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ABSTRACT

On the basis of the experimental works on LCH aluminum alloy center
g ele - i s :
cracked panel {(CCP) specimens, the fatigne bropagation law of an incli~
ned crack in uniaxial tension stress field is studied, and it is suggested
T 1s sugges

that the Ffatigue life may be predicted by an equivalent mode I cyack.
INTRODUCTION

The fatigue propagation of a crack inelined in an arbitrary angle to
the loa@ line is used to be encountered in practice, Iidaﬁl], Pustajovskny},
and Sih[sj have studied the fatigue propagation of an inclined crack in CCP
specimens.

In the present paper based on the experimental results of LCu aluminum
alloy CCP specimens with inclined crack, the fatigue crack propagation law/
of the inclined crack in uniaxial tension stress field under plane strain
condition has been studied, and an approximate mathod to predict its fatigue
life is suggested. )

The angles of inclinetion of the inclined erack in CCP specimens in
the experimental work were 30°, 45°, 60°, and 90°, The total nuwmber of
3pecimens tested is 11. The solid line in Fig. 3 represents a propagated

i)

inclined crack. Details of the experiments are given in Ref. [u}

FATIGUE CRACK PROPAGATION LAW UNDER MIXED MODE CONDITION

Let Nrepresents a combined quantity (CQ). It can be generally expres-

sed in the following two forms
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n, = al(e) Ko a2(e)KII (1}

1
and

ny = ey (8)KG + ay, (00K K+ ay (K2, (2)
where, ﬂl is the 1st order CQ, and N, the 2nd order Q.

The mixed mode criteria applied in the present paper belong to these
two CQ's respectively. The criteria of max, principal stvess (01) and max.
Circumferential tensile stress (oe) belong to the 1st order CQ, while the
criteria of strain energy density factor (8), the energy release rate (G)
and the plastic range size factor (rp) belong to the 2nd order Q.

Treating the experimental data with these five criteria and plotting
the results in dsde versus 4An plots (e.g. Fig. 1) the data points could
be regressed linearly. The slopes mos the intercepts Cn, the correlation
coefficients v and the remainder standard deviations o of such lines are
listed in Table 1.

From the r values in Table 1, it is evident that for all of the five
criteria, log (ds/dN) vs. log(An) are of linear relationship. Dis-
persions of distribution of the experimental data using different criterion
are nearly the same. From this , it may be concluded that there is no
significant difference in describing the fatigue propagation law by dif-

ferent criterion. Therefore, this law could be expressed by a unified form
m
ds/dN = Cﬂ(An) (3)
PREDICTION OF FATIGUE LIFE

Integrating eq. (3), the fatigue life is obtained as
S,
A
m
N = S ds/C_(an) " ()
s n
1
Due to the difficulty in the determination of the exact values of SIF, KI
and KIT, it is necessary to make some assumptions in the integration of
eq. (4). Two hypothetic cracks are suggested, namely, the equivalent mode
I crack (EIC), and the imaginary tangent ecrack (ITC), i.e. the inclined

crack parallel to the tangent of the propagating path at the current £ips
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Bot? are defined in Fig., 3. The calculated values of mode I SIF of the EIC,
EIC —_— ) ITC )
KI » and mode II SIF of the ITC, KII are approximately the same as the
exact KI and KII respectively at the current tip for all of the testing
specimens with various inclined cracks.

The values of K of a hypothetic crack are
1 5 1
Ko = ~Yo(wa)® sin“g, and Kip @ Yo(ra)? sinBcosp (5)
here, a is the hypothetic crack length and ¥ = sec v{7a Wy,
e

According to different ways to estimate K values, two models are sug-
gested for predicting fatigue life.

1) Model A

o EIC ITC

Tal i

ake hI and KII

as the approximate values of KI and KII'

Assume that a crack grows step by step. The calculation starts from
some peint A (Fig. 2). The direction of propagation is determined from the
hypothetic crack which is the imginary line 0A, and by different mixed mode
criteria. The transverse length of each step is L. From the geometric
relationship in Fig. 2, the half lengths of the hypothetic cracks OM' amd
DM are easy to obtain. Then from eqs. (5) and (4), the number of cycles N
for each step of crack propagation (from A to B) can be readily calculated.
The result for specimen with B=45°¢ is shown in Fig. 5 by curves corresponding
to each mixed mode criterion. In this calculation, the values of C and m
used are those from the CCP specimen with a transverse crack (B=9OQ). Then
errors of the predicted 1ife by the model A for specimens with various
angles of inclination are within the range of -32% to +21%.

2) Model B

Fig. 4 is the results from the finite element analysis of a CCP spec-
imen with B=45°. From these pesults the general tendency of the variation
of KI and KII’ while the crack propagates, is evident, i.e. KII could be
neglected except at the initial stage of crack propagation. Thé calculation
shows that the errors induced by neglecting KII are less than 2% for all
of the €Q's. Therefore, the fatigue life prediction of an inclined crack in
CCP specimen may be simplified to a mode I problem. Using an imaginary mode

T

I crack, the eq. {4) is preduced to

s [ T . 5 /20 &5 ; — Jjm
N = [1/Cq (AnﬁGJWDI ity 5 dae/(Yx/aﬁ)j n (6)
ay
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tere, j = 1 for the 1st order CQ, and j = 2 for the 2nd order €Q, and A
is a constant.

The fatigue life prediction is obtained from integration of eq. (&)
by model B, and the results are shown in Fig. 5 by a dashed line. The er-
rors are within the range of -20% to +25%.

The fatigue life prediction for the titanium CCP specimen with g=u5¢
in Ref, [2] is also made by using model A with S-criterion, and model B,
the results are shown in Table 2, and the life prediction of the same
specimen by Sih in Ref. [31] is also given in the same Table. From this it
is evident that the models A and B give better prediction than Sih's ap-

proach.

CONCLUSION

Under uniaxial tension loading

1) All of the five mixed mode criteria could be used to describe the
fatigue crack propagation law, and their propagation rate expression is

given in an unified form
ds/aN = ¢ _(an) ‘

2) The fatigue life prediction of an inclined crack in tension panel

could be made by using a projected mode I crack.
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