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Barycentric interpolation meshless method for solving rock and
soil seepage free surface problems
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Abstract: The seepage failure of rock and soil and the seepage design for underground engineering are closely related to the seepage
calculation. A meshless collocation method based on barycentric Lagrange interpolation for solving seepage free surface problems in
2D is presented. Embedded the irregular seepage domain into a regular rectangular domain, the seepage governing equation is
extended into the regular rectangular domain. The unknown function of seepage in seepage domain is approximated by barycentric
Lagrange interpolation in regular rectangular domain. Then, the barycentric Lagrange interpolation collocation method (BLICM) can
be used to solve seepage problems in the regular rectangular domain. The governing equation of seepage problem is discretized by
using BLICM into algebraic equations. Using notations of differentiation matrix and Kronecker product of matrices, the system of
algebraic equations can be rewritten as matrix form. The boundary conditions are discretized by barycentric Lagrange interpolation
and applied by using replacement equation method or/and additional equation method. The final location of free surface is obtained
by iteration computation of BLICM in regular rectangular domain. The numerical results compared with others numerical methods
indicate the correctness and high accuracy of the proposed method.
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Fig.1 Schematic diagram of steady seepage
problem in dam
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Fig.3 Flow chart of iteration procedure
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Table 1 y-coordinate values of nodes on free surface
in example 1 (unit: m)

x A BT At BLICM MFEM BEMSO
0.505 6.179 6.174 6.198 6.208
0.866 6.055 6.058 6.058 6.057
1.472 5.822 5.831 5.834
2.078 5.576 5.571 5.573 5.598
2.785 5253 5228 5232
3.492 4.843 4.839 4.844 4.856
4243 4.401 4.366 4371
4.993 3.815 3.810 3.818 3.853
5.491 3.374 3.367 3.340 3.377
5.745 3.110 3.106 3.108 3.110
5.997 2.800 2.793 2.811 2.795
6.159 2.523 2.531 2.523 2.513
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Table 2  y-coordinate values of nodes on free
surface in example 2 (unit: m)

X BLICM HSE SE MES
1 23.743 23.740 23.760 23.750
2 23.410 23.400 23.420 23.410
3 23.016 23.010 23.030 23.030
4 22.584 22.520 22.590 22.590
5 22.099 22.090 22.120 22.120
6 21.582 21.570 21.600 21.600
7 21.012 21.000 21.040 21.040
8 20.398 20.390 20.430 20.440
9 19.745 19.730 19.780 19.790
10 19.021 19.020 19.070 19.080
11 18.256 18.240 18.300 18.320
12 17.407 17.390 17.470 17.500
13 16.483 16.450 16.560 16.590
14 15.447 15.390 15.500 15.580
15 14.250 14.090 14.150 14.400
16 12.675 12.680 12.610 12.880
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Fig.6 Distribution of pressure head in example 2
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