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Effects of high temperatures and hygrothermals on the collapse
characteristics of CFRP thin—-walled laminates
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ABSTRACT

In this study, in order to measure energy-absorbing characteristics in collapse test of CFRP thin-walled
laminates and interpretate the cause of decreasing age when collapse test is carried out under the environments
of high temperatures and hygrothermals, the moisture absorbing behavior according to the variety of orientation
angle is observed and collapse characteristics is compared with the influence of high temperatures and
hygrothermals. Especially, we supposed to clearly understand relationship between collapse characteristics in
proportion to the variety of orientation angle and moisture absorbing.

The value of the maximum loading, mean loading, rate of energy absorption energy per unit volume and mass
in CFRP thin-walled laminates on the high temperatures and hygrothermals is measured lower than under no
moisture absorbing. The maximum collapse loading in dynamic impact test is taken measurements lower than in
static collapse test regarding compared with collapse characteristics conformity with the variety of the CFRP
circular laminates in high temperatures and hygrothermals. But the absorbed energy per unit mass and volume
is almost same and the biggest amount of energy is shown in the CFRP circular laminates with orientation
angle of 15° . Therefore, in the case of use to CFRP circular laminates with axisymmetric mode, CFRP
thin-walled structural members with orientation angle of 10° , 15° are generally useful.
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Table 1 Fiber stacking sequences of specimens

Type Fiber stacking ;(: .exzr;i] Material
A [0 Ik 8 CF/Epoxy
B [ 10° /-10° /10° /-10° lym 8 CF/Epoxy
C [[15° /-15° /15’ /-15" Jum 8 CF/Epoxy
D ([ 20° /-20° /20" /-20" lsym 8 CF/Epoxy
E |[ 30° /-30° /30" /-30" lsym 8 CF/Epoxy

Table 2 Material Constants of CFRP
Material constant | Carbon fiber Matrix
Density [kg/m'] 1750 1200
Strength [MPa) 3240 80
Modulus [(a] 230 3.2
Fiber content [%] 56~58 33~34
Curing temp. [TC] 135C x 1hr 135C X 1hr
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Table 3 Mean values of CFRP specimens from experimental data

Moisture Static test Dynamic test
Type| Content Maximui| Mean | Absorbed Energy pey Energy per! Maximuii Mean| Absorbec Energy pel Energy per
(%) Load Load Energy | Unit Mas¢| Unit Volum Load Load Energy | Unit Mass| Unit Volum
Fuax(kNI| Fn(kN| E1(J) (KJ/Kg) (MJ/m") | Frax(kN]| FalkN] Er(J) (KJ/Kg) (MJ/m®)
A 0 29.008 2704 | 162.359 10.426 15629 26.770 8378 | 349.790 22.678 35.140
B 0 65.856 16214 | 972.869 62.472 93614 46.355 9886 | 356.891 23137 35.779
C 0 52.136 19.735 | 1184.114 76.036 113.941 48.967 10.274 | 519.860 33.703 56.226
D 0 32.928 7610 | 456.789 29.333 43.955 26105 5267 | 449.39% 29128 45.042
E 0 22.393 4448 | 266.886 17.136 25.681 17.244 4538 | 425402 27580 42,737
A 1.67 30.200 3156 | 189.357 12.276 19.023 20.079 10.757 | 481.909 31.243 48413
B 1.85 36.456 10.176 | 610.564 39.582 61.338 25738 8173 | 323642 20.982 32514
C 1.86 36.064 9274 | 556431 36.074 55.900 29.050 10210 | 492.136 31.906 49.337
D 1.77 21.168 | 52411 | 313.703 20.337 31515 21.168 8045 | 560405 36.332 56.299
E 1.76 14.504 31.796 | 190.298 12.337 19.118 16.683 5885 | 416.264 26.987 41.818
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