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Abstract

The micromechanical models of damage have foundeasing interest. The general

advantage, compared with classical fracture mecbkars that, in principle, the parameters of
the respective models depend only on the matenidlret on the geometry. These concepts
guarantee transferability from specimen to strieduover a wide range of sizes and
geometries. The prediction of crack propagatiorough interface elements based on the
fracture mechanics approach and cohesive zone nogetsented. The cohesive model for
crack propagation analysis is incorporated intd@dielement program by interface elements,
which simulate the material separation.

1 Introduction

Damage may lead to the initiation and growth of roeacks in a structure and to the final
fracture in the end. The crack tip, the term used,wften in the fracture mechanics, is a
mathematical idealization. In reality, a regionnedterial degradation exists in some process
zone. In this zone the microbehaviour becomes itapbrfor constitutive modelling. Three
different approaches exist to model damage, matzaration, and the fracture phenomena:
® No damage evolution is modelled and conventionalernred model, e.g. elastic
plastic constitutive equations are applied. Thecess zone is assumed as
infinitesimally small, specific fracture criteri@.g. based on K, J, C* for crack
extension are required.
(i) Separation of surfaces is admitted if some critvedilie is reached locally, whereas
the material outside behaves conventionally; fra&ctuiterion is a cohesive law.
(i)  Softening behaviour is introduced into constitutimeodel; accumulation of
damage is described by additional internal varmble

The identification and determination of the micrama&nical parameters require a hybrid
methodology of combined testing and numerical satoih. Micromechanical modelling
encounters a new problem, the material is not umifon the microscale and the material
element has its own microstructure. The concept tépresentative volume element (RVE)
has been introduced by Hill and others. Many ctutste models for damage evolution exist,
e.g.. (i) formation of microcracks and their exienswith little global plastic deformation
(cleavage fracture), (ii) nucleation, growth andlescence of microvoids (ductile rupture).
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The crack propagation within a structure carsipeulated using several different methods
11, 2, 3, 4/ : (i) node release technique contdoldy any fracture mechanics parameter, (ii)
constitutive equation including damage (Gursoni), ¢ontinuum damage concepts based on
the theory of Kachanov, Lemaitre, or (iv) on thenesive zone approach realised by the
cohesive elements.

In present time the big effort is concentratiedhe application of cohesive models in 3D
modelling and to experimental determination of inparameters for models used in FEM.
There is strong need to standardize the simulatechniques and the experimental
determination of the base data.

2 Cohesive models

The idea for the cohesive model is based on thsideration that infinite stresses at the crack
tip are not realistic. Model to overcome this draak has been introduced by Barenblatt and
Dugdale. Both authors divided the crack into twagane part of the crack surfaces is crack
free; the other part is loaded by cohesive streddest of the newer models developed and
proposed are a bit different from Barenblatt's madehat they define the traction acting on
the ligament as a function of the opening and nahe crack tip distance as Barenblatt did.

The material separation and, thus, damagehefstructure is described by interface
elements in FE method. Using this technique, tHeweur of the material is split into two
parts: the damage free continuum with arbitraryemak law, and the cohesive interfaces
between the continuum elements, which specify tdméydamage of the material. One of the
key problems in the application of the cohesive ehdgithe choice of the material law within
the cohesive zone. For the determination of theesiwle parameters in the case of normal
fracture a hybrid technique has been developed tmsted. Cohesive model is a
phenomenological model which does not claim toesent the real physical fracture process
and the choice of the more general traction-sejpardaw (see the following Figure 1) is in
forward of interest of many researchers.
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Figure 1. Separation of continuum element connected byhasive element



3 Traction-separation laws

Since the cohesive model is a phenomenological mtdre is no evidence, which form to
take for the cohesive law, d) Thus cohesive law has to be assumed indepegdehtl
specific material as a model of the separation ggec Most authors take their own
formulation for the dependence of the tractiontengeparation. The cohesive laws described
below in the Figure 2 are described only schemiatidaut more information can be found in
literature /2/.
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Figure 2: Various cohesive laws used by several authors /2/

The exponential model (b) is used by many anstlas to ductile rupture so to cleavage
fracture. An exponential relationship between tfiective traction §) provides a decohesion
model. The Ta response follows an irreversible path with unlogdalways direct to origin.
This model represents all the features of the seipar process by: (1) the shape of the
cohesive traction/separation curve §I-(2) the local material strength by the peakttoe
(oc), and, the local ductility defined by the work sdparation[{c) given by the area under
(T-9) curve.

4 Cohesive model parameters determination

For the determination of the cohesive stress,inlthe case of normal fracture a hybrid
technique has been developed. Using conventionatielplastic analysis, the distribution of
the axial stress across the notch section of theisign geometry is determined for the instant
of the crack initiation in the centre of speciméi.that event, the axial stress exhibits a
maximum in the centre of specimen, which is suppdséde equal to

The cohesive energly, can be determined in a fracture mechanics testsbyming that
I, equals the J-integral at initiation of stable &ragtension, J The procedure can be taken



from the standard test methods /2/. The stretcle zadth at initiation is determined on the
least three specimens exhibiting ductile tearinggobd the 0.2 mm offset line. The
intersection point of the average SZavid JAa curve defines.J

On the following Figure 3 can be seen therithistion of the axial stress in the tensile
notch specimen. The result values were determigeth@ average values from set of ten
tested specimens.
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Figure 3: Axial stress distribution in the notch tensile spen
The averaged value determined from all setg#s2D00 MPa.

The standard CT specimens were used for J-intetgrmination according the ASTM
1820-99a procedure.

Figure 4: FE mesh for CT specimen



The experimentally determined value ¢fwas found to be; 115 +- 5 MPa.mm and this
value was calibrated using numerical procedure IARR3D. The shape of the traction-
separation can be seen in Figure 5.
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Figure 5: Traction-separation law for ductile rupture

The calibration process was applied on three coatioin values § and Jmarked cohe 1,
cohe 2, cohe_3, see Tab. 1 and Figure 6.

To [MPa] Ji [Mpa.mm] Q/2 [mm]
Cohe_1 2000 110 0,0101
Cohe_2 2000 120 0,011
Cohe_3 2000 130 0,012

Table 1 The tested input data
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Figure 6: J-R curve in the initial phase of the crack propiaga
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Figure 7: J-CTOD curve in the initial phase of the crack @ggtion
For simulation at given material curve the cohegiaemmeters seem to be:

T,=2000 MPa
J=110 MPa.mm

5 J-R curve prediction

The experimental results of the SE(B) specimenseveamilable in the form of the Ak
diagram. Numerical modelling found strong dependenic the mesh size, especially on the
mesh size in the direction in the thickness oflibdy. There is no information in literature
about recommendation, only notice saying this caa lkey problem of modelling. Therefore
more than 15 FE meshes were tested. The mesharsenbdelling is in the Figure 8.

Figure 8: The detail of the crack tip



The characteristic mesh size of the coheslement was then 0.2 x 1.4 x 0 mm. The
dependence of the J integral on the incrementeo€thck is illustrated in the Figure 10. Some
material curves received by the standard matexsatfor the same material show necessity of
the diligent approach and accurate methods fonmheerial curve determination. The best
coincidence with the experimental data was in adshe material curve obtained from the
tensile specimens and modified by Mirone /6/.

6 Summary

A procedure has been tested for application teadsessment of engineering structures. This
procedure consists of a specific traction-sepandéiw of the cohesive model and methods for
determining of the material parameters. The traeseparation law is characterized by the
constant cohesive stress,Which is preceded by a steep slope and by the cohesargyei
which also characterizes the material propertigbernprocess zone.

e The shape of th&4a curve and therefore the observed crack propagatmtelling is
strongly controlled by the material curve (equivdlstress — equivalent strain curve).
The precise determination of the material curve k®y point of the correct modelling
and application of the cohesive elements

» The strong dependence of the convergence and aricairgability on the mesh size

was found.

The present applications of cohesive models atiefati away from practical engineering
employment in structural integrity assessments.r&hge a strong need to standardize the
simulation techniques and determination of the rhpdeameters. Enhanced computational
equipment is required, e. g. parallel processingldoge number of elements and nodes
necessary for advanced investigation of micro- aratrostructures. New experimental test
methods are required for especially for determimmgro structural properties and for the
calibration of numerical analysis.

Figure 9: The reconstruction of the crack path
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Figure 10: J-R curve prediction

Acknowledgement.This research is supported by the grant 101/02@4%he Grant Agency
of the Czech Republic.

References

[1]

2]

[3]

[4]

[5]

[6]

Brocks, W., Cornec, A., Schneider, |., Compigtadl Aspects of Nonlinear Fracture
Mechanics, GKSS 2003/30, pp. 129-203.

Cornec, A., Schneider, I., Schwalbe, K., Hn e practical application of the cohesive
model, Engineering Fracture Mechanics, pp. 1963719803.

Rice, J. R., Tracey, D. M., On the Ductile &mgement of Voids in Triaxial Stress Fields,
J. of Mech. and Phys. of Solids, 17, pp. 201-295691

Gurson, A. L. Continuum Theory of Ductile Rap by Void Nucleation and Growth:

Part 1-Yield Criteria and Flow Rules for Porous blecMedia, J. of Eng. Mater. and

Technology, 99, pp. 2-15, 1977.

Vicek, L., Numerickda 3D analyz&lés s trhlinou: Vypoéty parametru constraint a

modelovani stabilnihoi&ni trhliny, VUT FSI a UFM AR Brno, 2004

Mirone G.: A new model for elastoplastic chdmzation and the stress-strain
determination on the necking section of a tensgecsnen, International Journal of
Solids and Structures 41, 2004, pp. 3545-3564






