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Abstract: This study reviews the characteristics of Concrete incorporated with Bottom Ash as partial 

replacement for fine aggregates, with a main focus on the mechanical properties such as Compressive strength, 

splitting tensile strength, flexural strength etc. Ten different research papers are reviewed. The practical use of 

Bottom ash shows a great contribution to waste minimization as well as resources conservation. 
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I. Introduction 
Concrete is a material synonymous with strength and length of service. It has risen as the dominant 

construction material for the infrastructure needs of the present century. In addition to being durable, concrete is 

easily prepared and fabricated from readily available constituents and is therefore widely used in all types of 

structural systems. The test for the civil engineering affinity is to acknowledge extends in congruity with the 

idea origination of maintainable advancement and this includes the utilization of high accomplished materials 

and products manufactured at rational cost with the least conceivable ecological effect . 

 

A. Need for the Use of Coal Ash in Construction 

Energy is the main backbone of modern civilization of the world over, and the electric power from 
thermal power stations is a dominant source of energy, in the order of electricity. In India, over 70% of electricity 

generated is by combustion of fossil fuels, out of which approximately 61% is contrived by coal-fired plants. This 

results in the origination of around   100 ton of ash. Most of the ash has to be disposed of either dry, or wet to an 

open area serviceable near the plant or by grounding both the fly ash and bottom ash and mixing it with suitable 

amount of water and pumping into artificial lagoon or dumping yards this brings out the pollution in water bodies 

and ruin of productive land. 

The untiring slackening of natural resources and the environmental imperils posed by the disposal of 

coal ash has approached appalling proportion such that the use of coal ash in manufacturing of concrete is 

imperative than a desire. 

  

B. Bottom Ash 

Bottom ash is the coarser material, which drops into the bottom of the furnace in latest large thermal 
power plants and constitute about 20% of gross ash content of the coal fed in the boilers. It consists of non-

combustible materials, and is the residual part from the incineration of household and similar waste. Raw bottom 

ash is a granular material that consists of a mix of inert materials such as sand, stone, glass, porcelain, metals and 

ash from burnt materials. 

The utilization of coal ash in normal strength concrete is a new scope in concrete mix design and if put 

to use on large scale would ameliorate the construction industry, by minimizing the construction cost and abating 

the ash content. This paper presents the review of various experimental investigations carried out by many 

researchers to study the effect of use of bottom ash as a replacement for sand, since the investigation on the use of 

bottom ash has been very limited. 

 
Fig. 1: Bottom Ash 



Bottom Ash as Partial Sand Replacement in Concrete- A Review  

DOI: 10.9790/1684-1226148151                                   www.iosrjournals.org                                         149 | Page 

C. Use of Bottom Ash 

In comparison to sand, an elementary raw material, the black sandy material obtained is a subsidiary raw 

material. Using this material is more endurable and environmentally amicable and eludes the use of natural 
resources such as sand and gravel. Bottom ash is used in following activities 

 Road construction  

 Foundation material  

 Noise barriers  

 Aggregate  

 Art Supplies 

 

II. Literature Review 
A. Workability 

After P. Aggarwal et al. [1] studied various strength properties for various percentages of replacement of 

sand with bottom ash, results indicated that workability of concrete decreased with the increase in bottom ash 

content. 

Abdulhameed Umar Abubakar et al. [3] found that the workability of the concrete in fresh state 

decreased as the percentage of Coal Bottom Ash increases. P. Tang et al. [5] used Municipal solid waste 

incarnation Bottom Ash Fines (0-0.2 cm) as aggregate in HPC. Results showed a gradual decrease in workability 

with the increased replacement bottom ash fines with sand. Remya Raju et al. [9] observed decreased slump 

values of mixtures with the increase in level of replacement of sand by bottom ash. K.N. Virendra Kumar et al. 

[10] indicated a decrease in workability by surrogating bottom ash content.  

 

B. Density 
 According to P. Aggarwal et al. [1] the density of concrete decreased with the increase in bottom ash 

content due to the low specific gravity of bottom ash as compared to fine aggregates. Experimental investigations 

from Abdulhameed Umar Abubakar et al. [3] revealed that the air-dried density of the concrete showed a marked 

decline due to low specific gravity of Coal Bottom Ash. M.P. Kadam et al. [7] detected from his investigation that 

the density of concrete in hardened state was decreased linearly with increase in ratio of bottom. Tests unveiled 

that the density of 10 % replacement was increased by 0.04 % for 7 days, and then it was progressively decreased 

from 2.31% to 13.53%, 1.32% to 16.32%, 2.67% to 14.89% and 1.46% to 18.37% for cube specimen when fine 

aggregate was replaced from 10 % to 100 % by bottom ash at 7, 28, 56, and 112 days. K.N. Virendra Kumar et al. 

[10]  spotted the density of concrete is decreased with the increase in % replacement of  bottom ash from 0% to 

30%, due to the low specific gravity of bottom ash as compared to fine aggregate. 

 

C. Compressive Strength 

P. Aggarwal et al. [1] discovered Compressive strength, of fine aggregates replaced bottom ash concrete 

specimens were lower than control concrete specimens at all the ages. The strength difference between bottom 

ash concrete specimens and control concrete specimens became less discrete after 28 days. Compressive strength 

of fine aggregate replaced bottom ash concrete continues to aggrandize with age for all the bottom ash contents. 

Mix containing 30% and 40% bottom ash, at 90 days, attains the compressive strength equivalent to 108% and 

105% of compressive strength of normal concrete at 28 days. The span required to attain the required strength is 

more for bottom ash concrete. 

Corresponding to the research of Mohd Syahrul Hisyam bin Mohd Sani et al. [2] the compressive 

strength of concrete mixes made with various % of Washed Bottom Ash as fine aggregate replacement 

comprehensive of control sample (fully natural sand) was determined at 3, 7, 28, and 60 days of curing. It can be 

seen that the compressive strength of concrete mixes of sand replacement is much lower than control sample at all 
tested day. 

According to M. Purushothaman et al. [4] Bottom Ash added Concrete mixes showed enhanced 

compressive strength than the conventional concrete and shows uniformly higher compressive strengths at almost 

all ages. The ample gain in strength is thought to be due to very high pozzolanic reactivity of the two mineral 

admixtures silica fume and bottom ash. 

P. Tang et al. [5] found that the compressive and flexural strength of concrete drain with the 

augmentation of the bottom ash fines at the identical curing age, particularly after 3 and 7 days. M.P. Kadam et al. 

[7] carried out Compressive strength tests of concrete mix made with and without coal bottom ash of cubes size 

1.5 cm × 1.5 cm × 1.5 cm and the results were determined at 7, 28, 56, and 112 days. It was observed that for 10 

% and 20 % sand replacement the compressive strength was increased by 4.6 %, 3.99 %, 0.61%, 0.20 % for 7, 28, 

56 and 112 days respectively as compared with controlled concrete. The compressive strength was decreased 
from 30% to 100 % replacement 2.07 % to 22.30%, 4.97 % to 33.66 %, 1.23 % to 38.99%, and 0.78 % to 36.83 

% for 7, 28, 56 and 112 days respectively as compared with controlled concrete. 
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The study of K. Soman et al. [8] shows that 30% replacement of sand with bottom ash has given a 28 

day compressive strength of 38.43 kN/m2 (target mean strength is 38.25kN/m2). The result showed that bottom 

ash can be used to substitute sand and the ideal replacement level was 30%. Remya Raju et al. [9] observed that 
Compressive strength reduced marginally on the inclusion of bottom ash in concrete. 

 

D. Splitting Tensile Strength 

 Pursuant to P. Aggarwal et al. [1], Splitting tensile strength of fine aggregates replaced bottom ash 

concrete specimens were inferior than control concrete specimens at all the ages. Bottom ash concrete procures 

splitting tensile strength in the range of 121-126% at 90 days of splitting tensile strength of normal concrete at 28 

days. 

Conforming to P. Bhuvaneshwari et al. [6] 50% replacement of bottom ash with 0.3% glass fibre 

showed the maximum 7 day and 28 day split tensile strength indicating that concrete mix with 50% bottom is the 

most optimum. The augmentation of fibres reduces the workability of concrete which was subdued by the 

addition of bottom ash as replacement of fine aggregate M.P. Kadam et al. [7] found that the split tensile strength 
was increased at 7, 28, 56 and 112 days for 10% to 30% replacement and after that it was decreased for remaining 

replacement. According to K. Soman at al. [8] there was an increase of split tensile strength by 0.7%, 5.70% and 

12.16% at 7 days curing are noted for 10%, 20% and 30 % replacement. For 50% replacement there is a slack of 

15.20 % at 7 days curing. At 28 days curing there was an increase in splitting tensile strength for 20% and 30% 

replacement and only slightly less in 10 % replacement and 20.6% reduction when replacement was 50%. 

Remya Raju et al. [9] observed that on the addition of micro silica to Coal bottom Ash (CBA) concrete, 

there was an improvement in splitting tensile strength of concrete. According to K.N. Virendra Kumar et al. [10]  

the split tensile strength of concrete for  0%, 5%, 10%, 15%, 20%, 25%, and 30% replacements by bottom ash 

decreases from 3.5 N/mm² to 2 N/mm² at 7 days, and 5 N/mm² to 2.5 N/mm² at 28 days. For 0% to 15% of 

replacements, split tensile strength as nearly increased by 75-100% from 7days to 28 days. The split tensile 

strength gain was decreased slightly as the replacement % increases from 0% to 30%. The decrease in 28 days 

split tensile strength up to 15% replacement was laggard and behind which it is decreased significantly. 
 

E. Flexural Strength 

According to P. Aggarwal et al. [1] flexural strength of sand replaced bottom ash concrete specimens 

were lower than control concrete specimens at all the ages. The strength difference between bottom ash concrete 

specimens and control concrete specimens became less distinct after 28 days. Flexural strength of fine aggregate 

replaced bottom ash concrete continues to increase with age for all the bottom ash contents. M. Purushothaman et 

al. [4] revealed that the incorporation of 10% silica fume and 40% bottom ash in concrete results in significant 

improvements in its flexural strength. According to P. Bhuvaneshwari et al. [6], Concrete with 30% replacement 

of bottom ash with sand showed high flexural strength normal specimen. M.P. Kadam et al. [7] observed that the 

flexural strength was increased for upto 30 % substitution of bottom ash and after that it was decreased. K. Soman 

at al. [8] observed that 30 % replacement of fine aggregate by bottom ash gives equivalent flexural strength at the 
age of 28 days. There is only a marginal decrease in flexural strength at 10, 20 and 30% replacement levels. 

Remya Raju et al. [9] found that the flexural strength of concrete almost linearly decreased as the replacement 

level of bottom ash was increased. 

 

F. Water Absorption 

   Investigations from Remya Raju et al. [9] showed that the water absorption of concrete 

incorporated with bottom ash at 28 days curing age approximately increased linearly with the increase in bottom 

ash levels in concrete. 

  

III. Conclusions 
1. The workability of Bottom ash concrete reduces with the increase in bottom ash content due to the increase 

in water demand. 

2. The density of Bottom Ash concrete decreases with the increase in bottom ash content due to the low specific 

gravity of bottom ash as compared to fine aggregates. 

3. Compressive strength of sand replaced bottom ash concrete will be lower than normal concrete specimens at 

all the ages. 

4. Splitting Tensile strength of sand replaced bottom ash concrete will be lower than normal concrete specimens 

at all the ages. 

5. Flexural strength of fine aggregate replaced bottom ash concrete will be lesser than normal concrete 

specimens at all the ages. 

6. Effective splitting tensile strength can be achieved after 90 days compared to normal concrete. 
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7. The strength difference between bottom ash concrete and normal concrete will become less distinct after 28 

days. 

8. By replacing sand with bottom ash in the range of 30% to 50% bottom ash, at 90 days, attains a higher 
compressive strength and flexural strength compared to the strength of conventional concrete at 28 days. 

9. Water absorption is more Bottom Ash Concrete compared to conventional concrete 

10. Strength characteristics of Bottom Ash Concrete can be improved by adding suitable fibers and incorporating 

other materials. 
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