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ABSTRACT

In this paper the correlation between the energg J-integral
and stress intensity factor is considered on e base of
stress-strain concentration coefficient in elastic-plastic
range for body with notch and crack encounted from notch.
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INTRODUCTION

The apgllcation of numerical methods in the fracture mecha-
nics gives us a possibility of elastic or elastic-plastic
fields 1in the uicinit¥ of ang stress concentrator. At the
same time the number o analytical elastic-plastic solution
for the estimation of the stress concentration effect for
bodies with different geometry is limited,That is why the
evaluation of ~ approximate  methods for the analysis
of elastic-plastic bodies with the stress concentrators is
an importan engineering problem.In this publication we use
the energy J-integral for the derivation of apEroxinate
formulas for the analysis of bodies with no ches and
cracks. After this the possible ways of the application of
the obtained formulas to the analysis of "bodies with
different geometrg (including a crack’ outgoing from Lhe
stress concentrator) and to the analysis of the criticai
state of a body with a short crack and the stress ang
strain fields near the crack tip are considered.

CALCULATION OF J-INTEGRAL FOR THE BODY WITH NOTCH

Let us consider a body with a notch under external
Ioadlng. The notch tip {s"the semi-circie of the radius P
(fig. 1). To estimate the stress and strain concentration
we Wwill ~use the Cherepanov-Rice _energy integral. The
integration path is the contour of the notch tip wnicn is
free of stresses. Then the J-integral can be represented by
the following simple expression:
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lere H(@) s the specitic work of deformation, & is the
in?ular roordinate of oint at the noteh contoupr in the
~E+EE cgg;d!g?ﬁels¥steﬁ g he gle fifl the c?nter of the
neteh 4 circle). Using e followin orn f
fﬁecific uork of strain near ¢ or the
;18 contour of ‘the notch tip
‘0 the expression (1)
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J& obtain such expression for ' i°
he J-integral (Hafinski,1983) 7777777778
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values of the stresg intensity ¢-1. The notch geometry
{ggg?;gfor the typical cases of tensile and bending
Let us éuhstitute the specific work of strain W for & =
?t in the relation (3) by the specific work OF“Eistortion
g'raigziggéééz il fgr stra%n—hardening materials, If
iy 20 € stress state is uniaxial then Hoeels
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"he deformation diagram is approximated by power function
Ci=E&, 5. <6, ; Ci=6. &, & 26, (5)

‘here 6w =(X60)/ 5™, 72, K arg the empirica values
TR S0, e wedutus o elastlefly "I SE MU,
Y . : enotes the stress an

intensity, Using the expression (4) we can obtain frgnrgég

formula (3) 2
P Bo & Y 7rr77 T
T P 5E B (S~ &7 (6)

This expression allows us to find the maximal stress

T n
2tra1n intensity near the notch tip using the radiusaog
augvature. the mecanical pro erties and energy J-integral
'etermined by means of exper ment or calculat?on.
;grmgsogxggsggstggdréght; and sidg Ogithef fgrnulaQ (6) 1in
. rain concentration factors.

to the defig;tion these factors near the notch tip ?33292"3

ire equal .

ore ) Ke =<—:me/¢‘z, Ke = Spman /60 (7,
, an are the applied stress and strain int .
Taking into account the prelation (5) and n(??.ens%ﬁg
expression (6) can he written in the following form:
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L2t us eliminate the term Ac &2 from the relation (8) with

*he help of the Neuber—Maghutov (Maghutov, 1981) relation
for the elastic-plastic deforming of material in the region
of concentration:
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where F=/~0Cy, 654, ,/71) =(e6:/8,)

Here the follouinf notation is used; 6: =6: /50 , Oy
is the theoretica stﬂgjs concentration factor,” n 1{is the
function of ol and &, (it is usually considered as a
constant equal to 0.5).

the early stage of elastic-plastic deformation near the

notch/zf,ip f;)s_ 7/Ag S‘Lo’,:/ i

J i / _/GBo.

J=‘2Tﬂé?+,‘f—’f—m ZOJ:E—%F (5) /} (10)
At the second stage of deforming&->7 and the relation
“8) can be written in the following form:

Z o6t ge 160 ) 2~ /6, ’*”‘]
f’:woz/zr_: E= 3 T F (&) , (1)
Let us consider the variation of the J-integral due to the
variation of its parameters. It is coqgiglggépto- use the

relative value v/ , where Je =7 pely
is the elastic value of the J—Intagral (g < 1/ Ay ). The
o i 54;4

)
(1-m)[1B:())]

empirical value o&ls tzjie_n equal kg s Then for £ g:<f
T/ % = (g 8:)" (12, ) + 2= (12)
and Sor 6:z7 g o Lm

-\ 4 o A
T/ Te = (X 8) (135, )" iy O (13)

The behavior of J/Je for increasing &z, /7% and X< (n = 0.5)
{s shown in__fig. 2. The wvalue of J  is increasing with
increase of 8z and the increase of material ability for
plastic deforming (i. e. with the decrease of m), The value
of J practically does not depend on Ks .  The value of J is
squal to the elastic value Je for&: <€ 7/c4 In the stress
range 1/ < < 1 the J-integral is practically constant
and does not deviate far from Jo. The value of J begins to
f?cggaSE when the applied stress becomes more than the
yield stress.

527



az 0% a5

Fig.2. The energy integral for notch body.
{ m- 22,0 m=9.5: r3
“emee- ~olg= 1,5, = = = -g= 3; Jg= A‘/QE .
nsider the calculation of the J-integral for the case

0

the body with the notch and the crack outgoing from it

ig.g). He assume that the crack is short, 1, e. the crack
g
C

[Ss -
meho

n is less than the radius of curvature og the
tch. Therefore, such crack is laced in the "shadow" of
e local stress peak due to the concentration near the
tch. We consider this crack as an intermediate crack
tween the “infinitely long" ;Egck is case the
ncentration factor is equal to = Y7 (L/& , Where

the notch length) and the “infinitely short” crack (in
fs case the concentration factor is equal to o).
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Fla.3. | %hUULun geomerry r1g.4. The strain distribution

Let us use 3 rather effectivye interpolation
Neuber. nccording to this we cag use thg same for:g%ggd(lgg

ind  (11), substitutin
“oncentration factor: o Y the = following stress

— o] =) xS * | T2
ax =1 { GGl

CALCULATION oF J-INTEGRAL FuR BODY WITH CRACK

Let us consider the body with g3 crack. The

interpreted here ag a thin notch. Ip the limit casgtig%’?g
the notch transforms into the crack and the relations (10)
and ({{) give us the expression of the J-integral the body
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short crack. near crack tip in plane.

with the crack-type notch -
.2’,00(;'; 6-;:4 OZ/_ <&y <7

P30 A7) E <
2P Ay F b U -

J- Jfff; FNETY"Y) &/ , G2 4

The passage to the limit 2-> 0.94;"5*3 of two expressions
ﬁoC;E. (wgen F =1, E‘ﬁ< 1 /Ag) and{,Oo(&‘fFis to give the
fini}e ualuei Ihag isdwgy tge limi& 0 @f fo2é?%£—*:;:;#7”8r y
O 6 mqr>==) 1is bounded and an or eI Ocria, , B= . =
Since the value of n is a undetermined functien of g and
8z, it is probable that when os s signif!cant the power
Is small (e << {) and therefore the limit value of
equal to . It is also worth to note that K =42 z

n the case of uniaxial stress state this leads to e well

-known expression for J in terms of tEgyEtress intensity

factor K in the elastic region (J = g = 6 < 1/etg).
For large enough stress:
PR Yy < 8r<t
= yT*m £
= 2 .\ 1172 — (16)
[(t L= (), &as ‘
rm &, .

Let us pay attention to the fact that the range of the
aEplied stress starts from ¢ (1/84¢>0 when HKg—> oo )]
Therefore, there 1is no elastic state near the crack tip at
any &; (it is natural for real materiai). That is why lpe
usual formula introduced for the elastic body J = Jo="K¥/F
{s some idealization,

Now we will use  another method for calculating the
J-integral. The approximate formula for the J-integral in
the case of plane stretched by the stress with the
single crack of length 21 (fig.4) can pe obtained using the
nethod of sections (Matvienko, Morozov, 13964). Let us write
the balance of forces. Here we assume that the torce that
{s not transmitted by ine crack i3 counieriaianced by
additional force of the stress concentration near the crack
tip (the origin of cqgrdinates is at the crack tip):

V/‘cg,aibn -4 (17
The stress 6y and the strain <% on the line of crack

extension before its tip for strdin-hardening material
are taken in accordance with the HRR-mode]:

%= ( Gt = ) Gyle ),
& = (‘L— T'L’ié‘/;/e.m), (18)

*IMZ

uherqﬂjs the undimensional value that depends on the stress
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state and the hardening power: 72 ﬂb/ﬁd and cfvé””

the constant values cinse to {. The iZngtn & 59 aef?{mfégz

g¥ é?gckcggg%g;ontgf egualitytgf the Etgaini? (on the [ine
1gation betore the cra i t

strain < yhen §~,=a,. i.e. ‘ R0 il Lhe BppLleg

G =Cele)) T 4 <o
8y =6 , 6 26 (19)

These conditions allow us to write:

6:5;, / ;;/ /75:/0/”// L:”m & <c.

@ = !
J 6,»3 v, )| '
= / 62( , 1) 7’7} dret, (20)

Using in the equation of balance (17) the stress in t

ggrgog%ggtgngughelvalu? a ggcor?i?gtto (fOJF ugl%%uén tgg
mulas for e J-inte

axgension of the plane with the crack:gra o s dase of

Lo A
ﬁfm)/g;:/p)m//,—:;éz ?) 61450;

6% Lo o L
(W £, &z6. (21)

T+

Let us put the J-integral from the formulas (21) in the
sxpression (20) we obtain the size of t
concentration near the crack tip: °f the reglon of strain

& /*mEm
@ =4 S (1+r2) £ 6<6°" (22)
£
T 626

In the case of ideally elastic-plastic material the v
alue
Isddeterméped from the following relations: 2 = 2 for m =0
gg téﬁ’: / for 77=7. One can see (taking into account
a = K22 ) that the expressions (16) and (21)
correlate. To carry out a comparison let us consider a case

65: adl
uitﬁscrgck:et Us rewrite the formulas ({6) for the plane
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The behaviour of J/Je for the body with the crack is
similar to this one for the body with the notch (fig.5):
the value of J/Je 1is - increasing with the decrease of
hardening and increase of agplled stress. But in this case
unlike the bodg with the notch the value 1/l g = 2//7#/7) is
constant for the material with fixed'nwhen! /8o < 1.
When we vpass from the plane
to other body shapes and 5 JOCT '
types of loading we shoud )
urite the stress intensit
factor 1in_ the formulas (23 6
for the J-integral taking
into account the correction o f
functé?n Y £oft§—c?libr?ta?n)
according to the formula/X -
}/ZZ'Y. Thus, the obtained 2t 2
orrulag (23) for calculation l s/6,
of the J-intagral allow us to 0 p—r ‘ L0
use widely the energy L L A N T
integral conception both In Fig.5. The energy integral
the exgerilen al estimation for cracked bodg.
oftth? lractgr? %gughne?s ?f é -1 8.5. 2-m=0.5,
materials and in the analysis -n .4,
of structural integrity” of
constructions since it is enough to
Intensity factor, the appliied loa . the
the mechanical properties of material (£,
determination of J.

know the stress
crack length and
6+ , and +72) for
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