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ABSTRACT

We Introduce numerical treatment method of crack wth 1n
solids. The load of media with crack 1s conirolled by
process of gas dIffusion into crack. We consider
quasistationary kinetic crack fx‘owth regime with material's
crack resistance characteristic being some function - the
kKinetic dependence of crack growth velocity ( V ) from
stress Intensity factor (K) on crack contour.Such problems
model constractions fracture phenomena in conditions of
aggressive media influence. They also model the processes of
crack wth 1in media filled with gas, for example 1n
geophysical media.

In those problems we take into account the change of pressure
in the crack under gas diffusion as well as kinetics of crack

wth under this pressure. Thus we solve the problem of
iffusion theory and elasticity theory for media with cracks
under some additional conditions which ensure the interaction
between those problems.

We consider an 1infinite media with a crack occugiling an
arbitrary domain 1in plane. The three-dimensional ffusion
theory and elasticity theory roblems are reduced to
two-dimensional Integrodifferential equations 1n the crack
domain. which are then solved by Boundary Element Method.
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BASIC EQUATIONS
We consider the problem on quasistationary normal crack

growth. The crack occuples the domain G in plane z=0 and
appears In moment t=0. ( Fig.1 ).
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The velocity of crack propagation V in each point of crack
contour 1s considered to depend on stress Intensity factor N:
V=£(N) ¢( F1%.2 . We consider the crack 1in  unboun
elasticity media which 1is saturated with gas of concentration
¢
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Fig.2
The crack is modeled of ideal flow ( far from equilibrium
state ). The crack f)ropafation velocIty 1s belileved small 1n
0 .
So the flow Into crack is founded from stationary diffusion

problem solution 1in each time moment t. The boundary
conditions for the symmetric problem are

AC =10
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Where Co- &as concentration. We want to find the diffusion
flow density q(x,y)- 20/98|,_5s (X,¥)<G.

The elasticity problem 1s the problem on normal crack G, which
surfaces are applied on loading p - gas pressure. Gas pressure
g is depend on wing crack volume V and pushed gas mass n.
he gas 1s belleved to be 1ideal and he processes are
isothermic.

We reduce the elasticity and diffusion groblems to Dboundary

Integral equations by standard meaning and obtain to solve the
equations system in each time step t

C=iﬂ Ty dx'dy’
voam V(x—oc')2+(y—y')2
_.__E w(x,y)dx dy'
p(t) "47r(1-u2)Ax’YJJVZaE-ac')2+( “YF
o(t) J-J

(1)

2)

pV=nRT E 3)
V(t) = [Juczydzdy (4)
Q- - Dﬂq(m’y)d’xdy (5)

n(t+at)=n) + Qat

2 (6)
u(§,s,t)=%”—>ﬂ/(5,t)v'§“

(7)

where u - crack a}ierture, Q=9n/at - gas flowrate 1into the
crack, R - universal gas constant, T - §as temperature, E and
n_ - Young modulus and‘ Puasson koeff clent,” the equations
(T)-(9) are used for calculations of stress intensity factor N
and new crack .contour.

NUMERICAL PROCEDURE
We emgloy the boundary element method to solve equations (1)
and (2). To determine u(x,y) and q(x,y) the oriil.nal domain G
1s partitioned into equal sg})g)res with side h, and 1t 1s

approximated by a net domain The solutions are sought in
the form of the expansion

9(z.y) ?‘%ﬁ”zﬁ"’zm’y’ B, way) F»szq’"’“% (z,y,}
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where the unknown coefficients Qp - and Ub to be
1P2 1P2

determined coincide with the values of q(x,y) and u(x

the points of net. Qp b, are foundéh ’%;om corrésﬁ%%degg

functional minimization

min J4 (ﬁ«) ;Z Z a‘;—"va 74?2 0[’1/’2 0747; r ZZ ij’fP:. g,;iFZ

PrP2 Y92 fpe
, - | N T =
Tpipagudepe-pilggs1 =g J 71 (B0 T G e

and Up1p2 are founded from correspondent equations system
solving (Balueva at al.,1989)

‘ﬁ%g a?%Fh7472I%%72 - gfwfz =0
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In each time step t S pressure was determined at fir
st.
The crack aperture u1§§iy was founged under p=1 for the crack

contour G(t), then the. crack volume V, under p=1 was

determined in formula (4) and p 1s equal p2=nRT/V1.

After this q(x,y), u(x,y) under (t) were determined, new

ﬁrack volumqu(t), §as mass n(t), e stress Intensity factor
(s,t), velocities V(s,t) in confour points s and new contour

G(t+Dt) were founded. The new contour f
calculation problem (Goldstein at al., 1984%?nd1ng 1s special
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RESULTS AND DISCUSSIONS

The series of models calculations was madefor penny-shaped
cracks growth on different external conditions: the gas
concentration c,, kinetic dependence V(K). The crack growth

time tm from one radii R (R=1) to another (R=2) was calculated

(Fi1g.3). The dependence of crack growth time t on gas
concentration Cy for different kinetic curves (Fig.2) 1s shown

on Fig.4.

It 1s evident from Fig.4 that the growth time t, 1s the
smaller than the gas concentration Cy 1s the bigger and the
kinetic curve 1s the more left ( on Fig.2 ).

We also made calculations for elliptic cracks with equalsquare
but different A=a/b growth. For example, the elliptic crack
growth with A=a/b=2 1s shown on Fig.5.

The crack growth time t, as a [functlon of A=a/b
isnonmonotonic. The smallest time t, 18 for elliptical cracks

with A=a/b=2. It 1s connected with nonmonotonic dependence of
max stress intensity factor K . (in points of crossing of

smallest semiaxes with contour) from A: Kmax have maximum for

the elliptic crack with A™2. It is established from numerical
results that the crack growth regime becomes stationary with
const veloclity after some time. It 1S consequence of balance
0f crack sizes Increasing and gas pressure decreas (to be
connected with crack volume Increasing but particularly
compensating %as flow 1nto 1t). The stationary regime
establishment Is proved analytically for circular cracks and
?853?13 for the crack propagation velocity is given (Balueva,
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