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ARTICLE INFORMATION ABSTRACT
Original Research Paper Metal foams as a new class of materials with interesting properties such as high stiffness and
Received 23 January 2014 strength to density ratios, capacity to absorb impact energy, and reproducibility, are rapidly
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Available Online 27 September 2014 growing their share in engineering applications such as aerospace, automotive industry,

lightweight structures, and energy absorbers. Different numerical approaches have been already

developed for the simulation of this class of materials from which the two-scale microplane model

EFO’QZ?,T%Z.. Metal Foams has been focused in this research. First a simple algorithm has been proposed for the numerical

Microplane Model implementation of microplane model to simulate the mechanical behavior of closed-cell metal

Non-Linear Finite Element foams. The structure of foam is assumed to be an assembly of firmly bonded spherical shells. Next,

Numerical Implementation in order to calibrate the microplane model, the mesostructure of foam has been simulated using

Mesostructure . . . .
non-linear finite element model. The FE model has been subjected to both uniaxial and
hydrostatical loads and required steps for the extraction of model parameters from the results
have been outlined. Finally, the results of microplane model and mesomodel have been compared
for a more general biaxial loading condition. Despite tremendous reduction of computational cost,
good agreement has been achieved.
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1- Hooke's Law

2- Linear Elastic

3- Microplane

4- Explicit

5- Brazing

6- Static Constraint
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2- Work Conjugate

3- Cauchy Back-Rotated Stress Tensor
4- Back-Rotated Rate of Deformation
5- Additive Decomposition
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1- Heaviside Step Function
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2- Mass Scaling
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1- Gamma Distribution Function

10 ojless 14 0,95 1393 s (oo Slle (Swiie


https://dorl.net/dor/20.1001.1.10275940.1393.14.10.19.6
https://mme.modares.ac.ir/article-15-7152-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1393.14.10.19.6 ]

Sazobis s puls 9 So9w ol

6925 Sokw HUaLw b aluy Jghw (5518 5L pgd Sl axiuo ju) USe ygawl s 9 s33s silwosly

[5] J. Ozbolt, Z .P. Bazant, Microplane model for cyclic triaxial behavior of
concrete, ASCE Journal of Engineering Mechanics, Vol. 118, No. 7, pp. 66-
75,1992

[6] F. C. Caner, Z. P. Bazant, C. G. Hoover, A. M. Waas, K. W. Shahwan,
Microplane model for fracturing damage of triaxially braided fiber-
polymer composites, ASME Journal of Engineering Materials and
Technology, Vol.133, No. 2, 2011.

[7]1V. Travas, J. Ozbolt, I. Kozar, Failure of plain concrete beam at impact load:
3D finite element analysis, International Journal of Fracture, Vol. 160, No.
1, pp. 31-41, 2009.

[8] H. Liu, T. Xiang, R. Zhao, Research on non-linear Structural behaviors of
prestressed concrete beams made of high strength and steel fiber
reinforced concretes, Construction and Building Materials, Vol. 23, No. 1,
pp. 85-95, 2009.

[9] M. Brocca, Z. P. Bazant, I. M. Daniel, Microplane model for stiff foams and
finite element analysis of core indentation, International Journal of Solids
and Structures, Vol. 38, No. 44, pp. 8111-8132, 2001.

[10] G. I. Taylor, Plastic strain in metals, Twenty-Eighth May Lecture to the
Institute of Metals, Vol. 62, pp. 307-324, 1938.

[11] S. B. Batdorf, B. Budiansky, A mathematical theory of plasticity based on
the concept of slip, NACA TA1871, 1949.

[12] Z. P. Bazant, B. H. Oh, Microplane model for fracture analysis of concrete
structures, Proceeding of Symposium on the Interaction of Non-Nuclear
Munitions with Structures, U.S. Air Force Academy, Colorado Springs, pp.
49-53,1983.

[13] M.Labibzadeh, S.A.Sadrnejad, Crack Analysis of Concrete Arch Dams
Using Micro-Plane Damage Based Constitutive Relations, Science
Publications, New York, USA, American Journal of Applied Sciences,
(2007), 4(4): 197-202, 2007.

[14] M.Labibzadeh, S.A.Sadrnejad, Micro-Plane Damage Based Model for
Concrete under monotonic And cyclic loadings, World Congress on
Engineering WCE 2007.

[15] R.Mehrabi, M.Kadkhodaei, 3D Phenomenological Constitutive Modeling
of Shape Memory Alloys Based on Microplane Theory, Smart Materials
and Structures, Vol.22,N0.02, 2013.

[16] 1. Carol, Z. P. Bazant, Damage and plasticity in microplane theory,
International Journal of Solids and Structures, Vol. 34, No. 29, pp. 3807-
3835, 1997.

[17] Z. P. Bazant, Y. Xiang, P. C. Prat, Microplane model for concrete. I: stress-
strain boundaries and finite strain, ASCE Journal of Engineering
Mechanics, Vol. 122, No. 3, pp. 245-254, 1996.

[18] M. Brocca, C. Brinson, Z. P. Bazant, Microplane constititue model for
shape memory alloys, Report, Northwestern University, 2000.

[19] A. H. Stroud, Approximate Calculation of Multiple Integrals, Prentice-Hall,
Englewood Cliffs, New Jersey, 1971.

[20] Z. P. Bazant, B. H. Oh, Efficinet numerical integration on the surface of a
sphere, Zeitschrift Fur Angewandte Mathematik Und Mechanik, Vol. 66,
No. 1, pp. 37-49, 1986.

[21] L. J. Gibson, M. F. Ashby, Cellular Solids: Structure and Properties,
Pergamon Press, Oxford, 1997.

[22] Z. Hashin, The elastic moduli os heterogeneous materials, ASME Journal
of Applied Mechanics, Vol. 29, pp. 143-150, 1962.

[23] M.Abramowitz, I.A.Stegun, Handbook of Mathematical Functions,

National Bureau of Standards, Applied Mathematics Series-55, 1972.

[24] z.P.Bazant, Microplane Model for Strain-Controlled Inelastic Behavior,
Mechanics of Engineering Materials, Chapter 3, John and Wiley, 1984.

[25] Z. P. Bazant, M. Adley, 1. Carol, M. Jirasek, S. A. Akers, B. Rohani, J. Donald,
F. Caner, Large strain generalization of microplane model for concrete
and application, ASCE Journal of Engineering Mechanics, Vol. 126, No. 9,
pp. 971-980, 2000.

[26] M.H.Sadd, Elasticity, theory, applications, and numerics, 2 edition,
Elsevier Science, 2009.

[27] K. Bagi, An algorithm to generate random dense arrangements for
discrete element simulations of granular assemblies, Granular Matter,
Vol. 7, pp. 31-43, 2005.

[28] A. Benabbou, H. Borouchaki, P. Laug, J. Lu, Geometrical modeling of
granular structures in two and three dimensions. application to
nanostructures, International Journal for Numerical Methods in
Engineering, Vol. 80, No. 4, pp. 425-454, 2009.

[29] M. F. Ashby, A. G. Evans, N. A. Fleck, L. J. Gibson, J. W. Hutchinson, H. N. G.
Wadley, Metal Foams: A Design Guide, Butterworth-Heinemann, Oxford,
2000.

10 opleib 14 055 1393 (53 e Suilse Ludige

S y97agd b o la b, ) diges JS8 o 11 IS

GrSazi =7

Joe ilwools jelaie ar solu g welyl5 (so0e ool SO dlie ol jo
4 ol o eyl ol @l iy Jolu g3l slapsd gl axios,
e S5 ISl ESL b (558 (mgiaelin Gl & aslp )y S JSo
W0 ,5 oolal LesSUI 15800 5 5o eolawl (gl g (g3lwosly (go0e &0 4
Aoy ) Joo byl gmsl el jskaie 4 b s sl Geizren
2 b & ee n peles (555 Sloding Do 4 psd Slen,
Sy SeS 4y wdlge amion, Joo sly ead adF ks o wls)
s Syl G 5 oS ileaned (e g Sgame (sl
Cesd &y (Siling joen 5 (55570 ST (6)l05 )1 5l eoliinl by amios; Joe
098 gy g iyl Como 5l liabsl jgliie 4 g bl 5o ]
AR Gopmesd ISk cow LSl 5l oS (aiged So golpidiy
odims Hlis mls ol A s 3 dlie aio gy, Joe by as oalo
Ol 0 coerl Bl ey (aSS Cenl oolawl 3550 Joe b o
S8 jladie 4y azbngy ) Jae jo 4 adl oo Slale Gloj 4 by o dslie
ol Sy Joo ) eS8 g

&=y =1

[1] Z. P. Bazant, J. K. Kim, Creep of anisotropic clay: microplane model,
Journal of Geotechnical Engineering, Vol. 112, No. 4, pp. 1050-1064, 1986.

[2] P. C. Prat, Z. P. Bazant, Microplane model for triaxial deformation of soils,
Proceeding of Symposium on Numerical Methods in Geomechanics, pp.
139-146, 1989.

[3]1 D. W. Hu, Q. Z. Zhu, H. Zhou, J. F. Shao, A discrete approach for anisotropic
plasticity and damage in semi-brittle rocks, Computers and Geotechnics,
Vol. 37, No. 5, pp. 658-666, 2010.

[4] A. Beghini, Z. P. Bazant, Y. Zhou, O. Gouirand, F. C. Caner, Microplane
model M5f for multiaxial behavior and fracture of fiber reinforced
concrete, ASCE Journal of Engineering Mechanics, Vol. 133, No. 1, pp. 66-
75,2007.

128


https://dorl.net/dor/20.1001.1.10275940.1393.14.10.19.6
https://mme.modares.ac.ir/article-15-7152-en.html
http://www.tcpdf.org

