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Abstract

An enormous amount of efforts has been devoted to the development of finite elements for
the bending problem of thick plates, especially based on Mindlin plate theory. Here, an
approximate Constant Shear Angle Theory is usually used to take a transverse shear
deformation of thick plate into consideration, which camnot be effectively considered the
influence of transversal warping of cross-section with an increase of thickness. It might be
the best way to represent the exact cross-sectional warping of the plate.

The overall objective of this study is to develop a new formulation of plate including shear
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deformation and transversal warping, to perform extensive parametric studies comparing
its results with those from Mindlin plate formulation, and to gain further insight into the
influence of shear deformation and transversal warping of thick plate.
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Fig. 4 Shear stress distribution through thickness of cantilever beam
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Fig. 5 Warping variable distribution along the length of cantilever beam
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theary®l AMES} GAfskn ok A7 A9 2
+Z Mindlin theory®} proposed theory®l A&}
g AP F7H8kn glm, B a5 Aele) 2
ol AAL YLL B F Utk FA Ftl o
3 o]l Aol AHFE Leotrr] $13] Mindlin
theory®] Aol th§ proposed theorye] *3<]
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theorye] AA@3e] xpol7b A} AL U &,
Table 1(a),(b)%®} Fig. Ha)old B vie} Zo] I
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Table 1 Midpoint deflection of simply supported rectangular plate

Wa Mindlin B proposed ‘ ratio
theory (107)| theory (107) %
0.01 0.116 0.116 0.03
0.05 0.120 0.121 0.58
0.10 0.133 0.136 1.95
0.15 0.155 0.160 3.36
0.20 0.185 0.193 454
0.25 0.224 0.236 545
0.30 0.271 0.288 6.05
0.35 0.327 0.348 6.30
0.40 0.392 0.418 6.53
0.45 0.465 0.496 6.60
0.50 0.547 0.583 6.56

(a) Concentrated loads

a Mindlin Y proposed_2 ratio

theory (107} theory (10°) %
0.01 0.406 0.407 0.02
0.05 0.411 0.412 0.21
0.10 0.424 0.427 0.13
0.15 0.446 0.454 1.76
0.20 0.476 0.490 291
0.25 0.516 0.537 417
0.30 0.564 0.585 5.46
0.35 0.621 0.663 6.69
0.40 0.687 0.740 7.81
0.45 0.761 0.829 8.93
0.50 0.845 0.926 9.67

(b) Distributed loads

Table 2 Midpoint deflection of clamped plate

wa Mindlin proposed theory (107)
theory(107™")] type 1 |ratio % | type 2 | ratio %

0.01 0.056 0.056 0.18 | 0.056 ] 007

0.05 0.061 0.061 132 | 0061 ] 1.27

0.10 0.074 0.077 365 [ 0077 ] 361

0.15 0.096 0.101 542 | 0101 | 554

0.20 0.127 0.135 664 | 0135 | 6.77

0.25 0.166 0.178 718 | 0178 | 74

0.30 0.214 0.229 735 | 0230 | 768

035 0.270 0.290 734 | 0291 775

0.40 0.335 0.359 723 | 0360 7.68

045 0.408 0.437 698 | 0439 ] 753

0.50 0.490 0.523 675 | 0526 | 7.33

(a) Concentrated loads

A vl g9 F7pt B3R, BEEF BS-
de A&How F/ls=g B F ok Wy A
ool th¥t FA12} ¥ h/a7t 0509 739l Mindlin
theory®] A7l i3t proposed theory?] 73]
v AZEFY W oF 66% EXEY 9
£ 9k 97% Axolth. Bl FAZ FAY AFE
Ate #e] o] WEE AU AYYEY &
B AR og mEd Mindin ¥ o|&d <3t
Z$Et Mol o A & B F gtk
GeXAE Ak 28 24" JeldE 41
Aol =oF upe} go] AT AT9P

REBEAEBERIRIE 5 33 B 5 1 0 1995 25

Ha Mindlin proposed theory (1079
theory(10)| type 1 |ratio %] type 2 |ratio %

0.01 0.127 0127 | 003 | 0.127 | 0.04

0.05 0.132 0133 | 075 | 0133 | 077

0.10 0.147 0.150 | 245 | 0150 | 256

0.15 0.170 0178 | 443 | 0.179 | 488

0.20 0.203 0215 | 623 | 0217 | 7.08

0.25 0.243 0262 | 7.76 | 0.262 | 9.04

0.30 0.293 0319 | 892 | 0324 | 107

0.35 0.350 0384 | 975 | 0392 | 119

0.40 0417 0459 | 103 | 0471 12.9

0.45 0.492 0544 | 106 | 0559 | 137

0.50 0.575 0637 | 107 | 0657 | 142

(b) Distributed loads

o Faolpe] ME FPE 1IN wr) Yol
oe HA SR RHREt 3 AAPAN 9
Po F&slo] Qe At Aol Faslo} A
e 392, Figured} Tableold 7R type
1, A4 type 22 FRE) Fig 84 n
S Zol AAHY AL wEAAL Bel A%
(Fig. DSt HI£8E B 4 Aok 58 24l
o 9%l 749 Zype DE Table 13 2
Fig. 9@sh (Dol mE wish o] A9 2e @
o wge ke A2 ¢ & Atk aEY @
Huoldel 490 FEHA L AHipe D
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(a) Concentrated loads (b) Distributed loads
Fig. 7 Midpoint deflection of simple supported rectangular plate
"nD ( 10") WeaaD .
S (x Yot -
P of ) v (x10™)
0.6 v v v r v 0.7
Mindlin theor 2
05 b e type 1 y A 0.8 | —— Mindlin theory 4
-=== type 2 V4 Y R - type 1 a
---- type 2
0.5 }
04 F 4
0.4 F
0.3 }+
0.3
0.2
0.2
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exact solution [137]
0.0 . L L 1 0.0 i ! ! 1
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5
h/a : AN a
(a) Concentrated loads (b) Distributed loads

Fig. 8 Midpoint deflection of clamped rectangular plate
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T — T T ] 15.0 15.0
] concerntirated load i
- rd
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------ distributed 9 ottt type 2 /’
L ’ J
; P
- 1 10.0 10.0 | / L .
. /
L 0 L , ]
23 / -
.g 7/ ’/ """"""""""""""""""""
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/‘I
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- /7 <--=~ type 1
. /7 = = type 2
7
0.0 0.0 —1 1 1 1
0.0 0.1 0.2 03 04 05 0.0 01 0.2 03 04 0.5
Na A/a
(a) Simply support rectangular plate (b) Clamped rectangular plate

Fig. 9 Ratio of difference in rectangular plate

(a) Concentrated loads (b)Distributed loads

Fig. 10 Deflection shape of square plate
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