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Abstract. Many factors influence the strength of concrete, including the quality
of the materials and admixtures used, the composition of the materials, the
method of manufacture and curing. Therefore to achieve the design strength of
concrete, it is necessary to conduct aggregate inspection, use suitable admixtures,
determine the composition of the materials through the mixture design, maintain
the quality of the work and carry out curing until the optimum concrete
compressive strength is achieved. The utilize of coal as fossil fuels is still used in
the Anggrek PLTU to fulfill electricity demands in Gorontalo Province. The use
of this fuel produces a very large amount of fly ash waste. Utilization of waste
needs to be continued to be carried out to reduce the negative impact on the
environment, one of which is to improve the strength of concrete. This study aims
to analyze the right composition of materials, especially the percentage of fine
aggregate to coarse aggregate. This study also evaluated the use of fly ash in the
concrete mixture, both as a cement substitute and as an additive. The composition
of the materials that produced the best mixture in this study was at a percentage
of 40% sand and 60% crushed stone. Meanwhile, the use of fly ash that produces
the most optimum results is when fly ash is used as much as 5% of the weight of
cement as an additive.
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1 Introduction

The use of conventional concrete materials is still the most popular choice among other
construction materials. This is due to the ease of processing, more affordable costs or
because it is not yet supported by the availability of admixtures and the latest technol-
ogy. Therefore, to improve the quality of concrete, it is necessary to use quality mate-
rials that meet specifications. One of the requirements that must be met is the aggregate
gradation and grain size requirements. Uniformity of aggregate grains causes a decrease
in the quality of concrete, because the aggregates do not lock each other and create a
lot of space in the concrete. In addition, it is necessary to use additional materials that
are in accordance with the needs, for example to reduce the amount of water or to delay
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the cement binding time and others. And no less important is the quality of concrete
workmanship and curing.

To meet the electricity needs in Gorontalo, currently many are still supplied using
fossil fuels, namely coal combustion. This causes the accumulation of fly ash waste and
is not environmentally friendly. Fly ash waste can be used as an additive to concrete
because it has pozzolanic properties. The use of this waste is expected to reduce the
negative impact of fly ash waste on the environment. Therefore, this study conducted
an evaluation of the method of using fly ash in concrete and its effect on compressive
strength [1].

2 Method

In this study, an evaluation was conducted on the use of fly ash in concrete. In this
reserch, fly ash was used in the concrete mixture using two methods. The first method
is fly ash used as a cement substitute [2], [3], [4]. In the cement substitution method,
the greater the percentage of fly ash used, the less the amount of cement will be. The
second method is fly ash used as a concrete mixture [5]. In this method, the use of fly
ash does not affect the amount of cement, or the amount of cement used remains con-
stant. From both methods, variations of test object types were used as in Table 1. [6]
After conducting material testing which includes sieve analysis, loss angles value, spe-
cific gravity, water absorption, mud content and water content, the next step was to mix
design 28 MPa quality concrete using the Procedure for making a normal concrete mix-
ture plan SNI 03-2834-2000 as in Table 2 [7]. To obtain the desired workability, the
slump value is taken at 6-18 cm. Furthermore, the test object is soaked until the age of
28 days to obtain optimum compressive strength. After the age of 28 days, the concrete
compressive strength test is carried out.

Table 1. Variation of test object types

No Type Method Amount of fly ash
1. BUK No fly ash 0%

2. SUBS5 Fly ash substitution to cement 5% of cement
3. SUBI10 Fly ash substitution to cement 10% of cement
4. SUBI15 Fly ash substitution to cement 15% of cement
5. SUB20 Fly ash substitution to cement 20% of cement
8. ADDS Fly ash as an additive 5% of cement
9. | ADDIO Fly ash as an additive 10% of cement
10. | ADD15 Fly ash as an additive 15% of cement
11. | ADD20 Fly ash as an additive 20% of cement

Table 2. Mixing proportions (kg)

Type Cement Fly Sand Crushed Crushed Water

ash Stone Stone
(1-2) (2-3)
BUK 8,407 13,082 12,796 6,828 3,651

SUBS 7,986 0,420 | 13,082 12,796 6,828 3,651
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SUB10 7,566 0,841 | 13,082 12,796 6,828 3,651
SUBI5 7,146 1,261 | 13,082 12,796 6,828 3,651
SUB20 6,725 1,681 | 13,082 12,796 6,828 3,651
ADDS 8,407 0,420 | 13,082 12,796 6,828 3,651
ADDI10 8,407 0,841 | 13,082 12,796 6,828 3,651
ADDI15 8,407 1,261 | 13,082 12,796 6,828 3,651
ADD20 8,407 1,681 | 13,082 12,796 6,828 3,651

a. Mix the fly ash with cement b. Slump test for water content control and
workability

c. Concrete water curing d. Compressive strength test

Fig. 1. The testing procedure carried out
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3 Result and Discussion

3.1 Results of aggregate gradation inspection

Based on the inspection of fine aggregate gradation, the results obtained are as shown
in Figure 2. Based on the examination of the gradation, the sand used is coarse sand
[8]. Coarse sand is compatible for use as a concrete mixture because it has high work-
ability and low bleeding.
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Fig. 2. Gradation of fine aggregate

To estimate the percentage of fine aggregate to the total aggregate, Graph 14 of SNI
03-2834-2000 is used. From Figure 3, the estimated percentage of fine aggregate to the
total aggregate is in the range of 46%-57%.
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Fig 3. Percentage of sand to total aggregate content SNT 03-2834-2000
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Based on the estimated limits, 3 variations of sand of 40%, 47% and 56% were tried.
Where variation 1 of 40% is below the percentage limit. From the three percentages, an
examination of the combined gradation was carried out. The examination of the com-
bined gradation can be seen in Figure 4. From the results of the gradation test for each
variation, it can be seen that the percentage of sand percentages of 40% and 47% meets
the combined gradation requirements, while the sand percentage of 56% does not meet
the combined gradation requirements.

Of the three variations of sand to coarse aggregate, it was examined to get the best
proportion through the manufacture of cylindrical test objects and compressive strength
testing as shown in Figure 5 [9]. From the results of the compressive strength test, it
can be seen that the percentage of sand of 40% to the total aggregate showed the highest
compressive strength results. This is because the use of sand as much as 40% of the
total aggregate has good gradation and meets the requirements. The use of 40% sand
produces the largest percentage of coarse aggregate from other variations, where coarse
aggregate has a major effect on the compressive strength of concrete [10]. So that it
will be used in making a concrete design mix using fly ash.

3.2 Fly ash concrete test results

After the mix design and fly ash concrete sample making are done both as cement sub-
stitution and as additional material, the next step is to test the concrete compressive
strength. The results of the concrete compressive strength test using fly ash can be seen
in Figure 6 [11], [12]. From the results of the compressive strength test between the
substitution method and the addition of fly ash, it can be seen that the addition of 5%
fly ash from the cement produces the highest concrete compressive strength. The con-
crete compressive strength increases by 13.39% and 30.38% when compared to normal
concrete and 5% fly ash substitution concrete [13], [14]. By using the addition method,
the cement used is still more when compared to the substitution method. While the
amount of sand and crushed stone in the addition method will be reduced when com-
pared to the amount of sand and crushed stone in the substitution method. This condi-
tion provides a better bond to the concrete, increases density and reduces pores [15].
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Fig 4. Combined gradation with sand variations of 40%, 47% and 56%
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Fig 5. Concrete compressive strength testing variations 1, 2 and 3.
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6. Results of fly ash concrete compressive strength testing

Conclusion

ash is one of the wastes that is very important to be managed and utilized. Based

on the research method used, testing and analysis of the results of concrete tests using
fly ash can be concluded as follows:

1.

Determination of the percentage of sand to the total aggregate using graph 14 SNI
03-2834-2000 gives quite good results, but the combined gradation must be re-
checked to provide more accurate results.

The use of 40% sand produces the largest percentage of coarse aggregate from
other variations, where coarse aggregate has a major effect on the compressive
strength of concrete. This is correlated with the results of the compressive strength
test at a sand percentage of 40% producing the highest compressive strength

The compressive strength of concrete with the addition of 5% fly ash increases by
13.39% and 30.38% when compared to normal concrete and 5% fly ash substitute
concrete. By using the addition method, the cement used is still more when com-
pared to the substitution method. While the amount of sand and crushed stone in
the addition method will be reduced. This condition provides a better bond to the
concrete, increases density and reduces pores.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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