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Preface 

The present licentiate thesis is concerned with risk management with application to management 
of geotechnical risks in infrastructure projects. The thesis includes a literature review of the 
concept of risk and risk management in general to create a basis for further studies of the 
management of geotechnical risks. The literature review also comprises project risk management 
in geotechnical engineering and a study of the risk management process in three infrastructure 
projects executed in recent years. The literature review and the case studies form a foundation for 
a discussion about the distribution of risks between the actors involved in an infrastructure 
project as well as the roles of the actors in the risk management process with the aim of creating 
opportunities for a successful management of geotechnical risks. The thesis has resulted in a 
description of a qualitative and conceptual methodology of the management in geotechnical risks. 
 
The thesis is the second part of a research project that started at the division of Soil and Rock 
Mechanics at the Royal Institute of Technology in Stockholm, Sweden, in 2002. The first two 
years of research have been summarised by Hintze (2004). The work presented in this thesis 
started in 2003 and is the result of the author’s first years of research. The study has been 
financed by the Development Fund of the Swedish Construction Industry and the Royal Institute 
of Technology. The thesis shall be used as a platform for the second part of this work which is 
planned to be concluded in 2007 and presented in a doctoral thesis. Earlier research at the Royal 
Institute of Technology on similar topics have resulted in doctoral theses by Olsson (1986), 
Hintze (1994), Sturk (1998) and Isaksson (2002) as well as several articles and conference papers, 
e.g. Sturk et al. (1998) and Stille et al. (2001). 
 
This thesis is presented as a monograph but parts of it have been presented in the following 
conference papers: 

Carlsson M, Hintze S and Olsson L, 2004, Application of System Analysis in Geotechnical 
Engineering - An Example from the South Link Road Construction, Nordic Geotechnical Meeting, 
Ystad, Sweden. 

Hintze S, Carlsson M and Stille H, 2004, Risk and System Analysis Model in Geotechnical 
Engineering - A Tool for Better Understanding and Decisions, International Association of Bridge 
and Structural Engineering Symposium, Shanghai, China. 

Carlsson M, Hintze S and Stille H, 2005, On Risk Management in Large Infrastructure Projects, 16th 
International Conference on Soil Mechanics and Geotechnical Engineering, Osaka, Japan. 

 
Two M. Sc. Theses have been carried out within the project. These are: 

Nordström L, 2002, Risk och riskhantering vid arbete i jord och berg, M. Sc. Thesis 02/07,  
Division of Soil and Rock Mechanics, Royal Institute of Technology, Stockholm, Sweden. 
(In Swedish). 

Magnusson C, 2004, Analysmetoder för identifiering av risker vid sprängning, M. Sc. Thesis 04/12, 
Division of Soil and Rock Mechanics, Royal Institute of Technology, Stockholm, Sweden. 
(In Swedish). 
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Summary 

There have been several cost overruns, time delays and quality problems reported from 
infrastructure projects around the world in recent years. The reasons for the reported cost and 
time overruns are to some extent the result of changes in scope of the projects, inflation and 
other factors. A considerable part of these problems is however due to the large risks and 
uncertainties of different nature involved in many infrastructure projects. Furthermore, it is often 
difficult to assess and manage these risks and uncertainties successfully. In the future it will be 
important for the construction industry to avoid these cost overruns, time delays and quality 
problems in order to maintain a fair reputation and a reasonable profitability in the business. 
 
Many of the reported problems are associated with risks and uncertainties related to geotechnical 
conditions which are not managed sufficiently in the planning, design and execution phase of the 
projects. In order to achieve a cost-effective and a more predictable outcome of the projects to a 
cost that can be estimated before the projects begin, it is essential to manage the geotechnical 
risks and uncertainties involved in an adequate manner. The traditional methods of construction 
and risk management have proved not to be able to deal with these problems. 
 
Furthermore, the increasing trend towards a broader package of risks as well as the use of new 
contractual arrangements, the transfer or sharing of risks between public and private sectors, and 
the rapid evolving methods of construction procurement also require a new approach to risk 
management in geotechnical engineering. 
 
The main objectives of this study were to: 

 Provide a literature review of the concept of risk and risk management as well as the 
process of project risk management in geotechnical engineering in order to identify those 
factors that are critical to the performance of the risk management process. 

 Study how procurement methods and contractual arrangements affect the distribution of 
risks between the actors involved in an infrastructure project. 

 Examine how the management of geotechnical risks was performed in some recently 
executed infrastructure projects in order to identify strengths and weaknesses. 

 Discuss how the actors involved in an infrastructure projects should act in order to create 
opportunities for a successful management of geotechnical risks. 

 
To reach the objectives the thesis presents a literature review of risk and risk management in 
general and in geotechnical engineering in particular as well as a study of the risk management 
process in three executed infrastructure projects. The literature review includes the concept of 
risk and uncertainty as well as the management and perception of risks, both on a fundamental 
level as well as on a more detailed level including the specific issues that are significant in 
geotechnical engineering. The thesis was based on two main sources of information; a traditional 
academic literature survey and discussions with some of the actors involved in the case studies.  
The general perspective in the thesis is on geotechnical risks and uncertainties affecting the 
contractor and client, both technical and economical. The literature study aimed at, in general, 
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studying the process of management of geotechnical risks frequently present in infrastructure 
projects. Risks associated with contractual arrangements, organisation, construction methods and 
environmental issues are not considered explicitly. The management of risks related to the safety 
of the workers, fire and financial arrangements are not included at all in the thesis. 
 
The case studies include a coarse description of the risk management process performed in the 
studied projects. The case studies mainly focus on technical aspects in general and risks related to 
geotechnical conditions in particular. The experiences and conclusions reported from the projects 
are derived from the literature study of the projects or from those taking part in the risk 
management process and/or the execution of the projects. 
 
The literature study and the case studies revealed shortcomings and weaknesses in current 
methods for management of geotechnical risks. Some of these are: 

 There is a lack of consistency in analysing and managing risks for different projects and 
clients and, sometimes, the different actors perform their own risk analyses without any co-
ordination.  

 The construction industry suffers from an “illusion of certainty”, i.e. there is a belief that all 
risks can be foreseen and procedures for handling unexpected risks are therefore 
sometimes not established. 

 Existing methods of risk management often fail to manage many of the critical risks. 

 The risk management process in many projects is based on scientific method in a 
deterministic framework. 

 There is a tendency towards focusing on risks that can be most easily quantified. 

 Inadequate follow through from the analysis phase to the control of risks once the project 
starts to be implemented. 

 There are problems with the implementation of the decided risk handling actions in the 
execution phase. 

 The risk analysis is not used as a basis for risk sharing in some projects. 

 There is sometimes a weak connection between the risk analysis in the design phase and 
the management of risks in the execution phase.  

 
A successful management of geotechncial risks requires that an identification of risks and hazards 
is performed in an early phase of the project in a transparent and objective way by geotechnical 
engineers with knowledge and experience of risk management. An important issue is to ensure 
that the identified risks and hazards are managed properly in the execution phase, e.g. through 
the use of risk registers, monitoring, observational method and technical reviews. The risks and 
hazards should be communicated to all actors involved in the project and the characteristics of 
the information should be adjusted to the receivers. Furthermore, it is important to do the right 
things and not only to do the things right. 
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Due to the revealed shortcomings and weaknesses, the growing use of new contractual and 
procurement arrangements and the increasing location of infrastructure projects in urban areas, 
the current strategy of risk management should be modified. In order to ensure an effective 
management of geotechnical risks the actors involved in the building process should: 

 Ensure that there is a mutual view of the risks and the risk management process in the 
project. 

 Accept that there always will be geotechnical risks and uncertainties. 

 Use a top-down philosophy and adopt a comprehensive view of the project in order to 
focus on the actual problem at hand. 

 Allow a multipurpose and systematic investigation of the geotechnical conditions at the 
planning stage. 

 Use design methods that recognizes that the geotechnical conditions are uncertain. 

 Give the risk management activities equal importance with other project tasks. 

 Ensure that every risk handling actions are fully defined, with a duration, cost, resource 
requirement, owner, completion criteria etc. 

 Use appropriate types of contracts in relation to the risks involved and the desired 
distribution of the risks between the actors involved.  

 Start the identification of geotechnical hazards and initiating events in the early phases of 
all projects. 

 Emphasise appropriate design techniques in relation to the uncertainties involved, e.g. 
systematic engineering design or conceptual design. 

 Monitor and record the actual geotechnical conditions and behaviour during the project 
execution and review the geotechnical aspects of the design and identify opportunities 
where re-design could make construction more cost-effective, e.g. by adopting the 
observational method. 

 Communicate the risks to all actors involved in the project in a stringent way that is easy to 
understand and interpret. 

 Collect data during the risk management process which at the end of the project should be 
used to provide feedback on the effectiveness of the procedures used. 

 
Risk management in geotechnical engineering is a wide and multifaceted subject and there seem 
to be several problems and shortcomings in the management of geotechnical risks in many 
infrastructure projects today. As a consequence, there are many ways of continuing this study. 
The proposal for further research focuses on four issues in geotechnical engineering which the 
author thinks need more considerations: 

 The problem of understanding and identifying critical risks. 

 Further studies of methods for estimation of risks. 

 The attitudes towards risk and the communication of risks. 

 The distribution of risk among the actors involved and the connection to the type of 
contract and compensation. 
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Definitions 

The definitions of risk and associated words and concepts are often ambiguous, subjective and 
not strictly used in everyday language. To make a structural and stringent risk management 
process possible it is desirable that all words and concept are unambiguous defined and clearly 
understood among all individuals and actors included in the process. 
 
The definitions used in this thesis are primarily taken from Rowe (1977), Baecher (1981) Ang & 
Tang (1984), Rosenberg (1989), Hintze (1994), IEC (1995 & 2002), Lewin (1998), Sturk (1998) 
and Clayton (2001a & 2001b). 
 
 
Accident 
A damage event which is evolved under a short period of time. 

Consequence 
The result of an event expressed in qualitative and/or quantitative terms. 

Damage 
Loss of resources or fitness for purpose, including e.g. loss of financial resources, personal harm, 
property loss, environmental damage and insufficient quality. 

Damage event 
An unintended and, sometimes, unpredictable event that causes damage or lead to disturbances on 
an ongoing process. The duration of the event, i.e. the time between the initiating event and the 
actual damage can vary considerably. If the damage event evolves under a short period of time, the 
term accident is used. 

Damage object 
Objects which are subjected to damage, e.g. people, environment, property and business. 

Decision 
The choice of a certain alternative among several options in order to achieve a certain objective. 

Expected value 
The overall impact of a risk calculated by multiplying the consequence of a risk event with its 
associated probability of occurrence. It is equivalent to the average impact of the risk event which 
would result if a large number of identical projects were carried out.  

Hazard 
A threat of a possible damage event and an inherent characteristic of a risk object. 

Initiating event 
An event that induces a damage event eventually leading to damage. 
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Opportunity 
Opportunity is the combined effect of the probability and the consequence of an event with positive 
consequences. 

Probability 
The likelihood or degree of certainty of a particular occurrence taking place during a specified 
time period.  

Project risk 
Project risk is a measure of the potential inability to achieve overall project objectives within 
defined cost, time schedule, quality, environmental impact and technical constraints and can be 
estimated as the combination of the probability of a risk event occurring and its consequences for 
project objectives. 

Residual risks 
Those risks which are not avoided, transferred, shared or mitigated in the risk handling strategy. 

Risk 
Risk is the combined effect of the probability and the consequence of an event with negative 
consequences and can be calculated as the statistical expectation value of the event. 

Risk acceptance 
The willingness of an individual, group or society to accept a specific magnitude of risk. 

Risk analysis 
A systematic use of available information to identify hazards and to estimate the risks to 
individuals, projects, property or the environment. 

Risk assessment 
The combined term for risk analysis and risk evaluation. 

Risk assurance 
The process that systematically tracks and evaluates the performance of risk handling actions 
against established metrics throughout the construction process and develops further risk 
handling actions as appropriate. It feeds continuous information back into the other risk 
management processes. 

Risk avoidance  
An action to reduce the risk through modification or elimination of the sources of the risk. 

Risk communication 
The relevant oral and written information and feedback to the project participants on current 
identified risks, risk handling activities and possible emerging risks. 

Risk estimation 
The process of examining each identified hazard, isolating the cause and determining the effect. It 
also includes risk rating and prioritising where risks are expressed in terms of their probability of 
occurrence and severity of consequences. 
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Risk evaluation 
Decisions regarding acceptable risk levels and the analysis of different options concerning how to 
deal with the risks. 

Risk event 
The occurrence of an event which has the potential to affect the viability of a project. 

Risk handling 
The process that identifies, evaluates, decides and implements actions in order to set risks at 
acceptable levels given project constraints and objectives. 

Risk identification 
The process of recognizing the existence of a hazard and defining its characteristics. 

Risk management 
A systematic application of management policies and procedures in order to analyse, evaluate and 
handle risks. 

Risk matrix 
The presentation of the probability and consequence of risks in a matrix format. 

Risk mitigation 
An action either to reduce the probability of a risk occurring or to reduce the adverse consequence if 
it does occur. 

Risk monitoring 
A continuous process of monitoring and re-estimation of risks, initiating event and warning bells. 

Risk object 
An object including hazards that can cause damage. 

Risk owner 
An individual who has responsibility for monitoring, handling and controlling the residual risks.  

Risk planning 
The process of developing, documenting and communicating an organized, comprehensive, and 
interactive strategy and methods for developing risk handling plans, performing continuous risk 
assessments to determine how risks have changed, and assigning adequate resources. 

Risk register 
A list of risks identified in the risk review process, including full descriptive details and cross-
references. 

Risk response plan 
A plan prepared towards the end of the risk review for controlling the risks once implementation 
begins. 
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Risk review 
An overall assessment of the risks involved in a project, their magnitude and their optimal 
management.  

Risk sharing 
An action to reduce a risk through sharing the risk with another individual or organisation. 

Risk transferring 
An action to reduce a risk through a relocation of the risk from one part to another. 

Sensitivity analysis 
A technique used to discover how sensitive a result is to changes in the input values of the 
variables used to calculate the result. 

Strategic risk 
Any risk event which has serious or catastrophic consequences even though the probability of 
occurrence may be quite low. 

System 
A composite entity, at any level of complexity, of personnel, procedures, materials, tools, 
equipment, facilities and software. The elements of this composite entity are used in the intended 
operational or support environment to perform a given task or achieve a specific objective. 

System analysis 
A systematic identification of the key factors that affect the project and the dependence between 
these. System analysis questions the assumption that components of a system are the same when 
separated out as when they are part of the system.  

Uncertainty 
A situation or state with a complete lack of knowledge and experience. 

Warning bell 
An event or a state which indicates that a hazard is about to evolve into a damage event and 
subsequently damage. 
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1 Introduction 
1.1 Background 
Under the last decades there has been an increasing trend that many infrastructure projects have 
become more expensive than estimated and that the project times have been longer than 
expected (see e.g. Kastbjerg 1994, Whyte & Tonks 1994, Nylén 1996 & 1999, Clayton 2001a & 
2001b and Hintze 2001). The overall quality has also become lower than expected in many 
projects. Experiences from completed projects show that the main part of these problems and 
shortcomings arise in the design phase and are realised in the construction phase of the project 
(Bergström 1989, Chan et al. 1997 and Nylén 1999). Many of the reported problems are 
associated with geotechnical events, which are not managed appropriately in the design and 
execution phase (see e.g. Whyte 1994, Nylén 1996, Hintze 2001 and Clayton 2001a & 2001b). 
 
These statements are supported by statistics and observations from the construction industry 
around the world: 

 In a study of 180 projects in the 1960´s undertaken by Merewitz and presented by 
Kastbjerg (1994), showed that cost overruns of 50 % were frequent. The magnitude of the 
cost overruns tended to increase with the size and complexness of the projects and was 
higher in projects using state-of-art technology. 

 In Australia, Bromilow (1974) found that only one-eighth of the reviewed buildings 
contracts were completed within the scheduled completion date and that the average time 
overrun exceeded 40 %. Similar experiences have been presented by Bromilow et al. (1988) 
and Chan et al. (1995). 

 Kastbjerg studied 41 infrastructure projects and concluded that approximately 32 % of the 
studied projects had a cost overrun between 50 and 100 %. (Kastbjerg 1994).  

 Approximately 6 % of the total cost in the Swedish construction industry is related to the 
cost for correcting mistakes in design and execution (Josephson & Augustsson 1990).  

 The cost for errors is approximately 8 % of the total construction cost in the Swedish 
construction industry and almost 80 % of this cost is due to conditions established before 
the execution phase. A few large failures answer for a majority of the total cost of errors as 
approximately 10 % of the errors answer for 90 % of the cost. If the uncertainty causing 
the failure could be transformed into a calculable risk, approximately one third of the cost 
of failures could be avoided (Nylén 1996 & 1999). 

 According to a survey performed by Schälin & Pettersson in 1996 the cost for errors in 
Swedish civil works due to the lack of adequate knowledge of the geotechnical conditions 
is between three and four billion Swedish kronor each year (Schälin & Pettersson 1996). 

 The estimated cost for the new metropolitan highway system in Boston has increased from 
the original budget of around six billion USD in 1992 to an estimated cost of almost fifteen 
billion USD in 2004 (www.masspike.com/bigdig).  
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The reasons for the reported cost and time overruns are partly due to changes in scope of the 
projects, inflation and other factors. But these factors do not answer for the whole truth. A 
considerable part of these costs overruns and time delays are due to the fact that infrastructure 
projects include large risks and uncertainties of different nature which can be difficult to manage 
in a successful manner (Clayton 2001a and Hintze 2001). 
 
However, all projects and businesses ventures involve risks of various kinds. But uncertainties 
and risks affecting costs and time schedules seem to be more frequent in infrastructure projects 
than in other types of projects that generally are more standardised or well defined. Many 
infrastructure projects are characterized by varying and difficult conditions, long project time 
schedules, varying and diffused demands, complex contracts, high technical level, large and 
multifaceted organisations, and political, public and environmental focus (Stille et al. 1998). As a 
consequence, these projects often include large uncertainties and risks, which affect the 
performance and the result of the projects.  
 
In addition, infrastructure projects often have long life times and affect its users and the 
surroundings under a long period of time. This implies that the risks affect many different actors 
under a long period of time. Other characteristics that affect the management of present risks in 
many civil engineering projects are a strong project orientation where the project is carried out 
under new and, sometimes, unknown conditions. Furthermore, the construction process 
generally includes many different actors which often have limited experience of working with 
each other and the project organisation is often different in every project.  
 
The uncertainties due to insufficient information or incomplete knowledge of, for example, 
geotechnical conditions and design methods affect both the technical and financial performance 
of an infrastructure project. These uncertainties give rise to risks that can lead to reconstruction 
of part of the works, delay in completion, environmental damage and quality problems and can 
affect the health and safety of the workers involved. If these risks are not managed adequately, 
these unexpected events will probably result in negative consequences, e.g. loss of revenue or 
goodwill, additional costs for construction, operation or maintenance, or time delays. The costs 
that originate from these risks have to be borne by the contractor, the designer, the client or the 
society (Clayton 2001a). 
 
Risks and uncertainties in infrastructure projects can, in general, originate from geological, 
technological, organisational and/or economical conditions and these conditions are often related 
to each other. The uncertainties regarding these conditions and the complex interaction between 
these result in a large technical and financial risk in many projects. As the project increases in 
scope, these uncertainties and obstacles seem to increase as well (Lewin 1998). Additionally, 
almost every infrastructure project is unique as the conditions and demands vary from one 
project to another. This implies that the risks are quite different in every project (Sturk 1998). 
 
According to Hintze (1994 & 2001) a great part of the observed cost overruns and time delays in 
infrastructure projects are due to unexpected geotechnical conditions. Similar experiences from 
the British construction industry have been reported by Clayton (2001a). Deficiencies and 
shortcomings in the design and the investigations of the geotechnical conditions and the 
interpretation of the result from these investigations are responsible for approximately one third 
of the total cost for errors (Nylén 1996 & 1999). 
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As been stated previously, there have been many examples of infrastructure projects in recent 
times that have cost up to twice the budget amount to construct, opened more than twelve 
months late, performed well below the specified level of reliability or generated less than 50% of 
the forecast annual revenue. As a consequence, governments, funders and lenders have become 
unwilling to accept risks inherent in such investments (Lewin 1998). Given the average level of 
profit in the construction industry, it is vital for both the clients and contractors that these cost 
overruns and time delays are avoided in the future.  
 
Because of the existence of these risks, uncertainties and shortcomings many authors, e.g. Reilly 
(1996), Anderson (1997), Sturk (1998), Hintze (2001), Clayton (2001b) and Chapman & Ward 
(2004a), have proposed a project management with a risk focus for infrastructure projects. In 
order to achieve a more cost-effective end product and a more predictable outcome of the 
project to a predictable cost it is essential to handle the existing geotechnical risks. Though, in the 
light of the mentioned characteristics of many infrastructure projects, the risk management 
process is not a simple process to perform. The process involves many different actors with 
different knowledge and experiences, includes many different types of uncertainties and risks, and 
extends over relative long period of time. 

1.2 Objectives 
The overall objective of the thesis is to increase the knowledge of the process of management of 
geotechnical risks in infrastructure projects and find ways to improve the present risk 
management methods. The meaning of an infrastructure project is here a project including civil 
engineering works that is large and complex enough to require that, for the success of the project, 
a structured risk management process is conducted. In smaller or less complex projects it may be 
enough if an informal management of risks is conducted in the mind of the individuals involved. 
In an infrastructure project, this is however not enough. 
 
The main objectives of this study are to: 

 provide a literature review of the concept of risk and risk management as well as the 
process of project risk management in geotechnical engineering in order to identify those 
factors that are critical to the performance of the risk management process, 

 study how procurement methods and contractual arrangements affect the distribution of 
risks between the actors involved in a project, 

 examine how the management of geotechnical risks was performed in some recently 
executed infrastructure projects in order to identify strengths and weaknesses, and finally 

 discuss how the actors involved in an infrastructure projects should act in order to create 
opportunities for a successful management of geotechnical risks. 

 
The results of the study may be used in order to enable an effective risk management process 
which in the end gives lower life-cycle costs, more effective use of resources and more cost-
effective products. Additionally, the result of the study should be a base for further studies in the 
area of management of geotechnical risks. 
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1.3 Limitations 
The topic of risk management is an extensive subject and consequently the thesis is limited to 
certain specific issues. The scope of the thesis is outlined in the next section, but the general 
limitations are presented in this section. 
 
Infrastructure projects are in general considered to include large risks and uncertainties due to the 
nature of these projects and the number of cost overruns, time delays, quality problems and 
environmental impact which has been reported in many project recent years have been many. 
The implication of an infrastructure project is here that, due to the general size and complexity of 
these projects, it is not enough with one person’s subjective and informal assessment and 
management of risks for the project to meet its objectives. Therefore, resources for a structured 
risk management to be conducted must exist and some knowledge and experience of risk 
management have to exist in the project organisation. Risk management in smaller or less 
complex projects with, for example, less resource for the management of risks is not included in 
the thesis.  
 
The general perspective in the thesis is on geotechnical risks affecting the contractor and the 
client, both technically and economically. The literature study aims at, in general, studying the 
process of the management of geotechnical risks frequently present in infrastructure projects. 
Nevertheless, the literature review also considers the concept of risk and uncertainty and the risk 
management process on a fundamental level. However, a complete review of all concepts and 
methods in risk management in general can not be achieved in the framework of one chapter. In 
addition, the content in the thesis is to some extent characterised by the author’s experiences of 
risk management in the construction industry. 
 
Risks associated with the contract, organisation and construction methods are only considered 
briefly in the thesis. Furthermore, the management of environmental risks is not specifically 
included in the thesis. Risks related to the safety of the workers, fire etc. are not considered at all 
in the thesis. Risks related to the financial arrangements, e.g. currency changes, inflation and rates 
of interest are neither considered. Though, these types of risks can be handled in the same way as 
the risks mentioned in the literature review and the case studies. 
 
The case studies only include a coarse description of the risk management process performed in 
the three selected projects. The case studies mainly focus on the technical aspects in general and 
risks related to the geotechnical conditions in particular. The experiences and conclusions 
reported from the projects are derived from the literature study of the projects or from those 
taking part in the risk management process and/or the execution of the projects. A limitation in 
case studies in general is that there are much written about successful projects while unsuccessful 
projects are not reviewed that much. Furthermore, good experiences are reported, bad are not. 
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1.4 Scope and Disposition of the Thesis 
The thesis is based on two main sources of information; a traditional academic literature survey 
and discussions with some of the actors involved in the risk management process in the case 
studies. References are given successively in the thesis and are gathered in the end of the thesis. If 
no reference is given it is the author’s opinion or conclusion that is intended. 
 
To reach the objectives mentioned in sections 1.2, the thesis presents a literature review on risk 
and risk management in general and in geotechnical engineering in particular as well as a study of 
three executed civil engineering projects. The literature review includes the concept of risk and 
uncertainty as well as the management, perception and acceptance of risks, both on a general 
level as well as on a more detailed level including the specific issues that are significant in 
geotechnical engineering, see figure 1.1. 

 
Figure 1.1 The scope and disposition of the thesis. 
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The aim of the case studies is to study the risk management process in some recent executed 
infrastructure projects and to evaluate the risk management processes in these projects in order 
to identify areas for improvement. The obtained knowledge from the case studies shall be used as 
a platform for the discussion of the role of the actors involved in the construction process and 
for the proposals for further research in the area. The case studies were selected with the purpose 
of studying some recent executed infrastructure projects, not older than ten years, including 
different types of construction and with different geotechnical conditions and decision situations.  
 
The discussion in the thesis is based on the fundamental platform of risk and uncertainty 
management in civil engineering, a topic that has been considered in several doctoral theses 
(Olsson 1986, Hintze 1994, Sturk 1998 and Isaksson 2002) and articles (e.g. Stille et al. 2001) at 
the division of Soil and Rock Mechanics at the Royal Institute of Technology in Stockholm, 
Sweden. 
 
In order to enable an overview of the structure of the thesis, a short description of the chapters is 
given below. 
 
 

Chapter 2, The Concept of Risk Management – comprises a literature review and state-of-
the-art mainly related to the concept of risk and uncertainty and risk management in general. 
 

Section 2.1 provides a short introduction to the subject and describes the history of risk 
management and why it is a key aspect of successful complex projects. Section 2.2 describes the 
concept of risk and uncertainty, mostly in general terms but occasionally with a focus on 
geotechnical engineering. Section 2.3 presents the risk management process and describes the 
different parts of this process. Section 2.4 and 2.5 describes those factors affecting the individual 
perception of risk and aspects of what is considered to be accepted risk levels. Section 2.6 deals 
with risk communication, which is an essential factor for the performance of the risk 
management process. The chapter is ended with some considerations regarding the quality-
assurance of the risk management process in section 2.7 and conclusions in section 2.8. 
 
The objective of the chapter is to create a comprehensive picture of the key factors which 
governs a successful management of risks as well as the different factors affecting the risk 
management process. This acquired knowledge shall be the basis of the following chapters.  
 
 

Chapter 3, Project Risk Management in Geotechnical Engineering – is a literature 
review dealing with project management of risks in geotechnical engineering. 
 

Section 3.1 gives a short introduction into the subject of project risk management on a 
fundamental level. Section 3.2 and 3.3 consider the special features of the risks and uncertainties 
that are present in geotechnical engineering. Section 3.4 deals with risk sharing, i.e. how the risks 
are distributed among the actors involved in the construction process. Section 3.5 presents some 
selected methods of project risk management which is presented in the literature. The methods 
are selected with the purpose of review some of the different methods that can be used in the 
management of geotechnical risks in infrastructure projects. 
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The aim of the chapter is not to present a complete review of all existing risks, hazards and 
uncertainties in geotechnical engineering but to provide a fundamental basis of knowledge of 
these and to point out the most critical risks in many infrastructure projects. Furthermore, the 
methods of project risk management are presented in order to illustrate some useful examples of 
these methods, not to be a complete review of all existing methods. 
 
 

Chapter 4, Case Studies – presents a coarse description of the risk management process in 
three infrastructure projects that have been executed in recent years on a rather fundamental 
level. 
 

The presentation is based on a study of the documentation of the risk management process in 
these projects as well as informal interviews and discussions with some of the people involved in 
the projects. The studied projects are the contract SL10 (section 4.1) of the South Link Road 
Construction in Stockholm, Sweden, the contract MC1A (section 4.2) of the Delhi Metro project 
in New Delhi, India, and the construction of a road tunnel under the fjord Hvalfjörður (section 
4.3) located just north of Reykjavik on Iceland. The experiences and conclusions regarding the 
risk management process made in each project are summarised in each section. General 
conclusion from the three case studies is given in section 4.4.  
 
The purpose of the chapter is to study some examples of methods for risk management used in 
executed projects in order to distinguish deficiencies of and opportunities for improvement in 
these methods and to identify the most important factors for a successful risk management 
process. These shortcomings and factors of success are discussed in the next chapter. The risk 
management process in the case studies will generally be described in the perspective of the 
contractor and consider the risks related to geotechnical conditions.  
 
 

Chapter 5, Discussion – discusses the shortcomings of the methods for risk management 
that are used today, the distribution of risk between the actors involved in an infrastructure 
project and the key factors for a successful risk management process in geotechnical 
engineering. 

 
Section 5.1 gives a short introduction including some of the issues that have been mentioned in 
the previous chapters. In section 5.2 the shortcomings in the risk management process are 
outlined on the basis of the literature review and the case studies. Section 5.3 discusses how the 
risk shall be distributed between the actors involved in the building process in order to enable a 
cost-effective and safe execution of infrastructure projects. The role of the client (section 5.4), 
designer (section 5.5) and contractor (section 5.6) in the risk management process are also 
discussed in the following sections. 
 
The aim of the chapter is to outline the shortcomings of the risk management in geotechnical 
engineering today in order to discuss the key tasks for the actors involved in the construction 
process with respect to the management of geotechnical risks as well as to identify those areas 
that need further knowledge and research. 
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Chapter 6, General Conclusion – presents the general conclusions from the literature 
review, the case studies and the discussion chapter. 
 

The general conclusions consider the management of risks in infrastructure projects in general 
and in geotechnical engineering in particular. The chapter includes some recommendations for an 
improved management of geotechnical risks in infrastructure projects. 
 
 

Chapter 7, Proposals for Further Research – concludes the thesis by suggesting and 
discussing some of the ways of continuing this study. 
 

Due to the fact that risk management is an extensive and complex subject there are many ways of 
continuing this study. The chapter presents only some of these ways generally focusing on four 
issues; the problem of understanding and identifying critical risks, further studies of methods for 
estimation of risks, the attitudes towards risk and the communication of risks and, finally, the 
distribution of risk among the actors involved and the connection to the type of contract and 
compensation. 
 
 

Chapter 8, References – the final chapter gathers the references made in the thesis in an 
alphabetic order. 
 

The thesis comprehends concepts from several disciplines, e.g. statistics, geotechnical 
engineering, decision theory and the study of risk and risk perception. Abbreviations, notations 
and symbols that are generally used in the disciplines are used in thesis and these are explained 
successively in the thesis as they occur. Separate sections with abbreviations and notations and 
symbols have therefore been excluded. However, some definitions of key words and concepts in 
the risk management process are gathered in a separate definition section. 
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2 The Concept of Risk Management 
The risk management process is influenced by many factors such as the meaning and inter-
pretation of the word risk, individuals’ perception of different types of risks, the accepted risk 
levels and the communication of risks. The chapter includes a literature review principally related 
to the concept of risk and uncertainty and risk management at a fundamental level. However, 
there is some degree of connection to geotechnical engineering in some places, e.g. through some 
examples given in the text. The chapter includes the following topics: 

 The Concept of Risk and Uncertainty. 

 The Risk Management Process. 

 Risk Perception. 

 Risk Acceptance. 

 Risk Communication. 

 Quality Assurance of Risk Management. 
 
The chapter aims at creating a comprehensive picture of the different factors influencing the risk 
management process as well as identifying the key factors which determine the result of the risk 
management process. This acquired knowledge shall be used as a foundation for the further study 
and the following chapters. 

2.1 Introduction 
The study of risk came up as a new field of applied science in the late 1950´s due to a growing 
public concern with new technologies and the increasing environmental damage (Hansson 1993). 
Methods for risk management were first developed and used in industries where a failure could 
have severe consequences, e.g. the nuclear, process, aeroplane and space industry. The need for 
risk management was also growing because a change in characteristics of the systems and 
facilities that was planned. Small systems with long introduction times and local consequences 
were partly replaced by larger systems with shorter introduction times and large consequences 
which affected more people in the society. The experience and empirical data of these new 
systems was also scarce (Rowe 1977 and Andersson 1988). 
 
To deal with these changes and new prerequisites, researchers from different areas integrated in a 
new interdisciplinary discipline called risk analysis. The aim of this new discipline was to increase 
the knowledge about risks in general. In the beginning the research was primarily focused on the 
psychological factors of risks. This research was followed by studies of risk perception, decision 
theory and risk communication.  
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Risk management evolved as a discipline in the United States in the 1960’s due to increasing costs 
for business insurances which resulted in a demand for preventive measures to reduce business 
risks and new management functions. This early research has been developed under the last 
decades and is today used in many businesses, e.g. in financial businesses and in public business. 
Nowadays, risk management is a widespread used methodology in many industries, e.g. nuclear 
power, process, economy and industrial (see e.g. Otway 1987 and Grimvall et al. 1995). 
 
The interest in risk management in the construction industry started to grow in the 1990´s due to 
the increasing number of complex projects including large uncertainties and risks, e.g. the 
development of large scale infrastructure projects in urban areas. Today some form of risk 
management is performed in almost every project, though with different scope and methods. The 
early methods for risk management in civil engineering were, to a large extent, subjective and did 
not take the entire project into consideration. However, there seems to be a trend towards more 
objective methods which aims at taking the entire life-cycle of a project into consideration. 
Furthermore, due to lack of knowledge and economical and personal resources in the risk 
management process, most risk management in the past has been performed on an informal and 
intuitive basis based on engineering judgement (Andersson 1988). 
 
The management of risks and uncertainties in future infrastructure projects will probably become 
a more complicated process than before due to increasing dependence on advanced technology 
and the location of complex infrastructure systems in urban areas with tight time schedules and 
rigid cost limits. The physical constraints and technological challenges will become more 
demanding and there will also be the need to take a much wider range of interests into 
consideration in the planning, design and execution phase. In addition, an increasing 
consideration has to be taken to public interests and relations. Therefore, there will be a greater 
range of risks to be considered and the management of the risks will become more diverse 
(Lewin 1998). 
 
Risk management in civil engineering has earlier been discussed by e.g. Terzaghi (1961), Ang & 
Tang (1984), de Mello (1988), Hintze (1994), Sturk (1998), Jaafari (2001) and Clayton (2001a & 
2001b). Construction risks in general have been discussed by Thompson & Perry (1992). Risks 
related to organisational and contractual matters in underground projects have been considered 
by, for example, Tengborg (1998). Environmental risk and uncertainty management has been 
discussed by e.g. Balson et al. (1992), Asante-Duah (1998) and Norrman (2004).  
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2.2 The Concept of Risk and Uncertainty 
The concept of risk and uncertainty originates from the economic theory of incomplete 
information. According to Knight (1921) “a situation is said to include risk if the randomness facing an 
economic agent can be expressed in terms of specific numerical probabilities”. These probabilities can be 
objectively specified or reflect the individuals own subjective beliefs. On the contrary, situations 
is said to include uncertainty when the agent can not or does not assign actual probabilities to the 
alternative possible occurrences. 
 
The word risk is an ambiguous and a multidimensional word having various meanings to 
different individuals and is used with different meaning in different businesses and in everyday 
language. Research have shown large discrepancies between the public and experts when it comes 
to the definition of the word risk and the perception of risks. The word’s origin is uncertain, but 
it probably originates from the Latin word ”risiqum” which aims at accidents at sea or the Arabic 
work “risq” which means something that has been given to you from Allah. A lexical definition of 
the work could be danger, uncertainty, doubt or responsibility. Risks are generally connected to 
uncertainty and to the lack of knowledge and the knowledge about risk is therefore, in a sense, 
the knowledge of the unknown. Furthermore, it is a value-laden word which has a negative 
meaning to most people. Many researchers have tried to make the concept of risk as objective as 
possible, but on a fundamental level it is an essentially value-laden concept since risk often takes a 
“threat perspective”. However, risk has a positive side as well, opportunity, which is often 
ignored (Hillson 2001, Ward & Chapman 2003 and Hansson 2004). 
 
The word “risk” is, as stated before, used with different meanings in many situations which are 
not sufficiently distinguished between. The word is usually related to a decision situation with 
several alternatives. Therefore, the definition used should be related to the present decision 
situation. Some of the definitions used in the literature are (see e.g. Rowe 1977, Hintze 1994, IEC 
1995 and Hansson 2004): 

(i) An unwanted event which may occur. 

(ii) The cause of an unwanted event which may occur. 

(iii) The probability of an unwanted event which may occur. 

(iv) The consequence of an adverse event which may occur. 

(v) The statistical expectation value of an unwanted event which may occur. 

(vi) A measure of variance or distribution. 
 
The definitions according to (i) and (ii) are particularly used in everyday language and rarely in a 
technical context. Definitions according to (iii) and (iv) are often used when the size or 
seriousness of the risk is to be determined. In many situations, e.g. in engineering applications, 
risks are so strongly associated with probabilities that the word risk is used to represent the 
probability of an event rather than the event itself. The analysis of consequences has often been 
achieved by replacing the cost with utility or by discounting the cost to present value. Thus, this 
introduces aspects of subjectively into the process.  
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The fifth definition was developed in risk analysis with the aim of quantifying the total amount of 
risk associated with a specific event and is often used in a technical context, see Hintze (1994) 
and Hansson (2004). An expectation value is a probability-weighted value and has the benefit of 
being is additive. This definition is often used in risk-benefit analysis in the systematic 
comparison of risks with benefits. This is also the standard meaning of risk in many branches. 
The sixth definition is often used in an economical context. 
 
However, there are at least two limitations with the expectation value approach (Slovic 2000 and 
Hansson 2004). First, probability-weighing is controversial. Events with very low probability and 
very large consequences can be perceived very differently from events with moderate probability 
and consequences. For example, proponents of a precautionary approach against risks maintain 
that the management of large but improbable accidents should be given higher priority than what 
would ensue from an expectation value analysis. Second, the expectation value approach only 
assesses risks according to their probability and consequence. Studies have shown that the 
calculated risk is not the only aspect of the implicit decision basis (Corotis 2003). For most 
people, other factors than the calculated risk level effect their decisions regarding risk, e.g. how 
risks and benefits are distributed or connected and social factors. So, if the expectation value 
method is used it must be remembered that the size of the risk is not all that is needed to judge 
whether a risk can be accepted or not. Additional information about its social context is also 
needed. 
 
Ward and Chapman (2003) discuss the meaning of the word risk in detail in the context of 
project management. They argue that the current risk management processes induces a restricted 
focus on the management of project uncertainty. The reasons for this is that the word “risk” 
usually is associated with events rather than more general sources of significant uncertainty and 
because it often has a threat perspective. Furthermore, they argue that a focus on “uncertainty” 
rather than risk could enhance project risk management, providing an important difference in 
perspective, including, but not limited to, an enhanced focus on opportunity management. Due 
to the ambiguous interpretation and underlying appraisal they suggest the usage of the more 
generally applicable word “uncertainty” instead of the word “risk” and that the established 
concept of project risk management should be transformed into project uncertainty management. 
Uncertainty management is about identifying and managing all sources of uncertainty which give 
rise to and form the perception of threats and opportunities. The key concern is the 
understanding of where and why uncertainty is important in a project context, and where it is 
not. 
 
Though, risks and uncertainties surround every human activity and influence everything we do. 
Risks and uncertainties are therefore unavoidable in the design and execution of an infrastructure 
projects. In these situations risks are often strongly associated with probabilities and the word 
risk is used to represent the probability of an event rather than the event itself. According to the 
traditional definition of probability, the probability of an event A, denoted p(A), is the relative 
frequency of this event, a,  from an infinite number of trials, n, i.e. (Johnson 2000): 

n
aAp

n ∞→
= lim)(  
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In reality, there are however seldom an infinite number of trials. Significant for many 
technological systems is that there are none or few data available since many systems are only 
built in small numbers and accidents rarely occur. As a consequence of this, there are no long and 
stable series of data and the estimation of risks can not be based on logical models or empirical 
data. Depending on the amount of information that are at hand when estimating the probability 
there are different methods available (see figure 2.1).  
 
 

 
Figure 2.1 Methods for estimating probabilities (after Mattsson 2002). 
 
 
In some situations, a way of estimate the risks are to use incident instead of actual accidents. The 
incidents are often more numerous than the accidents and sometimes traditional statistical 
analysis can then be used. Another way of dealing with this problem is to use a logical model of 
the system in combination with reliability properties of the components in the system. The 
estimation of risks can also be based on expert judgement, engineering knowledge and/or a small 
number of data. In these situations the use of Bayesian statistics can be appropriate (Benjamin & 
Cornell 1970 and Ang & Tang 1975 & 1984). 
 
Bayes’ theorem, first presented by reverend Thomas Bayes in 1763, rests on two fundamental 
principles. Firstly, a bayesian statistician is always expressing knowledge in terms of probability by 
using subjective degree of belief and there always exists a complete set of probalistic beliefs. 
Secondly, when additional information is at hand the prior probability assignments are updated 
with the use of Bayes´ theorem (Benjamin & Cornell 1970). 
 
According to the theorem the probability is first subjectively assigned from available data with 
certain likelihood, a so called a’ priori-distribution. The a’ prior-distribution is assigned before the 
projects starts, usually from expert judgements. This first estimation is updated with new 
information during the construction to a’ posterior-distribution. 
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If B is an event and A1, A2, …, An are partitions Bayes’ theorem can be written: 

∑
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where P(Ai⎪B) is the posterior probability of event Ai given information B 
 P(B⎜Aj) is the probability of getting information B given the outcome Ai (likelihood) 
 P(Aj) is the prior probability of Aj 
 
This approach is especially appropriate in projects where more information is obtained 
throughout the project, e.g. by the use of a monitoring system (Hintze 1994 and Stille et al. 2003). 
It can be argued that this is a highly subjective way of estimating risks, but it must be 
remembered that other methods also include some degree of subjectively, e.g. in formulating 
models or estimating parameter values. The estimation of probabilities in situations where there 
are no data available has been further discussed by Thorne & Williams (1995) and Bailey (1997). 
The assessment of subjective probabilities has been considered in the context of decision analysis 
by, for example, Stael von Holstein (1970), Hansson (1991) and Sturk (1998). 
 
The extents of the risks are generally specific to each project and the risks can be divided into 
different groups depending on their characteristics. In the literature, there exist several models to 
divide the risks into different groups. One model to classify risks is according to the information 
available and their consequences into: 

 Deterministic risks – risks which are similar every year, e.g. the number of injured in traffic 
or at work in a large region. 

 Random risks with large variations – risks which show large deviations from year to year, 
e.g. the number of injured in traffic in a small region. 

 Catastrophes - risks with low probabilities and large consequences which are concentrated 
in time and space, e.g. earthquakes and hurricanes. 

 Uncertainty – risks with unknown or unpredictable consequences, e.g. accidents affecting 
the environment. 

 
Another way of classifying risks is to divide the risks into risks that are specific for a project and 
risks that are global. The project specific risks are risks that are directly related to the 
development, the design and the operation of a facility. Technical risks, financial risks and 
organisational risks are examples of project specific risks. Examples of global risks are political 
and environmental risks, and risks with “force majeure” and public relations. According to Leung 
et al. (1998) risks in a construction project can be categorised into external risks, e.g. financial, 
political and environmental risk and force majeure, and internal risks such as related to planning, 
design, construction and maintenance.  
 

Uncertainty generally arises due to a complete lack of knowledge. In order to understand the 
source of the uncertainty the uncertainties are often categorised. The categorisation and meaning 
of the uncertainties are in general arbitrary and depends on the purpose. The uncertainties can in 
general be categorised into (Bedford & Cook 2003): 
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 Aleatory uncertainty that arises due to the natural variability in a system.  

 Epistemic uncertainty that arises through the lack of knowledge of a system. 

 Parameter uncertainty is the uncertainty about the “true” value of a parameter in a model. 

 Model uncertainty describes the uncertainty in the models that are used. Of course, all 
models are false in some way but some are more false than others.  

 Volitional uncertainty is the uncertainty that an individual will do what has been agreed on.  
 

Due to the complete lack of knowledge it is not even meaningful to use probabilities in situation 
where uncertainty arises. Therefore, the uncertainty has to be handled with different methods. 
Aleatory uncertainty can be estimated through measurements and statistical methods or by expert 
knowledge. Epistemic, parameter and model uncertainty can not be measured but can, for 
example, be quantified by experts. Model uncertainty is central in consequence analysis where the 
predictive quality of a model is important. Volitional uncertainty can be estimated by means of 
preference behaviour. 

2.3 The Risk Management Process 
As for the word risk, there exist several definitions of which activities that are included in the risk 
management process. According to the International Electrotechnical Commission the risk 
management process includes risk analysis, risk evaluation and risk reduction/control (see figure 
2.2). The risk management process is a process which can be defined as “a systematic application of 
management policies and procedures in order to analyse, evaluate and mitigate risks” (IEC 1995). According 
to figure 2.2, the risk assessment process includes risk analysis and risk evaluation, but not the 
risk reduction/control. 
 
According to another standard from IEC the project risk management includes (IEC 2002): 

 Establishing the context of project objectives. 

 Risk identification. 

 Risk assessment, including risk analysis and evaluation. 

 Risk treatment, impact mitigation and probability reduction. 

 Review and monitoring. 

 Communication (including consultation). 
 
This standard provides a general introduction to risk management, its processes and influencing 
factors. 
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Figure 2.2 A simplified relationship between risk analysis and other risk management activities (IEC 1995). 
 
 
The first phase of the risk management process, the risk analysis, is the process of estimating the 
probability of hazards and the consequences of these. This process is a basis for the decision-
making regarding the risks. According to IEC (1995) the risk analysis process can be defined as a 
“systematic use of available information to identify hazards and to estimate the risk to individuals and 
populations, property or the environment”. Hence the events are in space and time, stochastic processes 
play an important role. In general, the risk analysis aims at answering three fundamental questions 
(Clayton 2001b): 

 What can happen? 

 How likely is it? 

 If it happens, what are the consequences? 
 
The risk analysis can be used with different objectives in different phases of a project. In the 
design phases it can be used as a design tool. In the operating phase the risk analysis can by used 
in order to maintain the risk focus, to analyse problems and the effects of changes in the system 
and to secure that the risk level do not exceed the prescribed risk levels. 
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In general, the risk analysis includes three phases; scope definition, hazard identification and risk 
estimation. The scope definition includes a definition of the objectives and the extent of the 
project as well as a definition of the project in system terms (see section 2.3.1). The hazard identi-
fication includes the identification of both potential hazards that can affect the project negatively 
and opportunities that can affect the project positively (see section 2.3.2). The risk estimation 
includes initial estimation of the probability and the consequence of identified hazards and 
opportunities (see section 2.3.3). 
 
The risk analysis provides the framework and the tools to understand the risks and hazards in the 
project through a description of the process of events, which can lead to some kind of damage, 
i.e. in a wide sense loss of resources, e.g. economical, technical or personal damage. Furthermore, 
the risk analysis describes events that may initiate and lead to a realization of a hazard. In order to 
describe the damage process the following definitions can be used (Sturk 1996 and Clayton 
2001b). A hazard is a threat of potential damage and is an inherent property of a risk object. The 
damage event is an event causing damage. The initiating event is an event triggering a damage 
event. Warning bells or damage indicators indicate that a hazard is about to be realized. An 
understanding of the hazards and the process from the initiating event to the damage will lead to 
a more cost-effective execution of a project. See also section 3.1 where these definitions are 
further discussed. 
 
The risk analysis work will generally focus not only on technical and geological problems but also 
on the management of the project organisation related to the design commitment. The success of 
the risk analysis is dependent on a thorough search for existing information as well as sufficient 
knowledge and experience is brought to identify hazards and risks and to estimate probabilities 
and consequences. High-quality communication and transferring of correct information are other 
key factors to carry out successful projects. The risk analyses can be considered to be a part of 
the quality assurance. 
 
The risk analysis should be a living document, which should be updated when changes in the 
project have occurred or damage has occurred. The document should not be closed until the 
project is finished. One of the major advantages of risk analysis is that it on a fundamental level 
increases the risk awareness of all the individuals involved. Further advantages are that it allows 
profitable opportunities to be examined that would otherwise be judged too risky and that it leads 
to a positive motivation to manage risks of adverse events as far as it is practically possible 
(Hintze 2001 and Clayton 2001a). 
 
There exist a large number of risk analysis and statistical tools which can be used in the risk 
management process. Many of these tools were developed in other businesses than civil 
engineering, but can with none or smaller changes be used in civil engineering projects. Some of 
these tools have been described by for example Rausand (1991), Hintze (1994), IEC (1995 & 
2002), Sturk (1996), Bedford & Cooke (2003) and Stille et al. (2003). Methods for risk assessment 
for assessing environmental risks have been considered by e.g. Covello et al. (1993). Some 
common methods within civil engineering are listed together with suggested references in table 
2.1. 
 
Methods of risk analysis can roughly be divided into qualitative and quantitative methods 
depending on their level of precision. The qualitative methods have a descriptive nature and are 
often used in the purpose to identify those risks that should be further studied with a quantitative 
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method. The quantitative methods aim at estimating both the probability and the consequence of 
the risks. Examples of qualitative methods used in civil engineering projects are expert brain-
storming, checklists, preliminary hazard analysis, hazard and operability analysis (HAZOP) and 
What-if analysis. Common quantitative methods are fault and events trees, see e.g. Sturk (1996) 
and Stille et al. (2003). 
 
 
Table 2.1 Risk management tools with some selected references. 
 

Tool Application Reference 
Fault tree analysis Identification of hazards, initiating 

events, warning bells, etc. and the 
description of event sequences and 
the relationship between these 

Benjamin & Cornell (1970) 
Ang & Tang (1984) 
International Tunnel Association (2002) 

Event tree analysis Description of event sequences 
and consequences 

Benjamin & Cornell (1970) 
Ang & Tang (1984) 
International Tunnel Association (2002) 

Decision tree analysis Ranking of decision alternatives 
based on expected cost 

Raiffa (1970) 
Olsson & Stille (1980) 
Sturk (1996) 

Influence diagrams Risk and hazard identification and 
description of the interaction 
between these 

Marshall & Oliver (1995) 
Jensen (2001) 

Rock engineering systems 
(interaction matrices) 

Risk and hazard identification and 
description of the interaction 
between these 

Hudson (1992) 
Stille et al. (2003) 

Monte Carlo simulation Calculating expressions including 
stochastic variables 

Hammersley & Handscomb (1964) 
Baecher & Christian (2003) 

β - method Calculating expressions including 
stochastic variables 

Thoft–Christensen & Baker (1982) 
Olsson (1986) 

Markov processes Description of uncertainties Ang & Tang (1984) 
Bedford & Cook (2003) 

Kriging Description of uncertainties Goovaerts (1997) 
Deutsch (2003) 

Hazop analysis Risk and hazard identification and 
description of the interaction 
between these 

Rausand (1991) 
Kletz (1992) 

Paired comparison Ranking of decision alternatives 
based on preferences 

Mac Berthouex & Brown (1994) 
Kirwan (1994) 

Point estimate Calculating expressions including 
stochastic variables 

Harr (1987) 
Alén (1998) 

Analytic hierarchy process Ranking of decision alternatives 
based on preferences 

Saaty (1990) 
Berggren et al. (2000) 
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Other methods used in other industries which might be used in infrastructure projects are for 
example FMEA (Failure Modes and Effect Analysis), MORT (Management Oversight and Risk 
Tree), SMORT (Safety Management and Organisation Review Technique), THERP (Technique 
for Human Error Rate Prediction), SLIM (Success Likelihood Index Method), Multirisk and 
Markov analysis. These methods are extensively described by Rausand (1991), International 
Tunnel Association (2002) and Bedford & Cook (2003). 
 
In order to handle the limited amount of data generally available and the stochastic processes 
involved in the risk analysis process, computer simulation methods are often used, e.g. Monte 
Carlo simulations. Even if these methods are useful in many situations, there are often some 
limitations when using these techniques which are important to have in mind. For example, there 
seems to be overdependence in simulation, lack of data and empirical validation, assumptions of 
independence and that a certain output can be generated by different input (Brillinger 2003). 
 
The second phase in the risk management process, the risk evaluation, comprises decisions 
regarding acceptable risk levels and the analysis of different options concerning how to deal with 
the risks. 
 
The third and last phase, the risk reduction and risk control, includes decisions regarding how to deal 
with the risk, implementation of the risk management plan into the project plan and the 
monitoring of the risks during the project. 
 
A more detailed flow chart of the risk management process is shown in figure 2.3. 
 
Effective risk management methodology requires involvement of the entire project team and also 
requires help from external experts, knowledgeable in existing risk areas. The risk management 
process should consider technical issues as well as human elements and organizational issues. 
Successful risk management projects generally have the following characteristics (Lewin 1998): 

 Feasible, stable and well understood user requirements. 

 Experienced and highly skilled personnel. 

 A close relationship between all actors involved in the project. 

 A planned and structured risk management process. 

 A project strategy consistent with accepted risk level and risk handling strategies. 

 Continual reassessment of project risks and associated risks during the entire project. 

 Aids to monitor effectiveness of risk handling strategies. 

 Formal documentation and communication. 
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Figure 2.3 The structure of the risk management process (after Hintze 1994 and IEC 1995). 
 
 
The risk management process is most effective when it is started during pre-project planning in 
order to ensure that, as many as possible, critical risks are identified and addressed with 
mitigation actions incorporated into the project plan (Uher & Toakley 1999, Clayton 2001a & 
2001b, Hintze 2001 and Kolveit & Grønhaug 2004). Furthermore, in an early project phase the 
possibility to influence is high and the accumulated resources used low. Early information gives 
data that helps the project planning and the decision-making. As the project progress, new 
information improves insight into the risk areas. This allows development of more effective 
project strategies. The work carried out in the planning and tender stage must be utilised and 
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updated during the start up and construction phase. Therefore, a successful risk management is 
dependent on early planning and continuous and strict execution. Comprehensive planning and 
monitoring enables an organised, comprehensive and iterative approach for identifying and 
evaluating the risks. This also gives adequate handling options, which are necessary for 
optimising the project strategy. 
 
A successful risk management system requires that the needs and demands of the client are 
specified and well understood. Policies shall be formulated and the project organisation shall be 
composed to meet these needs and demands. Furthermore, the risk management actions should 
be designed in the planning phase and implemented into the project plan. The performance shall 
be measured and reviewed during the execution of the project. The entire process and especially 
the review could be assisted by an independent expert group, “review team”, consisting of 
experts not directly involved in the project but with experience from similar projects (HSE 1997), 
see figure 2.4. 
 
According to Elms (2003) all significant risk management work must be based on a system 
framework. The need for this can be seen on several levels. For example, the concept of 
probability is based on set theory so the assessment of probabilities requires the boundaries to be 
meaningful. Furthermore, a successful organisational risk management can never be performed 
without knowing the structure and processes of the organisation. In this context, a system is the 
rules and guidelines which is set up in order to define (e.g. describe a boundary), analyse and 
solve complex problems. The quality of the systems can be examined with the help of six 
diagnostic criteria; balance (e.g. between elements), completeness, cohesion (e.g. structure and 
interaction), clarity and consistency (i.e. properties versus requirements). A base for systematic 
risk management is the recognition that construction work will always involve uncertainties 
(Lewin 1998). It is also important to consider structural and culture differences in the 
organisation in formulating the risk management system (Uher & Toakley 1999). 

 
Figure 2.4 The key elements of a successful risk management system (HSE 1997). 
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2.3.1 System Definition 

The risk management process begins with a definition of the project in terms of conceptual 
systems, see e.g. Stille et al. (2003) and Carlsson et al. (2004). The system analysis is the key to the 
problem identification and almost all civil engineering projects can be expressed in system terms 
in order to make the understanding of the characteristics and correlation of the risks more 
straightforward. 
 
According to IEC (1995) a system is defined as a “composite entity, at any level of complexity, of 
personnel, procedures, materials, tools, equipment, facilities and software. The elements of this composite entity are 
used in the intended operational or support environment to perform a given task or achieve a specific objective”. 
Usually, the elements are supposed to perform their task under a specific period of time. The 
components interact through processes and events and affect the behaviour of the system 
through their arrangement, properties and behaviour initially, during and after failure. These 
interactions are at least as important as the individual parts of the system. When the components 
and the boundaries of the system are recognized and understood, the risk identification and risk 
estimation is often much easier. Examples of systems in an infrastructure project are chains of 
command and information, the contract, the project organisation, the project execution and 
geotechnical structures. 
 
It is important to remember that a system is a conceptual model, which implies that different 
people may describe the same physical object with different system descriptions. The description 
depends for instance on the purpose of the description and personal experiences. Systems in the 
building industry are characterised by long life times and close interaction with the nature. For an 
overview of systems in underground engineering see e.g. Stille et al. (2003). 
 
The likelihood that the system will fulfil its task or achieve a specific objective can in a wide sense 
be expressed as the reliability of the system. In a narrow sense it is the probability that a system 
will not attain each specified limit state (i.e. reach failure) during a specified reference period 
(Thoft-Christensen & Baker 1982). 
 
The relationship between the reliability, R, and the probability of failure, pf, is: 

fpR −= 1  

If the resistance of the system is denoted with R and the load effect on the system with S for a 
specified failure mode, then the failure condition is: 

0≤− SR  

The probability of failure is consequently: 

1)/()0()( ≤=≤−=≥= SRPSRPRSPp f   
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If R and S are two independent random variables with associated distribution functions, the 
probability of failure can be calculated as (Thoft-Christensen & Baker 1982): 

∫
+∞

∞−

=≤= dxxfxFSRPp SRf )()()1/(
 

where FR(x) and fS(x) can be illustrated as in figure 2.5. 

 
Figure 2.5 Basic R–S problem, a FR(x) and fS(x) representation (Melchers 2002). 
 
 
Since a negative resistance is usually impossible the lower limit of the integration in practice may 
be replaced by zero in most situations. However, this may be inconvenient and even inaccurate if 
R or S or both are modelled by distributions unlimited in the lower tail, e.g. the Gaussian 
distribution. This is often disregarded when choosing an appropriate distribution for a random 
variable (Melchers 2002). 
 
The resistance, R, and the load effect, S, must of course have the same dimensions. Here FR(x) is 
the probability that R ≤ x or the probability that the actual resistance R of a component is less 
than some value x. The term fS(x) represents the probability that the load effect S acting on a 
component has a value between x and x + Δx in the limit as Δx → 0, see figure 2.6. It should be 
noted that the probability of failure is not given by the area of the overlap of the two density 
functions fR(x) and fS(x) in figure 2.6, which is a common misunderstanding. 
 
An exact solution to the integral above does not generally exist. The probability of failure can 
then be calculated by the use of simulation methods or numerical techniques. However, for a few 
distributions of R and S it is possible to calculate the probability of failure analytically, e.g. when 
both R and S are normal random variables (see e.g. Melchers 2002). The safety margin R–S then 
has a mean and variance given by established statistic rules, see e.g. Johnson (2000). 

1.0 

0 

FR(x), fS(x) 

x 

fS(x) 

FR(x) 

R = x P(R ≤ x) x + Δx 



Chapter 2 The Concept of Risk Management 

 24 

 
Figure 2.6 Basic R–S problem, a fR(x) and fS(x) representation (Melchers 2002). 
 
 
In the civil engineering profession failure usually means a structural failure of the physical asset 
which leads to damage. However, in risk management, this meaning must be extended with a 
financial dimension (Lewin 1998). The performance should be evaluated against the client’s 
original objectives, including costs and quality. If these objectives are not reached, the project as a 
whole has failed even though the physical asset may still be intact. The risk management process 
should focus on the whole life-cycle of the project and on a comprehensive picture rather than 
on the physical asset alone. 
 
Systems in civil engineering consist of combinations of components of different nature and with 
different characteristics. The probability of failure depends on the characteristics of the 
components, the degree of correlation between these and their arrangement. Therefore, the 
calculation of the probability of failure of a system rests on a stringent and unambiguous 
description of the components and on that the relationships (degree of dependence) between the 
components are clearly understood. The two main arrangements of components are series and 
parallel system. 
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Series Systems 
A series system is commonly known as a weakest link system since the system fails as soon as one 
component fails. If the components are considered to be independent the probability of failure 
can be calculated as one minus the probability that no component fail (Thoft-Christensen & 
Baker 1982), as: 

)1(....)1()1(1)1(1 211 ni

n

if ppppp −⋅⋅−⋅−−=−−=
=
π  

where pi is the probability that component i fails and n is the number of components. 
 
If the components are not independent, the correlation between the components also determines 
the behaviour of the system. The probability of failure is then governed by the reliability index 
for the components for a certain time period, the number of components, n, and the correlation 
between the components, ρ, and can be expressed as: 
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where φ and ϕ denote the distribution and density function for the standard Gaussian random 
variable and βe is the reliability index of the elements. The reliability index of the components can 
be expressed as: 

i

ii
e

S
σ

μ
β

−
=

 

if the strength, Ri, of element i is modelled with a Gaussian distribution with mean value, μi, 
standard deviation, σi, and Si is the load effect. 
 
This is illustrated in figure 2.7 for a system with equal probability of component failure pi. The 
probability of system failure increases with decreasing correlation between the components and 
the number of elements. If the components are totally correlated (ρ = 1) then all components fail 
if one component fails, i.e. pf = pi. Thus, in a reliability point of view it is favourable to have few 
components when the components are uncorrelated or highly correlated components if the 
components are numerous. 
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Figure 2.7 Probability of failure for a series system with pi = 0.01 as a function of the correlation coefficient ρ and the 

number of elements n (Thoft-Christensen & Baker 1982). 
 
 
Different potential slip surfaces in a natural slope is an example of series systems as the slope will 
fail as soon as one slip surface fails, see figure 2.8. Groups of sliding surfaces with similar 
geometry can be seen as sub series systems in the total system. 

 
Figure 2.8 System selection considerations of a slip surface – reliability block diagram and fault tree (modified after 

Carlsson et al. 2004). 
 
 

OR 



Management of Geotechnical Risks in Infrastructure Projects: An Introductory Study 

 27

Parallel Systems 
A parallel system fails when all the components fail. If the components are independent the 
probability of failure can be expressed as: 

ni

n

if ppppp ⋅⋅⋅==
=

....211
π

 

where pi is the probability that component i fails.  
 
If the number of elements is denoted with n, the element correlation is ρ and the reliability index 
of the system and the elements are βS and βe respectively, then: 
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where φ is the standard normal distribution function. 
 
The behaviour of a parallel system is not only governed by the number of components, the 
probability of failure of each component and the correlation between the components as the 
series system, but also how the components are loaded, see e.g. Thoft-Christensen & Baker 
(1982) and Olsson (1986). The probability of system failure decreases with an increasing number 
of components and increases with a higher degree of correlation as shown in figure 2.9 for a 
system with equal probability of component failure. 
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Figure 2.9 Probability of failure for a parallel system with ductile elements with pi = 0.01 as a function of the correlation 

coefficient ρ and the number of elements n (Thoft-Christensen & Baker 1982). 
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A slip surface in a clay slope can be considered as a parallel system of soil elements, where all 
elements must fail before failure occurs along the slip surface, see figure 2.10. Note that although 
the elements are physically connected in a series, the system is a parallel system.  

 
Figure 2.10 System selection considerations of a slip surface – reliability block diagram and fault tree (modified after 

Carlsson et al. 2004). 

Combinations of Series and Parallel Systems 
In reality, civil engineering projects and structures often consist of complex systems where 
different parts can be described as series systems and other parts as parallel systems. An example 
of a parallel system is illustrated in figure 2.11 where it is assumed that only the diagonals, i.e. 
element 1 to 6, can fail. 

 
Figure 2.11 Reliability block diagram of a combined system (Thoft-Christensen & Baker 1982). 
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In the example with a slip surface in a clay slope, figure 2.8 and 2.10, there are an infinite number 
of possible slip surfaces and the slope will fail if anyone of these fails. Thus, the system is a series 
system where each link is a parallel system, see figure 2.12. It should be noted that in practice, 
when the probability of failure is calculated, the most dangerous slip surface is the basis for the 
calculation, and no regard is taken to the series system. However, as the different slip surfaces are 
very close to each other, they are probably highly correlated, and thus the system probability of 
failure is approximately the same as the element (single slip surface) probability of failure 
according to figure 2.10. 

 
Figure 2.12 System selection considerations of a slip surface (modified after Carlsson et al. 2004). 
 
 
Another example of a combined system is the supporting system, e.g. for a sheet pile wall, with 
anchors that are pre-tested before they are loaded (Carlsson et al. 2004). According to Swedish 
design codes, the wale beam and the anchors are designed to be able to resist a load situation 
when one anchor has lost its bearing capacity. Thus, the system fails if two or more adjacent 
anchors fail. Therefore, the system consists of a series system where each element consists of a 
parallel system. One of the links in the parallel system is a series system with two elements. This 
system is shown in a reliability block diagram in figure 2.13. 

 
Figure 2.13 Reliability block diagram of an anchor system (Carlsson et al. 2004). 
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2.3.2 Risk Identification 

The identification of hazards and the associated risks is often considered to be the most 
important single step in geotechnical risk management. If a risk is not identified it cannot be 
managed in a later phase in the process. Therefore, for the success of a project it is essential that 
the identification of risks is performed properly and by the individuals best suited for the task.  
 
According to a study by Whyte (1995) the cost for the risk identification phase is often between 
0.2-0.5 % of the total budget of a project. The cost for damage due to unexpected events can, 
however, easily exceed 10 % of the total value of the project. Of course, these figures depend of 
the size and complexity of the project at hand. Nevertheless, the relation between the cost for 
risk identification and cost for damage due to unexpected events are probably similar in different 
types of projects. 
 
The identification of risks is a process of a structured speculation of all possible critical 
conditions that might affect the project. Risk identification recognizes the existence of hazards 
and opportunities as well as defining their characteristics (Clayton 2001b). According to Lewin 
(1998) the aims of the risk identification are to: 

 Identify all significant types and sources of risk and uncertainty associated with each of the 
investment objectives and the key parameters relating to these objectives. 

 Determine the causes and the initiating events of each risk. 

 Decide how different risks are related to each other and how risks should be classified and 
grouped for estimation. 

 
The process of identifying and responding to risks is iterative with an increasing level of detail 
(Lewin 1998). First, the risks connected to each objective, key parameter or principal activity is 
identified and documented. It is essential that every aspect of the project is analysed. The first 
attempt should be free from checklists and other constraining documents, e.g. in the form of 
“brainstorming” sessions, to avoid restraining the process of discovery. Risk specialists and other 
individuals who can add value to the process should attend in the “brainstorming” session. After 
that, the identified risks are documented, e.g. in a risk register. 
 
Second, the process in the first step is repeated with the support of checklists, risk matrices or 
other risk aids. Identified risks should then be listed in the risk register for further review and 
analysis with a first indication of the significance of each risk and degree of dependency between 
the risks. The analysis and understanding of risk groupings and relationships is often easier if the 
risks are represented in the form of priority influence, risk/response or other diagrams, which 
should be appended to the risk register with suitable cross-references. Any new assumptions 
identified at this stage should be entered into the risk register. 
 
The process of risk identification may be based on either experience of similar projects from the 
literature, on discussions with qualified and experienced personnel or organisations or by the use 
of risk identification tools (see table 2.1). In order to structure the risk identification process, the 
hazards can be grouped into general and specific risks. The general hazards can be considered on 
a general level for the entire project while the specific hazards must be considered for each part 
of the project. Examples of general and specific hazards, respectively, are given in table 2.2. 
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Table 2.2 Examples of general and specific hazards (International Tunnel Association 2002). 
 

General hazards Specific hazards 

Contractual disputes Accidental occurrences 

Insolvency and institutional problems Unforeseen adverse conditions 

Interference of authorities Inadequate design, specification and 
programmes 

Third party interference Failure of major equipment 

Labour disputes Substandard, slow or out of tolerance 
work 

 
 
It is important to examine and identify project specific potential hazards by reducing them to a 
level of detail that permits an evaluator to understand the significance of any risk and identify its 
origins and causes, i.e. the risk objects and the initiating events (Hintze 1994 and Carlsson et al. 
2005).  
 
Although there is a limited amount of information in the early phases of a project this 
information must be analysed. Hazards that may have adverse consequences for the outcome of 
the project must be identified as well as the opportunities to improvements. During 
decomposition, hazards are identified from experience from similar projects, brainstorming, 
interviews, checklists and guidance in the project plan (Hintze 2001).  
 
The risks can initially be ranked by probability and consequence of occurrence before beginning 
to focus the further analysis on those most critical. Critical risks need to be documented and may 
include the initiating events as well as planned management controls and actions. It may also 
include an initial assessment of the consequences to focus the risk evaluation effort. A risk watch 
list should be initiated as part of risk identification. 
 
Risk management is often considered to be the answer to all problems but it is not. It can not 
hope to identify all risks to a project. Even though extensive work is done to identify all risk, 
there will always be risks that are not foreseen and, therefore, not identified. Experience show 
that these unidentified risks often are the most dangerous risks for the viability of the project. 
These unidentified risks will occasionally arise as “surprises”, both nasty and good, in the 
construction phase and have to be managed properly. However, these are often not completely 
unforeseen and can come from issues that have been poorly managed or incorrectly assessed 
(Lewin 1998). 
 
One of the most crucial issues for the risk management process is therefore to identify as many 
of the risks as possible. However, as unidentified risks wills always exist, the risk management 
process, the working activities and the organisation have to be designed and flexible enough so 
that these can be identified and included in the process and procedures for this must be 
established. When responses to unidentified risks need to be made, the project team needs to be 
prepared to trade-off between objectives and to de-scope the project if required. In spite of the 
fact that unforeseen risks will always exist, with a sound system of risk management these risks 
will be less common and good “surprises” can be taken advantage of by concentrating not only 
on threats but on opportunities as well when identifying risks to the project (Hillson 2001). 
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2.3.3 Risk Estimation 

When the risks are identified the size or seriousness of the risks must be estimated. This is done 
in the risk estimation phase. Risk estimation is a problem definition phase in the risk 
management process, which quantifies potential risks in terms of probability and consequences. 
The aim of the risk estimation is to estimate the total expected damage cost (the total risk) of a 
project in economic terms and to classify and prioritise the risks (Hintze 1994). 
 
The results from the risk estimation form the basis for the most part of the risk handling actions 
and it is probably the most difficult and time consuming part of the risk management process. 
Despite its complexity, risk estimation is an important phase of the risk management process 
because the standard and the quality of the estimation determine the effectiveness of a risk 
management process (Lewin 1998). 
 
The risk estimation begins with a detailed study of the risks that have been recognized in the risk 
identification phase. The objective is to gather enough information about the risks in order to 
estimate the probability of occurrence and the consequence on cost, time schedule, quality, 
environment, worker safety and health, client satisfaction etc. if the risk is realised. 
 
In practice, the distinction between risk identification and risk estimation is often unclear because 
there is some risk estimation occurring during the identification process. For example, in the 
process of interviewing an expert it is logical to pursue information on the probability of its 
occurrence, the consequences, the time associated with the risk (i.e. when it might occur) and 
possible ways of dealing with it. The latter actions are part of risk estimation and risk handling, 
which often begin during risk identification. 
 
When working in complex project there can never be a conclusive knowledge of the hazards and 
the risks, sometimes not even when the project is finished. Therefore, the probability of the risks 
is unknown to a large extent. When there is statistically sufficient experience of an event, its 
probability can be determined by collecting and analysing that experience. For new and untested 
technologies or technologies used in a new situation this method is not appropriate (Hansson 
2004). This is also the situation in many infrastructure projects where the conditions are different 
in every situation. 
 
One common way to avoid these difficulties is to estimate the probability of failures through a 
careful investigation of the various chains of events that may lead to such failures, so called fault 
and event trees. By combining the probabilities of various sub events in such a chain, the total 
probability of an event can be estimated. Though, there are several problems with this (Hansson 
2004). First, an event can happen in more ways than we reasonable can imagine. There is no 
method by which all chains of events that may lead to an accident in a complex technological 
system can be identified. Another problem is that the total probability can be very difficult to 
determine even if we know the probability of each individual event due to correlation between 
the events. In spite of these difficulties, the construction of fault and event trees can be an 
efficient way to identify weaknesses in a complex technological system. It is important, though, to 
keep in mind that an exhaustive list of negative events can not be obtained, and that the total risk 
levels can therefore not by determined in this way. 
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Technological risks depend not only on the behaviour of the components in the system, but also 
on human behaviour. The risk associated with a specific technology can differ drastically between 
organisations with different attitudes towards risk and safety. In addition, the human behaviour is 
often much more difficult to predict than technological components. 
 
Another issue which should be considered is that it is humans that make estimates of 
probabilities. Psychological studies indicate that there is a strong belief in the estimates of 
probabilities by experts and that the possibility that the estimates are wrong tends to be ignored. 
Therefore, it is essential to make a clear distinction between those probabilities that originate in 
experts´ estimates and those that come from observed events (Hansson 2004). Furthermore, the 
estimation of probabilities is influenced by bias, for example due to perceptual factors and 
heuristics.  
 
The estimate of the consequences shall not only include the immediate cost of the consequence 
but also costs that can arise in the future. The consequence is usually the sum of the immediate 
cost (base cost), costs for shortages in function and costs for future corrections and maintenance 
due to the damage event in a life-cycle perspective.  
 
The probability of occurrence (or frequency) and extent of consequences may be classified 
according to a specified classification system in order to prioritise the risks. The classification 
system should be designed in agreement with the requirement and the scale of the project as well 
as the risk objectives specified in the project plan. Generally, the frequency classification system 
could by common for all types of risks while the consequence classification system has to be 
different for different types of risks. Though, it should be preferable that the different 
consequence classification systems should be coordinated so that a common risk classification 
can be used for all types of risks involved (International Tunnel Association 2002).  
 
The design of the classification systems may be based on statistics, experience from similar 
projects and/or on expert judgement. Frequency classification may be made as the number of 
events in relation to a specific unit, e.g. per year, per thousand working hours or per section of 
work. However, it is often more suitable to use a classification that relates the number of events 
in relation to the total number of the events in the project, see table 2.3. In order to maintain the 
usual interpretation of risk distributions being logarithmic in nature it is often recommended that 
a step of ten units between the central values in the classification of frequencies (International 
Tunnel Association 2002). 
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Table 2.3 An example of classification of frequency of occurrence (International Tunnel Association 2002). 
 

Frequency of occurrence classification 

Class Interval Central value Descriptive frequency class 

1 > 0.3 1 Very likely 

2 0.03 – 0.3 0.1 Likely 

3 0.03 – 0.003 0.01 Occasional 

4 0.003 – 0.0003 0.001 Unlikely 

5 < 0.0003 0.0001 Very unlikely 

 
 
The classification of consequences can be done in a similar way as for the frequency of 
occurrence. Typically, though, the selection of consequence classes and the severity of these 
often vary due to the scope and nature of the project as well as the nature of the consequence. 
For example, the unit of the consequence classes are in general different for the consequences of 
structural failure, injury of workers, damage to property, economical loss or loss of goodwill 
(International Tunnel Association 2002). 
 
Since the risk tolerance depends on the risk perception of each individual and organisation, it is 
necessary to establish a scale of risk for each organisation involved in the project and for each 
major risk. Typically, a scale of 1 to 4 or 1 to 5 is used to classify the risks. An example from 
Clayton (2001b) is given in table 2.4. 
 
 
Table 2.4 An example of classification of consequences (Clayton 2001b). 
 

Consequence classification 

Scale Effect Increase of cost or time 
(% of total cost or time) 

4 Very high > 10% 

3 High 4-10% 

2 Low 1-4% 

1 Very low <1% 

 
 
The risk classification can be made either qualitative or quantitative. In qualitative risk 
classification a risk matrix is often used, see table 2.5, which defines the combinations of 
frequency and consequence that is negligible, acceptable, unwanted and unacceptable. These 
definitions of accepted risks can, of course, be complemented with other classifications such as 
“accepted after mitigation actions” or “accepted with increased monitoring” depending on the 
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project characteristics and level of analysis. The risks that are classified as “unacceptable” and 
“unwanted” must be handled in some way to make them acceptable (see section 2.3.5). 
 
The risk matrix should be designed specifically for each project on the basis of the accepted risk 
level and the overall risk policy in the project as well as the scope and extent of the project. In 
some situation the risk matrix can be considered to be too inaccurate to provide reliable risk 
estimates. However, the use of a risk matrix is often a simple, convenient and straightforward 
way to estimate the risks. 
 
 
Table 2.5 An example of a risk matrix (after International Tunnel Association 2002). 
 

 Consequence 

Frequency Disastrous Severe Serious Considerable Insignificant 

Very likely Unacceptable Unacceptable Unacceptable Unwanted Unwanted 

Likely Unacceptable Unacceptable Unwanted Unwanted Acceptable 

Occasional Unacceptable Unwanted Unwanted Acceptable Acceptable 

Unlikely Unwanted Unwanted Acceptable Acceptable Negligible 

Very unlikely Unwanted Acceptable Acceptable Negligible Negligible 
 
 
If the risk classifications in table 2.3 and 2.4 are used, the following risk matrix according to table 
2.6 can be obtained: 
 
 
Table 2.6 An example of a risk matrix (modified after Clayton 2001b). 
 

Risk estimation 

Degree of risk Risk level Risk mitigation 

1-5 Trivial None 

6-10 Significant Consider more cost-effective solutions or 
improvements at no extra cost. 

11-15 Substantial Work must not start until the risk has 
been reduced, additional resources 
required. 

16-20 Intolerable Work must not start until the risk has 
been reduced. If risk could not be 
reduced, the project should not proceed. 

 
 
When a qualitative analysis is considered to be too coarse a quantitative analysis is requested. The 
total project risk can then be estimated as the sum of the risks of all identified hazards, where the 
risk for each hazard is the product of its frequency and consequence, as: 



Chapter 2 The Concept of Risk Management 

 36 

∑ ∑
=

⋅==
n

i
ii CphazardsallofrisksriskTotal

1
)(

 

where i is the number of an identified hazard, pi is the frequency and Ci is the consequence of 
that hazard, and n is the total umber of identified hazards. If both the frequency and consequence 
is represented as single values, the total risk is also represented as a single value, see figure 2.14. 

 
Figure 2.14 Risk represented as a single value (Hintze 1994). 
 
 
This approach has the limitation that it does not describe the uncertainties of the included 
estimates of the frequency and consequence. Though, if each frequency and consequence is 
considered as a stochastic variable an estimation of the uncertainty involved can be achieved. 
Each variable is then assigned a frequency distribution instead of a single value. The frequency 
function and the consequence function are often represented as a distribution function and a 
cumulative function respectively (Hintze 1994).The risk, Ei(c), of damage object i can then be 
calculated as: 
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where X is a stochastic variable which describes the damage event, fX(x) is the frequency 
(probability) function and cX(x) is the consequence function of X, see figure 2.15. The total risk is 
then a frequency distribution and can then be obtained by the use of numerical techniques or 
simulation methods. 
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The uncertainties in a reliability assessment can, according to Melchers (2002), be divided into 
phenomenological, decision, modelling, prediction, physical and statistical uncertainty, and 
human factors. Most of these uncertainties are in general difficult to consider when the 
probability of failure is determined. Therefore, the “exact” risk is probable impossible to 
determine and the nominal risk based on experiences and/or expert judgement have to be use. 
Alternative approaches for assessing risk probabilities have been discussed by e.g. Hillson (2004). 

 
Figure 2.15 Risk represented as a distribution function (after Hintze 1994). 

2.3.4 Risk Evaluation 

Decision-making is central importance in all engineering applications. The decision between 
different action alternatives with different risk levels is a central issue in the risk management 
process. The risk evaluation is the process in which judgements are made on the tolerability of 
the risk on the basis of risk analysis taking factors such as socio-economic, technological and 
environmental aspects into account. The process of decision-making regarding risks in an infra-
structure projects involves a system of three groups of actors in the society, see figure 2.16.  
 
These groups are connected to each other and more or less overlapping and should not be seen 
as separate entities. For example, in a road investment financed by tax money the decision 
makers are, in general, the road administration and the government, the risk carriers are the road-
users and the society are the beneficiaries and cost-takers (Grimvall & Lindgren 1995).  
 
Decision theory came up as a new field of science in the 1950´s aiming at improving the decision-
making process. Decision theory in civil engineering was used for the first time in the 1960´s 
(Benjamin & Cornell 1970). However, the practical application so far has been limited. The aim 
of the decision analysis is, of course, to come forward to the most optimal decision among 
several decision alternatives. This can seem to be trivial but it is generally not, since there can be 
several decision criteria, decision-makers and a lot of uncertainty involved in the decision-making 
process. Decision theory in civil engineering has been discussed by for example Ang & Tang 
(1984), Freeze et al. (1990), Einstein et al. (1992) and Sturk (1998). 
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Figure 2.16 Actors influencing the decision process in large infrastructure projects (Grimvall & Lindgren 1995). 
 
 
The decision-making of accepted risk level is a process involving a series of basic steps. It can 
add value to almost any situation, especially when the possibility for serious or catastrophic 
outcomes exists. The steps can be used at different levels of detail and with varying degrees of 
formality, depending on the situation. The key to a successful decision process is to complete 
each step in the most simple and practical way to provide the information the decision-maker 
needs (Carlsson et al. 2005). Some situations are so complex that detailed methods for risk 
assessment are needed, but most situations can be addressed with more simple methods. The 
information about the possibility for one or more unwanted outcomes separates risk-based 
decision-making from more traditional decision-making. Most decisions require information not 
only about the actual risk, but also about other things as well such as likelihood, consequence and 
context. This additional information can also include such things as costs, schedule requirements 
and public perception. In risk based decision-making all of the identifiable factors that affect a 
decision must be considered. Decision analysis generally includes four main parts as illustrated in 
figure 2.17 (Raiffa 1970). 
 
Firstly, an identification and definition of all the possible decision alternatives is made. This can 
be facilitated by the use of system analysis tools, e.g. decision tree analysis and event tree analysis 
(see e.g. Raiffa 1970 and Hansson 1991). Secondly, a definition of the decision criteria on which 
the decision shall be based has to be established. In general, there exist several decision criteria in 
a decision situation in an infrastructure project, see below and e.g. Hansson (1991) and Hintze 
(1994). Thirdly, an analysis of possible outcomes is conducted where each decision alternative is 
evaluated with respect to the appropriate decision criteria. The fourth and last step consists of an 
estimation of the probability of each possible outcome. The decision alternatives can then be 
ranked with respect to the decision criterion used. The decision process ends with a basis for 
decision or recommendations to the decision-maker, which shall support the decision-maker to 
make the most optimal decision (Sturk 1998).  
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Figure 2.17 The decision process (after Raiffa 1970). 
 
 
Many decisions in an infrastructure project have to be made under risk or uncertainty when the 
likelihood or outcome, or both, of a hazard is unknown at the time for the decision. In decision 
theory, a distinction is often made between decisions under risk, certainty or uncertainty. A 
decision under risk is a decision when the likelihood of a certain outcome is known. Different 
outcomes are obtained for different decisions, but the likelihood and outcome of each of these 
can be estimated. A decision under certainty exists when it is known that a certain action leads to 
a certain outcome. When there is a genuine lack of information the decision has to be made 
under uncertainty. Then the likelihood or outcome, or both, are unknown or sometimes not even 
meaningful to consider. 
 
Traditional risk management is not possible in situations including uncertainty and the 
uncertainty must be assessed with conservative assumptions, monitoring system and/or 
redundancy. The definition of these decision situations differs from everyday usage. In everyday 
language, the term uncertainty often means a state of mind rather than absence of information. In 
these definitions the term risk is defined as a measurable uncertainty, something that can be 
quantified. Though, it can be argued that uncertainty, as a matter of fact, is just a lack of 
information (Hansson 2004). 
 
From a decision-maker’s point of view, it is optimal to have quantified risks so that they easily 
can be compared and prioritised. Therefore, the crucial issue is the determination of probabilities 
and consequences. As been mentioned before, when there is statistically sufficient experience of 
an event, e.g. the breakdown of an electrical component, the probability can be determined by 
collecting and analysing that experience. For new and untested technologies or technologies used 
in a new situation this method is however not appropriate. This is also the situation in many 
infrastructure projects where the conditions are different in every project. In these situations 
estimations of the risks have to be based on expert judgements, subjective estimates etc. 
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There are occasions when decisions are influenced by concerns about possible risks although 
there is only a vague idea about what these risks might be. However, it would not be realistic to 
take all such risks into account. To decide when the possibility of these types of risks should be 
considered Hansson (1996) has proposed four criteria that can be used to support an intuitive 
judgement. These are: 

(i) Asymmetry of uncertainty - asymmetry is a necessary but insufficient condition. 

(ii) Novelty - unknown risks come mainly from new and untested phenomena. 

(iii) Spatial and temporal limitations - if the risks have these limitations, the urgency of the 
possible unknown effects are reduced. 

(iv) Interference with complex systems in balance - many systems in balance are irreversible 
and uncontrolled interference with these systems is connected with a high degree of 
uncertainty. 

 
For an evaluation of the best decision under some conditions of uncertainty a decision criterion 
is needed. A decision is influenced by several factors, e.g. the opinion, the risk policy, social and 
cultural factors, and knowledge and experience of the decision-maker, and can be different at 
different times (Hintze 1994). Several decision criteria have been discussed in the literature, see 
e.g. Ang & Tang (1984), Morgan (1993) and Mattsson (2000). The decision criteria can be divided 
into four broad categories. These are (Mattsson 2000): 

 Technology based criteria, e.g. “use the best technology available”. 

 Criteria based on rights, e.g. “reduce the risk so it is below some prescribed figure”. 

 Utility based criteria, e.g. cost-benefit analysis and cost-effectiveness analysis. 

 Hybrid criteria, which is combination of those above. 
 
The most used decision criterion in civil engineering is the utility based criteria (Ang & Tang 
1984 and Edlund & Högberg 1986). Among the utility based criteria there are some different sub 
criteria, e.g. “maximum expected monetary outcome”, “minimax” and “maximax”. For a detailed 
description of these the reader is referred to Edlund & Högberg (1986) and Hintze (1994). Which 
decision criterion that is chosen depends on the objectives with a project, the decision situation 
and the preference of the decision-maker among other factors. According to Morgan (1993) it is 
important that the decision frameworks is carefully and explicitly chosen and that these must be 
kept logically consistent. 
 
The optimal decision among several action alternatives with different risk levels is normally based 
on a cost-benefit analysis with an expected monetary value criterion, see e.g. Rowe (1977) and 
Ang & Tang (1984). The most used sub criterion is probable to maximise the expected monetary 
outcome of the project, which is also called a Bayes decision criteria. The expected utility can be 
estimated as the sum of all exclusive outcomes (consequences), u, times their probability of 
occurrence, p, as: 
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Other sub criteria can be to minimise the damage on the environment or to minimise the project 
time. When there are major uncertainties involved or when the consequences are difficult to 
predict the ALARP-principle could be used, i.e. the risks should be managed so that the residual 
risk is as low as reasonable possible. As a result of the uncertainties generally involved in a 
complex project, decisions must be based on trade-off between different factors, e.g. cost, utility, 
safety, probability of failure and uncertainty. The optimal decision is the decision that minimises 
and/or maximises some or all of these factors. The cost-benefit analysis should include the effect 
of the uncertainties on a given decision.  
 
The risk evaluation reveals those risks that can be left untreated and those that had to be 
managed further given a certain decision criterion, the risk policy and the risk acceptance criteria, 
see figure 2.18. 

 
Figure 2.18 A representation of acceptable and unacceptable risks given a decision criterion and a accepted risk level. 
 

2.3.5 Risk Handling 

In practice, it is almost impossible to avoid all risks. Therefore, there are some residual risks in 
most projects that have to be handled during the project execution if they exceed the acceptable 
risk level. As Clayton (2001b) stipulates: “Risks can be managed, minimised, shared, transferred, or 
accepted. They can not be ignored”. Risk handling can be defined as the risk management phase that 
includes specific methods and techniques to deal with risks that can not be accepted without 
further attention, see figure 2.19.  
 
Risk handling should cover all phases of a project from inception to close-down. The risk 
handling strategy and the risk handling actions have the most effect when they are implemented 
early in the project phase. Furthermore, it is often less costly to take actions in an early phase of a 
project than later in the execution of the project (Hintze 1994 and Stille et al. 1998). 
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Figure 2.19 Handling of risks into acceptable risk levels. 
 
 
A specific project risk group that assesses the risks should be put together in the beginning of the 
project in order to handle the risk which exceeds the acceptable risk levels (Lewin 1998). The risk 
handling process begins with an identification and evaluation of handling approaches which are 
gathered and formulated in a risk response plan. These should be proposed to the project 
decision-makers, who select the appropriate actions for implementation. The risk handling phase 
must be compatible with the risk policy and any additional guidance that the project plan 
provides. A critical part is the refinement and selection of the most appropriate handling options. 
 
An important task of this phase is the process of recognising at what stage and in what way risks 
can be handled and who is most suitable to do so. In order to ensure that all risks are handled in 
some way the risk policy should assign each risk an owner who has the responsibility for the risks 
to be managed in the intended way (Lewin 1998 and Melvin 1998). 
 
There are five main ways in which risks can be handled within the context of a risk management 
strategy (see e.g. Lewin 1998, Clayton 2001b and Hintze 2001). These are: 

(i) Risk avoidance. 

(ii) Risk retention. 

(iii) Risk transferring. 

(iv) Risk sharing. 

(v) Risk mitigation. 
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Risk avoidance means that the risks are avoided through a complete avoidance of a risky activity, 
e.g. by changing the location, and is sometimes called risk elimination. If a risk retention strategy is 
used, the risks are left untreated. Risk retention is thus a conscious choice of taking no actions to 
handle a specific risk and is sometimes called passiveness. Risk transferring means that the risks are 
transferred to another individual or organisation which is willing to take the risk, e.g. through 
insurance, or to another set of risks, e.g. by changing a work activity or the type of construction. 
In risk sharing the risks are shared with another individual or organisation, e.g. by a joint-venture. 
This handling action is a combination between risk transfer and risk retention. Risk mitigation 
means that the risks are reduced or eliminated by reducing its probability of occurrence and/or 
its consequence through preventive or limiting handling actions. An example of framework for 
deciding the method for handling risks depending on likelihood and severity is illustrated in table 
2.7. 
 
 
Table 2.7 An example of framework for deciding the method for handling risks (after Flanagan and Norman 1993). 
 

 Likelihood     

Severity Improbable Rare Possible Probable Very likely 

Negligible Retain Retain Retain Retain Retain 

Small Retain Retain Partial insure Partial insure Partial insure 

Moderate Retain Partial insure Insure Insure Insure 

Large Insure Insure Insure Insure Insure 

Disastrous Insure Insure Cease activity Cease activity Cease activity 

 
 
According to a survey conducted by Baker et al. (1999) risk mitigation is the most common risk 
handling action. Almost 90 % of the companies in the survey used risk mitigation as the most 
important risk handling action. Risk transfer and risk sharing was used by around 55 % of the 
companies and risk avoidance and risk retention approximately 30 % each. However, Baker et al. 
conclude that when construction companies eliminate risk, they generally do so either by not 
placing a bid or tendering at a very high price. Furthermore, the construction industry places 
relatively little importance on technical risks in general. 
 
Risk mitigation is often the risk handling action that first comes in mind in the context of risk 
management. The procedure for risk mitigation is different whether it is the probability or 
consequence that shall be reduced, see e.g. Hintze (1994). Reducing the probability means that 
the probability of an initiating event is reduced. In order to reduce the probability the parameters 
that determines the distribution function, i.e. the mean value and/or the standard deviation, must 
be reduced, see figure 2.20. The mean value can be reduced by, for example, using the most 
appropriate technique or equipment in relation to the present geological condition, the 
surroundings etc. The standard deviation can be reduced by using methods that reduce the 
uncertainty, e.g. expert judgement, additional site investigations and education of the personnel 
involved in the project. 
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Figure 2.20 Reducing the risk by changing the frequency (probability) function (modified after Hintze 1994). 
 
 
Risk mitigation is sometimes restricted to the concept of reducing the consequence and risk 
attenuation is used for reducing the probability. This is because they not only represent different 
axes on the probability-consequence map, they also operate in different areas, with mitigation 
usually via commercial/contractual mechanisms and attenuation via technical solutions (Lewin 
1998). 
 
Reducing the consequence implies that the consequence function is changed, e.g. by reducing the 
cost for a specific damage event or taking actions to limit the consequence to a certain level 
(Hintze 1994), see figure 2.21.  

 
Figure 2.21 Reducing the risk by changing the consequence function (modified after Hintze 1994). 
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Reducing the consequence can be achieved either by conduct preventive actions if the 
consequence is on an acceptable level or actions that reduce the consequence if it is on an 
unacceptable level, see figure 2.22. Examples of preventive actions are underpinning of existing 
buildings, establishment of a quality program and the use of a monitoring system. Re-design and 
change of working methods are examples of consequence reducing actions. Pre-planning of 
countermeasures and knowledgeable personnel at the site are further examples of consequence 
reducing actions. 

 
Figure 2.22 Preventive actions and reducing actions (after Hintze 1994). 
 
 
A survey by the Confederation of the British Industry in 1994, presented in Clayton (2001b), 
revealed that some companies in the British construction industry were using a very high 
minimum acceptable rate of return instead of identifying and handling the risks in the tender 
phase. Baker et al. (1999) have reported similar experiences. The rate of return was used to judge 
the acceptability of the project in the hope that this would provide a built-in contingency margin 
to cover risk. However, this rather rough approach of risk management has several drawbacks. 
First, it excludes projects with low risks and with good return which is lower than the acceptable 
rate of return. Second, handling of risks is the key of effective risk management and most risks 
can be handled in some way. The choice of not handling the risks is a rather defensive approach. 
 
The survey also showed that in many projects the risk handling was sometimes undertaken only 
at a rather superficial level. If more attention was paid to it, fewer hazards would probably result 
in damage events. It is normally not sufficient just to “take a margin” for risk since this results in 
little risk handling being done and a low risk awareness in the project. This would probably also 
lead to increasing project costs in the long run. If implemented correctly a successful risk 
management strategy reduces any adverse variations in the financial returns from a project. 
However, risk management itself might reduce the average overall financial returns from a 
project because it involves direct costs, e.g. increased capital expenditure or the payment of 
insurance premiums. However, this is often an acceptable outcome because of the risk-avert 
profile of many clients, investors and lenders (Lewin 1998). 
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In recent years there has been an increasing use of insurance arrangement in order to reduce the 
risks in a project (Tengborg 1998). There are insurances available for the client, designer and 
contractor in different phases of a project. Insurances against cost increases or time delays due to 
difficult conditions do normally not exist. In general there are few statistical data on which the 
insurance companies can base their estimation of the risks and, therefore, the insurance premium 
has to be based on experiences from similar projects and/or expert judgement. 

2.3.6 Risk Planning 

Risk planning is the detailed formulation of actions for the management of identified risks that 
have been accepted in the decision-making phase (Hintze 2001 and Carlsson et al. 2005). Risk 
information is translated into decisions and risk handling actions (both present and future) and 
these are implemented in the project plan, see figure 2.23. Risk planning is an ongoing process 
throughout the life-cycle of the project and includes, for example, describing and scheduling the 
activities and the organisation to control, document and communicate risks associated with the 
project. It is the process to: 

 Develop and document an organized, comprehensive and interactive risk management 
strategy throughout the project. 

 Determine the methods to be used to execute a risk management strategy. 

 Plan for adequate resources in time and space. 

 
Figure 2.23 Translation of risk information into the project plan (after Hintze 2001). 
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The identified risks are often gathered in a risk register together with the decided risk handling 
actions. A risk register is a way of gathering all the risk data so that the information can be 
effectively communicated in the project. An example of a risk register is presented in table 2.8. A 
typical risk register might include the following (Clayton 2001b): 

 The identified hazards in the project. 

 The damage events resulting from these hazards. 

 An estimation of the risk. 

 The risk handling plan and mitigation actions with the objective of keeping the risks at an 
acceptable level. 

 The time for response and who is responsible for the response (the risk owner). 

 The expected effect of the response. 

 The part that carries the economical consequence of the risk if it should be realised, and an 
estimation of the cost associated with the handling of the risks. 

 
 
Table 2.8 An example of a risk register (Clayton 2001b). 
 

No Risk Owner Mitigation plan Last review Critical date Importance Action Closed 

2822 Footbridge 
piling 

KG Additional 
ground 
investigation 

26/07/00 Closed 1 Trial holes Y 

5215 Unexpected 
land conta-
mination 
found 

CE Apply previously 
prepared detailed 
procedure 

19/01/00 Ongoing 1 Control 
plan no. 07-
01 

N 

3.5 Dene holes CE Establish 
existence 

19/01/00 Ongoing 1 Radiological 
surveys, 
historical 
records 

N 

3.14 Swallow holes CE Establish 
existence 

19/01/00 Ongoing 2 Radiological 
surveys, 
historical 
records 

N 

11.4 Lignite mining KG Investigate as 
necessary 

19/01/00 Ongoing 1 Allow for 
removal 

N 

 
 
The decided risk handling actions should be incorporated into the project plan in order to 
enhance that no risks and planned actions are forgotten during the project execution. The re-
evaluation of the risk register should be a separate issue on the agenda of every project meeting.  
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2.3.7 Risk Monitoring 

A key task at this stage of the management process is the monitoring of hazards included in the 
residual risk analysis, risk mitigation strategy and the risk response plan (Hintze 1994 & 2001 and 
Lewin 1998). All identified hazards need to be monitored regularly including those in the 
remaining stages of the investment life-cycle, not only the hazards occurring in the present stage. 
 
The risk monitoring process is a continuous process of monitoring and re-estimation of risks, 
initiating events and warning bells, see figure 2.24. The monitoring process systematically tracks 
and evaluates the effectiveness of risk handling actions against established standards. Monitoring 
results may also provide a basis for developing additional handling options and identifying new 
risks or abandon some identified risks. If necessary, the project management should re-examine 
the risk handling approaches for effectiveness while conducting assessments. As the project 
progresses, the monitoring process should identify the need for additional risk handling options. 

 
Figure 2.24 The risk monitoring process. 
 
 
Any significant changes in already identified risks or new risks that are identified should be 
reported and assessed immediately (Lewin 1998). Regular monitoring of the risks can be 
undertaken by studying events, situations or changes (trends), which could potentially affect risks 
during the normal management and progress of a project. These trends must be systematically 
identified, analysed and monitored on a regular basis. Ideally, these should be considered at 
regular progress meetings involving key members of the management team. 
 
An effective monitoring effort provides information that show if handling actions are not 
working and which risks are on their way to becoming actual problems. The information should 
be available in sufficient time for the project management to take corrective action since it 
generally elapse some time before the corrective actions becomes effective. The performance of 
the project risk group is crucial to effective risk monitoring. They are the “front line” for 
obtaining indications that handling efforts are needed and about their desired effects. 
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Finally, the fundamental qualities of the project, whether or not it is worthwhile, should be 
continually assessed and a risk review set in hand when events occur which appear to have 
significantly altered the risk profile of the project. 

2.4 Risk Perception 
The research on risk perception started in the mid 1970’s and was mainly based on quantitative 
methods, e.g. questionnaires. In the studies of risk perception the standard approach is to 
compare the degree of severity that subjects assign to different risks factors, so called subjective 
risk, to the expectation values that have been calculated for the same risk factors, so called 
objective risk. The underlying assumption is that there is an objective and knowable risk level that 
can be calculated with the expectation value method. This is a questionable assumption since it is 
often argued that there exists no objective risk since the risk is relative and only exist in the minds 
of individuals or the society as a whole (Corotis 2003). 
 
The individual’s perception of risk depends on several factors (Douglas et al. 1982, Rosenberg 
1989 and Slovic 2000). Some of these are: 

 Voluntary or involuntary risk. 

 Known or unknown risk. 

 Potential damage. 

 Expected utility. 

 The time factor. 

 Who the risk affects, e.g. the society or the individual personally. 

 Personal factors, e.g. sex, age, education, personality and attitudes. 

 Social factors according to the theory of culture divided into egalitarian, hierarchic, 
individualistic and fatalistic factors, e.g. moral, values and social group. 

 Accessibility. 

 Attitudes towards the part that is causing the risk. 

 The decision-maker’s perceived ability of controlling the risk.  
 
In 1978 Slovic presented the psychometric model which states that all perception of risk can be 
explained by two dimensions, fear and news value. Some criticism against this model was that the 
utility also affects the risk perception and that experts and the public often have different risk 
level even though the structure is similar (Mattsson 2000). 
 
The literature reveals the following conclusions regarding the factors influencing the perception 
of risk (Rowe 1977, Sjöberg 1978, Starr & Whipple 1980, Harr 1987, Rosenberg 1989, Persson 
1991 and Hansson 2002): 
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 Even if the estimated risk is higher, a voluntary risk is generally preferred to an involuntary 
risk. 

 The accepted risk is larger if the risk affects someone else. 

 New techniques are perceived to be more severe than widespread techniques. 

 Risks with large probability and small consequences are preferred to risks with small 
probability and large consequences. 

 Larger risks will be accepted if the benefits are great. 

 There is an upper limit for which consequences that are accepted despite the probability of 
occurrence. 

 Risk is more important than the utility in many attitudes. 

 Risk has a moral dimension since it, on an fundamental level, is intolerable to expose 
people of risk. 

 People’s emotional reaction towards risk is governed by the negative expectations of fear. 

 Experts have a different attitude towards risk than the people in general. 

 People in general are quite rational when it comes to risks they are familiar with, but 
irrational when it comes to uncommon risks. 

 The more we know about a risk the less it seems. 

 Risks that can affect us in a near future are perceived more severe than risks in the future. 

 Risks with established technology are preferred to risks with new technology. 

 The demand for risk reducing action depends on the extent of the damage. 

 Risks that are accessible are considered to be more probable. 
 
The probability of failure or damage is usually very small in most civil engineering applications 
while the consequences can be severe. A risk situation including a potential damage event with a 
very small probability of occurrence but with a serious consequence has shown to be especially 
difficult to evaluate. This is because an uncertainty of which of the different parts of the risk that 
is the most important factor for the perception of risk. Furthermore, different parts have 
different values to different decision-makers. For some decision-makers the probability of 
occurrence is most important for the risk perception. For others the consequence is the most 
important factor for the risk perception. The existence of very small probabilities is though a 
special characteristic that must be regarded explicitly according to Hintze (1994), since these have 
been found to affect the perception towards risk and therefore the risk acceptance. These must 
be treated separately in the establishment of accepted risk levels. 
 
Furthermore, the probability generally loses its meaning when it becomes sufficiently small. For 
most decision-makers it is indifferent if an event has a probability of occurrence of 10-4 or 10-6 
even though the probability is 100 times higher in the first case (Star & Whipple 1980). Studies of 
risk perception have also shown that small probabilities seem to be overestimated by most 
decision-makers. Since it often is much easier to apprehend and estimate the consequence of a 
damage event, the consequence part of the risk is often given more value than the probability 
part (Sjöberg 1978). 
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The psychological factors influencing the perception of risk are especially important in an 
infrastructure since there are so many actors involved in the project. These factors are generally 
not considered in the decisions criterion used and must therefore be addressed separately (Hintze 
1994). Risk perception in the construction industry has been studied by e.g. Akintoye & MacLeod 
(1997). They conducted an extensive interview with the focus on risk perception and risk 
management and found that the construction industry seems to be mostly risk averse since the 
actors use risk transferring as their primary risk handling action. 

2.5 Risk Acceptance 
The decisions that are made in the risk management process are not only dependent on the size 
or seriousness of the risk, but also on the risk acceptance of the decision-makers. Thus, when the 
risks have been estimated, it must be determined whether the risks are acceptable or not. The 
decision that a decision-maker is willing to make is dependent on the specific risk level that can 
be accepted by that person, the client or the society. It is important to stipulate the accepted risk 
level before any decisions regarding budget, time schedule, technical solutions, construction 
methods, etc. is handled. The accepted risk level must be established in an early phase of the 
project in order to make the most suitable decisions from the initial phases of the project. The 
accepted risk level should be established in the risk policy for the project (Hintze 1994 & 2001). 
 
The willingness of a decision-maker to accept a specific risk governs the risk acceptance. The risk 
acceptance depends on several factors, e.g. the risk perception of the individual or organisation 
facing a risk, the decision criteria, and the existing knowledge and experience of similar decision 
situations. The actual handling of an individual or an organisation facing a risk reveals the risk 
acceptance which can be divided into three categories; risk averse, risk neutral or risk taking, see 
figure 2.25. These can be defined by the certainty equivalent which is the expected value or the 
guaranteed amount of resources that is equally worth as a risky situation. 

 
Figure 2.25 Risk acceptance for different types of decision-makers (after CIRIA 2002). 
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The decision-makers attitude towards the risk can in a similar way be evaluated by an estimation 
of the risk premium. The risk premium is the decision-makers willingness to pay an amount over 
the expected monetary value to avoid the risk (Edlund & Högberg 1986). A risk avoiding 
decision-maker will then have a negative risk premium and a risk taking decision-maker a positive 
risk premium. A risk neutral decision-maker will usually use the maximum expected monetary 
outcome as a decision criterion. 

 
Figure 2.26 Risk acceptance of a risk-taker, risk neutral and risk adverse decision-maker on the basis of the risk 

premium (Edlund &Högberg 1986). 
 
 
The risk acceptance is determined by many factors, some inherited and some acquired. 
Furthermore, the accepted risk level is different among different individuals, groups and societies 
and is dependent not only on personal factors, but also on technical, economical, social and 
psychological factors. The risk acceptance is, for examples, influenced by experiences of similar 
risk situation, public focus, familiarity with the working methods at hand etc. (Rowe 1977 and 
Persson 1991). An organisation generally accepts a higher risk level than the individuals in the 
organisation. The risk acceptance of individuals is thus often risk averse, while risk neutral or 
even risk taking characterise organisations. Generally, there seems to be a trend that the risk 
perception of individuals has a Gaussians distribution with skewness towards a lower willingness 
to accept risks, i.e. the human being seems to be risk avoiding in nature. Though, risk neutrality 
can be presumed when the sacrifice or expected loss is small (Rowe 1977). 
 
However, in most situations it is almost impossible to decide the risk acceptance of individuals 
and organisations. Therefore, the accepted risk levels have to be based on more simplified 
methods. Melchers (2002) describes two ways of determining acceptance criteria in engineering 
projects. The first way to decide project specific acceptance criteria is to compare the estimated 
risks with other acceptable risks in the society. This is applicable for consequences including loss 
of lives, but seldom for economical loss. Some accepted risks associated with engineering 
projects are illustrated in figure 2.27. 
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Figure 2.27 Accepted risk levels in some types of engineering projects (Wyllie 1999 after Whitman 1984). 
 
 
The second way is to use cost-benefit analysis to decide the accepted risk level. The aim is to 
maximise the difference between the total benefit of the project and the total cost of the project. 
The probability and consequence of failure is then one parameter of the total cost. The cost-
benefit equation can then be written (Melchers 2002): 

)max()max( FfMINSCQAIT CpCCCCCBCB ⋅−−−−−−=−  

where B is the total benefit of the project, CT is the total cost of the project, CI is the initial cost 
of the project, CQA is the coast for quality assurance, CC is the cost of corrective actions in 
responsive to quality assurance, CINS is the cost of insurance, pf is the probability of failure and CF 
is the consequence of failure. This equation can be used to find the “optimal” probability of 
failure given a certain level of quality assurance. Assuming a constant benefit B and minimising 
the total cost CT a minimum will exist, i.e. dCT/dpf =0 as illustrated as in figure 2.28. 
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Figure 2.28 (a) Component cost and (b) total cost as a function of pf (after Melchers 2002). 
 
 
Due to the large uncertainties involved in the risk management process it is seldom possible to 
determine the risks exactly. As a consequence, the acceptance criteria are, to a great extent, based 
on experiences of similar risks.  

2.6 Risk Communication 
All the risk management activities, e.g. problem formulation, risk identification and risk 
mitigation actions, are worthless unless they are properly communicated to the actors involved in 
the project. However, risk management is in itself a way of passing information to other actors in 
a project, whether they are clients, designers, contractors, subcontractors, suppliers or the public, 
through the systematic approach requiring information from many different actors. Nonetheless, 
the communication of risks should be considered as a hazard in the project since the awareness 
and knowledge of potential risks and the communication of these among the participants in a 
project is essential for the result of the risk management process. In fact, the biggest hazard in 
many projects is the lack of communication according to CIRIA (2002). The importance of 
quality-assured communication and flow of information within projects has been considered by 
e.g. Muir Wood (1994), Rollenhagen (1995) and Sturk (1998). 
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In general, information flow both horizontally between the actors in a specific phase and 
vertically between different project phases, see figure 2.29. The aim and content of the 
information is usually different in different phases. In order to ensure a proper communication in 
the project, part of the problem assessment should be designated to the communication between 
the different actors involved. This includes, for example, the understanding of the objectives of 
the study and the different actors’ frames of reference, and the assessment of the actors’ concern. 
Successful communication rests, among others, on the characteristics of the sender and receiver 
of the information, the decision situation and the environment. A prerequisite for successful 
communication is an understanding of the obstacles that can prevent the intention of the 
communication. These can be divided into general, organisational and personal obstacles, see 
Stille et al. 2003. 

 
Figure 2.29 Some important information paths in an infrastructure project (modified after Sturk 1998). 
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The rate of information flow within the organisation is governed by the distribution of 
responsibilities and the authorisation for making decisions in the project organisation. To 
minimise the time required from an indication, e.g. of a mitigation action, to authorisation of 
making decisions regarding these issues, the responsibility should be given to those closest to the 
actual work and, thus, the best suited for the decision-making. 
 
Since the aim and contents of the information generally are different in different phases, the 
requirements of the information also change during the project progress. For example, the 
requirement for details generally increases as the project proceeds from pre-planning to actual 
construction. The contents of the information regarding the risk management also changes 
during the project progress, se figure 2.30. 
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Figure 2.30 The content of the information of risks in different phases of a project. 
 
 
The quality and the suitability to the purpose of the communication and flow of information 
between the actors and between the different phases in a project are important for the success of 
the risk management strategy. Through adequate information and communication the possibility 
to avoid risks and hazards is increasing. Though, if the amount of information becomes too large 
or too diverse problems with the general view and the interpretation of the information may 
arise. Furthermore, the information should be clear regarding the uncertainty involved, related to 
the current situation (e.g. representation, extent and quality), understandable and quality-assured 
(Stille & Sturk 2001). 
 
The information of risks must be adapted to the receiver so that the receiver has the possibility to 
understand and exploit the information (Sturk 1998). The characteristics of the information 
between, for example, two engineers can not reasonably be the same as the information between 
an engineer and a worker or between an engineer and a client. There are, of course, differences in 
the use and meaning of words and language, knowledge and experiences which affect the way to 
communicate. 
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In order to achieve successful flow of information, Rollenhagen (1995) proposes that the 
following criteria regarding the characteristics of the information shall be fulfilled: 

 High (sufficient) quality information, i.e. the information shall be adapted to its purpose, 
understandable, correspond to the expectations and transparent. 

 The amount of information must be adapted to the decision situation. 

 The time for arrival of the information and the speed of the presentation of the 
information must be adequate. 

 
Muir Wood (1994) points out the importance to distinguish between information based on 
knowledge and information based on assumptions. Otherwise problems may arise in the 
interpretation and the utilisation of the information. However, this is not trivial in many 
situations in an infrastructure project due to the rather heavy reliance upon empirical 
relationships and subjective judgements.  
 
The transferring of information usually arouses associations among the people involved in the 
process. This has been pointed out by Nørrestranders (1991) and is discussed in Sturk (1998). 
Information implicitly based on associations is here called exformation. If the sender of the 
information succeeds to trigger the intended associations in the receiver’s mind, the information 
can include limited explicit information but still be comprehensive due to the implicit infor-
mation involved. On the other side, if undesired associations arise, the receiver’s interpretation of 
the information can be totally different from what the sender’s intentions. Thus, it is important 
that both information and exformation is taken into consideration when transferring risk infor-
mation between the actors involved in a project (Nørrestranders 1991). 
 
CIRIA describes a way to ensure that the relevant information regarding the risks in a project is 
distributed to all the relevant actors in a project. First, at least one member of the staff from each 
organisation is appointed to be part of the project risk management team during the entire 
project. Verification must be obtained that these persons have received the risk information and 
understood it and that those concerned are committed to undertaking the required risk mitigation 
action. Second, a project wide risk register is then used to pass details of each identified risk, its 
impact on the project, who is responsible for the management of the risk and how this is to be 
achieved (CIRIA 2002). A similar way of working is described by Melvin (1998) where a 
designated risk engineer is responsible for the communication and handling of the risks through 
the entire project process. 
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2.7 Quality Assurance of Risk Management 
The risk management process is a process with a degree of subjectivity involved and different risk 
analysts may, of course, come to different results. It is therefore necessary that the process is 
documented in a proper way. Furthermore, it is important that the result is reviewed critically as 
for all other studies and investigations. 
 
A basic prerequisite of the quality assurance of the risk management process is that the entire 
process is documented in a logic and systematic manner. This documentation is the final 
verification that the analysis has been performed in a satisfactory manner. The documentation 
should include the objective of the analyses, methods and data sources used in the analyses, the 
recommended risk handling actions and the main results. It is also important that the 
uncertainties in the models used and the underlying assumptions regarding estimation of 
probabilities and consequences are identified and quantified. These uncertainties should be made 
clear so that there are not hidden for the decision-makers (Clayton 2001b). 
 
The quality of the data used in the analysis can be improved by the use of historical data from 
similar projects. If no historical data exist, well compounded teams of highly skilled individuals 
with different topics of interest and experiences can be used. By the use of teams of individuals 
with diverged knowledge and experience it is believed that a synergy effect is obtained. 
 
In many situations and among many individuals, and especially engineers, there is a strong belief 
in quantitative data (Hansson 2004). There are certainly great advantages in expressing the 
estimations of probability and consequences with the accuracy that follows a quantitative analysis. 
Though, if there are discrepancies in the data quality and data sources a quantitative analysis is 
not always to prefer. In these situations, a well-performed qualitative analysis can be used with 
the same level of detailness. Regardless of what kind of method that is used, the documentation 
should include a discussion of the quality of the data and data sources that are used in the 
analysis. Moreover, a description and discussion of the system and problem definition, identified 
risk sources and hazards, initiation events etc. should also be included (Sturk 1998).  

2.8 Conclusions 
The risk management process is influenced by many factors, for example the meaning and 
interpretation of the word risk, the risk management methodology, individuals’ perception of 
different types of risks, the accepted risk levels and the communication of risks. This chapter 
included a literature review of the concept of risk and uncertainty and risk management at a 
fundamental level as well as a study of risk perception, risk acceptance, risk communication and 
quality assurance of the risk management process. 
 
Risk management developed as a discipline in the United States in the 1960’s due to increasing 
costs for business insurances which resulted in a demand for preventive measures to reduce 
business risks. In the construction industry, the interest in risk management started to grow in the 
1990´s due to an increasing number of complex projects including large risks and uncertainties, 
e.g. the expansion of the infrastructure in urban areas. The risk management in future 
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infrastructure projects will probably become a more complicated process than before due to 
increasing dependence on advanced technology and location of complex infrastructure systems in 
urban areas in combination with tight time schedules and rigid cost limits. Additionally, an 
increasing consideration has to be taken to public interests and relations as well as environmental 
issues. Therefore, there will be a greater range of risks to be considered and the management of 
the risks will become more diverse. 
 
Risk management is currently used in many businesses to control risks and uncertainties, e.g. 
health and safety, finance and the nuclear industry. A convenient way of managing geotechnical 
risks should be to add geotechnical risk factors to the existing systems of risk management in 
these businesses. There are however conflicts of interests in all projects and the management of 
geotechnical risks will not be the most critical issues in many projects. Though, for some types of 
projects the risk management of geotechnical risks will result in significant improvements in costs 
and quality.  
 
The word risk is an ambiguous and a multidimensional word having different meanings to 
different individuals and is used with different meaning in different businesses and in everyday 
language. In addition, research has shown large discrepancies between the public and experts 
when it comes to the definition and meaning of the word risk and the perception of risks. In 
order to make an effective risk management possible the word risk must be defined with a strict 
meaning depending on the context. In a technical context, the standard meaning of the word risk 
is the statistical expectation value of an unwanted event which may occur. An expectation value is 
a probability-weighted value which has the benefit of being is additive. This definition is often 
used in risk-benefit analysis in the systematic comparison of risks with benefits. There are 
however several drawbacks in this definition. Furthermore, the concept of risk is a value-laden 
word which has a negative meaning to most people and often takes a “threat perspective”. 
However, risk has a positive side as well, opportunity, which is often ignored. As a consequence, 
today risk management is often about managing risks rather than opportunity management.  
 
The risk management process generally consists of three parts; risk analysis, risk evaluation and, 
risk reduction and control. The risk analysis and the risk evaluation is sometimes called risk 
assessment. Risk analysis consists of three phases; scope and system definition, risk and hazard 
identification, and risk estimation. The aim of the risk analysis is to provide a basis for the 
decisions that have to be made in a project. 
 
The scope definition defines the scope of the project as well as the fundamental requirements 
from the client, society etc. The system definition defines the projects in terms of conceptual 
system, e.g. series, parallel or combined systems, in order to understand the origin and the 
characteristics of the risks. The risk and hazard identification aims at identifying all significant 
types and sources of risk and uncertainty associated with each of the investment objectives and 
the key parameters relating to these objectives, determine the causes and the initiating events of 
each risk, and to decide how different risks are related to each other and how risks should be 
classified and grouped for evaluation. Risk estimation is a problem definition phase in the risk 
management process which quantifies potential risks in terms of probability and consequences. 
The aim of the risk estimation is to estimate the total expected damage cost (the total risk) of a 
project in economic terms and to classify and prioritise the risks. 
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The second part of the risk management process, i.e. the risk evaluation, consists of risk 
tolerability decisions and analysis of options. The risk evaluation is the process in which 
judgements are made on the tolerability of the risk on the basis of the risk analysis, taking factors 
such as socio-economic and environmental aspects into account. The aim of this part is to decide 
the risk level that can be accepted in the project and analyse the different handling options to deal 
with the risks. The accepted risk level is dependent on the risk perception of the decision-makers. 
The risk perception depends for example of the nature of the risk, the familiarity of the risk and 
personal, cultural and social factors. Depending on the risk perception and risk acceptance 
decision-makers can be divided into risk averts, risk neutrals and risk takers. Most individuals 
seem to be risk averts while most organisation can be characterised as risk neutrals. 
 
The third part of the risk management process, i.e. risk reduction and control, comprises 
decision-making regarding the handling of identified risks and implementation and monitoring of 
risk handling actions. Risk handling can be defined as the risk management phase that includes 
specific methods and techniques to deal with risks that can not be accepted without further 
attention. The aim of this part is to separate those risks that can be accepted with or without any 
further attention from those that can not as well as to decide, plan and implement appropriate 
handling actions for those risks that need further attention. If the risks can not be accepted they 
risk can be avoided, left untreated, transferred, shared or mitigated. The communication of risks 
has a major influence on the result of the decided handling actions. 
 
Due to the special characteristics of an infrastructure project it is not enough with one person’s 
subjective and informal assessment and management of risks for the success of the project. The 
risk management must be structured and systematic and involve all individuals in the project. 
Personal and financial resources for the risk management process must exist as well as knowledge 
and experience of geotechnical engineering and risk management. The success of the risk 
management process depends, for example, on: 

 An unambiguous definition of the word risks which is known by all involved in the 
project. 

 An understanding of the actual problem and the system at hand as well as the 
fundamental demand and prerequisites of the project. 

 A focus on both risks and opportunities. 

 Involvement of the entire project team and, often, assistance from external experts who 
are knowledgeable in existing risk areas. 

 An early implementation of a risk management system which will give the most benefit as 
there will be more options to handle the risks if they are identified in an early phase of the 
project.  

 A thorough search for existing information as well as sufficient experience is brought to 
identify hazards and risks as well as estimation of probabilities and consequences. 

 An understanding of the hazards themselves and the process from the initiating event to 
the actual damage. 

 An understanding of factors that determines the risk perception and the risk acceptance. 

 High-quality communication and transferring of correct information. 

 Adequate quality assurance of the risk management process. 
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3 Project Risk Management in Geotechnical 
Engineering 

Project risk management is a growing area with applications in all engineering areas. Due to the 
large risks and uncertainties generally involved in geotechnical engineering it has become more 
and more common to apply risk management techniques in infrastructure projects with the aim 
of acquiring knowledge of the principle sources of the uncertainty influencing cost and/or time. 
 
Project risk management is about how to deal with risks in a project environment and during the 
execution of the project. The overall aim of the project risk management is to identify and avoid 
or exploit the risks before they occur. The success of a project will rest on an understanding of 
the risk, hazards and uncertainties involved in a project. The project performance will also be 
significantly influenced by the distribution of the risk between the actors involved in the project. 
Therefore, the chapter includes a literature review dealing with risks, hazards and uncertainties in 
geotechnical engineering, risk sharing and methods for management of project risks in 
geotechnical engineering.  
 
The aim of the chapter is to review some of the risks usually present in geotechnical engineering 
and to point out the most critical risks in infrastructure projects in general. The examples of 
methods for project risk management are presented in order to illustrate some useful examples of 
these methods, not to be a complete presentation of all existing methods. 

3.1 Introduction 
Project risks can be defined in similarity with the previous definitions of risk with the addition 
that the risk affects the objectives of the project. Thus, project risk can be defined as a 
“combination of the probability of an event occurring and its consequences for project objectives” (IEC 2001). 
 
On a fundamental level, the threats associated with the construction process can be divided into 
four categories: 

 The completed project is a threat against its surroundings. 

 The completed project is a threat against its expected function. 

 The environment is a threat against the completed project. 

 The building process is a threat. 
 
The first category is usually regulated through laws, norms and standards which state that the 
completed structure shall have satisfactory load-bearing capacity, stability, durability etc. In 
addition, it is the responsibility of the building proprietor to secure that the completed structure 
is not a threat against its surroundings. The threats against the expected function and the 
environmental impact are usually handled in the design. The threat against damage on property 
or personal damage of third party is normally the responsibility of the building proprietor. The 
safety of the people involved in the project execution is the concern of the contractor. 
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There are many different ways of classifying project risks presented in the literature. According to 
Mattsson (2000) project risks can be divided into technical and social risks depending on their 
source and characteristics. In geotechnical engineering, technical risks are often related to the 
insufficient or adequate knowledge of the geotechnical conditions at the site. Other technical 
risks are risks with the design, the contract between the parts involved, the equipment and the 
construction method used for the project. Social risks are those risks that affect people outside 
the project and the environment. Examples of these risks are risks of contamination, settlements, 
vibrations and noise as well as risks for bad publicity and loss of goodwill or reputation. 
 
Another classification of project risks presented by Leung et al. (1998) divides the risks into risks 
related to internal risk factors, e.g. design, construction, and management, and external risk 
factors, e.g. factors related to time schedule, economical, political, environmental and financial 
issues. 
 
Project risks can affect many aspects of a project, for example costs, time schedules, quality, 
health and safety of the workers and the public, and environment. These risks can have direct or 
indirect consequences. Risks with direct consequences are for example risks related to design, 
construction, environment, working safety and guarantee engagements. Risks with indirect 
consequences are risks that affect the reputation or goodwill, the public opinion or the market 
value of the company. Examples of these risks are risks related to working safety, environment, 
client relations and quality.  
 
According to Clayton (2001b) construction work can result in at least five different types of risks: 

(i) Risks related to the health and safety of the workers and the public. 

(ii) Risks related to the environment. 

(iii) Risks related to the quality. 

(iv) Risks related to the time schedule. 

(v) Risks related to the financial budget of a project. 
 
The actor that takes on the risks changes with time. In the early planning phase and in the 
operating phase of a project, the building proprietor (or the client) takes on a large part of the 
project risks until the funding is established or a contract is signed. The risks in this phase of a 
project can however be changed by different measures, e.g. insurances, joint ventures, 
concessions and financial agreements. For the contractor, the risks are often considered to be 
most severe after the contract is signed as the contractor’s responsibilities and engagements then 
are fixed. 
 
Infrastructure projects are in general considered to include large risks due to the nature of these 
projects, e.g. varying and difficult conditions and demands, long project time schedules, complex 
contracts, high technical level, complex organisations and political, public and environmental 
focus. Severe cost overruns, time delays, quality problems and environmental impact have been 
reported in many projects recent years (see e.g. Kastbjerg 1994 & Nylén 1999). The risks in 
infrastructure projects are typically related to the geotechnical conditions, technical solutions, 
political decisions, financing, time scheduling, organisation, operation, and cost and time 
estimations (Jaafari 2001). 
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According to Tengborg (1998), the major risks are related to the contract, the organisation, the 
geotechnical conditions, the construction method and the financial arrangements. Risks related to 
technical issues, such as the soil and rock mass, are in general quite obvious and is therefore 
managed in some way in most projects, whilst risks associated with the organisation and contract 
are not that obvious and as a consequence often neglected (Tengborg 1998). Risks related to the 
contract, organisation and construction methods are only consider on a fundamental basis in this 
thesis but have been discussed extensively by Tengborg (1998). Additionally, risks related to the 
financial aspects of a project, e.g. currency changes, inflation and rates of interest, are not 
considered herein. 
 
Project risks result from the combination of a hazard and vulnerability (Clayton 2001b). A hazard is 
here something with the potential to do harm, such as a substance, geometry, a person or a 
contract. The meaning of vulnerability is those factors that determine the likelihood that a hazard 
will have unfavourable consequences. The process from a hazard to an actual damage can be 
illustrated as in figure 3.1. Central concepts in this process are risk object, hazard, initiating event, 
warning bell, damage event and damage object.  

 
Figure 3.1 The process from initiating event to damage (after Sturk 1998). 
 
 
These concepts can be defined as (Sturk 1998): 

 A risk object is an object which includes hazards that can cause damage, e.g. the organi-
sation, the contract, the design, and the soil and rock mass. 

 A hazard is an inherent property of the risk object and is defined as a threat of a possible 
damage event. Examples of hazards are water, unclear responsibilities and authorities in a 
contract, and insufficient competence in an organisation. 

Risk objects 

Contract 

Rock Soil 

Hazard 

Organisation 

Initiating event 

Damage event Damage 

”Warning bells” 
(damage indicators) 

Design 
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 An initiating event is the event that triggers a damage event, e.g. excavation, a decision and 
an approval of some sort. 

 A warning bell is an indication that a damage event is about to occur or already have 
occurred, e.g. soil movement, vibrations and flow of water. Warning bells almost always 
exist for the different types of hazards and it is important to notice them in due time.  

 A damage event is an event that causes damage, e.g. a collapse of a sheet pile wall, a over-
dimensioned structure and water in a tunnel. 

 The resulting damage is often expressed as economical loss or loss of resources for the 
project since the risk usually is expressed in monetary terms.  

 The part in the project that is subjected to the damage is here called the damage object, e.g. 
the client, the contractor or the society. 

 
These concepts, or definitions, are often used with different meanings in everyday language, but 
it is recommended that a stringent nomenclature is used in the context of risk management in 
order to avoid misunderstandings. Furthermore, all these concepts are not appropriate in all 
situations. Some types of damage are relatively easy to express in monetary terms, e.g. time delays 
and reconstruction, while other is practically impossible, e.g. costs for negative opinion and the 
loss of goodwill or co-workers. 
 
In table 3.1 some examples risks in infrastructure projects are presented in these concepts. For a 
more comprehensive description of these concepts and general risks in infrastructure projects 
and geotechnical engineering, the reader is referred to e.g. Hintze (1994), Sturk (1996 & 1998) 
and Tengborg (1998). 
 
 
Table 3.1 Examples of risks in infrastructure projects (Tengborg 1998). 
 

Risk object The rock mass The contract The organisation The design 

Hazard Flowing ground Responsibility of 
discrepancies 

Description of 
authorities 

Insufficient 
competence 

Initiating event Excavation Shortcomings in the 
site investigation 

Inadequate 
decision 

The approval of the 
design  

Damage event Tunnel collapse 
Unjustified demands 
from the contractor 
are approved 

Collapse in a 
tunnel Inadequate design 

Damage Economical loss Economical loss Economical loss Economical loss 

Damage object  The contractor The client The client or the 
contractor The client 
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3.2 Risks and Hazards in Geotechnical Engineering 
Geotechnical risks can be defined as the risks to building and construction due to the 
geotechnical conditions. There are several reasons why geotechnical risks affect the outcome of a 
construction project in a severe way. These are mainly because the special nature of the ground 
(Clayton 2001b): 

 The properties and distribution of the geotechnical properties are predetermined and 
basically outside the control of the designer, the client and the contractor. 

 In contrast with man-made materials, e.g. steel or concrete, the geotechnical conditions 
generally are highly variable from place to place and with the depth. 

 The accuracy of many geotechnical design methods is poor despite the developments in 
recent decades. 

 There are many ways in which difficult or unforeseen geotechnical conditions can cause 
problems in a construction project. 

 Different methods of construction and different technical solutions will be affected by 
changes in the geotechnical conditions in different extents. 

 Civil engineering works are in general executed early in the project life-cycle and problem 
will affect all subsequent phases in the project. 

 
Risks and hazards in geotechnical engineering generally have three components of impact; 
technical, contractual and project management (Clayton 2001b). These risks can adversely 
influence the cost and time schedule, health and safety, quality and the environment. There are 
many types of risks and hazards in geotechnical engineering and the consequence of failing to 
manage these risks can be severe in many projects. Some examples of risks in geotechnical 
engineering are given in table 3.2. 
 
 
Table 3.2 Examples of risks in geotechnical engineering (after Sturk 1998 and Hintze 2001). 
 

Risk object The soil mass The rock mass A sheet pile wall The rock mass 

Hazard Water Water Large move-
ments Running ground 

Initiating event Excavation Insufficient 
grouting Excavation Excavation 

Damage event Settlements Large water inflow Settlements Tunnel collapse 

Damage Economical loss Economical loss Economical loss Economical loss 

Damage object  Contractor or 
client 

Contractor or 
client 

Contractor or 
client 

Contractor or 
client 

 
 
Many work activities in geotechnical engineering projects, e.g. excavations, foundation work and 
tunnelling, can be characterised as series systems. This means that a work activity is dependent on 
the previous work activities and affects the subsequent work activities. The construction process 
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is therefore very sensitive for changes. For example, the installation of anchors for supporting a 
sheet pile wall is dependent on the installation of the sheet pile wall and the excavation to the 
anchor level. This implies that the risks and hazards also are connected to each other in a similar 
way (Isaksson 2002). 
 
Consequently, geotechnical risks often have disproportional effects on the cost and the time 
schedule of a project, since problems occurring in one phase affect the subsequent phases. This 
will often lead to irrecoverable time delays which lead to extra costs in addition to the costs for 
changing the design, re-construction etc. The costs in a geotechnical engineering project can be 
divided into normal and exceptional costs which could be represented both as deterministic and 
stochastic variables. Normal cost is here the cost for construction if no undesirable events occur. 
Exceptional costs are the construction cost if undesirable events occur, e.g. due to unexpected 
geotechnical conditions. The exceptional cost is a function of the probability and consequence of 
an undesirable event (Isaksson 2002). 
 
In a study of construction projects in Sweden, Nylén (1996 & 1999) found that limitations in 
geotechnical design, ground investigations and the interpretation of these are the reasons for 
approximately one third of the total cost of errors. According to Clayton (2001b), the majority of 
delays and cost overruns in the British construction industry are caused by ground related events. 
Minor changes in design due to unforeseen geotechnical conditions can easily add 5% to the total 
cost and figures as high as 30–50 % are not uncommon (Tyrell et al. 1983). If extensive unfore-
seen geotechnical conditions arise, extra costs up to 100 % have been reported (Mott MacDonald 
1994). According to Clayton (2001b), the most frequent sources to geotechnical risks are due to 
uncertainties in soil boundaries, soil properties and the groundwater situation, see table 3.3.  
 
 
Table 3.3 Sources to ground-related risks in construction (Clayton 2001b). 
 

Risks related to [%] 

Soil boundaries 22 

Soil properties 20 

Groundwater 13 

Contamination 11 

Obstructions 10 

Site investigation 9 

Services 6 

Detailed design 5 

Other 4 

 
 
Even though the methods for site and laboratory investigations in geotechnical engineering have 
continuously improved during the years, the pre-knowledge of the geotechnical conditions at a 
site have generally not improved in the same extent. This is in partly because a trend that a minor 
part of total project budget is spent on geotechnical site investigations. The fact that many 
ground investigations tend to be procured according to the lowest bid does not make the 
geotechnical risks less severe and less common (Clayton 2001b). 
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In a survey of around forty British highway projects conducted by Mott MacDonald (1994), a 
correlation between the cost overruns and the expenditure on site investigations was found, see 
figure 3.2. In the British construction industry, generally around 1 % of the total construction 
budget is spent on site investigations and cost overruns up to 100 % have then been reported. 
Facts suggest that the cost overruns are reduced as the expenditure on site investigations is 
increased. 
 
 

 
 
Figure 3.2 Increase in construction cost as a function of expenditure on site investigation (Mott MacDonald 1994). 
 
 
Geotechnical risks have to be managed systematically if significant problems are to be avoided. 
As been mentioned before, geotechnical risks influence both the technical and contractual parts 
of a project as well as the project management. Evidently, there are many types of construction 
risks besides geotechnical risks. Nevertheless, construction management should attempt to 
integrate the risk approach so that all risks are handled in a total risk management system. 
According Clayton (2001b) a successful management of geotechnical risks can be performed 
through the following steps: 

(i) creation of a team of geotechnical and geological experts, 

(ii) collection data on the geotechnical conditions at the site, 

(iii) identification of the likely range of forms of construction that might be used, 

(iv) identification of hazards and risks to different forms of construction, 

(v) ranking risk according to impact by group experience, 

(vi) establishment of a risk register, 

(vii) associate various risks to different stages of construction, and finally 

(viii) estimation of consequences and likelihood by group experience. 
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3.3 Uncertainties in Geotechnical Engineering 
Uncertainty arises due to a lack of knowledge and there are generally many types of uncertainty in 
geotechnical engineering. These are caused by, for example, insufficient or adequate information 
of included parameters or models, unfamiliar techniques or locations, lack of experience or 
competence and, unforeseen changes in scope and prerequisites. Some of these types of 
uncertainties are in some situations quantifiable and some are not. 
 
Furthermore, many phenomena, processes and events in geotechnical engineering include some 
form of inherent randomness and heterogeneity, i.e. the outcome of an event is to some extent 
unpredictable (Ang & Tang 1975). These phenomena are characterised by experimental 
observations that are different from one experiment to another, even though the experiments are 
carried out in the same way. Therefore, there is usually a range of measured or observed values 
which shall be used in the design or in other applications. 
 
Engineering uncertainties are not limited to the variability in the basic variables. First, the 
estimated values of a variable are not free from errors. If the there are limited data, the estimate 
will be nothing more than an educated guess based on past experience and the judgements of the 
engineer. Second, both mathematical and laboratory models are just a representation of the reality 
and will include uncertainties due the difficulty in the model interpretation. As a consequence, the 
predictions and calculations made on the basis will include uncertainties (Ang & Tang 1975). 
 
According to NEA (1997) the uncertainties can be categorised into scenario uncertainty, 
conceptual model uncertainty and data uncertainty. The scenario uncertainty concerns 
uncertainties in the evolution of a studied system due to initial internal conditions or by future 
external conditions. Conceptual model uncertainty deals with the uncertainty due to the fact that 
the fundamental knowledge of a system or a process and the connections between these are not 
inclusive. Data uncertainty concerns the uncertainty in the parameter values of a specific model.  
 
In order to estimate the impact of the uncertainties it is necessary to quantify them. Both the 
uncertainty due to the inherent variability and the model inaccuracies may be assessed in 
statistical terms. The evaluation of their significance on engineering design can be accomplished 
by using concepts and methods embodied in the theory of probability. The range of values can 
be described in a histogram, also called a frequency diagram, or as a probability density function. 
The histogram presents a graphical picture of the relative frequencies of the observations. In 
many situations certain aggregate quantities, such as mean value and variance, are more useful 
than a complete histogram. These can be evaluated from the histogram, but is usually calculated 
as the sample mean and the sample standard deviation (Johnson 2000). If the observed data show 
some form of randomness, the value can only be predicted with an associated probability.  
 
If two or more random variables are involved the degree of dependence between them must be 
estimated, i.e. how the value of one variable depend on the value of another value. When dealing 
with systems, e.g. series and parallel systems, the correlation between the parameters has a major 
impact on the result. Thus, it is essential to estimate the statistical dependence between the 
parameters that are included. Furthermore, the uncertainty of one parameter may affect the 
uncertainty of another parameter. 
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In addition, many properties, such as geological properties, show spatial variability, i.e. the 
properties vary in space. Spatial variability is not really an uncertainty, but is related to 
uncertainty. Even though there is no uncertainty in the spatial variability, the spatial variability 
may magnify the consequences of other uncertainties. The uncertainty should then be 
represented by a function and not a single value. Uncertainty in a function may be described by 
the concept of stochastic processes, where the difference between different outcomes of these 
functions represents the uncertainty in the spatial variability. The uncertainty caused by the spatial 
variability depends on the scale of the problem. Generally, the uncertainty of the spatial 
variability will decrease as the scale increases. Thus, when dealing with spatial variability it is 
crucial to understand the difference between variability and uncertainty and how the scale of the 
problem affects these (Andersson 1999). 
 
The uncertainty of a single parameter can be described by a probability distribution or a 
probability density function. The probability distribution can be discrete or continuous or a 
combination depending on the nature of the uncertainty. However, when dealing with 
uncertainties in geotechnical engineering traditional statistical methods are not always appropriate 
due to the fact there rarely is adequate data series to base the analysis on. Then other methods 
must be applied. Often it is possible to fix the parameter values within some boundaries, e.g. the 
quartiles and the mode, and then assign a distribution, e.g. a triangular distribution. It is also 
possible to use subjective assessments by expert opinions and judgements based on experience 
and knowledge in a specific area and the available information (Andersson 1999). 
 
However, there is a need for caution when using subjectively assigned probability distributions. 
According to Andersson (1999) a minimum requirement is that the assessment results are not 
critically dependent on the selected functional form of the density function. Even though the 
available data are scarce there are often enough data to make some kind of estimation. Without 
any uncertainty estimate at all the quality of the assessment can not be judged. Even a rough 
estimation, e.g. in the form of intervals, can be sufficient in many times. 
 
The input parameters can be chosen in many ways depending on the purpose of the analysis. 
Andersson (1999) describes three types of uncertainty estimates; “reasonable”, “pessimistic” and 
“probalistic” estimates. The purpose of choosing “reasonable” is to explore how the system 
functions under normal circumstances. A “reasonable” value is not necessary the statistical mean 
or median. In general, these values do not represent the most likely outcome. The “reasonable” 
value can be estimated be based on available data or on a model analysis. A “pessimistic” 
estimate is an estimate of a parameter value or conceptual model within the uncertainty range 
which will maximise the consequences. The main advantage of choosing a “pessimistic” value is 
to avoid a detailed description of a model or phenomenon which in many cases is difficult. 
Therefore, a “pessimistic” value can be chosen to handle to conceptual model uncertainty. If 
looking at system performance or safety this approach may be suitable. However, the decision 
alternative could be too costly. If all parameters are given a “pessimistic” value the result will be 
even unrealistic. Thus, the selection of “pessimistic” values should be considered carefully and be 
motivated.  
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If the result from the analyses with “reasonable” and “pessimistic” values shows large deviations 
it is necessary to use “probalistic” estimates, i.e. probalistic distributions which considers the 
variability in the properties. When there is little knowledge, experience or few data present of the 
underlying stochastic parameters there is of course difficult to make an estimation of the 
probability distribution. In these situations, the existing information can be used to identify 
intervals.  
 
As a result of these uncertainties, decisions must be based on trade-off between different factors, 
e.g. cost, utility, safety, probability of failure and uncertainty. The optimal decision is the decision 
that minimises and/or maximises some or all of these factors. The cost-benefit analysis should 
include the effect of the uncertainties on a given decision.  

3.4 Risk Sharing 
In any project, the risk sharing between the actors involved in the project will have significant 
influence on the project performance. The distribution of the risks is usually governed by the 
contract between the parts involved. Thus, the contract is a significant element in the risk 
management process. In addition, procurement methods have important implications for the risk 
management. Regardless the method of procurement and the form of contract, risks will be best 
managed when risk analysts representing all the actors concerned are brought together as early as 
possible in the project (Clayton 2001b & Hintze 2001). 
 
Despite the form of contract, there are certain risks and obligations that the actors always are 
responsible for regardless of the type of contract. The building proprietor is always responsible 
for the geotechnical conditions and to specify the demands regarding the function and quality. 
Though, there are some forms of contract in which the contractor takes over the responsibility 
for the soil and rock media, e.g. when the client only specifies a certain function of the planned 
facility and it is the choice of the contractor how to create this function. The contractor is, 
however, always responsible for the working safety and the actual execution of the project 
(Tengborg 1998).  
 
It should be in all actors’ best interest to make an estimate of the risks and uncertainties involved 
as good as possible before the contracts is signed. An understanding of the uncertainties 
regarding the cost and time schedule of the project is especially important both for the contractor 
in the procurement and execution process and the client in the project developing process (Elms 
2003). 
 
Methods of procurement in the construction industry have changed during the last decades. The 
traditional arrangement with a single consultant, engaged for design and supervision of the work 
is used less frequently today. Instead, more competitive and time-restricted conditions have lead 
to new types of contracts which has created new prerequisites and demands for construction 
managers, designers and contractors. The shift to contractor and subcontractor design in 
combination with shorter time schedules implies that the traditional approach of dealing with 
risks must change (Clayton 2001b). 
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According to a survey conducted by Clayton (2001b) there has also been an apparent shift in 
contract arrangements in the construction industry. Traditional pre-design contracts have been 
replaced by methods such as “design-and-build” and other arrangements decided by the client. 
This means that a great part of the design probably will be subcontracted in the future which 
implies that the final design will not be decided until late in the design process. As a consequence, 
the following factors are required in order to provide a more certain outcome in a fragmented 
construction environment: 

 High-quality communication. 

 A team approach to problem-solving. 

 An integrated total project process. 

 A risk-based approach to construction management and design. 
 
How the contracting method affects the allocation of the responsibility for risk factors between 
the actors have been discussed in the literature by for example Gordon (1994) and Kveldsvik & 
Aas (1998), Tengborg (1998), Clayton (2001b) and Isaksson (2002). Gordon (1994) describes 
four aspects that characterise the construction-contracting method. These are scope, 
organisation, contract and award. The scope is the portion of the project tasks that are assigned 
to the contractor, which are design, construction and/or finance. The part with whom the client 
enters a contract is the organisation, e.g. a general contractor, design-build team or turnkey team. 
The contract is the arrangement of payment between the client and the contractor, such as lump 
sum, unit price or cost plus. The award is the method used to choose the contractor and/or the 
price, for example by competitive bidding, negotiation and price proposal.  
 
Tengborg (1998) discusses the distribution of the risks regarding the type of contract and 
compensation. Different forms of contract lead to more or less risk, responsibilities and 
commitment for the client and the contractor, see figure 3.3. Two extremes of the distribution of 
the risk are illustrated; a general building contract where the client takes on a large part of the 
risks and a design-and-build contract where the contractor takes on the major part of the risks. 
The distribution of risks is somewhere between these in other types of contracts.  

 
Figure 3.3 Distribution of risks due to the contractual arrangements (after Tengborg 1998). 
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The distribution of risks involved in the construction process for some commonly used types of 
contracts are illustrated in figure 3.4. 
 
 

Type of contract Client Contractor 

 
Design and manage 

Design and build, turnkey, package 

Lump sum, fixed price 

Lump sum, fluctuating price 

Cost + fixed fee + target price 

Schedule of rates, re-measured 

Management fee + fixed priced work 

Management fee + cost + works 

Management fee + guaranteed max price 

Construction management 

 
Figure 3.4 Risk sharing between the client and the contractor depending on the type of contract (Flanagan & 

Norman 1993). 
 
 
Kveldsvik & Aas (1998) have described how the project cost is influenced by the risk distribution 
between the client and the contractor, se figure 3.5. The minimum project cost is then obtained 
when “the Norwegian practice” of risk sharing is used. Though, this is highly subjective 
statement with no proof available.  

 
Figure 3.5 Risk sharing influencing project cost (Kveldsvik & Aas 1998). 
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The contract should distribute the risks, responsibilities and engagements in a fair way and with a 
direct connection between work and compensation. In order to design the contract in a proper 
way, it is important to identify all the risks and hazards before the contract is established. The 
contract should regulate all imaginable deviations and changes which can arise during the project 
execution, especially deviations from the geotechnical conditions which often are disputable 
(Tengborg 1998).  
 
If the risks are not adequately distributed in the contract, claims and disputes may be some of the 
consequences during construction (Reilly et al. 1996). The contractors may also add high 
contingencies to their tenders to cover the costs of identified hazards and risks. Furthermore, it is 
important that all parties have an identical understanding of the risks, as risk contingencies in a 
tender generally increase the tender price or extend the time schedule, or both. The contract 
should aim at foreseeing and answering any contingency arising from the original prerequisites 
eliminating any future discussion over regulation of construction time or costs (Charoenngam & 
Yeh 1999). 
 
However, there is always a conflict of interest involved in a project. For the contractor, the 
general goal is to execute a project which maximises the profit over a long time period. The risks 
for the contractor are often considered to be severe after the contract is signed as the contractor’s 
responsibilities and engagements then are fixed. On the other hand, the general goal for the client 
(or building proprietor) is to get a specified product or function with a given quality to the lowest 
price possible, “maximum value for money”. The risks for the client are largest in the early 
planning phase, before the funding is set and a contractor is contracted, and in the operation 
phase of the project. This conflict of interest will normally make the risk distribution difficult and 
in combination with the fact that no actor will take on risks for free. 
 
Traditionally, disputes concerning geotechnical matters have been settled either by litigation or by 
arbitration. According to Turner et al. (1999), there are signs that these methods, nor those 
involving adjudication, mediation or expert determination, are particularly satisfactory. 
Negotiation is perceived to be the best method of dispute resolution, but it is of course better to 
avoid disputes if possible. Using an agreed model of the geotechnical conditions can provide a 
sound basis for negotiation when separate contracts are used for design and for construction. 
The joint appointment by all actors to a contract of a “disputes review board” or a “geotechnical 
advisory panel” to advise independently on the technical merits of a dispute may also help to 
speed up dispute resolution, thus saving considerable time and money (ASCE 1989). 
 
Partnering and term contracting are also finding favour with major client bodies, who are also 
increasingly restricting their tender lists in order to make their supply chain management more 
effective. Such arrangements make rapid and effective dispute resolutions more likely in the event 
that unforeseen problems occur, since construction companies are likely to take a longer business 
view (Nyström 2005). However, these arrangements do not offer a totally effective geotechnical 
risk control, since clients may pay an unreasonable high price for asking construction companies 
to take an unquantifiable or uncontrollable risk. 
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3.5 Methods for Project Risk Management 
As been stated before, infrastructure projects generally involve major risks and uncertainties due 
the geotechnical conditions, high technical level, long planning and execution times, complex 
distribution of responsibilities etc. Furthermore, these projects often involve innovative, but 
uncertain, technologies. Risk analysis and management of risks in the construction industry is still 
mainly dependent on intuition, judgement and experience. Formal techniques for analysis and 
management of risks are seldom used due to a lack of knowledge and to doubts on the suitability 
of these techniques for the construction industry (Akintoye & MacLeod 1997). However, because 
of the risks and uncertainties involved in many projects the use project management with a risk 
perspective, i.e. project risk management, has grown in the construction industry in recent years. 
The main objective of these methods is to gain insight into the principal sources of uncertainty in 
cost and time (Bedford & Cook 2003). 
 
The risk management process should start prior to the start of a project and should be repeated 
throughout the lifetime of the project (Hintze 2001). This allows incorporation of experiences 
and acquired knowledge into the project and keeps the risk profile updated. A project risk 
analysis can be a helpful aid already in the bidding process as it identifies and quantifies the 
hazards, uncertainties and risks in a project. The analysis gives the management knowledge of the 
risks that need to be considered in the contract or in insurance and financial arrangements. A 
well-performed risk analysis in the bidding phase is also a valuable for a company in deciding a 
bid. As been mentioned before, all risks can not be foreseen but when a risk analysis has been 
performed the odds are at least known. 
 
The aim of this section is to review some of the different methods that can be used in project risk 
management in geotechnical engineering. The reviewed methods were selected with the aim of 
showing some different types of methods which have the potential of managing geotechnical 
risks in infrastructure projects. Some of the methods are though more widely applicable. There 
are, however, several more methods of project management that incorporate, more or less, risk 
management than those presented here. These are described elsewhere in the literature, see e.g. 
Cooper & Chapman (1987), Thompson & Perry (1992), Bedford & Cook (2003) and Chapman & 
Ward (2004b). 

3.5.1 The Risman Method 

The Risman method was developed for infrastructure projects in the Netherlands, such as railway 
and road projects. The method is a typical example of the way in which risk management is 
applied in these kinds of projects (Rijke 1997 and Bedford & Cook 2003). The method includes 
one or several of the following steps: 

 Identification of uncertainties and countermeasures. 

 Quantification of uncertainties and countermeasures. 

 Calculation of project risk. 

 Calculation of the effect of countermeasures. 

 Decision-making and risk handling. 
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The first step, identification of uncertainties and countermeasures, is usually performed in 
qualitative terms and can be separated from the rest of the steps. The uncertainty is generally 
divided into normal uncertainties (i.e. uncertainties with natural variability), special events (i.e. 
events with small probability and large consequence) and plan uncertainties (uncertainties due to 
the fact that the project will be affected by decisions in the future). 
 
For the uncertainty identification a so called “project uncertainty matrix” is used. This matrix is 
divided into different sections which correspond to different phases of the project and has four 
columns; aspect, cause, consequence and countermeasures. By aspect is meant the area in which 
the uncertainty is located, e.g. the technical, organisational or financial area. The cause indicates 
the characteristics of the uncertainty and how it appears. The consequence specifies the possible 
effect of the uncertainty, e.g. in time and cost. The countermeasures are the actions that can be 
performed in order to reduce the probability that an adverse event will occur and/or mitigate the 
consequences of that event. These activities commonly include technical, organisational, financial 
and legal measures. 
 
The quantification of uncertainties and countermeasures is often based on expert judgements as 
adequate data often is missing since most projects are unique. For normal uncertainties a 
continuous distribution is often determined using expert judgement. The triangular distribution is 
frequently used an approximation. For special events and plan uncertainties it is generally more 
difficult to quantify the uncertainty but some estimation of the risk can be done in most 
situations, e.g. by the use of expert judgements.  
 
The time for completion and the costs of an infrastructure project are largely determined by the 
so called critical path of the project. Therefore, the risks that are associated with the activities on 
the critical path are considered to be especially important. The calculation of the project risk can 
then be calculated by a combination of the critical path method and simulation techniques, e.g. 
Monte Carlo simulation, if the different work activities are described in statistical terms. In the 
critical path method the project is simulated as a series system since the various parts of the 
project are interdependent as one part can not start before the earlier parts are finished. The 
interdependence is usually illustrated in a network diagram, see figure 3.6 where A, B, C, etc. are 
work activities and S is the start of the project. 

 
Figure 3.6 A simple network diagram with required times for completing the work activities (Bedford & Cook 2003). 
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The critical path is the sequence of work activities through the network with the longest times 
required to complete the project. The critical path is a set of activities determining the completion 
time and can be determined by a so called roll-forward-roll-back algorithm. Each node in the 
network is here described by a set of times {cn, ln} where cn is the time required for completing 
activity n and ln is the latest time at which activity n can be completed. If activity m directly 
precedes activity n, i.e. m→ n, and fn is the first time at which activity n can be completed then the 
relationship between cn and fn is: 

}{ nmfcf mnn →+= max  

Thus, fn is calculated by taking the maximum of the first completion times for the nodes before it 
in the net and the add the completion time of the current activity. This iterative process starts at 
the first node and is called the roll-forward algorithm. 
 
The roll-back algorithm calculates ln which is the minimum of the latest completion times for the 
nodes after it in the net having first subtracted the completion times of those activities, as: 

}{ mncll mmn →−= min  

Obviously, fn ≤ ln for all n. Figure 3.7 shows the result of the roll-forward-roll-back algorithm for 
the example in figure 3.6. 

 
Figure 3.7 Critical path resulting from the roll-forward-roll-back algorithm (Bedford & Cook 2003). 
 
 
As can be seen from figure 3.7, there is only one path through the network in which fn = ln. This 
is the critical path and determines the total completion time of the project. Of course, there can 
be several critical paths. 
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The times and cost required for completing an activity are generally not known by certain, but 
can be modelled as probability distributions assigned by e.g. expert judgement. Then the critical 
path will also be a distribution. A useful risk management method to rank the activities is the 
critical index, which is the probability that an activity will be in the critical path. When the 
correlations between the activities are modelled, a Monte Carlo simulation can be used to 
simulate the distribution of completion times and project cost. 

3.5.2 Risk Budget Management in Progressing Underground Works 

Risk budget management in progressing underground works and is a way to manage project risks 
in a structured manner presented by Arends et al. (2004). As construction works in general, and 
civil engineering works in particular, require a long planning phase linked with extensive public 
coordination, several risks can be addressed in the planning phase. In order to minimise the time 
and cost of the project it is important to have identified points, so called milestones, at which 
decisions shall be checked by independent experts. The works can reasonably be expected to be 
completed on time schedule and at an economical and acceptable cost only when the risks 
involved are exposed and when a plan to manage them exists. 
 
The risk budget management process divides the construction process in five different risk 
phases. The risk phases include different portions of the total risk with a heavy bias of risk 
towards the early phase, see figure 3.8. The figure also shows at which times the project shall be 
reviewed by independent project auditors working equally for the client and the contractor. In 
this way, the risks can be controlled and managed. The same auditor can perform the review in 
phase 1-3 and 4-5. 
 
In the model of risk budget management, the costs that affect the decision-making are divided 
into direct costs and indirect costs. Direct costs are defined as those costs that are incurred 
directly for the execution of the project. These costs are largely determined by the construction 
cost and are dependent on the task at hand, the construction method, the prerequisites and the 
risks associated with these. Costs for tendering, planning, design, project management, financing 
and insurance are examples of direct costs. 
 
Indirect costs are those costs that are incurred by those affected by the project and not usually 
the client. These costs are generally difficult to quantify and can not always be expressed in 
financial terms. Examples of indirect costs are costs due to changes in geotechnical conditions, 
the impairment of traffic flow and the impact on the environment.  
 
To ensure a clear distinction between the risk borne by the client and the contractor, Arends et al 
(2004) suggests that every bidder should be required to submit a risk analysis including a risk 
evaluation and a risk allocation with the bid. Furthermore, the bidders should price their actions 
to manage the risks as well as the quality-assurance of the project. Examples of details that need 
to be agreed on are the quality, the quality guarantee, definition of force majeure and the 
responsibility for the construction geotechnical risk. A transparent presentation and discussion of 
the risks is considered to avoid subsequent disputes and the possibility of overprices subsequent 
quotations. 
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Figure 3.8 The process of risk budget management (Arends et al. 2004). 
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3.5.3 Risk Analysis and Management of Projects (RAMP) 

RAMP provides a method to enable a structured and consistent analysis of risk within projects to 
be carried out effectively (Lewin 1998). RAMP is basically similar as PRAM (Project Risk 
Analysis and Management) which was published in the year of 1997 by the Association of Project 
Management. However, while PRAM describes a number of techniques for risk identification, 
risk analysis and risk management and the practical use of these, RAMP has a more strategic view 
of risk management and focuses on financial implications.  
 
RAMP can be applied either at a strategic level or as a detailed analytical and control process. The 
process covers the entire life of a project from initiation to closedown. The method emphasises 
the overall picture of the project rather on the physical asset alone. The components of the 
RAMP approach are shown in figure 3.9.  

 
Figure 3.9 Components of the RAMP approach (Lewin 1998). 
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(i) Plan, organise and launch the risk management process including 

 confirm perspective, 

 appoint risk process manager and team, 

 define investment brief, 

 determine timing of risk reviews, 

 decide level and scope of the risk management, and  

 establish a budget for the process. 

(ii) Establish baseline, covering 

 objectives and key parameters of investment, 

 baseline plan, and 

 underlying assumptions. 
 
In the risk review, key stages or decision points are defined in order to systematically identify the 
risks. The risks are typically entered into a risk register. Subsequently, the likelihood and 
consequences of the identified risks are evaluated and the relationships between them are 
identified. Finally, risk handling actions are identified to avoid, mitigate or transfer risk. These 
actions are incorporated into a risk handling strategy. An investment model is the used to 
estimate the overall risk and viability of the project. Assuming the project is not aborted, a risk 
response plan is then prepared. The risk review phase consists of: 

(i) Plan and initiate risk review. 

(ii) Identify risks. 

(iii) Estimate risks. 

(iv) Devise measures for handling risks. 

(v) Assess residual risks and decide whether to continue. 

(vi) Plan response to residual risks. 

(vii) Communicate risk handling strategy and response plan. 
 
The risk management phase incorporates the risk review into the ordinary management of each 
phase in the life of the project by implementing the risk handling strategy and the risk response 
plan. The work activities and other events are monitored to identify new or changing risks. 
Designated individuals are charged with managing the risks. The risk management phase consists 
of: 
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(i) Implement strategies and plans, including 

 Integrate with the ordinary project management. 

 Manage the agreed risk handling initiatives. 

 Report changes. 

(ii) Control risks, including 

 Ensure effective re-sourcing and implementation. 

 Monitor progress. 

 Continually review and categories trends. 

 Identify and evaluate risks and changes. 

 If necessary, initiate full risk review again. 
 
The process closedown is a retrospective review of the investment in terms of its success in meeting 
its objectives and the effectiveness of risk management process in contributing to the outcome. 
The process closedown phase consists of: 

(i) Assess investment outturn, covering 

 Results against original objectives. 

 Risk impacts with those anticipated. 

(ii) Review the process, including 

 Effectiveness of process and implementation. 

 Experiences for the future. 

 Possible improvements. 

 Communication of results. 
 
As can be seen, the structure of the RAMP process is on a fundamental level similar to the risk 
management process presented in figure 2.3 in chapter 2.  The RAMP process is also an iterative 
process consisting of continual risk review and risk handling. 
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3.5.4 The Observational Method 

The observational method or the active design method has been proposed for a cost effective 
and safe working practice in geotechnical engineering and especially in complex projects 
including risks and uncertainties, see e.g. Terzaghi (1961), Terzaghi & Peck (1967), Peck (1969), 
Baecher (1981), Bredenberg, Stille & Olsson (1981), Ladd (1991) and Powderham (2002a & 
2002b). According to Eurocode part 7, the use of the observational method can be appropriate in 
complex projects when it is difficult to predict the geotechnical behaviour. 
 
The method has its origin in a program for a cost-effective and safe execution of geotechnical 
works which was formulated for the first time by Terzaghi in 1961. This program consisted of 
eight parts (Terzaghi 1961): 

(i) The extent of the site investigations should be enough to obtain a general overview of 
the geological and hydrological conditions. 

(ii) Assessment of the most probable geotechnical conditions and the most negative 
deviations from these that can be expected. 

(iii) Design on the basis of the most probable geotechnical conditions. 

(iv) Determination of the parameters and phenomena which should be measured during the 
project execution and the expected values of these. 

(v) As in point (iv) but on the basis of the most negative deviations from the most expected 
geotechnical conditions. 

(vi) Establishment of a plan of action for every imaginable deviation from the expected 
ground conditions and behaviour of the structures. 

(vii) Continuous measurements of the identified parameters or phenomena during the 
execution of the project. 

(viii) Modification or re-design on the basis of the measurements. 

 
Thirty years later Ladd formulated the observational method in three parts in a similar way as 
Terzaghi (Ladd 1991): 

(i) Choice of design parameters: 

 The designer chooses key parameters that should be measured continually during the 
execution and predict expected values of these on the basis of performed 
investigations. Appropriate action programmes are established which is used if the 
measured values is different from the predicted. 

(ii) Monitoring: 

 The monitoring shall be performed in right time so reliable measurements of the key 
parameters are obtained. 
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(iii) Evaluation of measurements: 

 The designer evaluates the results from the monitoring in order to assure that the 
actual conditions are not different from the expected. 

 If the actual conditions are different from the expected, the planned actions are 
carried out. 

 
The observational method includes a continuous process of prognosis of acceptable limits and 
range of behaviour, observations of key quantities, analysis of observed quantities and actual 
conditions and corrective actions that have been decided in advance. By the use of simulation 
methods, e.g. Monte Carlo simulation, the probability that the actual behaviour will be within the 
acceptable limits can be calculated (see e.g. Olsson & Stille 2002). A simulation can also give the 
probability distribution of an observed quantity, which can be used as a basis for design of a 
monitoring system and for updating the predicted behaviour. The working procedure includes in 
general the following steps (Olsson & Stille 2002): 

(i) Find those damage objects that are to be protected. 

(ii) Determine the target values, alarm thresholds and critical limits for those functions. 

(iii) Identify the damage events and the initiating events that can disturb the functions. 

(iv) Design a plan of corrective actions before the work starts. 

(v) Monitor the key parameters, i.e. warning bells, in order to recognise the identified 
damage mechanisms and initiating events. 

(vi) Take corrective actions if necessary. 

(vii) Re-evaluate the design in the light of the monitored key parameters. 
 
The corrective actions generally take some time to be implemented and to be effective. It is 
therefore necessary that some time, “lead time”, elapse between the time when the alarm 
threshold and the critical limit is reached. Different stress-strain relationships, e.g. ductile or 
brittle failures, lead to different lead times as shown in figure 3.10. The time required for 
corrective actions to be set up influence the design of the monitoring system. The alarm 
threshold can therefore be defined from the time necessary for implementing the corrective 
actions and the time for the corrective actions to prevent the critical limit from being exceeded. 
The target value should be based on the prognosis of the actual behaviour and reflect the 
expected value of the measured quantity. It is important that the target value, the alarm threshold 
and the critical limit are set under careful considerations and are clearly distinguished between. 
Arbitrary set values tend to undermine the monitoring system and the perception of the risk. 
 
The extent of a monitoring system is influenced by several factors, e.g. the probability and 
consequence of the potential damage events and the cost of the system components and 
measurements. The appropriate and cost-effective extent of a monitoring system can be decided 
by the use of decision tree analysis, see Stille et al. 2003. 
 



Chapter 3 Project Risk Management in Geotechnical Engineering 

 84 

 
Figure 3.10 Alarm thresholds and lead times for two different stress-strain relationships A and B (after Paté-Cornell & 

Benito-Claudio 1987). 
 
 
In order to make a prediction of potential events and phenomena, estimate lead times and to 
determine appropriate corrective actions and to design the monitoring system, a model of the 
systems and problems involved must be established (see figure 3.11). Different types of systems, 
e.g. series or parallel systems, loading situations and stress strain relationships lead to different 
lead times, damage events and corrective actions. Furthermore, the measured values are often 
affected by errors and/or bias in the measurements or the interpretation of the measurements. 
The relationship between the measured values and the alarm thresholds must therefore be 
established.  

 
Figure 3.11 Model for predicting future behaviour in order to decide corrective actions and alarm values (modified after 

Olsson & Stille 2002). 
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3.5.5 PROPS 

One way of making the project work, the quality work and the risk management in a stringent 
and structured way is to use a well-defined project model. PROPS is a project model developed 
and used by the Ericsson Company Group since 1994 and described by Stille et al. (1998). The 
project is here considered as a process with a continuous flow of work activities. When every 
significant work activity is completed and a pre-defined milestone is reached, a toll gate is 
stopping the work. The toll gate is working as a control point aiming at ensuring that the latest 
activity has been performed appropriately and that adequate information and experience have 
been passed on to the next work activity. The control can be performed by individuals within the 
project or by an independent review team.  
 
A distinction is made between the general project model, the project work model valid for a 
specific object and the actual project work. The quality work and the risk management should be 
a part of the project work and not a control function parallel with the actual work. The quality 
work and the risk management are connected to the work activities within the project. The use of 
toll gates and milestones are important, see figure 3.12.  

 
Figure 3.12 Project model, based on PROPS, and QA-model (Stille et al. 1998). 
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The risk management process and the quality work should be closely linked to the project 
organisation with the aim of creating a continuous control of quality and environmental impact 
throughout the entire project, see figure 3.13. The management tools in this process are the risk 
management process and the quality system. This requires that the responsibilities and authorities 
in the organisation are clear, well-defined and known in the organisation (Hintze 2001). 

 
Figure 3.13 The link between the risk management and quality control (Hintze 2001). 
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3.5.6 Management of Innovation Projects 

For a successful execution of complex high-technological civil engineering projects Engwall 
recommends that the project should be executed as an innovation project and not as, 
traditionally, an implementation project (Engwall 2002).  
 
The traditional idea of project management emphasises control and is based on a belief that all 
necessary knowledge can be obtained before the projects starts and that this knowledge can be 
incorporated into a specification of or goal description for the project (Tjäder 2000). This is 
generally possible in an implementation project which is defined as a well-known and stable 
project where the pre-knowledge and the goal description are complete (Obeng 1995). In an 
implementation project the main task is to exploit existing knowledge in an effective way as all 
the knowledge of the project content is obtained during the preparations. The extent of the 
project is on the other hand fixed during the execution of the project. The only additional 
knowledge that is obtained during the execution is the knowledge of different methods of 
production (Engwall 2002). 
 
However, if the pre-knowledge is incomplete, as in most civil engineering projects, the 
specification and the goal description of the project only have limited signification for the actors 
involved. Experience and knowledge obtained during the project execution are then required to 
make the specification and goal description meaningful and complete. The knowledge of the 
meaning of the project management evolves during the project even if the original formulation of 
the project is unchanged (Obeng 1995). The main differences between an innovation project and 
an implementation project are summarised in table 3.4.  
 
 
Table 3.4 Characteristics of an implementation and an innovation project (Engwall 2002). 
 

 Implementation project Innovation project 

Pre-knowledge Complete Incomplete 

Project goal Exogenous the project work Endogenous the project work 

Acquisition of 
knowledge 

During planning During planning and execution 

Main result Final product Final product, knowledge of the goal and 
the process of reaching the goal 

Rationality Effective project execution Adequate knowledge for the project 

 
 
In an innovation project, the distinction between the preparations and the execution is not 
distinct. On the contrary, the knowledge of the extent of and the conditions for the project 
gradually increase during the execution. Therefore it is important to have contingency plans in 
order to handle the genuine uncertainty that arise due to changing prerequisites of the project. 
Additionally, an important issue is to create opportunities for a learning environment to create 
appropriate knowledge and experience during the project work (March 1991). 
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This implies that the knowledge about the identified hazards and risks involved increases during 
the project as well. This increased knowledge can be used to reduce the risks, either by reducing 
the probability or the consequence of the unwanted event or by transferring them to a part 
outside the project. There are at least two fundamental types of innovation projects. These are 
projects that include knowledge growth of the outcome of the project and projects that develop 
knowledge of the realisation process through their execution.  
 
Additionally, Engwall (2002) argues that the characteristics of different types of projects are often 
not recognised today due to the traditional rhetoric of projects as implementation projects. In 
addition, the function of traditional project management tools as the financial budget and the 
time schedule require that the goal and scope of the project do not change too much during the 
project execution. As an example the authors discuss the tunnel project through the Hallandsås 
ridge in Sweden, which has experienced severe time delays and cost increases, in these terms. 
This project is considered to be a mixture of the two fundamental types of projects mentioned 
above due to the well-known construction method in combination with the difficult and unique 
geotechnical conditions, e.g. high water pressures in combination with soft and fractured 
bedrock. 
 
However, like the tunnel project through the Hallandsås ridge, most projects probably have parts 
that can be characterised as innovation project and parts which can be described by 
implementation projects. Furthermore, a project can be an innovation project for one individual 
and an implementation project for another depending on the knowledge and experiences of that 
individual. 
 
Nonetheless, in both cases it is important that the organisation is flexible enough to utilise the 
new information that evolve in the project in order to handle the uncertainties and the risks and 
that working procedures for this exists. It is also important that the information paths, 
responsibilities and authorities are comprehensible, definite and familiar in the entire project 
organisation.  

3.6 Conclusions 
Project risks management is about how to deal with risks and uncertainties in a project 
environment during execution of a project. The fundamental objective of project risk 
management is to identify and avoid or exploit risks and hazards before they are realised since 
these will undoubtedly affect the execution and success of the project. The project performance 
will also be significantly influenced by the distribution of the risk between the actors involved in 
the project. In order to study these topics, the chapter included a literature review dealing with 
risks, hazards and uncertainties in geotechnical engineering, risk sharing and methods for project 
risk management in geotechnical engineering.  
 
Project risks can be defined in similarity with the definition of the word risk in chapter 2 with the 
addition that the risk affects the objectives of the project. Project risk can therefore be defined as 
a combination of the probability of an event and its consequences for project objectives. Project 
risks can affect many aspects of a project, for example cost, time schedule, quality, health and 
safety of the workers, the public and the environment. Project risks result from the combination 
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of a hazard and vulnerability. A hazard is here something with the potential to do harm and 
vulnerability is those factors that determine the likelihood that a hazard will have unfavourable 
consequences. Central concepts in the process from hazard to damage are risk object, hazard, 
initiating event, warning bell, damage event and damage object. These concepts and the meaning 
of these are, however, often used with different meanings in different situations, but it is 
recommended that a stringent nomenclature is used in the context of risk management in order 
to avoid misunderstandings. The result of a project is dependent on an understanding of the 
risks, hazards and uncertainties involved in the project. 
 
Geotechnical risks can be defined as the risks to building and construction due to the 
geotechnical conditions. Geotechnical risks have influence on, for example, the technical, 
financial and contractual parts of a project as well as the project management. There are several 
reasons why geotechnical risks often affect the outcome of an infrastructure in a severe way. 
These are both due to the special nature of the ground, e.g. pre-determined properties with large 
variability, and the characteristics of many geotechnical works, e.g. work activities connected as a 
series system. Geotechnical risks have to be managed systematically if significant problems are to 
be avoided.  
 
Uncertainty arises due to the lack of knowledge and experience and there are many types of 
uncertainty in a large infrastructure project. These are caused by, for example, insufficient or 
adequate information of included parameters or models, unfamiliar techniques or locations, lack 
of experience or competence and unforeseen changes in scope and prerequisites. Furthermore, 
many phenomena, processes and events in geotechnical engineering include some form of 
inherent randomness and heterogeneity, i.e. the outcome is to some extent unpredictable. The 
uncertainties in geotechnical engineering can on a fundamental basis be categorised into scenario 
uncertainty, conceptual model uncertainty and data uncertainty. 
 
In order to estimate the impact of the uncertainties it is necessary to quantify them. Both the 
model and data uncertainty may be expressed in statistical terms. However, when dealing with 
uncertainties in an infrastructure project traditional statistical methods are not always appropriate 
due to the fact there rarely are adequate data series to base the analysis on. Then other methods 
must be applied. Often it is possible to fix the parameter within some boundaries, e.g. the 
quartiles and the mode, and then assign a distribution, e.g. a triangular distribution. It is also 
possible to use subjective assessments by expert opinions as well as judgements based on 
experience and knowledge in a specific area and the available information. 
 
The distribution of the risk between the actors involved in a project will have significant 
influence on the project performance. The distribution of the risks is usually governed by the 
contract between the parts involved. In addition, procurement methods have important 
implications for the risk management. Regardless the method of procurement and the form of 
contract, risks will be best managed when risk analysts representing all the actors concerned are 
brought together as early as possible in the project. 
 
Methods of procurement in the building industry have changed during the last decades. The 
traditional arrangement with a single consultant engaged for design and supervision of the work 
is used less frequently today. Instead, more competitive and time-restricted conditions have lead 
to new prerequisites and demands for construction clients, designers and contractors. There has 
also been a shift in contract arrangements in the construction industry. Traditional pre-design 
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contracts have been replaced by methods such as “design-and-build” and other arrangements 
decided by the client. Consequently, the traditional approach to construction and risk 
management should be modified. 
 
The contract should aim at distributing the risks, responsibilities and engagements in a fair way 
and with an obvious connection between work and compensation. The part that takes on a risk 
should be given reasonable compensation for it. In order to design the contract in a proper way, 
it is important to identify as many hazards and risks as possible before the contract is established. 
The contract should regulate all imaginable deviations and changes which can arise during the 
project execution. If the risks are not adequately shared in the contract, claims and disputes may 
be some of the consequences. However, there is always a conflict of interest involved in a project 
which will make the distribution of risks difficult. 
 
Civil engineering projects generally include large risks and uncertainties. Furthermore, these 
projects often involve innovative, but uncertain, technologies. Because of the risks and 
uncertainties involved in many projects, the use of a project management with a risk perspective, 
i.e. project risk management, has grown in the construction industry in recent years. Several 
methods of project risk management are presented in the literature. In the thesis some of these 
are illustrated. These are the Risman Method, Risk Budget Management, RAMP, Observational 
Method, PROPS and Management of Innovative Projects. 
 
The fundamental objective of these methods is to gain insight into the principal sources of 
uncertainty in cost and time and to create opportunities to manage the risk in a systematic and 
effective way in order to ensure a cost-effective product with the adequate quality. The risk 
management process should start prior to the start of a project and should be updated 
throughout the life-time of the project. This gives an updated risk profile which allows the 
incorporation of experience into the project, new opinions of experts and new technical 
developments. 
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4 Case Studies 
In this chapter case studies of the management of geotechnical risks in three recently executed 
infrastructure projects are presented. The review of the case studies is essentially based on a 
literature review of the projects. The case study consists of: 

 The South Link Road Construction, contract SL10, in Sweden. 

 The Delhi Metro System, contract MC1A, in India. 

 The road tunnel under the fjord Hvalfjörður on Iceland. 
 
The chapter reviews some examples of methods for management of geotechnical risks used in 
executed projects today and some decision situations which illustrate the complexness of 
infrastructure projects. The aim of the chapter is to distinguish deficiencies and areas for 
improvements in the employed methods of risk management as well as identifying the key tasks 
of the actors which governs a successful management of geotechnical risks. These shortcomings 
and factors of success are discussed in the next chapter. The experiences and conclusions 
regarding the risk management process made in each project are summarised in each section. The 
chapter is ended with some general conclusions from the case studies. 
 
The case studies were selected since they are projects including different types of civil engineering 
works and, thus, different types of geotechnical risks and decision situations. Furthermore, they 
manage the geotechnical risks in slightly different ways.  

4.1 The South Link Road Construction, contract SL10, Sweden 

4.1.1 Project Description 

The South Link Road Construction (Södra Länken) is a part of the ring road around Stockholm 
consisting of an extensive system of urban tunnels in the south part of Stockholm, the capital of 
Sweden. The road construction is approximately six kilometres long, whereof 4.5 kilometres in 
tunnels. The length of the tunnels including access and exit ramps is 17 kilometres. It connects 
the two busy approach roads into Stockholm, the Essinge Link in the west and the Värmdö Link 
in the east, see figure 3.1. The construction work began in 1997 and was concluded in 2004.  
 
The site of SL10 was located in Årsta and included a 460 meter long underground structure 
including approximately 40 metres of rock tunnel and a cut and cover concrete tunnel. Parts of 
the tunnel were supported by piles and other parts were founded on soil or bedrock. Therefore, 
extensive excavation has to be carried out before the tunnel was built in some parts. Disting-
uishing work activities in the project were the temporary structures including steel sheet piling, 
deep excavations, blasting, water infiltration systems and stability measures for temporary roads 
and the monitoring. The works at SL10 started in 1997 and was concluded in 2001. The client 
was the Swedish Road Administration (Vägverket) and the contract was a design-and-build 
contract. 
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Figure 4.1 The South Link Road Construction project in Stockholm (Hintze et al. 2000). 
 
 
An important part of the project was the temporary structures required for the excavation for the 
tunnel. In the tender documents the excavation was proposed to be carried out inside supported 
diaphragm walls due to the restrictions regarding movements of adjacent buildings and the 
ground water condition. However, the contractor chose to use supported steel sheet pile walls 
instead of diaphragm walls. The requirements from the client to minimise any lowering of the 
groundwater level and the settlements in the surroundings in combination with the soft clay, 
required watertight structures with high stiffness in combination with an extensive monitoring 
program. For the design, a methodology based on the observational method with predictions of 
deformations using a finite element program together with a comprehensive monitoring system 
was used. 
 
The temporary structure for the housing of a fourteen-storied residential block called Asplången 
was a special challenge to the designers. The excavation was here around 16 metres deep and the 
distance between the sheet pile wall and the buildings was 2.5 metres at the minimum. The client 
had specified a total allowable settlement of maximum 50 millimetres of the buildings. Moreover, 
anchors were not allowed to penetrate the piled foundation of the existing buildings and the 
allowed vertical pressure from the sheet piles on the bedrock was limited. In order to reduce the 
ground water flow under the sheet pile walls and in the bedrock, the soil and bedrock under the 
walls was grouted with cement. Several design alternatives for the sheet pile walls were evaluated. 
 
For these reasons, struts were judged to be the best way of supporting this part of the retaining 
wall and a jack was inserted at every strut to measure and/or adjust the force in the struts in 
order to influence the deformation scenario. The concrete tunnel was built in two halves so that 
the tunnel walls could be used as supports, see figure 4.2. Before the installation of the sheet pile 
walls started the existing building was underpinned as a first preventive step to avoid damage.  
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Figure 4.2 The sheet pile wall with supporting system of struts and anchors at the residential block Asplången  

(Carlsson et al. 2004). 
 
 
Some aspects of the project have earlier been presented by Hintze (2001), Hintze (2002a), 
Nordström (2002) and Carlsson et al. (2004). Experiences from design, monitoring system and 
geotechnical measurements during the construction have been reported by Hintze et al. (2000). 

4.1.2 Geotechnical and hydrological conditions 

The soil strata mainly consisted of fill material above a thick layer of soft clay on top of a thin 
layer of granular soil or dense moraine above the bedrock. The soil strata reached its maximum 
depth in the central part of the working area and had there a total thickness of approximately 25 
metres. At greater depths, the soil shifted from clay to silt and sand close to the bedrock. The 
bedrock, in this area, consists of gneiss with a surface layer mainly of hard unweathered granite. 
The groundwater table was close to the ground level. 

4.1.3 Risk Management 

Before the South Link Road Construction project started, the client was aware of that the whole 
project should be considered as high-risk project due to the complicated nature of the project, 
e.g. the difficult soil and rock conditions and the ground water situation in the area, the deep 
excavations in soft clay and the tunnelling, the location in an urban area, heavy traffic inside the 
working area, busy adjacent roads and the public, political and environmental focus. Therefore, 
risk management and safety issues had a distinguishing feature in the entire project. The risk 
management process in the project was mainly executed with a similar methodology as been 
presented in chapter 2, according to figure 4.3. 
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Figure 4.3 The risk management process in the South Link Road Construction (Swedish Road Administration 2002). 
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The tender and design phase 
In the tender phase, a project plan according to SS-EN ISO 9000 was established by the 
contractor. The plan included a description of responsibilities and authorities for the identified 
key roles in the project. Furthermore, the plan described chains of decisions and information in 
the project. 
 
Furthermore, a risk analysis was performed in an early phase of the project. The risk analysis was 
performed with the aim of being an effective tool for identifying and handling risks, as it should 
help the project staff not only to handle risks but also to consciously address the actual handling 
of risks. The underlying thought was that a better understanding of the hazards and the process 
from the hazards to the actual damage was going to lead to a more cost-effective execution of the 
project. 
 
The risk management process started by reading the tender documents and specifications of the 
project. Thereafter, site visits and meetings with the client were conducted. Risks related to 
geotechnical and environmental issues were then studied. Risks related to traffic in the site area, 
the temporary structures and adjacent buildings were studied on site and in an extended study. 
 
The risk analysis provided the framework and the tools in order to understand the risks in the 
project through a description of the process of events which could lead to some kind of damage. 
Furthermore, the risk analysis described the initiating events that could trigger a realisation of a 
hazard, see figure 4.4. This process has earlier been discussed in section 3.1. 

 
Figure 4.4 The process from initiating event to damage (after Sturk 1998). 
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In the design phase, the risk analysis focused on geotechnical and environmental risks as well as 
the management of the project organisation in relation to the design commitment. Well-planned 
communication and the transfer of adequate quality-assured information were identified to be the 
key factors to carry out the project successfully. 
 
In the design phase, the risk management process included the following factors: 

 Identification and prioritisation of hazards and risk objects. 

 Identification of damage events. 

 Identification of initiating events for the most crucial hazards. 

 Estimation of the associated risk. 

 Identification of warning bells with the aim of detecting initiating events and damage 
events. 

 Identification of risk handling actions, i.e. preventive and/or mitigation actions. 

 Planning and preparation of critical decisions. 

 Description of critical work activities. 

 Preparations for the assessment of damage events. 

 Planning for a separate inspection of the critical activities by an independent review team. 
 
The nine most crucial hazards that were identified in the design phase were: 

(i) The groundwater level in the surroundings outside the sheet pile walls. 

(ii) The groundwater level inside the sheet pile walls. 

(iii) The sheet pile wall close to the residential block “Asplången”.  

(iv) The sheet pile wall close to the railway line “Snabbspårvägen”. 

(v) The struts between the sheet pile wall and the tunnel at “Asplången”. 

(vi) The sheet pile wall in an area where the piles could not be driven down to the bedrock. 

(vii) A water pipe crossing the excavation pit close to “Asplången”. 

(viii) A large sewer pipe crossing the excavation pit. 

(ix) The blasting works close to the adjacent buildings. 
 
These hazards were gathered in risk registers depending on their characteristics and origin. The 
risk registers included information of the damage event, the observations and initiating events, 
the risk handling actions and the risk owners that should be contacted in the event of an alarm.  
 
The risk register for the hazard “the groundwater level in the surroundings outside the sheet pile 
walls” is illustrated in table 4.1. 
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Table 4.1 Risk register for the hazard “The groundwater level in the surroundings outside the sheet pile walls” 

(after Hintze 2001). 
 
 

Damage event Observation Initiating events Mitigation action Contact persons 

1. Settlements in 
the soil strata due 
to lowering of the 
groundwater level. 
 

1.A.1 Alarm via the 
piezometers in the 
monitoring system. 

1.B.1 Water leakage 
through the sheet 
pile wall. 

1.C.1 Contact the 
geotechnical engineer in 
charge. 

Geotechnical 
engineer, phone no:  
 

 1.A.2 Alarm via the 
settlements gauges in 
the monitoring system. 

1.B.2 Leakage 
through old bore-
holes, via piles etc. 

1.C.2 Stop the flow of 
water through the sheet 
pile wall. 
 

Project manager, 
phone no:  

  1.B.3 Leakage 
through the blasted 
rock surface. 
 

1.C.3 Increase the 
infiltration of water. 

Client, phone no: 

  1.B.4 Leakage 
through the jet 
grouted soil under 
the sheet pile walls. 
 

  

  1.B.5 Interruption in 
the infiltration 
system 
 

  

2. Flooding in the 
basements due to 
rising groundwater 
level. 
 

2.A.1 Alarm via the 
piezometers in the 
monitoring system. 

2.B.1 Too much 
infiltration of water. 

2.C.1 Reduce the 
infiltration of water. 

 

 2.A.2 Alarm via the 
settlements gauges in 
the monitoring system. 
 

   

 2.A.3 Local heave of 
the foundation base. 
 

   

 
 
Another hazard that was identified was the sheet pile wall close to the residential block 
Asplången. A failure of the sheet pile wall was judged to be disastrous even though the building 
has been underpinned before the work started as a preventive action. 
 
The risk register for this hazard “The sheet pile wall close to the residential block Asplången” is 
shown in table 4.2. 
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Table 4.2 Risk register for the hazard “The sheet pile wall close to the residential block Asplången” 
(after Hintze 2001). 

 
 

Damage event Observation Initiating events Mitigation action Contact persons 

1. Failure of the 
sheet pile wall. 

1.A.1 Visible 
deformation of the 
wall. 
 

1.B.1 Excavation for 
the wale beams. 

1.C.1 Stop the excavation 
and fill back the soil. 

Geotechnical 
engineer, phone no:  

 1.A.2 Measurements of 
the sheet piles show 
deformation. 
 

1.B.2 Installation of 
anchors or struts. 

1.C.2 Install an extra 
anchor or strut. 

Project manager,  
phone no:  

 1.A.3 Alarm via the 
settlements gauges in 
the monitoring system. 
 

1.B.3 The surface 
load outside the wall 
is too large. 

1.C.3 Unload the sheet pile 
wall. 

Client, phone no: 

 1.A.4 Alarm via the 
inclinometers in the 
monitoring system. 
 

   

 1.A.5 The anchor jacks 
show an increase in the 
anchor forces. 
 

   

 1.A.6 Settlements in 
adjacent buildings. 
 

   

2. One or more 
anchors/struts fail. 

2.A.1 The anchor jacks 
show an increase in the 
anchor/strut forces. 
 

2.B.1 Excavation for 
the wale beams. 

2.C.1 Stop the excavation 
and fill back the soil. 

 

  2.B.2 Installation of 
anchors or struts. 
 

2.C.2 Install an extra 
anchor or strut. 
 

 

  2.B.3 The surface 
load outside the wall 
is too large. 
 

2.C.3 Unload the sheet pile 
wall. 

 

3. Failure of the 
bracing of the 
footing of the 
sheet pile wall due 
to water leakage 
and subsequent 
erosion. 
 

3.A.1 Local heave of 
the foundation base.  
 
 

3.A.2 Lowering of the 
ground water level. 

3.B.1 Excavation for 
the wale beams. 

3.C.1 Stop the excavation 
and fill back impermeable 
soil material.  
 

3.C.2 Install hoses for 
subsequent grouting. 

 
3.C.3 Reduce the water 
infiltration. 
 

 

4. Anchor/strut 
failure due to 
ground frost. 

4.A.1 Alarm via the 
inclinometers in the 
monitoring system. 

 

4.B.1 Water leakage 
between the sheet 
pile wall and the 
soil. 
 

4.C.1 Heating of the wall.  
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The risks were not quantified in monetary terms. The risk estimation was done qualitatively and 
the risks were grouped into different categories. The categories regarding the probability were 
denoted 1-3 and the classes regarding the consequences 0-3. The categories for the consequences 
were different for different groups of consequences, e.g. personal damage, environmental 
damage, damage on property, claims and interruptions and time delays. The total risk was then 
calculated according to a formula which calculated the different risks with different weights for 
the consequences depending on the priority of the risks. This approach made it difficult to 
compare different types of risks. Furthermore, this way of risk estimation made it not possible to 
estimate the total cost for all the risks involved in the project. 
 
The preparation and planning of critical decisions and work activities were sometimes performed 
rather arbitrary and not in a systematic and well thought-out way. The different decision 
alternatives were not identified and examined in some situations and the expected consequence 
of each decision alternative was not evaluated. The risk analysis aimed at being the basis for the 
risk decisions and the risk handling actions, but in reality it never was (Hintze 2001). 
 
A decision situation which was especially challenging was the decisions regarding the type of 
support for the sheet pile wall close to the residential block Asplången. Here, the application 
system and reliability analyses were an important tool in the decision situation regarding the 
choice of the type of supporting system, see Olsson (1998) and Carlsson et al. (2004). Struts or 
anchors could support the wall and the choice between these was judged to lead to different 
risks.  
 
In the decision analysis, two damage events were identified; wall failure and damage on the pile 
foundation of the adjacent building due to installation of the wall. The consequence for the first 
event was considered to be severe, as it would result in major damage on the adjacent building. 
The consequence of the second event was considered to be less severe, as it would result in 
settlements of the building. A separate risk analysis was performed in order to evaluate the 
probability of damage for the different methods of supporting the wall. The aim of the risk 
analysis was to make a comparison between the two alternatives and not to calculate the exact 
probability of failure for them. The identified initiating events for the damage event “sheet pile 
wall failure at Asplången” were (Olsson 1998): 

 Collapse of the temporary sheet pile wall due to damage on struts or anchors. 

 Incorrect construction. 

 Incorrect blasting. 

 Incorrect excavation. 

 Fire. 

 Collision, e.g. by an excavator. 

 Damage caused by human actions. 
 
The probability of damage on struts and anchors was estimated by the use of a quantitative fault 
tree with roughly estimated probabilities of failure for each initiating events. The result for the 
alternative with a supporting system of struts is shown in figure 4.5. 
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Figure 4.5 Fault tree for the damage event “Strut failure” (after Olsson 1998). 
 
 
Thereafter, an event tree was established assuming that one strut or anchor has failed in order to 
get a connection between the estimated probabilities in the fault tree and the probability of 
different degrees of damage on the adjacent building. The event tree for the alternative with strut 
failure is shown in figure 4.6 assuming that strut failure has occurred. 
 
The concluding result of the analyses was that the probability of sheet pile wall failure was three 
times higher with struts than with anchors. This is mainly due to the fact that the struts are 
exposed to impact in a larger degree than the anchors. Furthermore, the probability of a limited 
damage on the adjacent building was almost equal for the two alternatives. The probability of 
major damage or total collapse of the building was around ten and five times higher for the strut 
alternative respectively. This is partly because the wale beam and the anchors are designed to be 
able to withstand a loading case where one anchor has lost its capacity according to Swedish 
practice. When using struts, the wale beam and the struts are not designed for this load situation. 
This means that the two systems are different and that the system with anchors is more robust. 
See section 2.3.1 in this thesis and Carlsson et al. (2004) for a discussion about system analysis of 
these two supporting systems. 
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Figure 4.6 Event tree for damage on residential block “Asplången” assuming that strut failure has occurred 

(after Olsson 1998). 
 
 
In order to handle some of the identified risk some mitigation actions were performed before the 
actual work began. As been mentioned before, underpinning of the adjacent building Asplången 
was performed as a preventive action in order to reduce the consequence of the risk for 
damaging the building. Furthermore, a jack was inserted at every strut to make an adjustment of 
the deformation scenario possible. This could be used both as a preventive action and to reduce 
the consequence. 
 
During the design phase, the project plan was updated with information that was included in the 
contract, e.g. extent of and points of time for important meetings such as technical meetings and 
risk meetings. 

The construction phase 
The results from the previous phases in the risk management process were implemented in 
working procedures and control programs in the beginning of the construction phase. This was 
considered to be especially important for all the activities that had been identified as critical for 
the success of the project, such as risk communication, risk handling actions, monitoring and the 
follow-up of the risks. 
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The risks and the future work activities were communicated to the residents close to the working 
area on regular meetings every second week. These meetings were considered to be a success 
since few complaints were received and the public opinion of the project remained good along 
the entire project. Here it was important to adapt the characteristics of the information so that 
the receivers, i.e. the public, could understand and exploit the information as have been discussed 
in section 2.6. Furthermore, since the transferring of information generally arouses associations 
among the people involved, it was clear that the information of the risks and forthcoming work 
activities had to be unambiguous and easy to understand. 
 
Pre-planning of the work activities was considered to be of great importance in order to manage 
the risks. A meeting was held between the responsible geotechnical engineer, the project manager 
and the workers involved before the start of any critical activity. At these meetings the 
geotechnical engineer and the project manager informed of the hazards, the initiating events and 
the associated warning bells which had been identified in the activity at hand. A project model 
similar to PROPS, discussed in section 3.5, was used for the project management and quality-
assurance in the project. Furthermore, a review team of independent experts in different areas 
was assigned to audit the project performance and the risk management in a procedure similar to 
the procedure illustrated in figure 2.4. Toll gates were placed on the drawings and in the working 
procedures as well as in the project plan together with the corresponding milestones.  
 
However, some decisions had to be taken in a rush when they came into question due to arbitrary 
preparation and planning of some critical decisions. Therefore, the optimal decision alternative 
could not be chosen in some situations (Hintze 2001). Furthermore, due to the limited 
knowledge of the decision alternatives and system analysis in some situations there were 
disagreements on the most appropriate decision alternatives occasionally, e.g. regarding the type 
of supporting system for the sheet pile wall close the residential block Asplången discussed in the 
previous section. Here, the client was hesitant about the installation of anchors under the 
adjacent building due to the risk for settlements and damage on the pile foundation. On the 
contrary, the contractor wanted to install anchors instead of struts, since anchors were judged to 
involve less risk for damage on the building according to the previous discussion. These 
differences in opinion were probably due to different views of the system analysis and resulted in 
decision problems.  
 
Calculations of expected deformations for different excavation stages in the soil were undertaken 
with a finite element program based on a statistical analysis for different cross sections of the 
tunnel. Deformation curves with upper and lower limits for the deformations in the retaining wall 
as well as for the forces in anchors and struts were generated, see figure 4.7. The calculated upper 
and lower value was used as target values and the maximum estimated magnitude for the 
deformations was set to be the critical value and the alarm value. 
 
Observations of warning bells and initiating events were performed continuously during the 
entire construction phase. Observations of the behaviour of the soil and the structures according 
to the control program were performed with the aim of verifying the design and the construction 
material properties. The monitoring system was based on the risk analysis and the design 
specifications and measured the identified warning bells and initiating events. There were 
different levels of control and measurement issues in the control program. However, the warning 
bells and the identification of initiating events were considered to be the most important factors 
for a safe and efficient execution of the project.  
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The monitoring system was used during the construction phase in order to measure settlements, 
anchor and strut forces, deformations of the sheet pile walls and the pore pressures in the soil 
within the working area. The monitoring system was an automatic system which registered data 
from the gauges, piezometers, inclinometers etc. continuously.  
 
 

 
 
Figure 4.7 Alarm thresholds and critical limits for the horizontal deformation of the sheet pile wall in section 1/920 

south (Hintze 2001). 
 
 
The result of the measurements from the monitoring system were continuously compared with 
expected values as well as with the upper and lower limit values in order to control if any 
corrective actions were necessary. The data were discussed with the client on geotechnical 
meetings every second week. If the observations did not correspond to the prognosis an analysis 
of the reasons was conducted and in advance prepared corrective actions were undertaken so that 
the deformations would not exceed the maximum levels stated in the contract. A special meeting 
with the client was also set up. The working procedure was similar to the observational method 
which has been discussed in section 3.5.4. The results from the monitoring were however not 
used in order to update the risk profile of the project and the project plan. 
 
In the evaluation of the measurements, no distinction was made between alarm thresholds and 
critical values and the focus was principally on individual values and not on trends. As a 
consequence, it was difficult to decide the right time for the corrective actions to be undertaken, 
see figure 4.8. Depending on the stress-strain relationship, it could be too late to undertake the 
corrective actions when the alarm threshold was exceeded, see curve (1) with a short lead time, or 
the corrective actions could be unnecessary, see curve (2) which have a decreasing trend and 
never exceeds the alarm threshold. 
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Figure 4.8 Definition of target values, alarm thresholds and critical limits (modified after Paté-Cornell & Benito-

Claudio 1987). 
 
 
In some situations there were problems with fixing the boundaries of responsibilities between 
different areas in combination with shortcomings in the system analysis. For example, the bridge 
for the water pipe crossing the excavation pit was fixed to the sheet pile wall in one end and had 
a span of allowed movement of 20 millimetres in the other end. However, the calculated lateral 
movement of the sheet pile wall was between 10 and 40 millimetres and when the actual 
movement exceeded 20 mm the sheet pile wall was stuck to the bridge. Due to the monitoring of 
the lateral movement of the sheet pile wall this problem was discovered and appropriate 
countermeasures could be carried out before any damage was occurred. 

4.1.4 Conclusions 

Before the work started, the client and the contractor were aware of that the project should be a 
high-risk project due to the characteristics of the project, e.g. the geotechnical conditions, the 
deep excavations in soft soils and the high public, political and environmental focus. The risk 
management process was considered to be vital for the success of the project, both for the client 
and the contractor, and should therefore have had the full commitment from the client and the 
contractor. 
 
However, a comprehensive risk analysis including technical, environmental, organisational and 
economical risks was not established in the early phases of the project. A quite detailed list of 
technical damage events and identified hazards, initiating events and warning bells as well as 
planned countermeasures was however established. As a consequence, a consensus of some of 
the risks involved was not obtained among the actors involved in the project. A mutual 
fundamental view of the risks in the project as a basis for risk handling, risk sharing etc. was 
therefore not obtained. In addition, some decision alternatives could not be completely explored. 
As a result, non-optimal decisions sometimes had to be made and disagreements when choosing 
among decision alternatives appeared in some situations. The causes to these problems were 
probably different views of the risks, the risk management process and the systems analysis as 
well as the communication of risks. An establishment of a complete risk analysis in an early phase 
of the project would probably create opportunities to execute to project in a better way. 
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Pre-planning of the work activities was considered to be of great importance in order to manage 
the risks. Before the project started the contractor had to describe how the identified hazards 
should be handled in the daily work. The contractor established a risk analysis including 
identification and prioritisation of hazards, identification of initiating events and warning bells, 
and preparation of countermeasures. A review team of independent experts was used in order to 
audit the project performance and the risk management process. This way of working was 
successful in the project. 
 
The working procedure according to figure 4.4 with identification of risk objects, hazards, 
initiating events, warning bells and damage events together with the monitoring system and pre-
defined countermeasures worked well in the construction phase. The project could consequently 
be managed by the use of the observational method to some extent. However, the observational 
method could not be used with its full potential in the project. The monitoring system fulfilled its 
aim of observing warning bells and initiating events. Though, the observations were not used in 
order to optimise the design since there was some resistance to carry out changes. 
 
The risks were not quantified in monetary terms which made it impossible to estimate the total 
cost for all the risks involved in the project. Furthermore, no prioritisation of the risks according 
to some established method, e.g. the analytical hierarchy method, was made. This had probably 
improved the risk management process. 
 
The project succeeded in the distribution of authorities and responsibilities specified and 
described in the project plan and fixing the boundaries of responsibilities between the actors 
involved. The work activities in the project plan were established on the basis of the identified 
hazards and risks. Revisions were conducted in order to ensure that the working procedures in 
the project plan were followed. However, the project plan was not updated during the 
construction phase, e.g. with the results from the monitoring, in an extent that is desirable in 
order to make it a governing document in the project. 
 
The flow of information in the project was considered to be successful in the project. The 
information was communicated regularly to all individuals involved in the project. The risks and 
the future work activities were also communicated to the public on regular meetings every second 
week. This resulted in few complaints from the neighbouring residents and a positive opinion of 
the project. 
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4.2 Delhi Metro, contract MC1A, India 

4.2.1 Project Description 

The Delhi Metro project consists of a new underground railway with stations in the capital of 
India, New Delhi. Some parts of the railway are planned to go in rock tunnels and some parts in 
concrete tunnels. 
 
The contract of MC1A included 4.3 kilometres railway and four new stations located 
approximately 10–15 metres under ground level and around 10 metres under the groundwater 
level. The contract of MC1A was a design-and-build contract with a fixed price. The contractor 
was a joint-venture between contractors from Sweden (40%), Japan (40%) and India (20%). The 
design was carried out by a consultant in Australia. The work started in 2001 and was concluded 
in 2005. The client was the Delhi Metro Rail Corporation Ltd. 
 
The contract was divided into four areas of responsibility located around the stations (A1–A4), 
see figure 4.8. Each of these had a designated project manager, two from the Swedish contractor 
and two from the Japanese contractor. 
 
 

 
 
Figure 4.8 Dehli Metro, contract MC1A (Hintze et al. 2004). 
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In the contract MC1A, all the tunnel sections were concrete tunnels built with a cut-and-cover 
technique, i.e. the stations and the tunnel sections were built from the foundation level after 
excavation inside sheet pile walls or diaphragm walls. Two of the stations were built with the 
similar bottom-up technique and the other two with a top-down technique, i.e. the stations are 
built from the roof and down with successive excavation inside sheet pile walls or diaphragm 
walls. 
 
For a more detailed project description see Hintze et al. (2004). 

4.2.2 Geotechnical and hydrological conditions 

The geology in the area is characterised of the “Delhi ridge” which is an anticline with steep 
layers of quartzite. The quartzite has layers of sandstone and shale which are less resistance 
against weathering. The soil in the area consists of silt which has weathered from these layers of 
sandstone and shale. The thickness of the soil strata varies between 3 and 30 metres. The 
groundwater level is located approximately 2–4 metres below the ground level. The bedrock is 
composed of quartzite which is partly weathered and fractured, especially close to the surface. 

4.2.3 Risk Management 

The tender and design phase 
The risk management process started in the tender phase with a general risk analysis, including 
general risks such as risks with the contract, the form of compensation and the organisation, and 
a technical risk assessment, including technical risks such as risks with the soil and rock 
conditions, the design and the planned constructions. The following hazards were identified in 
the tender phase of the project (Hintze 2002b & Hintze et al. 2004): 

 the location and client, 

 the soil and rock conditions, 

 the precipitation and ground water, 

 the type of contract and form of compensation, 

 the temporary structures and impact on the environment, and 

 the installation of the diaphragm walls. 
 
The location was identified as a hazard since the project was situated in a densely populated area 
in the middle of the city of Delhi. A major challenge during the construction time was the 
rearrangement of the traffic as well as the transportation of building material and excavated soil 
and rock material. The client was considered to be a hazard since the client was unknown to the 
main contractors in the joint-venture. 
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The pre investigation of the soil and rock properties was limited. Around twenty standard 
penetration tests and a few core samples of the bedrock were presented in the tender documents. 
Therefore, the uncertainties regarding the actual soil and rock conditions were judged to be 
severe. 
 
During the rain period it can rain 200 millimetres in twenty four hours in the area. As a 
consequence, the ground water level shows large deviations which could affect the execution of 
the excavations and the design of the structures. The heavy rain could also influence the stability 
of slopes and the work in general, with changes of work procedures and time delays as a result.  
 
The contract was a design-and-build contract which implies that the contractor is responsibility 
for both the design and execution of the project. In the contract there was a clause stating that 
the client should review and approve all documents, e.g. method statements and work 
procedures, before the related activity could start. Therefore, all work procedures and methods 
had to be described carefully. In order to succeed with the project there had to be a consensus 
about risks, costs and work procedures, both with the client as well as between the contractors in 
the joint-venture. 
 
The possible impact on the adjacent buildings was considered to be an apparent hazard in the 
project. Many buildings close to the excavations were in bad condition when the works began, 
see figure 4.9. The contract stated that no additional damage on these buildings was allowed. As a 
consequence of this, extensive design work was performed with finite element programs in order 
to estimate the deformation of the temporary structures and the settlements in the surroundings. 
 
 

 
 
Figure 4.9 Buildings in bad condition close to the working site (Hintze 2002b). 
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The execution of the tunnel inside the diaphragm walls was planned to be done according to a 
top-down method. Furthermore, blasting works had to be performed very close to the walls. A 
blasting test was carried out outside the city as there was little experience of blasting works in the 
area. The bedrock was found to be both very hard and very weathered and fractured, see figure 
4.10. As a consequence, the working procedure according to the top-down method was identified 
as a hazard because the available equipment was not designed to install in this type of conditions.  
 
The identified risks were gathered in a risk register together with the initiating events and a 
qualitative estimation of the probability and consequence of the damage events. 
 
 

 
 
Figure 4.10 The site for the blasting test (Hintze 2002b). 
 
 
During the design phase, additional hazards related to the design were identified mainly due to 
the insufficient ground investigation and the limited knowledge of the local conditions. In the 
tender phase some of the excavations for the tunnels were assumed to be performed without any 
retaining structures. An excavation test executed in the design phase showed however that the 
maximum excavation depth was around five metres without any earth supporting structure. Signs 
of liquefaction around two metres under the ground water level were also apparent in the test. 
Therefore, the original plan of building the stations has to be changed. An extensive ground 
water pumping system was planned to be installed in order to lower the ground water level inside 
the excavation pit. To maintain the ground water level outside the excavation, a water infiltration 
system was designed. 
 
As a consequence, additional risks and hazards were identified and more risk handling actions 
had to be planned. All the identified risks and hazards were gathered in the risk registers together 
with initiating event and warning bells. 
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The limited knowledge of the soil and rock conditions made it clear that a careful follow-up, e.g. 
by the use of the observational method, of the prerequisites used in the design had to be 
conducted in the construction phase. This was considered to be essential for a cost-effective 
design and to secure the reliability of the structures and the safety of the workers.  
 
The need for a suitable contract with the external designer which specified the scope of the 
design commitment and the client’s prerequisites was identified to be important for the success 
of the project together with an appropriate management of the designer. A cost-effective design 
which was delivered in the right time was considered to be crucial to the project success (Hintze 
et al. 2004). 
 
A particular decision problem originated from the blasting test. Since the bedrock was found to 
be both very weathered and fractured, the installation of the diaphragm walls was considered to 
include large risks because the equipment was judged not to be able to install the walls into the 
hard weathered bedrock. The identified alternative to the diaphragm walls was steel sheet pile 
walls. The sheet pile wall was considered to be more flexible and robust but less rigid than the 
diaphragm walls. As a consequence, supported sheet pile walls were decided to be used up to 18 
metres of excavation and supported diaphragm walls when the excavations were deeper. 
 
Another problem that became apparent in the design phase was the differences in design 
philosophy between the different actors involved in the project, e.g. when interpreting the site 
investigations and designing the temporary structures. From the Swedish contractor’s point of 
view, the design consultant was conservative and risk-avert. For example, the consultant designed 
the retaining structures for a groundwater level close to the ground surface although it was 
around 2-4 metres or more below the surface. This resulted in a large water pressure against the 
structure and, consequently, several levels of wale beams and struts which complicated the 
excavation. 

The construction phase 
Important work processes to manage the risks and hazards which had been identified and 
analysed in the design phase were technical support, design management, design optimisation and 
monitoring. An important issue for the engineers involved in the project was to ensure that the 
identified hazards were handled in an optimal way through the use of monitoring systems and by 
the use of an external review team of experts. Technical reviews were carried at the site at three 
times during the project. The aim of the use of the review team was to obtain objective feed-back 
of the design and the construction methods as well as a review of the risks, both identified and 
unidentified. Information of the progress of the project was continuously sent to the review 
team.  
 
The observational method was used in the construction phase in order to manage the identified 
risks and ensure a safe and cost-effective execution of the project. Through the use of a 
monitoring system the knowledge of the soil and rock conditions increased during the progress 
of the project. The monitoring system was designed to observe the warning bells that had been 
identified in the tender and design phase, e.g. vibrations, groundwater levels, settlements and 
movements of the retaining structures. A complementary site investigation was carried out during 
this phase of the project. The results from the monitoring and the site investigation could be used 
to a re-evaluation of the design of the structures and to update the risk registers. Some risks could 
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therefore be abandoned and new risks were added in the register. The increased knowledge could 
also be used to re-design the temporary retaining structures in order to make them more cost-
effective.  
 
However, there were obstacles to use the observational method in the project. The client 
requested some of the savings when the measurements from the monitoring were used to 
optimise the temporary structures and required extensive documentation before any changes 
could be approved. Furthermore, the internal project organisation did not see all the benefits of 
optimising the design because the changes were considered to be too difficult to carry out. In the 
view of the Swedish contractor, the client and the design consultant were considered to be quite 
conservative as they considered the design to be stationary and tried to obtain a secure project 
execution without any major changes. Furthermore, the client was considered to have a relatively 
conservative view of the risks hazards and was risk-avert. There were also different views of the 
project management and the risk management inside the joint-venture, mainly due to social and 
cultural differences. 
 
In spite of these obstacles the result from the measurements could be used in order to optimise 
the design regarding time and cost in some extent. For example, the amount of anchors, struts 
and prop levels was reduced, some of the temporary struts for the diaphragm walls could be 
removed and the amount of reinforcement in the diaphragm walls could be reduced. Additional 
risks were also identified and handled during the construction phases. For example, the limited 
knowledge of the risk for future seismic impact and the local laws were identified and handled. 
This resulted in re-design of the tunnels and stations. Furthermore, the client changed the type of 
power supply in the middle of the project. The difficulties regarding the distribution of 
responsibilities with the contractor for the other contract became obvious when the tunnel 
boring machine arrived at the adjacent station A4 which lowered the ground water level and 
affected the temporary structures in the surroundings.  

4.2.4 Conclusions 

The complex nature of the project, e.g. design-and-build contract and the organisation as a joint-
venture, required an extensive risk management process throughout the entire project. The 
limited knowledge of the local conditions at the site, e.g. soil, rock and water conditions as well as 
the client created large risks and uncertainties which needed to be addressed in the risk 
management process. The large uncertainties of many of the key factors involved, e.g. the 
geotechnical conditions due to limited site investigations, required a systematic approach to risk 
management and the use of the observational method. In addition, a review team was used in 
order to obtain an objective review of the management of the project as well as the construction 
methods and the work processes. Monitoring of key parameters and the utilisation of 
information obtained during the execution phase had a central importance in the project. 
 
The social and cultural differences between the actors in the project created some problems in 
the risk management process and the execution of the project. The client, contractor and the 
designer had, to some extent, different views of risks, risk management and the design of 
temporary structures. For example, the client and the designer were considered to be quite risk 
averse from the contractor’s point of view since they were quite reluctant to take on more risks 
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than necessary even if the benefits were large. There were also different views of the project 
management and the risk management inside the joint-venture. 
 
There were some problems in using the observational method in the execution phase of the 
project. The client and the design consultant considered the design to be stationary to some 
extent and the client was unenthusiastic of approving changes in the design. Moreover, the 
individuals on site were sometimes unwilling to carry through changes, probably because they 
could not identify the benefits with these. Another problem that became apparent in the design 
phase was the differences in design philosophy between the different actors involved in the 
project, e.g. when interpreting the site investigations and designing the temporary structures.  
 
The first phases of the risk management process, i.e. risk identification, risk estimation and risk 
evaluation, worked well in the project due to systematic approach and the use of an independent 
expert group. The later phases of the risk management process, i.e. the handling and control of 
the risks, did not work well due to difficulties in the implementation of these in the corporate 
culture and to get them accepted among the workers in the project. 

4.3 Road tunnel under Hvalfjör∂ur, Iceland 

4.3.1 Project Description 

The road tunnel under the fjord Hvalfjörður is located approximately 20 kilometres north of 
Reykjavik, the capital of Iceland. At the location of the tunnel the fjord is roughly 3-4 km wide. 
The tunnel under the fjord was built with the purpose of connecting the northern parts of 
Iceland with Reykjavik and reducing the distance by road with around 50 kilometres, see figure 
4.11. The tunnel length is around 5.8 kilometres and stretches approximately 170 metres beneath 
the water surface of Hvalfjörður at the deepest point. In the tender documents, the project time 
was about 36 months and completion date was set to the beginning of 1999. 
 
The planning of the project started in 1987 when the Icelandic Public Road Administration 
published a preliminary study which presented the benefits of building a tunnel under the fjord 
Hvalfjörður. After several studies regarding the location of the tunnel and site investigations the 
excavation of the tunnel commenced in 1996. The tunnel was entirely excavated in the beginning 
of 1998 and opened for traffic in the end of 1998 approximately four months before the original 
completion date. Before the project started there was limited experience of sub sea tunnelling on 
Iceland in the project group. In other similar tunnel projects there had been problems related to 
the geological formations significant for the area as well as intrusion of gas and water.  
 
The client was the Icelandic Public Road Administration and an Icelandic private company 
obtained the concession to build, own and operate the tunnel for a predetermined period of time. 
A joint-venture, consisting of contractors from Iceland, Denmark and Sweden, was contracted 
with a turnkey contract for the design and construction. The tunnel was paid at a fixed price 
when the tunnel was completed, tested and had been operated for three months. The joint-
venture had to arrange financing for the design and construction costs to the day the client took 
over the project. 
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Figure 4.11 The location of the tunnel under Hvalfjörður, Iceland. 
 
 
The joint-venture decided to perform a system analysis of the project before the work started 
with the aim of ensuring a safe and cost-effective execution of the project. The analysis was 
conducted by an independent group of engineers. Their task was to identify and describe the 
risks and hazards in the project and, with these as a basis, propose appropriate design and 
construction methods and the extent of the supplementary site investigation. Their work should 
also result in guidelines for the handling of information and the decision-making in the project. 
 
For a more detailed description of the project see Olsson et al. (1996) and Tengborg et al. (1998). 

4.3.2 Geotechnical and hydrological conditions 

The geology in the area is characterised by the location of Iceland in the middle of the Mid 
Atlantic Ridge and the previous volcanic activities. The bedrock in the area consists of layers of 
stiffened magma, in places with sediment layers in between. The magma layers often have an 
impermeable central layer of basalt with good quality but with vertical fractures due to the 
cooling process. The outer layers, called scoria, usually have lower strength and higher 
permeability. Due to earlier magma flows there are basalt dikes, which cut through the general 
sequence of horizontal layers. The contact zone between the dikes and the original basalt layer 
has high conductivity occasionally. The bedrock is also crossed by faults and dykes due to 
tectonic movements.  
 

Tunnel under 

Hvalfjörður 
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The water depth is generally around 10 to 30 metres at the location of the tunnel. The thickness 
of the layers of sediments on the bottom of the fjord varies between 10 to almost 80 metres. The 
rock cover is approximately 40 metres at the deepest point of the tunnel. The temperature along 
the tunnel was estimated to rise from 5ºC to 25ºC at the deepest part, see figure 4.12. 
 
 

 
Figure 4.12 Longitudinal cross section of the tunnel with expected temperature conditions (Tengborg et al. 1998). 
 

4.3.3 Risk Management 

The tender and design phase 
Due to the project team’s limited knowledge and experience of sub sea tunnelling on Iceland, the 
severe consequences of many of the possible hazards and the failures in other similar tunnel 
projects, the risk management process had a distinguishing role in the early phases of the project. 
The risk analysis, or system analysis as it was called, was conducted by an independent group of 
engineers on the commission of the concession owner. Their main task was to identify and 
describe probable and serious hazards and their associated initiating events and warning bells and 
with these as a basis propose necessary site investigations as well as appropriate design and 
construction methods. The risk management process was mainly based on the view of the 
process from hazard to damage discussed in section 3.1 and illustrated in figure 4.13. The 
warning bells are further discussed below. 
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The risk analysis was divided into three phases: 

(i) Information gathering, establishment of a preliminary geological model and 
identification of possible hazards. 

(ii) Further information gathering, review of the geological model and identification of 
probable hazards. 

(iii) Identification of warning bells, study of pre-probing methods and establishment of 
guidelines for information flow within the organisation. 

 
Figure 4.13 The process from hazard to damage (modified after Sturk 1998). 
 
 
The first phase consisted of collecting written information regarding the geological conditions at 
the site and other prerequisites that could affect the design and execution of the project. None of 
the engineers in the analysis group had any experience of tunnelling on Iceland so an extensive 
literature review was performed as well as contacts with several experts of the type of project at 
hand. A qualitative fault tree analysis was used in this phase in order to identify the chains of 
events which could lead to technical failure, e.g. collapse of the tunnel. The aim of the fault tree 
analysis was not to quantify the risk, but to identify so many possible damage events as possible. 
Only damage events that were obviously not present were excluded in the analysis. Six possible 
damage events that were crucial to the technical success of the project were identified: 

(i) Large water flow that could not be controlled 

(ii) Stability problems. 

(iii) Heat inflow of hot water or heat rock formations. 

(iv) Injurious gases in the tunnel. 

(v) Seismic damage. 

(vi) Unacceptable tunnel durability. 
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Initiating event, e.g. 
- blasting 
- excavation 
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Damage 

Warning bells, e.g. 
- water temperatur 
- water salinity 
- color of drill cuttings 
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This first phase of the risk analysis resulted in a preliminary model of the geology and a register 
with the characteristics of the identified hazards. 
 
The second phase of the analysis comprised a further discussion and re-evaluation of the 
geological model and the identified hazards with the assistance of Icelandic experts. Several 
geological experts from Iceland and the contractor were consulted in order to re-evaluate the 
geology, hydrology and the geothermal conditions at the site. Methods for site investigations, pre-
probing and excavation were also discussed. The Icelandic experts also served as a review group 
during the risk management process. 
 
The damage event “large water inflow can not be handled” was judged to be the most crucial 
event to the achievement of the project. This was due to the fact that the tunnel was going to be 
excavated under a fjord with almost unlimited access to water in combination with the limited 
rock coverage at some places. The fault tree for the top event “large water inflow can not be 
handled” is shown in figure 4.14. Each of the four events at the bottom of the tree was further 
analysed in separate fault trees. This second phase of the risk analysis resulted in a revised 
geological model and a list of probable and serious geological hazards. 

 
Figure 4.14 Fault tree for the most crucial damage event (after Olsson et al. 1996). 
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The third and last phases of the risk analysis included an identification of measurable warning 
bells of geological hazards as well as methods of observing and measuring these during the 
execution. It was made clear which of the identified warning bells that was significant for the 
different hazards. Examples of identified warning bells are: 

 The occurrence of vertical geological formations - may indicate water flow in the contact 
zones. 

 Water temperature – deviations from expected values may indicate connections with 
deeper (high temperature) or shallower layers (low temperature). 

 Water salinity – high values may indicate connection with salt water from the fjord. 

 Water pH value - deviations from expected values may indicate connections with deeper 
(high pH) or shallower layers (low pH). 

 Colour of drill water and drill cuttings – may indicate presence of sediments which can 
affect the stability of the tunnel. 

 Drill penetration – may indicate changes in the properties of the bedrock. 
 
As a next step, methods for exploration were studied with the identified hazards as a basis. The 
aim of the exploration was to increase the amount of data available in the decision-making 
process by investigating the rock mass and to enable an implementation of risk mitigation actions 
when necessary. The methods of exploration to be performed in the project were chosen by the 
contractor in consideration of the recommendations from the analysis group. The methods for 
exploration were chosen so that they should give obvious and exclusive indications of the 
hazards that were easy to understand and interpret. The exploration was divided into a routine 
part and a part that should handle unexpected events. The routine part were performed along the 
entire tunnel length and aimed to identify indications of hazards. The other part of the 
exploration was conducted intermittently. Examples of methods used in the exploration were the 
probe drilling, core sampling, radar and geophysical methods. 
 
Issues related to organisational hazards, e.g. the distribution of responsibilities, the 
communication of risks and the flow of information, were also studied. The gathering, 
documentation, interpretation and distribution of the data from the exploration were identified to 
be very important, as these should be the basis for decision-making and the decisions regarding 
the executions of the mitigation actions. Event trees were used in order to evaluate the strengths 
and weaknesses of the organisation, see figure 4.15 which shows the event tree for the chain of 
events from indication of a hazard to the execution of a pre-determined mitigation action. The 
underlying reasons for the unwanted events were further analysed with fault trees analysis. 
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Figure 4.15 Event tree for the chain of events from indication of a hazard to the execution of a pre-determined mitigation 

action (after Olsson et al. 1996)  
 
 
The key factors for the flow of information were judged to be: 

 The time elapsed from the time for an indication to the time for execution of mitigation 
actions - several mitigation actions should be performed and several individuals should be 
involved in order to minimise the time. 

 The control system - guidelines and routines for the exploration methods should be 
introduced in order to ensure an adequate extent of the explorations. 

 The amount of information - the amount should be reduced to a minimum without losing 
any important information in order to make an analysis of the large amount of data 
possible. 

 The feedback - the possibility of learning by experience should be facilitated by sending the 
information to the relevant personnel in order to create a learning organisation. 

The construction phase 
In the construction phase the risk management was conducted by the contractors in the joint-
venture as the independent expert group was separated from the project. The risk management 
methodology and the monitoring outlined in the risk analysis were mainly adopted as the 
contractor implemented some parts of the risk analysis in the work procedures. Some parts were 
however excluded. Furthermore, the risk analysis was also used as a tool for the quality control in 
the project. 
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Monitoring of the identified warning bells were conducted in the construction phase. These were 
considered to play a crucial role in the ensuring of a safe and cost-effective execution of the 
project. In figure 4.16 the measurements of the water temperature and the salinity in the tunnel 
are presented. 
 
 

 
 
Figure 4.16 Result of the measurement of water temperature in the tunnel (Taute 1998). 
 
 
The obtained information could be used in order to reduce the risk, either by reducing the 
probability function or by reducing the consequence function, or to decide the time for 
countermeasures as have been discussed in section 2.3.5 and illustrated in figure 4.17. The mean 
value of the probability function could be reduced by the use of an appropriate excavation 
technique regarding to the geological conditions which were measured with pre-probing etc. The 
standard deviation of the probability function could be reduced by the use of pre-probing, radar, 
core sampling and geophysics. The consequence function was reduced by the use actions that 
limited the possible consequences, e.g. measures to prevent a submersion of the entire tunnel in 
case of penetration of sea water. 
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Figure 4.17 Risk mitigation using information acquired during the project. 

4.3.4 Conclusions 

Due to the characteristics of the project, e.g. the contract, the organisation and the financial 
arrangement, the limited knowledge and experience of sub sea tunnelling and the recorded 
failures in similar tunnel projects, both the client and the joint-venture that was assigned to build 
the tunnel under Hvalfjörður were aware of the potential risks in the project. As a consequence, a 
lot of effort was put into the risk management process in an early phase of the project. In the 
early phases of the project the main focus was on the identification of hazards, initiating events 
and warning bells and on the monitoring of warning bells in the execution of the project. 
 
The dialog between the risk analysis group, the joint-venture, the client and the geological/ 
geothermal Icelandic experts increased the awareness of both geological and organisational 
hazards in the project. This resulted in a common view of the risks and hazards as well as of the 
risk management in the project. Fault and event trees were used for identifying hazards and the 
chain of events leading to actual damage. The use of an independent analysis group and the 
combination of traditional risk analysis methods and engineering judgement was considered to be 
successful. 
 
The risk management in the construction phase was performed by the design department of one 
of the contractors since the independent expert group was separated from the project. The risk 
management methodology and the monitoring outlined in the early phases of the risk 
management process were mainly adopted as the contractors implemented some parts of the risk 
analysis in the work procedures and excluded some parts.  
 
The monitoring of the identified warning bells and the use of pre-defined mitigation actions in 
order to handle the risks had a distinguishing role in the construction phase. Several preventive 
methods were used, e.g. pre-probing, radar and geophysics, and several countermeasures were 
undertaken. These were considered to play a crucial role in ensuring a safe and cost-effective 
execution of the project. 
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4.4 General Conclusions from the Case Studies 
This chapter has presented some aspects of the risk management process and decision situations 
in three infrastructure projects executed in recent years. The review of the projects has revealed 
similarities and shortcomings as well as some factors of success of the methods of risk 
management used in the projects. 
 
The similarities can be summarised as: 

 The risk management process had a distinguishing role in the execution of the projects 
due to the complex characteristics of the projects which were recognized before the 
project started. 

 The risk management process started with an identification of risk objects, hazards, 
initiating events, warning bells and damage events. 

 Pre-defined risk handling actions were incorporated into the project plan with a clear 
definition of responsibilities and authorities. 

 A monitoring system was used to monitor warning bells in the construction phase and 
the observational method was used to manage the risks and ensuring a cost-effective 
execution of the project.  

 A team of independent experts was used to improve the risk management process in the 
tender, design and construction phase. 

 
The main shortcomings that have been identified can be summarised as: 

 A comprehensive risk analysis is not always established in the early phases of projects.  

 The risk analysis is not always used as a basis for risk distribution. 

 Obstacles to use the observational method sometimes exist. 

 The risks are seldom quantified in monetary terms. 

 Cultural and social factors have great influence on the general view of risks, risk 
management process and the attitudes towards risks and these are not always understood 
and considered.  

 A weak connection between the risk analysis in the design phase and the management of 
risks in the execution phase sometimes exist.  

 
The factors of success in these projects can be summarised as: 

 A mutual fundamental view of risks and risk management between the actors involved. 

 A transparent, objective and systematic identification of hazards and estimation of risks in 
an early phase of the project which are performed continuously throughout the entire 
project. 

 The risk management process has to be integrated into the existing management systems 
and the corporate culture. 

 Early planning of risk handling actions and implementation of these into the project plan. 
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 Preparation and planning before critical decisions. 

 The use of an independent review team throughout the entire risk management process. 

 The use of a monitoring system in order to monitor the identified warning bells. 

 The risks must be communicated to all actors involved in the project in an unambiguous 
and stringent manner that is easy to understand and interpret. 

 Responsibility for the risk management should exist in all levels in the organisation. 
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5 Discussion 
In the previous chapters a literature review including the underlying concepts of risk management 
and project risk management in geotechnical engineering has been presented together with three 
case studies of executed infrastructure projects. This chapter discusses the shortcomings of the 
methods for risk management used today that have been revealed in the literature review and the 
case studies. Furthermore, the distribution of risk between the different actors involved in an 
infrastructure project and the key issues for these actors will be considered with the intention of 
improving the management of geotechnical risks. The chapter ends with some conclusions from 
the chapter. This aim of the chapter is to outline some factors of success in order to overcome 
the identified weaknesses and to identify areas which need further research. 

5.1 Introduction 
The geotechnical risks and uncertainties can never be characterised completely due to the natural 
variability in the ground. Consequently, the risk analysis can not identify all risks and uncertainties 
and there will always be risks and uncertainties that have to be discovered and managed in the 
execution phase. One type of problem that must be handled is that the assumed characteristics of 
the identified risks are generally not equal to those of the actual outcome. The discovery and 
management of unidentified risk is another type of problem that must be considered. 
 
These risks and uncertainties can affect both the cost and time schedule for the project as well as 
the environment and third party. Recent studies suggest that the traditional methods of 
construction and risk management can not manage risks and uncertainties effectively, see e.g. 
Jaafari (1998) and Clayton (2001a & 2001b). Given the increasing use of “new” contractual 
agreements, e.g. design-and-build, BOT (build-own-transfer) and BOOT (build-own-operate-
transfer), which tend to disperse the design responsibilities and to shift the risk to the contractor, 
a new way of dealing with geotechnical risks needs to be adopted. Additionally, due to the 
increasing location of infrastructure projects in urban areas it will be more and more important to 
identify those projects which include large risks and that will need a more sophisticated approach 
to manage the risks. 
 
The management of geotechnical risks today seems to be performed on different basis in 
different projects depending on tradition, knowledge and experience of the risk analyst team and 
the team’s perceived ability to manage the identified risks. An incomplete or rudimentary risk 
management process may have severe implications in many projects. Untreated risks and 
uncertainties can lead to a product with unsatisfactory functions for the client, i.e. low quality, 
and to large costs in the end of the project in the form of insurance costs, costs for guarantee 
commitments and/or maintenance costs. A successful project risk management is dependent on 
an honest and obvious commitment from all the actors involved in all project phases in questions 
regarding allocation of resources, co-operation, communication and documentation. This is a 
necessary but an insufficient condition.  
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5.2 Shortcomings in the Management of Geotechnical Risks Today 
The construction industry in general suffers from an “illusion of certainty” when developing 
projects and cost and time estimates. Risk management is often portrayed as the answer to all 
problems, but it is not. There seems to be a belief that all risks can be foreseen but the risk 
management process can not hope to identify all risks. Unforeseen risks will almost always exist 
and procedures for managing these risks are often missing today (Hansson 1993 and Hillson 
2001). 
 
Another deficiency in the risk management in many projects today is the absence of an 
appropriate risk analysis before the construction works begin. Though, it can be argued that an 
informal or unconscious risk analysis is always performed in the head of the actors. However, for 
the success of a complex infrastructure project including major risks it is not enough with one or 
several persons’ subjective and informal analysis and management of risks which is not 
communicated to the rest in the project. Therefore, resources, knowledge and experience of the 
risk management process must exist. 
 
As been stated in earlier chapters, the risk management process should start with an early 
identification of hazards and potential damage events in order to identify as many risks as 
possible. Decisions regarding the observations or measurements of these damage events and the 
response actions that should be carried out if the damage events are initialised should also be 
made in an early phase of the project. Furthermore, the risk analysis should be a continuous 
process during the entire project in order to be able to manage unforeseen risks and to utilise 
acquired information during excavation and should be used as a governing document in the 
project management (Hintze 2001). 
 
This is seldom the situation today. For example, the risk analysis is sometimes established in the 
planning or design phase by individuals who do not participate in the following phases. In other 
words, the link between the design and risk management is sometimes weak. The decided risk 
handling actions are though almost invariably incorporated into the control plan but important 
geotechnical prerequisites are often not included. In these situations, important information 
regarding the geotechnical risks uncertainties is lost. In addition, responsibilities and authorities 
are often vaguely described in the project plan and not clearly explained and rooted in the project 
organisation. Systems for the flow of documents are often missing which can lead to that 
documents out of dates are used in the construction. The follow up and control in the 
construction phase is also often insufficient (Clayton 2001a & 2001b and Hintze 2001). 
 
In many infrastructure projects today, the client, designer, contractor and insurer perform their 
own separate risk analysis and these are established under no or slight collaboration between the 
actors. As a consequence, a consensus of the risks is sometimes not established. This can affect 
the decision-making and co-operation in the project. Furthermore, the risk analysis can not be 
the basis for risk sharing in these projects.  
 
Furthermore, in many projects there seems to be a tendency that the contract is unclear and 
ambiguous, responsibilities and authorities are not established and the risks are not shared in a 
best possible way. This often leads to an unfair risk distribution and results in disputes in case of 
damage and problems with the collaboration in the project. If the risk analysis was used a basis 



Management of Geotechnical Risks in Infrastructure Projects: An Introductory Study 

 125

for risk distributions things would probable be better. In some projects, there have been an 
unwillingness to solve disputes during the construction phase and the dispute solution is 
therefore postponed to after the construction phase is completed. This contributes to the 
development of further disputes and a non-productive working climate. There are examples of 
projects where the work has stopped completely and all actors have been busy with legal matters 
and negotiations (Hintze 2001). 
 
The risk communication and the knowledge of psychological factors affecting risk decisions are 
seldom given enough attention in the risk management process. Sometimes, the designer and the 
contractor choose not to discuss risks and divergences with the client during the design and 
construction stage. In addition, the client is sometimes reluctant to consider risks since this can 
jeopardize the whole project (Hintze 1994).  
 
Another shortcoming is the fact that the traditional approach of dealing with geotechnical risks in 
infrastructure projects is based on a scientific method in a deterministic framework (Clayton 
2001a). Desk studies are used to hypothesise about geotechnical conditions, possible problems 
and options for different types of the geotechnical design. Then a comprehensive program for 
geotechnical investigations is planned and executed with the aim of determining the actual 
conditions at site in order to decide the final design.  
 
According to Clayton (2001a) there are several limitations and problems with this approach. First, 
with an increasing trend that the design is subcontracted to a contractor or a specialist 
subcontractor, the geotechnical investigations can not be planned as long as the design is 
undecided. Second, since the geotechnical conditions beneath a construction site is fixed and the 
variability in the properties of the ground, the design can not all alone be based on deterministic 
values from the geotechnical investigations. Furthermore, adequate methods of construction 
must be identified to secure a safe, cost-effective and environmental sound construction. Third, 
since many of the deterministic design methods used are inaccurate and provide different results, 
the design can not all alone be based on these methods. In addition, Clayton (2001a) argues that 
under recent years there has been growing emphasis on numerical modeling and more 
sophisticated models than before and less attention to sound design principles. Thus, in a risk 
perspective, the design process has in a sense become less effective in recent years due to less 
attention to engineering judgements based on knowledge and experiences. 
 
Adequate and effective engineering design has the potential of providing one of the most 
effective ways of managing geotechnical risks. Though, a major part of the geotechnical design is 
presently based on an over simplistic approach (Clayton 2001b). Geotechnical investigations are 
carried out using boreholes and exploratory pits. Best practice requires that the investigation is 
planned on the basis of existing information on the geotechnical conditions, collected during a 
desk study. This is rare for building and small scale construction. Then, a conceptual ground 
model is created, based either on the most likely ground conditions that are imagined or on a 
pessimistic but generalised interpretation. Such a model is however seldom geologically 
representative. Finally, perceived limit states are analysed and components dimensioned to give a 
margin against failure. 
 
This process may be adequate for construction projects including little geotechnical work or 
where the geotechnical conditions are simple or well known. But it can be totally inadequate 
when geotechnical conditions are more important, either because the structure is particular 



Chapter 5 Discussion 

 126 

sensitive or because the ground is unusually variable or poor. Additionally, to often there is too 
little thought put into the design of geotechnical investigations, which may result in that critical 
conditions go undiscovered, all the ground affected by the construction is not investigated or the 
determined parameters are not relevant or too inaccurate. 
 
According to Lewin (1998) there are a number of additional weaknesses in current methods of 
dealing with geotechnical risks. Some of these are: 

 Existing methods for risk management often fail to manage many risks. 

 Inadequate follow through from the analysis phase to the control of risks once the project 
starts to be implemented. 

 A concentration of risks in asset creation rather than on the potentially higher risks in other 
stages of the investment life-cycle (especially the construction phase). 

 A tendency towards to focus on risks which can be most easily quantified, without the 
exercise of proper judgement to get a good feel for the other risks involved. 

 Too little attention to changing risk exposures during the investment life-cycle. 

 No satisfactory method for combining risks, especially where, as often is the case, the 
separate risks are dependent. 

 A lack of consistency in analysing and dealing with risks for different projects. 
 
As a consequence of this (Lewin 1998), 

 Projects are not consistently analysed even for the same sponsoring organisation and 
different standards of analysis are applied. 

 Clients, investors and other actors can not rely on the results of risk analysis. 

 Risks, which were identified for mitigation, can remain unmitigated. 

 No satisfactory framework exists for developing a record of experiences concerning 
specific categories of risk and the associated outcomes. 

 There is no reliable basis for auditing risk analysis and management. 

 Research and expertise is largely fragmented and dispersed instead of contributing 
cumulatively to improve the state of art. 

 
In addition, most individuals and organisations seem, for some reason, well able to identify and 
manage risks, and to devise appropriate responses (Lewin 1998). The problem arises with putting 
the plans into action, and actually doing the agreed responses. A common problem is lack of time 
or effort for the implementation of decided mitigation actions. Many individuals are so busy 
doing the normal tasks that there is no time to do the extra work involved with risk management. 
Many project teams identify and assess risks, develop mitigation plans and write a risk report, 
then “file and forget”. As a consequence, mitigations actions are not implemented and the risk 
exposure remains the same.  
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The risk analysis is in some situations confused with method statements and working procedures. 
While the risk analysis shall provide information for decision-making in order to do the right 
things, the method statements and working procedures focus at do things right according to the 
international codes SS-EN ISO 9001 and SS-EN ISO 14001. On a fundamental basis, these 
systems focus of “doing things right” instead of “doing the right things” (Stille et al. 1998). This 
results in that important issues sometimes are not given enough attendance and even forgotten 
and left unattended due to limitations in time when many things shall be handled. A risk analysis 
should therefore not be replaced by these documents. 

5.3 The Distribution of Risk 
Geotechnical risks have most impact on clients and contractors but it is important to consider 
the impact on other actors as well, e.g. on the third party and the environment. To a client, 
geotechnical risks are likely to be considered as a largely negative factor. However, the 
geotechnical risk management process can represent a considerable opportunity to the project 
since it expose the risks involved and creates information for decisions regarding design, 
execution etc. Cost-effective alternatives can therefore, be revealed which otherwise have never 
been explored. Risk management systems that incorporate geotechnical risks and ensure an 
effective use of resources consequently offer considerable opportunities. 
 
The distribution of the risks is governed by the contract between the actors involved. Thus, the 
contract is an important element in the risk management process. In addition, procurement 
methods have important implications for the risk management process. It should be in all actors’ 
best interest to make an estimate of the risks and uncertainties involved as good as possible 
before the contract is signed (Lewin 1998).  
 
Traditionally, in civil engineering contractors have been responsible for many of the risks with 
temporary works, but increasingly clients are adopting methods of contracting by which clients 
seek to transfer other types of risks to the contractor. Since the conditions of contract for design-
and-build, build-operate-transfer, etc., are increasing, major clients are using partnering, term 
contracting and independent dispute solution boards to promote effective dispute resolution 
(Clayton 2001b). 
 
The part with the best opportunity to manage a risk should in general be responsible for the risk, 
i.e. should be the risk owner, and should be given reasonable compensation for it. It can of 
course be tempting for clients to shift the risks on to the contractors in order to “get rid of 
them”. However, this is seldom the most optimal way to distribute the risks since there can exist 
risks which the contractor can not control, e.g. public, political and societal risks. Shifting the risk 
over to a contractor will also cause a financial cost for the client since no contractor is willing to 
take on a risk for free. If the contractor can not control the risk this cost is a waste of money.  
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As been stated before, the contract between the client and the contractor should distribute the 
risks, responsibilities and engagements in a fair way and with an obvious relation between risk 
and compensation. However, what is fair is difficult to say. Nevertheless, if one actor is forced to 
take a large part of the risks without being compensated for it, disputes, bad working climate and 
bad overall performance tend to arise. In order to design the contract in a proper way it is 
important to identify as many hazards and risks as possible before the contract is established.  
 
The contract should aim at regulating all imaginable deviations and changes which can possibly 
arise during the project execution. In order to distinguish these deviations it is essential to 
identify key indicators of these and agree on how these indicators shall be measured and 
interpreted. These indicators should be inclusive and mutual exclusive. Variations in geotechnical 
conditions that might have effect on the project need to be addressed at the earliest opportunity 
so that re-design or different methods of construction can be considered. 

5.4 The Role of the Client 
The fundamental aim for all clients is, of course, to gain value for their money or maximise 
expected monetary outcome in the cost-benefit analysis. However, in many construction projects 
it is almost equally important for the clients to have a certain outcome of their projects in terms 
of time, cost and quality since it is often important not to exceed the budget or time schedule for 
the project. As a consequence, the client is generally not too eager to take on risks in order to 
reduce the costs in relation to the budget. On the contrary, the client can be much more willing 
to take on risks in order to prevent budget overdrawings. As geotechnical risks can cause time 
delays and additional costs for e.g. re-design and change of working methods, it is in the client’s 
interest that the geotechnical risks are managed appropriately (Lewin 1998 and Tengborg 1998). 
 
The risk acceptance and the attitude towards risks of the client will affect the way in which risks 
are managed in a project since the client generally sets the standard or level for the risk 
management process. If the client is not emphasising the importance of the risk management it is 
not likely that the other actors will do so. Therefore, the client’s attitudes towards risk 
management have major influence on the risk management in the entire project. A sound attitude 
should be to adopt a comprehensive view of the risks and to focus on the most important issues 
and risks which had been found in the problem and system definition phase and in the risk 
identification. A successful risk management process is also dependent on the client’s full and 
true commitment to the management of the geotechnical risks.  
 
The risk management process is not only influenced by the attitude of the client but also by the 
client’s ability to analyse and establish its needs and requirements in an early phase of the project. 
Changes in the client’s requirements are undesirable and should be avoided if possible since 
successful risk management requires that a set of design objectives is developed before the 
conceptual and the detailed design are started. Successful design results from a careful definition 
of needs and requirements, expressed in the simplest and most general terms, which gives the 
designer maximum flexibility in seeking the most robust and cost-effectives design with respect 
to the geotechnical risks. 
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For a successful management of geotechnical risks, the client should ensure that a risk 
management system, covering the important geotechnical risks that influence the project, is 
established during pre-planning of the project. Documentation and communication is especially 
important during the early phases of the project in order to ensure that all the risks identified 
during project conception are dealt with during design and construction. The identified risks and 
hazards should, together with the planned responses, be communicated to all actors involved 
throughout the entire project. Clients need to ensure that, as far as possible, their requirements 
are recognised by the designers and are considered in the risk management process. 
 
The result of the early identification of geotechnical risks should include a geotechnical risk 
register and a short geotechnical summary which assesses the potential impact of geotechnical 
risks on the project (Clayton 2001b). A risk handling plan should also be included where the risk 
owner, mitigation actions and the time for the mitigations are presented. Additionally, the 
documentation should recommend whether any further work is necessary to determine the 
geotechnical conditions with additional accuracy in order for the project to proceed. These 
documents should be passed on through the entire project organisation to ensure that all actors 
have the relevant information and no information is lost. 
 
Furthermore, clients need to decide the appropriate distribution of the risks in the project, i.e. 
who is responsible for which risks. Some of the risks may be insurable, but most geotechnical 
risks must be taken either by the client or the contractor. It is important that the clients select a 
type of contractual arrangement that reflects their wishes regarding the distribution of any 
residual risk that may remain after design so that the no uncertainties of this exists. If the risk 
distribution is not described clearly in the contract, misinterpretations and disputes are at hand. 
This is especially important in infrastructure projects where, due to the nature of these projects, 
geotechnical risks may easily lead to large cost overruns and time delays. The fundamental aim 
should be that the risks are distributed so that the actor that has the best opportunity to control it 
is the risk owner. In addition, the risk owner should be given reasonable compensation for it. 
How much is reasonable can however be questionable and difficult to calculate. 
 
The additional costs resulting from geotechnical risks can lead not only to an unproductive 
working climate and disputes during construction, but also to expensive arbitration and litigation 
after the projects is completed. For large clients there may be relatively little relationship between 
the type of contractual arrangement used and the difficulty with which the disputes may be 
resolved, since they can use their purchasing power to encourage contractors to take a longer 
term view of losses. For such clients it should be worth investigating partnering, collaboration 
and the use of term contracts, since these are known to help ease the process of negotiation and 
settlement. For small and occasional clients, whose construction requirements are limited and 
infrequent, considerably more care is required in selecting suitable contracts and geotechnical 
advisers. The best contractual arrangements are then those where the technical resources of the 
client, the designer and the contractor are combined in order to overcome geotechnical 
difficulties as they become apparent. Formal dispute avoidance procedures should always be 
introduced (Lewin 1998). 
 
Melvin (1998) suggests that the risk management process can be improved by the use of the large 
and wide experience of the large insurers as input in the risk management process. Furthermore, 
the working climate and co-operation in the project can be improved by the use of a totally 
dedicated risk engineer whose main task is to look after all the major contracts involved in the 
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project and thereby anticipate any disagreement and dispute. This way of working was conducted 
in the construction of the new airport in Hong Kong with a satisfying result. Better construction 
site relationships, a deeper involvement and commitment among the actors involved and fewer 
claims than normal were some of the improvements that Melvin (1998) reports. The main tasks 
of the risk engineer in the project were to report the progress of the project and the scope of the 
work undertaken, to assess the risk factors and to make recommendations regarding loss 
prevention. The tasks of the risk engineer did not include the handling of possible claims, but to 
make sure that actions were undertaken in order to prevent the same problem. If any disputes or 
claims occurred, these were instead handled by an independent loss adjuster. 
 
As a conclusion, the main tasks of the client in the risk management process are: 

 Clients should take an active role to ensure that the risk management process is started 
during pre-project planning with an identification and estimation of risks and hazards as 
well as deciding methods for risk handling and establishment of a geotechnical risk register. 

 Clients should take a leading role in co-ordinating the work with the management of 
geotechnical risks in the project and ensure that a fundamental view of the risks and risk 
management is established in the project. 

 Clients should declare their fundamental construction objectives and requirements in an 
early phase of the project.  

 Since construction often involves major risks, clients or their projects mangers need to 
establish their risk tolerance at the start of the project. 

 Early investment in good geotechnical advice will allow the identification of projects that 
could be significantly affected by the geotechnical conditions. 

 The impact of the contract between the client and the contractor on the distribution of risk 
should be considered thoroughly. 

 The result of the client’s risk management should be communicated to the designers, 
contractors and all other actors involved in the construction process. 

5.5 The Role of the Designer 
The main goal of the designer is, in general, to design a planned facility on the basis of the 
geotechnical conditions at a given site, a description of the desired function and quality of the 
facility, and societal laws and regulations. The designer generally wants to create a good 
relationship with the client in a long-term business view in order to have a good reputation as a 
serious advisor (Tengborg 1998). 
 
As been discussed in chapter 2.5, most individuals are risk-averse, i.e. when exposed to risks most 
individuals prefer to be on the safe side. In geotechnical engineering, the situation is often the 
same. A construction is generally designed with some safety margin against failure, i.e. to be too 
strong than too weak. However, since safety reserves influences the cost, the question is how 
much stronger is enough. Avoiding failure is valuable, but not at any cost. Therefore, the 
opposing objectives of safety and adequate usage of resources must be balanced. In addition, 
reducing one risk may give rise to another countervailing risk (Lewin 1998 and Tengborg 1998).  
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Effective engineering design provides one of the most effective ways of minimising or 
eliminating geotechnical risks. For an effective design, designers need to understand that the 
geotechnical conditions can never be known with certainty because of the natural variability of 
the ground from place to place and with depth. In addition, the geotechnical properties vary 
much more widely than those of other construction materials and there are many different 
mechanisms by which the ground can cause difficulties for construction (Clayton 2001a). 
 
An effective design results in effective risk handling strategies. Residual risks can then be focused 
on and suitable ownership defined. If major geotechnical risks remain after design then the 
project may not be able to proceed, or a further phase of more specialist design may be required. 
To be effective, geotechnical design should be systematic and recognise the uncertainties 
associated with the ground. The design process should be integrated within a risk management 
system to ensure that uncertainties are dealt with effectively. 
 
Calculations in geotechnical engineering are not very accurate even when the geotechnical 
conditions are well known and the design is undertaken by experts using the best methods 
available (Clayton 2001b). Consequently, the design should be flexible and robust enough, i.e. 
easy to change and able to withstand possible variations in the geotechnical conditions without 
extensive re-design or change of working methods. Therefore, an effective design provides a 
robust defence against geotechnical risks. Robust geotechnical design coupled to systematic risk 
management can reduce uncertainty to accepted levels, but sophisticated geotechnical analyses 
can, for some projects, add significant value or reduce costs and construction time. 
 
Geotechnical design should be carried out systematically by using a predefined staged approach 
to design in order to ensure that the client’s needs are correctly identified, optimal solutions are 
found and that creativity is maximised. In other industries, such as the manufacturing industry, a 
method called systematic engineering design has evolved as an effective way of maximising the 
certainty of the outcome and minimising the risks, see figure 5.1. The first step in the systematic 
design is the expression of the needs of the client as simple and precisely as possible. This leads 
to a design specification which the final design can be checked against. The design specification 
shall not stipulate the technical solution. In order to fulfil the design specification it is necessary 
to understand the functions and sub-functions of the project and to satisfy the requirements 
(Pahl et al. 1996). 
 
In the next step of the systematic design, the conceptual design consciously breaks down the 
project into these functions and sub functions and finds solutions for each function, by using a 
combination of practice, hazard avoidance, judgement and experience, meeting the requirements 
of cost, uncertainty and, environmental, health and safety impact. The conceptual design results 
in a number of design alternatives for each function and sub-function which shall be judged 
against the design specification. The best combination of solutions will then be selected on the 
basis of a range of qualities, such as fitness for the purpose, likely cost, simplicity, certainty of 
outcome and environmental, health and safety impact. In geotechnical engineering, the 
conceptual design phase will usually result in a geotechnical design report. 
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Figure 5.1 Elements of systematic engineering design (Pahl et al. 1996). 
 
 
Conceptual design should include a system approach as a counterbalance to the usual bottom-up 
process of analysis. Systems analysis aims at identifying the key factors that affect the project and 
the dependence between these. System analysis questions the assumption that components of a 
system are the same when separated as when they are part of the system. In figure 5.2 a system 
approach using interaction matrices is illustrated with the aim of identifying unfavourable design 
interactions. In the geotechnical design it is important to search for unfavourable interactions 
since these can sometimes be critical. Geotechnical hazard and risk identification and hazard 
avoidance are fundamental parts of effective conceptual geotechnical design. Where particular 
critical mechanisms of failure can not be avoided, they should be prevented from occurring by 
using more than one defensive measure, the so called “defence in depth” (Clayton 2001b). 
 
The next step in systematic engineering design is the embodiment design which aims at 
identifying the optimal design alternative. The embodiment design results in a description of the 
definitive layout of the construction. In geotechnical engineering, the embodiment design 
typically results in drawings and working procedures. 
 
Once the optimal design alternative has been identified, a detailed geotechnical investigation 
should take place to provide information for the detailed design to proceed. During detailed 
design, little reliance should be placed on deterministic “best-shot” analysis, since these will often 
lack accuracy and provide only an incomplete assessment of likely construction problems. A 
probalistic approach should therefore always be considered. The geotechnical investigation 
should be planned to test the geotechnical conditions in the conceptual model. The detailed 
analysis generally results in technical specifications for the construction. An effective systematic 
design in geotechnical engineering should also include method statements and control programs. 
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Figure 5.2 A system approach, using interaction matrices, to identify unfavourable design interactions 

(Clayton 2001b). 
 
 
Detailed investigations should only be done where there are significant geotechnical risks or 
where clear benefits can be obtained from a sophisticated geotechnical approach. As a 
consequence, most designs will be based on limited investigations and the shortcomings of this 
most be recognised by the designer. Six approaches can be helpful in projects with limited 
geotechnical investigations. These are (Clayton 2001b):  

 An independent team of experts can be used to review the detailed design to ensure that 
key mechanisms of failure are not overlooked, that realistic parameters are selected and that 
the design calculations are performed competently and correctly. 

 The use of sensitivity analyses and/or probabilistic calculations allows the designer to 
understand the effects of uncertain parameters on the result of analyses, see figure 5.3. 

 Especially critical failure mechanisms can be prevented from occurring by adopting more 
than one risk strategy. 

 Observation and monitoring of the geotechnical conditions could be used during 
construction to ensure that the assumptions made in the design are representative for the 
geotechnical design to perform satisfactorily. 

 Where design can be flexible, monitoring of key components can be formalised in the 
observational method. 

 The use of an active design approach or the observational method. 
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Figure 5.3 An example of sensitivity analysis of a slope (Clayton 2001b). 
 
 
In the context of risk management, the result of an investigation should be reflected in the light 
of what can be foreseen, rather what is actually found. A geotechnical investigation can in general 
be divided into three phases, i.e. desk study and site reconnaissance, detailed investigation for 
design and, at last during construction, construction review. When using a more dispersed 
geotechnical design, Clayton (2001a) proposes the following changes to improve the risk 
management process: 

 For effective hazard identification the first geotechnical investigation has to be carried in an 
early phase of the project and a geotechnical specialist should therefore be involved from 
the project start. 

 Several geotechnical investigations have to be performed as the geotechnical design will 
generally be carried out in several phases of the project. 

 The geotechnical conditions should be observed and recorded during construction. The 
actual conditions should be compared to those presumed in the hazard identification phase 
and the design. 
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 For low-risk projects it will be enough with a limited site investigation in combination with 
construction review. In high-risk and complex projects, e.g. construction of dams, tunnels 
and deep excavations in urban areas, it will be necessary with extensive investigations in 
order to manage the risks. 

 Geotechnical data, including the motives for geotechnical investigations and its 
interpretation, should be made available to all actors in the project. 

 
As a conclusion, the main tasks of the designer in the risk management process are: 

 Designers should be systematic and identify the client’s needs and risk acceptance. 

 Designers should recognise that the geotechnical conditions always are uncertain and 
should adopt design strategies that are effective in managing uncertainties, e.g. systematic 
engineering design and observational method. 

 Designers should always consider the opposing objectives of safety and adequate usage of 
resources in order to create cost-effective structures which are easy to construct. 

 Designers should emphasise conceptual design and sensitivity analysis in order to under-
stand unfavourable design interactions and the effect of uncertain parameter values. 

 Decide the extent of geotechnical investigations in relation to the degree of geotechnical 
risks involved. 

 Designers should recognise the limited accuracy of many geotechnical design calculations. 

 Designers should create robust designs with redundancy which shows that damage has 
occurred before the system collapses. 

 Gather the result of risk analysis and design responses to risk in a risk register. 

 Designers should observe the geotechnical conditions during construction in an adequate 
manner and compare these to those presumed in the hazard identification phase and the 
design. 

 At the end of the design process, forward the risk register and all the geotechnical 
information to the client and the contractor. 
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5.6 The Role of the Contractor 
The fundamental goal for contractors is in general to maximise the profit, both in the short and 
long term. This means that the contractor is interesting in fast profits but also anxious to create a 
good relationship with client. The contractor is usually seen as the most risk-taking actor in the 
construction process (Tengborg 1998). 
 
As been stated before, geotechnical risks have the most impact on clients and contractors and 
there are trends that clients increasingly are adopting methods of contracting by which the risks 
are transferred to the contractor. This means that the contractor probably have to allocate more 
personal and financial resources for the management of geotechnical risks in the future in order 
to manage the risks. However, the risks and uncertainties associated with the geotechnical 
conditions can represent a considerable opportunity to knowledgeable, experienced and well-
organised contractors to create cost-effective projects. Therefore, it is important that the 
contractor’s geotechnical risk management strategy recognises the impact of the contractual 
framework within which the work is to take place. 
 
In all projects, a risk management system should be introduced as early as possible (see e.g. 
Hintze 2001). Geotechnical risks and hazards should preferably be identified and analysed during 
the tender or negotiation phase. Risks with temporary works should also be included. Risk 
modelling to include the financial implications of geotechnical risks may be helpful even in this 
initial phase. The contractor should also establish systems and procedures to avoid damage, e.g. 
method statements and working procedures. Some of the risks can be avoided by the use of these 
systems and procedures while other can not be foreseen before they are realised. As a 
consequence, the contractor should establish procedures to identify and manage unexpected 
risks. 
 
When the contractor enters the project, a risk register should be received from either the client or 
the designer. The risk register should be reviewed and supplemented before the start of execution 
regarding the proposed construction methods. It should also be reviewed regularly during 
construction to ensure that risks have, as far as is practically possible, been reduced to an 
accepted level and that they are relevant to the conditions actually encountered. If a risk register 
is not received from the designer or client, the contractor should start to establish one as soon as 
possible (Clayton 2001b). 
 
The risk register should be a living document and should be updated regularly during the design 
and construction, particularly regarding the proposed temporary works and specialist 
construction techniques. Wherever the contractor takes on design responsibilities, a geotechnical 
design review should be carried out to ensure that the geotechnical risks have been effectively 
managed. The risks associated with geotechnical construction techniques should be assessed as 
soon as they become known. The result of the contractor’s geotechnical risk management should 
be communicated to all specialist subcontractors and geotechnical designers that are subsequently 
employed in the project.  
 



Management of Geotechnical Risks in Infrastructure Projects: An Introductory Study 

 137

The techniques to be used for geotechnical construction are increasingly being selected by the 
contractor. Cost and previous experience are typically used by the contractor as basis to select the 
particular methods to be used on any given site. The methods chosen and their associated 
specialist equipment will bring forward new geotechnical risks that must be added to the risk 
register and managed properly. Specialist groundwork contractors need to be included in the risk 
management process so that they can feed their expertise and experience into the risk register and 
the continuing process of geotechnical risk analysis and response (Clayton 2001b). 
 
Often the most effective way of controlling geotechnical risk is by producing flexible designs 
coupled with observation, investigation and characterisation of the geotechnical conditions at the 
time of construction. During the project execution the contractor should then, as far as is 
practical, observe, monitor and record the actual geotechnical conditions and behaviour. In some 
projects, either for complex high-risk projects or where the permanent or temporary works 
design can be modified during construction to take advantage of new information, it may be 
worthwhile to make measurements of key indicators during construction and to use the 
observational method.  
 
The use of the observational method is a powerful tool when used in the right way. The success 
of the method is dependent on a successful implementation of the method. It requires 
commitment and understanding from all the actors involved in the process, i.e. the contractor, 
the designer, the client and the client’s associates. Otherwise it is hard to implement changes in 
the project as they can be considered only as a disturbing element and not as an opportunity to 
improve the project. 
 
The result from the monitoring will allow an evaluation of the adequacy of the project design. A 
comparison of observed and expected geotechnical conditions can give early warning of possible 
problems, allowing changes to be made before additional costs and time delays becomes 
significant. Where there are significant geotechnical temporary work risks, geotechnical specialists 
should be brought to the site to make a risk assessment during construction. However, 
monitoring is often complex, expensive and requires expert geotechnical input during 
construction, but can be particularly worthwhile where large parameter uncertainties are thought 
to exist and conservative design has a major impact on construction cost. The cost and extent of 
the monitoring must therefore be balanced against the likely benefits of the measurements.  
 
The result of the observation and monitoring during construction should be fed back to 
designers as it becomes available, to ensure any unexpected condition and behaviour is detected. 
Furthermore, the contractor should identify construction defects and ensure that methods of 
construction are changed where beneficial and re-design can be carried out if necessary. 
Following construction, the data collected during risk management should be reviewed by all 
actors concerned with the project to allow continuous improvement of the risk management 
system (Clayton 2001a). 
 
In order to avoid the “file and forget” of the risk analysis in the construction phase, the agreed 
risk responses could be placed on equality with normal work (Lewin 1998). If the risk responses 
are considered only as extra work they will be given second rate status behind the ordinary work 
activities. However, if the risk responses are given equal importance with other project tasks 
people will be encouraged to implement them. Only if the risk responses are considered to be 
valid and important tasks which make a significant contribution to achieving the objectives of the 
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project, the risk responses will be treated seriously and actually implemented. After all, identifying 
risk responses but not implementing them is a waste of resources. Only when putting the agreed 
risk responses into action the risk exposure can be changed and the chances of meeting the 
objectives be improved. The following four steps might help in this matter: 

(i) Accept that the risk responses might require changes to the project cost or time schedule. 

(ii) Ensure that every risk response is fully defined with a duration, cost, resource 
requirement, owner, completion criteria etc. 

(iii) Add an extra task to the project plan for every agreed response. 

(iv) Monitor the progress on the risk response tasks in exactly the same way as for all other 
tasks. 

 
As a conclusion, the main tasks of the contractor in the risk management process can be 
summarised as: 

 The contractor should allocate an adequate amount of personal and financial resources to 
work with the management of geotechnical risks. 

 The contractor should make the risk management work equally important as the other 
work activities. 

 The contractor should start the risk management process as early as possible, i.e. during the 
tender or negotiating phase. 

 The contractor should review and supplement the risk register before the start of the 
execution regarding the planned construction methods and review the risk register regularly 
during construction.  

 The contractor should establish method statements and working procedures to manage 
identified hazards and procedures which can identify and manage unexpected risks and 
hazards. 

 The contractor should as far as is practical and possible in relation to the contract, observe, 
monitor and record the actual geotechnical conditions and behaviour during the project 
execution.  

 The contractor should review the geotechnical aspects of the design and identify 
opportunities where re-design could make construction safer and more cost-effective. 

 The contactor should, together with all other actors involved in the project, reconsider the 
data collected during risk management in order to allow continuous improvement of the 
risk management process. 
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5.7 Conclusions 
Geotechnical risks and uncertainties in infrastructure projects can never be characterised entirely 
due to the inherent variability in the ground and the complex interactions between these. These 
risks and uncertainties can influence both the technical and financial performance of a project as 
well as the environment, third party etc. Recent studies suggest that the traditional methods of 
construction and risk management can not manage these risks effectively in all projects. 
Furthermore, the increasing use of “new” contractual agreements, which tend to disperse the 
design responsibilities and to shift the risk to the contractor, a new way of dealing with 
geotechnical risks needs to be adopted. 
 
The literature study and the case studies have revealed some shortcomings and weaknesses in 
current methods for managing geotechnical risks. Some of these are: 

 The construction industry suffers from an “illusion of certainty”, i.e. there is a belief that all 
risks can be foreseen, and procedures for handling unexpected risks are therefore 
sometimes not established. 

 There is a lack of consistency in analysing and managing risks for different projects and 
clients. 

 The risk management in many projects is based on scientific method in a deterministic 
framework. 

 Existing methods of risk management often fail to manage many of the critical risks. 

 A tendency towards to focus on risks which can be most easily quantified. 

 No satisfactory method for combining risks exists. 

 Inadequate follow through from the analysis phase to the control of risks once the project 
starts to be implemented. 

 There is sometimes a weak connection between the risk analysis in the design phase and 
the management of risks in the execution phase.  

 The risk analysis is not used as a basis for risk sharing in many projects. 
 
The risk management process is influenced by the conflict of interests that is apparent in most 
projects since the actors have different and, sometimes, conflicting objectives. Additionally, the 
actors also have different attitudes towards risk and risk management. Risk management based 
on a systematic use of expert opinion provides, however, an effective framework within which to 
identify and assess the importance of geotechnical risks. A successful project risk management is 
dependent on an honest and obvious commitment from the actors in all project phases in 
questions regarding allocation of resources, communication and documentation. 
 
The distribution of the risks is governed by the contract between the actors involved. 
Consequently, the contract is an important element in the risk management process which has to 
be addressed properly. The contract should reflect the client’s wishes regarding the risk 
distribution in an unambiguous way. In order to decide the distribution of risk between the actors 
involved, an estimate of the risks and uncertainties involved should be performed before the 
contracts is signed. The actor that has the best opportunity to manage the risk should in general 
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be responsible for the risk and should be given reasonable compensation for it. There should also 
be an obvious relation between risk-taking and compensation. The contract should aim at 
regulating all imaginable deviations and changes which can possibly arise during the project 
execution if disputes etc. are to be avoided. 
 
Effective design offers one of the best opportunities to manage geotechnical risks. In order to 
ensure an effective design the client and designer should: 

 Determine the essential project requirements. 

 Be systematic, so that no important design stages are missed. 

 Use conceptual design in order to identify designs and construction methods that can be 
changed with reasonable means in order to manage potential risks. 

 Use design methods that recognise that the geotechnical conditions are uncertain. 

 Check the design against current and precedent practice in similar geotechnical conditions. 
 
In the light of the increasing use of new contractual arrangements and procurement methods in 
combination with more complicated projects in urban areas, the current strategy of risk 
management should be modified. In order to ensure an effective management of geotechnical 
risks the actors involved in the building process should: 

 Accept that there always will be geotechnical risks and uncertainties. 

 Use a top-down philosophy to focus on the problem at hand. 

 Allow a multipurpose and thorough investigation of the geotechnical conditions at the 
planning stage. 

 Introduce geotechnical risk factors into existing risk management systems. 

 Start the identification of geotechnical hazards and initiating events in the early phases of 
all projects. 

 Monitor and record the actual geotechnical conditions and behaviour during the project 
execution and review the geotechnical aspects of the design and identify opportunities 
where re-design could make construction more cost-effective, e.g. by adopting the 
observational method. 

 Emphasise appropriate design techniques, e.g. systematic engineering design or conceptual 
design. 

 Collect data during the risk management process which at the end of the project should be 
used to provide feedback on the effectiveness of the procedures used. 
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6 General Conclusions 
The literature study has showed that there have been cost overruns and time delays in many 
infrastructure projects around the world in recent years. There have also been problems with 
achieving the expected quality in many projects. Given the average level of profit in the 
construction industry, it is crucial for both clients and contractors that these cost overruns, time 
delays and quality problems are avoided in the future.  
 
A significant part of these costs overruns, time delays and quality problems are a result of the 
significant risks and uncertainties involved in many infrastructure projects and there tend to exist 
numerous, often interrelated, risks and uncertainties. Furthermore, the risks and uncertainties are 
not always obvious and the relationships may be ambiguous and complex. The risks may also 
exist at all project levels throughout the life of a project. If the uncertainty could be transformed 
into a calculable risk, it is believed that around one third of the cost of failures could be avoided.  
 
Many of the reported problems are associated with geotechnical risks and uncertainties which are 
not managed sufficiently in the planning, design and execution phase of the project. In order to 
achieve a cost-effective product and a more predictable outcome of the project to an expected 
cost, it is therefore essential to manage the existing geotechnical risks and uncertainties. The 
traditional methods of construction and risk management have showed not to be able to deal 
with these problems. The need for a new approach to risk management is also highlighted by the 
increasing trend towards a broader package of risks and the transfer or sharing of risk for capital 
investments between public and private sectors. The rapid evolving methods of construction 
procurement also require a modified approach to management of geotechnical risks. 
 
Risk management is however not something new and is a part of our everyday lives and 
something we do every day, e.g. when deciding to cross a road at a specific place or not. This 
type of risk management is usually instinctive and subjective and is based on our knowledge and 
experience. However, in a complex infrastructure this is not sufficient. A successful management 
of risks in an infrastructure project is dependent on a structured and systematic approach 
involving all actors in the project during the entire life-cycle. A structured and systematic risk 
management describes the risks formally, focuses on major risks, makes informed decisions, 
minimizes potential damage and control uncertainties. A structured identification and analysis of 
risks should not only reduce the negative effects of the risks but also bring forward the positive 
aspects of risk-taking. 
 
The fundamental nature of the risk management process is not especially difficult because it is a 
structured way of dealing with significant uncertainty. All that is needed is to determine which 
objectives are at risk and then identify hazards that might affect their achievement. The next step 
is to estimate and prioritise identified risks and decide how to respond, and then take action. But 
although this process is simple to describe, it seems hard to make it work in reality because the 
process involves many different actors and individuals with different knowledge and experiences, 
includes many different types of uncertainties and risks, and extends over relative long period of 
time. In addition, the risk management process is influenced by many factors, for example the 
meaning and interpretation of the word risk and the risk management methodology, the attitudes 
towards different types of risks and the communication of risks.
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The literature study and the case studies have revealed some shortcomings and weaknesses in 
current methods for managing geotechnical risks. Some of these are: 

 There is a lack of consistency in analysing and managing risks for different projects and 
clients. 

 The different actors sometimes perform their own risk analyses and these are not co-
ordinated.  

 The construction industry suffers from an “illusion of certainty”, i.e. there is a belief that all 
risks can be foreseen and procedures for handling unexpected risks are therefore 
sometimes not established. 

 The risk management in many projects is based on scientific method in a deterministic 
framework. 

 Existing methods of risk management often fail to manage many of the critical risks. 

 There is a tendency towards to focus on risks which can be most easily quantified. 

 Inadequate follow through from the analysis phase to the control of risks once the project 
starts to be implemented. 

 The risk analysis is not used as a basis for risk sharing. 

 There is sometimes a weak relationship between the risk analysis in the design phase and 
the management of risks in the execution phase.  

 
The risk management in an infrastructure project rests on an understanding that risks are a 
natural and an unavoidable part of the project. Some of the risks may be planned or design for, 
but some risk will always be present in the execution phase and must be managed there. 
Furthermore, the risk management process can not hope to identify all risks so procedures to 
discover and manage unidentified risks have to be established. 
 
The fundamental aim of the risk management is in general to discover possible hazards and 
damage events in due time and to handle these before they result in damage. The risk 
management process should identify and prioritise the hazards in the project, identify initiating 
events and warning bells, estimate and prioritise the risks, decide appropriate risk handling 
actions and create risk-based information as a basis for decision-making. An important risk 
characteristic is the time period before a risk is realised, because time is critical in determining risk 
handling actions. The objective is then to avoid crisis management and problem solving by 
managing risk up front. The probability and/or consequence may change as the project 
progresses and information becomes available. Therefore, the risks should be re-evaluated 
continuously throughout the project life-cycle, from initiation, during planning, design and 
construction, throughout the operating period, to close-down of the project.  
 
A successful management of geotechncial risks requires that an identification of risks and hazards 
is performed in an early phase of the project in a transparent and objective way by geotechnical 
engineers with knowledge and experience of risk management. An important issue is to ensure 
that the identified risks and hazards are managed properly in the execution phase, e.g. through 
the use of monitoring, the observational method and technical reviews. The risks and hazards 
should be communicated to all actors involved in the project in an appropriate manner. 
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In the light of the shortcomings and weaknesses, the growing use of new contractual and 
procurement arrangements and the increasing location of infrastructure projects in urban areas, 
the current strategy of risk management should be modified. In order to ensure an effective 
management of geotechnical risks the actors involved in an infrastructure project should: 

 Ensure that there is an unambiguous definition of the word risks and the risk management 
process which is known by all involved in the project. 

 Focus on both risk management and opportunity management. 

 Accept that there always will be geotechnical risks and uncertainties in infrastructure 
projects. 

 Use a top-down philosophy to focus on the problem at hand and adopt a comprehensive 
view of the project. 

 Allow a multipurpose and systematic investigation of the geotechnical conditions at the 
planning stage. 

 Use design methods that recognizes that the geotechnical conditions are uncertain. 

 Use conceptual design in order to identify designs and construction methods that can be 
changed with reasonable means in order to manage potential risks.  

 Give risk management activities equal importance as other project tasks. 

 Ensure that every risk handling actions are fully defined, with a duration, cost, resource 
requirement, owner, completion criteria etc. 

 Use contracts that distribute the risks, responsibilities and engagements in a fair way and 
with an obvious connection between work and compensation and that regulate all 
imaginable deviations and changes which can arise during the project execution with 
mutual exclusive and extensive indicators. 

 Communicate the risks to all actors involved in the project in a stringent way that is easy to 
understand and interpret. 

 Monitor and record the actual geotechnical conditions and behaviour during the project 
execution, review the geotechnical aspects of the design and identify opportunities where 
re-design could make construction safer and/or more cost-effective. 

 Collect data during the risk management process which at the end of the project should be 
used to provide feedback on the effectiveness of the procedures used. 
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7 Proposals for Further Research 
Risk management in geotechnical engineering is an extensive and complex subject and due to the 
many risks and uncertainties generally involved in infrastructure projects there are many ways of 
continuing this study. Furthermore, there seem to be several problems and shortcomings in the 
management of geotechnical risks in many infrastructure projects today. As a consequence, the 
chapter presents only some of the areas that the author thinks require deeper knowledge. The 
proposal for further research focuses on four topics in geotechnical engineering which need more 
considerations: 

(i) The problem of understanding and identifying critical risks. 

(ii) Further studies of methods for estimation of risks. 

(iii) The attitudes towards risk and the communication of risks. 

(iv) The distribution of risk among the actors involved and the connection to the type of 
contract and compensation. 

 
The understanding of the problem at hand and identification of critical risks seem to be an 
important part of the risk management process since the costs of unidentified and unmanaged 
geotechnical risks are large in many infrastructure projects. However, it is not always obvious 
which risks that have the greatest impact on the project cost and the time schedule. The system 
analysis is the key to the problem identification and understanding of the problem at hand. The 
system analysis identifies the key parameters occurring in a project and the correlation between 
these and almost all civil engineering projects and structures can be expressed in terms of 
conceptual systems. Furthermore, a system approach encourages a holistic and comprehensive 
view of the project. A better understanding of different types of systems and system analysis in 
infrastructure projects would probably improve the problem understanding and the identification 
of critical risks and thereby the risk management process. This can be achieved by an elaborate 
review of some types of civil engineering projects and structures, express these in system terms 
and describe the implications for the management of risks. 
 
The estimation of risks is performed in a rather superficial level in many projects and the 
estimation of risks is generally carried out using qualitative methods. The risk is then described by 
using probability and consequence classes and the connection between the risks are generally not 
considered. In some projects this approach can be satisfactorily, but in some projects probably 
not. But in which projects is it enough with a schematic qualitative analysis and which projects 
require a more detailed quantitative analysis? What are the characteristics of these projects? Why 
do we not use quantitative analysis more often or can we develop the existing qualitative methods 
to satisfy our needs? What is the problem? Is it the estimation of the probability, consequence or 
the connection between the risks? If we had the answers to these questions the risk estimation 
could be improved. This can be accomplished by, for example, studying the risk estimation 
performed and the outcome of the risk management process in executed projects as well as 
conducting interviews with risk specialists.  
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The attitudes towards risks are different among different individuals and different organisations. 
This means that the risks are managed in different ways in different projects depending on the 
risk attitude of the individuals involved in the risk management process. In the case studies it has 
become obvious that personal, social and cultural factors have a major impact on the attitudes 
towards risks. The success of the risk management process and the execution of the project are 
dependent on a true commitment from all individuals involved and require that all individuals 
understand the risks and the risk management process and acknowledge the benefits of a 
systematic risk management throughout the entire project. If one link in the risk management 
chain breaks the risk can not be managed appropriately. Furthermore, there are many 
psychological factors affecting the risk estimation which need to be understood and considered. 
A better knowledge of the most important factors influencing the attitudes towards risks in 
infrastructure projects as well as how the risks shall be communicated to the individuals and 
actors involved in order to create understanding and commitment would certainly improve the 
risk management process. This could be realised by further literature studies of the personal, 
social and cultural factors influencing the attitudes towards risk and risk communication in 
infrastructure projects in combination with case studies and interviews with clients, contractors 
and risk analysts and, perhaps, behavioural scientists. 
 
The risk distribution seems to be a source of disputes and poor working climate in many projects. 
The distribution of the risks is, in general, governed by the contract between the parts involved 
and the risk analysis seems not to be a basis for deciding the optimal risk distribution in many 
projects. Of course, no one will take on more risks than necessary and risk taking is not free. 
There is also a conflict of interest involved in a project since the parts involved have different 
objectives. A non-optimal distribution of the risk will result in an ineffective risk management 
process and execution of the project. A fundamental demand on the risk distribution is, as have 
been discussed earlier, that it should be fair and that the part that has the best opportunity to 
manage the risk should be the risk owner and should be reasonable compensated for it. It is 
rather easy to discuss these issues in qualitative terms as “fair” and “reasonable” but much more 
difficult to determine them in quantitative terms. What is fair and reasonable compensation in 
this matter? How can we in an objective way decide which part that has the best opportunity to 
manage a risk? These questions need more consideration. Answers to these questions may be 
found in other industries, e.g. in the insurance industry, by studying successful projects or by the 
application of optimisation methods. 
 
It is quite easy to discuss all these topics in qualitative terms but a quantitative representation 
would be both desirable and valuable as it would make the risk management of geotechnical risks 
more incisive. 
 
 



Management of Geotechnical Risks in Infrastructure Projects: An Introductory Study 

 147

References 

Akintoye A S & MacLoed, 1997, Risk Analysis and Management in Construction, International Journal 
of Project Management, vol. 15, London, United Kingdom. 

Alén C, 1998, On Probability in Geotechnics - Random Calculation Models Exemplified on Slope Stability 
Analysis and Ground-Superstructure Interaction, Ph. D. Thesis, Chalmers University of 
Technology, Department of Geotechnical Engineering, Gothenburg, Sweden. 

Andersson J, 1999, Data and Data Uncertainty – Compilation of Data and Data Uncertainties for 
Radionuclide Transport Calculations, Swedish Nuclear Fuel and Waste Management Co, 
Technical report TR-99-09, Stockholm, Sweden. 

Anderson J M, 1997, Worldwide Research Points To the Need For New Approaches to Control Tunnelling 
Risks, Proceeding of the International Conference on Tunnelling under Difficult Conditions 
and Rock Mass Classification, Basel, Switzerland. 

Andersson L, 1988, The Theory of Possibility and Fuzzy Sets – New Ideas for Risk Analysis and Decision 
Making, Swedish Council for Building Research, Document D8:1988, Stockholm, Sweden. 

Ang A H-S & Tang W H, 1975, Probability Concepts in Engineering Planning and Design, volume I – 
Basic Principles, John Wiley & Sons, New York, USA. 

Ang A H-S & Tang W H, 1984, Probability Concepts in Engineering Planning and Design, volume II – 
Decision, Risk and Reliability, John Wiley & Sons, New York, USA. 

Arends G, Bielecki R, Castle J, Drabek S, Haack A, Nedbal F, Nordmark A & Sterling R, 2004, 
Risk Budget Management in Progressing Underground Works, Joint Working Group between the 
International Society for Trenchless Technology (ISTT) and International Tunnelling 
Association (ITA), Tunnelling and Underground Space Technology, no. 19, Oxford, United 
Kingdom. 

Asante-Duah D K, 1998, Risk Assessment in Environmental Management, John Wiley & Sons, 
Chichester, United Kingdom. 

ASCE (American Society of Civil Engineers), 1989, Avoiding and Resolving Disputes During 
Construction, The Technical Committee on Contracting Practises of the Underground 
Technology Council, Reston, USA. 

Baecher G, 1981, Risk Screening for Civil Facilities, MIT CR R-81-7, Massachusetts, USA. 

Baecher G & Christian J, 2003, Reliability and Statistics in Geotechnical Engineering, John Wiley & 
Sons, Chichester, United Kingdom. 

Bailey R T, 1997, Estimation from Zero - Failure Data, Risk Analysis, vol. 17, no. 3, London, United 
Kingdom. 



References 

 148 

Baker S, Ponniah D & Smith S, 1999, Risk Response Techniques Employed Currently for Major Projects, 
Journal of Construction Management and Economics, vol. 17, E & F Spon, London, United 
Kingdom. 

Balson W E, Welsh J L & Wilson D S, 1992, Using Decision Analysis and Risk Analysis to Manage 
Utility Environmental Risk, Interfaces 22, no. 6, London, United Kingdom. 

Bedford T & Cook R, 2003, Probalistic Risk Analysis: Foundations and Methods, Cambridge 
University Press, Cambridge, United Kingdom. 

Benjamin J R & Cornell C A, 1970, Probability, Statistics and Decisions for Civil Engineers, McGraw-
Hill, New York, USA. 

Berggren B, Olsson L & Johansson J, 2000, AHP - a Tool for Geo-Decisions, Proceeding of the 
Nordic Geotechnical Meeting, Helsinki, Finland. 

Bergström S G, 1989, Rapport från byggfelsgruppen inom SVR, Väg- och Vattenbyggaren nr 7, 
Stockholm, Sweden. (In Swedish). 

Bredenberg H, Stille H & Olsson L, 1981, Grundläggningsteknik i tätort. Övervakning av 
grundläggningsarbeten i tätort, Styrelsen för Teknisk Utveckling, STU Information 253-1981, 
Stockholm, Sweden. (In Swedish). 

Brillinger D R, 2003, Risk Analysis: Examples and Discussion, Applications of Statistics and Probabilities 
in Civil Engineering, Millpress, Rotterdam, the Netherlands. 

Bromilow F J, 1974, Measurement of Scheduling of Construction Time and Cost Performance in the Building 
Industry, The Chartered Builder, no. 10, London, United Kingdom. 

Bromilow F J, Hinds M F & Moody N F, 1988, The Time and Cost Performance of Building Contracts 
1976 – 1986, The Building Economist, no. 27, London, United Kingdom. 

Carlsson M, Hintze S & Olsson L, 2004, Application of System Analysis in Geotechnical Engineering - 
An Example from the South Link Road Construction, Proceeding of the Nordic Geotechnical 
Meeting, Ystad, Sweden. 

Carlsson M, Hintze S and Stille H, 2005, On Risk Management in Large Infrastructure Projects, 
Proceeding of the 16th International Conference on Soil Mechanics and Geotechnical 
Engineering, Osaka, Japan. 

Chan D W M & Kumaraswamy M M, 1995, Differing Perception as to General Causes of Construction 
Time Overruns in Hong Kong, Proceeding of the 11th annual ARCOM Conference Association 
of Researchers in Construction Management, York, United Kingdom. 

Chan D W M & Kumaraswamy M M, 1997, A Comparative Study of Causes of Time Overruns in Hong 
Kong Construction Projects, International Journal of Project Management, vol. 15, London, 
United Kingdom. 

Chapman C & Ward S, 2004a, Why Risk Efficiency Is a Key Aspect of Best Practice Projects, 
International Journal of Project Management, vol. 22, London, United Kingdom. 



Management of Geotechnical Risks in Infrastructure Projects: An Introductory Study 

 149

Chapman C & Ward S, 2004b, Managing Project Risk and Uncertainty, John Wiley & Sons, 
Chichester, United Kingdom. 

Charoenngam C & Yeh C-Y, 1999, Contractual Risk and Liability Sharing in Hydropower Construction, 
International Journal of Project Management, vol. 17, London, United Kingdom. 

CIRIA (The Construction Industry Research and Information Association), 2002, A Simple Guide 
to Controlling Risk, CIRIA SP154, MWL Digital, London, United Kingdom. 

Clayton C R I, 2001a, Managing Geotechnical Risk: Time for Change?, Journal of Geotechnical 
Engineering, vol. 149, The Institution of Civil Engineers, London, United Kingdom. 

Clayton C R I (ed.), 2001b, Managing Geotechnical Risk - Improving Productivity in the United Kingdom 
Building and Construction, The Institution of Civil Engineers and the Departments of the 
Environment, Transportation and the Regions, Thomas Telford Publishing, London, United 
Kingdom. 

Cooper D F & Chapman C B, 1987, Risk Analysis for Large Projects; Models, Methods and Cases, John 
Wiley & Sons, Chichester, United Kingdom. 

Corotis R B, 2003, Risk and Uncertainty, Applications of Statistics and Probabilities in Civil 
Engineering, Millpress, Rotterdam, The Netherlands. 

Covello V T & Merkhofer M W, 1993, Risk Assessment Methods: Approaches for Assessment Health and 
Environmental Risks, Plenum Press, New York, USA. 

Deutsch C V, 2002, Geostatistical Reservoir Modeling, Oxford University Press, New York, USA. 

Douglas M & Wildavsky A, 1982, Risk and Culture, Berkeley, University California Press, Los 
Angeles, USA. 

Edlund P-O & Högberg O, 1986, Beslutsmodeller i praktisk tillämpning, Studentlitteratur, Lund, 
Sweden. (In Swedish). 

Einstein H H, Dudt J P, Halabe V B & Descoeudres F, 1992, Decision Aids in Tunnelling - Principles 
and Practical Application, Swiss Federal Office of Transportation, Geneva, Switzerland. 

Elms D, 2003, Systematic Foundations of Risk Management, Applications of Statistics and Probabilities 
in Civil Engineering, Millpress, Rotterdam, The Netherlands. 

Engwall M, 2002, Ledarskapets olika skepnader – exemplet Hallandsås, Danielsson A & Holmberg I 
(eds.), Studentlitteratur, Lund, Sweden. (In Swedish). 

Ericsson Company Group, 1994, Basics about PROPS, Ericsson Infocom Consultants AB, 
Stockholm, Sweden. 

Flanagan R & Norman G, 1993, Risk Management and Construction, Blackwell Science, Oxford, 
United Kingdom.  

Freeze R A, Massman J, Smith L, Sperling T & James B, 1990, Hydrological Decisions Analysis: A 
Framework, Ground Water, vol. 28, no. 5, London, United Kingdom. 



References 

 150 

Goovaerts P, 1997, Geostatistics for Natural Resources Evaluation, Oxford University Press, New 
York, USA. 

Gordon M, 1994, Choosing Appropriate Construction Contracting Method, Journal of Geotechnical 
Engineering, vol. 120, no. 1, London, United Kingdom. 

Grimwall G & Lindgren O, 1995, Risker och riskbedömning, Studentlitteratur, Lund, Sweden. (In 
Swedish). 

Hammersley J M & Handscomb D C, 1964, Monte Carlo Method, John Wiley & Sons, New York, 
USA. 

Hansson S O, 1991, An Overview of Decision Theory, National Board for Spent Nuclear Fuel, SKB 
Report 41, Stockholm, Sweden. 

Hansson S O, 1993, The False Promises of Risk Analysis, Ratio, vol. VI, no. 1, Blackwell Publishers, 
Oxford, United Kingdom. 

Hansson S O, 1996, Decision-Making under Great Uncertainty, Philosophy of the Social Sciences, vol. 
25, North York, Canada. 

Hansson S O, 2002, Philosophical Perspectives on Risk, Proceeding of the Conference on Research in 
Ethics and Engineering, Delft University of Technology, The Netherlands. 

Hansson S O, 2004, The Epistemology of Technological Risk, Internal report, The Philosophy Unit, 
Royal Institute of Technology, Stockholm, Sweden. 

Harr M E, 1987, Reliability-Based Design in Civil Engineering, McGraw–Hill, New York, USA. 

Hillson D, 2001, Extending the Risk Process to Manage Opportunities, Proceeding of the Fourth 
European Project Management Conference, PMI Europe 2001, London, United Kingdom. 

Hillson D, 2004, Assessing Risk Probability: Alternative Approaches, Proceeding of the PMI Global 
Congress, Prague, Czech Republic. 

Hintze S, 1994, Risk Analysis in Foundation Engineering with Application to Piling in Loose Friction Soils 
in Urban Situations, Ph. D. Thesis, Division of Soil and Rock Mechanics, Royal Institute of 
Technology, Stockholm, Sweden. 

Hintze S, 2001, Kvalitets- och miljöstyrning vid byggande i jord och berg, Report no. 3085, Royal Institute 
of Technology, Stockholm, Sweden. (In Swedish). 

Hintze S, 2002a, Prediction and Impact on Nearby Structures During Deep Excavation for the Southern Link 
Road Construction, Proceeding of the 2nd International Conference on Soil Structure 
Interaction in Urban Civil Engineering, Zurich, Switzerland. 

Hintze S, 2002b, Ny delikat apparat, föredrag på Grundläggningsdagen, Stockholm, Sweden. (In 
Swedish). 

Hintze S, 2004, Effektivare riskhantering vid byggande i jord och berg, The Development Fund of the 
Swedish Construction Industry, Project no. 111 53, Skanska/Royal Institute of Technology, 
Stockholm, Sweden. (In Swedish). 



Management of Geotechnical Risks in Infrastructure Projects: An Introductory Study 

 151

Hintze S, Ekenberg M & Holmberg G, 2000, Southern Link Road Construction, Foundation and 
Temporary Constructions, Proceeding of the 16th International Association of Bridge and 
Structural Engineering Conference, Zurich, Switzerland. 

Hintze S, Håkansson U & Täljsten B, 2004, Delhi Metro – risker och riskhantering i miljonformat, Bygg 
& Teknik, no. 1/2004, Stockholm, Sweden. (In Swedish). 

HSE (Health and Safety Executive), 1997, Successful Health and Safety Management, HSE Books, 
London, United Kingdom. 

Hudson J A, 1992, Rock Engineering Systems – Theory and Practise, Ellis Horwood, Chichester, USA. 

IEC 60300-3-9, 1995, Dependability Management - Part 3: Application Guide - Section 9: Risk Analysis of 
Technological Systems, International Electrotechnical Commission, Geneva, Switzerland. 

IEC 62198, 2002, Project Risk Management, Application Guidelines, International Electrotechnical 
Commission, Geneva, Switzerland. 

International Tunnel Association, 2002, Guidelines for Tunnelling Risk Assessment, Working Group 
no. 2, Draft prepared for the WG2 meeting in Sydney, Australia. 

Isaksson T, 2002, Model for Estimation of Time and Cost Based on Risk Evaluation Applied on Tunnel 
Projects, Ph. D. Thesis, Division of Soil and Rock Mechanics, Royal Institute of Technology, 
Stockholm, Sweden. 

Jaafari A, 2001, Management of Risks, Uncertainties and Opportunities in Projects: Time for a Fundamental 
Shift, International Journal of Project Management, vol. 19, London, United Kingdom. 

Jensen F V, 2001, Bayesian Networks and Decision Graphics, Springer-Verlag, New York, USA. 

Johnson R A, 2000, Miller & Freund’s Probability and Statistics for Engineers, Prentice-Hall 
International, London, United Kingdom. 

Josephson P E & Augustsson R, 1990, Kvalitet i byggandet - kvalitets- och felkostnader, The 
Development Fund of the Swedish Construction Industry, Stockholm, Sweden. (In 
Swedish). 

Kastbjerg S M, 1994, Large Transports Projects – Forecast versus Actual Traffic and Costs, M. Sc. Thesis, 
International Technology Planning, Aalborg University, Denmark. 

Kirwan B, 1994, A Guide to Practical Human Reliability Assessment, Taylor & Francis, London, 
United Kingdom. 

Kletz T A, 1992, Hazop and Hazan, Institution of Chemical Engineers, Rugby, United Kingdom. 

Knight F H, 1921, Risk, Uncertainty and Profit, Hart, Schaffner & Marx, Houghton Mifflin 
Company, Boston, USA. 

Kolveit B J & Grønhaug K, 2004, The Importance of the Early Phase; The Case of Construction and 
Building Projects, International Journal of Project Management, vol. 22, London, United 
Kingdom. 



References 

 152 

Kveldsvik V & Aas G, 1998, The Norwegian Tunnelling Method, Felsbau 16, no. 5, Graz, Austria. 

Ladd C C, 1991, Stability Evaluation During Staged Construction, Journal of Geotechnical 
Engineering, vol. 117, no. 1, London, United Kingdom. 

Lewin C (ed.), 1998, RAMP (Risk Analysis and Management of Projects), The Institution of Civil 
Engineers and the Faculty and Institute of Actuaries, Thomas Telford Publishing, London, 
United Kingdom. 

Leung H M, Chuah K B & Rao Tummala V M, 1998, A Knowledge-Based System for Identifying 
Potential Project Risks, Omega 26(5), London, United Kingdom. 

Mac Berthouex P & Brown C L, 1994, Statistics for Environmental Engineers, Lewis Publishers, Boca 
Raton, USA. 

March J G, 1991, Exploration and Exploitation in Organizational Learning, Organization Science 2 (2), 
London, United Kingdom. 

Marchall K T & Oliver R M, 1995, Decision Making and Forecasting, McGraw-Hill, New York, USA. 

Mattsson B, 2000, Riskhantering vid skydd av olyckor – problemlösning och beslutsfattande, Räddnings-
verket, Karlstad, Sweden. (In Swedish). 

Melchers R E, 2002, Structural Reliability Analysis and Prediction, John Wiley & Sons, Chichester, 
England. 

de Mello V F B, 1998, Risks In Geotechnical Engineering - Conceptual And Practical Suggestions, Journal 
of Geotechnical Engineering, vol. 19, London, United Kingdom. 

Melvin B, 1998, Risk Management in Insurance, Tunnel Management International, no. 3, Bedford, 
United Kingdom. 

Morgan M G, 1993, Risk Analysis and Management, Scientific American, USA. 

Mott MacDonald and Soil Mechanics Ltd, 1994, Study of the Efficiency of Site Investigation Practices, 
Project Report 60, Transport and Road Research Laboratory, Crowthorne, United Kingdom. 

Muir Wood A. M., 1994, Control of Uncertainty in Geotechnical Engineering, Special Publication on 
Geotechnical Engineering, London, United Kingdom. 

NEA (Nuclear Energy Agency), 1997, Lessons Learned from Ten Performance Assessment Studies, 
OECD, Nuclear Energy Agency, Paris, France. 

Nordström L, 2002, Risk och riskhantering vid arbete i jord och berg, M. Sc. Thesis, Division of Soil 
and Rock mechanics, Royal Institute of Technology, Stockholm, Sweden. (In Swedish). 

Norrman J, 2004, On Bayesian Decision Analysis for Evaluating Alternative Actions at Contaminated Sites, 
Ph. D. Thesis, Department of Geotechnical Engineering, Chalmers University of 
Technology, Gothenburg, Sweden. 



Management of Geotechnical Risks in Infrastructure Projects: An Introductory Study 

 153

Nylén K-O, 1996, Cost of Failure in Quality in Major Civil Engineering Projects, Lic. Thesis, Division of 
Construction Management and Economics, Department of Real Estate and Construction 
Management, Royal Institute of Technology, Stockholm, Sweden. 

Nylén K-O, 1999, Civil Works – Unique Projects or Repeatable Processes?, Ph. D. Thesis, Division of 
Construction Management and Economics, Department of Real Estate and Construction 
Management, Royal Institute of Technology, Stockholm, Sweden. 

Nyström J, 2005, Partnering; Definition, Theory and the Procurement Phase, Lic. Thesis, Division of Real 
Estate and Construction Management, Royal Institute of Technology, Stockholm, Sweden. 

Nørrestranders T, 1991, Märk världen – en bok om vetenskap och intuition, Bonnier Albo, Stockholm, 
Sweden. (In Swedish). 

Obeng E, 1995, The Role of Project Management in Implementing Strategy, I S Craner (red.), London, 
United Kingdom. 

Olsson L, 1986, Användningen av β-metoden i geotekniken - illustrerad med spontberäkning, Ph. D. Thesis, 
Division of Soil and Rock Mechanics, Royal institute of Technology, Stockholm, Sweden. 
(In Swedish). 

Olsson L, 1998, Södra Länken 10, spont vid kv Asplången – översiktlig riskanalys, Stockholm, Sweden. 
(In Swedish). 

Olsson L & Stille H, 1980, Lönar sig en kompletterande grundundersökning? Beslutsteori tillämpad på ett 
spontningsobjekt, Stockholm, Sweden. (In Swedish). 

Olsson L, Johansson J & Tengborg P, 1996, Vägtunnel under Hvalfjördur – systemanalys avseende risker 
under entreprenadens genomförande, Stockholm, Sweden. (In Swedish). 

Olsson L & Stille H, 2002, Observation Systems with Alarm Thresholds and Their Use in Designing 
Underground Facilities, report R-02-45, Swedish Nuclear Fuel and Waste Management 
Company, Stockholm, Sweden. 

Otway H, 1987, Experts, Risk Communication and Democracy, Risk Analysis, vol. 7, Blackwell 
Publishing, Oxford, United Kingdom. 

Pahl G & Beitz W, 1996, Engineering Design: A Systematic Approach, Springer-Verlag, London, 
United Kingdom. 

Paté-Cornell M E & Benito-Claudio C P, 1987, Warning Systems: Response Models and Optimisation, 
Uncertainty in Risk Assessment, Risk Management and Decision Making, Covello V T et al. 
(eds.), Plenum Press, New York, USA. 

Peck R B, 1969, Advantages and Limitations of the Observational Method in Applied Soil Mechanics, 
Geotechnique, vol. 19, no. 2, London, United Kingdom. 

Persson L, 1991, Risk – Om samhällsrisker och riskjämförelser, Teknik och Naturvetenskap, no. 3, 
Aktuell Forskningsförlag AB, Gothenburg, Sweden. (In Swedish). 



References 

 154 

Powderham A J, 2002a, The Observational Method – Learning From Projects, Journal of Geotechnical 
Engineering, no. 155, London, United Kingdom. 

Powderham A J, 2002b, The Observational Method - Managing Risk, Winning Value, Proceeding of the 
2nd International Conference on Soil Structure Interaction in Urban Civil Engineering, 
Zurich, Switzerland. 

Raiffa H, 1970, Decision Analysis – Introductory Lectures on Choices under Uncertainty, Addison–Wesley 
Publishing Company, Reading, United Kingdom. 

Rausand M, 1991, Risikoanalyse – Veiledning til NS 5814, Sintef-rapport no STF75 A91021, Tapir 
Forlag, Trondheim, Norway. (In Norwegian). 

Reilly J J, 1996, Introduction, Management, Policy and Contractual Considerations for Major Underground 
Design and Construction Progress Programs, North American Tunnelling, Washington, vol. 2, 
USA, Rotterdam: Balkema, The Netherlands. 

Rijke W de, 1997, Risman, a Method for Risk Management in Large Infrastructure Projects, Proceeding of 
ESREL´97, Pergamon, Lisbon, Portugal. 

Rollenhagen C, 1995, MTO – en introduktion, sambandet människa, teknik och organisation, 
Studentlitteratur, Lund, Sweden, 1995. (In Swedish). 

Rosenberg T (ed.), 1989, Att skydda och rädda liv, egendom och miljö. Handbok i kommunal riskanalys 
inom räddningstjänsten, Räddningsverket, Karlstad, Sweden. (In Swedish). 

Rowe W D, 1977, An Anatomy of Risk, Robert E Krieger Publishing Company, Florida, USA. 

Saaty T L, 1990, The Analytic Hierarchy Process, RWS Publications, Pittsburgh, USA. 

Schälin J & Pettersson E, 1996, Geotekniska skadekostnader och behov av ökad geoteknisk kunskap, The 
Swedish Geotechnical Institute, Linköping, Sweden. (In Swedish). 

Sjöberg L, 1978, Beslutsfattande – Psykologiska studier av valsituationer, Engvall & Krantz Grafiska AB, 
Stockholm, Sweden. (In Swedish). 

Slovic P, 2000, The Perception of Risk, Earthscan Publications, Sterling, Virginia, USA. 

Stael von Holstein C, 1970, An Assessment and Evaluation of Subjective Probability Distributions, Ph. D. 
Thesis, Economic Research Institute, Stockholm, Sweden. 

Starr C & Whipple C, 1980, Risk of Risk Decision, Science, vol. 208, Stanford, USA. 

Stille H & Sturk R, 2001, En modell för helhetssyn i undermarksbranschen, Väg- och Vattenbyggaren, 
no. 2, Stockholm, Sweden. (In Swedish). 

Stille H, Andersson J & Olsson L, 2003, Information-Based Design in Rock Engineering. Swedish Rock 
Engineering Research, Report 61, Stockholm, Sweden. 



Management of Geotechnical Risks in Infrastructure Projects: An Introductory Study 

 155

Stille H, Sturk R & Olsson L, 1998, Quality Systems and Risk Analysis - New Philosophies in 
Underground Construction Industries, Proceeding of the International Conference on 
Underground Construction in Modern Infrastructure, Stockholm, Sweden, Rotterdam: 
Balkema, The Netherlands. 

Sturk R, 1996, Besluts- och riskanalys samt statistisk synsätt inom undermarksbyggande, Swedish Rock 
Engineering Research, Report no. 23, Stockholm, Sweden.  (In Swedish, summary in 
English). 

Sturk R, 1998, Engineering Geological Information - Its Value and Impact on Tunnelling, Ph. D. Thesis, 
Division of Soil and Rock Mechanics, Royal Institute of Technology, Stockholm, Sweden. 

Sturk R, Stille H & Olsson L, 1998, Engineering Geological Prognosis – Their Value and Impact on 
Tunnelling, Proceeding of the 8th International IAEG Congress, Balkema, Rotterdam, The 
Netherlands. 

Swedish Road Administration, 2002, Riskhantering i Södra Länken projektet, Stockholm, Sweden. (In 
Swedish). 

Taute A, 1998, Personal communication. 

Tengborg P, 1998, Risker vid stora undermarksprojekt – planering, produktion och förvaltning, Swedish 
Rock Engineering Research, Report no. 38, Stockholm, Sweden. (In Swedish). 

Tengborg P, Olsson L, Johansson J & Brantmark J, 1998, System Analysis of the Hvalfjördur Tunnel, 
Proceeding of the International Conference on Underground Construction in Modern 
Infrastructure, Stockholm, Sweden, Rotterdam: Balkema, The Netherlands. 

Terzaghi K, 1961, Past and Future of Applied Soil Mechanics, Journal of Boston Society of Civil 
Engineers, no. 68, Boston, USA. 

Terzaghi K & Peck R B, 1967, Soil Mechanics in Engineering Practise, John Wiley & Sons, New York, 
USA. 

Thoft-Christensen P & Baker M J, 1982, Structural Reliability and Its Application, Springer-Verlag, 
Berlin, Germany. 

Thorne M C & Williams M R, 1995, A Method for Estimating Failure Rates for Low Probability Events 
Arising in PSA, Proceeding of the International Conference on Mathematics and 
Computations, Reactor Physics and Environmental Analysis, Portland, USA. 

Thompson P A & Perry J G (eds), 1992, Engineering Construction Risks, Thomas Telford 
Publishing, London, United Kingdom. 

Tjäder J, 2000, Systemimplementering i praktiken: en studie av logiker i fyra projekt, University of 
Linköping, Linköping, Sweden. (In Swedish). 

Turner D F & Turner A, 1999, Building Contract Claims and Disputes, Longman, London, United 
Kingdom. 



References 

 156 

Tyrell A P, Lake L M & Parsons A W, 1983, An Investigation of the Extra Costs Arising on Highway 
Contracts, Supplementary Report SR814, Transport and Road Research Laboratory, 
Crowthorne, United Kingdom. 

Uher T E & Toakley A R, 1999, Risk Management in the Conceptual Phase of a Project, International 
Journal of Project Management, vol. 17, London, United Kingdom. 

Ward S & Chapman C, 2003, Transforming Project Risk Management into Project Uncertainty Management, 
International Journal of Project Management, vol. 21, London, United Kingdom. 

Whitman R V, 1984, Evaluating Calculated Risk in Geotechnical Engineering, Journal of Geotechnical 
Engineering, vol. 110, London, United Kingdom. 

Whyte I L, 1994, Analysis and Management of Financial Risks Arising From Ground Conditions, 
Proceedings of Risk Assessment in the Extractive Industries, University of Exeter, United 
Kingdom. 

Whyte I L & Tonks D M, 1994, Project Risks and Site Investigation Strategy, Risk and Reliability in 
Ground Engineering, Skipp (ed), Thomas Telford Publishing, London, United Kingdom. 

Whyte I L, 1995, The Financial Benefit from a Site Investigation Strategy, Journal of Ground 
Engineering, no. 2, London, United Kingdom. 

Wyllie D C, 1999, Foundations on Rock, E & FN Spon, London, United Kingdom. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


