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Abstract 
 

Current research is aggravated as a result of environmental problems in association with the clearance 
of waste and crisis in the availability of sand. Green house emissions from manufacturing of cement are 
reduced by partially replacing it with industrial derivatives. Recycling of this industrial wastes leads to 
various technical, economical and environmental benefits. The processing of the glass based powder, 
obtained from iron and steel factories, leads to the manufacturing of a new age industrial by-product 
Alccofine. Current research evaluates the combined outcome of Alccofine and bottom ash with the part 
substitution of cement and fine aggregates, respectively, in concrete on workability and strength 
parameters. It was found that both workability and compressive strength dwindled with the raise in 
substitution level of fine aggregate with bottom ash. Therefore, to overcome this negative impact of 
workability and strength, Alccofine was supplemented, as a part replacement to cement, in varied 
percentages, in the mixture already containing 40% coal bottom ash. Test result shows an effective 
utilization of coal bottom ash in combination with Alccofine in cement concrete thus replacing fine 
aggregates and cement respectively. High strength concrete was developed using waste by-product of 
thermal power plants and industries contributing to the environmental sustainability. 
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1. Introduction 
 
Massive quantity of solid waste material is being generated by various industries and 

clearance of these solid waste material posses a great threat for the surrounding living beings 
as it leads to the environmental pollution and loss of productivity of the soil (Aggarwal et al.,  
2007). Advancement in the construction industry resulted in use of this material and 
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industrial by-products leading to the invention of ‘Green Concrete’. The main source of fine 
aggregates is natural river sand. Ban has been imposed on illegal mining activities by many 
countries which has resulted in non – availability of river sand. Due to the lack of availability 
of sand and upliftment in the advancement of infrastructure, it becomes indispensable and 
more important to discover a new or alternate material for fine aggregates to be used in 
concrete work. 

Bottom ash is an end-product obtained by burning of coal. 20% of the total ash 
accounts for the coal bottom ash, which is procured from the bottom of power plants (Pyo 
and Kim, 2017; Singh and Siddique, 2014). Huge volumes of bottom ash accumulate on the 
ground and cause various adverse effects on the nature. Coal bottom ash and river sand have 
great similarities to each other in terms of appearance and particle size. Due to these 
properties and similarities, bottom ash is effectively incorporated in place of fine aggregates 
in the concrete production (Rafieizonooz et al., 2016). Major amount of carbon-dioxide gas 
is emitted in the production process of cement. The global demand of cement had reached 
about 5.2 billion metric tons. These lead to huge consumption of raw material and in 
production of cement huge amount of greenhouse gases like CO2 was released, about 5% 
of total man-made CO2 emission is through cement manufacture industry. This green house 
gas adversely affects the environment and leads to the global warming (Reddy and Naqash, 
2019). Therefore, it becomes very important to search for a new material or find a 
replacement for cement in concrete so as to cut the carbon-dioxide emissions in the 
atmosphere. ALCCOFINE 1203 is a product of new generation, manufactured in India, 
having ultrafine particles with low calcium silicates. It has discrete characteristics to improve 
concrete properties in all aspects (Kumar et al., 2015). Alccofine 1203 is particularly a 
processed material formed basically on the slag of high glass content which is procured by 
the iron and steel industries. Outcome of usage of Alccofine in concrete is eco-friendly and 
sustainable concrete production which also leads to the decline in total expenditure of 
manufacturing of concrete. 

In the recent past, a lot many analyses have been conducted on the properties of 
concrete by using either the Alccofine as a part substitution of cement or Coal bottom ash as 
part substitution of fine aggregates separately. But current work is planned to assess the 
concrete containing both Alccofine as a part substitution to cement and Coal bottom ash as 
part substitution to fine aggregates together involving different combinations. 

 
2. Materials and methods 

 
2.1. Materials 

 
Adequate quantity of the coarse aggregates, fine aggregates and cement was procured 

from local market. Ordinary Portland cement (OPC 43 grade) of brand Shree ultra was 
utilized in this research work, specific gravity of which was 3.13. Coarse aggregate 
(maximum size 20 mm) was used and fine aggregate was confined to ZONE II. Coal bottom 
ash was obtained from Guru Gobind Singh Super Thermal Power Plant, Ropar, Punjab, 
having specific gravity of 1.71. Alccofine bag was acquired from the local dealer. Specific 
gravity of Alccofine was 2.98. Super plasticizer utilized was Glenium – 51 (modified 
polycarboxylic ether based). 

 
2.2. Methodology 

 
The study was planned in which five different mixtures were prepared initially 

containing 0% (MB0 mix of grade M40), 10% (MB1 mix), 20% (MB2 mix), 30% (MB3 
mix), 40% (MB4 mix) and 50% (MB5 mix) bottom ash as part substitution of fine 
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aggregates. Based upon workability and compressive strength test results, and also 
considering the dosage of superplasticizer, one bottom ash concrete mixture was selected. In 
this selected mix, cement was partly substituted with Alccofine to judge the consequence on 
concrete properties. Four different combinations of mixtures containing 5%, 10%, 15% and 
20% Alccofine, as a part substitution of cement, were prepared in the mix already containing 
bottom ash. Slump tests were commenced to check workability and to achieve 100 mm 
slump value by varying the dosage of super plasticizer. Samples were organized to test for 
compressive, flexural and split tensile strength. SEM-EDS analysis was conducted on the 
bottom ash and Alccofine to study the morphology and chemical composition. 

 
2.3. Mixtures proportions 

 
Concrete mix of M 40 was designed as per IS 10262:2009 and IS 456:2000. Fine 

aggregates and cement were partially substituted with bottom ash and Alccofine respectively. 
Quantity of coarse aggregate was fixed at 1092.61 kg/m3 and 0.38 constant w/c ratio was 
kept for all the casted samples. Table 1 and Table 2 show mixture proportions of various 
samples casted. 

 
Table 1. Particulars of concrete mixtures containing bottom ash as a part substitution of fine aggregates 

 

Mix Designation Bottom 
Ash % 

Cement 
(kg/m3) 

Fine Aggregates 
(kg/m3) 

Bottom Ash 
(kg/m3) 

MB0 0 415 782.27 0 
MB1 10 415 704.043 78.227 
MB2 20 415 625.816 156.454 
MB3 30 415 547.589 234.681 

MB4 40 415 469.362 312.908 
MB5 50 415 391.135 391.135 

 
Table 2. Particulars of concrete mixtures containing Alccofine as a part substitution of cement in mix 

containing 40% bottom ash as a part substitution of fine aggregates 
 
 

Mix 
designation Alccofine % Cement 

(kg/m3) 

Fine 
aggregate 
(kg/m3) 

Alccofine 
(kg/m3) 

Bottom ash 
(kg/m3) 

MB4A5 5 394.25 469.362 20.75 312.908 
MB4A10 10 373.5 469.362 41.5 312.908 

MB4A15 15 352.75 469.362 62.25 312.908 
MB4A20 20 332 469.362 83 312.908 

 
2.4. Workability 

 
A concrete is said to be workable if it can be easily mixed and placed, compacted and 

finished. The workability of concrete mixtures was measured by performing slump test. The 
slump test result is a slump of the behavior of a compacted inverted cone of concrete under 
the action of gravity. It measures the consistency or the wetness of concrete. The fixed 
quantity of water was added in all the concrete mixes and the dosage of super plasticizer was 
varied in every mix to achieve 100 mm slump value. Measurement of the slump value is 
shown in Fig. 1a. 
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Fig. 1. Measurement and testing facility 

 
2.5. Compressive strength 

 
Compressive strength test was performed on standard cube of dimension 150 x 150 x 

150 mm. Cubes were examined in 200 tones capacity Compression Testing Machine after an 
effective curing period of 7, 28, 56, 90 and 180-days. The compressive strength is calculated 
by dividing the maximum compressive load by the cross sectional area of the cube 
specimens. The compressive strength testing machine is shown in Figure 1b. 

 
2.6. Flexural strength 

 
Flexural strength test was performed on beam specimens as per IS 516:1959 in the 

flexural strength testing machine. A flexural test is conducted on concrete beams of size 100 
x 100 x 500 mm after a curing age of 7, 28, 56, 90 and 180-days. Flexural strength setup is 
reflected in Fig. 1c. The Flexural Strength is given by, 
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R = P·L/(b·d2) 

 
• R = Modulus of Rupture or flexural strength (N/mm2) 
• P = Maximum applied load (N) 
• L = effective span between the supports (mm) 
• b = width of the beam specimen (mm) 

 
2.7. Split tensile strength 
 

Split tensile strength test was performed on cylindrical specimens as per IS 5816 
(1999) in the compression testing machine. Concrete cylinders, having dia. 150 mm and 
length 300 mm, were casted and tested after 7, 28, 56, 90 and 180-days of curing. Splitting 
tensile strength of the specimen is given by: 

 
T = 2·P/(π·L·D) 
 

• T = splitting tensile strength, MPa 
• P = maximum applied load indicated by the testing machine, N 
• D = diameter of the specimen, mm 
• L = length of the specimen, mm 

 
2.8. Scanning Electron Microscope (SEM) 

 
A scanning electron microscope (SEM) is a type of electron microscope that produces 

images of a sample by scanning it with a focused beam of electrons. The electrons interact 
with atoms in the sample, producing various signals that can be detected and that contain 
information about the sample's surface topography and composition. The SEM 
instrumentation set-up is shown in Figure 1d. 

 
2.9. Energy Dispersive X-Ray Spectroscopy (EDS) 

 
Energy-dispersive X-ray spectroscopy (EDS, EDX, or XEDS), sometimes 

called energy dispersive X-ray analysis (EDXA) or energy dispersive X-ray 
microanalysis (EDXMA), is an analytical technique used for the elemental 
analysis or chemical characterization of a sample. It relies on an interaction of some source 
of X-ray excitation and a sample. 

 
3. Results and discussions 

 
3.1. Scanning Electron Microscope (SEM) 

 
Analysis reported the morphological characteristics of bottom ash and Alccofine. 

Angular and irregular shape of bottom ash particles can clearly be observed in Fig. 2, having 
the porous nature of ash particle. Due to this complicated shape of particles, inter-particle 
friction is increased, resulting in drop of workability. Furthermore, increasing the quantity of 
bottom ash decreases workability because bottom ash is more porous; therefore absorb more 
water than sand. On the other hand, workability is increased because of rounded shape of the 
ultra fine particles as shown in Fig. 3 and presence of the high glass content which has water 
repelling property. The ultrafine nature of Alccofine particles can also be seen and compared 
with the bottom ash particles at 500 magnifications. The ultrafine nature of Alccofine 
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particle leads to the enhancement of pozzolonic activities, hence contributing to the 
improved strength at all ages. 

 

 
 

Fig. 2. Morphology of Bottom Ash 
 

 
  

Fig. 3. Morphology of Alccofine 
 

3.2. Energy Dispersive X-Ray Spectroscopy (EDS) 
 
EDS analysis was done on bottom ash and Alccofine. The composition of the bottom 

ash and Alccofine incorporated in present research is described in Table 3 and Table 4 
respectively. The inbuilt CaO content contributes to both the primary and the pozzolonic 
reactions contributing to the increased strength and durability of concrete. 

 
Table 3. Chemical composition of bottom ash 

 
Compound SiO2 Al2O3 MgO CaO FeO K2O 
Percentage 35.13 25.63 0.54 0.46 1.50 0.58 
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Table 4. Chemical composition of Alccofine 

 
Compound SiO2 Al2O3 MgO CaO 
Percentage 35.05 24.34 9.66 28.86 

3.3. Workability 
 
Concrete’s workability has been estimated through slump test. Water quantity was 

kept constant in all mixtures and the dosage of super plasticizer was varied in every mix to 
achieve 100 mm slump value. The test result shows the dip in slump value as more and more 
coal bottom ash is incorporated in place of fine aggregates. On the other hand, workability 
improved with the incorporation of Alccofine in concrete. It may be concluded that the 
negative impact of bottom ash can be compensated by the incorporation of Alccofine in 
concrete and both the by-products can successfully be used in combination. The dosage of 
super plasticizer required for different concrete mixtures to achieve 100 mm slump value and 
the variation of slump for different concrete mixtures at 1.2 % dosage of super plasticizer is 
depicted in Table 5 and Fig. 4 respectively. The recommended of dosage of superplasticizer, 
as per the manufacturer, should not exceeds 1.8 % by weight of cement. 

 
Table 5. Required dosage of super plasticizer in %age by weight of cement to achieve 100 mm slump 

 
Mix 

Designation 
MB0 MB1 MB2 MB3 MB4 MB5 MB4

A5 
MB4
A10 

MB4
A15 

MB4
A20 

Required 
dosage (%) 1.2 1.2 1.5 2.2 2.5 3.0 2.4 2.1 1.8 1.9 
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Fig. 4. Variation of slump for different concrete mixtures at 1.2 % dosage of super plasticizer 
 

3.4. Compressive strength test results for bottom ash concrete mixtures 
 
In the first phase of the study, only fine aggregates were replaced with the coal 

bottom ash up to 50 % and specimens were tested after 7, 28, 56, 90 and 180-days of water 
curing. From the test results, it was observed that the compressive strength decreased with 
the increase in the replacement level of fine aggregate with bottom ash at all ages. 50% 
replacement of fine aggregate with bottom ash showed the maximum reduction in the 
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strength. This reduction in strength is due to the fact that stronger material is replaced with 
the weaker one. Compressive strength test results at various ages are depicted in Fig. 5. 

 

 
 

Fig. 5. Compressive Strength test results for Bottom ash Concrete Mixtures 
 

3.5. Selection of percentage of bottom ash as a partial replacement of fine aggregates 
 
Based on the slump test results, it was observed that the workability decreases with 

the increase in the percentage of bottom ash. The requirement of dosage of super plasticizer 
for controlled concrete was 1.2 % but on replacing 50% of fine aggregates with coal bottom 
ash, the dosage of super plasticizer increased to 3% to achieve 100 mm slump value. 
Moreover, the compressive strength also dipped with increase in the replacement percentage 
of bottom ash at all the ages. According to the past investigations, both the workability and 
strength improved with the partial replacement of cement with Alccofine. It was taken into 
consideration that the 3% of dosage of super plasticizer, at 50 % replacement level, is much 
on a higher side as compared to the recommended usage value of 1.8 % which may not be 
compensated with the incorporation of Alccofine. Therefore, to study the effect of Alccofine 
as a partial replacement of cement, MB4 mix is selected. 

 
3.6. Compressive strength test results for bottom ash Alccofine concrete mixtures 

 
In second phase, Compressive strength test was conducted on Bottom ash Alccofine 

concrete mixtures. Compressive strength test results at various ages are described in Fig. 6. 
From the test results, it was observed that the compressive strength improved at all ages with 
the increase in the replacement level of cement with Alccofine upto 15% after which it 
dipped marginally. With the utilization of 40 % bottom ash as a replacement of fine 
aggregate, in combination with Alccofine as a replacement to cement, a high strength 
concrete was developed. Alccofine triggers a very good pozzolonic reaction in which it 
consumes the by-product calcium hydroxide from the hydration process to form additional 
C-S-H gel. 
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Fig. 6. Compressive Strength test results for bottom ash Alccofine concrete mixtures 
 

3.7. Flexural strength for bottom ash Alccofine concrete mixture 
 
Flexural strength test was conducted on mix containing 40 % bottom ash, in 

combination with the varying percentages of Alccofine as a replacement to cement. It was 
noted that flexural strength improved at all ages with the increase in the replacement level of 
cement with Alccofine upto 15% after which it decreased. A concrete made with the waste 
by-products can exhibits a good flexural value and even surpassed the value of concrete 
made with the normal ingredients of concrete. Flexural strength test results of Bottom Ash 
Alccofine Concrete mixtures are described in Fig. 7. 

 

 
 

Fig. 7. Flexural strength test results for bottom ash Alccofine concrete mixtures 
 

3.8. Split tensile strength test for bottom ash alccofine concrete mixture 
 
The split tensile strength test results at various ages are described in Fig. 8. 
Split tensile strength test was conducted on Bottom ash Alccofine concrete mixtures. 

From the test results, it was observed that split tensile strength improved at all ages with the 
incorporation of Alccofine in bottom ash concrete, in comparison with the controlled 
concrete made with normal ingredients. The improvement in strength is due to the fact that 
primary and pozzolonic reactions triggered after the inclusion of Alccofine results in the 
formation of denser pore structure and ultimately higher strength gain.  
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Fig. 8. Split tensile Strength test results for bottom ash Alccofine Concrete Mixtures 
 

 
4. Conclusion 

 
A potentially sustainable high strength concrete is developed that makes the concrete 

environmental friendly. Proper utilization of waste generated from steel and iron 
manufacturing industries and thermal power plant is justified through the experimental 
analysis. It is concluded that: 

• Coal bottom ash is effectively utilized in concrete, as a replacement to fine 
aggregates, as it possesses comparable appearance and particle size. Cement is 
successfully replaced upto 15 % with industrial by-product Alccofine, to curb the 
CO2 emissions from the cement manufacturing industries. Combination of 
Alccofine and bottom as in concrete also resulted in the improved properties of 
fresh as well as hardened concrete. 

• Concrete mixtures containing bottom ash results in the decrease in workability as 
particles of the bottom ash are porous when compared with the river sand. Bottom 
ash possesses a complicated irregular texture of particles, therefore inter particle 
friction is increased, hence workability decreased. 

• Rounded shape of the Alccofine particles along with the water repelling nature of 
Alccofine due to the presence of glass content results in the increase in workability. 

• Strength dipped with the raise in level of fine aggregate substitution by bottom ash 
because of the replacement of stronger matter with the weak material and increased 
porosity of concrete. 

• Compressive strength, Flexural strength and Split tensile strength of concrete, 
containing 40% bottom ash as the replacement of fine aggregate, along with the 
Alccofine as the partial replacement of cement surpassed that of controlled 
concrete. Due to its unique chemical chemistry and particle size distribution, 
Alccofine significantly improves the micro-pore filling ability and create resistance 
to segregation resulting in the formation of dense pore structure leading to 
improved workability and strength at all ages. 
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