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Mechanical behavior and failure analysis of three-dimensional five directional composites
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Abstract : Systematic experimental research was conducted to explore the influence of different weaving angles on the
mechanical behavior of three-dimensional five directional woven composites under tension. Based on this, a detailed analysis was
conducted on their mechanical properties, failure modes, and fracture characteristics. Firstly, three-dimensional five directional
woven composites with three typical weaving angles of 15°, 25°, and 35°were selected as the research objects. The quasi-static
tensile test method was used to compare the mechanical properties of plain weave composites, and the influence mechanism of
weaving angles on material properties was systematically revealed. The results indicate that the tensile properties of three-
dimensional five directional woven composites exhibit significant weaving angle dependence, and the tensile strength and modulus
of three-dimensional woven composites decrease with increasing weaving angle. The tensile strength of three-dimensional woven
composites from three different angles is higher than that of traditional plain weave composite materials, which fully reflects the
advantages of three-dimensional woven structures in mechanical properties. Finally, the microstructures of the fracture surface of the
samples were observed using an optical microscope. Observation results show that in terms of failure mode, the three-dimensional
woven composite gradually transform from fiber fracture to interfacial debonding as the weaving angle increases. Compared to plain
woven composites with the same thickness and volume fraction, 3D woven composites do not exhibit delamination failure modes
and demonstrate superior damage tolerance.
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Tab.1 Mechanical properties of T700sc-12K carbon fiber

Properties Values
E, /GPa 230
E,/GPa 14
E,/GPa 14
G,,/GPa 9
G,,/GPa 9
G,,/GPa 5

Hos 0.25
JU 0.25
Moy 0.3

Notes: E| is axial elastic modulus of fiber; £,, and E,; denote
transverse elastic moduli; G,, and G|, denote in-plane/out-of-plane shear
moduli, while G, refers to transverse shear modulus; w,, is major Pois-
son’s ratio; u,, is out-of-plane Poisson’s ratio; pu,, is transverse Pois-

son’s ratio.
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Tab.2 Properties of epoxy resins and curing agents

Name Chemical component Viscosity/(mPa-s) Epoxy value/[mol-(100 g) '] Mixing ratio
JL-235 Epoxy resin 2 000~4 000 0.53~0.56 100:34
JH-238 Curing agent 5~15 100:34
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Tab. 3 Fiber volume fraction

Braiding angle/(°) Fiber volume fraction/%
15 55
25 55
35 55
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