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1. Introduction

A key issue in the seismic analysis of a dam-reservoir system is the accurate and inexpensive modeling of the
unbounded reservoir. The Perfectly matched layer (PML) is one of the state-of-the-art boundary conditions,
introduced by Berenger for the absorption of radiated boundary waves. In this research,seismic analysis of dam-
reservoir systemis carried out using the PML in the radiation boundary of the reservoir. For this purpose,the
numerical implementation of the PML based on the finite element method is presented. A special purpose computer
code is developed to carry out the dynamic analysis of the dam-reservoir systems using the MATLAB software.
Sensitivity analyses corresponding to the PML layer parameters, the decay function and layer thickness, are carried
out to achieve accurate results in less computing time.

2. Methodology
2.1. Coupling of dam and reservoir equations

The dam-reservoir interaction is a classic coupled problem, which contains two harmonic differential equations
in the frequency domain. The coupled equations of the dam- reservoir can be written in the following form:

—™M +(1+28)K ol 5| | -Mu,
-p0w’ ~0’E+ioA+H ||p - —p0"u, M

where [M] and [K] are the mass and stiffness matrices of the dam and [E], [A] and [H] are the matrices
representing the mass, damping and stiffness of the reservoir, respectively. [Q] is the coupling matrix, f is the

constant hysteretic damping, [#] and [&] are the vectors of hydrodynamic pressures and displacement

amplitude, respectively, [1i,] is the ground acceleration amplitude and p is the density of the fluid.

2.2. FE modeling with PML

The PML was first developed for the two-dimensional time dependent Maxwell equations by employing
auxiliary fields [1]. It was later shown that the layer can be obtained by performing a complex coordinate stretch [2].
The perfectly matched layer surrounds a rectangular computational domain (in Cartesian coordinates) and
attenuation is provided through the complex-valued function which depends only on the coordinate axis [3, 4]. This
provides highest attenuation for waves traveling along this axis, and no attenuation for those traveling perpendicular
to it. The PML method is based on introducing an absorbing layer, after the truncated boundary, to absorb outgoing
waves and prevent reflection from the artificial boundary. Based on this method the mass and stiffness matrices of
the reservoir from Eq. (1) are modified in the following forms:
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where N is the interpolation function and D is the matrix of material property. The mass matrix inside the PML is
obtained by multiplying the integrand of the mass matrix of the elastic medium by the stretch functions, y, which is
defined as [5]:

v =1-o0ci %)

* x 2
c =0 (—
(77 (6)
p
where ¢, ¢ and L, are attenuation function, positive constant attenuation coefficient and the length of PML layer

respectivelyand x ismeasured from the interface. The finite element model of the dam-reservoir system including the
PML layer in the radiation boundary is shown in Fig. 1.

- =—9.75m
{ -
=
g PML Reservoir } } \ stlg %Z
: 7/ slope \
1:0.05
Lp Lr 96m

Fig. 1. The finite element model of the dam-reservoir system

3. Results and discussion

3.1. Dam-reservoir analysis by using PML at far end of reservoir

A computer code is developed to carry out the seismic analysis of the dam-reservoir interaction system using the
PML layer in the radiation boundary of the reservoir. Verification of the developed code is carried out by the
comparison of the results using Sommerfeld boundary condition by appropriate length of the reservoir, three times
of the dam height, with the results of the previous investigations. Good agreement was obtained in time and
frequency domain. Sensitivity analysis with PML’s length (Lp), reservoir’s length (L) and attenuation coefficient
(o*) are performed to achieve accurate results in less computing time. The convergence errors of the dam crest
horizontal displacement (L2 error) are indicated versus different parameters in Figs. 1 and 2. The maximum
responses of the dam-reservoir system obtained from two kinds of boundary conditions, the optimum PML layer and
Sommerfeld, are presented in Table 2. Although the small length of the reservoir is modeled by using the PML layer
in comparison with the classic Sommerfeld boundary condition, the results show good agreement for different kinds
of responses.
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Fig. 2.The results of sensitivity analysis: (left) L2 error of dam crest displacement amplitude versus the PML’s length by
different attenuation coefficients with constant reservoir length (Lz=40m), (right) L2 error of dam crest displacement amplitude

versus the reservoir’s length by different attenuation coefficients with constant PML’s length (L,=40m)

Table 1. The maximum responses obtained by the PML and Sommerfeld boundary conditions

Boundary condition PML Sommerfeld
Maximum horizontal displacement of the dam crest 0.0360 0.0379
Maximum vertical displacement of the dam crest 0.0098 0.0104
Maximum hydrodynamic pressure/hydrostatic pressure 0.2356 0.2297

4. Conclusions

The PML was adopted in the radiation boundary of the reservoir in the seismic analysis of the dam-reservoir
interaction system and the finite element implementation was presented.

A computer code is developed and verified to carry out the dynamic analysis of the interaction system using the
MATLAB software.

Sensitivity analysis of the PML parameters, PML’s length (L,), reservoir’s length (Lgz) and attenuation
coefficient (), was performed to achieve the accurate results with less computational time in comparison with the
results obtained from the classic Sommerfeld boundary conditions.

Results from this analysis demonstrated that for the same accuracy, the PML-type radiation boundary leads to
50% off in time consumption of the analysis compared to the Sommerfeld boundary condition.
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