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Finite Difference Numerical Solutions for Isotropic Rectangular Thin Elastic

Plates with Three Edges Clamped and the Other Free
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Abstract : In order to calculate bending moments of rectangular plates with three edges clamped the other free
subjected to both a uniform load and a triangular load, a finite difference equation for the non-dimensional
govemning equation are presented and numerical solutions with different aspect ratios and/or number of grid
points are analyzed. The finite difference solutions are obtained by use of grid points up to 11,520 and the
optimum grid points according to aspect ratios of the plate are presented as well. The obtained numerical
solutions are shown to satisfy the given x moment boundary condition at the free edge, which can not be satisfied
in Levy's analytical solutions and peculiar behaviour of the calculated moments is observed around the corners
between the free edge and fixed ones. The numerical solutions of bending moments subjected to both a uniform
load and a triangular load are compared with the corresponding analytical solutions which are shown in very
good agreement on the solution domain except the neighborhood of the free edge.

Keywords : finite difference solution of rectangular plates, plates with three edges clamped and the other
free, bending moment, convergence test
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Table 1. Comparisons of computed bending moment solution of rectangular plates (v=1/6) with three edges clamped the other free

subjected to a uniform load with unit one

(a, 0) 0, 0) (a, £b12)

y FD solution Analytical solution FD Anal FD Anal

w M, w M, w M, w M,
0.6 0.00271 0.0336 0.00222 0.0322 -0.0554 -0.0541 -0.0745 -0.0782
0.7 0.00292 0.0371 0.00249 0.0370 -0.0545 -0.0553 -0.0782 -0.0820
0.8 0.00308 0.0401 0.00264 0.0401 -0.0535 -0.0560 -0.0812 -0.0835
09 | 0.00323 0.0425 0.00273 0.0419 -0.0523 -0.0563 -0.0836 -0.0838
1.0 0.00333 0.0444 0.00277 0.0429 -0.0510 -0.0565 -0.0853 -0.0836
1.25 0.00345 0.0467 0.00278 0.0435 -0.0470 -0.0567 -0.0867 -0.0830
1.5 0.00335 0.0454 0.00276 0.0434 -0.0418 -0.0568 -0.0842 -0.0829

15 terms in the analytical solution are used.
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Fig. 1. Computational nodal points for present finite difference
method.
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Fig. 2. Computed displacements of a rectangular plate with three edges clamped the other free under unit uniform load by present

finite difference method (133x85 grid points).
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Fig. 3. Computed bending moments of a rectangular plate with three edges clamped the other free under unit uniform load by present

finite difference method (133x85 grid points).
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Fig. 4. (a) Computed bending moments of a rectangular plate with three edges clamped the other free under unit uniform load by
present finite difference method (133x85 grid points) for different sections. (b) Computed bending moments of a rectangular
plate with three edges clamped the other free under unit uniform load by present finite difference method (133x85 grid points)

for different sections.
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Fig. 5. (a) Computed maximum bending moments for aspect ratio 0.3 in which number of points is equal to in each plot (uniform
load case), (b) Computed maximum bending moments for aspect ratio 0.3 in which number of points is fixed in each plot

(uniform load case).
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(continued) (c) Computed maximum bending moments
for aspect ratio 0.3 in which number of points is fixed
in each plot (uniform load case).
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Fig. 6. (a) Computed maximum bending moments for aspect ratio 1.0 in which number of points is equal to in each plot (uniform
load case)., (b) Computed maximum bending moments for aspect ratio 1.0 in which number of points is fixed in each plot

(uniform load case).
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Fig. 6. (continued) (¢) Computed maximum bending moments
for aspect ratio 1.0 in which number of points is fixed
in each plot (uniform load case).
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Fig. 7. (a) Computed maximum bending moments for aspect ratio 3.0 in which number of points is equal to in each plot (uniform
load case), (b) Computed maximum bending moments for aspect ratio 3.0 in which number of points is fixed in each plot

(uniform load case).
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Fig. 7. (continued) (¢) Computed maximum bending moments
for aspect ratio 3.0 in which number of points is fixed
in each plot (uniform load case).
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Fig. 8. (a) Computed moments in the neighborhood of the free edge by use of the optimal number of grid points (uniform load case),
(b) Computed moments along the free edge by use of the optimal number of grid points (uniform load case).

Aspect Ratio = 0.3

Aspect Ratio = 1.0

x 10"

0.025/'” ) 1.
0024
0015
001,

0.005

oo

Aspect Ratio = 3.0 o

Aspect Ratio = 5.0
x10° .- .

x 107 |

05 i 05

Fig. 9. Computed displacements of a rectangular plate with three edges clamped the other free under unit triangular load by present finite

difference method (133x85 grid points).

Aol 3t WA zh= ol Ao =7 19 SHEES}
Fol 284 A9 A & BAE] A AR
Fig. 119 YeERH AT}

age EaES] WP} 7Pt & A F2e] ped
EE Yehd Ao2 58352 4-(Fig. 8a)et vlmE
w 27 wigheo] i es A o|2RE SHEXE
3159] ASol= W 039 AR (84, 130, W
) 1,001 (96, 12008 LE)ar WAH] 3,09 ASol=

1ok

(132, 84)5 33 AAE Zb2r AR

2F Jzuol) tisl e HZ ARRE 0183 Ate.
25E Ao 32719] EREY} HAYSIE y=00112] BEE
Fig. 1291 YR A}

o] 2719 xZHES i3 THEXS] 54L& 2777t
iAo A3 WL 2SS AU =050
o] Fo] Falsitt. WAt AR x=1 FZ] Hi&&
2] glol #|Hsh 1 7o) At 4 g Brh



236 A%

Aspect Ratio = 1.0

Fig. 10. Computed bending moments of a rectangular plate
with three edges clamped the other free under unit
triangular load by present finite difference method
(97x121 grid points).
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{b) Computed moments along latitudinal center line by use of the optimal number of grid points (triangular load case).
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Table 2. (a) Bending moment results of a rectangular plate with three edges clamped the other free(Aspect ratio 0.3).

Point 1 2 3 4 5 6 7
I sl AFsh -0.3819 -0.2308 -0.1193 -0.0434 0.0002 0.0143 0.0016
3] -0.3819 -0.2309 -0.1193 -0.0435 0.0002 0.0143 0.0000
M I 3433 -0.2656 -0.1504 -0.0723 -0.0230 0.0035 0.0108 0.0001
* 23] -0.2657 -0.1505 -0.0724 -0.0230 0.0035 0.0108 0.0000
m ok 0.0000 -0.0031 -0.0128 -0.0249 -0.0379 -0.0532 -0.0700
Uniform =) 0.0000 -0.0031 -0.0128 -0.0248 -0.0379 -0.0534 0.0000
load I 3 Ads) -0.0636 -0.0347 -0.0061 0.0204 0.0436 0.0625 0.0762
R3] -0.0637 -0.0347 -0.0061 0.0204 0.0436 0.0625 - 0.0766
M 1 31233 -0.0443 -0.0206 0.0024 0.0226 0.0391 0.0519 0.0614
¥ ZE-3]) -0.0443 -0.0206 0.0024 0.0225 0.0391 0.0518 0.0614
m 3] A33)) 0.0000 -0.0184 -0.0768 -0.1494 -0.2276 -0.3194 -0.4198
PR3] 0.0000 -0.0187 -0.0768 -0.1490 -0.2275 -0.3205 -0.3815
I RS -0.1353 -0.0654 -0.0219 0.0009 0.0086 0.0067 0.0004
23] -0.1353 -0.0654 -0.0219 0.0009 0.0086 0.0067 0.0000
M " BESE] -0.1021 -0.0427 -0.0095 0.0053 0.0082 0.0049 0.0000
x =23 -0.1021 -0.0427 -0.0095 - 0.0053 0.0083 0.0049 0.0000
I RSk 0.0000 -0.0022 -0.0060 -0.0092 -0.0116 -0.0141 -0.0164
Triangle PR3] 0.0000 -0.0023 -0.0060 -0.0092 -0.0116 -0.0142 0.0000
load I s Adsg -0.0225 -0.0098 0.0002 0.0078 0.0134 0.0175 0.0207
R3] -0.0225 -0.0098 0.0002 0.0078 0.0134 0.0175 0.0208
M i 3433 -0.0170 -0.0056 0.0032 0.0091 0.0127 0.0148 0.0164
¥ ZHE-s] -0.0170 -0.0056 0.0032 0.0091 0.0127 0.0148 0.0164
m 3 Ads) 0.0000 -0.0135 -0.0363 -0.0553 -0.0697 -0.0847 -0.0984
A3 0.0000 -0.0136 -0.0362 -0.0550 -0.0697 -0.0853 -0.0878

15 terms in the analytical solution and (84x132) grid points in FD are used.

(b). Bending moment results of a rectangular plate with three edges clamped the other free(Aspect ratio 1.0).

Point 1 2 3 4 5 6 7
I EIESE] -0.0565 -0.0063 0.0106 0.0133 0.0110 0.0069 0.0003
23 -0.0565 -0.0063 0.0106 0.0133 0.0110 0.0069 0.0000
vl HES -0.0343 -0.0034 0.0058 0.0064 0.0044 0.0020 0.0000
- B3] -0.0343 -0.0033 0.0058 0.0064 0.0044 0.0020 0.0000
M sl A3 0.0000 -0.0032 -0.0079 -0.0111 -0.0127 -0.0137 -0.0139
Uniform 23l 0.0000 -0.0032 -0.0079 -0.0110 -0.0127 -0.0138 0.0000
load I 3| A13) -0.0094 0.0059 0.0203 0.0304 0.0364 0.0398 0.0428
23] -0.0094 0.0059 0.0203 0.0304 0.0364 0.0398 0.0429
M " sfAde) -0.0057 0.0023 0.0075 0.0098 0.0105 0.0108 0.0111
Y 23] -0.0057 0.0023 0.0075 0.0098 0.0105 0.0108 0.0111
1 Sk 0.0000 -0.0193 -0.0476 -0.0664 -0.0762 -0.0820 -0.0836
S| 0.0000 -0.0195 -0.0476 -0.0660 -0.0762 -0.0829 -0.0645
i 3fA35) -0.0350 -0.0001 0.0097 0.0089 0.0049 0.0013 0.0000
-3l -0.0350 0.0000 0.0097 0.0089 0.0050 0.0013 0.0000
M " 3} 4438 -0.0229 0.0006 0.0058 0.0047 0.0022 0.0002 0.0000
x 2] -0.0229 0.0006 0.0058 0.0047 0.0022 0.0002 0.0000
I IESE 0.0000 -0.0023 -0.0045 -0.0050 ~0.0044 -0.0033 -0.0019
Triangle ZHE-3] 0.0000 -0.0023 -0.0045 -0.0050 -0.0044 -0.0034 0.0000
load I EIESE -0.0058 0.0035 0.0103 0.0129 0.0124 0.0106 0.0094
s -0.0058 0.0035 0.0103 0.0129 0.0124 0.0106 0.0094
Mm | B IESE . -0.0038 0.0021 0.0049 0.0049 0.0038 0.0024 0.0014
Y ZHE3) -0.0038 0.0021 0.0049 0.0049 0.0038 0.0024 0.0013
1 sfjA3s) 0.0000 -0.0135 -0.0267 -0.0299 -0.0262 -0.0198 -0.0111
ZHE-3]) 0.0000 -0.0136 -0.0267 -0.0298 ~0.0262 -0.0203 -0.0058

15 terms in the analytical solution and (96x120) grid points in FD are used.
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Table 2. (continued). (c) Bending moment results of a rectangular plate with three edges clamped the other free(Aspect ratio 3.0).

Point 1 2 3 4 5 6 7
I 3| Al -0.0565 0.0137 0.0089 0.0070 0.0069 0.0066 0.0003
2} -0.0567 0.0138 0.0087 0.0070 0.0070 0.0066 0.0000
M " s 413) -0.0340 0.0066 0.0029 0.0018 0.0017 0.0015 0.0000
x 2] -0.0343 0.0067 0.0028 0.0018 0.0018 0.0015 0.0000
m 3235 0.0000 -0.0112 -0.0138 -0.0139 -0.0139 -0.0138 -0.0141
Uniform &l 0.0000 -0.0111 -0.0138 -0.0139 -0.0139 -0.0138 0.0000
load I B ESE -0.0094 0.0308 0.0412 0.0418 0.0416 . 0.0414 0.0432
23] -0.0094 0.0307 0.0412 0.0418 0.0416 0.0414 0.0432
M I 3|A3s) -0.0057 0.0099 0.0107 0.0105 0.0104 0.0103 0.0105
b4 P | -0.0057 0.0100 0.0107 0.0105 0.0104 0.0103 0.0104
m ! 0.0000 -0.0669 -0.0828 -0.0836 -0.0835 -0.0826 -0.0846
R3] 0.0000 -0.0667 -0.0831 -0.0835 -0.0833 -0.0828 -0.0680
I ESE] -0.0492 0.0126 0.0064 0.0036 0.0021 0.0007 0.0000
3] -0.0493 0.0127 0.0063 0.0035 0.0022 0.0007 0.0000
M I GESE] -0.0301 0.0063 0.0023 0.0009 0.0004 0.0000 0.0000
* 23] -0.0305 0.0064 0.0021 0.0009 0.0005 0.0000 0.0000
- Sk 0.0000 -0.0090 -0.0092 -0.0070 -0.0047 -0.0024 -0.0007
Triangle ZE-8] 0.0000 -0.0090 -0.0092 -0.0070 -0.0046 -0.0024 0.0000
load \ 328l -0.0082 0.0245 0.0274 0.0209 0.0139 0.0073 0.0032
=S -0.0082 0.0245 0.0273 0.0209 0.0139 0.0073 0.0031
M I SIESE) -0.0050 0.0083 0.0073 0.0052 0.0034 0.0017 0.0003
Y R3] -0.0051 0.0083 0.0072 0.0052 0.0035 0.0017 0.0002
- Sk 0.0000 -0.0543 -0.0551 -0.0419 -0.0279 -0.0141 -0.0040
23 0.0000 -0.0541 -0.0554 -0.0419 -0.0278 -0.0143 -0.0012

15 terms in the analytical solution and (132%84) grid points in FD are used.
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