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Abstract 
Quick clay landslides have caused a large number of natural disasters in Norway. These have 

resulted in loss of human lives and major damage on property, roads, railways, and 

infrastructure. Quick clay acts as a fluid when disturbed or overloaded, and therefore affects 

large areas away from the triggering point. Extensive accumulations of quick clay are found in 

residential areas, where the socio-economic consequences of a landslide can be enormous.  

Consequently, it is important to identify, assess and manage this risk.  

 

The purpose of this thesis is to develop a complete risk analysis framework to undertake the 

risk associated with quick clay landslides in Norway. Currently, such a framework is not 

existent. There only exists partial analyses and guidelines focusing on single parts of the risk 

analysis process, which were discovered through a thorough literature study. This thesis puts 

an emphasis on a uniform and systematic framework, that includes several risk analyses to 

determine the hazards, consequences and risk of a study area, and that is followed by risk 

assessment and management. The framework provides a simple approach to risk of quick clay 

landslides and contains room for judgement and engineering experience to be included.  

 

Further, an empirical exemplification of this risk framework was performed on the Haugen 

quick clay zone in Kongsberg, to enlighten the usefulness of the risk analysis framework. For 

this purpose; map studies, geotechnical investigations, fault tree analysis and creation of a 

landslide database were carried out. Potential hazard zones are classified according to hazard, 

consequence and risk level. The evaluation was carried out using a semi-quantitative analysis 

developed by NVE. This approach classifies the study area utilizing ñengineering scoresò by 

evaluating the local conditions, which resulted in a low hazard and severe consequence level. 

The risk is the product between the hazard and consequence scores, and was categorized as 

medium. Based on these results, in addition to evaluations of triggering events, landslide extent 

and return period, a risk matrix and activity matrix was developed. These matrixes were used 

as a base to make decisions of the required mitigation measures and remedial activities to reduce 

the classified risk. The risk mitigation measures should primarily be focused of the stability 

conditions toward the river in the south of the Haugen zone. Secondary, a stabilizing fill should 

be considered along the river. Further research should be performed on the Early Warning 

System for monitoring of the quick clay slopes and triggering events. 
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1. Introduction 

1.1. Background 

The largest and most damaging natural disasters in Norwayôs history have been caused by quick 

clay landslides. The socio-economic consequences of landslides are enormous, and they make 

the residents feel unsafe. Quick clay is a hidden hazard. Quick clay slides are triggered 

suddenly, and are harder to forecast than snow avalanches and extreme weather. A further 

challenge is that urban areas, both large cities and villages, are settled on top of quick clay 

slopes. It is therefore important to establish a complete risk analysis framework for quick clay 

landslides in Norway. The framework should include how to identify and map the quick clay 

zones, how to evaluate the hazards, consequences and risk, but also how to assess and treat this 

risk.  

 

Currently, over 1750 quick clay zones have been mapped nationwide, where approximately 250 

zones are classified as high and very high risk classes. 137 quick clay zones have been mapped 

in Buskerud county (L'Heureux et al., 2014). Buskerud is especially susceptible to quick clay 

landslides due to its geological history, and some large landslides have been triggered here in 

the past. It is estimated that more than 28 fatalities have been caused by clay- and soil slides in 

Buskerud in historical times (Furseth, 2006). In the Haugen zone, residential areas are resting 

on hills of quick clay which slopes into the river Lågen, and will have large consequences if the 

slope fails. Consequently, this area will be used to perform the empirical exemplification of the 

risk analysis framework.  

 

Climate models show that an increase in landslide hazards can be expected in Norway as a 

result of the climatic changes. The models and forecasts predict an increase in the frequency 

and intensity of extreme weather events (EWEs) in the future (Dyrrdal et al., 2011). The global 

warming has led to changes in meteorological- and hydrological conditions, in addition to 

increased temperatures and amount of precipitation. Extreme rainfall can trigger quick clay 

slides in steep terrain and intensify the erosion in slopes adjacent to the rivers, but also increases 

the pore pressure in the clay which reduces the slope stability. Human activity and interventions 

in the terrain are also triggering factor for landslides. Risk management including structural and 
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non-structural risk mitigation measures that can help reduce the hazard of landslides and 

consequently reduce the vulnerability and consequence level for the elements at risk.  

 

Earlier the responsibility for safety associated with landslides were divided between multiple 

Ministries, without anyone having the overall responsibility. The Norwegian Water Resources 

and Energy Directorate (NVE) was in January 2009 assigned the overall responsibility for flood 

and landslide safety and risk. The governmental goal was to create safer communities and 

increase the civil protection through reduction of risk associated with landslides and floods. 

There are two landslides with a particular importance for the mapping and awareness 

concerning quick clay slides; the Rissa landslide in 1978 and the Kattmarka landslide in 2009. 

These and a few other major disasters helped to increase the awareness and ñconvinceò the 

authorities of the need to take preventive measures. The national wide mapping of zones with 

potential quick clay hazard was started in the aftermath of the Rissa landslide. This process is 

further explained under previous work and is one of the main topics of this thesis.  

 

1.2. Previous work 

There have been published multiple articles and reports on the subject of geohazard and 

landslide risk, and how to assess and deal with this risk (Dai et al., 2002, Lavell, 2003, Mun, 

2004, Fell et al., 2005, Lee, 2009, Nadim and Lacasse, 2009, Han et al., 2011, Lacasse et al., 

2012, Rollins and Zekkos, 2012, Morello et al., 2014, AGS, 2000). In the 1980ôs the attention 

towards risk and hazard assessments and mapping increased, and some of the later publications 

on this matter is by Karlsrud (2008), Rowe (2010), Clague et al. (2012), LôHeureux et al. (2014), 

Nelson (2014) and Ottesen et al. (2016). Gradually, the vulnerability and hazard assessment 

was implemented in natural hazards in the international community, which is reflected in the 

works by Cannon (1994), Wisner et al. (2003), Cutter and Finch (2008) and Cardona et al. 

(2012). The focus of mitigation measures as a tool to reduce the risk of landslides has increased 

the later years amongst engineers and geoscientists. It is now acknowledged that a proactive 

approach is required to deal with risk management. 

Currently, risk and hazard is a natural part of the landslide analysis, and highly sophisticated 

geophysical and geotechnical investigation tools exist and should be included in the analysis 

(Lacasse et al., 2012). The new and improved scientific work enables more detailed estimates 

of magnitude, frequency, physical impacts of various landslide types. However, these scientific 

insights are not adequate to reduce risk, on its own, as it needs to be integrated with study 



4 Chapter 1: Introduction 

 

performed by social scientists. The issues of coping capacity and vulnerability which needs to 

be incorporated into a hazard analysis (Clague et al., 2012). In the future, the scientific 

community must expand the knowledge of the mechanisms to be able to assist the authorities 

with up-to-date techniques, including investigation methods, hazard assessment, planning and 

mitigation measures (LôHeureux et al., 2014).  

 

The Norwegian Geological Survey (NGU) started in 1970 to produce modern Quaternary 

geological maps of Norway. After the Rissa landslide, a national mapping of potential hazard 

zone for landslides was initiated. The mapping was conducted by the Norwegian Geotechnical 

Institute (NGI) and NGU, and focused on the locality and extent of the danger zones. This early 

mapping was performed in the Trøndelag and Østlandet regions, and was based on the 

Quaternary geological and marine limit maps. NVE initiated in 2001 a program with the aim of 

classifying the risk of the already mapped- and new quick clay zones, and to further investigate 

and implement mitigation measures in the zones of high or very high risk classes. The mapping 

and classification of risk required new procedures to be developed in the geotechnical 

community. Each danger zone was evaluated with respect to hazard, consequence and risk. The 

main focus of the quick clay mapping the last 2-3 decades have been large zones onshore (over 

10 acres) and zones in close proximity to rivers or streams. The current methodology for 

mapping and preparation of danger maps are based on geological and geotechnical 

characteristics, topographical conditions, and observed changes in the terrain (L'Heureux et al., 

2014). NVE performs quick clay mapping of selected areas, based on a risk priority in the urban 

areas of Norway. The results from the mapping are continuously updated in the NVE Atlas on 

www.nve.no. In connection with the Natural hazard-Infrastructure-Flood-Landslide (NIFS) 

project NVE and Statens Vegvesen have collaborated to improve the quick clay maps and the 

mapping methods (Ottesen et al., 2016). Increasing the rate of implementation of the quick clay 

mapping seems like an effective measure to avoid potential landslide events in the future. 

 

1.3. Objective of study 

The objective of this master thesis is to establish a complete risk analysis framework to 

undertake the risk of quick clay landslides in Norway. Until now, there have been partial 

analyses and guidelines published that focuses on single parts of the risk analysis process. The 

Landslide Risk Management framework compiled by the Australian Geomechanics Society 

(AGS) will be used as a base for the process of establishing a complete risk framework. 

http://www.nve.no/
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However, this framework needs to be greatly modified to fit the Norwegian practice for quick 

clay landslides. This framework encourages a uniform and systematic method to perform risk 

analyses, and includes several risk analyses to determine the hazards, consequences and risk, 

which is followed by risk assessment and mitigation measures. It should also contain room for 

judgement and engineering experience. 

 

Another objective is to perform an empirical demonstration of this risk framework. The Haugen 

quick clay zone in Kongsberg is chosen for this purpose. The goal is to contribute in increasing 

the knowledge of how quick clay landslides are evaluated in terms of hazard, consequences, 

vulnerability and risk, and the importance of proactive risk management given its importance 

for the Norwegian society. The study can provide valuable information for the residents, other 

people working on problems connected to quick clay and to researchers. The study can 

hopefully inspire further work on the subject.   

 

1.4. Problem statement 

The focus of this thesis is the risk associated with quick clay landslides in Norway. There are 

two aspects of importance for this thesis. The first is how to develop a complete risk analysis 

framework for quick clay landslides. The second is how to demonstrate the use of the 

established risk analysis framework. Based on this the problem statement is divided into two: 

1) Develop a complete risk analysis framework for quick clay landslides in Norway.  

- Establish a consistent terminology for landslide risk 

2) Perform an empirical exemplification of the risk framework on the Haugen quick 

clay zone in Kongsberg.  

- Qualitatively evaluate the hazard, consequence and risk level 

- Estimate landslide run-out distance 

- Evaluate the triggering events 

- Perform a frequency analysis of landslides in Buskerud based on historical data 

- Quantify the vulnerability level of the Haugen quick clay zone 

- Create a risk matrix for the risk assessment, and provide information concerning the 

tolerable and acceptable levels of risk for loss of life 

- Propose structural and non-structural risk mitigation measures 
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Document analysis has been used for the purpose of answering the first problem statement, 

whereas a case study is used to answer the second problem statement. These methods are 

presented in the methodology chapter. The overall problem statements have not changed 

throughout the process. However, the types of analysis, methods and data used in the case study 

have been changed. Guidance is provided on methods used for the demonstration of the risk 

analysis framework. 

 

The motivation for this thesis is the social significance of quick clay landslides in Norway. The 

society today has a focus on preventing disasters, and lack of knowledge as a cause is no longer 

tolerated. Hence, there is a need to increase the understanding of the factors controlling quick 

clay landslides. After the Kattmarka landslide, the inadequate method of the existing mapping 

method was debated, and changes were made. This work can hopefully contribute to a more 

effective hazard and risk mapping in the future.  

 

1.5. Limitations of study 

The focus of the study is to develop a complete risk analysis framework for quick clay 

landslides which have helped limiting the scope of the thesis. The main work was invested in 

the risks analysis, as they were important to achieve a risk estimate for the following risk 

assessment and management. The risk analysis performed is mainly qualitative, with exception 

of the frequency analysis and vulnerability analysis. This limitation is due to the time and data 

constrains. The focus of the analyses is limited to loss of life and property/structures, other 

elements at risk could have been included. The risk analysis of the Haugen quick clay zone 

focuses on the consequences onshore, and have not evaluated the potential of offshore 

landslides. Due to the time and resource constraint, the thesis lacks field surveys and onsite 

investigations.  

 

1.6. Outline of thesis 

Chapter 1: Is introductory, with objective of study, problem statement and limitations. The 

chapter also describes previous work in the field.  

Chapter 2: Concerns quick clay, Quaternary geology and quick clay landslides in Norway, and 

provides a geological perspective for the rest of the thesis.  
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Chapter 3: Describes the methods and data gathering processes used in this thesis. The focus 

is on the data, document analysis and case study. 

Chapter 4: Present the risk analysis framework for quick clay landslides which is the basis for 

the analysis.  This chapter is based on document analysis. 

Chapter 5: Is the case study part of the thesis. The focus is on the hazard evaluation, and several 

analysis and assessments are performed. The assessment and management of the landslide risk 

will be presented, and the theory from chapter 4 is used in practice.   

Chapter 6: Presents the discussion of the main topics in the thesis. 

Chapter 7 and 8: Is the closing part of the thesis and contains the conclusions of the work and 

recommendations for further work.
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2. Understanding quick clay landslides 

This chapter provides an overview of the geological framework needed to understand quick 

clay landslides. To study the possible causes of landslides we need to use theories from the 

fields of geotechnics1 and quaternary geology2. The chapter introduces landslides in Norway, 

what quick clay is, where quick clay is found and how landslides occur. 

 

2.1. Landslides in Norway 

Landslides is the geohazards in Norway that represents the most severe risk for economic loss 

and loss of life. This is due to the Norwegian landscape, climate and the geological history 

(NGU, 2012, NGU, 2015c). During the last 200 years, approximately 2500 human lives have 

been lost due to landslides in Norway. Animals, injured people and material losses are not 

included in this estimate (Furseth, 2006, Jaedicke et al., 2008). Quick clay landslides 

contributed to 1150 of these fatalities (Furseth, 2006).  

 

Landslides redistribute mass from areas of high elevation towards lower elevations, and in this 

way, contribute in the shaping the Earthôs surface. Landslides are most commonly found in, but 

not restricted to, mountainous areas. They can occur in any place with sufficient relief and slope 

angle to produce gravitational stresses able to cause soil or rock to fail (Clague et al., 2012). 

Geotechnical features, such as soil properties and slope gradient, determines the stability of the 

slope. Landslides are triggered when the strength of the slope decreases as a result of heavy 

rainfall climatic conditions, erosion, floods or human activity (Furseth, 2006). Consequences 

of such landslides can be destruction of infrastructure and cultivated land, such as roads and 

houses, as well as damaging habitats, and changing the local hydrology. 

 

Quick clay landslides have caused some of the largest natural disasters in Norway. The large 

extent of these landslides separates quick clay slides from other landslides. The landslides occur 

very abruptly and most often without warning; therefore, the consequences may be catastrophic. 

The quick clay landslide in 1345 in Gauladalen, which was followed by a flood, is the largest 

registered in the country, with 500 fatalities (Rokoengen et al., 2001). The quick clay landslide 

in Verdal, where 116 people were killed in 1893, is also well documented (L'Heureux et al., 

                                                 
1 Geotechnics: Oxford dictionary define geotechnics as: ñThe branch of civil engineering concerned with the study 

and modification of soil and rocksò. From OXFORD DICTIONARY 2017. Geotechnics. In: OXFORD (ed.). 
2 Quaternary geology involves geological processes occurring during the ice ages in the Quaternary period, the 

last 2-3 million years. From NGU 1995. Geologisk ordliste. In: NGU (ed.) Geologien i Narvik..  
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2013). The Rissa landslide in 1978 is photographed in Figure 2.1. It was triggered by a minor 

terrain intervention that lead to 5 million cubic meters of quick clay sliding out in a matter of 

minutes and resulted in one fatality (NVE, 2006a). 

 

 

Figure 2.1: Shows the landslide crater after the Rissa landslide. The length of the crater measures 1,5 km 

(NVE, 2006a). 

 

Landslides are fairly normal phenomena in a geological time perspective, although there may 

be several years between each large slide (Janbu et al., 1993). Furseth (2006) concluded that 

smaller landslides occur relatively often, however the large quick clay landslides have a 

frequency of 2-3 per hundred years. There does not exist a clear definition of what a ñlargeò 

slide is. However, Aas (1981) defined that landslides covering areas greater than 80-100 000 

m2 or which involves volumes greater than 0,5-1 000 000 m3 qualifies as large. 

 

Landslides are defined as: ñThe movement of soil, rock and organic materials down a slope 

under the effect of gravityò (NIFS, 2014, p.12). Landslides are named and categorized after the 

type of masses involved in the slide. Further, geoscientists distinguish the slides based on the 

failure mechanism, speed and water content. According to the classification by Cruden and 
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Varnes (1996) quick clay landslides are defined as soil slides, based on the material and 

movement type. Other types of landslides are rock fall, snow avalanche and soil slides.  

 

2.2. What is quick clay? 

Clay is composed of microscopic particles formed by natural processes such as erosion and 

withering. For a soil to be classified as clay more than 30% of the particles must be smaller than 

0,002 mm in diameter (Janbu, 1989). The soil is formed by withering and deposition of clay 

particles in quiet waters, especially in oceans. Clay is the most widespread sediment on Earth, 

as large parts of the deep ocean is covered by thick layers of pelagic clay.  

 

What makes quick clay so special and feared, is the fact that it loses its firmness and floats as a 

liquid when disturbed or sufficiently overloaded. These properties are closely connected to the 

formation of the clay. Quick clay is deposited in saltwater, and is thus formed below the sea 

level. During the last ice age, Norway was covered with a thick icecap, adding weight and 

pushing the buoyant land downwards. When the ice started to melt approximately 12 000 years 

ago, the weight was gradually lifted, causing isostatic uplift of the land. Areas that had been 

located beneath the sea level now rose, bringing the deposited clay out of the saltwater and 

above the current sea level.  

The particles precipitated in saltwater forms a loose, porous grain structures, where the particles 

create a skeleton and the pores are saturated with seawater, as seen in Figure 2.2 A (Janbu et 

al., 1993, Sveian et al., 2002). As seen in Figure 2.2 A, the tip of the grains is positively charged 

while the sides of the grains are negatively charged, holding the particles together. This charge 

is caused by the presence of ions from the saltwater.  

 

 

Figure 2.2: Quick clay structure before, during and after a landslide (Janbu et al., 1993).  
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Normal seawater has a salt content of approximately 35 grams per liter (Issler et al., 2012). If  

the salt content is retained the properties of the clay is kept normal and the clay is stable. 

However, if the salt content is slowly washed out and reaches a limit of 2-5 grams per liter, the 

ionic forces will be weakened, the loose structure becomes unstable and quick clay can be 

formed (Sveian et al., 2002). The presence of groundwater in the sediment or nearby river can 

wash out the salt and gradually reduce the concentration of ions in the pore water. When a 

landslide occurs the loose structure collapses, as seen in Figure 2.2, C and D, and the masses 

forms a low viscosity liquid, as seen in Figure 2.3, because the excess water originally located 

in the pores are released. An analogy for the structure of quick clay and its collapse is a house 

of cards; the smallest movement can cause failure of the structure.  

 

 

Figure 2.3: Shows the liquid quick clay when stirred or overloaded (Issler et al., 2012).  

 

The geotechnical definition of quick clay is a marine clay which in unstirred state has a 

remolded shear strength3 Ó 0,5 kPa and a sensitivity4 > 30 (NIFS, 2014).  

                                                 
3 Remolded shear strength, Sr: The strength (measured in kPa) of stirred clay to resist loading. From: JANBU, N. 

1989. Grunnlag i geoteknikk, Trondheim, Tapir. 
4 Sensitivity, St: is the ratio between the strength of the intact sample in relation to the strength of the disturbed 

sample of the same clay material. 
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It must be stressed that not all marine clay will become ñquickò by leaching of its salt content. 

Quick clay is typically formed in lenses or pockets in hillsides and in slopes towards rivers or 

oceans. It is also important to note that quick clay in unstirred state is not a dangerous liquid 

mass in the ground waiting for a fracture to float through. Quick clay may initially be as firm 

as normal clay, and can withstand considerably strain if it is handled with sufficient care. 

However, if the salt has been washed out and the clay is overloaded, the structure can collapse 

causing a quick clay landslide (Janbu et al., 1993, Sveian et al., 2002).  

 

2.3. Where is quick clay found? 

The highest occurrence of quick clay in Norway are found in the eastern and middle parts of 

the country. In addition to small occurrences found in the Northern Norway as well as Western 

and Southern Norway (Jaedicke et al., 2008). Marine clay comprises about 5000 km² of 

Norway, where 20% consists of sensitive quick clay. Similar deposits are also found in parts of 

Sweden and Canada (NGU, 2015d).  

 

The deposits of quick clay reflect the special glacial history in a period called Quaternary, 

hence, the last 2,6 million years. The Quaternary period consisted of fluctuating ice ages, 

superseded by milder interglacial periods. The thickness of the ice sheet covering Norway 

varied; it was generally thickest towards the center and thinning towards the coats. Following 

the melting of the ice, the uplift was largest where the thickness of the ice was greatest. It 

follows that the central part of Scandinavia has been uplifted (and is still uplifting) more than 

the Norwegian coast. There was a global sea level rise as the ice melted, around 120-125 meter 

since the last ice age.  However, this sea level rise did not exceed the isostatic uplift in the 

Eastern Norway and in Trøndelag. Due to the country rising faster than the ocean, large areas 

around the fjords were elevated over the sea level and transformed to dry land. The phenomena 

of quick clay is thus connected to fjords in areas with a history of Quaternary glaciations and a 

subsequent isostatic uplift were the salt water clay (marine clay) has risen above sea level (Janbu 

et al., 1993, Sveian et al., 2002). 

 

The highest sea level at the end of the last ice age, is referred to as the marine limit (ML). This 

level is the highest previous sea level after the disappearance of the ice and represents the 

highest point where we can find deposits of marine clay with the possibility of quick clay (NGU, 

2015d). The height of the marine limit varies throughout Norway depending on the amount of 
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uplift and thickness of the ice sheet. The highest marine limit , at 220 meters above the current 

sea level, is found in the areas around Oslo, whereas in Trøndelag the limit reaches 200 meters 

as illustrated in Figure 2.4 (Sveian et al., 2002). The prevalence of quick clay, and the danger 

of quick clay slides, are restricted to areas below the marine limit.  

 

 

Figure 2.4: The blue areas shows areas located under the marine limit (Sveian and Solli, 1997). The marine 

limit in height over sea level in meters are shown. The numbers are highest were the ice sheet was thickest 

during the last ice age.  

 

2.4. Why do landslides occur? 

With some simplifications, it is easy to explain how landslides occur: the real cause of all 

landslides is forces of gravity. All soil particles will be affected by gravity, and will try to move 

to a lower level, if not inhibited to do so. It is the strength of the soil, the shear strength, that 

represents the hindrance. If the shear strength of the soil becomes considerably small in 

comparison to the forces trying to move a volume of soil downwards, a landslide will be 

initiated. As mentioned, the initiating events are either human intervention or natural events, 

such as heavy rainfall, erosion and earthquakes. This can be expressed by formulas and 

mathematical expression, which also can be used to calculate if a slope or area is sufficiently 

stabile (Janbu et al., 1993, Sveian et al., 2002).  
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In a hypothetical cut through a slope we can achieve a combinational effect, occurring 

simultaneously and operating in the same unfortunate direction: Heavy rain or significant snow 

melting can result in the groundwater level rising from ñLowò to ñHighò, as illustrated in Figure 

2.5. Water saturated soil is heavier than dry soil, hence the weight of the soil on the top of the 

slope will increase (increased driving forces). At the foot of the slope erosion may occur, 

especially if a river or stream is present, but also where the groundwater table trickles out of 

the ground (Janbu et al., 1993). Most important, however, are the processes occurring in the 

ground. The pore pressure will increase along potential fracture surfaces in the slope, and 

consequently the shear strength will be reduced.  Both means reducing of the stability. When 

the driving forces exceeds the stabilization forces, the slope will fail and a landslide will be 

formed (Sveian et al., 2002).  

 

Figure 2.5: Cut through a slope with a typical circle-shaped fracture surface. Modified after  Janbu et al. 

(1993).  

 

Landslides can be triggered by natural causes, as has occurred in thousands of years. However, 

in present times most are triggered by human activity disturbing the natural balance and creating 

conditions for landslides (NGU, 2015d). This is done by either increasing the driving forces or 

by decreasing the stability, the same principal is valid for natural slides.  Increased amount of 

load on top of the slope, most typically filling for roads, buildings etc., increase the strain. 

Digging at the foot of slopes, such as ditches, basements and road crossings, weakens the 

stabilization forces. Elevated supply of water out towards a slope may be risky in more than 

one way (Janbu et al., 1993, Sveian et al., 2002). Landslides triggered by human activity do not 

necessarily cause a landslide immediately. The slope may be apparently stable for years until 

periods of heavy rain and unfavorable conditions arise.  
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This knowledge is important to understand the geological/geotechnical framework for quick 

clay landslides and the risk they pose for the society. The knowledge is also useful for 

understanding the maps and risk analysis presented later in this thesis.  
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3. Methodology 

This chapter provides an overview of the methods used to answer the problem statements and 

why these were chosen. The quality and uncertainty of the methods are discussed. 

 

3.1. Data 

The data forming the basis of this study is: 

- Various databases of geotechnical reports, which includes public reports and documents 

regarding quick clay landslides, Quaternary geology, risk analysis methods, safety and 

risk mitigation measures.  

- Database of soil investigation reports 

- Newspaper articles of landslide events 

- Information on the agencies websites (NVE, NGU, NGI, Statens vegvesen, 

Jernbaneverket etc.) 

- Guidelines for quick clay mapping, stability requirements, and building and/or minor 

intervention in established quick clay zones 

- Casework and articles involving quick clay problematics 

- Multiple map portals 

- Books on historical landslide events 

 

All the documents used in the document analysis are available for the public. The data collection 

is based on strategical searches in the library databases, geotechnical databases, journal article 

databases, study of the reference list of reports and articles, and review of information available 

on the websites of the central agencies.  

 

3.2. Document analysis 

The first part involves establishing a complete risk analysis suitable for quick clay landslides, 

and a thorough document analysis was performed. Document analysis consist of a systematical 

review of written sources. What makes such an analysis special is that as sources are reviewed, 

the problem statement is illuminated and the understanding of other sources and the context is 

increased. Such an analysis distinguishes between central and peripheral documents. This study 

will mainly focus on the central documents. Further the lists of references of these 

articles/reports was studied. Primary sources of the document were used to be able to judge the 
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credibility, and assess them relative to the context in which they were designed (Thagaard, 

2003). For the risk analysis of quick clay slides the combination of the following keywords 

were used in the data gathering process: quick clay landslides, landslide risk, risk analysis for 

geohazards, quick clay, mitigation measures and risk assessment. The choices of literature were 

based on the relevance for quick clay landslides in Norway.  

 

Sources of special importance for the risk analysis was: Landslide Risk Management Concepts 

and Guidelines by AGS (2000), Method for Mapping and Classification of Hazard Zones, 

Quick Clay by Gregersen (2001), Learning to Live with Geohazards: From Research to 

Practice by Lacasse and Nadim (2011), Risk Assessment and Mitigation in Geo-Practice by 

Lacasse et al. (2012), Extent and Run-out Distance for Quick Clay Landslides based on a 

Catalogue of Landslide Events in Norway by L'Heureux and Solberg (2012), How to Calculate 

a Recurrence Interval by Sciencing.com (2017) and guidelines by NVE, NGI and Statens 

vegvesen. 

 

The most important landslide and risk terminology is collected in appendix A, and is used 

throughout this thesis to establish a consistent terminology. If you come across unknown terms, 

use appendix A as a reference to find the relevant definitions. 

 

3.3. Case study 

The case study of this thesis concerns the exemplification of the risk analysis framework on the 

Haugen quick clay zone in Hvittingfoss, Kongsberg. The quick clay zone as a unit is the focus 

of the analysis, not particular individuals or buildings. The purpose of the case study is to 

achieve a parallel understanding of the zone being studied and its connection to other conditions 

(Thagaard, 2003). To answer the second problem statement, the methods for gathering relevant 

maps, geotechnical investigations, fault trees and creation of landslide database are presented.  

 

3.3.1. Gathering relevant maps 

The purpose of the maps was to find the areas of potential landslide hazard and use this 

information to evaluate the hazard level. The maps used in this thesis was gathered from the 

map services found at nve.no (NVE, 2017a) and ngu.no (NGU, 2017a). Quaternary geological 



18 Chapter 3: Methodology 

 

maps, marine limit maps and slope angle maps were used with the purpose of producing hazard 

maps. The hazard maps can be used for land-use planning, and public awareness.  

Quaternary geological maps 

Quaternary geological maps use polygons in various colors to provide an overview over the 

different types of sediments, their prevalence in the landscape and their formation. The maps 

also provide an overview over processes forming the landscape over time, as well as the 

distribution of the sediments and their expected characteristics. This information is of great 

importance for management of the landscape, including evaluation of vulnerability and 

landslide hazards (NGU, 2015b).  

 

 

Figure 3.1: Quaternary geological map collected from www.ngu.no (NGU, 2017a). 

 

The polygons are based on multiple Quaternary geological map products in different scales. 

This results in some simplifications in comparison to the complete Quaternary geological maps, 

because not all of the information is included. These maps are created by NGU, which have the 

national responsibility for the mapping, maintenance, updating and development of maps. The 

quality of these maps depends on the scale and the quality which they were mapped in. The 

production of the Quaternary maps includes detailed studies of airplane photographs, LiDAR 

data, extensive data collection in the field, and in some cases, also laboratory analyses. To 

develop these maps a solid competence in Quaternary geology is required. The map products 

are continuously improved to ensure the best possible quality (NGU, 2015b).  

http://www.ngu.no/
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Marine limit maps 

The maps showing the marine limit are useful in land-use planning and quick clay mapping. 

The marine limits are presented as points (ML-registrations), lines (modelled ML) and polygons 

(area over and under ML) in the map, see Figure 5.3 for reference (NGU, 2017b). NGU have 

created an additional map service ñMarine limit and Quaternary sedimentsò which enables the 

readers to easier read the Quaternary geological maps, and identify areas with potential of quick 

clay, see Figure 5.3 for reference (NGU, 2016b).  

 

The ML registrations are based on literature, geological maps and field observations by 

experienced geologists. It should also be taken into account that there may be some uncertainty 

associated with the ML registrations, and that the coverage of registrations varies. The 

uncertainty in the individual registrations will rarely exceed 10 m in height, and the most 

important areas of quick clay will be captured in the model presented in the map database. The 

uncertainty connected to the modelled ML will be somewhat larger, especially in areas with 

few ML registrations. However, the maps are continuously updated as new information is 

gathered (NGU, 2017b). The ñMarine limit and Quaternary sedimentsñ-service is based on a 

filtered and simplified version of the Quaternary maps, coupled with the data set for marine 

limits. It is important to check the scale of the mapping, and remember that there may be 

uncertainties in the underlying marine limits (NGU, 2016b).  

Slope angle map 

The maps of the slope angles are used to identify hazard zones, and decide whether the slope 

criteria are fulfilled (see chapter 4.1.2 for more information). An example is found in Figure 

3.2. The colors range from white (0 degrees) to red (45-90 degrees), and are presented by 

polygons.  
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Figure 3.2: Shows the slope angle of the Hvittingfoss area (NVE, 2017a). The white areas are flat, whereas 

the red color presents the steepest slopes with the highest slope angles.  

 

The polygons may include some simplifications and the registrations may be associated with 

some degree of uncertainty. 

 

3.3.2. Geotechnical investigations 

The geotechnical information from the Rambøll: Tveit et al. (2016) report was mainly used to 

evaluate the hazard level of the Haugen quick clay zone, but also to learn about the stability and 

safety factors of the area to decide which mitigation measures were needed.  

 

NVE do not perform their own geotechnical investigations, but orders investigations associated 

with quick clay mapping, landslide situations, safety projects and detail investigations of quick 

clay zones (Ottesen et al., 2016). Rambøll was hired as consultants for the geotechnical 

investigations of the quick clay evaluations of the Haugen zone. GeoStrøm carried out the soil 

investigations in the Haugen area during 2012 and 2013. Data from previous investigations by 

GeoStrøm, Statens Vegvesen, Løvlien Georåd and NGI have also been included in the report 

by Rambøll: Tveit et al. (2016). This information is considered to be based on expert 

knowledge. 

 

3.3.3. Fault tree 

The purpose of the fault tree analysis was to show all the elements that need to be present for a 

quick clay landslide to occur. The fault tree analysis is a logical chart showing what is required 



Chapter 3: Methodology 21  

 

for an top event to take place. The diagram shows how the various activities relate to each other 

and the undesired event. In the context of this thesis, the undesired event is the occurrence of a 

quick clay landslide, which presents the top event. The direct causes of the quick clay landslide 

are called basic events and are represented with rectangles. There are logical gates (symbols) 

connecting the basic events to the top event (Aven, 2008). These symbols with the 

interpretations are presented in Figure 3.3. 

 

Figure 3.3: Symbols used in fault tree diagrams (Aven, 2008). The basic events in this thesis is presented 

as rectangles. 

 

The fault tree presented by the author in Figure 5.5 was created using the software SmartDraw 

2017. This software helps to create visuals quickly and includes various templates to choose 

from (SmartDraw, 2017).  

 

The fault tree does not include numbers. This is because they would have been qualified guesses 

and not of any great value. However, the fault tree gives a simple overview of the factors that 

is required for a quick clay landslides to occur.  

 

3.3.4. Creation of landslide database 

This landslide database gathers data of previous and historical landslide events that have 

occurred in Buskerud county. The purpose of this data is to assess the frequency of landslides 

in the area and present the data statistically. Information concerning landslide events wass 

compiled in a landslide database, and is collected from different sources, which are explained 

below. The complete database is presented in Appendix C.  



22 Chapter 3: Methodology 

 

National landslide database  

In the national landslide database, historical landslide events are registered with point 

coordinates, as shown in Figure 3.4. The database contains information from different sources, 

such as field observations, technical reports, historical documents, old church books and 

newspapers. The national landslide database is available on web at www.skrednett.no and 

www.skredatlas.nve.no. NVE is responsible for developing the database and web portals, 

coordinate data gathering and registrations (Ottesen et al., 2016).  

 

 

Figure 3.4: Shows an examples of landslide registration in the NVE Atlas (squares). The events are: orange 

square is a quick clay slide, white square is a snow avalanche and finally the brown square is an unspecified 

soil slides (NVE, 2017b).  

 

Landslides are registered using the RegObs (RegObs, 2017) and Skredregistrering.no (NVE, 

2017c) tools. RegObs is a tool for geohazard related observations, amongst others, landslides. 

The tool is found as a mobile application and web-platform. Everyone can register observations. 

The observations in RegObs are transferred to the national database regularly, whereas 

Skredregistrering.no registers landslide events directly into the national database (Ottesen et al., 

2016). The landslide registrations are classified according to the masses involved, such as snow 

avalanche, submarine slide and quick clay slides. 

Technical reports and literature 

Quick clay landslides are one of the landslide types especially well documented through 

technical reports. Technical reports and literature are collected from NVE, NGU and NGI, and 

are described below: 

http://www.skrednett.no/
http://www.skredatlas.nve.no/

























































































































































































