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ABSTRACT

The new model concepts of an elastic-glastic state of materi-
al in region around the angled crack ip were formulated. The
new boundary conditions were Troposed and the new gradient
characteristic having a phgsica sense of material structural
parameter was introduced. Stress-strain state (SSS) main pa-
rameters were shown as functions of the structural parameter
in complete range of mixed models. On the base of above re-
sults the elastic-plastic models were elaborated for both the
crack growth rate and the fatigue life prediction. The models
comprise complex- of the main mechanical material characteris-
tics as well as the singular SSS parameters for mixed modes
of fracture. Comparison with experimental data for material
having the different properties confirms a correctness of the
approaches elaborated,
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INTRODUCTION

Solution of problems of fatigue life Erediction for the stru-
cture elements on the stage of crac growth foresees their
realization stage-by-stage. The main stages are as follows:
analysis of the stress-strain state (SSS) and calculation of
the crack growth duration from initial sizes up to critical
ones. Moreover, one must take into account more completely
both the complex of the material physical and mechanical pro-
perties obtained during the imitational experiments and the
structure exploitation conditions as well as a character of
its virtual damages. As a rule, the articles of new enginee-
ring are in conditions of the complex stress state, while the
virtual damages orientation is arbitrary about the system of
an operative loads.

Previous investigations have showed that the stress state ty-
pe influence on characteristics of crack resistance under
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static and cyclic loading is dis
t C ] i played through the plas-
tic deformation Zone 1n region around the anglgd crac lt?p
gr general case), Interpretation of this region state is
nol Enlque, and solutions are not adequate. Formulation and
so g ion of the similar Eroblems belong to the fundamental
problems of mechanics of the mixed modes fracture,

In the first part of present pa i
: per the angled k =
plastic state models under b?axial loag go? agrgﬁbftﬁigitég-

rection are considered while j i
lor nt =
o T he second one - their growth

MODELS OF AN ELASTIC-PLASTIC STATE

Let the through rectilinear crack be in th inal

btaflal field” of an arbitrar( direction atetggms?gn95t§f§:§§
f ate. Consider both quantitative Celastic- lastic singulari-
¥ amplitude KOJ and qualitative (dimensionfess fields of the

stress-strain state parameters 823’2") aspects of the prob-

lem as independent ones. Because of iﬁe hysical fi =
tinuity in continuum, a distribution of Sgsygi;gnsiésig:scgg-
ragﬁters. in the crack tip will be given with corres onding
2?_tegat1cal model of material deformation displaying the qu-
bel ghévgugz ?E;tieg groblfm ?nderbconsideration. To  descri-
analytical meial be N:Eggr'o problem we use the approximate

It is known that the classical Hutchi -R -Rice’
EHRR) solution for dimensionless stres;n??gldgseg rgnmﬁégsig
le?stqn gives the good results. Therefore to obtain he qua-
i at;ve aspects of problem it is worth to use the elastic-
?izza;ccgﬁgg;ggtéon ?gdel taking énto gccount only the non-
in the correspondi .
:?o;euaquel.CHugghinsgn, 1968)p Eh;ngo ogeneous 43t adent "
_$quation is obtaine governing with the 8-distributj
e( 130,180)) of the stress tensor dimensionlessscg;pgnég?sc?g

k?;,grack tip in terms of stress functions:

2
[ncs-a)-gazjtaj-*<scs—3)§—2§“}1+{ncs—a)+1><ncs-2)}a§-*x

x{SCES-3)§-§")+6{nCS-2)+1}CS-1)C52"§‘J'=0 ‘v

in which n - js the strain hardenin 1
) g exponent in the Ramberg-
Osgud model, 0, = 1s the stress intensity, 3 - is the Arggs

stress function, S=(2n+1)/Cn+1). Thus, e uatio i

5 n (1) descr
the boupdary values problem having the gorresponding bourllggE
ry Eqndltzon. To determine these boundary conditions~ for the
nonbénear mechanlcs of mixed modes fracture is the one of
?ro lems. For the particular case of symmetric tension the-
SimmggﬁyCHutchlnson, 1968) used condition of the stress field

%9502 (0°)=0
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as well as a requirement of unloading the crack faces UBCtn)=
=Ur(tn)=0. HRR solution for symmetric tension has the follo-

wing peculiarity. In the known point of §-distribution becau-
se of the higher order derivative discontinuity, the situati-
on of the pgysical fields infinite gradients takes a place.
The similar situation leads to a need of an artificial and
ungrounded transition through the region adjoining with above
point., Since the real materials have the finite ?radient pro-
erties, when solving (1) we have introduced (Do gorukov, Ma-
Ehutov, Shlyannikov, 1990) criterial gradient characteristic
being determined in the following way:

Thus, the value of criterial gradient characteristic is de-
termined by an elastic-plastic singularity form (r_l/(n+1)

and material properties -n, §* is the structurally sensitive

arameter. Consequentlg, the condition which has “to be per-
?ormed when solving (1) in symmetrical formulation as wel as
in unsymmetrical one will be written as follows:

a
HEGUS G (3

Solution (1) taking into account the condition (3) is shown
in Fig. 1 illustrating the kinetics of isolines of elastic-
lastic stresses intensit{ as well as the plasticity zones
orm depending on criterial value (2). These data remove the
contradiction existing up to the present moment between the
plasticit zone conception for an ideall{ plastic materi-
al in both the Hutchinson’s solution and Lhe kinematic mo-
dels by Dugdale, 1960. To solve the mixed problem of an elas-
tic-plastic crack meckanics we introduce the new model bo-
undary condition conception. Suppose a simple load to take
place for general case of asymmetrical problem in the crack

front near the angle of a fracture initiation 8%, Then direc-

tion of a fracture initiation &* may be determined by means
of an elastic solution, hence the elastic criterion of frac-
ture direction, for example, o.g=0 (08= max) is applicable to

an elastic-plastic situation. As a result, the boundary con-
ditions for equation (1) on the crack faces may be completed

with the inner boundary condition UrHCG‘)=O. Moreover, solu-

tion of asymmetrical problem has been carried out with a ta-
king into account results of investigations Budiansky and Ri-
ce, 1973 according to which WCn)=WC-n) or o (n)=to (-n). Ba-

-
sed on above formulated set of the boundary conditions for
deformation compatibility equation (1), Dolgorukov, 1991 has
obtained solution for the fields of dimensionless displace-
ments, deformations and stresses in all the range of mixed
modes from the symmetrical tension up to the pure shear ta-

king into account the structural parameter &* influence. As
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it also follows from Fig.1, we have the known results by Hut-
chinson, 1968 for the plane stress state at 6%<0.0024. Inc-

reasing of 6%0.0024 leads to change of the stress intensity"
distrigution. Thus, we achieve the situation when the mate=-

rial structural parameter &¥* affects upon dimensionless &-
distributions of elastic-plastic stress components without
a direct entrance into the deformation compatibility equation
(1). Hence,

g, =5, ,16%6,68%,m,nl 4
Moreover, an influence of specific type of the fracture mixed
modes is taken into account via the angle of fracture initia-

tion &% deYendence on the angle of crack initial orientation
a and on relation of biaxial nominal stresses 1n. Quantitative
characteristic of the mixed modes influence with a taking in-

to account 6* under the plane stress state maK be obtained by
the Rice’s J-integral dimensionless part which has the follo-
wing form CHutchinson, 1968):

n . . - :ﬁ’("f . . 8"}9
I =7 m%naﬂg ‘cosB-[sind [c:’r (ue-agf-] -0 g {ur +ag-]]+

RHT3<0, 0, 47 gligdcoss] Jde (5)
Proceeding from ) we obtain the following structure for In:
n
I,=1,16%6,6%,n),nl= [f(n,&,,5, ,1,60d8 (6)
- -

In Fig. 2 there are shown the results obtained from soluti-
on (1) with the above formulated boundar{ conditions for both
dependences In on Mp-parameter by Shih, 1974 and on the angle

of crack growth orientation 8% in all the range of fracture
mixed modes under the plane stress state. As il is seen, when
the strain hardening exponent increases from n=3 up to n=13,

then the structural parameter 6* influence increases as well.
Approach described is just for the plane stress as well as
for the plane strain.

MODELS OF CRACK GROWTH

On the previous stage of the problem formulated solution the
method is stated to obtain the dimensionless elastic-plastic
stress fields in the angled crack tip. The final generalizin

stage of the fatigue life calculation on the stage of crac

growth comprises numerical information on the stress-strain
state and experimental investigation results. The above obta-
ined dimensionless elastic-glastic stress fields invariant to
the obgect analysed and K-tarings of specimens or structure
elements taking into account the specific article geometry
belong to numerical results. As a rule, they are defermined
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humerically by the finite elements method, Resist =
é%gue in {he crack front depends on the local :t?gggeéo g:d
t.ralns% One considers that inside the plastic zone condi-

lons for the crack propagation by the process zone value

(material structural parameter §%) in th
o e fracture ele
Sgg%ement submit to the low-cycle fatigue regularitiés?e¥ﬁ?é
s asgumes a use of the material deformation characteris-
t s gug as the.llmltlng'elther static or cyclic deformation
¢ and the plastic zone size Ty In given work the connection

b?tween the limiting stresses g, and strains €, with the fa-
tigue life Nr in the form of low-cycle fatigue Manson-Cof-

fin’s and Ellin’s equations has been
in’s. n’s ns ha used, Moreover th =
g;béﬁltg of.b;axla? loading influence is taken in{o agcggﬁt
di ? SS limiting characteristics change via the correspon-
ng functions and parameters of an uniaxial tension o; and

1

’
Ef:..

Proceeding from the above a i i
' 1 pproaches and the ela =

ggégtlons obtained we have proposed the two moée?élcfgiagﬁés
: %on of crack growth rate and fatigue life for the cyclic
ﬁac U{e mixed modes. Intention of the first model was to ex-
g eST lhe ¢rack growth characteristics under an arbitrary bi-
ax;al oadlng Lhrough.the corresponding parameters of an unj-
rfl? Symmetric tension., The similar parameters were the Pa-

S°S equation ones Co and m . As a result, Shlyannikov and

Braude, 1992 have obtained the equat i £ ot
crack growth by the first model ggaféTYowgr prediction of the

(48] - Y10 AZAOOHBOD] YR a
aN]T)- o] } rna\xJ ° (6

V12 LA )4yBOL )]

in which 3 - is the Manson-Coffin’s consta t, S-i -

ia?gter of strain energy density by Sih, 19?45 A - i: tgg ?g-

0? ;ggvgfegiggiggresse?‘1nt;rac. giowth direction. The region
apoli WL -

of the fatigue fractgge g?aéggmfs tmited by the linear Bars

W¥hen elaborating the second model based i
on the HRR-sol

gne hag set a target to describe all the fati uz fracfgr:tége

gram beginning with the fatigue thresholds AEth taking into

account the material structural arameter 6* To thj
has obtained the equation whichpallows to calgulatz fgg 323

iue' eguivalent to AK:: over the material deformation charac-
eristics and the value of AKthl for any type of mixed frac-

ture under ap uniaxial symmetric tension P
: ‘ ! . Pa t
3;?gular elasth-flastlc SS as well as materEgTe gﬁgpgftEQE
e;tereg }3ténghénfgllgaqount thett,ypef of biaxial loading has
i ~lal
arowth by the no.iol mode?: equation for prediction of crack
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da_ *{ Uz"aFr,“i(1+552)-(AK:g)z
‘ 1

i
% fni - (b+c)
& (5.-15 15 7
Bc;sf'Ed*Inw*,B,B*ch,n),n) 5Cs 2% }

Both above models have the common stages of their realizati-
on foresein? the calculation of an elastic-plastic boundary
contour, definition of crack ?rowth direction and tragectory,
its rate calculation and resifual fatigue life under the fra-
cture mixed modes. In Fig.3 a comparison is displayed of the
computational (according to the equations 6,7) and experimen-
tal data on prediction of crack growth rate (Fig. 3,a) and
residual fatigue life (Fig. 3,b) under the fracture mixed mo-
des. Experiments have been carried out for the elght alumini-
um alloys. Their properties are reduced in the table under an

E 9y, a
GPa MPa wPa n Mark

Al.alloy 1 71 320 160 3.72 -
Al.alloy 2 75 390 228 4.53 o
Al.alloy 3 72 433 285 4.94 *
Al.alloy 4 72 445 310 9.68 A
Al.alloy 5 71 420 320 3.71 +
Al.alloy 6 {e 478 369 5.14 4
Al.alloy 7 70 345 300 10.0 X
Al.alloy 8 72 563 506 10.08 *
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Fig.3. Comparison between the theoretical predictions
and experimental data for aluminium alloys
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uniaxial (n=0) and biaxial (n=0.5;1) tension with the angles
of crack initial orientation a=0°, 25°, 45°, 65°,90°, Comparison
of computational results with experimental ones shows their
ood agreement with each other. Thus, to describe correct-
y _the crack growth processes under the mixed modes one must
perform the careful analysis of the singular elastic-plastic
state in region around the crack tip.
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