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Abstract  

With the advancement in cement technology, it is now possible to produce concrete of high strength with increased water/cement ratio. While 
this may satisfy the strength requirement, it is possible that the durability of such concrete is despaired. Though international organizations specify 
minimum cementititous materials content and maximum water/cementititous materials ratio, the quality assessment parameter is still the 
compressive strength. There is, however, a need to switch to permeability or chloride diffusion indices to ascertain the quality concrete. At the same 
time, compliance criteria for the present-day concrete need to be developed. In the reported study, an extensive experimental work was carried out to 
assess the compressive strength development, depth of water penetration and chloride permeability of plain, silica fume and fly ash cement concretes 
prepared with varying mixture proportions. The experimental data were utilized to develop statistical relationship between the mixture design 
parameters and the strength and durability indices. These data were also utilized to develop quality compliance criteria for concrete prepared with 
the crushed limestone aggregates.  
© 2007 Elsevier Ltd. All rights reserved.  

Keywords: Plain; Silica fume and fly ash cement concretes; Strength; Durability; Quality compliance criteria  

 
1. Introduction  

Concrete is considered to be a maintenance-free material and sound 
enough to resist all weather and exposure conditions. Unfortunately, 
this presumption has been proven to be untrue when durability 
problems were reported from many parts of the world [I].  

Concrete mix design, including the selection of appropriate 
constituent materials, significantly influences the performance of both 
fresh and hardened concrete. A significant re-orientation in the normal 
mix design concepts and techniques is essential for the production of 
dense and impermeable concrete. Concrete mixes should, therefore, be 
designed using optimum coarse aggregate/total aggregate ratio, rather 
than using arbitrary grading. The optimum coarse aggregate/total 
aggregate ratio is reported to be between 0.55 and 0.70 [2,3]. The 
water/cement ratio  
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should be less than 0.45, and preferably around 0.40, to obtain a 
durable concrete [4]. In addition, concrete mixes should bc designed for 
minimum cement content. For severe freeze-thaw, deicer salt, and 
sulfate exposures, the cement content should not be less than 335 kg/m3 
[5]. The use of supplementary cementing materials, such as fly ash, 
silica fume and blast furnace slag, should be encouraged. Concrete with 
20% cement replaced by fly ash is found to be better in resisting 
reinforcement corrosion compared to plain cement concrete [6]. Silica 
fume in the range of 6.5-8% is usually blended with cement for the 
production of quality concrete [7].  

While the concrete quality is being improved through technological 
developments and increased knowledge, there is an urge to develop 
criteria to assess its compliance with the specifications. The compliance 
criteria provide helpful guidelines for assessing whether the specified 
concrete has actually been produced.  

Considerable research [2,8-15] has been conducted on the effect of 
cement content, water/cement ratio, and con-  
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