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ABSTRACT, A nodal {(no li~il~ dlilerenes b~ndLn6 anQt~~is 01 (solropi~ 
~ecl~n8vlar plaL~s wlth jrpe lat~ral oovndory cond(t{o"s. u.~n8 t~. nadot 
1("", jinite d(jj"'r&nc& "" .. hod. is 1""' .. I/tIl>"'It>d. TI,,,, "'n .. l.\ol"~" d8I1cri.b",s the 
linear elasllc behQVla~r Of r~c~and~tar ptat.~ res(tn~ on a W'~t.r Ly~ 
/pvru:iat Lon and Loaded on L Is I..lp~r sl..lr jo.c. ",a: lh arb, Lrar'J,l LrCI"l$"'i"r... j oads. 
A b~ic Il..lnctLO" lits on~ 0/ the bov~ar~ conditions 01 two appo_ite jr, • 
• nd$ ($ uS9d to .xpress Ih~ riLspldcp~nl ~~I iaLlon alan. Ln. nodaL l'n~~. To 
~t1t (Jlly the oLl ... ", condL L LOn oj a\. ''''0 oPPC$( t. jr.. enr;Ls. .d~e II\OlI'Wtnts 
~Ql..lcl L~ ma~n(Lvde bvt oppostte in dLT9Ction wer~ applied at (h~ ends oj t~ 
nodal {(nes. NI..l~r(caL resl..l{IS W6r. obtained ond c~r.d wt~h tho •• 
cblo'n~d frOM QnOlh.~ ~v~r,~al solvt(a~. The compori.on de~n6Lra'.d '" ~a~ 
c~reell'WtnL and inuicaled 11'1.. validiLy oj lh~ p~ •• snt.d Lechn(Qu.. 

l~ODUCTIOK 

The continuing and inteneive inter8~t for tho improvoment or the 
solution t.chnique9 used in the analysis of two and three dimensional 
problems hd9 prompted the development of new semi-analytical method~ among 
which the nodal line tinite ditterence method KLFDM is one. The application 
ot t~is method in the analYsis of rectangular plates requires the division 
of the plate into a mesh of parallel fictitious nodal lines in onr 
direction. The nOdal line finite difference m~thod calls for the use 
basic functions to exproso the displacornent variation along thes6 n~ 
\ine9. with the stipulation that such functions sho~ld satisty a priori 
boundary conditione at the ends of the noddl lines. Thus. the p' 
differential eqUatlon is reduced to an ordin~rv d1ff~rential equatior 
can be transformed into a nodal line fjnite differenca equation ~ 
central finite ditterence technique. The NLFDM method is similar 
finite strip method FSH developed by CHEUNG 11,2,31, since both ~ 
basic tunction9 at. nodal l.inao. The moet commonly used basic fl' 
the ei;en functions derived trom the solution of beam vibratio' 
equation. These basic functions have been worked out explici' ~ 
[4J for djffeyent end condition~. 
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The nodal lSne tSnite djtterence method NLFDM was fjrst introduced by 
the Author .'1. uSing the trigonometric series as a basic tunction in the 
analysis of rectangular plates with two oPPosite simply supported ends. 
A basic functJon other than trigonometric series. woe used by the Author IS] 
to analyze elastic rectangular plates with two opposite clamped ends. In 
this analysis. an iterative procedure was developed to overcome the coupling 
property ot the static equilibrium equationa. This iterative procedure is 
similar in concept to that developed earlier by the Author [5,61 for the 
bending analysis of rectangular plates by the finite strip method, The nodal 
line tinite ditference method has also been extendad by the Author [9,10) to 
includa the bending analysis ot rectangular plates with variable tlexural 
rigIdity as well as with abrupt change In thickness in one direction. 

The objective of the present work is to dave lop a nodal line finite 
difference solution for the analYsis of rectangular plotes on elastic 
foundation. The direct applications ot this type of plates ara for instance 
reinforced concrete pavement of highways and runways 08 well as the 
foundation rafts of building3. The soil behaviour under such platep is of a 
non-linear nature. therefore it IS quite difficult to be modelled SInce 
ths deformation of the s011 is not only a function of load intensity but 
also a function ot time and rete of loading. To simplify the inherently 
complex problem, it ]s assumed that tha supporting medium 18 isotropic, 
homogenous and linearly elastic. Such a type of subbase is called a Winklar 
type toundation. This assumption ia not accurate enough to represent the 
ectual soil behaViour. but in many cases it approximates closely the raal 
situation. In the present ~ork, elastic isotropic rectangular plates resting 
on elastic foundations are analyzed for free boundary conditions. A simple 
besic function in a torm ot coeina series was used to exPress the 
displacement variation along the nodal line9. The used basic function only 
satisfied the frea boundary conditione with respect to the sheering torces. 
but resultsd in bending forces at the ends of the nodal lines. In order to 
completely satisty the free boundary conditions at the ends of the nodal 
lines. edge moments: equal in magnitude and opposite in direction to the 
resulted bending forces, have been applied and included in the analysis 
through the solution of the homogenous differentiAl equation of the plata. 
The obtained results were compared with those obtained by BOWLES 111) and 
the comparison demonstrated a close agreement and indiCAted the validity ot 
the presented technique. 

KITHOD OF ANALYSIS 

1- Solution ot the non-homogenous ditterential aquation 

a) Nodal Line FinIte Difference Equation 

According to the Winkler as~umption. the subgrade reaction inteneity ia 
proportional to the deflection of the plate W. The intensity is then given 
by the e~pression kaW. ~here the constant ka. e~pressed in the term of 
etress per unit length of deflection. is called the modulus of the 
foundation or the SUb~rade reaction. In accordance with the Winkler 
assumption. the differential equation of the deflection ot elastiC isotropic 
rectangular plates becomes 

B q - k. W i.e 

- q (1) 
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In the application of the nodal line finite difference method for the 
analysis. the plate is divided into a me~h of fIctitious nodal lines 8S 
shown in Fig. 1. The di5placem~ot function at each nodal 1)0& of th& ~&sh i9 
e~preeeed a9 a aummatlon of terms of the basic function titting one of the 
t~o boundarY Conditions at the ends of the n04al linee multiplied by nodal 
line parameters. These p~rameter5 dre assumed de sin910 varlahle functions 
in the direction F8rpendicular to the nodal linea. The d1splacamenl function 
at any nodal line labelled k ~y be written as 

W... - t:" r ...... (x) y ... (y) ...... 
For rectangular plates with two OPPOSite free endg. the b4Si~ 
3atistYinq the boundary condit10ns with respect to eheerlng forces 
ends of the nodal lines is a series in the form 

y 
m 

("2) 

(unction 
lit the 

(3) 

~esolving the 104d into 0 Beries Similar to the ~8ed 
substituting equations (2) and (3) into equation <11 at 
ISl'lds to 

basic function and 
any nodal line k 

a J: [F~·.·~ - 2~: r~.lr.+ O~;·+P)P .... k] y .... - ... "'i: q .... k y ... (4) 

ror eoch term of the bagic function. equat10n {41 ~ay be written &8 

B ( (5) 
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By applying the centrel finite difference technique, equation (~) can b< 
written in a matrix form as follows 

[1 (6) 

where 

Equation (6) represents the central nodal line finite difference equation 
for the different terms of the basic function 

bl Intarnal Force8 

For an elaetic iBotropic plates. the internal forces per unit lenglh at 
any pOint are given by 

M B W + 1.> W IJ ) 

• 

M B W" .. 1.> W") 
y 

M M. . B (1-1.» W· I 
• y 'I. 

O. B W .. w·" (7) 

0.,. B WIIJ + W .. , 

dM ... 
0 .. S [ W (2-v) W." ] .'1' + - ( 0. 8Y 

dH 
0 B [ W'll oj- (2-1.» W"

j
] - I\-

~y 

'I' -~ 

By applying the central nodal line fin1l~ difference technique, the internal 
forces at eny nodal line k may be written as 

B)..Z ~ 

M 
•• Ie l cos .It y [ 0 1 -CD 0 ] {d",} z '" ... a m= i 

B.\.% ~ 

M l cos .It y [ 0 V _C4. V 0 ] {6",} y.1e z m '" a M=t 

B.\.z .. 
M .. -(1-1.» 1: "'",sin .It y [ 0 1 0 -1 0 ] {6 .. } >1'1, Ie 2a'- m 

In= , 

8)..9 r 

0 •. 1e J. cos .It y [-1 C' 0 -C" 1 ] {d ... } (a) 
2aD '" '" ... 

__ 8).." r 

Q l liP' sin .It y [ 0 -1 C: -1 0 ] {6, . .} '1'.1< a '" '" a "';:;. .. 
B>,." r 

0 ><.1< l cos .It y [-1 Cd 0 _Cd 1 ] {6,,.} 
2aB 

m=' m ... '" 
B.\." r 

Q .. --- l V' sin it. y [ 0 -1 Cd -1 o ] {6,.,} y.1e " '" m '" a "'~, 

where CI "(2+1.>",z) C" ~ ( 2", +-V'z ) C"-(2+V''- ) C:-{2+(2-v lV':} ... '" ... '" .. ... 
{6",} - { F F"'.k_.f' .... 1e F f' r m,Jc-Z ,..11:., "'~k+2 
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c P,undary Conditione 

The NLFOM method requires the application of th& nodal line difference 
equation at elach nodal line of the plate including the edge nodal lines. 
Each edqe nodal line difference equation will introduce two additionat 
imaginary nodal Ilnes outside the plate as shown in Fiq. 2. According to 
the prescribed boundary conditions at the edge nodal lines. the parameter9 
of the addltional nodal lines have to be expressed 1n terms of the edge and 
the t~o adjacent interior nodal lines. The boundary conditione of free edge 
IoIould be as 

M L M 0" Ie - 0 i.e. 
M. ~ 

!d 
nOd 

-r-",!--· ; · • ; , , • , • 
~-t •• \ , , , · , 

hn ,!~,..'t 
, , 

!lOaOi Hn .. , , 
• · · · • : 

~ «1: ~ 1l!'T"~ OT" .. ' 

al 111)00 , 
. · , , · , , , , 

.L. • ..:._ 

I 
I 

• ••• •• 2 

I 
\ 

I 

FIg. 2 

(9) 

j 

I I , · : , 
, .~i~ht extU'1 

• • 
• 

I :lQ o.! llpcll 

· I 

• : , 

· ~iJl;h t .d~. 

, :.;)cal • .llle , , · ~-2 .-, I< ... • ·1 

I I · , 
· \~h"io" 

I · ~~<I .. l line" 
• , 
• 

~ -..!.- .. ..:.-

Upon application of the central finite difference technique,left and right 
exterior nodAl line parameters can be described according to the follololing 
relationshIps 

( 10~ 

Fill. Ie •• - F ... ,Ir-1. 

2C'" f' ... F 
m m,k-t ~,k·a 

2- Solution of the homoienou8 d1tferent1al equation 

The used basic function only satisfied the free boundary conditions ~lth 
respect to shaarini forces but resulted in bending forces at end9 of the 
nodal lines. The resulted bending forceg ~t the ends of the nodal lines 
(y-O, y-a) are single variable fUnctions in x direction. 

f{x)I~:a - Hi (xl + Ha(x) 

I(x) Iy-a - M, (xl - H;l {xl } (ll) I 
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where "'(~, and HZ(x) are t~Q functions include ordinates of the 
for cos resulted from the avon and od~ terms ot the used b~Bic 
re9pectivoiy. 

Cosine ~eri.B ~a9 chooen to expreOB the v~riotion of the 
forces In x direction. 

r ( n-1)" -'{ } 
Mi (x) .. l Pin cos )( Pin cOs jJ 11: 

L " .". II. "" II. 
r (n-l)17 ~ 

H ... (xl .. ,1 PI" COS X - ~ Pi" COS JJ X L 
n •• 

... 

resulted 

bendinq 
function 

bending-

(12) 

The coet tiel ants p~" It. nd P:I ... would be determined by nUll\erical integration 
techniques. 

In accordance ~ith the Winkler assumption. the homogenoue partial 
differential equation of elastic Isotrop1c plate9 takea the torm 

'11 •••• + 2 W·· ,I + W/fll+ P W .. 0 (13) 

The soiutlon ot this equation m~y be expres6ea as 

• 
Ii - y (14) 

n 

Substitl.ltioli ot equation (13) lnto equatlon {l4) leeds to the following 
homogenous ordinarY differentiAl equation 

(15) 

where >... .. p )(-- ----e 
Genera I .solution of thie equation can b ... written in the following form . 

'I 'I." Y
2n 'I,,, (Hi) An + II '" C + D y ... 

~ n " ... 

y 
-(InY -(J,.,y 

where - e COS "I' Y + e coS' "I'"y .... " 
-('ly -(JnY 

y n sin sjn .. e 1" Y + e 1" Y an n " 
-(ln Y -fly 

'I 
n .. e cos "I'"Y e co~ r"Y lin 

-(/ Y -(Jn Y 
y .. sin sin - e r y - e "I' .. Y ." " 
~:I ~ 1 

2"1' 
2 ~ :I 

and ~" +>.. + J.I . - JJ" +>.. - JJ .. Y - a-V 
" n ... 

ror !)yYmIl!ltry in Y direction it is clear thtlt-i'n IS an evel'l. tunction of y 

.'1 .. A Y + B 'I (17) 
n pi In ... ::lin 

For .!Int i-:lytnIIletry in Y direction it may be concluded • that Yn is an odd 
function ot Y . 

• y • C Y + D Y 
" n.!ln t"I 4r'\ 

{lS) 
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To satiefy the treo boundory condItione tor both sheoring and bendjng 
Iorces ot ends of the nodol lines. edge moments equ~l in magnitude to ~(x) 
and H1(x) but oppo~:ite in direction were applied. The constants ,"n. fIn.. e" 
and On should be determined for each term ot the function coe ~~x from the 
bounda~y conditions at y-O. For the edge bending torces resulted from the 
even terms of the used basic tunctlon. we have 

n~: P C03 /-J. x 
~.. '" 

(19 ) 

E [ '11'" I- (2-v)\II"'] .. 0 
y .. o 

Il "'l'tn'" - (2-v)/-J.z.y,] C08 I-' x .. 0 L ~ n y=o n 
noo:.1. 

Substituting equation (17) jnto e~uation (19) givee tOT each term ot the 
function cos I-'mX the following reldtions 

A., [ '1./1 z 

Y. n] ~"o Bn [ 'lll Z 
Y"-,Jye,, 

p." - I.) /-J. + - I.) ~ aT 1.1'1 ... ::In " 

A,,( ylll -(2-v]/-J.)Y' ] + B" [ yJII_(2_J.»1-'2 y ' ] ~ 0 
1" r\ 'T'\ y,.,Q Zn n 2 ... y~O } '''' 

The same steps were applied to the 80.9'0 bendill!l forces resulted from the odd 
term~ of the b~SlC function. obtaining 

en [ 

C" [ 

y/J - I.) 1/ y ] 
In n tn y=o 

In 2 I ] Y -{2-1.)/-l Y 
~.,. n '"' y=O 

.,. D" [yll _ I.' ~2. Y ] 
,,4n n 4n y~o 

o 

The constants A..,. Dn. C .... and Do.-. IT.OY expre95 ed. ae 

~ 
n 0. 

~n 

C 
" 

.. b 
J .... 

lJhere 

a p .... a "n B 
!I .. ,. 

0. a a B n a .. 
41'1 z,... 111'1 "n 

b p 
bl!" "" 2 .. 

0" C b -b b B b " " .. Z ... .... 4" 

0. 1:
1 

{1-t¥' )1'A 
2 

'" a e
Z

"" _)...1 (1+\I' ) 
~ .. " • z 2n ... Z 1 

z {(i" {1-¥, 1; -r "Viz} >.., .. {f1n¥'2+y ... (1~.}} a ~ + 
9r. h 

1 {(1 VI +Y (i-VI)} )...:1 {f1 .. {l-Vl. If .. "'~} a .. + 
4" n "'J '" , 

b eli (1-11' ) -).. \11 b £2.\11 _)..1 (1-\1' J 
1 .. " 1 2 :I" n :I 1 

b 
2. 

{(1 n (1+\11< ) +y n '" Z } 
)..2 {(In,,.-r n (1+-"1)} & ..... 

b • {(1" ""2 -r .. (1'1'\1'. )} + )...'" {(1,,(1+¥'i hr,,¥'z} .M! " .. n 

1:
2 

.. (1-1.) )1-'1 
n " . ".'" e 

-(1 1I 

" 
-(1,,0. . 

cos Y d ond " - e aln r a n 1 n 

} (21 ) 

} m, 

·inAlly. deflection and intern~l forces can be calculatod and added. to the 
lolution of tlce non-hOI[lo!.lenOUS differential equation. 
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NUMERICAL EXAMPLES 

To demon9trate the validity ot the proposed solution technique. analyeis 
ot rectanqular plates on elastic foundation was carried out. For the purpoee 
at comparison, two problems SOlved previously by BOWLES 1111 were chosen. 

Example 1: A problem ot rectanguler spread tooting ~ubjected to central 
column load shown in Fig. 3 was analyzed. Due to symmetry in x direction, 
only hall of the plate divided into a mesh of fictitiouS nodal lines at 
equal distance! ~x -0.3 ms) woe conSidered. The analysis wae carried out 
USlng seven evon terms ot the used basic function. To illustrate the affect 
of the applied load area, different column dimensions were taken into 
consideration. The results of deflection, moments ~ and My at selected 
nodes on the central line ot symmetry (y-O.9 me) and the trea edqe /y·O) 
were presented 1n tables 1 and 2. Comparison of tha results ot the proposed 
soiution t .. chnique with those obtained by BOWLES demonstrated a significant 
affect of the applied load area. especially on the value of the moments MX 
and My at the central pOlnt It should be noted that the edge moment at the 
free edge (yaO) is ne~rly equal to zero. this indjc~tss the power of the 
proposed solutlon technique tor satlsfYlng the tree boundary conditions. The 
dota of the problem was taken from BOWLES tl11 (example 7-3 pags 222) as 
follows 

Modulus of elastiClty 
E • 2240873 kN/sqm 

- 228.49729 t/cm2 

Subgrode reaction 
k. - 23536 ~N/cum 

- 2.3999164 ~g/cm3 

Column load 
p - 890 kN 

- 90.751504 ton 

Poisson's ratio 
" ".15 

c"' 

;)Ox:lO 
.~~J' 
2Ch20 
U)",IO 

poi ot 1 I.?o.d 

I'O'I\t !ood 

JOxlO 
:l5~15 

H. 20.10 
IOxlD 

POInt IOftd 

point loot! 

JD"JO 
lh25 

My 201<0 
IO~11l 

po,nt _ oed 

~oJnt load 

~ 

O. ~4l0 
0.9414 
0.9428 
0.9436 
0.9443 

0.94'3 

n.4~1 
10.417 
21.344 
13 .132 
24.696 

2'.2-1:1 
1-17.:'03 

1.5.8.0 
17.1IJ 
18 393 
lQ.71'1 
l2.269 

20.5~4 
Z1)1.551 

4 <- " 
, 

0.93!'!7 0.92.32 
0.9358 0.9233 
0.93'D 0.9233 
D.9362 0.9233 
il '9365 o.nn 
1),~3?1 O.Ule 

9.'46 3.4'_ 
9.614 3.4~O 
7.463 ~.40' 
9.116 J.J4B 
9,14B ~.302 

&.o4~ '.8H 
Q.\ 814 1.0 O~2 

9.910 5,563 
IO.IM 5.600 
lP llG 5.616 
lU.20'l ~ :nn 
10.070 :L :)(j6 

11. 44~ 6.417 
112.245 6'.9JI 

6 

5 

y 

.-
--

-- - . 

.. --
- 1-' -
'. - -- . -. 

2 -- -. 

I I 2 4 

4 8 

O.90a~ 
0.9086 
0.9067 
0.9084 
0.9002 

a fI 
2.4ms 

- . -. ··l- . . 
.. -. 

.~ ~ * 
S It 

i.e m.!l 

'-r .. l: 

6 1 8 9 J 

~ ~ 

0.694" crt 
0.El9"_ em 
0.69)9 c'" 
0,8935 "'" o 6930 em 
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~"-
, i I j I j I J I j 

/l')fI\Bfc;ln~ SOURer 
.c .. t S I I 6 l ., 1 8 ! 9 

l\h30 a.n~~ 0.9HI 0.9130 O.9C07 D.8!l11 elll 
l'~:2~ o.n~7 0.11222 0.9130 O. ~OO6 ~.ellu em 

" ,0.1<] o.'t~!ie 0.9222 a.91JO 0.<)00:1 O.OIl~1 c"' ~MDM. 
HlxlO 0.11241 0.9224 O.9ll0 0.. 90D3 0.11062 0 .. 

rolnl 1<><><1 Q. 92~~ 0.9221 Q.HJO Q.9001 (UIIl!lO em 

point lo.d 0.9217 0.11211 Q.UlO O.1l9~7 0.80154 eM DOWU:S(111 

:)0.30 9. J!9 1.SO' 4.~'1 1.79:1 U;i I~'" 
I 

2~"25 9 .433 7.642 4.414 1.eO!! .m 
x.r 20"20 9.'36 1.691 " .~3~ I. 6)3 0.570 t." HLFD 

10><10 9.922 1.00il 4.~?S 1. el3 0.:)')2 t ... 
vtJlot lo.d 10.00& 7.920 '1516 1.03\ 0.!!73 t." 

pelot 10<<1 9.637 i.650 ~ nil 1.657 0.000 t ,", COWL£!! (111 
?~.~o, i~.lOIl 42. H9 liI.2'9 0.000 kH.ftI 

~hJO ~O.DO' ·~.on -0.011 I) 00' O.061

l
t .... 

,~)(~~ -0.00) -G.Ol! -0.012 0.007 0.062 t." 
1'1.,.. ZhlO ·(I.ca. -(1.0\(1 -0 III I a.GQ? J.!lbl t ... )lI..FtlI<\ 

10xi0 0.0,00 -0. coo -0.00,9 Q.aM 'l 060 t."" 
pnl~f l.t.A.Q <I.cO: -t/.(l02 -Q .000 a .00' ].059 ~.'" 

~{}lf\" 1(>42 c.ooe o (jOel o 0(10 Q .OM 0.000 t .. ~O"I.f.;!( III 
n.noe 0.001l Q.<OO U.OtlO a,ooo kH II 

EXkMFLE 2: ~ problem at rectangular raft toundation 9ubjected to 12 co\wnn 
loads shown in Fi~. ~ was analy2ed. The raft was divided into a mash of 
fictitious nodal lines in x direction at equal distance ( 6x-J.7 tt,21 nodal 
line~l. l~e dnalVsle was cArried out using fourteen e~en and odd tSrMS of 
the basic function. Ueing the proposed solution technique. 0 tina) equare 
m~trlx nuving a bond wldth equal to S ~tored in a rectangular matrlX wlth 
the dimension 21xS was solved. ~t fjrst. the problem WdQ oolved by 
con9iderln~ a patch column loAds (15x15 in) and secondly bv assuming a point 
column loads. The results of the momenta HX and MY at selected nodes on the 
n~daL linae 4. 8 and 11 wore prceent6~ 1n t~bl&8 3, ~ and 5. The re2~lta &re 
presented using the same unites and sign convention con9ider~d by ROWlES 
(+ sign of moment indicates tension at the upper surface or the raft). 
BOWLES considered the column lOA19 a9 point loadS and Qi~ided the rait into 
a mesh ot 21x15 nodes. AS a results. a final tully populated 9QUare matrix 
wlth the dimension 315x315 was eol~ed. Comparieon or the obtained results 
with those obtAin~d by BQW~ES shows a gnod agree~ent. The dat~ of the 
problem W(lS taken trom HOWLES(ll] (examp\e 7-2. page 2191 CIS follo\f9 

~ll cOlumn di~ension~ 
are 15x15 in 

ModutU9 of elasticity 
E: ~ 468000 Kef 

Subgrade reaction 
k_ .. 36 Kef 

Raft thick:'l695 
t .. 3.833 rt 

Poi:ll!lQn's rat.io 
...... 15 

Fig, 4 

y 
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Table 3. Bending MoMents Hx and 11y at nodal Iina No ~ 

Moment II" kip. rt/It M""",nt "y kip. Hilt 
Polnl O,.,llllIlCO 

y It patch lood point load point load 1\4tch load point load point lood 

I~ ~2 ~3, 633 '17.490 ~0.lD6 - 0.006 - 0.006 0.000 
14 H ~G.147 ~0.013 ~O, OJ] 10,119 t6.079 17.620 
13 36 39.951 33.613 34.042 34.071 34.017 33.790 
12 3) 35. ?6~ 29.630 ~0,OU9 ~5.6JI 45.'43 4'.290 
II 30 JJ.B24 :27,701 20.272 '1.617 '1.483 '1.160 
10 27 Jl,B~9 n.73B 10, ~~O 5 •. 400 '2.213 '1.670 

9 1~ 34.9'8 18.86) 30.140 49.999 <19.759 48.890 
6 21 35.~'1 n.467 31.160 47.93' ~7.664 ~'.9~0 

7 10 34.531 29.435 29.930 46.'15 4B.26B 47.150 
6 15 32.946 26.S)3 2B.730 49.646 49.448 49,000 , 12 31.346 16.1111 17 .890 46.021 47.969 47.640 
4 1 33.568 17 .• ~7 29.HO 41.786 41.600 41. ~30 
J 6 J6.853 30.72' 32.6~0 30.690 30.610 30.~10 

1 J ~2.0~9 ]5.§lOl 37.000 16.001 1'.9'2 1'.910 
I 0 ~8.441 42.179 ~6.700 0.000 - 0.001 0.000 

!iOUUCE III.J·011 loaWLr-7(111 IILI"IJM IJO ... L£91111 

Tdb I e 4 _ n~Pld tng HCl'lu~'nl3 .fix dnd My ~t rtodc.l 11 n~ tlo fi 

Moment 11" klr. (t/(L Momonl MY kl P. ttJ It 
POJnt Di9t.nce 

y rt patch load pOint IMd,polnt IMd pat~h IMd pOInt load pOInt lood 

I ~ 42 -f20 616 -1:26,260 -117,610 2.111 2.149 0.000 
14 39 - 76,764 - e3.43~ - 80.170 1~,849 16.~64 la.4~O 
lJ 30 - 44.62~ - ~9 .106 - 47.720 ~2 .161 52.~71 50,200 
12 J3 - 27,~O9 - 31.960 - 30 100 6", 137 64.230 63.010 
11 JO - 10.952 - 25,1'1,12 - JJ 010 60 .•• 0 60,214 67,7)0 
10 27 - ~J JJ9 - 27.020 - 26 050 63 !i2l 6J,~06 62.600 

9 21 - J5 777 - ~O. 213 - 37, 2JO 11.5~l 11 ,0~7 41,500 
8 21 - 19 460 - 54.297 - 57 HO 1.049 3.095 ~.410 
7 10 - J4 ,113 - 38,612 - 3~,520 39.H6 J9,3~5 42.no 
6 15 - 19 770 - H.258 - 22 270 59.2J2 ~9. 166 50,530 
5 11 - 15 005 - B 500 - 17 6 lO 62.J06 6.,V2 61. 900 
,I 9 - In. 120 - 22.6,'J - 20 1100 57 677 57 705 52,~IO 

J 6 - JO.2,0 - H.756 

I 
- 33.000 ~6 087 46.3'6 44.590 

2 J - 56.152 - 60.000 - 58.J20 15. 017 l5.~61 17.HO 
I 0 - SO .523 - 9).604 - 65 650 I .662 1,709 0,000 

SOURCE HlrOIl EO\O/lES( 111 HLFDM BOWlES (111 

Mo"'ent M~ kJr, !t/H Homent My kip. rtJft 
POInt OJ.lanee 

y CL potch I04d !101nt iOllod pOint lood potch 10.d point lood pOInt lood 

15 ~2 28.946 29.110 29 110 - 0.69' - 0.706 0,000 
11 39 21.430 21.~06 )9 010 19.096 19.JOJ 19.960 
\J 36 \~,902 1~.919 13.580 37.063 37, 40~ 36.910 
12 JJ 13.012 IJ.O'6 10.710 50.256 ~O. 650 50.100 
II JO 12,802 12.903 10.630 56.'5. 56,9"6 50.300 
10 Z7 11.93' 14,977 12.S0D 56.300 '6.664 ~'.700 

9 2-1 17,gJ~ 17.909 1~.030 ~1. 324 52.639 51,090 
8 21 19.7'3 19.BB lB. 110 49.360 49.6dO 47.220 
7 18 19.02) 19,077 16.9~0 ~0,419 '0.716 4~.230 
~ I~ 17 .O~I 1"7,077 14.77() 51.032 53,161 ~2.100 
5 12 15.010 l~ []J5 13 S60 52,lCI 52.527 52.040 
4 9 16,4~3 16.104 1~.JIlO 45.8~0 46,227 4~. 070 
J 6 19.1~0 19.481 17 ))0 3).657 )3.942 33.720 
2 3 24,535 14.70e 22.430 17.l19 17.468 17.ltO 
I 0 JI .46~ 31.614 31.730 - 0.547 - 0.556 0.000 

SOURCE NLrOK ~C.L!:s ( 11 I IILfDl1 OOIo"LES (Ill 
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CONCLUSION 

In thlS Investigation. an~lysis of rectangular plates with (ree boundary 
conditlons supported on elastlc toundotion WOS dchieved by USlng th& nod6l 
line finite dlfference method. A s~mple triqonometric basic function in the 
form of cosine serios was used to express the diSPlacement variation along 
the nOdal lines. The used basic {\lnctiol\ h~e the lI.dvantage ot uncoupled 
~Y~lem or the stotic equilibriu~ equ~tions. The basic function has the 
property to satisfy the free boundary conditjons with respect to Sh&4ring 
forc:es. hut rosulted :ir. bending forces <\t the ends of the noc1al lines. In 
order to sat)sfy tne free boundory condJtions with respect to the bendln9 
(orces at the ends of the nodal \1n~s. &dge moments ~qudl in magnit~de and 
OPPosIte In directlon to the resulted bending forces were applied. To 
determine the eftect9 of the applied edge moments, it would be easy to 
solve the homogenous port 0' the dlfterentiol equotion of the plote. ~ 
comparison of the obtained reBults yith those avoiloble from the finite 
difference solction of BOWELS shows a el0ge agreement. 

NOTATIONS 

w - transverse deflection. 

o - length of the nodal lines. 

L, 0 - djmensions of the plate. 

A~ - constant distance be~ween the nodol Ijn~9. 

E - modulus of elasticity. 

t • thickness of the plate. 

V D passion's rotio. 

B • flexural rl;ldity of the pl~te. 

~a ~ subqrode reoction of thA soil. 

r - nodal line parameters . 
.... It 

y~ - basic functlon. 

q - load IntenSIty. 
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