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Analogic Analysis of Orthotropic Plate Bending
Problems With Gridwork Systems

YUAN Quan, YUAN Si
( Department of Civil Engineering, Tsinghua University, Beijing 100084, P.R.China)

Abstract: Orthotropic plates were analogized to gridwork systems, and the compatibility and incompatibility
between these 2 structure types in static and dynamic analyses were discussed. The results show that, the grid-
work results converge to the theoretical solution of plates through the grid refinement for compatible problems
with simply supported and/or clamped boundaries. All the formulas for calculation of various internal forces
were derived, and the algorithms required in solving the gridwork systems were proposed by means of the 3D
structural mechanics solver. A wide range of numerical examples, including rectangular and circular plates,

were given to verify the validity of the proposed theory and algorithms.
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Tablel Formulas for calculation of internal forces
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F2 5= L20F, T8 1 PBRE RN (a/b = 1.2, YD,/D, = 1)

Table 2 Results of simply supported square plates under uniform loads for case 1 with& = 1.2 (a/b = 1.2, Y, D /D, =1)

N, % N), o error 8 /% B error 6 /% B, error 8 /%
12x10 05325 5.75 3.316 3.61 5.048 3.66
24%20 0.546 8 3.22 3.365 2.19 5.115 2.49
48x40 0.555 4 1.70 3.398 1.23 5.169 1.36
96x80 0.560 1 0.87 3.417 0.68 5.201 0.75

analytical solution!'! 0.565 3.44 5.24

&3 &= L2, TH I MPARREEE (ab = 1, /D, /D, = 1.2)

Table 3 Results of simply supported square plates under uniform loads for case Il withé = 1.2 (a/b = 1, V. D./D, = 1.2)

N x N a error 8 /% B, error 8 /% B error 8 /%
4x4 0.507 3 10.2 3.331 3.15 5.137 1.97
8x8 0.525 4 7.00 3.325 3.34 5.016 4.28
16x16 0.541 7 4.13 3.359 2.36 5.077 3.12
32x32 0.552 4 2.24 3.392 1.39 5.144 1.83
64x64 0.558 4 1.16 3.413 0.79 5.187 1.01
analytical solution!!) 0.565 3.44 5.24

®4 e =20, TH T WPIBRARLR (a/b = 2, U/D/D, = 1)

Table 4 Results of simply supported square plates under uniform loads for case [ withé = 2 (a/b = 2, V. D,/D, =1)

N, x N, « error 8 /% B, error 8 /% B, error 8 /%
8x4 0.933 9 7.81 1.495 14.1 9.381 2.69
16x8 0.970 1 4.24 1.684 3.22 9.386 2.63

32x16 0.990 4 2.23 1728 0.69 9.483 1.63
64x32 1.001 3 1.15 1.739 0.08 9.556 0.87

analytical solution* 1 1.013 1.74 9.64
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x5 2 =20, TR EWBRARLR (a/b = 1, Y/D,/D, = 2)

Table 5 Results of simply supported square plates under uniform loads for case Il withé = 2 (a/b = 1, WV, D./D, =2)

NxN a error & /% B, error & /% B, error & /%
4x4 0.952 0 6.02 0.986 43.4 9.580 0.62
8x8 0.978 6 3.40 1.637 5.89 9.456 1.91
16x16 0.992 5 2.03 1.739 0.04 9.490 1.56
32x32 1.001 5 1.13 1.752 0.68 9.550 0.93
64x64 1.006 9 0.61 1.749 0.54 9.593 0.48
analytical solution!'! 1.013 1.74 9.64
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SRR, REAE 2 B B R 4 5 TASSORIRIT SRR 5 BrAnss 10 Birix il
£6 [HLBBUPCHEMBRENLR (7 = 12, H = /D.D,)

Table 6 Results of central deflections and bending moments of clamped circular plates (& = 1.2, H = /DD, )

N x N w, error 8 /% M, error 8 /% M, error 8 /%
4x4 2.267 5.84 4.207 1.82 9.337 8.98
8x8 2.170 1.31 4.145 0.32 8.766 2.31
16x16 2.149 0.31 4.134 0.04 8.618 0.58

32x32 2.144 0.07 4.132 0.01 8.580 0.14

64x64 2.142 0.00 4.132 0.00 8.571 0.03

analytical solution!!! 2.142 4.132 8.568
multiplier qa*/(100D,) qa*/100 qa*/100

R7EZBEBN S RSN ER (2 = 1.2, H = /DD,)

Table 7 Results of interior shear forces and tortional moments of clamped circular plates (¢ = 1.2, H = ./D,D, )

NxN Q.(as2,a’2) error 8 /% Q,(a’2,a/2) error 8 /% M, (a/2,a/2) error 8 /%
4x4 18.462 3 0.64 32.775 4 3.54 27147 8.75
8x8 18.036 7 1.68 31.943 9 0.92 2.962 6 0.42
16x16 18.287 5 0.31 31.662 9 0.03 2.976 1 0.04

32x32 18.329 2 0.09 31.647 6 0.02 2.975 4 0.01

64x64 18.340 8 0.02 31.652 0 0.01 2.9752 0.00

analytical solution'!! 18.345 31.654 2.975
multiplier qa/100 qa/100 qa’/100

®8  [HCBMRIL A B MR (2 = 1.2, H = /D,D))

Table 8 Results of boundary shear forces and tortional moments of clamped circular plates (¢ = 1.2, H = /DD )

N x N Q.(a,0) error 8 /% 0,(0,a) error 8 /% M, (V3a/2,a/2) error 8 /%
4x4 37.703 2.76 59.821 5.51 4.136 19.73
8x8 36.950 0.70 61.331 3.12 4.817 6.53

16x16 36.620 0.20 62.141 1.84 4.816 6.54

32x32 36.528 0.45 62.653 1.04 5.000 2.96

64x64 36.553 0.37 62.953 0.54 5.091 1.15

analytical solution'!] 36.69 63.31 5.15
multiplier qa/100 qa/100 qa*/100

RO SRR OBRERMSHERNSR (2 =2, H= /DD,)

Table 9 Results of central deflections and bending moments of clamped circular plates (& = 2, H = /DD, )

N x N w, error 8 /% M, error & /% M, error & /%
4x4 3.511 3.57 0.205 1 75.8 14.79 9.06
8x8 3.417 0.79 0.683 0 19.4 13.86 2.23
16x16 3.395 0.17 0.805 4 4.96 13.63 0.54
32x32 3.391 0.04 0.836 8 1.26 13.58 0.14
64x64 3.390 0.00 0.844 7 0.33 13.56 0.02
analytical solution!!! 3.390 0.847 5 13.56

multiplier qa*/(100D,) qa*/100 qa*/100
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Table 10 Results of interior shear forces and tortional moments of clamped circular plates (& = 2, H = m )
N XN 0.(a’2,a/2) error 8 /% 0,(a’2,a/2) error 8 /% M, (a/2,a/2) error 8 /%
4x4 9.104 9 53.48 45.098 2.34 1.437 4 15.19
8x8 55519 6.41 44.721 1.48 1.652 2 2.52
16x16 5.876 9 0.93 44.107 0.09 1.689 4 0.33
32x32 5.9232 0.15 44.076 0.02 1.693 6 0.08
64x64 5.929 9 0.04 44,071 0.00 1.694 6 0.01
analytical solution!'! 5.9322 44.068 1.694 9
multiplier qa/100 qa/100 qa?/100
R FESLEARH RS R ESR (2 = 2, H= /D,D,)
Table 11 Results of boundary shear forces and tortional moments of clamped circular plates (£ = 2, H = ./D_D, )
N xN Q.(a,0) error 8 /% 0,(0,a) error 8 /% M, (VBas2,a/2) error 8 /%
4x4 18.482 55.77 79.800 9.46 2.370 8 19.24
8x8 14.532 22.49 87.166 1.10 2.793 0 4.86
16x16 12.924 8.93 85.884 2.56 2.772 4 5.56
32x32 12.253 3.28 86.990 1.30 2.866 1 2.37
64x64 11.971 0.90 87.556 0.66 29113 0.83
analytical solution!!’ 11.864 88.136 2.9357
multiplier qa/100 qa/100 q@*/100
F12 ARG SRR (B3, a/b = 1, J/D,/D, = V1/5,v =025, H = 1.25D,)
Table 12 Result of simply supported square plates under uniform loads
(example 3, a/b = 1, +/D,/D, = Y1/5, v = 0.25, H = 1.25D,)
N x N w, error 8 /% M., error 8 /% M,, error 8 /%
4x4 0.613 3.7 0.1276 8 2.61 0.3871 2 4.81
8x8 0.637 2.0 0.1293 0 1.38 0.4116 0 1.21
16x16 0.645 0.7 0.1301 8 0.70 0.4133 7 1.65
32x32 0.648 0.3 0.1306 3 0.36 0.4111 4 1.10
64%64 0.650 0.0 0.1308 6 0.18 0.4094 9 0.70
analytical solution"'”! 0.65 0.131 1 0.406 7
multiplier qa*/(1200D,) qa’® qa*/100
FAS VUSRI 10 iR R B0 LS (a/b = 1, Y/D,/D, = 1.2)
Table 13 Convergence comparison of the Ist 10 frequency coefficients of a simply supported plate
(a/b =1, YD,/D, = 1.2)
order k 8x8 error 8 /% 16x16 error 8 /% 32x32 error 8 /% 64x64 error8 /%  exact solution
1 17.192 2.80 17.052 1.96 16.911 1.12 16.823 0.597 16.72
2 37.713 1.15 37.771 1.30 37.597 0.84 37.458 0.464 37.29
3 46.090 -0.52 46.575 0.52 46.547 0.46 46.463 0.281 46.33
4 66.522 -0.56 67.601 1.06 67.494 0.90 67.256 0.542 66.89
5 71.057 -0.70 71.870 0.44 71.858 0.42 71.742 0.262 71.55
6 92.493 -3.33 95.215 0.49 95.735 0.06 95.778 0.102 95.68
7 99.007 -2.13 101.749 0.58 101.938 0.77 101.673 0.504 101.16
8 112.074 -3.59 116.096 0.13 116.747 0.44 116.643 0.345 116.24
9 117.058 -2.07 119.392 0.12 119.737 0.17 119.703 0.143 119.53
10 143.185 -3.99 148.933 0.14 149.838 0.47 149.697 0.373 149.14




555 A, AF . FIBE SRR 2R ALK ik IE 3245 1) S P A 25 ) At 527

R 14 A 70 BrERRBUNRKIRZE (=5 70 Bl R EUNRE)

Table 14 Max errors of the Ist 70 frequency coefficients ( =the error of the 70th frequency coefficient)

mesh 8x8 16x16 32x32 64x64
max error of the first 70 frequency coefficients 8 /% 24.8 8.0 1.9 0.42
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Fig. 3 Error distributions of the 1st 70 frequency coefficients on different grids
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Fig. 4 The 5th and 10th vibration modes (16x16 grid)
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