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A R T I  CL E  I N F O   A B S T R A C T 

Slope failure is a complex event. It can provide useful information 

about the condition of soil parameters on the failed Slope in the 

same way it can provide an opportunity to evaluate other slopes 

stability. To evaluate the occurrence of slope landslides, unit 

weight data, and shear strength properties of soil are needed and 

methods of analysis, including failure mechanisms. One of the 

methods used to evaluate landslide events is reverse analysis. In 

this study, reverse carried out an analysis of landslides that 

occurred on the slopes of D-D 'and F-F' at the Integrated Campus 

Building of the Institut Teknologi Kalimantan. The limit 

equilibrium method is used to analyze the safety number of the 

slopes under review. From the results of the reverse analysis, it 

was obtained that the soil parameters at the time of collapse in the 

top layer resulted in the value of unit weight (γ) = 20 kN / m2, 

Cohesion (c) = 2 kPa, and Internal friction angle (φ) = 27 °. Slope 

failure occurred due to an increase in soil volume weight value, 

as well as a decrease in soil shear strength parameters, namely 

Cohesion and internal friction angle.  
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1. Introduction 

Slope failure and landslides are always associated with hilly areas and developing 

areas where infrastructure development is still rampant in these areas. Slope failure is a complex 

phenomenon that causes landslides and results in severe infrastructural, social, and economic 

damage. The prevalence of slope failure is caused by a combination of several factors, namely 

topography, climate, geology, and land use [1]. When a slope slides, there is a lot of useful 

information about the conditions of the Slope at the time of collapse as well as the opportunity 

to validate the existing stability analysis methods [2]. Slopes at campus area the Institut 

Teknologi Kalimantan often experience collapses on both reinforced and unreinforced slopes.  
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For this reason, it is necessary to evaluate the occurrence of existing slope failure to determine 

the parameters that affect the incident. The evaluation was carried out using a reverse analysis 

of slope stability based on soil parameters in critical/ worst conditions. Soil parameters resulted 

from slope failure reverse analysis are more reliable than those obtained from laboratory tests 

or field tests [3]. It is simulated with an assisting program to assess slope stability at the Institut 

Teknologi Kalimantan campus area from these soil parameters. Modeling of events was carried 

out using the SLOPE / W program to review the factors causing landslides. The reverse analysis 

value can also be used efficiently to analyze the stability of other slopes with similar 

characteristics [4]. 

 

2. Failure Evaluation and Slope Stability Methodology 

When Slope Fails by sliding, it gives useful information on the Slope’s conditions at 

the time of the failure and an opportunity to validate the stability analysis method. Determining 

the conditions and establishing a suitable model of the Slope from a failure is termed back 

analysis or back-calculation. Back analysis of slope failures can provide functional relations 

between shear strength parameters c and φ for slopes of a homogeneous material with linear 

failure envelopes provided all the other parameters are known. The soil shear strength parameter 

analysis based on back analysis has been discussed by Zang et al. (2013), Hussain et al. (2010), 

Tang et al. (1999). Some of the factor that influences the back-calculated shear strength are 

engineering properties of the other materials in the cross-section, slope geometry at the time of 

failure, phreatic surface and porewater pressures present at the time of failure, the effect of 

rainfall, location of failure surface, and the existence of tension cracks. 

 

2.1 Back Analysis Method 

The reverse slide analysis is an analysis that creates the value of the slope safety factor 

(SF) close to or equal to 1.0 [5], which indicates landslide occurrence. This method is reliable 

and consistent for determining the soil parameters in the field when landslides occur[6]. In 

addition, the scale for reverse analysis is also much larger than the material obtained from field 

testing[7]. The purpose of the reverse analysis is to find soil parameters in the form of soil 

volume weight (γ), Cohesion (c), and the angle of shear in the soil (ϕ), which causes the Slope 

to start sliding (SF ≈ 1). The limitation of change in soil parameter values is obtained from the 

ranges of correlation values between soil types and soil parameters. To carry out a reverse 

analysis of the landslide to get an SF value close to or equal to 1.0, trial and error were made to   
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the   changes   in   each   soil    parameter  from   the   laboratory   test  results   using  the  Slope  

In the analysis of soil movement or landslides, the required soil parameters are 

obtained based on laboratory testing. The data includes the cohesion value, the inner friction 

angle, and the weight of the soil volume. The relationship between the internal shear angle and 

soil type is shown in Table 1. 

Table 1. The relationship between soil type and soil friction angle 

Soil Classification (USCS) Internal angel friction (φ) 

(φ °)[9] (φ °)[10] 

GP (poorly Graded Gravel) 30-35 - 

GW (Well Graded Grave) 28-33 - 

GM (Silty Gravel) 30-35 - 

GC (Clayey Gravel) 30-35 - 

SP (Poorly Graded Sand) 27-37 - 

SW (Well Graded Sand) 28-33 - 

SM (Silty Sand) 24-32 - 

SC (Clayey Sand) 24-32 - 

ML (Low Plasticity Silt) 24-32 18-32 

MH (High Plasticity Silt) 24-32 18-32 

CL (Low Plasticity Clay) 15-20 18-28 

CH (High Plasticity Clay) 15-30 18-28 

Source :[9] Budhu, 2010 and [10] Gupta, 2007 

 

Cohesion is the attractive force between soil particles and the inner shear angle. 

Cohesion is a parameter of soil shear strength that determines the soil's resistance to 

deformation due to stresses acting on the soil, in this case, the soil's lateral motion. This 

deformation occurs due to a combination of critical conditions at normal stresses and shear 

stresses that are not by the planned safety factor. Cohesion and internal friction angle are 

mobilized in the same proportion simultaneously along the landslide plane[11]. The correlation 

between soil type and Cohesion is attached in Table 2 as follows. 

Table 2. The relationship between soil type and Cohesion 

Soil classification Cohesion (c) 

kPa[10] 

Gravel 0 

Sand 0 

Silt 10-20 

Clay 10-20 

Source : [10] Gupta, 2007 
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Geometry before the landslide occurs [8]. 

 

2.2 Soil Parameters 
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The correlation between soil types based on soil classification and soil volume weight 

is attached in Table 3. as follows. 

 

Table 3. The relationship between soil type and soil volume weight 

Soil Classification (USCS) Unit weight (γ) 

(kN / m3)[12]  (kN / m3)[9]  

GP (poorly Graded Gravel) 30-35 - 

GW (Well Graded Grave) 28-33 - 

GM (Silty Gravel) 30-35 - 

GC (Clayey Gravel) 30-35 - 

SP (Poorly Graded Sand) 27-37 - 

SW (Well Graded Sand) 28-33 - 

SM (Silty Sand) 24-32 - 

SC (Clayey Sand) 24-32 - 

ML (Low Plasticity Silt) 24-32 18-32 

MH (High Plasticity Silt) 24-32 18-32 

CL (Low Plasticity Clay) 15-20 18-28 

CH (High Plasticity Clay) 15-30 18-28 

Source : [9] Budhu, 2010 and [12] Coduto, 2000 

2.3 Limit Equilibrium Method 

Chosen The limit equilibrium method in slope analysis because it can model complex 

slope geometries, varying soil layers, and faster simulation time than the manual method. The 

difference in the analysis results of the value of safety values from finite element modeling and 

limit equilibrium modeling is not very significant[13]. SLOPE / W is a software product for 

calculating soil safety factors and rock/ soil slopes[14]. Slope / W uses the limit equilibrium 

method as a basis for analysis. The limit equilibrium method is important in slope stability 

analysis. This method calculates the safety factor by dividing the potential landslide field into 

several vertical slices. By using SLOPE/ W, a simple or complex problem analysis can be 

solved by one of the limit equilibrium methods provided, namely Fellenius, Bishop’s simplified 

method, Janbu's simplified method, Morgenstern. –Price’s method, Spencer's method, for 

various sloping surfaces, pore pressure conditions, soil properties, and concentrated loads. 

Despite various methods, Slope/ W has insignificant differences in the analysis result, which is 

less than 6%[15]. In research and analysis of slope stability, especially SLOPE / W and SEEP 

/ W have used many GeoStudio SLOPE / W software. Soil parameters that must be inputted in 

the GeoStudio software are Cohesion, soil volume weight, and soil shear angle. 
 

2.4 Safety Factor (SF) 
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follows [16]. 

 

𝑆𝐹 =  
∑{𝑐𝑖 + (𝜎𝑖 − 𝑢𝑖)𝑡𝑎𝑛𝜑𝑖}𝑙𝑖

∑ 𝜏𝑖𝑙𝑖
 

Equation 1 

 

Where, 

c = cohesion 

σ = normal stress 

u = water pressure 

φ = friction angle 

τ = mobilized shear stress 

l = length of rupture surface in layer 

i = wedge being considered 

Researches and comprehensive studies that have been carried out on slope sliding, 

classify the value of the Safety Factor (SF) in terms of the intensity of the slide, by the following 

Table 4.  

Table 4. Relationship between SF and landslide intensity [17] 

Safety factors Landslide occurence/ intensity 

SF <1.5 Slopes are in an unstable state 

SF = 1.5 Slopes are likely in an unstable state 

SF> 1.5 Slopes are stable 

Souce : [17] Hardiyatmo, 2002 

 

3. Research Method 

3.1 Data 

The analysis, soil parameter data, loading, and Slope geometry are needed in line with 

slope conditions. Obtained Soil parameter data through soil sampling carried out at 2 locations 

or slope points where the landslides happened, namely the slopes of Building E and Building F 

ITK Integrated Campus. Taking soil samples was carried out by hand boring from a depth of 

50 cm to 1 meter to obtain undisturbed soil samples and hoeing the soil surface around the 

boring point to obtain disturbed soil samples. In addition to primary data, this study also used 

secondary soil data for the subgrade part of the Slope obtained from the 2019 ITK Integrated 

Campus Building Construction Planning data is shown in  Figure 1.  
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Source : Sampling point for soil analysis (Google Earth, 2020) 

Figure 1. Soil sampling point 

 

Obtained Slope geometry data was through a survey of 7 points along the 

slopes of the ITK Integrated Campus Building. Determined based The surveyed points' 

placement was on the results of visual field observations of steep slopes, slopes where 

landslides occurred, and slopes with potential soil movement. The location or point of 

observation on the slopes of the ITK Integrated Campus Building is shown in Figure 2. 

 

 

Source : Slope Point for geometry analysis (Google Earth, 2020) 

Figure 2. Slope Survey Points 
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3.2 Failed Slope Stability Analysis 

 

Source : Field Survey at slope failures in March 2020 

Figure 3. Slope Failures at Slope D-D 'and Slope F-F' 

 

Furthermore, the existing stability analysis of landslides was carried out using the 

SLOPE / W program. This analysis used soil data from the laboratory test results after the 

landslide occurred adjusted to the location of soil sampling, slope loading of 12 kPa.[18], as 

well as the geometric shape of the Slope after the landslide occurred. The topsoil/ layer 1 on 

Slope D-D' used BH-01 data, and its lower layer/ layer 2 used BH-03 data. In contrast, the 

topsoil/ layer 1 of Slope F-F used BH-02 data, and its lower layer/ layer 2 used BH-03 data. 

The next step was to analyze the slope geometry before the landslide occurs. Given the limited 

data on the Slope's geometric shape before sliding on Slope D-D 'and Slope F-F,' an approach 

was made for the geometric shape of the slopes by adjusting the shape of the Slope to conditions 

around the Slope that have not experienced failure. Based on direct observations in the field, 

without changing the Slope's height and initial length could estimate the slope geometry.  

 

3.2 Landslide Reverse Analysis 

The reverse analysis of the landslide aims to find soil parameters in the form of soil 

volume weight (γ), Cohesion (c), and the angle of shear in the soil (ϕ), which cause a landslide 

to start or occur (SF ≈ 1). The limitation of change in soil parameter values is obtained from the 

ranges  of  correlation  values  between  soil types and soil parameters.  The  range of  correlation  
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Slope stability analysis aims to determine whether slopes that have experienced 

landslide still have the potential to collapse or not based on laboratory test results. In addition, 

this analysis also aims to determine the causes of sliding that occurred on these slopes. In this 

case, the slopes that have experienced failure at the ITK Integrated Campus Building area are 

Slope D-D 'and Slope F-F'. Can see in the form of slope failures in Figure 3. 
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The  values  for  these  parameters can be seen in Table 1 to Table 3. To carry out a reverse  

analysis of the landslide in order to get an SF value close to or equal to 1.0, it is done by trial 

and error to the changes in each soil parameter from the laboratory test results using the slope 

geometry before the landslide occurs. Thus, there are 11 variations in slope modeling to obtain 

soil parameters when the SF value ≈ 1.0. The stability of existing slopes that have experienced 

landslides is carried out using the SLOPE/ W program. The modeling variation to determine 

the soil parameters in the case of landslides begins with the determination of the number of the 

slope safety factors before landslides using laboratory test results and slope geometry data prior 

to landslides, then continues with reviewing changes in the number of safety factors against: 

1  Increase in soil volume weight value (γ) (1st variation)  

2  The decrease in soil volume weight value (γ) (2nd variation) 

3  Increase in soil cohesion value (c) (3rd variation)  

4  Decrease in soil cohesion value (c) (4th variation) 

5  Increase in soil shear angle value (ϕ) (5th variation) 

6  Decrease in soil shear angle value (ϕ) (6th variation) 

7  Combination of increasing soil volume weight, Cohesion and shear angle (7th variation) 

8  Combination of decreasing soil volume weight, Cohesion and shear angle (8th 

variation) 

9  Combination of increasing soil volume weight value, decreasing soil cohesion and shear 

angle (9th variation) 

10  A combination of decreasing soil volume weight, increasing soil cohesion, and shear 

angle (10th variation). 

11  Critical condition, conditions for determining the combination of soil volume weight, 

Cohesion, and shear angle values for each soil layer which results in a value of SF ≈ 1 

that indicates the Slope begins to slide (11th variation) 

After obtaining soil parameters in critical condition (SF ≈ 1), slope stability analysis is then 

performed at other surveyed points that have not experienced landslides. If these points produce 

an SF value <1.5, the slopes will have the potential of landslides. 

 

4. Results and Discussions 

Based  on the  SLOPE/ W  simulation  for  slope conditions  after experiencing  landslides,  

the SF value of Slope D-D’ is 2,937 in accordance with Figure 4. Meanwhile, the SF value of  

 

Slope F-F' is 3,764 in accordance with Figure 5. Thus, it can be concluded that the two slopes  
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are in a safe condition. 

 

 

Source : Simulation result for Slope Failure Analysis (Slope/W) 

Figure 4 Safety Factor of Slope D-D 'after landslides 

 

Source : Simulation result for Slope Failure Analysis (Slope/W) 

Figure 5 Safety Factor of Slope F-F' after landslides 

 

On the other hand, the value of the safety factor from the SLOPE/ W analysis which 

was analyzed with the initial slope conditions before the landslide occured, results in the SF 

value of 2,332 for Slope D-D' and Slope F-F' in accordance with Figure 6 and Figure 7 which 

indicates that the two slopes were in a safe condition before the landslide occurred. 
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Source : Simulation result for Slope Failure Analysis (Slope/W) 

Figure 6 Safety Factor of Slope D-D ' before landslides 

 

Source : Simulation result for Slope Failure Analysis (Slope/W) 

Figure 7 Safety Factor of Slope F-F ' before landslides 

 

Although the slope conditions are still safe, the SF value for both slopes has decreased 

by using the same soil parameters but with different slope geometries. The decrease in the value 

of SF is caused by changes in slope angles that affect the stability of the soil. The steeper the 

slope, the greater the lateral earth pressure/ driving force will be exerted to move the slope [19]. 

Thus, this causes the SF value to be smaller. Given that the obtained SF value is in a safe 

condition (SF> 1.5) in the sense that landslides shall not have occurred, slope failures have 

occurred in the said location with landslides in the same area. Therefore, to correlate real cases 

in the field with calculations, reverse analysis is necessary. A reverse analysis is carried out on 

the Slope geometry before the landslide happened, with varying soil parameters. Trial and error 

with 11 variations were carried out to obtain soil parameters during landslides with results that 

match the criteria shown in Table 5.  
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Table 5. Result of analysis behind critical condition 

Vari

ation 

num

ber- 

Conditio

n / 

slopes 

Soil Parameters Analysis results SF 

Layer 1 Layer 2 

ɤ ϕ c ɤ Φ C   

(kN/m3) ° kpa (kN/ m3) ° kPa 

11 Critical/ 

D-D ' 

20 4 27 21 10 15 

 

0.99

8 

11 Critical/ 

F-F ' 

20 2 27 22 10 10 

 

1 

 Source : Based on Author Analysis 

 

Changes in soil parameter values such as increasing soil volume weight and decreasing 

soil cohesion and shear angles can affect a slope's stability. This is proven based on the results 

of reverse analysis by conducting trial and error through 11 existing variations, which shows 

changes in the three parameter conditions and results in a smaller safety factor than the slope 

conditions before the landslides occurred using the laboratory test results. Increasing soil 

volume weight and decreasing soil cohesion and shear angle are caused by water's influence 

such as rain[20]. To find out which parameters will be used for planning, the soil parameter 

values are shown in Table 5. Result of analysis behind critical condition will be used to analyze 

all slopes under review. Recapitulation of SF values based on soil parameters in critical 

conditions can be seen in Table 6 as follows: 

Table 6 Slope safety factor based on soil parameters from reverse analysis 

Slope Soil data from slopes Safety Factor/ W Remarks 

A A' Critical D-D ' 2,467 Safe 

B-B ' 2,526 Safe 

C-C ' 1,401 Not safe 

D-D ' 0.998 Not safe 

E-E ' 1,258 Not safe 

F-F ' 1,210 Not safe 

G-G ' 1,319 Not safe 

A A' Critical F-F ' 1,929 Safe 

B-B ' 1,961 Safe 

C-C ' 1,108 Not safe 

D-D ' 0.936 Not safe 

E-E ' 1,051 Not safe 

F-F ' 1,000 Not safe 

G-G ' 1,095 Not safe 

Source : Based on Author Analysis 
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The recapitulation of the analysis results on Table 6 shows that the use of soil parameters from 

the reverse analysis of Slope F-F ' results in a smaller SF value than the soil parameters from 

the reverse analysis Slope D-D'. Therefore, in the slope reinforcement planning analysis, the 

soil parameters from the reverse Slope F-F 'analysis are used as soil data in the worst conditions 

and to anticipate possible slope failures. 

 

5. Conclusion and Recommendation 

5.1 Conclusion 

The value of the soil shear strength parameter is based on the reverse analysis of 

landslides on the slopes of the Institut Teknologi Kalimantan Integrated Campus Building. The 

upper layer produces a unit weight value (γ) of 20 kN/ m2, Cohesion (c) = 2 kPa and internal 

friction angle (φ) = 27°, while the subgrade produces a unit weight value of (γ) 20 kN/ m2, 

Cohesion (c) = 2 kPa and internal friction angle (φ) = 27 °. Slope failures occur due to an 

increase in soil volume weight value and a decrease in soil shear strength parameters, namely 

Cohesion and internal friction angle. 

 

5.1 Recommendation 

This research can be developed by assessing the stability of the slopes in the wider 

Institut Teknologi Kalimantan area based on soil parameters in the critical conditions where 

landslides have occurred. Therefore, areas with high potential and risk of slope failure can be 

mapped, and mitigation efforts can be determined on slopes with high potential and high risk 

of slope failure. 
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