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Analytical Prediction and Validation of Elastic Behavior of
Carbon-Fiber-Reinforced Woven Composites

Yeon-Taek Hwang*, Jae-Young Lim**, Byeung-Gun Nam**, Hak-Sung Kim**#*

ABSTRACT: In this paper, elastic behavior of woven fabric composites with various fiber yarn structure were predicted
through a theoretical calculation model. A representative volume elements (RVE) that can represent the mechanical
properties of the woven composites were selected and crimp angle of the weave yarn was defined by several sinusoidal
functions. The effective material properties of the woven composite such as youngs modulus, shear modulus and
poisson’s ratio was predicted by classical laminate theory (CLT). The fiber volume fractions were calculated according
to the shape and pattern (plain, twill weave) of the fiber yarn, and the elastic behavior of each woven composite was
obtained through a theoretical calculation model. Also, to verify the theoretical predictions, woven composite
specimens of plain and twill weave were fabricated by vacuum assisted resin transfer molding (VARTM) process and
then mechanical test was conducted. As a results, a good correlation between theoretical and experimental results for
the elastic behavior of woven composites could be achieved.
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Fig. 2. Local crimp angle of fiber yarn
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Fig. 3. Geometry of woven fabric RVE
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Fig. 4. Geometric functions and 3D weave structure
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Table 1. Mechanical properties of carbon fiber yarn assuming a
fiber volume fraction of 0.7

Longitudinal Young’s modulus, E,, (GPa) 150
Transverse Young’s modulus, E,, (GPa) 10
In-plane shear modulus, G,, (GPa) 5
In-plane Poisson’s ratio, v,, 0.28
Matrix Youngs modulus, E, | (GPa) 3
Matrix shear modulus, G, (GPa) 1.5
Matrix Poisson’s ratio, v, 0.3

Table 2. Geometry parameters for the woven fabric

. Yarn Yarn
Weave gsm Yarn interval X i
attern (g/m?) (mm) width thickness
P & (mm) (mm)
150 2.5 1.75 0.15
Plain
200 2.0 1.6 0.2
160 2.5 1.7 0.17
Twill 245 1.7 1.5 0.18
285 14 1.3 0.22

Plain 160 gsm Plain 200 gsm
M : Fill yarn M : Fill yarn
W : Warp yarn W : Warp yarn

Max crimp angle % Max crimp angle
=5.38° - =8.93°
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Fig. 5. 3D weave structure and crimp angle distribution of plain
and twill weave
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Fig. 6. Effect of horizontal length on the elastic modulus and
fiber volume fraction

A7 A1 peld AAshe ol B 203 A o
Ho) AR AR o] Eroleh, 457} eharol

A AA s R B8-S 072 7H4se] AAkstlch

Fig. 62 o] 24 Bl Faf AR ghsol, Af ohd
o % g ﬁWEOH upet Molsh= Ah W 98 9 A
50 e vagt adzenh AR Ao s 45 99
Hl&o] S7tdE A 79 280 S7ske 35E B
Fe AU T AT H A (plain) 2= 22 79 160

gsm 7% Hr} 200 gsm 2% E3R|0] Ag Hu] 220l 0.05
A% IA A= och et Uk, AL urek g o] Ao
Zpo|7k WA ghe 2 & 4= IS o]« 200 gsm 2%
’(S‘]—XH‘/] AL =23 =7} 160 gsm E3A| Hc; 2A L]—]ﬂ—l—l-
olof 2 A g FotEh S (twﬂ]) Az 7129 7
9 gsm ghof| Wt Hu Bgo] I Vst e A wr
F AEE H|%8A 27k AL el 3 4 9lgdt). o
Az Fx0] A Adidoz gz Az 3z B}
271 B7] twel A 2359 FFET AR &
tlo]- 5

gFol BAA ] AT FB A vehet

f8A
[¢]

olr
>

el
[elare] [¢]

W 4y e oot
o
(o
JA

o
o
e Lo

i
it
o3

Table 3. Geometry parameters for the woven fabric

Analytical model Experimental result
Weave pattern
E.(GPa) Ve E.(GPa) \Z
Plain 160 gsm 35.5 0.33 41.45 0.33
Plain 200 gsm 42.7 0.413 43.57 0.426
Twill 160 gsm 38.3 0.294 39.99 0.305
Twill 245 gsm 46.5 0.43 49.33 0.429
Twill 285 gsm 60.4 0.53 55.52 0.508
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