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Abstract : This paper presents the effects of high temperature and water absorption
on the mechanical behaviors of carbon-aramid fiber composites, specifically their
strength, elastic modulus, and fracture. These composites are used in industrial
structures because of their high specific strength and toughness. Carbon fiber

composites are vulnerable to the impact force of external objects despite their excellent
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properties. Aramid fibers have high elongation and impact absorption capabilities.
Accordingly, a hybrid composite with the complementary properties and capabilities of
carbon and aramid fibers is fabricated. However, the exposure of aramid fiber to water

or heat typically deteriorates its mechanical properties. In view of this, tensile and
flexural tests were conducted on a twill woven carbon-aramid fiber hybrid composite to
investigate the effects of high temperature and water absorption. Moreover, a
multiscale analysis of the stress behavior of the composite’s microstructure was
implemented. The results show that the elastic modulus of composites subjected to
high temperature and water absorption treatments decreased by approximately 22%
and 34%, respectively, compared with that of the composite under normal conditions.
The crack behavior of the composites was well identified under the specimen

conditions.
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Table 1. The properties of materials

Material Thread Weight S?:j;ﬁ Woven
(Product) (count/mm) (GPa) type
p-Aramid Weft 36

(K300-1420) 55 200 : .

2 2x2 Twill

Carbon fiber Warp (g/m) 353

(T300B-3K) 55 ’

Vinyl-ester 1.04

Epovia RF-1001 | VA (genr) | 0031 | NA
Unit :mm

3
X

Unit: mm

|

76
(b)

Fig. 1. Geometry of (a) tensile and (b) flexural test specimen,
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Table 2. Specifications of the test specimen,

Name comments
N Non treated
H High temperature, 100°C, 200°C, 300°C, 2hours
w Water absorption (4weeks)
I Impacted (207)
w Water absorption after impact damage
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Fig. 2. A photo of an experimental apparatus under the
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Fig. 3. Schematic of RVE,

Table 3. Material properties for RVE analysis

Epoxy Aramid
Elastic modulus (GPa) 3.34 112
Poisson’ ratio 0.35 0.36
Carbon
E, (GPa) 294 E, (GPa) 6.21
2P 0.20 Vyg 0.40
Gy, (GPa) 759 G,y (GPa) 221
Width: 13 mm

4mm

76.8 mm

Fig. 4. Schematic of 3 point bending analysis,
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Table 4. Homogeneous material properties of RVE

Homogenization: Carbon fiber/Aramid fiber/Epoxy
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Gy3(GPa) 2.29 Uy 022
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G,(GPa) 331 Vs, 0.39
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Table 5, Elastic modulus of CF/Aramid fiber hybrid composite

CF/Aramid N H100 H300 w
test specimen (GPa) (GPa) (GPa) (GPa)
Elastic modulus
(GPa) 32 254 26.95 21
Average/StDev 32.7/1.4 26.7/1.9 27.5/0.8 21.8/12
Poisson’s ratio 0.04 0.06 B 0.07
(v)
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Fig. 8. The variations of the stress and strain under the
tensile test,

H 4O
|3Ho] 311.31 MPa& 7}
Z}7} 293.48 MPa, 264.29
MPa, 256.27 MPa& X[t} gho| WolA] AlgsHol 2
T7F vy o] F AS o 4= Stk BE AP
of Al 2F 100 MPa®] S-E7HA|= A3 W3}s}gl o, o]
T g S7rste] Hd-8E AHollA F3t Skt &
AP EY] A4 WA S2ol AAs| F7kstttrt
15 Al Fo] AHAEHA §2o] F7F 9 7ha
HHESEAA ehebshAl skl olw, N, HI00,
00 AlFHA A= F Th o] Fof| e Q7}E= 35
Aggsb dhaElE TEfE ofAbo] YERGAITE H300-2>

S

[*]

SR

Hrhs A F7ke 5 okl 59 B olF U
& ABIPE ol g 17t S5 that A glol
T2 7R ol 300°C 2ol p-AF] 7
=7} @A5| AshE Wk ohe} weo) geroz 4
7} dpElo] 3154 o] F5E| A e)(delamination)
7} A% 0B HYEE oulgith Z pAF} 300°C 1
& ool £mo) G ZiA ol A% A Hel
Aol ofak 7 Aol Heirta wekEch

8 B

16

ror

-arey
350 ¢ —N
........... H100
300 "
A SR S H200
? 25 o 5’"‘ /s A P
& U1 [ Sk - - - H300
e, 200 3 -x';| /f" :/""j" .
L ™ ’ P A v
¢ ¢ ' 2R
3 \ N -
:E 150 1 - N N
0
100 t S
[ b
ey b
50 RN 1.
el TN
0 PR PR PR
0 0.02 0.04 0.06 0.08 0.1 012
Strain, (nm/mm)

Fig. 9. The high temperature effect for the stress—strain curve
under flexural test.

(o]

(d)
Fig. 10. The micrograph pattern of the crack extension with
an interlaminar delamination,

Fig 10& 99N AgE sheh A 39 2ees
Upehiith Fig. 102 3HE 8-S Lhen] shgo] Fof
2 o] gaddfol oketuls Agol ud A
Wolm gtk () SEHelANE The HellA
ol o] MR T 9leg Uehic of o] 22
o] oA FA3| AL o|F AA3| 715
e S Bl oA (@4 LEhbs A4
AR AR wgElolda BEe] ofz|s
7} F3o] ofstel A1gElolA A AR HEol
ste] el @delth. (% olF sHEWs

WS UERiuA AAA0R NS dhEa

w ERaAO Sldd shet ofetu|= Aol

RO R MAEL RS Molzrh

=

‘I"n -~
0=> :(0

> 30
oX o rlo

J. Korean Soc. Saf., Vol. 37, No. 4, 2022



Fig. 11. The micrograph pattern of the crack extension with an
interlaminar delamination for heat specimen at 3007C.

E o] BAHREIY AFEeRan 714 5
EFdE tepck

Fig. 11 H300 A9 st 4] gauages o
Ehultk. She QpARe Fig 69] S84 314 SuA 2
shet o] @] Ao} 5Ho] g2 HFER 9ol A
SPAISE AR 300C 120] YRS N AHH 3} vl
of e gYSzAA AR wHeo] WAEGIth N
NIRRT IR A SE AR O W
= #go] AAHAA Tk APH 2 @ A%
o4 Sjzo Awle] Helel CRe] sigo] X440
2 UrEhde) oleh 2 gpke N AR} v
2 CF7} 5}e Hlo] = pAF7} ol 4|4 9 5k mj#
Uze FUsA Ao 300C DAL 5
g Bl A Lrehiis 2AY A5be) Aol A
Sxom Ueh shge] ARee] A8 WAl HA) ¢
£ Anke 29stel o whE shio] WAl Bl AL 3

-~

A FaAFle Ao oA,

Fig 12 $E85A28W), 57
0, 34 2 SEAFAW)e] Tt 3 2
B8 TP Zolth N max £2]= AW AukAgHe)
AR} EE Uit WO U7 E-S 255.62 MPa, |
o] HPF =L 198.92 MPa, IW FH|tJ73= 1
= uepton, 7} Ade WEES 0,019 mm, 0.019
mm, 0.014 mm7} A= ¢Ich

WE 9o glofa] S| Ht) Fe o|F W
29 0.06 ~ 0.08 mm/mm A HAS| Z7lstcirt
ol ThA] AM3| Fhshe AR Uehleth 4
& W B9lols ] A|uk(matrix cracking)T} 22
|(delamination)7} ¥Hasto] A 7ke] Feo] KA
o A g 8] A 7ke] W2 Aslrt A4
Ho wsct

Br=QUMSS|A|, 2378 A4, 20224

o N max

150 | i e
; ‘/“4’ - ==
wo Fi N\t A

L
,/
50 I

R X

- N

Stress, (MPa)

0 002 004 006 008 0.1 0.12
Strain, (mm/mmn)

Fig. 12. The relationships of the stress—strain acquired from
impact and water absorption specimen,

Fig. 13. The micrograph pattern of the crack extension with
an interlaminar delamination for water absorption specimen,
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