Composites

Vol. 39, No. 4, 331-338 (2026)

Paper

Research ISSN 2288-2103(Print), ISSN 2288-2111(Online)

HEIAAY F2 71YS o1get BA BHAHE UM
X
88 A5 A+
g4 2"

A Study on Stiffness Prediction of Plain Weave CFRP using
Multiscale Homogenization Method

Seung-Wook Hwang*, Jeong Kim*"

ABSTRACT: This study numerically predicted the mechanical stiffness of plain weave CFRP by establishing a two-step
multiscale homogenization technique based on Representative Volume Elements (RVE). To simulate the complex
woven structure, a stepwise homogenization process was performed across micro and mesoscales. First, the anisotropic
effective properties of the yarn, reflecting the interaction between T300 fiber and K51 resin, were derived. These were
then applied to a mesoscale RVE model to calculate the final effective stiffness. To verify the framework, tensile tests
were conducted per ASTM D3039. The experimental Young's modulus (68.3 GPa) and the FEA result (73.94 GPa)
showed a relative error of approximately 8.25%. This difference is attributed to the infinite continuum assumption of
periodic boundary conditions (PBC) and the exclusion of manufacturing defects. The established multiscale technique
demonstrated excellent effectiveness in predicting the behavior of woven composites during the initial design phase.
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Table 1. Plain Weave CFRP Material Property

Material Property (Unit) Value

Young’s Modulus (GPa) 68.3
Strain 0.0106

Tensile Strength (MPa) 758
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Table 3. Matrix Material Property

Material Property (Unit) Value
E (GPa) 3.45
v 0.35

Table 4. Fiber Material Property

Material Property (Unit) Value
E,, (GPa) 230
E,, (GPa) 15
G,, (GPa) 15
G,; (GPa) 7
vy 0.013
Vs 0.4170
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Table 5. Yarn's Effective Equivalent Properties

Material Property (Unit) Value
E,, (GPa) 164.08
E,, (GPa) 11.17
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G,, (GPa) 4.63
G,; (GPa) 3.24
G,, (GPa) 4.63
v, 0.0144
Va 0.0144
Vs 0.4170
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