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Fatigue Damage Detection of CFRP Laminates using
Electrical Resistance Measurement

D.C.Seo* and J.J. Lee*

ABSTRACT

Since carbon fibers are electrical conductor, the measurement of the variations of electrical resistance
appears to be a valuable technique for the in-situ detection of various types of damages in CFRP
laminates. In this case, carbon fibers are not only the reinforcements but also the sensor to detect damages
in CFRP laminates. Fatigue damage in composite laminates is a complicated phenomenon involving
different mechanisms and total cumulative fatigue damage can be represented by changes in the strength,
stiffness and other material properties. Electrical resistance change in composite laminates is also a
cumulative effect of damage caused by various damage mechanisms. Thus, in this paper, we investigate
the electrical resistance change as a measure of fatigue damage like degradation of residual strength and
stiffness. The prediction of the damage process future damage of composite laminates subjected to the
tensile fatigue loading was performed by the use of electrical resistance change by following the stiffness
degradation mode] proposed by Yang et al. The electrical resistance gradually increased as the stiffness
was reduced and showed very abrupt change when the final fatigue failure was imminent. The resistance
change can be predicted using a linear regression analysis with initial data for an individual specimen.
The predicted data shows good agreement with the experimental data except at the final stage where
stiffness and electrical resistance change very abruptly.
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Fig. 1. Schematic diagram of specimen
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Fig. 2. Strain and electrical resistance change of cross-ply
specimen during fatigue loading
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Fig. 3. Strain and electrical resistance change of unidirectional
specimen during fatigue loading
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Fig. 4. Stiffness and electrical resistance damage criteria of
cross-ply specimen during fatigue loading

ol A BRI AHEE®
1.02
i o
0 .
1301 g
& {098
& 120 §
g 110 098
3 g
9 100 084 §
€0 * resistance . g %
0 siiffness ° 0.92"5
m k T T 3 T -~
0 1x10° 210 3x10°
No. of Cydle

Fig. 5. Stiffness and eletrical resistance damage criteria of uni-
directional specimen during fatgue loading
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Fig. 6. Comparison of predicted stiffness reduction and electri-
cal damage criteria and experimental value
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Fig. 7. Comparison of predicted stifiness reduction and electrical
damage criteria and experimental value at different stress level
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