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Abstract 
 
There are many types of ground improvement technique alterations being 

used worldwide and they are classified as mechanical, hydraulic, physical 

and chemical and alteration by inclusion and repression. All the conventional 

techniques being chemical in nature are considered to be toxic except for 

sodium Silicate (SixSiyOz). The advent of new ground improvement 

techniques is the trending interest among engineers. Microbiologically 

Induced Calcite Precipitation (MICP) is one of the biotechnological routes 

for a construction engineering process, which is also known as bio-

cementation among researchers. In this study, an attempt is made to use 

harvested microbes to serve as a trigger to precipitate calcite and 

incorporated into the soil to improve its permeability. Bio-clogging method is 

implemented to improve the permeability of cohesionless soil of different 

density conditions.  The hydraulic conductivity of soil is examined by 

incorporating bacteria into cohesionless soil of three density conditions viz. 

loose (1.42 g/cm
3
), medium (1.63 g/cm

3
) and dense (1.85 g/cm

3
).  
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Bio-clogging method is used where Bacillus and Acetobacter bacteria is 

isolated from the soil sample and is used at 1day incubation period with 

various concentrations (10
6
, 10

7
 and 10

8
cfu/mL). Soil sample utilized for this 

study is Poorly Graded Sand (SP). Soil permeability with light compaction 

shows decrease in permeability by 18% with increase in the concentration of 

the Bacillus bacteria and curing period. This work is helpful in reducing 

concentration of pollutants on the soil. Utilization of bacteria provide an 

ecofriendly method to enhance the soil conductivity and reduces the seepages 

in the dam construction. 

 

Keywords: Sand, Microbially Induced Calcite Precipitation (MICP), Bio-

stabilization, Bacillus, Acetobacter, Dilution Factor, Curing period, 

Permeability. 

  

1 Introduction 
 

 Recently, land capitalization and construction sectors in India have seen 

profound activities. Fringe grounds have been caveated for improvement due 

to hasty advancement and shortage of good ground. Nowadays, poor ground 

condition is creating a problem to engineers. Construction on these areas 

will lead to problems like soil liquefaction, large settlements, etc. for which 

it requires proper ground improvement techniques. Such construction would 

need a good foundation for the structure to stand up strong for many years to 

come. Therefore, investigation of underlying soils should be conducted prior 

to any construction to determine its geo-mechanical properties to determine 

the types of ground improvement that would be needed for the construction 

and modification or improvement required to the soil properties to that of 

soft rock such as clay shale or slightly cemented sandstone. Soil 

enhancement and soil strengthening are done by agricultural waste [1-4] 

such as Palm Oil fuel Ash, Wood Ash, Ground Granulated Blast-Furnace 

Slag, Metakaolin and Dolomite Hydrated Lime [5]. Due to the different geo-

mechanical properties of soil, this requires a suitable type of ground 

modification that must be adapted on site. Wollostite powder [6] are also 

used to sustaibly stabilize the soil. Therefore, when engineers face 

challenges that involve geotechnical problems, these factors are prioritized 

to decide on the type of solutions that can be best implemented on the site. 

The type of soil is the most vital factor that determines the type of ground 

improvement method as some of them have specific requirements that are 

only applicable to specific soil types and/or grain size. Future undertakings 

to discover a novel green technology that is cost effective, environmentally 

friendly and most importantly feasible for implementation on site are 

increasing in demand. The advent of new ground improvement techniques is 

the trending interest among engineers.  
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In the early stage of construction, engineers have always been confronted 

with dealing with poor ground conditions, especially those of loose sand, 

peat soil or soft clay. Improving grounds that are in poor condition results in 

high construction costs for its foundation, hence marginal plots of land are 

earmarked each time as it requires less cost. However, due to rapid 

urbanization and development in almost every country, good plots of land for 

construction are scarce nowadays. Engineers are faced with challenges to 

come up with a ground improvement technology that is viable and less 

harmful to the surrounding environment. Hence, research on feasible and 

environmentally friendly ground improvement techniques is being done 

rigorously for their practicality and potential in being adopted in the near 

future. 

 

2 Literature Review 
 

With the expanding worldwide requirement for energy and for expanded 

local requirement for aggregates, it has become necessary to expel inferior 

soils and reinstate them with choice, well graded aggregates. One way to 

lower the purport of select material required for base construction is to 

reform the existing soil to contribute strength and reconcile to engineering 

standards. This is where soil stabilization has become a worthwhile 

substitute. Major present system is to customize original soils properties to 

grapple its draft stipulations. Contemporarily, soil could be modified 

according to conditional obligations. This aims on stabilization of soil being 

one among several other methods of soil improvement. Nowadays, 

construction biotechnology is earning acclaim which involves application of 

microorganisms in constructions. MICP is considered to be a modern 

discipline in field of Geotechnology also evolving successively with 

remarkable potential. MICP method being more environmentally friendly 

that cause very little interruption to the soil, accomplish the compulsion 

regarding constructions in a green way. Since MICP regulates adulterant and 

different metals being heavy in nature, it is considered to be the most 

auspicious technique.  

Bacteria are tiny living microorganisms whose habitat is at any suitable 

location where they will grow in millions of cells. In this new era, science 

and engineering have introduced construction microbial technology which 

consisted of microbially-induced construction process and microbial 

production of construction materials [7]. In the field of Microbial 

Geotechnology, only those bacteria that produce urease enzyme are used that 

triggers calcite precipitation, which will conclusively give rise to the 

strengthening of bonds between the particles. Hence, there will be a 

significant improvement in them [8-12]. Among various bacterial species,  
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due to production capacity of urease enzyme by degrading urea, family of 

Bacillus sp. is the most common. Bacillus megaterium is also commercially 

utilized by the researchers because of its ability for production urease 

enzyme, improve concrete strength as well as its durability. Apart from the 

above two bacteria, Rebata Landa has proven that by using Pseudomonas 

fluorescens, he was able to do urease enzyme production and promote Calcite 

precipitation. Bio-stabilization is the most energy efficient among others and 

besides, urease activity can be found in abundance among plants and broad 

area of microorganisms[13-15]. The bacterial cell acts to be site of nucleation 

where the calcite precipitation is at cell surroundings and gradually binds the 

soil particles together. On another note, Cord-Ruwisch and Cheng [16] used 

Bacillus sphaericus in order to develop a process for bacteria immobilization 

which was found to be effective in unsaturated conditions by using the 

surface percolation method. Apart from the ability in producing the most 

urease enzyme at one time and also its characteristics, S. pasteurii was also 

chosen as the best bacteria to be used in biocementation and biogrout due to 

its particular traits which are gram-positive bacteria and non-pathogenic 

properties to humans and animals 17]. Formely known as Bacillus pasteurii 

[18], it has been used extensively by researchers; especially the strain over 

the past decade. This is mainly because of immense activity of urease, its 

pervasiveness in nature and also its high resistance and ability to survive in 

harsh environments  [19-21].  

The ability to produce an enzyme is further clarified through 

measurements of electrical conductivity [22]. Depending upon the treatment 

of cycles and injection of nutrients on the samples, biocementation process 

may take few days to a week. The author also mentioned that to have 

successful cementation, it is unfavorable to possess high urease activity from 

the bacterial culture as a lower rate of urea hydrolysis promotes stronger 

aggregates of calcite [23]. In the field of microbiology, Christensen’s 

medium is mainly used to distinguish between urease-positive Protease from 

other Enterobacteriaceae, while Stuart’s urea broth is simply to differentiate 

the Protease species. Some other monitoring methods which are performed 

after the treatments are, for example, the estimation of organic contents 

within the samples which can be done by the EDTA titration method [24]. 

This technique being extensively researchers used in general, for determining 

calcium content that is available within various soil materials. 

The previous research works discussed different specimen size, injection 

procedures, type of bacteria, type of soil and cementation solution 

concentration and improvement of various characteristics of soil of a specific 

density. In this study, improvement in the soil of three density conditions viz. 

loose, medium and dense with respect to their permeability behavior has been 

investigated by implementing bio-clogging method using bacteria. 
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3 Materials Properties 
 

The materials utilized in this experimental work are Soil and Microbially 

Induced Calcite Precipitation (MICP) Bacteria – Bacillus and Acetobacter. 

Some of the major properties of the materials collected and the tests 

conducted are discussed in the following sections. 

 

3.1 Soil 
 

Soil is collected from the banks of Palar river, Chennai. The properties of 

the soil are determined after drying. The properties like Specific Gravity 

[25], Particle Size Distribution [26], Relative Density [27], Permeability [28] 

are determined. All the tests are performed as per the standard guidelines 

given by the Indian Standard codes. From the particle size distribution curve 

shown in Figure 1 and test results tabulated in Table 1, the soil is classified 

to be Poorly Graded Sand (SP).  

 

 
 

Figure 1: Particle size distribution curve for soil 
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Table 1: Soil properties 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
3.2 Bacteria 

 

In this study, calcite is precipitated in the soil using MICP. Two different 

types of bacteria Bacillus and Acetobacter with dilution factors at various 

growth periods are used.Preparation of bacteria and bio-chemical test to 

identify the type of bacteria are explained here.  

  

3.2.1 Isolation of Bacteria from Soil 
 

A soil sample of 1g is taken and mixed with 100mL of distilled water. 

The solution is diluted using Serial dilution method. The broth containing 

2.8g of nutrient and 1.4g of agar-agar is sterilized. 1mL of 10
6
, 10

7
 and 10

8
 

cfu/mL concentration are added in different petri plates and using L-rod, it is  

spread on the solidified petri plate using Spread plate method. These petri 

plates are then kept for incubating at 37°C for 24 hours. 

 

 

 

Parameters Symbols Values 

Specific Gravity G 2.57 

Particle Size Distribution 

Sand 

Fine Sand 

S 

62% 

Medium 

Sand 
24% 

Coarse 

Sand 
9% 

 Silt M 
5% 

 Clay C 

Soil Classification 

Coefficient of 

Uniformity 

Cu 
Poorly 

Graded         

Sand (SP) 
Coefficient of 

Curvature 

Cc 

Relative Density 

Maximum Density γmax 1.85 g/cm
3
 

Medium Density γmed 1.63 g/cm
3
 

Maximum Density γmin 1.45 g/cm
3
 

Coefficient of 

Permeability 

Loose 

k 

2.44 x 10
-5

 

cm/s 

Medium 2.38 x 10
-5

 

cm/s 

Dense 2.33 x 10
-5

 

cm/s 
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3.2.2 Preparation of Nutrient Broth 
 

From each petri plate, a single colony is removed and inoculated in the 

nutrient broth (for 250mL, 3g). This broth solution is then incubated for 24 

hours at 37°C. Bio-chemical tests are carried out after 1day incubation of 

different concentrations of the broth. After 1day incubation of different 

concentrations of the broth, they are tested for Bio Chemical tests. The Bio-

chemical tests performed are Catalase, Oxidase, Methyl Red, VP and Indole 

test.  

 

4 Results and Discussions 
 

The permeability test is carried out on soil of loose density (1.45 

g/cm
3
), medium density (1.63 g/cm

3
) and dense soil (1.85 g/cm

3
). The 

density of the soil is achieved by compaction method. The experimental 

setup for the test is a half-split mold made of PVC. It is 15cm in height 

with a diameter of 5cm. The internal surface of the mold is applied with 

grease to avoid unwanted water paths along the wall. The soil specimen is 

placed in the column using air-drop method. It is fitted with two flanges, 

one on each side. A porous stone is placed as a filter connected both at the 

top flange and the bottom flange. The column is positioned vertically and 

it is connected to an inlet for nutrient supply where the injection begins 

from top to bottom. An outlet is provided at the bottom of the setup to 

furnish drainage system to collect the extra nutrient passing through the 

entire column as shown in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Experimental arrangement for permeability test on soil treated 

with bacteria (All the dimensions are in cm) 
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4.1 Permeability Test Results of Stabilized Soil 
 

The permeability tests on soil are carried out in lab as per the BIS code 

procedure. The samples were prepared by compacting the samples at 

various density of loose, medium and dense condition. For all the tests, one 

sample for all the density condition of soil and bacteria were prepared. In 

this study, the soil is treated with different concentrations of Bacillus 

bacteria. The soil treated with these bacteria was packed completely. The 

samples were then allowed to cure for 1, 7, 14 and 28 days. The test was 

performed after the completion of every period of curing. Permeability 

values of soil treated with Bacillus bacteria for various curing periods are 

shown in Table 2. 
Table 2: Permeability values of Bacillus treated soil for various curing periods 

Bacteria 
Density 

condition 

Factorof dilution 

(cfu/mL) 

Period of curing (days) 

1 7 14 28 

Bacillus 

 

Loose 

10
6
 2.44 2.37 2.29 2.08 

10
7
 2.44 2.34 2.23 2.01 

10
8
 2.44 2.31 2.19 2.00 

Medium 

10
6
 2.38 2.35 2.29 2.27 

10
7
 2.38 2.34 2.29 2.25 

10
8
 2.38 2.32 2.28 2.23 

Dense 

10
6
 2.33 2.31 2.28 2.27 

10
7
 2.33 2.31 2.27 2.26 

10
8
 2.33 2.30 2.27 2.25 

 

For comparison, Acetobacter bacteria is treated with soil of different 

concentrations. The soil treated with these bacteria was placed in 

polythene covers. The samples prepared for permeability tests were cured 

for 1, 7, 14 and 28 days and at the end of each curing period, the 

specimens were tested. The permeability values of soil treated with 

Acetobacter bacteria for various curing periods are shown in Table 3. 

 
Table 3: Permeability values of Acetobacter treated soil for various curing periods 
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4.2 Variation of Permeability Value with Various Dilution Factors 
of Bacteria 
 

The effect of dilution factor on treated soil was determined by 

permeability test and it was witnessed that soil permeability of treated soil 

with Bacillus and Acetobacter bacterial concentrations was improved. The 

permeability values developed for treated samples for various dilution 

factors at 28 days curing period are shown in Figures 3, 4 and 5. 

  

 
Figure 3: Effect of dilution factor on permeability value of loose soil treated with 

various bacteria at 28 days curing period 

 

 
Figure 4: Effect of dilution factor on permeability value of medium dense soil  

treated with various bacteria at 28days curing period 
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Figure 5: Effect of dilution factor on permeability value of dense soil treated 

with various bacteria at 28 days curing period 

 

The figures show that the permeability of soil is decreased with 

increase in curing period. The decrease is more in high concentration 

compared to the lesser concentration. The decrease in permeability is due 

to precipitation of calcium and clogging of the voids.  

 

5 Conclusion 
 

In the present study, the MICP showed improvement in the characteristics 

of cohesionless soil with respect to its permeability. The observations 

obtained are quoted as below: 

 For the soil samples treated with bacteria, it was observed that, as the 

concentration of the bacteria increases the permeability decreases with 

the increase in curing period.  

 The percentage decrease in the permeability value of soil treated with 

Bacillus bacteria at 28-day curing period is by 18% in loose sand when 

compared with the untreated soil. 

 Similarly, the percentage decrease in the permeability value of soil 

treated with Acetobacter bacteria at 28-day curing period is by 7% in 

loose sand when compared with the untreated soil. 

 Based on the effect of dilution factors of bacteria, the maximum 

percentage decrease in the permeability is observed in Bacillus bacteria 

of 10
8
cfu/mL concentration.  
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