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Abstract. Watershed is a vulnerable environment for soil erosion to occur. High intensity 

rainfall causes high river water overflowed and eroded rocks as well as soil in river banks 

referring to landslide. Cigentis is upstream area of Citarum watershed which is functioned 

to arrest the water flow at the upstream in Mekar Buana, Karawang. This study aims to 
analyze   landslide   countermeasures   by  applying  slope  reinforcement   and  drainage 

refinement to prevent recurrence of slides. The methods used are survey investigation, 

laboratory  test,  stability  analysis  for  slope  reinforcement  utilizing  PLAXIS2D  and 

drainage refinement. The river banks are strengthened by applying gabion mesh retaining 
wall. The gabion mesh dimensions are 2.5m in length; 1m in width as long as 33m. The 

result indicates the safety factors for existing condition 1.23 while the safety factor for 

strengthening condition 1.79. It can be concluded that the condition of river banks with 

reinforcements is in safe conditions. 
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1.   Introduction 
The soil surface condition is not constantly in the form of flat area, yet it contains different 
topography in each area. The difference of elevation causes ground movements specifically 

landslide. Slide is defined as a mass movement of rocks or debris in many types such as 

sliding or shearing and rolling due to gravity which follow the steepness of slope [1], [2]. 

 
Rainfall could induce ground movement, the water that infiltrates to the soil and accumulates 
along the dipping slope would reduce the effective stress and decrease the soil shear strength. 

Excessive rainfall would highly trigger landslide in the seepage area of slopes. [3] revealed 
that landslide disaster in Indonesia is influenced by climate condition with high intensity 
rainfall [4]. According to compiled data from Indonesia Disaster Data Information (DIBI) of 

the National Disaster Management Agency (BNPB) on  January 2014, Karawang regency 

experienced three floods in a week which are on January 13
th
, 17

th
, and 19

th
. This floods 

induced landslides in several are, one of those is in Cigentis waterfall [5]. 

 
Cigentis is the upstream area of Citarum watershed which is used to hold the water at the 

upstream as well as the estuary for water stream. Mekar Buana village, Tegal Waru district, 

Karawang regency, West Java is a river flow area of Cigentis waterfall. The tilt of slope 
around the village is about 15⁰ - 20⁰,  regarding this steep angle, landslide and floods are
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frequent potential disasters. Landslide level in the upstream of Citarum watershed is very poor 

with average value of 491 ton/day/year [6]. 

 
Landslide disaster occurred in Cigentis waterfall is located at 107° 14' 01.29" E and 6° 32' 

25.76" S. Considering the geological map of Cianjur quadrangle (Figure 1) the position of 

Cigentis waterfall is in between two highlands which lithogical unit is dominated by alluvial 

material such as sand and clay. This type of rock is easily dissolved in the water particularly in 

respectable amount and sustainable flow. 
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Alluvium (± 0-3 m) - Clay, silt, sand, and gravel, mainly present river deposit, including 

slope debris in northern and southern of Cianjur. 
 

Old Alluvium – Conglomerate and river sand sequenced by andesitic and basaltic 

component. fluvial from silicified limestone, sandstone, silica and andesite concressions. 

This unit forms terrace in several elevations, between 35 m-320 m above certain riverbed.

 

Mdm Jati Luhur Formation, Marl and Quartz Sandstone – Dark gray marl, claystone, limestone- 

marl and clayey shale with interbedded quartz sandstone, quartzite, and limestone-marl. 
 

Figure  1. Regional Geological Map of Cianjur Quadrangle [7].
 

Landslide disaster and erosion prevention could be carried on in several methods, such as 

survey investigation which aims to analyze condition of landslide impact on site, analyzing 

soil content in research site by laboratory test, and stability analysis for slope reinforcement 

using PLAXIS software to acknowledge slope safety factor [8]. 

 
The finite element method has been applied by [9, 10, 11, 12] to analyze slope stability for 

future countermeasure. This method could be established using a program in Plaxis2D 

splecialized for geothecnics that could model soil beheviour. PLAXIS2D is a finite element 

program for  geotechnical  applications in  which  soil models  are used to simulate the soil 

behaviour.  PLAXIS2D  engages  specifically  for  analyzing  deformation  and  stability  for 

various geotechnical applications [13]. PLAXIS2D usage intends to do slope stability analysis 

which could generate a model respected to real condition on site thus the application could 

simplify the analysis and the countermeasure model.



 
 
 
 
 
 

This study aims to analyze regarding slope failure countermeasures by applying slope 

reinforcement and drainage refinement. The analysis is done by using PLAXIS2D to create 

building strengthening model so that the safety factor value would be in secure condition. 

 
2.    Methods 
This research  is performed in  Mekarbuana  village,  Tegalwaru  district,  Karawangregency, 
West Java where this area has experienced slope failure in Cigentis waterfall. The methods 

used in the study include survey investigation, laboratory test, stability analysis  for slope 

reinforcement utilizing PLAXIS 2D and drainage refinement suggestion. To carry out 

appropriate countermeasures, certain investigation stages are necessarily executed according 

to suitable procedures. The following stages are investigation and countermeasures used in 

this study. 
 

2.1.  Investigation of river bank condition 
Investigation is a process of field survey which objects to explore river bank condition. The 
investigation process is required to decide which obligatory test should be performed and to 

formulate hypothesis of landslide cause. This process also presents a view about soil 

reinforcement that will be offered further as an effort to prevent future landslides. In this stage, 

contour measurement is executed in the river slope. Figure  2 describes the slope failure site 

condition from field survey. 
 

 
 

Figure  2. Slope failure site 
 

 
2.2.  Investigation of soil test 
The soil test process is done by performing cone penetration test (CPT) and collecting soil 
sample by hand boring method. This test could show the ultimate bearing capacity, whereas 

soil sample from hand boring is applied in the laboratory test to understand the water content, 

bulk density, density, particle analysis, consistency limit, and soil shear strength test. The test 

of soil sample refers to American Standard Testing and Material (ASTM) [14, 15, 16, 17]. 

 
2.3.  Model Material Property 
The Mohr-Coulomb model has been used to describe the material properties. Material shear 
strenght to cohesion, friction angle, and normal stress are associated by the criteria of Mohr- 

Coulomb model [18]. The behavior of rocks and soil under loads is generally non-linier. The 

soil material parameters and retaining walls used in this slope stability analysis are explained 

in Table 1.



 
 
 
 
 
 

Table 1. Material design parameters 
 

Parameters Symbol Layer 1 Layer 2 Layer 3 Retaining wall Units 

Material Model                 Model 
Mohr- 

Coulomb 
Mohr- 

Coulomb 
Mohr- 

Coulomb Elastic Plastic - 

Material Behaviour             Type UnDrained UnDrained UnDrained Non-Porous - 

Unit Weight of 

Unsaturated Soil                 
γunsat 11.191 15.575 21 23.5 kN/m3

 

Unit Weight of                                                                                                                                                                  3 

Saturated Soil 
γsat 16.705 17.350 22 23.5                 kN/m 

Horizontal 
Direction 

 

kx 

 

0.00864 
 

0.00864 
 

0.00864 
 

-                    m/hari 

Permeability      
Vertical Direction 
Permeability 

ky 0.00864 0.00864 0.00864 -                    m/hari 

Modulus Young 
(constant) 

Eref 1600 1600 6300 20.000.000            kN/m2
 

Poisson’s Ratio V 0.35 0.35 0.35 0.15                      - 

Cohesion (constant) Cref 10.595 10.595 100 kN/m2
 

Friction Angle Φ 6.75 6.75 40.375 ° 
Dilation Angle Ψ 0 0 0 0                        ° 

 

Slope stability  analysis using PLAXIS2D. The geometrical model generation is graphically 

created by the input of soil layering, structural elements, construction stages, loading, and 

limit conditions in computer processing, therefore this application enables to create detailed 

geometrical model in the form of cross-sections. Geometrical model and 2D finite elements could 

be established conveniently in PLAXIS software. This software will automatically form random 

2D finite element to smooth the finite element both globally and locally [13]. 

 
Soil and rocks behaviour are modelled implementing Mohr-Couloumb equation. Mohr- 

Coulomb (1910) stated that failures occurs in materials as the consequence of critical intercept 

of normal and shear stress [12]. This equation is employed to calculate safety factor using 

‘phi-c reduction’ approach. Shear failure which is caused by shear strength happens in a plane 
that has reached limit condition as formulated by the following Mohr-Couloumb equation. 

=   + ( −     ) tan ∅                                       (1) 
 

Where     is a stress, uw is the pore-water pressure, and    and ∅ are the intercept on the shear- 

stress axis and the slope of the Mohr-Coulomb failure envelope [19]. Safety factor of slope is 

obtained by figuring the weak plane in soil layers. SF is acquired by gradually subtracting 

cohesion value and friction angle in soil until the soil layers experience failure [10]. 
 

3.    Result and discussion 
The visual observation result of high intensity rainfall occurs particularly on December 2013 – 
January 2014 in Cigentis stream. The heavy rain induces the river water leaked and eroded 
rocks and soil in river bank, so that this endangers the surrounding building in which tower 
building previously located 10m from river bank has become 5m. In addition to this perimeter, 
factory activity and illegal mining are worsening the damage of water catchment area that 
turns out to be a potentially landslide area in rainy season.the hand boring shows soil layering 
condition at 1 m depth as sandy clay with qc 10 kg/cm

2
, and 3m depth indicates gravelly sand. 

The following explanation is the result of reinforcement using PLAXIS2D.



 
 
 
 
 
 

3.1.  Contour Design 
General description of model design of slope stability is illustrated in Figure  3 and 4. Figure 
3  shows  initial  contour  condition  after  slide.  Figure   4  depicts  contour  condition  after 
improvement using retaining wall and gabion mesh. The calculation process in PLAXIS2D could 

be progressed if contour design of both existing and after reinforcement are produced. The 

calculation process requires several soil parameters as mentioned in Table 1. 
 

 
 
 
 
 
 
 
 
 
 

Figure  3. The initial contour condition after slide 
 

 
 
 
 
 
 
 
 
 
 

Figure  4. Reinforced contour design 

 
3.2.  Slope stability analysis result 

The slope takes on dead loads from tower and its foundation modelled as equal load showed 
by blue arrow in downward direction in Figure  5 and 6. The input material data for tower and 

foundation load is 44, 42 kN/m
2
. Figure  5 (a) and  (b) describe the largest ground movement 

around tower building area. This big ground movement occurs since soil in tower perimeter is 
an accumulated soil which is not completely condensed. The soil test calculates average qc of 
17 kg/cm

2
, that leads to ground displacement in the area. 

 
In this case a slope at river bank with the height of 4m and slope angle of 40 degrees is 

considered. Figure  5 and 6 illustrate the results of numerical analysis by applying parameters 

shown in Table 1. 
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Figure  5. (a) Deformed mesh after landslide, (b) The failure plane before improvement 

 
The deformed mesh is portrayed in the Figure  5 (a). The potential slipping zone is described 

in Figure  5(b) which displacement scaling and total regional displacement are depicted as 

well. Analysis using The Finite Element Method (FEM) could simulate failure plane reaching 

toe of slope in under present condition. Safety factor in this case is 1.231 (Figure  7a) which 

indicates that slope is very much likely to fail. The dimension of retaining wall reinforcement 

is width 1 m and height 2.5 m. This input generates analysis as can be seen in Figure 6 which 

shows the failure plane after reinforcement. 

 

 
 

(a) 
 
 
 
 
 
 
 
 
 

(b) 

Figure  6. (a) Deformed mesh after strengthened, (b) The failure plane after repairment 
utilizing retaining wall 

 
Figure  6 (a) indicates deformed mesh after strengthened using retaining wall. The potential 

slipping zone is described in Figure  6 (b). This measure could increase the value of SF which 

in this case is 1.558 (Figure  7b) greater that the minimum safety value. This result could 

conclude that the slope reinforcement is in secure condition.



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Gambar 7. (a) Safety factor for existing condition, (b) Safety factor after strengthening 

condition 

 
The second stage is drainage canal plan which is divided into two parts, canal debit plan and 

canal  dimension  plan.  This  plan  is  required  to  accommodate  rain  water  flow  from  hill, 

therefore this could prevent the overflow seepage of rain water that degrades soil surface in 

river bank. 

 

4.   Conclusion 
Slide   countermeasures   in   Cigentis   river   area   could   be   performed   by   constructing 
reinforcement using gabion mesh and retaining wall, as well as drainage refinement.  The 

improved countermeasure could increase the value of safety factor from 1.231 to 1.558 greater 

than the minimum safety value. Therefore, the slope condition is secured by applying 

reinforcement. 
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