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ABSTRACT 

This paper describes the potential of coal bottom ash to be used as an alternative for fine aggregates which is a 

natural asset and depleting due to over-usage in concrete projects. A total of five different concentrations of coal 

bottom ash i.e. 10% to 50% have been analysed and results showed that coal bottom ash inclusion has affected 

the compressive strength, durability and quality of the concrete significantly, hence, bottom ash is not suitable in 

concrete projects. Furthermore, attempts have been made to revive the concrete properties by incorporating 

ultra-fine slag material i.e. Alccofine as an alternative to cement. Results showed that 15% replacement of 

cement with Alccofine in a 40% bottom ash concrete has enhanced the compressive strength and improved the 

concrete quality and durability of the concrete mixture.  
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INTRODUCTION 

Due to the large population growths and urbanization, the demand of robust infrastructure and multi-storey 

private buildings has been increased from past few decades in the developing countries like India. As concrete is 

the basic construction material consists fine aggregates and cement as ingredients. Fine aggregates are generally 

arranged from earth surface’s mining from where natural resources like sand and gravels are extracted. 

However, large exploitation of such resources resulted in depletion of natural reserves. On the other hand, due to 

industrial globalization, large amount of waste has been generated and dumped to the open environment which 

generally affects the human life in many aspects. For instance, coal bottom ash (CBA) is a by-product of coal 

fired thermal power plants which is an industrial waste and its presence can pollute the environment 

significantly. For sustainable development of the surrounding ecosystems, it becomes necessary to reduce such 

waste accumulation through active utilization. Table 1 shows such studies where CBA has been used in various 

construction projects and represents its impact on the properties of the concrete. It can be seen that most of the 

studies have shown negative impact of CBA addition at various levels of fine aggregate’s replacement.  

Power plant situated in Ropar, Punjab is one the coal fired thermal power plants which is suffering from coal 

bottom ash waste accumulation problems. Keeping waste utilization at first priority, in this research work, coal 

bottom ash from Ropar Thermal Power plant has been collected. A concrete mixture has been prepared for M40 

concrete design which is designed as per IS 10262-2009 [1]. A total five concentrations (10%, 20%, 30%, 40% 

and 50%) of coal bottom ash as a partial replacement of fine aggregates has been tested as a preliminary analysis 

to discover the best possible %age replacement of fine aggregates. It has been found that for all five 

concentrations, the mechanical properties decreased which also validates the finding of previous studies [2]–[9]. 

Keeping restriction on superplasticizer usage to 2%, 40% replacement of fine aggregates with waste coal bottom 

ash has been considered as the working concentrations. The aim of this research work is to revive the properties 

of 40% bottom ash concrete (MB4) using ultra-fine slag cementitious material i.e. Alccofine 1203. Such 
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materials are having fine particle size and need less amount of water during mixing thus maintain the 

water/cement ratio to 0.38 comfortably.  

Alccofine has been used as partial replacement of cement in four different concentrations i.e. MB4A5 (5%), 

MB4A10 (10%), MB4A15 (15%) and MB4A20 (20%). The results for compressive strength of bottom ash 

concrete with control mix and Alccofine assisted bottom ash concrete with MB4 mix have been compared. To 

ensure the concrete grading and strength property, two non-destructive tests were performed a) ultrasonic pulse 

velocity and b) Rebound hammer test, respectively. For durability inspection, Initial Surface Absorption test has 

been performed. Tests results have shown that Alccofine has a potential to be used as alternative for cement 

when bottom ash concrete used as a partial replacement of fine aggregates. Thus, by using both coal bottom ash 

and Alccofine, the issues related to waste management of coal bottom ash and excessive production of CO2 

during cement manufacturing can be tackled.  

Table 1. Effect of CBA on mechanical properties of concrete 

Coal bottom ash content (%) 
Variation in mechanical properties 

Compressive strength Flexural strength 

0, 20, 30, 40, 50 [2], 20 to 50 [3], 10 to 50 

[10], [11], 0 to 100 [4], 25 to 100 [5] 
Reduced for all replacement 

0 to 100 [6], 0 to 30 [7], 10 to 50 [12], [13], 0 

to 100 [8], 25, 50, 75, 100 [9] 
Reduced for all replacement - 

0 to 25 [14], 10 to 30 [15] Increased at 10% replacement 

0 to 50 [16] Increased at 20% replacement 

MATERIAL CHARACTERIZATION 

In this research work, Concrete Mix Design for M40 Grade is done as per IS 10262:2009 and IS 456:2000. 

Ordinary Portland Cement grade 43 (Shree Ultra Cement) imitating to BIS: 8112-1989 [17] has been employed. 

Coal bottom ash has been incorporated as a partial replacement of fine aggregates whose composition is given in 

Table 2 and material properties are tabulated in Table 3. Alccofine has been used as an alternative to cement to 

revive the strength and durability properties of concrete and its composition and properties can be found in 

Table 2 and Table 3, respectively. 

Table 2. Chemical Composition of Constituents 

 

Table 3. Material properties of concrete constituents 
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EXPERIMENTAL TESTING PROCEDURE AND INVESTIGATION 

Following BIS: 4031 (Part-6)-1988 [18] standards, cubes of size 69.5 mm * 69.5 mm * 69.5 mm have been 

made in order to perform compressive strength test of cement. In order to prepare cement-sand mix cubes of 1:3 

ratios, BIS: 650-1966 sand standard has been incorporated. From the local market a coarse aggregate of 

maximum size 20 mm has been obtained for this experimental study. As per IS 2386 (Part-3) – 1963 [19], the 

specific gravity assessment on Coarse aggregate was performed. As per IS 2386 (Part-1) – 1963 [19], the 

fineness modulus of coarse aggregate was examined. In this research work, Coarse aggregate of maximum size 

20 mm is used and fine aggregate is confined to ZONE II. Coal bottom ash is collected from Guru Gobind Singh 

Super Thermal Power Plant, Ropar, Punjab. Rebound hammer test evaluates the elastic rebound of the concrete 

for compressive strength measurements. This test was performed on a cube specimen (150 mm) at 28-day, 90-

day and 180-day curing age. A digital Schmidt rebound hammer was used for testing. In this technique, the 

concrete is hit by round hammer with a definite energy 2.2 Nm and the digital meter displays compressive 

strength value directly. During experimentation, the device is held vertically at right angle and pressed strongly 

and steadily over the surface of concrete. The testing points are 20 mm apart from each other and total 12 

readings were taken to evaluate the mean compressive strength of the concrete as per BIS: 13311 (part 2) 

guidelines [20]. For an oven dried concrete, the technique to evaluate the initial surface absorption has been 

recommended by BIS: 1881: Part 208:1996 [21]. These samples were then cooled at laboratory temperature. It 

is a measure of rate of flow of water into concrete per unit area it is generally evaluated by testing 150 mm sized 

cubes under water for 10 minutes, 20 minutes, 30 minutes, 60 minutes and 120 minutes at 28-day, 90-day and 

180-day of curing age. 

RESULTS AND DISCUSSIONS 

Compressive Strength of bottom ash concrete 

Figure 1 shows the variation in compressive strength of control mix (MB0) and bottom ash concrete (MB1 to 

MB5) at various curing ages. It can be observed from Figure 1 that as coal bottom ash is being added (as a 

partial replacement of fine aggregates) to the mixture, the compressive strength is found to drop for all curing 

ages. The results found for concrete mix design are comparable with the Siddique et al. [22], Kim and Lee, 2011 

[5]; Chun et al. 2008 [23] as in both studies, authors have found significant drop in compressive strength for mix 

design. This may be due to the presence of coarse structure of coal bottom ash particles which has irregular-

shape and rough texture. 

 

Figure 1. Effect of coal bottom ash on the compressive strength of concrete 
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Figure 2. Percentage change in compressive strength of bottom ash concrete mixtures w.r.t. MB0 

Figure 2 represents the percentage change in bottom ash concrete w.r.t. control mix (MB0). At 7-day curing age, 

the maximum drop in compressive strength can be observed for MB5 (≈28%). However, for other ages, the 

percentage drop for compressive strength has been improved and similar trend can be observed for other bottom 

ash concrete mixtures. This may be explained keeping in view the following reasons: 1) increased porosity of 

CBA mixtures, 2) lower strength of CBA (low specific gravity), 3) deficiency of pozzolanic motion by CBA. 

Compressive Strength of Alccofine assisted bottom ash concrete 

Figure 3 represents the compressive strength variation for various concrete mixtures at different curing ages. It 

can be noticed that with the addition of Alccofine, the compressive strength of the mixture increased up to 

MB4A15 and then starts decreasing. It is evident from Figure 3 that the highest compressive strength is found 

for MB4A15 mix. This may be due to the fact that the smaller particle size of ultra-fine slag material results in 

rendering more surface area for pozzolanic reactions which improves strength and workable concrete can be 

produced using less admixture content. 

 

Figure 3. Compressive strength of Alccofine assisted bottom ash concrete 
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Non-destructive Testing 

Ultrasonic pulse velocity 

This test is done to ensure the concrete grading or quality. It can be noticed from Figure 4 that the pulse velocity 

for MB4 mix is less than MB0 which implies that the concrete quality has decreased with coal bottom ash 

addition. However, with the addition of Alccofine, the pulse velocity has shown significant improvement and it 

can be noticed that for MB4A15, it shows the maxima. It has been found that due to continued hydration 

process, the pulse velocity is increased with curing age which shows there is significant increase in the gel/space 

ratio. 

 

Figure 4. Pulse velocity variation w.r.t. concrete mixture content 

Rebound hammer  

Rebound hammer test results for Alccofine assisted bottom ash concrete has been tabulated in Table 4. When 

compared with the destructive test results it has been found that at 28-day curing age, the errors in predicting 

compressive strength using rebound hammer test are 11% for MB4A5, 13% for MB4A10, 9% for MB4A15 and 

MB4A20, at 90-day curing age, the errors are 11% for MB4A5, 11% for MB4A10, 8% for MB4A15 and 5% for 

MB4A20, at 180-day curing age, the errors are 7% for MB4A5 and MB4A10, 6% for MB4A15 and MB4A20.  

Table 4. Rebound hammer test results (Phase-II) 

Rebound Hammer Test Results 

Mix designation 
Compressive strength (N/mm

2
) 

28-days 90-days 180-days 

MB4A5 41.5 45.5 49.4 

Error (%) 11 11 7 

MB4A10 49.3 56.2 61.3 

Error (%) 13 11 7 

MB4A15 56.9 62.1 67.1 

Error (%) 9 8 6 

MB4A20 56.1 61.5 65.8 

Error (%) 9 5 6 
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Durability studies on concrete mixture 

Table 5 illustrate the test results of ISAT which was performed on control (MB0), bottom ash concrete (MB4) 

and Alccofine assisted bottom ash concrete. The water absorption capability of the concrete has been studied for 

10 minutes, 20 minutes, 30 minutes, 60 minutes and 120 minutes for each concrete mix at 28-day, 90-day and 

180-day of curing age. It has been found from the Table 5 that water absorption capacity of MB0, MB4, 

MB4A5, MB4A10, MB4A15 and MB4A20 has been decreased with curing age and time. This is due to the fact 

that at higher curing ages the void size among the concrete has decreased due to pozzolanic reactions and thus 

strength of the concrete is increased with time. The variation in ISAT values w.r.t. curing age for each Alccofine 

assisted bottom ash concrete has been plotted in Figure 5 to Figure 8. Similar results can be noticed from the 

plots that for each Alccofine assisted bottom ash concrete, the water absorption capacity has decreased with time 

and curing age. 

Table 5. ISAT Test results (Phase-II) 

Time Curing Age MB0 MB4 MB4A5 MB4A10 MB4A15 MB4A20 

10 minutes 

28-days 0.97 1.43 1.34 1.11 0.8 0.82 

90-days 0.78 1.35 1.13 0.85 0.73 0.77 

180-days 0.64 1.26 1.07 0.73 0.68 0.66 

20 minutes 

28-days 0.82 1.32 1.2 0.98 0.7 0.76 

90-days 0.66 1.25 1.06 0.74 0.62 0.68 

180-days 0.57 1.18 0.96 0.67 0.55 0.55 

30 minutes 

28-days 0.73 1.28 1.13 0.84 0.61 0.64 

90-days 0.55 1.16 0.99 0.66 0.54 0.58 

180-days 0.49 1.07 0.88 0.58 0.41 0.43 

60 minutes 

28-days 0.69 1.19 1.08 0.77 0.59 0.63 

90-days 0.48 1.08 0.92 0.59 0.47 0.52 

180-days 0.4 1 0.8 0.52 0.4 0.42 

120 minutes 

28-days 0.68 1.14 1.06 0.76 0.58 0.61 

90-days 0.46 1.07 0.88 0.57 0.46 0.5 

180-days 0.39 0.99 0.79 0.5 0.39 0.41 

 

 

Figure 5. ISAT test results variation w.r.t. curing age for MB4A5 concrete mix 
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Figure 6. ISAT test results variation w.r.t. curing age for MB4A10 concrete mix 

 

Figure 7. ISAT test results variation w.r.t. curing age for MB4A15 concrete mix 

 

Figure 8. ISAT test results variation w.r.t. curing age for MB4A20 concrete mix 
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CONCLUSIONS 

The aim of present research work is to ensure maximum waste utilization of coal bottom ash to achieve green 

environment. It has been concluded that coal bottom ash addition affects the compressive strength significantly 

which pose a doubt on its usage as a partial replacement of fine aggregates. Keeping superplasticizer usage to 

2% bound, it has been found that MB4 mix can be used in concrete production when 15% Alccofine is added as 

an alternative of cement. It has also been found that for MB4A15 mix, the analysis results showed a significant 

improvement in durability and concrete properties also. Thus, it has been concluded form this study that coal 

bottom ash can be incorporated in place of fine aggregates however, at the same time, there is a need to add 15% 

Alccofine as an alternative of cement to achieve improved properties of the concrete mixture.  
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