AN EVALUATION CRITERION OF THE RESIDUAL LIFE OF
STRUCTURAL ELEMENTS

V.V,Panasyuk, A.Ye.Andreykiv*

An effective engineering method of determi-
nation of residual life of structural ele-
ments containing plene defects is proposed.
Tt consist in reduction of the initial
equations of fatigue fracture kinetics to
the relationships, that immediately descri-
be the variation of the crack area

during its growth. These dependencies are
practically invariant in respect to the
crack geometry, therefore allowing descrip-
tion of the prefracture growth of a complex
configuration crack via the area of the ini
tial defect

INTRODUCTION

Determination of the residual life of structural ele-
ments containing defects is based on investigation of
their fatigue fracture kinetics, l.e. & slow subcriti-
cal crack growth under cyclic varying in time opera-
tion loading effect. In particuler, if the crack propa-
gates in one plane of & body (structural element),than
the fatigue fracture kinetics is described by a diffe-
rential equation:

Gl 3] vt e

where 7/V,¢) - is the desired radius-vector of a mo-
ving crack contour in a polar coordinate system after
N cycles of loading; 73(%) is a radius-vector;
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Vﬂ@) is a dependency of crack growth rate on maximum
stress intensity factor for & cycle (SIF) at its tip,
which is determined by & kinetic fatigue fracture cur-
ve for a given material and loading conditions.

The direct integration of equation (1) with step-by
step determination of the position of the crack contour
and variation of SIF along it is & rather complex ma-
thematical task. Besides, practically it is rather dif-
ficult to establish the initial defect (i.e. a fun-
ction of 7(¢) ), in the initial condition): the serial
devices of non-destruction control used recently are
oriented on determination of defects areas eand
do not give reliable information on thelr geometry.
Therefore, from the practical point of view it is worth
while to describe the fatigue crack growth kinetics(re-
tesg) vie their area sizes.

Isoleted internal and surface defects.

Let us consider a plane crack with a smooth contour

L , propagating in & three-dimensional body under the
influence of evenly distributed cyclic loadings 6 ,
which are perpendicular to the crack plane (Fig.1).

Let's determine the dependency of crack area S(N)
on & number of loading cycles at its initial value of
S5(0)=S, . Taking into eccount, that:

25
SN) =+ [ r3(N,9)dy (2)

and differentiatin this equality with respect to N, te
king account of (1), we obtain:

2k
9 =§r(N,¢/§NLdgo=§v(K£)di. (3)
° 1

The equation (3) obtains the more simple shape, if
instead of the crack area we shall consider a
parameteg which is & radius of the equivalent circle

(S= ey ) :

dery (Keqs). (4)

The velues of Kieqv are the average value, which
integrally allows for SIF variation along the cra%k
contour and in case of the power function of V=CK;
ig determined by: ;
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y 0 1/n
Kieav ={2.7[L1eqv §KJ dt} : (5)

The advantages of the differential equation of fa-
tigue fracture kinetics, presented by eq.(4) consist
in the fact, that for a wide class of the convex con-
tours the value of Aiegyr depends insignificantly on
cracks geometry and is determined, mainly, by its
area., Thus, in case of elliptical cracks of the same
area the value of  Kieqr is changed not more than
by 4% under variation of semiaxes b/e in the range
from 1 to 0,2 (Andreykiv, Darchuk, 1988), Thus, the
presented relationship describes the area veriation of
fatigue crack during its propagation in a closed, in-
variant in respect to the crack geometry form. For ap-
proximate determination of the Krer value we may use
the solution that correspond to the circular crack of

Qeqv radius:

Kieqr =y‘§-"£6’a6¢f . (6)

Tn thet case it is not necessary to investigate the va-
riation of the crack contour during its growth and the

residual life is expressed in terms of the initial de-

fect area:

t ]
S““" dQeqr |
N* = a;qv V(Kfeqv) ) (7)
where Qeqv is an initial, and Q% is a cri-

tical (corresponding to the limiting state achieve-
ment) values of the Qe parameter.

Subsurface defects

From analysis of general solution for subsurface
plane cracks follows, that for a crack of a given area
and at & given distance of its geometrical centre
from the semispace surface (Fig. 2), the boundary ef-
fect will be maximum in case of a circular shape of a
contour. Thus, if the circular crack sabstitution for
a plane crack of an arbitrary shape is legitimate,
then this substitution is even more legitimate for bo-
dies of finite sizes: thus appearing additional values
of SIF, contribute to the safely factor.

The Kieqv  values for a presented in Fig, 2 scheme
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can be determined, using approximation of a numerical
golution for & circuler crack in a semispace (Ishida
and Noguchi, 1984).

Further, presenting on the Dbasis of eq.(1) the
increment of the crack area and a shift of the center
of its weight auring fatigue crack growth we obtain a
gystem of zdifferential equatigﬁg:

e .

daey 1 . dH { N

—(ZW’=§:/(—[_S V(K_;eqv)d?) —d——Aj.:—fSV(K_,eqy)Lagy’dy (8)
0 0

golution of which allows to determine the sizes and lo-

cation of & crack in an arbitrary moment of time and

calculate its subcritical growth period, i.e. residual

1ife of a body with a mentioned defect.

pefects systemsSc

Let us consgider such coplanar defects systems
(rig. 3), consisting of the cracks M limited by &
amooth contour Le o The~inwestigation of fatigue frac-
ture kinetics ig reduced to & common solution of a sys-
tem m of the 3differential equations of the type I used
for determination of the unknown functions: 7 (N, ¥x)
which describe the contour variation of each of the
cracks., In this case, as well as in the above mentio-
ned, the main complexity of the task consists in plot-
ting of STF solution curves taking into account defec
fects interaction in a system &8s well as veriation of
their shape and sizes during fatigue developmente. This
solution for & K =-crack can be presented as:

K_(K) _ Ki(:) F(K) (9 b}

1 - )

K) ’

where Kz corresponds tqnsolution of a given igolated
crack, in & space, and F is a correction function
reflecting the neighbour defects influence.

The increase of the SIF value &8 compared to that
of the isolated crack achieves its maximum values when
crack 1s circular. Therefore the. circular contours sub-
stitution for thoge of the neighbour cracks of a sys-—
tems only enhances their influence on the SIF values

in the vicinity of a given defect, i.€. increases the
correction function F™ in & relationship ( 9). Thus &
problem for an initial system, consisting of an arbi-
trary shaped crack is reduced to & system of circular
cracks of the gimilar areas, centers of which coincide
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Fig. 2

with the geometrical centers
of the considered cracks.

In the frame of this calcu-~
lational model a state of
defect system and its fati-
gue propagation is fully de-
scribed by the parameters

of Ax(N) o Tx(N) and YW
which are "similar" radil
and coordinates of the cen-
ters of each of the cracks.
Basing on the kinetics equa-
tions, as it was presented
above, & system of simple
differential equations for
determinetion of these va-
lues has been obtained:
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ddx_ 1 {y(Kier)de 5

AN T 2%

oc—M

20

d y B d / ) d (10)
xl( _(K) f _.\_[/5___.-— -“ .71 s
EA7=J¢—JV/K¢W)“’3M% AN "JQDV(KW' S e

0
For calculation it is also necessary to obtain the SIF
velues for e system of circular cracks. For these rea-
son, & solution of the problem on two circular cracks

(radii @« and Qa; ) interaction can be used (Ishide
et al., 1985)

waw% 6“(5:{5(/2'5)*5(1'5)"032&2}@(} > ()
where &=(a.+ai)/2H; A=a:/tx; H=T(Te ke (Ye=Ys)
Be = arcty §(ze-2i)de-)]

and functions @ULSLFIKE) Z are approximated by polino-
mials. 4

2,
)

Using the superposition of this solution, we can
plot rather simple, convenient for practical calcula-
tions curves for the SIF values, if an arbitrary num-
ber of cracks occurs in & system,Using them we can
numericelly integrate a system of equations (10) wi=-
thout difficulty.
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