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ABSTRACT 

 

The Fiber-reinforced polymer (FRP) retrofitting technique has become an efficient 

method for retrofitting the concrete structures, especially in buildings and bridges. 

Though FRP has superior mechanical properties, the fire performance remains an 

obstacle for practical applications. Degradation of mechanical and bond properties of 

FRP composites was found when it was subjected to elevated temperatures since the 

glass transient temperature of the adhesive component is around 70°C. At high 

temperatures, the epoxy resins will soften and eventually ignite, which causes the 

polymer matrix weaker, and hence a potential concern raises on the structural integrity 

of FRP bonded concrete composite structures. 

When designing the buildings, adequate fire resistance between 2 h and 4 h should be 

provided depending on the type of building. Though several techniques have been 

investigated to control the temperature of the CFRP composite structures, controlling 

the temperature is impossible in large scale civil engineering applications. Therefore, 

using insulation materials for CFRP-Concrete composites have become an effective 

solution. However, to achieve 2 hours of fire endurance, 40-50 mm thickness of 

insulation is required. Though there are many fireproofing materials for CFRP 

composites, the available Insulation materials in the market are very high cost which 

is not affordable in countries like Sri Lanka. Hence, a cost-effective insulation system 

for CFRP composites is required. 

In this study, two types of solutions are proposed to make the CFRP retrofitting 

projects economical without affecting structural integrity. In such a way as the first 

solution, and alternative CFRP bond arrangement was investigated by bonding the 

CFRP laminates in a groove within the nominal cover of the member. A test program 

was carried out to compare the thermal and structural performance of grooved and 

external bonding techniques. A total of 15 CFRP-Concrete specimens were exposed 

to different fire scenarios with and without insulation. A numerical model was also 

developed to predict the effects of sensitive parameters on thermo-mechanical 
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performance under standard fire. A reduction of up to 36% of Insulation requirement 

was observed by using this method with less than 4% flexural capacity reduction. 

In phase 2, a cement-based Insulated plaster was developed using EPS particles as the 

base material. An experimental program was conducted, and ten different trial mixes 

were prepared to study the mechanical and thermal behaviour of the EPS-cement 

mortar with different mix proportions. Replacement of fine aggregates by EPS 

particles from 0% to 200% was examined in this study. It was noted that the 

mechanical properties of the mortar reduce with increasing EPS particles and the 

thermal properties increases with increasing EPS particles. A reduction up to 69% and 

53% were noted in thermal conductivity and density, respectively due to the 

replacement of aggregates with EPS in the conventional mortar. Two types of mix 

proportions were selected for further study and the effect of particle size and 

water/cement ratio was studied. Finally, the mix with 200% replacement of fine 

aggregates by EPS was selected as the ideal mix to provide an insulation for CFRP 

composites. And it was discovered that 125% replacement plaster can be used as a 

external wall plaster to improve the thermal comfort within buildings. 

In the next phase of this research, the developed plaster was applied to the masonry 

walls. A heat transfer model was developed to assess the performance of the 

developed mortar using EPS blend to enhance the thermal comfort within the 

buildings. The internal wall temperature with different plasters was compared with 

the conventional cement-sand plaster. A reduction of 18% and an increment of 20% 

were noted in the decrement factor and time lag, respectively in the wall panels with 

the developed EPS-Cement plaster. 
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