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INTRODUCTION

In this paper, elastic-plastic mechanical models are
proposed in determining fatigue crack propagation and fatigue
1imit of cracked specimen and verified by fatigue tests

conducted with plate specimens.

APPROXIMATE ANALYSIS OF ELASTIC-PLASTIC STATE AT CRACK TIPS
1f effect of finite width appears in the elastic-plastic
condition as it does in the elastic stress condition, plastic

zone size YP at crack tip in the plane stress condition is

expressed by the following formula which is obtained by
modifying the Dugdale model .

TP:‘_G.‘(SCCIGQ\/LG’?—-/) (1)
where; 6:,‘, is net section stress, 63, is yield stress of ma-
terial, and dg is equivalent crack length of a plate with
infinite width obtained by modifying finite width effect
elastically by the following equation, and is termed
noffective crack length.™

ae= o (2)
where; K represents a stress intensity factor of a plate
with finite width. Effective crack lengths, one is of a
plate with double edge crack and the other is of a plate
with center crack under tensile condition, are expressed by

Eqs. (3) and (4).
az=a (1— 2&/w ) sec TaAy (3)
a.p.-:-—ﬂ(/—z’a/W)z:W/?t'Tanma/W (4)
where; @ is half crack length, W is plate width, and R is

factor representing edge effect.
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TESTING PROCEDURES
terials usegq for experiments are given in Tables I and 2
resp?ctively. In the crack Propagation test are used ’
<pechens made of refined low alloy Steel (HT80) whose
details are shown in Fig. 2. Fatigue tests were carried out
under the net section Stress control with 1 Kg/mm2 minimum
Stress. Its control accuracy was within tog. In the test
to determine the fatigue limit of cracked materials were )
:s:d mild steel Specimens with details shown in Fig. 3
est . . . i
15 Ko/ <yt serens meramy oy o), S
NG e . ! se 0.35 - 10 mm fatigue
en, excluding ones with 10 mm crack, all these
Cfacked Specimens were cut of notched sections as shown in
Fig. 3(b) and made into specimens with 0.35, 1.9 and 3.0 mm
;iajrjég (:?etjatigue %imit of a plane Specimen was determined
Pe specimen. These test Specimens were
annealed in vacuum at 650 ¢ for two hours and their surfac
were electro-polished. The fatigue test was carried out -
under alternating load.

FATIGUE CRACK PROPAGAT TON

repr i i
Presents gradient of the lines shows a transition and this
)

transiti i i
Sition point jis found to be Corresponded with the point

at i i
; twhlch shear lip occures. Fig. 5 shows the relationship
e
é we;n Stress range4€and normalized crack drowth rate
=( i
4%41”/»421 . Curves in the figure are represented by

the £ i i
. ollowing €quation, and, being A67/63 £H97 they agree
with €eXperimental values. !

A =) T e )
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Cy is a constant, and it turns out to be 1.25x10°  at

at the shear type one.

where;
the tensile type fracture, and 2.5x10”*
T}(Q is a parameter obtained by substituting Abm for 67» in

Eq. (1), and is termed "cyclic plastic zone size".

(7)

inflicts

Tp'(q = QA (Sec T[_Aé\n/zs“y_—- / )

Eq. (6) represents that cyclic plastic strain
fatigue damages on the tip of crack contributing to the

propagation of crack(z). The experimental value r}(q

which represents the size of cyclic plastic zone where
persistent slip band is originated, is smaller than Y}cq and
there holds the following relation between them.

Vi = Ca: Tp

where; (2 is a constant, being about 0.1 in Fig. 9.
Accordingly, if Ca=C1 /¢
Aa/Ap) = Cy . Ve (9)
The relationship expressed by Eq(6) is, as shown in Fig. 5, 4f
AG}/6§££0.2 agrees with Frost's formula(l),d%ah/OCAE#a_and
if 0.2 £46:7/5‘.f£ 0.7 agrees with Liu's formula(2
By rearranging the results of the above experiments by using

zjk;it can be seen that elastic approach is not enough in the

(8)

field where AK is large.

FATIGUE LIMIT OF MATERIAL WITH CRACK .
The results of fatigue tests with mild steel, shown in

Fig. 7, agree with the following equation.
Ypcow = Qo ( SeCcMOw/26y —/ )= const

6w is fatigue limit and r,b(c)w is rp(c) at fatigue

limit. If its value for mild steel is 0.27, it can be

simply expressed as Ky, — 2/ Ky/mrf—)/ﬁ»—t, when 6\'1-"/67} £0.3

8. shows the condition of the crack tip below and above

From this figure it

(10)

where;

Fig.
the fatigue 1limit, when @ = 0.35 mm.
can be seen that representing the area of persistent slip

band at the fatigue 1limit is 0.02 - 0.03 mm, which is about

one tenth of T;(Quf and is nearly equal to the measured mean

grain size, 0.025 mm.
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Table | Chemical analyses of materials

‘ %

MTERIAL '

c’sa]m Pl S |Cu|N |crimMo| v at| 8
T8O STEEL| 014 1025 1077 |0015/0009|0.25 | 0.86 |0.51 |0.46 0.0 0026/0.004]

I
I
MLD STER 0.8 [00I [1.04 jooisjooee] — | — | — | — | — | — | —

Table 2 Mechanical properties of materials.
Y.s. UuTs | EL R.A
’ . .
E“TER"L! %9 /mme Ummet |, %
Ereo STEEL| 82,0 87.7 25.9 679
MWD STEEL|  25.6 49.3 43.2 66.4
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Fig.8. The tip of propagating and non-propagating fatigue cracks
on the surface of mild steel specimen (a= 0,35 mm).
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