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Influence of humid and hot environment on the interlayer fracture

toughness of composite materials and its mechanism
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Abstract: Interlayer fracture toughness is the main indicator of the ability of composite materials to resist interlayer de-
lamination propagation. The humid and hot environment is the main harsh environment faced by aircraft composite
structures. Studying the interlayer fracture toughness in humid and hot environments is of great significance in the avia-
tion field. In this paper, the microstructure of type | and type Il interlayer fracture toughness experiments under dif-
ferent wet and thermal conditions are analyzed, and the effect of wet and thermal environment on the interlayer frac-
ture toughness of resin matrix composites is obtained. The research results indicate that the humid and hot environ-
ment has a completely opposite effect on the interlayer fracture toughness of type I and type Il resin composite mate-
rials. As the temperature increases, the interlayer fracture toughness of type | resin composite laminates shows an
upward trend, while the interlayer fracture toughness of type Il resin composite laminates shows a downward trend.
During type I delamination, a large number of fiberbridging phenomena occur. In humid and hot environments, the
resin softens and fiber bridging phenomena increase, leading to an increase in type 1 interlayer fracture toughness
with increasing temperature; In a humid and hot environment, as the temperature increases, the shear strength of the
resin gradually decreases, and the interfacial shear strength between the resin and fibers also gradually decreases, re-
sulting in a decrease in type Il interlayer fracture toughness with increasing temperature.
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Table 2 Individual test results of type 1 interlayer fracture

toughness test under different environmental conditions

i T )22 1] Wy 2R

epp RAREGE/mm R m 0
RTD-1 25.14 3.951 160
RTD-2 25.12 3. 905 187
Z?jg RTD-3 25.14 3. 906 177
RTD-4 25.13 3. 980 167
RTD-5 25.13 3.944 182
RTW-1 25.10 3.959 207
23°C —
s RTW-2 25.10 3.967 204
RTW-3 25.10 3. 956 211
ETWS80-1 25.09 3.930 261
?:(:)jg ETWS80-2 25.09 3.922 255
(Y. 7053
ETWS80-3 25.09 3.964 277
ETW100-1 25.10 3.973 344
100 C
. ETW100-2 25.11 3.942 300
AT
ETW100-3 25.11 3.959 303
ETW120-1 25.12 3.944 386
120 °C
e ETW120-2 25.09 3.972 404
TR
ETW120-3 25.10 3.983 413
ETW130-1 25.10 3.812 402
130 °C -
WA ETW130-2 25.11 4.064 391
ETW130-3 25.11 3.976 414
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Table 3 Individual test results of type Il interlayer fracture toughness test under different environmental conditions
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DBK-RTD-1 25.13 3.921 2.101 3.115 2467
23°CT&
DBK-RTD-2 25.15 3.918 2.114 3.101 2469
DBK-RTW-1 25.15 3.911 2.000 3.130 2359
23 CilE s
DBK-RTW-2 25.14 3.915 2.014 3.079 2337
DBK-80-3 25.15 3.936 1.710 2.769 1783
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DBK-80-5 25.15 3.941 1.738 2.798 1832
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DBK-120-8 25.15 3.908 1.441 2.516 1365
DBK-130-9 25.14 3.955 1.438 2.391 1295
130 Cig & DBK-130-10 25.14 3.933 1.368 2.378 1226
DBK-130-11 25.13 3.930 1.393 2.385 1253
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Fig.4 Histogram of type Il interlayer fracture
toughness under different environmental conditions
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Fig.5 Relation curve between interlayer fracture

toughness and wet state temperature
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