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An efficient finite element procedure for unsaturated flow
based on adaptive relaxed Picard method

LI Wen-tao, MA Tian-tian, WEI Chang-fu
(State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan, Hubei 430071, China)

Abstract: Effectively simulating unsaturated flow is of great significance in many areas such as the soil slope stability analysis,
seepage of earth-rockfill dam, contaminant transport. Due to the strongly nonlinear characteristics of Richards equation for the
unsaturated flow, numerical solution schemes such as the finite element method with an efficient iterative algorithm usually have to
be employed. Picard method as a practical nonlinear iterative method is widely applied to the unsaturated flow field; but usually
suffers from convergence oscillation, slow convergence rate and inaccurate solution. In order to improve the computing performance,
an efficient finite element procedure based on the adaptive relaxed Picard method is developed. Through the simulations of 1D and
2D unsaturated seepage problems, accuracy, efficiency and robustness of the proposed procedure are validated by comparing with the
traditional methods. It is shown that the adaptive relaxed Picard method can effectively reduce the convergence oscillation and
significantly improve the convergence rate with the accuracy guaranteed. The proposed procedure provides a helpful reference for the
program development and application to unsaturated flow.
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Table1 Model parameters for 1D infiltration
L/m n K, /(m/h) pm ST g /AmMh)  gy(m/h)
1.00 0.40 3.60x107 10.00  0.15 0.00 3.60x107
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Fig.1 Distributions of pressure head in the vertical
direction at different moments
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Fig.2 Variation of pressure head with time
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Table 2 Model parameters for 2D infiltration
n ks/(m/h) a,/m n, m, S
0.30 0.35 3.30 4.10 0.756 0.033
755 806
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Fig.3 Comparisons between the calculated and
experimental results at different time and
positions of underwater level
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Table 3 Comparison of the efficiency between traditional,
relaxed and adaptive relaxed Picard iteration for different 1 Picard
time steps
At
/s /s / /s
picard 100 2 50 19 153 15.24
1 .
=4 2 Picard
2 50 8 158 16.40
100 4 25 18 111 11.03
=8
3
50 7 136 14.68
100 4 25 7 87 9.12
10 60 10 49 4.98
600 20 30 9 133 14.38
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