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Abstract: A slope is a land surface that slopes and forms a certain angle to a horizontal plane. In a place where there are two 

land surfaces of different heights, there will be forces that push so that the higher ground tends to move downwards which is 

called the potential force of gravity which causes landslides. Landslides on a slope can cause loss of life and property and can 

hamper the economy of an area. Cantilever walls are often used as retaining walls to avoid landslides. The cost used in the 

construction of cantilever wall retaining walls is quite expensive. For cost efficiency of the cantilever wall construction, it is 

necessary to use cantilever wall reinforcement using wire rope sling. In this study, cantilever wall retaining walls were modelled 

with or without the use of wire rope slings. The research location is Jl. Gelugur Rimbun, Ps x Kutalimbaru Kab. Deli Serdang. 

Based on the results of laboratory testing, the soil classification at the location is clay (CL). According to the analysis, the use of 

wire rope slings contributes to an increase in the factor of safety (FS) of overturning by 12.500% - 50.026%. While increasing the 

factor of safety (FS) sliding by 4.165% - 16.627%. An increase in the factor of safety (FS) bearing capacity of 17.222% - 

36.109%. The greatest effect of the use of wire rope slings occurs in overturning stability by 50.026%. The use of wire rope slings 

can reduce the dimensions of cantilever retaining walls. 
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1. Introduction

In fulfilling their needs, humans need adequate facilities 

and infrastructure. Currently, the need for facilities and 

infrastructure is increasing along with the growth of the 

human population. The development of a construction of 

facilities and infrastructure is very concerned about the 

physical and mechanical conditions of the soil. The 

development of transportation facilities and infrastructure is 

increasing and the lack of land forces the selection of 

construction sites with poor soil conditions and topography 

that tends to vary must still be done. Bridges are an example 

of civil infrastructure that spans over topographically uneven 

river courses. The difference in elavation of the land passed 

by this river forms a slope. Slopes are land surfaces that have 

a certain angle of inclination and slopes are a topographic 

condition that is often encountered in civil works. Slopes can 

occur naturally or intentionally made by humans with a 

specific purpose. 

Disasters that often occur on steep land surfaces are 

landslides. Landslides are one of the most common disasters 

in Indonesia. These disasters can cause loss of life and 

property. Slope conditions with steep slopes and large loads 

can cause landslides, especially when entering the rainy 

season, the risk of landslides is even greater due to increased 

pore water pressure in the soil layer. The phenomenon of 

erosion from river flow can also cause landslides on these 

slopes. The slope or backfill behind the abutment must be 

made as compact as possible to avoid settlement or landslide 

hazard. So a solution is needed to maintain the stability of the 
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slope so that there is no decline so that the bridge is safe from 

the danger of landslides. One of them is by building retaining 

walls on the slope as long as necessary. Landslides on the 

slope of the road body also occur frequently, often causing 

congestion. In 2019 on the national road section sta 20+425, 

section 039 or precisely in Silaiya Village, Sayurmatinggi 

District, South Tapanuli Regency, North Sumatra, a landslide 

occurred. This landslide damaged part of the road body along 

a 15-meter slope and a depth of 2.60 meters and removed the 

road shoulder and asphalt layer [1]. 

Retaining walls are one of the most widely used soil 

reinforcement concepts in civil works. A retaining wall is a 

structure made to resist lateral soil pressure, pressure due to 

water scouring and to maintain two different soil elavation 

faces. Cantilever wall is a type of retaining wall that is often 

used, although it is expensive. In 2021, a cantilever wall 

type retaining wall was built to overcome the congestion 

that often occurs on the Medan - Karo Regency Road due to 

landslides and road bodies that are too narrow. The cost of 

building a cantilever wall type retaining wall is around 128 

billion. To overcome this expensive cost, wire rope sling is 

an alternative in reducing the cost of the retaining wall.  

2. Material and Methods  

2.1. Slope Stability 

A slope is a sloping land surface that tends to move 

downward due to the potential force of gravity, which can 

cause landslides [2][3]. Slope is measured in percentage or 

degrees, and the steepness, length, and shape of slopes affect 

erosion and surface flow [4][5]. Slopes devides into three 

types: natural slopes, human-caused slopes, and embankment 

slopes [6]. Avalanches occur due to the inability of slopes to 

resist shear forces [7]. It divides into three types: Sequent, 

Consequent, and Insolvent. Slope stability analysis is 

complicated because it is influenced by many factors such as 

layered soil conditions and groundwater flow [8][9]. It  

divided the causes of landslides into external influences, such 

as erosion or human activities, and internal influences, such as 

pore water pressure. Prevention of landslides requires stable 

and economical retaining walls. 

 

2.2. Lateral Earth Pressure 

The planning of earth retaining structures is based on the 

principle that total collapse will not occur, by adding a 

sufficient safety factor based on the collapse state analysis. 

Lateral earth pressures are analyzed under plastic equilibrium 

conditions, i.e. when the soil mass is about to collapse after 

undergoing sufficient deformation. The magnitude and 

distribution of ground pressure depends on changes in the 

location and strain of the soil [10][11]. Active earth pressure 

occurs when the retaining wall moves away from the 

embankment, causing the soil behind it to collapse and press 

against the wall. The active earth pressure coefficient (Ka) is 

used to calculate the horizontal versus vertical pressure, with 

the active pressure being less than the resting pressure. This 

pressure reduces the balance of the retaining wall. 

 

 

2.3. Retaining Wall 

A retaining wall is a structure used to retain soil and 

stabilize slopes that cannot be supported by the soil itself and 

prevent collapse. These structures resist the lateral earth 

pressure of fill or unstable native soil, and are often used in 

irrigation, highway, and harbor projects. Foundation elements 

such as basements and bridge bases also serve as retaining 

walls for the surrounding soil. Most retaining walls are 

vertical or nearly vertical, except in certain conditions where 

they are inclined toward the fill [12].  

2.3.1. Active ground pressure 

There are several types of retaining walls, including: 

cantilever walls, made of reinforced concrete with a vertical 

structure and a floor footprint that acts as a cantilever plate, 

generally used for heights of 6-7 meters as they are 

economical and easy to install; gravity walls, made of plain 

concrete or crushed stone, relying on self-weight for stability 

and trapezoidal in shape to avoid tensile stress; and cantilever 

walls with ribs, used for retaining more than 6 meters, with 

additional ribs behind the vertical wall to overcome large 

moments and improve design efficiency [13]. 

2.3.2. Retaining Wall Stability 

Lateral soil pressure is the main factor considered in 

retaining wall planning, as it can cause shear and overturning 

hazards. In addition, the stability of the retaining wall is also 

influenced by the shape of the structure and the 

implementation of construction in the field. The stability 

factors that must be taken into account include stability 

against overturning, where the moment of lateral earth 

pressure tends to overturn the wall, stability against sliding 

that relies on friction between the soil and the foundation, 

and bearing capacity calculated using the Terzaghi, Meyerhof, 

and Hansen methods to ensure construction is safe from 

collapse [14].  
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Figure 1. Cantilever wall type retaining wall. 

2.4. Wire Rope Sling 

Wire rope is a steel rope consisting of several wires twisted 

into strands, and then several strands are twisted around the 

core to form a wire rope. Wire rope slings, whose ends have 

been made into eyes, are widely used in various applications 

such as lifting goods, towing, and mooring ships. These wire 

rope slings can be fabricated as required and are also used to 

increase the stability of retaining walls, particularly against 

overturning and shear hazards. Wrapped in concrete to prevent 

corrosion, wire rope slings have a longer service life and high 

tensile strength, which is expected to reinforce cantilever-type 

retaining walls with more efficient dimensions, reducing 

construction area and cost [15]. 

 
Figure 2. Schematic of using wire rope sling on cantilever wall 

 

2.5. Research Stages 

 
Figure 3. Research Flowchart 
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The flowchart in Figure 3 outlines the research 

methodology for analyzing the effectiveness of using wire 

rope slings in improving the stability of cantilever retaining 

walls. The steps in the flowchart begin with data collection, 

including soil and topographic testing, followed by laboratory 

testing of wire rope slings. Next, the modeling of cantilever 

walls with and without wire rope slings is conducted, and the 

stability is analyzed using software simulations. The final 

steps involve comparing the safety factors and dimensions of 

the two wall types to evaluate the effectiveness of the wire 

rope slings in improving stability. 

3. Result and Discussion 

3.1. Stability of overturning 

The value of factor of safety (FS) against overturning of the 

cantilever retaining wall increases as the number of wire rope 

slings used increases. For every additional 1 (one) wire rope 

sling per meter of cantilever retaining wall, the overturning 

factor of safety (FS) increases by 12.50%. From the results of 

the analysis, it was found that the factor of safety (FS) of 

overturning increased by 12.500% - 50.026%. Obviously, the 

greater the number of wire rope slings, the greater the factor of 

safety (FS). This can have implications for reducing the 

dimensions of the cantilever retaining wall, which will result 

in a reduction in the cost of building the cantilever retaining 

wall. 

 

Table 1. Improved FS Overturning with the Use of Wire Rope Slings 

Number of Wire 

Rope/meter 
FS of Overturning 

Percentage increase 

in FS overturning 

(%) 

0  3.856    

1  4.338  12.50  

2  4.820  25.00  

3  5.303  37.526  

4  5.785  50.026  

      

     

 

 
Figure 4. Relationship Graph of Number of Wire Rope Slings to FS 

Overturning 

3.2. Stability of Sliding 

 The value of the factor of safety (FS) against sliding of the 
cantilever retaining wall increases as the number of wire rope 

slings used increases. For every additional 1 (one) wire rope 
sling per meter of cantilever retaining wall, the factor of safety 
(FS) sliding increases by 4.165%. From the analysis results, 
the increase in safety factor (FS) sliding is 4.165% - 16.627%. 
Obviously, the greater the number of wire rope slings, the 
greater the factor of safety (FS). This can have implications 
for reducing the dimensions of the cantilever retaining wall, 
which will result in a reduction in the cost of building the 
cantilever retaining wall. 

Table 2. Improved FS Sliding with the Use of Wire Rope Slings 

Number of Wire 

Rope/meter 
FS of Sliding 

Percentage increase 

in FS Sliding (%) 

0  2.929    

1  3.051  4.165  

2  3.173  8.330  

3  3.295  12.496  

4  3.416  16.627  

      

     

 

 
Figure 4. Relationship Graph of Number of Wire Rope Slings to FS Sliding 

3.3. Stability of Bearing Capacity 

 The safety factor (FS) value of the bearing capacity of the 
cantilever retaining wall increases with the increase in the 
number of wire rope slings used. Each addition of 1 (one) wire 
rope sling per meter of cantilever retaining wall, the factor of 
safety (FS) of bearing capacity increases by 17.222%. From 
the analysis, it was found that the safety factor (FS) of bearing 
capacity increased by 17.222% - 36.109%. Obviously, the 
greater the number of wire rope slings, the greater the factor of 
safety (FS). This can have implications for reducing the 
dimensions of the cantilever retaining wall, which will result 
in a reduction in the cost of building the cantilever retaining 
wall. 

Table 3. Improved FS Bearing Capacity with the Use of Wire Rope Slings 

Number of Wire 

Rope/meter 

FS of Bearing 

Capacity 

Percentage increase 

in FS Bearing 

Capacity (%) 

0  3.002    

1  3.519  17.222  

2  3.936  31.113  

3  3.838  27.848  

4  4.086  36.109  
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Figure 4. Relationship Graph of Number of Wire Rope Slings to FS 

Bearing Capacity 

4. Conclusion 

Based on the data and analyses that have been conducted, 

several conclusions are: 

1. The soil classification at the study site is CL (Loam with 

low to medium plasticity, gravelly loam, sandy loam, silty 

loam, thin loam, non-organic). 

2. According to the analysis, the use of wire rope sling 

contributes to increase the safety factor (FS) of rolling by 

12.500% - 50.026%. While increasing the safety factor (FS) 

sliding by 4.165% - 16.627%. And an increase in the safety 

factor (FS) bearing capacity of 17.222% - 36.109%. 

3. The greatest effect of the use of wire rope slings occurs in 

overturning stability by 50.026%.  

4. The use of wire rope slings can reduce the dimensions of 

cantilever retaining walls. 
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