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Abstract. The consumption of raw materials in the construction industry is
rapidly increasing each year. Therefore, the construction industry has started
turning to sustainable alternative materials, especially concrete and mortar.
This research aims to assess the effect of fly ash and stone dust (as alternative
materials) in mortar mixtures. For this purpose, mortar samples were
prepared by substituting 100% fine aggregate (sand) with stone dust.
Additionally, the cement replacement ratio with fly ash was set at 25%, 30%,
and 35%. To evaluate the effect of water to binder (w/b) ratio, mortar
samples were prepared with w/b ratios set at 0.3, 0.35, and 0.4. Furthermore,
samples were cured for 7, 28, 42, and 90 days. The mortar samples were
made according to SNI 03-6825-2002, with dimensions of 5x5x5 cm. The
results show that different w/b and fly ash ratios affect mortar’s compressive
strength. Mortar mixtures with a w/b ratio of 0.35 and a 35% replacement
ratio of cement with fly ash are suggested as optimal due to their impressive
compressive strength outcomes and environmentally friendly composition.
Furthermore, it was also observed that 42 days is the most effective curing
period for mortar with fly ash and stone dust.

1 INTRODUCTION

The rapid growth of infrastructure that occurs globally, especially building construction, has
led to an increase in the use of natural materials. This issue has been predicted by the
Organization for Economic Co-operation and Development (OECD), estimating that, by
2060, global consumption of construction raw materials will continue to increase [1].
Therefore, Hertwich et al. proposed that the construction industry should set efficient
strategies for using raw materials [2]. This is important for good ecosystem preservation and
mitigating the effects of global warming.

Current technological developments, especially in construction materials, can be used for
natural material reservation purposes. Many studies have found that industrial waste can be
used as cement or aggregate substitutes [3]-[8]. It has been reported that this waste is
compatible as a substitute for cement and aggregate and gives sufficient and even greater
compressive strength of concrete [9]-[13]. Moreover, utilizing this waste as a building
material is not only for producing concrete but also for mortar, pavements, soil stabilization,
ete. [14]-[19].
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In the construction industry, especially in Indonesia, the use of mortar is very common.
Mortar serves various purposes, not only for bricklaying but also for plastering walls,
installing tiles, and more. The demand for cement and aggregate used for mortar mixes is
exceptionally high. Therefore, there is a growing need to explore alternative materials for
mortar production. An alternative material to replace natural sand in making mortar is stone
dust, derived from the waste produced by crushed stone factories. Typically, this waste holds
little value and is used only as backfill material. Furthermore, the effective disposal of stone
dust has posed challenges [8].

Another material from waste often used as a mortar or concrete mixture is fly ash, which
comes from coal-fired power plant waste. Fly ash is classified as a pozzolan, making it a
suitable substitute for cement [6], [20]-[22]. PT. PLN (Persero) Electricity Supply Business
Plan (RUPTL) 2021-2030 data shows that coal-fired power plants play a dominant role in
South Kalimantan. Kalimantan’s coal demand is estimated to be around 9-10 million tons by
2030 [23]. Assuming that about 5% of fly ash and bottom ash (FABA) is produced from coal
combustion, it amounts to at least 450,000 tons of FABA waste generated annually [24].
However, as per the 2018 PLTU Asam-Asam report, the utilization rate of FABA 1is only
around 5-10% [25]. Failure to optimize its use could lead to challenges in managing FABA
waste effectively.

Many studies have been conducted on fly ash and stone dust. Based on previous studies,
a 20-100% substitute of natural sand with stone dust gives satisfying results in concrete and
mortar strength [9], [26]. In addition, Sulistyoini et al. have conducted research combining
fly ash and stone dust as a partial replacement for cement [27]. The result shows promising
effects of fly ash and stone dust, especially with 10% fly ash and 10% stone dust as cement
replacement.

In this study, a 100% replacement of natural sand with stone dust in a mortar mixture was
carried out to increase the utilization of stone dust waste. Moreover, the use of fly ash as
cement replacement was proposed in the mortar mixtures with replacement ratios of 0%,
25%, 30%, and 35%. The effect of water to binder (w/b) ratio in the mortar mixture was
studied with w/b ratios of 0.3, 0.35, and 0.4. Due to fly ash being pozzolan, sample curing
was undertaken for up to 90 days. The results of these experimental studies are anticipated to
provide valuable insights into the impact of fly ash and stone dust on mortar strength. It is
also hoped to recommend sustainable green mortar mixtures in the construction industry.

2 MATERIAL AND METHODS

2.1 Materials

This study used Portland Composite Cement (PCC) from I Co, Ltd. The fly ash was obtained
from South Kalimantan coal-fired power plants (PLTU) Asam-Asam. Moreover, the stone
dust was obtained from Katunun Quary in Pelaihari, South Kalimantan. Table 1 presents the
chemical composition of fly ash, and Table 2 displays the fly ash class. In addition, Table 3
illustrates the properties of the stone dust.

Table 1. Chemical composition of fly ash. [28].

SiO2 ALO3 Fe203 CaO MgO SOs Na;O K20 MnO:
40.92% 10.08% | 23.51% 12.86% | 8.97% | 0.82% | 0.26% | 0.74% | 0.49%

Table 2. Classification of coal ash from PLTU Asam-Asam.

Sample SiO:z + ALOs + Fe203 SiO2 SOs Class
Fly Ash 74.51% 40.92% 0.82% Class C




E3S Web of Conferences 476, 01034 (2024) https://doi.org/10.1051/e3sconf/202447601034
AISCE 2023

Table 3. Physical properties of stone dust.

Water Content | Bulk Density | Specific Gravity | Water Absorption
3.2% 1.58 gr/cm? 2.65 0.87%

2.2 Methods

The study was conducted using 288 mortar samples, classified into 12 variations. The
replacement ratios of cement with fly ash were 0%, 25%, 30%, and 35%. Meanwhile, the
w/b ratio was set at 0.3, 0.35, and 0.45, and the curing times were set at 7, 28, 42, and 90
days for all samples. Samples were prepared according to SNI 03-6825-2002 with the mixture
based on a cement aggregate weight ratio of 1:3. Three variations of mortar samples (parts
of 12 variations) were prepared using natural sand from the Barito River as a control sample
to analyze the effects of fly ash and stone dust on mortar strength. Curing and testing methods
were undertaken based on SNI 03-6825-2002 [29]. Table 4 presents the mixture proportions
of the mortar samples.

Table 4. The mixture proportions for six mortar samples.

No | sample | wh | ash | Dust | Coment | b dsi | Water | Nawral | Stone
%) | (%)

1 MNWO0.3 0.30 | 0% 0% 500 0 150 1500 0

2 MNWO0.35 | 035 | 0% 0% 500 0 175 1500 0

3 MNWO0.4 040 | 0% 0% 500 0 200 1500 0

4 MF25W0.3 | 0.30 | 25% | 100% 375 125 150 0 1500
5 | MF25W0.35 | 0.35 | 25% | 100% 375 125 175 0 1500
6 MF25W0.4 | 0.40 | 25% | 100% 375 125 200 0 1500
7 MF30W0.3 | 0.30 | 30% | 100% 350 150 150 0 1500
8 | MF30W0.35 | 0.35 | 30% | 100% 350 150 175 0 1500
9 MF30W0.4 | 0.40 | 30% | 100% 350 150 200 0 1500
10 | MF35W0.3 | 0.30 | 35% | 100% 325 175 150 0 1500
11 | MF35W0.35 | 0.35 | 35% | 100% 325 175 175 0 1500
12 | MF35W0.4 | 0.40 | 35% | 100% 325 175 200 0 1500

3 Results and discussion

3.1 Compressive strength

The compressive strength results for mortar samples cured at 7, 28, 42, and 90 days are shown
in Figures 1 to 4. For the 7-day samples (Figure 1), generally, it is noted that samples with
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higher w/b ratio exhibited better compressive strength. Samples with 35% fly ash and 100%
stone dust (MF35W0.4) with w/b set at 0.4 had a better strength than the normal mortar
(11.59 MPa). However, samples with less fly ash content had lower compressive strength
than the normal mortar samples.

Similarly, for the 28-day samples (Figure 2), a parallel pattern to the 7-day samples was
noticeable. The higher w/b and fly ash ratio led to better yield. In addition, a significant
increase in compressive strength could be found for normal samples, especially for the
MNWO0.4 sample. The cement hydration and strength development occur within the first
month, yielding a significant increase in strength for normal mortar [30]. Furthermore, as a
pozzolan, fly ash samples undergo a pozzolanic reaction, leading to a slower strength
development effect than the hydration process. Therefore, only a slight increase could be
observed in all fly ash samples.
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On the contrary, normal samples at a 42-day curing period showed a decrease in strength
(Figure 3). Theoretically, the strength of PCC mortar could continue to increase even up to
91 days [31]. This phenomenon could be due to the formation of shrinkage micro cracks
occurring on the samples [32]. With the hydration process being slow or completed in 28
days, there was no increase in strength in the mortar matrix. Therefore, microcracks were not
repaired, and strength at 42 days was reduced. However, different patterns could be seen for
fly ash samples. After 28 days, fly ash samples yielded a better strength due to the pozzolanic
reaction, showing a significant effect after 28 days [12].

The decrease in mortar strength becomes more pronounced at 90 days (Figure 4). It seems
that the pozzolanic reaction of fly ash mortar was completed. Thus, the same as the normal
mortar, no C—S—H (and C—S—A—H) was produced to fill pores or microcracks in mortar. As
a result, the reduction in its mechanical properties became more prominent. However, at 90
days of curing, samples with fly ash showed better compressive strength, especially for 0.35
and 0.4 w/b ratios. Based on these experimental results, it is recommended to use fly ash and
stone dust for mortar with 0.35 or 0.4 w/b and substitute cement with 35% fly ash.
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Fig 3. Average compressive strength test results for the 42-day samples.
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3.2 ANOVA Results

In this study, the significance levels of sample variation and curing times affecting the
compressive strength were determined by ANOVA. A larger F-value (compared to F crit
value) and p-value less than 0.05 indicate that the variation of mortar mixtures and curing
times affect mortar’s compressive strength. Table 5 presents the ANOVA test results.

Table 5. Results of ANOVA for the compressive strength of mortar

Source of Variation SS df MS F P-value Fcrit
Curing Times 469.48 3 156.49  55.85 2.01819E-27 2.64
Mortar Mixtures 1678.57 11 152.60  54.46 6.2766E-59 1.83
Interaction 436.89 33 13.24 4.73 4.87167E-13 1.49
Within 672.44 240 2.80

Total 3257.38 287

Table 5 shows that sample variation and curing times affect the compressive strength, as
indicated by the p-value below 0.005 and F-value greater than F crit. In addition, the ANOVA
result also showed an interaction between curing times and mortar mixtures, affecting the
compressive strength of mortars. The results from the ANOVA test contribute to the
confidence in the compressive strength test results of mortar. This result may also emphasize
the recommendations for using fly ash and stone dust in mortar applications.

4 CONCLUSION

This recent study aims to analyze the effect of fly ash and stone dust on improving the
compressive strength of mortar. For this purpose, 288 mortar samples were prepared and
divided into 12 different fly ash compositions, w/b ratios, and curing time. Based on the
compressive strength results, the highest strength was obtained from the MNO0.4 sample
(16.20 MPa) at 28 days of curing times. In the fly ash samples, the highest compressive
strength was found at MF35W0.35 samples, with a compressive strength of 14.73 MPa.
Despite the slightly lower compressive strength observed in these results, utilizing fly ash
and stone dust remains a viable recommendation. Moreover, the difference in strength is also
not very significant, mainly when using a 35% cement replacement ratio with fly ash. In
addition, the influence of the w/b ratio could also be observed on the mortar’s compressive
strength. However, the difference is less pronounced for w/b of 0.35 and 0.4.

Furthermore, the experimental results were also confirmed with the ANOVA test results.
There is a correlation between curing time and mixture variations of mortar, affecting the
compressive strength. The experimental results and ANOVA test can ensure that fly ash,
stone dust, and w/b in mortar variations significantly affect compressive strength. Thus,
regarding natural material conservation, it is recommended to use a 35% replacement ratio
of cement with fly ash and a 100% replacement ratio of natural sand with stone dust in the
mortar mixture. As for the w/b ratio, it can range between 0.35 and 0.4.

In addition, a decrease in strength was observed after 28 days for normal mortar samples
and 42 days for mortar samples containing fly ash and stone dust. As an initial analysis, this
is possibly due to the formation of microcracks caused by shrinkage in the samples. Thus,
further research regarding curing time and the curing method of mortar samples could be
proposed to investigate this phenomenon. Detailed tests such as porosity tests and SEM-EDS
can be performed to determine the mechanism behind mortar strength development over 28
days of curing time or more.



E3S Web of Conferences 476, 01034 (2024) https://doi.org/10.1051/e3sconf/202447601034
AISCE 2023

References

1. OECD, “Global Material Resources QOutlook to 2060: Economic Drivers and
Environmental ~ Consequences.”  Paris:  OECD  Publishing, 2019. doi:
10.1787/9789264307452-en.

2. E. Hertwich, R. Lifset, dan N. Heeren, “Resource Efficiency and Climate Change:
Material Efficiency Strategies for a Low-Carbon Future.” Nairobi: United Nations
Environment Programme, 2020. [Daring]. Tersedia pada:
https://www.resourcepanel.org/reports/resource-efficiency-and-climate-change

3. A. Rashad, “Cementitious materials and agricultural wastes as natural fine aggregate
replacement in conventional mortar and concrete,” J. Build. Eng., vol. 5, hal. 119-141,
2016, doi: 10.1016/j.jobe.2015.11.011.

4. A.Narayanan, A. Mary, G. Hemnath, dan K. Sampaul, “Replacement of fine aggregate
with sawdust,” Int. J. Adv. Res. Basic Eng. Sci. Technol., vol. 3, no. 35, hal. 206-210,
2017.

5. L Prasetia, D. P. Putera, dan A. Y. Pratiwi, "Mechanical performance of mortar and
concrete using Borneo wood sawdust as replacement of fine aggregate," in IOP
Conference Series: Earth and Environmental Science, 2022. doi: 10.1088/1755-
1315/999/1/012001.

6. 1. Prasetia, M. Syauqi, dan A. S. Aini, "Application of central Kalimantan coal ash as a
sustainable construction material," in IOP Conference Series: Earth and Environmental
Science, 2021. doi: 10.1088/1755-1315/758/1/012011.

7. K. Poorveekan, K. M. S. Ath, A. Anburuvel, dan N. Sathiparan, “Investigation of the
engineering properties of cementless stabilized earth blocks with alkali-activated
eggshell and rice husk ash as a binder,” Constr. Build. Mater., vol. 277, hal. 122371,
2021, doi: 10.1016/j.conbuildmat.2021.122371.

8. G.Jadhav, K. Bhagwat, G. Amit, dan N. Akshay, “Crushed stone waste as fine aggregate
for pumped concrete,” Int. J. Adv. Res. Sci. Eng., vol. 07, no. 04, hal. 593-602, 2018.

9. 1. Prasetia dan A. Maulana, “Effects of crushed stone waste as fine aggregate on mortar
and concrete properties,” in IOP Conference Series: Materials Science and Engineering,
2019. doi: 10.1088/1757-899X/620/1/012040.

10. P. Rubio de Hita, F. P. Galvez, M. J. M. Conde, dan C. R. Linan, “Reuse of ceramic
demolition waste in the reconstruction of planked timber floor slabs,” Open Constr.
Build.  Technol. J., vol. 11, mno. 1, hal. 124-135, 2017, doi:
10.2174/1874836801711010124.

11. S. Mahdi dkk., “Prediction of concrete strength in presence of furnace slag and fly ash
using hybrid ann-ga (artificial neural network-genetic algorithm),” Smart Struct. Syst.,
vol. 25, no. 2, hal. 183-195, Feb 2020, doi: 10.12989/SSS.2020.25.2.183.

12. I. Prasetia dan M. F. Rizani, “Analysis of fly ash from pltu asam-asam as a construction
material in terms of its physical and mechanical properties,” MATEC Web Conf., vol.
280, hal. 04013, 2019, doi: 10.1051/matecconf/201928004013.

13. I. Prasetia, “The effectiveness of high quality supplementary cementitious materials for
mitigating asr expansion in concrete with high alkali content,” Eng. Technol. Appl. Sci.
Res., vol. 5, no. 5, hal. 854-859, 2015, [Daring]. Tersedia pada: www.etasr.com

14. A. Ameli, R. Babagoli, N. Norouzi, F. Jalali, dan F. Poorheydari Mamaghani,
“Laboratory evaluation of the effect of coal waste ash (cwa) and rice husk ash (rha) on
performance of asphalt mastics and stone matrix asphalt (sma) mixture,” Constr. Build.
Mater., vol. 236, hal. 117557, 2020, doi: 10.1016/j.conbuildmat.2019.117557.

15. P. G. Kumar dan S. Harika, “Stabilization of expansive subgrade soil by using fly ash,”
Mater. Today Proc., vol. 45, no. xxxx, hal. 6558-6562, 2020, doi:
10.1016/j.matpr.2020.11.4609.



E3S Web of Conferences 476, 01034 (2024) https://doi.org/10.1051/e3sconf/202447601034
AISCE 2023

16. L. Prasetia dan R. A. Akhbar, “Pengaruh perbedaan kualitas limbah keramik terhadap
sifat mekanis blok perkerasan,” Jalan-Jembatan, vol. 40, no. 1, hal. 44-53, 2023,
[Daring]. Tersedia pada:
https://binamarga.pu.go.id/jurnal/index.php/jurnaljalanjembatan/article/view/1174

17. L. G. Li, Z. Y. Zhuo, J. Zhu, dan A. K. H. Kwan, “Adding ceramic polishing waste as
paste substitute to improve sulphate and shrinkage resistances of mortar,” Powder
Technol., vol. 362, hal. 149-156, 2020, doi: 10.1016/j.powtec.2019.11.117.

18. A. Ghosh, A. Ghosh, dan S. Neogi, “Reuse of fly ash and bottom ash in mortars with
improved thermal conductivity performance for buildings,” Heliyon, vol. 4, no. 11, hal.
¢00934, 2018, doi: 10.1016/j.heliyon.2018.e00934.

19. A. Y. Pratiwi, I. Prasetia, M. Yahya, dan R. Effendi, “Investigation of enhancing
industrial waste as a soft soil stabilizer,” IOP Conf. Ser. Earth Environ. Sci., vol. 999,
no. 1, hal. 0-6, 2022, doi: 10.1088/1755-1315/999/1/012029.

20. A.R.Patil dan S. B. Sathe, “Feasibility of sustainable construction materials for concrete
paving blocks: a review on waste foundry sand and other materials,” Mater. Today Proc.,
vol. 43, no. xxxx, hal. 1552-1561, 2020, doi: 10.1016/j.matpr.2020.09.402.

21. R. K. Majhi dan A. N. Nayak, “Properties of concrete incorporating coal fly ash and coal
bottom ash,” J. Inst. Eng. Ser. A, vol. 100, no. 3, hal. 459469, 2019, doi:
10.1007/s40030-019-00374-y.

22. T. Vachal, R. Sulc, dan M. Sofron, “Modification of selected fly ash for use in concrete,”
AIP Conf. Proc., vol. 2322, no. February, 2021, doi: 10.1063/5.0042038.

23. PT. PLN (PERSERO), “Rencana usaha penyediaan tenaga listrik (ruptl) pt pln (persero)
2021-2030.,” 2021.

24. F. Anggara, H. T. B. M. Petrus, D. A. A. Besari, H. Manurung, dan F. Y. A. Saputra,
“Tinjauan pustaka karakterisasi dan potensi pemanfaatan fly ash dan bottom ash (faba),”
Bul. Sumber Daya Geol., vol. 16, no. 1, hal. 53—70, 2021.

25. PLTU Asam-Asam, “Laporan klasifikasi kelas, rencana program, dan rencana biaya
pengelolaan fly ash dan bottom ash,” Pelaihari, 2018.

26. K. Dhiman dan R. Kumar, “AN experimental study on the strength characteristics of
concrete using crushed stone dust as fine aggregate,” Int. J. Eng. Res. Manag. Stud., vol.
4, no. 3, hal. 4348, 2017.

27. D. Sulistyoini, D. Langga, C. Galuh, dan M. Azizan, “The compressive strength of fly
ash and stone dush in concrete,” hal. 31-35, 2022.

28. Mariamah, N. Chairunnisa, dan R. Nurwidayati, “The effect of natrium hydroxide
molarity variation and alkali ratio on the compressive strength of geopolymer paste and
mortar,” IOP Conf. Ser. Earth Environ. Sci., vol. 1184, no. 1, hal. 012025, 2023, doi:
10.1088/1755-1315/1184/1/012025.

29. Indonesia, “Metode Pengujian Kekuatan Tekan Mortar Semen Portland Untuk
Pekerjaan Sipil, SNI 03-6825-2002.” Jakarta: BSN, 2002, hal. 1-9.

30. S. H. . Kosmatka dan M. L. Wilson, “Design and Control of Concrete Mixtures,” 15th
ed. Skokie, Illinois, USA: Portland Cement Association, 2011.

31. M. A. Caronge, M. W. Tjaronge, H. Hamada, dan R. Irmawaty, “Effect of water curing
duration on strength behaviour of portland composite cement (pcc) mortar,” IOP Conf.
Ser. Mater. Sci. Eng., vol. 271, no. 1,2017, doi: 10.1088/1757-899X/271/1/012018.

32. J. Kubica dan I. Galman, “Investigations on flexural and compressive strengths of mortar
dedicated to clinker units—influence of mixing water content and curing time,”
Materials (Basel)., vol. 15, no. 1, 2022, doi: 10.3390/mal15010347.



