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Summary

Mass wasting processes are very dangerous phenomena, mainly due
to their unpredictability. Moreover, their tumultuous and rapid character
has led to attempts of predicting the places of occurrence of such phenom-
ena and to assess the possible threat. Unfortunately, it is not possible to
monitor all potentially unstable areas, however, temporary monitoring of
such areas, that are already activated, is legally required. Monitoring the
area prone to mass movements is essential to assure the safety of its in-
habitants and their possessions. The article presents the example of a sur-
veying solution which was applied to monitor the landslide areas as well
as their surroundings.

The subject of the research was the landslide that occurred with-
in the area of the Carpatians flysch in the village of Ktodne. Its activa-
tion, disastrous in its effects, occurred in 2010 and was caused by an
intense rainfall.

The first described stage of the research was the design and sta-
bilisation of a control network. This resulted in the stabilisation of 68
points creating an observational network. The next stage, described in the
article, was conducting two observational series using both satellite and
classic measurement techniques. In the following part of the article, the
results of the field measurements were discussed. The analysis of the re-
sults started with the calculation of coordinates of all points stabilised on
the researched area in reference to the national spatial reference system.
The calculations were made for each measurement series separately. Af-
ter the conduction of works aimed at detecting fixed points in the creat-
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ed surveying network, a slight horizontal displacement of several points
located in the landslide area has been noticed. The determined displace-
ments slightly exceed the values of measurement errors. In order to verify
the obtained results, it is necessary to conduct more measurement series

Key words: landslides, displacements monitoring, control networks

INTRODUCTION

Recently in Poland, the awareness of both people and public administra-
tion units related to the threats resulting from surface mass movements is raising.
The example of this tendency is the creation of the Anti-Landslides Protection
System (SOPO). It is also worth noticing that the issues related to defining such
threats occur in the Environment Protection Law Act. The mentioned act also
regulates the obligation to register the areas threatened by mass movements as
well as the areas on which the movements have already occurred. The register
should be prepared by the district governor. Moreover the land use planning and
development act obliges the commune to concern the natural geological threats
as well as the areas endangered with flood or landslides at the stage of preparing
the study of conditions and trends in land use development of particular areas.
The local zoning plan should define the boarders and methods of development
for areas or objects that are under protection, determined on the basis of sepa-
rate regulations, including both mining areas and ones threatened by floods or
mass movement landslides. Another document is the regulation of the Minister
of Environment from 20" June 2007 concerning the information related to the
mass movement of soil. The regulation introduces the obligation to monitor the
areas, in which the mass movement landslides have occurred. Such monitoring
should be based on displacement measurements aimed at defining the speed and
character of the occurring phenomenon. The above-mentioned regulation also
defines the minimum frequency of surveying. It is recommended to conduct the
surveys twice a year in March/April and September/October as well as every
time after the occurrence of extreme natural phenomena that influence the in-
crease of soil mass activity. The regulation obliges a person who performs the
monitoring of landslide areas to observe the technical guidelines included in it.
The area covered by the survey should include the objects located both within
the landslide-influenced area and the neighbouring grounds. The appropriately
conducted monitoring may help to define the occurrence of the real threat during
the next soil destabilisation. The following study presents the subject matter of
the beginning of the landslide monitoring after the mass movement activation.
The conduction of survey with proper accuracy characteristics, within a short
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period of time and on a vast area requires properly adjusted surveying methods
and equipment as well as the organisation of survey and integration of the sur-
veying team. In the instruction issued by the National Geology Institute which
describes the preparation of maps of landslides and areas threatened by mass
movements in the 1:10000 scale, four phases of landslide areas monitoring
were defined, namely: “The monitoring covers the following phases: the project
phase, the field works and the system installation, the survey and the documenta-
ry phase” (Grabowski et al., 2008). All of the monitoring phases were described
in the following study.

Figure. 1. The landslide niche and gully (author: Wrdbel A.).

THE CHARACTERISTICS OF THE KLODNE LANDSLIDE

The heavy rainfalls in May and June in 2010 caused disastrous floods and
reactivation of the existing landslides and emergence of many new ones in the
South of Poland. The analysed landslide is located in the Middle Carpathians
in the area of Beskid Wyspowy in the village of Ktodne, the Limanowa com-
mune. Its activation took place on 1* June 2010 and was caused by not only
atmospheric conditions, but also by geological structure. The precipitation wa-
ter which overburdened and saturated the ground significantly, created optimal

1091



Pawel C'wiqkala, Pawet Drwal, Monika Daroch, Paulina Grabek

conditions for the occurrence of slide plane on the layer of the magura slates
(Kleczkowski, 1955). The landslide developed on the southern slope of the Klen
ridge. The displacement of the soil masses was relatively fast and rapid, although
small cracks were noticed the day before the landslide (Wojcik et al., 2011). The
area influenced by the movement is estimated to be of 50 ha. The scale of the
phenomenon is best described by its span, that is the (approximately meridional)
length of 1050 m and breadth that reaches 455 m in the maximum scope of the
landslide (Fig. 1., Fig. 2).

The vertical span, that is the difference between the minimum and maxi-
mum height of the landslide is 184 m. The gradient of the landslide slope is 18°,
whereas the azimuth of the descent direction is 185°. The height of the main
slope is about 5 m, and its gradient measures about 50°. The length of the col-
luvium is respectively shorter than the length of the landslide that includes the
area of the main slope. The meridional span of the area covered by the landslide
material is 1030 m with the average gradient of about 12°. The height of the
head of the landslide is slightly shorter than that of the main slope and measures
3 m. The thickness of the colluvium is estimated to measure about 30 m (Drwal
etal., 2013).

Figure 2. The inter-landslide uplifts (author: A. Wrébel).
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NETWORKS AND SURVEY TECHNOLOGIES IN THE AREAS
INFLUENCED BY LANDSLIDES

The methods commonly used to landslides monitoring are classic survey-
ing methods: tacheometric surveying, trigonometric levelling, precise level-
ling, precise GNSS positioning, photogrammetric surveying, surveying rosettes
(Goéral and Szewczyk, 2004; Sitek and Mierzwa, 1987; Gargula, Kwinta and Sie-
jka, 2012; Szafarczyk, 2011). The new technologies ofdisplacement surveying
such as laser scanning (Maciaszek and Cwigkata 2010) and radar interferometry
(Szafarczyk, et al., 2013) are also worth noticing. The displacement surveying
can also be conducted by means of geological methods, using the following de-
vices: piezometers, inclinometers and feeler gauges. The precision characteris-
tics of the mentioned surveying methods is very diverse. The possible errors in
measuring horizontal displacements are about 2 — 5 mm. The elevation of the
measured points can be defined with 1 mm accuracy. Landslides, as phenomena
covering vast areas, require using the surface monitoring method and therefore
angular-linear and linear networks, networks and singular traverses, modular
networks and others may be used as measurement control networks.

THE DESIGN OF SURVEY CONTROL NETWORK
AND THE DESCRIPTION OF SURVEY TECHNOLOGY

The design of the landslide measurement control network has to be indi-
vidual and especially carefully adjusted to the specifics of the observed area. The
location of points in the area is of extreme importance. In the discussed case it
was done through the irregular location of points as well as through the local ad-
justment of groups of points to the area. The consecutive points in the designed
traverses have to fulfil the condition of mutual visibility in order to allow the
creation ofmeasurement network. Moreover, it was assumed that some points
have to fulfil the requirements of the GNSS survey. The area of the landslide
was divided into four parts and there was a different location of surveying points
planned for each of the parts (Fig. 3).

The first part covered the area above the landslide niche. The aim of set-
ting the measurement control network there was to monitor the areas located
over the landslide slope which allows reacting in the situation of the slope dest-
abilisation above the landslide niche. In this area, above the landslide, 6 points
marked with 102-108 numbers were stabilised as well as 4 other points located
to the north-east from the landslide, marked with 201-204 numbers. The land-
slide niche and gully make the second part of the landslide (fig. 1). This area
is covered by numerous cracks, rifts, secondary slopes and other forms of the
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landscape features characteristic of landslides. For this part a network consisting
of 13 surveying points (points 301-313) was designed. Furthermore, 4 additional
points (901-904) were located on the inter-landslide uplifts (Fig. 2).The third
part of the landslide is its bottom part. In this part 15 control points were located
(points 504-512,514, 517-521). The points were designed in the way that renders
the shape of the head of the landslide. In order to estimate the influence of the
landslide in neighbouring areas, the so called foreland area was also defined. The
stabilisation of observation points in these areas is aimed at checking the stabil-
ity of region in the neighbouring areas. The areas are located at every side of
the landslide. Ten points numbered: 401 — 405, 501-503 as well as 601 and 604
were stabilised to the west from the boarder of the landslide. Another network
consisting of 10 points (602, 603, 605-612) was designed along the road below
the landslide. 6 observation points (513, 515, 516, 522, 523, 613) were located
to the east from the landslide.

The points were stabilised in the area in the form of metal bars with drilled
centres. The length of the bars (100 or 50 cm) was selected in order to allow their
complete hammering into the ground.

The concept of the surveys assumed the survey of some points by means
of satellite techniques in order to create a reference for tacheometric surveys.
22 points, evenly located on the whole studied area, were chosen to the static
GNSS technology survey. The points were marked on figure 3 by underlining
their numbers. The survey was conducted by means of 5 Leica receivers (two
System 1200 receivers and three System 500 receivers) during 7 surveying ses-
sions. The observations on one of the points were taken during the whole time
of the satellite surveys and were aimed at establishing the control network with
reference to the ASG-EUPOS system.

The tacheometric survey consisted of observations from 29 stations. The
observations were conducted by the Leica TCRA 1102+ total station by means
of the three tripods method. In the bottom part of the landslide, a closed traverse
was designed which included pairs of points with coordinates determined on
the basis of satellite surveys. In the middle of the landslide the surveys were
made from 4 points that created a surveying tetragon. From the node points of
the tetragon, surveys were conducted to the rest of the points. Additionally, one
of the node points was a starting point for the free traverse allowing the survey
of the points located on the inter-landslide uplifts. In the upper part of the land-
slide, two groups of points were connected with each other by means of a survey
basis, the ends of which were located on the stations of the instruments related
to the particular group of points. The draft of the control network was presented
on figure 3.

The reference of the surveys to the ASG-EUPOS system allows defining
the absolute displacements occurring within the whole object. The accuracy of
measuring the displacements by means of such solution is about 10 mm (Graszka
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etal., 2013). It is a favourable solution in case of more significant displacements
of the landslide area as well as of the neighbouring areas. If there are no sig-
nificant changes in the researched area, then the displacement analysis can be
conducted on the basis of points located around the landslide. Such an analysis
allows the increase of accuracy in determining the displacements of the points.

FIELD RESEARCH, CALCULATIONS AND ANALYSES

The surveys of the first two surveying series were discussed in the study.
The first series called the initial survey was conducted on 17" and 18" May 2013.
The second one, called the current survey was conducted from 3™ to 5" October
2013. The period of about half a year is a typical time for displacement surveys
in landslide areas.

According to the data obtained during both surveying series, the coordi-
nates of the points measured by means of satellite techniques were calculated
for each series. Next, the rigorous adjustment of the tacheometric network was
conducted. By these means, plane coordinates for both series were determined
in the coordinate system PL-2000. The calculated mean errors of the plane co-
ordinates in both cases did not exceed the level of 3 mm. In order to calculate
the displacement of points, the obtained coordinates were compared. The com-
parison of the coordinates of points, calculated in relation to the ASG-EUPOS
network did not allow determining points which were subject to displacement.
Such a result indicates that no displacement exceeding the level of 10 mm oc-
curred in the landslide.

Another stage was the analysis based on searching for mutually stable
points in the studied area. In order to do that, a procedure called searching trans-
formations was conducted (Lazzarini 1977; Proszynski, Kwasniak, 2006) which
allowed the identification of displacement points in the landslide area. The points
were recognised as displacement when the calculated horizontal displacement
exceeded the value of the mean error of horizontal displacement determination
which was defined as 4 mm. As a result of calculations, significant, that is larger
than surveying errors, horizontal displacements of the following points were de-
termined: 106, 203, 301, 303, 305, 306, 309, 310, 311, 312, 313, 903, 502, 505,
507, 516, 518 and 607. The values of displacements of these points are slightly
larger than the mean errors and range from 4 mm to 7 mm. In case of points 106,
203 (located over and to the east from the existing landslide) as well as points
301, 303, 305, 306, 309, 310, 311, 312, 313 and 903 (located in the upper part
of the landslide) it can be assumed that the detected displacements are related to
insignificant displacements of ground in the mentioned areas. The projection of
the obtained horizontal displacements were shown on figure 4.
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Figure 3. The draft of the measurement control network (https://maps.google.pl/).
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In case of 502, 505, 507, 516, 517 and 607 points, the directions of the
defined displacements are of chaotic character and should not be recognised as
soil mass movements. Significant displacements of points 201, 202, 602 and
610 were also detected. Their values exceeded the level of 10 mm. The on-site
inspection has proven that the displacements were the result of disturbance of
points caused by human activity.

Figure 4. The sketch of vectors of points displacement in the upper part
of the landslide(https://maps.google.pl/).

SUMMARY AND CONCLUSIONS

The character of displacements of rock masses in the Carpathians is diverse
and influenced by many factors, such as geological structure of the ground, the
conditions of movement activation as well as the depth and range of mass move-
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ments. Therefore, in the areas of various landslides, different surveying technol-
ogies are used to allow obtaining proper accuracy in defining the displacements,
so that they render the character of the movement. The time-consumption of the
process of data obtaining is also of significant importance. Each area endangered
with the landslide movement requires individual approach in terms of the way
of designing and setting the measurement control network as well as in case if
surveying works conduction.

As the result of the analysis of the data obtained in the landslide area, insig-
nificant movements of several stabilised points were detected. The determined
displacements slightly exceed the value of surveying errors and equal from 4
mm to 7 mm. The displacement of points in the central part of the landslide may
indicate insignificant movements of the area. The interpretation of the obtained
results is difficult in this case and the conclusions will be verified by another
surveying series.

The article was prepared with the support of the statutory fund of the De-
partment of Engineering Surveying and Civil Engineering of the AGH Univer-
sity of Science and Technology in Krakow, number of research 11.11.150.005.

The article was written on the basis of the research conducted during the
‘Klodne’ scientific project, prepared by the Dahlta Surveyors’ Scientific Club.
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