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ABSTRACT 

 
As high strength concrete has many benefits when used in structural 

applications, it was essential to study its behavior at elevated temperature 

and also investigate the admixtures that can improve this behavior to ensure 

safety of structural design. 

 

High strength concrete has high stiffness and low permeability which is 

reasonable for the occurrence of explosive spalling when exposed to fire. 

Rubber is used to reduce the risk of explosive spalling of high strength 

concrete, as water vapor escape from the concrete matrix in small passes 

obtained by burnt rubber. Using recycled rubber tires into concrete will 

improve some concrete properties such as concrete fire resistance, 

toughness, ductility, impact resistance, and also will gain an environmental 

benefit as it will reduce accumulation of used rubber tires in land fills and 

its contamination. 

 

Pozzolans are siliceous or aluminous material which is not a cementitious 

material itself but if it is ground to be in fine form and in presence of water 

it will react with calcium hydroxides at ordinary temperature to form 

compounds processing cementitious materials. Metakaoline is a type of 

natural pozzolans; its mineral form is hydrated aluminum disilicate 
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Al2Si2O5(OH)4 which reacts aggressively with calcium hydroxide to form 

compounds with cementitious value which increase concrete strength. 

This study was conducted to develop a high strength concrete made with 

mineral admixture as silica fume and metakaoline using recycled rubber 

particles to improve its fire resistance. Several mixes were used to 

investigate the effect of adding rubber latex and mineral admixures on 

concrete strength at normal and elevated temperature. 

 

Three shapes of recycled rubber particles were used in the experimental 

investigation; fine, coarse and shredded. In order to increase rubber surface 

adhesion to cement paste, the rubber particles were surface treated using 

NaOH saturated aqueous solution. 

 

Test results of this study indicated that using NaOH rubber surface 

treatment enhances the concrete performance, regardless the shape of 

rubber particles, due to good adhesion between rubber and concrete as a 

result of removal of oils and lubricants accumulated on rubber surface. 

Also adding rubber by 3% slightly reduces concrete compressive strength 

at normal temperature but improve its strength at elevated temperature. 

 

Four types of kaolin clay were obtained from Aswan in this study. The four 

kaolin clay types were Pullclay, Kalabsha, Abusbera and Essela. After 

thermal and mechanical activation of these kaolin clays, it was found that 

Essela clay exhibited the highest compressive and tensile strengths of 

cement mixes compared to other types. 
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Adding metakaoline or silica fume to concrete mixes improved concrete 

strength at normal temperature when compared with control mix but 

metakaoline posses better improvement than silica fume. It is concluded 

that strength was increased as the ratio of mineral admixtures increased. 

Metakaoline or silica fume consumes Ca (OH)2 in concrete which is 

responsible for vapor pressure when concrete is exposed to fire, it reduces 

concrete permeability which causes spalling at elevated temperature. As a 

result, metakaoline and silica fume cause limited increase in concrete fire 

resistance and the addition of rubber helps in this aspect. 
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