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COMPARATIVE ANALYSIS OF FINITE ELEMENT MODELLING AND EXPERIMENTAL RESULTS
OF BONDING STRENGTH BETWEEN COMPOSITE BARS AND CONCRETE

MOPIBHANbHUI AHANI3 MOAENIOBAHHA KIHLEEBOIO EJIEMEHTA | EKCMEPUMEHTAJIbHI PE3YJIbTATU
CLEMIEHHA KOMMNO3UTHOI APMATYPU 3 BETOHOM

CPABHUTE/bHbI AHAJIU3 MOAENIMPOBAHNA KOHEYHOIO SJIEMEHTA U SKCNEPUMEHTAJIbHDIE PE3YJIbTATbI
CLEMJIEHUA KOMNO3UTHON APMATYPbI C BETOHOM

Annotation. Composite bars are currently used to reinforce concrete in an attempt to overcome the corrosion issue encountered with ordinary steel. Different
types of surface treatment were applied to the smooth rods in order to increase bonding with concrete. Experimental results show that using bars coated with
jute fiber notably improve the bond strength.. the bars coated with finer jute fiber lead to a stronger chemical adhesion with concrete. experimental results it is
difficult to filter out the influences of material and geometrical parameters on the bond behavior. Therefore, to better understand the bond behavior, a reliable
bond model (simulation of the transmission of forces in the bond zone) that can be employed in a three-dimensional finite element, an analysis is needed.
Keywords: jute fiber, composite reinforcement, bond strength, chemical adhesion, concrete, 3D model.

AHoTaUifA. B jaHWii yac KOMNO3UTHI apMaTypy BUKOPVCTOBYIOTLCA /1A MOCUEHH:A BeToHY B Crpobi nofonaty npobnemn Koposii, K1 3yCTPIYaETbCA B 3BMYaNHIl
cTanu. [Ina rnafKux CTPUXKHIB 3aCTOCOBYBANNCA Pi3Hi MM 06PO6KM MOBEPXHI, OO 36iNbLWNTY 3UenneHHs 3 6eTOHOM. EKCreprMeHTanbHi pe3ynbtaTyi oKasytoTb,
LL|O BUKOPWCTAHHA CTPVIKHIB, MOKPUTYIX AXKYTOBMM BOJTOKHOM, MOMITHO MOKPaLLYy€e MiLHICTb 34enneHHs. KoMnosuTHi apMaTypu, aKki MOKpWTI BislbLl TOHKMM Ky~
TOBMM BOJIOKHOM, MPU3BOAATH A0 OifbLU CUMBHOT XIMIUHOT afresii 3 6eToHOM. TiNbKI eKCneprMeHTanbHIM Pe3ybTaToM BaKKO BU3HAUMTY BIANB MaTepianbHIX i
reoMeTPUYHYIX NapameTpiB Ha MPOLIEC 34YereHHA apMaTypu 3 6eToHOM. ToMy 1A KpaLLoro po3yMiHHA Liboro npotiecy, byna po3pobneHa 3D moaens AN 34er-
NeHHA KOMMO3UTHUX apMaTyp 3 6eTOHOM (MOfienoBaHHA Nepeaadi Cn B 30Hi 3B'A3KY), Aka MOxe OyTU BUKOPUCTaHa B TPVBMMIPHOMY KiHLIEBOMY enemeHTi Ans
NpoBefeHHA NOPIBHANIBHOTO aHanisy.

KniouoBi cnoBa: 1>xyToBe BONOKHO, KOMMO3MUTHa apMaTypa, MiLHICTb 3uenneHHs, ximiuHa agresia, 6eToH, 3D mogens.

AHHOTauumA. B HacTosALee BPeMSA KOMMO3WTHbIE apMaTypbl CMONb3YIOTCA 1A yCuneHus 6eToHa B NOMbITKe NpeoAoneTb Npobnemy Kopposuu, BCTpeYatoLLyiocs
B 00bIYHOM CTanw. [Ina rnagkux CTepKHel NPUMEHANNCh Pa3fnyHble TMbl 06PabOTKI MOBEPXHOCTY, YTOOBI YBENMUNTL CLereHre ¢ 6ETOHOM. DKCnepumeH-
TasnbHble Pe3ysbTaTbl MOKa3blBAOT, UTO MCMOSb30BaHNE CTEPKHEN, MOKPbITBIX AXYTOBbIM BOJIOKHOM, 3aMETHO YyulliaeT NPOYHOCTb CLienneHua. KoMno3uTHble
apMaTypbl, KOTOPble MOKPbITb GONEE TOHKMM [>KY TOBbIM BONIOKHOM, MPMBOAAT K B0oriee CUbHOM XUMUYECKOW afre3nn ¢ BeTOHOM. DKCNeprMeHTabHbIM Pe3yib-
TaTOM TPYAHO ONpefenvTb BINAHIE MaTePUasbHbIX 1 reEOMETPUYECKIMX NapaMeTPOB Ha NMPOLECC CLenneHns apmaTypbl C 6eTOHOM . [103TOMy Ans nyyLlero no-
HUMaHMsA 3Toro npovjecca , bbina paspaboTaHa 3D Mofenb AN1A CLUenfieHns KOMNO3WTHbBIX apMaTyp C OeTOHOM (MOAENMPOBaHYe Nepeayn CU B 30He CBA3M),
KOTOpas MOXeT ObITb MCMOMb30BaHa B TPEXMEPHOM KOHEUHOM 31eMeHTe 1A NPOBejeHNA CPaBHUTENbHONO aHanw3a.

KntoueBble cnoBa: [)kyTOBOE BOJIOKHO, KOMMO3UTHaA apmMaTypa, MPOYHOCTb CLenseHs, Xummyeckas agreuns, 6etoH, 3D moaens.
|

Introduction ally made of glass, carbon and aramid fiber reinforced composites

In modern world practice, along with traditional metal fittings,
the composite non-metallicis increasingly used, which is being actively
introduced in the construction of the USA, Canada, Japan, and Europe
[1]. The use of fiber-reinforced polymers (FRP) as reinforcement in con-
crete structures is considered to be a possible alternative to steel in
those situations where corrosion is present. FRP bars have many dis-
tinct advantages over steel reinforcement; including a high strength-
to-weight ratio, high durability, easier handling due to their light
weight, high tensile strength, excellent fatigue characteristics and elec-
tromagnetic neutrality [2]. Typical applications of FRP composites in-
clude rehabilitation projects, including column strengthen-ing, [3,4]
seismic retrofitting,[5,6] repair of corrosion-damaged columns, [7,8] as
well as improvements in strength and stiffness of deteriorated struc-
tures by the use of CFRP composites [9-11]. The FRP rebars are gener-
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can be readily formed into complex shapes through the pultrusion
manufacturing process (Wallenberger et al. 2001, Walsh, 2001). The
most common manufacturing process is the pultrusion process,
when the longitudinal fibers are drawn through a resin bath and
then passed through a die, which gives the rebar of a final shape.

Aim of the study.

1 - Improve the bond strength of composite rebar with con-
crete by coating jute material on the surface of rebar

2 - To expression of bond-slip relationship is selected and
the pull-out test with slip and without slip modeled by finite ele-
ment software (SCADOffice 21.1.) in 3d mode and then the ob-
tained results are presented and compared with experimental
data from pullout test.



Relevance of study

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-moulding a new surface on the bar or a
combination of the techniques. Many researchers have
brought up various formulae to estimate the bond strength
of deformed composite reinforcement and studied experi-
mentally and numerically the use of composite rebars as re-
inforcement in the concrete structures.

The mechanics of stress transfer by bond between FRP
rebars and concrete was investigated by many authors. From
the experimental results it may be concluded that the bond-
ing of the FRP to concrete depends on the following factors:
chemical bond, friction due to surface roughness of FRP
rods, mechanical interlock of the FRP rods against the con-
crete, and induced interfacial pressure due to temperature
change and concrete shrinkage during curing. However,
with a more detailed study of the properties of basalt plastic
reinforcement, it turns out that there is no information in the
literature on the magnitude of its adhesion to concrete and
its dependence on the treatment of the external surface of
basalt plastic and glass fiber plastic reinforcement in various
ways to increase its adhesion to concrete. In order to increase
the bond strength of the composite reinforcing bars to con-
crete, jute fiber was used as the main 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 jute can
also be used as an inexpensive reinforcing fiber for cement
mortars [23]. In this case, the use of jute makes concrete
more crack-resistant, which in some cases is especially im-
portant, for example, in regions with sharp temperature
changes, such as Jordan [15]. In the scientific literature, there
are data on the introduction of jute fiber into the composi-
tion of non-pressure concrete pipes [19], to increase the
strength of reinforced concrete beams [20], to concrete in-
stead of glass fibers [21]. These studies show that jute slows
down the hardening of concrete, and allows in many cases
to do without the use of specialized formwork. The addition
of jute fibers to the mixture slows down the setting time of
the concrete. The characteristics of the jute fiber are shown
inTable 1.

Table 1.
The main characteristics of jute fibers

Characteristics of jute fiber

Specific gravity 1,3

Tensile strength, MPa 442
Modulus of elasticity, MPa 60
Diameter, mm 4

Experiments and results

The experiment was carried out in the laboratory of the
Department of building Materials and Products of the
Kharkov National University of Civil engineering and Archi-
tecture.): the composite rebars were coated by epoxy resin
as an adhesive substrate, then the rods were separately
wrapped with jute thread, from 1.5 mm to 2 mm . The rods
are held for 48 hours for complete adhesion (Fig. 1).

The samples were made - cubes «15x15x10» cm, com-
position 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 to-
gether with the laying of the concrete mix and its subse-
quent vibration compacting. The rods were stacked in cubes
in such a way that the destruction of the sample occurred as

a result of punching. The first type of samples of basalt plas-
tic reinforcement with a single screw thread of the jute
thread, and the second control sample, with 4 samples of
each type, the finished sample cubes are shown in Figure 1.

Fig. 1. Manufactured samples — cubes

Tests on the bonding strength of composite reinforce-
ment with concrete by pull out were carried out on the ex-
perimental installation shown in Figure 2.

Fig. 2. Laboratory installation for pull test

Loading of samples at the age of 28 days, was carried
out step by step from 0.1 of the estimated boundary load of
3100 kg of pushing the reinforcing bar from concrete to fail-
ure. The load was controlled by a dynamometer with an in-
dicator of the arrow type. The shift of the free ends of the
reinforcing bar under investigation was measured by a dial
gauge with a measurement limit of 1 mm and an accuracy
of 0.001 mm. At each load step, 15 seconds were maintained,
during which the indicators were taken, and the readings
were recorded. Determination of the strength of the adhe-
sion of reinforcing bars to concrete was carried out accord-
ing to the recommendations of the ACI industry
(departmental standards-USA) [16]:

t=F/Cl Q)]

roe T - Average bonding strength, F - load, C. — length
of rebar surface, | - length of the composite bar.
The results of the strength evaluation are presented in
Table 2.
Table 2.
Values of bonding strength of composite rebar with concrete

Pullout Bond strength

ERHBIEERS load, F, kg T, MPa
Basalt-plastic rebar coated by jute 3100 16.45
fibers !
basalt plastic rebar coated by a 2950 1556
single spiral wound jute yarn !
Basalt rebar reference 1700 9,02
Fiber glass -plastic rebar coated by 2800 1486
jute fibers !
Fiber glass -plastic rebar coated by 2600 13.80
a single spiral wound jute yarn !
Fiber glass-plastic rebar reference 1550 8,22
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Finite Element Modeling of Pullout Test

To study the bond behavior of steel reinforcement in a
concrete matrix, we use pull-out tests of a steel bar (@12mm)
with ribs (see Figure 3) which was performed by Eligehausen
(2003) [9]. To investigate the performance of the cohesion layer,
numerical investigations on pullout specimens have been car-
ried out. The specimen is an anchor of a reinforcing bar db=12
mm in a well confined cubic of concrete of 150mm height
which corresponds to anchorage length of 5 bar diameters
(embedment length [E=5 db =60 mm).For the numerical in-
vestigations the finite element software (SCADOffice 21.1.) has
been used and a detailed FE model in 3D mode with and with-
out bond-slip effect as cohesion layer to simulate bond have
been employed. Since rib of reinforcement are being simu-
lated, the mesh size close to the rib in steel bar, concrete and
cohesion layer should be small enough to accurately describe
the deformation and stress gradients. However, for the remain-
ing regions coarse mesh can be used in order to reduce the
computational costs. The results of these numerical investiga-
tions are compared with the results of the experimental inves-
tigations [24]. The test specimen used in the finite element
model is shown in Figure 3. Finite element model In determin-
ing the bond strength of composite reinforcement with con-
crete of natural experiments, theoretical experiments were
carried out by modeling the samples with the help of finite el-
ements. SCADOffice 21.1 was used to model the sample. The
design scheme (Figure 1) was composed of three-dimensional
finite elements of type 36 (8-node isoparametric element).

The load was applied to the sample, distributed over
the upper edge of the reinforcing bar. The values of the loads
are taken from experimental results. As a result of the calcu-
lations, the values of displacements (Figure 4) and stresses
were obtained (Fig. 5). When analyzing the results obtained,
it can be concluded that they sufficiently accurately repeat
the results of experimental results.

Fig. 3. General view
of the finite element
model of the sample

Fig. 4. Vertical Movements,
mm

Fig. 5. Shear stresses y,
T/m?

Table 3 shows the summary of the basic material variable used in
the experimental and numerical investigations.

The bond stress-slip relation obtained in the finite element calculation
when the three dimensional modeling of the reinforcement is used are sub-
stantially corresponding to the curves of the experimental investigations.

In case of The comparison analysis of bond stress-slip graph in 3D
finite and experiment for basalt plastic reinforcing bar coated by jute fiber
, When analyzing the results obtained in 3D finite, it can be concluded
that they sufficiently accurately repeat the results of experimental results
but with some deviations .see in fig .6.

18

Bond strength in MPa

0 2 4 6 8 10

Slip in mm
Fig. 6. Comparison bond stress-slip graph in 3D finite analysis
and experiment for basalt plastic reinforcing bar coated by jute fibers

In case of The comparison analysis of bond stress-slip graph in 3D
finite and experiment for glass fiber plastic reinforcing bar coated by jute
fibers. When analyzing the results obtained in 3D finite, it can be con-
cluded that they sufficiently accurately repeat the results of experimental
results but with some deviations .see in fig. 7.
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Fig. 7. Comparison bond stress-slip graph in 3D finite analysis
and experiment for glass fiber plastic reinforcing bar coated by jute fibers

In case of The comparison analysis of bond stress-slip graph in 3D finite
and experiment for reference composite reinforcing bars. When analyzing
the results obtained in 3D finite, it can be concluded that they sufficiently
accurately repeat the results of experimental results. see in fig. 8.
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Fig. 8. Comparison bond stress-slip graph in 3D finite analysis
and experiment for reference composite reinforcing bars



Table 3.
Summary of the material parameters

Material properties Values (kg/cm?)

Concrete compressive strength 300
Concrete tensile strength 30
Concrete E modulus 273664
Concrete Poisson’s coefficient 0.2
Composite reinforcing bar E modulus GPa 130
Steel yield stress MPa 1500

Conclusion

1. When using an impregnated organic fiber bundle and fiber, it is possible to increase the bond strength to 13.80
and 16.45 MPa due to the high degree of intermolecular interactions at the interface.

2. Inthis paper the methods of modeling of bond-slip models between composite reinforcing bars and concrete in
the finite element program is described. Then one analytical expression of bond-slip relationship is selected and the pull-out
test with slip and without slip modeled by finite element software (SCADOffice 21.1.) in 3d mode and then the obtained
results are presented and compared with experimental data from pullout test. It was found that stress distribution in the steel

bar and concrete of pull-out tests may principally be influenced by the properties of the interface.
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