ADI Journal on Recent Innovation (AJRI) p-ISSN : 2685-9106
Vol. 5 No. 2 March 2024 e-ISSN : 2686-0384

Landslide Management for Batu Tulis — Cross Bogor —
Sukabumi Station Double Lane Project at STA 5+550

Budi Purnomo Setiawan!, Muhammad Zaki?
Faculty of Civil Engineering and Planning, Trisakti University, Indonesial 2
e-mail: budi.purnomosetiawan@nindyakarya.co.id!, m.zaki@trisakti.ac.id?

Setiawan, B. P., & Zaki, M. (2024). Landslide Management for Batu Tulis — Cross Bogor —
Sukabumi Station Double Lane Project at STA 5+550. ADI Journal on Recent Innovation,
5(2), 168-180.

DOl : https://doi.org/10.34306/ajri.v5i2.1052

Abstract

In the implementation of the St. Batu Tulis — Lintas Bogor — Sukabumi STA 5+550
project, a significant challenge arose with the occurrence of an avalanche during construction,
attributing landslides to substantial land subsidence caused by the destabilization of the slope's
soil or rocks. This disruption significantly impacted construction planning, particularly in terms
of cost considerations. This study conducted a comprehensive comparative analysis of the
stability of the original embankment slope and slopes reinforced with gabions (measuring 2m x
1m x 0.5m), sheet piles (type W-400 A-1000), and bored piles (size D600). To evaluate the
stability, it was imperative to determine the safety factor (SF) and slope deformation under
applied loads. The Plaxis 8.6 program was employed for the analysis, incorporating all relevant
soil parameter data. Safety factor values were calculated as 1.67 for the gabion-bored pile
combination slope, 1.62 for the sheet pile-reinforced slope, and 1.63 for the bored pile-reinforced
slope. Estimated costs for slope strengthening were as follows: IDR 3,525,789,199.92 for sheet
piles, IDR 2,180,309,258.00 for bored pile-gabion combination, and IDR 6,689,603,822.00 for
bored piles alone. The budget for slope reinforcement with gabions proved more economical by
IDR 1,345,479,941.92 compared to sheet piles and IDR 4,509,294,564.00 compared to bored
piles. The reinforcement type selection was based on a cost analysis, prioritizing lower
expenses while ensuring construction feasibility. Gabions offer advantages such as economical
prices, flexibility, and simple construction methods, but they have drawbacks, including
susceptibility of galvanized coated wire to water conditions with high salt or acid content and
requiring a wide area for construction due to their large size. Sheet pile reinforcement is resistant
to corrosion, durable, and has good performance, but it is unsuitable for supporting very high
soil due to the requirement of a large cross-sectional area and not suitable for use in rocky soils
due to piling difficulties.

Keywords: Landslides, Slope Stability, Budget Design, Land Subsidence, Unit Price Analysis,
Plaxis 2D
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1. Introduction
In implementing a construction project several risks may occur which are generally

caused by uncertainty in the field which can affect both quality and quantity. Several events in
the field are often related to uncertain field conditions which can cause some theoretical
parameters to be inappropriate[1]. One of them is a landslide. Landslides are the process of
moving soil masses due to gravity[2]. Landslides occur due to a disturbance in the balance of
forces acting on the slope. As a result of the landslide, the ground shifts so that the construction
above the slope collapses[3].

On the Implementation of the St. Batu Tulis — Lintas Bogor — Sukabumi STA 5+550 an
obstacle occurred, namely an avalanche during the work implementation, so the implementer
needed to carry out construction activities again (redo) to update and repair surrounding
buildings located around the affected landslides. This has an impact on the cost of carrying out
the work[4].

This research aims to find out the value of the safety factor and find out the Cost Budget
Design by comparing the stability analysis of the original embankment slope, the slope
reinforced with gabions combination bored pile, sheet pile, and bored pile[5]. The research used
in this research uses a descriptive method with input variables: Cost Budget Design, Volume of
Materials, and Safety Factor using Plaxis 2D.

2. Research Method
2.1 Cost Management
In carrying out construction, the cost factor is the main consideration because it usually

involves large investment amounts that are susceptible to the risk of failure. Therefore, project
costs need to be managed well so that they are possible overrun costs [6]. Costs consist of
direct costs (direct cost) and indirect costs (indirect cost). Direct costs are the costs required to
obtain resources that will be used to complete the project[7]. Meanwhile, indirect costs are costs
required for a project that cannot be connected or are separated from certain activities on the
project[8]. Cost management aims to complete projects according to a predetermined schedule,
optimize the use of available resources, reduce production costs, and increase operational
efficiency. Construction cost planning can be done by first studying the plan drawings and
technical specifications[9].

Cost control is needed to maintain conformity between planning and
implementation[10]. Control aims to ensure project costs do not exceed the implementation
budget plan. The greatest opportunity to reduce the final cost of a project is at the feasibility
study and planning stages.

2.2 Draft Cost Budget (RAB)

The Budget Plan (RAB) is a cost estimate carried out by a planning consultant, based
on plan drawings and building specifications, the RAB is a composition of various sub-costs for
construction and renovation, each work unit price in the RAB already contains components-cost
components are generally based on work unit price analysis (AHSP) applicable in each
region[11]. The cost budget plan is calculated by multiplying the volume of each type of work by
the unit price of each work, and the total amount of work in the construction project is calculated
to determine the overall project cost budget plan[12].

2.3 Slope Stability

Slope stability is one of the factors that needs to be considered as a measure of land
safety. The purpose of slope stability analysis is to determine the safety factor of the landslide
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areal13], [14]. The safety factor is defined as the comparison value between the restraining
force and the moving force.

Slope stability analysis can basically be viewed as the mechanism of motion of an object
located on an inclined plane[15]. Slopes are formed by many variables and many uncertainty
factors, including soil parameters such as soil shear strength, pore water pressure conditions,
so when analyzing, simplification is always carried out with various assumptions.

2.4 Slope Safety Factor

Things that need to be considered in determining safety factor criteria are the risks
faced, load conditions and parameters used in carrying out slope stability analysis. The risks
faced are divided into three, namely high, medium and low[16]. Task an engineer examines the
stability of a slope to determine its safety factor.

Table 1. Safety Factor Level

FK Information
>1,5 Stable
1,07>FK>15 Critical
<1,07 Unstable

FK is equal to 1, then the slope is in a state of collapse. Usually 1.5 is an acceptable
safety figure for shear strength for planning slope stability (SKBI-2.3.06, 1987). The level of
safety factor values in Table 1 and the safety factor values for slopes according to SNI
8460:2017 as follows.

Table 2. Slope Safety Factor Value

Costs and risks of slope failure Level of uncert.amty
Low* Height**
Repair costs are comparable to additional costs for 195 15
designing more conservative slopes ' '
The repair costs outweigh the additional costs of
.t . 1,5 2.0 or more
designing more conservative slopes

*The level of uncertainty in the analysis conditions is categorized as low, if the geological
conditions can be understood, the soil conditions are uniform, the soil investigation is
consistent, complete and logical to the conditions in the field.

**The level of uncertainty in the analytical conditions is categorized as high, if the geological
conditions are very complex, soil conditions vary, and soil investigations are inconsistent
and unreliable.

2.5 Gabions

Bronjong kawat is a box made of woven steel wire coated with zinc which is filled with
stones to prevent erosion installed on the banks of cliffs, river banks, the weaving process using
machines[17]. Gabion or gabions, made from a pile of rectangular woven wire and filled with
boulders (boulder). The dimensions of gabions are more or less the same as gravity type
retaining walls, with a base width of approximately 0.5H-0.7H[18].

The advantages of gabions are that they are easy to obtain, installation does not require
using a lot of heavy equipment, they are more flexible so it is easy to follow the movement of
the ground beneath them without having to damage the basic construction, reduces the risk of
landslides because the piles of stones inside these gabions allow water to flow in between them
so that Soil pressure will be reduced thereby reducing the risk of landslides, the price of gabions
is more economical[19].

2.6 Sheet Pile

Sheet pile is a structure designed and built to withstand lateral pressure (horizontal)
land. The lateral soil pressure behind the soil retaining wall depends on the shear angle in the
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soil and cohesion (the attractive force between soil particles)[20]. The lateral pressure works
from the top to the bottom of the soil retaining wall. When the installation projectsheet pile If this
is not planned properly, then ground pressure can push constructionsheet pile thus causing
construction failures and landslides[21].

Construction sheet pile It is arranged in the shape of a wall consisting of several sheets
of sheet pile which are driven into the ground, to hold up piles of soil or land that is sloping.Sheet
pile arranged as a soil retaining structure on a highway cliff, utilizationsheet pile as
embankments in river flows, earth retaining structures in excavations, and sloping earth
retaining structures so that the land does not slide[22].

Sheet pile Can be used on sandy or clay soil. If the subgrade has large cohesion, then
on the contrary the soil adhesion will be small, sosheet pile easy to stake or remove again[23].
However, if the subgrade is granular soil, there will be friction at the seams sheet pile will cause
a slowdown when driving or pulling back.

2.7 Bored Pile

From the stability analysis of the slope with the potential for landslides, there is a
reinforcement method that will be tested to enhance the slope's safety factor, namely using
Bored Pile reinforcement. Bored Pile is a type of foundation that begins with soil drilling, piles
into the drilled hole for casting[24]. Iron pipes are installed in the soil to act as retaining walls for
the hole; when the casting is completed, these pipes are withdrawn. Large pile bases are utilized
in hard soil or soft rock to ensure high load-bearing capacity.

2.8 Program Plaxis

Program Plaxisnamely a program aimed at analyzing deformation and stability in the
field of geotechnical engineering[25]. The preparation uses a special method of elements and
development. The aim of developing the Plaxis program is so that the element method can be
used and applied in river embankment analysis more easily, especially in soft soil. This program
can determine the fineness of these elements[26].

The level of refinement functions to influence the calculation results to be more
accurate. Models that can be done graphically in an easy way are potentially easy to create
models of complex elements that can be done quickly, while the various existing facilities can
be used to explain them in detail.

3. Method

The method used in this research is quantitative descriptive with input variables, namely
Cost Budget Design, Material Volume, and Safety Factor use Plaxis 2D. References obtained
from literature studies will be used as references and comparisons for this research[27]. This
research is intended to evaluate events during the construction phase when landslides occur
which cause disruption to construction planning, especially in the cost aspect.

In this study, a comparison was conducted between the stability analyzes of the original
embankment slope and the embankment slope reinforced with a combination of gabions, bored
piles, sheet piles, and bored piles. The analysis was performed using the Plaxis 8.6 program.
Under these conditions, the soil is considered undrained, indicating that water cannot enter or
exit the soil for a specific period due to changes in soil content leading to alterations in water
tension. The dimensions of gabions used for slope reinforcement with code D with dimensions
of 2 meters long x 1 meter wide x 0.5 meters high.Meanwhile, reinforcement with sheet piles
uses type W-400 A-1000.

To assess the stability of the current slope, it is essential to ascertain the safety factor
(SF) and slope deformation under applied loads. The initial analysis was conducted using the
Plaxis 8.6 program, incorporating all soil parameter data. Subsequently, a comparative cost
analysis was performed between reinforcement using gabions and reinforcement using sheet
piles, while the bored pile modeling utilized D600 with a depth of 14 meters.

4. Findings

In this research, the data used in this research is secondary data obtained from PT. B,
which is in the form of soil parameter data for each layer, can be determined by carrying out lab
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tests that refer to the Unified soil classification system. Soil parameter data has been obtained
from drill log data and lab tests carried out by PT. B. Based on the attached borlog data, the
average value is taken as soil data for analysis needs.

4.1 Soil Test Results

Field test results are used to determine the soil layer profile at the project location. Soll
profiles are created based on the same soil type and adjacent N-SPT values. The soil
parameters used in the analysis were taken from the average borlog results and reinforced with
the results of back analysis (back analysis). The following are the soil parameter values.

PARAMETER TANAH
7 TR 7
sl Py tt:s::le(vx T(e’:,a | o falkN/m') ¢, (kPa) B(.") C::d;;:a; vu
1 [ Silty CLAY (medium) 0-7 7 4 17.00 26.80 0 5360 0.30
2 Silty CLAY (stiff) 7-11 4 10 19 67.00 0 13400 0.30
3 Grawel (very dense) 11-14 3 60 20.00 0.00 42 45960 0.35
4 |Clayey SILT (very stiff) 14-18 4 16 19.00 107.20 0 21440 0.30
5 Clayey SILT (hard) 18-25 7 36 20.00 241.20 0 48240 0.30
6 Grawel (very dense) 25-35 10 60 20.00 0.00 42 45%0 0.35

Figure 1. Soil Parameter Values

4.2 Loading

Traffic load is the vehicle load that is transferred to the road pavement. The traffic load
used in this case study is class | roads with a traffic load of 15 kPa or 15 kN/m2 and an off-road
load of 10 kPa or 10 kN/m2. Class | public roads generally function to serve local transportation
or residential roads with a load not exceeding that of class | roads.
> Distributed Load = Traffic load + House load on slope area = 15 + 10 = 25 kPa.

4.3 Modeling Unreinforced Slopes

To determine the stability of the existing slope, it is necessary to know the safety figure
(SF) and slope deformation when loading is applied. The analysis was first carried out using the
Plaxis 8.6 program by entering all geotechnical soil parameter data. The original slope
conditions are as follows.
a) Slope height: 10 m
b) Slope Length: 100 m
¢) Load on the surface of the ground: 25 kPa
d) Slope angle: 45°
Modeling of unreinforced slopes can be seen in the following picture.

7 i
| : : SRR
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Figure 2. Modeling Unreinforced Slopes
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The security number value obtained from the analysis results using the program plaxis
of 1.11. This value is a safety factor that occurs after loading in the form of traffic loads and
house loads in slope areas. Based on SNI 8460 (2017), the slope is declared unsafe because
the SF value of 1 is lower than the requirement, namely 1.5. So it is necessary to strengthen the
slope to increase the value of the safety factor.

4.4 Reinforcement Slope Modeling Sheet Pile

The design of slope stability utilizing sheet piles is conducted based on the material
properties obtained from the results of boring tests. This design aims to achieve a safe safety
factor value. According to the N-SPT data, as illustrated in Figure 1, it is observed that the hard
soil is situated at a depth ranging from 11.00 to 14.00 meters. Consequently, sheet piles are
installed up to a depth of 14.00 meters. The outcomes of the slope analysis with the utilization
of short-term sheet pile reinforcement are as follows.

| 9
|
s

Sarmg ctemen terdetormass
s ot b 73,58
(erordahan dubsishan 325010 ke

Figure 3. Slope Modeling With Reinforcement Sheet Pile Short-Term

The security number value obtained from the analysis results using the program plaxis
of 1.62. This value is a safety factor that occurs after loading in the form of traffic loads and
house loads in slope areas. Based on SNI 8460 (2017), the slope is declared safe because it
has an SF value of 1.62, which is higher than the requirement, namely 1.5.

The results of the slope analysis utilizing sheet pile reinforcement for the long term are
presented in Figure 4 below.
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Figure 4. Deformed Mesh On Reinforced Slopes Sheet Pile Long Term

From the results of the analysis of long-term slope strengthening with sheet piles, it is
known that the soil collapsed.

4.5 Modeling of Slope with Gabion Reinforcement Combined with Bored Piles
The gabion model utilized has a height of 9 m. Considering the height and maintaining

a width of 6 m in the slope area, we employ gabion reinforcement with Code D, featuring
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dimensions of 1 m x 2 m x 0.5 m, and the bored pile size used is D600. The outcomes of the
slope analysis using gabion reinforcement are presented below.

Figure 5. Slope Modeling with Short-Term Gabion Reinforcement Combined with Bored Piles

The security number value obtained from the analysis results using the program Plaxis
of 1.67. This value is a safety factor that occurs after loading in the form of traffic loads and
house loads in slope areas. Based on SNI 8460 (2017), the slope is declared safe because it
has an SF value of 1.67, which is higher than the requirement, namely 1.5.

The results of the slope analysis using gabion combined with bored pile reinforcement
for the long term are presented in Figure 6 below.

formasi perhitungan X
[Pengal | informasi tambahan | Informesilangkah |
Informasi
Langkah 111dai 111 Faktor ekstrapolasi 2.000
Langhah Plasts Kekakan relatf 0,000
“Pengal
Peningkatan faktor pengal Faktor pengal total
Perpindahan tertentu Mdsp: 0.000 I-Mdsp: 1.000
Sistem beban A MoadA: 0000 | TMoada: 1.000
Sistem beban B MoadB: 0.000 | TMoads: 1.000
Berat tanah Maeght: 0,000 | S-Mweight: 1,000
Percepatan Maccel: 0.000 | TMacce: 0.000
Faktor redukst kekuatan Msf: 0.000 ITMsf: L515
Waktu Peningkatan: 0.000 Waktu akhir: 0.000
Waktu dnamis Peningkatan: 0,000 | Waktu akhi: 0,000
ok o ]

Figure 6. Slope Modeling with Long-Term Gabion Reinforcement Combined with Bored Piles

The safety factor value obtained from the long-term Plaxis analysis is 1.51, as shown in
Figure 6. This value represents the safety factor after the application of loads such as traffic
loads and residential loads in the slope area. According to the SNI 8460 (2017) standard, the
slope is considered critical as it has an SF value of 1.51, which slightly exceeds the requirement
of 1.5.

4.6 Slope Modeling with Bored Pile Reinforcement

The slope stability design using bored piles is carried out based on the material
properties obtained from the results of boring tests. This design aims to achieve a minimum
slope safety factor of 1.5. Utilizing the Plaxis 2D program, this modeling is analyzed to assess
the impact of bored pile reinforcement on the slope and determine the slope's safety factor. The
bored pile modeling employed D600 with a depth of 14m. The results of the slope analysis using
bored piles are as follows.
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Figure 7. Slope Modeling with Short-Term Bored Pile Reinforcement

The security number value obtained from the analysis results using the program Plaxis
of 1.63. This value is a safety factor that occurs after loading in the form of traffic loads and
house loads in slope areas. Based on SNI 8460 (2017), the slope is declared safe because it
has an SF value of 1.63, which is higher than the requirement, namely 1.5.

The results of the slope analysis using bored pile reinforcement for the long term are
presented in Figure 8 below.

SN NS
LASHKAL

Figure 8. Deformed Mesh on Slope with Long-Term Bored Pile Reinforcement

From the results of the analysis of long-term slope strengthening with bored piles, it is
known that the soil collapsed.

4.7 Slope Strengthening Cost Analysis

Cost calculations were carried out for both types of slope reinforcement, this aims to
find a comparison of effectiveness and efficiency between the two designs. Cost budget
planning is carried out based on volume calculations from the reinforcement design and unit
price analysis that has been made.

4.8 Volume and Unit Price Analysis of Slope Strengthening Using Sheet Pile

Volume of slope reinforcement using materialssheet pile This is done by calculating the
volume of work followed by analyzing the unit price of each work item. The following is a
summary of the calculation of the volume of slope strengthening work using sheet pile.

Based on volume calculations and unit price analysis, the total cost of slope
reinforcement is obtained using sheet pile as follows.

Table 3. Slope Strengthening Cost Budget Plan Using Sheet Pile

No Works

Unit

Volume

Unit price

Total

Mobilsasi dan Demobilisasi

Is

1

752.000.000,00

752.000.000,00

Landslide Management for Batu Tulis...

m175




ADI Journal on Recent Innovation (AJRI)
Vol. 5 No. 2 March 2024

p-ISSN : 2685-9106
e-ISSN : 2686-0384

1 | Procurement of Sheet Pile btg 64 11.400.000,00 729.600.000,00
2 | Sheet Pile Erection m 1152 216.295,22 249.172.088,92
3 | Anchorage Jobs m 580 609.523,00 353.523.340,00
4 | Beam Capping Work

a.) | Bobokan Head Pile m3 55,81 109.300,00 6.100.033,00
b.) | Formwork m2 909,60 155.000,00 140.988.000,00
c.) | K300 Concrete m3 252,34 951.100,00 240.000.574,00
d.) | Reinforcing kg 33031,39 10.100,00 333.617.039,00
e.) | Soil excavation m3 4624,65 104.000,00 480.963.600,00
f) | Landfill m3 910,15 263.500,00 239.824.525,00

TOTAL DIRECT COSTS

3.525.789.199,92

Based on the budget plan table for slope reinforcement construction costs using sheet
pile amounting to IDR. 3,525,789,199.92.

4.9 Volume and Unit Price Analysis of Slope Strengthening Using Gabions Loading

The calculation of the volume for slope reinforcement using gabion material involves
determining the quantity of work and subsequently analyzing the unit price for each work item.
Below is a summary of the volume calculation for slope strengthening work using gabion
combined with a gabion. Additionally, an analysis of the unit price per cubic meter of slope

strengthening work using gabions is provided.

The total cost of slope strengthening using Gabion combined with Bored Pile is
determined based on volume calculations and unit price analysis, as follows.

Table 4. Cost Estimation for Slope Strengthening Using Gabion Combined with Bored Pile

No Works Unit Volume Unit price Total

1 | Gabion Work m3 512 1.524.650,00 780.620.800,00
2 | River Stone Installation Work

a.) | Kali Stone Couple m3 46,06 | 1.000.000,00 46.060.000,00
b.) | Kali Batu Siar Finishing m? 153,52 95.000,00 14.584.400,00
c.) | Installation of PVC pipe'2 m 11,00 19.800,00 217.800,00
3 | Pile Cap Work

a.) | K-175 Work Floor Casting m3 6,24 864.200,00 5.392.608,00
b.) | Reinforcing kg 4943 10.100,00 49.924.300,00
c.) | Formwork m3 213,25 155.000,00 33.053.750,00
d.) | K-350 casting m3 97,05 986.600,00 95.749.530,00
4 | D60 Bored Pile Work

a.) | Drilling Diameter 60 cm m 238 737.000,00 175.406.000,00
b.) | Reinforcing kg 10610 10.100,00 107.161.000,00
c.) | K-350 casting m3 65,97 986.600,00 65.086.002,00
d.) | Bobokan Head Pile m3 3,96 109.300,00 432.828,00
5 | Temporary Sheet Pile Work

a.) | Sheet Pile Erection m 1380 158.800,00 219.144.000,00
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b.) | Sheet Pile Removal m 1380 | 197.000,00 271.860.000,00

c.) | Sheet Pile Rental mount | 120 | 1.087.100,00 130.452.000,00

d.) | Sheet Pile Mobilization and Is 120 361.500,00 43.380.000,00
Demobilization

e.) | Procurement of Geotextile m2 | 999,05 14.800,00 14.785.940,00
Separator

t) | Installation of Geotextile m2 | 999,05 22.000,00 21.979.100,00
Separator

6 | Soil excavation m? | 1.009,80 | 104.000,00 105.019.200,00

TOTAL DIRECT COSTS 2.180.309.258,00

Based on the table of construction cost budget plans for strengthening slopes using
gabions kombinasi bored pile amounting to IDR. 2,180,309,258.00

4.10 Volume and Unit Price Analysis of Slope Strengthening Using Bored Pile Loading
Volume of slope reinforcement using materialssheet pile This is done by calculating the
volume of work followed by analyzing the unit price of each work item. The following is a
summary of the calculation of the volume of slope strengthening work using bored pile.

Table 5. Slope Strengthening Cost Budget Plan Using Bored Pile

No Works Unit Volume Unit price Total
'\D"gr?]'c')'éﬁf'zg't"l c‘;";‘d Is 1 200.000.000,00 | 200.000.000,00
1 Pile Cap Work
a.) | K-175 Work Floor Casting m3 1152 216.295,22 | 249.172.088,92
b.) | Reinforcing kg 14829 10.100,00 | 149.772.900,00
c.) | Formwork ma 639,75 155.000,00 99.161.250,00
d.) | K-350 casting m3 291,15 986.600,00 | 287.248.590,00
2 D600 Bored Pile Work
a.) | Drilling Diameter 60cm m 2268 737.000,00 | 1.671.516.000,00
b.) | Reinforcing kg 100926 10.100,00 | 1.019.352.600,00
c.) | K-350 casting ma 2563,75 986.600,00 | 2.529.395.750,00
d.) | Bobokan Head Pile m3 3,96 109.300,00 432.828,00
3 | Temporary Sheet Pile Work
a.) | Sheet Pile Erection m 1380 15.800,00 | 219.144.000,00
b.) | Sheet Pile Removal m 1380 197.000,00 | 271.860.000,00
c.) | SheetPile Rental btg/bln 120 1.087.100,00 | 130.452.000,00
d) | Sneet Plle Mobilization and s 120 361.500,00 |  43.380.000,00
e) Z;%C;;etgem of Geotextile m: | 999,05 14.800,00 |  14.785.940,00
) 'S”j;aa'lgtt'é’r” of Geotextile m | 999,05 22.000,00 |  21.979.100,00
4 | Soil excavation m3 1009,80 14.800,00 14.945.040,00

TOTAL DIRECT COSTS

6.689.603.822,00
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4.11 Discussion
The results of the analysis carried out on slope strengthening usingsheet pile obtained

a safety factor value of 1.62 with a total construction cost of IDR. (3,525,789,199.92).
Meanwhile, strengthening slopes using gabions has a safety factor value of 1.67 with a total
construction cost of IDR. (2,180,309,258.00) dan perkuatan lereng dengan menggunakan bored
pile memiliki nilai faktor keamanan sebesar 1,63 dengan total biaya konstruksi sebesar IDR.
(6,689,603,822.00). The following is a comparison of safety and cost factors.

Table 6.Comparison of Safety and Cost Factors

Strengthening Safety Factor Safety Factor Cost
Method (Short Term) (Long Term)
Sheet Pile 1,62 Collapse 3,5625,789,199.92
Bored Pile
Combination 1,67 1515 2,180,309,258.00
Gabions '
Bored Pile 1,63 Collapse 6,689,603,822.00

Both slope reinforcements have met the safety factor requirements in accordance with
SNI 8460:2017 regarding minimum requirements for permanent slope reinforcement. The value
of the safety factor for both slopes is relatively the same, the choice of strengthening method
used is based on previous research analysis and construction costs.

Strengthening slopes with gabion combined with bored pile is IDR 1,345,479,941.92
cheaper than strengthening slopes with sheet piles, and slope reinforcement using gabion
combined with bored pile is IDR 4,509,294,564.00 cheaper than reinforcement using bored piles
alone. The selection of the reinforcement type is based on a cost analysis, prioritizing lower

expenses with the potential for straightforward construction and improved permeability.

5. Conclusion
In conclusion, the comparative research on cost management for landslide prevention

along the St Batu Tulis - Cross Bogor - Sukabumi double track project at Sta 5+550 reveals
valuable insights. The budget analysis demonstrates that slope reinforcement using gabion
combined with bored pile proves to be a cost-effective alternative, amounting to Rp.
1,345,479,941.92 less than sheet piles and Rp. 4,509,294,564.00 less than bored piles alone.
All three reinforcement methods meet safety factor requirements, as stipulated by SNI
8460:2017, for short-term applications. However, long-term analysis indicates potential soil
failure for sheet piles and bored piles, highlighting the critical importance of additional
reinforcement. The decision to employ gabion reinforcement is substantiated by its economic
advantages, environmental friendliness, adaptability to field needs, and the ability to reduce
active soil pressure. Nevertheless, consideration must be given to its limitations, such as
susceptibility to high salt conditions or acid levels and the requirement for a substantial land
area for construction. This research underscores the significance of a cost-based approach in
selecting reinforcement types, prioritizing affordability and ease of implementation while
acknowledging both advantages and limitations of the chosen method.
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6. Suggestions

Based on the analysis and discussion of the conducted research, several

recommendations for further investigation emerge. Firstly, in the process of choosing criteria
for slope strengthening, it is advisable to consider additional selection criteria to enhance the
efficiency of selecting the appropriate reinforcement type. This consideration should
encompass both construction and cost factors. Secondly, to enhance the robustness of slope
modeling and analysis, a comparative study utilizing alternative geotechnical software, such
as Geoslope and STABB, could be undertaken. Thirdly, when addressing slope
reinforcement influenced by road traffic loads and anticipating annual degradation, it is
essential to incorporate assumptions pertaining to critical conditions in the analysis. These
recommendations aim to contribute to the refinement and advancement of slope
reinforcement strategies.
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