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What are composites ?

Á Heterogeneous mixtures of two or 
more homogeneous phases

Á This work focuses on unidirectional 
fiber reinforced polymers

Á Fibers are embedded in a polymer 
matrix to obtain a lamina

Á Fibersïstrength

Matrix ïprovides stability &          

transmits load among fibers

Á Laminae are stacked together to form 
laminates
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Where are they used ?
Á Composites are widely used in various 

industries

Á Popular in aerospace, wind energy 
sector, automobile & recreation etc.

Á Have high specific stiffness, high 
specific strengths etc. 

Á Tailor their material properties 
according to needs of end product

Á Increase strength, reduce weight and 
costs 

Do composite materials fail ?
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Failure of composites
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1.http://www.eastcountymagazine.org/node/2734 

2.http://www.yachtsurvey.com/composite_troubles_in_aircraft.htm 

3.http://blog.tennishub.com/blog 

4.http://www.immt.pwr.wroc.pl/~gasior/Researches/Laboratory/laboratory.htm 

5.http://www.bustedcarbon.com/2010_06_01_archive.html
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Overview
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Á Considers lamina layers (plies) as building 

blocks of laminates

Á Use volume average lamina quantities (stresses 

& strains) to predict failure

Á Examples Maximum stress/strain, Tsai-Wu6,  

Hashin7, Christensen8, Puck9 etc.

Á Failure prediction remains inadequate

Do lamina quantities capture the 

true stress/strain state in a constituent ? 

Mesomodeling

6. Tsai, S.W., and Wu, E.M. (1971). A general theory of strength for anisotropic materials. Journal of Composite Materials 5, 58ï80. 

7.Hashin, Z., and Rotem, A. (1973). A fatigue failure criterion for fiber reinforced materials. Journal of Composite Materials 7, 448ï464. 

8. Christensen, R. (1997). Stress based yield/failure criteria for fiber composites. International Journal of Solids and Structures 34, 529ς543.
9. Puck, A., and Schürmann, H. (1998). Failure analysis of FRP laminates by means of physically based phenomenological models. Composites Science and Technology 58, 1045ς1067.
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„ τπὓὖὥ

„ τπὓὖὥ

Composite Lamina

„ τφȢππυὓὖὥ

Fibers

„ χȢψωςὓὖὥ
„ ςȢσςρὓὖὥ

„ σρȢρχψὓὖὥ

„ ρρȢυωσὓὖὥ
„ σȢτρπὓὖὥ

„ πὓὖὥ
„ πὓὖὥ

Volume average constituent stresses

Matrix
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Á Use average constituent

quantities to predict failure

Á Can apply constituent level 

physics 

Á Can predict the response of 

the entire composite using 

just constituent properties

Á Examples are Chamis10,  

Mayes11, Huang12 & Tsai-

Ha13.

Multiscale micromechanical modeling

10. Gotsis, P., Chamis, C.C., and Minnetyan, L. (1998). Prediction of composite laminate fracture: micromechanics and progressive fracture. Composites Science and Technology 58, 1137ς1149 .
11. Mayes, J.S., and Hansen, A.C. (2004). Composite laminate failure analysis using multicontinuum theory. Composites Science and Technology 64, 379ς394. 
12. Huang, Z.-M. (2004). A bridging model prediction of the ultimate strength of composite laminates subjected to biaxial loads. Composites Science and Technology 64, 395ς448. 
13. Huang, Y., Jin, C., and Ha, S.K. (2013). Strength prediction of triaxiallyloaded composites using a progressive damage model based on micromechanics of failure. Journal of Composite Materials 47, 777ς792. 
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Volume average constituent stresses
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Distribution of stress in constituents
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Overview
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whereɝὟis the missing energy.

Strain energy comparison
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Ὗ „ὭὮ‐ὭὮὠ ɮὠ
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ɝὟ ɮὠ ɮ ὠ

whereɝὟis the óInteraction Energyô. 

Interaction energy
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Interaction energy
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Assuming transverse isotropy and expanding 

in i,j,k and, l yields
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Expression for Interaction energy
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How does it depend on fiber volume fraction , 

properties of the materialsor applied load state?

Expression for Interaction energy


