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1. Name of Organization: 

University of Ljubljana, Faculty of Civil and Geodetic Engineering (UL FGG) 

2. Name of Leader: Ana Petkovšek 

Affiliation: position: Assistant Professor, UL FGG, University of Ljubljana 

Contact: postal address: Jamova c. 2, SI-1000 Ljubljana, Slovenia 

                       Fax: +386 1 425 0681 

                       Phone: +386 1 4768 541 

                             E-mail: ana.petkovšek@fgg.uni-lj.si 

Core members of the activities - Names/Affiliations: Janko Logar, Assoc. Prof., Matjaž Mikoš/Prof., 

Dušan Petrovič/Assist. Prof., Mojca Kosmatin Fras/Assist. Prof. 

3. Date of Submission of Revised Application: January 15, 2014 

4. Activity scale and targeted region: 1) Global (flysch formations)  4) Regional (Adriatic-Balkan region) 

5. Short Title: Mechanisms of landslides and creep in over-consolidated clays and flysch 

6. Objectives for the initial 3 years:  

The main scientific objective of the center activities is to determine the role of suction and viscosity in 

flysch landslide dynamics. By using detailed field monitoring data on weathering factors, and field and 

laboratory data on soil characteristics (water content, suction, viscosity at different shear rate), new 

functional relationship between water content, shear stress, and suction for flysch landslides will be 

developed. In the past active period of the WCoE, mainly suction was investigated. In the next 3 years we 

will focus on laboratory investigation of creep under known applied shear stress ratio under constant 

volume and known suction. We will compare the results, gathered from the field monitoring at 2 different 

large landslides at the Vipava valley (W Slovenia) with the modeling results, based on the newly 

acquired laboratory data, using the model, developed by Maček (2012). The second part of laboratory 

activities will include rheological investigations of the material from the Slano blato landslide material as 

well as the material from the newly excavated remnants of an old mudflow from the bottom of the 

Vipava valley. The Brookfield rotational rheometer will be used to define the interdependency between 

mud flow concentration, shear rate and viscosity. The comparison of properties of old and newly 

developed mud flow material will be done. The remote sensing techniques to monitor landslide 

topography and to estimate volumetric changes of flysch rocks in the field will be used. In addition, we 

will extend our research on monitoring and visualization of debris flows in mountainous areas, using 

remote sensing techniques and modern cartographic visualization tools. 
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7. Background Justification:  

On the slopes in Slovenia, built from highly over-consolidated clays and flysch, periodically repeated 

triggering of landslides has been observed within the last 250 years. Within the last 10 years, the slope 

movement processes have been intensified and spread to the new areas. It was found that within a given 

time, a certain thickness of bedrock is softened due to weathering, mostly due to rain percolation and 

frost effects. Under certain environmental conditions, softened flysch can transforms into slow moving 

earth flows and carbonate debris, accumulated at flysch surface, can transform in fast moving debris 

flows. It is important to improve our knowledge about mechanisms that influence softening of flysch as 

well as to determine the role of viscosity in the two main types of mass movements –slowly moving earth 

flows and fast debris flows. 

In the Alpine regions of Slovenia, steep terrain (partly forested but mostly bare rocky) is threatened by 

debris flows. New remote sensing techniques and cartographic tools enable flexible and accurate 

measurements in the field, highly quality interactive and dynamic visualization of data and visual 

presentation of different possible scenarios. The following remote sensing technologies will be 

implemented: terrestrial laser scanning (TLS), unmanned aerial system (UAS) and digital 

photogrammetry.  

8. Resources available for WCoE activities: 

Altogether 15 researchers of the chairs of Soil Mechanics, Hydrology and Hydraulic Engineering, & 

Cartography, Photogrammetry and Remote Sensing, 2 young researchers, 1 early stage researcher will 

work on this theme, soil mechanics laboratory, field instrumentation for measuring suction installed on 

the Slano Blato landslide, photogrammetric and remote sensing equipment, 5-year research program 

“Geoinformation infrastructure and sustainable spatial development of Slovenia” & 3-year research 

program “Hydrotechnics and Geotechnics”, research co-operation within INTERPRAEVENT (Europe, 

Taiwan, Japan) and ICL (active ICL member since 2009, taking parts in ICL symposia and world 

landslides forums). At the same time, the activities at the MWL (Mediterranean Workshops on 

Landslides) were initiated also by the members of the staff from the Chair of Soil Mechanics and will 

start with the first MWL in October 2013 at the University of Napoli (Italy). The main objective of the 

newly developed MWL is to bring together experts from the Mediterranean countries that all meet hard 

soils-weak rocks of broad interest for all countries located in the Mediterranean basin, posing special 

problems (as the triggering of large and rapid earth flows) that the classic Soil and Rock Mechanics 

cannot fully solve. 

9. Description of past activities related to risk reduction of landslides and other related earth system 

disasters: 

The WCoE was active in the two periods 2008-20011 & 2011-2014 on one of the largest landslides in 

Slovenia, i.e. the Slano Blato Landslides that was firstly mentioned 230 years ago and activated, again in 

autumn 2000; it is one of the best documented landslides in the Balkan Peninsula (2 profiles with suction 
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probes; on-line monitoring of suction; field meteorological station; on-line CCTV observation of the 

landslide surface). The field experimentations were combined with comprehensive laboratory tests 

(mineralogy, chemistry of pore water, physical properties) performed on samples from the bore-holes and 

investigation pits. In 2011, the cyclic simple shear apparatus was modified to measure soil suction 

(suction simple shear apparatus - SSSA), and based on laboratory measurements a new material model 

was developed. Most of the results are reported in a PhD dissertation (Maček, 2012).  

In 2012, we established research cooperation with ETH Zürich (Prof. Springman). In 2012, the center 

was also active in preparation of ICL regional and thematic networks. As initiator we took over as 

coordinator the ICL Landslide monitoring and warning thematic network and we are active ICL member 

in the newly established ICL Adriatic-Balkan network. In 2012-13, we worked on a 2-year bilateral 

project with Serbia (University of Belgrade, Faculty of Mining and Geology, coordinator Dr. Biljana 

Abolmasov) titled “Adriatic-Balkan Regional Network: Landslide Risk Mitigation for Society and 

Environment”.  

In 2012, we finished our collaboration in the Alpine Space (European) project PARAmount, and in 

September 2012, we started international collaboration in the Alpine Space (European) project SedAlp 

“Sediment management in Alpine basins: integrating sediment continuum, risk mitigation and 

hydropower”, where part of research activities will be focused on a sediment budget analysis of a 

torrential watershed with the assessment of shallow landslide contribution to the overall sediment yield in 

the investigated watersheds.  

In October 2013 we started our cooperation with the Geological Survey of Slovenia in the Alpine Space 

project START_it_up to make a comprehensive overview of the European projects and their conclusions 

and recommendations in the last 10 years in the field of debris flows mitigation. 

10. Planned future activities /Expected Results: 

The planed work aims to further clarify the mechanisms of softening and creep in unsaturated clayey 

soils and weak clay stones as well as to clarify the circumstances under which the slow moving masses 

start to behave as an earth flow. For better understanding of water movements of the Slano blato landslide 

soil water retention curves for suctions higher than 450 kPa and at different total stresses should be 

measured. For these measurements a suction oedometer will be developed (in 2013-2014). The 

interdependency between the total stress, void ratio, saturation and suction will be measured. Such tests 

are also needed for observation of flysch degradation. 

In the past, it was found that observation of positive pore water pressure is as important as observation of 

soil suction in the top soil. When the suction decreases to zero, a positive water pressure may appear also 

in the top layer. A BAT piezometer should be installed near the location of soil suction measurements in 

2013/2014. Based on the first laboratory creep tests, field observation and model prediction we can 

suspect that the landslide movements are probably due to loss of slope stability and large viscous forces. 

With the Laboratory investigation of viscosity and the influence of the shear rate to the viscosity, using 
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the large viscometer and the rheometer will be performed in 2013-2015. A material model will be 

improved based on new investigations (2015). 

The monitoring of the topography and volumetric changes of the Slano Blato landslide will be 

implemented in the next 3 years: 

- Field measurements (2 times) with different techniques (TLS, UAS, digital photogrammetry) and 

their comparison will be accomplished; based on the results the operational procedure will be 

proposed (in the 1
st
 year). The most descriptive cartographic visualization tool for presenting the 

results will be investigated and proposed as well. 

- Implementation of field measurements, according to the proposed procedure, and cartographic 

visualization, will be accomplished in the 2
nd

 and 3
rd

 year.  

In 2014-15 we plan a bilateral project together with the University of Rijeka, Croatia (ICL member in 

Croatia). In 2014-17, further activities as ICL members in the Adriatic-Balkan regional network and the 

thematic network Landslide monitoring and warning thematic network are planned. We plan to focus on 

the overview of landslide monitoring techniques. 

Last but not least, maybe the most important activity of the proposed WCoE will be to prepare the next 

4
th
 World Landslide Forum in Ljubljana in June 2017. 

11. Beneficiaries of WCoE: 

Different parties will benefit from the proposed project. Firstly, from the geotechnical point of view 

general knowledge of flysch landslides will be improved, especially how dormant state of such a 

landslide is related to soil properties and water conditions. Secondly, the project results will help to plan 

and execute efficient mitigation measures for the Slano Blato landslide. Thirdly, the new creep 

investigation, combined with the data from the field monitoring in inclinometers at the motorway near 

Rebernice will help to explain and to improve the understanding of mechanisms that govern the long term 

creep on huge area bellow the Nanos region. Fourthly, the newest remote sensing and cartographic 

techniques will be investigated for this area of applications and a proposal for their operational use will 

be developed.  And finally, scientific results will also be disseminated to regional stakeholder through 

summer schools and regional conferences. 
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