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INFLUENCE OF FIXING PARAMETERS OF ORTOTHROPIC PLATES
FROM COMPOSITE UPON QUANTITY OF COEFFICIENT OF STRESS
INTENSITY

S.N. Borisov, * S.A, Lurie *

In this paper we consider the ortothropic plate from
composite when one part of it’s contour is fixed and
the other part is loaded. We propose the method to de-
termine the coefficient of tension intensity. We dis-
cuss an example of the calculation of the intensity
factor depending on the plate’s parameters and fixing
parameters.

In our model we take into account the main proper-
ties of the composite, the construction and the elas-
ticity of fixing [1]. The only hypothesis we introduced
was the incompressibility in direction Y.

Thus, in the fixed part of the plate the displace-
ment component in direction y is equal to null (w = 0).

As a result, the next equations are satisfied (Fi-
gure 1):
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L2(u) = 0 (x, y)E 6, x<0
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and the boundary conditions are as follows:

+
y ==1, @®=0, X>0, m(u) =0, x<0
X = -, &(u) = o0, (2)
where m and € are boundary operators, the lineX= 1 is
loaded by Q,P and bending moment, the static conditions
are satisfied according to Sen-Benana; u, w are the
displacement components inxand y directions; G , g
are normal and sgear stresses; ¢ and h are length and
half width of plate; Ex and E  are Young’s modulus in

xand y directions and G is shear modul.
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The different fixing types are modelled with diffe-
rent boundary conditions or boundary operators m, L.

Note, that this mathematical model corresponds to
the first member of the assymptotic approach of the
exact solution with the parameter t = (EI/Ey)h' h/¢ .

The solution of the problem (1) -(2) appears as a

sum of a regular part u., a singular part ug and a

partitive solution [1]. The coefficients of intensity
are the amplitudes of the singular part of the solu-
tion and they can be found on the basis of the neces-
sity of conformity of the boundary conditions at the
points X=0, y = = 1,

For example, the conditions of conformity for the

fixing in Figure 2 can be written as
(u. +ug + u_o):,‘__,(a =0 (3)
94 ="

The most difficult and important problem is to
construct the regular part of the solution. The method
of operator’s boundary conditions provides the real
solution of this problem [2].

This method is based on the analysis of the struc-
ture of regular part of solution in the adjacent do-
mains. The operator’s boundary conditions, if X= o,

are:

Ly (6% ) = L,(w) = P (u,, G,) (4)
where Lg, L , P are the differential operators with
the even delivate of infinite order.

As a result, the regular part of the solution de-
fines a decomposition into row of property functions
in each domain._ The coefficients of row decomposition
are found [I,2].

The conditions (4) give the physical interpretation
of the fixing as a generalizable elastic foundation.
In local coordinates, the singular solution Us(x,y)
near to theffingularity points can be wr;&ten as:
Ug = Ag [zI" e(yp ), z =x+iay, ¢ =arctg——, i = -1

where A_ is the coefficient of stress intensity and
the pardmeter is the solution of transcendent equation,
which depends on the type of boundary conditions and
the local elastic modulus.

1250



FAILURE ANALYSIS - THEORY AND PRACTICE - ECF7

In the case when the plate is fixed by two rigid bo-
dies the equation is:

tgf_';:t_ =Va/m) A= aj/a,, B = ( Ex)1/ (Ex),
and it can be written as: G

JB SLnTTE - cosITp = (B/A-1)/(B/A+1), -B=<8-E_3£)2 -
where the plate is fixed by a layer of glue which has

a coefficient of elasticity ) : 65 + £a=0.

In Figure 3a there is the nomogramm of Koshy type
for defining the function P of the parameters B and

k =%. The nomogramm is made by method [3]. If we

want to define the value of parameter £ it is necessa-
ry to join in a line the given points B = By, k = ko

on the scales and B, k. On the intersection of line
and the scale £, we get value Po-

This way it is not difficult to obtain the obvious
value of coefficients of intensity.

For example, expression of coefficient of intensity
of the plate bending by load Q is given by:

As = (dy + do + d3z)/(Cy + C2 + C3)
Bi/XG, Bi = th(k A /az)/(A +Bth (A5 /a2 2L

= 1+ a3/aA%, tod; = A, c; =21, 1, =T/(A% -78)
Z = -24(D+Dg-C=Cq) M3 -o(1+85/ o« 2)

X a
e e
1 [}

(5)
D = (453 +<>(2)“P sin(ﬂt-(p)f + Do = (45%)9- sinj—fg’r-—

o |
C =f(4822 +o(2)§ sin[(f!t-&f)y + LPJ,
c, =§(4a22)§—‘ sindl(p+1)/2, = arctq (2an/ ).

The type of fixing is showed in the Fioure 2a. The
approximate formula (5) is obtained from the exact
solution in the case Kah, 52<<1, when the main mem-

bers of the expression are tSken into account.

The formula is complex for the practical calcula-
tions, therefore a circular approximate nomogramm was
constructed as follows:

,\S = As(az,oc, k) (6)
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Preliminary the expression (6) can be approached by
the expression in the form

Ag = Frp(ay, X)-F1q (a5,k)

according to the method of G.S. Hovansky [}J. In Figure
3b there is a working nomogramm constructed by method
[3]. 1If we want to use the nomogramm, it is necessary
to find the given points a and ko in the binary fields

(a,® ) and (a,k) of values & = doand also to measure
the segment of line between these points and to lay it
from the given point on the scale A_. The left end of
segment is the requested value Ao.

It is important to note, that the nomogramms provide
a comfortable and efficient method for obtaining the
solution of the correspongind inverse problems, in de-
fining the optimal parameters.
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Figure 3b
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