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Abstract This paper discusses the influence of the type of stress-strain state on the fracture prediction
accuracy of AA7108-T6 aluminum alloy in numerical simulation. The plasticity curve of the extruded profile,
approximated using the plasticity condition of Barlatt et al. demonstrates that plane deformation in the direction of
maximum stress produces a stress state with a principal stress ratio close to nearly uniform biaxial tension.
Nevertheless, the experimental tests showed significant differences in the fracture strain values. This indicates the
necessity to take into account not only the nature of the stress state, but also the peculiarities of the deformed state
when predicting the fracture of materials. The obtained results emphasize the importance of an integrated approach
in the development of fracture criteria and the construction of combined models.

In order to improve the accuracy of prediction, a combined model of tear-off fracture was developed, in which
the character of the stress-strain state is described by a certain parameter. In this case, the fracture plane is oriented
perpendicular to the direction of maximum normal stress. A combined model of shear fracture is also presented, in
which fracture occurs along the plane of action of maximum tangential stresses, taking into account the corresponding
parameter of the stress-strain state.

The dynamic fracture diagrams obtained by the developed models were compared with the test results of
various specimens.

The models demonstrate a high degree of correspondence with experimental data, confirming their
applicability for the description of complex loading modes. The results emphasize the effectiveness of the combined
approach to fracture modeling and its prospects for further research and engineering applications.

Keywords: plastic materials, fracture, aluminum alloy AA7108-T6, combined model of fracture, stress-strain
state, plasticity curve, Barlatt's condition, numerical simulation, finite elements, dynamic diagram.

Fracture of plastic materials under complex loading conditions is one of the most important
problems of modern deformable solid mechanics. The safety and durability of critical engineering structures
in the aerospace, transport, energy and construction industries directly depend on the reliability of predicting
the behavior of structural materials under ultimate loads. Aluminum alloys, having high specific strength
and good machinability, are widely used in structures subjected to intensive operational loads. However,
even for such materials, failure can occur by various mechanisms - from breakaway to shear - depending on
the local stress-strain state.

Classical fracture criteria, as a rule, are based on either stress or strain states and often do not provide
an adequate description of real fracture processes, especially for complex loading paths. This requires the
development of more universal models capable of taking into account the complex interaction of various
factors. One of the effective approaches is the use of combined fracture models, which allow integrating the
influence of several material characteristics and loading conditions.

This work is aimed at investigating the fracture characteristics of AA7108-T6 aluminum alloy using
a combined approach that includes both breakaway and shear simulations, taking into account the relevant
stress-strain state parameters.

Fig. 1 shows the plasticity curve of a pressed profile made of aluminum alloy AA7108-T6 from [1],
approximated by the plasticity condition of Barlat et al. [2]. If in finite element modeling the plasticity
surface is used as a plastic potential, then at plane deformation in the x direction, which corresponds to the

maximum stress o, a stress state with the ratio of principal stresses o, / o ., approximately equal to 0,9 is
established, i.e. very close to biaxial uniform tension. Meanwhile, in corresponding bending tests of wide

specimens, i.e., under plane deformation, a fracture strain of about 0,2 was measured, and in drawing tests
with a spherical punch under approximately uniform biaxial tension, a fracture strain of 0,44 was obtained.



It follows that in such cases, in addition to the type of stress state, the type of deformed state should be taken
into account when calculating the fracture strain.
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Fig. 1. Plasticity surface and dependence of the anisotropy coefficient of the aluminum profile on the tensile direction from [1].
Stresses are referred to the tensile strain resistance in the direction of pressing

In accordance with this, a model of break-off fracture was developed (in break-off fracture, the
fracture plane is close to the plane where the maximum normal stress acts), in which the type of stress-strain
state is characterized by the parameter

1-sn
P=—"—,/"-
gmax / gg

Here 7 =0, /0,, is the stiffness of the stress state, where &, is the stress intensity, &, > 0 is
the maximum strain rate, &, =,/2¢,¢; / 3 is the geometric equivalent strain rate, and S is a material
parameter.

The breakaway diagram is approximated by the equation 8:; =d exp(qp) , with two material

parameters d and ¢ .
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Fig. 2. Dynamic breakaway diagram of the aluminum profile
according to the combined model versus test results (bottom
left to right: tensile and bending in pressing, drawing with a

0 hemispherical punch).
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Fig. 2 shows in different coordinates the dynamic (100 1/s) breakaway diagram of the aluminum
profile, whose ductility curve is shown in Fig. 1. The results of uniaxial tensile, bending and drawing tests
with a hemispherical punch are compared with the calculation according to the given breakaway model with
the following parameters s =0.287, d =0.062, g =2.4264.

In the combined shear model (in shear fracture, the fracture plane is close to the plane on which the
maximum tangential stress acts), the parameter of the stress-strain state type is written as

1-k
w=-—"1
g
Here g =7, .. / £, , where ¥ max 1S the maximum plastic shear rate, k is the material parameter.
The shear diagram is approximated by the equation
5; =b, exp(— f9)+ b, exp(fH),

with the three material parameters b,, b, and f .
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g oz Figure 3. Dynamic shear diagram of an aluminum alloy
© profile: model in comparison with test results (bottom from
u- left to right: shear, tensile of flat specimens with a hole and
with grooves in the transverse direction and at an angle of
N 45° to the axis, according to Erickson).
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Fig. 3 shows in different coordinates the dynamic shear diagram of the aluminum profile, the
plasticity curve of which is shown in Fig. 1. The test results are compared with the shear model calculation

with the following parameters k = 0.03, b, =0.032, b, =0.0107, f =5.931.

Conclusions
1. The character of the deformed state has a significant influence on the failure of plastic materials, and it
must be taken into account along with the stress state in numerical simulation.
2 The use of plasticity curve approximated by Barlatt's condition allows to adequately describe the behavior
of aluminum alloy AA7108-T6 under complex loading paths, especially under conditions of plane
deformation.
3. The developed combined models of fracture — by detachment and shear — provide a more accurate
description of the fracture mechanism, reflecting the influence of both normal and tangential stresses, and
their corresponding parameters of the stress-strain state.
4. The example of aluminum alloy AA7108-T6 shows that at close stress states (e.g., uniform biaxial
tension), but different deformation paths, significant differences in ultimate strains are observed, up to more
than twofold increase. This confirms the necessity to take into account the influence of the deformation path
when building fracture models, especially in numerical simulations using finite element analysis.



5. The presented models have high predictive ability and can be used for fracture analysis of aluminum and
other ductile alloys in engineering practice.

6. The combined approach to fracture modeling is a promising direction in the field of fracture mechanics
and can be adapted for different types of materials and loading conditions.
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KOMBIHOBAHI MOJIEJII PYHHYBAHHS INTACTUYHHUX MATEPIAJIIB

AHoTtanis. B naniii poGoTi po3rismaeTsCcs BIUIMB BHUAY HANpPYKEHO-Ie(OPMOBAHOIO CTaHy Ha TOYHICTB
MPOTHO3Y PYHHYBaHHs amoMiHieBoro cruiaBy AA7108-T6 mix yac ynucenpHOro MoiemoBanHs. KprBa miacTHYHOCTI
MPECOBAHOro NMpoQiio, almpoOKCUMOBaHa 3 BUKOPUCTAHHSAM YMOBH IIacTHYHOCTI bapnara Ta iH., JEeMOHCTpYE, 10 B
pasi mmiockoro aedopMyBaHHS B HampsiMi MaKCHMalbHOTO HaIlpy>KeHHS (OpMyeThCS HampyXeHHH cTaH i3
BIZIHOLICHHSIM TOJIOBHHX HalpyXeHb, OJM3bKUX MPAaKTHYHO JO PIBHOMIPHOTO JBOBicHOTO po3tary. [Iporte
eKCIIepUMEHTAIIbHI BUITPOOYBaHHS ITOKa3aJH 1CTOTHI BIIMIHHOCTI B 3HaUeHHsX JedopMalii pyiiHyBanHs. Lle Bkazye
Ha HeOOXiTHICTh BPaXOBYBATH HE TUTBKH XapaKTep HAIPYKEHOTO CTaHY, a i 0co0IMBOCTI Ae(pOpMOBAHOTO CTaHy IIPH
MIPOTHO3YBaHHI pyHHYBaHHS MaTepianiB. OTpuMaHi pe3yabTaTh MiIKPECITIOITh BAKINBICTE KOMIUICKCHOTO MiAXOITY
mix 9ac popMyBaHHS KpUTEPiiB pyHHYBaHHA Ta M0OYI0BH KOMOIHOBAaHUX MOJIEIICH.

3 METOI0 TiIBUIIEHHS TOYHOCTI IPOTHO3Y 0YII0 po3po0iIeHo0 KOMOIHOBaHY MOJIENb PYHHYBAaHHS BiIpUBOM, Y
AKIH XapakTep HampyXeHO-1e(OPMOBAHOTO CTAaHY OINMCYETHCS IEBHUM MapameTpoM. [IpM [bOMY IUIONIMHY
pyHHYBaHHS OpiEHTOBAaHO MEPHEHAMKYISPHO IO HANPSMKY MaKCHMAaIbHOTO HOPMAJIBHOTO HaNpyXeHHS. Takox
NPE/ICTaBICHO KOMOIHOBaHY MOJeNb PYHHYBaHHS 3pi30M, y sKili pyiiHyBaHHs BifOYBa€ThCs 3a IUIOLIMHOKO il
MaKCHMaJIbHUX JOTUYHUX HANPYXKECHb, 3 yPaxyBaHHSIM BiJIIIOBIHOTO MapamMeTpa HalpyKeHO-1e(hOPMOBAHOTO CTaHy.

[TpoBeneHo 3icTaBieHHs AMHAMIYHMX JAiarpaM pyHHYBaHHS, OTPUMAaHHX 3a PO3pPOOJIEHHMH MOJEISIMH, 3
pe3yJbTaTaMH BUIIPOOYBaHb PI3HHUX 3pa3KiB.

Mopeni JeMOHCTPYIOTh BUCOKHH CTYITIHb BiAMOBITHOCTI €KCIIEPUMEHTAIILHUM AaHUM, [ ATBEPXKYIOUH IXHIO
3aCTOCOBHICTh JJISI ONUCY CKJIAJHAX PEXKHUMIB HaBaHTAXKEHHS. Pe3ynbTaTu IMiAKpecToTh e(eKTHBHICTH
KOMOIHOBaHOTO MiAXOAY A0 MOJEIIOBAHHS PyWHYBAaHHS 1 HOTO NMEPCHEKTUBHICTH IJISI MOAAIBLINX JOCTI/DKEHb Ta
IH)KCHEPHOTO 3aCTOCYBAHHSL.

KuarouoBi cioBa: miacTudHI MaTepianu, pyWHyBaHHS, amoMiHieBmii crutaB AA7108-T6, komOiHOBaHa
MOJIeTb pyWHYBaHHS, HalpyXeHO-IeOpMOBaHMH CTaH, KpHBAa IUIACTHYHOCTI, yMoBa bapmara, uncenbHe
MO/ICITIOBaHHS, CKIHICHHI CIIEMCHTH, TUHAMIYHA JiarpaMa.
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