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Figures -3 and 4 show the stress distributions
along the crack calculated by the method considered
above.
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Fig. 3 Normal stress distribution along the crack
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Fig. 4 Shear stress distribution along the crack

One can see from Figs. 3 and 4 that only three or
five measurement points suffice to determine the SIF
K; and K; and stresses ¢ and 7, with an accuracy of
5%—1%. This shows that the method possesses high
convergence rate.

The present method is recommended to find: the
stresses at the crack location, the residual strength
reserve, the carrying capacity reserve in damaged
structures under a statical and oscillated loading in a
field conditions and under a test.
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Abstract

In responsible elements of the planes, bridges and
other constructions from metal and composite
materials the stress state in the tips of crack is
mixed type. At that the conditions of rectilinear
growth of a crack are violated as show numerous
observations and experiments. Thus the problems
about determination not only critical sizes of a
crack and critical external loads but also path
(trajectory) on which crack growth are arisen.
The existing methods of mixed mode crack growth
propagation are limited as a rule by consideration
of isotropic materials and special kinds of
geometry and loading where the crack has
rectilinearly propagation. In this paper the
method of crack growth trajectory determination
in anisotropic plate are presented. This method
based on well known solutions of the plane
problem of the theory of elasticity for the
anisotropic plates with cracks, any fracture
criterion and spline theory.

Keywords: crack, stress intensity factors, crack
propagation, crack trajectory, orthotropic plate.

This paper is concerned with predicting the
direction of initial crack, growth in the anisotropic
(orthotropic) plate subjected arbitrary loading and
determining the new crack contour after growth
along this directions.

As show supervision and experiments, growth of
a crack in isotropic and anisotropic materials
considerably differs from each other. The solving of
a crack trajectory determination problem (path of the
crack grows) can make essential amendments to an
estimation of a resource of structures and strength
calculations. On the other hand, the solution of this
problem enables comparisons of various criteria of
fracture.

In the solution three basic steps are precisely
looked through: 1) determining the stress state in a
plane element with crack; 2) determining the
direction of initial crack growth and increments its
tips; 3) modeling the crack growth trajectory.
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In papers [1,2,3] by author the effective methods
to determine the stress state of infinite or finite
anisotropic plates with a system of cuts and cracks of
the complicated form (fig.1) are constructed. The
values of stress intensity factors (SIF) are obtained
from numerical solution of the singular integral
equations of the problem.

Fig. 1 The plate with a system of cuts and cracks.

There are many various fracture criteria for
determination of an initial fracture angle of a crack
growth. A number of the criteria which have received
the greatest distribution are considered in works
[4,5,6]. In the given work for definition of a crack
growth direction &* the criterion proposed in work
[4] is used.

It assumes that the direction of initial crack
growth is controlled by the ratio of normal stress to
tensile strength on a given plane. The normal stress
ratio we defined here as:

g (r,0)
Or sinz(y)+cE2 cosz(y)
where 0p — normal stress acting on the radial plane
defined by 6, y— angle from the plane of interest to
the direction of the main principle elastic axis
(fig. 2), Ok; , O — longitudinal and transverse tensile

strength respectively. According these criteria we
have:

dR(8)
de

R(®) =

dR(9)<0f 0= 0% -71<B*<m

=0;

4 E,

Fig. 2 Crossbar systems at the tip of crack.
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Then the formulas for the definition crack
configuration in process of it growth will be
presented.

For simplicity we shall limit by reviewing of a
first step on which the crack is propagated from the
initial L, up to some new L, configuration [7,8,9].

Let outline of an initial crack is described by the
O Jj = L,...ny (Fig. 3). Then the
crack initial contour will outline with the help of
cubic spline. Let's enter a new array {SO} in form:

arrays of points )

O _ (0 (O (0)
SI- =5 +|Zj _]-—l

- 0 0 0 (l)
=Z’z,~( )—-z‘-(J; 51( ) =0; J=2,...,n
i=2

It is not difficult to understand that:

lim s = lim l ()., (0) =24,
ng—»ee no—)wz L
where 2a,, — crack length.
0 _ (0) o_1Yy .
Zj +’y1 (0) ~ a+
0) z"()
(0) 19 T
1
da 2
X
m
o z‘-”O 0 0
- i1 0 e)=xO()+iy (e}
- da
£ 2" | 0sr<s©
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hH )
4

Fig. 3 Crack contour modeling.

On a specific gang of points we create cubic
spline interpolation X, yO to approximate
initial outline of a crack L in form:

o) =x)+i yO

We shall enter new variable for a
parameterisation crack outline equations:

0<t<s©,
no

HE) = 1+§ ss’s [g=1. 2)

Thus the following conditions are fulfilled
(-1)=0, 1) = s . We have constructed functions
crack in form:

9 =a0®@)=xOQ)+iyO®); -1<{<1.

The new coordinates of crack tips after crack
growth can be calculated under the formulas:

gt ot
zi o (0)(i])+Aai‘el(9 +0 )’ 3)

where
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argmi; if +Re®™ >0;
n+arg6§i; if +Re®* <0;
i .

o = g; if Re®*=0; +Imo*>0;

—125—; if Remi=0; +Im®* <0.

A N €a)
dg

After crack growth we have next arrays of points

(0]

to outline new crack contour: z?) J=Lo.,ng;

W= 02,0

n=ng+2; 20=z"; Zny 25 =20
J=2,...,n —1 (Fig. 3).
Thus the functions crack

[V =0PQ=xP©)+iyP@); -1<{<1 can
M
J
the help of eq. (1,2) by replacing subscript O to 1.

Repeating step-by-step circumscribed procedure
on each step we shall have parametrical
representation of an outline of a crack. Calculating
then SIF in tips and applying any fracture criterion
we shall receive directions of crack propagation and
therefore, under the eq. (3) the new coordinates of
tips. The circumscribed above procedure is further
repeated and circumscribing an outline crack after it
propagating. Thus the calculation crack growth
trajectory is iterative process.

{4

be constructed based on the data arrays z;’ and with

y
E;
E; \B
) X
ay ¢=30°
a0=1

vvye

Fig. 4 Orthotropic cracked plate subjected uniaxial
tensile on infinity.

As a sample, propagation of the inclined crack in
anisotropic plate from composite material (T300-
5208; E;=181 GPa, E;=10,3 GPa, ,=0,28,
G1,=7,17 GPa) subjected uniaxial tensile on infinity
was considered (Fig. 4). It has been shown that the
initially inclined crack tries to straighten and
propagate in a direction of main modulus of
elasticity.
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Fig. 5 Crack growth trajectory for any angles of
initial crack.

Stress intensiti factors

T 1

1.0 15 2.0 2.5 3.0 3.5
Half langth of a crack, a

Fig. 6 Variation of stress intensity factor of mode I
along trajectory.
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Fig. 7 Variation of stress intensity factor of mode II
along trajectory.

As evident from the received results (fig. 5), the
crack practically at once starts to be distributed along
the main (greatest) direction of elasticity as against
isotropic material where the crack under same
loading conditions tries “to be straightened” and be
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propagated perpendicularly lines of action of the
external loading [7].
3 -
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Fig. 8 Variation of critical stress along trajectory.

Thus K; and K; increases along a crack growth
trajectory and have to tend to value of stress intensity
factor for inclined crack with angle f= @ = 30° (fig.
6,7). Critical loading along the trajectory decreases
(fig. 8).

As show calculations, crack propagation in
isotropic and an anisotropic material essentially
differ from each other that it is necessary to take into
account at designing structures and their further
operation.

The developed technique allows to predict mixed
mode crack growth trajectories in thin-walled sheet
elements of structures from the metal and composite
materials operating in plane stress state conditions.

The algorithm submitted in work is easily
distributed to a case of several cracks, and also on a
case of cyclic loading.
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Abstract

In this work presentation approaches to
description of behavior of isotropic materials
sensitive to the stress type are given below.

Many materials have different characteristics at
various stresses. This phenomenon was called the
different Module State. Physical characteristics of
different Modules materials are given in the work [1].
The experimental data of influence of the stress and
level on the mechanical characteristics of materials
and their approximations are given in [2]. The
existing approaches to description of behavior of
isotropic materials sensitive to the stress type are
given below. "

G.S. Shapiro [3] assumed that in physical Co-
relations constants take different values dependent on

the average stress sign O, The share Modules G

and volume expansion K have different forms
dependent on the O, sign:

K*e, 0,>0; 1
k8, 0, <0, M

O
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