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Abstract: Landslides are major natural hazards occurring in opencast mining. The problem of slope stability failure in the existing
open pit mines as well as in those which are at a stage of technical closure is current issue in Poland and all over the world. This
problem requires conducting in-depth and meaningful analysis which will identify the causes of processes characterized by a very
rapid course and large extent.

The paper presents the analysis of the landslide causes, which took place on May 11, 2011 on the western slope of the internal
dump in “Piaseczno” sulphur mine (at a stage of technical closure). It was the first native sulphur open pit mine in Poland in which
the exploitation was carried out from 1958 untill 1971. Reclamation works have been ongoing since 2005. The aim of these works is
to create water body which will be used for recreational purposes. During the reclamation works on the western slope of “Piaseczno”
reservoir the landslide processes were activated. A detailed description of geology and preliminary analyses of landslide processes
are given in [1]. The development of landslide took place in a very violent manner. Moreover, the occurrence of the landslide caused
the movement of the reservoir shoreline by about 350 meters and created a bay with the area of approximately 6 hectares. Displace-
ment of 600 000 m® of soil masses under the water resulted in its level rising by 56 cm. The total volume of ground masses was over
1 million m®.

The analysis of the landslide process activation was carried out for two representative cross-sections of the internal dump. Nu-
merical calculations were performed using the Limit Equilibrium Method (SLOPE/W GeoStudio) and the Finite Difference Method
using the Shear Strength Reduction Method (FLAC Slope). They were aimed at determining the shape and extent of potential slip
surface, which would correspond to the observed landslide. The purpose of the analysis, the results of which are presented in the ar-
ticle, was to define how the process proceeded and what factors contributed to its activation.

Key words: landslide, open pit mine, slope stability analysis, numerical modelling, Limit Equilibrium Method (LEM), Shear Strength
Reduction Method (SSRM)

cluding Germany and Greece [3], [4]. These flows had
some distinctive characteristics different from the
widely documented landslides. Generally, this kind of

1. INTRODUCTION

On May 11,2011 around 1 p.m. on the western slope
of the internal dump of “Piaseczno” sulfur mine a very
rapid and tragic landslide occurred that covered the area
of approximately 6 hectares [2]. The landslide caused the
movement of the reservoir shoreline by about 350 meters
and created a bay with the area of approximately 6 hec-
tares. The displacement of 60 thousands m’ of soil
masses under the water resulted in its level rising by
56 cm. Moreover, as a consequence of the landslide, two
bulldozers were caught by landslide masses and the op-
erator of one of them has never been found [2].

Similar disasters, both in terms of size and impact
took place in open-pit mines in many countries, in-

phenomena happens rapidly in a very short time, usu-
ally around one minute. There are no signs that might
announce the impending catastrophe, such as cracks,
slits or uplifts. Even very old slope can be liquefied.
The phenomenon starts from the base of the slope and
follows up its upper parts. In addition, a landslide cov-
ers a very large area with a length of several hundred
meters. These slopes are characterized by a very small
angle of inclination (less than 8°) — usually between 3°
to 5°, and for saturated parts — even smaller than 3°.
Another very characteristic phenomenon, which is ob-
served after the completion of landslide processes, is
the water leakage from the ground masses.
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Due to the scale of the landslide in “Piaseczno”
sulfur mine (at a stage of technical closure) and its
characteristic features, explanation of the reasons for
its occurrence was very important. The knowledge of
the factors which had influence on the landslide proc-
ess may prevent similar disasters in the future.

2. THE PRESENT AND THE PAST
OF “PIASECZNO” SULPHUR MINE

In the early 1950s in Piaseczno and Machow large
deposits of native sulphur were discovered and the
exploitation was planned using opencast method. In
1953 the construction of the first open pit sulphur
mine was started. The mining capacity was estimated
at about 3 million tonnes of ore per year. The exploi-
tation began in 1958 and completed in 1971 due to the
exhaustion of the bed. In 1972 the exploitation of
Tertiary quartz sands, suitable for glass production,
was started. Works were carried out untill 1982.

Ore extraction from opencast mines and solution
mining were the main methods of sulphur production
in Poland. In spite of its high environmental impact,
the total extraction from ‘“Piaseczno” and “Machoéw”
excavations was about 82 million Mg of sulphur ore
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[5]. Reclamation works of “Piaseczno” sulphur mine
started in 2005 and it have not been finished yet. The
aim of these works is to create water body with the
area of 160 hectares and 44 meters in depth which will
serve recreational purposes. The works included iso-
lation of the outcrop of Tertiary layers using the cover
of silt layer and shaping the slope angle to its stability
in conditions of filling the tank with water [1]. In
September 2009, pit dewatering had been switched off
and thus the process of filling the tank with water
from natural tributaries began [2].

3. THE CHARACTERIZATION
OF THE LANDSLIDE

On May 11, 2011 around 1 p.m. landslide processes
were activated on the western slope of ‘“Piaseczno”
tank. The landslide was initiated with sudden collaps-
ing of soils behind push dozer which moved ground
masses in the tank direction. The development of the
landslide took place in a violent manner, causing pro-
gressive upward and sideways slope collapse before
push dozer working above. The occurrence of the land-
slide caused the movement of the reservoir shoreline by
about 350 meters and created a bay with the area of

F

Fig. 1. State of the slope after the formation of the landslide
(Source: photo by J. Jakobczyk)
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approximately 6 hectares. The range of the landslide is
presented with red line in Fig. 2. As a result of this
phenomenon the water level rose by 56 cm — approxi-
mately 600000 m® of soil masses were displaced under
the water. The total volume of ground masses was es-
timated to be over 1.0 million m® in the initial period of
movement. Figure 1 shows the state of the slope after
the occurrence of the landslide.

4. GEOMETRY
AND GEOLOGICAL STRUCTURE
OF THE WESTERN SLOPE

Two cross-sections: 1-1" and 2-2" were chosen for the
analysis. Their location on the map is shown in Fig. 2.

The geometry of the chosen cross-sections was
developed on the basis of a detailed geodesic survey.
The geological structure was determined from archi-
val drilling, static probe CPTU soundings (calculation
of the degree of compaction for non-cohesive soils
and the degree of plasticity for cohesive soils) and
additional drilling carried out for the analysis. Triaxial
tests for soil samples were also made. As a result total
friction angle and total cohesion were calculated, tak-
ing into account the rapid process of the landslide.
Table 1 contains the design values of total geotechni-
cal parameters of soil layers building the western edge
of “Piaseczno” tank, which have been adopted in the
numerical model. It is worthphile to note that this
analysis concerns the dump soils, which are very in-
homogeneous and unpredictable, because of the way
in which they had been deposited. Consequently, it is
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Fig. 2. Documentary map of selected range of the landslide (red line)
and the location of the analysed cross-sections 1-1' and 2-2' (blue lines)
(Source: prepared on the basis of [2])

Table 1. The design values of total geotechnical parameters adopted
for the numerical analysis for soil layers that build the western slope
(Source: own calculations based on [2])

Geotechnical layer Color in Fhe Unit weig}ht Friction uangle Cohesion

cross-sections y [kKN/m”] o, [°] ¢, [kPa]
Subsoil 20.0 32.0 0.0
Silt 19.5 5.5 25.0
Sand P1 18.0 8.5 15.0
Sand P2 18.0 8.5 15.0
Clay 18.0 8.5 15.0
Aggradate Mud 15.0 2.0 15.0

uartz sands

(quitable for glass production) 18.0 330 2.0
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Fig. 3. The geometry and geological structure for the cross-sections 1-1' and 2-2'
(Source: figures by J. Jakébezyk [6])

very difficult to evaluate their geotechnical parame-
ters.

Figure 3 shows the geometry and geological
structure of the individual cross-sections.

5. NUMERICAL ANALYSIS
OF THE WESTERN SLOPE STABILITY

Numerical analysis of slope stability in the western
sections 1-1' and 2-2’ was intended to clarify the reasons
for the landslide activation in the area. Numerical calcu-
lations have been made in the program SLOPE/W
GeoStudio, based on the Limit Equilibrium Method
(Bishop, Janbu and Morgenstern — Price’s methods) and
three methods of searching the potential slip surface:
Auto Locate, Entry and Exit and Fully Specified. For
comparison, an analysis was performed using FLAC
Slope, based on the Finite Difference Method using the
Shear Strength Reduction Method. In addition, contour
maps showing the zones of the factor of safety (FS) val-
ues were made with the use of FLAC 3D. The exact
calculation results are shown in work [6].

The analysis was carried out in three steps [6]:

e Step 1 — calculations of preliminary geotechnical
parameters of the layers (listed in Table 1).

e Step 2 — calculations of the reduced geotechnical
parameters of the clays layer (cohesion value was
reduced).

e Step 3 — calculations for a staged course of land-
slides (two-step course of the landslide was ex-
amined).

5.1. SLOPE STABILITY ANALYSIS
IN CROSS SECTIONS 1-1" AND 2-2'

The stability analysis of cross-sections 1-1’ and
2-2" was made assuming their geometry (Fig. 3) and
values of the geotechnical parameters presented in
Table 1. Based on [1], it was noticed that the water
table in the excavation is 35.0 meters above the sea
level (Fig. 4).

The slope in the cross-sections concerned was
characterized by a height of 46.0 meters to the highest
point of the slopes crown in section 1-1' and 58.0 m in
section 2-2'. The general value of the slope angle in
cross-section 1-1' was about 7° and in cross-section
2-2" about 6°. Model length and height of about 495.0
and 61.0 meters (respectively) was considered in
cross-section 1-1" and 562.0 and 74.6 meters (respec-
tively) in cross-section 2-2'.

The numerical calculations were performed in the
first place for the lower part of the slope, which was
located in close proximity to the excavation. The
analysis was obtained by Auto Locate method
(SLOPE/W GeoStudio) and the Shear Strength Re-
duction Method (FLAC Slope). The factors of safety
(FS) values do not exceed 1.5 for section 1-1' or
slightly exceed this value for section 2-2', which indi-
cates that occurrence of the landslide was unlikely or
very unlikely (Tables 2, 3).

The aim of further calculations was to identify the
slip surface, which will cover the entire slope and
have the shape similar to that of the observed land-
slide. The FS values, which were calculated for these
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Fig. 4. Location of groundwater level Quaternary aquifer
in the western part of “Piaseczno” reservoir — as of July 2011 (Source: [2])

Table 2. Summary of the results of numerical calculations for cross-section 1-1’
(Source: prepared by J. Jakobezyk based on own calculations [6])

Test coverage of landslides

Limit Equilibrium Method

— SLOPE/W GeoStudio
Bishop Janbu Morgenstern
method method —Price method

The Shear Strength Reduction
Method — FLAC Slope

FIRST STEP — initial geotechnical parameters

Auto Locate method

The lower parts of the slopes 1496 | | 448 | 494 1.46
Entry and Exit method
. 1887 | 1.868 | 1.885
The higher parts of the slopes Fully Specified method 1.89
2468 | 2064 | 2.086

SECOND STEP — modified geotechnical parameters (cohesion value for silt layer reduced)

The lower parts of the slopes

Auto Locate method

0949 | 0921 | 0987

0.87

The higher parts of the slopes

Entry and Exit method

1.600 | 1590 ] 1.598

Fully Specified method

1770 | 1499 | 1.517

1.60

THIRD STEP — a two-step course of landslides

The higher parts of the slopes

Entry and Exit method

1062 | 1.047 | 1.061

1.01
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assumptions (using Entry and Exit method, Fully
Specified method — SLOPE/W GeoStudio and the
Shear Strength Reduction Method — FLAC Slope),
were close to 2.0 (Tables 2, 3). The data indicate that
the formation of landslide of this kind of shape and
coverage is very unlikely under the values of geotech-
nical parameters of soil layers. Due to the previous
fact, the cohesion of the silt layer was reduced from

the value of 25.0 kPa to 10.0 kPa recognizing that this
layer is the most sensitive to water (because of the
presence of clay minerals) which could influence the
reduction of its parameters. Friction angle value re-
mained unchanged, because for cohesive soils such as
clay or silt (which have relatively low value of friction
angle) cohesion is the main parameter which has influ-
ence on the shear strength. The saturation could also
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Table 3. Summary of the results of numerical calculations for cross-section 2-2'
(Source: prepared by J. Jakdbezyk based on own calculations [6])

Test coverage of landslides

Limit Equilibrium Method

— SLOPE/W GeoStudio
Bishop Janbu Morgenstern
method method —Price method

The Shear Strength Reduction
Method — FLAC Slope

FIRST STEP - initial geotechnical parameters

Auto Locate method

The lower parts of the slopes 1594 | 544 | 159 1.59
Entry and Exit method
_ 1913 | 1887 | 1.911
The higher parts of the slopes Fully Specified method 1.85
2283 [ 1820 | 1.853

SECOND STEP — modified geotechnical parameters (cohesion value for silt layer reduced)

Auto Locate method

The lower parts of the slopes 384 | 1346 | 1% 0.89
Entry and Exit method
_ 1653 | 1.639 | 1.652
The higher parts of the slopes Fully Specified method 1.63
1701 | 1384 | 1.416
THIRD STEP — a two-step course of landslides
. Fully Specified method
The higher parts of the slopes 1178 | 0.997 | 1019 1.07

affect the activation of landslide movements. Other as-
sumptions used in the calculations remained unchanged.

After reduction of the cohesion value of silt layer
from 25.0 kPa to 10.0 kPa, the calculation was carried
out analogously as in the previous step. In this case, the
Auto Locate method (SLOPE/W GeoStudio) and the
Shear Strength Reduction Method (FLAC Slope) were
used. It should be pointed out that during the calcula-
tion of FS value, both the friction angle and cohesion
values are progressively reduced.

Cross - section 1-1'

Bishop Method FS = 0.949

Janbu Method FS = 0.921

Morgenstern - Price Method FS = 0.987

The factors of safety (FS) for the lower edge of
section 1-1" does not exceed the value of 1.0, and for
section 2-2' the value of 1.4 (SLOPE/W GeoStudio)
and 1.0 (FLAC Slope) (Figs. 5-7 and Tables 2, 3). As
a result, it can be concluded that the slope is in the
equilibrium limit state and the landslide is likely to be
activated in this area. In the second step, the FS values
were calculated for the slip surface which covers the
whole slope and has shape similar to the resulting
landslides. Entry and Exit method and Fully Speci-

Cross - section 2-2'

Bishop Method FS = 1.384

Janbu Method FS = 1.346

Morgenstern - Price Method FS = 1.382

Fig. 5. The results of stability calculations in cross-section 1-1' and 2-2' for silt cohesion reduced to 10.0 kPa
obtained using Auto Locate method (Source: prepared by J. Jakdbezyk based on own calculations [6])
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JOB TITLE : Badanie statecznosci zbocza_Przekroj 1 - 1'

FLAC/SLOPE (Version 7.00)

LEGEND

17-Aug-12 16:48

Factor of Safety 0.87

User-defined Groups

’: User:Podloze
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User:Gliny
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exclude
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0 1E 2 Distribution of velocity vectors
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Factor of Safety 0.67
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Strain Deformation Zone
Factor of Safety 087

ot yield in tension

Distribution of plasticity index

Fig. 6. The results of stability calculations in cross-section 1-1' for silt cohesion reduced to 10.0 kPa
obtained using the Finite Difference Method (Source: prepared by J. Jakobczyk based on own calculations [6])

JOB TITLE : Badanie statecznosci zbocza_Przekroj 2 - 2'

FLAC/SLOPE (Version 7.00)

LEGEND

18-Aug-12 21:09

Factor of Safety 0.89
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1 exclude

B 'User-Piaski P2
[ User:Namuly
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Fig. 7. The results of stability calculations in cross-section 2-2' for silt cohesion reduced to 10.0 kPa
obtained using the Finite Difference Method (Source: prepared by J. Jakobczyk based on own calculations [6])

fied method were used (SLOPE/W GeoStudio) for
that purpose. The FS values ranged from 1.5 to 2.0
(Tables 2, 3). The same range of values was obtained
from the analysis carried out with the Finite Difference
Method (FLAC Slope). Consequently, it is clear that
under these conditions of geometric and geotechnical
parameters, the occurrence of such large landslide is
very unlikely.

Taking into consideration that the lower part
of slope is (as analysis shows) in the equilibrium
limit state, a computational model which assumed
that the landslide proceeded in two stages was built.
In the first stage the landslide covered the lowest
part of the slope. The shape of the slip surface had
been adopted in accordance with the result obtained
using the Auto Locate method (Morgenstern—Price
method) with modified value of cohesion for the
silt layer (Fig. 5). Other assumptions were not
changed.

Assuming a two-stage course of the landslide it
was assumed that in the first stage there was a de-
cline in stability of the lower part of the slope,

whereby part of the massif moved into the tank.
Thus, the upper part of the slope lost support sur-
face and also reached the equilibrium limit state.
Analysing the results, it can be concluded that after
shaping surface of the lower part of the slope in
accordance with the slip surface obtained from
the calculation by Auto Locate method (Morgen-
stern—Price method), the Entry and Exit method
(SLOPE/W GeoStudio) and the Shear Strength Re-
duction Method (FLAC Slope) gave the FS values
close to 1.0 (Figs. 8—10 and Tables 2, 3). The shape
of the slip surfaces corresponds to the actual surface
of rupture in both cross-sections 1-1’ and 2-2'. As
a result, it is clear that the whole hillside had been
in the limit equilibrium state and the formation of
landslides was likely.

Based on the above analysis it can be concluded
that the landslide in cross-sections 1-1' and 2-2" was
caused by the reduction of geotechnical parameters of
silt layers, which were most sensitive to the influ-
ence of water. It can also be said that the landslide
proceeded in two stages. In the first stage there was
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a decline in stability of the lower part of the slope. In  tion of different geometry escarpment. This mecha-
the second stage, the landslide covered almost the nism explains the high range and rapidity of the land-
entire slope, due to the loss of support and the forma-  slide process.

Cross - section 1-1' Cross - section 2-2'

[y

Bishop Method FS = 1.062 Bishop Method FS = 1.178

Janbu Method FS = 1.047 Janbu Method FS = 0.997

Morgenstern - Price Method FS = 1.061 Morgenstern - Price Method FS = 1.019

Fig. 8. The results of stability calculations in cross-section 1-1" and 2-2' assuming a two-step course of landslides
obtained using Entry and Exit method (Source: prepared by J. Jakobczyk based on own calculations [6])

JOB TITLE : Badanie statecznosci zbocza_Przekroj 1 - 1'

FLAC/SLOPE (Version 7.00)

LEGEND

17-Aug-12 17:50

Factor of Safety 1.01
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Fig. 9. The results of stability calculations in cross-section 1-1" assuming a two-step course of landslides
obtained using the Finite Difference Method (Source: prepared by J. Jakobczyk based on own calculations [6])
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Fig. 10. The results of stability calculations in cross-section 2-2' assuming a two-step course of landslides
obtained using the Finite Difference Method (Source: prepared by J. Jakobczyk based on own calculations [6])
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5.2. ANALYSIS OF THE RESULTS
FROM NUMERICAL CALCULATIONS

The slope stability analysis in cross-sections 1-1" and
2-2" was carried out using the Limit Equilibrium Method
(SLOPE/W GeoStudio) and the Finite Difference
Method (FLAC Slope). The calculations were performed
in three steps, which aimed at determination of the most
probable mechanism of the landslide process. It was
found that the most likely causes of the landslide were
the reduction of cohesion value of silt layer, which was
most sensitive to the influence of water and stepwise
course of the process. On the basis of the results ob-
tained, it can be concluded that the formation of such
a large landslide is very unlikely when the one-step
course is considered. It should be assumed that the first
landslide occurred in the lower part of the slope. Then,
as a result of changes in geometry of the slope as well as
the additional load and loss of support surface, landslide
processes covering such wide area were activated. It
should also be noted that the results obtained from the
Limit Equilibrium Method analysis and the Finite Dif-
ference Method analysis overlapped with each other. It
shows that the proper mechanism of the landslide was
adopted. It was also confirmed by 3D numerical calcula-
tions presented in [7].

5.3. CONTOUR MAPS PRESENTING THE ZONES
OF THE FACTOR OF SAFETY VALUES

For the analysed cross-sections 1-1’ and 2-2" cal-
culations with use of the FLAC 3D program were also

performed. As a result, the contour maps presenting
zones of the factor of safety (FS) values were obtained
(Fig. 11). The geometry of the cross-sections with sepa-
rate soil layers and the corresponding values of geotech-
nical parameters (obtained with the program FLAC
Slope) was exported to the program FLAC 3D by
adopting a cross-sectional thickness equal to 2.0 meters.
Two contour maps were prepared for each cross-
section. Maps labelled A were drawn for soil condi-
tions with the reduced cohesion value of silts layer.
Maps labeled B included the assumption of the step-
wise landslide processes.

5.4. ANALYSIS OF THE RESULTS
FROM THE CONTOUR MAPS

Contour maps A for the cross-sections 1-1'
and 2-2' were prepared for the reduced cohesion value
(to 10.0 kPa) of the silts layer. Based on the maps, it
can be concluded that the lowest values of the factor
of safety (FS from about 0.8 to 1.0) were obtained for
the lowest part of slope as well as for the clays dump
(cross-section 1-1") and quartz sands dump (cross-
section 2-2') — localised in the highest part of the
slope. Zones marked in dark blue are the ones where
formation of landslides is very likely. It should be
noted that these results overlap the results obtained
from the 2D analysis. Taking into consideration the
upper part of the slope a light blue zone was obtained.
The FS values for this zone do not exceed 1.5 for
cross-section 1-1" and 1.8 for cross-section 2-2’, so the
occurrence of the landslide covering the area analysed

FLAC3D 5.00

©2012 ltasca Consulting Group, Inc.

Cross - section 1-1'- Map A

FLAC3D 5.00

©2012 Itasca Consulting Group, Inc.

Cross - section 1-1'- Map B

.| Cross - section 2-2"' - Map A

©2012 Itasca Consulting Group, Inc.

FLAC3D 5.00

Cross - section 2-2' - Map B

-\ —

Fig. 11. Contour maps for cross-sections 1-1' and 2-2' of the individual compartments of the zones of the factor of safety values
— for silts cohesion reduced to 10.0 kPa (Map A) and assuming a staged course of the landslide (Map B)
(Source: prepared by J. Jakobezyk based on own calculations [6])
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is unlikely or very unlikely. Yellow zone through
green to the red one was taken for the parts where
the formation of the landslide is very unlikely and
the FS value is in the range from 1.5 to 2.7 for
cross-section 1-1’, and from 1.8 to 3.3 for the cross-
section 2-2'.

Contour maps B prepared for cross-section 1-1'
and 2-2' have assumed a stepwise landslide proc-
esses and took into consideration its two stages: the
lowest part of the slope had slid first, and then the
soil had completely lost its strength as a result of
water saturation and decrease in density. Based on
the maps it can be seen that the lowest values of the
factor of safety (FS from about 0.6 to 1.0) were ob-
tained for the lowest part of slope as well as for the
clays dump (cross-section 1-1') and quartz sands
dump (cross-section 2-2") which are localised in the
highest part of the slope, where FS reached values
from about 0.8 to 1.0. Zones marked with dark blue
are the zones where formation of landslide is very
likely. It should be noted that these results also
overlap the results obtained from the 2D analysis.
Light blue colour indicates a zone of the factor of
safety (FS) values from 1.0 to about 1.5 for cross-
section 1-1" and about 1.4 for cross-section 2-2'. The
FS values suggested that the occurrence of the land-
slide of this magnitude is unlikely. Green zone
through yellow to the red one are indicated where the
formation of the landslide is unlikely or even very
unlikely — the FS value is in the range from 1.5 to 3.0
for cross-section 1-1’, and from 1.4 to 2.9 for the
cross-section 2-2'.

Assuming a single-step course of landslide, for
both cross-sections, the slip surface for which the FS
value would be close to 1.0 and whose shape resem-
bles an actual landslide surface was determined. How-
ever, the obtained results clearly testify to the decline
of the stability in this part of the slope which was
nearest to the newly formed edge of the excavation. It
is possible that after taking account of the landslide
dark blue zone and performing a reanalysis it would
appear that the landslide covered the entire range of
the slope.

6. SUMMARY

The paper presents the analysis of the slope stability
in order to answer the question: “What were the rea-
sons for the rapid landslide occurrence in “Piaseczno”
open pit?” The analysis was carried out for the two
cross-sections located in the area of the landslide oc-

currence in order to explain the reasons for its crea-
tion. Numerical calculations were performed using the
Limit Equilibrium Method (SLOPE/W GeoStudio)
and the Finite Difference Method using the Shear
Strength Reduction Method (FLAC Slope).

The results of the analysis carried out for the part
of the slope covered by landslide showed that it
probably proceeded in two stages. In the first stage
there was a landslide in the lower part of the slope,
which was most exposed to the loss of stability (be-
cause of the prevailing equilibrium limit state condi-
tions). Then the landslide reached upper part of the
slope, which reached the limit equilibrium state as
a result of changes in its geometry. The load from
the sands dump was very important at this point.
Although, originally the distance from the edge of
the slope to the sands dump was about 330 meters
(cross-section 1-1') and 380 meters (cross-section
2-2") at the time of completion of the first stage it
declined by about 100-150 meters. A very important
factor in the formation of the landslide in Piaseczno
was ground conditions that turned out to be more
complicated than it had been suspected. The pres-
ence of the silt layer, which is characterized by
layered structure with slippery contact surfaces, be-
came the border through which the slip surface pro-
ceeded. The weathering process of the silt layer
could cause the decrease in the degree of the plastic-
ity range and already under the influence of a small
inflow went into a liquid state. Furthermore, water
saturation caused the increase of the soils’ unit
weight, which resulted in the increase of the force
tending to move the ground masses. Also the pene-
tration of water into the silt layer caused its softening
that decreased the force acting against the landslide
processes. Very important is also the fact that during
the entire process of reclamation works the ground-
water level in the internal dump was significantly
higher than in the reservoir. Flowing water can wash
away the fine particles of soil, reducing its resistance
to shear. The Sand layer being fuzzy, due to suffo-
sion, lost its load capacity which contributed to the
activation of landslide processes. A very rapid prog-
ress of the landslide can be explained by the long
lasting high water level in the internal dump. Even
slight stress could lead the dump soils to a flow
because of the low shear strength and the rising
hydraulic gradient. The flow, in contrast to a slide or
a creep, is that kind of mass wasting where nothing
announces its sudden rise. In conclusion, the analysis
of the landslide causes revealed that there was not
one but a set of factors whose joint action resulted in
the tragic disaster.
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7. CONCLUSIONS

Pursuing such an important project, connected
with the extraction of mineral resources in open pit
mines, it is very important to understand the impact of
all works to the environment. To reduce the number of
such uncontrolled phenomena like landslides, condi-
tions of their formation must be understood. Knowl-
edge of the factors that influence the activation of
landslide processes can be very important in con-
ducting mining activities as well as during its techni-
cal closure. Keeping for years the conditions which
may result in a violent and tragic disaster should not
be allowed. Very important is also the knowledge of
landslide prevention techniques and the ability to rec-
ognize and interpret symptoms which may indicate
the loss of the slope stability. It should be pointed out
that accurate and detailed diagnosis of soil and water
conditions as well as monitoring changes give rise to
the proper planning and implementation of mining
operations and the elimination of its consequences.
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