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1 MODERN SOCIETIES 

1.1 European challenges 
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Figure 1.  European challenges in the 21st century 

 
At the rise of the XXIst century, the European Socie-
ty is facing an overwhelming number of challenges: 
demography changes, climate change, globalization, 
and the gloomy perspectives of declining natural re-
sources such as drinking water and fossil fuels. And 
yet, society is still expecting better living conditions 
from its built environment: accessible and comforta-
ble for all, durably enjoyable, flexible to changing 
demands, available and affordable. In achieving this 
goal one thinks of:  
 more involvement of human sciences;  
 developing customer focus and nature-friendly 

innovative processes;  
 information technologies at all levels;  
 advanced designing based on modeling and simu-

lation; 
 advanced embedded electronics;  
 advanced monitoring techniques and wireless in-

telligent sensors;  
 integrated demand and asset management;  

 nano- and bio-technologies for new multifunc-
tional materials;  

 communication technologies at all levels stream-
lining the ever growing flow of information and 
irrigating knowledge; 

 services offered by satellites for positioning and 
monitoring works. 

Great challenges! Global issues of the European 
R&D policy, i.e. 
 The Lisbon strategic goal (2000) to become by 

2010 the most competitive and dynamic 
knowledge-based economy in the world; 

 The Barcelona goal (2002) of raising Europe’s 
level of research investment from currently 1.95% 
of GDP to 3% by 2010, of which two-thirds 
should be from private sources, 

represent a big challenge to the engineering sector, 
in charge of creating, constructing and maintaining a 
proper living and working environment with ample 
place for leisure, sustainable growth and nature, in a 
globalizing world where sharing and competing 
crosses all borders. 
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Figure 2.  Global competition in the 21st century 
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ABSTRACT: A firm embedding of the geotechnical profession in society can be achieved by establishing a 
harmonized learning and design environment in which challenges of today and the future are dealt with in an 
efficient and creative way. The present lecture is devoted to the role of geotechnical engineers in modern soci-
eties and to knowledge management and ICT. There are prominent challenges for geo-engineers in biotech-
nology, gaming, on-line monitoring, risk management and geo-energy. The future of geo-engineering, if 
properly embedded and its social benefits clearly communicated, can be attractive, exciting and valuable. 



Furthermore, social demands must be placed in 
the perspective of the enlargement of the European 
Union and development of the single market. Taking 
into account the continual evolution of the European 
regulatory framework is an important consideration 
for any research action undertaken, in order to antic-
ipate to the application of the directives in the con-
text of the sector’s activities, to prepare new prod-
ucts and processes which are called for. 

 

 
Figure 3.  Aspects of sustainable growth in the 21st century 

1.2 Innovation in a new agora 

Innovation cycles exist in many forms. Figure 4 
shows three of them: knowledge cycle, engineering 
cycle and market cycle in connection with the subse-
quent processes of performing research, further de-
velopment for application and finally the innovation 
itself, i.e. successfully used in practice. Related out-
put are: disciplines, technologies, products and ser-
vices. 

 

 
Figure 4.  Innovation cycles (Berkhout, 2000) 

 
It is worthwhile to notice how money flows in 

this system. From left to right the knowledge (art) 
flows to social  benefit. In the first cycle money is 
invested and converted into knowledge, usually 
money from taxes. In the engineering cycle invest-
ments are made for practical development, either by 
public or private financial support. In this cycle a 
clear view on return of investment is required. In the 
market cycle the art is finally converted by large 
scale applications into money, but … usually share-
holders take most of the profits. It would be a better 
society if the financial loop is closed – money earned 
in the market is directly invested in new knowledge 
which unfortunately is not. The return of investment 

of money invested in the first cycle is very high in 
the last cycle; a factor of 20 to 40 is not unusual. In-
vestment in R&D seems in fact better than the stock 
market! 
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Figure 5.  Stakeholders in the new agora (Barends, 2005) 
 
For the stimulation of these innovation cycles 

stakeholders are crucial. Society counts a variety of 
such species, each with its own desire and concern, 
or motive and fear. Politicians are not interested in 
money or cost reduction. At present multi-nationals 
and politicians seem to be dominant. Authorities be-
come nervous from being accused of negligence and 
carelessness. Industry is in principle not transparent, 
and for them profit is the drive. It is not easy to con-
vince them that to some extent sharing knowledge is 
more  profitable than protecting it. A strong role is 
and probably will continue to be played by the me-
dia. Damage, failure and corruption are magnified in 
mass media, as a public trial, producing negative im-
age. Media are however also the perfect carrier of 
positive achievement and messages,  particularly 
when they inspire emotion. Scientists complain that 
economic and political forces are undermining integ-
rity. People require security and comfort in a society 
where risks are increasing because of its dependency 
on technology, and nature appears to become the un-
derdog. Science and technology have to provide the 
answers. There is no alternative. 

Decisions are made in this new agora where the 
context is defined, where public and private interests 
meet, where different opinions emerge, and where – 
if they want to play a role – geo-engineers must raise 
their voice. If we express our added value in correct 
wording, in a context easily understood by stake-
holders, our position will gain strength and the value 
it deserves. 

1.3 R&D market in Europe 

In 2000 in Lisbon the EU member states decided to 
create a single EU area for R&D (ERA) and that EU 
becomes the most competing and dynamic 
knowledge economy in the world by: 
 Supporting network capacities and facilities in se-

lected area’s; 
 Scientific and technical support to policies; 
 Promoting (tomorrows research) excellence. 



The Framework Programs are important instruments 
and they offer support for international cooperation 
in R&D. The actual European framework program 
(nr 7) started in 2007, runs for 7 years and contains 
the following main topics  
 Cooperation (32 billion euro) 10 themes;  
 Ideas (7.5 billion), via a European Research 

Council; 
 People (4.5 billion), b. e. MarieCurie;  
 Capacities (4.2 billion) 5 themes. 
Besides FP7 there are other frames: Joint Research 
Centre (1.7 billion), EUREKA, ERANET, … and 
instruments: JTIs (joint technical initiatives) and 
ETPs (European technology platforms). At the mo-
ment there are about 30 ETPs. For geo-engineering 
the following ones are interesting: 
 ECTP: European Construction Technology Plat-

form; 
 ERTRAC: European Road Transport Research 

Advisory Council; 
 MANUFUTURE: Future Manufacturing Tech-

nologies; 
 WSSTP: Water Supply and Sanitation Technolo-

gy Platform. 
The construction sector organized itself on European 
level in the ECTP (European Construction Technol-
ogy Platform), recognized by the European Commis-
sion. It produced a vision document Vision 2030, 
which has been composed out of many discussions 
and contributions of a few hundreds of top engineers 
of European companies, institutes, etc. It also pro-
duced next to that  the so-called Strategic Research 
Agenda (SRA), which contains many suggestions 
that should be considered when realizing the Vision 
2030. To achieve these goals research has to be un-
dertaken already from now. Recently, an Implemen-
tation Action Plan (IAP) was produced; a kind of 
time schedule of prioritized research proposals (see 
www.ectp.org). This action plan will be considered 
when lobbying for the Calls under the actual and fu-
ture research framework programs. 

 

 
Figure 6. Structure of focus areas (FAs) of the ECTP 
 

The structure of the ECTP consists of so-called  
focus areas (FAs), object driven and generic. For fur-
ther information Bas Hemmen can be contacted 
(bas.hemmen@deltares.nl). 

 
GEO Denmark Niels Krebs Ovesen 

GeoDelft Netherlands Joost Wentink, 

Frans Barends

LCPC France Jean-Pièrre Magnan

LNEC Portugal, Pedro Sêco e Pinto,

NGI Norway Suzanne Lacasse,

Knut Andersen

SGI Sweden Göran Holm,

ILG Germany Rolf Katzenbach

CEDEX Spain Vincente Cuellar

BRE United Kingdom John Powell

ISSMGE Belgium, World William van Impe,

Neal Taylor

GEO Denmark Niels Krebs Ovesen 

GeoDelft Netherlands Joost Wentink, 

Frans Barends

LCPC France Jean-Pièrre Magnan

LNEC Portugal, Pedro Sêco e Pinto,

NGI Norway Suzanne Lacasse,

Knut Andersen

SGI Sweden Göran Holm,

ILG

GEO Denmark Niels Krebs Ovesen 

GeoDelft Netherlands Joost Wentink, 

Frans Barends

LCPC France Jean-Pièrre Magnan

LNEC Portugal, Pedro Sêco e Pinto,

NGI Norway Suzanne Lacasse,

Knut Andersen

SGI Sweden Göran Holm,

ILG Germany Rolf Katzenbach

CEDEX Spain Vincente Cuellar

BRE United Kingdom John Powell

ISSMGE Belgium, World William van Impe,

Neal Taylor  
Figure 7.  Founders of a European institutional platform 

 
At the XV ICSMGE 2001 in Istanbul, ten leading 

research institutes/organizations gathered to join 
forces for and institutional R&D policy at European 
level. The outcome was comprised in a prioritized 
agenda and the following goals: 
 proper recognizance in societies; 
 participate in international networks; 
 leading in geotechnical R&D policy and direc-

tives; 
 towards complementary transnational institutes; 
 attractive image for professional continuity; 
 bridging science and practice in geotechnics. 
It led to the establishment of ELGIP in 2002. ELGIP 
regroups prominent research organizations from Eu-
ropean countries working in the field of geotechnics, 
one representative institute per state. At the moment 
ELGIP counts 12 European member states. The plat-
form provides an operational framework for the 
promotion, exchange and integration of expertise, 
experience and efficiency within a common policy 
for research, development and innovation, to assess, 
prevent and mitigate at European level the effects of 
construction costs and risks, effects of natural and 
anthropogenic hazards, and effects of regulations 
and methods, in the field of geotechnics 
(www.elgip.net). 

In 2004 YELGIP (the young ELGIP, researchers 
under 35 of age) was established, with a major focus 
on training and exchange. YELGIP meets twice a 
year and organizes specialty workshops with young 
industrials. YELGIP foresees in the future that new 
generation engineers will easily share knowledge 
and experience in a healthy competitive environ-
ment, that new generation policy makers will base 
their decisions on expert-systems with massive data 
streams, that new generation design models combine 
soft and hard data and uncertainty, and that the pro-
fessional environment will be characterized by deci-
sion-making support and risk management systems 
in a life-time learning and working environment. 

http://www.elgip.net/
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Figure 8.  Partners in the EU-project GeoTechNet. 

 
A leading research/policy achievement was pro-

duced by the EU-project GeoTechNet (running un-
der FP5, which was completed in 2005. The prod-
ucts are 
 Database framework for expert knowledge; 
 Harmonization of Eurocode 7 with respect to the 

National Annex; 
 General view on design tools; 
 Aspects of environmental impact and site safety 

for/from geo-engineering activities; 
 View on social-economic impacts of natural geo-

hazards, i.e. landslides, earthquakes and floods. 
The outcome of GeoTechNet can be seen as a re-
search agenda (see www.geotechnet.org). 

2 KNOWLEDGE MANAGEMENT 

New possibilities and changes in information and 
communications brought out by the global power of 
ICT have created a new ‘art’: knowledge manage-
ment. With rapidly growing capabilities of infor-
mation exchange, individuality in teaching is vanish-
ing, education is becoming transparent, and new 
modes of cooperation are developing.  

2.1 Knowledge transfer 

Knowing is equal to giving trust, inevitable in mod-
ern societies. New inventions influence society and 
vice versa, and acceptance of technology is a typical 
social process. What we know is usually not based 
on personal experience but on the testimonies of ex-
perts. Society asks experts for proof, but experts are 
usually mistrusted.  

Today the world is even more dependent on the 
statements of scientists and experts and the call for 
proof and control in knowledgeable societies for ac-
ceptance of new technologies becomes louder. In-
spiring trust by communication and sharing in and 
beyond the field of our profession become inevitable 
for progress. Proper dissemination of knowledge is 
therefore crucial to our way of life.  

Thus, beside the knowledge itself, the persons in-
volved are important. Therefore, education and train-
ing are a permanent part of life and they deserve 

continuous attention. Knowledge transfer takes place 
in many forms and ways. It is the transfer of 
knowledge from a provider to a receiver, by subject 
or object-organized information, in terms of orally 
presented ideas or written instructions, implicit 
and/or explicit, as shown in the diagram: 

 
provider   i mplicit   e xplicit   

receiver   
i mplicit   11.  s ocialization   12.  i nternalizatio  n   

e xplicit   21.  e xternalization   22.  c ombination   
 

 
Implicit means inherent, suggested or being un-

derstood while explicit means definite or distinctly 
and clearly expressed. In communication and infor-
mation exchange it is therefore obvious to connect 
implicit to mind (expressed, explained, and subjec-
tive) and explicit to word (written, defined and ob-
jective). Where minds interfere in consensus (brain-
storm) socialization is created (11). Words may be 
combined to define commitment (22). Self-education 
is when words are used to enter the mind, i.e. by in-
struction (12). When the mind is used to create 
words, it is teaching, i.e. expressing the meaning 
clearly and understandably to an audience (21). This 
deduction is helpful in understanding means of in-
formation and communication, and hence to give di-
rection and proper expectation from the outrageous 
developments in ICT. 

 

 
Figure 9.  Scheme of knowledge aspects and its carriers 

 
In Figure 9, the type of knowledge (validated, in-

novative, applied and commodity knowledge), the 
place of action (school and practice) and the transfer 
itself (communication and training) is shown. One 
may distinguish a diagonal of teaching and training, 
and a diagonal of communication and application. 
Typical CT-tools Dbase, Ebase and Vbase are incor-
porated in the background, where they can be of 
support in the transfer. The two circles, represents 
the growth of individual knowledge, i.e. a line of 

http://www.geotechnet.org/


personal development (clockwise). The counter 
clock-wise shows the dissemination of knowledge, 
i.e. a line of transfer.  

The purpose of this diagram is to clarify the pro-
cesses of knowledge transfer and to recognize the 
corresponding context. Is exchange of knowledge 
(communication) achieved by sharing opinions, by 
teaching, by reading and study, or by legislation, 
regulations and guidelines? This distinction makes it 
easier to understand the relations and interactions in 
communication, how Knowledge Mangement and to 
what extent ICT-tools can provide support. The 
schemes could assist in defining the requirements 
and specifications for ICT tools to be developed in 
their specific contexts. 

2.2 Knowledge Management aspects 

Typical ICT-tools Dbase, Ebase and Vbase can be 
recognized by considering the aspects of knowledge. 

 

knowledge 
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1 

mode     2 

3 
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wisdom value vici 
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1 
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Figure 10. Knowledge aspects (Barends, 2005) 

2.2.1 Knowledge mode 1, veni: facts, data 
The collection and organization of facts or data has 
become very popular given the power of today’s 
computers. Only a decade ago, research involved 
spending many hours in archives and libraries, but 
now the Internet and on-line databases have made 
basic information (facts and data) transparent, more 
complete and abundant. In order to deal with the 
overwhelming quantity of data, selection and quality 
become pre-eminent. Facts and data should be objec-
tive (without individual interpretation), and describe 
a reality unconditionally and repeatedly. Facts can be 
easily archived in databases, if properly designed, 
and transparency can, in principle, be provided any-
where any time through ICT. 

2.2.2 Knowledge mode 2, vidi: experience, meaning 
In practical situations the context in which data is 
applied is essential. It makes data meaningful. In a 
context it becomes information. A context is howev-
er a subjective perception of a reality, in which spe-
cific interests play a role. Hence, context depends on 
individual values and personal experience (education 
and training) and on communication (visualization in 

media and in public debate). At present, most expe-
rience is institutionalized in professional disciplines, 
where specific values are understood and cherished, 
and frequently associated with engineering achieve-
ments and prior learning. The development of expe-
rience through the professional disciplines was the 
only practical route prior to the arrival of modern 
computers. Faced with the potential of ITC, we need 
to question fundamentally how professional values 
can really benefit Knowledge Management, or 
whether new structures should emerge. 

2.2.3 Knowledge mode 3, vici: wisdom, value 
The ultimate purpose of knowledge is to achieve a 
better world incorporating through wisdom all natu-
ral (ecological), emotional (social), spiritual (cultur-
al) and rational (economical) values. Wisdom pro-
vides the ethical context for knowledge, balancing 
all the different pressures in life to achieve harmony. 
Conflicts between perceptions and interest, prestige 
and power, are settled by allowing absolute quality, 
i.e. truth and reality, to attain the highest status and 
take priority. Questions today are becoming so com-
plex that the best solutions can be achieved only by 
open-minded cooperation. It requires much effort 
and pure ambitions. 

2.3 ICT-tools 

2.3.1 Dbase 
Despite the abundance of databases in use every-
where, it is a challenge to truly capture reality in the 
form of facts and store these as a collective memory, 
which is designed to be transparent, consistent and 
extensive. Computer databases will become an in-
evitable collective human memory expansion. An il-
lustrative example is the enormous development in 
biotechnology, where genetic modification is made 
possible by freely sharing plenty of facts. Although 
ownership of data is still an issue, the data will be-
come free in the coming years; its users will share 
the cost and effort of data maintenance. 

2.3.2 Ebase 
A database of information (data in an experience 
context) is a different concept to a database of facts, 
as we have in common use today. At present exper-
tise knowledge is stored in handbooks, encyclopedi-
as, lecture books, PhD theses, professional reports, 
publications, computer programs, etc. How we can 
store this knowledge in ‘collective brains’, which are 
designed to be logical, communicative and, above 
all, associative, is an important current research topic 
in geotechnics. How computers can really be of help 
to extend the human associative mind is still an open 
question, but it will be solved in future. Already to-
day new communication skills are being developed 
in electronic workshops and in virtual brainstorming 
sessions, with interactive decision-making support 



systems. The concept of expertise-bases (Ebases) 
will open the way to a free exchange of ideas and 
expertise. Their users will share the cost of mainte-
nance and updating of corresponding systems and 
concepts. It will become generally accepted that 
sharing information improves profitability, competi-
tiveness and value (benefit). 

2.3.3 Vbase  
At the highest level, we are really discussing how 
knowledge contributes to quantifying values, of all 
types: the value of life, value of freedom, value of 
nature, value of wealth, value of power, value of 
prosperity, etc. The greatest challenge facing us in 
Knowledge Management is to define a socially, cul-
turally, ecologically, economically and scientifically 
sound and consistent scale of measures, against 
which aims and strategies can be evaluated. This is a 
story of economic, social and cultural norms and 
values, which develop and change with time. Gener-
ic achievements in this respect should be collected in 
transparent documents, its electronic manifestation 
called the Vbase. Spiritual values of various cultures 
would have a prominent place in such a Knowledge 
Management base. Vbases could play the leading 
role in valuing knowledge development along a way 
of progress. Such a concept would have important 
consequences for the future of information, commu-
nication, education, learning and training. There is 
yet much to explore. 

3 ROLE FOR GEO-ENGINEERING 

3.1 Image of geo-engineering 

 
Figure 11.  Experience from the real world 

 
Joost Wentink, an experienced contractor and 

consultant, and not a geotechnician but acquainted 
with geotechnical specialists as former director of 
GeoDelft, stated: “Without exception, if you work in 
the construction sector, in any function, you will be 
confronted with the aspect soil. Every project seems 
to get a calamity, small or large, related to soil. I 
thought that after such an event the soil mechanics 
advisor was wrong, but now I know that every advi-
sor could be right. The difference is the individual 

risk perception related to the intrinsic large uncer-
tainty in soils.” 

Geo-engineering is typically an embedded tech-
nology, characterized by low visibility and high im-
pact. We learn mostly through failures and that gives 
a bad image. In this respect geo-engineering is simi-
lar to the medical science, the improvement of which 
largely depends on trial and error. However, personal 
health invokes a great amount of emotion which 
geo-engineering does not. 

 

 
Figure 12.  Facts in the geo-engineering’s profession 
 

Most construction projects suffer 10 to 20% 
cost/time exceedence, which for 50% is due to insuf-
ficient geotechnical concern. This is not generally 
recognized. How should we communicate these 
facts? Geo-engineering should play a major role in 
sustainability, natural hazard mitigation and geo-
energy. New frontiers are arising, in other disci-
plines. Breakthroughs are achieved in nano-, senso-, 
and bio-technologies and in geothermics by adopting 
a multi-disciplinary approach. Also geotechnicians 
should join forces beyond their professional bounda-
ries. 

In the Netherlands, the geotechnical institute 
GeoDelft, founded in 1934, ceased to exist in 2008 
as a single player. GeoDelft merged with WL|Delft 
Hydraulics, with TNO-Ground(water), and three 
governmental institutes RIKZ (coasts and sea), RIZA 
(water quality), DWW (roads and dikes) into a new 
multi-disciplinary knowledge institute, named 
DELTARES. It will employ a small thousand people 
and operate on the market (research contracts, top-
consultancy) and has a substantial subsidized nation-
al task. This move suits development in modern so-
cieties, i.e. merging technologies and cultures and 
providing for multi-disciplinary approach to com-
plex problems, without losing its collective memory.  

3.2 Promising challenges 

The following attractive, exciting and valuable chal-
lenges, related to new developments in micro-
electronics, fast computers and Internet, are men-
tioned: GeoQ (risk management), GeoGaming (vir-
tual training), GeoSenso (real-time monitoring), 
GeoBrain (combining experience and expertise), 
Geo-Energy (exploiting earth warmth), and 
Smartsoils® (bio-chemo-technology at micro-scale).  



3.2.1 GeoQ 
The unavoidable ground-related uncertainty, as en-
countered in any construction project, is put by 
GeoQ in a structured risk management framework. 
Risk management aims to minimize failure and costs 
and maximize purpose and quality by in-depth ex-
pertise and experience, cyclic risk management pro-
cess, and attention to the so-called people factor 
(communication, dealing with risk perception). 

 

 
Figure 13. The cyclic risk management process 
 

The culprit of the high uncertainty in geo-
engineering is the natural (unseen) variability of the 
underground. It is characterized in a threefold man-
ner: 
 random    – lack of specific pattern; 
 fuzzy       – imprecise definition; 
 incomplete  – missing information, 
each requiring special treatment and mitigation. 

The resulting ground uncertainty is a major driver 
of risk, within any type of activity within the subsoil. 
Failure costs in the construction industries are typi-
cally assessed between 10 % and 30 % of the turno-
ver in the construction industry, which represents 
billions of euro per year. While the profit margins 
within the construction industry are typically be-
tween 2 % and 4 %, there appears a huge opportuni-
ty for optimization. As the inherent ground uncer-
tainty has an important stake in these figures, better 
dealing with ground uncertainty might give a posi-
tive boost to the construction industry. Applying ex-
plicit risk management processes, in all phases of 
construction projects, is one of the solutions for im-
proved dealing with ground uncertainties. 

Risk management per project phase determines 
which ground information is necessary for a success-
ful  construction project. 

For example (see Figure 13): 
 phase 3: allocating contractual ground-related 

risk, despite fuzzy ground with random properties 

and insufficient information, b.e. Geotechnical 
Baseline Report (GBR), and addressed in an on-
line experience database;  

 phase 4: managing risks related to the (un-
der)ground in the design stage (cause and effect 
reduction), b.e. Failure Mode and Effect Analysis 
(FMEA), followed by detailed and risk-driven site 
investigation;  

 phase 5: managing ground risk and opportunities, 
b.e. observational method. 
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Figure 14. Example of Geotechnical Baseline Report (GBR)   
 

A proper risk management approach requires in-
vestigation  of failure modes and effect analyses, 
risk-driven site inspection, cause and effect reduc-
tion, and a well organized communication; all en-
compassed in a suitable contract. 

 

 
(martin.vanstaveren@deltares.nl). 

 
Martin van Staveren describes the aspects of 

structures risk management in his book Uncertainty 
and Ground Conditions. He mentions striking ex-
amples of the benefit of a proper risk management 
approach, e.g. the Betuwe Railway Project. By risk 
management following the GeoQ philosophy the 
project remained well within planning. The addi-
tional investing on 0.2 M€ on extra monitoring 
saved 4 M€ on sheet piling. A return on investment 
(ROI) factor of 20.  

A new M-Sc course GeoRisk Management is de-
veloped which aims to make the students aware of 
the effects of the inherent ground uncertainty in con-
struction The focus is at applying and analyzing a 
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number of case studies, in which GeoQ or other risk 
management frameworks have been applied, in order 
to demonstrate the added value of these frameworks. 

3.2.2 GeoGaming 

3.2.2.1 Flood in Maduroland 
Safety gainst flooding is strongly connected to dam 
and diketechnology, and therefore mainly a geotech-
nical issue. But also risk awareness, communication 
and  and decision making is crucial. At the XV 
ICSMGE in Istanbul 2001 a risk and management 
game, titled Flood in Maduroland, was played to 
clarify the societal role of the engineer. The public, 
divided into different parties, shared the decision 
making process with dedication and enthusiasm. It 
amused the audience and became a memorable 
learning experience. 

The game Flood in Maduroland takes the public 
into the fictional country Maduroland where the 
people live prosperously and peacefully. The game is 
played in five stages 
1 INTRO introduction and explanation; 
2 START investment in safety, economy or nature; 
3 RUN threat, quick improvements; 
4 SPRINT inundation, rescue scenario; 
5 END overview of the result and the process. 
A game leader controlled the process and a man-
agement team of six spokesmen (actors) prepared 
and took decisions every stage with the support of 
the public which was divided into six parties, each 
upholding its specific interests. 

1 Authorities: safety, energy, water defense; 
2 Civilians: education, housing, work, city; 
3 Farmers: village, diary & food products; 
4 Industrials: industry, harbor, airport; 
5 Investors: auction, high-tech park, marina; 
6 Environmentalists: landscape, recreation. 

A weatherman/journalist provided information, a 
board of experts/specialists answered any questions 
asked during the decision making, and a system 
manager organized the play board (computer sup-
port) visualizing promptly the actual status, i.e. con-
sequences of decisions taken on Maduroland (Figure 
16). 

Maduroland is a lowland small country situated 
along the sea and crossed by the river Maduro (see 
Figure 15). Investments have contributed to the pre-
sent wealth of the country. A large industrial area, a 
harbor complex, and a semi-international airport 
support the economy and employment. Maduro City 
offers tourists an attraction by its monuments in the 
old center and a famous university. Living is con-
venient in new city quarters, with recreation in the 
forest hill park and the nearby beach.  

The agricultural sector is successful in diary and 
greenhouse products. Plans exist for a new fruit and 
vegetable auction hall, for a small marina in the river 
mouth, and for a high tech park in the retention basin 

upstream. Climate changes are said to cause increas-
ingly higher water levels that may threaten to inun-
date Maduroland.  

The harbor area is protected by large breakwaters, 
but they are not suited for predicted sea level rise. 
Most of the primary river dikes are improved to ac-
tual safety norms, but these norms do not comply 
well with the reality of today. Some protection 
works are particularly vulnerable: the old city quay 
walls, and the old sluice.  

 

 
Figure 15.  Flood in Maduroland (Barends) 

 
The land is divided by secondary dikes into hy-

drological units. At some places these dikes are 
breached for road passage. High river levels can be 
retarded by the retention basin upstream. The river 
storage capacity became limited by a luxurious villa 
quarter, built in the river-pit, in the river bedding. 
Recently intensive rains abroad, where the Maduro 
originates, are reported, and a spring tide is predict-
ed. The weather forecast is unfavorable. A manage-
ment team will take the necessary measures to pro-
tect Maduroland. 

After an introduction of the situation (1st stage), 
investments were chosen (2nd stage) to either pre-
serve safety against inundation, either improve the 
natural environment, or promote the economy. The 
public parties and their spokesmen supported their 
own interests. After a dynamic public discussion 
each party chose one improvement out of a selection 
of possibilities. The farmers were overwhelmed by 
one of its members to repair the old sluice in order to 
prevent future problems.  

The weatherman ringing the bell announced bad 
conditions are coming. High water is to be expected. 
All parties have unanimously to agree upon at least 
two out of ten improvements of water defense struc-
tures, each having specific positive and/or negative 
effects ( 3rd stage). A vivid debate – the government 
party was actively advocating its view, in the envi-



ronment party the improvement of the breakwaters, 
suggested by industrials and investors, was resolute-
ly rejected – an intensive communication and a thor-
ough inquiry with the board of specialists lead, just 
in time, to a democratic decision. But, after all, was 
Maduroland really safe? 

Unfortunately, the situation became exceptionally 
worse. The forecast turned out to become a disaster. 
Massive evacuation was inevitable, but the time was 
too short. The parties had to decide to breach one 
dike and inundate the hinterland, as to save the re-
mainder of Maduroland from a catastrophe (4th 
stage).  A hot debate arose on whose property is to 
be sacrificed. Minimizing damage on account of the 
party of the farmers was furiously denied by their 
spokesman. Compensation offered by the representa-
tive of the industrials and of the investors were not 
convincing. A valuable proposition was suggested. 
Yet, voting was necessary, decided the game leader. 
So, there were winners and losers. 
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Figure 16.  Play board for the game Flood in Maduroland 
 
Finally, a complete disaster was avoided (5th 

stage) and the status (play board) showed the final 
result concerning the functioning of the facilities of 
Maduroland. It showed that the damage was minor, 
as a result of the fact that in the 2d stage most in-
vestments were done in safety measures. “It could 
have been very different.”, the game leader summa-
rized, “But, you see, you are engineers, after all. 
How it will be in real life?” 

About 100 participants enjoyed this game. The 
audience learned how difficult it is to apply personal 
experience and expertise in a (fictional) life situa-
tion, disputing and committing with other interests. 
The game showed that learning is best achieved by 
self-doing. The spokesman of the investors, at the 
end, stated: “How one gets influenced and enchanted 
by his specific interest during the course of the 
game! I am surprised.”  

3.2.2.2 Dike patrol game 
The interest for serious gaming is booming. Authori-
ties, industry and schools use such tools more and 
more for education and training. It provides attrac-
tive (cheep and flexible) opportunities for partici-

pants to experience different roles in a decision mak-
ing or management process. Gaming speeds up elab-
oration of ideas, learning of specific skills and intro-
duction of efficient working. When simulating 
complex and dangerous situations in a realistic set-
ting usually many players are involved, which makes 
it difficult and expensive. ICT-supported serious 
gaming provides a perfect solution as it easily cre-
ates virtual scenarios and plots. 

 

  
Figure 17. Levee Patroller  (rens.vandenbergh@deltares.nl)    

 
Recently an inter-disciplinary team created the 

Levee Patroller, a serious game suitable to train dike 
watchers. The Netherlands is protected against 
flooding by 4000km primary dikes and 15,000km 
regional dikes. Hundreds of dike watchers are in 
charge of controlling the dike’s functioning. They 
are the eyes and ears of the calamity organization in 
case of extreme events. But extreme conditions are 
(fortunately) rare and gaining real experience is 
therefore difficult. The Dike Patrol Game developed 
by TUDelft and Deltares in close cooperation with 
Water Boards provides a proper ambience for train-
ing. During the game various scenarios are simulated 
and the inspection process (signal recognition, diag-
nosing, reporting and mitigation) is reflected in a re-
alistic fashion.  

3.2.3 GeoSenso 

3.2.3.1 Geo-monitoring 
YELGIP organized in November 2007 a workshop 
on Geo-Monitoring. Interesting keynotes and various 
case histories on geo-monitoring tools and geo-
monitoring applications paved the way to the goal of 
the workshop, i.e. create a network for geo-
monitoring. The audience beside YELGIP members 
came from industry and colleague institutes. Discus-
sions, theme allocation and prioritizing led to the 
following top three topics: 
 Use of Geo-Monitoring for real-time safety-

assessment of short term slope stability and exca-
vations; in practice a specific difference between 
models (applied according to codes) and reality is 
often noticed; safety factors seem unnecessarily 
conservative, particular for temporal situations.  
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 Promote Geo-Monitoring; define demo’s (success 
stories) and validate accuracies of methods for 
typical structures (pits, embankments, tunnels, 
slopes); fit for a CA (EU). 

 Guidelines for Geo-Monitoring; define the specif-
ic purpose fo geo-monitoring and the general con-
tent of a monitoring plan. 

3.2.3.2 IJKDIJK calibration project 
The dike calibration project IJkdijk emerged as a 
joint initiative from the sensor and information tech-
nology sector and the geotechnical society. It com-
prises a number of field tests on full-scale embank-
ments, aiming at various failure mechanisms, in 
order to improve knowledge of these mechanisms 
and to prove the effectiveness of new sensor tech-
niques under realistic conditions. The attention is fo-
cused on improving skills of authorities and organi-
zations in evaluating dike functioning. Like a family 
doctor, the dike watcher may see from certain ob-
servable symptoms the actual health of the dike. 

 

 
Figure 18.  The Dike Calibration Project 

 
In this dike calibration project three major failure 

mechanisms are considered: large-scale slope insta-
bility, internal erosion (piping) and overtopping. The 
first tests aim at slope stability, to be carried out on a 
specially constructed full scale test facility - an em-
bankment of 5 m high and 100 m long - where sev-
eral monitoring techniques will be applied in order 
to check their usefulness for dike inspection. The 
techniques include conventional methods, fiber op-
tics, airborne and satellite observation. 

 

 
(Andre.Koelewijn@deltares.nl) 

 
The international geotechnical society is chal-

lenged to predict when failure will occur. Dike con-

struction and sensor installation are completed. After 
the catastrophe by Katrina at New Orleans, also the 
US Army Corps of Engineers, the ERDC (Engineer 
Research and Development Center) at Vicksburg 
joined this test to investigate the behavior of soft soil 
dikes. In 2008 tests are being carried out. More in-
formation can be obtained from André Koelwijn. 

3.2.4 GeoBrain 
The start of large-scale infrastructural projects and, 
thereafter, design and construction become more and 
more complex. Policies concerning multi-functional 
space should cover sustainable building, integral ap-
proach, procedures and licenses, and the incorpora-
tion of existing infrastructure, pollution and archeol-
ogy. The situation calls for swift and comprehensive 
answers with the adoption of all available expertise 
and experience, presented in clear and understanda-
ble manner. GeoBrain, provides a toolbox for an in-
tegral approach of complex situations where the sub-
soil is an important risk factor, leading to a 
comprehensive view on the objective and reproduci-
ble consequences of choices. 

This development has a strong parallel with some 
other disciplines, like in the medical science where 
with diagnostic systems empirical knowledge is be-
ing translated into generally applicable concepts. 
The present-day ICT makes this approach possible. 

GeoBrain forms a unique facility, the brain-side 
complementary to common physical and numerical 
facilities, by artificial intelligence that create new re-
lationships between the various knowledge sources. 
By coupling numerical prediction models and physi-
cal tests a complete set of data interpretations, pre-
dictions, practical experiences, expert views and test 
results can be translated into objective information. 
It combines – so to say – soft and hard data. 

There has been hitherto no possibility of system-
atic learning from case histories of completed pro-
jects. Practicing engineers do, from time to time, 
propose ad-hoc rules and equations based on experi-
ence and field observations, but no unified frame-
work of disseminating is available to engineers. In 
recent years, the development of the tools of compu-
tational intelligence such as fuzzy logic and artificial 
neural networks etc., make it possible for engineers 
to analyze field or ‘monitored’ data of construction 
and truly apply ‘observational’ methods as recom-
mended by codes of practice. Up to now geotech-
nical institutes and engineers have concentrated on 
the development of computational prediction models 
to simulate the observations of engineering practice, 
sometimes with limited success. 

General objectives are to decrease risk in con-
struction projects, reduce losses, improve the image 
of contractors and geo-engineers, improve working 
conditions, ensure completion of these projects 
without unforeseen delays and last but not least the 
reduction of insurance fees. Especially in foundation 
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engineering and the drilling technology it is hard to 
insure projects. Insurance fees are high and most of 
the time major failures are not covered. 

 

 
Figure 19. GeoBrain combines expertise, experience and effi-
ciency, using technical (), social () and ICT () skills 

 
GeoBrain is addressing these problems directly by 

developing an experience database from case histo-
ries and disseminating these experiences via the In-
ternet. This database, complemented with expert 
knowledge, can be used to make predictions. 

 

 
Figure 20. The decision and control process at the site 

 
There are therefore two kinds of output from a 

GeoBrain system: experiences and predictions. Ex-
perience in its context can be objectivated using ob-
ligatory questionnaires, which have been composed 
together with the users  and providers (dropdown 
list). Based on this, predictions are made using Neu-
ral and Bayesian Belief Networks, built from expert 
knowledge and validated by real case experiences. 
The Internet is an ideal medium to display experi-
ences and results of an prediction (visualization). 
Assigned users can search on archetype or via a map 
on location. Afterwards queries can be refined. The 
predictions can be made on the same website. 

GeoBrain provides opportunities for all parties to 
be involved at relevant stages, i.e. it creates a rela-
tion between designer and subcontractor (a.o. the 
geo-engineer) by which efficiency can be significant-
ly enhanced. For the information transfer necessary 
for decision and control at the right place and time 
the latest presentation techniques can be applied. 
GeoBrain is a concept of Deltares. More information 
can be obtained from Mandy Korff 
(mandy.korff@deltares.nl). 

3.2.5 GeoEnergy 

 
Figure 21.  Some facts about energy 
 

The usage of the underground for (radioactive) 
toxic waste storage and for dynamic energy storage 
(CO2 in abandoned reservoirs, compressed air in old 
salt caverns) to mitigate variable energy production 
(b. e. windmills) and demand (industry, house heat-
ing / cooling) is technically related to geo-
engineering. The sustainability of such applications 
is an important issue. Knowledge about long-term 
consequences, the implementation in spatial plan-
ning (usage conflicts) and adequate policies and reg-
ulations are yet lacking.   

 

 
(katzenbach@geotechnik.tu-darmstadt.ge). 

 
Geothermal energy and cold and heat storage in 

ground is one of the promising solutions for the ris-
ing global energy problem. Beside shallow heat and 
cold storage, the deeper earth warmth will become 
available with the development of smart wells in the 
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oil industry and higher oil prices. Spatial planners 
are inclined to consider sustainable energy aspects. 
Soil mechanics, geo-hydrologist, geologists, and 
many other disciplines should join forces to realize 
elegant geo-energy solutions, a promising new mar-
ket for research and development. 

3.2.6 Smartsoils® 
SmartSoils® comprise technologies that can di-

rect the localization and rate of natural soil processes 
that influence soil properties. By influencing these 
processes by means of bio- and nano-technologies, 
the properties of soil (for example, permeability and 
/ or strength and stiffness) can be altered to make it 
suitable as a required: soil on demand. 

 

 
Figure 22.  Biogrout improves stiffness and strength 

 
Some examples from SmartSoils® Toolbox: 
 Biosealing: a natural biological process for self-

detection and sealing of seepage leaks in imper-
meable barriers; specific bacteria appropriately 
fed will do the job in some weeks time; it has 
been successfully applied in practice; 

 Biogrout: in-situ cementation of permeable soils 
for strength improvement with retention of per-
meability; bacteria form sandstone in just a week 
or so! 

 Black Clay: active carbon/clay organic barrier for 
isolating material from the environment; 

 Drillmix: Fluid for horizontal directional drilling 
that is suitable for use in salt-water; it has been 
successfully applied in practice; 

 ETAC: Two-component grout system with an 
adaptable hardening time for efficient tunnel bor-
ing, even in impermeable soils; it is successfully 
applied in tunnel boring operations. 

Research for the improvement of soils via biological 
methods is under investigation in the following are-
as: 
 Organic clay; 
 Peat-containing soils; recently a promising meth-

od has been found to stop peat oxidation and the 
corresponding land subsidence; 

 Contaminated and uncontaminated dredged 
sludge; 

 Borehole (sand) stabilization. 
 

 
Figure 23.  Biogrout applied against liquefaction and erosion 
 

Smartsoils® is a new promising chapter in the 
history of soil mechanics. By involving the biomass 
in soil (1 kg soil may contain 109 to 1012 bacteria), 
i.e. letting it work for us by proper nutrients in an 
optimum chemical ambiance, natural processes can 
be enhanced and controlled. 

 

 
(Waldo.Molendijk@deltares.nl) 

 
Waldo Molendijk is the leading engineer for the 

Smartsoils® developments. He suggests that it is a 
perfect topic for a joint technical committee (JTC), 
since here multi-disciplinarity is indispensable. 
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