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SUMMARY The low cycle fracture initiation in the stress
concentration zones is determined by cyclic and one-side
plastic strain accumulation; the crack propagation is de-
termined by elastoplastic strain intensity., The calculated
elastoplastic strain fracture kinetics are experimentaly
confirmed.

INTRODUCTION The number of cycles AQ needed for fractu-
re in the stress concentration zones under low cycle loading
is equal to the sum of numbers of cycles till crack initia-
tion AQ and for crack propagation Aﬁ(f& ’A§+A¢) « The va-
lue A, is determined /1/ taking into account the cycle-by-
-cycle changes of plastic strains on the base of linear ad-

dition of quasistatic d; and fatigue d,damages
ds‘*df’_{ (1)

The value (isis equal to the ratio of one-side accu-
mulated strain égznto the corresponding critical value under
simple temsion €,, the value d. denoting the linearly ac-
cumulated fatigue damage under cyclic strain orf variable
amplitude é%gﬁm, being determined on the base of power tym
pe fatigue curve equation by Manson-Coffin. The values of
stress 6 and strain £ denote the ratio of the respective
values to the values of the yield point 6, and EY@1=§/3}.
6 = Q/éy). The value /, 1s found by integrating the expres-
sion for the crack propagation rate d@ALVdapending on the
level of nominal stress 5, , on the elastic stress con-
centration factor o, and on cyclic properties of the mate-

rial. The strain criteria of fracture are used for evalua-

tion of A, and N, .
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RESULTS  The waximum strain values €5 in the stress cou-
centration zones in_t(.h)ezz‘eér.oKhalf-cycle are equal: 2)
where €, is the nominsi stg-aiﬁag Ke is the strain concen-
tration ractor. The stress-strain diagram is approximated
by the powe%ye:qté?:alons: - 5—,:‘),, _ é:{;;, (3)
where /m, is the hardening ractor in the elasto-plastic
region. The value K, in elasto-plastic condition is calcu~
lated /2/ on the base of the following modirications of the

Neuber formula.:z/(/ |
+/Mlo — (1-m,)(1+m, —
g .6 (e me) ) ror 6, « 1

e~ T 6. ) I
( & ) 2 2/(/+m,) (4)
_ &
Ke - (0(‘5 5,,) n/l*m.,)[/—(é",'ﬁ//,,Lb_)]/ﬂ,m,) for 5" z 1

= (0)
in which /7 =0.5. The maximum values of stresses S, and

]
strains 5,,{0, in the stress concentration zones at half-cyc-

le k are determined /1/ from the stress-strain diagram ac-

= 5 ()m(k) _ _
cording to (3): 5,,(,’;), =& m(k)is the cyclic hardening

I® G g k) (x)
factor). The values S, = Sm,/S'Y and &, = 5,,,,1,,/5Y are
measured in coordinates with a centre at the point of unloa-

ding. The value m(k)found rrom experimental data for Sy=26,
=00)mo = (6)m, 5 (0)
and &y =28y isr  m(k)=§Eor /4 [%mn L@, 1)F (k)]

max

where A is the material characteristic. The function f(k)

for cyclic stable, har ning and softening materials are /1/:
Fik)=1; /:’(k)=?k—fak)r"%g""""F i Fk)=expC(Ef,~1)
( B and C are parameters of the cyolic stress—

— (k) (k) 5 (k)
(k) Mé{(f(k _2):%_"&

e and Eqpmax e max

respectively
a(k) a
strain diagram). Then ¢ =&, K

max

The strain concentration factor Ké is evaluated by (4) sub-

stituting m(k)for m, . The one-side accumulated strain 5,2;),

during the half-cycle Kk is equal to the diiference of maxi-—

mam strain for half-cycles K and k—l (j,(::x= gr(r‘;:x— gg;-x/) ).
be = 28, = 2[5, dx .

J
o

— (%
’he total strain Gpm
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‘'he damages dg and dp i? accoruance with /1/ are as [ol-
lows: ds = ep(:,)o./éf =e€/jnﬁ), dk; dp = 2(;//4)%,, /éutcjl:{’;’xdk(6)
where m is the power i;1dex ol the r/lanson—Cofafin equation
/

=Y
The number of half-cycles kc=2/\{; till the crack initiation

(/M =0.5) and §/=@/;&7 ( ¥ is the reduction in area).
is determined /1/ by (1) as the upper limit of integrals (6).
'he following cyclic loading is accompanied by crack propa-
gation and a variation of the strain at the crack tip. The
¢valuation of local strains at the crack tip is carried
by using (4) and value of_

% . 0(6=:K1/(v2ff’l)6,1 (7)
where KI:LS the stress intensity factor; 7 is distance from

crack tip. Neglecting //ot6 Lfor small 7 in (7), we obtain:

o - {-m)(1-6, 1/(1+
Ke=gn(KI/1/27fz")E2 " (1=mo)(1-6, 1/{1+m) tor 6, < 1

/ - L2-n(t-m.)(1-6,) fr+m)  _
Ke= zatmmey (Kl Vere) for &
The strain near tl'_x% crack tip can be determined using (2):

— Emax = B4 Ko = Kyo (2977)"C°
where HKi,is the strain ’J7.ncgnsigcey factor; P,.-index 92

(8)

of power, Fron’; (8) and (YY) it follows t(,h%}f !
e ping — - — (- +m, —
K., =K. *® for 6, « 1; K:e:6 © for 6,21 (10)

Te T n
R«e =[2-fl(/—/770)(/~§,,)]; pze :'Dke/z 12
The crack propagation condition is assumed as the rea-
ching of local strain éﬂfﬁﬁ at the crack tip to a critical
value é/c « The tracturing zone length ’C; is obtained from
(9) for 25‘;1 = é/c » taking into account the increasing of

the initial crack length with the nominal stress to 52

(by the cut and try method):

L % (K:e/éfc)z[/‘zgr'—é’;(’qre/éﬂ)z]—f (12)

£ :
The crack propagation rate can be calculated from (12)
in the case oi cyclic loading with a strain intensity factor

range A KIE (in coordi/nate nS-€" cor de/d/V='C and 1, =m (k)
S5 o A il
df/d/\/=2-§_‘—(AKIe/£c)2[/—2/7€:(AKle/éfc)zj (13



= B e
{ /% 4a ¥
If the crack length is subcritical 57, (A Ky /€ )«
JEN = (/2T JAKL 2 e/ (14)
The value (fq/dA/ from (9) and (14) is propartional to the
square of the range of elasto-plastic low-cycle strain at

the crack tip &jﬁﬁiA“vCZéﬁinﬁ Then, from (10), (13) andqg;4):

dl/dN=Cg ARI[1= 5= AR

where Y'=2pke and QG=9@ﬁg;. For the values m(k) =
=0.02 to 0.3 and 0, =0.3 to 1 the value ¥ =2.7 to
3.9%, this being in agreement with results of /3,4,5/.

In this connection cyclic sortening (t-Mo-V and low-
carbon (0.21/C) cyclic stable steecls were tested under con-
stant loading amplitudes for diiferent asymmetry ractors

75 within -1.2 and +0.6 and values A, o The strain
neasurements were made by the grid method with a grid pitch
of O.1mm. The interrelation between the values dfﬂiNand
52@;:@, independent on loading conditions is shown in Fig.1.
The experimental data are in agreement with (9) and (14).

A comparison of calculated data and experimental results at

the stages of crack initiation @N’é A,) and crack propa-

gation (M, < M/'< N Jare shown in Fig.2 and Fig.3. The final

fracture is determined by reaching at the crack tipe. E’,{Q,*éﬂ

Critical value of E;C remains constant for ditflerent con-

centration levels and fracturing numbers of cycles.
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Fige.2 Characteristics of
crack initiation (1 - ana-
lytical, 2 -experimental),

Fig.3 Conditions of
crack initiation and
propagation (1 -analyti
cal, 2- experimental).





