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Abstract

Graphical abstract

(a) Pile soil model 1

Lateritic soil was treated with 0%, 4%, 8%, 12%, and 16% Rice Husk Ash (RHA) by dry soil weight to
determine its consolidation properties. Test carried out include particle size distribution, specific
gravity, compaction test with varying compactive efforts (British Standard Light (BSL), West African
Standard (WAS) as well as British Standard Heavy (BSH)) and consolidation test. Samples for
consolidation test were compacted and then cured for 7, 28 and 56 days; then subjected to one
dimensional consolidation testing to observe the influence of curing period and compactive effort
on its consolidation characteristics. Index tests showed improved geotechnical properties. The
Maximum Dry Density (MDD) for BSL compaction decreased with a rise in RHA content from 1.72 to
1.42 Mg/m? while optimum moisture content (OMC) increased from 16.5% to 27.3% with rise in
RHA doses from 0% up to 16%. Similar trend was observed for WAS and BSH energies. Pre-
consolidation pressure rise with increment in RHA content and also with increase in both
compactive efforts and curing period with few exceptions. At 12% RHA content, Pre-consolidation
pressure increased from 65 to 66.5 kN/m? at 7 days and 56 days respectively. Increase in RHA
content caused a decrease in Compression Index and Swelling Index. Compression Index also
decreased with increase in both compactive efforts and curing period. There was no observed trend
in the Swell Index with curing period. As the compactive efforts increased, the swell index
decreased. The RHA reduced the Coefficient of Volume Compressibility (Mv) and the Coefficient of
Consolidation (Cc). Curing period and compactive effort have no effect on Mv and Cc. Based on the
results obtained, curing period at least 28 days using up to 12% RHA compacted at energy level of
BSH improved the properties of the treated soil and can be used for geotechnical engineering
applications like embankment or rural roads.

(d) The live load located on the inner  {H ee
part of the embankment s -

() The live load located on the peak
part of the embankment

(f) The live load located on the outer
part of the embankment
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1.0 INTRODUCTION

One of the main uses of an embankment is to store water [1].
Generally, a pile of soil is placed on top of the embankment,
which has the potential to collapse, that can be affected by the
diffrence in geometry, especially the angle of slope form on an
embankment [2]. At the steeper slope, the slope’s stability will

be reduced that will eventually cause landslide [3]. In order to
evaluate whether an embankment will collapse or not, slope
stability analysis is done [4].

This research is focused on analyzing Manyar Pond’s slope
stability and the results are based on its Safety Factor (SF) value
and its total displacement value, by using Finite Element Method
(FEM), which has an advantage not to use assumptions to
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identify the failure planes [5]. Manyar Pond has a height of 4.5
meters and graded slopes of 1:2 and 1:5. The calculation of the
SF values are done according to the construction stages. On
every addition of a soil pile, the embankment has different
height and angle of slope. The results will show how the
geometry of the soil piles can affect the stability of Manyar Pond,
based on the safety factor values and total displacement
amplitudes.

This research also explain several stability conditions, if
the live loads are placed on different parts of the embankment.
Effect when storing large amounts of water will increase effect
of the hidrostatic pressure on the bottom of embankment [21].
It is necessary to have slope stability to keep the hydrostatic
pressure from damaging the slope stability on the embankment.
Therefore, Mohr-Coulomb Failure and Slope Stability analysis
are used, which is also combined with Finite Element Method
(FEM).

Mohr-Coulomb Failure

Mohr-Coulomb failure happened on a combination of critical
conditions of normal stress and shear stress [6]. The Mohr-
Coulomb failure criterion is written on the equation below [7] :

r=c+ortan @ (1)

with tras shear strength on the failure plain, oras normal stress
on the failure plain, ¢ as cohesion, or the pulling force between
two or more soil particles, and & as the internal friction angle.

Slope Stability

Slope stability analysis is needed to assess the safety factor of a
artificial embankment, as well as the potential landslide
occurance [8]. Stability of the slope is evaluated based on its
safety factor values [9]. Safety factor value is a ratio of the force
that holds the soil particles (holding force) to the ones triggers
soil movements (moving force), which is written on the equation
below [10] :

F=t/14 (2)

with t as shear resistance of the soil, Ty as shear stress of the soil
that is about to collapse, and F as safety factor [10]. Slope can be
considered “safe”, where landslide rarely happens, if the safety
factor are above 1.25 [11].

Finite Element Method

Finite Element Method is one of the slope stability numerical
analysis that does not use any assumptions to determine the
critical and failure planes on the embankment’s slope [12].
Generally, this method divides the surface of the embankment
into several district units that is known as elements [13]. The
safety factor values resulting from this method is determined
using the Shear Strength Reduction (SSR) method [14], where
the safety factor value is equal to the reduction factor of c

(cohesion) and tan ¢ (internal friction angle) parameters,
written on the following equations [13] :
RF =tan ginput/tan ﬂreduced

= Cinput/creduced (3)
SF = RFatfaiIure (4)
With RF as reduction fator on every calculation steps, tan @jmput
and Cinput as soil’s input parameters, also tan Brequced aNd Creduced
as the soil’s parameters that have been reduced by the program.

2.0 METHODOLOGY

Data Input

This research uses secondary data that includes Manyar Pond’s
technical information as well as the soil physical and mechanical
parameters. Manyar Pond has a height of 4.5 m and graded
slopes of 1:2 and 1:5, with a water level on the elevation of 2.7
m (Figure 1). Manyar Pond has soft clay as its primary soil layer,
based on the N-SPT test results. Meanwhile, the soil pile on top
of it consists of compacted clay and limestones: limestone
boulders on the bottom part of the pile, and compated ones
above. Besides that, geotextiles with a specificarion of Unggul-
Tex UW 150 and a stiffness of 56.06 kN/m, are located on
elevations 2.5 m and 3 m, which are used to support the
embankment, as the reinforcement forces. The parameter
values of the primary soil layer and the piles are written on Table
1. All of the values written there are the results of soil analysis,
where laboratory test results are compared to correlation values
from other references ([15], [16], [17], [18], [19], dan [20]), and
the most critical values are chosen.

Inmer part of the pond Outer part of the pand

)
i3
il

Figure 1 The Geometry of Manyar Pond

Table 1 Soil Parameter Values of Manyar Pond

Parameter Sy Unit Prima Prima Compact Limesto
mb ry Soil ry Soil ed Clay ne
ol Layer Layer
1 2
Depth - m 0-18 18-20 - -
Dominant
Lithology ) ) Clay Clay ) )
N-SPT - - 1-3 4-5 - -
Critical N-SPT - - 1 4 - -
. Very .
Consistency Soft Soft Stiff -
Unsaturated Vuns kN/
Unit Weight o m3 10,95 12,75 17,95 16,015
Saturated kN/
Unit Weight Vsat m? 14,6 16 20 18,53
Unit Weight Vwar KN/
of Water . m3 9,8 9,8 9,8 9,8
Cohesion c kPa 13,63 10 100 2
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Internal

Friction Angle 4 5 > > 30
Dilatation N
Angle b 0 0 0 5

- m/da  21x 48 x & 39x 10
Permeability k v 106 105 9x 10 4
Liquid Limit LL % 97,69 68,5 25,9 37
Modulus E kPa 1380 2415  13.800 40.000
Young

f ,

Polsson’s oo 025 025 03 03
Ratio
R-Inter - - - - - 0,85

Data Processing

Several inputs will be done on Manyar Pond’s model that has
been made on the program, based on the geometry and
measurements of the secondary data. A 10 kN/m?2 live load is
inputted on the inner part of the embankment (Figure 2), on the
top part of the embankment (Figure 3), and on the outer part of
the embankment (Figure 4). Figures 2, 3, and 4 show the
different placements of live load (representing human activities
and transportation) in order to evaluate several stability
conditions.

The calcuation of safety factor value uses the phi-c
reduction method, based on the construction stages and the
duration required for each steps. The results are in a form of
safety factor values and total displacement amplitudes for each
construction stages.

=+ E=S
E=3 E=S

Figure 2 Live Load Placement on the Inner Part of Manyar Pond
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Figure 3 Live Load Placement on the Top Part of Manyar Pond

Figure 4 Live Load Placement on the Outer Part of Manyar Pond

3.0 RESULTS AND DISCUSSION

Safety Factor Value

Slope stability analysis was carried out based on safety factor
values and total displacement amplitudes that result in each
stage of construction. Table 2 shows the safety factor values in
each construction duration stage of the Manyar Pond.

Table 2 Safety Factor Values of the Manyar Pond.

Elevation (m) Safety
Stages Factor
Values
Adding of pile soil 1 1-25 3.3146
Adding of.plle soil 2 2.5-35 27314
+ Geotextile
Adding of.plle soil 3 3.5-45 2.4601
+ Geotextile
3 m (on the inner part of the 53819
embankment)
Live load input 4.5 m (on the top part of the 23312
embankment)
1 m (on the outer part of the 24356
embankment)

Based on the results in Table 2, the safety factor values in
each construction stage categorized Manyar Pond as “safe”
(safety factor values > 1.25 [11]). In each load addition such as
pile-soil and live load, the value of the safety factor decreased.
The addition of load in the primary soil layer will increase shear
stress values which occurred in the soil so that the result value
of the safety factor will decrease. At the stage of adding pile-soil
2, the value of the safety factor experienced a significant
decrease in value of 0.5832 or 17.59% from the first pile-soil
addition stage. It could happen because the second pile-soil
embankment has a steeper slope (1:2) than the first pile-soil
embankment (1:5) (Figure 5). The steeper slope will increase the
thrust force on the soil, resulting a reduced safety factor value
by a considerable amount. Meanwhile, at the stage of adding
pile-soil 3, the value of the safety factor decreased by 0.2713 or
9.93% because the slope gradient of the third pile-soil
embankment was still the same as the second pile-soil
embankment. The value of the safety factor occurred at the live
load input stage produces different values depending on the
location of the live load. The difference in the safety factor value
is related to the total displacement that occurs in the soil. This
case is going to be explained in the next section on the total soil
displacement amplitude analysis.

Total Displacement

The total soil displacement describes how much the soil material
moves from its original position. Table 3 shows the amplitudes
of total soil displacement in Manyar Pond, which were obtained
from the slope stability processing.
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Table 3 Total Displacement Amplitudes of Manyar Pond

Total
Displacement
Amplitudes (m)

Stages Elevation (m)

Adding of pile soil

1 1-25 0.104
Adding of pile soil

2 + Geotextile 25-35 0.144
Adding of pile soil 35-45 0197

3 + Geotextile

3 m (on the inner part of

the embankment) 0.203

. . 4.5 m (on the top part of
Live load input the embankment) 0.228
1 m (on the outer part of 0.189

the embankment)

Based on the results in Table 3, the amplitudes of the
total displacement that occurs in the soil will increase with each
addition of pile-soil and live load. If a load is applied to the soil
surface, compression of the total volume of the soil will occur,
which indicates that there is both vertical and horizontal soil
displacement.

In addition, there is a total displacement contour (Figure
5) at each load addition stage, with blue color indicating the area
with the smallest total soil displacement amplitudes and red
color indicating the largest total soil displacement amplitudes
area. In Figures 5a, 5b, and 5c¢, the left side of the embankment
slope (the inner part of the embankment) is the area with the
largest total soil displacement amplitudes (shown by the red
contour). It could happen due to the influence of the thrust force
on the slope area that moves the soil mass. It can be identified
through the contour that the direction of the total displacement
in Manyar Pond (shown by black arrow) pointing to the inner
side of the embankment or a failure with a type of LR (Left to
Right). Meanwhile, the outer side (the left side of the
embankment slope) tends to be flat so that no soil mass
movement occurs, indicated by the blue color in the contour.

(a) Pile soil model 1

(d) The live load located on the inner m; —
part of the embankment, ... s
i T

(e) The live load located on the peak M
part of the embankment

e

(f) The live load located on the outer
part of the embankment

Figure 5 Total Soil Displacement Contour in Each Construction Stage

At the live load input stage, the resulting total
displacement has a different amplitude. The live load located on
the top part of the embankment has a larger total displacement
amplitude (0.228 m) than on the inner part (0.203 m) and the
outer part (0.189). It corresponds to the resulting safety factor
value at the stage of live load input, which is the live load located
on the top part has a smaller safety factor value (2.3312) than
on the inner part (2.3819) and the outer part (2.4356) of the
embankment.

Figure 5e shows that the live load located on the top part
of the embankment has direct contact with the steep slope (1:2),
resulting in a large thrust force on the slope face, a considerable
size of soil movement occurs that resulting in a larger total
displacement amplitude. In contrast to the live load located on
the inner part of the embankment (Figure 5d), it is above the
embankment slope with a gentle slope (1:5) which shows a
smaller thrust force and a little movement of soil mass occurs.
The application of live load on the outer part of the embankment
(Figure 5f) did not affect the total displacement of the soil,
indicated by the smaller displacement compared to the addition
of the pile-soil. It could happen because the live load was located
on a flat plane and did not have direct contact with the
embankment slope. Therefore, the top part of the embankment
was a critical part when a load was applied compared to the
inner and outer parts, indicated by a large total displacement
amount and a smaller safety factor value.

If studied from the type of soil in the Manyar Pond area,
the soil type is clay as primary soil and compacted boulder
limestones as pile soil. Vertical ground motion. This ground
motion has a large displacement amplitude. The large
displacement amplitude is influenced by the type of soil that has
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a fine texture and grain size. In the zone based on the data from
the N-SPT test results, it is included in the type of clay soil that
has a fine texture and grain size with a displacement amplitude
value of 0.1-0.2 m. Clay as the primary soil in the reservoir, has
a role as a water retainer in the pond because it has low
infiltration which means the absorption of water with a low
percentage [7]. While on the pile soil, compacted boulder
limestones are used which have a larger soil grain size so that
the limestone infiltration value is large and water flows to the
part of the soil that holds the pond (in manyar ponds, namely
clay soil) [21]. The effect of this soil accumulation can increase
the safety factor and slope stability by about 3 % to 7 %, this can
be seen from the results of the live load input safety factor and
the addition of pile soil with a safety factor value range of 2-3.31
[22]. If further analysis is carried out, a slope stability study is
needed that examines the effect of water level in Manyar Pond
so that it is known the effect of pore pressure by water on the
soil and its relationship to changes in slope stability [23] [1][5].

4.0 CONCLUSION

Based on the calculation of safety factor value using finite
element method, Manyar Pond is categorized as “safe”. Safety
factor value on the last stage of soil pilling is 2.461 with a total
displacement of 0.197 m. By adding the soil pillings, making the
angle of the slope steeper, makes a greater shear stress that will
reduce the embankment’s safety factor value. The geometry of
Manyar Pond is capable to resist live load on every parts of the
embankment, either its on the top, inner, or outer part, with
safety factor values all above 1.25. When live load is placed on
the top part, the embankment has the lowest safety factor value
(2.3312), compared to if it is placed on the inner part (2.3819)
and outer part (2.4356), because the slope angle is steeper on
the top part of the embankment. If further analysis is carried out,
a slope stability study is needed that examines the effect of
water level in Manyar Pond so that it is known the effect of pore
pressure by water on the soil and its relationship to changes in
slope stability
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