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Seepage analysis using the weak form quadrature element method

YUAN Shuai, ZHONG Hong-zhi
(Department of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Seepage analysis has found wide application in many areas. In practice, the conventional numerical tools such as the
finite element method are mainly used in the seepage analysis, which often demand large computational resources and therefore
impose restrictions on the problem scale. The weak form quadrature element method is a simple and efficient numerical tool
which has been applied to structural analysis. Based on the weak form description of a problem, it has the characteristics of
global approximation and enjoys rapid convergence. The method is used for simulation of two- and three-dimensional confined
and unconfined seepage. For the unconfined seepage, the adaptive mesh method is employed, and the free surface is expressed
by polynomial interpolation at integration points. The results are compared with those of other methods and good agreement is
reached. It is shown that a relatively small number of degrees of freedom are needed to attain convergence by the quadrature
element formulation as compared with those of the finite element method. The weak form quadrature element method is
expected to be an effective numerical tool for seepage analysis.
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Fig.1 Seepage under a concrete dam
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Fig. 3 Seepage under a manger
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Table 1 Boundary conditions for three-dimensional seepage

L5 LA
x="30m h=8 m
x=30m h=6 m
y=—15m AiFEK
y=15m AiFEK
y==5m, 6 m<z<8 m, 30 m<x<-6 m h=8 m
y="5m, 6 m<z<8 m, —6 m<x<6 m ANiEK
y==5m, 6 m<z<8 m, 6 m<x<30 m h=6 m
y=5m, 6 m<z<8 m, -30 m<x<-6 m h=8 m
y=5 m, 6 m<z<8m, ~6 m<x<6m ANiEK
y=5m, 6 m<z<8 m, 6 m<x<30 m h=6 m
z=0 ANiFEIK
z=8 m ANiFEK
z=6 m (=30 m<x<-6 m) h=8 m
z=6 m (-6 m<x<6 m) ANiFEIK
z=6 m (6 m<x<30 m) h=6 m
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Fig. 6 Seepage in a three-dimensional concrete dam
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Fig. 7 Variation of hydraulic heads along centerline of bottom
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Fig. 9 Solution of free surface
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Fig. 10 Comparison of relative errors of free surface
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