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ABSTRACT

The fracture of aplate made from an orthotropic material with a periodical system of collinear
cracks under biaxial loading is investigated. The cracks are directed along one of the
anisotropy axes with external loads being applied in parallelly and perpendicularly to it. The
approach to the solution of fracture mechanics problems for orthotropic plate with cracks is
suggested on the basis of generalization of Leonov-Panasyuk-Dagdale crack model for the
case of orthotropic materials, which satisfy a strength condition of arbitrary form. The
influence of the biaxiality of external loading on the critical state of the cracked plate is
analyzed within the framework of the critical crack opening criterion.

The analitical expression of the main parameters of crack model (process zone length, stress
components in process zone, opening in the crack tip) are received.

The conclusion is made analyzing the critical state of the plate with cracks obtained for the
different distance between cracks. The different mechanisms of fracture (confluence of
process zone, momentary fracture) are investigated. The influence of external loading
biaxiality and orthotropy of material on main parameters of crack model and critical state of
plate with periodical cracks system are investigated.
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1. INTRODUCTION

As it is known, some classes of fracture mechanics problems can not be solved within the
framework of classic approaches. One of such problems is estimation of the influence which
the external load applied along a crack axis exerts on the cracking process. So, in the case of a
mode | crack the values of stress intensity factor K, , J-integral, and crack-tip opening
according to the Griffith-Irwin, Cherepanov-Rise, and Leonov-Panasyuk-Dugdale criteria do
not depend on the load component applied in parallel to a crack. For this reason the fracture
characteristics calculated by the known models do not depend on the loading biaxiality.

To sudy the problems of such a kind the approach based on the conception of a crack-tip

process zone and on the additional necessity to satisfy the strength condition in this zone has
been presented in [1].
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In present work the problem of fracture of orthotropic plate with a periodical system of
collinear cracks under biaxial loading is investigated on base of proposed approach.

2. PROBLEM STATEMENT

Consider a thin orthotropic plate with a crack [x- x,|£1, y=0, x, =+2nD, oriented along

the Ox-orthotropy axis and acted upon by the normal loadss{ =q , s = p >0 applied

at infinity.

The fracture of the material of the plate is described by the strength criterion in general form
F(s,5,.C)=0, )

where s |, s, aretheprincipal stresses, C, isthe material constant.

Based on crack model presented in [1] the boundary-value problem for an orthotropic plate
with the glit of length 2L=2(I+d) (where d isthe length of process zone) under the following
boundary conditions can be presented as follows:

10, [x- x,[ <l
_'TI'SS,I £|x- x,|EL’
Fls°s2,C)=0,1£[x- x|EL, y=0;
Sx=0,S, =Pty =0,[x+iy|® ¥; 2
v=0,[x- x,[3L,y=0;

y=0; t,=0,-¥<x<¥,y=0;

y

3. THEMETHOD OF SOLUTION

The boundary-value problem defined by Eq.(2), is solved by its reducing to the Riemann-
Gilbert conjugation problem for complex potentials w,(z), w,(z,), where z =x+Sy ;

z,=x+S,y: S.,S,.S,,S, are the roots of the characteristic equation [2]. For majority of
orthotropic materials whose symmetry of elastic properties coincides with coordinate axes, the
following holds: S, =ib, , S,=ib, , b,,b,T R.

Expressions of the stress and displacement components in terms of complex potentials are:
s, = 2RelSw, (2)+ Siw, (2,)] 5, = 2Relw (2)+w, (2, 1, =- 2RelS W, (2,) + Sw, (2,)]
u=2Re[pF,(2)+ p,F ,(2.)] , v=2ReaF,(2)+ 0,F ,(2)] ; (3)
_Sita, g,
S

where Fi(z)=w,(z), p =a,S’+a, , q

By used the transforming [ 3]

w = sin(pz/2D) (4)
the plae z=x+iy can be transformed in the plate w=X+iy with one dlit
(- sin(pL/2D); sin(pL/2D)) and the results obtained for plate with one crack in [1] can be
used.

The complex potentials w,(z, ), w,(z,) for problem (2) is determined as
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1 | b,s tw, I
w,(w,) = arccos~

b, - 11 pw/ - W ) Zw/L2 Wl

+b25_y In |:2' WlL+\/(|:2- LZXEZ' le)_l_bZS_S |nE+W1 . ||V|2| }
i awl +(2-T22-w2) 2w
1t bsjw . bpw,
w, (w, i arccos~- — 2+
)= b, - b zT pyL?- W 2,L% - w5 )
oy Dol [P TNE-wd) by, Tow, )y
01 Rawl +yf[2-T7)02-w2) 20 T-w,
=X+iSV —~'~~—'p_|~:'& :M
W, =X +iSy, w, =X +iS,V, | =sinos L anD,|M2| Ao, +b,)’

4. BASIC PARAMETERS OF THE MODEL

4.1. The gtress state of a process zone.
Expressing stresses s , in terms of the complex potentialsw, (w; ), w,(w,) and applying the
stress continuity condition at the crack front, it can be found:

s%=bls?- p)+q. (6)
where b = \/E,/E, , E,, E, arethe elastic moduli along the orhotropy axes.

Besides, stressess |, s , satisfy the strength criterion Eq.(1). Eq.(6) together with Eq.(1) form

0

aclosed system in the unknown stress components s |, s §.

It is evident that stresses within the process zone will be dependent on the elastic constants of
amaterial regardless of the form of the strength criterion Eq.(1).

4.2. Thelength of a process zone.
The equation to determine of process zone length is received based on condition for
restriction of stresses over all the plane ad in considaeted case it can be formed

/L= coslpp/2s ¢) (7)

It is evident that the size of a process zone depends not only on the crack length and external
load, but also on elastic orthotropy constants, regarding that the stress s 3 equally depends on

these constants.

When the process zone length arrive at value D - | the confluene of adjoining process zone is
taked place. So the condition
P
d=D-1 or D/l = 8
/ 2arcsin(cosipp/2s ¢)) ®
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can be considered as condition of critical state for the plate with periodic system of collinear
cracks.

4.3. Opening in a crack tip.
The opening of the crack in [x- x,| £ L, y =0 can be written down as follows:

: & X X o O
I G+ Xcostr + [1- & cosr sinr - 12

Ts A arcandy & | el g | @
d(x)=- —> !,arcs_n((:%lne i +
p jarcsin ® 3 < 2 O
i G- Zcos?r +\/1 O cosr sinr B +19 )
f g | él g TR
: secr o u
Lo SNr arcsm(tl) dtk

arcsin(r) ;/cr)(t2 - 1/1- t? cos®r i;
where

e 0
T, = ! 2 E-n12j+i,x S|ﬂ r:pp.
JEE, E, s Cn 2D 2

4.4. Thecritical state of the plate.
In accordance with the d_ - criterion, a crack starts when the crack tip displacement reaches

some ultimate valued, , i.e., if

< o

d(p.q.l)=d.. (10)

The fracture of plate with one crack under uniaxial tension (q =0) isdiscribed by
4T s O(pfl) 0)| p p(l)

— 27 "7 Insec v =d 11

p 2s2(p¥0) D

where pfl) is the ultimate load in uniaxial tension for one crack.

By comparing Eq.(10) and Eq.(11) and taking into account Eq.(9) it can be found:

. I /E 6§_+tcos r, +msnr t-19  dt
(p..q.)

3P ) ) 9" o .+ 1 oo 1 snr 141 el
@
=s S(p*(l),o)ln%CZSF; F;(ll) 5
y *o

Eq.(12) characterizes the field of ultimate loads (p*,q*) depending on the ultimate load value
under uniaxial loading. In this case the change in p from 0 to S (S, Is the ultimate

strength in the y-direction) corresponds to the change in the crack length from infinity to zero,
i.e. it covers all the range of variation in a crack length.
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5. RESULTS

Consider as the strength condition Eq.(1) the Mises-Hill criterion which in the case of plane
stressis described by

2

S

Sy

s,S,

S

2
X
2
01

+

2
S 02

S OlS 02

(13)

where s, ,s ,, arethe ultimate strengths in x-, y-axes direction, respectively. For numerical
examplethevalue s ;, /s ,, =0.8 isused.
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Figure 1a shows the dimensionnless process zone

length d/I depends on
between
q/s o, =0.0(1), -0.3(2), 0.3(3), 0.6(4).

dimensionless distance
values

®

a) b)

Figure 1. The process zone length

Figure 1b shows the dimensionnless process zone
length d/I depends on  dimensionless
loading q/s ,, for different values D/l =2.0(1),

3.0(2), 10.0(3).

12 Figure 2 shows the strength diagram Eq.(13) (4)
/“\ and diagram obtained on the basis of Eq.(8) for
2R D/l =2.0() , 50(2), 10.0(3). Here solid lines
Moy | SN correspond tob = 0,3, dashed onesto b =0,9.
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Figure 2. The loading when process
Zones are connected

12 Figure 3 shows the strength diagram Eq.(11) (4)
/\ and the fracture diagrams (solid lines), obtained on
the basis of Eq.(12) for D/1 =2.01) , 5.0(2),

o | N 10.0(3) under b =0.3. The dashed lines show
o external loading when process zones are connected
o8 04 o 04 08 12 obtained on based of Eq.(8).

02

Figure 3. Thecritical loading.

6. CONCLUSIONS
The followed conclusion can be made from obtained results. As applied to certain crack

length, there are such domains of biaxial loading, where fracture of a cracked plate occurs by
fracture of total cross-section on the continuation of a cracsk The load q acting along a crack
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may both increase the ultimate load p. and decrease it in comparison with uniaxial tension
(in perpendicular direction). So, if two materials have the similar strength characteristics but
differ in anisotropy level of elastic properties, the crack resistance in the domain of biaxial
tension will be higher for the material with a lower ratioE, / E,. In the tension-compression
domain the result is opposite to the previous one.
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