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1- Introduction

Concrete is recognized as one of the most widely
used construction materials in civil engineering
projects, yet it becomes vulnerable under special
conditions, particularly when exposed to fire and
elevated temperatures, which can significantly
reduce its strength. Elevated temperature may lead
to the degradation of cement paste bonds, the
development of thermal cracks, spalling of concrete,
and ultimately a reduction in the load-bearing
capacity of the structure. Demolition or
reconstruction of such damaged structures is not
only costly but also time-consuming and poses
various execution challenges. In recent years, fiber-
reinforced polymers (FRP) have emerged as an
efficient and economical method for repairing and
strengthening concrete structures. Due to their
advantages such as high tensile strength, durability,
light weight, and resistance to corrosion, FRP
composites have been considered a suitable
alternative to traditional methods like steel and
concrete jacketing, showing successful results in
strengthening columns, bridges, and other structural
elements. Nevertheless, the main limitation of FRP
lies in its poor performance under high
temperatures, since the polymer resins used in these
systems lose their mechanical properties above the
glass transition temperature, leading to reduced
adhesion between the fibers and concrete.
Numerous studies have shown that at temperatures
above 200-300 °C, the strength of FRP-
strengthened members decreases significantly.
Therefore, a thorough understanding of the behavior

of FRP-confined concrete under elevated
temperatures is essential for safe design and
operation.

2- Materials and Methods

In this study, twelve standard cylindrical concrete
specimens with a diameter of 100 mm and a height
of 200 mm were prepared. The mix design was
based on ACI-211 guidelines, targeting a
compressive strength of 35 MPa at 28 days. The
concrete mixture consisted of Type Il Portland
cement, crushed river gravel with uniform grading,
washed sand free of impurities, and potable water.
The water-to-cement ratio was set at 0.51 to achieve
both adequate workability and desirable strength.
After casting into standard cylindrical molds, the
specimens were kept in laboratory conditions for 24
hours, followed by curing in water at a constant
temperature of 23 °C for 28 days.

After curing, the specimens were prepared for GFRP
confinement. The surface of the concrete was
roughened using a grinder and steel brush to
enhance the bond between the epoxy resin and
concrete, then thoroughly cleaned and dried. Glass
fiber sheets (GFRP) with a tensile strength of 2300
MPa, modulus of elasticity of 90 GPa, and ultimate
strain of 3.9% were used for confinement. A two-
part epoxy resin with a compressive strength of 60
MPa and tensile strength above 45 MPa was applied
as adhesive. The fibers were applied using the hand
lay-up wet method: first, a layer of resin was applied
to the specimen surface, then the GFRP sheet was
wrapped circumferentially with a defined overlap.
After ensuring uniform coverage and removing air
bubbles, a second layer was applied in the same
manner. The specimens were left at laboratory
temperature for seven days to allow complete curing
of the epoxy resin and to ensure the FRP system
achieved its full strength.

The specimens were divided into four groups: one
control group (no heating) and three groups exposed
to elevated temperatures of 100, 200, and 300 °C.
Heating was performed in an electric oven with
precise temperature control. The heating rate was set
at 2.5 °C per minute to avoid thermal shock. Each
specimen was maintained at the target temperature
for one hour, followed by gradual cooling inside the
oven to simulate real fire exposure and natural
cooling after extinguishment.



Compressive strength tests were conducted in
accordance with ASTM C39. A hydraulic loading
machine of adequate capacity was used to apply
axial compressive load until failure occurred.
During testing, axial load and deformation were
continuously recorded using precise sensors and
LVDTs, with data transferred to a computer system.
This allowed plotting of stress—strain curves and
calculation of mechanical parameters including
ultimate compressive strength, failure strain, and
modulus of elasticity. To ensure reliability, all tests
were performed under consistent conditions, and
average values were considered for final analysis.

3- Results

The experimental results indicated that confinement
with GFRP sheets significantly improved the stress—
strain  behavior of concrete. Compared to
unconfined specimens, the confined specimens
exhibited steeper ascending branches in their stress—
strain curves. These curves consisted of parabolic
and linear portions, with the linear section reducing
and the transition point shifting as temperature
increased. On average, confinement improved the
compressive strength of specimens by about
11.54%. However, elevated temperatures had a
negative effect on this strength: reductions of 1.45%
at 100 °C and 7.89% at 200 °C were observed, while
at 300 °C a slight increase of 2.18% compared to the
control was recorded.

Axial strain generally decreased with temperature.
At 100 °C, axial strain was 2.81% lower, and at 300
°C it was reduced by 24.6% compared with the
control specimen. Interestingly, at 200 °C a 6.24%
increase was observed. The initial modulus of
elasticity decreased by 5%, 15%, and 20% at 100,
200, and 300 °C respectively, while the secondary
modulus showed considerable increases of 1.7%,
76%, and 54% under the same conditions. Finally, a
strength modification factor was proposed for
confined specimens under different thermal
conditions, enabling estimation of the behavior of
FRP-confined concrete at elevated temperatures.

4- Conclusion

The present study demonstrated that confinement
with GFRP sheets improves the compressive
strength and overall mechanical behavior of
concrete, with confined specimens performing
better than unconfined ones under all conditions.
However, elevated temperatures negatively affected

compressive strength and axial strain, reducing
ductility. The greatest reduction was observed at 200
°C, whereas between 200 and 300 °C a slight
strength recovery occurred due to structural changes
in the cement matrix and moisture loss. Modulus of
elasticity results showed that confined concrete
undergoes behavioral changes under heat, with the
initial modulus decreasing but the secondary
modulus increasing. Given the sensitivity of
polymer resins to temperature and the inherent
weakness of FRP under fire exposure, the use of
these materials in fire-prone structures requires
special considerations and reduction factors in
design. Overall, it can be concluded that GFRP
confinement is highly effective under normal
conditions but has performance limitations at
elevated temperatures, which- must be carefully
addressed in fire-resistant structural design.
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Investigation of the behavior of reinforced concrete cylinders
with glass fibers under high temperatures

Abstract

Fiber-reinforced polymers (FRP) are widely used for strengthening and rehabilitating reinforced concrete (RC)
structures due to their high tensile strength, corrosion resistance, light weight, and durability, offering a more
efficient alternative to conventional techniques that increase structural mass and member dimensions. Despite
these advantages, fire represents a critical hazard for FRP-confined concrete, as elevated temperatures can
deteriorate both the concrete matrix and the polymeric resin, thereby reducing the effectiveness of
confinement. Although FRP systems are increasingly applied in structural retrofitting, limited research has
addressed the residual mechanical performance of FRP-strengthened concrete after exposure to high
temperatures. This study investigates the influence of elevated temperatures on cylindrical concrete specimens
confined with glass fiber sheets. Twelve concrete cylinders (100 mm in diameter and 200 mm in height) were
wrapped with two layers of glass fiber reinforcement, cured, and then exposed to temperatures of 100°C,
200°C, and 300°C for one hour before being gradually cooled to room temperature. The specimens were

1 Fiber-Reinforced Plastic (Also known as Fiber-Reinforced Polymer)



subsequently tested under uniaxial compression. The results demonstrate that glass fiber confinement enhances

compressive strength, while increasing temperature levels reduce this strength gain compared with unheated
control specimens.

Keywords: Fire, Heat, Composite Fibers, Concrete, Fire Damage.
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