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The RBF-PU Method for Solving 2D Nonlocal Diffusion
and Peridynamic Equations

ZHANG Shangyuan, NIE Yufeng, LI Yiqiang
( School of Mathematics and Statistics, Northwestern Polytechnical University, Xi’an 710129, P.R.China )

Abstract: The radial basis function partition of unity (RBF-PU) method was applied to obtain the numerical solution of 2D
nonlocal diffusion and peridynamic problems. The main idea is to partition the original domain into several patches, use the
RBF approximation on each local domain, and then give weighting to obtain the global approximation of the unknown
function. The radial basis function method based on the strong form of the equation has many advantages, such as avoiding
an additional layer of integral calculation, no need to deal with intersections of neighborhoods with the mesh, and easiness
of implementation. The numerical results show that, this method can solve nonlocal diffusion equations and peridynamic

equations accurately and efficiently.
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Fig. 1 A set of regular meshless points and a set of circular PU patches
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Fig. 3 The distribution of points and the matrix structure of nonlocal diffusion under uniform discretization: (a) the distribution of meshless points and PU patches;

(b) the matrix structure
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Fig. 4 The distribution of points and the matrix structure of nonlocal diffusion under Halton discretization: (a) the distribution of Halton points and circular

PU patches; (b) the matrix structure
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Table | Numerical results of the nonlocal diffusion equation under uniform discretization (6 = 0.2)

h Emax ERMSE ERE N t/s
1/10 2.392362E-2 5.340 460E -3 1.596 423E—-1 5.103 764E+2 0.46
1/20 3.503 622E-4 1.012 859E -4 3.298 962E -3 2.028 138E+7 3.43
1/30 8.066 769E — 6 2.375277TE-6 7.919 804E -5 8.778 054E + 10 50.01
1/40 4.408 203E-6 9.530515E-7 3.211906E -5 5.302 566E + 10 172.58
1/50 4.405 356E—-6 1.227 837E-6 4.163 255E-5 2.130636E+11 605.16
1/60 3.365385E-5 6.696 457TE-6 2279511E-4 4.492236E+11 1481.48

R 2 BEHAERMY BOMBRIEELAR 6=0.2)
Table 2 Numerical results of the nonlocal diffusion equation under Halton discretization (6 = 0.2)

h €max ERMSE ERE N t/s
1/10 2.679438E-2 6.772 052E-3 2.370 566E -1 3.206 995E +4 0.52
1/20 7.466 535E—-4 1.795 671E-4 6.252 326E-3 1.842 649E +8 5.49
1/30 5.920469E -6 1.175443E-6 4.070 005SE -5 1.805 258E+11 64.71
1/40 1.246 481E-5 2.040 146E-6 7.077 887TE-5 8.713394E + 11 173.02
1/50 3.738273E-6 1.029311E-6 3.570 744E -5 2.862 032E+11 599.20
1/60 1.798 596E - 6 4.251399E-7 1.472 884E-5 7.453 951E+10 1511.76

u €
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Fig. 5 The numerical solution and the error distribution for the nonlocal diffusion equation under uniform discretization: (a) the numerical solution;

(b) the error distribution
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Fig. 6 The numerical solution and the error distribution for the nonlocal diffusion equation under Halton discretization: (a) the numerical solution;

(b) the error distribution
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Fig. 7 The distribution of points and the matrix structure for the peridynamic equation under uniform distribution: (a) the distribution of meshless points and
circular PU patches; (b) the matrix structure

3 BRI X5 1 RS A BUE w1 (6 = 0.2)

Table 3 Numerical results of displacement in the x direction for the peridynamic model u; (6 = 0.2)

h Emax ERMSE ERE N t/s
1/10 9.242 8E-1 3.5077E-1 1.048 5E+ 1 3.56E +4 0.74
1/20 3.0842E-2 6.767 5E-3 2.2042E-1 1.00E+6 3.79
1/30 4.1835E-4 7.3380E-5 2446 TE-3 1.89E+ 10 34.05
1/40 3.4557E-4 5.556 9E-5 1.8727E-3 538E+11 75.71
1/50 3.0726E-5 5.480 6E—-6 1.858 3E-4 8.93E+10 188.79

x4 KAy I AR EUE U (6= 0.2)

Table 4 Numerical results of displacement in the y direction for the peridynamic model u, (6 = 0.2)

h Emax ERMSE £RE N t/s
1/10 2.674 1IE-1 7.270 6E -2 1.5515E-1 3.56E+4 0.74
1/20 3.168 OE —2 7.3725E-3 1.5839E -2 1.00E + 6 3.79
1/30 3.069 2E —4 5738 3E-5 1.2355E-4 1.89E+10 34.05
1/40 1.8039E -4 3.8516E-5 8.3023E-5 5.38E+11 75.71

1/50 3.0370E-5 6.1348E-6 1.3232E-5 8.93E+10 188.79
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Fig. 8 The numerical solution and the error distribution of the peridynamic equation in the x direction: (a) the numerical solution; (b) the error distribution

0.9 1.6x107
08 07 12107
1x107 -
04 0.5 1.0x10
2 & -7
03 2 8.0x10
. 116.0x107
s \ 0.1 15 4.0x1077
-7
X 0.5 x 0.5 =

(@ u, (b) &,

1.4x107°

(=

-05-0.5 X, Y 0505 X,

9 TN TRty Ty T B AR AR 220041 - (a) BUFAR; (b) BR2ZESM

Fig. 9 The numerical solution and the error distribution of the peridynamic equation in the y direction: (a) the numerical solution; (b) the error distribution
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