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Sammanfattning 

 
Detta kandidatarbete avhandlar om ett stenras som utspelade sig i en av 
Stockholms södra delar under början av 2000-talet. Det studerade området är 
beläget väldigt nära en skarpt sluttande förkastning vars riktning är NÖ-SÖ. 
Fältarbetet utfördes av fyra studenter, inkluderande mig själv. En av dessa 
studenter och jag fokuserade främst på stenrasets lutning samt på att vidare 
studera och utforska (utföra mätningar) de två scan lines som befann sig till 
nord respektive till öst om stenrasets lutningen. De geologiska strukturerna, 
som anses bära ansvaret för stenraset har studerats noggrant under en sprick 
kartering. Den data som man fick fram analyserades genom att använda två 
bergmasseklassificeringar och stereografisk projektion. Ytterligare, har en 
digital upphöjningskarta använts för att studera slope angle och distribution 
genom att använda GIS. Vår data tyder på att orienteringen av 
diskontinuiteterna låg parallelt till klyvningsarbetets riktning. Därmed, var 
stenraset oundviklig eftersom klyvningsarbetet utfördes i subparallell riktning 
gentemot frakturriktningen.  
 

Abstract 

 
The present Bachelor thesis is written about a rock slide which took place in 
the southern part of Stockholm in the early 2000s. The studied area is located 
relatively close to a steeply-dipping fault with NW-SE orientation. The fieldwork 
was carried out by four students, with me and another student focussing on 
the rock slide slope and two scan lines N and E of the rock slide. The 
geological structures, which were assumed to be responsible for the rock 
slide, have been studied carefully during surface mapping. The data were 
analysed using two rock mass classifications and stereographic projection. 
Additionally, a digital elevation map of the area was analysed in terms of slope 
angle distributions using GIS. It was shown that the orientation of 
discontinuities at the site coincided with the direction of the cutting work. Thus, 
the rock slide was unavoidable since the cutting work was carried out 
subparallel to the fractures main orientation.  
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1. Introduction 

 

The main issue addressed in this thesis is the analysis of the geological structures 
which are assumed to have triggered a rock slide during a ground blasting in the 
southern part of Stockholm in the early 2000s. The thesis focuses, therefore, on the 
structural geological analysis of the area. In recent years, an increase in interest 
towards the geological setting of the southern part of Stockholm has been seen. This 
can be explained by the fact that this part of the city is a rapidly growing area, which, 
in turn leads, to an increase in the numbers of construction sites. The motivation of 
this work is to accomplish a geological analysis of a rock slide slope and to study the 
hazard situation in the area during active construction work. The hypothesis is the 
assumption that the rock slide slope is located within a fault zone. The objectives of 
this research are to determine if the blasting work was carried out parallel to the fault 
orientation or not and if there is evidence for recent shear stress. 

The thesis is divided into six parts. The first part explains the history of land slides, 
with classification and triggering factors. The second part and the third part contain 
the geological background and a description of the utilized methods. The forth 
section of the thesis presents the results, which were collected during field work, and 
the two last parts consist of the discussion and the conclusions.  

 

1.1 History of landslides  

Rock- and landslides are both common geological phenomenon and have been 
taking place in different parts of our planet throughout Earth’s history. It is considered 
that a landslide is a relatively small structure, which is able to move or destroy one or 
two houses. However, the geologic record shows that landslides of much greater 
size are not uncommon. For example, in Eocene in Wyoming one large scale 
landslide occurred, which was triggered by a volcanic eruption, and moved mountain-
sized blocks for tens of kilometres (Van der Pluijm & Marshak, 2004). Furthermore, 
another example of an enormous landslide is the one that took place on the Crimean 
peninsula on the 12th of February in 1786. A two-kilometre long hill together with the 
shoreline moved 150 meter towards the Black sea. This event marks the starting 
point at which scientists in Eastern Europe started to study the phenomenon of 
landslides more intensively (Jerish et al, 1999). In the Western world intensified 
studies in the field of landslides began approximately at the same time as they did in 
the Eastern world. However, the earliest engineering attempts to predict landslides 
were made in the middle of the 18th century (Slosson et al, 1992).  
The first landslide recorded in Sweden occurred in the 12th century on the Göta 
River. Throughout Swedish history several landslides have taken place on the Göta 
River until people learnt to mitigate and finally prevent them altogether. Nowadays, 
the Swedish Civil Contingencies Agency keeps careful records and statistics of all 
landslides in Sweden. Among the most recent examples of landslides in Sweden, the 
rock slide triggered by flooding in Sysslebäck (Värmland) in the beginning of May, 
1997, should be noted. In Sweden the majority of landslides are caused by flooding. 
Landslides, rock slides and other soil movements in Sweden are mostly concentrated 
to the east coast and to the area around Gothenburg (fig 1). The reasons behind this 
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distribution are mainly attributed to the geographical proximity to the catchment area 
of rivers, climate with heavy rains in spring and autumn and the low permeability of 
the ground, which quickly leads to oversaturation. 

 

 
Figure 1. A map showing the distribution of landslides, rock slides and other soil 
movements in Sweden (Swedish Geotechnical Institute)  
 

 

1.2 Landslides: types and mechanisms 

Landslide might in short be defined as “the sudden movement of soil or rocks 
dragged downhill by gravitational force” (Varnes, 1978). There are many types of 
landslides and the mechanisms triggering them are manifold. The term “landslide” 
refers to a wide variety of processes, all of which cause downward or outward 
movement of all possible slope-forming materials including artificial fill (Gian, 1992). 
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According to the type of movement there are six main types of landslide: falls, 
topples, slides, lateral spreads, flows and complex and lastly compound landslides. A 
landslide usually involves two or three different types simultaneously (Gian, 1992). 
Commonly, a slide occurs on a surface of rapture or on a thin zone of intense shear 
strain, where forced by gravity, soil or rock masses move down a slope (Varnes, 
1978). Another classification of landslides distinguishes between translational slide 
and rotational slide. The transitional slide is characterized by a mass displacement 
along a planar or undulating surface, while in the case of the rotational slide, the 
surface of rupture is curved and concave (Varnes, 1978). The focus of this thesis is, 
however, a rock slide. The rock slide belongs to the rotational type of landslide and 
occurs due to a collapse in the rock mass. Rock mass collapse is caused by rock 
failure, with the plane of failure passing through intact rock with the gravitational force 
dragging the rock mass down (Whittow, 1984).  
 

1.3 The mechanics behind the triggering factors of rock slides 

In order to asses a rock slide potential it is important to understand what makes rocks 
slide. There are two main forces acting on the rocks: (1) driving forces which tend to 
move rocks down a plane and (2) resisting forces which tend to hold rocks on a plane 
(Taylor, 1948). The main driving force is gravity; it acts from the centre of each rock. 
An additional driving force can be generated by water pressure in fractures 
(hydrostatic force) and force exerted by freezing water (Taylor, 1948). Static friction 
and cohesion belong to the group of resisting forces. Static friction occurs between 
two or more solid objects that are not moving relatively to each other and this force is 
usually higher than kinetic friction. Cohesion is the intermolecular attraction in a rock 
or any other material by which the elements of it are held together (Taylor, 1948). If 
driving force prevails over resisting force it leads to a slide (Taylor, 1948).  

Circumstances enhancing driving force and reducing resisting forces can have 
natural- and non-natural character. To the natural causes belong geological reasons, 
e.g. groundwater conditions and weather. Geological causes can be divided into 
three subgroups: (1) formation at site (e.g. sequence of formation and bedrock 
contact), (2) structure (e.g. stratification; folding; changes in strike and dip; relation to 
slope and slide; strike and dip of joints with relation to slope; and shear zones with 
relation to slope and slide), and (3) weathering (chemical, mechanical or solution 
type; depth of weathering) (Sowers & Royster, 1978). There are two main factors 
playing a significant role regarding the groundwater conditions: groundwater level 
within a slope and its chemistry. Weather has a certain influence as well, because it 
is closely correlated with weathering processes. Changes in temperature can weaken 
a rock. When the temperature increases the rock expands, however the rock 
contracts when it drops. Eventually leading to a collapse of a rock mass (Sowers & 
Royster, 1978).  

Human activity is the only one factor which belongs to the group of non-naturally 
occurring force enhancers. A rock slide can be caused by excavation of a slope or its 
toe; loading of a slope or its crest; draining of reservoirs; deforestation; irrigation; 
mining; artificial vibration; and water leakage from utilities (USGS , 2013). The typical 
situation when a rock slide occurs is during or after cutting of bed rock for a 
construction purpose. During construction work, some outcrops are usually blasted in 
order to remove unnecessary rocks e.g. to clean a surface for a house or a road.  An 
explosion releases a lot of energy. Furthermore, energy from the blast is converted 
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into a high temperature and high pressure gas. The pressure can reach up to 1824 
MPa, and travels at a velocity of 2000 – 6000 m/s in the form of a compressive strain 
wave (Hoek, 2004). This in turn means that the pressure directed on a rock mass is 
enormous and if a shock wave travels beyond the limit of rock strength, it damages 
the surrounding rock and it sets up strong vibrations (Hoek, 2004).  If geological 
structures are not carefully studied and the amount of explosives is not carefully 
calculated, the blasting can lead to loss of stability in an outcrop, and when reaching 
the tipping point, it can cause a rock slide.  

The above mentioned type of rock slide, provoked by human activity, took place in 
the southern part of Stockholm in the early 2000s. During the construction work a 
gneiss outcrop was blasted. Unfortunately, a geological analysis of the place had not 
been carried out previously. The construction project was suspended. Today the 
slope is located behind a big shopping centre, south from Skärholmsvägen (fig 2).  

 
Figure 2.The map of the research area. The red star marks the place where the rock 
slide took place (modified after google.map)  

 

1.4 Implementations 

The aim of this study is to evaluate and study the geological structures of the rock 
slide area in order to explain the factors which caused the rock slide and to identify 
weak zones which can be unfavourable to future construction work. The questions of 
mitigation and possible reinforcement in similar cases are the other important part of 
this research. In order to fulfil these tasks, field work was carried out by a team of 
four students, including myself, where we studied the rock slide steep and the area of 
ca. 100 m around the steep. We were hired by Golder Associates in Sweden. The 
field work was carried out during seven days. The Huddinge council was the main 
customer of this project. Stockholm is capital city with a high rate of growth, where 
the pressure on the infrastructure is growing simultaneously with growing population 
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(Trafiksatsning Stockholm, 2013). The Huddinge council plans to build a new bicycle 
connection between Månskärsvägen and Skärholmsvägen, connecting Stockholm’s 
southern suburb with the city. Huddinge council is planning on finishing the project by 
2014 (fig 3).Therefore it is useful to study the structural inventory of the area, to 
hopefully avoid future rock slides in the area.  
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Figure 3. Above: a view over the proposed infrastructure. Below: the 3D modeling of 
the study area and the proposed bicycle road behind the shopping centre. The rock 
slide slope is included (a red star) (modified after Huddinge council official web-site).   
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The methods used in the field are mapping of fractures, mineral coating within the 
fractures, and presence of water within them. Further analysis included a rock mass 
classification and stereographic methods.  

 

 

 

 
 
 

2. Geological background 

 

2.1 Regional geology  

The research area is located in the Bergslagen Province, which belongs to the 
Svecofennian domain. The Svecofennian domain is situated in the central part of the 
Fennoscandian Shield (fig 4). It is bordered by the Archean domain (4.0 – 2.5 Ga) in 
the NE, the Neoproterozoic Sveconorwegian orogen (1.10-0.92 Ga) in the SW, and 
the Caledonian orogen (4.9 – 3.9 Ga) in the NW (Kositinen et al., 2001). 

 

 
Figure 4. Major geological units and the location of the Bergslagen domain within the 
Fennoscandian Shield (modified after Kositinen et al., 2001). 
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Due to three orogenic processes, namely Lopiska, Svecokarelian and Gothonic 
Orogeny, the crust has grown from northeast to southwest. The oldest rocks thus 
appear in the Archean and the youngest in the Southwest Scandinavian domain. 
Other orogenic processes considered to be essentially a recasting of existing crust 
(Gaál and Gorbatschev, 1987). The Svecofennian domain was formed by the 
Svecofennian orogeny around 2000 million years ago. The initial phase consisted of 
a time characterized by sharp vertical movements of the crust giving rise to 
earthquakes, fracturing and volcanic activity. This early phase was followed then by a 
period of strong folding and deformation that formed the Svecokarelian mountain 
range. The domain is covered by the younger Kaledonidian rocks in the northwest 
and interrupted by younger postorogenic granites in the southwest. The 
Svecofennian domain is represented by acidic volcanic and sedimentary rocks such 
as greywacke and argillites. The plutonic rock penetrates them on several occasions 
and related to the younger orogeny process (Lundqvist et al., 2011).  

The marginal NW-trending belt of the Svecofennian Province includes both 
Jatulian rocks, characterized by early magmatism, and Kalevian rocks. The Kalevian 
rocks mostly consist of a mixture of metaturbidadites and volcanites, and were 
involved in the Svecofennian orogeny. The Kalevian rocks are the evidence of the 
great rifting activity during which a passive continental margin was built.  

On the west from the Kalevian belt mica schists and gneisses with intrusion of a 
gabbro were formed, while gneiss alone was formed on the eastern part of the 
Svecofennian domain (Gaál and Gorbatschev, 1987). 
However, along the northern and western margin, granitoid and migmatite are 
represented as well, which means that the extensive granitoid plutonism took place 
at the same time as  the calc-alkine volcanism at the later stage (1.85 – 1.76 Ga) of 
the Svecofennian domain development (Gaál and Gorbatschev, 1987). 
 

 

2.2. The Bergslagen region  

The Bergslagen region is located in the south-western part of the Svecofennian 
domain. It is represented by Proterozoic rocks affected by the so-called 
Svecokarelian orogeny (Allen et al., 1996).  

The geology of Bergslagen is mostly represented by felsic and mafic metavolcanic 
and metasedimentary rocks as well as by felsic and mafic intrusive rocks. The 
turbiditic metagreywackes are incorporated with quartzite and rhyolitic-dacitic 
metavolcanites, which are interbedded with metamorphosed conglomerates and 
sandstones, representing the oldest part of the supracrustal sequence. The upper 
sequence of the metavolcanics is represented by skarns and carbonates with 
intrusions of felsic subvolcanites. The upper layer is represented by clastic 
metasediments with intrusion of mafic dykes and sills (Stephens et al., 2009) (fig 5).  
Structurally, the Bergslagen region is divided into four regions bounded by broad, 
steep, ductile deformation zones. These regions are the northern, the central, the 
southern, and the western structural domains. Differentiation between the different 
domains is based on the grade of metamorphism and on the timing of the 
deformation and metamorphism (Stephens et al., 2009). The northern and southern 
structural domains were formed under amphibolite-facies metamorphic conditions 
and contain steeply dipping high-strain belts. However, some zones were formed 
under lower-grade metamorphic conditions (Stephens et al., 2009).  
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The deformations in the northern and southern domains have given rise to structures 
with WNW – ESE orientation (F1), while the kinematic indicators point to a dextral 
strike-slip and south-side up shear. The second generation folding of the same areas 
(F2) is represented by open, upright folds with N-S strike. The areas are also 
represented by steeply dipping shear zones formed during lower metamorphic 
conditions. These structures are not as cohesive as the older ones, which formed 
during amphibolite facies (Stephens et al., 2009).    

 The central domain is formed under low-medium metamorphic conditions. This 
domain is represented by fold axial surfaces (F1) with EW – NE - SW strike and N-
NW vergence. The second generation of folds (F2) has two main orientations: NW-
SE and NNW-SSE (Stephens et al., 2009).  

The western, structural domain shows a complex interference of older, pre-

Sveconorwegian fold generations with WNW−ESE strike and Sveconorwegian folds 
with N-S strike. It was however steered by Sveconorwegian tectonics (Stephens et 
al., 2009). 
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Figure 5. Geological map of the Bergslagen region. The research area is marked by a black 
star and is located on the Svecofennian clastic metasedimentary rock (modified after 
Stephens et al., 2009).  

 
 
 



11 

 

 

2.2.2. Stockholm area 

The rocks in the Stockholm area were formed by the Svecofennian large structural 
deformation of crust due to engagement of tectonic plates about 2000 million years 
ago (Persson, 1998). The area belongs to the southern Bergslagen domain.  
The oldest rocks (1.88 Ga), in the area of Stockholm are arenites and meta-argillites. 
They are of the supracrustal origin and intruded by volcanic rocks (Persson, 1998). 
The veined garnet-sillimanite-cordierite-micro-cline gneisses characterize the central 
and the southern part of the Stockholm area, with one exception on the south-
eastern part, which is occupied by meta-arenitic gneisses. The latter also embraces 
the northern part of the area as well (Stålhös, 1968).  

The oldest plutonic rocks in the area, have the wide range from gabbros to 
granites merging with diorites and tonalites, and are intensively metamorphosed as 
well. The grey and reddish massive “Stockholm type” granite is the youngest plutonic 
rock in the area (1.80 Ga) and found predominantly in lenses ( Stålhös, 1968).  
The bedrock is frequently intersected by amphibolitic and dolerite dykes, that strike 
predominantly WNW – NW and NNW (Persson, 1998). 

The lineament features in the Stockholm area are formed either by joints or faults 
with E-W, WNW and NW strike. The main directions of joints and joint-sets are NW-
NWN, ENE-NE and NS (Persson, 1998).  
The dominant strike of folds axial planes in the area is E-W directed, but N-E and 
NNE directions are common as well (Stålhös, 1968).  

The research area is located around 10 km south from the central part of 
Stockholm. It lies 600 meters east from Skärholmsvägen and 200 meters west from 
Dialoggatan. The studied area is located within a steeply-dipping fault with NW-SE 
orientation (Stålhös, 1968; Person et al., 2001). 

 
 

 
 

3. Methods 

3.1 Surface mapping 

The work in the field is essential for this study case. Because the only way to 
estimate and study the structures in 3D (e.g. bedding planes, joints and faults) is by 
mapping and taking measurements of their properties. The rock failure tends to occur 
at places of discontinuities, where a weak plane is surrounded by much stronger, 
intact rock mass. Therefore, the properties of discontinuities (e.g. orientation, 
persistence, roughness and mineral infilling) are closely correlated with the stability of 
a slope and essential for the evaluation of the hazard level (Hoek, 2004).  

The rock slide slope and surrounding fracture zones were mapped during field 
work. Thus extending the study area towards the east and north directions. Every 
type of rock mass survey observations requires different amount of details. There are 
two ways in which the rock mass survey can be carried out. The subjective survey is 
where only discontinuities of importance are analyzed. The second way is an 
objective survey, where all discontinuities are of interest and the whole area of rock 
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exposure is described in details (International society for rock mechanics, 1977). In 
this study the subjective survey was chosen. Measurements were taken from each 
fracture which exceeded the length of than 1 m. It was estimated that only those 
fractures had importance for the study since the short fractures are less likely to be 
able to cause rock slide.   

A compass and a protractor were used for mapping purposes. It was decided that 
the best method to adopt for the special conditions in the area around the rock slide 
steep was to measure the angles between a studied fracture and a horizontal line of 
known orientation with the protractor. The horizontal line was a road. This approach 
was necessary since a steel reinforcement disturbed the compass measurements. 
The compass was used at the rock slide steep, which was free from the steel 
reinforcement. However, the measurements from the slope were taken only partially 
due to safety reasons. A part of the slope was covered by ice and therefore it was 
dangerous to climb it. The angles taken with the protractor were converted later to 
the orientation. The measurements of dip were approximated as well. The fracture 
dip was taken with the help of a book and the compass, where the book represented 
the fracture plane. Therefore, the error for the fracture orientations is expected to be 
in the range of ± 2- 5º. A slope is usually incorporated by three orthogonal sets at 
right angle. It is more seldom that a slope consists of four sets of discontinuities 
(Hoek, 2004). Therefore, the three main sets of fractures were identified in the field. 
There is still a probability that the rock slide slope is more complex. 

Additional measurements were carried out in the field, according to the 
Commission on Standardization of laboratory and field test published by the 
International Society for Rock Mechanics (1977) and include: 
i)Spacing – the perpendicular distance between adjacent discontinuities, which 
controls the size of individual blocks. If sets are closely spaced than it is a high 
probability of low mass cohesion. Whereas those that are widely spaced have an 
interlocking force, strengthening the cohesion (The International Society for Rock 
Mechanics, 1977) 
 

ii) Persistence – a rough measurement of a discontinuity trace length or a penetration 
length in intact rock. Persistence is usually quantified by terms as presented in the 
following scheme: 
Very low persistence    <1 m 
Low persistence              1-3 m 
Medium persistence      3-10 m 
High persistence            10-20 m 
Very high persistence     >20 m 
In the case of rock slopes it is of special importance to attempt to measure the 
degree of penetration of those discontinuities that are unfavorably orientated since 
they influence a slope's stability (The International Society for Rock Mechanics, 
1977) 
 

iii) Roughness – describes the degree of roughness, waviness or sleekness of a 
discontinuity mean plane. Since roughness and waviness contribute to the shear 
strength, this parameter is of a great importance. Roughness is commonly subdivided 
into three main groups: stepped, undulating and planar. Each subdivision has its 
number and description according to the shape of a discontinuity surface: 
I Rough (or irregular), stepped 
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II Smooth, stepped 
III Slickensided, stepped 
 

IV Rough (or irregular), undulating 
V Smooth, undulating 
VI Slickensided, undulating 
 

VII Rough (or irregular), planar 
VIII Smooth, planar 
IX Slickensided, planar 
 
 

iv) Wall strength – represents the compressional strength of the adjacent rock walls 
of a discontinuity. Under influence of weathering or alteration it can be lower than the 
rock block strength (fig 6). If the rock walls are in contact, the parameter displays its 
importance in sense of shear strength. Since weathering is a key factor, wall strength 
grades are closely related to it and are described in the following scheme: 
 

Term Description Grade 

Fresh No visible sign of rock, material 
weathering: perhaps slight discolouration 
on major discontinuity surfaces. 

I 

Slightly weathered Discolouration indicates weathering of rock 
material and discontinuity surfaces. All the 
rock material may be discoloured by 
weathering and may be somewhat weaker 
externally than in its fresh condition. 

II 

Moderately weathered Less than half of the rock material is 
decomposed and/or disintegrated in a soil. 
Fresh or discoloured rock is present either 
as a continuous framework or as 
corestones. 

III 

Highly weathered More than half of the rock material is 
decomposed and/or disintegrated to a soil. 
Fresh or discoloured rock is present either 
as a continuous framework or as 
corestones. 

IV 

Completely weathered 
Residual soil 

All rock material is decomposed and/or 
disintegrated to a soil. The original mass 
structure is still largely intact. All rock 
material is converted to soil. The mass 
structure and material fabric are 
destroyed. Here is a large change in 
volume, but the soil has not been 
significantly transported.  

V 

VI 

 
 

Figure. 6. Different types of wall strength parameter in the descriptive analysis of 
fractures and joints on the field (The International Society for Rock Mechanics, 1977). 
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v) Filling – infill material or minerals that are growing within a discontinuity separate 
the adjacent rock walls from a discontinuity and are usually weaker than the parent 
rock. Typical filling materials are sand, silt, clay, breccia, gouge, mylonite, quartz and 
calcite veins (The International Society for Rock Mechanics, 1977) 
 

vi) Seepage – presence of water in liquid or solid state, visible in individual 
discontinuities or in the whole rock mass (The International Society for Rock 
Mechanics, 1977) 
 

vii) Number of sets – a number of joint sets which constitutes the intersecting joint 
system. One can further divide the rock mass by individual discontinuities. 
(The International Society for Rock Mechanics, 1977) 
 

3.2 Rock mass classification 

Rock Tunneling Quality Index, Q 
The rock mass characteristics were proposed by the Norwegian Geotechnical 
Institute and are nowadays widely used. The numerical expression of the index Q 
varies on a logarithmic scale from 0.001 to a maximum 1.000 and is calculated as 
follows: 

Q=RQD/Jn × Jr/Ja × Jw/SRF 
 

 The Rock Quality Designation (RQD) was created to estimate a quantitative 
measure of rock mass quality from drill core logs. RQD was developed to represent 
the rock mass quality in situ (Hoek, 2007).  The calculation is based on the following 
parameters: 
 

RQD= ∑length of core pieces > 10 cm length / Total length of core run  × 100 
 

The poorest rock mass quality is represented by a value from 0 to 25, where the best 
quality is represented by the highest rate on the scale (from 90 to 100) (see Appendix 
1). 
 
The joint set number (Jn) or the number of joint sets which constitutes the 
intersecting joint system is also expressed in numerical terms. In this case, the least 
amount of joints is represented by a value of 0.5 to 1.0. While a crushed rock has the 
highest value of 20 (see Appendix 2). 
 
The joint roughness number (Jr) measures the degree of roughness, waviness or 
sleekness of a discontinuity mean plane and is numerically expressed on a scale 
from 0.5 to 4.0, where low values represent a high shear stress resistance (see 
Appendix 3). 
 
The joint alteration number (Ja) combines both the weathering state of a rock mass 
and its mineral filling. It is numerically expressed on a scale from 0.75 to 13.0. The 
highest number is assigned to the poorest quality of a rock mass through a high 
grade of weathering and a thick layer of mineral coating diminishing the contact 
between a rock mass and a discontinuity (see Appendix 4).  
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The joint water reduction (Jw) is a measurement of the presence of water in liquid or 
solid state, visible in individual discontinuities or in the rock mass as a whole. This 
parameter is expressed on a scale from 0.05 to 1. Where 1 represents the absolute 
absence of water (see Appendix 5). 
 
The stress reduction factor (SRF) represents a parameter which helps to evaluate to 
which degree stress is acting inside a rock mass and how high the probabilities for a 
wall to collapse are. Its scale is represented by range from 2.0 to 20.0. The higher the 
value the higher the pressure inside a rock wall (see Appendix 6).  
 

Therefore, the Q-index number is a function of three parameters which can be 
described as: 

• Block size (RQD/Jn) 
• Inter-block shear strength  (Jr/ Ja) 
• Active stress (Jw/SRF) 

(Hoek, 2007) 
 

In this study, however, the Q bas index was used. The Basic Rock Tunneling 
Quality Index, Q bas, is calculated in the same way as Q index, but excluding the 
third quotient (Jw/SRF). Jn is adjusted to 2 in a case of a tunnel and to factor 3 in a 
case of a tunnel junction. What is not applicable here, therefore, the third quotient is 
excluded.  Besides, there is no need to measure the active stress since the research 
goal is to study and characterize the geological structure which caused the rock slide 
and not to evaluate if the research area is appropriate for tunnel building.   
 
The Rock Mass Rating (RMR) 

The Rock Mass Rating is a classification system which was developed by 
Bieniawski in 1973. This system is based on six main parameters (fig 10): 

• A bedrock’s compressive strength 
• Rock Quality Designation (RQD) 
• Spacing of discontinuities 
• Conditions of discontinuities 
• Ground water conditions 
• Orientation of discontinuities 

(Isaksson, 2012) 
 

The Basic Rock Mass Rating (RMR bas) classification was used for this research. 
Both Qbas and RMRbas are indexes which are used only in Sweden. Qbas and 
RMR bas characterize a rock mass as it is. While Q and RMR are classifications 
which are related even to a position and orientation in relationship to structures 
(RMR parameters) as well as to a depth position (SRF) (Lars Hanssen, 2013). The 
Ground Water parameter in the RMR classification and the Jw (joint water reduction) 
parameter in the Q index are thought to be solved by grouting of the rock mass 
before excavation, thus they get a favorable evaluation and can be excluded from the 
calculations.   

Both systems give information about the quality of a rock mass and a safety factor, 
and are, therefore, essential to decide if a rock mass requires a strengthening 
reinforcement.   
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3.3. Stereographic projection 

Stereographic projection is the method for projecting linear and planar features in 
order to determine the angular relationship between them. It gives a clear picture of 
the discontinuities and their intersection as well as it helps to estimate a cut slope 
angle and safety factors (Lisle et al, 2004). This method helps to identify the main 
orientation of structures. It can assist in the analysis of the bigger structures which 
are impossible to see in the field. 
 

 

3.4 Geographic Information Systems 

Another important tool used to analyze the slope angles in the research area is the 
Geographic Information Systems (GIS).  

With the help of the US Geological Survey and its tool Earthexplorer 
(www.earthexplorer.usgs.gov) a Digital Elevation Model (DEM) (fig 7) of the area was 
downloaded. 
 

 
 
Figure 7. The research area is highlighted in red and can be exported as a Digital Elevation 
Model (DEM).  

 
There exist different maps of the research area.  In order to adjust and combine 

these raster pictures the Data Management Raster tool -> Mosaic to new raster is 
used. 

It is important to pay attention on the research area’s number of the geographic 
zone according to Universal Transverse Mercator coordinate system, where the 

http://www.earthexplorer.usgs.gov/
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research area is located in the geographic zone 32T. Therefore, the reference 
system must be changed to WGS1984 UTM zone 32N. Here we have the Cartesian 
coordinate system, with a cell size of 15 meters. 
 With the help of the Spatial Analyst Tool a map visualizing the slope angle 
distribution can be generated.  
 

 

4. Results 

 

4.1. Surface mapping 

Mapping of the research area was carried out on three locations: (1) directly at the 
rock slide slope, (2) 130 m east from the slope and (3) 30 m north from the slope. 
 The rock slide slope has an inclination of approximately 70° and is represented by 
seven main fractures which create three main fracture groups (fig 8 and fig 9). Two 
big fractures oriented NE-SW with the steep dip form the first group, three fractures 
with NE- SW and NW-SE orientation form a conjugate second group and two 
fractures NE-SW orientated with a shallower dip form the third group. The NW-SE 
oriented fractures are not included in the stereo plots, because direct measurements 
were not possible due to safety reasons.  
 
 

 
 

 
Figure 8. The rock slide steep with the three main fracture groups. 



18 

 

 

Figure 9. A vertical sketch of the rock slide steep. Different colours 
represent the three different discontinuity sets. The arrows show the 
borders between them.   
 

 

 

 

 
 

 

 

At the area of the scan line 130 m east from the rock slide slope, 61 fractures were 
identified as important since theirs length exceeded 1 m. At the area 30 m north from 
the slope, 10 fractures of the interest could be identified (fig 10). 
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Figure 10. The rock slide slope is marked by the green star. The 30 m scan line is 
marked as area A (ellipse) and the 130 m scan line is also included (B). The area 
around the rock slide slope was mapped by other two students and marked as 
areas C and D.  
 

 
 

4.1.1 Orientation  

The orientation of the fractures in the whole area shows two dominant trends for 
the strike direction. The first one is the NE – SW group of fractures with a dip ranging 
from 45° to 75° (fig 11). The second is the ENE-WSW group with a dip variation 
ranging from 45° to 60° (fig 12). The prevailing amount of fractures (approximately 
66% of the total amount) has NE-SW strike, 20% strike is ENE-WSW oriented and 
only a few have N-S (fig. 13) or E-W strike, which are not identified on the stereo plot.  
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Figure 11. The stereographic projection of the first fracture group: NE-SW  
 
 

 
Figure 12. The stereographic projection of the second fracture group: ENE – 
WSW  
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Figure 13. The stereographic projection of the third fracture group: N-S.  

 
 
 
 

4.1.2 Other characteristics 

The spacing between fracture zones ranges between 2 and 5 m.  
The majority of fractures have the medium persistence, and a trace length ranging 
from 1 to 30 m. 

Roughness and waviness of fractures at the rock slide steep were categorized as 
slickensided undulating. However, at the area east from the rock slide steep 77% 
fractures were identified as smooth undulating, rough undulating – 10% and the rest 
of fractures were identified as slickensided undulating. In the area north from the rock 
slide slope all fractures were identified as smooth undulating. Wall strength was 
identified as moderately weathered to highly weathered.  

In the area of the rock slide slope and North from the slope the mineral infilling is 
represented by clay, calcite and iron oxides. The mineral coating of fractures at the 
area east from the slope is represented by clay, calcite, iron oxides, and chlorite and 
in some occasional cases by mica, sulfide, silt and quartz. Frozen water was found in 
30% of fractures. Clay is found in the majority of fractures (figure 14). 
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Figure 14. The graph represents the summarized minerals occurrence from all studied 
fractures. 
 

The mineral coating thickness of 80% of the fractures at the research area was 
about 2-3 mm, while 20% had at least 5 mm coating.  
The visible length of fractures varied from 1 to 30 meters. The majority of fractures 
had a trace length of 10 to 20 meters (figure 15). The mean trace length is 10.02 m.  
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Figure 15. The graph shows the distribution of fractures trace lengths. The group size has 
chosen according the classification of persistence (International society for rock mechanics, 
1978).   
 
The majority of fractures (62%) intersect the whole outcrop. The rest branches from 
one fracture to another, building a net of fractures.  
 
 

4.2 Rock mass classification 

In the area of the rock slide slope three fracture groups could be identified. 
Therefore, the measurements were done separately for every group. 

 The first fracture group has 17. It is the highest value of the Rock Quality 
Designation (RQD), though it is still very poor quality. The second fracture group has 
the lowest quality of rock designation. It has 8.0. Since there are three joint sets that 
represent the rock slide slope, all three sections have a value of 9 for the Joint set 
number (Jn). The roughness of fractures was estimated as slickensided undulating 
with the first group having a value of 1.5 for the Joint Roughness Number (Jr). 
However, group 2 and 3 were evaluated as zones containing clay minerals thick 
enough to prevent rock wall contact, thus Jr has a value of 1.0 at both groups. The 
first fracture group has complete rock wall contact, but contains small clay-fractions. 
So, the Joint Alteration Number (Ja) is 3.0 for the first group. The second and the 
third fracture groups have > 10 cm shear displacement between wall contacts with 
medium to low over-consolidation, leading to a numerical estimation of 8.0 for Ja for 
both groups.  
 
Table 1: The Basic Rock Tunneling Quality Index, Qbas, for the rock slide slope: 
Section RQD Jn Jr Ja Qbas 

1 17 9 1.5 3 0.94 
2 8 9 1 8 0.11 

3 13 9 1 8 0.18 
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The compressive strength of the rock material was roughly evaluated in the field. 

All three sections got different numerical estimations according to the field 
observation of the in situ rock quality. The first fracture group outcrop couldn't be 
peeled by a knife, but could be ruptured with help of a geological hammer. Thus, the 
evaluation of the rock's compressive strength is 25 MPa, which represented by 4 
points in the calculation. While the second and third fracture group could be peeled 
by knife and therefore showed the less compressive strength of 5 MPa, it gives 1 
point. RQD evaluation from the Q bas index is 17, 8 and 13 respectively 5 and 3 
points in the RMR bas calculation. The spacing of discontinuities at the first section is 
between 200 – 600 mm, therefore the evaluation is 10. The second and third fracture 
groups have a spacing of discontinuities between 60 and 200 mm, so it is expressed 
by the lower numerical estimation, 8. The strength condition of discontinuities is 
estimated as 0 for the first fracture group ( slickensided surface with separation 1-5 
mm) and as 10 for the second and third section (slightly rough surface and highly 
weathered walls). 
Table 2: The Geomechanics Classification or the Basic Rock Mass Rating ,RMRbas, 
for the rock slide steep 
 
Section Compress 

strength  
RQD Spacing Condition Gr. W. 

condition 
Orientation RMRbas  

1 4 5 10 0 15 0 44 

2 1 3 8 10 15 0 37 

3 1 3 8 10 15 0 37 
 

 

 

 

 

Slope angle evaluation in the study area with the Geographic Information System. 
The Geographic Information Systems tool shows that the general trend of the 
inclination at the studied outcrops is rather steep and varies from 50 to 73° (fig 16). 
The GIS tool measurements are in good agreement with the measurements in field. 
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Figure 16. A map showing the slope angle in the research area: A-black line shows the 130 
m scan line east from the rock slide slope, B-black line shows the 30 m scan line north from 
the rock slide slope. The rock slide slope is marked by the black star. 
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5. Discussion 

 
It has been hypothesized that the rock slide slope is located within a fault zone. In 

reviewing the literature on the geological history of the area, it was found that the 
slope is located relatively close to a steeply-dipping fault (Stålhös, 1968). The fault 
orientation is NW-SE (Stålhös, 1968; Persson et al., 2001). The deformation history 
of the region suggests reactivation of the fault (Person et al., 2001), since it is 
oriented normal to the extension direction of the region.  

During the surface mapping of the rock slide slope and the surrounding area, two 
main fracture groups were identified having a strike of NE-SW and ENE-WSW. There 
were a few fractures with N-S and E-W orientation which are not identified on the 
stereo plot. A third fracture group with NW-SE orientation was identified by other 
students in the area North-West and South-West from the rock slide slope (figure 10, 
marked as C and D) (Guldstrand, 2013). According to Guldstrand (2013), NW-SE 
oriented fractures have a dip of 40° to 60° towards NE (Guldstrand, 2013). The 
observed correlation between the fracture orientations in the research area and the 
fault orientation suggests that the rock slide occurred due to the fact that the slope 
fracture pattern is most probable subparallel to the discontinuities.  

A mineral coating was found in every fracture studied. The thickness of the infilling 
in fractures affects the strength properties (Hoek, 2004). According to Hoek (2004), 
filled discontinuities can be divided into two general categories: recently displaced 
discontinuities and undisplaced discontinuities. The rock slide slope is a recently 
displaced discontinuity. In this case, the shear strength is close to residual strength. 
Due to displacement, the previous cohesive clay bonds have been destroyed by 
shearing. Thus, the new clay infilling has a normally consolidated state (Hoek, 2004). 
This, on top of an increase in water content, would further reduce rock strength 
(Hoek, 2004). The area around the slope is undisplaced and therefore clay and other 
minerals have formed by chemical weathering. Hydrothermal alteration leads to the 
emergence of low strength material, such as clay, and high strength material, such as 
quartz or calcite (Hoek, 2004). However, in both cases, mineral coating gives 
evidence for the active mechanical and chemical weathering and increasing shear 
stress. Since the rock slide occurred relatively recently (about 10 years ago), growing 
new minerals show a slow and gradual increase in shear stress. This observation 
supports the assumption concerning the reactivation of the fault (Person et al., 2001). 
However, this data is limited and must be interpreted with caution in order to confirm 
the fault's reactivation. Therefore it is recommended to enlarge the study area.  
The rock mass classification showed that the rock quality in the research area is 
poor. According to the Qbas index, the first fracture group with a numerical index of 
0.94 (from maximum 1.000) has the best rock quality. The poorest quality has the 
second fracture group, with only 0.11. The result concurs with the fact that the rock 
slide took place mostly along the area of the second group. The third fracture group 
has an index of 0.18, which is slightly higher, but still showed a low rock quality. 
The first fracture group has the highest RMR bas evaluation, which stands in 
agreement with the Q bas index. The rock mass quality is higher for the first group 
and RMR bas classification confirms this along with Q bas. The second fracture 
group has the lowest RMR bas evaluation and is only insignificantly higher than that 
of the third group.  
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The Basic Rock Mass Rating showed the same results as the Basic Rock Tunneling 
Quality Index, where the second fracture group had the lowest numerical expression 
of the rock mass quality. Both classification systems are consistent with each other. 
The ratio of Q bas to RMR bas is 1 to 60. Thus, if Q bas is 0.94, one can expect RMR 
bas to be around 50 and if Q bas is 0.1, then RMR bas is expected to be around 40.  
The rock slide slope could be suitable for further construction usage, under the 
condition that additional reinforcement is used to strengthen the lowest quality parts 
of the rock mass.  

The general trend of the inclination in the area is approximately 70° and is rather 
steep in some places. This is due to the artificial cutting of the bedrock made during 
the construction work (fig 15). It should be expected that rain and other precipitation 
falling on the steep sections would have high kinematic energy which leads to a 
higher rate of chemical erosion (Zdaniwicz, 2014). The brownish-yellow color is the 
evidence of the highly active erosion process operating in the study area. Therefore, 
the area requires constant monitoring and work on the rock slide assessment 
questions.  

Though the rock slide risk is not new, there is a lot of disregard to the rock slide 
assessment questions. The neglectful attitude to the geology and deformation history 
of a place is the core of the problem. Since the overall geological analysis of a place 
is not required by law, some owners and consultants avoid the additional expense by 
ignoring the geological background of their projects. There are three key aspects 
lying at the root of the problem: uncertainty, lack of knowledge among managers and 
owners of projects and the absence of legislative enforcement to provide a geological 
investigation (Cruden and Fell, 1997). In order to avoid uncertainty in the evaluation, 
it is important to develop already existing consequential risk analyses, deepen 
knowledge of the subject and utilize new geotechnology. The lack of the knowledge 
among the public and managers is a common problem for all countries. It is essential 
to educate actors and decision makers at all levels about rock slide and land slide 
risk assessment. It is important to demonstrate the importance of geological 
surveying in construction and design questions.  

The absence of a legislative foundation for risk analysis is the last, but not least, 
aspect of the problem. This problem has many sides. However, one of the most 
important aspects is the absence of one common system that would help to evaluate 
a risk level as acceptable or intolerable. Since there is no clear description of each 
risk level and probable consequences of it, it is difficult to apply a legislative 
framework to the problem. One way to solve this situation is to make a geological 
investigation compulsory for every construction work.  

The rock slide at the research area may have been avoided if the owners of the 
project had taken into account the geological specialties of the place. If they had 
provided a comprehensive geological investigation, they could have changed the 
cutting orientation to a more favorable direction. They could have designed the slope 
in other, more constructive, ways. The deformation history of the place suggests that 
the north direction for cutting work is the most unfavorable, with the highest risk of 
failure. Therefore, it is important to communicate this information to other companies 
and organizations that are planning further construction usage of the research area.  
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6. Conclusions 

 
• The mapping of structures in the research area suggests that the rock slide 
was unavoidable since the cutting work was carried out subparallel to the orientation 
of a fracture set.  
• The presence of clay minerals at almost all fractures and the presence of 
chlorite at the majority of fractures are indicators for shear stress in the area. 
• The orientation of the nearby fault and the deformation history of the region 
suggest that the rock slide could have been more damaging if the fractures were 
dipping towards North-East. 
• The research area hosts a dense fracture network. The distance between 
fractures is not more than 1-2 m. This fact shows the weakness of this zone, and that 
this area can be used for further construction work only with well-planned 
strengthening reinforcement.  
• Both rock mass classifications show poor rock mass quality in the study area.  
• According to the aforementioned conclusions, the Huddinge Council plan to 
build a bicycle road close to the rock slide slope requires careful leveling with regards 
to the geological structures in the area. Since the bedrock will be cut four meters 
deep, the blasting work is potentially risky for creating a rock slide.  
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I. Appendix 

Classification of RQD values from very poor to excellent quantitative degree of rock 
mass quality from drill core logs (Hoek, 2007): 
Description Value 

Very poor 0-25 

Poor 25-50 

Fair 50-75 

Good 75-90 

Excellent 90-100 
 

II. Appendix  

Classification of the joint set number (Jn) from massive to crushed rock constituency 
(Hoek, 2007): 
Description Value 
Massive, no or few joints 0.5 – 1.0 

One joint set 2 

One joint set plus random 3 

Two joint sets 4 

Two joint sets plus random 6 

Three joint sets 9 

http://www.huddinge.se/
http://www.nbcnews.com/science
http://www.trafiksatsningstockholm.se/
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Three joint sets plus random 12 

Four or more joint sets, random, heavily 
jointed, ”sugar cube”, etc 

15 

Crushed rock, earthlike 20 
 

III. Appendix  

Classification of the joint roughness number (Jr) (Hoek, 2007): 
description Value 

Rock wall contact/rock wall contact 
before 10 cm shear 

 

Discontinuous joints 4 

Rough and irregular, undulating 3 

Smooth undulating 2 

Slickensided undulating 1.5 
Rough or irregular, planar 1.5 

Smooth, planar 1 

Slickensided, planar 0.5 

No rock wall contact when sheared  

Zones containing clay minerals thick 
enough to prevent rock wall contact 

1 

Sandy, gravely or crushed zone thick 
enough to prevent rock wall contact 

1 

 

 

IV. Appendix 

Classification of the joint alteration number (Ja) (Hoek, 2007): 
description  

Rock wall contact  

Tightly healed, hard, non-softening, impermeable 
filling 

0.75 

Unaltered joint walls, surface staining only 1 

Slightly altered joint walls, non-softening mineral 
coating, sandy particles, clay-free disintegrated 
rock, etc. 

2 

Silty-, or sandy-clay coating, small clay-fraction 
(non-softening) 

3 

Softening or low-friction clay mineral coatings, 
i.e. Kaolinite, mica. Also chlorite, talc, gypsum 
and graphite etc., and small quantities of swelling 
clays (discontinuous coatings 1-2 mm or less) 

4 

Rock wall contact before 10 cm shear   

Sandy particles, clay-free, disintegrating rock etc. 4 

Strongly over-consolidated, non-softening clay 
mineral filling (continuous < 5 mm thick) 

6 

Medium or low over-consolidated, softening clay 
mineral fillings (continuous < 5 mm thick) 

8 
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Swelling clay fillings, i.e. Montmorillonite 
(continuous < 5 mm thick). Values of Ja depend 
on percent of swelling clay-size particles, and 
access to water 

8.0 -12.0 

No rock wall contact when sheared  

Zones or bands of disintegrated or crushed 6 

Rock and clay 8.0 – 12.0 

Zones or bands of silty-, or sandy-clay, small clay 
fraction, non-softening  

5 

Thick continuous zones or bands of clay 10.0 – 13.0 
 

V. Appendix 

Classification of the joint water reduction factor (Jw) (Hoek, 2007): 
description value 

Dry excavation or minor inflow i.e. < 5 l/m locally 1 

Medium inflow or pressure, occasional outwash of joint fillings 0.66 

Large inflow or high pressure in competent rock with unfilled joints 0.5 

Large inflow or high pressure 0.33 

Exceptionally high inflow or pressure at blasting, decaying with 
time 

0.2 – 0.1 

Exceptionally high inflow or pressure 0.1 – 0.05 
 

 

VI. Appendix 

Classification of the stress reduction factor (SRF) (Hoek, 2007): 
 

description Value 

Weakness zones intersecting excavation, which 
may cause loosing of rock mass when tunnel is 
excavated 

 

Multiple occurrences of eakness zones containing 
clay or chemically disintegrated rock, very loose 
surrounding rock (any depth)  

10 

Single weakness zones containing clay, or chemically 
disintegrated rock (excvation depth < 50 m) 

5 

Single weakness zones containing clay, or chemically 
disintegrated rock (excavation > 50 m) 

2.5 

Multiple shear zones in competent rock (clay free), 
loose surrounding rock (any depth) 

7.5 

Single shear zone in competent rock (clay free) 
(depth of excavation < 50 m) 

5 

Single shear zone in competent rock (clay free) 
(depth of excavation > 50 m) 

2.5 

Loose open joints, heavily jointed or ”sugar cube” 
(any depth) 

5 

Competent rock, rock stress problems  
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Low stress, near surface 2.5 

Medium stress 1 

High stress, very tight structure (usually favourable to 
stability, may be unfavourable to wall stability) 

0.5 – 2.0 

Mild rockburst (massive rock) 5.0 – 10.0 

Heavy rockburst (massive rock) 10.0 – 20.0 

Squeezing rock, plastic flow of incompetent rock 
under influence of high rock pressure 

 

Mild squeezing rock pressure 5.0 – 10.0 

Heavy squeezing rock pressure 10.0 – 20.0 

Swelling rock, chemical swelling activity 
depending on presence of water 

 

Mild swelling rock pressure 5.0 – 10.0 

Heavy swelling rock pressure 10.0 – 20.0  
 




