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Higher Order Quadrilateral Plate Bending Finite Element
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Abstract

A formulation of an isoparametric quadrilateral higher-order plate bending finite
element is presented. The 8-noded 28-d.o.f. plate element has been degenerated from
the three-dimensional continuum by introducing the plate assumptions and considering
higher-order in-plane displacement profile. The element characteristics have been derived
by the Galerkin's weighted residual method and computed by using the selective reduced
integration technique to avoid shear-locking phenomenon.Several numerical examples
are given to demonstrate the accuracy and versatility of the proposed quadrilateral
higher-order plate bending element over the other existing plate finite elements in both
static and dynamic analyses.
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¥ 1. Central displacements(Xga*/D) of a simply-

supported square plate under a uniformly
distributed load
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Theory\ f 100
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Present 0.00488 | 0. 00427 | 0. 00408 | 0.00406
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(Classical thin plate solution(14)=0.00406)

¥ 2. Central bending moment(Xge?) of a simply-
supported square plate under a uniformly
distributed load.

Aspect ratio alh=
alh=5 | a/h=10 a/h==50 100
Theory
Mindlin(11) 0.0478 | 0.0478 | 0.0478 | 0.0478
Kant(10) 0.0484 | 0.0480 | 0.0478 | 0.0478
Owenet al. (6) | 0.0488 | 0.0484 | 0.0482 | 0.0482
Present 0.0477 | 0.0478 | 0.0478 | 0.0478

(Classical thin plate solution(14)==0.0479)

I 3. Corner twisting moment(Xgqe®) of a simply-
supported square plate under a uniformly
distributed load.

Aspect ratio
Theory

Mindlin(11) —0.0324{—0. 0324{—0. 0324{—0. 0324
Kant(10) —0.0299|—0.0317|—0. 0324)— 0. 0324
Owen et al.(6) [~0.0302/~0. 0314/ —0. 0319|~0. 0319
Present ~—0.0322/—0.0322|—0. 0322} —0.0322

(Classical thin plate solution(14)-=~0.0325)

afh=

alh=5| a/h==10! a/h=50 __100




¥ 4. Mid-edge shear force(Xgs) of a simply-
supported square plate under a uniformly
distributed load.

M a/h=5 | afh=10| afh=50%/ =00

Theory )
Mindlin{11) 0.337) 0.337) - 0.337 0.337
Owen et al.(6) 0.285 0.285% 0.285 0.284
Present 0.320{ 0.324 0.326 0.326

" (Classical thin plate solution(14)=0.338)
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H §. Result of a clamped square plate under a uniformly distributed load.

Cmtral dispiace; Central bending| Corner twisting | Mid-edge shear
alh Theory ment(X¢gat/D) | moment (Xga?)| moment(xga®) | force(Xqa)
2 Owen et al.(6) 0. 00609 0.0338 ~0.0267 0.297
Present 0.005%4 0.0236 —0.0400 0.093
5 Owen et al.(6) 0.00211 0.0256 —0. 0359 0.323
Present 0.00212 0.0234 (). 0427 0.190
Mindlin thick plate - .

solution (11) 0.00150 0.0231 0.0513

10 | Owen et al.(6) 0.00146 0.0236 —0.0387 0.344
Present 0.00150 0.0231 —0. 0498 0.382
50 I Owen et al.(6) 0.00123 0.0227 ~-0.0399 0. 356
E Present 0.00127 0.0228 ~0. 0467 0.391
C’ggﬂ%&gg plate 0.00126 0.0231 —0.0513 —
100 | Owen et al.(6) 0.00123 0.0227 —0.0399 0. 356
Present 0.00126 0.0228 —0.0494 0.377

# 6. Comparison of non-dimensional frequencies(i=0+ph?/G) and their error percentages

Elasticity Theory solutions of a square simply supported plate (»=0.3, a/h=10)

to Linear 3-D

Theory | 1 inear 3-D | Classical Mindlin Rock & Present
%Iggﬁ) or Elasticity Thin. Piate Plate Hinton(3) Eﬁssﬁg (g;) element
Crim) Theory(3) | Theory(3) | Theory(25) | (4 elements) g solution
1%1 0.0932 0.09632 0. 0930 0.0931 0. 0933 0. 0932
N (+3.40) (~0.186) (—0.02) (+0.11) (0.00)
3%1 0.4171 0.4816 0.4144 0.4387 0.4324 0.4161
(+15.45) (—~0.66) (+5.16) (+3.67) (—0.24)
3%3 0.6889 0. 8686 0.6821 0.7838 0.7027 0.6876
(+425.83) (—0.99) (+13.7D (+2.00) (—0.19
5X1 — — 0.9173 o 1. 0432 0.9215
5X3 — — 1.1267 — 1.2290 1.1392
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¥ 7. Comparison of non-dimensional frequencies(i
=pw*a*/D) of a square thin plate(a/h==100)

Mode Analytical | Batoz et | Present
-number | solution(17)| al. (A7 element
1X1 389. 64 377.29 387.42
1X3 9740.91 9126. 28 9594. 81
3X3 31560. 55 27264. 37 29842.35
1X5 65848, 55 57129.63 62784.65
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