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Comparison of Mechanical Properties on Helical/Hoop Hybrid Wound
HNT Reinforced CFRP Pipe with Water Absorption Behavior

Ji-Su Choi*, Soo-Jeong Park**, Yun-Hae Kim***

ABSTRACT: Currently, fluid transfer steel pipes take a lot of time and expense to maintain all facilities due to new
construction and painting or corrosion and aging. Therefore, this study was conducted for designing a CFRP pipe
structure with high corrosion resistance and chemical resistance as a substitute for steel pipes. The helical/hoop
pattern was cross-laminated to improve durability, and HNT was added to suppress the moisture absorption
phenomenon of the epoxy. The HNT/CFRP pipe was manufactured by a filament winding process, and performed a
mechanical property test, and a moisture absorption test in distilled water at 70°C. As a result, the highest bending
strength was obtained when the hoop pattern was laminated with a thickness equivalent to 0.6% of the pipe. The
0.5wt% HNT specimen had the highest moisture absorption resistance. Also, the delamination phenomenon at the
interlayer interface was delayed, resulting in the lowest strength reduction rate.
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Table 1. Type of materials

Composition Product Model
E . KFR-120V
poXy resin (Kukdo Chemical Co., Ltd)
Matrix
Hardener KFH-141
(Kukdo Chemical Co., Ltd)
Reinforcement | Carbon fiber ("I;gigeél;fliteé)
. CAS No. 1332-58-7
Nanofillers HNT (Sigma-Aldrich)
o, Q1Y T ol AFEH A& T, o FHAIQF HNT
o A& Table 17} 2ek. 9}l 2e AAE W% e
29 5tF AR FEo| 3t A el 2o gt
Ao AT ATH19)E ko, 45° ol ZHEolA] 95
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Wel 47} 5 oo A4 RS WA g, T
el (88.5)8 45° We) 2 Elo] AEsls £t 4% A4
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ESF, CERP who| o] 7]A12| &-dol m|Al= HNTQ|
W 1§ SHS BAS) skl HNTO] A7k 05
ol wj, H3A Wi v JA S
Hﬂ% ©2)5}7] ¥t zeu B
AH(Ultrasonic homogenlzatlon) A2 & o] 83l o™, HNT
7} 2718 o EAIZ 500 Watt/20 kHz] 22 810] 3057} 2
AR &, et et Edst ik o FA| ARkt 71 A&
}2Z] 2 7](Resin bath)o]] F11, A8 E3lA| 7] Al &0
F= 54] 9Fold) (Wet winding) 3 082 A|HE A =3t
AlFHL £]9] Table 22} Z+o] aHNT/CFRP(BHP)Z H
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Table 2. Pipe types according to winding pattern & HNT(wt.%)

Hoop winding
aHNT/CFRP HNT
(BHP) (Wt.%) Thickness Number

(mm) (%)

Neat CFRP(0HP) 0 - -
Neat CFRP(2HP) 0 0.18 200
Neat CFRP(4HP) 0 0.42 400

0.5HNT/CFRP(0HP) 0.5 - -
0.5HNT/CERP(2HP) 0.5 0.18 200
0.5HNT/CFRP(4HP) 0.5 0.42 400

1.0HNT/CFRP(OHP) 1.0 - -
1.OHNT/CFRP(2HP) 1.0 0.18 200
1.0HNT/CFRP(4HP) 1.0 0.42 400
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Fig. 1. Results of bending and short-beam shear strength test

(a) Neat CFRP(2HP)

(a) Neat CFRP(4HP)

Fig. 2. Fracture behavior of bending test samples
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Fig. 3. Moisture absorption behavior according to Hoop pattern
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