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[ByxnapameTpuyecKuii KpUTepuin paspyLueHns

A. XKunokac

Kateapa mexaHvuku gecopmmpyembix Ten, KayHacCKuili TEXHONOrMYecKunidi YHUBEPCUTET,
KayHac, JluTtsa

MokasaHo, YTO ANs NOMYXPYNKUX UM NOMYNAacTUYECKUX TBEPAbIX MaTepuanos TpebyeTcs Gonee
CNO>KHAasi TPaKTOBKA paspyLLUeHNs, YeM Afist XPYNKUX W NAacTUYECKUX MaTepuanos. MpumMeHeHne
IBYXnapame TPUUECKUX KPUTEPUEB PaspyLLIEHUsT NMO3BONSET PenTb 3Ty 3ajady v 6onee fOCTO-
BEPHO OLIEHNTb MEXaHWYeCKOe MOBEfEHWE MaTepPUasos.

Knto yueBbl e CnoBa: xkputTepun paspyw eHuUs, NonNyXpynkue WA NoAynnacTuYeCcKIUe
MaTepuans , KPpPMUTUYeCKUNA KO3IG & MUYyMeHT MHTEHCMBHOCTMN HanNnpaxX eHUBH, Hanpas:-

XK eHWe, fedopmaumnmsa, Tpeu UHESL .

Introduction. Since 1958, when J. Irwin [1] showed the applicability of the
stress intensity factor as a fracture criterion, this factor has found a wide range of
applications in the engineering. M ost of other criteria suggested by D . S Dugdale,
A . A . W ells, et al. [2], provided the com parable results to these of the Irw in

criterion .

T he universal criteria are needed for m aterials w ith brittle and plastic
fracture. Such criteria m ust evaluate these fracture processes not in separate w ay
but w ithin a tw o-param eterical approach.

In 1970, the tw o-param etrical criteria w ere presented in D ow ling and

Townley study [3]1. T hey evaluate both the fracture m echanics and the plastic
collapse. T he local and global criteria of strength and fracture are integrated in
these works. The well known R6-approach is integrated as w ell [4]. This m ethod

is used for the definition of a basic route for the establishing of the integrity of

structure containing crack-like defec(s.TheRG-approachisanum erical-engineering
m ethod, and the accuracy of fracture process description depends on the amount
of the experimental param eters. C lassical tw o-param etrical criteria com bine the

lesser am ount ofparam eters. T his is very im portant for the assessm entprocess, as
th e amount of data is lim ited . Furtherm ore, classical solutions of the less
accurateness are critical for the further studies.

Problem Form ulation. The exact expression of the evaluation of stress at
the crack tip (see Fig. 1) as IX |> 0 and y =0 can be written as follow s [51
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LT "

w here o iXi and o Yy are the norm al stress in the X and Y direction, respectively.

AN *

Fig. 1. Crack tip coordinates (I is length of crack).

A ssum e the critical stress at the crack tip o C and averaged distance in crack

tip d it can be expressed as follow s [6]
(2)
A fter em bedding values of o Yy from Eq. (1) to (2) it follow s that

0 nom 2, (3)
1.

w here o nom is the nom inal stress (o NOM < O c¢).

In the case of asym ptotic change of stress o Yy atthe crack tip, o Y is equal
to
y w2 - 1y (4)
w here K is the stress intensity factor.
Then the value of oy from Eq (4) can be written into (2) and it follow s that
i 1+U
K r
1 1 (
. | (5)
d i ®2n(x — 1
w here K € is the critical stress intensity factor.

From (5) it can be defined

[ 2
(6)
oc~ Kc\~-~db
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or
2
21K ¢
d = .|\7 (7)
n a
c
A fter em bedding values ac from (6) to (3) it follow s that
[2 1
a = K
A , (8)
nom ca'n jd + 21
and after em bedding values d from Egq. (7) and assessed that K nom = ac4nl, it
follow s that
a K
. -1 (o)
K
fc c

The same equation as (9) was obtained by G riffits [7]. Thus in the case of the
brittle fracture and if the m aterial plastic strain in the crack tip is not assessed
the fracture process could be defined by tw o-param etrical criterion according to
Eq. (9).

T he m aterial resistance to fracture in th e tip of crack under plastic
deform ation depends upon the stress value.

A ccording to the Irw in opening m odel of plane stressed state

o4na
Ki- orin(a+ r02)- a4na. 1+ 10,
\'a02 /

or
2
1 1\ a
Kilcp Kle 1+ y (11
‘e 0.2/
w here K i is the stress intensity factor in the case of opening m odel, KiCp and

K le are the appropriate stress intensity factors after plastic correction and this in
the case of elastic fracture, respectively, and 602 is the yield stress.
A ccording to the Dwugdale m odel [2], in the case of plane stressed state, the

crack opening d can be expressed as follow s

1
K lcp sa 02a , na 8 02(a~Ina) “n a
N n cos | In cos | 12

anlz_ nE 24 02/ 2na 2 230.2/

It follow s that

2
8 (a10.2 n a G
K IC K Ie' In cos |
P . a 2. 02/
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The equations (11) and (13) have a sim ilar character
K F
K = f (14)
Icp 1002/ F
w here F is the load and FL is the yield load.
A's m aterial behavior is elastic, the elastic fracture condition is as follow s
chp K 1c (15)
w here Kic is the material property in the elastic state
The fracture of plastic m aterial is specified by the load
F - F1 (16)
So, th e relation o f plastic and brittle criteria is the function o f loads
specifying elastic and plastic fracture, i.e.,
Kile - f 1€ (17)
ic F
The stress intensity factor K i and the deform ation zone at the crack tip r
are related by dependences as the strain is £ [51
K1 O nom~» ~ ¢ (18)
and
K 1e o nom~\I* r0 (19)

w here rO is the length of zone as the elastic-plastic strain has a m axim al value
max
It follow s that

K r
20,
K ey ro
The relation of deform ation zones riro is proportional to the relation o f
strains £/£ max and the followings can be written
r K 1
21
ro £ max VK Ic)
The strain

fracture criterion consists of tw o strain com ponents
responsible for fracture

that a
[6] is obtained the eqguation
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L1 nom 1
“max / '02)

22

w here H is the interpolation param eter and £02 is the yielding strain.
Considering that S param eter is coherent [7], in the case of S= 2, Eq. (22)

can be written as

nom

1 -1 (23)
m ax '0-2 /

A fter em bedding value of £/£ max expressed by (Kl/KIc)2 to Eq. (23), it

can be defined as

K T
+ 1 nom = 1 (24)
Ic) '02 )

If the deform ation low assume to be £:(a/C)n,where C is the m aterial

constant and N is the hardening exponent, then Eq. (24) can be w ritten as follow s

1 -1 (25)
VK ey °02)

A . G. M iller [8] proposed an expression w ithout m aterial hardening

1 -1 (26)
ic/ °02)

T hese three expressions could be used as express inform ation in com paring
w ith the so-called R6-approach in the U K or European flaw assessm ent m ethod
SINTAP The early version of the R6-approach recognized that, at one extrem e,
linear elastic fracture m echanics was applicable and fracture occurred w hen the
stress intensity factor, in this case, K 1 becam e equal to the fracture toughness
K IC.A t the other extrem e-failure occurred, w hen the load a nom reached its value,

a02,a[ plastic collapse. The R 6-approach recognized that the use of K beyond

th e elastic regim e underestim ated th e crack tip loading and, therefore, some
plasticity correction w as required. [9, 10] In general, this correction is a function
of the m aterial and the com ponent, the crack geom etry and the type of loading.
H owever, in the early R6-apprcach. it was recognized that by wusing the tw o
norm alizing param eters [9, 10]
K 1
Kr= kK 27
IC
and
sr = (28)

° 02

60 ISSN 0556-171X. npodéeMbi npounocmu, 2006, N 4



Two-Parametrical Fracture Criterion

w here K r is the fracture-related stress intensity ratio and Sr is the plastic-
collapse-related stress ratio. T he plasticity correction could be converted to a

general purpose failure avoidance curve

(29)

In term s of Eq. (29), the D ugdale plasticity correction corresponds to

12

(30)

The failure assessm ent diagram (FAD) of Eq. (30) could then be interpreted

sim ply as an interpolation betw een the tw o lim iting failure states - brittle fracture
and plastic collapse - of a cracked com ponent (Fig 2).
K p . Failure line
potentially unsafe

0.8 .

0.6

Assessment point (real
component subjected to
0.4 - service load)

0.2

safe

0 0.2 0.4 0.6 0.8 s r

Fig. 2. FAD according to R6-Rev. 1, schematically [9].

R esults and D iscussion The agreement betw een Egs. (9), (24), (25) and
experim ental results was verified for to types of austenitic steel: 14Ch17N 2 and
08Ch10N 10T . H erew ith, standard specim ens (A S M E E 8M) w ere used for
standard com pact specimens (A STM E 1921-97) for failure in tension (Fig 3)

B asic crack grow th data were obtained on standard com pact specim ens w ith
a thickness B =25 mm and w idth of the sam ple W =50 mm (Imax = 27.5 m m
N max = 3.1 m m , and Gmin = 27.5 mm ). The Kic value was com puted using the

follow ing form ula:

Y =29 .6 (I/W)1/2 - 185 .5(1/W)3z/2 + 665 .7 (/W )s/2
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w her

e
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1017 (/W )7/2+ 638.9 (/W)
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Fig. 3. The geometry of the compact test specimen.
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Fig. 4. FAD’s for various models: (1) Griffits model; (2) Miller model; (3) Dugdale or R6-Rev. 1

model; (4) new introduced model for austenitic steel 14CH17N2; (5) new introduced model for
austenitic steel 08Ch10N10T.
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Conclusions. The brittle fracture of m aterials is defined precisely enough by
second order tw o-param etrical fracture criteria, the m ain param eters of w hich are

the stresses and stress intensity factors.

The fracture of sem i-brittle or sem i-plastic m aterials is evaluated according
to equation suggested by author, in w hich the hardening exponentis evaluated.
Two-param etrical fracture criteria suggested by author and R6-approach

provide the best result of the fracture assessm ent.

Pestome

MokasaHOoO, W 0O HanNiBKPMWXKIi 4Yym HaniennacTuuHi Teeppagi mMmaTepianm noTtpebyt Tb
6 inbw cKnapHOrMro TpakKTyBaHHA pyWHYBaAaHHSA, aHIixX Kpuxki i nnpacTumyHi matepi-
anm BuKkoOpuMCTaHHS gBONAapameTpunuyHMUX Kputepiis pyidHYyBaHHS A03BONAE pPoO3B A -

3aTmnm LW 3ajayvyy Ta 6inbw BIipOTrigHO OLIHMWTN MexaHiIYHY nNnoBeAgiHKy MaTepianis.
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