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Abstract: Method of solving problems of rectangular plates of variable stiffness using singularity functions is
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mesh or Spacing  size
Twisting Moments
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Dirac Delta Function
Doublet Function

Bending moment at x-axis

I INTRODUCTION

The working methods and manifestations of the use of singularity functions in the analysis of plates having constant
rigidity were presented[1] . Here, plates of variable stiffness for certain types of loading and boundary conditions is
presented to exemplify the technique of use of singularity functions. The study reveals that finite difference method
[2],[3],[4] becomes cumbersome and tedious for problems of Analysis of plates with variable stiffness unless the
singularity functions are used in the finite difference equations. In contrast, the need for a computer for even a simple
problem in the finite element method required[13] in general. The solutions obtained by the proposed method agrees
with the values obtained wholy by finite difference method.
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Il SINGULARITY FUNCTION
Dirac delta function and unit step function are discussed in [1]. The third function is doublet function.
Doublet function:
We now introduce the third singularity function, the doublet function, in order to express concentrated couples in terms
of a load distribution function.
The definition of doublet function is arrived by limiting process as in case of Dirac delta functions. A force is
considered over an interval delta such that the resultant of the distribution is force F = (€ /A). Adjoining this interval
delta an equal but opposite distribution of force is also considered as shown in the fig 1.
¢ x

|
A

¥ fig Ifa)

¥ .
fig 1(B)

The coordinate “a” is the position along the beam at the interface between the two intervals. The resultant force F for
each interval is at the centre of the interval so that the distribution for a couple equal to F then the doublet function 77 is
defined as

0 when x<a—-A;x>a+A
nx—a)= hm{+F/A when a—A<x<a
F-0\—=F/A when a<x<a+A

Thus, a loading distribution which gives a unit point couple at position (x=a) can be obtained with the condition
that in the limit, the product F becomes equal to unity.

Properties of doublet function:
1. Integration of a doublet function leads to delta function

f nx(t - a)de = [6(x — )]

N 0 when_wx <a-—A
2. [y t—a)dx =limy,o{F when «x=a
0 when x>a+A

3. Jy kn(t—a)dt =k &(x—a),k isaconstant.

111 WORKING METHOD
Plate equation for variable rigidity plate V* (DVZW) —(1—1))[L4 (D,W )} =q, [6],[8], [13] where L*is
differential operator
oD o'W, 0°D W , °D, o'W

L4(D’W): 2 A2
o o “oxdy oxdy | oy o
o* o
Where  D=D(x,y) & Vi=—+—
oy’

Here D =D(x,Y) is expressed in terms of singularity function and its derivatives are also obtained by taking

help of the properties of singularity function.
A certain plate problems of variable rigidity are solved using singularity functions to exemplify the new
direction of analysis of plates.
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PROBLEM-1
The plate having ends pq and rs are fixed & qr and ps are simply supported

o] & 10 .
q ;1 ; i, X
EREI CERR SRR A fixed
1. Jf ?r - end 6——ﬁm?
L tedant--11, — B
5"'1_'4}'"—?_"[2?_'5 . |
| | H sectn at a-a
p 6 & 10s 7%
fig 2(a) fig 2(b)

Consider the origin at p.

ISSN: 2319-8753

Flexural rigidity of the plate considered here, varies linearly along x and is constant along the direction of y.

Itis D, atx=0, D, atx=a, and D at any distance x, it is given by D =D(x)=(D, - D, )x/a

The plate equation is
V(D V'w)-(1-0) L' (D,w) =gq-—————————————————————— )

(D W)_(aZDj o'w) (oD |( &w ) (oD (aZDj
et ) Lay? oxoy )\ oxay ) L ay* | ox?

In this problem D is constant along Y, 2—5 =0

- (2
OX oy
Equation (1) transforms into VZ(D Vzw)—(l—u)(a D](a Wj =q

3 3 2 2
Or, DV*w+ 26_D a_v3v+_6 WZ +v —6[2) 8_\/2\/
ox | ox°  oOxoy oy OX

D =D(x) =Cx, @:C
OX

or, CxV‘w+2C [(63 w/ox®)+(&°w/ox oy? )] =q

) F2(Wisg jog Wiy jog tWiig jog +Wiig jug)

i jH i, i1,

or, %[ZOW”. —-8(W .. +W . +W

) +2(w,

i+,

+W . +W . +W —2(W,,; +2W, =W, )

142, i,j-2 i-2,j

+(W, |

i,j+2

+W.

i+, j+1 -

\Ni—l,j+1 - 2\Ni+1,j + 2\Ni—1,j+1 - \Ni+1,j—1 - vvi—l,j—l]
RHS = 3 5(x—a) 5(y—b)
Cc

Then, At nodal point 1:
The above equation becomes,

2h 2
F[ZOWl —16w, —8w, +8w, + 2w, +2W3)]+F(O) :%5(x— hy o(y-2h)—————————— (2)

At nodal point3’':  x=3h, y=2h
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%[22\% 16w, +W1]+h—23[4vv1 —aw, +w, —w,] :%5(x—a) S(y—b) 3
At nodal point 4: x=2h, y=h

%[20\% 16w, — 8w, +4w, +w,] :%5(x—2h) S(y—h)— 4

At nodal point 3:  x=h, y=2h

h[22w; + 4w, —16w, —8w, + 4w, —8w,] =ﬂ(5(x—a) s(y-b)——————————— (5)

At nodal point 2: x=h, y=3h ’

h[12w, —8w, + 2w, + 7w, —8w, +W, ] =%6(x—a) o(y-b)y-————————— (6)

Atnodal point2':  x=3h, y=h

3h[23w;, —8w, —8w, +2w, +4w, +W] = ﬂ5(x—a) s(y-b)y-————————- (7

Applying condition. ’

W, =W, =W, =W, =W, =W, =0
One can solve the above set of equations to obtain deflection

PROBLEM 2:
A non-prismatic plate pgrs with one of the parallel edges fixed and other simply supported is subjected to concentrated
load. Derive expressions to evaluate deflection and other elastic quantities.

Plate with ends pq and rs are fixed; qr and ps are simply supported.
v

N 10
P =R - k—a—,

! I | : KD K,D

RE I 5 KD Y% 4P .
At i e
8-ttt 18

r :J :? section at a-a
p 6 & I0s °°

fig 3(a) fig 3(b)

Consider the origin at p
Flexural rigidity of the plate considered here, has abrupt discontinuities as shown in section at a-a
The plate equation is V(D V*w)—(1-v)L' (D,W)=q—-———————————— 8)
2 2 2
L'(D,W)= g E)Dazvy -2 0 DDaZW +6 ?Dﬁzvy
ox* oy°  Oxdy Oxoy oyt X
Here in the given problem D is constant along y

Therefore,
Dy, . rDw=22 W
oY ox* oy

Equation 8 transforms in to

Dv4w+26D(a3w aawj D ow_

aNoew, _
oo oy ) ol oy

3 3 2 )

Let, A =DV'w AZ=28_D aV3V+ aWZ /g:uaD o’w

ox | ox axay axz ayz

First term A
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DV‘w=C [KU(X)— KU (x-1)+K,U(x-1) - KU (x-1, + KU (x-1) - KU (x-1)+ KU (x-1)
-KU(Xx-1)+KUx-)3) e 8(a)
Secondterm A,
oD (agw o w
2— +
ox | ox*  oxoy?
-K,0(x-L)+K,0(x-1)-K,6(x-1,)+ K,o(x-1)]+[(w,, , —2w,, . + 2w,

i+2, i+, [EW i—z,j)

ﬁ

b

] = 2C [K,5(x) - K,8(x-1) + K,8(x-1) - K,5(x—1,) + K,5(x 1))

+(w, W, 2W,,  +2W, W =W J71)] ————— 8(b)

Third term A,

0Se S =IO Kb L)+ KoL)~ Kx1)  Kop(x 1) = Kn(x-1)
+Kn(X=1L) - Kn(x=1,)+ Kap(x=L)w, ., —2w ;+w, ,J--—————————————————— 8(c)
Therefore A +A +A =q &(x—h) &(y—2h)

At nodal point 3: x=h, y=2h

First term A =C[K ][20w, —8(w, +W,)+2(2w,) +1w, +W,)] - ———————————— 8(d)

5(x) =1Singularity function at origin.

Second term

A, = 2C[K 1[5 (X) - K,8(x—1) + K,5(x~1) = K,5(x ~1,)

+K35(X _12) - Klg(x_]':)) + K45(X _]?) - K45(X _14) + K55(X _15)]

[(w, — 2w, + 2w, —w, + W, — W, — 2w, + 2w, + W, —W,)] = 2C[K, J[w, — 2w, + W] ————— 8(e)
Third term
A= CIK J[W, — 2w, +W,]——————— e 8(f)
A +A +A =CK[20w, —8(w, +W,) + 4w, + (W, + w,)]+ 2CK [w, —rw, —w, + 2w, ]+ CK [2w, —2w,]
= go(x-h)s(y-2h)= OC-x=hy=2n) - ————-——-"—--"—--"-"-"-""-""-"- 8(g)
For nodal point at 2: x=h, y=3h)
First term A, = C[K,J[20W, —8(W, +W, ) + 2W, + W, +W,]————————————————— 9(a)
Second term A, = 2C[K J[w, — 2w, +2W, —W, +W, —2W, +2W, +W, —W,] ————— 9(b)
Third term A =C[K J[w, 2w, +W,] - —————— 9(c)
=CK [21w, —8(w, +W,) + 2w, +W,]+2CK [w, —4w, —w, + W]+ CK [-2w, + W,] = q o(x—h) o(y —2h) - ————- 9(d)

For nodal pointat 2° x=3h, y=3h
Applying boundary conditions:

Firstterm A =C[K,1[20w, —8(W, +W,)+2(W, +W, +W, +W,) +W, + W, ] ———————— 10(a)
Second term A, = 2C[K, J[w, —2w, +2W, —W, +W, —W, —2W, +2W, +W, =W, ] ———————— 10(b)
Third term A; A =0[K,1[W, —2W, +W,]————————— e 10(c)

=CK,[21w, -8w, +2w, +w,]+2C K, [w, +4w, - 2w, -w,]+CK,[-2w, +W,]=q 6 (x-h) 6 (y-2h) - ————————————————

.'.A+A+A3=Ch|4<“

For nodal point at 5: x=2h, y=3h
Applying boundary conditions:

CK,
hZ

[21w, —8w, + 2w, +w,] +% [w, +4w, —2w, —w ]+ 2w, +w,]=q---———- 10(e)
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Firstterm A = 2CrEK ][ZOW —8(W, +W, +W,)+2(w, + W) +] - ———————— 11(a)
Second term A, = [K ][W —2W, +2W, —W, + W, —W, —2W, +2W, + W, — W, ] —————— 11(b)
Third term A, = C§3 [w,—2w, +w]- - —————— 11(c)
3 CK3
A+A+&— (20w, —8 (w, +w, +Ww ]+ 2[w, +Ww,]+ o 2w, +w] = q(x-h) (y-2h)-————————- 11(d)
Ch|4<3 [20w, —8 (W, +W, +W ]+ 2 [w, + W]+ —— 2C 4w, + Wa]UEZKS 2w, +w] = q-————————————- 11(e)

For nodal point 1. x=2h, y=2h
Applying boundary conditions

Firstterm A = Chlf3 [20w, —8(w, + W, +W, +W, )+ 2(W, + W, +W, +W,) + 2W, + 2w, ] 12(a)
Second term A, = 2CK_[(W, —2W, + W, —W,) +W, —W, —2W, + 2W, + W, —W,] ——————— 12(b)
Third term A, = 053 [w, —2w, +w,] ———————————————— 12(c)

A+A2+A§— 3[20w —16w, —8(w, +Ww,) +4w, +4W]+2i [+w, + 2w, - 2W]+ 3[2w -2w]=q 0 (x-h)o(y-2h)=0--—-

applying Wq =W, =W, =W, =W, =W, =W, =W, =0 one can solve the above set of equations.
PROBLEM 3:
A non-prismatic plate pgrs with one of the parallel edges fixed and other simply supported is subjected to concentrated

load. Derive expressions to evaluate deflection and other elastic quantities.
Plate with Ends pq and rs are fixed, qr and ps are simply supported, Tapered haunches as shown in section at a-a

48 10, >
7 g nd 1 E
R e 4 KD %
PO KD P
J>___+?__4i_-+i-—7T !
} } a
P S e
I L
p o IS I_JUS X sectn at a-a
fig 4(b)

fig #(a)

Consider origin at P:
Flexural rigidity varies as shown in section at a-a
(i) Up to length flexural rigidity is varying linearly along x, itis KD atx =0& K,Dat x=1 and at any distance x

where 0 <x<1,.

D=D(x)= K2D+WD(I1—X)

A
(ii) For length |2, Flexural rigidity = K,D
(iii) For length |3, Flexural rigidity is varying linearly along x , itis K,D at x=1, +1,
K,D atx=1+1,+1,
And at any distance x where (I, +1,)(l, +1,+1,)
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D-D)=K,D+&=K) o 1y

3

Taking origin at p

D, =DU(X)-DU(x-1)+DU(x-1)-DU(x-1,)+DU (x-L,)

Region AC

K,—K
D, =K, + oK) 5 o)

D(I, - x)

1
_ [K,DI, +K,DI, - K,DI, — K,Dx + K,Dx]
B I

1

D, =K,D +(K1I_—K2) Dx
1

K, —K
Let A=KD, B=—-—%, D,=[A-BXID

1

(K3_IK2)X _ K3I_K2 (I1+|2):|D

{Kz -—(K3I"K2) (+1)+ 5 X}D

D3:K2D+{

3

3 3
WhereC:Kz— (Ks_Ki) (Il_lz) ' E:(Ksl_Kz)
3 3

D, =[C+Ex] D

D, =[A-Bx]DU(x) -[A-Bx]DU (x-1)+ K ,DU(x-1))-K,DU(x-L,)+[C+EX]DU(x-1,)]

Flexural rigidity is constant along y direction.
The plate equation is

ie, V(DV'w)-(1-v)L'(D,w)=q-—————————

Where,
2 2 2 2 2 2
L“(D,w):a? a\zlv_ZaD 8W+612) alzD
ox* oy oXoy oxoy oy° oX

Here in the given problem D is constant along y,Q

Equation (13) transforms into
0°D o°'w

VZ(D VZW)—(l—v)— i

aXZ ayz

First term:
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DV*w=[A-Bx]DU(x) -[A-Bx]D U (x—+[C + EX]DU (x — (I, + Il)](a‘tW

Second term: ZaD(aW ow J

—_— +—
ox ox  oxoy

where D =[A—-Bx]D[U(x)-U(x—-1)]+K,DU(x-1)-U(x-1,)]+[C+EX]DU (x-1,)

oD,

2
+[C +EX]D 8(x~1,)+E DU(x~1,)
oD,

K,DI7(X)—n(x-1,)I+[E]D 6(x—-1,)+[E] D 6(x-1,)

20'w

=[A-BXID[5(X) - 5(x—1,)— B(D[U (X) ~U (x=1,) + K , D[ 5(x~1,) - S(x -1,

=[-BI D[6(x) - 6(x=1)]+ (A= Bx) (DL 7(x) —17(x—1,)] - BD[6(x) - 6 (x = 1,)] +

= -2 BD[5(X) - (X —1,)]+(A-Bx+K,) D[ 7(x)]+ (Bx— A)D n(x—1)— K,Dn(x—1)

o'w
+_

X2 ayz 8)/4

JI1)_K2DU(X_I2)

Secondterm:
D(dw  dw ) . . N
g[axsﬁuaxayz]—z[(A BX)]D[(x) - (x—1,)]-B(D[U (x) U (x =]+ K ,D[ 5(x—1,) = 5(x (I, +1,)]

HC+EXIDo(x—(I,-L)+EDUX-(, +1)I[w,_, , —2w,, ; +2w_ , —w,, ]

Third term:

0°Dx o°w
oxt oy’

-K,Dp(x=1, +1)I[w, .,

20D [63w o*w

_2Wi,j +\Ni,j—1]

axz y-'-ax ayzj:[z(A_Bh)D] [W3_2W1+2W7_W3]

+(W, —wW, — 2w, + 2w, +wW, ——w,)]-—————— - ————

For nodal point 3: x=h, y=2h
Applying boundary conditions:

DV*w=[A-Bh]D(20w, —8(2w, + W,) + 2(2W,) + W, + W, - ———————————

Second term:

. 20D( o®°w  O’w o’D o°w
D, V,w+ -+ = |+ =
o \ox oxoy ox™ oy

Third term:
Adding all the three terms we obtain.

0’'D o*w

VWW =

[A—Bh]D (20w, —8(2w, + W, ) + 4w, +w, +w, +[2(A—Bh) D (w, —2w,)
-W, + 2w, —2w,)]+v[-2BD + (A—-Bh+K,)D] [2w, —2w,]

= po(h—1,) §(y—2h) = ————— e

o(h—1)is neglected when h—1, is -ve
o(y—2h) is zero when y-2h =0
In the above problemas h<l ,h—1 is—ve

Copyright to IJIRSET Www.ijirset.com
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Right hand term po(h-1) 6(y-2h)=0————————--————————— 13(f)
Equation 13(e) transforms in to
[A—-Bh]D (21w, —16w, —8w, +4w, +w, +W,) +[2(A—Bh) D (w, — 4w, —w,)
+2w,)]+v [-2BD+(A-Bh+K,)D][2w, - 2w,] =0 - ——————————————— 14
For nodal point 2: x=h, y=3h
Applying boundary conditions
First term:
DV‘w=[A-Bh] D[(20w, —8(w, +W,) +2(W,) + W, + W,] —————————————— 14(a)
Second term:
20D( °'w  o’w
_ + —_—
ox ( ox*  oxoy?
Third term:
For any value of x, 5(x) =1 7(x) =1
Adding all the three terms:
0°D o°w
14
aXZ ayz

J=2[(A— Bh)D - BD][w, — 2w, +2W, — W, +W, =W, — 2W, + 2W, + W, —W, ] - ——-14(b)

=v[-2BD+(A-Bh+K,) D][w, - 2w, +w,] - —————————————— 14(c)

[A-Bh[D](21w, +w, + 2w, —8w, —8w,) —2[(A—Hb — B) D](w, — 4w, + W, +W, =W, +W, —W, =W, )]
+v[(-2B+ A-Bh+K,)D] [w, —2w, +w,]=Ps(x-1) o(y-2h)————————— 14(d)

For x=hand y=2h

o(x=1)=5(y-2h)=0

R.H.S of equation 14(d) =0

For nodal point5: x=2h, y=3h

Applying boundary conditions:

First term:

DV‘w=[A-2h8] D —[(A—2hB)D + K,D] [20w, —8(W, +W, +W,) + 2(W, + W,) +0] - —————————— 14(e)
Second term:

(asw o'w

+
ox*  oxoy’
Third term:
0°D o*w
v? W =v[-2BD [0]+(A-Bx+K,) D (Bx—A)D][-2w, +W,] - ————— 14(g)
X

]: 2[K,D 1[w, — 2w, + 2w, —W, ]+ W, —W, —2W, + 2W, + W, —W,] ————— 14(f)

On adding the above terms:

K,D [20w, —8(w, +w, +W,) + 2(w, +Ww,)]+wWK,D [4w, — 4w, +w, —w,]
+v [+K,D][-2w, + w,] = PS(x—1,) 5(y—2h)

For x=2h, y=3h

o(x-1)=06(y-2h)=1

K,D [20w, —8(w, +W, +W,) + 2(w, + W,)]+ 2K, D [4w, +w;, —w,]
+v [+K,D][-2w, +w] = P

For nodal point 2: x=3h, y=3h

First term:

DV*w =[C + Ex] D [20w, —8(W, +W,) + 2W, + W, + W, ]

Second term:
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+
ox | ox®  oxoy?
Third term:

0’D o’w
V__
6)(2 8y2
Adding all the three terms:
C+E(3h) D[21w, +w, + 2w, —8w, —8w,]+ (C + E3h+E) D [w, + 4w, —w, — 2w, + 2w, — W]
-vK,D [-2w, +w,] =Ps(x-1) s (y-2h)—————————— 14(h)

3 3
ZQ(GW o’w j:[(C+Ex)D+ED][W2—2w6+2w5—w2]+(w5_w6_2W1+2W7+W5_W8)]

=v[-K,D][w, —2w, +w,]

When x=3h, y = 3h

o(x-1)o(y—-2h)=1

Equation 14(h) reduces to

C +3Eh) D [21w, +w, + 2w, —8w, —8w,]+ (C +3Eh+ E) D [w, + 4w, —w, — 2w, + 2w, — W]

-vK,D[-2w, +w,] =P

For nodal point3: x=3h, y=2h

Applying boundary condition:

First term:

DV*w=[C + E(3h)] D [20w, —8(W, + W, + W, ) + 2(W, +W, +W, +W,)]

Second term:

2[(C+E(3h) D+ ED][w, —2w, +2w, —W, +W, —W, —2W, +2W, +W, —W, ]

Third term:
v%zy—\iv =v[-K,D][w, —2w, +w, ]

Adding the above three terms:

[(C+3Eh) D [21w, —8(w, + 2w,) + 4w, + W, + W, ]+ 2[(C + 3Eh)D + ED]
[w, — 4w, + 4w, —w, +w, — 2w, ]+v [-K,D][w, —w, +w,] = PS(x—-1) 6 (y—2h) =0

As,x=3h, y=2h

For nodal point 1: x=2h, y=2h

First term:

DV‘w=[K,D][20w, —8(2w, + W, +W,) +2(2w, + 2w, )+] - ————————————— 15(a)

Second term:

20D( o*'w  o'w
W[WJr—ax Y } = 2[K,D][W, — 2w, + 2W, + W, + W, — 2W, + 2W, + W, =W, )+]—————— 15(b)
Third term:
2 2
VZX—?;—!VWHA—BH K,)D(Bx— A)D][w, — 2w, +W,]——————————— 13(c)

Adding the above three terms:
K,D [20w, —16w, —8w, —8w, + 4w, +4w,) + 2K, D[2w, — 4w, + 2w, + 2w, — 2w, ]+ v [K,D] [2w, —2w,]
= Po(x-l)o(y-2h)=0-———----------——— 16(a)

As, x=h,y=2h
Or,
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K,D [20w, —16w, —8w, —8w, + 4w, +4w,)
+2K,D[2w, — 4w, + 2w, + 2w, —2w,]+v K,D[2w, —2w,] = 0
Problem 4:

ISSN: 2319-8753

A non-prismatic plate pgrs with one of the parallel edges fixed and other simply supported is subjected to concentrated

load. Derive expressions to evaluate deflection and other elastic quantities

Plate with, ends pq and rs are fixed, gr and ps are simply supported, parabolic varying haunch as shown in the section

at a-a
.LI -
q—+—3—A40— =2
of -2 R w3 1 3
oy
Plorbodddy,
PR
E‘ 2 EZ’ sectn at a-a

fig 5(a) fig 5(B)

Consider the origin at p:
Flexural rigidity varies as shown in section a-a

DX:M x—t] LK Ip
L2 2) 4K -K))

4(K1_Kz) B= L2K2
L , 4(K1 - Kz)
D, = A[(x-L)* +B] D[U(x)-U (x~L)]
Flexural rigidity is constant along y direction. After rearranging the terms in the plate equation we obtain
3 3 2 2
DXV4W+26—D a_W+a—W Va_D a_W: ________________ (]_)
ox | ox®  oxoy? ox:  oy?

First term in LHS of (1):

D, V*w= A[(x~L)’ + B] D [LJ(x)—U(x—Ll)]B;—%z

L=t

Let, A=
2

o'w a_w}
aX28y2 ayél
Second term in LHS of (1):

oD(o*w  w
§[¥+WJ _2[A[2(x~ L)ID[U(X)~U (x- L]+
Al(x=L,)* +BID[6(X) = (X = L) [W,, ; —=2wW,, ; +2W,, ; —W,, ; +
W|+1, i W|71‘ 1 2WI+1,J + 2\N|—1,j + \NHL ja W|71, jfl)]

Third term in LHS of (1):

For nodal point 3: x=h, y=2h

o0°D o'w
o o Y [2AD [U(x)-U (x=L)ID[5(x) - 5(x - L,)]

FAI(x-L)ID[S() ~ (X ~ )]+ Alx— L) +BID[7(x~L)] [W, , 2w, +w,,,]

v

Applying boundary conditions, we obtain
Adding the above three terms
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[A[(h—L,)* +B] D[20w, —16W, —8w, —8W, + 2w, + 2W, + W, + 2w, ]
+2[A[2(h—L)]1D+ A[(h—L)*+B] [-2w, + 2w, ]
+v[2AD+4A(h—L)D+A[(h-L)* +B]D] [2w, —2w,]
=po(x-)o(y-h)-——————"—-———-"—-—-"--"—-- - ——— 1(a)
Where x=h, y=2h

R.H.S of equation 1(a)=0
For nodal point 5: x=2h, y=3h

[A[(2h—L)? + B] D[20w, 16w, — 8w, — 8w, + 4w,] x hi

+27 [2AD+4AD (20~ L)+ Al(2h - L)’ + B] D] [-2w, +w]

=ps(x-L) o(y-2h)
or,

[A[(2h—L,)* + B] D[20w, —16W, —8w, —8w, + 4w, ] x %

+%[2AD+4AD(2h—L1)+A[(2h—I_l)+ BID] [-2w, +w,] = P
As, 6(x—1) d(y-2h) =1

For nodal point 2: x=h, y=3h

[A[(h—L,) +B] D[20W, —8(w, +W,) +W, +2w,] x hi

+[2A[2(h—L,)D+ A[(h-L,)* + B] D] [-4w, +w,] +#[2AD +4AD(h-L,)+ A(h—L,)* + B]D for nodal point 1: x = 2h,
[-2w, +w,)=po(x—-1) 6(y—2h)=0

y=2h

[A[(2h—L,)* + B] D[20w, —16w, —16w, +8w,] x i+#[2AD(1+ 4h-2L)

h4
+2—i\(2h— L) 12w, —2w,]= pS(x—1,) (y—-2h)=0
At different nodal points, equations are obtained which are solved to evaluate deflection.

Solution by singularity method for a particular data namely:
Data used for problem 6 with numerical values

A =0.4375 B=228
h=2m D =6x10" Nm
L, =4m t_.=0.150m
t =0.300m

ends
Substituting the numerical data
From equation 1:
-w, —1.267w, +1.59w, +0.35w, = 0-———————————————————— 1(a)

From equation 2:
w, +3.17w, —0.79w, —2.79w, = -0.0026——————————————————— 2(a)
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From equation 3:

W, +6.34w, —2.30w, —4w, =0 3(a)
From equation 4:
w, +0.64w, -1.28w,-068w, = 0 -~ ———————————————————————— 4(a)
Solving equations 1(a), 2(a), 3(a), 4(a) we obtain
w, = —-0.0015m w,=-0.005m w, =-0.0052m & w,=-0.002m

IV DISCUSSION

Certain discussions included in [1]. The pure finite difference approach [2] ,[3] becomes difficult and not

trackable when multiple concentrated loads are present or when number of mathematical discontinuities occur due to
loading or geometry or stiffness ( E / | variations).
The finite element analysis of plate appears to be the best possible approach to any types of problems of plates [12]
[13], in general, but the method requires use of computers and computer time for plate analysis and many times
software is not available to the structural designers. Hence cannot get solution certain problems. Also method implies
through the knowledge of the method and computer applications including minimum requirement in computer
configuration. The proposed method in contrast in ammenable to both computer or both manual calculations. Hence, a
boon to a practical designer. In general. Also a closed form solution using Fourier Transform for the basic Partial
Differential Equation of rectangular plates of constant stiffness containing singularity functions ( where the loarding
function q is expressed using singularity functions)[14], [15] can be obtained. For plate problems of variable stiffness
the application of Fourier Transform becomes difficult not trackable many times.

V CONCLUSION

The use of singularity function in the analysis of variable stiffness plates not only become superior but also easy to
apply and get solution with or without the use of computers. The variation of flexural rigidity D and load variation on
the plate g can be handled with ease using singularity functions. It is not essential to have one to one correspondence
between the load at nodal point deflection, as in finite difference and finite element approaches. That is, load point and
nodal point can be different if singularity functions are used in finite difference method.The application of singularity
functions to the analysis of plates is a contribution of mathematics, in the sense, it may portray a new dimension to the
potentiality and application of singularity functions. Different types of loads on the plate can be analysed without help
of principle of superposition or equivalent representation method, in general.
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