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Influence of external loading on tensile mechanical properties of CFRP with
different porosity under high and low temperature alternating
humidity-heat environment

JIA Jin' ,JIANG Ming”,XIAO Haiying' ,ZHANG Dongxing'

(1. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China;
2. Shanghai Composites Science &Technology CO. , Ltd, Shanghai 201112, China)

Abstract; The effects of porosity and external loading on hygrothermal tensile mechanical properties and interfacial
failure mechanism of CFRP laminates were studied by high and low temperature alternating accelerated hygrothermal
cyclical test and finite element simulation. 3 kinds of laminates with different porosities were prepared by controlling
molding pressure. The load on specimen was 30% , 40% and 60% of the maximum bending load of laminates,
respectively. The results showed that the increase of porosity was the main reason leading to the sharp decrease of
tensile properties of CFRP laminates after hot-humid aging. The greater the porosity was, the more hygrothermal
tensile strength decreased. The external load could accelerate the debonding of the interface between fibers and
resin matrix, further degraded the hygrothermal tensile strength of the composites, and had different effects on the
laminates with different porosity. Among of them, the most influential one was the laminate with porosity of 0. 08,
the second was the laminate with porosity of 0. 04, and the least was the laminate with porosity of 0. 11. And the
greater the load, the greater the impact, but the influence of load on the hygrothermal tensile properties of the
laminates was far less than that of the porosity. ABAQUS software was employed to simulate tensile properties of
composite specimen. The tensile stress distribution of the laminates was investigated, and it was found that the
tensile stress increased at 90 degree layer due to the hydrothermal cycle. Therefore, the matrix cracking and fiber/
matrix interface debonding were prone to occur, resulting in the decrease of mechanical properties, which was
consistent with the experimental results. The variation trend of tensile mechanical strength calculated by the
ABAQUS software was consistent with the experimental results.
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Fig.2 CF/EP laminates accelerated hygrothermal cycle process
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Fig.3 Tensile test model of laminates
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Fig.4 A tensile mesh model of laminates
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Fig.5 Tensile properties of laminates with three porosities after 8 hygrothermal cycles
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Fig.6 Variation of tensile strength of laminates with different porosities under different hygrothermal cycles and bending loads
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Tab.1 Tensile strength changes of laminates with different porosities under different hygrothermal cycles and bending loads

ATMEI R PGRE 2% 30 % 37 if i B

TNER 40% IHHLAPSREE  SiZk 60% IfHir filii B2

) b HXSTIRET M TORETH A TRRETE R TR E TR
K H o/ % B/ % AL/ % T/ %
2 0.11 27.8 29.5 30.5 32.4
0.08 8.3 12.3 14.8 18.3
0.04 7.4 9.3 10.4 11.1
4 0.11 46.7 47.6 50.5 52.4
0.08 19.1 22.6 26.1 27.8
0.04 12.6 16.3 17.8 18.5
6 0.11 53.3 54.3 55.2 56.2
0.08 24.3 27.8 29.6 31.3
0.04 18.5 20.7 21.5 22.2
8 0.11 60.0 60.9 61.9 63.8
0.08 30.6 35.6 37.3 39.1
0.04 22.2 25.1 25.9 27.4
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Fig. 10  Stress analysis of tensile stress layers of non-hygrothermal aging laminates
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Fig. 11  Stress analysis of tensile stress of layers of laminates after 4 hygrothermal cycles
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