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ABSTRACT 

Most of the mountainous regions of the semi-arid regions in Iran, are geologically and 

topographically susceptible to landslides. Landslide is considered as one of the known natural 

hazards and in many cases, it can leads to significant economic losses and even fatalities. In many 

of cases, recent landslides often occurs as a result of old landslide reactions; Therefore, in order 

to get the insight of the landslide processes characteristic for a particular area, investigating of the 

old landslides in more details, is of great importance. In this study, 2-D Electrical Resistivity 

Tomography (ERT) survey along eight profiles were carried out over the landslide mass using a 

pole-dipole configuration in a landslide area, located in one of the road tunnels in the Kermanshah 

at Iran which is geologically characterized by limestone, siltstone, shale and marls so as to 

reconstruct of landslide geometry and detection of sliding surface. The results yielded useful 

information about the geometry and characteristics of the landslide and indicated the presence of 

the raptures in the studied tunnel axis using satellite images and matching them with the resistivity 

sections. 
 

Keywords: Landslide, Electrical Resistivity Tomography (ERT), tunnel, Kermanshah, Iran. 

INTRODUCTION 
Landslides occur frequently in Iran, especially in the semi-arid catchments and the mountainous 

areas such as the Zagros Mountain Chains due to the geological, pedological and topographical 

properties. Indeed, they contribute to soil disturbance and sedimentation in the country and are 

reported as the dominant erosion process and influenced by human activities such as road 

construction and land use change (Morgan, 2005; Preuth et al., 2010). Although landslide 

occurrences are related to several factors, it mainly is occurred through interaction among soils, 

geological, topographical and land use properties. The Electrical Resistivity Tomography (ERT) 

is an active geophysical method that can provide 2D or 3D images of distribution in the electrical 

resistivity of the subsoil. The analysis and interpretation of these electrical images allows the 

identification of resistivity contrasts that can be mainly due to the lithological nature of the terrains 

and the water content variation (perrone et al, 2014). Using generally, ERT method in landslide 

investigation is carried out with aim of defining the geological setting of the investigated subsoil, 

reconstructing the geometry of landslide body and estimation of the thickness of sliding material 

(McClymont et al., 2010; Langston et al., 2011). The objective of this study is to reconstruct of 

landslide geometry, detection of sliding surface and exploration of the groundwater flow regime 

which is a stimulant factor before landslide occurrence. 

The geology of the studied area 
A major part of the studied area is occupied by the Zagros folded belt, which is a sequence of 

Precambrian-Pliocene shelf sediments. The studied area includes Kermanshah Radiolarites 

(J3Kr2) which are located between two kooh-sefid faults in the south and Bisotun fault in north 

of Kermanshah. In the distance of 140 meters southwest of the studied tunnel exit, rotational 

landslide has occurred (Fig. 1-a). Due to the small distance between the tunnel and the recent 

landslide and also the possibility of tunnel involvement with old landslide, satellite imagery was 

investigated. The evidence of tensile cracks suggested a larger landslide with approximate 

dimensions of 400 * 400 meters (Fig. 1-b). The tunnel under investigation is located inside this 

larger landslide and there is a possibility of future instability and destruction of the tunnel 

retaining system. One of the problems encountered in the inhomogeneous regions of the 

periodicity of shale, mudstone, limestone and siltstone such as the studied area is the phenomenon 

of squeezing (Singh and Goel, 2006). Squeezing of rock is the time dependent large deformation, 
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which occurs around a tunnel and other underground openings, and is essentially associated with 

creep caused by (stress) exceeding shear strength (limiting shear stress) (Barla, 1995). 

Deformation may terminate during construction or continue over a long time period. This 

phenomenon has clearly occurred at the studied tunnel and even the steel frames have been 

deformed and about 1 meter forward towards the tunnel. An illustration of the squeezing material 

at the exit site of the tunnel is shown in Fig.2. 

 

  

Figure.1 (a): An image of the landslide occurred in the southwest of tunnel at a distance of 140 
meters from axis of the tunnel; (b): An image of the landslide occurred (orange color) and the scope 

of the larger landslide involving the tunnel (white color). 

 
Figure.2 Presence of swelling and squeezing shale at the exit of tunnel. 

The ERT method for landslide investigation in the studied tunnel 

The resistivity survey with the aim of determination the resistivity distribution in the subsurface 

structure was carried out along eight profiles. Profiles 1 to 7 were across the landslide movement 

while profile -8 was along the landslide and the tunnel axis (Fig.3).  

 

Figure.3. Resistivity profiles in the topographical map; (landslide lines were obtained from 

Google earth images). 
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The length of the profiles were about 180 m. Accruing data were carried out with a pole-dipole 

configuration and the spacing of 10 meter using ABEM terrameter LS equipment for data 

collection. The electrical images from profile-1 and 8 have been shown in figure (4). In all other 

sections the number of iterations was set to 5, with an RMS error less than 6%. According to 

electrical images, a lateral variability of the resistivity values with passages between low-

resistivity zones and relatively high-resistivity zones can be detected in three layers consist of 

sliding mass, water-content (slipping surface) and bedrock layer. The low-resistivity values 

(lower than 20 Ωm) observed in the middle part of all resistivity sections can be associated with 

the landslide body, characterized by a high content of clay in squeezing material and water. On 

the other hand, the relatively high-resistivity (20-200 Ωm) values present the sliding mass 

consisting of marl and shale. With the approach ahead, the resistivity section along profile-1 

demonstrates very informative result in determination of the geometry of the fractures and 

discontinuities resulted from landslide. Subsurface of prospected area in this section is consist of 

three layers comprising (1) a layer of shale and mudstone with relatively high resistivity, having 

an average thickness of 15 m, which is a transition zone between water-empty and water-content 

Layer from depth of 10m, (2) a water content layer with resistivity lower than 20 Ωm, having an 

average thickness of 30 m. This conductive layer might be composed of unconsolidated and 

water-content landslide material that contains mudstone and siltstone. Also, it is considered that, 

squeezing has been the result of swelling of these materials because of the clay content in their 

composition and (3) a bedrock layer of radiolaritic limestone with resistivity of higher than 200 

Ωm.  Notable point in this section is that, the water content is considered for low resistivities for 

the investigated site, and this might be the key parameter in sliding procedure. As seen in the 

section of profile-8 in figure (5), Landslide line has been drawn in this figure according to 

matching it with satellite images and field observations. Due to the resistivity variation at this 

profile, the impact of the fracture from the landslide has extended to the bedrock layer. The depth 

of this fracture could be deduced due to the underground water hydraulic slope and presence of 

squeezing materials.  

 
Figure.4. Resistivity section of profile-1 in the topographical map; (landslide lines were obtained 

from Google earth images). 

 

Figure.5. Resistivity section of profile-8 in the topographical map; (landslide lines were 
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obtainedfrom Google earth images) 

These results are shown clearly in the Iso-thickness map of water-content layer (slipping surface) 

in the studied area in Fig.6. The process of changing the thickness of the water-content layer is in 

line with the change of topography; however, local variations in this trend are likely to be due to 

the effect of landslide lines in it which has caused the movement of sub-surface structures. 

 
Fig. 6. The Iso-thickness map of sliding surface in the investigated site. 

Conclusion: 

Identifying the old slippery lands or areas susceptible to landslides in mountainous areas is one 

of the current problems of Iranian roads in mountainous regions of the country. Most landslides 

in Kermanshah province as the studied area are transient and rotary. One of the main causes of 

transient landslide occurrence is the uniformity of slope of materials with slope in the hillsides of 

mountains in the Zagros zone. The objectives of this study was to reconstruct of landslide 

geometry, detection of sliding surface and exploration of the groundwater flow regime which is a 

stimulant factor before landslide occurrence. A recent evaluation of investigated site, highlighted 

the potential for slipping event due to tectonic position, seismicity, and rainfall and drainage 

network. Unfortunately, this tunnel suffers from the possibility of future instability and 

destruction of the tunnel retaining system. Considering the results, the presence of the raptures in 

the studied tunnel axis using satellite images and matching them with the resistivity sections was 

indicated. According to the Iso-thickness map of slipping surface, it can be concluded that the 

local variations in the thickness of the water-content layer are likely to be due to the effect of 

landslide lines in it which has caused the movement of sub-surface structures. 
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