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Abstract

For the high-order discrete solution of two-dimensional linear elasticity problems on polygonal
meshes, this paper studies a high-order complete polygonal element numerical method based on
scaled boundary coordinates. First, polygonal element interpolation basis functions with high-or-
der polynomial completeness under the scaled boundary coordinate transformation are intro-
duced. Then, the weak form of the two-dimensional linear elasticity equations is derived, and the
corresponding semi-discrete Galerkin formulation and fully discrete #-difference scheme are es-
tablished. The discrete expressions of the mass matrix, stiffness matrix, and load vector are also
presented. Furthermore, for transient problems, a -difference scheme is introduced, and a stability
estimate for the fully discrete formulation is given under suitable assumptions. Finally, steady-state
and transient numerical experiments are carried out to compare the errors and convergence be-
havior of the 2DSBd2 and 2DSBd3 elements in the L*-norm, L2-norm, and H!-seminorm. The numer-
ical results show that the constructed method has good accuracy and convergence properties. These
results indicate that high-order complete polygonal elements based on scaled boundary coordi-
nates provide an effective discretization approach for the numerical solution of two-dimensional
linear elasticity equations.
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Figure 1. Scaled boundary coordinates in a triangle
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4.1. BELHEMHEREREG

X F RS LRk i L, VAR AT o 1 5 1) X O R (X 38 Q = [0,1]x[0,1] , # Lamé B8 A =2, u=1,

RGN AR T R
-V-o(u)=f, (xy)eQ,
u=(u,u,) =(0,0)", (xy)eaQ.
BPEGRFTZ A0 () BBRLAR S = (F, F,) A
f, = (A +2p) 2r(sin (2mx) + nx cos ( 2mx ) )sin (2my ) + 4 um’xsin? (nx) sin (2my )
—(A+ u)meos(mx)(sin? (2my) + 2mysin (4my)),
f, = um’ysin(nx)sin’ (2ny)—(/1+2y)sin(nx)(4nsin(4ny)+8n2ycos(4ny))
—(/1+y)2n(sin2(nx)+nxsin(2nx))cos(2ny).
ALK Y R AE TSI, AR R U = (U, u,)"
u, = xsin’(nx)sin (2my),
u, = ysin(nx)sin®(2my).

TEANFETEHCT iRz sk an e 1 F1l 3 Fros, mTRUE W, BEHE MK RS h /)y, 2DSBd2 F
2DSBd3 HLfE L™ %, JHECR HY 3080 M iR 2 B PRk . 4T 2DSBd2 #Jt, L5 L iRZEKR
BERIA =ML, HU AR EBE 8 4T 2DSBA3 s, =2RRERAE/N, H L0512
RERDUH B DU U sk, HY P EnR 2B =it 24585 ZH . =M 238 & 25 5 1
PRIRTE T e 1 AR — 3.

Table 1. Approximation errors and convergence rates on polygonal meshes of steady-state line elastic equation
1 REEMMFESIOHEMERESTHIREELFAESIESER

HIT h=0.25 h=0.125 h = 0.0625 h=0.0313
2DSBd2 lu—u,, 0.0660 0.0089 0.0014 1.6648e—4
WSk 2.8906 2.6684 3.0720
Ju—u,], 0.0224 0.0031 4.0523e—4 5.1336e-5
WS 2.8532 2.9355 2.9807
Jlu=u,, 0.7386 0.2007 0.0513 0.0128
WSk 1.8798 1.9680 2.0028
2DSBd3 lu—u,|. 0.0342 9.2263e—4 6.3699e-5 3.7787e-6
W sk 5.2121 3.8564 4.0753
Ju—u,|, 0.0079 3.2629e—4 2.0719e-5 1.2738e—6
Wk 45976 3.9771 4.0237
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Ju-u,], 0.3232 0.0277 0.0036 4.5731e-4
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Figure 3. The L”-norm error. L?-normerror and H*-seminorm error versus h over polygonal meshes in Table 1
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u:(O,O)T, (x,y)eoQ,te[0,T],

U =(0,0)",u;=(0,0)",  (x,y)eQt=0.

R u(x,y,t)=(u,u,)" H

u, =u, =t?sin(nx)sin(ny),

Ri77 f(xy.t)=(f, )
f, = f, =(2+(4+3u)t’n? )sin(nx)sin (my) - (1 + u)t*n* cos(nx)cos(my).
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Table 2. Approximation errors and convergence rates on polygonal meshes of non-steady-state line elastic equation

=2 FRSERM A RSO MR ES TR EBEAMESMER

BT h=0.25 h=0.125 h =0.0625 h=0.0313
2DSBd?2 [u—u,], 0.0114 0.0017 2.0266e—4 2.1006e-5
WS 2.7454 3.0684 3.2702
Ju—u,|, 0.0058 6.1633e—4 7.2667e-5 8.8917¢-6
ey 3.2343 3.0843 3.0308
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Jlu-u,, 0.1689 0.0372 0.0089 0.0022
W SR 2.1828 2.0634 2.0163
2DSBd3 u—u,|, 0.0013 8.3530e-5 5.0610e—6 3.143%-7
WSy 3.9601 4.0448 4.0088
Ju—u,|, 5.9626e—4 3.7179%-5 2.2796e—6 1.4312e-7
WS 4.0034 4.0276 3.9935
Jlu-u,, 0.0157 0.0018 2.1372e-4 2.6587¢-5
W SR 3.1247 3.0742 3.0069
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Figure 4. The L”-norm error. L?-norm error and H*-seminorm error versus h -over polygonal meshes in Table 2
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