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I
Initial Study
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1-INTRODUCTION
During cutting works, the excavation results in an alteration of the initial state of the terrain, which entails,
in turn, a generation of movements so as to restore the tensional balance of the ground.
When it comes to such open fronts as large Mining or Civil Works slopes, land movements are approximately tangential, following the line of fracture and, depending on their magnitude, potentially resulting
in collapses and impacts on housings, facilities or accesses on the land surface.
Such tangential movements lead to a fracture of the terrain, resulting in surface landslides and subsidences
all over the front of the slope. The movement of the hillside may reach considerable magnitudes of between tenths of a millimeter, with very slight movements, and an absolute fracture of the hillside, in which
case movement may reach tens and even hundreds of meters.

Slope landslide in Copper Mine, Phalaborwa, South Africa

The final movements largely depend on:
•

Excavation geometry.

•

Characteristics of the land.

•

Presence of water.

•

Seismicity of the area.
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2- UNSTABLE HILLSIDE
Cutting is defined as the excavation of a large trench during which process a battered face is generated over
the mountain front.
A possible fracture surface is formed behind the land wedge in excavations of this type, it being necessary
to ensure the stabilization of the slope, thus minimizing any overall landslide.
In mining, the front is developed within a perimeter around the excavation, where the natural tendency of
the land consists in a movement towards its center.
Due to the dangerousness of a possible landslide, it is necessary to control the possible movements of the
slope until the system becomes balanced. If the deformation follows a continuous process without attaining
the stability desired, contention methods must then be applied.

Slope landslide in Copper Mine, Phalaborwa, South Africa
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3- FORESEEABLE MOVEMENTS
Prior to sizing the monitoring systems that will control the advance of the works, one must carry out an
initial study to calculate the foreseeable movements of the terrain during a cutting.
The motion vector of the land corresponds to the formation of a fracture line at an “x” distance from the head of the slope.

X

Z
φ
φ INTERNAL FRICTION ANGLE

Dimension “x” varies lineally in relation to the “z” depth of the foot of
the slope and to the type of terrain. Thanks to empirical tests made, one
can make approximate determinations of the lateral affected area by
taking the internal friction angle of the soil type from the base of the
slope to the surface so as to demarcate the fracture of the land wedge.
This distance is the maximum distance affected that an unstable hillside
can reach.

In large outdoor mines, the affected fringe area will be that resulting from the juxtaposition of all the contours that demarcate the fracture line of the overall front.

INITIAL SLOPE

TECHNICAL ANNEX: Slope fracture types
Following an in-depth study of the problem, the Swedish engineer Pettersson concluded that landslides occurred along a variable curvature surface which he subsequently assimilated to a circle arc due to its greater
NEW SLOPE
calculation simplicity. These fracture surfaces are known as Swedish circles, after the nationality of their
discoverer.
This general fracture model contains various nuances according to the type of land and the slope geometry,
it being possible to distinguish the following cases:

TALUD INITIAL

SURFACE BASE CIRCLE
(Granular soils or steep slopes)
NEW SLOPESURFACE
SURFACE BASE
BASE CIRCLE
CIRCLE
(Granular
(Granular soils
soils or
or steep
steep slopes)
slopes)

DEEP CIRCLE
(Cohesive soils or moderate slopes)
DEEP CIRCLE
DEEP CIRCLE
(Cohesive soils or moderate slopes)
(Cohesive soils or moderate slopes)

DEEP BASE CIRCLE
(Intermediate case)
DEEP BASE CIRCLE
DEEP BASE CIRCLE
(Intermediate
case)
(Intermediate case)

(a) Surface base circle: The landslide surface passes through the base
of the slope, this being its lowest point. This type of fracture takes place
on lands with a high internal friction angle – mainly gravels and sands or on very steep slopes.

(b) Deep circle: In this case, the fracture surface passes under the base
of the slope. It is frequent with moderate slopes or with those composed
CIRCLES CONDITIONED
of soils with a low internal
friction, such as clays and silts.
by the presence of elements

CIRCLES CONDITIONED
CIRCLES CONDITIONED
by the presence of elements
by the presence of elements

(c) Deep base circle: As with the first case, the landslide surface intersects with the base of the slope, albeit not its lowest point in this case. It
is viewed as an intermediate point between the other two.
IREGULAR FRACTURE
(Heterogeneous terrain)
IREGULAR FRACTURE
IREGULAR FRACTURE
(Heterogeneous
terrain)
(Heterogeneous terrain)
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(d) Conditioned circle: The presence of strata that is either harder or
composed of various resistant elements – walls, piles, fillings, constructions, etc. - within the vicinity of the slope conditions the magnitude and
depth of the fracture surface.

CIRCLES CONDITIONED
by the presence of elements
CIRCLES CONDITIONED
CIRCLES CONDITIONED
by the presence of elements
by the presence of elements

(e) Irregular Fracture: The above cases are only applicable to homogenous terrain. In the event of internal heterogeneity, it will be necessary
to resort to more complex models using discreet calculation methods
based on finite elements.

IREGULAR FRACTURE
(Heterogeneous terrain)
IREGULAR FRACTURE
IREGULAR FRACTURE
(Heterogeneous terrain)
(Heterogeneous terrain)

Stability of slopes.

4-CALCULATION OF SLOPE STABILITY
The surface effects depend on various factors such as the geometry of the cutting, the type of land, the presence of water, the slope excavation depth, the seismicity of the area, among others, but it is here where, on
the basis of the previous variables, one must study the overall stability and the impacts on the surrounding
structures and accesses.
For this purpose, once the fracture process of a slope has been analyzed, the next step to be taken is that of
quantifying it so that we can have an approximate idea of how they should be designed or, by default, how
to reinforce the slopes in such a way as to make them stable.
There are various calculation methods for this quantitative analysis – most of them semi-empirical in origin
– all of which attempt to relate the characteristics of the soil to the stresses it is subjected to.
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5-CONSOLIDATION OF UNSTABLE HILLSIDES
Once the stability of the terrain has been analyzed and its safety coefficient has been calculated, one must
analyze the countermeasures, if these be needed, for preventing the terrain from collapsing.

INITIAL SLOPE

NEW SLOPE

The most obvious solution for consolidating a slope lies in moderating
X
its steepness. This is
not always possible as there may be spatial incompatibility with existing settlements or infrastructures. Besides, this
solution involves much land movement, which makes it uneconomical
Z
in most cases.
There are other methods – someφ of them protected by commercial patents – for attaining a better
response
from the terrain to the effects of
φ INTERNAL
FRICTION ANGLE
destabilizing forces.

5.1-Terracing the slope
This consists in constructing benches and verges to prevent surface fractures that may affect the whole front
of the slope.
INITIAL SLOPE

The construction of verges has the following advantages:
•
•

INITIAL SLOPE

Retaining blocks that have collapsed.
NEW SLOPE

Retaining local fractures of the slope.

NEW SLOPE

•

Allowing the installation of drainage measures.

•

Access for the drainage and control of the slope.

INITIAL SLOPE

NEW SLOPE

TALUD INITIAL

NEW SLOPE
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5.2-Beheading and bases.
EXCAVATION
EXCAVATION

ADDED
WEIGHT

An excavation is carried out on the upper part so as to lessen the
weight of the hillside. Parallel to this, these lands can be used for
increasing
the weight at the base of the slope.
ADDED
WEIGHT

These methods have the disadvantage that they entail cutting
part of the slope again and taking up space at the base, where
this is usually scarce.

AVATION

ADDED
WEIGHT
60º 20 m.

20 m.
20 m.
60º

5.3-Reinforcement of the terrain

20 m.
PILES

GROUTING SCREEN
GROUTING SCREEN

20 m.
This
technique
consists in giving the terrain greater resistance
PILES
with elements from the outside. Two clear examples of this are
the penetration of metal bolts anchored on the terrain and held
by cement injections, creating a slurry bulb at the deepest end;
or the use of micro-piles, that is, driving concrete piles into the
ground for recompacting and fixing the terrain into stable layers.

20 m.

20 m.
PILES

5.4-Walls and coatings
A wall may be the ideal solution for slopes requiring
smoothness, as it prevents the cutting of much of the
terrain. Also, a surface coating of gunite-shotcrete
will create a resistant, flexible and waterproof screen
that makes it easier to reduce erosion and collapses.
Most of the gunited slopes are constructed in such a
way as to ensure that the water does not accumulate
behind the gunite walls and generate undue pressure. This is generally achieved by placing orifices and
drainage material near the base of the slope. Both techniques can be combined with a ground anchorage
system, thus considerably increasing its effectiveness.
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5.5-Drainage systems
Water is a key factor behind the appearance of instabilities on a slope, as it not only generates internal
micro-cracks but also results in a weight overload leading to a general collapse of the hillside. A drainage
system is therefore needed for isolating the infiltrated water from the terrain, thus contributing to improving the stability of the slope.

CONCRETE
DITCH

DRAINAGE
MATERIAL
GEOTEXTILE

PIPE

CONCRETE
CRIB
DRAINAGE
SCREEN

WELLS ø
2 METERS

WATERPROOF
DITCH

HORIZONTAL DRAINS
WATERPROOF
DITCH
CONNECTION
BETWEEN WELLS
BARRIER
HOLES

DRAINAGE
DRIFT

DITCH
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II
Survey Monitoring
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1-INTRODUCTION
It is convenient, after the works have started and a calculation of the slope stability has been made, to check
that the balance of the terrain remains within the limits foreseen.
For this purpose, one will have to continuously collect data, recording the movements that have taken place,
if any. Once the data have been recorded and the movements determined, one must asses if these movements lie within the forecast or exceed the margins established.

2-SURVEY Monitoring
In the interests of a thorough geometric control, an automated follow-up is needed, providing constant
information on possible slope movements.
2.1-Survey Equipment
The control system is carried out with a set of survey instruments: the Total Station, control prisms and/or
GPS.
2.2-Communication
This device connects the Survey Instruments with the Control Center, sending the data recorded and receiving new reading instructions.
2.3-Control Software
a.i) Control Server
A Control Terminal for receiving, recording, calculating, analyzing and displaying the set of data. It also
transmits the new reading instructions to the instruments.
a.ii) Consultation Terminals
A software application for consulting data to observe the monitoring progress in real time. Its display may
be made by means of a Web connection.
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2.4-Control Method
Due to the long data collection forecast, the system is designed in a fully automated manner and it records,
manages and informs on possible movements without any need for an on-site operator.
The function of the Total Station is that of measuring the set of prisms distributed in the area to be monitored in keeping with a pre-established observation cycle. Once each one of the readings has been recorded,
it sends the measurements, by means of the monitoring device, to a management center that processes and
analyzes the data, modifying, if necessary, the reading cycles and sending the new instructions to the Total
Station via the monitoring device itself.
The results are compared against pre-established tolerances. Should the movements exceed those foreseen,
the system will generate a warning signal, classifying the movement, according to the threshold reached,
within green area (foreseen movement), amber area (movement increase alert) and red area (alarm from
slope instability).
The system may optionally have a GPS GNSS to obtain absolute coordinates and thus detect movements that
may even encompass the area where the control instruments have been established.

AFFECTED
ZONE

ORIENTATION
PRISMS

SURVEY
PRISMS

GPS
COORDINATES
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3-CONTROL POINTS
It will be necessary to have a set of control points fixed on the
front of the slope. The movement of these points will be studied, which means that the modeling and extrapolation of a
movement forecast model will require an analysis of the position each one of them must be in and the subsequent comparison between the vector movement of each point with the
model foreseen.
In order to maintain a state of measurements on the points, the
latter will be materialized with prisms and/or GNSS antennae
anchored on the terrain.

AFFECTED
ZONE

ORIENTATION
PRISMS

SURVEY
PRISMS

GPS
COORDINATES
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4-TOTAL STATION
The TRIMBLE S8 High Precision total station (1” angular accuracy) is the high-range instrument that has been specifically
designed for monitoring. The TRIMBLE S8 Total Station will
be used for measuring the prisms distributed in the area to be
monitored.
The function of the total station is that of reading the position
of the prisms, recording the horizontal angle, vertical angle
and slope distance. These polar variables will be subsequently
transformed into a Cartesian system of coordinates.
The TRIMBLE S8 Vision model, besides, has an internal camera with which one can remotely observe on video the visuals
being carried out by the instrument and, thanks to SETTOP
M1 monitoring device, observe the objective in real time.
The accuracy level of this instrument is at a sexagesimal second
in angular accuracy and 1 mm plus 1 ppm (parts per million) of
the distance collected, which means that, if we carry out an average reading at a length of 100 m, we will
obtain a maximum-probability point target of:
· Transverse Deviation (angular) = 100m x Tg (1’’) x √2 ≈ 0.7mm
· Longitudinal Deviation (distancemeter) = 1mm + 1 x 0.1 ≈ 1.1mm

4.1-Atmospheric corrections
Survey instruments have a distancemeter, which very accurately measures
the length between the main axis of the instrument and the prism. Basically,
the distancemeter emits an electromagnetic wave that is reflected in the
prism and returns to its starting point. The difference in amplitude between
the wave emitted and that received determines total length.
As their means of propagation is air, the waves are affected by atmospheric
pressure, temperature and, to a lesser extent, the percentage of humidity
of the air, being forced to correct each one of the distances collected with
these variables.
The TRIMBLE S8 station has a barometer, with which the only determination made is of the temperature
– as well as, optionally, the humidity percentage - to correct the distance. For this purpose, it is advisable during any monitoring to install a weather station to provide the temperature and humidity percentage data
and thus, along with the value of the pressure, calculate the distance corrected in all the readings.
In order to convey information from the weather station, the sensors are connected to the SETTOP M1
monitoring device and this, in turn, sends the data to the control center, which will calculate the distances
corrected.
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4.2-Orientation
Before starting the readings on the points to be monitored, the instrument must be orientated so that it
works on the basis of a pre-established Cartesian system. There are three possibilities:
a) Arbitrary orientation: The orientation is not specified, and we use that shown by the instrument by
default or edit one directly.
This is a valid orientation for determining the differentials between successive points but it is not advisable
for observing the absolute movements of the points to be monitored.

Arbitrary orientation

AFFECTED
ZONE

ORIENTATION
PRISMS

SURVEY
PRISMS

GPS
COORDINATES

b) Direct orientation: Having established the coordinates of the instrument and of the orientation point,
we carry out a visual verification, making the orientation of the instrument the same as that of the * calculated between the two points. After one or several cycles, the instrument will carry out another reading of
the reference point in order to update the orientation.
This system allows us to determine the movements of the points to be monitored in absolute terms. One
must make sure that both the instrument and the orientation base lie outside the affected area. Should this
be impossible, a second GPS GNSS should be installed for updating the coordinates of the instrument and/
or the orientation point.

*Azimuth: A polar angle that stems from the source point (instrument) with reference to the North of the Grid (very close to the Geographical North) until the orientation point is reached.
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Direct orientation outside affected area

Direct orientation within affected area

c) Reverse Intersection: Having determined the coordinates of several reference points, we shall make
readings of the set of bases in order to assign coordinates and azimuthal orientation to the instrument.
This method updates the coordinates and orientation of the instrument after each cycle of reference prism
readings. It is recommended for areas in which the instrument lies within the affected area as long as the
orientation points are located outside this sector.
Otherwise, the coordinates of the orientation bases should be restored by means of a GPS System on a regular basis so that the instrument periodically collects readings of these bases with updated coordinates.

Reverse Intersection with orientation prisms outside fracture surface

AFFECTED
ZONE

ORIENTATION
PRISMS

SURVEY
PRISMS

Reverse Intersection with orientation prisms within fracture surface

GPS
COORDINATES
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4.3-Survey
Once the instrument has been properly oriented, one must read the prisms distributed within the affected
area. The first “0” reading cycle will serve the purpose of determining their location, while in the next cycles,
a search system based on the reflectivity of the prisms will once again record the reading on the objectives.
The instrument will subsequently carry out a fully automated relocation and measurement of the same control points taken in the first cycle.
The first reading will calculate the source data that will serve the purpose of comparing the data that are
successively collected. Thus, in the event of slope instability, the graphics would detect the movement taking
the first readings as the starting point.
In order to ensure that the results reach the nominal precision of the equipment, it is advisable to carry out
several readings of one single objective. It is likewise highly recommendable to carry out Direct Circle ad
Reverse Circle readings – which process is also known “Bessel”- calculating the average of them all.

Survey points on slope surface

AFFECTED
ZONE

ORIENTATION
PRISMS

SURVEY
PRISMS

GPS
COORDINATES

4.4-Orientation and Reading Cycles
It is advisable for occasionally verify the orientation of the instrument or simply reorient it. This is highly
important if we are to detect possible anomalies regarding disorientations or subsidence in the area where
the instrument has been placed.
For this reason, once all the objectives have been taken, one must establish the orientation and reading
cycles, that is, the number of times the instrument is to record all of the objectives every time its orientation
is renewed.
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5-GNSS
The Global navigation Satellite System or GNSS, better known as GPS, gives information on the absolute
position. It is suitable for large control extensions or whenever one must check if the area where the instrument is located and/or some of the orientation points lie within the settlement trough.
If this be the case, the GNSS system should give regular information on the absolute coordinates of the
reference bases. In such a case, the antenna would be preferably situated en la vertical of each one of the
orientation prisms and/or within the proximity of the instrument.
Its approximate nominal precision lies within the region of 1 cm in Post-Process mode and 2 cm in Real Time
(RTK). For this purpose, the positioning of the reference antennae must be far enough for its precision not
to affect the determination of the instrument’s orientation.
If the instrument lies within the affected area, the antennae may be arranged as follows:
a) Direct orientation: A GNSS antenna is installed next to the instrument and another one is placed vertically in relation to the orientation prism. The antennae will determine the differential movements of the
instrument as well as the orientation azimuth.
b) Reverse Intersection: A set of antennae are established vertically in relation to the reference prisms.
The instrument will update the coordinates supplied by the GPS and, following the reading of the prisms,
recalculate their position and orientation.

a) Direct orientation

b) Reverse intersection

c) Survey combining both systems
AFFECTED
ZONE

ORIENTATION
PRISMS

SURVEY
PRISMS

GPS
COORDINATES
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6-DATA MONITORING
Once each one of the data has been recorded, they will have to be sent remotely to the control terminal. The
device that carries out communication between the instrument and the control terminal is the SETTOP M1.
SETTOP M1 is a reference GNSS receiver with a remote control of the Total Station. It makes it possible to
manage GPS data while also controlling the monitoring of the Total Station via various communication ports
such as:
a) Wi-Fi or WiMAX for large extensions without GSM coverage.
b) Ethernet network cable.
c) GSM telephony.
It is fully configurable by means of a web interface.
SETTOP M1 is the device for communicating the instrument with the control center. On the one hand, it
sends the data recorded and, on the other hand, it provides new instructions. It can also carry out the double Base/Mobile function thanks to the possibility of connecting to a double frequency receiving antenna.
Moreover, thanks to its multifunction concept, it can connect multiple sensors such as weather stations or
geotechnical sensors.

Estación
Meteorológica

Ethernet

Sensor
Geotécnico

GSM

Wifi
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7- DATA MANAGEMENT AND ANALYSIS PROGRAM
SETTOP MONITORING is the data management and analysis program. It may be said that it serves as the
brains of the whole monitoring process. Monitoring would not be possible without SETTOP MONITORING.
This software makes it possible for one to open a work, configure the geodesy, edit the monitoring parameters such as orientation, prisms to be monitored, repetition cycles, control Survey Instruments and sensors
and then record, calculate, analyze and show the set of data received.

7.1-Control of the Instruments
Before beginning the survey, it is necessary to indicate the readings to be taken by the instrument or instruments configured for the monitoring project. Once the reading cycles have been established, SETTOP
MONITORING will send the instructions on the Survey Instruments so that the survey is begun.
Parallel to this, once the survey has begun, it will manage the data of the GNSS receivers as well as those of
the weather stations and other sensors for the purposes of subsequent calculation and analysis.
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7.2-Database
The software consists in a Database that records and manages the large amount of data to be transmitted
by the Total Station and the GNSS receivers. This database will be classified in a list with temporal references
where the relevant consultations may be made.
The database systematically takes down all of the records so that they may be subsequently analyzed in a
fast, simple and structured manner.
Being a database, it permits such operations as updating, deletion and adding as well as some of the basic
reference actions.

7.3-Calculation of Coordinates
Once the data have been recorded, the next step is that of calculating the coordinates. For this purpose, if
the data have been obtained with a Total Station, the software will correct the distances with the atmospheric variables. Likewise, sphericity and refraction corrections will be applied to the vertical angles and, if
a geodesy has been selected, it will assess its anamorphosis coefficient.
If the data have been obtained with GNSS receivers, the corresponding Datum change will be effected and
the coordinates will be changed to the projection selected.
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7.4-Data Analysis
With the coordinates calculated from the corresponding geodesy, SETTOP MONITORING will process and
analyze the data, generating movement-time graphs to obtain the vector velocities of each one of the control points. The results will be compared with a forecast of movements in which, if necessary, an alarm signal
will be generated in the event of their exceeding limits that have been pre-established in accordance with a
calibration (green, amber or red).

7.5-Consultations
The data can also be consulted by other terminals where they will be displayed in a fast, intuitive manner.
These results will be observed on easily readable graphs where analyses will be made of daily, weekly,
monthly and even annual data. The purpose is therefore that of obtaining general trend graphs where one
may observe the stabilization asymptote of the terrain and be able to predict the quasi-stabilization of the
environment.
Consultations may be made via web server, it being possible to observe the process from any terminal that
has access to the consultation of the monitoring data.

23

DELEGACIONES TOPOCENTER BARCELONA: 902 88 00 11 BALEARES: 618 285 080
LEVANTE: 961 460 839 - 618 557 128 PAIS VASCO: 945 357 696 - 616 012 096
SERVICIO DE SOPORTE: 807 403 203

Bofarull, 14, bajos 08027 Barcelona
Tel. 902 88 00 11 Fax 93 351 95 18
www.al-top.com al-top@al-top.com

DELEGACIONES TOPOCENTER BARCELONA: 902 88 00 11 BALEARES: 618 285 080
LEVANTE: 961 460 839 - 618 557 128 PAIS VASCO: 945 357 696 - 616 012 096
SERVICIO DE SOPORTE: 807 403 203

Bofarull, 14, bajos 08027 Barcelona
Tel. 902 88 00 11 Fax 93 351 95 18
www.al-top.com al-top@al-top.com

DELEGACIONES TOPOCENTER BARCELONA: 902 88 00 11 BALEARES: 618 285 080
LEVANTE: 961 460 839 - 618 557 128 PAIS VASCO: 945 357 696 - 616 012 096
SERVICIO DE SOPORTE: 807 403 203

Bofarull, 14, bajos 08027 Barcelona
Tel. 902 88 00 11 Fax 93 351 95 18
www.al-top.com al-top@al-top.com

