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Prediction of Laminate Composite Strength
Using Probabilistic Approach

Young Jun Cho*, Tae Jin Kang* and Kyung Woo Lee**

ABSTRACT

A numerical approach for predicting the ultimate strength of laminate composites has been studied
using the Weibull distribution of the strengths of lamina plies. The probabilistic initial failure strengths of
laminates were calculated using Tsai-Hill failure criterion. The ultimate strength of the laminate
composites has been predicted using progressive failure analysis. The experimental results show that the
strength prediction based on the Weibull distribution of ply strength reasonably agrees well with the
experimentals better than equal strength assumption.
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Fig. 1. Weibull Distribution
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2.3. Progressive Failure Model
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Fig. 2. Flow Chart Diagram for Failure Analysis
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Fig. 3. Curing Cycle for a Carbon/Epoxy Prepreg
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Fig. 4. Determination of Weibull Parameters by Curve Fitting
(a) Longitudinal Tensile Strength, Xt
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4.3.1. [0/45/90/—-45]s Laminate Composite
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Fig. 5. Strength of Laminate

Fig. 6. Comparison of Experimental and Predicted Results for
[0/45/90/—45} s Laminate Composite
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Table 3. Al&%|9} siAx|el u|, [0./45/-45]s Laminate
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Fig. 7. Comparison of Experimental and Predicted Results for
[0./45/-45)s Laminate Composite
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4.3.2. [0,/45/—45]s Laminate Composite
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4.3.3. [0,/60/—60Q]s Laminate Composite

Fig. 8. Comparison of Experimental and Predicted Results for
[0,/60/—60]s Laminate Composite

60" Fefolol A shEo] dojd F o] & WP EAM
0" Zajolol| A} sh¢zo] Yojyict. FLY 459 60°ES

olsh 0ol FAO] HEH N A2 ThE ¥
A5 WA SEE A7 DuAelsich 3]
F 488 é*i AR ste] 27k Folsgler

90% 2= ML o AgA L] 27} 713
o oluje] A3E Table 4¢} Fig. 8¢l Rt

A9

5. Conclusion

Weibull 3 & o|83led A2EIAg 72
HEEFGLE o] 83 oS n AEX g vlast
gk &= Weibull £%8 o]83l#] sk A=
v walgch Axdoz F A BF AgA| e ozt
o8 RAAY uo] B dMe EEER
2 o] 838 ZAxa|de] HAS} vk ARE BATH



H 134 8142000, 2 HELEE ol 43¢ SHARY BEdE 39

ooy 2 ¥S e plo

£3
ok i1
i %

T e
P

Fu

Lo

onl

-lo

2

o H

il

>

By N
39,
2
G
Ay
_{;rl,

B opu
fot

olgt Zo] Fxrt FEEIE WErE AMS 17

APe o8-St AMSEE ARl MY 2
Fohe AEGEL AFS o)F uigom g
Foto] PR F2E A Bo}l §83 FR
2 T T S BAFA

+ 7

B A7 19989 % mgE Ak Fol 7] )
o] 93] o]Folz o] old] zMAl=Puh.

ATy
L ojdid, B3Als 93 2 7128, 499, 1996
2. J.R.Vinson and R. L. Sierakowski, The
Behavior of Structures Composed of Composite
Materials, Martinus Nijhoff Publishers, 1987

3. P. K. Mallick, Fiber-Reinforced Composites,
Materials, Manufacturing and Design, Marcel
Dekker, Inc. 1988

4. R. M. Jones, Mechanics of Composite
Materials, McGraw-Hill Book Company, Chapter
2.4, 1975

5. N. J. Pagano, Interlaminar Response of
Composite Materials, Elsevier, 1989

6. M. Uemura and H. Fukunaga, Probabilistic
Burst Strength of Filament-Wound Cylinders
Under Internal Pressure, J. of Composite
Materials, vol 15, 1981, pp. 462-480

7. P. H. Pepit and M. E. Waddoups, A Method
of Predicting the Nonlinear Behavior of
Laminated Composites, J. of Composite
Materials, Vol 3. 1969, p.2

8. Bhagwan D. Agarwal and Lawrence J.
Broutman, Analysis and Performance of Fiber
Composites, 2nd Ed., Chapter 5.6, John Wiley &
Sons, 1990

9. P. K. Mallick, Fiber-Reinforced Composites :
Materials, Manufacturings, and Design, Marcell
Dekker, INC. , 1988, pp. 179-184

10. Chang, F.KX. and Chang, K.Y. Post-Failure
Analysis of Bolted Composite Joints in Tension or
Shear-Out Failure, J. of Composite Materials,
Vol. 21, October 1987, pp. 809-833

11. Hill. R, A Theory of the Yielding and
Plastic Flow of Anisotropic Metals, Proc, Royal
Soc, London, 1948, pp.281-297



