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1. Project Title:  

Soil matrix suction in active landslides in flysch – the Slano Blato landslide case 

2. Main Project Fields:  

Technology Development - Monitoring and Early Warning & Targeted Landslides: Mechanisms and 

Impacts – Large Landslides & Mitigation, Preparedness and Recovery - Mitigation 

3. Name of Project leader:  

Prof. Bojan Majes, University of Ljubljana, Faculty of Civil and Geodetic Engineering (UL FGG), Chair 

of Soil Mechanics - Contact: UL FGG, Jamova c. 2, SI-1000 Ljubljana, fax: +386 1 425 06 81, phone: 

+386 1 476 85 22, Email: bojan.majes@fgg.uni-lj.si 

Core members of the Project (all UL FGG): Prof. Bojan Majes, Prof. Matjaž Mikoš (Chair of Hydrology 

and Hydraulic Engineering), Assist. Prof. Dr. Ana Petkovšek (Chair of Soil Mechanics)  

4. Objectives:  

Firstly, we will try to compare continuous measurements of soil matrix suction in an active landslide (of 

the order 0 to 50 kPa) with measurements of matrix suction in highly weathered and progressively 

disintegrating flysch rock the landslide is fed from. Secondly, we will try to design an early warning 

system for the deep-seated Slano Blato landslide in W Slovenia, based on soil matrix suction 

measurements and on-line landslide displacement measurements.  

5. Study Area:  

The project is conducted on the active Slano Blato landslide in W Slovenia. 

6. Project Duration:  

3 years (2010-2012). 

7. Report: 

1) Project progress 

In 2011 and in the beginning of 2012 we performed laboratory tests with focus on soil water retention 

curve and shear creep tests in suction simple shear apparatus (SSSA). In 2011 and 2012 the measurements 

of weather conditions, matrix suction, surface movements as well as the ground water level behind the 

dowels and the water level in the dowels were continued. Based on the results of the laboratory tests a 

material model was made and it was incorporated into the 1D numerical model, which enables 

calculations of water movement due to the volume or saturation changes. 

The influence of soil density, stress state and stress path on soil water retention curve was studied. Based 

on the shrinkage limit and the behavior in SSSA it was concluded that there is only one soil water 

retention curve in relation saturation – suction and that volume changes due to effective stress changes are 

stress path dependent. The volume deformations, although usually small, were found to be very important 

and have influence to the landslide behaviour during suction changes. 

With the suction simple shear tests positive effect of matrix suction on the shear strength was confirmed as 

it was expected. 



During shear creep tests the significant influence of excess pore pressures generation during instantaneous 

loading was detected. Excess pore pressures significantly change the effective stresses in the soil and thus 

change the initial shear deformation. Due to drained conditions during shearing it was impossible to 

measure excess pore pressures, but the effect were clearly observed – shear failure. For high shear to 

normal stresses ratio an incremental loading was used. A large scatter in the results of soil creep test do not 

allow to make conclusions regarding the shear creep rate – suction – total stress relations. In general it was 

found that soil creep rate is dependent on shear stress - effective vertical stress ratio and on its variation 

with time. 

Based on laboratory findings the numerical model was made based on Bishop correction of the effective 

stresses and modified Cam clay model. The material model also incorporates the lateral compression at 

high suctions. With the developed model, we have successfully simulated the soil behavior during 

laboratory tests. The back analysis of soil suction movements in the landslide showed that evaporation 

should be lowered to 1/3 of potential evaporation to obtain meaningful results. We beleive that this 

reduction must be done due to the thin (less than 5cm thick) layer of coarse grains (debris), accumulated 

as a cover on the landslide surface. With the applied reduction the suction changes from autumn 2007 

were than calculated.  

From the given suction/water pressure distribution with depth the shear stress – effective stress ratio was 

calculated and the movements due to the soil creep were estimated. The calculated creep movements were 

about 10 time smaller then the observed movements. Higher measured displacements can be explained by 

the loss of stability (F=0,99) due to the increased pore pressure at the sliding surface during low suction 

conditions (i.e. winter). A Bingham rheological model could be used to estimate movements during time 

with factor of safety below 1.  

Based on the laboratory tests and numerical calculations it could be concluded that in the Slano blato 

landslide the key role of suction is not in its contribution to the shear strength but in the influence on the 

soil saturation and/or volume of water inside the landslide mass. The ground water level rises slowly due 

to the low permeability of sliding material and the reduction of suction in Slano blato landslide is not 

caused by a single major precipitation event, but by the prolonged rainy period (i.e. winter and spring 

months). 

It is also important to note that the measurements of landslide movements in the period of 2011 – 2012 by 

GPS observations were made in the period drier than the usual weather conditions and due to small 

movements the observations should be continued for several years to get more reasonable data. 

The above described results were part of a PhD thesis (Maček, 2012) and presented at conferences (Maček 

et al., 2012a; 2012b).   

2) Planned future activities  

In 2013, landslide monitoring will continue. To improve and deepen the knowledge about landslide 

behavior additional laboratory research will be done. Firstly, the influence of thin sandy gravel on 

evaporation will be studied and compared with potential evaporation. Viscosity of the landslide mass will 

be studied using the ConTec Viscometer 5: it has been primarily designed to study rheological properties 

of concrete but it enables also performing rheological measurements on soils with maximum grain size of 

20 mm. It would be also beneficial to further study the effects of cracks on rainfall infiltration in a 



landslide body on inclined slopes, however, due to the financial limitations, this study will continue only 

in the soil laboratory.  

3) Beneficiaries of the activities for Science, Education and/or Society 

This is the first and up to the present time the only landslide, observed simultaneously, using five types of 

observations: the weather conditions, the underground water table, the soil suction profile, the surface 

movements, observed by TV camera and the GPS surface observations. From realized field monitoring 

and the laboratory tests the more advanced knowledge on soil matrix suction in flysch soils and rocks will 

be gained. Secondly, relationships between different relevant factors can be compared with other running 

projects, such as JSPS Japan-Croatia project on landslides. Lastly, Civil Protection will get a design of an 

early warning system of this active large landslide that is still not fully mitigated.  

On the Slano blato landslide, soil suction has been measured continuously from 2008 and simultaneously 

with the weather conditions at the three weather stations, the piezometric level of the water table and the 

surface movements, observed by the TV cameras and the surface point measurements. Due to interaction 

of different phenomena, advanced laboratory tests and numerical calculations, an advanced knowledge on 

the soil suction and water movements in the soils with high air entry value was gained.  

The Slano blato landslide has became a kind of test site on which the efficiency of different laboratory and 

field tests can be studied from the long term aspects. The instrumentation serves as an important decision 

making factors for the Civil Protection Service which operates with the “up to date” relevant data 

important for the advising citizens in the critical wet periods. 

The last bit not the least, the Slano blato has been recognized as an excellent experimental polygon, 

interesting also for students from different European Universities, who come to visit the site, collect the 

data and trying to simulate them using their own models.   
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