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Effect to Material Strength Recovery of Stepped Patch Repair with
Epoxy based Particle Reinforced GFRP Composites under
Hygrothermal Environment

Kyung-Seok Jung*, Soo-Jeong Park*, Yun-Hae Kim**

ABSTRACT: In this study, damaged composite laminates were repaired by a stepped patch repair method using
halloysite nanotube(HNT) and milled carbon(MC) reinforced composite materials with different amount of the
particles. And the mechanical and structural effects of the particles on the interface between the damaged and repair
surfaces were analyzed. At this time, after exposing them to a harsh environment of high temperature and humidity
for a long time, the recovery rate of the material properties relative to the material forming the damaged plate was
compared. As a result, at 70°C high temperature distilled water, the hygroscopicity of the HNT/GFRP composites was
significantly different from that of the MC/GFRP composites. Especially, 0.5, 1 wt. % HNT was added, the moisture
absorption rate was the lowest and this was the factor that contributed to the mechanical strength increase. On the
other hand, MC showed a high hygroscopic resistance only with a small amount, and the strength was different
according to the action direction of the load, and the addition amount was also different.
Z E: 5 dFoAE R TZV7F AR g2 T2 o]A}o| E U & H (Halloysite nanotube, HNT)2} U= 7} (Milled
carbon, MC) 8} 2R RS ALg5to] £AE BANR 420 ATg w2 nayo] vt S2jshi, 4
Hap 2 Abol o] et Aol AR} vA = 7IA A, 24 e EASHA o] ul, AL 59 ThEgt
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Table 1. Type of materials
Composition Product Model
name
Epoxy resin KER-120V
poxy (Kukdo Chmecal Co., Ltd)
Matrix
Hardener KEH-141
(Kukdo Chmecal Co., Ltd)
Prepreg/Woven fiber

Reinforcement | Glass fiber (MSC Korea Co., Ltd)

Diameter: 30-50 nm
HNT Length: 100-3000 nm
CAS No. 1332-58-7 (Sigma-aldrich)

Diameter: 7 pm
MC Length: 100 um
Milled carbon (Fiberman Co., Ltd)

Fillers

Teflon plate

Repair plies

— — -

Vacuum hose

Fig. 1. Schematic diagram of the stepped patch repair (left) and
the reproduction of damaged specimens (right)
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(b) MC/GFRP composites

Fig. 2. The result of the water absorption test at 70°C high tem-
perature distilled water for 70 days
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Fig. 3. Change in tensile strength of HNT/GFRP and CNT/GFRP
composites before and after water absorption test
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Table 2. Recovery rate according to the amount of the particle
addition by a stepped patch repair

Recovery rate Amount of HNTs (wt. %)

(Undamaged specimen,
Us)

Tensile strength (%) 100 | 64.7 | 76.4 | 69.8 | 63.9 | 58.8
Bending strength (%) | 100 | 75.8 | 91.3 | 89.0 | 82.9 | 78.1
Amount of MC (wt. %)

US 0 0.5 1 3 5

Recovery rate
(Undamaged specimen,
Us)

Tensile strength (%) 100 | 64.7 | 72.0 | 74.2 | 57.3 | 52.9
Bending strength (%) | 100 | 75.8 | 82.6 | 81.9 | 88.2 | 56.3

US 0 0.5 1 3 5
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