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Abstract: Concrete structures often collapse in fire due to material degradation and thermal expansion.
The compressive behaviour of concrete retrofitted with fiber-reinforced polymer (FRP) wrapping under
elevated temperature conditions. The study addresses the critical issue of assessing the performance of
structural elements, particularly concrete columns, when subjected to fire events. The composite material
made of fibre-reinforced polymer (FRP) has recently gained attention as a potential repair method for
damaged concrete structures. This study aimed at determining the influence of fire damage on concrete
specimens retrofitted with Glass FRP, Aramid FRP, and Basalt FRP laminates by destructive and non-
destructive methods. The cube specimens were subjected to temperatures of 250, 500, and 750°C for a
period of 1, 2, and 3 hours followed by retrofitting with FRP laminates. The research emphasizes the
importance of considering not only the mechanical properties but also the fire-resistant characteristics of
retrofitting materials in optimizing the performance of concrete structures under extreme conditions.The
results indicated an increase in compressive strength of concrete when subjected to 2509C for 1 hour
beyond which it decreased. However, a fall in compressive strength was observed for higher ranges of
temperature and duration of the fire. Irrespective of the FRP wraps used, the compressive strength
increased in comparison with the conventional concrete.

Keywords: Glass fibre, Aramid fibre, Basalt fibre, Elevated temperature, Retrofitting.

1. Introduction [Ca(OH)2], causing concrete cracking and

Concrete is one of the most extensively
used materials in the construction industry.
Concrete has inherent fire-resistant qualities.
However, this benefit cannot be achieved without
taking into account, the fire damage while
designing concrete structures. When concrete is
subjected to fire, it affects its physical and
mechanical characteristics. As a result, the
properties of concrete exposed to fire are still
important for assessing load carrying capacity
and  restoring  fire-damaged  structures.
Dehydration of the Calcium Silicate Hydrate
(CSH) releases chemically bonded water at
temperatures exceeding 110°C. Internal stresses
are increased by dehydration of the hydrated
calcium silicate and thermal expansion of the
aggregate. Micro-cracks are generated beyond
300 °C. One of the most essential components in
cement paste is calcium hydroxide [Ca(OH)z]
which dissociates at around 530°C, possibly
causing the concrete to shrink. Water generally
extinguishes the fire, and CaO gets converted to

crumbling. As a result, the effects of high
temperature are commonly visible as surface
cracking and spalling.

The effect of fire has been investigated
on concrete [1], [2]. Assessment of fire damage
by Schmidt rebound hammer was proved to be
useful to determine the extent of fire damage on
concrete [3],[4] stated that most changes
experienced by concrete at temperatures above
500°C are considered irreversible and the
relative strength of concrete is reduced with an
increase in exposure temperature.
FahedAlrshoudi[5] reported that most damaged
structural elements were identified as slabs
based on the case study conducted on the main
control building of the thermal power plant,[6,7]
stated that sufficient cover thickness has a
significant effect on fire resistance,Georgia E.
Thermou[8] reported that the residual strength
of concrete after cooling is lower than the
strength at elevated temperature. Furthermore,
the compressive strength not only depends on its
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constituents but also on other factors such as
external loading, heating and moisture
conditions.

Over the last two decades, research
initiatives around the world have documented
the behaviour of externally bonded Fibre
Reinforced Polymers (FRP) for strengthening
reinforced concrete (RC) structures. FRPs are
bonded to the exterior of RC structures in these
applications, typically using an epoxy resin
saturant/adhesive, to provide additional tensile
or confining reinforcement. FRP jackets perform
the best for confining members with circular
cross sections. Numerous studies have shown
that wrapping reinforced concrete columns with
FRP can significantly improve their strength and
ductility. The use of FRP jackets in building and
bridge columns is one of the most common
applications of FRPs. FRP sheets have been used
to strengthen columns, slabs, beams, and other
structural members.

According to C.S.Poon[9], regaining
ultimate strength is possible, but regaining
stiffness is more challenging, CaiJianguo[10]
reported that the use of CFRP, GFRP and steel
fibrous grout layer is effective in retrofitting heat
damaged RC slabs. For the restoration of fire-
damaged concrete members, [11] observed that
FRP jacketing was more effective than steel
jacketing and concrete enlargement,
Drzymala[12] stated that FRP strengthened
specimens showed an increase in flexural
strength and ductility of T beams to a great
extent. According to [13,14] the increase in
strength caused by FRP confinement appears to
be independent of the unconfined concrete
strength and instead depends on the
fundamental physical characteristics of the
concrete. The GFRP laminates have a substantial
structural global deformation capability without
compromising their strength [15,16]. The
compressive strength and ultimate axial stresses
of the thermally damaged concrete wrapped in
BFRP jackets improved as the concrete core and
layers of BFRP jackets were exposed to higher
temperatures[17,18].

Although it was discovered that the
behaviour of FRP strengthened concrete
structures at normal temperatures is satisfactory,
there is a research gap that exists in
experimentation and analysis of the behaviour of
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fire burnt concrete retrofitted with FRP
laminates. Hence, the novelty of the current
research lies in determining the performance of
concrete cubes subjected to fire in different
temperatures and durations followed by
wrapping with glass FRP (GFRP), basalt FRP
(BFRP), and aramid FRP (AFRP) sheets.
1.1. Research Significance
Following are the main objectives
formulated towards the research gap based on
the literature study,
> To investigate the effect of fire
temperature on the
strength of concrete.

compressive

> To experiment the effect of different
duration of fire on the compressive
strength of concrete.

> To analyse the retrofitting effect of fibre
laminates (namely glass, basalt and
aramid) on fire damaged concrete
specimens.

2. Materials and Methods:

Fiber-reinforced plastic (FRP),
sometimes known as fiber-reinforced polymer or
fiber in American English, is a composite material
consisting of a fiber-reinforced polymer matrix.
Glass (in fiberglass), carbon (in carbon-fibre-
reinforced polymer), aramid, or basalt are the
most common types of fibers. Fiber-reinforced
polymers, or FRPs, are composite materials that
are made of a polymer matrix that has been
carefully mixed with a supporting material or
fiber to improve the plastic's elasticity and
mechanical strength.

2.1 Materials:
For casting of specimens, raw materials that

satisfy Indian standard codes were chosen
Cement: Ordinary Portland cement (OPC) of
53 grade with a specific gravity of 3.15 and a
fineness value of 230 m?/kg meeting IS
12269-2013 standard requirements were
used. The initial and final setting time were
55 and 285 minutes respectively.
Fine aggregate: Manufactured sand obtained
from local source satisfying zone II warrants
(IS 383-2016)[21] were used as fine
aggregate. The properties of fine aggregate
are provided in table 1.
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Coarse aggregate: Crushed stone aggregate
of maximum nominal size of 20mm was used
as coarse aggregate under the saturated
surface dry condition to avoid the influence
of moisture content. The physical properties
of coarse aggregate tabulated in
tablel.[16]

Water: For concreting and water curing,
potable water with a pH of 7.1 that satisfies

[S456 -2000 requirements were used[17].

are
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Fibre FRP
laminates made of glass, aramid, and basalt
were used as retrofit materials in fire
damaged concrete specimens. [18]Figure 1
shows different FRPs used in this study
whose properties are listed in table 2.

Resin: For bonding FRP sheets to concrete
surface, a resin coat was applied to the
surface of concrete specimens.[19] The
properties of resin used are provided in table
3.

laminates: Unidirectional

Table 1 (a) - Physical Properties of Aggregates.

Properties 4.75 mm aggregate 20 mm aggregate
Specific gravity 2.65 2.74
Fineness modulus 3.06 6.95
Bulk density (kg/m3) 1685 1760
Water absorption (%) 0.54 0.201
Flakiness index (%) - 12
Elongation index (%) - 16
Table 1(b) - Mechanical Properties of Aggregates.
Properties Results
Specific gravity 2.65
Fineness modulus 3.66
Bulk density (kg/m3) 1585
Water absorption (%) 2.56
Flakiness index (%) 3.68
Elongation index (%) 9.6
Table 2 - Properties of FRP Laminates.
Properties GFRP AFRP BFRP
Material Glass Aramid Basalt
Colour White Yellow Black
Weight of fibre (g/m?) 920 280 330
Fibre thickness (mm) 0.9 0.4 0.6
Nominal thickness per layer (mm) 1.5 1.6 1.0
Fibre tensile strength (N/mm?) 3400 2900 4840
Table 3 - Properties of Resin
Properties Resin
Tensile strength (MPa) 30
Strain at failure (%) 1.5
Flexural modulus of elasticity (GPa) 3.8
Recommended dosage (kg/m?) 0.7-1.2

2.2 Concrete Mix Design

The design mix was developed to
achieve an M25 grade of concrete with a slump
value of 100mm. Various trials were made
before finalising the above mix ratio for

obtaining the expected compressive strength
and consistency. The design mix ratio adopted
in this study is provided in table 4. The same
mix is used for all the specimens casted and
tested in this study
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Table 4 - Mix proportion for the concrete.
Ingredients Cement Fine aggregate Coarse aggregate Water
(Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3)
Quantity 350 1140 168

Fig. 1 - Casting of cubes.

2.3 Specimen Preparation and Testing

The concrete materials were mixed in a
tilting drum mixer with a capacity of 0.15m3 for
not less than 2 minutes as per [S456-2000
specification in order to ensure homogeneity of
the concrete mix. The slump was measured and
determined to be 100mm. The moulds were

ARV R
Fig. 2 - Thermocouple
2.4 Fire Exposure

For fire treatment, refractory bricks
were used to construct a furnace. Cube
specimens were subjected to fire treatment (ISO
834 - standard fire curve) using a high-speed
burner as shown in figure 4. A UTC-4202 model
temperature controller device was used for
measuring temperature with a ‘K'’-type
thermocouple as shown in figure 2. Specimens
were exposed to fire for different time periods
of 1hour, 2hours and 3hours. The temperature
range was measured before the cube specimens
were cooled.

oiled before placing wet concrete mix. Further,
the concrete was laid in 3 layers along with
tamping of 25 blows and placed on a vibrating
table for meshing of different layers. The cubes
were demoulded after 24 hours and subjected to
28 days of water curing before being brought to
an open environment to await fire treatment.

Fig. 4 - Wrapping of FRP.

2.5 FRP Wrapping

Cooled specimens were removed from
the furnace and roughened on all sides followed
by cleaning of surfaces before wrapping. A
sufficient quantity of epoxy resin was measured

166



Journal of Harbin Engineering University
ISSN: 1006-7043

out and evenly applied to the cubes’
corresponding sides. The FRP wraps are cut to
the cube dimensions that are required. Rollers
are used to avoid air pockets while wrapping.
Figure 5 represents the wrapping of FRP around
concrete cube. TheCyanoacrylate glue is
allowed to dry for up to 48 hours without
disturbance. Once dried, the essential tests are
carried out. The FRP sheets were wrapped
perpendicular to load directionin accordance
with the ISIS manual and the ACI440-2R
guidelines.

3. Results and Discussion

One of the most serious risks that
buildings might encounter is fire. Under such
fire accident, structural members undergo
temperature changes causing physical and
chemical changes in the constituent materials,
thereby degrading the thermal and mechanical
properties of materials. With the aim of
understanding the effect of fibre wrapping on
fire damaged concrete, the major design
parameters namely w/c ratio, cement content,
etc. were kept constant. Conventional concrete's
resistance to fire has been studied for a longer
time, and building codes describe typical
strength loss models (EN 1992-1-2: 2004).

3.1 Visual Observation

Damages caused by exposure to higher
temperature can be generally identified by
examining the surface of concrete. Therefore,
evaluation of fire-damaged concrete typically
begins with visual inspection for changes in
colour, formation of cracks and spalling of the
concrete surface. Visual inspection of fire
damaged concrete indicated that different
components of concrete exhibited a different
range of colours. According to [19,20,22], colour
changes from red at a temperature between 300
- 6002C, whitish grey around 600 - 9002C and
buff at 900 - 10002C. The oxidation of iron
hydroxides in aggregates and cement paste
causes crimson colour. The disintegration of
calcareous constituents of aggregate and cement
paste are responsible for whitish grey colouring
of the concrete.

According to [23,24] high temperatures
may induce spalling in concrete, which will
significantly degrade mechanical properties of
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the building and even result in structure
collapse. Vapour pressure in pores and thermal
stresses are two main factors that influence
mechanisms of spalling of concrete at higher
temperatures. If the pore structure of the
concrete is sufficiently dense and/or heating
rate is high enough, the escape of vapour layer
would be too slow, leading to a significant
increase in pore pressure in the concrete.
Concrete would spall if the tensile stress of the
material could not resist the pore pressure.
When concrete is heated to a higher
temperature, a thermal gradient will also occur
between the heated surface and the inner core
of the concrete. Compressive stress is produced
parallel to the heated concrete surface as
temperature rises quicker at the surface, while
tensile stress is produced perpendicularly to the
interior of concrete. Spalling of concrete will
occur when the compressive stress is greater
than tensile stress.

The behaviour of concrete under fire
was also influenced by type of aggregates used.
Furthermore, the quartz or chert aggregate
particles induce crazing, cracking and
popouts[25,26]. The volume of aggregate in
concrete increases as a result of heating, which
also causes the cement paste that surrounds the
aggregate to contract causing cracks in micro
structure of concrete. Furthermore, when the
temperature hits 500°C, minor cracks appear
and when the temperature reaches 750°C, the
cracks become dominant [27].

3.2 Mass Loss

Concrete experiences mass loss as
temperature rises almost constantly. It was
shown that mass loss is higher initially up to
2502°C, which is attributable to evaporation and
loss of free water as a result of the initial
hydrothermal conditions. The mass loss at
2502C for different duration was found to be
2.34% to 6.08%. However, it increased between
8.59% and 12.64% at 500°C for different
exposure time. Further it rises between 13.09%
and 16.42% at 750°C for different duration of
fire exposure. The mass loss data in figure 5
confirms the impact of higher temperatures on
concrete that was previously reported
[27,28,29]. The reduction in mass of specimen
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was due to dehydration of hydrated chemical
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compounds in concrete.

temp.| hr hr hr

Room |250-1|250-2|250-3|500-1|500-2 |500-3|750-1|750-2|750-3

hr hr hr hr hr hr

W Massloss | 8.72 | 8.52 | 841 | 8.22

8.03 | 794 | 783|771 | 7.6 | 749

Fig. 5 - Mass Loss of Concrete Cubes Subjected to Different Temperature and Duration

3.3 Compressive Strength by Rebound
Hammer Test

Schmidt rebound hammer is used
worldwide to detect the surface hardness of a
material. BS 811: Part 202, ASTM C805, and
NBN EN 12504-2 provide recommendations for
the use of the rebound method. The
working principleis simple: a spring is

tensioned when a plunger with a hammer is
pressed against the concrete surface. The spring
is automatically released at full tension, causing
the hammer mass to impact the concrete. The
exhibited rebound value of the mass is a
measure of the investigated material’s surface
hardness. Table 5 lists the rebound hammer
measurement of the fire damaged concrete.

Table 5 - Schmidt rebound hammer measurement.

Exposure Condition

Rebound Hammer

Compressive Strength

Number (MPa)
Temperature(2C) Duration
(hour)
Room temperature - 65 32.04
250 1 71 35.003
250 2 60.5 29.826
250 3 57 28.101
500 1 55.5 27.361
500 2 52.5 25.882
500 3 48 23.664
750 1 53.5 26.375
750 2 40.5 19.966
750 3 29 14.297
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Fig 6: Compressive strength result for rebound hammer

3.4 Compressive Strength by Destructive compressive strength were determined by the
Testing ratio of maximum load applied to the

A compression test was carried out in a corresponding cross-sectional area. Three
standard cube specimen of size 150 mm X 150 specimens were tested to determine the average
mm X 150 mm. After the specimens were held at strength value, with variations of +15% of the
the centre of the testing machine, the tests were mean value (IS 516-1959). Compressive
performed with wuniform stress of 140 strength increases at temperature between 200
kg/cm?/min. The loading was continued until and 2509C. At 3009C, strength was reduced by
the specimen failed. Based on the experiment, 15-40%, while at 7009C, it was reduced by 55-
maximum compressive load and maximum 70% [30].

Table 6. Test Results of Unwrapped and Wrapped Specimens Without Fire Exposure

Exposure Retrofit material Compressive strength %
condition of samples (MPa) increase/decrease
in strength

Without Fire - 334 -
Exposure

Without Fire GFRP 43.42 30% (+)
Exposure

Without Fire AFRP 49.99 49.67% (+)
Exposure

Without Fire BFRP 56.87 70.26% (+)
Exposure
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Fig. 7 - Without Fire Exposure

Figure 6 shows test results of the average compressive strength of unwrapped and FRP wrapped
specimens which are not exposed to fire. The outcomes of tests were comparable. The concrete
specimens wrapped with GFRP, AFRP and BFRP showed an increase in strength of 30%, 49.67% and
70.26% respectively which referred in table 6. Based on the properties of FRPs, specimen strength varies.

The compressive strength of concrete exposed to fire of 2502C, 500°C and 750°C for 1 hour, 2
hours and 3 hours are summarised in tables 7 — 9. The graphical representation is shown in figures 7 - 16.

Table 7 - Test Results of Unwrapped and Wrapped Specimens Exposed to The Fire of

250°C.
Exposure condition Retrofit material Compressive %
strength of increase/decrease
Temperature Duration samples (MPa) in strength
(eC) (hour)
Room - - 334 -
temperature
250 1 - 36.74 10% (+)
250 1 GFRP 47.7 29.8% (+)
250 1 AFRP 55.1 49.97% (+)
250 1 BFRP 62.45 69.97% (+)
250 2 - 31.73 5.26% (-)
250 2 GFRP 41.249 30% (+)
250 2 AFRP 47.15 48.59% (+)
250 2 BFRP 52.941 66.84% (+)
250 3 - 30.06 11.11% (-)
250 3 GFRP 39.33 30.83% (+)
250 3 AFRP 45.47 51.26% (+)
250 3 BFRP 51.102 70% (+)
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The compressive strength variation of
concrete subjected to fire of about 250°C for 1
hour, 2 hours and 3-hour exposure time is
represented in Figures 7, 8, and 9. Due to
dehydration of pore
strength of burnt cubes increased by 10% after
1 hour of fire exposure. The compressive
strength reduced by 5.26% and 11.11% after 2
hours and 3 hours of fire exposure due to
differences in thermal expansion of cement

water, compressive
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paste and aggregate. It was found that the
increased temperature of 250°C used in this
investigation had virtually minor influence on
the compressive strength of unwrapped cubes
which is similar to the findings of furthermore,
by wrapping the burnt cube with GFRP, AFRP
and BFRP, the compressive strength of the cube
was improved. The average strength increase
was found to be 30.21%, 49.94% and 68.93%
respectively.

Table 8 - Test Results of Unwrapped and Wrapped Specimens Exposed to The Fire of

500°C.
Exposure condition Retrofit material Compressive %
strength of samples increase/decrease
Temperature Duration (MPa) in strength
(2Q) (hour)
Without fire - - 33.4 -
exposure
500 1 - 29.06 14.93% (-)
500 1 GFRP 37.078 27.59% (+)
500 1 AFRP 43.24 48.79% (+)
500 1 BFRP 49.1 68.96% (+)
500 2 - 27.388 21.95% (-)
500 2 GFRP 35.6% 29.98% (+)
500 2 AFRP 41.08 49.99% (+)
500 2 BFRP 46.78 70.8% (+)
500 3 - 24.382 36.98% (-)
500 3 GFRP 31.495 29.17% (+)
500 3 AFRP 36.1 48.06% (+)
500 3 BFRP 41.49 70.16% (+)
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Fig. 11 - 500°C for 1-hour duration.
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Fig. 13 - 500°C at 3-hours’ duration.

Figure 11,12
compressive strength variation of concrete
subjected to 500°C fire for 1 hour, 2 hours and 3
hours. The compressive strength of burnt cubes
were reduced by 14.93%, 21.95% and 36.98%.
It was observed that the relationship between
compressive strength exposure
temperature were similar to those previously
reported. Wrapping burnt cubes with different

and 13 represents the

and

FRPs such as GFRP, AFRP and BFRP resulted in
an average increase in strength of 28.91%,
48.94% and 69.97%, respectively. Regardless of
temperature period or temperature level, all
wrapped exhibited
compressive strength than unwrapped ones.
After 3 hours of exposure to 500°C, compressive
strength decreased significantly.

specimens greater
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Table 9 - Test Results of Unwrapped and Wrapped Specimens Exposed to The Fire of 7502C.

Exposure condition Retrofit material Compressive % increase/decrease

Temperature Duration strength of samples in strength

°0) (hour) (MPa)
Without fire - - 334 -
exposure

750 1 - 27.88 19.79% (-)
750 1 GFRP 35.60 27.69% (+)
750 1 AFRP 41.082 47.35% (+)
750 1 BFRP 46.559 66.99% (+)
750 2 - 21.042 58.73% (-)
750 2 GFRP 27.05 28.55% (+)
750 2 AFRP 31.96 51.88% (+)
750 2 BFRP 35.37 68.09% (+)
750 3 - 15.03 122.2% (-)
750 3 GFRP 19.03 26.61% (+)
750 3 AFRP 22.249 48.03% (+)
750 3 BFRP 25.35 68.66% (+)

50 =
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Fig. 14 - 750°C at 1-hour duration.
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Fig. 16 - 750°C at 3-hour duration.
Figure 14, 15 and 16 depicts AFRP and BFRP increases the compressive

compressive strength variation of concrete
exposed to 750°C fire for 1 hour, 2 hours and 3
hours. The compressive strength of burnt cube
decreases by 19.79%, 58.73% and 122.2%
respectively. At 750°C for 3 hours, significant
strength loss was observed. Wrapping of the
burnt cube with different FRPs such as GFRP,

strength by 27.69%, 47.35% and 66.99%,
respectively.

NDTs are commonly used to assess fire-
damaged structures in order to identify the
extent of damage and the strength of damaged
Destructive and non-

concrete members.

destructive tests carried out for controlled and
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fire-damaged samples indicate that rebound
hammer test showed less compressive strength
than destructive testing.
4.5 Scatter plot

An equation was proposed for
compressive strength based on temperature and
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duration of exposure through multiple-
regression. And a scatter plot was plotted
against experimented values of compressive
strength and predicted values of compressive
strength obtained by destructive testing.

EXPERIMENTED VALUES OF COMPRESSIVE STRENGTH

40
35 -
R2=0.95466 1
30 |
,-”/ u
LI
s

25—‘ _/

20 s

15 4 | ]

15 20 25 30 35

PREDICTED VALUES OF COMPRESSIVE STRENGTH

Fig. 17 - Scatter Plot

40

The dependence of compressive
strength (§) on temperature (X1) and time(Xz)
were examined. An equation to determine the
compressive strength of fire damaged concrete
based on temperature and time is proposed, as
given below. The observed compressive
strength values were compared with predicted
values which gave an R? value of 0.95466 as
shown in figure 17.

§=46.63 - 0.02305X1 - 4.03467X2------------ 1

It is to be noted that the above equation
possesses  warrants, namely temperature
ranging from 2502C to 7502C and duration up to
3 hours.

5. Conclusion

The objective of this study was to evaluate
the compressive strength of fire damaged
concrete retrofitted with glass, basalt and
aramid FRP. The experimental programme
included 120 concrete cubes, of which 30 were
unwrapped, 30 were wrapped with GFRP
sheets, 30 were wrapped with AFRP sheets and
another 30 were wrapped with BFRP sheets.
One hundred and eight cube specimens are

subjected to temperature of 250°C, 500°C and
750°C for one hour, two hours and three hours,
respectively. Under the same conditions, the
compressive strength of wrapped concrete
cubes with FRP sheets were compared to that of
unwrapped concrete cubes. The following
conclusions can be drawn:Visual inspection of
the fire damaged specimens showed minor
crack development for specimens subjected to
5009C and cracks were dominant at 7509C.
There was no spalling of concrete observed for
specimens subjected to different temperatures
for varying time periods. The test results
indicated that the strength of concrete increases
after being exposed to 2502C for an hour beyond
which the strength decreases. For higher
temperature ranges and a longer period of
exposure, a decline in compressive strength was
observed.The compressive strength obtained
from destructive and non-destructive methods
was compared. The results indicated that the
rebound hammer test showed a loss in
compressive strength than destructive testing as
the rebound hammer gives only the surface
hardness of the specimens. The compressive
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strength of the unwrapped specimens was
affected by the increased temperature examined
in this investigation. After 3 hours of exposure
to 750°C, the highest strength loss was observed
at around 122.2%.When compared to
unwrapped cubes, all GFRP, AFRP and BFRP
wrapped specimens had superior compressive
strength. Strength increased by approximately
29.98%, 49.99% and 70.8% for GFRP, AFRP and
BFRP, respectively. All wrapped specimens
failed due to FRP sheet rupture.The test results
indicated that basalt fibre laminate has high
retrofitting efficiency than glass and aramid
fibre laminate because of its high tensile
strength than the other two fibres used in this
research.The proposed equation (1) for
compressive strength based on temperature and
duration is more accurate for the temperature
range of 250 to 7502C and duration up to 3
hours.
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