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Abstract : Lithomargic clay constitutes an important group of residual soils, commonly found in the western coastal side (konkan
region) of southern India. Most of the area in konkan hence have a tough time due to landslide and debris fall during the monsoon.
Lithomargic clay loses a greater part of its strength when saturated. They are generally kaolinitic and contain high percentage of silt
deposits which bring in problems like slope failure, foundation failures, embankment failures, uneven settlements etc. A potential
treatment method which would improve soil behavior using green technology would be beneficial considering the cost savings and
environmental synchronization in comparison to other chemical stabilization methods. The purpose of this study is to understand the
effect of bio enzyme treatment on lithomargic clay. Soil stabilization using bioenzyme (Terrazyme) occurs through cationic exchange.
A set of lab studies were conducted to study the change in index and strength properties of collected lithomargic clay samples by
stabilization with varying dosages of terrazyme enzyme. The optimum dosage of terrazyme was found to be 0.1 ml/L. It is observed,
that there is 42%, 70%, 35% increase in unconfined compressive strength, cohesion, and angle of friction respectively after 7 days
curing. A series of stability analysis on embankment slope of different heights and slope angles for unstabilized and stabilized soil
slope were performed. Factor of safety for slopes of varying heights (4m to 12m) and slope angles (30° to 60°) where greater than 1.5
for the stabilized soil.

IndexTerms — Slope stabilization, Terrazyme, Lithomargic clay, GEO5.

. INTRODUCTION

Lithomargic clay (shedi soil) is found along the western coastal belt (konkan region) of peninsular India extending from Cochin to
Goa below hard lateritic soil varying in large depths. They are present with varying percentages of sands and fines (especially silts,
with negligible amount of clays occasionally) [1]. Major clay minerals found in lithomargic clay are kaolinite, smectite [2, 3]. They
are mostly sandy silts or silty sands and either whitish, pinkish or yellowish in colour. Lithomargic clays are formed by laterization at
shallow depths in lateritic formations and leaching of minerals like silica, aluminium and iron oxides by rainfall temperature
variations etc. It is sandwiched between hard lateritic crust at top and the parent granitic gneiss underneath [4]. Many earlier studies
have proved that the behaviour of these soils is similar to dispersive soils, and they are also found to be highly erosive. Erosion and
removal of lithomargic clay existing between the lateritic soil layers result in slope failure [5]. Infrastructure projects such as
highways, railways, water reservoirs, reclamation etc. requires a suitable and safe embankment. This problem can be overcome by
stabilizing them. Soil stabilization is the process of enhancing the engineering properties of the soil by addition of a reinforcing or
cementing material, or other chemical materials, and thus making it more stable. This technique is used to improve the shear strength
and to reduce the permeability and compressibility of the soil mass. The property of high viscosity and fast hardening makes chemical
stabilization unsuitable for application in large areas. Foreign materials like Geotextiles and other physical soil reinforcements are
often expensive and require machinery that may disturb infrastructure, and also affect plant growth. In this study, a bioenzyme, called
Terrazyme is used for stabilization of lithomargic clay. Enzymes are organic catalysts which speed up a chemical reaction without
being part of the end product. Bio enzymes are natural, non- flammable, non- corrosive and non- toxic [6]. Bio enzymes can be used
as liquid soil stabilizers [7, 8]. Liquid soil stabilizers are of three types ionic (cationic exchange within clay mineral), polymeric and
enzymes (organic catalysts). Bio enzymes are environmental friendly and less expensive as only a small amount of enzyme solution is
required for stabilizing large volume of soil [9]. From Literature it was found that Terrazyme has been successfully used in stabilising
black cotton soils [10,11], laterite and kaolin [12]. The studies on utilization of Terrazyme for stabilising highly erodible lithomargic
clay are found to be less comparatively.

1.1 Stabilization by Enzyme

Mechanism used by Terrazyme in soil stabilization is cationic exchange. In this process voids between the soil particles are
minimized by reduction of absorbed water around the clay particle. It reacts with the organic matter in soil to form a cementatious
material. This results in the formation of chemical bonding between soil particles and makes a permanent structure. These are
especially effective in soil containing high percentage of clay [7]. Clay particles have water molecules surrounding them as these soil
particles are negatively charged. This absorbed water layer contains metal ions like sodium, potassium, aluminium, magnesium etc. in
it. These ions are responsible for the bonding between clay particles and water. Terrazyme helps in the reduction of this adsorbed
water layer on the particle. This reduces the size of the particles and they come closer to form a dense soil structure[7]. In enzymatic
stabilization the clay lattice adsorbs the enzyme added to the treated soil and in exchange cations are released. This process of
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exchange of ions is called cationic exchange. This results in the reduction of adsorbed water layer on the clay particles. As a result the
soil particles come closer and the soil lattice becomes densely packed [6,7].

I1. MATERIALS

2.1 Lithomargic Clay

Lithomargic clay sample was obtained from Kanjirappally, Kerala, India. The samples were collected at a depth of 2-2.5m
below the lateritic layer. The properties of soil were determined based on Indian Standard Code of practice and are given in the table
1. Soil was air dried and sieved using 4.75 mm IS Sieve. The soil was found to be kaolinitic in nature from Xray diffraction studies.
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Fig. 1 X —ray diffraction pattern for shedi soil with minerals Kaolinite - Al>(Si2Os)(OH)4 and Saponite - Mgs(Si Al)s010(OH)2.4H,0

Table 1 Properties of unstabilized soil

Geotechnical Properties IS code Results
Specific gravity IS 2720: Part 3: 1980 2.62
Percentage of sand 1S 2720: Part 5: 1985 30%
Percentage silt 1S 2720: Part 5: 1985 42%
Percentage clay 1S 2720: Part 5: 1985 28%
Unconfined compressive strength IS 2720: Part 10: 1991 36.66 kPa
Cohesion IS 2720: Part 12: 1981 21.64 kPa
Angle of internal friction IS 2720: Part 12: 1981 17°
Main mineral (X- Ray diffraction) Kaolinite

2.2 Terrazyme

Terrazyme is brown in colour, smells like molasses, non- toxic bioenzyme, obtained by fermentation of sugarcane extract and
has surfactants and natural protein acquired from cereals, vegetable exracts, ferments of carbohydrates [7,13]. The enzyme solution
was procured from Avjeet Agencies (P) Ltd., Chennai. Properties of Terrazyme are shown in table 2.

Table 2 Properties of Terrazyme

Colour Brown
Solubility Soluble in water
Hazardous Content None

pH 35-5

Boiling Point 100°C
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Melting Point Liquid
Stability Stable
Specific Gravity 1.05
Evaporation Rate Same as water

I1l. TESTS CONDUCTED

The dosages of Terrazyme used are given in table 3. Different dosages of Terrazyme were first diluted in one litre of water. Soil
samples were mixed with the required dosage of diluted Terrazyme solution and kept for curing for the desired number of days. Then,
they were tested for their index and engineering properties. The untreated and treated soils were tested for determining liquid and
plastic limits (IS 2720: Part 5: 1985). The unconfined compressive strength (UCS) tests (IS 2720: Part 10: 1990) were conducted for
the treated as well as the untreated soil and the optimum dosage was determined. The UCS tests were conducted for curing periods 7,
14, 28 days and effect of increase in time of curing is studied. The cohesion and angle of internal friction for the treated and untreated
soils were determined after 7 days curing period from triaxial tests (IS 2720: Part 12: 1981).

Table 3 Dosages of Terrazyme

Dosage Notation Dosage of Terrazyme (ml/L)
T1 0.05

T2 0.1

T3 0.15

T4 0.2

IV. SLOPE STABILITY ANALYSIS USING GEO5 SOFTWARE

Slope stability analysis is performed to assess the safe design of human-made or natural slopes, such as embankments, road cuts,
open-pit mining, excavations, landfills etc [14, 15]. Slope stability is defined as the resistance of inclined surface to failure by sliding
or collapsing [16, 17]. Here, the numerical analysis of the experimental results is performed using Geo 5 software for a typical

embankment slope stability problem. The failure points were analyzed based on Bishop’s circle method for different heights and
angles provided.

V. RESULTS AND DISCUSSIONS

5.1 Atterberg Limits

The liquid limit and plastic limit results of lithomargic clay, stabilized with Terrazyme and cured at 7, 14 and 28 days are
shown in Figure 2. It was found that the liquid limit value decreased with increased curing period and had the least values at 0.1ml/L

dosage (LL =35%, PL =17%) While plastic limit values also decreased with aging. This may be a result of stabilizing effect of
Terrazyme due to aggregation of soil particles [4].
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Fig. 2 Stabilizing effect of Terrazyme on liquid limit
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Fig. 3 Stabilizing effect of Terrazyme on plastic limit

5.2 Unconfined Compressive Strength

It was found that, the unconfined compressive strength increased to about 42% when the soil was stabilized with Terrazyme.
Lithomargic clay was stabilized using Terrazyme with different dosages such as. 0.05ml/L, 0.1ml/L, 0.15ml/L and 2ml/L by weight of
soil sample with different curing periods i.e. 7, 14, 28 days. The unconfined strength is found to be maximum at 0.1ml/L and then
reduced by the further increase of Terrazyme dosages. The optimum stability of the sample was thus obtained by the addition of
0.1ml/L of the Terrazyme dosage. Here the unconfined compressive strength obtained for 7, 14, 28 days were 52kN/m2, 90kN/m2
and 111kN/m2 respectively. The maximum strength was obtained by 28 days cured sample. The increase in strength may be due to
the more flocculated structure of Terrazyme treated soil with aging [4,18]. This flocculated structure may be due to the formation of
calcium silicate hydrates [19,20,21].
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Fig. 4 Stabilizing effect of Terrazyme on unconfined compressive strength

5.3 Shear Strength Parameters

Effect of varying dosages of Terrazyme on cohesion and angle of internal friction of lithomargic clay was found out by
conducting unconsolidated undrained triaxial tests. Cohesion and angle of friction of unstabilised soil were 21.64kPa and 17°
respectively. Then the tests were conducted for 7 day cured samples. Both cohesion and angle of friction had highest value at a dosage
of 0.1 ml/L which are 46.6kPa and 23° respectively. Here cohesion of treated soil was approximately double that of untreated soil.
This may be due to the densely packed particle formation of treated soil because of the binding action caused by Terrazyme[12,19,
20].
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Fig. 5 Stabilizing effect of Terrazyme on shear strength parameters

5.4 Slope Stability Analysis

Slope stability analysis was performed for both unstabilized soil and the soil stabilized using Terrazyme (at Optimum dosage
0.1ml/L). The analysis was conducted on slope models of varying heights i.e. 4m, 8m, 12m and slope angles 30°, 45°, 60°. This was
done to analyze the effect of steepness of slopes on stabilized and unstabilized soil slopes. The final result was found through factor of
safety which is the ratio of shear strength to shear stress of a possible sliding surface in a slope. Slope stability analysis was done
using Bishop Circle Method. The optimum slip surface was determined and factor of safety of soil slopes were found out.

Table 4 Values of Factor of Safety for unsatbilized and stabilized soil

Slope Angle Height of slope Factor of Safety f_or unstabilized soil | Factor of Safety for soil stabilized by
(Safe only if FOS > 1.5) Terrazyme (Dosage 0.1 ml/L)
4 3.44 6.65
30 8 2.18 4.03
12 1.72 3.09
4 2.87 5.69
45 8 1.74 3.31
12 1.35 2.48
4 2.44 491
60 8 1.44 2.78
12 1.09 2.06

The values of factor of safety for both stabilized and unstabilized soil slope are given in table 4 From the results it was found
that the factor of safety values of unstabilized soil slope where greater than 1.5 except for slopes with angle and heights of 45° and
12m, 60° and 8m, 60° and 12m. The slopes for unstabilized soil where found to be unsafe at slope angle and heights of 45° and 12m,
6° and 8m, 60° and 12m. Factor of safety for slopes with varying heights and slope angles was greater than 1.5 for the stabilized soil.
Thus, it was observed that addition of Terrazyme helped to keep the soil slope safe compared to unstabilized soil. This could have
occurred because of the strong bonding between soil particles caused due to cationic exchange by Terrazyme. Through the process of
cationic exchange the soil particles were thus able to come closer by the reduction of adsorbed water layer and thus form a dense
structure [19, 20]. This effect was especially visible in cases of slopes with angle and heights of 45° and 12m, 60° and 8m, 60° and
12m where factor of safety values where less than 1.5 for unstabilized soil and greater than 1.5 for stabilized soil. Thus Terrazyme
treated soil can be found effective for steeper slopes.

V1. CONCLUSION

Enzymatic stabilization on soil does not result in the formation of new bonds but only acts on the surface properties of soil.
Enzymatic activity is also not controlled by any external factors like pH, temperature etc. From the results it was found that the
strength and plasticity properties of the stabilized soil showed significant improvement with aging. The optimum dosage of
TerraZyme in the soil studied was 0.1 ml/L. It is observed, that there is 42%, 70%, 35% increase in unconfined compressive strength,
cohesion, and angle of friction respectively after 7 days curing. Tests conducted on unstabilized and stabilized soil showed that there
is significant effect in consistency limits which could be possibly due to aggregation of soil particles. Slope stability analysis using
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GEO®5 software also showed that soil stabilized using Terrazyme for varying dosages was safe for slopes of varying heights. Only a
small dosage of enzyme is required for soil stabilization. Thus it could be concluded that stabilization of the highly problematic
lithomargic clay using bio enzyme treatment can show substantial improvement in various engineering properties of the soil.
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