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ABSTRACT

The phenomenon of soil scour is influenced by several factors, namely,
continuous rainfall, slope, and soil movement. This causes landslides, especially on slope
surfaces. The use of vegetation can be used as an effort to overcome shallow landslides
on a slope.

This study aims to determine the characteristics of the soil, the effect of plant
roots on the shear strength of the soil by using a direct shear test tool and to determine the
safety value on the slopes by using Geo5 application analysis. The types of plant roots
used in this study were Paitan grassroots, Teki grassroots, Setaria grassroots, Gajah
grassroots and Alang-Alang grassroots.

From the results of the direct shear test, the shear strength value of the soil and
Paitan grassroots was 101.433 kg/cm?, the soil with Teki grassroots was 99.392 kg/cm?,
the soil with Setaria grassroots?, Alang-Alang grass is 123,730 kg/cm? and the highest
value is found in the soil and Gajah grassroots which is 105,7039 kg/cm?. With the
characteristic form of fibrous roots and able to grow to very deep depths, the roots of
these plants can have a great impact on soil shear resistance. The greater the diameter and
root content in the soil, the greater the shear resistance. The presence of plant roots has
proven to be helpful in increasing the holding moment even after erosion has occurred. It
can be said that the presence of plant roots on slopes is one of the potential solutions as
an effective, economical, and environmentally friendly method.
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1. INTRODUCTION

Soil movement due to changes in the shape of the soil structure is a very common thing.
With various causes, the occurrence of this movement is commonly referred to as the
landslide phenomenon. Rainfall with high intensity and long time is often the reason for
landslides, especially on the surface of a slope. Many efforts have been made to overcome
these landslides, one of which is soil bioengineering, namely the use of parts of a plant to
strengthen shear strength and soil resistance. In this study, the use of plant roots was
carried out as an effort to deal with landslides. With the characteristics of the roots
gripping the soil, it is expected to be able to provide additional strength to the soil.
Research by Santiawan et al (2017, pp 11-23) proves that the addition of Gajah grassroots
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can increase the safety factor on soil slopes. In addition, in a study conducted by Nugraha
et al (2016), switchgrass was able to increase the safety factor value of 16.24% compared
to slopes without plant roots. Apart from these two types of plants, Vetiver grassroots still
be favorite in slope stabilization. However, the difficulty of finding vetiver grass outside
of Java and the less adaptive characteristics of Vetiver underlie other studies to find plant

species that are more effective, economical, and easy to find anywhere.

2. LITERATURE REVIEW
Theory and Mechanism of Slope Collapse
A landslide is evidence that a soil structure has changed shape so that it is no
longer able to withstand the load and water pressure on it (Priyono, 2014-2015). Based
on the depth of landslide events can be distinguished as follows.
Table 1. Landslide Depth Classification

_ Depth
NO Landslide Type
(m)
1. | Surface Slide <1,5
2. | Shallow Slides 1,5-5,0
3. | Deep Slides 5,0-20
4. | Very Deep Slides >20

The failure that occurs when the deformation occurs indicates that the shear
stress applied to the soil has reached its critical value. This theory is known as the Mohr
Coulomb theory (Das, Endah & Mocthar, 1995). This theory states that the shear stress
in the soil has a functional relationship with cohesion and friction between soil particles,
so that:

T=c + otang

Description:

T = soil shear stress
¢ = cohesion

= normal stress

= shear angle in
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SOIL BIOENGINEERING

This method utilizes parts of a plant as living material. In handling slope failure,
this method is a conservation measure by covering the slope surface with plants, with the
aim of reducing infiltration that occurs in the soil (Nugraha, Yudistira, Hamdhan & Noer,
2016). The influence given by plants consists of hydrological mechanisms in the form of
evaporation and absorption by leaves and absorption by roots so that the transpiration
process occurs and can reduce positive pore water tension. And a mechanical mechanism
in which the ability of roots to add strength to the soil, the ability of roots to grip or anchor
roots into the soil layer and the ability of roots to bind soil particles thereby reducing
erosion.
RAIN EROSIVITY

Rainfall is the most common factor for erosion, rainwater that falls on the soil
surface forms water flows so that particles of the soil surface are lifted and move to lower
places (Karyati, 2006). The factors that control the process of the erosion system are the
erosivity of rain, soil erodibility, length and slope of the slope, planting and conservation
practices carried out on the surface of the soil slope. Formula Universal Soil Loss
Equation (USLE)Thus, based on the USLE method, the erosion rate is determined by the
following equation:

E=R.K.LS.C.P

E = Annual soil erosion (tons/ha)

R = Rain erosion (MJ.cm/ha.hour)

K = Soil erodibility (sensitivity) (ton.ha.ha/ha.mj.cm)
LS = Length Factor and slope

P = Conservation Action

C = Plant management factor

3 RESEARCH METHODOLOGY
The stages carried out in this research are as follows.
1. Preparation of materials and tools needed in research
2. Soil extraction with 5 types of plants in five locations namely 1) Setaria grassroots
come from JIn. Soeratno Guntung Payung Banjar Baru Utara, South Kalimantan, 2)

Gajah grassroots JIn. Sidodadi | Guntung Payung BanjarBaru North, South
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Kalimantan, 3) Grassroots Alang-Alang Jin Rosela Ujung, Kemuning, Banjarbaru
South Kalimantan, 4) Grassroots Teki JIn. HM Sanusi Bereng Kalingu Village,
Central Kalimantan and 5) Paitan grassroots JIn. HM Sanusi, Bereng Kalingu Village,
Central Kalimantan.

3. The initial test was carried out by physical testing to determine the nature and
characteristics of the soil in the presence of plant roots. The water content, volume
weight, grain analysis (sieve analysis and hydrometer analysis) and Atterberg limits
were tested. The mechanical test was continued, namely the direct shear test.

4. Analysis of the results of physical and mechanical testing of soil samples and 5 types
of plants.

4 RESULTS AND DISCUSSION
Results of Testing the Physical Properties of Soil with 5 Types of Plant Roots
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Figure 1. Graph of Grain Distribution of Soil with 5 Types of Plant Roots

Table 2. Results of Testing Soil Physical Properties with Teki Grassroots, Paitan
Grassroots, Setaria Grassroots, Gajah Grassroots, and Alang-Alang Grassroots

Type of Grass Paitan Grass | TekiGrass | SetariaGrass | GajahGrass | Alang-Alang Grass
Depth 0,00-1,00m | 0,00-1L,00m | 0,00-1L00m 0,00-1,00 m 0,00-1,00 m
Specific Gravity (Gs) 2371 2428 2,545 2577 2,580
Soil Properties | Water Content (W) %) 65.690 54.500 20.690 32680 10.080
_ \Volume Weight  (g) grfem? 1570 1589 1.857 1.836 2.079
g Gravel (>2mm) % 0.71 0.25 247 0.47 13.05
k] Coarse Sand (0.6-2.00mm) % 0.03 0.09 5.68 4.30 5.50
§ Medium Sand (0.2-0.6mm) % 0.01 0.10 18.45 11.97 4.36
% Grain Size Fine Sand (0.05-0.2mm) %) 139 1.60 2234 20.57 12.49
s Distribution Silt and Clay (0.002-0.05mm) % 78.47 49.21 40.90 50.67 52.35
g Clay (<0.002mm) 19.39 48.75 10.16 12.03 1225
% No. 10 (2.00mm) % 99.29 99.75 97.53 97.73 86.95
2 No. 40 (0.425mm) % 99.25 99.63 88.53 92.73 80.25
g No. 200 (0.0075mm) % 99.21 99.37 55.23 67.13 65.51
2 Liquid Limits (LL) % 66.11 81.82 27.38 40.93 34.21
F Atterberg Limits Plastic Limit (PL) % 38.64 64.58 2151 23.98 20.43
Plasticity Index (P1) % 27.48 17.23 5.88 16.95 13.78
USCS Classification USCS OH MH ML CL CcL

Based on the above test results, the highest water content was on soil with Gajah

grassroots of 32.68% and the lowest was on soil with Alang-Alang grassroots of 10.08%.
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Based on the results of the Atterberg limits test, it shows that the soil and roots of Paitan
grass with a liquid limit of 66.11% and a plastic limit of 38.64%, which is based on the
USCS classification system, the soil with Paitan grass plants is classified as Organic clay
(OH). Teki soil and grassroots have a liquid limit of 81.82% and a plasticity limit of
64.58%, so that according to the USCS classification system, they are classified as
Inorganic Silt (MH) soil types. Setaria soil and grass have a liquid limit of 27.38% and a
plasticity limit of 21.51%, so according to the USCS classification they are classified as
Silty or clayey fine sand (ML). Gajah soil and grassroots have a liquid limit of 40.93%
and a plasticity limit of 23.98%, so that according to the USCS classification the soil is
classified as an Inorganic clay low (CL) soil type. Also, Alang-Alang soil and grassroots
have a liquid limit of 34.2% and a plasticity limit of 20.43% so that according to the
USCS classification the soil is classified as an Inorganic clay low (CL) soil type.

Results of Mechanical Properties Testing
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Figure 2. Graph of Relationship of Grass Root Types with Cohesion Value

The Reliation between Type of Grass to Internal Shear
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Figure 3. Graph of Relationship of Internal Friction Angle with Grass Root Types
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The Reliation between Type of Grass to Shear Strength
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Figure 4. Graph of Relationship of Soil Shear Strength with Plant Root Types

Based on the results of testing mechanical properties, soil with Gajah grassroots has the

highest friction and cohesion angle values are 27.19° and cohesion is 0.788 kg/cm? so

that the highest shear strength is 141.863 kg/cm?. The value of the internal friction angle

on the Teki grass is 22.62° and the cohesion is 0.016 making the Teki grass have the

lowest shear strength value of 99.392 kg/cm?,

5 CONCLUSIONS

1)

2)

3)

4)

The existence of roots in the soil through mechanical mechanisms can help increase
the shear strength of the soil which has a positive impact on increasing slope stability,
so that it can help prevent shallow landslides or erosion on the surface of the soil
slope.

The root of the plant that has the highest value of shear strength with a value of
141,863 kg/cm? is the root of the Gajah grass plant. Followed by the roots of the
Alang-Alang grass plant with a value of 123.730 kg/cm?. Setaria grassroots have the
third largest shear strength value with a value of 114.153 kg/cm?. The Paitan grass
root has a shear strength value of 101.433 kg/cm?. And the smallest is Teki grass root
with a shear strength value of 99.392 kg/cm?.

Gajah grass root is a type of plant root that has a high potential value that can
withstand slope stability as evidenced by the results of the highest retaining moment
after the erosion factor, which is 4366.51 tons/ha.

The use of vegetation in helping to maintain soil stability has potential value as an
effective, economical, and environmentally friendly way.
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