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A static analysis of Kirchhoff plates rested on #iastic internal supports has
been discussed in the paper. The Finite Strip Metwod Boundary Element Method
have been used as an engineering tool in the amafgitable fundamental solutions are
applied in these method. Using BEM modified apphpdhbere is no need to introduce
the Kirchhoff forces at the plate corner and edeivbshear forces at the plate boundary.
Two unknown and independent variables are considaréhe boundary element node.
The collocation points are located slightly outsible plate boundary, hence the quasi-
diagonal integrals of fundamental functions aren-simgular. The constant type of
boundary element has been used. According to tiite §trip method a continuous struc-
ture is divided into a set of identical elementaiy supported on opposite edges. The
unknowns are the deflections and the transvergee simplitudes along the nodal lines.
The difference equation formulation is applied kpress the equilibrium conditions of
the discrete system. This reduces the number atde@f freedom to be analyzed. The
solution of one equilibrium difference equationlgiethe fundamental function of the
considered plate strip. The fundamental solutiaivdd in this way, can be used to solve
the static problem of finite plate in analogicadly in the boundary element method for
continuous systems.
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1. INTRODUCTION

Plates rested on internal elastic supports are afsed in building struc-
tures. The Finite Strip Method (FSM) and Boundatgntent Method (BEM)
were created as completely independent numericd$ to solve engineering
problems [1], [2]. These methods are the altereatiiay to the most popular
Finite Element Method. The application of FSM anBMB does not require
many degrees of freedom and all domain discretimaliut the boundary of a
considered structure only (BEM). BEM reduces theagotational dimension by
one. The selection of the BEM for the analysistofictures requires searching
and applying of some types of functions called aamdntal functions or funda-
mental solutions. The fundamental solution dessribédehavior of an infinite
structure in the sense of generalized displacenzemtgorces caused by specific
type of external loading. The BEM is often usedhia theory of both thin and
thick plates and is particularly suitable for thelysis of the plates of arbitrary
shapes resting on internal supports. The analysidate bending using BEM
was introduced by Bezine [3] and Stern [4] for Kinoff plate theory and by
Vander Weeén [5] for the thick plate theory. Ok@gnand Sygulski [6] used
fundamental solution of Reissner plate propose@ayowicz [7]. Some authors
present a modified approach to thin plate analy&lszafrany, Debbih and
Fadhil [8] assumed a non-zero distribution of streser the plate thickness.
Guminiak [9], [10], Guminiak, Okupniak and Sygul$kil] assumed a physical
boundary condition also discussed in this paperdéllog of the plate bending
problem with internal plate supports requires a ification of the governing
boundary integral equation. There are two methadswk from literature,
which usually take the internal supports into cdasation. The most popular
approach was proposed by Bézine [12] in which.fthees at the internal sup-
ports are treated as unknown variables. This teciknis also used by de Paiva
and Venturini [13], [14], Hartmann and Zotemantd] Abdel-Akher and Hart-
ley [16] and Gumniak and Sygulski [17]. Xiao [18pbposed BEM for the static
analysis of Reissner plates resting on an intezlaatic support of Winkler-type
and elastic half-space. The second approach wasged by Rashed [19] in the
application of a coupled BEM-flexibility force meatth in the bending analysis
of plates with internal supports.

2. BEM MODIFIED APPROACH

This paper includes a modified BEM formulation tbe bending analysis
of plates, in which three geometric and three ctadriables at the plate bound-
ary are considered. In this approach there is ead e introduce the equivalent
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shear forces at the boundary and concentratedsfatcthe plate corners. Inter-
nal elastic support was introduced using Bézinkrtegies.

2.1. Integral formulation of thin plate bending

On the plate boundary three static variables arssidered: the shear
force T,, the bending momer¥,,, the torsion momenM ., and three geomet-
ric variables: the deflectiow, the angle of rotation in normal directigh and
the angle of rotation in the tangent directigp. Only two of them are inde-
pendent. The boundary integral equation is deriwgidg the Bettie theorem.

Two plates are considered: the infinite plate, sabjo unit concentrated load-
ing and the real one (Fig. 1).

The first group of the forces (infinite plate)
X1

X3

¢S* -rotation angle

in s direction N y / moment
@, -rotation angle Tn -shear force /
inn dlrectlon

Fig. 1a. Variables present in the boundary integgalation: infinite plate

The second group of the forces (real plate)

X1 Mp-bending moment

w -deflection

X2 Qo -elastic support M
X3 reaction ,
__9__9___ j A

@s-rotation angle

‘ /
in s direction \N (fi y 7
~

A
/M5 -torsional

/ moment
/
n w -—Ll__ - n
@, -rotation angl st g
in ndirection ~ ~©'astic suppor n -shear force
deflection

X =X (X1, Xp) — the source point
Yy =V (X, X2) — the field point

Fig. 1b. Variables present in the boundary integealation: real plate
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As a result, the boundary integral equation takesdarm of

c0) W) + [ T (0 T ) = My, ) 8,00~ My ) ) | Od ()=
= [[Toy) W (v:) = M, () B, (7, %)= M) 1 () | Lo () + 2.1)

r

+{ ply) W (y,) Q) ~ [ g (y) DMy, ) O, (),

where the fundamental solution of biharmonic eaqumati
D“w:%@'(y—x), (2.2)

is given as

2

« 1r
X)=—=——Inr, 2.3
W (y.x)= oo (2.3)
for a thin isotropic platey = |y - x|, o is Dirac delta and

E h?

T12 @L-v?)’ (2.4)

is the plate stiffness is the plate thickness,is the Poisson’s ratid, denotes
the plate boundary? denotes the loading area affddenotes the elastic sup-
port area. The coefficiert(X) is assumed as

c(x)=1, whenxis located inside the plate region,
¢(x) = 05, whenx is located on the smooth boundary,
c(x)=0, whenxislocated outside the plate region.
The second equation can be derived by substitutfriipe unit concen-
trated forceP” =1 by the unit concentrated momel, = . lilis equivalent to

differentiate the first boundary integral equati@il) onn direction in pointx
on the plate boundary.

) 1,0+ [| To(y:) By) ~ Moy ) 2, ()~ Mty 30, 0) | ()=
= [[ 100 W 6.0~ M,0) B, 0.0~ M) 8,6 | 2 )+ 2.5)

+[ ply) v (y, x) [HQ(y) - [ g y) Dwy, x) O, (y),
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where

{ T (yx). My (y ), My ) Wiy %) 6,y x) By %)} =

On(zx){Tn* (v.x), My (y.x), Mooy X) . W(y x) . 8,(y x) .4y x)} (2.6)

In the equations (2.1) and (2.5) the additionat gascribing the behavior
of the elastic support is included, (y) W (y,x) @Q, (y).
Q

r

2.2. Boundary conditions
In the calculations various kinds of plate edgesevomnsidered.

2.2.1. Clamped boundary
The boundary conditions are formulated as follows:

w=0
¢, =0
$s=0
M _.=0

ns —

(2.7)

The unknown variables are: the bending moméntand the shear force
T

n-

2.2.2. Simply supported boundary
The boundary conditions are formulated as follows:
w=0
$s=0
M,=0"
M,=0
The unknown values are: the shear fofgeand the angle of rotation in
directionn, ¢, .

(2.8)

2.2.3. Free boundary
The boundary conditions are formulated as follows:
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T.=0

n

M, =0. (2.9)
M.,=0
The unknown variables are: the deflectisnand the angles of rotation
¢,, 9. Because the relation betwegnpand w is known, ¢ =Z—VSV, there are
only two independent valuesw and ¢@,. After discretization of the plate
boundary into constant elements having the sangiheparamete%v(y) can

be calculated approximately by constructing a déifice expression using the
deflections of the three neighboring nodes (Fig. 2)

¢

Wi+ 1
L |
| I I ~ ! S
L d d L d |
7 1 !
Fig. 2. Calculation of angle of rotation in the tangdirection
o0 =2 (., -w.), (2.10)
s 2d i+1 -1
i 1( 3 1
¢S 1) :E(__Wi—l +2w; _Ewnlj' (2.11)
i+1) — 11 3
g _E(EWH - 2w, +§V\/i+lj. (2.12)

The expressions (3.5) and (3.6) are needed fandbes located on the left and
right end of the free boundary.
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2.3. Discrete models of internal elastic support: Winkler-type and

elastic half-space

Discrete models of elastic support have been censiti Winkler-type
and elastic half-space. Deformation equation oftalafoundations (support)
has the form (Fig. 3a.)

w, (P) = Ja, (Q) g, (P.Q)EQ . (2.13)

Q

where q, is the foundation reactiorp,, is the loaded area ang} (P,Q) is the
flexibility functions of the foundations.

X
F—f
n-1
(o] @] o (o]
n
P\ o o o
yvayI TNl | o | %

Fig. 3a. Construction of a foundation flexibility tria

For Winkler-type foundation the flexibility functiois

-1

9.(P.Q)=1 a(P.Q). (2.14)

where 5(P,Q) is Dirac delta and is foundation stiffness.
For elastic half-space foundation, the flexibifityjmction has the form of

_1-vi
9. (P.Q)= E, 9}—Cr B} (2.15)

where E, is the elastic modulus ang, is the Poisson'’s ratio of the foundation.
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Fig. 3b. The calculation of the elements of mabifor elastic half-space

After discretization, the Winkler-type of the elastoundation can be de-
scribed by constructing a diagonal flexibility matrwith coefficients:
(J/k)[axay. For elastic half-space type of the foundatioe, deformation func-

tion has the form (Fig. 3b.) of
M 1
W, = Cr |]Z:qr,m DJ. o mQQ . (217)
m=1 Qrm n,Q
In the matrix notation
w=C, (DI, . (2.18)

where C, [D is the flexibility matrix of the elastic foundatio For the type

of elastic half-space, the matrx is fully-populated.
The elastic support reaction vector can be caledlasing equation (4.5)
and has the form

q, =K v, (2.19)

where K =(1/C, )D™. Vector g, must be included in the boundary integral
equations (2.1) and (2.5).

2.4. Construction of a set of algebraic equations

The plate is rested on the internal column suppamts subjected by uni-
formly distributed loadingp acting on the surface (Fig. 4a and 4b).
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§

Fig. 4b. Construction of a set of algebraic equatioight-hand-side vector

The elements of characteristic matris, , E,, G, and E, contain in-
tegrals of suitable fundamental functions dependimghe type of the boundary.
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These integrals are calculated in a local coordisgstemn , 5 and then trans-

formed to coordinate system,S, . The quasi-diagonal elements of the charac-
teristic matrix were calculated analytically ance trest of them numerically
using a 12-point Gauss quadrature. The elementgtithand-side vector,

and F. were calculated according to [20]. Vectdr contains boundary un-

known variables dependent on suitable boundary itond and vectorw,

contains displacements of the internal supports.
The set of algebraic equations can be written énfdinm

Gy G (X _[F
Ea s =

2.5. Calculation of the displacement on a plate surface

The solution of the set of algebraic equationsvedid to find suitable
boundary variables, displacements and reactioriat@inal collocation points
(internal elastic supports). Based on the samedanyrintegral equation (2.1) it
is possible to calculate the displacement in aitrary point of a plate surface
(the collocation point is located inside the plaggion, c(x)=l). The dis-

placement in an arbitrary point of a plate reg®given by the equation

W=W&)+W(Wr)+w(p), (2.21)

or

w=wX)+wa, )+w(p). (2.22)

Directly, from the boundary integral equation (2tliy possible to obtain

w(x) = =[[ T, (y. ) T = M, (Y. ) B, (y) ~ Moy ) )] O )+

T

MO 60 MO B0 MOBHOJE

+ ply) TW (y,) TQ(y) = [ g (y) D (y, x) O, (y),

and after discretization of the plate boundary iatéinite number of constant
type boundary elements
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le le le
W(Xl' XZ):_kZWq -LEDd_k+kZ¢nI:I l\/FnDd_k+kZ¢s[I NFnst- k+

+'anqmFEurk—'ze MnEng)EEu'k—ZM: g(y) V{;(X,y)mogi o we, (2.24)

wherele is the number of boundary element,is the number of the internal
collocation points (supports) afglis the number of uniformly distributed load-
ings acting on the plate surface.

2.6. Calculation of the bending moments on a plate surface
Calculating of the bending moment in an arbitraojnp of a plate is done

approximately by constructing difference expressiging a deflection of five
points (Fig. 5.):

Fig. 5. Construction of difference expression

Nw Nw
M, =-D| —+v,— |, 2.25
* [Axf P Afo (2.25)
and
N*w N*w
M, =—D[—2+vp —Zj (2.26)
AX; AX;

where
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Nw W, — 2w, + W,
AXY (Axl )2

, (2.27)
and

DWW, — 2w, + W
X; (%, )?

(2.28)

3. DIFFERENCE EQUATION FORMULATION IN THE FINITE
STRIPMETHOD

The concept of using of the finite strip method@ld§SM) for solving
the static problem of an infinite plate strip ragton the internal elastic support
has been presented. According to the FEM procedupdate strip of the width
L is divided into a set of finite strips [21]. Thegular mesh of identical finite
strips of widthb and length_ approximates the continuous body (see Fig. 6).

if:

Fig. 6. The infinite plate strip discretization

The field of loading and displacement functionsdararbitrary strip, is ex-
pressed in the combined form of harmonic seriesiesion

w' (x,y)= %N [ sinﬂl_y , (3.1)

where: N =[N1 N, N, N4]T is the shape functions vector:

3, 2% oo 2xt X 3 2x® x?  x°

Tpr TR T b2
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an =[wi,n B Wi, qoj,n]T is the vector of displacement amplitudesrigh
harmonic (see Fig. 7).

A

Lh

Fig. 7. The finite strip element

Displacements at theth nodal line are calculated in the form of thensaf
amplitudes obtained for an arbitrarth element of the harmonic series
W = Z\Ni,nSinﬂLy'
”:1 (3.2)

@=>qg,sino.
n=1 L

3.1. Stiffness matrix
The finite strip stiffness matrix for the four-degrof-freedom strip ele-
ment takes the form [22] of

K,=(a,+a, K, +a,K, +a,K,+a,K,, (3.3)
where
4. = 3aLbD, LD,  a?LD, _ailD,

n
L]

— . a, = a, =
b? * 3 4 30b

k _nr

a,=—, a, :
42( L

The flexural stiffnesses for an orthotropic plate:a
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E,h® _V(Dx"'Dy) _Dy+D,

E.h®
D — X , -
x ! 2 A )

120-07)

" 120-v2)

For the isotropic platé€, = E, = E, that means

Eh’ 2D

D=D,=D, = ,D,=vD, D, = , Eis the Young's modulus,
SRR (Tt M ) ’

v is the Poisson's ratity, is the plate thicknesg;is the stiffness parameter of
the Winkler-type foundationkK; are number matrices:

156 22 54 -1 6 3B -6 D
K = 22  4b? 1D -3D? |3 20? -3 b’
1" 54 1% 156 -2| 2 |-6 -3b 6 -3
-1 -3p%? -2 4b? b b2 -3 2b?
36 1% -36 b 36 3b -36 D
18 4b? -3 -b? b  4b? -3 -b?
K,= K, = .
-36 -3b 36 -3

-36 -3 36 -1&
D -b® -18 4b° 3B -b® -3 4b°

3.2. The equilibrium conditions

The equilibrium equations are derived applying thaite element
methodology. Assembling two adjacent elemdhendR+1 (see Fig. 8.) yields
the equilibrium conditions at nodal limdor force’s amplitudes of any harmonic

n element

Tr r-— +Tr r+ :Pr
{ e (3.4)

rnr,r—l + mr,r+l = rnr

The equilibrium expression can be written for tlegular system in the form
of difference equations [23] equivalent to the FEdtrix formulation

(

BE+ ) w -B(E-E) g =8P

{ﬂs(E —EY)w+(Br+8)g=8m (3.5)
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where A2 =p’ =(E+E™-2) is the second-order difference operator
(82f, =(E+E*-2)f, = f,,,+f,_,—2f), E"=E" is the shifting operator
(E"f, =f,,,) [38], P and m, are the forces and moments acting at the nodal
liner (with y, andy,, co-ordinates respectively)

B, = sin(miyp J B = sin(%} :

B; are functions of geometrical and physical platepeters.

Fig. 8. The forces acting at nodal line

After the elimination ofg in equation (3.5) it is possible to obtain a one
fourth-order difference equation with one discrat@&nown w,

B2 +B,02 +B,| w, =8, [B.02 + B, ]P + BB, [E-E ). (36)
where
Bo =BoBs: B, =4B,85+ BoBs+ BB By = BofBs + B
B, :42da'1 +ak), B = 6(9a1 -a,-6a,-6a, +9ak),
B, =b{120, - 3a, - 3a, -3a, +13a, ), B, =b*(-3a, +a, -a, -a, -3a,),

B, = 2b(ba, +3ba, +3ba, +ba,), B; =b(13a, -3a, -3a, -3a, +13a, ).
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The set of a infinite number of equations formulidby FSM is replaced by one
equation (3.6), which can be solved analytically.

3.3. The fundamental solution
The fundamental functions of, are found for the load?, =P, J,,,

m, =0 (J,, is Kronecker’s delta) from a difference equation
[B4A4 +B,A” + Bo] w, =4, [,BsA2 + ,54] P. (3.7)

For the regular mesh of the infinite plate strip applied the discrete Fourier
transform inx-direction

rlit]l=ta)=3 f e,

r=—c

(3.8)
1| ¥ — _i” ) —ira
a [f(a)]— f = 271_-[ f(a)e™da.
It gives the nodal displacement amplitude expressio
W __J- Slcos(a +S )cos(ra) da, (3.9)

cos’(a)+B, coda)+C,

where

B, =(B, -48B,)/(2B,), C,, =(4B, -28, +B,)/(48,),

S, =B:8,/(2B,). S, =(B, -28,)B,/(4B,).

Finally, the fundamental function (3.9) may be egsed in the form of the
following recurrent relation

w, =~ [s, F,()+s, ()] (3.10)

where

SR VS,
+L(r _3j2f—5 (r —3)—%(r ;4j2"7 [C(r -5)+...

2 1
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F(r)=2" EC(r)—(;jZ"S c(r-2)+
+L(r _3j2f—5 c(r —4)—%(r ;4J2f‘7 (r -6)+...

20 1

The integrals

7 cos'(a)
Cln)= { cos’ (a)+B,, coda)+ Cmda ’ (3.11)

can be easy solved in an analytical way. The foan8l10) expresses the de-
flection amplitude along the nodal limefor an arbitraryn-th element of har-
monic series in a closed analytical form. From ¢lgeilibrium equations (3.5)
we obtain the following relations for the transwestope amplitudes

91:_@+ﬁwl_2ﬂl_ﬂowo’
25, b 25,
(3.12)
6 _Mgr _0r—l _&(Wrﬂ_wr—l)'

A} 22

The functions of displacements at the nodal lirege in the form of the
sums

wr.y)=Yw, (m)sin ™,

n=1

(3.13)

whereN is the number of harmonic elementg,(n) and 8, (n) are the ampli-
tudes obtained from (3.10) and (3.12), respectively

The fundamental functions (3.13) for the infiniteis allows to solve the
static problem of the square plate according tdridzect BEM.

4. NUMERICAL EXAMPLES

The square plates rested on the internal elasgipastihave been consid-
ered. Two types of elastic foundation have beersidaned: the Winkler-type
and elastic half-space type. For the Winkler-typdoondation, unilateral type
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of support (BEM approach) has also been considexbith is treated itera-
tively: points with negative reactions after thereat step are eliminated in the
following step. The BEM results are compared with ESM ones and they are
also verified using [18], [24], [25], [26]. To sidify, the designations accepted:
X =xandx,=y.

4.1. A square plate with all ssmply-supported edges resting on the
bilateral Winkler-type foundation subject to the uniformly dis-
tributed loading

4

y

Fig. 6. A square plate resting on a Winkler-typelaktic support
subject to the uniformly distributed loadipg

Plate and elastic support properties:

a=6.0 mh,=0.3 cmE, = 30 GPay, = 0.16,¢ = 5/d =0.001,
k = 50 N/cnd, loading:p = 300 kN/m.

Number of boundary elements: 120,

number of internal collocation points: 100 (1), 400.

Table 1. Deflection at the plate central point A

W max [m]
Type _
of foundation Bilateral
MEB — () 6.37156 - 10°
MEB — (Il 6.36883 - 10°
FSM 6.46114 - 10°
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4.2. A sgquare plate with all simply-supported edges, resting on the
bilateral Winkler-type foundation, subject to the patch load

R | X

D [ ——— | ]
] ! |

| ! '

! i |

| LA !

a ! 7 !

_ ._jl ________ __+_x_ ........ {_ .....

H |

| i !

' i i

I ! |
_________ _'_________

Fig. 7. A square plate resting on a Winkler-typelafstic support
subject to the patch loan

Plate and elastic support properties:

a=6.0m,c=1.2mh,=0.3cmE, =30 GPay,=0.16,£=5/d =0.001,
k =50 N/crd, loading:p = 3000 kN/m.

Number of boundary elements: 120,

number of internal collocation points: 100 (1), 4@0.

Table 2. Deflection at the plate central point A

W max [M]
Type . Bilateral
of foundation
MEB — (1) 8.50569 - 10°
MEB — (ll) 8.50258 - 10°
FSM 8.49314 - 10°
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4.3. A sguare plate with two simply-supported opposite edges and
two edgesfree, resting on the bilateral Winkler-type foundation,
subject to the uniformly distributed loading

| X
o S i ——
i
!
|
LA
a -
|
! p
; =
~NC 0 lemmmmeees T ——————————
y

Fig. 8. A square plate resting on a Winkler-typelafstic support
subject to the uniformly distributed loadipg

Plate and elastic support properties:

a=6.0 mh,=0.3 cmE, = 30 GPay, = 0.16,¢ = 5/d = 0.001,
k = 50 N/crd, loading: p = 300 kN/n.

Number of boundary elements: 120,

number of internal collocation points: 100 (1), 400.

Table 3. Deflection at the plate central point A

W max [m]
Type _
of foundation Bilateral
MEB — () 6.58294 - 10°
MEB — (Il 6.59202 - 10°
FSM 6.30416 - 10°
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4.4. A sguare plate with two simply-supported opposite edges and
two edgesfree, resting on the bilateral Winkler-type foundation,
subject to the patch load

y

Fig. 9. A square plate resting on a Winkler-typelaitic support
subject to the patch logu

Plate and elastic support properties:

a=6.0mc=1.2mh,=0.3cmE, =30 GPay,=0.16,£=5/d =0.001,

k = 50 N/cnd, loading:p = 3000 kN/m.
Number of boundary elements: 120,
number of internal collocation points: 100 (1), 400.

Table 4. Deflection at the plate central point A

W max [m]
Type _
of foundation Bilateral
MEB — () 8.52671 - 10°
MEB — (Il 8.52522 - 10°
FSM 8.50062 - 10°
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45. A sguare plate with two simply-supported opposite edges and
two edges clamped, resting on the bilateral Winkler-type foun-
dation, subject to the uniformly distributed loading

| X
=< T
i
i
i
i
i
i A
A — SLIBI R.
|
i
i
i
i P
B T ——————————
y

Fig. 10. A square plate resting on a Winkler-typelastic support
subject to the uniformly distributed loadipg

Plate and elastic support properties:

a=6.0 mh,=0.3cmE, =30 GPay,=0.16,& = d/d = 0.001,
k = 50 N/crd, loading p = 300 kN/n.

Number of boundary elements: 120,

number of internal collocation points: 100 (1), 4@0.

Table 5. Deflection at the plate central point A

W max [m]
Type _
of foundation Bilateral
MEB — () 4.88544 - 1C°
MEB — (1) 4.88359 - 10°
FSM 5.01424 - 10°
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4.6. A sguare plate with two simply-supported opposite edges and
two edges clamped, resting on the bilateral Winkler-type foun-
dation, subject to the patch load

X
-~
o TR
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~ N g
y

Fig. 11. A square plate resting on a Winkler-typelastic support
subject to the patch load

Plate and elastic support properties:

a=6.0mc=1.2mh,=0.3cmE, =30 GPay,=0.16,£=5/d =0.001,
k = 50 N/cr, loading:p = 3000 kN/m.

Number of boundary elements: 120,

number of internal collocation points: 100 (1), 400.

Table 6. Deflection at the plate central point A

W max [M]
Type . Bilateral
of foundation
MEB — (1) 7.59889 - 10°
MEB — (ll) 7.59643 - 10°
FSM 7.60145 - 10°
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4.7. A square platewith all edges freeresting on bilateral and unilat-
eral Winkler-type of elastic foundation subject to the patch load

Fig. 12. A square plate resting on a Winkler-typelastic support
subject to the patch load

Plate and elastic support properties:

a=400 cmh, = 20 cmE = 2.6 x 16 N/ent, v, = 0.15, £ = 3/d = 0.001,
¢ =50 cmk = 50 N/crd, loading:p = 300 N/cr.

Number of boundary elements: 64,

number of internal collocation points: 256.

Table 7. Deflection at the plate central point A

W max [CM]
Type . Unilateral Bilateral

of foundation

MEB - present 0.333087 0.329574
Kirchhoff [24] 0.338520 0.333560
Kirchhoff [25] 0.333604 0.329870
Reissner [18] 0.346120 0.341456
Reissner [26] 0.341402 0.337788
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Fig. 13. A square plate resting on a Winkler-typelastic support.

Deflection alondq axe

Table 8. Bending moment at the plate central p&int

M maxIN-cm/cm] - 1, MEB - present

Unilateral solution Bilateral solution

0.116912 0.115320

Number of iteration — 3.

4.8. A square plate with all edges free resting on eastic half-space-
type of support, subject to the concentrated force at the center

Plate and elastic support properties:

a=100 cmh, = 2 cm,E = 2.6 x 10 N/enf, v, = 0.3, £ = §/d = 0.001,

E, = 3000 N/crf, v = 0.3, loadingP = 1000 N.
Number of boundary elements: 64,
number of internal collocation points (internal subfaces): 256.
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/"

Fig. 14. A square plate resting on a elastic hadfes
subject to the concentrated force P

y

Table 9. Deflection at the plate central point A

W max [CM]
BEM - present] [18]
0.01209 0.0107

Table 10. Internal support reaction near the cqmart A
O max [N/Cn?]
BEM - present] [18]
1.50972 1.60

Table 11. Bending moment at the plate center pbint

M max[N-cm/cm] -16
MEB - present

0.281743
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Deflection [cm]

Deflection [cm]

Contact pressure [N/cin
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o 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |
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Fig. 15. BEM results — present. Deflection aldngxe
Unilateral solution
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Fig. 16. BEM results — [18]. Deflection alohgaxe
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Fig.

17. BEM results — present. Contact pressuweg} axe
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s = BEM - [18]

g 121

€ Unilateral solution

8 1.6 { — — — Bilateral solution

0 0.2t 0.t 0.75 1

Fig. 18. BEM results — [18]. Contact pressure alraxe

5. CONCLUSIONS

A static analysis of thin plates resting on intérelastic supports using
the Boundary Element Method and Finite Strip Methed been presented. In
the BEM modified approach, there is no need tothice the Kirchhoff forces
at the plate corners and the equivalent shear daaitehe plate boundary. The
collocation version of BEM with constant type elengeand non-singular calcu-
lations of integrals have been employed. The sopoiets of the boundary ele-
ments are located slightly outside the plate boondsence all of the integrals
of the fundamental function are non-singular. Thepldyed BEM results dem-
onstrate the effectiveness and efficiency of thappsed approach. This method
can also be applied to a static analysis of plegsing on an internal column
support and a free vibration analysis of thin dafehe obtained BEM numeri-
cal results were compared with the FSM and otheviBiamerical ones.
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