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Anb-xaBapi lOced Piag, acnipaHT,
XapKiBCbKWMIA HaLiOHaNbHUIA yHIBEPCUTET OYAiBHMLTBA | apXUTEKTYPU,

USE OF MODIFIED POLYMERIC COMPOSITION COATING
TO IMPROVE BONDING BETWEEN GFRP, BFRP BARS AND CONCRETE

BUKOPUCTAHHA MOAU®IKOBAHOI MOAIIMEPHOI KOMIMO3ULLIT A1 MOKPUTTA KOMMO3UTHOI APMATYPU
3 METOIO MOJIMLEHHA 34YEMNJAEHHA MK APMATYPOIO | BETOHOM

MUCMoJsib30BAHUE MOAU®ULMPOBAHHOW MNOJIMMEPHO KOMNO3ULIUA A1 MOKPbITUA KOMOMN3UTHON
APMATYPbI C LIE/IbIO YNIYYLUEHUA CLEMJIEHA MEXXAY APMATYPOW U BETOHOM

Annotation. Glass fiber-reinforced polymer bars are currently used in reinforced concrete. Different types of surface treatment were applied to
the smooth rods in order to enhance bonding with concrete. Experimental results show that using bars coated with polymeric composite notably
improve the bond strength. bars coated with polymeric composite lead to a stronger chemical adhesion with concrete. However, the effect of
friction and interlocking forces produced by polymeric composite prevails over the chemical adhesion in the pull-out test.

Keywords: polymeric composition, bond strength, surface treatment, pull-out test, FRP reinforcement bar,BFRP reinforcement bar.

AHoTauifA. Y faHnil Yac B apMOBaHOMY OETOHI BUKOPWCTOBYETLCA KOMMO3WTHA apMaTypa. And rafkmx CTPUHIB 3aCTOCOBYIOTLCA PIi3Hi TMMK 00-
POBKM NOBePXHI, OO noninwnTy agresiio 3 6eToHoM. EKCrnepumMeHTanbHi pe3ynsTaTi NOKasyioTb, LLO BUKOPUCTaHHA CTPUXHIB, MOKPUTUX MoaiMep-
HMM KOMMO3MTOM, MOMITHO MOKPALLYE MiLHICTb 34enieHHs, NPUBOAAYM A0 BiNbLL CUNBbHOT XIMIYHOT aaresii 3 6eTOHOM.

KniouoBi cnoBa: nonimepHa KoMno3uLis,34ensneHHs, 06pobka noBepxHi, BUNPoOyBaHHA Ha BUCMIUKYBAHHA, 63a3anbToNacTKoBa apMaTypa, CTek-
NIONMACcTVKOBa apmaTypa.

AHHoTauwmA. B HacToALee BpemA B apMVPOBAHHOM OETOHE MCMOMb3yeTCA KOMMO3WTHaA apmaTypa. A rafgkux CTepkHel NpUMEHAIOTCA pasnnyHble
TVNbI 06PaBbOTKM MOBEPXHOCTY, UTOOBI YAYULINTL aAre3uio C 6eTOHOM. IKCNepUMEHTaNbHbIE Pe3y/bTaThl MOKA3bIBAIOT, YTO MCMOMb30BaHME CTEPXKHEN,
MOKPbITHIX MOAMMEPHBIM KOMMO3MTOM, 3aMETHO YNyuLlaeT MPOYHOCTb CLEMNEHNA, NPVBOAA K bonee CUNbHOM XUMUUYECKON aaresunmn C 6eTOHOM.
KnioueBble cioBa: nonnmepHas KoMno3numa, cLnneHne, 0bpaboTka NOBEPXHOCTY, UCMbITaHMe Ha BblaeprviBaHye, 6a3anbtonnacTvkosas apMaTypa,
CTeKNoMIacTVKoBadA apmaTypa.
|

Introduction

The use of fiber-reinforced polymers (FRP) as reinforce-
ment in concrete structures is considered to be in the possi-
ble situations where corrosion is present. FRP bars have
many distinct advantages over steel reinforcement; includ-
ing a high strength-to-weight ratio, high durability, easier
handling due to their light weight, high tensile strength, ex-
cellent fatigue characteristics and electromagnetic neutral-
ity[1].

Typical applications of FRP composites include dam-
age-strengthening columns, including [2,3] strengthening
seismic retrofitting, [4,5] repair of corrosion-damaged
columns, [6,7] as well as improvements in strength and stiff-
ness of deteriorated structures. CFRP composites[8-10] Also,
FRP composites can be used as internal reinforcements for
concrete bridge decks.[11,12]. Since several types of FRP, bars
are commercially available, with varying compositions and
surface treatments, the interface bond of FRP-bar concrete
is complex and quite different from that of steel reinforce-
ment. It is well known that the behavior of the interface be-
tween the FRP and the concrete is the key factor controlling
debonding failures in FRP-strengthened reinforced concrete
(RC) structures. The bondage between concrete and reinforc-
ing bars is the one of the key aspects with regard to both re-
inforced and pre-stressed concrete structures[13]

Main part

Additional techniques are required to improve the
bond between the rebar and the surrounding concrete. Sev-
eral techniques can be used, including surface deformations,
sand coating, over-molding and new surface on the bar or a
combination of the techniques. Many researchers have
brought up various formulas to estimate the bond strength
of deformed composite reinforcement and studied experi-
mentally and numerically the use of composite reinforced
bars as reinforcement in the concrete structures. [14].The
mechanics of stress transfer by a bond between FRP bars and
concrete was investigated by many authors.. However, with
a more detailed study of the properties of basalt plastic re-
inforcement, it turns out that there is no information in the
literature on the magnitude of its bond strength to the con-
crete and its dependence on the treatment of the external
surface of BFRP and GFRP reinforcement in various ways to
increase its bond strength to concrete. In order to increase
the bond strength of the composite reinforcing bars to con-
crete, the polymeric composite was used as the main mate-
rial and jute material. Jute is a plant fiber made from a
Malvovia plant. The plant grows in the tropics of Asia, Africa,
America, Australia, India and Bangladesh. Jute is used for
making sackcloth, twine and other common products. A
new study shows that as well as an inexpensive reinforcing

NUVYIdILVIN IHUITIBIAOEI ‘IHdIWULOL

STVIYALVIN NOLLYTINSNI ANY H3IWATOd .

75




Table 1.
Main characteristics of the used oligomers

Brand oligomer

Characteristics

Epoxy resin

ED-20 - two- Laproxide

component 303
Average molecular weight, g / mol 390-430 600-700
Content of epoxy groups,% 21,8 13-16
Density at 298K, kg / m* - 1095
Dynamic viscosity at 298 K, Pa . s 22,963 0,23
Volatile matter not more than,% 0,4 -
Hydroxyl groups, no more than,% 1,7 1,2

fiber for cement mortars [15]. In this case, the use of jute makes
more crack-resistant, which in some cases is especially important,
for example, in regions with sharp temperature changes, such as
Jordan [16]. the hydrostatic pressure against the FRP bars due to
the shrinkage of hardened concrete and the swelling of the FRP
bars due to temperature change and moisture absorption[17-20]
Other research works studied the use of sprayed short glass fiber
with thermosetting resin over the surface of the bars as an effec-
tive way to transfer the load from concrete.[15] Lee et al.[21] have
also investigated the effect of adhesive type, adhesive layer thick-
ness, and overlap length. It was found that the joint strength was
slightly dependent on the adhesive layer. An approximate adhe-
sive layer thickness between 0.2 and 0.5 mm maximizes the joint
strength.[21].

One of the most promising methods for modifying the sur-
face of BFRP and GFRP is their treatment with epoxy polymeric
materials that provide high adhesion to both basalt and glass sur-
faces, however, for exploitation in the climatic zone of Jordan, a
specific set of technological requirements is required for these
materials: Sufficient viability, good wettability, wide temperature
range of operation, high adhesion properties. To get this set of
requirements, we developed epoxy compositions based on di-
and three epoxies with various hardeners and modifiers.

Experiments and results

The experiment was carried out in the laboratory of the De-
partment of building Materials and Products of the Kharkov Na-
tional University of Civil engineering and Architecture.): the
composite rebars were coated by polymeric composite as an ad-
hesive substrate,. The rods are held for 48 hours for complete ad-
hesion (Fig. 1).The samples were made - cubes "15x15x10" cm,
composition C: S: G = 1: 2: 4, (aggregate-sand Mk = 1.5 and
crushed stone up to 10mm), mixture moisture (W / C) - 0.5. The
bars of the reinforcement were installed vertically along the axis
into the cubes-shapes to a depth of up to 10 cm together with
the laying of the concrete mix and its subsequent vibration com-
pacting.

Tests on the bonding strength of composite reinforcement
with concrete by pull out were carried out on the experimental
installation shown in Figure 2.

Determination of the strength of the adhesion of reinforc-
ing bars to concrete was carried out according to the recommen-
dations of the ACl industry (departmental standards-USA) [22]:

= F/ Cb-l (1)

rae T - Average bonding strength, F - load, C. - length of
rebar surface, | - length of the composite bar.
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Puc. 2. Laboratory installation for pull test
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Puc. 3. Displacement - stress diagram — for the modified GFRP
samples, 1 — GFRP, 2 - GFRP + modified jute fiber,

3 — GFRP + modified jute rope, 4 — GFRP + sand of granitic,

5 — GFRP + polymeric composite
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Puc. 4. Displacement- stress diagram- for the modified BFRP samples,
1 — BFRP, 2 — BFRP + modified jute fiber,
3 — BFRP + modified jute rope -, 4 — BFRP + sand of granitic,
5 - BFRP + polymeric composite



The influence of various methods of surface treat-
ment of polymer-composite reinforcement on the force of
its adhesion to concrete was investigated. For this pur-
pose, sand of granitic, organic jute fiber, developed poly-
mer composition, as well as direct spraying onto the
surface of the reinforcement composite bar of the devel-
oped polymer composition immediately before its inter-
action with the concrete were applied to the surface of the
reinforcement. Fig. 1 shows samples of modified GFRP and
BFRP. Types of samples of GFRP and BFRP with different
surface treatment methods The results of test are shown
in the fig. 3-4.

Conclusion

From the data presented, it can be seen that the treat-
ment of GFRP, BFRP with sand of granitic allows to slightly
increase the adhesion strength to 13.1 and 14.4 MPa, which
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