known weighted residual method (Sohrsbi-Bidar 2008) as:

() xw(§,t) = [U";(X,§, 0)®; (X, t) x dI — [ P*;;(X,§,6)®w;(X, ) x dT (2)
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U*;j and P*;;are the transient displacement and traction fundamental solutions of Eq. 1, respectively, and
denote the jth components of the displacements and tractions at point x at time t due to a unit point force
applied in direction i at point ¢ at preceding timez. U*;;®t; and P*;;®u;denote the Riemann convolution
integrals and cj is the discontinuity term resulting from the singularity of the traction fundamental solution.
For seismic loading, assuming that the total displacement can be split into incident (u{")and
scattered (u{™®) components. For the linear time variation of the field variable, the time integration involves
the traction fundamental solution and the temporal shape function products expressed as:

N-n+1 nXxAt

Fij1 = (n_l)xAtP*ij(x,E,NxAt—‘r) X M, (7)dt
- XAt .
el - f(:ll_nxmp ij(x, & N X At — 1) X M, (1)dt (3)
where FL-I)!Z_”“ and Fl-’}’{"“are the causal time-convoluted elastodynamic traction kernels for the forward and

the backward time nodes during a time step, respectively. By substituting above kernels, the time convoluted
boundary element equation for linear time variation is:

cij (§) X wi' (§) = = Xn=y [ Fj 7" x i’ (§) x dl' + u; (8, 1) (4)
takes the following matrix form:

F1x UN =zZVN 4 yineN (5)
Where ZV includes effects of the past dynamic history:

ZN = yN-1_pN+1-n o gn (6)

Eq. (6) leads to a 3Q X 3Q square matrix which can be solved for the unknown displacement values using any
standard matrix solver. UN denotes the nodal displacement vectors at the current time node.

3. Results and discussion

In this research three dimensional model of Pacoima dam site is prepared and subjected to vertical SV wave
at different frequency. Using cross- correlation functions the time delay between different point on the canyon
surface are calculateed. Then using powerful statistical software, Functions to calculate time delay at different
point on the canyon surface are presented.
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4., Conclusions

In this paper, the three-dimensional boundary element method was used to develop the method of
generating non-uniform records in a real site. Comparison of records produced using time delay functions
presented on the basis of statistical analyzes and Support recordings result from the boundary element method
is an acceptable result.
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