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Study on Improving the Bond Strength of CFRP Rebar Through Application of

Silane Coupling Agent

Woo-Sung Yum', Do-Young Kwon®, Yong-Sik Chu®"

Abstract: In this study, various types of silane coupling agents were applied to enhance the bond strength of the glass fiber, which functions as ribs
on the surface of carbon fiber reinforced polymer (CFRP) rebars, and the resulting changes in physical properties were investigated. Using glass fiber
composites, the optimal composition ratio of silane coupling agents was derived. Subsequently, CFRP rebars with a diameter of 10 mm were fabricated,
and tensile strength, elastic modulus, and bond strength with concrete were tested. Initially, based on experimental results regarding the presence or

absence of sizing on glass fibers and the type of silane coupling agent, the GS-3TPM sample exhibited the highest improvement rate, making it the
optimal composition. The CFRP rebars manufactured with GS-3TPM showed approximately 5% higher tensile strength and elastic modulus compared
to conventional CFRP rebars, and the bond strength with concrete improved by about 20%. This study confirmed that the application of silane coupling
agents effectively enhances the bond strength between CFRP rebars and concrete.

Keywords: CFRP rebar, Tensile strength, Silane coupling agent, Bond strength, Glass fiber, Carbon fiber

.M E

HZ T - YollAe EES tiAISH] Sl B f B
HCarbon Fiber Reinforced Plastic rebar) 7 77} &k
Al o] FoA 11 A thKaratas,et al., 2018). CFRP rebar= 7]
Ao vlal T IS, AR, A AR 5 A
Zk31 AT o] & EX(Deformed Rebar) Th=A] FTH |
To] giJo] EAs1A] Yol LA E} YA AFo| tha vt
= @ o] =R (Krishnaveni et al., 2024). Wk G5 A
TAFE-E CFRP rebar®}t ZAHE 7He] B2 EE 7JA517)
23] CFRP rebar ol f2]d/E o]&3te] Hx9 2B
(Rib)E Fdsh= A5 T3kl ATHSim et al., 2008). 3+4]
9 H IS st Ao F2E o] ve 79 Fig. 13
Zo| glrrt getsh= @do] WA, o]i= CFRP rebar 2} &
Y E Ao o] B2 A5k 82lo] Fch whahA] 84
o] F2he & st Bl Br geshe @3 WA ekal, o
o7} £ EL} CFRP rebar] F-2H8-& 7)) /d3}te] 2| 5 31

ol

ol
oL

O on® o ri

'3, A sd AddTd

‘AP, dEAE s sATd

A Y, FEAE 7S AT, AR

*Corresponding author: yschu@kicet.re kr

101, Soho-ro, Jinju-si, Gyeongsangnam-do, Republic of Korea

B =Fol T3t 9] 52025 1€ 3197HX) 818 2 Bafj5A 1 20253 22
S ER2AAE AARBHEIS UL

OE]_jﬂ 7_159‘ o« ) ]

5= 5 & 5 A= Weke] A ofof it

gHd, YR AFAREL FEAl ] FEE S )] 9
af) A&k A&7 A|(Silane Coupling Agent) S #-8-3}= A5
S35} QTHRajak et al., 2021). A& AZH A= Si-OH(Z
4 25 f7] FAE71E e IFe] AR, Si-OH
5S35, f, Algty & 7] 2us) Agsta, 7]
287 IR 2 f7] EE AEst 2EE S s
ghot. SEAIRE, A AZEHA ] T/ vl-g- oheksh, AR8-st
= YASCEH L R FFol el a7 =24 DeElit
(Ebrahimnezhad et al., 2021). =31, A e AZH A o] 7 2
A7 egoll wpeba] 1 g aFo] DA W, o] Llo| & Ad-f EHe
EA 5= ZEAQ Aol A (Sizing) EA - F- 5ol whet A
& AZLA Y] GEFo] Gk 7] vl Tt A S T3

Carbon Fiber

Glass Fiber (Ribs)

(a) (b)

Fig. 1 CFRP rebar Photos: (a) Manufactured CFRP rebar and (b) Glass
fiber (ribs) delamination due to insufficient adhesion
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Table 1 The silane coupling agent used in this study

Abbreviation Types of Silane Coupling Agent

3GT 3-(Glycidyloxypropyl)trimethoxysilane
3TPM 3-(trimethoxysilyl)proppyl methacrylate
3AT (3-Aminopropyl)triethoxysilane
3T Trimethoxymethysilane
B3TP Bis-[3-(trimethoxysilyl)propyl]amine

Table 2 The Silane Coupling Agent used in this study

Ratio of Resin to Silane Coupling Agent (wt%)

Group Sample Silane Coupli
label Epoxy Hardener raneLouplng g,y
Agent
GS-Control ~ 47.62 5238 0
GS-3GT
Group  GS-3AT  47.14  51.86 1
GS-3T
GS-B3TP
100
NGS-Control  47.62  52.38 0
NGS-3GT
Non- - \Gs-3TPM
Sizing
Group NGS3AT  47.14 5186 1
NGS-3T
NGS-B3TP
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Fig. 2 Photos of glass fiber composite experiment: (a) bond strength
and (b) tensile strength
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Fig. 3 Results of Bond Strength tests : (a) Sizing Group and (b)
Non-Sizing Group
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Table 3 CFRP rebar manufacturing conditions

Hardening Temp. (C) Rate Time (b)
(cm/min)  (Mins)
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Fig. 5 Measurement of Mechanical Properties of FRPP rebars : (a)
Tensile Strength and Elastic modulus tests (b) Concrete Bond
Strength Tests

Table 4 Results of Mechanical properties of FRPP rebars varying with
Mixture proportions

Tensile Strength Elastic modulus Concrete Bond

Sample label (MPa) (GPa) Strength (MPa)
D10 without SC 2,465 151.7 16.55
D10 with SC 2,570 155.9 20.99
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