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ABSTRACT

In the article, within the framework of the Leonov-Panasyuk-
Dugdale model and of the‘y*-conception of G.P.Cherepanov the
growth of microcracks in Viscoelastic bodies is studied (when
plastic zones at the edges are commensurable with their length)
under cyclic loading, when fatigue and creep processes contri-
bute commensurably to crack development.

#ith the assumption of the independence of action of fatigue

and creep processes, the integro-differential equation is ana-
~ lyzed representing the kinetics of the microcrack growth in
tge viscoelastic medium. Numerical solution of this equation
for a Maxwell body is presented.
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The kinetics of the growth of fatigue macrocracks has been

studied (Kaminsky, I980; McCartney, I9783 Wnuk, I97I) in visco-

elastic bodies in cases in which the conception of fine struc-

~ ture at crack tip is valid. However for microcracks with
€lastic zones at their edges, commensurable with their length,

~ that approach can be considered as not founded and the intro-

duction of coefficients of stress intensity is inappropriate.!

‘Analogous situation could occur in the case of low-cycle
fatigue,
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In this article within the framework of the BK—model (Panasyuk,
1968), yx-theoretical conception of G.P.Cherepanov(I974) and

of the kinetic theory of crack growth in viscoelastic bodies
(Kaminsky, I980), the process of microcrack growth has been
studied in a viscoelastic body under cyclic load, when fatigue
and creep processes are contriobuting commensurably to the crack
growth.

It should be noted that in many studies of the fatigue crack
growth the effect of material creep upon the kinetics of crack
rowth is usually neglected. However, in viscoelastic materials
%in polymers, concretes, in metals at high temperatures) under
the action of cyclic loading the defect growth occurs not only
as a consequence of material fatigue but also as a result of
the creep of material. The creep of material is very marked
when the static component of loading greatly exceeds the cyclic
one., In the following, mutual independence of the effects of
the fatigue and creep processes is assumed, That assumption is
valid for many viscoelastic materials (Rabotnov, I966),

We shall analyze the case of slow crack growth, within the
framework of the Leonov-Panasyuk-Dugdale model in the visco-
elastic body under uniform load normal to crack lips (a case
analogous to the Griffith problem), The intensity of external
load changes in time according to the law

p=Po+apsin wt (D

where Dy , 40 , W are independent of time, and AP<«[Jp. Since
we have assumed that the fatigue and creep processes occur
independently the crack growth rate can be represented in the
form -

[= [.th' i ZCr' ’ (2
259 "

here (pgt —crack growth rate as a result of material fatigue,
¢cr —crack growth rate consequent to material creep. We calcu-~
late the values contained in the righthand side of equation(2).

I. For determination of the term [ at , occurring as a result of
fatigue phenomena in crack termina{ zone (as a result of accumu-
dlation of fatigue damage) the solution of G.P.Cherepanov (I974)
is uzed, based on Y« —conception of fracture of viscoplastic
bodies. According to that solution the relation between the
stress p and the crack length can be written in the form:

0B _ 4-27A[lncosB+BloB)_ [ 4), (3

aa A%(Bsec2p -tg B)
. 2065, pg.Jp
. TEys £ 26,

2851

(5S—yield limit under tensionj E -modulus of elastisity;
X* -specific fracture energy.

The equation (3) describes the crack growth in the period of
one cycle. Integrating (3) fromﬁmmtoﬁmaz and assuming
constant during one cycle, the increment of crack length al
during one cycle is obtained in the form

Bmax y
s _ag_ .
st= T

Proceeding now to continuons variables, we write the expression
for crack growth rate in the form

Bmox

ﬂ_ = _d—ﬁ- = F(anx:ﬁmimﬂ) ’ (4)

an iy f(B,3)

A —number of loading cycles.

In the case considered

p=Pa(f+y sin wt ), (5)
where X:-%;L.
Consequently
p= %(l*x sinwt), (6)

Bmax=P(1*y) s
Brin Btz
2
Relation (3) is reduced to variables X=[/l*,]i=&/ﬁa, where

}30=jﬁ%/26%, l*—crack length in the precritical period. In that
case we have

dB _ 2ln sec Bo-2x(ln COSﬁ*ﬂtQﬁl:ﬂﬁx). 7
ax X2 (B sec?B-195)

ainceN=wﬂ/2ﬁ—, taking account of (7) we express (5) in the
form 30(4+X) d |
dx = w [T B _ w (8
ax_ w = £ (B )rX) -
g el 5,1 f(Bx) e
ol1-
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2. Now the development of microcrack as a result

C v : y of the cree
of Viscoelastic material is analyzed. The equation of the ma%i).n
period of the microcrack has the form (Kaminsky, I980)

g
5K=T0{50[l(t)]+fo R(9-6)0[ L(B).U] dB} » coy

where 5K —critical crack opening; Tofkflal]—elastic crack

opening at X=[([) 5 R(l} '@) ~kernel of the integral
of viscoelasticity; -time i S
e idael distanceyﬁi .q, period in which the crack tip

ginggnsider the case of low frequencies of cyclic loading W .
p(’L')=p(t)(1+a/W(T-t)coswt), : (10)

in that case may be assumed YW (T-1)<« 1

relation hoids ) Pir)eBlE) ¢ (T-1) and the following

Under the restrictions noted the equation of crack growth (9

for i 3 .
Igsog?a81steady crack growth rate will take the form (Kaminsky,

q{
Iy _ £(t '
z -4+w<ﬁ)ﬁt)>joR( m;‘)so(sms, ~ (m

where
2-ms-pf+pyYmis?-2ms+ 2
e_mS_Pe_.measa_emsT'l

-msln PE-ms +p\/mesa-2ms+ﬁa~}
PE-ms - pimese-2ms+pZ |’

Y(s) = —b%{(?»ms) [n

_ {1-cosp)® i 5,
V(R) [n secp r L= 8ToGglnsecB’
prsing,  pe 4B

e Og
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We shall analyze the liaxwell's material, in that case R(t-T)=A
and equation (II) is presented in the form

g* =l+ﬁW(ﬁ)$(ﬁ)% ' (12)
where
1
E(ﬁ)=f0 P(s)ds - (13)

The table I contains the values of F(j3) for different values
of ﬂ °

TABLE I the Values of & (J3)
B £ (B)

0,0 0.3333
0.I 0.3343
0.3 0.3425
0.5 0.3%60I

The equation (I2) can be reduced to the form

il e
i =0(8) T (I4)

where

G (B)=AV(B)E(R) .

Introducing dimensionless length X=,/[*, we write the equation .
(I4) in the form

% =g(B) {*X:— : (15)

As is seen from the table I , for ‘B < 0.5 the value of the
integral §(/3) changes very little ‘and for simplicity may be

assumed E(3)X1/3. Taking account of that fact as well as of
the relation (6), the equation (I5) may be written in the form
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ax ! [4—cosﬁo(4+xsmwt)]a X¢ (16)
dt 3 {n sec By(1+ysinwt) 1-X
5. Dividing two parts of the equation (2) by [ d -
tuflng the relation (8) for Xegt and thg eratgona?16§ugizi

éﬁr » We obtain the equation, describing the crack growth
in’ viscoelastic material under cyclic loading

_dx_A [{-cosPoli+ysinwt)]  x2

dt 3 In seclBo({+ysinwt)] 1-X * 5 FBoYX),
where
By (44§)
F(ﬂu,X,x>: .—d._-P; " (I?)
JB‘O(I_X) f(ﬂ’x)
X
Q745
X=0950
Q72 .
X =0,05
___—_____________—
0695
% 50 time in hours

Fig., I. The relations between the dimensi
nsi
length and time, SRR
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In the figure the relations between the dimensionless length
X and time are shown, calculated by numerical integration of
the equation (I7) using the Runge-Kutta procedure. As follows
from the character of the relation X-t , at f3; =0.T,
W =IHz for different values of the loading parameter X y
the increase of cyclic load leads to an increase of the “crack
growth rate.
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