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Fatigue Life Prediction of Circular Notched CFRP Laminates

J. S. Huh, W. Hwang, H. C. Park and K. S. Han
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Abstract

Fatigue life prediction and fatigue behavior of circular notched carbon fiber reinforced
plastic laminates are presented, Point and average stress criteria by Whitney and Nuismer
are generalized to fatigue fracture criteria for notched laminates, Residual strength
degradation model and the assumptions on the stress redistribution are introduced during
the derivation of prediction equations, S-N curve, Basquin’s relation, and H and H’s
FLPEI are chosen for evaluation of residual strength of unnotched laminates and six
prediction equations are derived, Experiments are performed using Graphite/Epoxy
laminates whose fiber orientation is [0°/+45°/—45°/90°]s, Presented prediction equations
are reasonably close to experimental data and proposed approach is found to be suitable

to predict fatigue life of notched composite laminates,
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Table 1 Proposed fatigue life predietion equations of circular notched composite laminates

Proposed life prediction equation

Point stress criterion S-N curve

[-1 oo[1— (1=F g/ ) (N/10" ""’”"—"“k)]
=g[F+ (Y (1+ £/2+364/2) —F) (1— (logN/Lo) *(F6/65)) ]
Point stress criterion Basquin’s relation

[-2 O'o[]-“ (I—FU_/UO) (ZN/(OB/Uf) “b)]
=o[F+ (Y (1+ &/2+3£{/2) = F) (1— (logN/Lo) “(Fa/ ) ") ]
Point stress criterion H and H’s FLPE1

-3 o[l —(1—Fa/0,) (N/[M(1—¢ %/mVH“Q]
=g[F+ (Y (1+&/2+3&/2) —F) (1 {logN/Lo) *(F&/0s)#)]
Average stress criterion S-N curve

I-1 Oo[1— (1=F0/a,) (N/100 %0 k) ]
=o[F+ (Y2~ &-£)/2-&) —F) (1— (logN/Lo)*(Fo/c)?) |
Average stress criterion Basquin’s relation

I-2 o[l = (1-Fo/00) (2N/(6a/01) ") ]
=g[F+(Y(2—£—&)/(2— &) —F) (1— (logN/Lo) *(Fa/ ) ") ]
Average stress criterion H and H’s FLPE1

I-3 dof1— (1=Fa/a.) (N/[M(1~(ga/00) ") ]V)]

=g[F+ (Y2~ &—£8)/(2— &) —F) (1~ (logN/Lo) ¢ (F6/05)%) ]
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Table 2 Characteristic lengths obtained from static notch strength

Fracture criterion T Characteristic length(mm) SSR(MPa?)

Point stress criterion d,=0.8035 8667.5

Average stress criterion a,=2.2225 7933.3

Table 3 Parameters of fatigue life prediction equations of un-notched composite laminates

Fatigue life prediction Parameters SSR(MPa?
S-N curve k=—0.0557 d=10.9947 5167
Basquin’s relation 0;=652.33 b=0.0299 5637
H and H’s FLPE1 M=-3.232 B=—-5.856 C=0.261 4578
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Table 4 Parameters of propoesed fatigue life prediction equations of notched composite laminates

Proposed fatigue life Parameters SSR
prediction equation L, a 8 (MPa?
Eqn. [ -1 2.527 30.48 64.03 20855
Egn. 1-2 2.384 37.99 87.65 26831
Egn. 1-3 4.102 80.00 69.97 80546
Eqn. -1 2.504 23.70 50.30 13377
Egn. [-2 1.968 15.56 43.73 18004
Egn. [-3 2.652 20.48 39.18 10197
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Fig. 7 Comparison of prediction equations derived
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Fig. 5 Comparison of prediction equations:r=1mm

using H and H’s FLPE1
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