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ABSTRACT

In this communication the I-similarity o1 fatizue tfracture in
stage 1I and cyclic fracture toughness criterion K;, is propo-
sed. The parameter K corresponds to tue threshold”ak = k

at which the self—si&ilar elastic-plastic transition at 1s?
I = Iy is efiected uncer maximum plastic strain constraint
factor.
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INTIRODUCL IVl

The advent oi the linear mechanics has made it possible to app-
ly the siwilarity theovry lor solving tne engineering problems
of materials' fatijue. Thereby. one oi tne iuporlant problems
is the comparison c¢I tue cyclic rracture toughness unaer condi-
tions of the local fracture similarity. The purpose ol this
experiment is to compare cyclic fracture toushness oI steel
with that of titanium ana aluminium alloys at tue mouent ol tne:
local plastic instability unuer cyclic loauing.

PHE CUNCLPY ur PTHde CYCLLIC ruwClurs TUUGHNzZSS

The idea oI cyclic ifracture toughness has been introduced by
Yokobori and aizawa (ILJ7U) due to analysis of the critical
lengtn of smcoth specimens, tested for ratlisue. To develod
these studies it was proposed to estimate tne cyclic irucuure
touhness parameier B asin: vhe ratijue ldiait | GW ) ox
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smcoth specimens &al. tne lensth (1_) oif a stable craca (lVvano-—
va, maslog, Botvina, ISz): =

Kix=OyV T 1s (1)
on the other nand, tane cyclic ‘r.cture tou:hness is usually
estimated with the help o1l thne threshold value K. , correspon-
din.: to the final fatisue fracture (Fig. I) =C
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Fig. I. The kinetic diagramms of the fatisue
crack growth.
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In 211 the cuses the conditions of siwilarity of local fractu-
re ror the accepted threshold stress-intensity factor should
be provided in order to obtain tiie comparable cyclic Iracture

fourhness for dirrerent materiuls. In order to analyse the frac-

ture conditions Tfor the lucal mwetal volumes near the tip of the
fatigue crack developed, let us deteruine tine criticzl dimensi-
ons oi tue self-similur precracking zunes. ln accordance with
the metnoss ol line«r rrwucture mecinwilics tuae 8isze OF sucih zone

ig deterwined by .axiaum dlstence rrom tue crack tip r = Te
within whicn tae struin-stress fielas wmay oe cescrived with the:
help of a sinzulur term kL / 2%y . Lhe maximwa size of the
self-siwilar precracking zone (™% ) at tne static loading
may be calculuted with.;unekuﬂy 8f eguation (Lvanova, lv795:
R R 2
2| Kaodmax | 4 | Kredmac | A 2
c Sy 2% Gy 2

Here (n% Jnax is tne value of K, controlling the distribution
of stratlls and stresses near the crack tip at the mowent of the:
plastic instabiliiy ugder gstatic loadinge.

The maximum siuze (P& ) of the self-siwilar zone is important
P%£%meter,.control;ipg the magimum distgnceAfrom crack tip

Toc at which a critical straln enersy density (AV(/AV' )c is
achieved. The conception oi the critical strain energy density
has been developed by G.3ih (1974 ). uvne of nis basic concepts
is that materials in tane immediate vicinity of tne crack tip,
marked as the core reggion (Fiz. 2) will behave differently from
that of the bulke.
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Fiz. 2. BSlow crack growth prior to rapid
crack extension.

he amount of energy dw/dv stored in one of these elements
becomes exceedingly large as r is made smaller and smaller
reaching a limit on tae boundary or the core region I = T, .
The critical value of the energy AW accumnulated in the vollme
AV is denoted as ( Aw / aV)_. The last increment of slow
crack growth terminates at rg¢ which corresponds to the ones
of instability, i.e. when

Sc=r, (aW/aV)¢ (3)

Here ¢ is the strain-energy dengity factor; Sg is directly
related to tae critical stress intensity factor Kin by the re-
lation as follows (Sih, 1974)

2
So = zog (1+9) - (4-2) Ky (4)

where V is the Poisson coefficient, £ is the elasticity modulus
¥rom eq. (4) and (3) follows that C.0.D. is the function of the
critical strain energy density.

Basing on the concept about the constancy of a critical strain

enerzy density it is possible for fatigue crack growth conditi-
on to write

8 /Ty = Sp/Tg= Ss/Tes=""= Se/Tos =(aW/aV) = const  (6)

thereby, taking into account (4) Sg this may be expressed as:

N (1-2v).- x>
86 = zxg (V) 4-2V)K3g (1)
With its physical meaning ros characterizes the maximum value
of the core region which is realized durinz selfsimilar elastic-
plastic transition at Ak = K. (see ¥ig. I).

The orack growth rate per cycle (d1/dN) on stage II (rig. I) is
primarily controlled by the alternating stress intensity ( AK)
factor throuch an expression of tne form (FParis, 1964):

d1/dN =€ (aK)" (8)

where C and n are scaling constants, If one takes into acco-
unt the elastic-plastic transition it is possible to divide
staze II into two stazes: staze Il-a characterising quasielas-
tic selfsimilar crack growth at AK < Kiaand stage II-b charac- -
terised elastic-plastic crack zrowtih a AK > KIS(Gurevich,
1981). Recent studies
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(Jarema, 1961; Toth and Nagy, 19582) have shown that there is
correlation between C and n parameters as follows:
n
cC=B/A (9)
This mude 1t possible to represent tne relation between dl/dli-
ok in the form: n
d1/dN = B (aK/A) (10)

On the other hand under self-similar condition of the crack
zrowth the parameter n are shown to be invariable lo load
condition. It is possible in this case to calculate Kys value
by use next eguation (Ivanova, 1582)

max | N -n
= max (I1)
KIS KIS [I’lmu— 2 ]
Where n . 1s maximym value of the parameter n up to mode I

Mmax . i B s
may be reailseu, h£5 is maximun value of the parameter K
n = 2. It allows to calculate maximum value of the
alloys on the given base by use following eguation:

~ at
roslbfor

max
e, o Bs o U2, R (12)
0s T (aW/aV)g (awW/aVv) T Is
Dividins eq (2) on eq (I2) we obtain:
R max max !
(Kix) Toc - (1#V)-(4-2V) 3
max vy rmax -E-[AW/AV)EN
Ia il R _max max
According to this equation f = (K]x) /KIs characterises the

gtatic core region to the cyclic core region square root Egtio.
This ratio is %agstant for alloys on the gzivengbase as (Kyymax
= &onst and Kyg = const. It allows to use ( Kyx Jmax an

Kie> parameters as a parameters controlling cyclic
and static core region size at elastic-plastic transition.

ANALYSIS OF DIBENSIONAL CONSTANTS, CONTROLLING
THE SBEL#-SIMILaR GROWIH OF FalIuUk CRACK
(874G Ii)

according to the theory of L.Il.,sedov (I981) for realizing the
gelf-similarity it is suflicient that the system of dimensional
determining parameters, siven by acditional conditions, and, in
particular, by the limiting and initial ones should contain not
more that two constants with independent dimensions, diifering
from lenzsth and time.

Let us show, that during the self-similar growth of the crack
sucit dimensional constants are A and b_in relﬁtion (1U), having
the dimensions [A] = ¥ I 3/ and [B] = L1™' are the constants
controliing the self-similar growth of the crack in stage IT.
Since in stage 11 the crack moves in a single direction, its
velocity depends only upon a single self-similar variable:

J\=x/6{$ (14)

where X is tne coordinate of the crack's tip, b is the constant
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equal to B and t 1s time, § is coefricient (8;‘0 ). Taking
into account, that the futigue crack moves discontinuosly it is
convinient to consider the original as moving together with the
crack; tnen may be represented as follows:

A =al/(aN-b) (15)

where al is the deserete increment of the crack in the direction

of the X axis at the moment when a ziven number of cycles is
accumulated, AN is the duration of propagation of the crack
vy al .

Phen the rate of the crack's srowth may ve expressed in terms
of the self-similar variuble as

sl/AN=B-2Q (16)
Here i
2 = (aK/A) (17)
For the microscopic zrowth rate of tne crack pavemeter n  in
tne eq (&) is eguul 2; then may be representea in the form
a3 fTollows: o

A =(aK/R) (18)
Taking into account this egquution, tne microscopic rate may be
represented in the form us follows:

al/aN = B (aK/A)? (19)

T'hen, for « taresnoid value %ﬁ = Ky we shall obtuin:
(81/aN)g=Us = B(K;s/A) = B-2s (20)
and 172 1/2 /e
(Kls)l/(‘lfs )' = (Kls)a /(Us )2= Hes = A/B = Con.St ((_'I)

Here (Ug ); 5 (Ug Jp etc. ure tue tiresnold rautes, correspon-
ding to (Kisl; (Kisle etc. tor the alioys I1,2,3 etc.
Relation (2I) dwplies, tinat for these alloys tne dependence
Eetweinlphlsand (A is a linear one with tne slope tanzent egual
[¢] AL .
The rezularities establisnea made it possible to include into
the system of determining parameters, controlling the boundary
of a self-similar elastic-plastic crack growth in stage 11 for
the limiting case, related to the plastic instubility the para-—
meters and aimensional consgants are us follows:
max
A; B; al; aN; aK; Oy (Kyyhmaxy Kps 3 A
Here A dncludin: main elastic and thermodinamical constunts,
determining tue ability of the alloy material to accumulate tie
elastic distortion eneryy. rfor alloys on the gziven base

is constant (lvanova, I1I979Y). Yhen only four parzmeters Ak, al,

AN and remain with three independent dimensions Irom
which only c¢ne dimensionless combination muy formed as follows:
-2 R
1= AK - aN / . (KI*)maX_A (22)
= X A
(Al/AN)I/Z 63 KTS
when AK is egual Kijj tunen the striation spacing is S, =al
at AN = I and 1 = I 4k :
I.=Xi b ¢ (23)
=

Sf Gy
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Since for alloys on the given base K; /Sf-—:A/BV = const;
A = const; f = const (see Table 13 then the product 1 -c& =
- const. Table I gives the values of I;C@ while Pig. 3 shows
I, versus Gy

TABLE I _The Values of the Parameters, Contro-
11ing of the Elastic-rlastic Transiti-
on in stage 11

alloy A 4 B aq A Ie-
basis lsu;E’a-m/2 m-cycle‘ f ng
ve  27.2 I 1070_o0.11 Ay, 9467
Ti I7.7 2.3 107 0.I2 K, 7605
Al 5.1 5.1 I0 0.22 N 10633
Ieh
Al
40t
30
Fe
20+
Ti
0r

500 1000 1500 2000 Oy, MMia

Fige 3. Ly criteria versus &y for steels,alu-
minium and titanium alloys.

Cne can see, tnat despite the difference betweenthe crystalline
structure of materials, their chemical composition strenzth
level and other factors the uniform dependence Ix=F(Oy is
observed at 2 =n < 4 where 1 = 4 characterizes the upper 1li-
mit up to f = const.

CUNCLUSLON

The analysis carried out has revealed the rezularity, according
to which during the self-similar elastic-plastic transition the
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product of the critical number 14 and the yield point of this
material is the constant value.
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