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ASYMPTOTIC METHOD IN THE PLANE THECRY PROBLEM
FOR THE ORTHOTROPIC STRIP WITH CUTS

x x +
I. Andrianov, M.Matyash and S. Koblik

It was suggested the approach for solvin of
differential equation systems of plane
problems of anisotropic and composite
materials mechanics. The approach is based
on the ideas of asymptotic integration; the
ratio of rig}dlttes of material is "small"
parameter. n this paper new analytical
method has been developed that can predict
the stress intensity coefficient (SIC) in
t?e grthotropic strip. All solutions are
closed.

INTRODUCTION

Boundary value problems (BVP) of the anysotro ic
(orthotropic) theory of elasticity is more compl icated
for solution in comparison with isotropic one if we
use some numerical procedure. When coefficients of this
system slightly differ from isotropic ones, it 18
ossible to use perturbation procedure with isotropic
heory of elasticity relations as first approximation
(Lehnitzkiy (1))- In this case we have regular
asymptotics. Unfortunately, area of applicability of
this approach is not wide.

On the other limit case ratio e of rigidity-to-
shear and rigtdity—to—tension—compression in one of the
directions is small. Then the equilibrium equations of
orthotropic body in displacements include small
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parameter e, and we may used this fact for constructing
Of simplified BVP. It is worth noting that following
asymptotics is siﬁgular. Above mentioned procedure was
groposed for the first time by Manevich, Pavlenko and
hamrovskiy (2) (see also Manevich, Pavlenko
and Koblik(3)), ind%pendently by Everstine and Pipkin
(4), Spencer (5) and, in the other form, using complex
potentials, by Kosmodamyanskiy (6). This approach has
wide range of application, provides simple and obvious
formulas™ in many cases and could be succeesfully used
while examining BVP for isotropic materials.

Governing relations

We consider strip [X|] £h2; 0< |y <o tensile by
stresses 6y: Ps/h, applied on the in inity. Stresses

Ty
on the infinity equal zero. Strip weakened by two
kollinear cuts outgoing to the boundaries (see

As we plan use complex representation, it 1is
convinient to express throw the function of complex
variables not stresses and deformations, but

main vectors of loads a@glied along boundaries (Pz and
Py) and displacements. e We may write:

P =0 everywhere on boundaries
P;=P for X = -h/2, 0<y<w
Py =P for -h/2 < x < a, y=20
V =0 for a <x < b, y=0
Py =0 for b <x < hz2, y=0
Py =0 for X =hs2, 0<y < w

Solving of the problem. After Splitting governing BVP

on small parameter (Menevich, Pavlenko and Koblic (4),
Kosmodamyanskiy (8)) for complex function @, we obtain
the following simple formulas

Py = ¢ Im mz(zz), O = d Im mz(ze), V =1f Re mz(zz)

Por function @, one obtains the BVP
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Im mz(ze) = Psc for X =-h2, 0<y<w

Im mz(ze) =P for -h”2 <x<a, y=20

Re mz(zg) =0 for a<x <hb, y=0 (1)
Im mg(zz) =0 for b<x<h”2, ¥y=0
Ine,(z,) =0 for x=h2, 0 <y <

For solving BVP (1) we use conformal mapping of
halfstrip on the upper halfplane by the Tunction
(see also table 1).

r = ¢ + in = 8in (nzz/h)

TABLE t - Correspondence of the peint of mapping are
the following.

-h/72 + i -0 + 1o
“h/2 + 1o 1+ e
o ) —

aJ + Fw aJ+ Fm (aj sin( aj.h))

® + i e + io j=1,2

h2 + i 1+ ig

h/2 + ile too b i

Then for the function m; ) =2, (2,())

one obtains mixed BVP for the upper halfplane

Im m;(() = Pre for -w <¥% <a, 7 =0
Re m;(f) =0 for a <F 1, un=20
Imo3(c) = 0O for R <f <o, 5 =0 (2)

Conditions (2) are satisfied by the function
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j Y YU -a+vY? -5
n
cn YT - -YT -5

m;(f) =

Asymptotic expression for stress s

may be written
in the form

Q
|

. &1 de
g = d Im °2(Zz) =d Im e, () =

sz
l." X
A cos
=d £ m 2 =——£—Im[—~_h_l
LACHEICN | (R 9 4
i+1 na
Here q, = Y/?~1) [sin “ﬁi - sin 5%—], i=1,2
SIC K, in representation
& e for x-a, - (-1)tg, 4= 2
v o v 1 ] L ]

- ¥@,- x)

have the following expressions

nai

K - P COS—h—
i _Y—-—h— na na
n 2 !
COST—COS—h——

For h-=wo one obtains formulas for plane with two cuts

’ i=1,2

. _ P 1 P 1

»
A W T a,) Y " ylayTa

Comparison of approximate solutions with known
solutions shows that error is not large even for the
#worst (for this approach) isotropic case.

210



ECF 11 - MECHANISMS AND MECHANICS OF DAMAGE AND FAILURE

(1)

(2)

(4)

(5)

(6)

2V
1}

SYMBOLS USED

axis of coordinates

wide of the strip (m)

lengthes of cuts (m)

load on the infinity (n/m)
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Figure 1 Strip with cuts
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