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ABSTRACT 
The falling and sliding of some of Hollar trenches is a research subject that attracted a group of 

geological investigators for a time about at least ten years. It is believed that the plastic properties 

of soil involved in sliding surface, infiltration of water into soil mass, erosion of soil at the toe of 

the slide and increasing ground water level causes the instability of the slope. In an attempt to 

make a suggestion for stabilizing the landslide, a complementary study involving field and 

laboratory investigations has been performed. A detailed geological and geotechnical survey of the 

site and its surroundings was performed using available geological maps, air photos and published 

literature. So, finding the response of sliding and suggesting the suitable and economical method, 

by taking into account the effect of climate, tectonic and geology situation of sliding zone, which 

is located in Mazandaran, northern part of Iran is the main purpose of this paper. On the basis of 

this investigation it is concluded that the main reason of the slide is the high precipitation and kind 

of landslide soil. In accordance with the Hollar numerical analysis using the finite element 

software, the best method of stabilizing the landslide area is to use drainage method. 
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INTRODUCTION  
Investigations of failures of soil masses are subjects regarding both geology and engineering. 

These investigations call the joint efforts of engineering geologists and geotechnical engineers. The 

geological factors involved in the initiations of failures of soil masses can be many folds. Those 

geological factors more commonly responsible for engineering problems are [1], the shear strength of 

material involved in failure, the geometry of the geological structures, erosion of a slope by a river or 

other natural agent, change in groundwater condition, change of overburden, weathering of soil mass 

and seismic disturbance. 

The actual characteristics of the failures involve the initial geometry of the unstable soil mass, the 

pore pressure distribution as usually dependent on the location of the phreatic surface, the pattern of 

deformation and the speed at which the movements take place. These aspects depend on both the 

mechanical properties of the soil skeleton and its fraction of saturation by groundwater [2]. 
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Table 1 shows different type of deviatoric soil behaviour depending on density and drainage in 

monotonic displacement controlled tests. The corresponding stress- strain behaviour is shown in 

Figure 1. It may be noted from Table 1, that dry loose soils and un-drained dense soils both have an 

almost monotonic deviatoric stress-strain curve, while dry dense soils and un-drained loose soils both 

show a peak strength at small deformation followed by significant post-peak softening. The maximum 

values of the strength have been classified relatively in the table with A>B>C>D. 

 

Table 1: Type of deviatoric soil behaviour depending on density and drainage in monotonic 

displacement controlled tests [3] 

 
 

The characteristics of soil behaviour are summarized in Table 2. In practice they lead to two types 

of failures. One type involves shear failures in dry materials and in dense water saturated materials 

with only partly un-drained behavior with some suction of pore water. The other type involves 

liquefaction failures with mainly un-drained behavior with un-drained post-peak softening in loose 

soils and rather uniform deformation.  

To indicate the characteristic aspects of failures of soil masses, various words as ñlandslidesò, 

ñflow slidesò, ñrotational slidesò, and ñtranslational slidesò are being used [4]. The word ñlandslideò 

implies the movement of the failing soil in the form of one or a limited number of blocks of 

practically solid soil or rock. A shear failure along a shear plane is generally assumed to occur when the 

average shear stress along the sliding or slip surface is equal to the shear strength of the soil or rock 

evaluated by field or laboratory tests. 

 

Table 2: Types of deviatoric soils behaviour depending on density and drainage conditions in 

monotonic load-controlled tests [3] 

 
 

Discussing landslides as drained phenomena in saturated soils and rocks, owing to progressive 

failure and low residual strength, existing landslides can continue to slip at an average shear stress 

considerably less than the drained peak strength of the soil or rock as measured by conventional 

drained tests. Depending on the severity of the post-peak reduction of the strength, the movement of 

landslides can be fast when the reduction is severe or can take place during longer periods of times, 

ranging from several hours to more than ten thousand years if there is no post-peak reduction in 

resistance. 

Relatively small disturbances may trigger landslides, especially in the areas where the occurrence 

of previous slides caused the low residual shear strength of soil masses along ancient slip planes. The 

deformation of soil masses in landslides generally initiate at or close to the toe of the slope, because 
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the shear strength of the soil is first exceeded at this point. Then it progresses retrogressively along the 

shear zones. This kind of failure mechanism was observed in the Denholm Saskatchewan Landslide in 

Canada [5].  

In the following, first the main objects of the field and laboratory investigation performed in 

landslide region are explained. Then the geotechnical finite element software, Plaxis is used for 

modeling and stability analysis of Hollar landslide. Finally, based on the stability analysis, a 

recommendation for stabilization is proposed, considering the conditions of the landslide area. 

ENVIRONMENT AND DESC RIPTION OF THE SLIDE  

On January, 2004 a large landslide on a layer of mainly clayey soil took place at Hollar, on the 

Sari-Kiasar state road in Mazandaran, northern part of Iran. Landslides in the province of Mazandaran 

constitute a major threat to both lives and property worldwide especially in regions of residual soil 

subjected to heavy rainfall. In this area of steep terrain, that experience intense rainfall events, the 

mass instability of soil slopes continue to affect large population each year [6,7]. Many landslides 

occur annually and cause money and health loss. So finding the response of sliding and suggesting the 

suitable and economical method to stabilize the slope by taking into account the effect of climate, 

tectonic and geology situation of sliding zone plays an important role in geotechnical engineering 

point of view.  

             
Figure 1: Position of the selected site in Sari and Mazandaran province. 

The falling and sliding of some of Hollar trenches is a research subject (see Figure 2) that 

attracted a group of geological investigators for a time about at least ten years. It is believed, that the 

plastic properties of soil involved in sliding surface, infiltration of water into the soil mass, erosion of 

soil at the toe of the slide and increasing ground water level causes the instability of the slope. In an 

attempt to give a suggestion for stabilizing the landslide, a complementary study involving field and 

laboratory investigations has been performed. A detailed geological survey of the site and its 

surroundings was performed using available geological maps, air photos and published literature. 

 

 

 
Figure 2:  Photos of Hollar landslide area 
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The stratigraphy shows that 3 kinds of materials dominated the site. The lower one is clay stone 

over the whole area and forming an impervious layer. The upper one is clay with adenitis fragment 

and filled with secondary material. The average thickness of clay layer in this area is about 25-30 m. 

The other material is found as alluvium, which is the minority of the material type. This material was 

the result of ground erosion over time. The corresponding values being shown in the table 3. 

 

 

Table 3: Physical and mechanical characteristics of soils [8] 

 
 

Rainfall is one of the main factors governing the landslide occurring in the Hollar region of Sari. 

In the precipitation analysis, the data from the Sari meteorology station [8] were used. This region 

from the morph climatic classification and climatic, were in petlier with intermediate chemical 

weathering. Average annual rainfall between 800-1000 mm has been recorded in the region and 

average annual temperature between 14-16ęC, this average in summer 22-24ęC and in winter low than 

8ęC. Between November and February the long- term mean monthly precipitation values vary 

between 280-430 mm (Figure 3). As a result of this regional meteorological event, flooding and 

landslide event began to occur on January 2004. In fact, these changes in environmental conditions 

caused abnormally high groundwater levels and subsequently the initiation of the slide. 

 

 
(a) Intermediate monthly rainfall (1995-2005) 
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                                  Year/Month    1997   1999   2001   2003   2005 

(b) Intermediate annual rainfall 

Figure 3:  Precipitation analysis, data from the Sari meteorology station [8] 

 

According to local observations, the landslide happened very fast and the whole area slid out 

almost simultaneously. A heavy rumbling noise was suddenly heard and by the time people got to 

their windows it was all over. Although the landslide terminated by the housing areas, fortunately no 

lives are lost. 

This phenomena gives thought about a possible sliding mechanism which seems to be movement 

of clay layer over the impervious layer since a water- level rise was detected the day after. Although 

in the east and west, movement and cracks were observed. 

The fact that water level increase is so rapid in the clay layer means that water accumulated and 

was retained in this layer. Weathered peat on the surface shows a lot of cracking that eases water 

seeping into the ground [8]. Land development hinders water outflow which cause high lateral forces 

for whole layer and subsequently move it in a translational direction. 

MODELING AND STABILI TY ANALYSIS  

In this section the finite element software Plaxis [10] is used to analyze the stability of Hollar 

landslide, where stage of land changes are made possible. The analysis is limited to two dimensional. 

This package involves pre and postïprocessor that gives graphical pictures of the geotechnical 

structure before and after deformation. Pre-processor helps in the generation of the finite element 

mesh and prepares the data for direct input into the analysis. Almost all such package has provision to 

generate meshes automatically. This becomes essential as the geotechnical structures have 

complicated shapes and geometry. The pre-processor graphically displays the structure to be 

analyzed. If the discretization is not prefect then it can be modified before the analysis.  

 

The initial geometry of the slope and its boundary conditions are shown in Figure 4. Triangular 

six nodded finite elements are used. The vertical and horizontal displacement of the slide is avoided.  
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Figure 4:  Geometry, boundary condition and meshing of the problem 

 

The input data for PLAXIS program consists of the geometrical parameters obtained from the 

field and laboratory investigation discussed in previous section. Material parameters, such as young Ӄs 

modulus E, Poisson Ӄs ratio ɜ, cohesion parameter c, internal friction angle ű and dilatancy angle Ɋ 

must be put in [8]. These parameters are required for the elasto-plastic analysis of soil behavior using 

Mohr-Coulomb model. Because of the material non-linearity, the analysis is applied incrementally. To 

be able to find the critical cross-section, the numerical analysis is performed for three sections of the 

landslide zone. In map 1 they are named as A-Ć, B-BӢ and C-Ĺ.  

 
Map 1: Showing three sections. 

 

 

The results of deformed geometry for three sections are presented in Figure 4. 

 


