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Abstract 
 
Bacterial concrete is one of the methods of rectifying the micro-cracks 

developed in the structural elements made of concrete. The effect of 

sugarcane fibres on the durability of bacterial concrete is presented in this 

paper. The gram-positive type bacteria Bacillus subtilis was used with cell 

concentration of 106. The optimized percentage replacement of fine 

aggregates with sugarcane fibres of grain size less than 4.75 mm was 0.1 %. 

The qualitative analysis such as such as Scanning Electron Microscopy 

(SEM) and X-Ray Diffraction (XRD) Analyses were conducted which 

provided satisfactory results.  Rapid chloride penetration test and Ultrasonic 

Pulse Velocity Test (UPV) were also performed to predict the durability 

behaviour of Conventional Concrete (CC), Bacterial Concrete (BC) and 

Bacterial Concrete with Sugarcane fibres (SBC) at 28 days, 56 days and 84 

days. The SBC samples were found with better hydrated form, good 

homogeneity and less pores due to the formation of CaSiO (C-S-H gel).  Ca 

and Si contents are more for SBC specimens as per the XRD results when 

compared to the CC and BC which contributed to higher compressive 

strength of SBC over CC and BC. The chloride ion penetration was less for 

SBC samples compared to the CC and BC samples. The quality of concrete  
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in terms of pulse velocity is maximum for bacterial concrete with sugarcane 

fibres at 84 days. From the point of durability aspects, the usage of sugarcane 

fibres with bacterial concrete are preferred to bacterial concrete and 

conventional concrete.   

 

 

Keywords: Bacterial Concrete (BC), Sugarcane fibres (SBC), SEM, XRD, 

Chloride Penetration 

 

 
1 Introduction 
 

Concrete is generally used as a building material because it is readily 

available and cheap. The development in construction leads to pollution, heat 

production, Co2 emission and consumes large number of natural resources. 

So, the sustainable materials are the next choice to minimize the pollution. 

The durability of concrete is the main criteria to decide its life span. Crack 

formation in concrete structures is the reason for strength loss. They offer 

substances such as chlorides, carbon dioxide, oxygen and water to enter into 

it which leads to corrosion. Healing of cracks is necessary to strengthen the 

concrete structures and to increase the life span and to serve the purpose for 

which it is intended. Bacterial concrete is a new invention of crack healing in 

an environmentally friendly manner. The cracks usually grow over time as a 

result of a number of factors, such as plastic shrinkage in a liquid form before 

the concrete has hardened, and drying shrinkage after it has hardened. As a 

result, these cracks weaken the concrete's water-repellent ability, rendering it 

vulnerable to substances like moisture, chloride, sulphates, bromine, etc. 

Therefore, enhancing the properties of hardened concrete in the aspect of 

crack reduction is a significant objective in concrete technology. The 

compressive strength of bacterial concrete is improved as the voids are 

packed by calcite precipitation. The presence of calcite minerals in EDX 

analysis was the indication of concrete healing. [19]. Jonkers stated that the 

bacterial products contain C, O and Ca minerals. Then, there is a presence of 

calcium carbonate (CaCO3) which fills the cracks. [2] 

  Sugarcane fibres are waste products of the sugar industry which are to be 

disposed after the juice is extracted from the crushed sugarcane. The addition 

of sucrose fibres as a pozzolanic material in concrete or mortar mixtures as a 

partial substitute has a promising environmental impact, as it minimizes 

issues associated with landfill disposal. Production of sugarcane in India is 

around 300 million tonnes per year, with sufficient sugarcane fibres available 

in the sugar industry. Sugarcane fibres are mainly used in the sugar industry 

while the remaining fibres are dumped in landfills. Silica found in the 

pozzolan interacts with the free lime during hydration, forming CaSiO (C-S-

H). The addition of cement, aggregates, and mineral admixtures during the 

hydration process produces an improved CSH gel which improves the  
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mechanical properties of hardened concrete Conversely, the amount of time 

it takes to be hydrated depends on the porosity, which also increases the por 

structure and permeability of mortar and concrete. Figure 1 shows the raw 

extraction of sugarcane fibres. The validation tests such as Scanning electron 

microscope (SEM) and Energy Dispersive X-ray (EDX)  were conducted for 

the CC,BC and SBC  samples. SEM was used to find the role of calcite in 

improving the strength and durability of concrete. Energy Dispersive X-ray 

(EDX) was to check the composition of the SBC samples. 

 

 

 
 

Figure 1. Raw Extraction of Sugarcane Fibres 

 

 

2 Literature Review 
 

They (Asagekar et al, 2013) discovered that sugarcane fibres have many 

characteristics. This investigation describes the essence of the crystalline 

fibres, their fineness, and their tenacity in detail [2]. Researchers at the 

Institute of Malnourished Sugarcane produced a research on both the 

morphological and mechanical characteristics of the sugarcane bagasse 

fibres. Mechanical properties, absorption, and the morphology of the surface 

fibres (both absorbance and refractive index) are described in the analysis 

[1]. 

To carry out a thorough literature review has been done to examine the 

bacteria's interaction with concrete and a number of studies are included in 

the document. Bacterial calcite precipitation was studied in relation to cube 

intensity by Jagadeesh Kumar and his colleagues (2013). The experiments 

have shown that bacterial precipitation of cubes takes place on seven, 

fourteen, and twenty-eight days. In concrete experiments, three bacterial 

strains were isolated: Bacillus flexus, Bacillus sphaericus, and Bacillus  
 



                                                                                                                  
 

 

 

 

 

2413 P. Kala et al 

 

pastorum. Calcium-rich Calcite precipitates tend to account for much of the 

rise in compressive strain. Also, the bacterial mineralization was quantified 

with x-ray diffraction [5]. The microbiologists in Manikandan et al. 

researched the effects of Bacillus subtilis on concrete mineral precipitation.  

Ordinary concrete was tested with three batches of water and one culture 

of bacteria A laboratory mix was made up of liquid and solid bacteria, with a 

water-to-cement ratio of 2.5 and a microorganism content of 0.25 It was 

performed on the 3rd, 7th, and 28th days and the strength of the compacted 

material was found to be increased due to CaCO3 deposition in the microbial 

matrix. It was discovered that subtilis freezes at –30 degrees Celsius. It was 

discovered that at temperatures of 700 C, it had perished. Bacterial concrete 

yielded greater strength [4]. This study revealed SEM calcite crystals 

scattered over the surface of the specimen Self-Healing Depands tested the 

self-reinforced concrete with silica fume and GGB. Add 2.5%, 5%, 7.5%, 

12.5% and 15% as a binder to cubes to concrete and 3% of cement with 

GGBS was used as well. When the 28 days were finished, samples were 

checked to see how long they could handle before splitting. After the 28-day-

day compressive strength checks, the preloaded concrete samples were 

measured for susceptibility to sorption. GGBFS supplied concrete's full 

compressive strength 12[3]. The silica fume as a mineral admixture amount 

was at the sweet spot (12.5%) to determine whether it has the same bacterial 

count as non-fly-based bacterial concrete, Chithra et al. did fly ash-based 

bacterial concrete research to see whether it has the same bacterial count as 

non-fly concrete (2016). The cells of the bacterium subtilis bacterium strain 

were cultured at concentrations of 103, 105, and 107/ml, with 107/ml and 10 

percent of fly ash substituted for. After 28 and 56 days of concrete curing, 

the Compressive, Split-Tensile, and Ultrasound properties were measured 

and evaluated after use of the split ratio of M30 grade was finished, 

Compressive, Flexural and Split-Tensile were then measured after use of 

Ultrasonics." The Ultrasonic Pulse values, the Fly Ash strength, the 

Ultrasonic Velocity, and the tensile strength of Fly Ash are listed as 

alternatives for cement. The bacteria, which generated an increase in fly ash 

concrete power, precipitated a more concentrated cell mass of CO2 in the 

petri dish [6]. 

 

 

3 Materials Used 
 
3.1 Cement 

 
A cement is a binder that is used for building and that sets and hardens 

other materials that are combined [27]. Cement is rarely used in its raw form, 

but is used to join sand and aggregate together. Ordinary Portland Cement 53 

grade of specific gravity 3.10 conforming to IS: 12269, was used as a binding 

material for concrete. 
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3.2. Fine Aggregate 

 
The fine aggregates available in the nearby area free from residue and 

dirt were collected and its properties were studied. Residue and dirt content 

have been limited to the most extreme 5% of the material, and it needs to be 

freed from the natural contaminations [16]. 

 

 

3.3 Coarse Aggregates 

 
Crushed concrete, recycled concrete, coarse- to fine-grained particulate 

material used in building, such as sand, gravel, slag, and geosynthetic 

materials, are collectively referred to as "as construction aggregate [7]." The 

coarse aggregates used were well graded, conforming to IS specifications and 

of 20 mm size. 

 

3.4. Bacteria 
 

The gram-positive type bacteria Bacillus subtilis was used with cell 

concentration of 106. The original sample was 1010, later it was diluted in 

stages to bring the cell concentration of 10 6. The percentage replacement of 

bacterial solution with water cement ratio was 1%. This bacterium is heat 

resistant and resistant to acid and alkali attack [8-10]. 

Bacterial concrete was incorporated with sugarcane fibres of grain size 

less than 4.75 mm and percentage replacement of fine aggregates with 

sugarcane fibres was 0.1%.  The bacterial nutrient calcium lactate of 1% was 

also added to activate bacterial process [11-14]. Figure 2 shows the structure 

of Bacteria Bacillus Subtilis. 

 

 

 
 

Figure 2. Structure of Bacteria Bacillus Subtilis 
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3.5. Bacterial Nutrient 
 

The purpose of adding bacterial nutrient is to activate the precipitation 

process. The bacterial nutrient used was calcium lactate of 1 % with the 

replacement of cement. 

 

 

3.6. Sugarcane Fibres 
 

The sugarcane fibres were collected after juice extraction and properly 

dried and cleaned well [15]. These fibres were ground well in a laboratory 

ball mill to make a grain size less than 4.75 mm for the replacement (0.1 %) 

of fine aggregates. Figure 3 shows the sugarcane fibres used [17-21]. A 

decrease in the particle size of Sugarcane fibres contributes to improvements 

in the pozzolanic activity. 

 

 
 

Figure 3. Sugarcane Fibres 

 
4 Experimental Investigations 
 

This paper presents the durability assessment of the samples CC, BC and 

SBC. The mix proportion, study of materials properties, optimization of 

sugarcane fibre grain size and percentage replacement of fine aggregates, 

bacterial cell concentration and mechanical properties of the samples of 

conventional concrete (CC), bacterial concrete (BC), and bacterial concrete 

with sugarcane fibres (SBC) are already found out [23]. 

Four experiments were performed to predict the durability behavior of 

Conventional Concrete (CC), Bacterial Concrete (BC) and Bacterial 

Concrete with Sugarcane fibres (SBC)such as Scanning Electron Microscopy 
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 (SEM), X-Ray Diffraction (XRD), Rapid Chloride Permeability Test 

(RCPT)and Ultrasonic Pulse Velocity Test (UPV). 

 

4.1 Scanning Electron Microscopy (SEM) 

 
An SEM is an electron microscope that utilizes a highly concentrated 

beam of electrons to create an image of the sample [24]. The electron 

interaction produces various signals on the surface, with its topography and 

composition giving information about the sample. Since the electron beam 

isscanned in an r-shaped pattern, the strength of the detected signal is 

measured and applied to the image to create a corresponding raster image 

[25]. 

 
4.2 X-Ray Diffraction (XRD) 
 

It is used primarily to identify a crystalline material through the use of X-

ray powder diffraction (XRD) and can provide cell dimensions’ details. Bulk 

research has been performed. 

 
4.3 Rapid Chloride Permeability Testing (RCPT) 
 

It is necessary to use relatively impermeable concrete to avoid such 

degradation. for quality control purposes, it must be understood that chloride 

ions can penetrate concrete Slowly, the concrete is absorbed by chloride ions 

[26-27]. It cannot be calculated or measured in a time frame that could be 

used as a quality control can be achieved. The experimental set up and 

specimens were shown in Figure 4. 

 

 

  
 
Figure 4. Experimental Setup and the Specimens of CC, BC and SBC for RCPT at 

28 days 
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4.4 Ultrasonic Pulse Velocity Test 
 

The process consists of sending an ultrasonic pulse through the concrete 

under test. Higher velocity is obtained when concrete is uniformity, 

homogeneity and density are all properly controlled. The experimental set up 

was show in the figure 5. 

 

 

    
 

                Figure 5.Ultrasonic Pulse Velocity Test on Samples 

 

 

 

 

5 Result and Discussion 
 
5.1 Scanning Electron Microscopy (SEM) 
 

The structural morphology is done through Scanning electron 

microscope(SEM) at various magnification levels 1KX, 5KX and 10KX. 

This analysis was done on three different samples of CC, BC and SBC at 28 

days curing. Figures 6, 7 and 8 show the SEM image of Conventional 

Concrete (CC), Bacterial Concrete (BC) and Bacterial concrete with 

Sugarcane fibres (SBC) respectively. 
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Figure 6. SEM Image of Conventional Concrete (1KX, 5KX, 10KX) 

 

 

 
 

Figure 7. SEM Image of Bacterial Concrete (1KX, 5KX, 10KX) 
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Figure 8. SEM Image of Bacterial Concrete with Sugarcane Fibres 

(1KX,5KX,10KX) 

 

On comparing with bacterial concrete images, the SBC images were 

found with better hydrated form, good homogeneity and less pores due to the 

additional material sugarcane fibres. Silica found in the pozzolan interacts 

with the free lime during hydration, forming CaSiO (C-S-H). The addition of 

cement, aggregates, and mineral admixtures during the hydration process 

produces an improved CSH gel which improves the mechanical properties of 

hardened concrete. 

 

 

5.2 X-Ray Diffraction (XRD) 

 
Three different specimens, which had been dissected, were examined 

using the X-ray powder diffraction process. The analysis was done for 

Conventional Concrete (CC), Bacterial Concrete (BC) and Bacterial 

Concrete with Sugarcane fibres (SBC)samples at concrete 28 days of curing. 

Figures 9, 10 and 11 show the XRD Analysis results of Conventional 

Concrete (CC), Bacterial Concrete (BC) and Bacterial concrete with 

Sugarcane fibers (SBC) respectively. The elemental composition in the 

concrete and the summary of XRD Analysis for CC, BC and SBC samples at 

28 days is given Table 1. 
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Figure 9. XRD Analysis of Conventional Concrete 

 

 
 

 

Figure 10.   XRD Analysis of Bacterial Concrete 

 

 
Figure 11. XRD Analysis of Bacterial Concrete with Sugarcane Fibres 
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Table 1. Summary of XRD Analysis for CC, BC and SBC Samples at 28 days (M25 

grade) 

 

Elements CC BC SBC 

O 65.69 45.49 55.10 

C 29.51 42.68 28.78 

Ca 2.52 8.03 9.83 

Si 1.81 2.99 4.60 

Al 0.48 0.81 1.18 

Mg   0.50 

 

 

It can be seen from Table 1 that the Ca and Si contents are more for 

specimens of Bacterial Concrete with Sugarcane fibres (SBC) when 

compared to the Conventional Concrete (CC) and Bacterial Concrete (BC). 

The cube compressive strength of CC, BC and SBC specimens were found to 

be 32.15 N/mm2, 34.25 N/mm2 and 36.32 N/mm2 respectively. The cylinder 

compressive strength of CC, BC and SBC specimens were found to be 29.89 

N/mm2, 31.67 N/mm2 and 33.12 N/mm2 respectively. The reason for the 

higher compressive strength of SBC over Conventional Concrete (CC) and 

Bacterial Concrete (BC) is due to the higher percentage of the Ca and Si 

present in SBC as per the XRD results. 

 

5.3 Rapid Chloride Permeability Testing (RCPT) 
 

In order to determine the presence of chloride ion in the body tissues, the 

rapid chloride penetration test was carried out [28]. The experimental test 

setup and the specimens of Conventional Concrete (CC), Bacterial Concrete 

(BC) and Bacterial Concrete with Sugarcane fibres (SBC)for RCPT at 28 

days curing.  Figure 12 shows the chloride ion penetration test results. Table 

2 shows the chloride ion penetration in coulomb and Table 3 shows the 

Average chloride ion penetration at 28 days, 56 days and 84 days. 

The capillary absorption, hydrostatic pressure and diffusion are the 

reasons for chloride ion penetration into the concrete. But, diffusion is the 

major one. When the outside chloride ion concentration is more than the 

inside chloride ion concentration, diffusion occurs. This leads to the 

penetration of chloride ions into the concrete matrix. The rate of chloride ion 

penetration is controlled by pore structure of the concrete. 
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Table 2. Chloride Ion Penetration in Coulomb 

 

 

 
 

Figure 12. Chloride Ion Penetration Test Results at 28 days, 56 days and 84 days 

 

The chloride ion penetration values reduced at 56 days compared to 28 

days curing. The chloride ion penetration values of 56 days curing were more 

compared with 84 days curing. From Table 2, on comparing the chloride ion 

penetration levels of samples CC, BC and SBC, it was found that the chloride 

ion penetration values of SBC samples were less when compared to CC and 

BC. 

 
Table 3. Average Chloride Penetration 

 

Sample 
Average Chloride Penetration 

At 28 Days At 56 Days At 84 Days 

CC 2455.33 2290.63 2192.73 

BC 3657.30 3515.60 3354.03 

SBC 1335.67 1242.97 1112.73 

 

 

 

 

Sample 

Chloride Penetration in Column 

At 28 Days At 56 Days At 84 Days 

Top Middle Bottom Top Middle Bottom Top Middle Bottom 

CC 2896.3 2546.3 1923.4 2756.3 2346.7 1768.9 2648.2 2275.1 1654.9 

BC 3987.3 3698.3 3286.3 3878.3 3545.3 3123.2 3749.1 3366.1 2946.9 

SBC 1452.1 1256.4 1298.5 1385.3 1156.3 1187.3 1257.9 1034.6 1045.7 
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Figure 13. Average Chloride Penetration in Coulomb 

 

Figure 13 shows that the chloride ion penetration levels of SBC samples 

were less when compared to CC and BC at 28 days, 56 days and 84 days. For 

all the samples CC, BC and SBC, the chloride ion penetration was the least at 

84 days, medium at 56 days and maximum at 28 days. 

 

5.4 Ultrasonic Pulse Velocity Test 
 

Ultrasonic pulse velocity test is one of the non-destructive test to check 

the quality of concrete.  Nine samples of CC, BC and SBC at 28 days, 56 

days and 84 days of curing were tested. The pulse velocities were recorded 

for each sample. The values of pulse velocity of samples in CC, BC and SBC 

are shown in Table 4. Table 5shows the quality of concrete in terms of pulse 

velocity. 
Table 4. Pulse Velocity of Samples 

 

Sample 
Pulse Velocity in km/s 

At 28 Days At 56 Days At 84 Days 

CC 4.17 4.22 4.67 

BC 4.24 4.28 4.69 

SBC 4.31 4.35 4.85 

 
Table 5. Quality of Concrete in terms of Pulse Velocity 

 

Pulse Velocity (km/s) >4.5 3.5 to 4.5 3 to 3.5 <3 

Concrete Quality 

(Grading) 
Excellent Good Medium Inferior 
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From Table 5, it can be seen that the quality of concrete is good at 28 

days and 56 days (pulse velocity range 3.5 to 4.5). The quality of concrete is 

excellent (pulse velocity>4.5) for all the three samples CC, BC and SBC at 

84 days, but the maximum being the sample of bacterial concrete with 

sugarcane fibres at 84 days. 

 

6 Conclusions 
 

Tests were performed to predict the durability behavior of Conventional 

Concrete (CC), Bacterial Concrete (BC) and Bacterial Concrete with 

Sugarcane fibres (SBC) such as Scanning Electron Microscopy (SEM), X-

Ray Diffraction (XRD), Rapid Chloride Permeability Test (RCPT) and 

Ultrasonic Pulse Velocity Test (UPV) and the following conclusions are 

drawn. 

 

1. The SBC samples were found with better hydrated form, good 

homogeneity and less pores due to the silica found in the sugarcane 

fibres which interacts with the free lime during hydration, forming 

CaSiO (C-S-H).  

2. Ca and Si contents are more for SBC specimens when compared to 

the CC and BC which is the reason for the higher compressive 

strength of SBC over CC and BC as per the XRD results. 

3. The chloride ion penetration was less for SBC samples compared to 

the CC and BC samples. 

4. The quality of concrete is excellent (pulse velocity > 4.5) for all the 

three samples CC, BC and SBC at 84 days, but the maximum being 

the sample of bacterial concrete with sugarcane fibres at 84 days. 

5. From the point of durability aspects, the usage of sugarcane fibres 

with bacterial concrete are preferred to bacterial concrete and 

conventional concrete. 
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