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Effect of Water Environment on the Mechanical
Properties of Unidirectional CFRP

Sun-Young Son®* - Jae-Dong Kim** - Sung-Wi Koh™**

Key Words : CFRP(&+ 44 #7381 Z e}~ B4k 1), Saturation moisture concentration( 5}
FE3a), Diffusion coefficient(Z4H4*), Flexural strength(F37%), Tensile
strength(31 A7} %)

Abstract

The purpose of this paper is to investigate the water environmental effect on the
mechanical properties of carbon fiber/epoxy composites. Moisture concentration absorbed in
CFRP under vanious water environment was calculated and degradation of mechanical
properties for each wet composite laminates is investigated by performing the flexual and
tensile test.

The results show that moisture absorption 158 accelerated in higher temperature
environment and under the same temperature sea water environment prompts more
absorption than fresh water. As increasing the water temperature and moisture
concentration tensile and flexual strength decreased as much as 25% ~40% compared with
dry condition.
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Table 1 Mechanical properties of carbon fiber
and prepreg

Property Unit Cfai{)l;?n Prepreg
Tensile strength Gpa 36 18
Tensile Modulus Gpa 343 135
Elongation % 1.0 -
Density g/cm’ 1.77 -
Filament count 12,000 -
Yield(tex) 360 -
Filament diameter “m 6.2 -
Resin content wt% - 36*2%
Carbon fiber weight | Kg/m® - 0.25
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Fig. 3 Moisture absorption in CF/EP composite
as a function of immersion time for

various water environment

FRF5E B A AR A7 o 502
oFzke] Wizl gloglel djabExjur 1
o) $- ztoejel ¥w 504 ol Fe] FHe
L el Aol
;g,.?%g ,AoLcoLg] ~~7]-'6}-°3l“—\'—1] 30T
2.0] whge ofl H]a)

a}c}. =gk T

~
i

0.29%

(./0

Ek% Holx



A oA fbEt BitAee] sAA A oAe

20

g &x9 Afde sl
A Jeisted o]AdR
HgAA 5 *7}*17171 o Folrt. z
dlxje] #FitAeE= Fig 39 A3
A7, tz:480Al7J>°ﬂ e 41(5)

o Table 22} 7},

A7t FEEFTEol

R EERE!
o) 4 27
gl F7Hu=9%

NEETE T

Table 2 Diffusion coefficient(D) of test spec—

imens immersed in various water
environment
specimen | 80C FW | 50C F.W |ambient F.W | ambient S.W
value of D 9.5 x 10 °|88.2 X 10° %7 X 10° | 801 X 10°
(mm’/s) | (mm¥s) (mm’/s) (mm/s)
42 50 wWEg 22LT FH HEYAH S
Figd @ 5% 4% A4A7l g 7zte] 4

MY 2Rt TRV WS
et gl 2R & 5 ale wbeh 2ol
EgAe o5 AR A
Abeml ¢ Aol 2n Y
A3 gE & ok 59
dAA A F s EETE
Tl 2AdEE %
el ol d aAds
:Ml 7lng eET
HAlde Y X
Astrh AlshA et
s el 9l
kel

,..
ro
o

o

R
=

7

2
23

4 32
P 22 e

2oL o i orfe

o 0

o
—

7
#fwé»} 80C well 4124
o 7&57} F43] Folxl=d EEFF
(108041 7 A A Aol A 73 Rl )& °—F 409

Mg vehia sleh

[¢]

S
lo

W7ol 3o
1,400 |-
1200 A &
VA
O
£ 1,000 O
\
g . 0 o
800
6’ A dry @
O : ambient - W Q
800 ® : ambient S - W
A 50T F-w
s0b [ :8TTF-w
L 1 1 1
0 360 720 1,080
t (hr)

Fig. 4 Flexural strength as a function of immer-

sion time for various water environment

18
A dry
() : ambient F - W
15 @® - ambient S - W
A A A 50T F-W
O (1:87TF-W
2}
g S
N’ 9—
- . A
w [ ]
6} g .
0 n
3 -
0 360 720 1,080
t (hr)

Fig. 5 Flexural modulus as a function of immer-

sion time for various water environment

A vheh o] w4
J o)

gAge] A 4 9ls YEOINE F4Y FHE w
% wAlFA7L et sleka ¥ 4 ok A%
43 BaAels wAsAE @A A s 2
Pobis A ol ohl F L AHZ APk F
2% Age Fdated, mAFAe] F2Y Sy



o3 - 7]

@
2
>
X

IETS

% otgA7) 2
A e} oleigh

2& A
224
28
70} = g]

(i)
fr 1 lo oo

2
ik o
)
S )
o —?L‘
in&_

2

2 ol e
2

o
L i ool

i

>
)

52| 116}7} 7‘14 o
l%ff}ﬂl vEbEAL ‘ilitﬂ
)°ﬂ A% A7 A &
A7 A shE o iﬁlﬁi
Chiz M ef AFEds ol

2
o
PN
>

s

o

rr
o,
w2
O

3
H
T
N
}N

)

2
o

i)

—1—-'

=_{9<‘>io:‘,

M)

o =

L?L' ok
o

>,

44—m01
ool A

zou-w Btz gl glofx] ql
He Aol wlE A

o} 218 AZrEe] Aslrt 2] wfelct
AA A 7bel w2 QA= ] wWglel] 9l A, 80L
o] ek A2 siel AR AT
7Az o) Ayt 53] ZA vehdEdl, o)L sl
o] A9 AU Aol BEL A9 AH
o] AldellA) AAS 7HEAZ] Aol 80T W
ol A5 a2 P 2k 2] F3.2] W
obgt HEA e mE A3 5 B5E w29 A
&l 7] Jfﬂ 107 AYztwie] Al
& 2% JAE Ash: x3)
£o} oF 1.4%2 80T J#Bl 7T
1 sﬂ oF 25%2) A3lE Holw gl old
Ade durak 2 A FEgAle gleld &
1% o3t A5 A7} B A S
?‘5}01 Aot ¢RgaFe] 1% ol4de] =4
E+ of 20% A shgttii= Shen

1°T 1&g A342 Rz gt
FEE FFY AR SgAE F5e
BA A ol = g 58 o] 7J§W froll &= <1t
FEL 2l st E foie)

A3t et o] gl PJH«"] Tl e)ak

L

i—i‘

[}
R
Bt

o

= o
=2}k
27

£

. ©] ‘n‘i?‘ﬂ

ol

10),11)
= ol ¥y

o =2

g

7}

7dEA3e Fig8e AR i abxle] &AM
T E Felxo] Fcl
1,100
1,000
wol A @
N
& e C \
_ /
\E/ a O
- 100k A dry
© (O : ambient [ - W ﬁ
@® ambeent S-W -
B0 A -svF-w
{1:8T F-W
wo -
400 . L L .
0 360 720 1,080

t (hr)

Fig. 6 Tensile strength as a function of immer-

sion time for various water environment

4.4 Thelsh A

Fig 72 7
;—1 360*] 7P 733'4’

i&
3
3:
O
.‘,’;
RS
i

Z] !:hg}

Sh ol 2] 5]
7o) ‘101_1_ AR sl =2
35t 2 A 2] 7+ (matrix
‘%(ﬁber breaking) % 2|
el E E‘-"] ‘ill}

=

=3
] gy Aple s
(O A2 sl
471 bt (bundle)
1 g2 2] gtHo] E’O]
FA Tl 2~

2 % gel,

/‘g Fal



odubek vhaA-Rrst Sk 1AM A T4

Fig. 7 SEM micrograph of fracture surface for
three point bending test specimen
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SEM micrograph of fracture surface for
tensile test specimen

(a) wet specimen (ambient F.W, 360h)
(b) wet specimen (80C F.W, 360h)

(¢c) wet specimen (ambient S.W, 360h)



ol Az} zho] zlo] Fod FEL A9 F2
2 obgl A7), WA (swelling)ol]l )3 &3t wlo}
2ol AlE UHEUT UhAE VP3HE

A71A ste] ARARE oFFHAA AF2 FA9
74] & 22)(debonding) A 713, A2 73|
43 ] AR 7]F(void)®] A 53 oE
MR =g M7 A Hrl.

CFRP B3} HEE 4
&2 sl - A

2 0TS He
4 Azt g 4

RS oL, 2RYE
% QaEe] WaHE AxAe WL - 3 sl
o3 2e AnE At

D $2ESEe Fed 876 A dFe
ek & See] EAU UG 29 ASE #
87N SEETEL FolAT

) $+EFFEol A HZ ¥ 108047 3

80T &2 A5 2F 1.4%0} 2,
73S o 02%= 7] Axe] Aol E

AdAg =} &
i AudeE tagic £
A-&2) allgeol 1,080417F
oF 259%, FF}EE o
409% A &}slsdel.

4) 20T 2 50T @eoll vy @Az 9k

3
HE AL A % FIYEE AFA 29 o
’Hi}i Z‘ii*]g} 71./] H]———?ﬂ- 71—5% oA:}\ L,}_ 80
C @4 2 AeBrel 3712 AAY A9 2o
A9 a5 AR A T 2

2 FEAS 24 vepde

i}

L]

Ao
o

1)} Mallick,P.K., "Fiber-Reinforced Composites :

materials, manufacturing and design”, Marcel

— 30 -

2)

3

4

~

5)

6)

7

3)

9

10)

11

Dekker, Inc., pp.273-282, 1988

olx g FA, WAty "R RT, AFEH
A}, pp.68-72, 1993

A¥A, AFFE, 249, A7, "CFRP &%
ANze] FHAH AR vlAe 22 A
", rraleFE 3] A, 10(4), pp.75-83, 1996
Komai, K., Minoshima, K. and Shibutani, T.,
"The Influence of Water on the Mechanical
and Fatigue Strength of Unidirectionally
Reinforced Carbon/Epoxy Composites”, Trans.
JSME(A) 56(525), pp.1021-1028, 1990

Yur, S. and Ma, C.,
on the Water Absorption and Mechanical
Properties of Carbon Fiber Reinforced PPS
and PEEK Composites. Part II”,
and Science, Mid-January,

"Environmental Effects

Polymer
Engineering

pp.34-39, 1991
Berry, J. P., "Effect of Moisture Absorption
on the Dynamic Mechanical Properties of
Short Carbon Fiber Reinforced Nylon 6.6”,
Polymer Composites, (15), pp.223-230, 1994

Shen,C.H.
absosorption and desorption of composite
materials”, J. Composite Material, 10(2), 1976
ASTM D790, “Flexural Properties of Un
reinforced and Reinforced Plastics and
pp.389-412,

and Springer,G.S., "Moisture

Electrical Insulating Materials”,
1984

ASTM D3039, "Tensile Properties of Fiber-
Resin Composites”, pp.163-168, 1984

Shen, CH. and Springer, G.S., "Effect of
moisture and temperature on the tensile
strength of composite materials”, J. Com-
posite Material, 11(2), 1977
Shen, C.H. and Springer, G.S,

mental effects

"Environ-
of
J. Composite Matenal,

on the elastic moduli
composite materials”,
11(250), 1977



