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Abstract Physical modelling of landslides by analysing the 
behaviour of small-scale landslide models subjected to 
artificial rainfall can be divided into modelling under 1g 
conditions and under increased acceleration (n times 
gravity) in a centrifuge. Physical modelling of landslide 
initiation began in Japan in the 1970s on scaled natural 
slope models. After initial experiences with field and 
laboratory researches, small-scale landslide modelling has 
found wide application around the world in various 
aspects of landslide investigations, analysing different 
types of landslides, different types of slope materials and 
landslide movements. The main task of landslide physical 
modelling has been to study the initiation, motion and 
accumulation of fast flow-like slides caused by infiltration 
of surface water. Studies that have included landslide 
mitigation measures in the small-scale physical model are 
rare and have not established correlations with the 
behaviour of on-site mitigation structures. This paper 
discusses the behaviour of a small-scale sandy slope 
supported by a gravity retaining wall in the foot of the 
slope, during artificial rainfall in 1g loading conditions. 
Two models of sandy slopes, with and without retaining 
wall applied, were exposed to identical intensities of 
artificial rainfall. The results of the simulations indicated 
that the slope supported by the gravity retaining wall at 
the toe remained stable under the same conditions under 
which the sandy slope collapsed. The supported slope also 
remained stable under much longer rainfall. At the end of 
the simulation, the supported slope was subjected to much 
higher rainfall intensities, well above the infiltration 
capacity of the sandy material, and surface runout was 
affected. The combination of surface erosion and 
saturation of the superficial layer of the slope led to the 
initiation of a debris flow, while the complete saturation of 
the slope at the moment when the ground water level 
reached the surface of the slope caused the soil strength to 
be exceeded and the formation of a surface of rupture and 
consequently movements of the formed landslide body. 
Although the landslide movement caused displacement 
and longitudinal deformation of the gravity wall at the 
slope foot after local shear failure in front of the wall 
foundation, in general the gravity wall significantly 
improved the stability of the slope. The results of the 
measurements carried out with the installed geodetic and 
geotechnical monitoring system allowed a comprehensive 

understanding of the whole process of infiltration of 
precipitation and reduction of soil strength until the 
development of the fracture surface in the slope, as well as 
the process of incremental load development on the 
retaining structure until the limit resistance of the 
structure. 
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remedial measures, monitoring 
 
 
Introduction 

Landslides as motions of a mass of rock, earth or debris 
down the slope (Cruden 1991) that threaten vulnerable 
human settlements in mountains, cities, riverbanks, coasts 
and islands. Changing climate influences on an increase in 
the frequency and/or intensity of heavy rainfall, and that 
consequently increase the risk of landslides in landslide-
prone areas. Developments in mountainous and coastal 
areas, including the construction of infrastructure, 
expansion of urban areas due to population growth and 
migration, and deforestation and land use changes 
increase exposure to the landslide hazard. Strong 
earthquakes have the potential to trigger rapid landslides 
with long runout distances and in combination with heavy 
rainfall can lead to catastrophic landslides such are debris 
flows, rock falls and mega slides.  

Landslide modelling was, for a long time, mostly 
based on numerical modelling techniques using soil 
strength parameters determined by laboratory testing in 
direct shear, triaxial or ring shear apparatus but with 
obstacles and limitations related to the soil sample size, 
sample disturbance, shear strain values before the failure, 
unsaturated soil conditions, effective stress and suction 
measurements, drop in strength to the residual values, etc. 
Physical modelling in small-scale slope models was 
introduced as a natural solution for better simulation of 
overall condition in a slope before, during the initiation 
and motion and post-motion of a landslide. 

Physical modelling of landslide by analysing small 
scale landslide models behaviour started in early 1970s and 
1980s in Japan (Oka 1972; Kutara and Ishizuka 1982) on 
natural slopes exposed to artificial rainfall. The laboratory 
experiments of landslide behaviour in a scaled physical 
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model (also called flume or flume test) started in 1980s and 
1990s in Canada (Hungr and Morgenstern 1984), Japan 
(Yagi et al. 1985) and Australia (Eckersley 1990) under 1g 
conditions as well as in geotechnical centrifuge under 
increased acceleration (ng) in 1990s (Kimura 1991). 

The small-scale landslide modelling after initial 
experiences has found a wide application around the world 
in different aspects of landslide investigations, analysing 
different types of landslides as well as different types of soil 
and rock materials and landslide movements. The main 
task of landslide physical modelling was research of 
initiation, motion and accumulation of fast flow-like slides 
caused by infiltration of surface water in a slope and 
fluidification ȋ������©������Ǥ�͜͞͞͞Ȍ.  

Although the modern monitoring techniques and 
different monitoring equipment enable good insight into 
initiation and development of landslides in the small-scale 
landslide physical models ȋ������©������Ǥ�͜͞͞͝Ȍ, the crucial 
issue is to establish relationship between small-scale, brief, 
idealized and by artificial boundary restricted model with 
the complex natural landslide process (Iverson, 2015). This 
relationship is known as scaling or scaling law, and plays a 
crucial role in small-scale model designing and 
interpretation of results. Successful scaling (of material 
parameters, model dimensions, boundary conditions, 
rainfall intensity and shaking parameters as triggering 
factors, measured movements, velocities and accelerations 
etc.) is a necessary precondition for successful small-scale 
landslide modelling. Since a landslide is a complex 
geomorphological process, considering all the factors that 
should be taken into account when modelling a real 
landslide, it is clear that a landslide process is too complex 
for all elements to be covered by the similarity laws to fully 
describe the mechanism, initiation and run off process of 
a landslide. The simulation of a real landslide in a small-
scale landslide model must be limited to the application of 
the most important elements affecting a landslide process, 
while all other elements are adjusted to imitate a real 
process of sliding. 

At the Faculty of Civil Engineering, University of 
Rijeka, Croatia, the research Project “Physical modelling of 
landslide remediation constructions’ behaviour under 
static and seismic actions”, funded by Croatian Science 
Foundation, started in October 2018. The main objective 
of the Project is modelling and analysing behaviour of 
landslide remedial measures in physical models of scaled 
landslides under static and seismic conditions (Arbanas et 
al., 2019). In this paper, the behaviour of small-scale sandy 
slope supported by gravity retaining wall in the foot of the 
slope under artificial rain in 1g loading conditions will be 
discussed. Two models of sandy slope, with and without of 
applied gravity retaining wall, were exposed to identical 
intensities of artificial rainfall. The results of simulations 
indicated that the slope supported by the gravity retaining 
wall in the toe retained stability of the slope in the same 
conditions in which the sandy slope collapsed. Landslide 
development was monitored by observing surface 
displacements using terrestrial laser scanner (TLS) and a 

pair of high-speed cameras, and by observing landslide 
movements within the modelled displaced mass using 
accelerometers ȋ������©� ��� ��Ǥ� ͜͞͞͝Ȍ. Pore water pressure 
and soil moisture sensors were used to observe the 
hydraulic response of a slope ȋ������©������Ǥ�͜͞͞͞Ȍ. While 
the observed landslide movements are still being analysed, 
this paper presents the observations of the landslide 
impact on the gravity retaining wall due to the pore water 
pressures and water content development within the 
slope.  

 
 

Materials and methods 

The physical model of a scaled slope was designed to 
enable initiation of a landslide caused by controlled 
artificial rainfall and equipped with adequate 
photogrammetric equipment and complex sensor network 
(Arbanas et al. 2020; Jagodnik et al., 2021). Dimensions of 
the slope model are 1.0 m (width) x 2.3 m (length) x 0.5 m 
(height). The maximum depth of a soil material in the 
slope was adopted to be 30 cm. Flume slope inclination can 
be adjusted from 20ι to 45ι. To prevent possible sliding of 
the soil mass at the contact with the flume base, the 
geogrid mesh is fixed to the flume base to increase friction.  

This paper describes results of the tests carried out on 
slope inclinations of 35ι degrees built of fine grained Drava 
River sand that was chosen as the base material for all tests 
within research. The first test was carried out at the sandy 
slope while in the second test the gravity retaining wall 
was built-in as adopted remedial measure and then the 
slope was exposed to identical intensities of artificial 
rainfall as the slope in the first test. The gravity retaining 
wall was chosen as an appropriate remedial measure 
(������©���������������������2015, Popescu 2001) against 
instability that was occurred at the slope in the first test 
(Arbanas et al. 2020)  
 
Slope material properties 
For the first test in the constructed flume, the fine sandy 
material was chosen to be built-in in the flume slope at an 
inclination of 30o (Fig 1). Fine graded 0-1.0 mm (Fig. 2) the 
Drava River Sand (D60 = 0.37 mm, D10 = 0.19 mm, Cu = 1.947) 
was built-in in the flume in 6 cm height 5 layers, 30 cm in 
total, at relative density Dr = 0.5 and reached void ratio of 
e = 0.78. Each layer was compacted by a manual compactor 
at the water content of w = 2%. The specific gravity of sand 
is Gs = 2.7 (Arbanas et al. 2020). The strength properties of 
the slope material was determined in direct shear 
apparatus at the same relative density as it is in the model 
of Dr = 0.5 and low normal stresses appropriate to the 
stresses present in the flume model. The average friction 
angle of the Drava River Sand is I = 34.9o while the 
hydraulic conductivity at the same relative density as it is 
in the model of Dr = 0.5 determined in oedometer at low 
normal stresses appropriate to the stresses present in the 
model is k = 5x10-5 m/s. Measured matric suction at the 
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Figure 1 Small-scale model built in sandy material with installed 
retaining gravity wall: a) shematic views at the model; b) 
prepared model with installed retaining gravity wall ready for 
testing. 

 

 
 

Figure 2 Grain size distribution curves of the Drava River Sand 
(blue) and gravel material used as the backfill behind the 
retaining wall (black). 

water content of w = 2% varies from 6 to 8 kPa. Previously 
described material was installed in the model in 5 layers, 
each 6 cm thick, up to a total height of 30 cm. Prepared 
sandy material with a water content of w=2% was installed 
using the under-compaction method (Ladd 1978). Each 
layer was compacted using the manual compactor to the 
medium dense conditions of relative densityܦ ൌ ͷͲΨ. In 
order to achieve homogeneity of the material in the slope 
and relatively uniform conditions in the built-up material, 
the model was built up in three segments – lower (L), 

middle (M) and upper (H) parts, building up the material 
from the foot to the top of the slope. 

 
Gravity retaining wall installation 
In the second test after construction of the sand slope in 
same conditions as in the first test without remedial 
measures, installation of gravity retaining wall was 
completed using following the order of works that it is 
performing in a real slope. The gravity retaining wall was 
installed of five h= 30 cm elements printed by 3D printer 
interconnected by an articular connection. The height of 
the wall was determine based on geometrical similarity of 
1:20. Material used for the backfill of the wall was gravel 
which grain size distribution (Fig. 2) was determined from 
geometrical similarity with coarse crushed stone fill 
material 1:20. According to the position in the slope, the 
strength parameters of this material have no importance, 
while the hydraulic conductivity is significantly higher 
than for sand in the slope and has no influence on 
infiltration process.  

When the model slope of sandy material was built, 
the foundation pit in the foot of the slope were excavated 
and additionally compacted, the retaining gravity wall was 
lined (Fig. 3a, b) and after installation of sensors, filling 
with gravel material was continued. Surface of the slope 
was stepwise excavated to ensure adequate contact 
between sandy slope and gravel buttressing embankment. 
Gravel material was divided from sandy material by 
geotextile and compacted by a manual compactor (Fig. 3c, 
d). 

 
Rainfall simulator 
One of the most demanding challenges in physical models 
of landslide initiation and motion caused by rainfall 
infiltration is possibility to control and adjust intensities of  
 

Figure 3 Installation of gravity wall and buttressing embankment 
behind the wall in prepared sandy slope: a) excavated foundation 
pit and installed element of the gravity wall, b) a view at the 
partially installed wall in the foot of the slope, c) filling the gravel 
material behind the wall with installed sensors; geotextile is laid 
to the steps in the sandy slope; d) filled buttressing embankment 
behind the gravity wall along the slope. 

a 

b 

a b 

c d 
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artificial rainfall applied to small-scale models. Rainfall 
simulators are widely used tools to study hydrological 
processes such as interaction of rainfall with soil (Lora et 
al. 2016). The rainfall simulator, constructed within the 
Project, consists of three sprinkler branches, each 
equipped with four different axial-flow full-cone nozzles 
with a spray angle of 45o or 60°. Each branch has been 
placed at such a height that the water can reach the edges 
of the plexiglass sides. This solution covers a wide range of 
rainfall intensities, from less than 30 l/h/m2 to more than 
140 l/h/m2 at a reference pressure of 2 bar (Arbanas et al., 
2020). 
 
Monitoring equipment 
An active landslide is defined by existing movements down 
a slope (Cruden 1991), and observation of the movement 
distribution along a slope in relationship with observation 
of changes in soil condition (soil moisture, water content, 
pore pressures etc.) during the sliding process is one of the 
most important data for landslide analysis ȋ������©�
Arbanas and Arbanas 2015). The monitoring system 
established in a physical model follows the principles used 
in the observation of real landslides and consists of a 
geodetic monitoring system and a geotechnical 
monitoring system. The geodetic monitoring system is 
based on innovative photogrammetric equipment for 
multi-temporal landslide analysis (Bitelli et al. 2004) of 
image sequences obtained by a pair of high-speed stereo 
cameras (Feng et al. 2016). Terrestrial laser scanning and 
Structure-from-Motion (SfM) photogrammetry surveys 
enable the surface of the slope model to be determined in 
pre- and post-slide phases (Bitelli et al. 2004). The 
geotechnical monitoring system comprises of a complex 
network of miniature sensors equivalent to the 
geotechnical monitoring devices used in the field 
(Wieczorek and Snyder 2009). All sensors used in the tests 
are constantly connected to data loggers for continuous 
data collection during the time of the test. A detailed 
description of the equipment used in the geotechnical 
����������������������������������������©������Ǥ�(2021). 
 
 
Testing results 

After installing the soil in the slope model and installing 
monitoring equipment within the slope, the slope models 
were exposed to artificial rainfall from three nozzles, one 
nozzle in each part of the slope – upper, middle and lower 
part. In this paper results of two tests are presented: two 
models of sandy slope, with and without of applied gravity 
retaining wall, were exposed to identical intensities of 
artificial rainfall. The course of the test developments is 
shown in Fig. 4. 

In both test the slopes were exposed to initial rainfall 
intensity: rainfall of 72.6 mm/h. The selection of rainfall 
intensity was based on the infiltration conditions in and 
the main requirement was that all the rainfall water at the 

 
Figure 4 Simulated rainfall in: a) test on the sandy slope without 
applied gravity wall (blue) and tests on the sandy slope with 
applied gravity wall in the foot of the slope (black). 

 
point of contact on the model surface is infiltrated without 
forming surface runoff. The applied intensities were at the 
upper precipitation values that can be infiltrated in a soil. 

After the initial establishment of a constant rainfall 
intensity and a stable infiltration process, the models were 
exposed to rainfall at the constant intensities for both 
slope to enable similar rainfall conditions in a slope with 
and without of applied gravity retaining wall. Intensity of 
72.6 mm/h was maintained till the 7o min, immediately 
after the first crack occurrence in the slope model without 
applied gravity retaining wall and after the ground water 
level reached soil surface in the lower part of the model. 
The groundwater level in this part of the model was 
maintained to the end of the model and the nozzle over 
the lover part of the model was closed. The intensities then 
were reduced to 36.3 and 41.9 mm/h and maintained 
additional 45 minutes. In this period landslide in the slope 
without applied gravity wall was retrogressively developed 
to the top of the slope, while in the slope the slope with 
applied gravity wall in all this period were no evidences of 
landslide initiation in a form of cracks development.  

When the retrogressive development of landslide in 
the slope without gravity wall reached the top of the slope, 
the rainfall intensity was increased to 83.7 mm/h in next 
10 minutes, and finally increase to 302.8 mm/h to the final 
failure of the slope after 128 minutes from the start of the 
test. Similar succession of rainfall was applied to the slope 
without gravity wall, but there was no initiation of a 
landslide in the similar time period and similar rainfall 
intensities (Fig. 4).  

During the both tests, except that almost the same 
conditions of exposure to fall have been achieved, the 
monitoring equipment was installed at the same positions 
in the slope to enable measuring of changes in volumetric 
water content. Sensors measuring volumetric water 
content were installed at four different depths (6, 12, 18 and 
24 cm below the slope surface) in the lower (L), middle (M) 
and upper (H) parts of the slope (Fig. 5). 
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Figure 5 Volumetric water content and pore water pressure measurements in tests without applied gravity retaining wall a) at 6 cm 
below the surface; c) 12 cm below the surface; e) 18 cm below the surface; g) 24 cm below the surface and in the test with applied gravity 
retaining wall; b) at 6 cm below the surface, d) 12 cm below the surface; f) 18 cm below the surface; h) 24 cm below the surface�in upper 
(H), middle (M), and lower (L) part of the slope. 

0.0

0.1

0.2

0.3

0.4

0 50 100 150

V
ol

um
et

ric
 w

at
er

 c
on

te
nt

 (m
3 /m

3 )

Test duration (min)
L M H

a)
-6

-4

-2

0

20.0

0.1

0.2

0.3

0.4

0 50 100 150

Po
re

 w
at

er
 p

re
ss

ur
e 

(k
Pa

)

V
ol

um
et

ric
 w

at
er

 c
on

te
nt

 (m
3 /m

3 )

Test duration (min)
L M H

b)

0.0

0.1

0.2

0.3

0.4

0 50 100 150

V
ol

um
et

ric
 w

at
er

 c
on

te
nt

 (m
3 /m

3 )

Test duration (min)
L M

c)
-6

-4

-2

0

20.0

0.1

0.2

0.3

0.4

0 50 100 150

Po
re

 w
at

er
 p

re
ss

ur
e 

(k
Pa

)

V
ol

um
et

ric
 w

at
er

 c
on

te
nt

 (m
3 /m

3 )

Test duration (min)
L M

d)

0.0

0.1

0.2

0.3

0.4

0 50 100 150

V
ol

um
et

ric
 w

at
er

 c
on

te
nt

 (m
3 /m

3 )

Test duration (min)
L M H

e)
-6

-4

-2

0

20.0

0.1

0.2

0.3

0.4

0 50 100 150

Po
re

 w
at

er
 p

re
ss

ur
e 

(k
Pa

)

V
ol

um
et

ric
 w

at
er

 c
on

te
nt

 (m
3 /m

3 )

Test duration (min)
L M H

f)

0.0

0.1

0.2

0.3

0.4

0 50 100 150

V
ol

um
et

ric
 w

at
er

 c
on

te
nt

 (m
3 /m

3 )

Test duration (min)
L M

g)
-6

-4

-2

0

2
0.0

0.1

0.2

0.3

0.4

0 50 100 150

Po
re

 w
at

er
 p

re
ss

ur
e 

(k
Pa

)

V
ol

um
et

ric
 w

at
er

 c
on

te
nt

 (m
3 /m

3 )

Test duration (min)
L M

h)



~Ǥ�Arbanas, J. ������©, V. Jagodnik, M. Vivoda Prodan et al. – Impact of gravity retaining wall in stability of sandy slope in small-scale physical model 

198 
 

Test at the slope with applied gravity wall was 
completed after 128th minute (end of test without applied 
retaining wall) with opening of nozzles at the upper part 
of the slope with the intensity of 122.8 mm/h that was 
higher than infiltration capacity of sandy material. 

The occurred superficial signs of sliding initiations 
and the causes for their occurrence in the case of slope 
without applied gravity wall can be explained by results of 
the continuous volumetric water content monitoring (Fig. 
5a,c,d,g). The process of landslide initiation and 
development was described by the volumetric water 
content increasing due to infiltration until saturation in 
the deepest part of the slope, forming the water table. As 
it becomes established, a flow down the slope begins, 
causing a rapid rise in the groundwater level in the lower 
part of the slope. This leads to a decrease in the soil shear 
strength with complete loss of matric suction, failure and 
further retrogressive landslide development to the top of 
the slope ȋ������©������Ǥ�͜͞͞͞Ȍ, Fig. 6a. 

As it noted before, in the same time under the same 
rainfall conditions, no sliding process in the slope with 
applied retaining gravity wall was occurred that indicate 
that the applied remedial measures with gravity wall and 
coarser backfill material behind the wall confirmed the 
intended role to retain sandy slope stability, Fig. 6b. 
 

 

 
 

Figure 6 a) retrogressive slide in the test on the sandy slope 
without applied gravity wall after 120 min of rainfall; b) a view at 
the sandy slope with applied gravity wall after 120 min of rainfall. 

Analysing the development of rainfall infiltration and 
forming a ground water level along the slope in both 
models with and without applied gravity retaining wall, it 
wasn’t identify significant deviations in measuring results 
(Fig. 5). Neglecting the differences in initial and trough the 
tests water contents caused by initial differences and 
heterogeneity of soil density (primarily) and water content 
(that is related to density too), the graphs that 
representing the development of volumetric water content 
in the model within the tests have similar trends in similar 
time period of applied rainfall. That pointed on the 
conclusion that the main role of applied gravity wall and 
coarser backfill material behind the wall is in a raising of 
soil strength in the slope foot and associated erosion 
prevention in slopes without applied remedial measures. 

After applying of the high rainfall intensity at the 
upper part of the slope (122.8 mm/h) that is higher than 
infiltration capacity of sandy material, sudden 
development of erosion process of sandy material and 
global instability of slope occurred, causing the exceeding 
of the bearing capacity of the soil below the retaining wall 
foundation, Fig. 7. Although the retaining wall was not 
completely collapsed and overturned, horizontal 
 

 

 
 

Figure 7 a) a global collapse of the slope in the test on the sandy 
slope without applied gravity wall with opening of nozzles at the 
upper part of the slope with the intensity of 122.8 mm/h after 138 
min of rainfall; b) a view at the applied gravity wall at the end of 
the test; there are visible movements along the gravity wall and 
zone of uplifted Rankine passive zone in a front of gravity wall 
foundations. 

a) 

b) 

a) 

b) 
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displacement enabled by the local failure of below the 
retaining wall foundation and horizontal soil compaction 
in the foot of the slope enabled global collapse of the slope. 
The applied rainfall intensities that caused this global 
collapse are significantly high, and, taking into account 
scaling relative to real slope sizes, represent rare extreme 
rainfall events. 
 
 
Discussion and conclusions 

In the previous chapter, the results of two tests carried out 
on slope inclinations of 35° degrees built of fine grained 
Drava River Sand with and without applied remedial 
measures were presented. The first test was carried out at 
the sandy slope while in the second test the gravity 
retaining wall was built-in as adopted remedial measure 
and then the slope was exposed to identical intensities of 
artificial rainfall as the slope in the first test. The gravity 
retaining wall was chosen as an appropriate remedial 
measure against instability that was occurred at the slope 
in the first test (Arbanas et al. 2020). The models, material 
and procedures that were applied during the model 
installation were presented in detail. Both models with 
and without applied gravity retaining wall were exposed to 
almost completely identical rainfall scenarios to enable 
comparison of achieved results of slope behaviours and 
effects of applied remediation measures to slope stability. 

As it was described in previous chapter, in the same 
time exposed to the same rainfall scenarios, no sliding 
process in the slope with applied retaining gravity wall was 
occurred that indicate that the applied remedial measures 
with gravity wall and coarser backfill material behind the 
wall confirmed the intended role to retain sandy slope 
stability. Analyses of the rainfall infiltration and forming a 
ground water level along the slope in both models with 
and without applied gravity retaining wall, doesn’t identify 
significant deviations in measuring results neglecting the 
differences in initial and trough the tests water contents 
caused by initial differences and heterogeneity of soil 
density and water content. The graphs that representing 
the development of volumetric water content in the model 
within the tests have similar trends in similar time period 
of applied rainfall in both tests, that pointed on the 
conclusion that the main role of applied gravity wall and 
coarser backfill material behind the wall is in a raising of 
soil strength in the slope foot and associated erosion 
prevention in slopes without applied remedial measures. 

After applying of the rainfall intensity at the upper 
part of the slope (122.8 mm/h) higher than infiltration 
capacity of sandy material, sudden development of erosion 
process of sandy material and occurrence of global 
instability of slope have been appeared, causing the 
exceeding of the bearing capacity of the soil below the 
retaining wall foundation. The retaining wall was not 
completely collapsed and overturned but horizontal 
displacement enabled global collapse of the slope. The 

applied rainfall intensities that caused this global collapse 
are significantly high, and, taking into account scaling 
relative to real slope sizes, represent rare extreme rainfall 
events, but despite this fact, in the following tests the 
applied remedial measures should be improved to avoid 
this kindof collapse even in extreme circumstances. 

During the tests, some other equipment was used 
within the slope monitoring, e.g. photogrammetric 
equipment for multi-temporal landslide analysis of image 
sequences obtained by a pair of high-speed stereo cameras, 
terrestrial laser scanning and SfM photogrammetry 
surveys, that results were not included in this paper 
analyses. These data were recorded and collected during 
the conducted tests, and these results will enable 
kinematic analyses of the points at the surface of the slope 
model determined in pre- and post-slide phases ȋ������©����
al. 2021). 

For the purpose to identify surface deformation at 
the start and the end of the test, terrestrial laser scanning 
survey were conducted enabling creation 3D high 
resolution point cloud (3D HRPC) of the model slope 
surface, Fig. 8. Terrestrial laser scanner (TLS) used to 
capture model surface is the FARO Focus 3D X 130 (FARO 
Technologies Inc., Lake Mary, FL, USA) (������©������Ǥ�͞ ͜͞͝Ȍ. 
Anlysing the 3D HRPCs of the model surfaces before and 
at the end of the test, georeferenced to the same postion 
in the laboratory, it was possible to precisely compare 
model slope surfaces and detect of 3D movements at the 
comparable part of the surface. This comparison was very 
important in detecting displacements in the zone of 
applied gravity retaining wall, to identify values of the 
horzintal displacements of the gravity wall crown, 
longitudinal deformations of the wall as well as 
reconstruction of uplift in a front of gravity wall 
foundation, Fig 8b,d. 

Although the currently analysed results already give 
a detailed insight into the impact of the gravity retaining 
wall in increasing of overal slope stability in the model, 
comprehensive analysis of all collected data will enable 
more datailed and precise description of any part of the 
model and especially of remediation structure behavior. 
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Figure 8 3D high resolution point clouds (3D HRPC) of the model captured by terrestrial laser scanner (TLS): a) a view at the slope 
before testing; b) a view at the slope at the end of the test; c) side view at the slope before testing; d) side view at the slope at the end of 
the test. 
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