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Abstract Traditionally cement, lime and fly ash or combinations of these mate-
rials have been used for stabilization of soils and granular materials. Studies on
bio-enzyme stabilization suggest that it has the potential to replace these chemi-
cals with more economical as well as environmental friendly solution for potential
application in pavement structural layers of low volume roads. Use of bio-enzyme is
one such sustainable method which facilitates cation exchange which in turn leads
to reduction in adsorbed water on the clay particles. In this, clay (the substrate) is
hydrolyzed into calcium silicate hydrate (reaction product), in the presence of bio-
enzyme. The formation of reaction product depends upon the concentration of clay
particles, dosage of bio-enzyme and environmental factors. In the present study, a
commercial bio-enzyme, known as TerraZyme (extracted from sugar molasses) was
used with and without addition of cement, to study its effect on strength and dura-
bility characteristics of a granular lateritic soil collected from eastern part of India.
Effect of curing period, curing temperature and bio-enzyme dosage on the strength
and durability properties of the soil was investigated. Mechanical properties of the
stabilized soil were evaluated in terms of unconfined compressive strength (UCS) and
flexural strength (FS). Results indicate that bio-enzyme is effective in stabilization of
granular lateritic soils for application in structural layers of low volume road pave-
ments. However, the strength of the bio-enzyme stabilized specimens under soaked
condition needs to be evaluated to recommend it for areas subjected to poor drainage
conditions.
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1 Introduction

Granular lateritic soils are available in many parts of the world including India and
usually this does not meet the specifications for aggregates used in unbound granular
layers of pavements. With depletion of the sources of good quality aggregates, it
has become imperative to use such marginal materials in pavement structural layers
through proper stabilization. Traditionally cement, lime, fly ash have been used for
stabilization of soils and granular materials [6, 9, 35]. The major advantage associ-
ated with these treatments includes cost effectiveness, readily availability and ease
in application [9, 17, 22, 28]. On the flip side, usage of these materials has been
found to consume huge human resources or natural resources and at times combi-
nation of duo [20, 23]. They are also found to have adverse environmental impacts
including emission of huge amount of greenhouse gases, particulate matter, dust
and increase in the pH of soil due to the release of OH-ions during hydration [15,
16, 21]. The mechanism of soil stabilization using lime states that lime helps in
binding the silicate clay particles by changing their surface mineralogy through the
cation-exchange process. This helps in decreasing the plasticity as well as moisture-
holding capacity of soil which in turn gives rise to higher stability of soil [4, 24,
26]. Though lime has worked well in this aspect, the adverse effects can’t be turned
down. Lime carbonation, sulfate-salt reactions and caustic effects are few problems
that lead to the weakening and breaking of bonds between the soils particles over
the period of time [7, 18, 30]. Moreover, researchers have found that production of
one metric ton of portland cement releases approximately one metric ton of carbon
dioxide and the production of one metric ton of lime releases about 0.86 metric ton
of carbon dioxide making it second largest contributor to humanity’s production of
greenhouse gas worldwide [16, 31]. At this juncture, there is an urgent need to devise
novel techniques and/or substitute these materials partially with certain additives that
can effectively strengthen the soil being environmentally cordial. One such newfan-
gled technique is the stabilization of marginal soil by the enzymatic application. The
present study focuses on strengthening lateritic soil using bio-enzyme independently
as well as combined with cement.

1.1 Enzymatic Mechanism of Soil Stabilization

Enzymes are hydrophilic organic catalyst which do not actively take part in chemical
reactions but have a significant role in accelerating the rate of reaction by lowering
the reaction activation energy [34] as well as by errand certain geometries in the
transition state. Almost all the metabolic pathways in the living organisms are aided
by various enzymes which are substrate specific and increase the rate of reaction
exponentially [25]. Apart from having a significant role in the body of living organ-
isms, enzymes are also used in the manufacturing of several industrial products.
Their applications are well noticed in the brewing, baking and leather industries [19,
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Fig. 1 Enzymatic mechanism of soil stabilization

27, 33]. Enzymatic stabilizer due to advantages like biodegradability, non-toxicity,
non-corrosive, ease in handling and ability to reduce carbon footprint have become
a subject of interest to the researchers [1, 8]. Enzyme stabilizer agglomerates the
clay particles by getting attached on the large organic molecules [5]. These large
organic molecules get attracted to the clay minerals due to their net negative charge,
which in turn neutralize the negative charge of clay minerals and there-by reducing
the water affinity of the same [29, 32]. The above stated mechanism reduces, pore
space, swelling and shrinkage, optimum moisture content and increases stability of
the soil. In this paper an attempt has been made to evaluate the stabilization effect
of bio-enzyme at different dosage, curing time and temperature on the lateritic soil.
Figure 1 shows illustration of clay mineral affinity toward water, adsorbed water,
enfolding of large organic molecules due to bio-enzyme leading to neutralization of
clay mineral.

2 Materials and Methodology

2.1 Materials

Lateritic Soil. Granular lateritic soil sample was procured locally from the state of
Odisha, India (20.17040N, 85.70590E). While collecting the soil samples, sufficient
care was taken to obtain the representative sample from a reasonable depth after re-
moving the vegetation and trimming the top layer of organic soils.

Bio-enzyme.A commercially available bio-enzymeproduct, namedasTerraZyme
(5X) was procured fromM/s Avijeet Agencies, Chennai, India. Bio-enzyme is a non-
flammable, non-toxic, non-corrosive, liquid enzymemanufactured from fermentation
of vegetable extracts (Sugar molasses). Since, these enzymes do not directly take part
in the reaction and are found to be highly substrate dependent very little quantity is
requisite, making them economical for the pavement application.
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2.2 Methodology

Procured soil samples were air dried for seven days succeeded by wet sieving to
have precise particle size analysis, as per IS 2720 (Part-4). Particle size distribution
curve of the soil sample is shown in Figure 2. To ensure uniform gradation for soil
specimens, the grading were reproduced each time. Engineering properties of the
tested soil and TerraZyme are shown in Tables 1 and 2, respectively.

Remolded samples for Unconfined Compressive Strength (UCS) on specimens
of 100 mm diameter and 115 mm height, Flexural Strength (FS) on specimens of
size 75 × 75 × 285 mm were prepared at maximum dry density (MDD) optimum
moisture content (OMC) with varying dosage of the bio-enzyme. In order to avoid
loss of moisture through evaporation, samples were wrapped with polythene for
different curing periods. Four dosages the bio-enzyme (denoted as D1, D2, D3, and
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Fig. 2 Particle size distribution of the lateritic soil

Table 1 Engineering
properties of lateritic soil

Properties Results Reference code

Specific gravity 2.75 IS 2720: Part III:1980

Maximum dry
density (MDD)

20.01 (KN/m3) IS 2720: Part VIII:
1980

Optimum
moisture content

10.95% IS 2720: Part VIII:
1980

Liquid limit 50 IS 2720: Part V: 1985

Plastic limit 23 IS 2720: Part V: 1985

Plasticity index
(PI)

27 IS 2720: Part V: 1985

Classification SC: clayey sand IS 1498:1970
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Table 2 General properties
of bio-enzyme

Properties Result

Specific gravity 1–1.08

Color Dark brown

Solubility in water Close to 100%

Boiling point 212 F

Rate of evaporation Same as water

D4) was considered initially to determine the optimum dosage based on the UCS
value. D1, D2, D3 and D4 correspond to 0.0019, 0.0023, 0.0028 and 0.0038 percent
by weight of sample respectively. The dosage that yielded highest average UCS after
1, 2, 4, 8 weeks was deemed as optimum dosage and was further considered for other
tests. The detailed experimental investigation has been presented in a graphical form
in Figure 3.

Cement with different dosages, i.e. 2% (C1) and 3% (C2) by weight of soil
sample was used in combination with D2 and D3 enzyme dosages. Hereby, the above
mentioned combination is called as enzymatic cement. UCS and FS were performed
as per ASTM D1633 [2] and ASTM D1635 [3] respectively. Durability test was
performed in accordance to method 1 described in IRC SP: 89 [10] for stabilized
material. To study effect of temperature on the rate of gain of strength, samples were
kept in incubator at 30, 40 and 50 °C with 98% humidity to avoid loss of moisture

Fig. 3 Flow chart showing the details of the experimental investigation
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for 7 days. After their respective curing time, samples were removed from incubator
and were tested within 60 min.

3 Results and Discussion

3.1 UCS and FS

Figures 4 and 5 show the strength gain in terms of UCS and FS respectively, for
the samples treated with varying dosages of bio-enzyme and enzymatic cement.
Significant improvement in the strength with the period of curing is clearly visible
in case of both bio-enzyme and enzymatic cement treated samples. The above stated
improvement may be attributed to the encapsulation of clay mineral by the large
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Fig. 4 UCS at different curing time of samples treated with different Bio-enzyme and enzymatic
cement dosage
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Fig. 5 Flexural strength of enzymatic stabilized soil sample after 28 days of curing
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Fig. 6 Effect of temperature on the UCS

organic molecules that reduced its affinity toward water and due to the formulation
of calcium silicate hydrate gel. Aforementioned mechanism also leads to reduction
in inter-particle space, void ratio, moisture holding capacity, plasticity, swelling and
shrinkage making them some of the prime factors leading to strength gain [1, 8].

3.2 Effect of Curing Temperature

In order to further investigate the effect of curing temperature on the enzymatic
reaction, seven day incubated samples were tested for UCS. Figure 6 shows 7 day
UCS result of enzymatic treated sample incubated at various temperatures. It may be
observed that at 40 °C, the rate of enzymatic reaction is better, which led to higher
strength. A decrease in strength was also observed with increase in temperature
beyond 40 °C. Moreover, influence can be seen greatly dependent on the initial bio-
enzyme dosage, higher reduction in strength was seen in the samples treated with
higher enzyme dosage. To have a better analysis microscopic studies are suggested
for the future work.

3.3 Moisture Sensitivity

Specimens prepared with D3 and C2D3 dosages (three for each) were cured for
7 days and then immersed in water to check the moisture sensitivity. Initial signs
of disintegration of the specimens were observed after one day of immersion. This
indicates that bio-enzyme treated soils do not have enough structural integrity at 7
days of curing and therefore needs to be cured for longer durations and also efforts
should be made to enhance the performance of the enzyme stabilized specimens in
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presence of water, so that the same can be recommended for areas experiencing long
hours of submergence.

4 Conclusions

Both enzyme and enzymatic cement stabilized samples resulted in strength values,
which can be suitably used for sub-base and base layers of low volume road pave-
ments. The major advantages associated with the use of enzyme treatment are ease
of handling, environment friendly and reasonable price. From the laboratory tests
conducted on the same soil with only 3% cement, the UCS value after 28 days
was found to be around 2 MPa compared to 4.13 MPa obtained from enzymatic
cement stabilization. However, it is recommended to go for stabilization only with
bio-enzyme if the desired strength is achieved, else addition of cement or lime may
be considered. UCS test results indicated that TerraZyme dosage of 0.0023–0.0028%
by weight the soil is optimum and increase in strength with addition of cement was
observed. While examining effect of curing temperature, 40 °C was found to be the
most favorable temperature for the reactions to take place. However, the strength of
the bio-enzyme stabilized specimens under soaked condition needs to be evaluated
to recommend it for areas subjected to poor drainage conditions.
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