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Abstract 
 

This article presents a study on compression strength of concrete with bottom ash as partial substitute of sand. Initial testing was conducted 

with slump test of normal concrete and bottom ash-concrete. Further tests were performed with compressive strength test with 0%, 10%, 

20%, 30%, and 40% of bottom ash each with concrete age of 14, 21, and 28 days. The next test performed on a specimen with 5%, 7.5%, 

10%, and 12.5% of bottom ash. From each test variation, it was found that the potential of compressive strength achieved when sand was 

replaced by bottom ash. The result showed that the concrete mix with 10% bottom ash or smaller can be used as a substitute for sand in 

concrete mixes. 
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1. Introduction 

Concrete is known today is a building material and construction that 

its properties can be determined by conducting planning and careful 

monitoring of the materials selected. In the field of construction, the 

use of concrete is the main option for structure, because concrete is 

the basic material that is malleable and the price is relatively cheap 

compared to other construction materials. 

Concrete is a mixture of portland cement with coarse aggregate, 

fine aggregate, water and the added material that will form the fresh 

concrete. The hardening of concrete is imminent because of the 

events of the bond between the water and cement, in which the con-

crete is stronger by higher age. Volcanic ash can used as substitute 

cement and bottom ash as substitute sand. 

In terms of aesthetics, concrete only requires little maintenance, be-

sides that, concrete is resistant to fire attacks. The stress of the prop-

erties of concrete is to experience deformation that depends on time 

and is accompanied by shrinkage due to the drying of concrete and 

other symptoms associated with it. The effects of environmental 

conditions, crawling, shrinkage, loading which results in dimen-

sional changes in the concrete structure and its elements must re-

ceive sufficient attention at the planning stage to overcome the dif-

ficulties that will occur. 

Reinforced and non-reinforced concrete is a construction that has a 

characteristic strength which is when examined with a large number 

of test objects, the value will spread around a certain average value. 

The distribution of the results of this examination will be small or 

large depending on the level of perfection of the implementation. 

By assuming the values of the examination results are normal, the 

size of the size of the distribution of the results of the examination 

becomes a measure of the quality of implementation. 

Several studies on the development of concrete materials has been 

conducted as volcanic ash or cement [7]; the material pozzolanic on 

self-compacting concrete [3]; pond ash as substitute of sand [15]; 

pond ash as replacement of cement [16], some artificial pozzolana 

in concrete production [14]; and recycled concrete [2], alccofine 

and fine fly ash as partial substitute of cement [9], and volcanic ash 

as partial substitute of cement [12]. A waste material like pond ash 

can be effectively material as a substitute of cement and 20% pond 

ash is effectiveto increase it combination with steel fibres to in-

crease the strength of concrete in long term [16]. 

The most important properties of an aggregate are crushing strength 

and impact resistance, which can affect its bond with cement paste, 

porosity and water-catching characteristics which affect the re-

sistance to a changing season, and resistance to shrinkage. Because 

it affects the quality of aggregate as a concrete constituent material. 

The aggregate content in concrete mixes is usually very high. Based 

on experience, the composition of the aggregate ranges from 60% 

to 70% of the weight of the concrete mixture. Although its function 

is only as a filler, but because of its large composition, aggregate 

becomes very important. Therefore, it is necessary to study the ag-

gregate characteristics that will determine the properties of mortar 

or concrete produced. 

The aggregates used in concrete mixes can be natural aggregates or 

artificial aggregates. In general, aggregates can be distinguished 

based on their size, namely coarse aggregates and fine aggregates. 

Brick between fine aggregates and coarse aggregates differ between 

disciplines with one another. 

Fine aggregate is an aggregate of no more than 5 mm, so that the 

sand can be either natural sand or in the form of sand from breaking 

rocks. In the practice of making concrete construction, the selection 

of fine aggregates is considered important. This is done so that the 

aggregate used is a good aggregate so that the concrete quality can 

be achieved. 

Bottom ash material has several characteristics in which the nature 

and composition of the chemical compounds that make up the bot-

tom ash are influenced by the way of preparation of combustion 

methods and differences in coal quality. The technology that is de-

veloping at this time is the processing of industrial waste to be used 
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as raw materials or building materials. With the discovery of inno-

vations these materials are expected to replace building materials 

so as to reduce production costs and reduce production waste. One 

of the innovations is using bottom ash as a substitute for cement in 

the concrete block mixture. The bottom ash is in the form of fine 

particles and is pozzolanic. There are three types of combustion 

methods in the energy production process, namely dry bottom 

boillers, wet-bottom boillers, and funcane cyclon. 

Another development is the use of bottom ash as a mixture of con-

crete to get the compressive strength comparable normal concrete. 

Bottom ash from coal waste can replace the function of sand. Siva-

kumar and Kameshwari [11] stated that to substitute of fine aggre-

gate with bottom ash, fly ash as replacement cement, and expansive 

clay granules as replacement of fine aggregate, but with the replace-

ment above 10% reduction in compressive strength significantly. 

Raju, et al. [8] stated that slump values of concrete with bottom ash 

decreased with the increase in level of sand substitute by bottom 

ash. The compressive strength of concrete with bottom ash increase 

at all the levels of sand substitute with bottom ash.  

Compressive strength of concrete with bottom ash increase at the 

curing age of 28 days, Compressive strength of concrete with 5% 

of bottom ash more strength than the normal concrete [13]. 

Ibrahim et al. [4] found that the substitute level of 10-30% of bot-

tom ash is ideal mixture to get good compressive strength. Nadig et 

al. [6] stated that a replacement of 30-50% of sand with bottom ash 

at 90 days of concrete produces higher compressive strength than 

normal concrete. 

The compressive strength of concrete is influenced by the material 

used, the better the quality of cement, gravel or coarse aggregate 

and sand or fine aggregate. Sand be replaced by bottom ash for con-

crete mix. Addition of bottom ash is 5% close to the compressive 

strength of normal concrete and significantly reduced in the addi-

tion of bottom ash above 30% [11]. Concrete is said to be eligible 

if it has a greater compressive strength value of 20 MPa [12]. 

Normal concrete consisting of cement, sand, and gravel is less fa-

vorable if these materials are not eligible due to limited availability, 

therefore the need to find alternative natural additives in accordance 

with their respective functions. Singh and Siddique [10] stated that 

there is bottom ash can be used as replacement of sand. 

Structures require no small cost in implementation. It also includes 

a fairly high concrete weight will affect the design of the reinforce-

ment system is large enough, for the alternatives sought by replac-

ing some concrete materials with lightweight materials. 

Low bottom ash weight can reduce the weight of concrete [1]. Uses 

and applications of bottom ash as fine aggregate can reduce the cost 

of construction [5]. 

Concrete mixtures need to be developed with the use of other alter-

native materials, so that they are not always dependent on this ma-

terial, if at any time not available due to certain factors and condi-

tions. Alternative materials to be developed are volcanic ash as a 

substitute for cement and bottom ash as a substitute for fine aggre-

gate which can increase the compressive strength of concrete so that 

it can optimize concrete mixtures and produce more economical 

concrete. 

A lightweight material such as volcanic ash as a substitute for ce-

ment and coal bottom ash in lieu of fine aggregate, so as to reduce 

the weight of the concrete while maintaining a compressive strength, 

and can reduce the use of reinforcement systems are more econom-

ical. In this study the concrete material that is replaced is just fine 

aggregate, while other material remains. 

The use of volcanic ash has been carried out by several researchers 

to reduce the use of cement in construction. Likewise, bottom ash 

as a substitute for fine aggregate in a concrete mixture. Blending of 

volcanic ash and bottom ash on concrete mixes has never been done. 

The innovation carried out in the study was how much the addition 

of volcanic ash as a cement substitute and how much the use of coal 

base ash as a substitute for fine aggregate, can increase the com-

pressive strength of concrete when compared to normal concrete 

which only consists of cement, fine aggregate and coarse aggregate. 

The purpose of this study is to obtain the percentage of bottom ash 

as a substitute for the addition of sand to improve the strength of 

concrete so that it can optimize the concrete mix and produce con-

crete which is more economical. This study is expected to develop 

the use of bottom ash as a substitute fine aggregate for concrete. 

2. Research methods 

The test material used in this study is the result of the formation of 

coal in the form of bottom ash. The research material was taken 

from the factory waste storage area in Belawan, Medan, North Su-

matra Province. Sand extraction is done by separating bottom ash 

waste from other wastes. 

This research was carried out with an experimental method to de-

termine the compressive strength of concrete on specimens using 

bot-tom ash, as an enhancer and filling pores in the concrete. 

Research conducted: 

1) Preparing materials, namely: bottom ash, sand, gravel, port-

land cement, and clean water. 

2) The production of 30 (square) cubes for P = 15 cm, L = 15 

cm, T = 15 cm. 

3) Immersion at the age of 14 days, 21 days and 28 days. 

At the initial stage were conducted the slump test and continued 

with compressive strength test with 0%, 10%, 20%, 30%, and 40% 

of bottom ash at the age of concrete of 14, 21 and 28 days. 

Based on the value of compressive strength of the mixture on top 

of an evaluation to get a variation mix produces a better compres-

sive strength. The next test performed on a specimen with 5%, 7.5%, 

10%, and 12.5% of bottom ash. 

The optimum compressive strength obtained from the addition of 

bottom ash at a certain amount. A good amount of bottom ash can 

be seen from the compressive strength of bottom ash-concrete 

which is higher than normal concrete. 

3. Results and discussion 

3.1. Slump test of concrete with bottom ash 

Slump test was conducted on a concrete slab with a mixture of 10%, 

20%, 30%, and 40% of bottom ash. Slump test results are shown in 

Figure 1. The value addition of 10% slump in bottom ash is less 

than normal concrete and increasing with increasing bottom ash. 

Slump value of each addition of bottom ash is approximately equal 

to the normal concrete. 

 

 
Fig. 1: The Slump Value of Concrete with Bottom Ash. 

3.2. Compression strength value of concrete without bot-

tom ash 

Concrete compressive strength test on normal concrete and concrete 

with bottom ash obtained from cube-shaped test specimens with 

size 15 cm x 15 cm x 15 cm. Number of test specimens of 2 to the 

age of the concrete respectively 14, 21 and 28 days. Normal con-

crete test results are shown in Table 1. Values higher compressive 

strength with age concrete. The increase in compressive strength of 

concrete is shown in Figure 2. 
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Table 1: Compression Strength Value of Concrete without Bottom Ash 

No. 
Compression Strength (MPa) 

14 days 21 days 28 days 

1 17.84 21.84 24.08 

2 19.47 22.83 24.92 

Average 18.60 22.34 24.50 

 

 
Fig. 2: Compression Strength Value of Concrete without Bottom Ash. 

3.3. Compression strength value of concrete with bottom 

ash 

Concrete compressive strength test results on a normal concrete mix 

(0% bottom ash) and a mixture of concrete with 10-40% bottom ash 

are shown in Figure 3. Generally, the strength of concrete is increas-

ing along with the increasing age of the concrete. The addition of 

large quantities of bottom ash in concrete compressive strength 

showed a smaller than normal concrete. Increasing the concrete 

showed increased compressive strength of concrete at every varia-

tion of bottom ash. 

The effect of adding 10-40% bottom ash as a substitute for sand in 

the concrete mix can be seen in Figure 5. The compressive strength 

of concrete at 14 days decreased in 30% of bottom ash, while at the 

age of 21-28 days the concrete compressive strength reduction oc-

curs in 40% bottom ash.  

The compressive strength of concrete due to the addition of over 10% 

bottom looks less significant because it is lower than 20 MPa. Alt-

hough the compressive strength below 30% bottom ash seemingly 

constant, but the compressive strength values obtained are still far 

from the expected requirements. However, the addition of bottom 

ash is less than 10% were seen approaching the compressive 

strength of normal concrete, therefore carried out further tests on 

the concrete mixture with addition of 5%, 7.5%, 10%, and 12.5% 

bottom ash. 

 

 
Fig. 3: Compression Strength Value of Concrete with Bottom Ash. 

 

The results of compressive strength test on the concrete mixture 

with addition of 5%, 7.5%, 10%, 12.5% and bottom ash are shown 

in Table 2. The relationship percentage of bottom ash with a mean 

compressive strength of concrete is shown in Figure 5. The com-

pressive strength of concrete with a mixture of bottom ash as looks 

pretty good substitute for sand in the mix below 10% bottom ash, 

while a mix of above 10% saw a decrease of concrete compressive 

strength significantly. The compressive strength with a mixture of 

bottom equal to or smaller than 10% result in the compressive 

strength of concrete is eligible. 

 

 
Fig. 4: Relationship of % Bottom Ash and Compression Strength. 

 
Table 2: Compression Strength Value of Concrete with Bottom Ash 

Bottom ash 

(%) 

Compression strength (MPa) 
> Stand-

ard 1 2 3 
Stand-

ard 

5 21.333 25.778 22.222 20 Ok 

7.5 23.556 22.222 23.556 20 Ok 

10 24.889 22.222 23.359 20 Ok 
12.5 21.778 20.444 19.407 20 Ok 
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Fig. 5: Optimum Compression Strength of Concrete with Bottom Ash. 

 

4. Conclusion 

In this section you should present the conclusion of the paper. Con-

clusions must focus on the novelty and exceptional results you ac-

quired. Allow a sufficient space in the article for conclusions. Do 

not repeat the contents of Introduction or the Abstract. Focus on the 

essential things of your article. 

Based on the results of the study some conclusions were obtained:  

The slump value in the concrete mix with the addition of bottom 

ash is approximately equal to the slump value of normal concrete. 

Age of concrete above the 21 day compressive strength of concrete 

which generates nearly constant. 

The compressive strength of concrete with a mixture of bottom ash 

is below 30% obtained constant at 21-28 days of age, but decrease 

on the concrete mix above 30%. 

In general, the compressive strength of concrete with a mixture of 

bottom ash over 10% experienced a significant decrease, while the 

bottom ash concrete mixture with equal or less than 10% is obtained 

approaching normal compressive strength. 

Concrete mixture with 10% bottom ash or smaller can be used as a 

substitute of sand in concrete mixture. Thus the concrete mixture 

can save the use of sand, thus diminishing construction cost. 
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