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Evaluation of Fracture Toughness for CFRP by using AE Method

S.T. Kim, Y.T. Lee and K.S. Kim

ABSTRACT

Fracture process of continuous fiber reinforced composites is very complex because various
fracture mechanisms such as matrix cracking, debonding, delamination and fiber breaking occur
simultaneously during crack growth. If fibers cause crack bridging during crack growth, the
stable crack growth and the unstable crack growth appear in repeated pattern. By that reason, it
is very difficult to determine the starting point of crack growth and the fracture toughness at the
critical crack length in composites exactly.

In this study, fracture toughness test for CFRP was accomplished with acoustic emission(AE)
and fracture process was recorded by video-microscope in real time. The starting point of crack
growth, pop-in point and the point of unstable crack growth could be determined exactly by the
above methods. Each fracture mechanism can be classified by the fracture process analysis
through AE and video-microscope. The more reliable method for the toughness measurement of
composite material is proposed with the combination of R-curve method, AE and video-
microscope.
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Table 1. Chemical compositions of plain woven

carbon fiber reinforced composite
material (HC3319/RS1222)

Wet Resin Content (% Wt) 39x2
Volatile Content (% Wt) 1.0
Fiber weight/area (g/m’) 19348

Resin Flow (%) 15+5
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Table 2. Mechanical Properties of plain woven
carbon fiber reinforced composite
material (HC3319/RS1222)

Ultimate tensile strength 1027 Mpa
Notch strength 506.2 Mpa
Young's modulus 63.1 Mpa
Uti. compressive strength 730 Mpa
Short beamn strength 73.3 Mpa
Poisson’s ratio 0.04 Mpa
Elongation 1.0+£0.2%
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Table 3. Summary of carck initiation load, pop-in
joad and maximum load determined by
AE signal analysis for the specimens
with different initial notch length

pe | B/ | P | B/ | P
22 | ) | B | @B | B |

02 7507 58 12533 91 12903

0.3 6200 51 10000 82 12180

0.4 5270 50 847 74 10540

0.5 4684 57 7027 86 8104
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Table 4. Kmi(S.1.F. of crack initiation point), KCi(S8.L.F. of 1st unstable crack growth point), KC(Fracture
toughness) and loads of each point determined by crack resistance curve

Pmi PCi PC
K Kmi Pmi P KQ PC& 7)_— Kc Pc P
2a/W | (MPa+m) (N max (MPa+r) ) max (MPa ) ) max
(%) (%) (%)
0.2 26.52 8386 64 39.1 12533 97 45.42 12884 998
0.3 26.94 7320 60 39.03 10153 86 45,71 12121 935
04 26.47 6148 58 38.01 8081 70 45.96 9962 945
0.5 28.89 5246 64 37.27 7167 88 43.08 8057 99.4
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