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Fire accidents associated with infrastructures such as tunnels and high-rise structures have
shown that high strength concrete performance is highly susceptible to high temperature con-
dition. Thermal instability in form of spalling has been observed which leads to breaking-off
of layers or pieces of concrete from the thermally exposed surfaces and this significantly
compromises the structural integrity of the concrete structures. Thus the material behavior
of high strength concrete under fire exposition needs to be clearly understood since it greatly
impacts on structural integrity and load-bearing capacity of structural elements.

This dissertation deals with spalling properties of hybrid fibre-reinforced high strength
concrete at elevated temperatures. Firstly, Chapter one and two cover the introduction and
literature review respectively. In Chapter three, the effect of a pressure measurement system
on maximum pore pressures measured in heated concrete was evaluated. Experimental works
were conducted utilizing different pressure measurement techniqués, which have previously
been used by other researchers to measure pore pressure in heated concrete. The main aim
was to contribute to the development of a standard pore pressure measurement system in
heated concrete, which can be adapted and utilized by engineers worldwide. Results showed
that a pressure measurement system utilized to measure pore pressure has a significant effect
on the amount of maximum pore pressures measured. Addition of silicon oil and a sintered
metal to the measurement system was observed to significantly influence the amount of max-
imum pore pressures measured. Therefore, a pressure measurement system which comprised
of both a sintered metal and silicon oil was found to be the most effective system for pore
pressure measurements in heated concrete.

In Chapter four, the effect of the heating rate on maximum pore pressures measured as well
as the effect of the test condition on deterioration of high strength concrete under elevated
temperatures was carried out. It was observed that fast heating lead to higher pore pressures
in the deeper regions compared to slow heating and therefore an increase in the heating rate
leads to an increase in .pore pressures. Addition of steel fibres played some role in pore
pressure reduction in deeper regions of concrete during fast heating.

In Chapter five, an investigation of the role played by fibre type and geometry in mitigating
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pressure rise in fibre-reinforced high strength concrete exposed to elevated temperatures was
done. Experimental results showed that addition of organic fibres, regardless of fibre type and
geometry, significantly contributed towards pore pressure reduction in heated concrete. Also,
regardless of the type of organic fibres used, longer fibres made of smaller diameters generally
performed better than shorter ones made of larger diameters. It was further observed that
regardless of fibre type and geometry used, at least 0.1

In Chapter six, spalling of high strength concrete exposed to severe heating patterns was
investigated using a blowtorch test and a furnace test. Results showed that the blowtorch test
is a more effective method for carrying out spalling tests and evaluating the effect of fibre
type and geometry on spalling in small specimens compared to the furnace test. Therefore,
the blowtorch test provides a promising, effective and economical test method for spalling at
a small scale level in small unloaded and unrestrained specimens which can help to provide
relevant and useful data for mitigation of spalling in realistic size elements. Also, a clear and
direct relationship between maximum pore pressures and spalling in heated concrete was ob-
served since there was a similar effect of permeability, fibre type and geometry, and addition
steel fibres on maximum pore pressures and spalling. Therefore pore pressure spalling was
- observed to be one of the important mechanisms for understanding the explosive spalling
phenomenon. Consequently, a relationship between relative maximum pore pressures and
spalling was developed and used to determine a threshold relative maximum pressure above
which spalling will be expected to occur hence predicting the likelihood of spalling in heated
concrete.Finally, Chapter seven presented the conclusions from this experimental study.

Therefore, this dissertation proposes useful information for safeguarding against spalling
in concrete structures during fires by means of addition of fibres of different types and ge-

ometries for different concrete mixes.
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