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Abstract 

The amount of fly ash waste is increasing, causing environmental and storage problems. One solution is to utilize the fly 
ash as an artificial aggregate. This research focuses on getting the right formula for mixing fly ash, cement, and 
superplasticizer (SP). The tests carried out were compressive strength at 3, 14, 28, and 56 days. The results showed that 
the best composition with a ratio of cement: fly ash of 1:4 added with a superplasticizer of 1.2% by weight of the mixture 
resulted in a compressive strength of 79 MPa at 56 days of age.  
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1. Introduction

Currently infrastructure development continues to increase so that the need for natural aggregates is increasing, as a 
result the availability of natural aggregates is dwindling. For this reason, innovation is needed by utilizing industrial 
waste materials such as fly ash. Based on data, as much as 150-170 million tons globally, while in Indonesia it is 
estimated that the amount of waste reaches 8.2 million tons [1]. Researchers are trying to utilize the waste into 
aggregates that are sustainable as a substitute for cement and aggregate [2-5]. 

Fly ash can be used as an artificial aggregate because the chemical composition of cement and fly ash is almost the same, 
especially in terms of the percentage composition of SiO2 which is the main filler in fly ash of 39.90% and in cement of 
19.69%. SiO2 can affect the mortar hardening process. The presence of these ingredients can increase the compressive 
strength by 15% to 18.2% of the control mortar at 28 days [6-8]. This is due to the pozzolanic reaction from the SiO2 
fly ash content which helps fill in the gaps in the bonding process in the mortar mix because it has micro-sized particles 
[9-11]. 

Artificial aggregates from fly ash with the addition of superplasticizer (SP) have high mechanical properties and 
durability with compressive strengths of 25-83.5 MPa [12-16]. Meanwhile, the addition of 100% fly ash and SP 
increased the compressive strength by 4.97 at 28 days and 31.32% at 90 days [17] Other researchers also tested the 
effectiveness of artificial aggregates using fly ash on the mechanical properties of concrete using fly ash. 90% ash and 
10% cement obtain a compressive strength of 45 MPa [18]. 

In addition, the use of Superplasticizer (SP) can increase the ability by 32% and increase the compressive strength by 
50% compared to the control paste and shows a lower loss of fluidity [19-21]. 
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The performance of lightweight aggregate concrete made from fly ash has yet to find a composition that has good 
strength. The research that will be carried out is different from previous research. In this research, they are still looking 
for the best artificial aggregate composition by mixing fly ash, cement, water and added additives. by using the method 
of making light aggregate, namely making it a cube test object. 

2. Material and methods 

2.1. Material 

In this test using Type 1 Portland cement material according to ASTM C150 [22] from PT. Adhimix RMC, fly ash and a 
mixture of drugs or additives, namely superplasticizer (SP) 0.6% mixture from PT. John Idetama Teknik. This test is to 
determine the effect of artificial fly ash aggregate on compressive strength at the age of 3, 14, 28 and 56 days. The 
proportions of the test specimens are shown in Table 2. FSAC and FSBC are control concrete with the proportion of 
mixed cement, fly ash with w/w 0.35 and 0.22. FSA1-FSA3 are concrete with a mixture of cement, fly ash and 0.6% 
superplasticizer. FSB1-FSB2 uses a mixture of cement, fly ash, and 1.2-1.8% superplasticizer. 

Table 1 Chemical composition of cement and fly ash 

Composition Fly Ash Cement 

SiO2 54.90 10:60 p.m 

Al2O3 25.80 4.30 

Fe2O3 6.90 2.50 

CaO 8.70 64.40 

MgO 1.80 2.10 

SO2 0.60 2.30 

Na2O & K2O 0.60 0.60 

Table 2 Mix fly ash paste design 

No TestItem Code W/B 
Composition 

Cement: Fly Ash Super Plasticizer (SP) Water 

1 FSAC 0.35 1000 4000 0 1750 

2 FSA1 0.3 1000 4000 30 1470 

4 FSA2 0.25 1000 4000 30 1220 

5 FSA3 0.2 1000 4000 30 970 

6 FSBC 0.22 1000 4000 0 1100 

7 FSB1 0.176 1000 4000 60 820 

8 FSB2 0.154 1000 4000 90 680 

2.2. Method 

The first step is to make the test object according to the mix design as shown in Table 2, then a test flow is carried out 
to measure the thickness of the paste mixture using a tool made in the shape of a D30 circle. The test used the method 
by filling 100 ml of the paste sample into the funnel, after which the time for the paste to decrease was calculated using 
a stopwatch. 

Then perform a compressive strength test using a 50x50x50 mm specimen at the age of 3, 14, 28, and 56 days according 
to ASTM C109 [23]. After that, Curing (soaked in water) is carried out according to ASTM C192 [24]. 
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3. Results and discussion 

3.1. Flow Test 

The results of the flow test can be seen in Table 3. FSA1 has the fastest settling time with a travel time of 2.65 seconds 
because the specimen results are more fluid than the other samples, while the flow test with the longest settling time 
occurs in the FSB2 sample with a time of 137, 24 seconds. 

The results of the settling time of the FSBC specimen could not be measured because the mixture was too wet and very 
dense so there was no decrease in the flow test, so SP was added to the sample to improve flow properties (workability), 
the liquefaction effect was caused by the reaction that occurred between the cement particles and the SP. [25–27]. 

Table 3 Characteristics of the test results of the fly ash aggregate mixture  

Test Object 
Code 

Diameter of Test flow 
Test 100 ml (mm) 

Flow Test Drop 
Time 100 ml (s) 

Compressive Strength (Mpa) 

3 14 28 56 

FSAC 110 3.71 2.0 4,2 5.0 10.50 

FSA1 225 2.65 4.0 4.0 8.0 14.70 

FSA2 330 12.90 5.0 25.0 35.0 33.50 

FSA3 250 12,28 21.0 14.0 12,3 18.90 

FSBC - - 9.30 32,30 19,44 33,30 

FSB1 155 133.80 12,1 49,7 24.5 79.00 

FSB2 145 137,24 9,6 45,3 27,2 38,60 

 

 

Figure 1 Flow Test Time 100 ml 

3.2. Compressive Strength  

Based on the characteristics of the test results for the fly ash aggregate mixture (Table 3), it shows that the time for 
decreasing the flow test is related to the results of the compressive strength test. The results of the compressive strength 
on the FSA test object code on the FSAC specimen increased with age, at 3 days old with a flow test of 3.71 seconds, the 
compressive strength was 2 MPa, 4.2 MPa at 14 days, 5 MPa at 28 days, and increased at   
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56 days by 10.5 MPa. In the FSA1 specimen, the compressive strength increased at 3 days of age with a flow test value 
of 2.65 seconds of 4 MPa, at 14 days of age it was 4 MPa, at 28 days it increased by 8 MPa, and at 56 days it was 14.70 
MPa , FSA2 increased up to 28 days of age with a flow test of 12.90 seconds at 35 MPa and decreased at 56 days of age 
at 33.5 MPa. Based on these data, the FSA2 specimen experienced the highest increase in strength exceeding 100% 
compared to the FSAC control specimen. In the FSA3 specimen with flow test results of 12.28 seconds the results showed 
a decrease until 28 days old, but at 56 days the compressive strength increased by 18.90 MPa. This is because when the 
w/w is reduced it results in the artificial aggregate mixture being too viscous so that it has a poor bond. 

Meanwhile, in the FSB test object code, the compressive strength of FSBC at 3 days of age was 9.30 MPa, at 14 days of 
age it was 32.30 MPa, at 28 days it decreased by 19.44 MPa, and at 56 days it experienced an increase. of 33.30 MPa. In 
FSB1 with a flow test of 133.80 seconds, it has a compressive strength value at 3 days of age of 12.1 MPa, at 14 days of 
49.7 MPa, at 28 days of age of 24.5 MPa, and increases at 56 days of age of 79 MPa. In FSB2 aged 28 days with a value of 
27.2 MPa with a flow test of 137.24 seconds, FSB2 experienced an increase of 38.60 MPa at 56 days of age. FSB1 sample 
has the best aggregate composition of all mixtures by reducing w/w to 0.176 with an addition of 1.2%. This is in 
accordance with the results of research conducted by researchers, the more SP used and the use of fly ash will greatly 
affect the increase in compressive strength values when balanced with the appropriate water composition [28-30]. 
Based on the results, this artificial aggregate can affect the mechanical properties because in previous studies the value 
of compressive strength can be increased even by replacing natural coarse aggregate with lightweight aggregate in the 
concrete mix and making the water-cement ratio lower than normal natural aggregate [17]. 

 

Figure 2 Compressive Strength Chart 

4. Conclusion 

In the results of the compressive strength test it was found that at 56 days of age 79 MPa was the best aggregate 
composition in the FSB1 sample by reducing w/w to 0.17 and adding SP usage of 1.2%. 

The use of superplasticizer (SP) in the paste mixture greatly affects the flow properties (workability) because there is a 
reaction between the cement and the superplasticizer (SP), the result is that the control specimens get a higher drop in 
flow test compared to the paste mixture which adds superplasticizer (SP). The flow test with compressive strength 
greatly affects the mechanical properties, the thicker the concrete mix, the compressive strength will increase. 

Compliance with ethical standards 

Acknowledgments 

The author would like to thank the Ministry of Education and Culture, Research and Technology through the PTUPT 
scheme with number Contract 465/LL3/AK.04/2022. 

Disclosure of conflict of interest 



World Journal of Advanced Engineering Technology and Sciences, 2023, 08(02), 072–077 

 

76 

The authors declare that they have no known competing financial interests or personal relationships that could have 
appeared to influence the work reported in this paper.  

References 

[1] VC Pandey, PC Abhilash, and N. Singh, “The Indian perspective of utilizing fly ash in phytoremediation, 
phytomanagement and biomass production,” J Environ Manage, vol. 90, no. 10, p. 2943–2958, Jul. 2009, doi: 
10.1016/j.jenvman.2009.05.001. 

[2] RH Faraj, AFH Sherwani, and A. Daraei, “Mechanical, fracture and durability properties of self-compacting high 
strength concrete containing recycled polypropylene plastic particles,” Journal of Building Engineering, vol. 25, 
p. 100808, Sept. 2019, doi: 10.1016/j.job.2019.100808. 

[3] RH Faraj, HF Hama Ali, AFH Sherwani, BR Hassan, and H. Karim, “Use of recycled plastic in self-compacting 
concrete: A comprehensive review on fresh and mechanical properties,” Journal of Building Engineering, vol. 30, 
p. 101283, Jul. 2020, doi: 10.1016/j.job.2020.101283. 

[4] RH Faraj, AFH Sherwani, LH Jafer, and DF Ibrahim, “Rheological behavior and fresh properties of self-compacting 
high strength concrete containing recycled PP particles with fly ash and silica fume blended,” Journal of Building 
Engineering, vol. 34, p. 101667, Feb. 2021, doi: 10.1016/j.job.2020.101667. 

[5] A. Chatzopoulos, KK Sideris, and C. Tassos, “Production of concrete using slag aggregates: Contribution of 
increasing the durability and sustainability of constructions,” Case Studies in Construction Materials, vol. 15, p. 
e00711, Dec. 2021, doi: 10.1016/j.cscm.2021.e00711. 

[6] AFH Sherwani, R. Faraj, KH Younis, and A. Daraei, “Strength, abrasion resistance and permeability of artificial fly-
ash aggregate pervious concrete,” Case Studies in Construction Materials, vol. 14, p. e00502, Jun. 2021, doi: 
10.1016/j.cscm.2021.e00502. 

[7] A. Dehghani, F. Aslani, and N. Ghaebi Panah, “Effects of initial SiO2/Al2O3 molar ratio and slag on fly ash-based 
ambient cured geopolymer properties,” Constr Build Mater, vol. 293, p. 123527, Jul. 2021, doi: 
10.1016/j.conbuildmat.2021.123527. 

[8] A. Abdalla and A. Salih, “Microstructure and chemical characterizations with soft computing models to evaluate 
the influence of calcium oxide and silicon dioxide in the fly ash and cement kiln dust on the compressive strength 
of cement mortar,” Resources, Conservation & Recycling Advances , vol. 15, p. 200090, Nov. 2022, doi: 
10.1016/j.rcradv.2022.200090. 

[9] D. Kong, X. Du, S. Wei, H. Zhang, Y. Yang, and SP Shah, “Influence of nano-silica agglomeration on microstructure 
and properties of the hardened cement-based materials,” Constr Build Mater, vol. 37, pp. 707–715, Dec. 2012, 
doi: 10.1016/j.conbuildmat.2012.08.006. 

[10] R. Garg et al., “Mechanical strength and durability analysis of mortars prepared with fly ash and nano-
metakaolin,” Case Studies in Construction Materials, vol. 18, p. e01796, Jul. 2023, doi: 
10.1016/j.cscm.2022.e01796. 

[11] A. Ferraro, V. Ducman, F. Colangelo, L. Korat, D. Spasiano, and I. Farina, “Production and characterization of 
lightweight aggregates from municipal solid waste incineration fly-ash through single- and double-step 
pelletization process, J Clean Products, vol. 383, p. 135275, Jan. 2023, doi: 10.1016/j.jclepro.2022.135275. 

[12] L. Domagała, “Durability of Structural Lightweight Concrete with Sintered Fly Ash Aggregate,” Materials, vol. 13, 
no. 20, p. 4565, Oct. 2020, doi: 10.3390/ma13204565. 

[13] A. Joseph, R. Snellings, P. van den Heede, S. Matthys, and N. de Belie, “The Use of Municipal Solid Waste 
Incineration Ash in Various Building Materials: A Belgian Point of View,” Materials, vol. 11, no. 1, p. 141, Jan. 2018, 
doi: 10.3390/ma11010141. 

[14] P. Tang, MVA Florea, and HJH Brouwers, “Employing cold bonded pelletization to produce lightweight aggregates 
from incineration fine bottom ash,” J Clean Prod, vol. 165, pp. 1371–1384, Nov. 2017, doi: 
10.1016/j.jclepro.2017.07.234. 

[15] Yliniemi, Paiva, Ferreira, Tiainen, and Illikainen, “Development and incorporation of lightweight waste-based 
geopolymer aggregates in mortar and concrete,” Constr Build Mater, vol. 131, pp. 784–792, Jan. 2017, doi: 
10.1016/j.conbuildmat.2016.11.017. 



World Journal of Advanced Engineering Technology and Sciences, 2023, 08(02), 072–077 

 

77 

[16] H. Hasani, A. Soleymani, H. Jahangir, and MB Azizi, “Investigating the Effect of Sintered Fly Ash Aggregate on 
Mechanical Properties of Concrete: A Review Energy-consuming Elements View project.” [On line]. Available: 
https://www.researchgate.net/publication/359694170 

[17] A. Titiksh and SP Wanjari, “Sustainable pavement quality concrete containing ultra-high volume fly ash in the 
presence of a novel superplasticizer,” Case Studies in Construction Materials, vol. 15, p. e00603, Dec. 2021, doi: 
10.1016/j.cscm.2021.e00603. 

[18] S. İpek, OA Ayodele, and K. Mermerdaş, “Influence of artificial aggregate on mechanical properties, fracture 
parameters and bond strength of concretes,” Constr Build Mater, vol. 238, p. 117756, Mar. 2020, doi: 
10.1016/j.conbuildmat.2019.117756. 

[19] E. Paul, “Influence of superplasticizer on workability and strength of ambient cured alkali activated mortar,” 
Cleaner Materials, vol. 6, p. 100152, Dec. 2022, doi: 10.1016/j.clema.2022.100152. 

[20] G. Pazouki, “Fly ash-based geopolymer concrete's compressive strength estimation by applying artificial 
intelligence methods,” Measurement, vol. 203, p. 111916, Nov. 2022, doi: 10.1016/j.measurement.2022.111916. 

[21] B. Silva, AP Ferreira Pinto, A. Gomes, and A. Candeias, “Fresh and hardened state behavior of aerial lime mortars 
with superplasticizer,” Constr Build Mater, vol. 225, pp. 1127–1139, Nov. 2019, doi: 
10.1016/j.conbuildmat.2019.07.275. 

[22] ASTM C150. doi: 10.1520/C0150_C0150M-12. 

[23] ASTM C109. doi: 10.1520/C0109_C0109M-21. 

[24] ASTM C192. doi: 10.1520/C0192_C0192M-19. 

[25] U. Pott, C. Jakob, D. Jansen, J. Neubauer, and D. Stephan, “Investigation of the Incompatibilities of Cement and 
Superplasticizers and Their Influence on the Rheological Behavior,” Materials, vol. 13, no. 4, p. 977, Feb. 2020, 
doi: 10.3390/ma13040977. 

[26] Nicolas Roussel Nicolas, Understanding the Rheology of Concrete, 1st ed. France: Woodhead Publishing, 2011. 

[27] P. -C. Aïtcin and R. Robert Flatt, Science and Technology of Concrete Admixtures, 1st ed. 2015. 

[28] S. Umiati1, R. Thamrin2, and N. Harti3, "EFFECT OF SUPERPLASTICIZER ADDITION ON CONCRETE 
COMPRESSIVE STRENGTH," 2019. 

[29] Z. Guo, J. Qiu, H. Jiang, J. Xing, X. Sun, and Z. Ma, “Flowability of ultrafine-tailings cemented backfill paste 
incorporating superplasticizer: Insight from water film thickness theory,” Powder Technol, vol. 381, pp. 509–
517, Mar. 2021, doi: 10.1016/j.powtec.2020.12.035. 

[30] RF Suhardi, Firdaus, and M. Kasmuri, "EFFECT OF SUPERPLASTICIZER ADDITION ON THE COMPRESSIVE 
STRENGTH OF GEOPOLIMER CONCRETE MORTAR," Bina Darma Conferenceon Engineering Science, pp. 52–58  


