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Methods of landslide investigation

1) Preliminary work
� Study of archival materials 
� Terrain reconnaissance
� Talk to local people
� Conceptual engineering geological model

2) Landslide investigation
� Engineering geological mapping
� Longitudinal and cross sections
� Boreholes, trial pits, rock and soil sampling, field tests, 

geophysics
� Laboratory tests 

3) Depth of rupture surface
4) Monitoring

� Monitoring of deformation
� Monitoring of hydrogeogical features, GWL and pore 

pressure fluctuation, spring yield
� Measurement of stress
� Indirect methods - geophysics

5) Methods of prognosis
� Spatial prognosis
� Prognosis of mechanisms and dimension of failure
� Time prognosis
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Hummocky 
terrain
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Hummocky terrain  
of landslide with 
recent movements 
(locality Germany, 
Gradenbach, photo 
J. Rybář)
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Hummocky terrain

Austria, SalzburgPhoto J. Novotný
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Hummocky terrain

Foto: J. Novotný

Photo J. Rybář, Hervenice, NE from ZázrivaCarpathian Flysch
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Hummocky terrain

Sakhalin, Russia

Photo J. Novotný
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Hummocky terrain

Czech Republic, Vsetín, Kateřinice

Photo: J. Novotný
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Hummocky terrain

Photo: J. Novotný

Head of Hošťálková earth flow after 90 years
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Active landslide 
morphology
Photo: J. Rybář

Minor  
scarp
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Phase of slope 
deformation evolution
- Initial
- Developed
- Final
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Tree bending (Záruba, Mencl) 
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Dneboh, Czech RepublicPhoto J. Rybář

Bending of trees
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Bending of trees

Dneboh, Czech RepublicPhoto J. Novotný
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Moved 
gravestones by 
creep 
movements
Photo: J. Rybář
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Moved 
gravestones by 
creep 
movements
Photo: J. Rybář
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Moved grave monuments by creep movements, Photo: J. Rybář
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In winter periods frozen water from springs can be observed in landslide areas, 
Photo: J. Zvelebil
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Road 
deformed by 
long-term 
movements
Photo:
J. Rybář
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Main 
scarp 
of 
a flow
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Main 
scarp
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Slickensided surface on surface of rupture

Photo: J. Novotný

Ústí nad Labem, Motorway D8, Czech Republic
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Slickensided surface on surface of rupture

Photo: J. Rybář
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Photo: J. Novotný

Ústí nad Labem, Motorway D8, Czech Republic

Rotation in head area
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Rotation in head area

Photo: J. Novotný

Ústí nad Labem, Motorway D8, Czech Republic

Estimated curvature 
of rupture surface
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Open tension crack, without rotation in head area

Ústí nad Labem, Motorway D8, Czech Republic

Photo: J. Novotný

Azerbaijan, Devechi
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Surface of rupture

Photo: J. Novotný

Azerbaijan, Devechi
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Photo: J. Novotný

Frank Slide (Canada)

Unstable tower Graben

Photo: J. Novotný

Open crack

Photo: P. Olišar
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Photo: J. Novotný

Frank Slide (Canada)

Photo: J. Novotný

Open cracks
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Open cracks, ditches, 
grabens

Photo J. Rybář
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Open cracks, ditches, 
grabens

Photo: J. Novotný

Beskydy, Lukšinec, Czech Republic



Methods of landslide investigation

Open cracks, ditches, 
grabens

Photo: J. Novotný

Potvorov, Czech Republic
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Stretched tree roots in 
fissures indicate active 
movement

Photo: J. Rybář
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„Drunken forest“

Photo: J. Novotný Czech Republic, Hošťálková
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Cracks in buildings
can be caused by:

a, c, e – slope 
movements

b – shrinkage of clayey 
soils

d - undermining
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Aerial photographybefore
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after Aerial photography before



Methods of landslide investigation

Aerial photography

old landslide

new landslide cutting 
through an old landslide
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Longitudinal profile
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Cross sections
of earth flow near 
Handlová, Slovak 
Republic

b – squeezed lateral 
ridges

d – lake in the 
depression of the 
surface
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Rupture surface

Photo: J. Rybář
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Rupture 
surface

Photo: J. Novotný
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Rupture 
surface

Photo: J. Novotný
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Measurements of 
movements in a well
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Part of Map of landslides in Czechoslovakia 
in the scale 1 : 1 000 000

Landslides mapping
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Landslides mapping

Use of colors

Fossil landslide and potential landslide – black line 
(difference in sign)

Active landslide – red line

Hydrogeological features – blue line, areas

Man-made construction – green line
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Landslides in maps 1 : 25 000
Fossil landslides

Potential landslide Active landslides
Constructions damaged, endangered

Wet ground

Spring

Undrained depression

After Rybá ř 1973
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Landslides – mapping in to scale 1 : 5 - 10 000 

After Rybá ř 1973
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After Rybá ř 1973
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Photo J.Rybář Photo J.Rybář

Landslides – mapping in to scale 1 : 5-10 000 
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Photo: J.Rybář

DOMOUSNICE, November 1981, after J.RYBÁŘ
Landslides – mapping in to scale 1 : 5 - 10 000 
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Photo J.Rybář

POTVOROV 1872
Landslides – mapping in to scale 1 : 5 - 10 000 
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Landslides – detailed mapping
Upper part of the slide

After Rybá ř 1973
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Landslides – detailed mapping
Upper part of the slide

After Rybá ř 1973
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Landslides – detailed mapping
Upper part of the slide

After Rybá ř 1973



Methods of landslide investigation

Landslides – detailed mapping
Upper part of the slide

After Rybá ř 1973
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Landslides – detailed mapping
Toe of the slide

After Rybá ř 1973
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Landslides – detailed mapping
Toe of the slide

After Rybá ř 1973



Methods of landslide investigation

Landslides – detailed mapping
Toe of the slide

After Rybá ř 1973
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Landslides – detailed mapping

Photo: J. Novotný
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Landslides – detailed mapping

After J. Novotný
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Landslides – detailed mapping

After J. Novotný, T, Šmejkalová, J. Rybář
Žatec earth flow
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Landslides – detailed mapping

After J. Novotný, T, Šmejkalová, J. Rybář
Žatec earth flow
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Landslides – detailed mapping

After J. Novotný, T, Šmejkalová, J. Rybář
Žatec earth flow

toe

tip
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Landslides – detailed mapping

After J. Novotný, T, Šmejkalová, J. Rybář
Žatec earth flow
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Landslides – detailed mapping

After J. Novotný, T, Šmejkalová, J. Rybář
Žatec earth flow

main scarp

minor 
scarp

rotated block

Head
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Landslides – detailed mapping

After J. Novotný, T, Šmejkalová, J. Rybář
Žatec earth flow

main scarp

minor 
scarp

rotated block

Head



Methods of landslide investigation

Landslides – detailed mapping

After J. Novotný, T, Šmejkalová, J. Rybář
Žatec earth flow

main scarp

Rupture 
surface 
covered by 
sandy gravel
to gravely 
sand during 
the 
movement
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Landslides – detailed mapping

After J. Novotný, T, Šmejkalová, J. Rybář
Žatec earth flow

main scarp

Rupture 
surface 
covered by 
sandy gravel
to gravely 
sand during 
the 
movement
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Landslides – detailed mapping

After J. Novotný, T, Šmejkalová, J. Rybář
Žatec earth flow
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Landslides – detailed mapping

After J. Novotný, T, Šmejkalová, J. Rybář
Žatec earth flow

horizontal bedding
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Landslides – detailed mapping

After J. Novotný, T, Šmejkalová, J. Rybář
Žatec earth flow
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Monitoring of landslides

A) Measurement of deformations
- geodesy
- extensometry
- inclinometry
- dilatometry

B) Monitoring of water state 
within landslide body
- ground water level and pore
pressure observation
- measurement of spring yield

C) Measurement of stress
- stress in anchors

D) Indirect methods
- geophysics
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Inclinometry displacement

displacement

cable of the probe

probe

wheel
probe
groove
casing
grout

casing
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Saddle of Jezerka
- Precise leveling
- Optical long distance measurement

Fault slope
- Tape extensomentry
- Spatial dilatometry in fissures
- Tilt measurements

Toe of the slope 
- Geodesy
- Visual observation

Monitoring boreholes
- Precise inclinometry
- Pore pressure measurement
- Brittle wires

Investigation gallery
- Tape extensometry
- Rod extensometry
- Geodesy
- Hydraulic leveling
- Tilt measurements
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Scheme of reconstruction of rupture surface course based on

vector measurement by optical long distance measurements
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Selected types of gauges 

for monitoring of 

displacements on rock 

slopes:

1 – wire extensometer

2 – rod extensometer

3 – deflectometer

4 – rod extensometer with mechanical 

warning apparatus

5 – portable rod dilatometer

6 – points for portable rod dilatometry

7 – dilatometric gauge TM-71
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Long-term monitoring of groundwater level changes a nd 
long-term precipitation balance

Třebenice landslide (Cretaceous claystones)

After J. Novotný 2005
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Comparison of frequency of regime monitoring 
with quasicontinual monitoring

Třebenice landslide (Cretaceous claystones)

After J. Novotný 2005
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After J.Novotný and M.Kobr 2009

Třebenice landslide (Cretaceous claystones)

Fluctuation of piezometric level in the P4.1 borehol e (tip 9,5 m under the terrain) 
and the piezometric level in the P4.2 borehole (tip 4,5 m under the terrain). Grey 

areas represent time period with upward groundwater flow
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After J.Novotný and M.Kobr 2009

Třebenice landslide (Cretaceous claystones)

Schematic flow net for the period of seasonal culmi nation (above) and seasonal 
minimum (below) in the ground water storage
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Methods of prognosis

- Spatial prognosis

- Prognosis of mechanism and dimensions of failure

- Time prognosis
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After J. Rybá ř

Spatial prognosis
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After J. Rybá ř 2003
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Time prognosis

After J. Zvelebil 1984Photo J. Rybář

Rock fall in Hřensko, Czech Republic, March 1978
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Real and three year gradually dispersed annual prec ipitation total from Louny 
hydrometeorological station, periods of sliding act ivity are marked by asterisks

After Novotný 2000
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The effect of precipitation and evapotranspiration on 
fluctuation of groundwater level for T řebenice landslide

Correlation between climate, piezometric levels and 
movement for T řebenice landslide

After Novotný 2000


