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Fig. 2. Test setup description and instrumentation of the beams. Source: own study

3.3. Standard fire resistance testing

In the case of standard fire resistance testing, three beams of Set 1 were first loaded in the
four-point flexural test with a gradual force till 50% of their ultimate strength capacity, then
unloaded before being heated. The values of loading are shown in Tab. 1. Then, the beams
were reloaded with sustained loading providing a bending moment that corresponds to 50% of
ultimate bending moment resistance of the beams (at ambient temperature), and heating was
applied. Beams were loaded and heated till failure. Set 2 was used as a reference to calculate
the loading that the beams can withstand.

Beams of Set 1 were destroyed in different ways, the B2014 was destroyed due to
reinforcement failure, and both other beams reinforced with hybrid bars were destroyed due
to concrete crushing. All the beams of the Set 2 were destroyed due to concrete crushing.

The deflections against heating duration are shown on the Fig. 3. The maximum time
of fire exposure, 97 minutes, was achieved by the sample B2 14, once the deflection at the
midspan attained a value Up,g,, = 162 mm. The temperature recorded on the bottom side was
approximately 940°C and 593°C, measured directly on the bars. The displacements for the
beams reinforced with hybrid bars were approximately 70 mm
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Fig. 3. Deflection — heating duration dependencies for samples (Group 1): a) B2014, b) H2014, ¢) N2014.
Source: own study

When the concrete cover was removed from samples H2@14 and N2@14, it could be
seen that the resin evaporated from the bars. Moreover, it is visible that the temperature caused
a de-bonding of the bars from the concrete. Figure 4 demonstrates the beam H2(14 after

removing clear concrete cover.
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Fig. 4. Uncovered HFRP bars (by removing the clear cover after testing). Source: own study

3.4. Residual fire resistance testing

For residual testing, the beams of Set 1 were preliminarily loaded with a force of 50% of
their ultimate strength capacity. Then the beams were unloaded. For the following steps, the
beams were placed into a furnace and heated for approximately one hour. After heating, the
beams were allowed to cool, and finally reloaded flexurally until failure. Figure 5 demonstrates
the beam sample B2014 from Set 1 just after it was taken out of the furnace.

Fig. 5. Sample B214 just after taking it out from the furnace. Source: own study
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All the specimens from Set 1 were destroyed due to reinforcement failure in the tension
zone, unlike beams from Set 2, where destruction took place due to concrete crushing. The
authors suggest that different manners of destruction can be explained by a significant reduction
in the properties of the bars after being subjected to elevated temperatures.

The evaluated resistance for beams from Set 1 after being subjected to elevated temper-
atures was 43.39%, 40.34%, and 43.42% lower for the beams B2@14; H2(014 and N2 14,
respectively, from Set 2 (reference beams).

Moreover, atypical behaviour of FRP-RC beams was observed while heating unloaded
beams. The deflections for the beams reinforced with HFRP and nHFRP bars began to decrease
after reaching a certain temperature threshold. The temperatures, measured on HFRP and
nHFRP bars, were in the range of 550-570°C. Fig.6 demonstrates deflection — heating time
dependencies for the beams subjected to residual testing.
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Fig. 6.  Deflection — heating duration dependencies for samples (Group 2): a) B2014, b) H2014, c) N2014.
Source: own study

4. Conclusions

The main focus of this research was the experimental investigation of the behaviour of
FRP-RC beams subjected to elevated temperatures, reflecting conditions of fire and post-fire
performance of FRP-RC beams. The beams were subjected to a specific fire scenario, where
the mid-part was heated.

Two cases were analyzed: (i) standard fire conditions, where loaded beams are subjected
to heating and simultaneously loaded and (ii) residual behaviour of FRP-RC beams, after being
subjected to elevated temperatures.
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The following conclusive remarks can be drawn:

1. Based on the maximum heating time and deflections, the best-recorded results were
obtained for the samples reinforced with BFRP bars. For standard fire resistance
testing, BFRP-RC beams show the longest heating time (approximately 100 min)
and attained the highest deflections, corresponding to the value 162 mm.

2. Different destruction modes were observed for beams reinforced with BFRP bars and
beams reinforced with hybrid bars after standard testing; for the BFRP-RC structures,
the destruction was caused by a failure in the tensile zone, unlike in the other samples
from Group 1 — standard testing

3. The residual capacity for the beams after being subjected to the fire exposure, decreased
by approximately 40% compared to Set 2. The highest strength capacity was obtained
by beams reinforced with HFRP bars and was equal to 50.71 kN. It is worth mentioning
that the post-fire behaviour of FRP-RC beams was similar as for beams not subjected
to fire exposure until failure as it can be seen from the force-deflection curves.

4. Different ways of destruction, all the tested specimens from Set 1 were destroyed
due to tension zone failure, unlike beams from Set 2. This can indicate a reduction
of mechanical properties of FRP bars after being subjected to elevated temperatures.

5. It should be noticed that very uncharacteristic behaviour was recorded for the beams
reinforced with HFRP and nHFRP bars. The authors suggest that this phenomenon
is connected with the thermal expansion coefficient of the carbon fibres present in
HFRP and nHFRP bars and therefore creep can appear in the bars, which causes an
effect of “prestressing” of the beams.

It is worth mentioning that for a comprehensive investigation, it is needed to make more
sophisticated analyses of a bigger number of samples with different fire scenario in order to
receive more representative results. Current experimental work will serve to develop a program
for FRP-RC members tested at and after being subjected to elevated temperatures.
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