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MODELLING OF THE FRACTURE PROCESS UNDER BIAXIAL LOADING

V.N. Shlyannikov*

The analytical equation for modelling the fa-
tigue fracture processes under biaxial loa-
ding combined with an arbitrary oriented
crack is suggested. The taking into account
of loadin glaxiality and mixed modes frac-
ture 1is based on the parameter of strain
enerqgy density (SED). The method for defini-
tion of the fracture process zone size is
presented and the general law of its change
for different materials 1is obtained. A gro-
und of the crack growth model suggested is
iven in comparison with experimental data
or both the aluminium alloy and the steel.

INTRODUCTION

The most general deformation conditions are reached by
combining a loading biaxiality and an inclined crack ar-
bitrar orientation, and therefore one can understand
that tKe mixed modes fracture (MMF) problems are of gre-
at interest for the specialists. The progress in solving
the MMF problem may be reached by a combining both phy-
sical and mechanical appreoaches. In limits of mechanical
models it is necessary to obtain that parameter or cri-
terion which controls the macrolevel of crack growth.
The SED-parameter can be used as a similar generalised
parameter. On the microlevel one has to establish the
physics of the fracture process and then to give its
correspondent description. All the modern models of the
crack state and growgh in materials proceed from the ex-
treme significance of fracture process zone (FPZ), in
which the conditions for the damage storage and growth
are created. Correlation between SED and FPE which then
is used for a modelling of the fatigue fracture proces-
fﬁ$ in the most general loading cnngitinns is shown in
is work.
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STRAIN ENERGY DENSITY PARAMETER

The total SED dWs/dV may be divided into two components
which are connected with elastic and plastic deformati-
ons by Sih et al. (1-4) and Lee and Liebowitz (5)

it
- 8. 89, 26,

The specific dWs/dV value which is the material Eroperty
may be obtained over the uniaxial static deformation dia-
gram in the true coordinates. In the SED dimensionless

part (3W73V35 one can separate the component C3W7HV);,
which in its turn is expressed through the dimensionless
SED-factor S
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Elastic-plastic analysis carried out in the whole MMF
range from the normal separation to the_pure shear has

shown (figure 1) that for plane strain S is independent
on material properties as well as_ on loading conditions

and S = 0.21. For plane stress S is a function of the
strain hardening exponent n and MMF conditions. Based on

the above results the dimensionless FPZ-size ¢ is sugges-
ted to be determined by taking into account the equation
(2) as follows

for plane strain 6 = 0.21/(3WAN 3

for plane stress 5 X {O.21+O.44Ln(n)]/(HW7HV); 4

The SED-parameter is used to take into account the inf-

luence of the biaxial stress state through the corres-
ondent criteria of equivalent stresses and strains by
irger (6) and Broude and Shkanov (7)

n

ole! n. _
Frit— = g (A+yBY T =4 (5
fi f1 i

in which n =(1-p#n?)*"%, b, 3—3?:—(1+@+w23”2,

¥=(n-v)/((1-mv), n=axn/cy

n
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Results of calculation by the e?uation (5) for different
properties of material are disp ayed in figure 2.

RESULTS AND DISCUSSION

For modelling a fatigue crack growth under biaxial loa-
ding in the mixed modes fracture conditions the follo-
wing equation is suggested (taking into account (2-5))

g% - [ofm(S;Sp)-othfth /B .
4(6; -0 Je. CEé
1 m- f1

A ground of the eguation (6) is performed in comparison
with experimental data under plane strain for the cycli-
cally stable aluminium alloy and_the cyclically weake-
ning  steel and shown in figure 3, Here the full lines
display results of FPZ-size calculation using experimen=
tal data of both the increment of crack length Aa and
the increment of number of loading cycles AN. The dashed
lines display calculations by the egquation (6) using the
FPZ-size theoretical value determined from the formulae
(3). Kinetics of both the plastic zone and the fracture
process zone depending on AN are shown in figure 4. A
good agreement between the theoretical and computational-
experimental FPZ values for both materials may be noti-
ced. Unmonotonic change of the crack growth rate for a
steel (figure 3,a) unlike of an aluminium alloy (figu-

re 3,b) in the range of dasdNe(10 °-10 2) mm/cycle is
connected with the different character of the cyclic
strain hardening exponent n’ change for each material
(figure 5). This character of n’ change and as a result
a change of micro- and macro-crack growth rate corres-
onds completely to fractographical parameters of the
racture surfaces_ of Sgecimens made from a steel or an
aluminium alloy. Thus, for the cyclically stable alumi-
nium alloy during the whole extent of crack growth the
ductile fracture mechanism transferred into  the beach

markings for da-dN > 5-10"* mm/c is the main one. For
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the cnclically weakening steel n’xl for da.dN < 2-107*
mm/c. Moreover, the cleavage fracture mechanism is obser-

ved. For da/dN ~ 2:10"* mm/cycle (when n’>1) a change of

fracture mechanism takes place and at dasdN > 3-107*
mm/cycle the ductile beach markings will appear. Inves-
tigation carried out confirms an existence of a general

law of FPZ-size ¢ change depending on the SED (GW/av)’,
which is shown in figure 6

SYMBOLS USED

half crack length

static and cyclic strain hardening exponents

Young’s modulus

strain-energy density factor

= dimensionless threshold strain-energy density

factor range

fracture process zone size

yield stress

= mean stress

threshold stress range corresponding to AKth at
uniaxial symmetric tension

= applied stress in the y-direction

. = fatigue strength and ductility coefficients at
biaxial load
,.; = fatigue strength and ductility coefficients at
' uniaxial tension
biaxial stress and strain ratio
experimental constants
Poisson’s ratio
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Figure 1 Values of dimensionless SEDF versus strain
hardening exponent { dark point - plane strain )}
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Figure 2 Dependence of dimensionless SED from biaxial
strain ratio for different properties of materials
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Figure 3 Comparison between the theoretical
predictions and experimental data
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Figure 4 Kinetic of dimensionless plastic zones and

fracture process zones
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Figure 5 Kinetic of cyclic strain hardening exponent
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Figure 6 Strain energy density versus FPZ-size
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