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ABSTRACT:  Limestone dust is the by-product of limestone grinding in the process of concrete 
aggregate production. Such waste material causes various environmental problems. The present 
experimental study has focused on stabilization of limestone dust in self-consolidating concrete (SCC) 
in order to decrease its negative environmental effects; the workability, mechanical and durability 
properties of different SCC samples were investigated. With that regards, nine SCC mixtures containing 
different percentages of limestone dust, Portland cement and silica fume were devised and casted. 
Overall, compressive strength, indirect tension, rapid chloride penetration, density, absorption, voids, 
slump flow, and L Box tests were performed on all mixtures. Considering the results, concrete mixtures 
which contained 10 percent limestone dust performed the best compared to the control sample and 
other blends form the point of view of workability, compressive and tensile strength, absorption, and 
resistance against chloride ions penetration. Accordingly, in addition to stabilization of limestone dust 
in concrete, which well satisfies the global approach towards sustainable development, workability, 
mechanical, and durability properties of SCC samples were considerably improved. 
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1. INTRODUCTION
Today, one of the most important challenges in both 

developed and developing countries is the environmental 
issues related to the disposal of waste materials, because 
direct disposal of these materials in the environment would 
negatively affect the environment [1]–[6]. One of the disposal 
approaches towards waste materials is their usage in the 
production of other products and materials that is known in 
the research literature as the stabilization of wastes [7]. 

One of the waste products derived from the processing 
of limestone in rock mines for the production of aggregates 
in concrete is limestone dust [8]. The disposal of this waste 
material in the environment causes various problems; 
therefore, its stabilization in concrete can be a green solution 
in terms of sustainable development [9], [10]. Considering the 
reduction of waste disposal costs, the use of these materials 
will have economic benefits in addition to environmental 
justification [11], [12]. Therefore, the use of limestone dust 
residue as a substitute for aggregate in concrete results in a 
reduction in demand for the production and extraction of 
natural materials, resulting in reduced energy consumption, 
reduced emissions of environmental pollutants and reduced 
environmental damage [13].

In this research, the workability, mechanical and durability 

properties of self-compacting concrete (SCC) containing 
various percentages of limestone dust is evaluated.

2. EXPERIMENTAL PROGRAM
In order to compare and investigate the effect of limestone 

dust on the workability, mechanical and durability properties 
of SCC, 9 mix designs containing various cement replacement 
percentages of limestone dust as well as silica fume were 
designed in three groups. The total mass of cementitious 
materials in all mixtures was constant and equal to 450 kg/
m3. The ratio of water to total cementitious materials in all 
mixtures was the same and equal to 0.27. The details of the 
mix designs are shown in table (1). 

In order to evaluate the workability properties of SCC, the 
Slump-flow test was performed to measure the filling ability 
and the L-box test was performed to measure the passing 
ability of SCC in accordance with European standards [14]. 
The test of the Visual Stability Index of freshly SCC was 
performed according to the ASTM standard for measuring 
the resistance to segregation [15]. To measure mechanical 
properties, the compressive strength test was performed 
according to the European Standard [16] and Splitting Tensile 
Strength test was performed according to ASTM [17]. With 
regards to the durability properties, chloride ion penetration 
test (RCPT) and open porosity were performed according to 
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ASTM standards [18], [19].

3. RESULTS AND DISCUSSION 
According to the results of the slump-flow test, it can be 

inferred that with increasing the replacement percentage 
of sand with limestone dust, the workability of the mixture 
has increased. This result is observed in all three types of 
cementitious materials. Also, the results of the L-Box test 
show that by increasing the replacement percentage of sand 
with limestone dust, its ratio has increased, and this suggests 
improving the passing ability of SCC due to the use of 
limestone. 

Based on the results of the compressive strength test, it 
can be seen that the increase of limestone dust in all three 
types of cementitious materials, up to a certain percentage, 
has improved the compressive strength at all ages. According 
to the results of the splitting tensile strength test, the tensile 
strength increased with increasing the amount of limestone 
dust by about 10% of sand. By exceeding more than this 
amount, the tensile strength is reduced. It is therefore 
concluded that there is an optimal percentage.

Based on the results of open porosity test, concrete mixes 
containing 10% limestone dust instead of sand and 8% silica 
fume instead of cement have the lowest water absorption in 
all concrete mixtures. The results of the RCPT test show that 
the use of silica fume is much higher than that of limestone 
dust, reducing the passing charge and it can be concluded that 
the use of limestone has no significant effect on the results of 
this experiment.

4. CONCLUSIONS
With the increase in the amount of limestone dust 

replacing sand in SCC mixtures, the slump-flow, as well as 
the test ratio of the L-box, increased significantly. Therefore, 
it can be concluded that, respectively, the filling ability and 
passing ability have been improved in SCC.

According to the results of this study, the replacement of 
fine-grained aggregates with limestone dust has a positive 
effect on the mechanical and durability properties of concrete, 
and its optimum value is about 10%.
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Mix design 
 
 

element 
85 85 85 92 92 92 100 100 100 Cement % Cement 

Material 15 15 15 8 8 8 0 0 0 Silica fume 
40 50 60 40 50 60 40 50 60 Sand % 

Aggregates 20 10 0 20 10 0 20 10 0 Limestone 
Dust 

40 40 40 40 40 40 40 40 40 Gravel 
0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 W/CM 
1.5 1.5 1.5 1.5 1.8 1.72 1.5 1.5 1.5 %superplasticizer 

 

 

 

Table 1. Details of the mix designs
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