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Experimental Study on the Hygrothermal Ageing Effect to the Strength of
CFRP Materials for Marine Leisure Boat
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This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons,org/licenses/by—nc/3.0)
which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

This paper deals with the experimental study on the hygrothermal ageing effect to the strength of Carbon Fiber Reinforced
Plastics (CFRP) materials for marine leisure boat manufactured by vacuum assisted resin infusion method, The experiments
performed consist of tensile, flexural and shear tests according to American Society for Testing and Materials (ASTM) and Korean
Industrial Standards (KS) test methods, Test coupons are varied from uni—directional(UD, 0°, 90%), Bi—Directional (BD), and
Double—Bias (DB) carbon fiber fabrics in conjunction with epoxy resin, The results of tensile test show that tensile strength
reduces significantly while not the same degree of reduction is observed for elasticity modulus with respect to the existence of
hygrothermal ageing effect, This implies that the tensile strain induced from external load holds steady values but ultimate
strength values change widely under hygrothermal ageing effect. In case of the flexural test, 0° UD shows more strength
reduction than 90° UD while BD has reduced values in both flexural strength and elasticity modulus under hygrothermal ageing
effect, It is learned that the bending strain induced from external load and ultimate strength values are reduced with respect to
hygrothermal ageing effect, Shear test performed only on DB materials, and the results show marginal reduction in ultimate
strength and moderate reduction in elasticity modulus, This means that the shear strain varies more than ultimate shear strength
with respect to hygrothermal ageing effect, The experiment conducted in this paper clearly demonstrates the differences in
material properties of the CFRP for the consideration of hygrothermal ageing effect, Findings obtained from this experimental
study can serve as a fundamental input data for the realistic structural responses of marine leisure boat built in CFRP materials,

Keywords : Carbon fiber(EtA AR), Epoxy resin(lZA| 4=X]), Hygrothermal ageing effect(@4> =5t 1), Standard test method
(HEZ Al B2fOh). Vacuum assisted resin infusion method(VARIM, 212 X5 MEIH)
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® Fabric system :
+  Uni-Directional Carbon fabric (UD, 0°, 300 g/m?)
+ Bi-Directional Carbon fabric (BD, 0°%90°, 200
g/m?)
+ Double-Bias Carbon fabric(DB, +45°, 400 g/m?)

® Resin system :
e Epoxy resin : KINETIX R118 infusion resin + H120
infusion hardener

251820, Fig. 32
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(@) Air cleaning system for vacuum assisted resin infusion
facility

(b) Resin infusion system
Fig. 3 Vacuum assisted resin infusion facility

Table 1 Determination of CFRP ply thickness using
Vacuum Assisted Resin Infusion Method

(VARIM)
Reinforced fabric Resin Ply t(:i}c;‘:)ness
UD fabric (300 g/m?) Epoxy 0.29
BD fabric (200 g/m?) Epoxy 0.21
DB fabric (£45°, 400 g/m?)| Epoxy 0.41
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(a ) Saturahon of Epoxy resin using VARIM

W."

(b) Manufactured CFRP panels
Fig. 4 CFRP panels for test specimens

Table 2 Test methods used for CFRP test specimens

Test Conditions Test methods
Room ASTM D3039
temperature
Tensile test Modified 240hr. KS
Hygrothermal D9502
ageing + ASTM D3039
Room ASTM D790
temperature
Bending test Hygrothermal Modified 240hr. KS
. D9502
ageing + ASTM D790
Room ASTM D3518
temperature
Shear test Modified 240hr. KS
Hygrothermal D9502
ageing

+ ASTM D3518

Table 2= QIE, =& ¥ Mo ZE AlEE 2 ABH
ASTMEZ} KSe| AlY 1 =58 HoiFT Qlct slieketds 1
2H3SIX| 22 Al2(room temperature) &A1} sitslAds 12{sH
AesHhygrothermal ageing) 2422 7123510 AlE A2
Yoot Pecdt RS (WA B2 A2 ol AEEe=z

T3i517| 2l KS D 9502 (2014)0llM HA[GHs SElxIE =
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EXE 240712 St B X|ESAIZICEH

SHH, Fig. 5= Q& =8 2 Mok 2% AlHo| ASE AlH
o YA 2 XF= HHE HOIFD Ao, 0|F2 22t ASTM

D3039 (2014), ASTM D790 (2017) 2/ ASTM D3518

(2013)2] HE 142 wict.
2mm /OI\
3+ @6‘
I
¥ JQ’\'
250mm N
(a) Tensile and shear test specimens
3.2mm
.@
&
T 130mm e

(b) Bending test specimen
Fig. 5 Test specimen shapes and sizes
7t

s ot

3. CFRP M& 7x2°

r_

B

ne

b

rioe

N

=3

>

1o

O

i)

;U

o=|- 0I>||
2
ml

n 1o

;

I'IJ

z

>

Fig. 6 Picture of the hygrothermal ageing of CFRP
test specimens
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Table 3 Tensile test condition of CFRP test

specimens
Fabric type | Quantity | Hygrothermal Ageing(HA)
uD(0°) 5
uD(90°) 5 None
BD 5
ub(0) 5 o
BD 5

AZHH|(Extensionmeter) £ A|EHo|

mm/mng M231%Ck

[¥enf ol ASTM D3039 +
Tol 2
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of MZf=1 AlEo| eleE miEE AlEE 2o{F1 At

Fig. 7 Tensile test of CFRP test specimen
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Fig. 8 Tensne strength
specimens

uD(go") HA"

variation of CFRP test
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"UD(90°)" UD(90°) HAY

Fig. 9 Elastic modulus variation of CFRP test
specimens

(c) BD tensile test specimen

Fig. 10 Pictures of damaged CFRP tensile specimens

UD(0%) Almo| 71& 2 olRtE Zt2 Ho{FA20n] 0[0fA]
BD AlE Z2|31 UD(90") AlEe| == QIFZT Zjo| 25
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b Ziks ZEeb ERdAISo| HE fIstod
Table 501 E=lcst S0 M 2ol QIMAUE S ERdH ol H|g
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Table 4 Results of CFRP tensile test specimens

Tensile Elastic
Test strength(MPa) modulus(GPa)
specimen Averade Standard Averade Standard
9 deviation 9 deviation
uD(0% 1540.14 76.37 133.94 3.43

UD(0%)-HA | 1333.36 | 71.77 126.74 3.50
uD(90°) 28.72 7.00 7.86 0.30
UD(90°%-HA | 11.70 1.97 7.75 0.40
BD 675.58 36.42 64.72 2.31
BD-HA 654.40 27.01 56.00 1.78
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Table 5 Comparison of tensile test results considering
hygrothermal ageing effect

Test specimen Tensile Elastic
P strength ratio modulus ratio
UD(0%-HA / UD(0°) 0.87 0.95
UD(90%-HA /
UD(90°) 0.41 0.99
BD-HA / BD 0.97 0.87
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Table 6 Bending test condition of CFRP test specimens

Fabric type Quantity Hygrothermal Ageing(HA)
uD(0°) 5
uD(90°) 5 None
BD 5
uD(0°) 5 . .
BD 5

Fig. 11 Bending test of CFRP test specimen

Fig. 112 MTS-QT1000i| 3% =& NMEX|a& EE%;
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Fig. 12 Flexural strength variation of CFRP test
specimens
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18 lﬂm T | 3
g _ X o =

Fig. 13 Tangent modulus of elasticity variation of
CFRP test specimens

Table 7 Results of CFRP bending test specimens

Flexural strength | Tangent modulus of

Test (MPa) elasticity(GPa)
specimen Average Standard Average Standard
9 deviation 9 deviation

uD(0%) 941.02 | 47.62 | 115.31 2.77

UD(0%-HA | 773.37 63.03 106.13 3.14

UD(90°) 52.82 1.82 7.24 0.20
UD(90%-HA | 51.05 3.45 6.99 0.23
BD 799.36 | 27.91 58.81 0.81
BD-HA 393.15 | 22.89 | 37.14 0.45
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(c) BD bending test specimen

Fig. 14 Pictures of damaged CFRP bending specimens
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Table 8 Comparison of bending test results
considering hygrothermal ageing effect
Tangent
Test specimen Flexural modulus of

trength rati o )
streng ° elasticity ratio

UD(0%-HA / UD(0% 0.82 0.92
UD(90°)-HA /

uD(90?) 0.97 0.97

BD-HA / BD 0.49 0.63
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Table 9 In—-plane shear test condition of CFRP test

specimens
Fabric type | Quantity Hygrothermal Ageing(HA)
DB 5 None
Use 5% of NaCl at 35°C
DB 5 for 240 hours

=

Fig. 15= M&X|2E &&310 MTS-QT1000] ZH&FEl CFRP
HE AlHo| @M Mt 2 AR ¥ g 2oiF 2t
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Fig. 15 In—plane shear test of CFRP test specimen

JSNAK; Vol. 55, No. 3, June 2018

211



Lt ZHOIM XM B RSS2 Eol ZEtsll| 2t A3H o7

ARSI FERIEol 7 1%e] 22 Aol st ge

60

LS
o MFE Ho{FUCE w2 dpiat syt WH TEt SIS
VS

AA
WM CFRP &E& Tx20| Bx| o2 HEHHS SYAZS

50
40

30

Table 11 Comparison of in—plane shear test results
considering hygrothermal ageing effect
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