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What are composites ?

A Heterogeneous mixtures of two or

more homogeneous phases
A This work focuses on unidirectional ) /

fiber reinforced polymers Lamina
+
A Fibers are embedded in a polymer
matrix to obtain a lamina - \/
A Fibersi strength L / \/
Matrix i provides stability & amina +
transmits load among fibers
A Laminae are stacked together to forr @‘
laminates Lamina
Fo = ]
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Where are they used ?

A Composites are widely used in various
industries

Boeing 787

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

Carbon
A Have highspecific stiffness, high composite
specificstrengths etc. ;

A Tailor their material properties
according to needs of end product

A Increase strength, reduce weight and E

costs

Do composite materials fail ?
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Failure of composites

Pressure vesgel Bike frame

L.httpy i 2734 4.http://www.immt.pwr.wroc.pl/~gasior/Researches/Laboratory/laboratory.htm
2.httpz//www.yachtsurvey.com/composite_troubles_in_aircraft.htm 5.http://www.bustedcarbon.com/2010_06_01_archive.html
3.http//blog.tennishub.com/blog
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Overview

1. Failure modeling techniques - HOW to predict failure ?

H . . . .
1 2. Missing strain energy - “Interaction energy”

3. Investigate the nature of “Interaction energy” using FEA

PROBLEM

14. Failure modeling using volume average constituent stresses

b o o o o - - -

SOLUTION

7. Summary/Conclusions

8. Future work
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Mesomodeling

A Considers lamina layers (plies) as building
blocks of laminates

A Use volume average lamina quantities (stresses
& strains) to predict failure

A Examples Maximum stress/strain, F94i,
Hashirl, Christensef PucR etc.

[9)
A Failure prediction remains inadequate ¢
Do lamina quantities capture the | |
true stress/strainstatein a constituent?
[9)

6. Tsai SW., and Wu, EM. (1971). A general theory of strength for anisotropic materials. Journal of Composite 18aBSiaG.

7.Hashin Z., andRotem A. (1973). A fatigue failure criterion for fiber reinforced materials. Journal of Composite Matrids 464.

8. ChristensenR. (1997). Stress based yield/failure criteria for fiber composites. International Journal of Solids and SB4c62E5543

9.Puck A., andSchirmann H. (1998). Failure analysis of FRP laminates by means of physically based phenomenological models. Composites SeitnuiegyET10451067
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Volume average constituent stresses

Fibers
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Multiscale micromechanical modeling

A Use averageonstituent
guantities to predict failure

© Lamina

A Can apply constituent level
physics

A Can predicthe response of
the entire composite using
just constituent properties

A Examples are Chamfs

. [9)
1 2

Mayes?, Huang? & Tsai- m

Ha'3
10.Gotsis P..Chamis C.C., aninnetyan L. (1998). Prediction of composite laminate fracture: mi and ive fracture. Cy i %1149,
11. Mayes J.S., and Hansen, A.C. (2004). Composite laminate failure analysisitiogntinuum theor Composites Science and T % 39
12. HuangZ:M. (2004). A bridging model prediction of the ultimate strength of composite \amma(es subjected to biaxial loads. Gmnfisitce and Technology 3950448,
13. Huang Y., Jin, C., and Ha, S.K. (2013). Strength predi using a damage model based on micromechanics of failure. Journal of Composite4Vial@ial92.
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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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Strain enerqy comparison

Y - oood
Y " Qe oW Y v 00 W
YOy Y

Y (Y Ty) &Y

wheresYis the missing energy.
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Interaction enerqy

Y -—.ooqo® B w
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whereaYi s t he o6l nter ¢
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Interaction enerqy

n’llj Ij de r"l'l de
_1 a'al 1 .
Fi= Evﬁukl i €k dVy Fo= E FFijkl G;jmedeV
f Vi,

Assumingtransverse isotropy and expanding
ini,j,kand,l yields

= B ]
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Expression for Interaction enerqgy

Expression for Interaction enerqgy

How does it depend orfiber volume fraction ,
properties of the materialsor applied load state
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