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Analysis for A Partial Distribution Loaded Orthotropic Rectangular Plate with

Various Boundary Condition

See, Sangkwang'

Abstract : In this study, a governing differential equation for the bending problem of orthotropic rectangular plate is drived. It's exact solution for
various boundary conditions is presented. This solution follows traditional method like Navier's solution or Levy's solution that transforms the governing

differential equation into an algebraic equation by using trigonometric series. To obtain a solution by Levy's method, it is required that two opposite
edges of the plate be simply supported. And the boundary conditions, for which the Navier's method is applicable, are simply supported edge at all
edges. In this study, it overcomes the limitations of the previous Navier's and Levy's methods. This solution is applicable for any combination of boundary
conditions with simply supported edge and clamped edge in x, y direction. The plate could be subjected to uniform, partially uniform, and line loads.
The advantage of the solution is that it is the exact solution as well as it overcomes the limitations of the previous Navier's and Levy's methods. Calculations
are presented for orthotropic plates with nonsymmetric boundary conditions. Comparisons between the result of this paper and the result of Navier,
Levy and Szilard solutions are made for the isotropic plates. The deflections were in excellent agreement.
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Fig 1. Forces on a rectangular plate element
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Table 1. Constants of deflection function G, (y/)

Edge Condition
)/171 )/;TL }/-:571 Y:ln )\n
y=0 | y=b
Hinged Hinged 0 0 0 1.0 nm
Clamped Clamped 1.0 B, -1.0 -B, (n+0.5)m
Clanped |  Hinged 1.0 B, | -1.0 | -B, | (n+0.25)x
cos (), ) —cosh()))
Bn = 1 1 ' (1 1)
sinh(\,) —sin(},)

Y& g G (y) o) A E F F o] A ufj gk 2
(7) &l nAm A m AR Q] G, (y)& F8FL y=0 ol A
y=b7k A AiE-E AATH, Auzde ot ngEm <l 735
EEF00] HEZ A 2] (7)9] x2}yoll T3 Hu| By 2
%Eﬂ«l e 9 AL 4] (12)2} 2ol mAA A F o) xo
B o 2 upgo] A

m f GQ

Fm( )/ba Gm( )

+2H- 5
ox

G, (y)dy
0o oy (12)

D F(x )/ MG (y)dy

ytm 4 m
b
- q ’ y m dy

XU ARG AL 930 24 (1209 AL [ a0

2 o] AL 9 78Es ga,y) 2 xoty W& dref 5l
( ,="3<7) 2] FEE} 3hH o] 42 xol| o
2] (13)0] "tk

d4Fm (z) ) dQFm(x)

2H; m p
T d$4 Nm92 do 2
+ D nmg 4mF ( )

m

= Qoghnf(l') (13)

PECEE

047]/H M — )‘m/b ]‘]—‘ G1ms> 9oms> Gam™~— mtﬂ&“

FrEM 2 (149 2k

J. Korea Inst. Struct. Maint. Insp. 15



[ s,

m Y
i = (14a)
J G
S, Gwa.wa
7772ng om — ( 1 4b)
f & (y)dy
0
b,
[ cwa,way
to = (14c)

2 13y AP g Ao g £ (2)E Wl £, () 9

=
Eol3l £, (x) e & FEHE 22 AR T 2 (159 2o

= N F )+ F )]G () (15)
:wH(Ivy)+wP(xvy)

3
Il

21 (13)] x¥ake] guts) £, 5 73t7] S13l ofel W42
(16)= =H o3 2 (173 22 &5 78 F Je=d o714
aﬂﬁtzq]'zl'a—D/Dl,ﬁ H/D, ©|t}.,

Drgjn - 2H7772ng2m§m +D, nmg4m =0 (16)

£m1 =, \/E {g?m + V ggm _g4m(a/ﬁ2) }1/2 (173)
gm? =M \/ﬁ {92771 - ggm 794771,(06//62) }1/2 (17b)
s =1 VB {920+ VB~ 10/ )" (17¢)

/
£m4 = nm \/ﬁ {g2m - ggm _g4m(a/ﬂ2) }1 ’ (17d)

wbA] 2] (13)9] YukelE 2] (18)2 A 213} & 11 the- 2] (19)

5} o] 3714 A9 BREnh

Foy(w) = A,e"" + B¢ + e + D, (18)
g
Casel) =" > & (19a)
g4m [7)
92 «
Case2) 2 = 2 19b
) g4m /62 ( )
g2
Case3) 20 < 2 (19¢)
Yam ﬁ

16 3SH2IPZSXICLX|M2|35Hs =27 M 223 M52 (2018. 9)

)\] (19a)-/] OT‘_‘ O] gml = £m3’ gm? = 517147]- E]O-] 7_}

z} Hi O A2S 2] wiiel dRlsl= 4 (20) o= e
9‘)‘@ 4 (19b)-/] T‘—— énll ng = énlﬁ - £m4 ?—]- l’:‘

/HLE_«I ATE 2] el 4 1) = YR <= Tk 4 (19¢)
O AR, oy =P, £ 7,iQl SITE VA EE 2 (22)%
YR 4= Qlth A71M ¢, T v, 2 Z7F 2 (23)3 2l(24) <}
BT XX Koy Xy y=3 WS 7R 9] 7
Azl ot 2z} 7575‘%@.

F, (z) = X,,cosh(¢, )+ X, sinh (¢, 2)

2m

+ X, cosh(¢ ,x)+ X, sinh(€ ,7) (20)
ETLH( ) ‘lernCOSh(Emlz) + ‘XV2mSIHh(£m11") 21
+ XSmnm(ZOSh('gm?x ) + ‘lemnmSinh (fmgl’ ) ( )
ETLH( ) ‘X—ImCOSh(anz)COS (W CL’)
+ X, sinh(@, x)sin(¥, x) -
+X’3m77mCOSh(¢m’L)Sln(qlm/l’) ( )
+ X4m77m5inh (¢7n$ ) €os (!pmz )
V0ag,,/8) + g,
, =n, VB [ S (23)
(Oég, m/ﬂ) _g m
v, =n, VB [ S (24)

21 (13)9] x o] Bolsll £, .5 Fohe EAloA A+
+ Bl A-gshe 9| Fatso] ofd 19 2.4 184,94 32

o] BREHF, M5F, RERESF) IR AY Ak

Fig 3. Plate under line load
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Table 3. Boundary conditions of plate in x-axis

Type Boundary Condition
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Fig 7. 2 clamped & 2 hinged plate

Table 4. Results of 2 clamped 2 hinged orthotropic plate analysis

(bla=15, a=3.0, B=1.0)

%S xFHE yHE w(xD/Qp) M/ Q") M/ Q)

1 0.25a b/6 .116E-03 -.512E-01 -497E-01

2 0.25a 2b/6 .364E-03 272E+00 247E+00

3 0.25a 3b/6 .528E-03 -221E+00 -.192E+00

4 0.25a 4b/6 457E-03 .150E-01 .174E-01

5 0.25a 5b/6 .239E-03 .685E-01 .619E-01

6 0.50a b/6 .238E-03 -.583E-03 -.713E-02

7 0.50a 2b/6 .720E-03 .807E-02 .120E-01

8 0.50a 3b/6 .103E-02 .137E-01 246E-01

9 0.50a 4b/6 .921E-03 .114E-01 184E-01

10 0.50a 5b/6 .S503E-03 .S535E-02 .666E-02

11 0.75a b/6 .196E-03 .645E+47 S81E+47

12 0.75a 2b/6 .597E-03 -.169E+48 -.152E+48

13 0.75a 3b/6 .860E-03 .646E+47 S81E+47

14 0.75a 4b/6 .764E-03 119E+48 .107E+48

15 0.75a 5b/6 416E-03 -.156E+48 -.140E+48
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Table 5. Comparison of results with Navier's solution

. Deflections Deflections . Deflections Deflections
Point | by Navier by this study Point | by Navier by this study
solution solution
1 0.676E+01 .676E+01 10 0.676E+01 .676E+01
2 0.127E+02 127E+02 11 0.127E+02 127E+02
3 0.171E+02 A71E+02 12 0.171E+02 171E+02
4 0.199E+02 .199E+02 13 0.199E+02 .199E+02
5 0.209E+02 209E+02 14 0.199E+02 .199E+02
6 0.199E+02 .199E+02 15 0.171E+02 171E+02
7 0.171E+02 A71E+02 16 0.127E+02 127E+02
8 0.127E+02 127E+02 17 0.676E+01 .676E+01
9 0.676E+01 .676E+01
TR B Ao Aet Levy Pl AdE Hlaskth
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Table 6. Comparison of Results with Levy's Solution(at center point)
b/a | wDy/Qob® M,/Qob? M,/Qob>
. 1.0 0.00126 0.0231 0.0231
Solutions
1.5 0.00220 0.0368 0.0203
by Levy's method
2.0 0.00254 0.0412 0.0158
. 1.0 0.00127 0.0233 0.0240
Solutions
. 1.5 0.00222 0.0378 0.0207
by this study
2.0 0.00257 0.0419 0.0161
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Fig 9. Comparison point of plate under line load



Table 7. Comparison of results with R. Szilard's solution

Deflections Deflections
Point y- Coord. by this study by R. Szilard
wxDy/Qob* wxDy/Qqb*
1 0.0b .000E+00 0.000E+00
2 0.1b 914E-04 0.914E-04
3 0.2b .179E-03 0.179E-03
4 0.3b 256E-03 0.256E-03
5 0.4b 313E-03 0.313E-03
6 0.5b .337E-03 0.337E-03
7 0.6b 313E-03 0.313E-03
8 0.7b .256E-03 0.256E-03
9 0.8b .179E-03 0.179E-03
10 0.9b 914E-04 0.914E-04
11 1.0b -.256E-10 -0.256E-10
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8§ A18-91 : Orthotropic plate, Partially loaded, Double trigonometric series, Single fourier series.
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