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AA, olddE, “dFu i HAYAEA Y stAH REEHE FAAF
3 8¢ 6%, 2018, pp. 569-576
=W In modern Soc1ety, the majority of buildings are being constructed
with RC structure. Structural instability due to natural factors such as
earthquakes, typhoons, and other anthropogenic factors such as construction
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defects, errors in the design stage, and many other repair and reinforcement
methods are being implemented. In the reinforcement method, the organic epoxy
adhesive used in the FRP reinforcing method is abruptly damaged when exposed
to high temperature, which is directly connected to the fall of the reinforcing
material. Therefore, the present study was conducted to develop inorganic
refractory mortar with a certain level of adhesion ability to reduce the heat
transferred to FRP reinforcement when exposed to high temperatures. As a
result of the test, it showed high adhesion strength at room temperature
condition with the inclusion of EVA resin, and showed no performance
deterioration up to about 300C even under heating conditions. Also, it was
confirmed that the backside temperature was lower as the thickness increased,
and converged to a constant temperature of about 780C after 2 hours of
heating.
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-+=1w £ In the case of aging structures, maintenance and reinforcement will be

implemented to improve existing performance and extend durability. The FRP
near surface mounted method, which is a repair and reinforcement method, uses
a groove in the tensile part of the RC structure and fills it with an epoxy
adhesive and FRP plate. It is proposed as a method with high efficiency,
excellent durability and fire resistance. However, since the surface reclamation
method and the epoxy resin are used as the adhesive, it is expected that a
sudden loss of adhesive force due to fire exposure can occur. In order to
supplement these problems, the need for an inorganic refractory adhesive having
excellent fire resistance and proven adhesion performance has been raised. In
this study, basic properties and heat resistance of aluminosilicate refractory
adhesives were studied to develop inorganic refractory adhesives applicable to
the near surface mounted method of FRP. As a result of the experiment, the
adhesive strength was higher than that of an organic adhesive such as an
epoxy resin under a high temperature condition.
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-=% W8 This paper is a study to improve the fire-resistance capacity of
reinforced concrete (RC)members strengthened by fiber-reinforced-polymer(FRP).
The fire resistance of the RC members strengthened by FRP was evaluated
through high temperature exposure test. In order to improve the fire resistance
of the FRP reinforcing method, a fire-proof board was attached to the reinforced
FRP  surface and then the high temperature expos ure test was carried out to
evaluate the improvement of the fire resistance performance. It was con firmed
that the resistance to high temperature of NSMR could be improved somewhat
compared with that of EBR from the experiment that exposed to
hightemperature under the load corresponding to 40% of nominal strength. When
30 mm thick fire-resistance (FR) board is attached to the FRP surface, the
surface of the reinforced FRP does not reach 65C, which is the glass transition
temperature (GTT) of the epoxy until the external temperature reaches 4380C. In
particular, when a high performance fire-proof mortar was first applied prior to
FR board attachment, the FRP portion did not reach the epoxy glass transition
temperature until the external temperature reached 600C.
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-=5 W8 Recently, retrofit by using fiber reinforced polymer (FRP) has been
widely applied to building structure. However, the retrofit contribution of FRP
may be disappeared under high temperature such as fire loading because of the
low glass transition temperature of FRP and epoxy. In this manner, this paper
presents a research for improving fire resistant capacity of FRP retrofit system.
Heat transitions of two types of fire proofing materials (board type and spray
type) were verified by performing high temperature loading test and heat
transfer analysis. As a result, it was found that the board made of calcium
silicate and alumino silicate had higher resistance on the heat transition than the
sprayed finish. By using the analytical approach, it is possible to properly
estimate the heat transfer of fire-proofing with board under high temperature
environment for fir-resistance design of reinforced FRP.
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—=1uW§: The object of this paper is to find the characteristics of fire proof
materials through an analytical method and to suggest a proper approach for
fire-proof design of reinforced concrete beam strengthened with fiber reinforced
polymer (FRP). Heating tests for fire-proof materials were conducted and the
thermal conductivities and specific heats of them were simulated through finite
element analyses. In addition, a finite element analysis on thebeam specimen
strengthened with FRP under high temperature, which was conducted by
previous researchers, was performed and the analytical result was compared
with test result. And then the compatibility of the analytical approach was
evaluated. Finally, the heat resistance characteristic of RCbeam strengthened
with FRP was analyzed by the proposed analytical method and the strength
decrease of the beam due to the high temperature wasevaluated. From the
comparison with analytical and test result, it was found that the heat transfer
from outside to inside through the fire-proof materials can be suitably simulated
by using the proposed analytical approach.
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-=1W-&: The purpose of this paper is to find the fire-protection method for
keeping on the bond capacity of Near-Surface-Mounted (NSM) FRP under
high temperature. Experiments have been carried out to evaluate the bond
capacity of NSM FRP by using CFRP-plates and to confirm the heat transfer
to the concrete block when the refractory insulation is attached to the surface of
NSM FRP. Bond test of NSM FRP under room temperature was conducted
to obtain the maximum bond strength. And then a heating tests were carried
out with keeping the bond stress of 30% of the maximum bond strength. As a
result, the bond capacity of NSM FRP was disappeared when the temperature at
epoxy reached to its glass transition temperature (GTT). In order to secure the
bond capacity of the NSM FRP, it is necessary to protect the front as well as
side by using insulation materials.
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polymer (FRP) has been developed and applied to the reinforcement of many
concrete structural members. However, as a part of the fire resistance design,
there is a lack of research related to fire insulation for the areas reinforced with
FRP. In case of NSM reinforcement, there is a difference in the transferred
temperature from the external surface to the groove corresponding to the
location of the groove where the FRP is embedded, and the effect of this should
be reflected in the fireproof insulation design. Therefore, in this study, after
forming grooves for surface embedding in concrete blocks, fireproof insulation
reinforcement was performed using Calcium Silicate (CS) fireproof board and an
experiment to evaluate the temperature transfer was performed. By observing
the temperature at these groove positions, the reduction of temperature transfer
according to fireproof insulation detail was studied. As a result, when the
NSM-FRP is properly fire-insulated using the CS-based fireproof board, the
epoxy inside the groove does not reach its glass transition temperature until the
external temperature reaches 800°C.
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(o}) Evaluation on the Bond Capacity of the Fire-Protected FRP Bonded to Concrete
under High Temperature

=54 H: Seo, S, Lim, J. and Jeong, S. “Evaluation on the Bond Capacity of the
Fire-Protected FRP Bonded to Concrete under High Temperature”, International
Journal of Concree Structures and Materials 2020 (XAFS)

—=% W& In this study, fire resistance insulation performances were evaluated by
high temperature exposure tests after performing fire protection on the surface of
concrete  blocks strengthened with externally bonded (EB) FRP and
near-surface-mounted (NSM) FRP. In particular, by gradually increasing the
exposure temperature in a state where a constant tensile stress is applied to the
reinforced FRP, the temperature at which the bond strength of the FRP is lost is
determined according to the fire protection detail. In addition, a finite element
analysis was performed to predict the temperature of the reinforced epoxy by
increasing the external exposure temperature after fire protection and the results
were compared with the experimental results. As a result of the test, despite the
same fire protection, near-surface-mounted retrofit (NSMR) was able to resist
1.54 = 2.08 times higher temperature than externally bonded retrofit (EBR). It is
necessary to consider the heat transfer from the sides according to the edge
distance as well as the heat transferred to the face with FRP when fire protection
1s performed to FRP reinforced in concrete. As a result of the FE analysis, the
case of the fire protection of both sides as well as the face with FRP showed
good correlation between the analysis and test results.
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(#}) Laminated element analysis to predict the shear strength of concrete beams under



distributed and concentrated loads

=37 AHE: Kim, J. C., Choi, K. K, “Laminated element analysis to predict the
shear strength of concrete beams under distributed and concentrated loads”,
Engineering Structure, 2017

-=w W& In the present study, an advanced analytical method was developed to
evaluate the shear strength of slender concrete beams under distributed and
concentrated transverse loads. The concrete shear capacity of the concrete
beams 1s mainly provided by the compression zone of intact concrete since the
tension zone of the concrete beams is severely damaged by flexural cracks
before shear failure. The concrete shear capacity is evaluated based on concrete
material failure criteria addressing combined compressive normal and shear
stresses in the compression zone along the critical shear crack surface. For
complete analysis, laminated elements are applied to take into account the stress
variation in each location of the compression zone. The proposed analytical
method can be used not only to predict the shear strength, but also the location
and the angle of the critical shear crack. The shear strength is predicted using
the proposed method, and the results are compared to those of an experiment,
covering a wide range of design parameters. In addition, analytical studies were
performed for analytical beam models subjected to distributed and concentrated
loads. Based on the analysis results, the effect of various parameters including
the loading type (distributed and concentrated transverse loads) on the shear
strength and the critical shear crack was investigated.
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—=w W& This study evaluated the flre remstmg Capac1ty and post-fire
serviceability of the concrete beams retrofitted by near surface mounted
method(NSM) using GFRP plates. Main parameters in the test are grout
materials and fire exposure. For the test, two types of grout materials between
concrete substrate and GFRP plate were used; flame resisting epoxy and filling
mortar. Four RC beam specimens were made and two of them were exposed to
fire according to real scale fire curve proposed KS F 2257. After the fire
exposure test, flexural test were performed to investigate the flexural
performance of concrete beams including strength and deformation. From the
test results, it was found that the beam retrofitted by NSM-GFRP presented
higher flexural strength than that of the beam without retrofit, which indicates
NSM-GFRP retrofit technologies is effective to maintain flexural strength even
after fire exposure. In addition, the specimens grouted by epoxy showed good
performance in strength but bad performance in ductility.
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(7})  Tensile Properties of Carbon Fiber Textile Reinforced Mortar (TRM)

Characterized by Different Anchorage Methods

= A R Kim, H. S., Truong, G. T., Park, S. H., Choi, K. K., “Tensile Properties
of Carbon Fiber Textile Reinforced Mortar (TRM) Characterized by Different
Anchorage Methods”, International Journal of Concrete Structures and Materials,
2018

-=3W-&:In the present study, tensile tests were carried out to investigate the
tensile behaviors of textile reinforced mortar (TRM) composite specimens. The
TRM specimens were composed of one layer of carbon fibers, as the
reinforcement, and aluminum cement-based mortar, as the matrix. The primary
parameter of the test specimens was the anchorage method, which was newly
developed to improve the tensile behavior of the composite: spreading the ends
of fiber filaments, reinforcing the ends of fiber filaments using glass fiber
reinforced polymer tabs or steel rebars, and coating the ends of fiber filaments
with aluminum oxide powder. From the test results, it was found that most
TRM specimens using developed anchorage methods exhibited ductile behavior.
Moreover, the use of the developed anchorage methods could increase the
cracking strength and peak strength of the composite specimens up to 66.1 and
97.9%, respectively. The failure mode of the test specimens was governed by a
partial rupture of carbon fibers, except for the BASE specimen and specimen
reinforced with steel rebars. Finally, the tensile stress - strain relationship of
TRM specimens was Iidealized as bilinear stress - strain response curves
following the guidance specified in ACI 549.4R-13.
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(B}) Tensile Behaviors of Lap-Spliced Carbon Fiber-Textile Reinforced Mortar
Composites Exposed to High Temperature
=7 AE: Truong, G. T., Park, S. H., Choi, K. K, “Tensile Behaviors of
Lap-Spliced Carbon Fiber-Textile Reinforced Mortar Composites Exposed to
High Temperature”, Materials, 2019
-=1i8: The tensile behaviors of textile-reinforced mortar (TRM) composites
made with carbon fiber textile and alumina cement-based mortar were
investigated through direct tensile tests. Three dierent surface treatment details
in the lap splice area were used to improve the tensile behaviors of the TRM
composites: carbon fiber textile impregnated by epoxy, carbon fiber textile coated
with aluminum oxide powder following epoxy impregnation, and carbon fiber
textile coated with aluminum oxide powder following both carbon fiber fabric
attachment and epoxy impregnation. Three dierent lap splice lengths were used
180, 200, and 220 mm. In addition, the tensile properties of TRM composites
following exposure to high temperature were investigated as well. In this test,
TRM test specimens were exposed to two dierent temperature histories with
maximum values of 250 and 350 C. The results of the test specimens according
to the test parameters were analyzed in terms of initial stiness, cracking



strength, corresponding strain at cracking, modulus of elasticity in the cracked
stage, peak strength, and ultimate strain. The influence of lap splice length on
the tensile behaviors of the TRM composites was analyzed and discussed. The
surface treatment in the overlapping region showed ductile behavior and resulted
in a significant improvement of the peak strength and ultimate strain over the
untreated lap splice textile. Following exposure to high temperature, the TRM
composites showed a reduction of tensile responses compared to those cured at
room temperature. In addition, a prediction model developed in the previous
study was wused to predict the tensile behaviors of the lap-spliced carbon
fiber-textile reinforced mortar composites exposed to high temperature, and the
prediction by the model showed a good agreement with the experimental results.
- A7 w94 3-3-0, 3-3-0
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(3}) Tensile Characteristics of Carbon Fiber-Textile Reinforced Mortar with Aluminum

Oxide Treated Anchorage Surfaces

=14 E: Ngoc, H. D, Park, S. H, Choi, K. K., “Tensile Characteristics of Carbon
Fiber-Textile Reinforced Mortar with Aluminum Oxide Treated Anchorage
Surfaces”, Advanced Composite Materials, 2020

=18 This study investigated the tensile characteristics of carbon fiber
textile-reinforced mortar (TRM) with aluminum oxide treated anchorage surfaces.
The main test parameters of this study include the thickness of TRM, the volume
content of carbon fiber mesh, and the content of impregnated epoxy resin used in
anchorage zones. The experimental results indicate that the tensile characteristics
of TRM specimens in the pre-cracking stage are dominated by the mechanism of
the mortar matrix; meanwhile the tensile characteristics of TRM specimens in the
cracked stage are governed by the volume content of carbon fiber mesh, and
the content of epoxy resin used in the anchorage zones. Moreover, an
idealized model for predicting the tensile force—strain curve of TRM test
specimens with aluminum oxide treated anchorage surfaces was developed
based on ACI 549.4R-13, and its prediction showed reasonable agreement
with the test results.
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