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The corrosion of reinforcements embedded in concrete causes some durability problems in reinforced and prestressed concrete
structures. The epoxy coated reinforcements are one of the effective and reliable methods to prevent corrosion of reinforcements.
However, it has been known that the epoxy coating reduces the bond capacity of reinforcement to concrete. This paper investigates
the bond behaviors of epoxy coated reinforcements experimentally using direct pull-out test. Bond behaviors of epoxy coated bars for
various reinforcement diameters of 10, 19 and 2gmm and thicknesses of cover concrete of 1, 2, 3, and 4.5¢/d,{ratio of cover to bar
diameter) are examined. Total 66 specimens were manufactured and tested according to the RILEM standard method. As the
diameters of the epoxy coated reinforcements increase, the difference of bond strength between epoxy coated reinforcements and
uncoated bars also increases. Epoxy coated bars showed more than 85% bond performance compared to those of uncoated bars. A
new formular for estimating basic development length of epoxy coated reinforcement based on equilibrium equation is proposed
using this experimental result.

IRE : HSA =2 2, HEUTAIE, 2ESH, H220
Keywords : Epoxy coated reinforcements, Direct pull-out test, Bond Stresses, Development length
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Table 4. Basic development legnths(mm)

: Bar di mm)
Estimation method(MPa) =i o )
KCI, ACI 318-14 normal 438 833 1271
KCI, ACT 318-14 epoxy 657 1249 1906

Eurocode2 normal 304 377 8RO
Eurocade2 epoxy 434 824 1257
Experiemental normal 103 122 438
Experiemental epoxy 122 231 353
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Fig. 7. Comparison of basic development legnths for epoxy —
coated reinforcement
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Tension Stiffening Effect and Crack Behavior of
Tension Members Using High Strength Concrete
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The verificagon of senviceability of concrate structures reguires more informations on the composite behaviors between conorete and
reinforcemant. Among them, the investigation of arack widths and spacdings is based on the tansion stiffening effects. In this paper, the
tension stiffening effects of high strength concrete members with compressive strength of So and mooMPa are iwestigated
axperimeantally, 1T was found that the owrent desgn code which is based on the tests of normal strength concraete may not describe
the tension stiffeming effects in high strength conorete comectly. The coefficent thst can approprately reflect the tension stffening
effects in the high strength conorete was propossd Also, the o=eck spacing was investigated through the cecking behaviors and the
crack width according to the difference of the strains in steel and concrete was estimated. The results of this paper may be used 1o
axaming the t2nsion stiffening effects of high strength concrete members.
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Keywords : Tension stiffening effect, High strength concrete, Tension member, Cover thickmess
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An Experiment on Bond-Slip Behavior of Epoxy Coated Rebar made by
IGBT Method
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Abstract. Epoxy coated reinforcements have been used extensively in bridge decks and substructures to
protect against corrogion brought on by de-icing salts or marine environments. They need longer development
lengths because of poorbond to concrete and special treatments on sites due to vulnerability of damage during
transportation, storage and bending process. A new method of pre-heating of reinforcement before coating
process using an IGBT (Insulated Gate Bipolar Trangistor) control was applied to improve the bond of epoxy
coating to reinforcements. In this paper, the bond-slip properties of newly developed epoxy coated bars are
investigated and compared to those of black bars. The direct pull out test according to EN Standard was used
with varying the diameters of reinforcements. The experimental results show that the new process is very
efficient in increasing bond capacity of epoxy coated bars to concrete comparing those of traditional ones.

Introduction

There are several conventional options open to the designers when long lives of concrete structures
are required or corrosion is anticipated in reinforcement concrete structures. The most important
corrosion prevention measures are good design, good site practice and quality control to resist
carbonation and to exclude chloride from any source. In many cases, it will provide sufficient
corrosion protection for the embedded steel. However environmental effects often are beyond design
control. In these circumstances, the use of corrosion protected reinforcements, such as galvanized and
epoxy coated reinforcements, may be a design altemative [1]. Of all the organic coating systems
available, the most common is fusion bond epoxy coating, which is able to provide long-term
corrosion protection in chloride-contaminated concrete if the conditions are met to maximize the
performance gains in relations to uncoated reinforcements. These chiefly include proper substrate
preparation, an adequate and uniform film thickness, the absence of pores and defects in coating and
careful steel fixing and concrete placing. According to previous studies [2,3,4], epoxy coating has a
smoothing effect on the surface configuration of indented bars. Epoxy coating has the effect of
significantly reducing bond resistance and increasing slippage between reinforcing bars and the
embedding concrete in comparison to uncoated bars. The thicker the coating is, the greater is the
effect. Coated bars with film thickness larger than 500 micrometer are very disadvantageous for the
bond behavior, thickness smaller than 250 micrometer have comparable bond strength to, but higher
slip than, uncoated bar. The thickness and uniformity of epoxy coating may be the most important
factors in manufacturing the epoxy coated bars.

To improve the adhesion between reinforcement and epoxy film and uniformity of film, a new
manufacturing method was developed. It changed the incidence angle of shot blasting in
pre-treatment of naked bars as shown Fig.1, which can give larger surface areas to reinforcement and
increase the adhesion to epoxy film. Also, the pre-heating method before fusion was change from
SCR(Silicon Controlled Rectifier) to IGBT(Insulated Gate Bipolar Transistor) Control. The
equipment is shown in Fig.1.It can give a uniform temperature increase in the surface naked bars and
improve the fusion of epoxy coating materials. In this paper, the bond characteristics of newly
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Conclusions

In this paper, the bond characteristics of newly developed epoxy coated bars with improvement in
anchorage patter and pre-heating process are examined using direct pull out test according to
European Standard with varying reinforcement diameters and cover thicknesses. The conclusions
obtained are as follow.

- The bond characteristics of epoxy coated reinforcements do not show distinct difference for
varying diameters in this experiment.

- The minimum required cover depth should be greater than 3 times bar diameter because specimens
with the cover to bar diameter ratio smaller than 2 show splitting failure.

- The newly developed epoxy coated reinforcements have the stronger bond strength required by
ASTM standard with 86% of uncoated bars.

- The performance of new epoxy coated reinforcements may be improved by the developed technique
and further research will be done.
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The comosion of reinforcements embeddad in conorete causes savere deteriorstion in reinforced concrete structurss, As a
countermeasure, epoxy coated reinforcements are used to prevent comosion of reinforcements. When epowy coated bars
are used, the resistance of corresion is excellent, but epoxy coating on the bars have 3 disadvantage of reduction in bond
capadty comparng to that of normmal bars, Therefors, it is necessary to confirm the bond performance of epoxy coated
reinforcements through expenmental and amalytical methods. Bond behaviors of epoxy coated bars for vanous diameters of
13 and 1gmm and thicknessas of cover concrets of 3 types(retio of cover to bar diameter) are examined. As the diameters
of the epoxy coated bars increase, the difference of bond strength between epowy coated and uncosted bars al=o
increases and damage patterns showed pull out failure. In additon, finite element analysis was performed based on the
bond-sfip relationship obtained by direct pullour test and compared with the flexural test results. it is considered that
flexural member test is more useful than pullout west for simudatng the behavior of actual structure.
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Keywords : Epouy Coated bar, Bond-slip behaviour, Direct Pulbout Test, Beam-end Test, Bond stress
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The Epoxy-coated Reinfordng bars have been proved to be able 1o extend a dursbility ife becauss of its axcellent carrosion resistance
im bridges and strschuras under marne and severs enviromnments. The wsage of epoxy-coated reinforcement s continuously incressing
in developed countries such as the US and fapan. However, domestic use = extremaly imited due to lack of research and development,
poor production facilities, low quality, increase of inftial costs, and difficulty of field management. This study suggests the improvement
of construction guality mamagement such as manufacturing, transportation and construction for the field appiication through the test
construction of the proven product in the related test resuls of the epoxy costed steel bars produced in the recentdy improved
manufacturing facility.
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