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ABSTRACT

The investigation of characteristics of the aluminium allows
cyclic crack-stability under biaxial load of arbitrary direc-
tion was carried out. The dependence of paerameters to be de-
termined on the properties of material, the stressed state
form and the initial crack orientation was obtained.
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METHODS OF INVESTIGATION
The method for investigation of the characteristics of cyclic
crack-stability for the mixed modes of the crack propagation
under biaxial load of arbitrary direction has been elabarated.
The following parameters are determined: the crack growth ra-
te; the strain energy density factor; the angle, determining
the further direction of crack propagation as a function of
itg initial orientation; the trajectiry of crack growth and
the introduced T-parameter characterizing the cyclic crack-
stability. The processing of the test results was carried out
in accordance with the (Shlyannikov and Dolgorukov, 1987) pro-
cedure. The experimental data interpretation is based on the
parameter of the strain energy density S (sih, 1974) and on
the introduced concept of an equivalent straight crack which
allows to obtain the computational—experimental and theoreti-
cal trajectories of the crack growth under a complex stressed
state as well as the fatigue fracture diagram (Shlyannikov
and Dolgorukov, 1987; Shlyannikov and Ivanyshin, 1983). For
the mixed modes of fatigue loading the following criterion
has been proposed (Shlyannikov and Shkanov, 1982):
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Fig. 1. Geometry of the real (1) and
equivalent (2) angled cracks.

in which (d&:./<3.N)=1O-7 m/cycle, s* and n are the empirically
determined constants.

The principal peculiarity of the tests of materials with an
initial angled crack is that the crack does not propagate at
initial direction and that it has the curvilinear trajectory
(Fig. 1). The purpose of investigations of the cyclic crack-
stability characteristics is to obtain the dependence of the
crack growth rate on the range of the stress intensity factor.
In order to obtain such a dependence one must put the values
of the stress intensity factor (SIF) into the conformity with
each crack length (under an accumulated quantity of load cyc-
les). In the angled crack vertex under the plane stressed sta-
te there are realized two forms of fracture described by the
corresponding SIF of the normal separation and the pure shear

(Panasyik, 1968)
K; = %—E[(H n)-(1-n) Co§20C]

Kg = “/—j—a [(4—q)s,n2oc‘]' : ()

in which 6 4is the nominsl normal stress in the axis 0Y di-
rection; a is the crack length; K is the angle of the crack
orientation about the axis OY; n=0x/ 6 is the relationship

2356

iaxi i -taring fun-
i biaxial stresses; Yy and Yj are the K
giiﬁggfngiusf in the case o% mixed_modes of logd one must uge
the equivalent value of SIF which is the function of Ky and
K- . As such an equivalent we propose to use the parameter Sih

2

S = 544“’:2"2542‘(1'(&* 8, Kz )
8= Lo (3¢-C0s8") (1+ s 6")
b= %6 (CosB"-2€+1) SIn @™ (4)
8" i [(+4)(4-Cos8)+ (3Cos8~1)(4+Cos6')]

® 3 ini agation direc-
the angle determining the crack propagati

Egﬁﬁ gs alﬁunctiongof its orientation o« taking 1nf3 aigeunt.
the stressed state type; G is a shear modulus;?e€=(3-V)/(4 )9* 3
Y is a Poisson factor. In order to descrlbe'dependencgs "
on & the different criteria have been used in the series o
works., However, we have been shgwed'(Shlyannlkov and Dolgogg—
kov, 1988) that the existing criteria of the crack growt i-
rection do not spread to all the range o?_change of thetgxpe-
rimental data for materials having the different properties
under biaxial tension. Therefore in the procedure gi expﬁri-
mental data interpretation we have_dlregtly uged with a he pf
of the Lagrange polynoms the one-@1men31onal interpolation o
dependences 6*- & for each material and stresagd gtate type
under the calculation of the current values of Oy, Oy, th
in (4) as well as the two-dimensional interpolation ovir _the
crack length and its inclination angle under the calculgtlgn
of the current values of Ky and gn (2) and as a regud A
(3). These interpolation calculations have been carrleth ou
for each position of the equivalent straight crack on ; re~
al curvilinear trajectory of its propagation. K—tarlx_lght unc-
tions Yy and Yy from (2) for the rectangular and eig t—pe—
tal specimens have been determined by the f}nlte elemen me-
thod (FEM) taking into account the singularity.

Peculiarities of SIF calculation by FEM taking into account
the singularity

ry of elastic and elastoplastic versions o? the FEM
ggg gggg zlaborated taking into agcount a singularity for ghe
mixed modes of the crack propagation (Shlyannikov, 1987). Ge-
neralization of the method (Hilton and Sih, 1973) on the case
of biaxial load of the angled crack w1?h an arbltragy Gprlen—
tation has been given. By the computational values » Cg, O
of nondimensional stress functions, the expressions for e asa
tic and elastoplastic strain energy of the domain restricte
by the circle with a centre in the crack vertex (Dolgorukov
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and Shlyannikov, 1988) has been obtained. Potential energy of
the whole structure V (Fig. 2) was considered as a sum of con-
tributions from the two care regions V, and the structure
part divided on the finite elements V&

N (3]
Veav s ZV - (T u-T v)dr (5)
n= (o
N Mo
Fym %Y Kij u; uj (6)
=] i=f g1

R
V.= [ ®(rB,d,n)pdpde Q)

0\.—\*

CRACK

Fig., 2, Care region.

For an elastic versions of the FEM the crack orientation ang-
le € as well as the relationship of biaxial stresses 4 in-
troduces in (7) at explicit type. By the common energy mini-
mization over the unknown parameters the problem has been re-
duced to equation systems allowing at the same time as SS8S
parameters of gtructure to calculate elastic and elastoplas-
tic SIF, The eight-petal specimens K-taring has been obtained,
shown in Fig., 3, which could be used further at the experi-
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Fig. 3. K-taring function of the plane specimen.
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mental results interpretation.
RESULTS AND DISCUSSIONS

On the aluminium alloys having the different propgrtles (who~-
se main mechanical characteristics are presgnted 1n.tab1e-1,
Shlyannikov and Dolgorukov, 1988) the experimental investiga-
tion and anelysis of the crack growth has been Performed ta-
king into account their orientation under uniaxial /4 =O. and
biaxial #4 =1 eand # =0.5 tension on the electrohydraulical
stand with antisymmetry factor R = 0,05 at a frequency 3.5
1/s on the rectangular (80x320 mm) and eight-petal specimens
by the thickness 345 mm. The fatigue fracture diagrams have
been obtained for all the materials at the following stress
relationships: # =0;0.5;1 and at the_ang}es of initial ori-
entation & =0;25;45;65;90° of crack with its length a =10 mm,
some of them being shown in Fig. 4. The cases (a) and (bg Te-
late to the symmetrical uni- and biaxial tension (&k=90°).
It was established that for all the materials observed the
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Fig. 4. Diagrams of fatigue fracture.
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crack growth rate is grester at uniaxial symmetrical +tension
than at biaxial one. For the plastic materials the smallest
crack growth rate corresponds to biaxial tension . =0.5 while
for the more brittle materials y =1, Moreover some difference
in shapes of their fatigue fracture diagrams is observed. The
cases ?c) and (d) in Fig., 4 correspond to mixed modes of +the
crack propagation at # =0 and K =0,5. At uniaxial cyclic ten-
sion the influence of the crack initial orientation angle is
not very great. However, as a matter of fact, the greatest
crack growth rate corresponds to & =45° at wich the value of
Ky 1is maximum. At biaxial tension the crack initial orienta-—
tion exerts a greater influence than at uniaxial one. From the
common series of diagrams one can distinguish the diagram of
fatigue fracture, when the initial crack is directed along the
line of the maximum nominal stresses, i.e. & =0°; 1y =0.5.
For the generalized evaluation of characteristics of the cyc-
lic crack-gtability at mixed modes of loading the undimensio-
nal parameter has been proposed (Shlyannikov and Dolgorukov,
1988?, in which the arbitrary values of empirically determi-
ned constants of material n and S* (in equation 2) were di-
vided on their values in the case of equally-biaxial tension
(1=1) n, and s}

T= (ryn)/(5°/52) (8)

The case of equally-biaxial temnsion (x4 =1) is invariant to
the crack orientation angle and hence it makes sense to use
it as a basic experiment. In Fig. 5 the character of change
of the parameter T as a function of o« is shown for the dif-
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Fig. 5. Dependence T- (.
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i i Here one can see
tionships of nominal §tr§sses 7o
iiﬁ:nthgeigack-stagility under bqulal load 1icgr§;tere tgig_
under uniaxiel one at all the regions of the ol aggtaal
racter of the T-parameter change corrgsponds ghe ;ost L
dispogition of the fatigue fr?czﬁzefgggiﬁggsander most demge
i on fromtzgecggégtogf zlig°oand o =90°, In the other cases
:igndgiiation of the plane of initial czack orlegzaziggcizgz
i i etry leads to decrease .

thewiﬁe;;QZ? %ﬁliagfb:yggen ¥hat the plastic mgterlals hav%he
%ig greater cyclic crack-stability than the brittéetgggzﬁed
character of dependence of the crack growth(§g e 63 SEmed,

S, -0.8 MPa m on the T-parameter value lg.th k rialé
%ﬁ Tﬁﬁivisible character of this curve'fgr.all ekma e LELE
thg types of SSS and the angles of the initial crai g;%eo e
tion (which can be approximated by the @—degﬁeihpo yglic cgaﬂ@
the possibility to predict characterlstlcsto_ o%vggus oo
stability under mixed modes of fracture. ; is O
the case of the equally-biaxial tension with 4 =

pear. as a base experiment.
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Fig. 6. Dependence of the crack growth rate
on the T-parameter.
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