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a b s t r a c t
Soil bioengineering is the concept of utilizing plants, including its roots, to strengthen or stabilize soils
with poor engineering properties such as soils in natural and manmade slopes. This technique is widely
used in many countries and is also practised in India. Most of the research works done related to soil bio
engineering are by ecological researchers, geotechnical research works related to utilizing the plant roots
as reinforcement are few in India. In this research works, an attempt is made to study the strength variation in a landslide-affected soil by stabilizing the soil with plant roots obtained from readily available
plants in the study area. The roots were obtained and a particular root mass (Lemon grass root) was introduced in the soil and the geotechnical property changes were verified. It was found that the incorporation
of the plant roots in the soil matrix improved the stability of the soil. Consequently, the plant roots studied can be cheap materials for improving the stability of slopes, especially in landslide-affected areas.
Ó 2020 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/bync-nd/4.0) Selection and peer-review under responsibility of the scientific committee of ICAMMM 2020.

1. Introduction

1.1. Soil reinforcement – A natural way

Certain materials are strong in compression, others in tension,
but not many materials are capable of withstanding shear forces.
Soils most times fail when they experience shearing. It is believed
that the shear strength of soil is insignificant compared to its bearing capacity and hence a need arises to improve the strength of the
soil via convention and unconventional ways. Soil improvement is
important while designing geosystems, i.e. slopes, dams, embankments and hydraulic barriers, where tensile cracks are likely to
occur. Addition of discrete fibre reinforcement to a soil to improve
its shear strength is an unconventional technique to improve soil
mechanical behavior. Though the mechanical behavior of external
fiber reinforced soil has been studied extensively, the effect of
plant root fibre as a reinforcement of soils on its geotechnical properties are is not yet well ascertained [2,5,7]. Figs. 1-8.

Soil reinforcement is an effective and reliable technique for
improving strength and stability of soils. Several studies have been
conducted to investigate the influence of randomly-oriented discrete inclusions (fibers, mesh elements, waste material e.g. plastic
strips, tire chips, etc.) on highly compressible clayey soils including
soils that are prone to landslides [3,7]. Sustainable development
concept, which is recently revolutionizing the way research works
are conducted is focusing on utilizing the natural materials by
replacing harmful manmade materials in various aspects. It is a
balancing act between the fulfillment of human needs and the protection of the natural environment, the use of natural fibers such as
fibers, coir, jute, plant roots in geotechnical applications is highly
desirable. Not only artificial materials can be used as reinforcement but the plant roots that are available naturally can also be
used for reinforcing the soil both temporarily and permanently,
this is equivalent to reinforcing soil by using coir based materials.
Previous research works conducted proved that the inclusion of
fibers increases strength, stiffness, reduces the compressibility
and swell potential and adds more durability and stability to the
soil. Also concerned with the hydraulic behavior of soils, it was
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Fig. 1. a) Slope failed area from where soil is collected b) Soil samples.

Fig. 2. Plant root collection.

Fig. 3. Image showing the soil sample with soil and root.

Fig. 4. Specially designed mould for the work.
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Fig. 5. Sample preparation for strength tests.

Fig. 6. The effect of OMC with the addition of various percentage of fibers.

Fig. 7. The effect of Shear strength with the addition of various percentage of fibers.
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Fig. 8. The effect of UCC with the addition of various percentage of fibers.

of the soil. The soil was then tested for index properties using
Indian standard testing procedures laid in SP 36- Part 1 (Compendium of Soil mechanics) and the soil classification was done
as per IS 1498:1970 using the plasticity chart. While mixing the
fibers, the reinforced soil specimens were prepared by hand, by
mixing dry soil, distilled water and fibres. During the mixing process, the required amount of water was added to the soil prior to
adding the fibres. Fibres were mixed manually with the wet soil
at small increments. Particular care was taken to achieve satisfactory uniform mixtures. Prior to compaction, the prepared mixtures
were conserved in air-proof bags for two days for the purpose of
moisture homogenization.

observed that addition of fibers reduces the seepage velocity of
plain soil considerably and thus increase piping resistance.
1.2. Landslide mitigation via natural methods
Shallow landslides and slope failure are serious problems
around the world, including in India, where bare soils are assailable
to failure through intensive rainstorm and anthropogenic activities
add more stress to this problem. The naturally available slopes are
protected by plants. These plants protect the surface from rain
splash and their roots help to bind the soil fully. Research shows
that along a potential slip surface, vegetation (tree), depending
on their location, may promote and inhibit slope failure [1,7,4,6].

2.1.1. Properties of soil
Index properties of the soil was studied as per the procedure of
Indian standards (IS 2720) and the Table 1 presents the various values of the natural soil properties. Permeability of the soil sample
was studied in various soil densities such as 1200 kg/m3,
1450 kg/m3, 1600 kg/m3 to validate the exact soil condition in
the field Table 2.

2. Materials and methods
2.1. Soil sample collection and preparation
Soil samples were collected from landslide affected area in Nilgris district (Fig. 1). Sampling was done as per Indian standard
sampling procedures. The collected soil samples were wellpacked in plastic bags enabling them for transportation without
affecting their natural moisture content. The soil samples collected
were transported to the laboratory for the geotechnical
investigation.
In the laboratory the collected soil was air dried, crushed and
passed through 2.36 mm sieve for the removal of gravel portion

2.2. Plant root collection
To facilitate the study and to ascertain the results accurately the
native plants that are available in the Nilgris district (Fig. 2) was
used throughout this study. Some of the plant species that were
selected for the root reinforcement studies are

Table 1
Properties of soil sample.
S. No

Soil properties

Result

1.
2.
3.
4.
6.
7.
8.
9.
10.
11.
12.

Uniformity coefficient (Cu)
Coefficient of curvature (Cc)
Liquid limit
Plastic limit
Plasticity index
Liquidity index
Consistency index
Bulk density
Dry density
OMC
Permeability test-Falling head (kg/m3)

13
14
15
16
17

Total stress
Shear strength
Unconfined Compressive Strength
Specific gravity
Saturation ratio

4.848
1.065
23.37%
10%
13.37%
6.667%
93.3%
2.12 g/cm3
1.93 g/cm3
10%
0.067 mm/sec
0.050 mm/sec
0.0192 mm/sec
9.03 N/cm2
13.53 N/cm2
3.42 N/cm2
2.6
49%

1200
1450
1600
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Table 2
Strength variation after addition of fibers SL.NO.
Property

1
2
3
4

% of grass root

OMC
UCC N/cm2 (1200 kg/m3)
Direct shear test N/cm2 (1200 kg/m3)
Permeability mm/sec
1200 kg/m3
1450 kg/m3
1600 kg/m3

1%

2%

3%

4%

12
3.42
13.53

13
3.6
14.6

13
5.55
17.06

14
6.43
20.12

13
6.61
22.80

0.067
0.050
0.019

0.056
0.040
0.01

0.051
0.024
0.010

0.049
0.023
0.020

0.047
0.022
0.019

Plant collection was done by the removal of subsoil using soil
removal tools without affecting the soil surrounding the roots of
the plants. The plants were then covered in plastic sheets and
transported to the laboratory carefully without affecting the
root-soil mass. The roots were then separated (Fig. 3) only in the
required quantity, the remaining portion was watered to keep
the plants alive until the testing was completed. This method
allowed the roots to continue growing during the period of the
experimentation.

proctor value and after compaction it was covered with plastic
sheet and kept for 6 h for even distribution of its water content.
Cores were cut from the soil prepared using specially designed core
samplers of various capacities and tests were done on the undisturbed soil samples to ascertain accurate values. Also, it is to be
noted that plant roots do not have consistent diameter and hence
finding aspect ratio is not at all possible in any plants. The roots
have varying diameter from top to bottom and an average diameter only can be used, yet the strength of the root is not proportional
to its diameter but to the cellulose content which will be uniform
throughout the plant. In this study the roots selected were of
mostly even diameter and not accurately common throughout
the length.

2.3. Experimentation procedure

3. Results and discussion

The standard procedure laid down in the Indian standards was
adopted for the testing, the index properties of the soil was initially
studied. The roots were prepared with various aspect ratio by cutting down the various portions of the root from the plants. They
were washed with distilled water, kept dried in an oven to find
the root bio mass. The obtained root were then prepared with various aspect ratios and kept in plastic containers prior to the addition of fibers in the soil. All tests were conducted in a specially
designed mould (Fig. 4) which can accommodate 0.2 m3 of soil
sample in a single stretch. The soil sample was prepared in the
mould of dimension 1 m  1 m  0.25 m size, this kind of preparation facilitated the addition of constant water and also helped in
the maturation of water in soil. The soil was placed in the mould
and compacted with standard energy equivalent to the standard

Tests were conducted after proper maturation period using
Indian standard test procedure. The shear strength test (Fig. 5)
was conducted with shear controlled undrained pattern. Unconfined test was conducted in the stress controlled, undrained pattern. Permeability and hydraulic characteristics were obtained
using falling head permeameter. Plant roots in single aspect ratio
was used throughout the study, the length and the diameter of
the root was measured using digital Vernier caliper (Mitutoyo).
The roots were washed and immersed in water for at least 3–4 h
before addition of fibers in the soil. The soil- root matrix is prepared by using hand mixing to enable thorough mixing of the roots
across the soil matrix. The soil was kept in a specially-designed soil
mould which enabled undisturbed soil testing. The results
obtained were given in Table 2 which shows the variation of

1. Lemon grass – Cymbopogon citratus
2. Love grass – E. cynosuroides
3. Vettiver – Chrysopogon zizanioides

Fig. 9. The effect of Permeability with the addition of various percentage of fibers.
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humus that may be produced due to the composite degradation
of root-soil matrix may add more stability. Coir fibers added to
soils for river bank protection in many research works proved this.
Thus, it is evident that usage of natural plant roots in various
aspect ratios can be utilized for soil reinforcement.

strength and hydraulic parameters with and without addition of
roots.
3.1. Effect on optimum moisture content
Optimum moisture content of the soil was affected by the addition of roots. This is an important parameters concerned with the
consolidation and compaction characteristics of soil. It was found
that the addition of 2–4% of roots by weight to the soil affected
the OMC value and increased it to 13% from 10% (Fig. 6). This is a
considerable increase in terms of water quantity required to compact the soil. This is mainly attributed to the larger surface area of
the roots which absorbs more water during the mixing and maturation. Unlike natural fibers or ash used in several studies, roots
have less impact on water absorption. Yet, the increase in OMC
was obtained in this study which may be of several other attributes
including the channels the roots created in the soil.
This also increased the weight of root mass and hence provides
more stability and strength to the soil-matrix.
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3.2. Effect on shear strength
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