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1 Introduction 

Landslides are among the most complex problems in geotechnical engineering because their 
development is controlled by the combined effects of geology, groundwater, terrain geometry, loading 
conditions, and construction activities. In mountainous regions, the resulting instabilities frequently 
threaten roads, railways, and other built infrastructure, often under severe constraints of access, 
construction time, and environmental sensitivity (Alexiew 2007; Plankel and Alexiew 2018). 
Conventional stabilization methods such as rigid retaining structures, deep foundations, or extensive 
ground replacement can be effective, but they are often difficult to implement in steep terrain because 
of high costs, construction constraints, and limited tolerance to ground deformation. 

In contrast, geosynthetic-reinforced soil (GRS) systems offer a flexible and efficient alternative. These 
systems rely on the interaction between soil and geosynthetic reinforcement layers, which mobilize 
tensile resistance and enhance the overall mechanical behavior of the reinforced soil mass (Alexiew 
2007). The resulting composite material can be used to construct steep slopes and retaining structures, 
to rebuild failed masses, or to create stabilizing toe buttresses. Compared with rigid systems, GRS 
structures can accommodate deformation more readily, which is particularly advantageous in slopes 
where some residual or progressive movement may continue after the stabilization works. 

A further advantage of GRS systems is their practical adaptability. Many of the documented projects 
rely on the reuse of locally available soils, which reduces transport requirements and environmental 
impact. In addition, lightweight reinforcement products are easier to transport and install than 
conventional structural materials, which is important in remote mountain terrain or where construction 
time is very limited (Plankel and Alexiew 2018; Detert and Fantini 2014). At the same time, the field 
experience reported in the literature makes it clear that reinforcement alone is not sufficient. The 
success of these systems depends equally on adequate drainage, proper control of fill placement and 
compaction, and a stability concept that addresses internal, external, and compound failure modes. 

Against this background, the aim of the present paper is to discuss the application of GRS systems in 
landslide stabilization from both a theoretical and a practical perspective. The paper first reviews the 
main stabilization mechanisms and then synthesizes selected case histories to show how these 
principles are translated into successful engineering solutions. 

2 Mechanism of landslide stabilization using GRS 

The stabilizing effect of GRS systems results from the interaction between soil and reinforcement and 
from the way the reinforced mass modifies the overall stress and deformation pattern within a slope. 
When a reinforced soil body is subjected to loading, relative displacement develops between the soil 
and the geosynthetic layers. This interaction mobilizes tensile forces in the reinforcement, which 
contribute additional resistance across potential failure surfaces. Since soil is weak in tension, the 
reinforcement provides the tensile component that the soil mass lacks, thereby increasing the overall 
resistance against sliding (Alexiew 2007). 

From a simplified limit-equilibrium perspective, the stabilizing contribution of reinforcement may be 
expressed as an increase in the resisting forces acting along the critical failure mechanism: 

𝐹𝑠 = 𝑅𝑠 + 𝑅𝑟𝐷  (1) 

 
Where Fs The factor of safety 

Rs resisting contribution of the soil  
Rr additional resistance provided by the reinforcement  
D driving forces acting along the potential failure surface  

In practice, design is carried out using established methods such as Bishop or Janbu analyses and by 
checking internal, external, and compound stability rather than by using this simplified expression 
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built in front of active landslide zones. Their most important practical advantages are flexibility, 
deformation tolerance, constructability in difficult terrain, and the possibility of using local materials. 

At the same time, the literature makes it clear that successful application requires more than simply 
selecting a reinforcement product. Reliable performance depends on an appropriate understanding of 
the failure mechanism, careful assessment of internal and external stability, and the integration of 
drainage into the structural concept. When these conditions are met, GRS systems represent a robust, 
economical, and sustainable approach to landslide stabilization. 
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