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Bending analysis of rectangular thick plates with clamped and free edges by BF-spline Ritz method

k

Tomisaku Mizusawa
* 457-0818 40

This paper presents a numerical method, the BF-spline Ritz method, for bending analysis of
rectangular Mindlin plates with clamped and free edges. The proposed method utilizes
admissible functions comprising the B-spline functions multiplied by a boundary function to
define the Ritz trial function for the transverse displacement and rotations of the Mindlin plates.
The geometric boundary conditions of the plate at edges are automatically satisfied using
boundary functions. To demonstrate the validity and accuracy of the BF-spline Ritz method,
several examples are solved, and results are compared with those obtained by analytical and
other numerical methods. Good convergence and accuracy are obtained by the present
method. The effects of Poisson’s ratio, thickness-width ratio and aspect on the distributions of
deflections, bending moments and shear forces of rectangular Mindlin plates due to distributed
load are shown. The results obtained are to serve as benchmark data for future development of

new numerical methods.
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-2 (CC-CF) kl m=Em,
bla=1, v =1/6
bih | k-1|m=m| W M, W M, M, M, | Q M, M, | Q | My M, Q.
11 10.002765 10.04307 [0.001899 [0.03067 {-0.008960 [-0.05376 14.640 -0.06573 [-0.01096 (1.478 -0.08408 [-0.01401 [-15.18
21 10.002766 10.04294 10.001895 [0.03041 {-0.009400 [-0.05640 |0.8998 [-0.06604 [-0.01101 [0.5362 [-0.07503 [-0.0125 -27.97
3 31 10.002767 10.04293 (0.001895 [0.03041 [-0.009418 [-0.05651 [0.5501 [-0.06606 [-0.01101 [0.4775 [-0.06746 [-0.01124 |-35.26
41 10.002767 [0.04292 [0.001895 ]0.03041 |-0.009419 [-0.05651 [0.4874 |-0.06606 [-0.01101 [0.4670 [-0.06144 |-0.01024 |-40.06
11 10.002766 10.04294 [0.001895 [0.03041 [-0.009408 [-0.05645 [0.7852 [-0.06596 [-0.01099 [0.4246 [-0.07859 [-0.01310 |-21.56
21 [0.002767 10.04292 [0.001895 [0.03041 {-0.009419 [-0.05652 10.4674 [-0.06606 [-0.01101 [0.4664 [-0.06731 [-0.01122 |-32.17
1000 4 31 [0.002767 10.04292 [0.001895 [0.03041 {-0.009419 [-0.05651 |0.4616 [-0.06606 [-0.01101 [0.4627 [-0.05938 [-0.009897 |-38.18
41 10.002767 [0.04292 [0.001895 ]0.03041 |-0.009419 [-0.05651 [0.4611 |-0.06606 [-0.01101 [0.4628 [-0.05358 |-0.008931 |-42.59
11 10.002766 10.04292 [0.001895 [0.03041 [-0.009423 [-0.05654 10.4246 |-0.06612 [-0.01102 [0.5344 [-0.07377 {-0.01229 |-24.60
21 10.002767 10.04292 0.001895 [0.03041 [-0.009419 [-0.05651 |0.4607 [-0.06606 [-0.01101 [0.4488 [-0.06164 [-0.01027 |-34.08
5 31 0.002767 10.04292 [0.001895 [0.03041 [-0.009419 [-0.05651 |0.4610 [-0.06606 [-0.01101 [0.4641 [-0.05384 [-0.008973 [-40.23
41 10.002767 [0.04292 [0.001895 ]0.03041 |-0.009419 [-0.05651 [0.4611 |-0.06606 [-0.01101 [0.4630 [-0.04843 |-0.008071 |-45.22
11 ]0.003125 [0.04151 ]0.002142 [0.03052 [-0.009108 |-0.05465 [0.4268 [-0.06533 |-0.01089 10.4477 ]-0.09327 [-0.01554 10.3479
21 10.003126 10.04152 (0.002142 [0.03053 [-0.009102 [-0.05461 [0.4267 [-0.06526 [-0.01088 [0.4483 (-0.1029 [-0.01715 ]0.3315
3 31 0.003126 10.04153 0.002142 {0.03053 {-0.009101 [-0.05461 |0.4268 [-0.06526 [-0.01088 [0.4483 [-0.1097 [-0.01828 [0.3241
41 10.003126 [0.04153 ]0.002142 [0.03053 |-0.009101 |-0.05461 |0.4268 |[-0.06526 [-0.01088 |0.4483 |-0.1149 (-0.01915 ]0.3197
11 10.003126 10.04151 [0.002142 [0.03053 [-0.009103 [-0.05462 10.4267 [-0.06532 [-0.01089 [0.5344 [-0.09762 [-0.01627 [0.3388
21 0.003126 10.04153 [0.002142 [0.03053 {-0.009101 [-0.05461 ]0.4268 [-0.06526 [-0.01088 [0.4483 [-0.1086 ([-0.01810 [0.3259
10 | 4 31 10.003126 10.04153 [0.002142 [0.03053 [-0.009101 [-0.05461 [0.4268 [-0.06526 [-0.01088 [0.4483 [-0.1160 [-0.01934 ]0.3196
41 10.003126 [0.04153 [0.002142 ]0.03053 |-0.009101 |-0.05461 [0.4268 |-0.06526 [-0.01088 [0.4483 (-0.1217 |-0.02028 ]0.3159
11 ]0.003126 10.04151 [0.002142 |0.03052 [-0.009101 [-0.05461 [0.4267 [-0.06514 [-0.01086 [0.4488 [-0.1016 [-0.01694 ]0.3339
21 0.003126 10.04153 0.002142 [0.03053 [-0.009101 [-0.05461 |0.4268 [-0.06528 [-0.01088 [0.4483 [-0.1135 [-0.01891 [0.3223
5 31 0.003126 10.04153 [0.002142 [0.03053 {-0.009101 [-0.05461 ]0.4268 [-0.06526 [-0.01088 [0.4483 [-0.1213 (-0.02022 [0.3167
41 10.003126 [0.04153 [0.002142 ]0.03053 |-0.009101 [-0.05461 [0.4268 |-0.06526 [-0.01088 [0.4483 (-0.1274 ]-0.02123 ]0.3134
multipliers @'D | g@® | q*D | ga’ ga’ ga’ g ga’ ga’ 0@ @’ ga’ g
-3 (CCCF)
bh=1000, v =1/6, k-1=5, m=m=41
Loading | b/a
conditions methods w My W My M, M My M,
BF2-spline Ritz method [0.002224 ]0.03223 [0.001088 ]0.01660 [0.007186 [-0.05581 -0.04107 _ 1-0.05406
0.6 |Thin plate theory”) 0.002225 ]0.03224 10.001088 10.01660 ]0.007181 |-0.08287 -0.04107 _ 1-0.05407
Timoshenko™ 0.00271 0.0336 0.00129 0.0168 0.0074 -0.0745 -0.0365 -0.0554
(%) -17.9 -4.1 -15.7 -1.2 -2.9 -25.1 125 -2.4
BF2-spline Ritz method [0.002644 ]0.04014 [0.001547 ]0.02461 ]0.01188  [-0.05283 -0.05567  |-0.05596
0.8 |Thin plate theorv”) 0.002646 ]0.04014 10.001548 0.02461 |0.01187 -0.1050 -0.05567  [-0.05596
Timoshenko™ 0.00308 0.0401 0.00185 0.0252 0.0116 -0.0812 -0.0505 -0.0535
(%) -14.1 0.1 -16.4 -2.3 2.4 -34.9 10.2 4.6
BF2-spline Ritz method [0.002767 [0.04292 [0.001895 0.03041 0.01333  [-0.04843 -0.06606  |-0.05651
uniform 1 |Thin plate theorv”) 0.002771 ]0.04292 10.001895 0.03041  |0.01332 -0.1283 -0.06605 [-0.05651
loading Timoshenko™ 0.00333 0.0444 0.00230 0.0317 0.0138 -0.0853 -0.0614 -0.0510
(%) -16.9 -3.3 -17.6 -4.1 -34 -43.2 7.6 10.8
BF2-spline Ritz method [0.002780 [0.04359 [0.002200  |0.03535 [0.01278  [-0.04519 -0.07444  1-0.05677
1.25 |Thin plate theorv”) 0.002787 ]0.04360  {0.002200 0.03535 |0.01276 -0.1623 -0.07443 [-0.05676
Timoshenko™ 0.00345 0.0467 0.00269 0.0374 0.0142 -0.0867 -0.0708 -0.0470
(%) -19.4 -6.7 -18.2 -55 -10.0 -47.9 5.1 20.8
BF2-spline Ritz method [0.002764 ]0.04348 [0.002392  ]0.03841 [0.01133  [-0.04418 -0.07925 1-0.05685
1.5 |Thin plate theorv”) 0.002775 ]0.04350 0.002392 0.03840 ]0.01132 -0.1988 -0.07923 [-0.05685
Timoshenko™ 0.00335 0.0454 0.00290 0.0402 0.0118 -0.0842 -0.0755 -0.0418
(%) -17.5 -4.2 -175 -4.5 -4.0 -475 5.0 36.0
BF2-spline Ritz method [0.0005644 [0.008609 [0.0003765 ]0.005916 [0.005665 [-0.009798 |-0.01634 |-0.02488
0.6 |Thin plate theorv”) 0.0005646 10.008610 ]0.0003765 [0.005917 [0.005663 [-0.01620 -0.01620 [-0.02488
Timoshenko™ 0.00069 0.0089 0.00044 0.0060 0.0062 -0.0745 -0.0131 -0.0242
(%) -18.2 -3.3 -14.4 -14 -8.6 -86.8 24.8 2.8
hydrostatic BF2-spline Ritz method [0.0005491 |0.009397 [0.0007998 ]0.01293 [0.008873 [-0.002571 |-0.02979 |-0.03499
loading 1 [Thin plate theory”) 0.0005495 10.009397 [0.0007998 [0.01293 ]0.008871 |-0.01184 -0.02987  1-0.03499
Timoshenko™ 0.00065 0.0095 0.00097 0.0135 0.0094 -0.0146 -0.0269 -0.0299
(%) -15.5 -1.1 -175 -4.2 -5.6 -82.4 10.7 17.0
BF2-spline Ritz method [0.0003608 ]0.006500 |0.001141 0.01837  |0.007124 [-0.0009530 |-0.03871 |-0.04210
1.5 [Thin plate theory“) 0.0003620 |0.006505 0.001141 ]0.01837 [0.007123 |-0.01049 -0.03871 1-0.04210
Timoshenko™ 0.00042 0.0065 0.00138 0.0191 0.0075 -0.0087 -0.0364 -0.0291
(%) -14.1 0.0 -17.3 -3.8 -5.0 -89.0 6.3 44.7
multipliers ga*/D ga? ga*/D ga’ ga? ga’ ga ga’
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BF-spline | Fourier® |BF-spline |[Fourier™] & |BF-spline | Fourier®” |BF-spline| Fourier”
0 [0.000 0.000 0.000 0.04234 0 ]-0.3540 -0.2872 10.000 0.04234
0.2 [-0.02807 |-0.02618 10.06064 10.06749 ] 0.2 ]-0.09505 |-0.09582 |-0.3252 0.05016
1 0.4 [-0.09064 |-0.09228 10.3702 0.3722 0.4 ]-0.008084 |-0.00775 ]10.36358 0.35361
0.6 [-0.1529 |-0.1510 ]0.5746 0.5752 0.6 10.03036 0.02998 10.5747 0.55622
0.8 |-0.2127 |-0.2157 [0.7218 0.7132 0.8 ]0.03601 0.03645 ]0.73117 0.69396
1 1-0.3299 |-0.2872 ]6.452 1.9801 1 ]0.001169 ]0.00650 |27.949 1.96081
0 ]0.0000 0.000 0 -0.1145] 0 [-0.4803 -0.4392 ]0.000 -0.02411
0.2 [-0.1025 |-0.09760 [0.3270 0.33668] 0.2 |-0.2456 -0.2451 ]-0.00512 | -0.04137
2 04 |-0.2532 |-0.2569 [0.7776 0.7857 0.4 ]-0.1095 -0.1095 ]0.30544 0.26911
0.6 [-0.3486 |-0.3450 10.9397 0.9456 0.6 ]-0.02419 |-0.02428 10.56373 0.52643
0.8 [-0.3999 |-0.4032 10.9701 0.9720 0.8 10.01457 0.01517 ]0.7989 0.76943
1 [-04649 |-0.4392 ]2.530 1.3106 1 ]0.000 0.009 40.814 3.07493
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