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Seepage analysis based on weak finite element method
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Abstract: In the design and operation management of hydraulic structures such as dams, gates and embankments, the seepage
calculation plays a very important role. The current methods for seepage analysis are mainly based on the general finite element
method. It is often hoped, by refining the mesh, to pursue the calculated results with higher-precision in the seepage analysis.
However, the general finite element method, which belongs to the coordinated finite element method, cannot handle hybrid
grids, and the refined mesh may lead to unstable calculation formats and the divergence of the calculated results. The weak
finite element method is a non-coordinated one, which replaces the classical gradient operator in the variational formula for the
general finite element method with the weak gradient operator of the weak function, and adds a stable sub-term in the
variational formula, to obtain an absolute stability of the calculation format, and it can handle hybrid grids. For the same mesh
grid, the degree of freedom of the overall algebraic equations for the weak finite element method is much larger than that of the
general finite element method. In order to reduce the degree of freedom of the weak finite element method, the targeted mixed
meshing grid is used to establish the weak finite element method which is used to solve the free surface of seepage and to
analyze the seepage field of the gate foundation with anti-seepage curtain. The numerical simulation shows that the weak finite

element method can be used to process flexibly hybrid grids, and it is of high accuracy.
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Table 1 Information of elements
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Table 2 Information of node coordinates

a1 2 3 4 5 6 7 8

x 1 2 1 2 2 1 0 0
y 0 0o 1 1 2 2 2 0
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Table 3 Comparison of calculated results I

AL fERATAR FEM RE 1 WG R 2
0 10.00 10.00 0.00 10.00 0.00
1 9.59 9.73 0.14 9.62 0.03
2 9.17 9.39 0.22 9.26 0.09
3 8.72 8.99 0.27 8.79 0.07
4 8.25 8.53 0.28 8.30 0.05
5 7.75 8.03 0.28 7.78 0.03
6 7.21 7.46 0.25 7.23 0.02
7 6.63 6.83 0.20 6.63 0.00
8 6.00 6.11 0.11 6.04 0.04
9 5.29 5.21 -0.08 5.34 0.05
10 4.47 4.50 0.03 4.50 0.03
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Fig. 6 Diagram of dam body meshing II
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Table 4 Comparison of calculated results II

LR FEERIT AR WG R
0 10.00 10.00 0.00
1 9.59 9.59 0.00
2 9.17 9.18 0.01
3 8.72 8.77 0.05
4 8.25 8.23 -0.02
5 7.75 7.74 -0.01
6 7.21 7.16 -0.05
7 6.63 6.61 -0.02
8 6.00 6.00 0.00
9 5.29 5.34 0.05
10 4.47 4.50 0.03
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Table 5 Values of hydraulic gradient

Bt BB AL K 7 I i H 11 A
/m B IRIIBhBE
5 0.323 0.332
10 0.333 0.262
15 0.358 0.190
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