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The Analytical Method for the Bending Problem of
Orthotropic Rectangular Plate Structure

YUAN Duan-cai  TANG Guo-jin HUANG Yan
College of Aerospace and Material Engineering National Univ. of Defense Technology Changsha 410073 China

Abstract A plate structure is a structure made up of several plates. To solve the bending problem of orthotropic plate a general
analytical solution of partial differential equation for transverse displacement function of orthotropic rectangular plates in bending must be
worked out. It can be used to solve the bending problem for arbitrary boundaries and arbitrary load. For each plate some edges are
independent which can be calculated by boundary conditions while some edges are connected by other plates which can be calculated by
continuous conditions. With the equations made up of these conditions it can be used to solve all the integral constants in general
solutions. For example a water tank under hydrostatic pressure with the edges simply supported at the top and fixed at the bottom has
been calculated.

Key words orthotropic rectangular plates structure bending analytical method boundary conditions continuous conditions

1~7
Harik 8 Mbakogu
X
1 o T -
1 10
*w I*w I*w
Dlla—x4+2 D12+2D66 8—}/4+D223y4 = q 1 ¢
Dy Dy Dy D
w 11 12 Uxn Vs q a I
»Y
w = 2 ZAmnsinaxsinBy 2
m n 1
a=mn/a B=nn/b m=12 n=12 Fig.1 Coordinate system of plate

* 2004 - 12-28
19872076
1963—



97

1
4 [« b
J J gsinaxsinBydxdy
A - abJtoJo
" T Dyat+2 D+ 2Dg o?B* + Dyt
w=Xx Yy 1 qg=0
2y
w= 25 2ay {7
i a
i=0123 ,;=01:i=01 ,;=0123 D D> Dip+2Dg 2
w= Asinax + Aycosax Y
Y = Bisinha;y + Bycoshayy  Cisinary + Dicosayy
J Dy +D12+2D66
ay2=a,/ . +
2 4Dy 2Dy,
11 nyO(Dzz Dll a] ap
x X B Dy Dp B B
2
11
sinha; b -y sinha;y] sina; b — y
W= %}{ [ An sinha b * S sinha b sina, b
sinha; b - y sinha y sinagy] .
| Om sinha b ™ sinhab] sinay b sinax
sinhB; a — x sinhBx | sinf, a — x
* Zn} [ [ En sinhf3; a " sinhf a sinf,a
sinhf; a - « sinh3; x sinhﬁzx} .
L sinhf3 a " sinhfBal sinhBa sinj3y
2 2 2 2
x X x x X
+ ay + alO; + (l()l_/bL + allgg + az()a_z + ap b + an azb + (112;/[%
3 3 3 3
+ (130% + ap3 53 + @z xTX + ap ﬁ% + Z ZA,,msinaxsin,By
a b\ a’ b (lb m n
8 dm +4n + 12
2 2m+2n
3x4
2
12
ap=ap=ay=ap=ax=ap=a3 =a3=0
3
2 Oxy
Jw
w ,-0=0 w .-, =0 M, ._o=0 ((—) =
y=0 y=0b y y=0 ay y=b

10



98

2005

x
a ——] x
w ,-0=0 W ,-q=0 11 a/" T o
woo =0 w,0=0 wy, =0 atb =0 12 ’)/ b
9 01 4
X =
Mx x=0= Mx x=a 13
O/x/yl
, f »
Yy
Jw QW') '
(ax)x:O_(ax o Mx x=0—" Mx 2 =d 14 2
Fig.2  Sketch of water tank
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Tab.1 The moment gb> along x =0 and x = a/2 when o' /a =1.5
¥ 0.2 0.4 0.5 0.6 0.8 1
M, .- —-0.0158 -0.0251 -0.0254 -0.0216 -0.0013 0. 0000
M, .-un 0.0119 0.0185 0.0186 0.0163 0.0049 —-0.0099
M, «-un 0.0169 0.0276 0.0283 0.0246 -0.0019 -0.0662
M, voun 0.0063 0.0095 0.0093 0.0077 0. 0006 -0.0107
My voun 0.0199 0.0315 0.0315 0.0261 -0.0051 -0.0714
2 x=0 x=a/2 a/a=1
Tab.2 The moment gb> along x =0 and x = a/2 when o' /a =1
% 0.2 0.4 0.5 0.6 0.8 1
M, .o -0.0142 -0.0229 -0.0232 -0.0198 -0.0007 0. 0000
M, .-un 0.0118 0.0183 0.0184 0.0161 0.0049 -0.0098
M, ._un 0.0164 0.0268 0.0276 0.0241 -0.0019 -0.00662
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