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ABSTf.Acr, :l1.e nodr.:,( ILne illH teo d(I!f?I'en<:e> IT\.eLhod developed .. arlier by the 
Autnor nos been s\Jcc"s~J"l!y I2ppLuC'n 10 bendl"<!f analysl'" aJ r"ct(%1"I6uLar 
plates. / ... 'hI'> prt>sert[ worl<. lilt/' me/hod ,~ ",,,,,,,,,,:i,,,d to sol" ... pl"n .. !i'tr'ess 
problems 01 re,da"truLar ptat .. ". 7'/,,, at,nLys's d..;oaLiI ",itl\ Uul in-ptan& 
displace .... ents and r"'t'/Ut res (h.. sol \It len 0/ I WO Slmy! (o""'.,vS s~co"'d-ord.H· 
per/Lal di.fler-enlial equaLLO"$. Tht>se equations are tron"'/nrJ1V!>d ':not .. t'We 
lIIL",,,l!tt7P\e-01....$ orti:..ntJ.IY dLjje-r.n.{lal .quatlClt\$ \ul\i.c.h In tUrr\.5 ar. <=42.&( ~n two 
!fil'l\\Jlean .. o\.l,. nadat tlne ai.lfp.)"ence equations. N\Jm9rLcol r<l'.r;\.Itts cbtat"ea by 
Ih ... present tec""Lq'''' haue .1":)",,, tfood <76"#1<!""'''! wi Ih tho:,., "blalP\d'd by Lt.,. 
lint Le strip msth"rl n .. d th, .. l''1c';cn(C/s trle appl lcOb! l (Ly and Lh.,. po __ r 01 
th& pre,."n.( LBc1VI.I_que. 

INTRODUCTION 

The noda~ line finite difference method NLFDM is a semi-analytical 
approach developed recently by the Author ThlS method ha3 ~een y~ry 
promiSIng in reducing the computationol efforts and core requirements for ~ 
class of two and three dimensional stress analysis. The de~c~iption 
formulation or the method are oriented particuLarly towdrd~ the onalysl' 
plates and shell structures. The method based on reducing the p 
differential equations. WhICh d~scribe the equllibrium conditions 
structure, to ordInary differAntial e~uatlo~cr by adoptlng continuD~ 
{unctlons satisfYing a prIorI the boundarY conditjo~s in one d 
These ordinary differentIal equatlons are then tran9fo~med lnto a 
di(fe~ence eqU~tion3 by mean~ of the ijnita difference t~cliOjqUe. 
is SImIlar to the flnlte strIp method rSM developed hy CHUNG {I,' 
both ot them call tbr the lise of b!l9ic functions at nodal lines 
line finite difference method NLFDI1 lias f'jr3t developea by th 
tor bending analysis of simply supported rectanguler plates o' 
Author (7.8,91 tor other plate bending problems. These GOP 
proYen the Yal:dity and the power of the method and 
pOl;!5ibi 1I:y of extendlng the method to :he h~l(,dl1n9 of !It 
other two And three dimensIonal problems. 
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The purpose of the present worK is to develop a nodal line finite 
difterence eolutjon tor plane stress analYsis of rectangular plates. The 
analysis and design ot such plates can be encountered in a number ot 
important structures. such as butteresses, deep beams and shear walls. In 
such type ot structures there exists only in-plane displacement which can be 
resolved lnto two components parallel to the rectangular coordinate axes. 
~ccordinqIY. the equilibrium and the compatibility conditions of such plates 
are described by two simultaneous partial differential equations. In the 
appliclltion of the nodal line finite djtterence method for plane etress 
analyeis ot rectangular plates. the plate is divided into a mesh of 
fictitious nodal lines parallel to one ot the coordinate axes. Two baeic 
fuoctions are chosen to express the displacement variation along these nodal 
lines with the stipulation that such basic functions should sat$sfy a prjorl 
tha boundary conditions at the ends ot the nodal linee. The partial 
differential equations are then transformed into two nodal line simultaneous 
difference equations by using the finite difference technique. In the 
present worK. thin elastic isotropic ractangul3r plates with two OPPosite 
simply supported ends are analyzed. The results obtained are in close 
agreement with those ot' the same conditions worked out by CHUNG (31. 

METHOD OF ~ALYSIS 

a) Nodal Lin& Dift&r&nce Equations 

to plane stress analysls of pl6te3. only deformation9 in the plane ot 
the plate due to in-pl~ne torce9 are considered. These detormations can be 
expressed in tarms of two compOllents U and v porrlliel to the rectangular 
coordinate axes l( and y. Dettllled derivation of the dithrsnUc! equations 
relating the displacement components u and v with external load components 
P" and py lS qu~te simple and can bo found in many references. For isotropic 
thin e!astic rectangular plates. these difforential equations are 
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rhe solution ot plane stress problems by the nodal line finite dJfference 
n~thod requires the dtvision of the plate into a meeh of parallel fictit1ou~ 
1vdal" limlEl 1n one cUrection a.9 shown in Fig, 1. Th .. c1JspUcement functions 
1t each nodal line are expresged ae summation ot the terms of the bASic 
runction9 tjtting the boundary conditions at the ends of thft nodal l~nee 
nultlrollDd by flounl 11no panunolora. Thana )IQrametunJ are assumed a8 ein!Jlo 
larhble tunctions 1" the direction perpendicular to the nodal J :lnes. 
?or roctan~ulQr pl~tes simply eupported et two oppoeite ends, the 
jjsplacement tunctjone at any nodal line k are proposed as 

.1. r 

} 
U .. . U ..... If (x} sin III rr .J, U"" 10 sin It y a- Y ... 

r ( 2) 

vir • l V ... , If (xl cos III rr ~ ~t. \' "'",y --'/ COB ..... , a "'. Ir 

rhe adopted basic tunctions have uncoupling property and theretore each term 
)t the series can be analyzed ~eparatoly, 
3ubstHution ot equation ( 2) into eqLlation (1) yields. 
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H sp 10 c em.e" t fUnction!! as tolloW9 
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)pon subs t i tuti on of equat.ion (4) into equation (3,. we obtein the tollowin~ 
"e I ationshi pe tor each term ot the basic tunctions 
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IY app 1 y1n~ the cantral finite difference technique. we get 
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:quotionB (6) repr6.gent the two 91multaneou9 nodal line ditterence equations 
'equired (or the present plane stress analysiS. Application ot equation (6) 
}t 6ach nodal line ot the plate yields uncoupled system ot linear algebraic 
IQuations. The tinel matrix is a square band matrix having a smdll band 
,idth equal to 7. 
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b) Intern41 Forces 

For an elAstic isotropic thin plate deformed by in-plane forces. the 
internal torces per unit length at any point are given by 

N D u . t .... yl 

} 
.. 

H .. D v J + .... U (7) 
y 

H .. y 
1-.... D ( u' + v' . --2 

Once the nodal Line paramet.ers U ... ,k and Vm,Ic at each nodal line are 
obtained, it is simple matter to determine the internal (orces at any point 
of the plate. By applying the central finite difference technique in the 
direction perpendicular to the nodal lines, the internal forces at any nodal 
lin k Can be ~ritten a~ 
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c) Boundary Conditions 

The boundary conditions are the conditions at the edges Nhich must be 
prescribed in adv~nce in order to obtain the 901ution of the specific plate 
problem. The adopted basic functions should 9atiefy a priorj the boundary 
conditions at the two opposite ends perpendicular to the nodal lines. The 
other tNO opposite edge9 can take any combin~tjon ot boundary conditIons. 
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Pl~n6 stress analysis of rectangular plates by the proposed technl~ue 
requires the applIcation of the nodal line difference equations (6) at each 
nodal line of the plate including the edge nod~l lines. Each ~d38 nodai line 
dlff~rence equation will int~aduce one additional extericr nod~l line. 

l\ccording to ':.he prescribed boundary conditions, tne exterior nodlll ilne 
parame':.er!'! U",.lc-l. Vm,k-I, Um,lc+1 and Vm.h1 have to be expre~Bed j n terms 0 f 
the edge lind adjacent interior nOdal line parameters. The exto~ior nodal' 
line parameters are connected to thoso of the edge and adjacent interior 
nodal li~e parameters for each term9 of the basiC func:ions through the 
following reldtion9. 
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NUMERICAL EXAMPLES 

In order to demonstrate thp. validity and the accuracy ot the proposed 
solution technique. a number of rectangular plate problems has been 
analyzed. The present analysis is restricted to thin isotropic rectangular 
plates havin~ two opposite simply supported edges. Due to symmetry, only odd 
terms ot the basic fUnction used to descrjbe the displacement u as well as 
the even terms ot the basic function used to describe the displacement v are 
considered. 

EXAMPLE 1 : To check the accuracy ot the proposed technique, a square plate 
subjected to uniformly distributed line load acting at its top edge has been 
analyzed. In this analysjs. the plate is divided into a mesh of fictitious 
nodai lines with AX ~ L/24. The analysis has been carried out for nine terms 
of the used basic functions. The results obtained are presented in Pig. 3 
For the purpose of comparison. a copy of the results obtained by CI!EUIIG 13] 
from the finite strip solution is provided in APPENDIX I. Due to the absence 
of the value of poisson's ratio. u. in CHEUNG's solution. a value of u~1/6 
is considered in the present analYsis. The comparison has shown a good 
agreement. 
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~XAMPLl:, 2 : This example deals with studYlng the 
lftoct of the load position on the distrihution at 
he displacoments ~nd the internal forcas. A 
.quare plate subjected to uniform distributed load 
.cting at any nodal line within the plate 
. neluding the top and the bottom edge nodal line9 
las been analyzed. Fig. 4. Information regardlng 
:he distance hetween the nodal lines. AX. the 
lumber of terms of the b~9ic function used and the 
}olBson's ratio. u, are taken as those mentioned 
In the previous example. The numerical values of 
the obtained results are presented in Tables 1. 2. 
3,4 and 5. Furthermore. these numerjcal values 
lre plotted jn the curves given 1n Fig. 5. 
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t 

Coefficients a at y - a/2 for the displacement component u 
I 

+ + + t 

Coeft1cient~ 02 at y - 0.0 tor the displacement component v 

Coefficient!!' an ill y - <1/2 for the normal force N • 

Coet!iciont~ 04 flt Y N a/2 tor the normal force 

Coefficient~ a~ at y N 0.0 for the sheflring force H 
><y 

Fig. 5 
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EY.~\PPll:: J ! This eltomple de<'!lle -with studyioq the aspect rotio effect on the 
djstribution of the tl.i3Dlil"l'm(3nt~ ar.d tho 1ot.orool t':'Il'cee. 1\ eet at 
rectangu I ar 1."1 a te:;'f wi til di ffeTElflt r!!. tios subjected to uni fonn djstributed 
line l~ed acting at the top edge has been analyzed. The analysis has been 
carried out for nine terms of the used basic function!. The distance between 
the nodal lines is taken as AX - L/24 for agpect ratjos 0.5 and 1.0. while 
bx equal to L/46 tor fI:;'fpect ratios 1.5 and 2.0. The poisson's ratio, v, is 
taken as that of the previous examples The obtained yesults are plotted in 
Figs. 6 ond 7. 
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Fig. 6 


