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Abstract 
 
Soil which, swells with receiving moisture and shrink when release moisture, 
is recognized as Black Cotton soil. Expansive soil absorbs water and gets soft 

inflate and the potential to release water get reduced in rainy seasons. In drier 

seasons soil release water due to evaporation and cracks become exist. It has 
known in the geotechnical engineering field that swelling of expansive soil 

originated by moisture changing result big troubles leading to severe damage 

to buildings and foundations. 
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1 Introduction 
 

Expansive soil is also named black cotton soil because of its dominant 

black color and abundantly growing of cotton plant in such soil. Usually, this 

soil finds in dry and semi-dry regions in the world such as India, Australia, 
China, Canada, South Africa, Israel, and the United States. About 0.8*106 

km2 area of  India has covered by this soil and expanded over the states of 

Gujarat, Maharashtra, Eastern part of Rajasthan, the southern and western 
part of Madhya Pradesh, Southern part of Utter Pradesh, and some parts of 

Andhra Pradesh and Chennai. There are various innovative techniques which 

have been used for a specific foundation but are in high demand all over the 
world such as drilled piers, belled piers, moisture barriers, and friction piers  
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have been used to reduce the problems caused by expansive soils.Apart from 

these techniques, the addition of various additives including cement, lime, fly 
ash, and calcium chloride have a substantial result to stabilize the soil[1-10]. 

To grow up the economic level of a country industrial development is a 

must and it increases the demand for energy.Construction of thermal power 
plants fulfill the energy demands for industries. Raw material uses for 

heating in the thermal power plants are usually coal, natural fuel, and natural 

gas. These power plants produce wastes in large amount every year around 

the world which are responsible for pollution. To manage the contamination 
arising out of these wastes efforts should be taken to use these waste as raw 

materials in various profitable purposes[11-16]. 

 

2 Materials  
 

2.1 Sawdust Ash 
 

Sawdust debris (SDA) is a fine dim to dark fine substance with a bigger 

explicit surface region and better molecule size than concrete. Its particular 
gravity fluctuates from 2.05 to 2.5 and it is delivered by the consuming of 

sawdust, which is mostly natural in nature. It is assessed that over 

1,000,000  m3 of sawdust, part wood, organizer shavings and sander dust 

was created in Nigeria in 2010. Of these results, sawdust remains the most 
inconvenient in the wood business as far as waste administration. It is either 

unloaded at specific areas and permitted to disintegrate in the open air, or is 

scorched in the outside by the different wood preparing plants. These 
strategies for removal are received independent of their natural risks to water 

bodies and the climate essentially on the grounds that the majority of the 

overabundance sawdust delivered isn't reused either in horticulture or in the 
creation of briquettes, in spite of being made openly accessible to any 

individual who might utilize it. The sawdust that was scorched and utilized as 

the admixture in this exploration was sourced locally from a spot prevalently 

alluded to as the 'Lumber Shed' in Nsukka. The sawdust was scorched in a 
heater at a temperature of 800 °C. This consuming, which is not the same as 

that done by sawmills, was done in a shut heater so the debris created didn't 

escape into the climate. This outcomes in bigger amounts of debris and 
limited ecological contamination. The debris delivered was permitted to cool 

in the heater for a few hours, scooped out and filled an impenetrable 

compartment in the research center. The substance piece of the sawdust 

debris contains unimportant measures of weighty metal, 33.20% of SiO2 and 
45.98% of CaO. Table 1  and 2 shows General and chemical Properties of 

SDA. 
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Table - 1: Properties of SDA 

Property Value 

Specific Gravity, Gs 2.04 

Fineness 600µm 

Water Absorption (%) 64 

Water Retention (%) 50 

Water Drainage (mls-1) 282 

Fineness Modulus 1.81 

Rate of burning 3h per kg 

Unsoaked CBR (%) 7.85 

Soaked CBR (%) 7.15 

Table - 2: Chemical properties of SDA 

Property Value (in Percentage) 

Extractives 3.3 

Lignin 29.3 

Hollocellulose 83.8 

Carbon (C) (%) 61.58 

Hydrogen (H) (%) 5.32 

Oxygen (O) (%) 33.04 

Nitrogen (N) 0 

 

2.2 Terrazyme 
 

Terrazyme is an earthy colored clear fluid which is natural in nature and 

is figured utilizing foods grown from the ground remove.Table 3 shows 

Properties of Terrazyme. The impact of terrazyme is because of the enzymatic 

response on the dirt occurring between Black Cotton and natural feline 
particle and framing a defensive covering around Black Cotton particles and 

making Black Cotton molecule water repellent. Since cationic interexchange 

occur, it diminishes the thickening of ingested layer. It helps in decreasing 
the void in the dirt and subsequently accomplishing greatest compaction. It 

improves the heap bearing limit of soil just as decrease the asphalt thickness 

and support cost. 
Table - 3: Properties of Terrazyme  

Property Value  

Specific Gravity 1.05 

pH Value 3.50 

Appearance/ odour Dark brown Non-obnoxious 

Total dissolved solids 19.7ppm 

Cation exchange capacity 3.87% 

Hazardous content None 

Boiling point 212˚F 

Evaporation Rate Same as water 

Solubility in water Complete 

Melting point Liquid 
Reactivity data Stable 
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3 Scope of the Study 
 

The stabilisation is the key to success for the utilization of weak or 

highly clay soil in construction industry. Otherwise engineers have to design 

and planning projects with much costlier way. The point of consideration is, 
what should be used as an admixture or stabilizer to achieve the required 

strength standards, as this is subjective. Subjective because there are many 

factors which proposes the utilisation of admixture above the other, such as 

location, accessibility, cost, equipment and skilled labour, so on.  
In the present study attempt has been made to utilize one waste materials 

i.e. sawdust ash and one bio-enzyme i.e. terrazyme, to reach the boundary of 

standards for black cotton soil. Firstly, the black cotton soil has been nailed 
to determine its characteristics via grain size analysis, Atterberg’s limit, 

specific gravity, OMC corresponding to MDD, California bearing ratio test, 

Un-confined compressive strength test and have been checked for its swell 
index as well. In the next phase, of the research, virgin soil is mixed with the 

varying proportions of Sawdust ash i.e (0 - 20) percent with an interval of 2 

percent and Terrazyme i.e. (0 - 10) ml with an interval of 1ml, thus total 11 

mixes named from M0 to M10 has been formulated to understand the 
variation in compaction, strength and swell properties of soil. Third phase of 

research is about the experimental execution and investigation, followed by 

results and analysis.  The detailed extract or finding of the experimental 
investigation are listed under conclusion. 

 

4 Methodology 
 

4.1 Collection of Materials  
 

The soil for carrying out the experimental investigation was procured 
from Noble Geo Structs, Mulund East, Mumbai, and Maharashtra. The soil 

was identified as highly plastic Black Cotton ey on the basis of various 

experiments carried out. The Sawsust ash was collected from the ASHOKA 
project plant (Ludhiana –kharar highway). Whereas, Terrazyme was 

collected from the Manibhadra Earthmovers, Maharashtra. Black  cotton  soil  

is  also  referred  as  expansive soils  with  this  reason;  therefore  its  

geotechnical  properties are   required   to   be   investigated   before   
allowing   any construction   above   it.   The   mineralogy   of   this  soil   is 

dominated  by  the  presence  of  montmorillonite  which  is characterized  by  

large  volume  change  from  wet  to  dry seasons and vice  versa. So to 
identify the various properties the test conducted are summarized in section – 

3.2. 

 
 

 

https://www.indiamart.com/noble-geo-structs/
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4.2 Characterization Tests 
 

The main procedure of test was to investigate the stabilization of stone 
dust and plastic bottle strips Different test was conducted in the experimental 

work on the materials used and IS codes are tabulated in table 4. 

 
Table – 4: Experimentation via IS codes 

Tests Conducted IS Codes 

Particle size distribution S:2720 (Part 4)-1985 

specific gravity of soil IS:2720 (Part 3)- 1980 

liquid limit IS:2720 (Part 5)-1985 

Plastic limit IS:2720 (Part 5)-1985 

Swell index IS2720-40 (1977) 

Standard proctor test of soil IS-2720-PART-7-1980 

California bearing ratio (CBR) IS 2720-31(1990) 

Unconfined Compressive Strength test ASTM D2166/D2166M - 16 

 

4.3 Experimental Suite  
 

Tabele 5 shows details of Experimental suite. To study the effect of CCA 

and CCW on SCS, the following variables were considered in study:  

 
Table - 5: Details of Experimental suite 

Design 
Mix 

Soil (in Percentage) 
Sawdust Ash (in 
Percentage) 

Terrazyme 
(ml) 

M0 100 0 0 

M1 98 2 1.0 

M2 96 4 2.0 

M3 94 6 3.0 

M4 92 8 4.0 

M5 90 10 5.0 

M6 82 12 6.0 

M7 86 14 7.0 

M8 84 16 8.0 

M9 82 18 9.0 

M10 80 20 10.0 
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5 Result and Analysis 
 

5.1 Unconfined Compressive Strength (UCS) 
 

The outcomes are detailed in following table 6. 
 

Table – 6: Summary chart for UCS test 

Mix 
UCS (kPa) UCS (kPa) UCS (kPa) UCS (kPa) 

0 day 7 days 14 days 28 days 

M0 40 62 138 199 

M1 79 101 162 213 

M2 101 152 189 245 

M3 125 175 201 278 

M4 169 205 229 302 

M5 183 240 267 345 

M6 195 262 291 389 

M7 210 282 305 456 

M8 215 301 342 497 

M9 206 285 315 465 

M10 201 273 300 432 

 

Results shows the unconfined compressive quality (UCS) of different 
blend extents at various relieving period. As a rule, the quality increments 

with the time, demonstrating a persistent pozzolanic response. According to 

Fig., the quality of soil with M8 Mix was most extreme for example 
215kN/m2, 301 kN/m

2
, 342 kN/m

2
, 497 kN/m

2
, which is 4.5, 3.9, 1.5 and 1.5 

occasions higher quality incentive than that of virgin soil for 0, 7, 14 and 

28th day separately.  

In any case, further Alternation lead to diminish in UCS esteem, as in 
Mix 9; 206 kN/m

2
, 285 kN/m

2
, 315 kN/m

2
 and 465 kN/m

2
 are the UCS 

esteem for 0, 7, 14 and 28th day separately, which are impressive lower than 

that of M8 Mix. Additionally for M10 Mix; the quality decline all the more 
definitely. 

 

5.2 California Bearing Ratio 
 
5.2.1 Unsoaked CBR 
 

The variation of the CBR (un-soaked) of for various mixes are given in 
Fig. The un-soaked CBR gave a peak value of 8.9% for M8 mix.  
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5.2.2 Soaked CBR 
 

The variation of CBR (soaked for 72 hours) for various mixes are shown 
in table 7.There were increases in the values of CBR with higher additive 

contents at higher comp-active efforts with a peak value of 7% recorded for 

M8 mix. The reduction with respect to the unsoaked CBR values was due to 
the ingress of water into the specimen when it was soaked for 72 hours, 

which weakened it and reduced their strength.  
Table. – 7: California Bearing Ratio (Un-soaked and Soaked) Tests Results for Soil- 

Sawdust ash and Terrazyme Mixes 

Mix Type 
CBR 

Un-soaked (%) Soaked (%) 

M0 3.6 2.5 

M1 4.6 3.2 

M2 4.9 3.6 

M3 5.2 4.0 

M4 5.6 4.1 

M5 6.2 4.8 

M6 7.0 5.2 

M7 7.8 6.0 

M8 8.9 7.0 

M9 8.2 6.3 

M10 7.6 5.3 

 

5.3 Swell Index 
 

The FSL test were carried out of the virgin soil sample and then further 

addition of 7% stone dust in the soil sample to find out the free swell of the 
soil. Table  8 and 9 shows Free swell index of virgin soil and M8 Mix 

 
Table – 8: Free swell index of virgin soil 

Determination No 1    

Mass of dry soil 10 gm 

Volume in water after 24hrs swell (vd) 17.5 

Volume in kerosene after 24 hrs (vk) 10 

Free swell index[(vd- vk)/vk] x100 75% 

Free Swell Index of Virgin Soil is 75 

 
Table – 9: Free swell index for M8 Mix 

Determination No 2 

Mass of dry soil 10 gm 

Volume in water after 24hrs swell (vd) 13 

Volume in kerosene after 24 hrs (vk) 10 

Free swell index[(vd- vk)/vk] x100 30% 

Free Swell Index of Soil by Using M8 is 30 
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6 Conclusion 
 

The findings of Experimental Investigations are listed as under: 

1. The estimation of PI is exceeds by 10, along these lines, Black 

Cotton come across the necessity to be balanced out with settling specialist. 
In this investigation the strength of Black Cotton soil is improvised with 

SDA or/and in nearness of Terrazyme 

2. The normal estimation of explicit gravity of the soil is 2.72 
showing the soil is light and powerless and should be settled with specific 

added substances. The particular gravity was found to increments with 

expansion of SDA and Terrazyme.  
3. Particle size distribution curve outline the value of D10, D30, 

D60 are 0.06, 0.14, and 0.300 respectively. Uniformity coefficient (Cu) is 5.0 

and Curvature coefficient (Cc) is 1.08, thus according to IS 2720 PART 4, 

the soil is well graded Black cotton soil. 
4. The results gained from SPT indicated perfect strength 

augmentations and the most extraordinary dry thickness increases when SDA 

and Terrazume are supplemented to soil.  
5. The Standard Proctor test has shown considerable change in the 

properties of Black cotton soil. Experiment Investigation have revealed vital 

effects of SDA and Terrazyme, the Maximum Dry Density has increased 
with quite a noticeable margin, simultaneously Optimum Moisture content 

for the desired compaction has also increased, thus contradicting the 

outcomes of early researches. However, there is no such publication has been 

found, which claims the decrease of OMC with addition of SDA and 
Terrazyme collectively. The optimal results have shown an appreciation of 

18 percent, however the requirement of water for the optimal dry density has 

also increased by 6 percent 
6. There was a sharp increase in UCS with addition of M10 mix at 

all ages indicating the abnormal and high strength behavior of Binary 

Combination of SDA and Terrazyme. The results showed that the percentage 

increase at early ages was very much in-comparison at later ages indicating 
that the SDA and Terrazyme reacts very fast at early ages and the reactivity 

goes on decreasing at later ages. 

7. The increase in California strength, indicates an unceasing 
pozzolanic response. As per Experimental Investigation, the results of soil 

with M8 Mix was maximum i.e. 215kN/m
2,
 301 kN/m

2
, 342 kN/m

2
, 497 

kN/m
2
, which is 4.5, 3.9, 1.5 and 1.5 times higher strength value than that of 

virgin soil for 0, 7, 14 and 28
th
 day respectively. 

8. However, further Alternation lead to decrease in UCS value, as 

in Mix 9; 206 kN/m
2
, 285 kN/m

2
, 315 kN/m

2 
and 465 kN/m

2
 are the UCS 

value for 0, 7, 14 and 28
th

 day respectively, which are considerable lower 
than that of M8 Mix. Similarly for M10 Mix; the strength decrease more 

drastically.   
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9. The unsoaked CBR gave a pinnacle estimation of 8.9% at M8 

Mix. The decrease as for the unsoaked CBR esteems was because of the 

entrance of water into the example when it was drenched for 24 hours, which 
weakened it and diminished their quality. 

 

7 Future Scope Of Work 
 

1. The work can be extended for more percentages variations of 
SDA and Terrazyme 

2. The other stabilizing agents like Ground granulated blast 

furnance slag, silica fume, marble dust, coir fibres etc. may be used along 
with Bio-enzymes for stabilizing organic soil. 

3. The study can be extended for some other type of loose & 

expensive soils & suitable stability enhancers. 

4. The study can further be extended with durability evaluation test.  
5. Study for reduction of moisture content should be considered. 
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