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ANALYTICAL SOLUTIONS FOR BENDING OF CLAMPED
ORTHOTROPIC RECTANGULAR PLATES
UNDER A CONCENTRATED FORCE

XIAO Shan-shan, CHEN Pu-hui

(State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract:

For a clamped orthotropic rectangular plate, the bending deflection due to a concentrated force can be

treated as the superposition of deflections of simply supported plate under three load cases, a concentrated force,

moments along two opposite edges and moments along the other two opposite edges. The solution satisfies the

boundary conditions of the clamped plate. Matlab program is developed for calculating the deflections of four

plates with different thickness and concentrated force positions. The analytical solutions are compared with Finite

Element Method results, demonstrating the accuracy of the proposed solution. Finally, the reasonability of

Kirchhoff plate assumptions is discussed through the case of clamped plate under a concentrated force.
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Table 2 Comparison of analytical solutions with FEM results

i)z JEEE/mm bh  EPHE/N FEEmm AR G/mm

[0]s 038 1974 0.1 0.031 0.031
[0/90], 0.76  98.7 5 0.122 0.124
[45/-45/0], 1.14 658 50 0.222 0.252
[45/90/-45/0]; 1.52 493 100 0.156 0.192

T Kirchhoff 55 2 37 B AR T ALV ER 18— %
A TP RS 5 E BT 20 g6, H
et TP EN, HEAEENTRZ. W
R 2 Fow, FEJURIRGEAHFEIRIE DL, A AR 1A
52 KT 100 FIEH%, @ENT RS54 BR oG @
W EAFIREE, WEMRZEDNT 2%. BEEEERE
I, TR S A BROC I T B 2 SR A SRR, e
IHIELIR B 65.8 BB, fEtf fif5 A BR 7o 1 ffAH 22
12%, bR 493 WSS, HERRECAERR] T
18.2%, XFHEN T HRE S 2R EHEH. K,
TEEFEATE T, EHOEOEH TR % E S
JEEEEE KT 50 HITE L -

2 ZEip

(1) KB &%, (287 EPRe AT
VU2 [ S 1A 4% T S VE AR AR DR S (A AT A - 55K
RIS, % RURT AR N DY 32 1 SR A T B2 R R A
ETFAREE RIS MEAT AN .

(2) X 4 MR IR GNP RAT 1155, JF

SHBRIT &8 RAEAT T . S5 REW: TR
W, PIFEVIE R, BhAh, WRRIERY]. R4
EEAEIT XA 1 R 5 8 LA PR )
L2 AR AR B A

EEP S

[1] Timoshenko S, Woinowsky-Krieger S. Theory of plates
and shells [M]. 2nd ed. New York: McGraw-Hill, 1959:
105—225.

[2] Lekhnitskii S G. Anisotropic plates [M]. 2nd ed. New
York: Gordon and Breach, 1968: 241 —345.

[3] Mbakogu F C, Pavlovic M N. Bending of clamped
orthotropic rectangular plates: A variational symbolic
solution [J]. Computers & Structures, 2000, 77(2): 117—
128.

[4] #nea, PhRF, HER. ZlRE B IER &
S PR AR LT ARt 20 AT (0], TR 0%, 2002,

19(3): 39—43.
Yang Jiaming, Sun Liangxin, Lei Chengfeng.
Geometrically nonlinear analysis of orthotropic

rectangular thin plates with three edges clamped and one
edge simply supported [J]. Engineering Mechanics, 2002,
19(3): 39—43. (in Chinese)

[5] Green A E. Double Fourier series and boundary value
problems [C]// Dunajski M, Krynski W. Mathematical
Proceedings of the Cambridge Philosophical Society.
Cambridge: Cambridge University Press, 1944, 40(3):
222—228.

[6] Dickinson S M. The flexural vibration of rectangular
orthotropic plates [J]. Journal of Applied Mechanics,
1969, 36(1): 101—106.

[71 Whitney J M. Fourier analysis of clamped anisotropic
plates [J]. Journal of Applied Mechanics, 1971, 38: 530—
532.

[8] Hencky H. Uber ein einfaches niherungsverfahren zur
bestimmung des spannungszustandes in rechteckig

begrenzten  scheiben, auf deren umfang nur
normalspannungen wirken [M]// Von Karman T. Beitrdge
Zur Technischen Mechanik und Technischen Physik.
Heidelberg, Springer Berlin Heidelberg, 1924: 62—73.

[9] Galerkin B G. Rectangular plates supported by edges [M].
Moscow: Collected Papers, 1953: 3—42.

[10] Bhaskar K, Kaushik B. Simple and exact series solutions
for flexure of orthotropic rectangular plates with any
combination of clamped and simply supported edges [J].
Composite Structures, 2004, 63(1): 63 —68.

[11] Bhaskar K, Kaushik B. Analysis of clamped unsymmetric
cross-ply rectangular plates by superposition of simple
exact double Fourier series solutions [J]. Composite
Structures, 2005, 68(3): 303—307.

[12] Baraigi N K. A text book of plate analysis [M]. Delhi:

Khanna Publishers, 1986: 2—6.



