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Fig.2 The comparison of the number of unknown parameters
between the spline prism method and the ordinary finite
prism method with nine node-isoparametric elements' ;
FPM=3x (2M,+1) X (2M,+1) and SPM=3X (k—1+
M) x (k—1+M,)

Table 1 Convergence study of deflection, V along the cross-
section at the mid-span of thick square plates subjected

to uniform load, ¢ ; r=31, 2=L/2, 50=1.0, v=0.3 and

L/a=1.0
b/a k1 MM, Vom  Voeon Voon Voo Voern YVoom
(x=a/2, z=L/2) {x=0.0, z=L/2)
2 -3.780  -3.633 -3.281 -4.463 -4.242 -3.825
4 -3.781 -3.63 -3.281 -4.462 -4.244  -3.925
3 1 -3.781 -3.633 ~3.281 4462 -4.244 -3.928
8 -3.781 -3.633 -8 4,462 -4.244  -8.925
10 -3.781 -3.633  -3.281 -4.462 -4.24¢ -3.928
12 -3.181 -3.633 -3.281 -4.462 -4.244  -3.925
0.5
H -3. 181 -3.634 -3.281 -4.463  -4.242  -3.928
4 -3.781 -3.6% -3 -4.462 -4.200 -3.92§
1 3 -3, 781 -3.633  -3.281 -4.462  -4.244  -3.925
8 -3.781 -3.638 -3.281 -4.462 L4 -3.928
10 -3.781 -3.633 -3.281 -4.462 4240 -3.925
12 -3.781 -3.833 ~3.281 -4.462 -4.244 -3.92§
CPT -1 -1.144 -1 1 -1.318 - -1.318 -1.318
z -1458.4  -164.7  -1457.9 ~1685.6 -1690.9 -1684.9
4 -1458.2  -1485.§ -1458.7 -1891.5 -1696.8 -1691.0
3 § -1459.0  -1465.2  -1458.% -1694.2 -1699.0 -1693.7
8 -1459.0  -1465.3 -1458.% -1695.1 -1700.4 -1694.6
10 -1459.0  -1465.3 -1488.5 -1695.4 -1700.6 -1694.9
12 -1459.0 -1465.3 -14%8.5 ~1695.6 -1701.0 ~-1695.1
0.1
2 ~1459.0  -1465.2 -1488.5 -1687.5 -1692.8 -1687.0
4 -1459.1 - -1465.4  -1459.1 -1693.9 -1689.1 -1893.3
4 3 -1459.0  -1465.3  -1458.5 ~1895.3 -1700.6 -1694.8
8 -1459.0  -1465.3  -1458.% -1895.6 -1700.8 -1695.0
10 -1459.0 -1465.3 -1458.§ -1695.6 -1701.0 -1695.1
12 -1459.0  -1465.3 -1458.% -1695.6 ~1701.0 -1895.1
CPT -1429.4  -1429.4 -1420.4 -1647.8 -1647.8 -1647.8
multipiier qb/E ab/E

CPT = Classical plate theory®®
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Table2 Convergence study of longitudinal stress, 0. along the
cross-section at the mid-span of thick square plates
subjected to uniform load,q ; =31, 2=L/2, 9.=1.0, v
=0.3 and L/a=1.0

b/a k-1 MMy 0Zt-w OZu-smOlu-n TZo-w OZuew/n OZe-n
(x=a/2, z°1/2) (=0.0, z=1/2)
2 -3.275 -0.0211 3154 -2.968  0.0920 3.082
4 3212 -0.0205 .160 -2.471 0.0936 3.082
3 6 -3.2712 -0.0183 &.161 -2.968  0.0926 3.081
8 -3.268 -0.0198 3.151 -2. 967 0.0922 2.084
10 -3.265 -0.0197 3.161 -2.965 0.0925 3.08§
12 -3.262  -0.0197 3.161 ° -2.984 0.0925 3.085
0.5
2 -3.215  -0.0211  3.154 -2.968  0.0920 3.082
4 -3.2712  -0.0205 3.1%0 -2.971  0.0916 3.082
4 § -3.267  -0.0195 3.151 -2.968  0.0927 3.085
8§ -3.263 -0.0198 3.161 -2.965  0.0924 3.088
10 -3.261  -0.0197  3.161 -2.963  0.0925 3.086
12 -3.260  -0.0197 3.161 -2.963  0.0925 3.088
CPT -2.940 6.0 2.940 -3.160 0.0 3.160
z ~13.040 -0.0389 73.338 ~78.129  0.0730 78.291
4 ~73.904 -0.0389 73.848 -17.241  0.0666  77.396
3 & -78.640 -0.0390 73.883 ~77.007  0.0675 77184
8 -73.689 -0.0390 73.632 -76.973  0.0677 71.130
10 -73.674 -0.0390 73.616 -76.968  0.0677 77.145
12 -79.674 -0.03%0 78.516 -17.0%0  0.0677 77.246
0.1
2 ~78.552 -0.0400 73.490 ~71.657  0.0678 17.812
4 -73.762 -0.0393 73.70% -71.085  0.0875  77.192
4 § -78.655 -0.0391 73.598 ~77.004  0.0678 77.161
8 -73.678 -0.0390 73.620 ~77.03  0.0678  77.192
10 -73.673 -0.03%0 73.815 -77.067 0.0678 17.223
12 -78.674 -0.0390 73.616 -77.090  0.0677 77.246
cPr -73.500. 0.0 73. 500 -79.080 0.0 79.080
multiplier q q

CPT = Classical plate theory **

Table 3 The effect of the number of series terms on the conver-
gence of deflection, ¥V and longitudinal stress, o; of the
thick square plates ; z=L/2, 7,=1.0, v=0.3, My;=M,
=4 and k—1=3

b3 T Vo-w Voerm Voou TZgam CZgaerm  OTgeer

. (x=a/2, z2L/2) (x=a/2, 2=L/2)
1 -3.907 -3.675 -3.297 -3.51 -0.017 3.2
9.5 1t -3.777 -3.633 -3.281 -3.238  -0.020 3.165
2 ~3.783 -3.633 -3.281 -3.293  -0.018 3164
3t -3.781 -3.633 -3.281 -3.217  -0.019 3. 166
1 -1465.6  -1472.1 -1465.0 ~16.31 -0.040 76.31

61 11 -1459.2 -1465.5  -1458.7 -13.87  -0.04 73.89
2l -1459.2 -1465.5  -1458.7 -7.96  -0.036 73.85
3t -1459.2  -1465.5 . -1458.7 -73.90°  -0.039 73.85
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z
Y
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'R
L f
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Fig.3 Thick rectangular plate with two opposite edges free sub-
jected to uniform load, ¢ ; L/a=1.0, 10=1.0 and v=0.3
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Table4 Comparison of accuracy of the present method for a
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Fig.5 The effect of thickness ratio, b/a on the stress distributions along the thickness of thick square plates ; z=L/2, x

=a/2, L/a=1.0, 1,=1.0 and v=0.3
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Fig.6 The effect of thickness ratio, b/a on the stress distributions along the thickness of thick square plates ; z=L/2, x

=0.0, L/a=1.0, 1,=1.0 and »=0.3
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THREE-DIMENSIONAL STRE‘SS ANALYSIS OF THICK RECTANGULAR PLATES
BY THE SPLINE PRISM METHOD

Tomisaku MIZUSAWA and Shinji TAKAGI

This paper presents an application of the spline prism method which is a three-
dimensional semi-numerical method to analyse bending of thick rectangular plates
subjected to surface loadings. The effects of thickness ratios, b/a, aspect ratios, L/a and
bonudary conditions on the behaviors of stress distributions and displacements along the
thickness of thick rectangular plates have been analysed.

It is seen that good convergence and accuracy are obtained. The stresses along the
thickness show nonlinear and unsymmetrical distributions by the increment of the plate
thickness and by the surface loading. High stress concentration is also come out near the

clamped edges.
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