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APPROXIMATE - ANALYTICAL SOLUTION OF
STABILITY PROBLEM OF NONHOMOGENEOUS
ELASTIC
RECTANGULAR PLATE LYING ON
NONHOMOGENEOUS BASE

Abstract

In the paper the stability problem of nonuniformly elastic nonhomogeneous
plate under the action of two-sided pressure is considered. It is assumed that
modulus of elasticity depends on two space coordinates, and the Poisson’s coef-
ficient is a constant quality.

Differential equation is partial differential equation with variable coefficients.

Solution is constructed by means of method of small parameter and Burnov-
Galerkin method.

As is known [1,2,4] solutino of stability problem of nonhomogeneous plates and
shells is based on application of numerical and approximative analytical methods.
In the given paper solving of the stated problem will be realized by means of method
of small parameter and Bubnov-Galerkin method.

Let’s rectangular plate of dimension (a x b x h) be under the action of two-sided
pressure with loading of intensities P and Q.It's assumed that modulus of elasticity
is the function of coordinate of the width and lenth of the plate. The coordinate
system was choosen in the following form: axes X and Y are on mean plane and
Z axis is perpendicular to them

E=Eyfp(x)- fa(z), v=const. (1)

Here Ej corresponds to homogeneous case, function fy (x) itself and its deriva-
tives till the second order inclusive are continuous functinos. On the basis of [4] one
can show that in the given case stability equation subject to resistance of the base
has the following form:

(1+ef1 (x)) Vw + 2ef{ (z) 9 (Aw) +

ox
0?2 0?2 -
+ef! () (8—3;;) + Ua—;;> +Ek(l+ep(z))w—
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Here ¢ () is a continuous function and 0 < ¢ < 1 holds. Here also the following
denotations were accepted:
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Ey
12(1 —v?)h3
Here V and A are biharmonic and harmonic operators respectively.
We'll seck for solution of (2) in the following form:

p=z-h"'s B=P-Q7', Dy=

w = wy + ewy + 2wy + ... + £ wy,

P* =P} +eP 4+ &*Py + ...+ "PF. (3)

Substituting (3) into (2) and euating the terms with the same power of parameter
e we’ll obtain the following system of equations

Vo + kwo — Py (3550 + 2 “’0)
Vw; + kw, — P (‘9 w4 39 wl) = —f1 (z) Vo — 2f] (z) 2 (Vo) —

Vuwn + kw, — Py (5% + 655 ) = —fi (z) Vwn_1 -
~2f{ (2) 5 (Twn-1) = f1 (o) (Zgart + 85t ) — o (k) wnr.

Note that in many cases when nonhomogeneous plates are produced function
f1 (x) is linear one and stability equation is simplified [7] and system (4) takes on

the following form: (f =a 'z) :

Vg + o — P§ (5% + 554 ) =0
Vw; + kw, — P (‘92@1 + 52 wl) = —a '2Vwy — 2a*18% (Awgy) — ke (x) wo

Ox2

Vu, + kun — Py (5% + 25 ) =

188 (Awp 1) — l~€<p () wp—1. (5)

—cflewn,l —2a

Note that for [y the multifold pinning solution at zero approximation can be
found in the following form:

. m®T . nm
Wy = Cppp SIN —— 2 - 8in — 1. (6)
o} b
In this case from the first equation of (5) subject to (6) we’ll obtain

() [ 9] <%

1+

Fy = (7)

Note that if =0 we obtain solution of analogous problem for one-sided pres-
sure. Condition £ = 0 corresponds to solution of problem for dissimilar on thickness
plate disregarding the resistance of base. Formula (7) is solution of problem for dis-
similar on thickness plate with regard to Winkler resistance.
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System of equations (5) beginning with the first approximation can be written
in the following form

32102;1 3211)2',1
0x? +0 Oy?

Vw1 + kw; 1 — PF | < >:FZ-1($,y),i:2,3,... (8)

where 5
Fi_1 =—a zVw;_1 — Za_I% (Awi_) — ko (2) wi_1, 9)

One can solve equation (8) by the one of analytical methods. In the given
case we’ll apply the Bubnov-Galerkin method, moreover we’ll seek for functions
wi—1 (z,y) in the following form:

wi—1 = ci—1¥i—1 (2) ni—1 () - (10)

Here ;1 (x) and n;_; (y) satisfy the correspondent boundary conditions.
Taking into account (10) in (8) subject to the above-mentioned method we’ll
obtain P in the following form:

Pl* = (|_|Z"1 + k M2 _|_|i,3> |_|Z_’01 . (11)

Here the following denotations were accepted

a b

2.
i0 = Cz/ <m 1 Ly B () dd22_1> Vi1 (%) mi1 (y) dedy

a b

d4¢i71 d?1pi_1 d®niy d*ni_y
// <,r’1, 1 dm4 +2 de dy2 +¢i—1 (x) dy4 X
00

xti—1 (z) ni-1 (y) drdy

a b
. / / U2, (@) P () o () dardy, (12)
0 0

a b
Mi3 = Cz'//Fi—l (z,y) Yi—1 (z) ni—1 (y) dzdy.
00

Setting particular values of v; (z), n; (y), ¢ (x) from (10) one can easily find
the value of P;.

The simplest case is cylindrical form of buckling at 5 = 0.

For this case MMy o, My,1,M1,2,M1,3 have the following values

T d T A
Mo =c1 <1/)1 > dz; M1 =c <1/)1 >
/ /
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a

|—]172 = Cl/@b% (ZE) dI; |_|1’3 = Cl/Fl (33) 1[}1 (33) dx (13)
0

0

Introducing denotation P = P - P! we’ll obtain the following relation

P: (]_—{—k‘-l/o_l-|—]172-|_|1_’[1)—|_|1,3‘|_|1,0) 'Jil (14)

4 3
<F1 =—a! -w% — 2a_1dd;l;0 — ko (x) w())

Here P, corresponding to the values of Euler loading.

From formula (14) at J = 1, k= 0,M;3 = 0 we’ll obtain the value P, =1 i.e.
P=1

Calculations were carried out for the cases

a) fo=14ep; a)fo =1+ep? b)fs =1+ ce’,where ¢ € [0,1].

Results of the carried out calculations are cited in the form of tables and depen-
dence graphs between typical parameters.

Tab. 1.
3
A - —
8 ] e P P
1,8 -] £ =1+ep 0,2 1,208 1,118
0,4 1,460 1,365
0,6 1,668 1,649
—> i 1+ep” 1+82°
1,0 £ ?
Fig. 1.
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