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Preface
Preface

This report has been written for the periodic Quality Assessment of the research programme “Civil
Engineering & Management” of the Faculty of Technology & Management of the University of Twente,
covering the period from 1995 to 2000.
Section A summarises the views of the Department of Civil Engineering on its research activities. It
briefly describes the organisation and the history of the research and education programmes “Civil
Engineering & Management” since the foundation in September 1992. The information has been added to
familiarise the reader with the background of the new Department.
The key data as required by the VSNU for the Department as a whole is presented in section B. This is
followed in Section C by a detailed overview of each of the research (sub)programmes and research
themes covered by the Discipline Groups within the Department of Civil Engineering. Programme leaders
compiled the reports on each of the research (sub)programmes.
Finding oneself in the middle of a development stage and keeping in mind the phase lag between input,
production and actual output date, the correlation between input and output volumes is somewhat weak.
Therefore, the realised research output in 2000 at the time of writing of this report has been added in a
separate column of the various output tables for the sake of completeness.
Information concerning finances and personnel came from the Faculty’s administration. Data concerning
the research input was collected from the time allocation system of the Department, in which available
capacities for each of the discipline groups are allocated annually for education, for research and for
managerial tasks. For education and management there is a detailed system of standards.
The report was prepared by a steering group of programme leaders, supported by members of the
Research Office and under responsibility of the Research Director. A draft version was discussed by
members of the staff and the Research Committee. The final report was discussed and approved by the
Management Team.
Enschede, May 2000

prof. dr T.J.A. Popma
Dean of the Faculty of Technology & Management
prof. dr ir M.F.A.M. van Maarseveen
Research Director CE&M
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Research profile

1

The Faculty and Civil Engineering & Management

section A

The research and education programmes “Civil Engineering & Management” (CE&M) are
embedded in the Faculty of Technology & Management of the University of Twente. In
addition, the Faculty includes the research and education programmes “Industrial
Engineering & Management” and the “Technology & Development” Group. Head of the
Faculty is the Dean who is supported by a Management Team. Members of this
Management Team are, among others, the Research Director CE&M, the School Director
CE&M and the Deputy Administrator CE&M.
Since 1998, by introduction of the Act on Modernisation of University Administration
(MUB) the Faculty has a Representative Faculty Council.
Within the Faculty CE&M is treated as a separate entity with its own budget. It has a
Committee for Research, a Committee for the Education Programme, an Examination
Committee, and a Chamber of Professors.

2

Mission and objectives
The mission of CE&M is formulated as:
Civil Engineering & Management operates at the interface of Civil Engineering, Business
Management and Public Administration. It attempts to acquire qualitative and quantitative
knowledge on all phases of the lifecycle of civil engineering systems and objects, i.e.
initiative, design, production, operation, maintenance and demolition, all in a societal and
environmental context. CE&M aims at disseminating this knowledge among students and
practitioners, e.g. via the development of practically applicable and transferable
methodologies and tools for the design, analysis and control of infra structural civil
engineering systems and the integrated design and construction of civil engineering objects.
It strives to provide the university with a technical basis in civil engineering, and to place this
in the relevant managerial, administrative and environmental context. It is interdisciplinary
and international in its orientation and seeks relations with other universities and
organisations that are leading in this field.
The following objective is derived from this mission:
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CE&M wants to be an internationally oriented leading scientific institute, which develops,
applies and disseminates knowledge and tools for civil engineering in a societal and
environmental context.

3

Strategic development

3A

Education programme
The education programme CE&M has been in operation since September 1992. It started as
a completely new programme, prepared at that time by a (small) Department of Civil
Engineering within the Faculty of Public Administration, the predecessor of CE&M. From
1992 until 1996 the rapidly growing staff has been intensively involved in the development
of the education programme. Now the programme has an enrollment of some 500 students.

3B

Research programme
The preceding Quality Assessment of Research in 1995, which covered the period 19891993, came rather early in the development of the CE&M research programme. Yet, the
University requested to have CE&M included in order to make clear that CE&M wished to
be considered as part of the civil engineering research community and to have the Review
Committee’s views on how the programme should be developed further.
In the first phase of CE&M (period 1992-1996) priority had been given to constitution of
the organisation with qualified staff, development of the education programme, and design
of the research programme. Some research projects (including Ph.D.-projects) were
initiated already in the pre-CE&M phase. Strictly speaking the first generation of
researchers started their Ph.D.-projects from the mid 1990s.
In view of the mission and objectives of CE&M, in particular the interdisciplinary and
international orientation, researchers have been explicitly stimulated to submit papers for
and attend (selected) international conferences in order to build up the necessary research
networks in the various fields. This strategic action for the second phase of CE&M (period
1996-2000) has been supported by the implementation of a human resources policy with
respect to Ph.D. students. Giving priority to network building, research output with respect
to academic publications in refereed international journals is pushed somewhat forward in
time.
The main objectives in the third phase of CE&M (period 2000-2004) are:
- priority for research output in refereed international journals,
- setting up research proposals aiming at enlarging the 2nd and 3rd money stream, and
- expansion of the co-operation with other (leading) scientific groups.
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In this period also the graduation of the first generation of Ph.D. students is foreseen
(years 2000 and 2001), as well as the start of the second generation of Ph.D. students with
an increasing share of M.Sc. students of CE&M.

3C

Organisation
Recently, for administrative and managerial considerations, discussions have taken place
within the University, as is the case within other Dutch universities, to explore the
desirability and potential for scaling up the organisation by combining two or more
faculties. Because of disciplinary affinity and research tradition, the University intends to
establish a new Faculty Constructive Engineering Sciences, consisting of the education and
research programmes of CE&M and Mechanical Engineering in the year 2000. Apart from
these considerations both organisations are already accommodated in one and the same
building.
A part of the Discipline Group of Construction Engineering & Management, the
Construction Management group, has a strong affinity with the research tradition of
Industrial Engineering & Management and will therefore continue to operate within this
Faculty. The University has explicitly stated that the change in organisational structure is
not allowed to have any consequences, ceteris paribus, for the mission and contents of the
education and research programmes of CE&M.

4

Key research themes
In view of the mission of CE&M along with the broad scope of the civil engineering
discipline the research programme consists of four (sub)programmes in accordance with
the education programme and the organisational structure. These (sub)programmes are:
Construction Engineering & Management
programme leader: prof. dr ir A.G. Dorée
Integrated Modelling of Civil Engineering Systems
programme leader: prof. dr ir H.J. de Vriend
Transportation Engineering & Management
programme leader: prof. dr ir M.F.A.M. van Maarseveen
Water Resources Management
programme leader: prof. dr ir H.G. Wind
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Involvement in Research Institutes and Schools
The Department of Civil Engineering participates in two Research Schools that have
received formal recognition from the Royal Dutch Academy of Sciences (KNAW): the
Netherlands School for Advanced Studies in Construction, and the Netherlands School for
Advanced Studies in Hydraulic and Geotechnical Engineering. The Department also
participates in the Netherlands Centre for Coastal Research (NCK) and the Netherlands
Centre for River Studies (NCR), which have both been founded in close co-operation with
the latter research school.
In 1999 the corporation P3BI was established. P3BI, a co-operation of public as well as
private organisations, aims to bridge the gap in research and development between
construction industry and science. The Discipline Group of Construction Engineering &
Management has scientific and personal links with P3BI.

6

Internal organisation
At the time of writing there are four discipline groups, each containing one or more chairs:
Construction Engineering & Management (Bouwtechnologie & Bouwproces, Bt&Bp)
full-time:
prof. dr ir A.G. Dorée (Market and Organisation Forms)
vacancy (Construction Engineering)
vacancy (Design Processes)
part-time:
prof. ir H. van Tongeren (Management of Technology and Innovation)
vacancy (Planning and Development)
Integrated Modelling of Civil Engineering Systems (Modellering van Integrale
Civieltechnische Systemen, MICS)
full-time:
vacancy (Integration of Civil Engineering Systems)
part-time:
prof. dr ir H.G. de Vriend (Morphology and Sediment Transport)
prof. dr A. van der Veen (Land Use Economy)
Transportation Engineering & Management (Verkeer & Vervoer, V&V)
full-time:
prof.dr ir M.F.A.M. van Maarseveen (Transportation Engineering &
Management)
part-time:
prof. dr ir E.C. van Berkum (Strategic and Operational Traffic
Management)
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Water Resources Management (Waterhuishouding & Milieu,Wh&M)
full-time:
prof. dr ir H.G. Wind (Civil Engineering)
prof. dr ir C.B. Vreugdenhil (Water Resources Management)
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Infrastructural resources
Inspired by the enormous developments in computer capacity in numerical techniques,
emphasis is placed on the development and application of (integral) methods for computer
simulation for a variety of civil engineering problems. The role of experiments has shifted
towards validation, while the extra information available via numerical simulations has
facilitated a reduction in the number of tests.
On the other hand, the need to consider the coherence of phenomena or the behaviour of
phenomena at other levels of detail in experiments has increased significantly. The quality
of computer simulation depends to a large extent, of course, on the quality with which the
reality is ‘captured’ in mathematical models. It has become ever apparent that increasing
insight into what is actually happening is essential if further improvements are to be made
in the reliability and accuracy of numerical simulations. The function of experiments will
therefore shift from validation towards exploring phenomena and basic relations in physics
and human behaviour, requiring advanced experimental methods and facilities.
Priority has been given to investments in computer equipment, networks and facilities,
including libraries with application software and home facilities.
Because of the interdisciplinary nature of both research and education programmes a large
proportion of experimental tests can be characterised as field research. Therefore,
investments in laboratory equipment are rather modest and basic. In case of a need for
advanced experimental methods, facilities are leased from research partners (e.g. TNO,
WL, TU Delft) for reasons of financial efficiency.

8

Human resources
Annually, the Faculty organises assessment talks for each employee. In an open discussion
the past performance of the employee is evaluated with reference to the assigned tasks and
considering the personal abilities and development, and explicit goals are set for the next
year with respect to education and research tasks, including professional training. The
conclusions are documented in written reports.
In 1998 the University has established a new policy plan for Ph.D. students. The plan
involves a significant upgrading of wages of Ph.D. students at the level of starting
academic researchers, and the assignment of a personal Ph.D. budget. The Faculty has
implemented the plan with retroactive effect for all Ph.D. researchers. The budget (Dfl.

11

section A

Research profile

40.000 for the 4 years period) is managed by the Ph.D. student, and can be spent within
well-defined constraints for educational purposes, conference attendance, travel costs,
(home) computer equipment and facilities, purchase of specialist literature, and printing
and translation costs.
Due to the desired rate of expansion of the CE&M staff and the tense situation on the
labour market, the Department of Civil Engineering has struggled with a large number of
vacancies over the years. Gradually, the size of this problem appears to diminish, but it is
still very difficult to find qualified and suitable academic staff.

9

Internal quality management
The Committee for Research, chaired by the Research Director CE&M, consists of all fulltime professors - part-time professors have a standing invitation - as well as an appointed
full-time professor of both the Faculty of Public Administration and the Faculty of
Industrial Engineering & Management. The Committee advises the Dean in all research
matters and, thereby, plays an explicit and important role in the internal quality
management.
All research proposals (including Ph.D. projects and regardless of the financing source) are
refereed in terms of scientific quality and appropriateness with respect to the research
programme by the Committee. The outcome of this procedure can be threefold: the
proposal is accepted, the proposal is interesting but immature and has to be rewritten after
which it will be refereed again, or the proposal is rejected. The judgement of the
Committee is consequential.
For Ph.D. projects, the research plan has to be elaborated in more detail by the researcher
and has to be presented in front of the Committee for Research nine months after the start
of the project. The plan is refereed again, among others in terms of scientific quality,
degree of innovation, and feasibility. Moreover, the progress in the education programme
of the Ph.D. student is discussed. Again, the judgement is consequential.
Yearly, within an integral performance framework, the research output, progress and plans
are discussed and evaluated both on an individual basis by the head of Department, and on
the Department, i.e. programme level by the Management Team. The latter discussion
takes place on the basis of a written self-assessment.
The Research Director, one of the full-time professors and appointed by the Dean of the
Faculty, is supported by a Research Office. The Office has both administrative and
managerial supporting tasks.
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At the start of Civil Engineering & Management in 1992 it was expected that the
establishment of a research group with a mission and objective as stated in chapter 2 of
section A would take at least fifteen years. We are only eight years into the programme and
have realised many of our goals. Obviously, the development of the education programme
has taken a lot of time and effort, and the progress of the research programme has been
hampered by problems encountered in finding qualified and suitable staff in good time.
However, the key factor in the development process is that CE&M stands for an
interdisciplinary orientation within the civil engineering domain that is new and ambitious.
Moreover, the programme it is not purely market driven, but rather a long term, strategic
activity with roots both within the theoretical and practical evolution of the civil
engineering discipline.
In accordance with the research policy, active participation in prominent scientific
international conferences is expanding rapidly, and CE&M is already amply involved in an
increasing number of (inter)national research networks. The next steps in the development
will be essential: the dissemination of research output in international scientific journals, a
growth in staff to facilitate applied research and the dissemination of research output
among practitioners, and the further development and consolidation of the transferability of
integrated methodologies and tools.
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Key data

1A

University

section B

University of Twente (UT)

1B

Faculty or institute
Faculty of Technology & Management

1C

Section
Department of Civil Engineering

2

Departments
Discipline Group of Construction Engineering & Management
Discipline Group of Integrated Modelling of Civil Engineering Systems
Discipline Group of Transportation Engineering & Management
Discipline Group of Water Resources Management

3

Research Institutes
(participant)
Netherlands Centre for Coastal Research
Netherlands Centre for River Studies

4

Research Schools
(participant)
The Netherlands School for Advanced Studies in Construction
The Netherlands School for Advanced Studies in Hydraulic and Geotechnical Engineering
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Key data

Education programme
School of Civil Engineering & Management

6A

Income final year of evaluation period
Direct funding
NWO funding
Contract research

6B

Costs final year of evaluation period
personnel costs
housing
equipment
materials
other

7A

: 7,433 kf
: 956 kf
: 699 kf
: 656 kf
: 1,005 kf

Human resources final year of evaluation period
academic staff
supporting staff

7B

: 9,363 kf
: 0,128 kf
: 1,189 kf

: 39 fte
: 18 fte

Students final year of evaluation period
511

8

Summary of research programmes
Short title

research input of academic staff 1999

Construction Engineering & Management
Integrated Modelling of Civil Engineering Systems
Transportation Engineering & Management
Water Resources Management
Total research input of academic staff in 1999

16

3.3 fte
9.1 fte
4.5 fte
4.7 fte
21.6 fte
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Key data

External income of Departments (1999)
Departments
2nd money str.

3rd money str.

Civil Engineering & Management
0 kf
Discipline Group of Construction Engineering & Management
0 kf
Discipline Group of Integrated Modelling of Civil
128 kf
Engineering Systems
Discipline Group of Traffic Engineering & Management
0 kf
Discipline Group of Water Resources Management
0 kf
--------Total
128 kf

208 kf
9 kf
658 kf
178kf
136kf
---------1,189 kf
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Key data
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section C
1

Construction engineering & management

3

Programme members
prof. dr A.G. Dorée, professor, programme leader
dr S.H.S. Al-Jibouri, assistant professor (1998-...)
prof. ir E.K. de Boer, professor (1996-1998)
dr ir H.J.H. Brouwers, associate professor
dr ir U.F.A. Karim, assistant professor
dr ir W. Tijhuis, assistant professor (part-time) (1997-...)
ir C.M.J. Schols, assistant professor (1998-1999)
drs W.D. Spiering assistant professor (1998-...)
ir Y.E. Suurenbroek assistant professor (1998-....)
prof. ir H. van Tongeren, professor (part-time)
ir K.Th. Veenvliet, assistant professor

4

Key words
Construction process
Construction engineering
Construction technology
Construction management
Design process
Design management
Concurrent engineering
Process innovation
Procurement systems
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Research input of academic staff
fte

1995

wp1

aio

wp3

1999

total

0.9

1.5

1.9

4.5

0.4

0.9

1.8

1.9

1.4

6.4

oio

0

0

0

0

0

0

other

0

0

0

0

0

0

aio

1.8

1.5

1.4

0.6

0

5.3

other

0.1

0

0

0

0

0.1

2.3

2.6

4.1

4.0

3.3

16.3

Research output

Ph.D.
theses
academic
publications

1995
0

1996
1

1997
0

1998
1

1999
0

refereed international
Dutch
non refereed international
Dutch
other acad.publications: international
books, chapters
Dutch
conference proceedings

6
0
0
2
0
0
2

5
0
0
1
0
0
5

3
0
0
1
0
0
5

3
0
0
0
1
0
7

1
0
0
0
0
0
9

18
0
0
4
1
0
28

professional publications international
Dutch

0
4

0
2

1
6

0
1

0
4

1
17

1

1

1

3

2

1

8

1

journal
articles

scientific reports

20

1998

0.2

total

6

1997

0

other
wp2

1996

total forth.
2
3

5
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Composition of research input of academic staff in 1999
fte
professor

wp1

wp2

wp3

total

0

0

0

0

associate professor (uhd)

0.4

0

0

0.4

other senior staff (ud)

1.0

0

0

1.0

0

0

0

0

1.9

0

0

1.9

0

0

0

0

3.3

0

0

3.3

postdoctoral fellows
junior staff (aio,oio,moz)
other junior staff
total
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8

Programme design in brief

8.1 Mission
The research on construction processes (CP) is aimed at improving the effectiveness and
efficiency of the - integral - construction processes and subsequent project organisations
(from initiative to delivery). The effectiveness relates to the use-phase of the constructed
objects. The value and significance of the facility should be assessed from a useability
perspective. Efficiency relates to the performance of the project organisation in terms of
quality, time to delivery, innovation, cost and profit.
At this time and moment the performance of construction industry is widely perceived as
unsatisfactory. Construction processes are seen as the sum of sub-optimal segregated
processes. Through approaching and analysing the construction projects as developmentand production processes (like in other industries) improvements are expected. The
integration of design-construction, facilitating integrated product- and process
development, is observed as vital for innovation. The focal point in the research is
integration of design and construction: Expressed in constructability-research at the level
of the knowledge, methods and ICT-instruments. At the level of organisation expressed in
research into procurement systems and co-operation/conflicts within construction projects.
Research on construction technology (CT) is by definition more technical than the process
oriented CP-research. The basic engineering features that are chosen for CT-research are
cement & concrete elements, and soil & foundation. Research in CT will take into account
the materials, the structures, the function(s), their production, their performance, and the
environment in which they are built.

8.2 Research programme
The problem domain
The organisations within construction industry, ranging from clients to construction
contractors, are forced to operate within smaller boundaries. The pressures on budgets, on
time to completion, on quality (including more and more factors), and regulatory demands,
show the insufficiency of the tradition design-bid-build approach. Although these
insufficiencies were acknowledged over 30 years ago, the inert nature of construction
industry, with the professional organisations and vested interests, causes the change to be
slow. Since the early 90's new Design-Build and Design-Construct procurement routes are
applied in projects (starting with the New Waterway Storm Surge Barrier). The
government now forcefully promotes these more integrated approaches.
The change from traditional design-bid-build to Design-Construct-like procurement effects
the whole industry. Clients, consultants and contractors (have to) redefine their markets,
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the market behaviour, the competencies. They are plunged into a "new business", and have
to adapt to new business drivers. Key in the new construction process is taking advantage
of the integration of design into the process. The design process is the nexus in the integral
construction process. It has to be connected to the clients domain as well as to the
technology domain. In the design phase clients demands and wishes have to be challenged
and optimised against the capabilities of construction technology (and vice versa). Since
new procurement systems change the tasks and contributions, and shift the boundaries
between the organisations, all organisations are trying to find out which strategies of the
integration and co-development will yield best results. In an industry dominated by
engineering educated professionals and reigned by the engineering paradigm, this seems an
alien undertaking. Better understanding of construction processes - the structures as well as
the dynamics - of the opportunities and methods for integration (esp. design), of the effects
of market behaviour and business drivers, will accelerate improvement of the construction
process and construction industry.
Advanced cement and soil research (CT) is pertinent to the new challenges facing the
Dutch construction industry. Many planned and ongoing underground construction projects
create the demand for this type of research. These projects are often in city environments
and involve use of untried technologies where their applicability and optimisation is of
major interest. Of particular interest are innovations in the use of new methods (and
techniques) to enhance the performance (behaviour) of the basic building materials during
the entire life-cycle taking the surroundings into consideration (integral approach). A
further challenging problem is the integration and optimisation of under(ground) design
and construction where engineering as well as project management aspects (planning and
cost) are taken into consideration.
Approach
The construction process group sees buildings and other constructed artefacts and facilities
as man made objects (not a part of nature). Although sometimes technologically complex
and challenging, buildings are - considered to be - the outcome of a combined human effort
(produced by humans for humans). It is through deliberate human intervention and effort
that buildings are realised, and that technology progresses. These interventions and efforts
have their own structure and dynamic. These notions are the starting-point of the research
approach.
The phenomena studied cannot be isolated and investigated in lab-setting. The topics
addressed in research have to be studied within, and in strong co-operation with, the
participants in construction industry. Methods mainly applied are case-research,
participative observations, experiments, interviews and surveys to validate. Graduation
projects of our students play a strong part in this research practice (as synapse). The work
and results of those graduate projects are incorporated in the work of Ph.D. projects. Such
an approach combined with the preferred types of research methods, require a strong

24

Construction engineering & management
section C
network in industry. Over the last decade we managed to build and establish such a
network.
To get a better understanding of decision making, trade-offs, and optimisations during the
integral construction process, we aim research projects at specific topics (such as
constructability, sustainability, safety). The actions and interactions of the project
participants, as stakeholders, can then be studied in a coherent way. This provides more indepth understanding of functioning of the project organisation and the construction process.
On the other hand, the CT research on cement, concrete and soils is amenable to be studied
in a lab setting. Use is made of the established concrete and soil laboratories, as well as the
available computational hardware and software facilities (on cement hydration simulation,
programming and artificial intelligence, and numerical methods). The research utilises the
existing multidisciplinary experiences within and outside the group (at CE&M, Mechanical
Engineering and of other Dutch and overseas research organisations) and its broad
technical background to reach these objectives.
Objectives
The research approach, as described above, takes the research into the realm of social
science (instead of natural science). The global objective is (1) to bring social science
theory into - engineering paradigm dominated - construction management practice and
education. On the other hand it is the aim (2) to bring the construction industry into the
domain of management science; which up to now focussed on industries such as
automotive and consumer electronics, and ignored project-based industries as construction.
Construction industry has a lot to offer for organisation theory and research. Furthermore it
is the aim (3) to extend construction technology knowledge and stimulate technical
innovation.
The more specific objectives of the research are to improve and increase knowledge and
understanding of:
1. the development of buildings and other constructions from both a process and a
technological viewpoint (revealing the structures and the dynamics);
2. the integration of design and construction (concurrent product- and process
development); through instruments, methods and ICT, as well as through
organisational and contractual arrangements;
3. the functioning of construction industry, and the organisations within, from a business
science point of view (compared to other industries);
4. the factors driving and inhibiting improvement and innovation in construction industry
and technological innovation as such.
This knowledge and understanding is brought back to the industry in several ways.
Organisations out of industry participate in research. New knowledge and insights are put
into our CE&M course program. Students have to fulfil exercises and projects within, or in
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collaboration with, industry. When graduated the students take their education with them
into industry. Practitioners are offered post-graduate courses.

8.3 The significance for education
Much of the knowledge and insights acquired through research is put back into the CE&M
courses. Since the Civil Engineering & Management is a new course program, a number of
the subjects still require substantial knowledge building through research. Also a number of
students' assignments and projects are related to ongoing research projects. This is
especially the case with their graduation assignments. The course packages in the final part
of the CE&M program are tailored to bring the student up to a knowledge level such that
they can participate in ongoing research directly.
The research contributions so far have been included in the following courses:
 construction processes;
 soil mechanics, site investigation, foundation engineering and soil remediation
 integral design processes;
 materials science and sustainable construction;
 management of technology & innovation in construction industry.

9

Overview of academic results
a. Procurement systems
pResearch into construction procurement behaviour of municipalities showed the
economic reasons beyond recurrent transaction with the same contractor.
Furthermore it gave insights in the characteristics of the construction production
system that distinguish it from other industry production systems. It showed that
economic organisation theory and the network theory provide useful perspectives for
understanding interaction in construction projects and processes. Research shows the
procurement policies and subsequent regulation are drafted from classic economic
paradigms, disregarding modern understanding and theory.
pIn the early nineties the states building agency for housing developed performance
contracting as a method of procurement. The main drivers behind this scheme were
the assumption that it would produce buildings more in conformance with market
demands, and that through the possibilities of Design-Build-integration these
buildings would be less expensive. Research showed that the performance, in terms
of design-construction integration and flexibility, depended on the organisation
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structure of the bidder/contractor. Furthermore it showed that the instruments that
the project managers were given were inadequate.
pOngoing research into Public Private Partnership projects shows the social dynamic
nature, and the importance of the early – pre-PPP contract - stages. The research
focuses on stagnations (as critical incidents) in these projects, and uncovers the main
reasons behind these stagnations.

b. Process analysis on specific topics
pResearch into the development of sustainable housing showed the nature and amount
of interaction between parties involved, and the interpretation and effectiveness of
governmental and local sustainability regulation. Parties are highly interdependent
and progress is made in a negotiating muddling-through process. Parties strategically
utilise information and other power sources (ownership of plots, market gates,
decision making power etc.). Development of new "sustainable" city extensions can
seldom be explained through the standard "rule & control" type of project
management. It is a loosely coupled coalition of parties (multiple constituents). The
parties, that each interpret sustainability in their own way, depend on each other to
fulfil their objectives. But each of them continually assesses the net-outcome of the
process (and can opt-out; and may threaten to do so). In drafting regulation this
organic nature should be more acknowledged.
pA survey showed that constructability is not a real issue yet in the Netherlands.
Although it is acknowledged as an important issue for process integration, the
philosophy, the methods and instruments are sparsely present and implemented.
Given the US constructability initiatives and the results in other industries (as
shipbuilding) guidelines for implementing constructability in the Netherlands are
being developed.
pSafety is one of those design criteria that is seen as a non-negotiable. The norms
should set the standards on safety. Often, however, esp. with new types of innovative
construction, of new specific types of facilities, the standards are not directly
applicable. The general standards then need project specific exegeses. Since on the
one hand safety comes at a price, safety measures are often costly, but on the other
hand safety benefits are often hard to monetarise, safety becomes a point of
negotiation. The intention is to develop a protocol for this negotiations through the
analysis of cases.
pInternational comparison shows the differences between countries in culture and
procurement practice. Special in this matter is the research into the German
construction industry. In may 2000 we host the CIB-working commission meeting
"culture in construction".
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pCommonly used project progress en performance monitoring systems are evaluated
in terms of type and detail of information required and provided, as well as their
effectiveness and accuracy in reporting divergences of work from the plan. This
research is aimed at selection and improvement of these monitoring systems.

c. Construction technology research topics
pResearch into the remediation of contaminated soils and granular materials revealed
alternative techniques are needed in order to render them suitable as construction
material. Contaminated soils have been treated with the help of air and steam (patent
applied). A university laboratory for soil cleaning has been established. Projects in
co-operation with BP, Oranjewoud Engineering, Shell, Delft University and three
Provinces. The group has been involved in feasibility study and design of industrial
installation based on the invented technique.
pResearch into the use of waste materials as secondary raw material in
cement/concrete and the use of cement-based binders for Solidification/Stabilisation
(S/S) of waste. Hydra3D software code is modified and extended to model the
chemical reaction of cement (hydration) containing among others fly ashes and blast
furnace slags, aiming to predict the microstructure of the hardened cement paste.
This will function as a tool for designing cement recipes. Project in co-operation
with the US National Institute of Standards and Technology, KEMA, ENCI and
Dyckerhoff Zement. Cement and concrete laboratory established, sponsoring by the
Dutch Cement Industry Association and Dutch Ready Mixed Concrete Association
obtained. Besides the development of scientific and technical knowledge, also the
role of certification for stimulating the use of secondary materials in the construction
industry is studied.
pOngoing research into the development of a DSS to model the effect of ground
conditions on the construction process using AI techniques. This research breaks the
boundaries of current design practice by integrating design, construction and project
planning objectives for the whole construction from the onset of the project.
Another, separate, research concerns computer based learning (CBL) in soil
mechanics. A novel CBL package was developed to simulate the standard
consolidation test on Dutch soils.
pThe effect of soil sampling processes on the quality of the sample-material is one of
the ongoing research projects. Crucial are the effects of the extraction process and
delays during extraction and analysis. These events and their effect on the soil
sample state was numerically modelled and quantified using the FEM. The other
area for research concerns the measurement of in-situ soil properties and assessing
the suitability of some field testing apparatus for that purpose. In particular soil
stiffness determination under dynamic conditions was determined and a simple
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mechanical model was proposed. Based on the model, some of the equipment were
found to provide unrealistic test conditions and measurements.

10

Future perspective
The aim is, in conjunction with P3BI1, to grow to and be acknowledged as the Dutch centre
of expertise on matters of construction processes, process integration, construction
contracts & procurement methods. P3BI provides a committed high-value and high-profile
network in construction industry. The Faculty of Technology & Management provides the
right surroundings for the research approach and for further development of the process
perspective. Given this context, insights from management and organisation theory can
penetrate the realm of construction process research. Knowledge, experience and practices
from other industries can be explored and assessed for transfer to the construction domain.
In collaboration with colleagues we intend to open up the construction industry,
traditionally a blind spot for organisation and management theorists, for other research
disciplines.
Internationally we intend to build relationships with centres of expertise on Construction
Management and Constructability. Conseil International du Batiments (CIB) and
Association of Researchers in Construction Management (ARCOM) provide
steppingstones to peers. Some institutes we will approach directly (as Stanford-Cife;
Reading-CM; Loughborough-Cice). In the near future we intend to intensify the research
activities in the fields of Integrated procurement systems (DB, DC, B(O)OT, PPP, Alliance
contracting etc.), construction supply chain, and design integration.
The construction technology group aims at further research into the engineering materials
cement, concrete and soil. The knowledge of soil and cement will be integrated in order to
study the grouting of soft soils with cement. The experience with cement hydration will be
extended to the concrete industry: the microstructure of hardened cement paste (as
predicted by Hydra 3D) can be related to its properties (strength, permeability, leachability
etc) which can in turn be related to these properties of a concrete structure. In this way
predictions with regard to the sustainability and service life of these structures can be done.
Sustainable construction and the use of Life Cycle Analysis (LCA) in the construction
industry will also be investigated. This research will take place in co-operation with CP.

1

P3BI was founded may 1999. In P3BI several organisations, public as well as private, participate in research and development.
Focus in research lies upon understanding the processes in the planning, design and construction of buildings and infrastructure. Three
research lines are being developed: (1) Public Private Partnerships, (2) Integrated procurement systems, and (3) Enterprice Resource
Planning in Construction.
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Societal relevance
The relationship(s) with activities and initiatives outside the research community are seen
as indicators of societal relevance:
• The research projects described were mainly externally funded (approx. dfl 1 mln).
This external funding explicitly confirms the social relevance. Through participation of
sponsors in research steering committee's societal relevance is secured.
• The research lead to several external lectures and symposia.
• Several industry leaders expressed their commitment to the Twente Construction
Management approach by personally partaking in the board or advisory committee of
P3BI.
• The Foresight Committee Construction & Build Environment - established by the
Advisory Council for Science and Technology Policy - sees above all "construction
process integration", as the topic to address in the forthcoming years. The Foresight
Committee emphasises to strengthening of education and R&D in this field of
construction process integration.

12

Other indications of quality and reputation
•
•

In May 2000 we will host the CIB Task Group 23 "culture in construction";
In 2001 and 2002 we will host the international annual conference on Public Private
Partnerships.

Prof. ir H. van Tongeren:
 member of Forum Technology & Science;
 member of the Advisory Council for Science and Technology Policy (AWT);
 member of the Board of Governors of the Economic Institute for Construction Industry
(EIB);
 member of the board of Foundation Future perspective on Technology;
 member of the editorial board of Heron;
 member of the program- & examination committee of the MBA Project Management
in Construction (of Technology Science & Management Business School);
 Congress New Procurement methods in Construction; 3.2.98; moderator, chairman and
key note address; The Construction Industry Congress; 1.12.98; moderator, chairman
and key note address; several lectures on congresses and interviews in magazines;
Prof. dr ir A.G. Dorée
 director research of P3BI research Foundation;
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 member of the expert panel of the Advisory Board Technology Policy Construction
industry.
 expert advisor for project Schiphol Airport Island, and for risk allocation strategy
Noord-Zuid lijn Amsterdam;
 member of the program- & examination committee of the MBA Project Management in
Construction (of Technology Science & Management Business School);
Dr ir H.J.H. Brouwers
 member of the Scientific Council of the Centre for Immobilisation;
 moderator of the of the course "immobilisation" (by Post Academic Education);
 referee/reviewer of 8 International Journals, among which International Journal of Heat
& Mass Transfer; Cement & Concrete Research; Journal of Hazardous Materials;
 reviewer of the Technology Foundation (STW).
Dr ir W. Tijhuis
 expert advisor for the ministry of Foreign affairs on export activities of Dutch
construction industry.
Dr ir U.F.A. Karim
 member of the techn. sub-committee of the European COST 333 project on the
development of new bituminous pavement design methods.
 reviewer of the International Journal of Numerical Methods in Geomechanics.
Ir K.Th. Veenvliet
 member of INCOSE (int. council systems engineering)
 member of STUMICO (Studygroup Micro Computers);
 moderator of the course "integral design process in civil engineering" (by Post
Academic Education.
Ir Y.E. Suurenbroek
 member of the council for transport safety;
 member of the safety committee Groene Hart Tunnel.
Ir M. Bonebakker
 editor of the "construction process" edition of the Jellema series.

Consideration
In the Netherlands the construction industry is booming. Also there is hardly an academic
tradition in the field of Construction Management. As a consequence it is difficult to find
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qualified and suitable staff. The Department has had great difficulties in attracting
academic staff and Ph.D.-candidates. Assigned chairs were not occupied. In 1998 the
employment of a full-time professor was terminated. Over the years the Department has
struggled with a large number of vacancies (up to 40%). During the development of
CE&M, teaching and continuous redesign of courses have been given priority. Therefore
the research could not develop as quickly and strongly as we would have wanted. This was
especially the case for the field of Construction Process. In the field of Construction
Technology the staff was not as heavily loaded with teaching obligations, and therefore had
more time for research, writing papers and externally financed research.
Because of this bottleneck in staff we had to put the acquisition of external (funded)
projects on low burner during 1998-1999.

13
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2

Ph.D. dissertations are written in Dutch for three reasons. First: the projects were completely
externally funded by Dutch (primarily public) organisations. These organisations also participated in
the research. Second: The research projects dealt with changes in practice, policy, law and
regulations. Policy and regulations are written, and interpreted through the Dutch language for the
Dutch practice. Third: Through it’s nature, construction industry and practice are heavily influenced
by local and cultural factors.
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Programme design in brief

8.1 Mission
The MICS-programme aims at developing a generic model-based integration methodology
that is relevant to the other parts of Civil Engineering & Management. Wherever possible,
it makes use of existing knowledge-components, provided by other programmes, or
acquired from the literature, collaborations, etc. The development of new disciplinary
knowledge and models is undertaken only if this is necessary to make progress in
integration and the knowledge cannot be found elsewhere. Since integration can only be
achieved on the basis of a certain elementary level of knowledge of the disciplines to be
integrated, some research capacity is devoted to sustaining this level.
MICS has the ambition to play a prominent role, national and international, in the research
areas it addresses. This is to be achieved through a continuous flow of research by tenure
staff, combined with and supported by a number of post-docs and Ph.D.-students and
guest-researchers who come over on sabbatical leave or otherwise. The tenure staff must
warrant continuity and the absorption and consolidation of knowledge generated by the
temporary staff.

8.2 Research programme
General
The key element of the programme is model integration, i.e. bringing knowledge
components (often existing models) together and making them communicate and interact.
The objective is to be so much in control of the modelling process and the compound
model itself, that acceptable levels of model validity, efficiency and predictive capability
can be achieved.
Interdisciplinary model integration requires the development of new modelling and
analysis techniques, some of which are also being used in mono-disciplinary environments.
In the purely physical domain of sediment transport and morphology in alluvial water
systems (rivers, estuaries, coasts, shallow seas), for instance, knowledge from a number of
sub-disciplines (hydrodynamics, sediment transport) is coupled via a dynamically
interacting system of mathematical models. Knowledge, techniques, ability and experience
built up in this domain can be of direct use to interdisciplinary model systems.
Apart from this methodological aspect, sediment transport and morphology play such a key
role in many problems in integrated water resources management, that CT&M must have inhouse expertise in this field.
The MICS-programme can roughly be distributed into two sub-programmes, viz. Sediment
Transport and Morphology and Integrated Modelling, although this subdivision is not perfect
and ignores a number of interesting cross-connections.
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Theme a: Sediment Transport and Morphology
This theme addresses a number of aspects that can be generic to larger parts of CE&M. They
are described briefly below.
Scale interactions and compound model dynamics
The systems we are dealing with are usually non-linear, which implies that their behaviour
cannot be split into parts (e.g. spatial and/or temporal scale ranges) that can be considered
independently and then be superimposed. Scale-interactions are inherent to these systems. Our
research aims at understanding and modelling these non-linear scale interactions. Various
projects are carried out in collaboration with researchers from the Faculty of Applied
Mathematics.
Coupling models of dynamical processes leads to an essentially richer behaviour of the
combined system than that of the individual components. Every new combination of models
must therefore be analysed for the behaviour of its solution. The techniques we mainly use
here are linear and non-linear perturbation analyses, backed up by numerical modelling. MICS
has the ambition to serve as a link between Applied Mathematics and CE&M, by applying
these analysis techniques to our type of problems and by feeding the mathematicians with
research questions that arise in that process.
Scale flexibility and model aggregation
Knowledge and models from different disciplines usually don’t match. This mismatch may
concern the model variables, but also the aggregation level, i.e. the spatial and temporal
resolution at which the information is provided. The ability to move between aggregation
levels (“scale flexibility”) is therefore vital to interdisciplinary integration.
MICS aims at contributing to the development of knowledge and techniques in this field.
Since most of our knowledge concerns small-scale processes, we first focus on going up the
scale-ladder (upscaling), i.e. modelling at spatial and temporal scales that are much larger than
those of the constituent small-scale processes. In a later stage, as large-scale models become
available, we will also address the issue of going down the ladder (downscaling).
The basis of this development is sought in morphology and socio-economy (Theme b), since
most of our in-house expertise lies there. Through collaborations, we try to extend this to
ecology, demography, etc.
Dealing with uncertainty
The systems of which we want to predict the behaviour involve many sources of uncertainty,
in the forcing (e.g. the weather), as well as in the system properties and in the validity of the
models with which we try to describe these systems. Uncertainty is therefore inherent to
prediction, to the extent that prediction only makes sense if information is provided about the
nature and the magnitude of this uncertainty.
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Dealing with uncertainty is therefore one of the focal areas of the MICS programme, which
we aim to further develop, making use of knowledge, tools and experience from other
disciplines wherever possible.
Sediment transport processes
Sediment transport and morphology are closely linked: reliable morphological predictions
require an adequate description of the sediment transport. In general, the sediment transport
sub-model is a major source of uncertainty in morphological predictions. In collaboration with
other universities, such as Delft University of Technology and Utrecht University, MICS
participates in research to reduce this uncertainty.

Theme b: Integrated Modelling and Management
Pattern formation and scale interactions in socio-economy
Non-linear dynamics, scale-interactions and self-organisation are not exclusive to the bed
topography of morphologically active shallow surface water systems. Not only are they
important in many other natural sciences, they are also issues in social sciences, economy,
etc. One way to approach them is direct simulation, in the socio-economic case via agentbased modelling (ABM), which simulates the behaviour of swarms of individuals, each
driven by external factors, interests/ambitions, their own history and interactions with other
individuals. The interdisciplinary exchange of views and techniques with ‘Theme a’ turns
out to be extremely useful.
Link with end users
End-users, i.e. policy makers, managers, designers, etc., usually need a different kind of
information than models produce. A policy maker, for instance, wants to know the
manoeuvring space he has and the risks he is running, i.e. he wants to oversee the entire field
of possible developments of the system and solutions to the problem he is dealing with. A
model study usually gives predictions for a few isolated points in that field. This means that a
translation has to be made between the model results and the information to be supplied to the
end-user. This problem is encountered in all parts of civil engineering, and rigorous qualitative
modelling may have a role to play here. Hence it is addressed in the MICS-programme.

8.3 Significance for education
Many results of the research programme are embedded, directly or indirectly, in the regular
education programme (the modelling line: the 2nd and 3rd year courses IMOD-A, IMOD-B,
and the 3dr and 4th year packages on Hydraulics and Modelling, M1, M2 and M3). MICS-staff
is actively involved in the supervision of internships and practice periods, often in line with
ongoing research. Moreover, most MSc-thesis projects in MICS are somehow embedded in
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ongoing research. Ph.D.-students and post-docs actively participate in the supervision of those
projects.

9

Overview of scientific results
Theme a: Sediment Transport and Morphology
Scale interactions and compound model dynamics
In this research area, MICS has found a niche in seabed dynamics. In the reporting period, we
have been involved in a series of international research projects on tidal sandbanks and sand
waves. This has resulted in various publications in peer-reviewed scientific journals and a
considerable number of conference papers, often on invitation or as a keynote address. The
techniques developed can also be used in other parts of CE&M.
Scale flexibility and model aggregation
Via a number of strategic publications and addresses to conferences, MICS has contributed to
putting scale flexibility and model aggregation on the list of important research issues. The
concept of modelling in accordance with the natural hierarchy of scales was put forward. It
was developed for morphological systems, but it has been shown to be transferable to socioeconomic systems.
The limited access to numerical model systems has hampered the development of these ideas.
Through collaborations we will attempt to improve this situation.
Dealing with uncertainty
In the scientific world, dealing with uncertainty is widely recognised as a research issue, but it
is much less so in large parts of engineering practice. This is reflected in a limited possibility
to find appropriate research funds. Consequently, this theme is still poorly developed.
Collaboration with Delft University of Technology will be sought in order to achieve a critical
mass here.
Sediment transport processes
MICS operates in two areas of sediment transport: sheetflow (the intermittent fluidized-bed
state due to highly energetic waves) and graded sediment (non-uniform grain size and/or
density). MICS-staff members are involved in a variety of international projects. This has
resulted in a number of publications in peer-reviewed journals and a considerable number of
conference papers.
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Theme b: Integrated Modelling and Management
Pattern formation and scale interactions in socio-economy
Qualitative land use / land cover models have been developed and tested against data, e.g.
from a number of more or less isolated delta areas in the Mediterranean (Ebro, Rhone, Po).
Quantitative simulation models based on ABM are now being developed and lead to
promising results regarding pattern formation in land use/land cover.
Link with end users
This issue is presently addressed in an externally funded Ph.D.-project, which is linked to a
number of international projects. One of them is an EU demonstration project on integrated
coastal zone management of part of the Abruzzo coast, Italy. MICS was invited to provide the
basic methodology to this project. The Ph.D.-student was added to the team in order to try out
formal techniques for communication with end users.

10

Programme development
Theme a: Sediment Transport and Morphology
Scale interaction and compound model dynamics
We will try to keep the momentum gained by this part of the programme during the past five
years. Several new proposals are in preparation or have been submitted, to national
programmes, as well as to the EU. This theme fits well into the newly established part-time
chair “Morphology and Sediment Transport”. The links with the other parts of CE&M will be
developed further.
Scale flexibility and model aggregation
This issue has proven to act as a linking pin between the physically and socio-economically
oriented parts of MICS. In the future, it should be developed jointly by the new chairs
“Morphology and Sediment Transport” and the other chairs operating in this field. The
acquisition of new Ph.D.-projects and a better access to the relevant numerical model systems
are at the top of the priority list.
Dealing with uncertainty
This part needs to be developed further. By and by, it is recognised as an issue in the world of
practitioners and managers, but this remains to be translated into the availability of research
funds. MICS will keep on pursuing this development. In the meantime, one Ph.D.-project is in
progress on internal funds. In the next five years, research in this area is expected to take off
via a number of Ph.D.-projects, in morphology as well as socio-economy. Collaboration with
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other parts of CE&M where adjacent research is done is a prerequisite, collaboration with
Delft University of Technology is warranted by personnel overlaps.
Sediment transport and morphology
This part of the programme is expected to be able to maintain its present position. Although
most ongoing projects still have one or more years to go, a few new proposals will shortly be
submitted, in order to warrant continuity. The theme fits well under the new chair
“Morphology and Sediment Transport”.
The conformity of this research with the CE&M-programme is being challenged, but there are
various good reasons to continue this work, among which:
(1) the vital role of sediment transport and morphology in the sustainable development of
water systems with a mobile bed (rivers, estuaries, coasts, shelf seas), which justifies having
in-house expertise in these fields,
(2) having an active experimental research group, which stays abreast with new laboratory
techniques and is able to show students what water motion and sediment motion are like.

Theme b: Integrated Modelling and Management
General
Since prof. de Vriend resigned from the MICS-chair, there is great uncertainty about how the
vacancy shall be filled in. Hence, the future of the Integrated Modelling group of MICS is
uncertain. The best we can do at this moment is to look forward as if things remain
unchanged.
Pattern formation and scale interactions in socio-economy
The Ph.D.-student working on pattern formation will graduate this year. The results so far and
the availability of the ABM-model call for a sequel of this project. We may have to call upon
internal funding to materialise this.
Link with end user
Research on this issue is considered to be in an experimental phase. If formal techniques turn
out to have a role to play in the communication with the end users, this is a good reason to
maintain this as a research issue in the modelling programme.

11

Societal/technological relevance
The societal relevance of predictive modelling of the effects of engineering and management
measures on the systems we are considering is obvious. Traffic and transportation, as well as
the sustainable use of surface water systems, are major societal issues.
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MICS is a typical exponent of a quantitative approach to these issues, arguing that decisions,
also at the political level, ought to be based to a reasonable extent on quantitative information
and should not just be the outcome of a power contest. Recent discussions about major
infrastructural works (Betuwelijn, Maasvlakte-2, Second National Airport) and other human
interferences (gas mining in the Wadden Sea) seem to substantiate this point of view.
The various themes are also technologically relevant, in that they contribute to the elimination
of important caveats (non-linear dynamics, compound modelling, prediction under
uncertainty, multi-body interaction) in the body of knowledge and tools that is presently
available to practitioners in the field of civil engineering and management. That these caveats
are not always experienced as such should not be a reason to abstain from research to identify
them, to point out the potential risk they constitute and to fill them up wherever necessary and
possible.
In order to make sure that new knowledge penetrates into practice, research should not end
with a set of publications in highly ranked scientific journals. The knowledge has to be
transformed into products that are accessible and of use to the end-user (practitioner, manager,
politician, the general public). An open two-way interaction between researchers and endusers is of vital importance to the success of this research policy.
The practical relevance of MICS-research is reflected by external collaborations with nonuniversity institutions and companies, among which various Departments of Rijkswaterstaat,
WL|Delft Hydraulics, the Dutch Navy Hydrographic Survey, the Netherlands Institute of
Applied Geosciences, the European Union (DG XI, DG XII), the US Navy (ONR), the UK
Ministry of Agriculture Fisheries and Food, the oil companies NAM and STATOIL, and the
specialised advisory institutes Alkyon and Argoss. MICS actively participates in the
Netherlands Centre for Coastal Research, the Netherlands Centre for River Studies and the
Delft Cluster research programme.
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Programme design in brief

8.1 Mission
The research activities are focused on the technical and managerial aspects of the
functioning of transportation systems, from the transportation perspective or within a
broader social, economical or ecological context. By conducting both fundamental and
applied research, the programme aims to generate new multidisciplinary knowledge by
means of a system analytic approach and the design and development of engineering tools.
Characteristic features are quantitative analysis, simulation methods and information
processing techniques.

8.2 Research Programme
General
In the last decades, the developed world has learned a good deal from a long period of
weak transport planning, limited investment, emphasis on the short term and mistrust in
strategic transport modelling and decision making. Old transport problems (e.g. congestion,
pollution, accidents, financial deficits) do not fade away under the pressure of mild
attempts to reduce them through better traffic management; old problems reappear with
even greater vigour, pervading wider areas, and in their new forms they seem more
complex and difficult to handle.
A new contemporary dimension is the fact that most developing countries are suffering
serious transport problems as well. These are no longer just the lack of roads to connect
distant rural areas with markets. Indeed, the new transport problems bear some similarities
with those prevalent in the industrialised world; however, they have a number of very
distinctive features deserving a specific treatment (e.g. fast urbanisation and change, poor
accessibility and mobility for population groups, high demand for public transport, scarcity
of resources).
It is widely believed that there is a need for a different way of addressing the problems in
the transport sector. One of the most promising ways forward is to adopt an integral
approach to land-use and transportation planning and to internalise the concept of
sustainable development in planning and decision making.
More recently, advanced information technologies have received greater attention in the
transportation sector. Worldwide transport applications have entered a new era with the
activation of several strategic initiatives affecting both road infrastructure and vehicle
technologies. Central to such initiatives are the development of advanced transport
telematics systems and the implementation of a new generation of technological options in
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transport environment with a relevant impact in terms of improved traffic management,
increased efficiency and safety.
Applications and experiences are spreading not only for key off-line tasks (e.g. traffic
network design, pavement management and rehabilitation, traffic signal design, public
transport planning), but also in on-line ‘core tasks’ related to road traffic control and
management, where domain requirements are certainly more demanding but the potential
benefits are likely to be the highest. The number and variety of such applications have now
reached a level which clearly demonstrates the need for a systematic presentation and
analysis of this rapidly evolving research and application area.
The research programme in Transportation Engineering & Management can roughly be
subdivided into three themes, viz. Sustainable Development and Planning, Road Traffic
Information and Control and Road Engineering and Maintenance, although this
arrangement ignores a number of interesting cross-connections.

Theme a: Sustainable Development and Planning
This theme concentrates on travel demand analysis and forecasting, the design,
development and application of planning models, the design and evaluation of policy
scenarios and management schemes, assessment and internalisation of socio-economic and
environmental impacts of transportation systems, and policy and organisational issues, all
with an emphasis on sustainable development.

Theme b: Road Traffic Information and Control
This theme concentrates on technical and organisational aspects of using
telecommunications and information technology for strategic and operational dynamic
traffic management purposes. It includes the analysis of information demands,
technological assessment studies, the design, development, application and evaluation of
monitoring systems and management schemes, the design, development and validation of
simulation tools, and (multi-actor) policy and organisational issues.

Theme c: Road Engineering and Maintenance
This theme concentrates on the design, development and application of engineering tools
for managerial aspects of road construction and maintenance processes of asphalt
pavements. The focus is on both operational and strategic issues of pavement rehabilitation
processes in practice. From an operational point of view both the impacts of circumstantial
factors (e.g. weather conditions, logistics, human factors) and different engineering
schemes (e.g. roller processes) on asphalt pavement qualities are being investigated. The
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strategic issue deals with the optimal integration of road construction with traffic
management schemes.

8.3 Significance for education
Results of the research programme are predominantly embedded in the final two years of
the regular education programme:
- the packages Infrastructure Planning and Policy (V2) and Travel Demand
Analysis and Modelling (V5),
- the packages Dynamic Traffic Management (V1) and Strategic Traffic
Management (V7), and
- Road and Railroad Engineering.
Moreover, the staff is actively involved in the supervision of internships and practice
periods. A continually increasing part of the M.Sc. projects is embedded in or connected
with ongoing research. Ph.D. students actively participate in the supervision of those
projects.

9

Substantive overview of results
Theme a: Sustainable Development and Planning
Modelling for strategic planning
Most transportation planning models are inappropriate for strategic planning purposes
because of scale inflexibility and the level of detail. These models do not have the ability to
incorporate new information or integral approaches. For example, new insights in
household activity patterns or land-use transportation interactions can hardly be dealt with.
In a study exploring the existence of potential limits in car mobility growth a new strategic
planning model on a national scale has been developed. The model is based on a
microscopic utility approach for activity patterns and is able to deal with individual time
and money constraints. The model is calibrated with data from national surveys and has
been applied within a scenario framework.
Internalising sustainable development
In transportation planning and policy the concept of sustainable development is continually
receiving greater attention, especially in the transport sector. However, the majority of
theoretical research is descriptive and qualitative, and focused on defining the concept and
assessing various impacts. On the other hand, planning practice strives for sustainable
development by a fairly sectoral approach and implementing ad hoc modal shift measures
and infrastructure actions.
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To bridge this gap a conceptual framework has been developed to internalise the concept of
sustainable development within traditional transportation planning. The framework is based
on a review of the various definitions of the concepts “sustainability” and “development”
and the rare initiatives to adopt certain notions in a planning context. The conceptual
framework will be used to develop an integral land use-transportation model.
Effectiveness of co-operation
Usually, irrespective of scale, many actors are involved in transportation planning and
policy. Therefore, an integral transportation policy requires horizontal and vertical cooperation between several actors. However, co-operation tends to be not very effective.
Using the theory of fiscal federalism a conceptual model has been developed that relates
key factors in co-operation to indicators of effectiveness. These relations have been
empirically tested in a number of case studies, and translated into design rules for cooperation. Moreover, the approach has been adopted for the design and implementation of
a regional parking policy.
Presently, free competition and financing regimes play an important role in public transport
planning. In a research project the (potential) impacts of these aspects have been evaluated
for the performance of public transport systems.

Theme b: Road Traffic Information and Control
Traffic flow prediction
For a continuous and near optimal traffic flow throughput it is essential to detect upcoming
saturation levels in order that adequate measures can be taken to prevent congestion
phenomena. Because huge amounts of data are constantly processed, this is not an easy
task. The performance of a number of mathematical data processing techniques for shortterm prediction of traffic flow is being investigated for different qualities of data sets and
varying complexities of road networks. Analysis of data from the Netherlands and the USA
reveals that neural networks appear to be a promising option.
Guidance and control
In more branched road networks with route alternatives traffic management can be applied
to direct traffic flow. For ex ante evaluation studies it is essential to be able to simulate the
impacts of route choice behaviour on traffic flow in time. A research project has been
started to assess the potentials of dynamic traffic assignment techniques for traffic
simulation and transportation planning models.
Moreover, the transferability in time and place of the effects of a large range of dynamic
traffic management tools is empirically tested.
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Monitoring and management
The technological feasibility of a satellite communication system for monitoring and
management of urban public transport systems is studied within a pilot project. The first
results show that the technical performance of the GPS-system is reliable as those form
existing VETAG/VECOM systems.
Driver support tools
A new generation fuel-efficient support tool has been developed to support drivers in
achieving a fuel-efficient driving behaviour. The system is able to detect the context the
vehicle is in, to compare actual driving behaviour within that context with the optimal
behaviour and to give feedback to the driver on how to change this behaviour. In the
design, which has been patented, both technological, psychological and ergonomical
aspects are considered. Extensive tests in a driving simulator experiment have revealed that
substantial reductions in fuel consumption can be reached. Moreover, an ex ante simulation
study has shown that the adapted driving behaviour created by the support tool has no
adverse impacts on traffic flow performance and traffic safety.

Theme c: Road Engineering and Maintenance
Pavement rehabilitation is becoming of major importance compared with construction of
roads. Heavy flows on road networks, however, put tight time and spatial constraints on
maintenance works. These constraints imply that maintenance works regularly have to be
performed under less favourable circumstances (e.g. weather, darkness, time of day). An
aggregate evaluation study based on existing data sets has shown that strong indications
exist that under these circumstances the quality of (new) asphalt pavements is at stake.
Using a Finite Element Method a model has been designed to simulate the compaction
process of asphalt pavements under scenarios regarding roller schemes and weather
conditions. In addition, for calibration purposes, a new device has been developed, tested
and implemented to measure material properties of asphalt mixtures in the course of the
compaction process.

10

Programme development
Organisation
The first professor in Transportation Engineering & Management was appointed in April
1995. From January 1, 1997 he also acts as research director for Civil Engineering &
Management. In January 1998 a second (part-time) chair was established in Strategic and
Operational Traffic Management.
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Theme a: Sustainable Development and Planning
Research with respect to the assimilation of the concept of sustainable development in the
traditional planning tools will be intensified. Research challenges are the integration with
land-use models, expansion of the demand oriented approaches with supply-side factors,
and the adaptation from open-end to closed-loop formulations. A number of research
proposals are in preparation, partly in collaboration with IHE-Delft. With respect to this
research theme a start has been made to set up a research network of universities within
Europe, Africa and Asia for exchanging staff, Ph.D. and M.Sc. students working in this
field. The research scope is also broadened to traffic safety issues within planning, for
which co-operation with the SWOV is being established.
In order to improve the quality of transportation planning models, new initiatives are
currently taken to set up a research project for an ex-post evaluation of transportation
policy measures. For this project the collaboration with local authorities, and Dutch
research institutes and consultancy firms will be continued.

Theme b: Road Traffic Information and Control
The need for areawide traffic management schemes is evident. The effectiveness of local
traffic control actions is limited, and to increase traffic network efficiency a more integral
approach is needed.
Important issues are: evaluation of network performance, the potentials of floating car data,
sophistication of data processing techniques, the development of more adequate
characterisations of traffic flow, assessment of information demands for information and
monitoring systems, and the design of system architectures and organisation of local traffic
centres.
The research on this theme will heavily depend on 2nd and 3rd money stream. In
collaboration with other European universities and telecommunications and information
technology companies some EU proposals are already in a processing stage. The cooperation with national and local authorities will be continued. Some of these local
authorities already have shown serious interest in acting as a pilot for areawide traffic
management schemes, for a local traffic centre or for automated guided vehicle systems.
Within the FEST-project the fuel-efficient support tool is being extensively tested and
evaluated in a number of field trials. In this research project TNO Human Factors and an
automobile industry are partner. The FEST-project itself is part of a new research platform
on Intelligent Transport Systems involving universities in Sweden, The United Kingdom,
France and The United States.
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Theme c: Road Engineering and Maintenance
The current Ph.D.-project will end this year with the validation and application of the
compaction process model. In order to achieve a critical mass the collaboration with Delft
University of Technology will be continued. The scope of the research will be broadened in
three ways: extension with other quality parameters and materials of asphalt pavements, the
impacts of other circumstantial factors, and investigating the relation between initial
qualities and lifespan of the construction. Depending on completion of the chair
collaboration will also be sought with the chair of Construction Engineering.

11

Societal/technological relevance
Actually the research programme in Transportation Engineering & Management has been
established since 1996. Due to the phase lag between input, production and actual output
(publication date), the demonstrable societal/technological impact is still weak.
However, the practical relevance of the research is reflected by external collaborations with
non-university institutions and companies, among which the various Departments of
Rijkswaterstaat, the Ministry of Transport and Public Works, several local authorities,
TNO-institutes, CROW, SWOV, public transport companies and consultancy firms.
Part of the staff is part-time employed in consultancy firms.
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Programme design in brief

8.1 Mission
The mission of the Water Resources Group is to improve the allocation and use of water
taking into account interests from the points of view of social needs, economy, ecology,
natural values, and institutional settings, in short: integrated water resources management.
This is pursued by studying natural phenomena, and management approaches with the aim
of supporting decision-making. The scope of research ranges from the problem
formulation in water resources management to identification of management options and
the evaluation of impacts of a selected set of measures. Strong emphasis is placed on the
multi-disciplinary aspects.

8.2 Research programme
The problem domain
The last decades show a growing interest of both policy makers and researchers in the
interaction between socio-economic, ecological, and geophysical processes in water
resources. The Water Resources group therefore studies these aspects with emphasis on
their interrelations. Most of the work is in the domain of strategic planning on a large scale
(e.g. an entire river catchment area on a time scale of decades). The main application field
is river management but related topics for wetlands or coastal zones are also studied. Points
of interest range from environmental planning and the regional effects of climate change to
analyzing options for river managers in reconciling possible conflicting objectives. The
decision-maker often is interested in the overall effects and the corresponding uncertainties
(see Figure 1). A significant part of the research is aimed at developing integrated models
for decision support.

Objectives
The overall objectives of the research are:
1. to improve methods for integrated water management
2. to improve the dissemination of this knowledge to the water management community
3. to improve the scientific education in the field of integrated water management
4. to support and strengthen new conceptual developments in the field.
The resulting knowledge, working methods, control strategies and (prototype) computer
tools are, whenever possible, evaluated for practical applications. The overall outcome
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should be improved methods for the analysis of impacts in integrated water systems, based
on new techniques, computer support tools and working practice.

Scenarios

Database

Results of other
strategies

Objectives
actors

Decision
maker

Desired state

Model base

. Socio

Impacts and
priorities
Projected
state

. Economic
. Technical

Measures

impact assessment

evaluation

Figure 1: schematic representation of a water management system model

Approach
The unique property of integrated water management is that processes and tools are
described in some aggregated way. Consequently, a thorough analysis is needed to arrive at
consistent and appropriate problem definitions, (i) in which there is a balance in detail and
reliability of various subsystems and (ii) which are at the right level of detail for answering
the questions at hand. This means that the following aspects are of importance:
• How good are models of physical, ecological, economic (etc.) processes at various
levels of detail? The answer depends on the aspect considered. Example: how much
accuracy is gained in describing flooding by advancing from a 1D to a 2D or 3D model
of flood waves in rivers?
• What is the importance of each process in an integrated system (again depending on
the aspect considered)? Example: How important are the development with time and
the duration of an inundation in case of river flooding to estimate total flood damage?
• How do uncertainties propagate? Example: how accurately can total damage of a flood
be estimated if there is a basic uncertainty in damage to individual houses?
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What is the level of accuracy needed to distinguish between various management
options? Example: How accurately should total damage be known to distinguish
between building levees or relocating inhabitants away from threatened regions?

The research programme
The research deals with physical processes and modelling and generation of methodologies
for water resources management, represented in computer tools. Some important topics
derived from the approach described above are:
- process of consistent problem formulation for integrated models of river basins or
wetlands areas
- system design consistent with the type of questions to be solved by the decision maker
- selection of the appropriate time and space scales, e.g. in hydrologic modelling, flood
damage evaluation
- disciplinary integration of subsystems into balanced integrated models
- development of simulation methods
- communication of results to the decision maker

8.3 The significance for education
Significant parts of the courses related to physical processes, water management and
decision making contain both a theoretical part and practical applications, based on the
research results. Research contributions have been included in the following courses:
- water resources planning (hydrology, water supply, water use and water distribution)
(W1)
- water management (water infrastructure, decision making, conceptual design of system
models) (W3)
- environmental management (environmental problems and management options in water
systems) (W4)
- decision making under uncertainty (risk analysis, simulation, decision making) (W6)
Part of the material is also included Post Academic courses.

9

Overview of academic results
Process of problem formulation
The process of problem formulation identifies the difference between the present state and
the required state and a formulation of means to get there. This classical approach of
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problem formulation is the basis of an approach for designing information systems. In the
Ph.D. thesis of Nieuwkamer this concept has been elaborated theoretically for single or
multiple actors in river management. Verbeek showed that some of the means and
objectives in water management tend to change with time in the design phase. This is
related to the acceptance level of means and objectives (support) and on the other hand the
clarity of impacts (consistency). This yields a classification system for projects for which
information systems can be developed successfully and projects for which this will not be
the case. Jasperse analysed the causes of time delays in the design and execution of 50
river restoration projects. The most important delay was in acquiring the necessary strips of
land. Information systems are of little help for this type of problems. Van Hijum studies the
way public water management is financed within its institutional context. The main
research question is how institutional design (fiscal decentralization) affects the legitimacy
of charging for water management and water services.

System design and selection of the appropriate time and space scales
An information system for water management should produce the required output with a
certain accuracy related to the decision or control space. Furthermore it is required that the
system is internally consistent, meaning that the contribution to the output uncertainty of
each of the sub-models, the measures and the data is similar. This requirement provides a
norm for the selection of data, sub-models and scenarios.
De Blois analysed an existing transport model for contaminants in the Rhine and found that
internal consistency is not obvious. He designed an internally consistent model for flood
damage in the Meuse River. Attention in this ongoing project is focussed on the selection
of appropriate time- and space scales, given accurate GIS data and less accurate water level
and flood damage prediction.
In all river management problems, uncertainty in inflow of water is essential. Booij works
on an analysis of the accuracy and time- and space scales needed to represent impacts of
climate change in discharges of the Meuse River, starting from GCM (general circulation
model) results which have only a limited reliability.
In a recently started study of the Red River Delta, Vietnam, Phan studies the level of detail
of models for tidal flow, salinity and nutrient transport and sedimentation in one of the Red
River estuaries, with a view on long-term effects such as precipitation changes, sea level
rise, dam construction, irrigation practice.

Disciplinary integration
Dynamic interaction between processes is one the particular features of integrated water
management. A system in which a number of disciplines (concepts) are integrated, should
represent the observed overall behavior as well as characterize the evolution of each of the
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disciplinary subsystems. A project by a number of universities for integrated coastal zone
management in Sulawesi was constructed in which the role of WRM was to formulate the
integration between the disciplinary concepts. This resulted in a demonstration decision
support system and a number of papers combining fisheries, corals, economy and cultural
anthropology, using techniques like fuzzy logic, fuzzy cognitive maps and a scenario
approach. The study of the dynamic interaction between disciplines is also one of the topics
in a project on the Wadden Sea region in The Netherlands, carried out in co-operation with
the University of Maastricht, the University of Utrecht and the Department of the Environment.

Communication of results to the end-user
In Decision Support Systems, attention is paid to three aspects of communication of the
results to the end-user:
A: consistent approach of measures, objectives and scenarios.
B: representation of the structure of the system
C: presentation of spatial and temporal data
In both the Sulawesi and Wadden Sea models, these aspects have been demonstrated.

10

Programme development
As the programme is far from completed, it will be continued in the near future. A number
of actions are already under way, directed towards integrated water management. Our
choice is not to concentrate primarily on technical actions for alleviation of water
problems, but to study the management aspect of water resources, i.e. the process leading
to decisions involved in handling water problems. In a sense this is methodological
research, but it is conducted on the basis of actual water resources problems, such that the
special type of problems occurring in this field is taken into account. This includes
technical, physical, ecological and economic interactions with the objective to clarify
management options to decision makers in water resources. The following topics are
included.

Process of problem formulation
The problem formulation in a water resources project often has to deal with various
uncertainties. To formulate these uncertainties, the following questions arise:
• What is the information demand in the design phase of a water resources project? How
can the management objectives be characterized (e.g. by expected utility) and how large
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is the decision space in which managers can operate?
• How does the information demand change in time? How can a decision support system
take these changes into account?
• How does the perception of the complex system in which water resources
management takes place influence the formulation of objectives?
Actions already taken:
- A project to analyse decision space for a water resources project has been submitted to
the Delft Cluster.
- Analysis of information demand will be incorporated in new projects on the Elbe
River, financed externally by the German Government.
- In a research project together with TAUW Consultants, the process of problem
formulation in water management is being studied in terms of adaptive complex systems.
- A research project is being prepared on establishing the relative importance of criteria
such as hydraulic conditions (flooding frequency), ecologic requirements (suitability for
certain types of nature development) and environmental (pollution) aspects for
management of river flood plains.

Systems design and the selection of appropriate time and space
scales
The problem formulation usually gives rise to the development of a model, simulation or
decision support system. For heterogenic systems (i.e. systems involving technical,
economic, social, institutional aspects), the level of detail for various components should
be determined. The components are generally connected in a feedback system and
therefore cannot be considered separately. A consistent way of model development is
needed in which the components are:
• sufficiently detailed to represent essential links and feedbacks in the system
• no more detailed or accurate than is warranted by uncertainties in data and objectives
Actions already taken:
- A project on the selection of the appropriate time and space scales, given the uncertainty
in data and processes. A subject of application is flood damage.
- A project on the relation between the choice of system limits and management objectives,
e.g. for the Wadden Sea region.
- Uncertainty in the observations related to the uncertainty in management variables will be
studied in a project “sustainable development of natural resources”.
- The spatial resolution for the analysis of the impacts of changes in land use on
agricultural production and water quality is one of the topics in a Ph.D. project on river
basin management in Sumatra.
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- The modelling requirements for supporting management of the Meuse river will be
studied considering flood prevention, nature preservation and navigation as the major
(conflicting) objectives.

Disciplinary integration
The integration between disciplines is an essential part of most projects mentioned above.
It is studied in that context and not as a separate item.

Communication of the results to the end-user
In the information systems developed by WRM in co-operation with other universities,
attention is paid to the user friendliness: impacts of measures is represented spatially as
well as in graphs and tables. It is not our purpose to develop new graphical presentation
techniques, but to find ways to present information to decision makers using available
tools. Two lines that will be followed somewhat further are “making the end-user more
aware of the increasing uncertainty of the results with increasing time horizon” and “the
use of information systems in gaming”.

Operational management
Apart from strategic water management on large scale in space and time, the field of
application will be extended to operational management as this often is an important aspect
of the overall performance of water systems. The type of questions is:
• Which (existing) optimization techniques are most suitable for multi-objective systems
with stochastic input?
• How can uncertainties be taken into account?
• How can the planning horizon be extended by using advanced prediction techniques for
precipitation and flood propagation?
Actions already taken:
- A cooperation project with the University of Yichang (China) on multipurpose storage
reservoirs in rivers will be started soon with financial support from KNAW.
- A project on reservoir management in the Yellow River (China) is being discussed with
the river manager.
- Several student projects have already been done on sizing and operational management
of flood retention basins, which may be continued.
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11.1 Societal/technological relevance
The emphasis on better methods for allocation and use of water implies a direct societal
relevance. The technological relevance is that the design of the systems used for predictive
modelling in water management needs to be brought to a more scientific level.

11.2 Local, national and international co-operation
To bridge the gap between science and decision making in water resources management,
co-operation is initiated and stimulated with the Departments of Public Administration and
Business Administration. This has resulted in joint Ph.D. theses and the exchange of
students.
At a national level, the water management group from the Province of Overijssel and
WRM have investigated the main problems in using scientific information in water
resources management. The Province provided the funds for two Ph.D. theses and has
suggested to extend the co-operation with another Ph.D. student. Rijkswaterstaat,
directorate Limburg has formulated and financed a research programme for the
Management of the river Meuse in which presently two Ph.D. students are working.
Furthermore WRM has participated in the Netherlands School for Advanced Studies in
Hydraulic and Geotechnical Engineering and the Land Water Impulse Programme. Also,
we participate (together with the Integrated Modelling Department) in the Netherlands
Centre for River Studies, which involves all major Dutch institutes in this field and which
aims at enhancing common research.
International co-operation has been effectuated in various WOTRO programmes:
sustainable development of the coastal zone of Sulawesi (Hassanudin University in Ujung
Pandang, Indonesia) and Impacts of long-term changes on the Red River Delta (Vietnam
National University, Hanoi).
A feasibility study for development of a knowledge system for management of the Elbe
basin is performed with the Bundesanstallt fur Gewässerkunde (Koblenz), based on the
results of an extensive German Research Programme carried out by 28 German
Universities and Institutions. Initiated by Chinese interest in the research results of WRM,
the options of research collaboration for the Yellow River and the Yang Tse River are
being explored.
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