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Abstract. Concrete production accounts for up to 10% of total global CO2 

emissions, prompting the replacement of cement with environmentally 

friendly alternatives that have properties equivalent to conventional 

concrete, such as geopolymer concrete, which consists of a binder (fly ash) 

combined with an alkali activator (NaOH, Na₂SiO₃), filler or aggregate, 

water, and other additives. However, geopolymer concrete is not immune to 

cracking, so its necessary for self-healing technology using microorganisms 

such as Bacillus Megaterium bacteria which can survive inside concrete. The 

production of 15x30 cm test specimens began with bacterial inoculation, the 

crushing of test specimen waste into RCA, and the testing of material 

physical properties. The research results showed that the compressive 

strength was 30.35 MPa, while the compressive strength of geopolymer 

concrete and self-healing geopolymer concrete was 24.17 and 24.21 MPa, 

respectively. However, geopolymer concrete did not exhibit self-healing due 

to the 10M alkaline activator solution with a pH > 14. Although the 

compressive strength may exceed that of ordinary geopolymer concrete, the 

strong alkaline environment is not a suitable pH for Bacillus Megaterium 

bacteria. 

1 Introduction 

In Indonesia, cement consumption increased in 2024 and reached 65 million tons, with 

domestic consumption reaching around 13.6% or equivalent to 8.84 million tons. Its 

production results in the release of CO2 emissions proportional to the volume of cement 

produced [1], a significant carbon footprint accounting for 8-10% of global emissions [2]. 

Due to the high demand for concrete in construction, there is also a need for raw materials 

such as natural aggregates. Therefore, efforts are being made to replace cement with more 

environmentally friendly materials that have equivalent properties to cement. This has led to 

the development of an innovative green concrete which uses less cement, sand, aggregate, 

and water, without compromising quality, workability, durability, and performance. 
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Geopolymer concrete is cement-free concrete with properties equivalent to conventional 

concrete. Its composition consists of binding materials (slag, fly ash, truss) combined with 

alkaline solutions (NaOH, Na₂SiO₃, KOH, K₂SiO₃), filler/aggregate materials 

(environmentally friendly waste or recyclable materials), and water or other additives [3]. 

Cement is replaced with fly ash and supplemented with an alkali activator solution that reacts 

with the silica and alumina content in the fly ash, forming the geopolymer concrete binder. 

Fly ash can be used as an additive or substitute for up to 70% of the cement. However, the 

optimal substitution rate for fly ash in this study was 35% of the cement [4]. In previous 

studies, the addition of shell powder as fine aggregate at a rate of 5% to 30% in this study 

still falls under waterproof concrete [5]. Based on the research conducted, eggshell powder 

can be used as a fine aggregate substitute, and concrete waste can be used as a coarse 

aggregate substitute [6]. The compressive strength of concrete using concrete waste is higher 

than that of normal concrete, especially after 28 days. This is due to the presence of 

unhydrated cement residues on the surface of concrete waste aggregate particles, which react 

with water, thereby increasing the rate of strength development [7]. Thus, recycled concrete 

can be considered suitable as standard concrete, making it a viable material for concrete 

innovations [8]. 

However, the use of geopolymer concrete will inevitably result in cracking. Cracks such 

as plastic cracks due to sedimentation, thermal cracks triggered by temperature and humidity 

fluctuations, structural cracks due to external loading, and dry cracks primarily occurring in 

existing concrete can create pathways for harmful substances to enter the material and 

gradually deteriorate over time [9]. One innovation that can address this issue is self-healing 

concrete technology, which uses bacterial spores as healing agents. However, the use of 

Bacillus Megaterium bacteria in geopolymer concrete has not been extensively studied. The 

concept of self-healing concrete with bacteria is that when cracks occur, inactive bacterial 

spores become active [10]. Then, active bacterial cells convert calcium lactate (CaC6H10O6) 

into calcium carbonate (CaCO3) using oxygen. When the concrete experiences microcracks, 

the cracks cause the bacteria and calcium lactate present in the concrete mixture to fill and 

repair the cracks in the concrete [11]. The purpose of this study was to determine the 

compressive strength of normal concrete, geopolymer concrete, and geopolymer concrete 

based on Bacillus megaterium bacteria, as well as to determine the effect of Bacillus 

megaterium bacteria as a self-healing agent on cracks caused by compressive strength testing. 

2 Methodology  

This study used an experimental method, by collecting primary data in laboratory-scale 

testing with three stages. The initial stage or preparation stage of this research involved 

inoculating Bacillus Megaterium bacteria at the Bioprocess Laboratory, casting the 

cylindrical test specimens measuring 15x30 cm at the Stone and Concrete Laboratory, and 

testing the components of normal concrete and geopolymer concrete and producing test 

specimens at the Materials Testing Laboratory, Politeknik Negeri Bandung. The research 

flowchart can be seen in Fig. 1. 

  

   
E3S Web of Conferences 664, 05001 (2025)

ISSAT 2025
https://doi.org/10.1051/e3sconf/202566405001

2



 

Fig. 1. Research flowchart. 

During the implementation phase, which involves the production of normal concrete, 

geopolymer concrete, and self-healing geopolymer concrete, a trial mix design is first 

conducted to determine the optimal mixing method and composition for geopolymer concrete 

based on previous research, such as studies 11 and 12. The binder composition consists of 

65% fly ash and 35% alkali activator, with a binder-to-filler ratio of 30%:70. The ratio 

between coarse and fine aggregate fillers is 40%:30, and the ratio between NaOH solution 

and Na₂SiO₃ is 1:2.5. The final stage of this study is the analysis of the results from the 

material testing and concrete strength testing. 

  

   
E3S Web of Conferences 664, 05001 (2025)

ISSAT 2025
https://doi.org/10.1051/e3sconf/202566405001

3



3 Result and discussion 

3.1 Test results of normal concrete and geopolymer concrete 

 Material testing is used to determine the quality of materials to be used in the 

manufacturing process. Tests conducted include sieve analysis, specific gravity, moisture 

content, and absorption testing on fine aggregates, as well as volume density testing, water 

absorption, silt content testing, and abrasion testing on coarse aggregates for normal concrete 

were using standards [12-15]. Material testing of geopolymer concrete, such as fly ash, 

eggshell powder, shell powder, and RCA are refer to researches of [16-18]. 

Based on the material testing that has been carried out, the results of material testing for 

normal concrete can be seen in Tables 1, 2, and 3. Meanwhile, the results for geopolymer 

concrete can be seen in Tables 4, 5, 6, and 7. 

Table 1. Coarse aggregate test results. 

Types of Testing Standard Result 

Sieve analysis 

SNI 1969- 2016, 

ASTM C33-2003 

6,67 

Bulk specific gravity 2,58 

Absorb 2,6 % 

Silt content 2,9 % 

Solid specific gravity 1,43 gr/cm3 

Loose specific gravity 1,23 gr/cm3 

Abrasion 19,1 % 

Table 2. Fine aggregate test results. 

Types of Testing Standard Result 

Sieve analysis 

SNI 1969- 2016, 

ASTM 

C136 :2012 

5,71 

Bulk specific gravity 2,53 

Absorb 1,35 % 

Organic matter content 2 

Silt content 14,4 % 

Solid specific gravity 1,67 gr/cm3 

Loose specific gravity 1,54 gr/cm3 

Table 3. Cement test results. 

Types of Testing Standard Condition Result 

Specific gravity ASTM C-311 3 – 3,2 3 
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Table 4. Clampshell powder test results. 

Types of Testing Standard Condition Result 

Sieve analysis 

Alfuady et al., 2021 

1,5 - 3,8 3,3 

Absorb Maks. 4% 0,63 

Solid specific gravity - 0,64 

Bulk specific gravity Min. 2,4 0,74 

Water content 1 - 2 % 0,63 

Organic matter content - 2 
 

Table 5. Eggshell powder test results. 

Types of Testing Standard Condition Result 

Sieve analysis 

Karimah et al., 2020 

1,5 - 3,8 3,27 

Absorb Maks. 4% 0,53 

Solid specific gravity - 0,66 

Bulk specific gravity Min. 2,4 0,74 

Water content 1 - 2 % 1,53 

Organic matter content - 2 

Table 6. Recycle concrete aggregate test results. 

Types of Testing Standard Result 

Sieve analysis 

Sukri et al., 2025 

8,36 

Bulk specific gravity 2,61 

Absorb 2,5 % 

Silt content 0,72 % 

Solid specific gravity 1,628 gr/cm3 

Loose specific gravity 1,434 gr/cm3 

Abrasion 20,84 % 

Table 7. Fly ash test results. 

Types of Testing Standard Condition Result 

Sieve analysis 

Prasetia et al., 2019 

Maks. 3,4 1,85 

Specific gravity Min. 2,0 2,53 

Activity 2 2  

 

From the results of testing these materials, a mix design for normal concrete was obtained 

from  SNI 7656:2012. In the other hand, a mix design for geopolymer concrete based on [19, 

20], and trial n error testing results. 

Table 8. Mix design of normal concrete for 1 specimen. 

Specimen 
Composition (Kg) 

Cement Coarse Aggregate Fine Aggregate Water 

Cylindrical 15x30 cm 2,088 5,754 3,582 0,980 

Table 9. Mix design of geopolymer concrete for 1 specimen. 

Specimen Composition Kg 

Cylindrical 

15x30 cm 

Fly Ash 2,54 

Fine Aggregate (Eggshell) 1,65 

Fine Aggregate (Clampshell) 2,16 

Coarse Aggregate (RCA) 5,09 

Water 1,27 

NaOH (10 M) 0,282 

Na2SiO3 0,705 
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Table 10. Mix design of geopolymer concrete with self-healing agent for 1 specimen. 

Specimen Composition Kg 

Cylindrical 

15x30 cm 

Fly Ash 2,54 

Fine Aggregate (Eggshell) 1,65 

Fine Aggregate (Clampshell) 2,16 

Coarse Aggregate (RCA) 5,09 

Water 1,27 

NaOH (10 M) 0,282 

Na2SiO3 0,705 

Bacillus Megaterium 0,025 

Calcium Lactate 0,05 

3.2 Strength   

Compressive strength testing of concrete cylinders refers to SNI 1974:2011. The compressive 

strength test results can be seen in Table 11. 

Table 11. Compressive strength test results. 

Code 
Period 

(Day) 

Dimension (mm) Area 

(mm2) 

Weight 

(gr) 

Compressive 

Strength (MPa) D T 

BK1 

28 

150 301 17662,50 11682 30,29 

BK2 148 298 17194,64 11434 30,13 

BK3 150 305 17662,50 11147 30,63 

BG-1 150,70 301 17832,47 13104 24,68 

BG-2 151 300,70 17898,79 12968 24,36 

BG-3 150,80 302 17839,57 13050 22,80 

B-SH-G1 150,15 29,90 17697,84 12364 26,16 

B-SH-G2 152,25 300 18196,35 11395 22,64 

B-SH-G3 151,30 300 17969,98 11967 23,82 

 

 

Fig. 2. Comparison of compressive strength of normal concrete, geopolymer concrete, and self-

healing based geopolymer concrete 

 

Based on the results of the compressive strength test (Fig. 2), it was found that the average 

compressive strength of the control concrete was 30.35 MPa, the geopolymer concrete had 
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an average compressive strength of 23.17 MPa, while the self-healing geopolymer concrete 

had an average compressive strength of 23.21 MPa. Therefore, it can be concluded that the 

control concrete consistently exhibits the highest compressive strength, the geopolymer 

concrete and self-healing geopolymer concrete showed compressive strength reductions of 

approximately 21.1% and 20.2%, respectively, compared to normal concrete.  

4 Conclusion 

In conclusion, although geopolymer concrete has lower compressive strength than 

conventional concrete, the addition of Bacillus Megaterium bacteria can improve its 

performance and has potential for further development. Because it uses waste aggregates 

such as eggshell and shell powder and concrete test specimen waste, the decrease in 

compressive strength in geopolymer concrete is likely influenced by the physical and 

mechanical properties of waste aggregates, which differ from natural aggregates. Waste 

aggregates generally have higher porosity, less ideal particle shape, and lower bonding 

strength, so they can only be used as fillers or additives, or combined with alkali activators 

in geopolymer concrete. The addition of Bacillus megaterium bacteria is expected to increase 

compressive strength compared to ordinary geopolymer concrete and improve post-

compressive microcracks. However, the concrete tested did not exhibit self-healing, but only 

an increase in compressive strength. 

This shows that although conventional concrete is still superior in terms of compressive 

strength, bacteria-based geopolymer concrete has the potential to be further developed to 

approach or even exceed the performance of conventional concrete. Therefore, further 

research is needed on the use of Bacillus Megaterium bacteria in geopolymer concrete to 

achieve a self-healing mechanism. 

The geopolymer concrete did not undergo self-healing due to the alkaline activator 

solution with a molarity of 10M containing a pH > 14. An alkaline environment with a high 

pH is not suitable for the life of Bacillus Megaterium bacteria. Therefore, as a 

recommendation for future improvements, the concentration of the solution and the method 

of mixing the bacteria need to be reevaluated. 
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