UNIVERSITA
DEGLI STUDI
DI PADOVA

Peridynamic modelling of crack propagation in
Inelastic materials for aerospace applications

Atefeh Pirzadeh - 36th Cycle

Supervisor: Prof. Ugo Galvanetto

Co-supervisors: Prof. Mirco Zaccariotto, Dr. Federico Dalla Barba
Meeting - 09 November



8O0 €18 i Materials for aerospace applications

- The most used commercial aerospace structural materials are aluminum alloys,
titanium alloys, high-strength steels, and composites.

- Aerospace structures are subjected to different kinds of load, which may cause
them to experience failure in some parts.

- Analysis of crack propagation
in solid materials is very
relevant to practical
applications.
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i Motivation for Peridynamic

Classical theory of continuum mechanics
Some limitations for studying crack propagation

- It has partial derivatives with respect to spatial coordinates, which are
undefined along the cracks

- To compensate this weakness, the problem is redefined along the cracks
- Not appropriate for spontaneous cracks

- Some assumptions like the time crack initiates and crack growth speed
Simulating crack propagation is a challenging task

Finite Element Method (FEM), Extended FEM (XFEM) and Meshless Methods
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Peridynamic is a nonlocal continuum mechanics theory (developed by
Silling in 2000).

- Modeling problems with singularities like cracks

- Appropriate for large number of cracks

- Integration is used instead of differentiation
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Motivation for Elastoplastic Approach

Most of the Peridynamic based models are used for fracture
analysis in Elastic Domain.

Before crack initiation, most
materials experience deformation in
Plastic Domain.

Equipping the bonds of OSB-PD with
an Elastoplastic constitutive law is
the objective of this research.

-
-
- —-
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Materials with perfect plasticity: Materials with strain hardening:

Closure of the elastic range (E,) Closure of the elastic range (E,) expands
remains unchanged. with the amount of slip in plastic
domain.
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Kuhn-Tucker condition:

Af(c,a,0)=0, A=|¢|

Elastoplastic Analysis

Consistency condition:

Af(o,a,q)=0

Yield condition:

f(o',oc,q)=|c7—q|—(0Y +Ka)<0

=

P

-0y

Perfect plasticity
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a = el sign(oc — q)

Isotropic hardening

Elastic stress-strain
relationship:

c=E(e-¢,)

Isotropic hardening

Kinematic hardening

Kinematic hardening
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In J2 plasticity, the von-Mises yield criterion is used based

on maximum deviatoric strain energy. for 3D case: i B B R
Ax
2
d Lroilal ¢ o ./.._—l-‘._\t-——.
f(ItriaI): 2 _l/jo = f(G,a,q)Z‘G—q‘—(O'Y +KC¥)SO ° .//. .f/xj.\.

Yield condition:

0 /

(g \ %

if f(t2,)<0 = elastic step (AA:O):{e" _e”"’"' o |l o o 17
=n ~ Ztrial

' f(tY=0 Yield conditi
if f(t5,)>0 = plastic step (A1 =0)= (.— ) ield condition
Af (t%)=0 Consistency condition

eP =e +AAL!

=N

Dynamic relaxation method is used to calculate next step
trial bond extension and bond force.
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Displacement (mm)

Kinematic hardening
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Elastoplastic Analysis of 2D example
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Conclusion

- A new elastoplastic Peridynamic formulation was developed for analysis of
materials with isotropic and kinematic hardening.

- Ordinary state-based Peridynamic model was used for the first time to
consider the effects of shear deformation in plastic domain for 3D cases.

- In comparison with the methods used before, the proposed method is able
to consider deformations with large rotations and accurate values of strain
hardening for each step.

- Dynamic relaxation method was used to obtain quasi-static solutions of
nonlinear Peridynamic equations.

- The elastoplastic Peridynamic approach will be used to study crack
propagation in elastoplastic materials.

Atefeh Pirzadeh Peridynamic modelling of crack propagation in inelastic materials for aerospace applications 16



UNIVERSITA

References

[1] Rambabu, P. et al. Aluminium alloys for aerospace applications. In Aerospace Materials and Material Technologies (2017)

[2] Galvanetto, U., Mudric, T., Shojaei, A., Zaccariotto, M. An effective way to couple FEM meshes and Peridynamic grids for the solution of static
equilibrium problems. Mechanics Research Communications 76, 41-47 (2016)

[3] Silling, S.A. Reformulation of elasticity theory for discontinuities and long-range forces. Journal of the Mechanics and Physics of Solids 48, 175-209
(2000)

[4] Silling, S.A., Askari, E. A meshfree method based on the peridynamic model of solid mechanics. Computers & Structures 83, 1526—1535 (2005)

[5] Dipasquale, D., Zaccariotto, M., Galvanetto, U. Crack propagation with adaptive grid refinement in 2D peridynamics. International Journal of
Fracture 190, 1-22 (2014)

[6] Simo, J.C, Hughes, T.J.R. Computational Inelasticity. Springer (1998)

[7] Mousavi, F., Jafarzadeh, S., Bobaru, F. An ordinary state-based oeridynamic elastoplastic 2D model consistent with J2 plasticity. International
Journal of Solids & Structures 229, 111146 (2021)

[8] Mitchell, J.A. A Nonlocal Ordinary State-Based Plasticity Model for Peridynamics. Rep. SAND2011-4974C Sandia Natl. Lab.(2011)

[9] Liu, C.S. The steady loops of SDOF perfectly elastoplastic structures under sinudoidal loadings. Journal of Marine Sicence & Technology 8, 50-60
(2000)

[10] Savi, M. A., Pacheco, P. M. C. L. Non-linear dynamics of an elasto-plastic oscillator with kinematic and isotropic hardening. Journal of Sound &
Vibration 207(2), 207-226 (1997)

[11] Liu, C.S. Exact solutions and dynamic responses of SDOF bilinear elastoplastic structures. Journal of the Chinese Institute of Engineers 20(5), 511-
525 (1997)

[12] Mossaiby, F., Shojaei, A., Zaccariotto, M., Galvanetto, U. OpenCL implementation of a high performance 3D Peridynamic model on graphics
accelerators. Computers and Mathematics with Applications 74, 1856-1870 (2017)

Atefeh Pirzadeh Peridynamic modelling of crack propagation in inelastic materials for aerospace applications 17



Thanks for the attention

UNIVERSITA
DEGLI STUDI
DI PADOVA

1222-2022

()()

ANN I




