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COLOFON

EDITORIAL
Recently, the roof of the AZ stadium descended, a 
bridge collapsed in Taiwan, area 51 was peacefully 
stormed and a new generation of prospect Civil Engi-
neers has joined ConcepT. That is lots to write about. 
In this edition, various writers will again share their 
knowledge and experiences about Civil engineering, 
gained in the work field and here at the University of 
Twente. These experiences will be translated into 
articles written by students, companies, faculties, 
departments or members of the ConcepTueel com-
mittee. 

Here at the ConcepTueel we provide you with great 
inside into some of the major issues within the cur-
rent civil engineering world. This week as a featured 
topic: the collapse of the AZ stadium. Also, some 
lighter subject such as the winner of the summer 
photo contest, the article from the kick in camp and 
the half-way review of the ConcepT board.  We as the 
committee hope you will be entertained as much as 
you will be educated by this new edition.
Enjoy the edition,

Jaime de Bruin
Chairman ConcepTueel

ConcepT
Universiteit Twente
Kelder Horsttoren

Tel: 053 489 3884
Postbus 217
7500 AE Enschede

Internet:
www.ConcepT.utwente.nl
ConcepTueel@ConcepT.utwente.nl

Editorial adress:
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COLUMN
Cutting Corners
Last May the Council of State ruled that the Dutch Nitro-
gen Approach Program (PAS) is in violation with European 
legislation. As a result, thousands of projects are on hold 
since suddenly a permit is required and the turnover loss 
for the construction sector alone could be billions of euros. 
For some projects I’m involved in, it’s also unclear if we can 
apply for a permit.

It is not the first time that the government is cutting corners. 
In Europe we are known for being very creative with regula-
tions. PAS was initiated to prevent an individual research 
obligation for every project. Per Natura 2000 area it was 
determined how much more nitrogen emission is allowed. 
However, in this assessment the positive effects of future 
measures are already incorporated. This is the fundamental 
problem for the court and the main reason for the current 
situation.

So how will this end? A total stop of construction projects 
would lead to a major crisis. From the construction sector 
the call for an emergency act gets stronger, just like the Crisis 
and Recovery Act during the economic crisis. This seems to 
be the most logical solutions until a new program is in place. 
Furthermore, there is a loophole in the European regulation. If 
there is no alternative and the project is of great public inter-
est, emission levels can be exceeded. With some creativity 
that could be applicable for many projects.

Robert van Lith
Engineer at Bilfinger Tebodin
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As the interim education director for civil engineering I hereby would like to welcome you, bachelor as well as 
master students in this new study year 2019-2020. I hope that you all will have a pleasant, productive and inspi-
ring study year with us. Stay focused on your studies and at the same time, enjoy doing other things like sports, 
participating in club life, following interesting lunch lectures, workshops and site visits as always organised by 
ConcepT and try to further broaden yourself with the many cultural activities that the University of Twente, but 
also the cities of Enschede and Hengelo have to offer.

In 2018 both our bachelor and master program were successfully accredited by NVAO. With our bachelor and 
master programs we are aiming to develop professionals who can function successfully in contracting compa-
nies, in research institutions and in engineering consultancy firms. Last year we have also built up experience 
with implementing our new Master curriculum. Academic staff with the support of staff in the Bureau of Edu-
cation, have worked hard to ensure a successful implementation. Several new courses have been added to the 
curriculum to provide an even wider choice for students to deepen their knowledge and further develop their 
competencies and skills. To further increase the quality of our bachelor and master programs, we hope to receive 
your valuable feedback again about the modules included in our bachelor program and the master courses in our 
master programs.

Let’s make it a successful 2019-2020 study year!

THE NEW ACADEMIC YEAR HAS STARTED!

EDUCATIONAL UPDATE
Author: prof.dr.ir. J.I.M. (Joop) Halman
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Bridge collapses in 
Taiwan
The bridge located in the town 
called Suao, collapsed. This hap-
pened on the 1st of October. At the 
time, everything seemed calm and 
nothing sugessted that the collap-
se was about to happen. During 
the collapse a tanker was driving 
across the bridge, unfortunately the 
truck did not make it to the other 
side, and exploded. In total four 
people died and around 14 people 
sustained major injuries. 
The bridge was constructed in 

1998, had a span of 140 metres 
and had a steel arch to support 
the weight. No official cause is yet 
established, but rumours say that 
the maintenance did not happen 
frequently. Some workers had re-
ported several rust spots on critical 
connections of the steel structure 
and found rusty cables. At several 
point impacts of traffic also were 
reported.  Also a few hours before 
the collapse a typhoon passed the 
island, this could also may have 
played some part in the collapse.

First circular flyover 
dismantled
The first circular flyover of the 
Netherlands just finished its testing 
period, and is now disassembled. 
The flyover was created by the 
consortium of Van Hattum en Blan-
kenvoort, Consolis Spanbeton and 
Rijkswaterstaat. During the testing 
phase, sensors were attached to 
the bottom of the concrete beams 
which can detect a displacement 
of 0.1 mm. Now the companies are 
working on processing the data, 
which will be published on Novem-
ber the 15th. For now the flyover is 
stored on the grounds of Consolis 
Spanbeton, awaiting a new assig-
ned place. Rijkswaterstaat is cur-
rently in consultation with different 
parties in search for a new home 
for the flyover. 
The flyover consist of five beams.
Each beam consists of 8 concrete 
elements, which interlock with each 
other like a LEGO-brick. At Consolils 
Spanbeton only one of the beams is 
disassembled into the 8 elements 
it was constructed in, for research 
purposes, the other beams are still 
in one piece.Rescue crews hard at work | Photo: AFPFIG. 1

WHAT HAPPENED IN THE CIVIL 
ENGINEERING SECTOR RECENTLY?

WHAT’S NEW
Author: Rick van de Hoef and Tom Evers | Photo ANP | The first circular flyover in the Netherlands 
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Sand motor Delta 
Dunes has a new 
English sibling
Inhabitants of Bacton and Walcott 
have been waiting for two years: 
The new sand motor is finally born. 
It is the first sand motor being built 
in England, child of Dutch parents 
working for Royal HaskoningDHV. 
1.8 million cubic metres of sand 
has been placed and engineered 
alongside the coast, protecting 
both villages including Bacton’s gas 
terminal.
After five weeks of nourishing last 
summer, using a large production 
vessel to pump sand on the beach 
and bulldozers with GPS, the new 
sand motor is ready to do its work. 
The sand motor does not look like 
its Dutch sibling, but more like a re-
gular replenishment because of the 
steep coastal profile at 300 metres 
from the coast line.
The project’s major issue has been 
the financing, since the English 
budget for water safety is too low 
to protyect their coasts. Even when 
houses had fallen off the cliffs of 
Happisburgh (near Bacton and Wal-
cott) after a storm, the government 
did not do anything.
Royal Haskoning warned the 

English governments back in 2011 
about the bad state of the English 
coasts at about 15 locations, with 
the Baction coast being one of the 
worst. According to Royal, solid 
constructions would erode the 
coast at the villages nearby even 
more. Therefore, Royal recom-
mended to replenish the coast. 
The gas terminal had agreed to pay 
for its own protection, making the 
project affordable. That way, the 
government only needed to pay for 
the sand nourished by Van Oord’s 
trailing suction hopper dredger. 
Just like with Delta Dune, the Bac-
tion sand engine will be monitored 
by Dutch universities and research 
institutes, checking engineering and 
ecological aspects of the engine. 
Drones and jet skis will be used 

making use of sonar This way, 
submarine measures can be carried 
out. This way, the new sand engine 
could live even longer than expec-
ted. See https://coastalpe.maps.
arcgis.com/home/gallery.html for 
more information.

Historical train stati-
ons will be more sus-
tainable
ProRail has decided to invest in 
historical stations, changing con-
structions and placing PV panels on 
the roofs. The characteristic cast 
iron train sheds like the one in Hen-
gelo are old and not sustainable. 
Besides, many train stations require 
thorough maintenance. Especially 
roof sheds built in the 19th century 
and the beginning of the 20th centu-
ry suffer from rust and tears. 
ProRail wants the stations to be 
climate resilient and being able to 
cope with downpours and severe 
winds. The historical exterior will 
be preserved, just like the current 
constructions. Old materials will be 
reused.
ProRail has already started working 
on station Leeuwarden. Part of the 
unique roof shed has been disas-
sembled but will be reconsrtructed 
in the same style. In the near future, 
ProRail will start working on station 
Groningen, Harlingen, and Drieber-
gen-Zeist.

Hengelo station | Photo: nlwandel.nlFIG. 3

Bacton’s sand engine in construction | Photo: cobouw.nlFIG. 2
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Ren Zhengfei is a Chinese engineer and businessman 
born in 1944. It is very likely that you have encountered 
his products, but to know why you will have to read 
further. Zhengfei studied construction engineering and 
started working as a civil engineer. However, jobs were 
scarce in China due to the recent Cultural Revolution, 
in which the Communist Party of Mao Zedong seized 
all power. He therefore joined the engineering corps of 
the People’s Liberation Army, which is the army of the 
Communist Party of China. In the army, his background 
in construction proved useful for the construction of 
factories. His projects were successful and he was 
promoted to vice-director of the corps. After 9 years, 
however, the entire engineering corps was disbanded. 
500.000 people, including Ren Zhengfei, lost their jobs.

After having to quit the engineering corps at 41 years 
old, Zhengfei had only a modest pension and was 
forced to work in the logistics department of the 
Shenzen South Sea Oil Company. However, he was not 
satisfied with this job and quit after four years. In 1987, 
he started his own company for reselling, installing 
and maintaining communication equipment with only 
around $3000 at the time. Yet his dream was to design 
and manufacture his own products. Today, his com-
pany proves very successful in doing just that, having 
overtaken Apple to become the second-largest pro-
ducer of smart phones with a yearly revenue of $105 
billion and 188.000 employees (2018). We’re talking, of 
course, about Huawei. 

China lagged behind the West in terms of technology 
due to the violence and wars that it had endured when 
Japan annexed a part of the country in 1931, when 
Japan invaded further in WWII, and during the Commu-
nist revolution. These events had caused widespread 
poverty and disruption, and had resulted in an anti-West 
and anti-technology attitude. Particularly in the field of 
personal communication, China had little experience. 
Ren Zhengfei saw that in the late 1980’s, China was 
ready for a leap forward in just this area. 

Huawei and Zhengfei excelled in reverse engineering. 
They took an existing product, analyzed what it does, 
how it does it and how it was produced. Then they 
made it better and produced it cheaper. In 1992, the 
company developed a server switch that they could sell 
at one third the price of competitors. Its great success 
ensured the future of Huawei’s manufacturing depart-
ment. Combined with Zhengfei’s successful military 
background, Huawei was offered many Chinese gover-
nment contract for building data centers and China’s 
4G network. These events ultimately launched it to the 
top of today’s tech giants, but his ties to the Communist 
Party have recently also been a reason for other gover-
nments to see Huawei as a security concern. Zhengfei 
himself has continued to deny that his company is 
used for espionage, and has even given a “no-spying” 
guarantee. With the US-China trade war and 5G internet 
rolling out, we can certainly expect to hear more about 
Huawei in the future.

Author: 

FAMOUS ENGINEERS: FROM CE TO CEO

REN ZHENGFEI
Author: Leon Besseling
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We have all seen images of trains in India transporting 
more people than they were designed for. Millions of 
Indians are dependent on such public transport, and 
one man is largely responsible for their successful 
commutes. Born in 1932, Elattuvalapil Sreedharan 
played a key role in the metro systems of Kolkata, Delhi, 
Konkan, Kochi, Lucknow. Although he is already retired, 
his services prove so valuable that his is still advising 
for systems in three more cities. He was even appoin-
ted to serve for 3 years on the UN Advisory group for 
Sustainable Transport by the UN Secretary General Ban-
Ki Moon. How did he become the metro man?

After obtaining his degree in Civil Engineering, Sreedha-
ran worked as an assistant engineer for India’s Sou-
thern Railways. In 1964 he got his first big challenge. 
A cyclone had damaged the Pambam railway bridge. 
The Railways wanted to have the bridge operational in 
six months, but Sreedharan’s boss set the deadline at 
three months. Sreedharan himself was put in charge of 
construction and finished the work in just 46 days. For 
this he received the Railway minister’s award, which is 
the first of 25 awards and titles listed on his Wikipedia. 
In 1970, Sreedharan started work on his first metro 
project, which was coincidentally the first metro of 
India. The planning, design and implementation of the 
Kolkata Metro system was all led by him. The coming 
years he would dedicate himself to drastically impro-
ving India’s public transportation rail system.

The British empire had built a substantial rail network 
throughout India, but had neglected the western part 
of the country for several reasons: the mountains, the 
rivers and the heavy rains during the monsoon. When 
Sreedharan retired in 1990, the Indian government 
made clear that they still needed his services and he 
was tasked with building the 760 km railroad from 
Mumbai to Mangalore. He had to build 93 tunnels 
through soft soil with a total length of 82 km and over 
150 bridges to complete the project, which he did 
within budget and within 7 years. The Konkan Railway 
was featured in an episode of Extreme Railways as one 
of the most difficult to construct in the world.

Sreedharan’s numerous achievements in rail construc-
tion projects made him the go-to expert for new metro 
systems. The government of India once again turned 
to him to lead the New Delhi Metro construction in 
1995. Again, all scheduled sections were completed 
in time and within budget. He retired from the Delhi 
Metro Corporation in 2011, but was once again called 
to lead construction on the Kochi metro. This system 
was completed within four years, which made it the 
fastest completed metro project in India, until its record 
was beaten by the new Lucknow metro. You guessed 
it: this project also saw Sreedharan as its chief advisor.  
Its completion in two years and nine months is a world 
record. Now you know why this man truly deserves his 
25 awards for public service and his nickname.

E. SREEDHARAN 

FAMOUS ENGINEERS: THE METRO MAN

Author: Leon Besseling
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Hendrik van Meerveld, a former student of Civil Engi-
neering at the University of Twente, has worked at TNO 
for over six years. During that time, he has grown as a 
‘techie’ and even more so as a consultant.

“During my studies, I was already interested in infra-
structure. This was due to the technical challenges 
involved in designing, building and maintaining the so-
cially significant and sometimes iconic structures that 
everyone can actually see. I was particularly interested 
in the organisation and process aspects of infrastruc-
ture projects. This is what I specialised in during my 
Master’s programme. My graduation internship at TNO 
was about managing risks when procuring innovations. 
Public authorities seek innovation, but also see risks in 
new products or services. In addition, market parties 
sometimes have to invest significantly in innovation in 
order to be eligible for a contract, even though it is un-
certain as to whether they will get it. In order to innova-
te, you need to manage risks intelligently. I researched 
this and made recommendations. TNO saw something 
in my profile and offered me a job.”

What does the customer need? 
“Since 2013, I have been working as a consultant 
within the Buildings, Infrastructure & Maritime focus 

area. In my work, the customer’s question is always 
leading. I help them to specify their question. This ma-
kes it increasingly clear in which direction TNO must 
look to find the solution and which areas of expertise 
are required for this. I can advise the customer myself 
on subjects such as asset management and procu-
rement, which relate to processes and organisation. 
However, there is often a technical component to 
the issue. In that case, I work with colleagues in the 
department who know everything about structures, 
roads and materials, but also about risk and reliability, 
for example.”

TNO location FIG. 1

SOLVING THE QUESTIONS OF TOMORROW

“AT TNO, MORE IS 
POSSIBLE THAN YOU 
THINK.”

Author:: Hendrik van Meerveld 
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A variety of projects
“I’m usually involved in several projects at the same 
time, each with different challenges. On behalf of 
public authorities, we have been looking into the 
development of a pavement measurement system to 
accurately assess the condition of roads and improve 
their maintenance. To do this, we researched both 
the required specifications and what was technically 
possible. At the same time, we also had to look at 
whether such a development was financially feasible 
and how it could be accommodated in the current 
market. In another great project, a customer wanted 
to work with circular concrete for the construction of 
a tunnel. In a feasibility study, we looked at what was 
technically possible and at the environmental impact 
of the various solutions, as circular does not automa-
tically mean sustainable. Together with the customer, 
we then looked at how they could deal with this during 
the project’s tender. TNO’s various areas of expertise 
enable us to shed light on all aspects of a question. 
I continue to be amazed at the variety of subjects in 
which we feel at home. What really distinguishes TNO 
is that the issues for which we seek solutions are 
always new and complex. At TNO, you always try to 
solve tomorrow’s questions.”

Draw up your own plan 
“In recent years, I have grown as a consultant. I am 
increasingly able to identify with the customer’s world 
and I quickly master new subjects. In the long run, I 
might want to contribute more to the implementation 
of solutions. In my experience, TNO offers you the 
opportunity to build something up yourself. For exam-
ple, if there is a project or subject outside of your focus 
area that you would like to work on, you can discuss 
it with the right people in order to get the job done. At 
TNO, more is possible than you think. The trick is to see 
opportunities and take them.”
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Those of us who do not spent their whole student life 
on the campus probably spotted it already. A large 
area in the city center, just next to the hospital, is being 
developed. The bridge between the hospital and its 
former locations is being demolished at the time of 
writing, and road closures are daily practice at this mo-
ment, but what will be the results of these constructi-
on works that are planned to take four to five years.

The former area
The head of Boulevard 1945, in the southwestern 
part of the city center, hasn’t been the most beautiful 

part of Enschede for years. The former Liceum Gert-
fertstraat, that stood in this area, had a good look for 
it’s time, but the current offices, combined with the 
brownfields haven’t. (In the words of the development 
plan: “The area is used as wasteland with ground-le-
vel parking, largely vacant office buildings and lots of 
asphalt and traffic flows through it.
At the beginning of 2016, the new building of the near-
by hospital was opened, after the redesigned Konings-
plein had been opened a few months earlier. The new 
developments continue this trend in the south of the 
center.

First impression of the Kop van de Boulevard | Artist impression: LIFEFIG. 1

DEVELOPMENT IN ENSCHEDE CITY CENTER

KOP VAN DE 
BOULEVARD 

Author:  Joost Bult
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In 2016, the Belgian property developer LIFE showed 
interest in the development of the area. After a de-
claration of intent in 2016, the city council approved 
the plans in 2018. The project was extended with the 
reconstruction of several road redesigns. 

The developments
The main development is the construction of more 
than 500 apartments, offices and commercial spaces. 
The four building lay around a public space named the 
city chamber (In Dutch: Stadskamer). To create this 

walkable area, the ramp into the Van Heek parking 
will be relocated. A roundabout in the tunnel towards 
the underground parking will give access to a new 
parking, which is probably well-known by the bachelor 
students.
Apart from the property developments, the roads in the 
area are redesigned. The current two roundabouts in 
the Haaksbergerstraat are replaced by normal inter-
section with traffic lights. This both enlarges the area 
available for property development and enables the 
bus lanes to be relocated to the middle of the street. 
The current bus route in front of the hospital from the 
Van Heekplein stop to the Haaksbergerstraat will thus 
disappear. In the redesign of the roads, green areas 
and the construction of a water storage play a role to 
help solving Enschede’s flooding problems during rain 
showers.

Gemeente Enschede, LIFE, POLO Architects (2018) Ontwik-
kelingsplan Kop van de Boulevard. Retrieved 9 October 
2019, from https://www.enschede.nl/sites/default/
files/KBE%2016_Ontwikkelingsplan_180221_reduced.
pdf

Gemeente Enschede (2019 De Kop in ontwikkeling. Retrie-
ved 9 October 2019, from https://www.enschede.nl/
centrum/plannen-projecten-centrum/de-kop-in-ont-
wikkeling

LIFE (2019) I Love Kop Boulevard. Retrieved 9 October 
2019, from https://www.ilovelife.be/nl/project/i-lo-
ve-kop-boulevard

Janssen, W. (2011) Getfertstraat met Lyceum. Retrieved 
9 October 2019, from http://www.enschedeinansich-
ten.nl/collectie/product_info.php?manufacturers_
id=5&products_id=2545&osCsid=nfqbjkue

Erwin Waanders (13 March 2018) Enschede geeft groen 
licht voor plannen Kop van de Boulevard. Retrieved 
on 9 October 2019, from https://www.tubantia.nl/
enschede/enschede-geeft-groen-licht-voor-plannen-
kop-van-de-boulevard~abc62b7d/

SO
UR

CE
S

First impression of the ‘Stadskamer’ | Artist impressi-
on: LIFE

FIG. 2

Sketch of the Beltstraat | Image: Ontwikkelingsplan 
Gemeente Enschede, LIFE, POLO Architects

FIG. 4

Plan of the developments | Image: Ontwikkelingsplan 
Gemeente Enschede, LIFE, POLO Architects

FIG. 3
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The 10th of August started as a normal, but stormy Sa-
turday everywhere in the Netherlands. For the northern 
parts of the country, a so called code orange was 
issued by the KNMI, the Dutch weather agency. It would 
be the precursor to a not so normal afternoon in the city 
of Alkmaar. Around noon 5 PM a 20 meter long stretch 
of roof of the AFAS stadium came crashing down on 
the seats beneath it. By sheer luck, no one was killed or 
injured in the accident in the home base of Dutch top 
flight football team AZ Alkmaar. 

AZ supporters and all people involved with the Dutch 
club were shocked to hear the news of the roof col-
lapse (Redaction, AZ supporters rouwen om ingestort 
dak, 2019). Two supporters, Perry Meijer and Frederich 
Mosch, with a season club card on the so called Mo-
lenaar stand, the particular place where the part of the 
roof collapsed on the seats below, said that they “es-

caped from certain death”, if it would have happened 
during a match. Furthermore, the two supporters also 
emphasised that this part of the stadium was usually 
the go to place for whole families including children 
to watch a football match. “I always go with my sister, 
members of my family in law and good friends to the 
stadium. Sometimes, I even take my children with me”, 
according to Perry Meijer in an interview with RTL news 
(Redaction, AZ supporters rouwen om ingestort dak, 
2019).

The stadium was relatively new. It had been construc-
ted in the period 2005-2006, for a cost of 38 million 
euros. It replaced the old Alkmaarderhout stadion, 
which was too small for AZ Alkmaar due to the growth 
of the club. The old stadium had around the 9000 seats 
in total, while the new stadium, initially named the 
DSB-stadium, has around the 17,000 seats at maximal 
capacity. The stadium was built by a consortium of lar-
ge and smaller local companies (Redaction, Instorten 
AZ stadion geen impact op VolkerWessels, 2019) under 
the guidance of main construction company Midreth, 
nowadays a part of Dutch construction company 
VolkerWessels. The design was done by architecture 
company Zwarts & Jansma (Heerde, 2019). A large 
part of the project was funded by Dirk Scheringa, then 
owner of the club and multiple other companies like the 
DSB bank. Welding connection in the roof construction FIG. 1

THE ROOF IS GONE: 
AFAS STADIUM ALKMAAR

WHAT HAPPENED? 
Author:  Oscar Bakker
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Fairly soon after the collapse, an investigation was 
initiated by the OVV, the Dutch national safety board. 
AZ also asked engineers from RoyalHaskoningDHV for 
a separate investigation to the  extensive review of the 
collapsing roof. As of now, both the OVV and RoyalHas-
koningDHV investigations are not expected to be com-
pleted any time soon, but both released some impor-
tant preliminary results at the end of August. According 
to a preliminary OVV report, failing welding connections 
are the main cause of the collapse. Furthermore, they 
strongly warned that a further collapse of roof sections 
still holding cannot be ruled out (Ritzen, 2019). A few 
days later, also the engineers from RoyalHaskoningD-
HV released a first, more detailed report (AZ, 2019). 
Failing welding connections were again mentioned as 
one of the main factors causing the collapse. In their 
report, they state that the welding connections were 
too weak. Also other factors were named. The roof was 
not properly designed to handle the downward force 
of the wind. To make it even worse, the design of the 
trusses was also too light. Adding to that problem was 
the placement of some 1700 solar panels on the roof 4 
years prior to the collapse. Furthermore, the constructi-
on was already in a weakened state, having undergone 
storms and repeated strong wind currents during its 
lifespan.

The two statements, the statement from RoyalHas-
koningDHV in particular, raise some other questions: 
who is responsible for the apparent weak design and 
construction of the stadium? Immediately after the 
collapse, old rumours about the construction of the 
stadium surfaced. A recurring story was that Dirk 
Scheringa, former club owner and main driver of the 
project, constantly tried to decrease the constructi-
on costs, leading to disastrous shortcomings in the 
final design. In an article in the newspaper Volkskrant 

(Kreling, 2019), Scheringa denies any accusations of 
wrongdoing or stinginess. However, Andries Broersma, 
former chief design engineer for the project,  told that 
the Midreth company said to him that his design were 
too solid. They replaced him with a different engineer, 
Siem Romkes, who in turn stripped the design down, 
saving millions in costs. Broersma said he had no 
hard feelings, stating that it was common practice in 
the construction industry to please a client with cost 
reductions and the stadion ultimately still fulfilled all 
legal and structural design criteria. However Ynso 
Suurenbroek, construction and fire safety expert, has 
said in multiple interviews  that “he had been waiting 
for a collapse since the completion of the stadium in 
2006.” In 2006, he conducted a research for the local 
fire brigade, who had doubts about the fire safety of 
the stadium. That led to the conclusion that the sta-
dion was not fire safe. According to Suurenbroek, the 
design was calculated to be fire resistant for only 47 
minutes, not for the 60 minutes required. Consequent-
ly, it also meant that the steel structure was thus too 
light (Kreling, 2019). 

The roof collapse has also complications for the AZ 
football team of course. For the Europa league quali-
fication matches against Antwerp FC and Marioepol 
FC, AZ had to play their home games in the Car Jeans 
stadium from the The Hague based football club ADO 
Den Haag. The expectations are that AZ cannot play 
in the AFAS stadium till at least the winter stop of the 
Dutch competition, but the club hopes otherwise. It has 
already started with the job of removing the collapsed 
roof. The Other sections of the roof will not yet be re-
moved, to help further investigations. The club expres-
sed the hope of being able to play in their own stadium 

The collapsed roofFIG. 2
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Wave overtopping is one of the main failure  
mechanisms of dikes. During storms, the waves run up 
the outer slope, over the crest and accelerate down-
wards on the inner slope as can be seen in Figure 1. 
High velocities on the inner slope of the dike result in 
erosion of the grass and can lead to dike breaches. 
Currently, there is a trend to allow for larger overtopping 
quantities under design conditions. For example, in the 
new design of the Afsluitdijk an overtopping quantity of 
10 litres per second per meter is allowed where previ-
ously 1 litres per meter per second had been the stan-
dard. However, experiments and models have shown 
that transitions are not well designed and can limit the 
amount of wave overtopping (see Figure 1 Bomers et 
al., 2018).
Examples of transitions are changes in cover type, 

for example roads on top of a grass-covered dike, or 
geometrical transitions, for example the toe of the dike 
where the slope changes to a horizontal plane. Since 
the introduction of multifunctional dikes, the amount 
of transitions has increased. For these reasons, we 
need models that can simulate the effects of transi-
tions on the overtopping flow and dike cover erosion 
to accurately model the strength of the dike. The new 
analytical model developed by Van Bergeijk et al. 
(2019) is able to accurately model the local changes in 
flow velocity due to transitions. This model is applied 
to the new design of the Afsluitdijk to find the critical 
areas related to wave overtopping.

Grass failure at transitions
Grass covers on top of a clay layer provide good 

Left: wave overtopping on a grass-covered dike with a road at the inner toe. Right: Failure of the grass cover next to a road 
on top of a dike  | Bakker et al., 2013.

FIG. 1

A CASE STUDY ON GRASS COVER 
STRENGTH AND TRANSITIONS

WAVE OVERTOPPING 
ON THE REINFORCED 
GREEN AFSLUITDIJK 

Author: Vera van Bergeijk, Martijn Kriebel, Jord Warmink 
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protection against overtopping waves. When the grass 
cover is eroded, the roots in the clay and the clay cohe-
sion protect against further erosion. Wave overtopping 
tests on grass-covered dikes in the Netherlands have 
shown that a good grass cover on clay can withstand 
large overtopping volumes and high flow velocities 
(Bakker et al., 2013). However, transitions are often cri-
tical points along the dike profile because of additional 
grass erosion around transitions. Several  
mechanisms lead to additional erosion around  
transitions (see Figure 2).

First, changes in bed roughness result in local accele-
ration and deceleration of the flow and thereby creating 
additional turbulence. The additional turbulence  
increases the hydraulic load on the dike cover and can 
lead to more erosion. At the same time, the strength of 
the grass cover can be reduced. In case of a transition 
in cover type, the grass aggregates are not connected 
on one side making them more vulnerable to erosion. 
The hydraulic load can also increase in case of geom-
etrical changes, where jet forming can take place. This 
is the case at the transition from the dike crest to slope 
and at the toe of the dike. However, because the flow 
accelerates along the slope, the flow velocity is higher 
at the toe of the dike, making this location more vulne-
rable to erosion.

Case study: The Afsluitdijk
The Afsluitdijk has been constructed almost 90 years 
ago and is one of the primary flood defences in the 

Netherlands. The Afsluitdijk is an interesting case to 
model because the profile contains multiple transitions 
in cover type and geometry (see Figure 3). The Ministry 
of Infrastructure and Water Management concluded 
in 2006 that the dam does not meet the legal safety 
requirements anymore. The current design causes 
more wave overtopping to occur during a normative 
storm than is allowed. Furthermore, the grass cover is 
unable to withstand the hydraulic load caused by the 
overtopping waves, resulting in a high erosion rate. 
To overcome these problems, the Afsluitdijk is being 
renovated based on a new design created by the Levvel 
consortium. 

One of the characteristics of the new design is that the 
Afsluitdijk will be a green dike with a grass- 
covered crest and inner slope. The probability of failure 
for grass erosion on the crest and inner slope is based 
on the average critical overtopping discharge, which is 
the amount of water per second that is allowed to flow 
over the dike during a storm. The tolerable overtopping 
discharge at the Afsluitdijk is rather high with flow rates 
(q) of 10 litres per second per meter because of the 
large retention capacity of IJsselmeer. The design wave 
height for the new design of the Afsluitdijk is approxi-
mately 3.5 metres. Therefore, the goal of this study is 
to find the critical average overtopping discharge for 
significant wave heights up to 4 metres at the Afsluit-
dijk taking the effects of transitions into account.

Model setup
The model setup is developed by Kriebel (2019). The 
study area extends from the outer toe up to the inner 
berm and can be divided into two parts: the outer 
slope and the inner slope (see Figure 4). Waves on 
the Wadden Sea approach the Afsluitdijk and run up 

Mechanisms leading to more grass erosion at  
transitions: (1) additional turbulence due to a rough-
ness difference, (2) reduced strength of the grass co-
ver next to a revetment, (3) jet forming at the toe and 
(4) jet forming at the crest.

FIG. 2

The profile of the Afsluitdijk shows several geometrical 
transitions as well as transitions in cover type | Beeld-
bank Rijkswaterstaat 

FIG. 3
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the outer slope. Here, the wave energy is reduced by 
the outer berm and protruding elements on the upper 
outer slope. Large waves reach the dike crest and over-
top, flowing down on the inner side of the dike. The 
cover erosion on the crest and the inner slope is  
calculated using a coupled overtopping-erosion model 
(Van Bergeijk et al., 2019; Valk 2009). This coupled 
model calculates the flow velocity and erosion depth 
along the crest and inner slope taking the effects of 
local acceleration and deceleration due to transitions 
into account.
Following the definition of the WBI 2017, the cover fails 
when the erosion depth exceeds 20 centimetres. The 
critical overtopping discharge is defined as the  
discharge resulting in 20 centimetre erosion and is 
found by stepwise increasing the dike crest in the mo-
del. The crest elevation is set equal to the outer berm in 
the first simulation. This will result in an exceedance of 
the erosion depth of failure for most wave conditions 
and the crest elevation is therefore increased by  
1 centimetre. This process is repeated until the total 
amount of erosion is less than the erosion depth of 
failure. The critical average overtopping discharge 
can then be calculated using the wave conditions and 
geometric characteristics of the dike. This is done for 
significant wave heights between approximately 2 and 

4 metre resulting in a relation between the  
significant wave height and the critical average overtop-
ping discharge.
Six locations are studied: (1) the start of the crest, (2) 
the start of the slope, (3) along the slope, (4) the inner 
toe, (5) the start of the first road and (6) the end of the 
road (see Figure 3). The slope changes at locations 1, 2 
and 4 result in a geometric transition, while at location 
5 and 6 the geometry is constant, but the cover type 
changes. Also, the erosion along the crest (A) and the 
inner berm (B) is calculated. The critical overtopping 
discharge as function of the wave height is determined 
for these locations to study the effects of transitions on 
this relationship.

Critical overtopping discharges
The results of the simulations show that the critical 
average overtopping discharge increases for a  
decreasing significant wave height at all studied loca-
tions (see Figure 6). Generally, a larger critical over-

The study area of the Afsluitdijk.FIG. 4

The relationship between the critical overtopping 
discharge and the significant wave height for the loca-
tions across the Afsluitdijk.

FIG. 6

The long afsluitdijk. FIG. 5
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topping discharge means a lower dike because more 
water is allowed to flow over the dike.
Furthermore, the inner toe and the inner slope are the 
weakest locations while locations on the crest are the 
strongest. The found critical overtopping discharges 
are approximately a factor 2.5 till 7.7 larger at the crest 
than at the inner toe. The small critical overtopping 
discharge at the inner toe is related to the flow velocity, 
which is largest at the inner toe resulting in large  
erosion depths (see Figure 7). 
The critical overtopping discharge curves are gentler 
at locations on the crest while the curves are much 
steeper at the other locations, especially on the inner 
slope and at the inner toe. This can be attributed to the 
influence of the length of the inner slope on the flow 
velocity. For high waves, the crest elevation needs to 
be relatively high. Consequently, under the assumption 
that the crest width and slope angles are kept constant, 
the inner slope length increases. This allows the water 
to accelerate longer and increases the hydraulic load 
on the inner slope and inner toe, meaning that the crest 
elevation should be increased even more. Because 
these locations require a larger increase in the crest 
elevation for an increasing wave height than the  
locations on the crest, the critical discharge will  
decrease at faster rate compared to the crest locations.

Conclusions
A new model is developed to assess the strength of a 
dike for grass failure by overtopping waves. This model 
calculates the hydraulic load along the entire dike 
profile so both the reduction of the hydraulic load by 
revetments on the outer slope and the effect of tran-

sitions on the overtopping flow on the inner side have 
been considered. The model is applied to the  
Afsluitdijk, which is currently being reinforced, to 
find the relationship between the critical overtopping 
discharge and the wave height. The critical overtopping 
discharge has been determined for wave heights up to 
4 metres at eight cross-dike locations.
The critical overtopping discharge decreases with 
increasing wave height. The most critical point is the 
inner toe with the lowest critical overtopping discharge. 
Thus, the highest crest elevation is required for this lo-
cation to meet the safety standards. In reality, the crest 
level is fixed, however erosion protection  
measurements can be taken at the inner toe to allow 
for more wave overtopping at the Afsluitdijk. 
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The flow velocity and the erosion depth along the profile of the Afsluitdijk.FIG. 7
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TURNING TORSO
This is the winning photograph of the ConcepTueel photography contest September edition. A lot of photos have 
been sent in.Thanks to everyone for the entries! Congratulations to Laura Janssen, enjoy your deserved prize! 
The main building in this picture is the Turning Torso, a skyscraper in the Swedish city Malmö. The tower exists 
of 9 blocks, with each block being angled a bit more than the block below, resulting in the iconic silhouette. 
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I was just a young lad when the alien thought of stu-
dying in the Netherlands. And after careful research I 
decided to make the superior choice of study: CIVIL 
ENGINEERING. But coming to the Netherlands I rea-
lised that there was much more to this study and to 
this country. And oh was I unprepared for the culture 
shock that I was going to experience, especially during 
the apocalypse period called Kick-In. During this hellish 
period my liver was relentlessly tortured by hydrating it 
with litters of Grolsch beer and I can still recall some of 
the schlagers like it was yesterday. 

Another thing I did not expect was the complete lack of 
mountains in this country. Also, the fact that hills were 
considered as small mountains in here and some of 
them were even named as such, is quite extraordinary.
The wildlife in this country is dangerous and this I 
learned the hard way. This wisdom I discovered by 

trying to pet some very sweet cows in the fields close 
to the university and getting chased by them. Another 
previous unknown fact to me was the fact that ducks 
are predatory and territorial. I discovered this after I 
crossed the territory of one such aggressive duck and 
got chased for 20 meters. Fleeing for my life with the 
maximal sprint velocity a human can develop (approxi-
mately 30 km/h) I prayed for more wisdom for the next 
time I meet this fiend.

Other amazing features of the Dutch land are the rain 
and wind. I really enjoy the rain especially because it is 
like a second much more unenjoyable cold shower in 
the morning, which you get while cycling like crazy for 
your lectures at 8:45 in the morning.
As of now I am facing the great beast named module 1 
with the hell of Structural mechanics. Wish me luck!

INTERNATIONAL STUDENTS IN TWENTE

BACHELOR:
OLEG POSTRINI
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What do you think is the biggest cultural shock a Ger-
man could experience in Enschede? Obviously, there 
are more bicycles than cars in Enschede, people under 
50 wear Ralph Lauren polo-shirts, and Grolsch is consi-
dered as a good beer. But to me, the biggest difference 
is actually student life.

The things that I found the hardest to adjust to are the 
rhythm of the semester and the workload. In Germany, 
the semester usually starts of quite slowly and most of 
work must be done at the end of it. It is the complete 
opposite at the UT where you have assignments and 
exams just a month after the semester started and 
thus must put in a lot of work from day one. This is 
further aggravated by the fact that you are often sup-
posed to study a lot of material by yourself instead of 
learning it through lectures or seminars as I was used 
to. And on top it all off, you must hand in reports that 

are ready to be published in scientific journals if you 
want to receive the best grades. Is that even possible 
for a human being? 

Luckily, I’ve met a lot of lovely Dutch people who 
assured me that it’s not possible and having a passing 
grade is more than enough. It is probably the thing I 
appreciate most about the UT: The ease of getting to 
know other people. In Germany, the university is a place 
where you go for your studies and that’s that. But here 
it’s much more. Especially the Kick-In helped me to 
build friendships right from the start and the countless 
associations are also a great opportunity to meet new 
people. And as the Beatles have already assured us: we 
eventually get by with a little help from our friends.

MASTER:
SEBASTIAN 

SEISENBERGER

THE FIRST EXPERIENCES OF A BACHELOR 
AND A MASTER STUDENT
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Since 2011, the municipality of Enschede uses travel 
times of different routes for different purposes. First, 
the travel times are used as a performance indicator 
for the accessibility and mobility of the city. Further-
more, the travel times are used for activating and 
deactivating scenarios in traffic control systems. Last, 
travel times are used on dynamic routing information 
panels (drip) on the side of the A35/N35 to inform 
drivers. In this research, two sources of travel times 
are compared. The municipality of Enschede wants to 
know if Floating Car Data (FCD) could be used instead 
of Vehicle Inductive Profile technology (VIP), in order 
to measure travel times. Also, the municipality was 
interested whether it could be used in their traffic ma-
nagement applications.

Vehicle Inductive Profile Techno-
logy
At the moment travel times are determined using Vehi-
cle Inductive Profile technology (VIP). The first VIP sys-
tem was placed in Enschede in 2011 by the company 
PEEK traffic solutions, which is now part of the compa-
ny Dynniq. VIP makes use of the induction loops that 
are placed at traffic light installations (Figure 1). These 
loops are in the first place used for detecting cars and 
to give the right of way to the detected vehicle. When 
a car drives over a loop it causes a unique disturban-
ce in the inductance, an inductive profile, which will 
change the frequency of the oscillator of which the 
loop is part. Even two Volkswagen golf cars will cause 
different profiles due to subtle differences in loading. 

This can be used for re-identifying vehicles at conse-
cutive loops.

In Enschede, the induction loops of traffic lights 
furthest away from the intersection are used for the 
VIP measurements. These traffic lights are situated 
in general approximately at 60 meters before the stop 
line at an intersection. These loops are used, since 
cars will decelerate and accelerate less on the 60-me-
ter loop than on the loops closer to the intersection. 
The system tries to match the profiles measured at 
different intersections and provides the travel times. 
Since VIP is installed in all traffic light installations and 
has to be installed in new traffic lights, the costs for 
this system are relatively high. Also, VIP needs a lot of 
maintenance. The use of VIP is however very limited. 
Only a few routes are used. The technology provides a 
lot of data which cannot all be analyzed by the munici-
pality.

Floating Car Data
Since a few years new techniques are available in 
measuring traffic that have a broader coverage area 
and also have little to no costs. Floating Car Data 
(FCD) is one of those techniques and makes use of the 
GPS signals of devices that are present in cars. FCD 
is derived from individual probe vehicle measurement 
samples, that each have their own timestamp, anony-
mized identifier, speed estimate, vehicle heading and 
set of coordinates. The provider of floating car data is 
Be-Mobile, which uses mainly the application Flits-

QUALITY COMPARISON OF FCD WITH VIP 
FOR TRAFFIC MANAGEMENT IN ENSCHEDE

MEASURING TRAVEL 
TIMES 

Author: Ramon Kamphuis
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meister to follow cars on their route and to give actual 
information about traffic. The data is available via the 
contract of the province of Overijssel and can be used 
via the online tool FLOWcheck for free by the munici-
pality of Enschede. Since only data from Flitsmeister 
is used, cars in which a driver is not using Flitsmeister 
are consequently not seen in the data.

Can we switch to FCD?
From interviews with the user of VIP and two policy-
makers followed that the use of VIP by the municip-
ality of Enschede is limited. An easy analysis tool on 
travel times is wanted. Given the management require-
ments and ambitions, a switch to FCD can, therefore, 
be interesting for the municipality. The reliability is 
important; therefore, it should be examined what the 
quality of FCD is in Enschede.

Comparing FCD with VIP was done by examining the 
bias, time shift and by comparing the penetration. First 
FCD and VIP were compared for a basic route. Thereaf-
ter, the influence of route characteristics is examined. 
Last, FCD and VIP are compared for the application of 
the state of the city index. In the comparison main-
ly, data of 2017 is used. FCD is provided per minute 
and VIP data is provided per 5 minutes, both in CSV 
files. A Matlab script was made and used for loading, 
processing and plotting the data. In this script, FCD is 
aggregated to 5 minutes for easy comparison with VIP 
travel times. The Root Mean Square Error (RMSE) and 
cross-correlation were calculated and used in determi-
ning the time shift. The number of matched vehicles 
was given in the VIP files. The penetration of FCD was 
estimated only for a few routes using the VehicleCount 
from the segment analysis tool.

First look at the data

An example of raw FCD per minute compared with 
VIP per five minutes for a single random day in 2017 
can be found in figure 2. VIP and FCD have both the 
same order of magnitude. Between 7h and 9h a peak 
in travel times, meaning a delay, is detected. It can be 
seen that after the morning rush hour, FCD starts to 
fluctuate a lot more than VIP. Between the rush hours, 
a little bias is present. FCD is a little bit lower than VIP. 
The grey background displays the number of matched 
vehicles per 5 minutes for VIP.

From the analysis of a basic short route (0,5 KM of the 
Zuiderval), it followed that FCD and VIP compare well. 
For weekdays as well as Saturdays, the travel time pro-
files do match. On day level, however, FCD does have 
a lot of outliers. Sometimes these outliers are unrea-
listically big (Figure 3). A filter was applied to exclude 
these in later results.
The penetration of FCD is also examined for the short 
routes. This could only be done in a cumbersome way, 
making analyzing the penetration of FCD time-consu-
ming. It followed that the penetration of FCD is very 
low compared to VIP. The penetration is sufficient 
during morning rush hour for the Zuiderval and did 
increase over the past years. So, when this trend conti-
nues FCD will become more valuable in the future.

Comparing FCD with VIP for four 
different characteristics
How the quality of FCD compares with VIP doesn’t 
necessarily have to be the same for each route. Four 
characteristics are examined, that are selected based 
on literature and deductive reasoning: Speed, type 
of traffic, intensity on German Holidays and turn at a 
junction.
1. Speed

VIP uses the induction loop at a traffic light  FIG. 1

FCD per minute compared with VIP per 5 minutesFIG. 2
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The floating car data that is provided by Be-Mobile 
is edited for high speeds that exceed the maximum 
speed on the road segment. If the measured speed 
exceeds the maximum speed the registered speed is 
set equal to the maximum speed. According to Andy 
Berkouwer, the account manager of Be-Mobile for the 
Netherlands, one of the reasons this is done is preven-
ting that dynamic route information panels (drip) give 
a travel time for which you have to drive too fast to 
reach the destination in the given time.

The cut-off of too high speeds exceeding the maxi-
mum speed leads to higher FCD travel times with res-
pect to VIP. In the travel times of the Hengelosestraat 
towards the city in front of the university, a clear bias 
or difference can be spotted between VIP and FCD, dis-
played in Figure 4. The difference is however minimal. 
VIP and FCD both detect the rush-hour delays well.

2. Type of traffic
From the analysis of the characteristic type of traffic, it 
follows that the results do better compare for week-
days than for Saturdays. Therefore, more value should 
be given to the data for weekdays over the data of the 
Saturdays. During the time intervals commuting traffic 
is more present FCD has less bias with respect to VIP. 
However, more research is needed to fully determine 
the effect of the characteristic. The number of users 
of Flitsmeister is found to be less for shopping traffic 
than for commuters.

3. German Holidays
During peak moments on German Holidays, differen-
ces between FCD and VIP were also found. German 
Holidays are one of the busiest days in Enschede, 

since all Germans are free from work and no shops 
are open in Germany, resulting in lots of Germans that 
travel to Enschede to shop. This traffic mixes with the 
normal commuting traffic of that day. Found was that 
FCD detects much more delay than VIP. For the appli-
cation of activating scenario’s this is positive. These 
peaks can be detected by the system and the scena-
rios can be activated. FCD produces travel times more 
in line with the expectation of high travel times during 
the rush hours caused by Germans going to shop in 
Enschede. An example is given in Figure 5.

4. Turn at a junction
According to research of the NDW, making a left or 
right turn at a junction can cause differences between 
FCD and other travel times sources. In the comparison 
with VIP, no distinctive difference could be distinguis-
hed for routes that turn at a junction. The routes Wes-
terval and Singels noord-west XP38 n XP08 therefore 
do not need a special treatment with respect to routes 
without a turn at a junction.

Application of travel times - State 
of the city index
In the state of the city report, the municipality compa-
res the accessibility of the city for the current year with 
all previous years till 2011. As performance indicator 
for the accessibility of the city for a whole year, travel 
times are used and compared with the reference year 
2011 which is set at 100%. Only travel times of three 
routes are used in this calculation: Westeraval, Zuider-
val and Gronausestraat. Since the indicator is based 
on travel times, a lower value is better. The state of the 
city index is calculated each year and is used by the 

Huge outliers are present in the FCD. A filter was made 
to exclude these.

FIG. 3

Bias in FCD travel times due to cut-off of too high 
speeds.

FIG. 4
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traffic department and policymakers of the municipali-
ty to visualize the trend of the accessibility and to get 
more funding for their projects.

The state of the city index determined with FCD does 
compare well with the index determined with VIP 
(Figure 6). Within the context the municipality uses the 
state of the city index, FCD can be used for determi-
ning the state of the city index instead of VIP. Cor-
recting factors for the three routes of the index were 
calculated by averaging the correcting factor of a route 
for 2016 and 2017. Applying the factors on FCD resul-
ted in an index that differs little from the VIP index.

Conclusion
From the results follows that within the given context 
by the municipality of Enschede, the quality of FCD is 
sufficient enough for a couple of routes on specific 
times, but not on all. FCD is a good alternative for 
VIP data in determining the state of the city index of 
Enschede.  For other applications, the municipality 
should look more into the penetration of FCD. The 
quality difference of FCD between routes, can for 
some routes be assigned to a characteristic. The two 
characteristics speed and German Holidays have a 
clear effect on the quality of FCD compared with VIP. 
The other two have less distinctive to no effect. 

Recommended is to start using FCD for the historical 
analysis for the state of the city index. On year level 
the FCD has sufficient quality by virtue of the context 
in which the municipality uses the index. A switch 

from vehicle inductive profile technology to floating 
car data is partially recommended. From the data 
analysis point of view, VIP is a valuable source of data, 
especially for the information on the drips. The muni-
cipality could consider phasing out VIP for the routes 
that are not used. This would mean that only on the 
routes Westerval, Zuiderval, Gronausestraat and Olden-
zaalsestraat VIP should be maintained.

Expected is that FCD will contribute to getting more 
and better information. In the future, FCD will probably 
be supplemented with other data from cars, like brea-
king information and information about the environ-
ment cars drive in. A prerequisite for making good use 
of FCD is that the data suppliers are open about their 
performed operations on the data and the changes 
they will make in the operations.

Massive delays during a German holidayFIG. 5

The state of the city index. A lower value means better accessibilityFIG. 6
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Eén dag per week afstuderen aan de TU Delft en daar-
naast vier dagen werken: het is super leuk om eindelijk 
in de praktijk aan het werk te zijn. Ik werk pas sinds 
april bij Dura Vermeer, maar de parkeergarage die we 
aan het bouwen zijn op de Garenmarkt in Leiden voelt 
bijvoorbeeld al als míjn garage. Je bent snel onderdeel 
van het team als je interesse toont en proactief bent. En 
dan leer je ook het meest, is mijn ervaring.
In november start mijn afstudeerproject. Mijn intentie 
is om daarna voltijd bij Dura Vermeer aan de slag te 
gaan. Ik heb om verschillende redenen gekozen voor 
Dura Vermeer. Allereerst is het een groot bedrijf en wil 

ik graag grote civiele projecten doen. Daarnaast ken ik 
via-via een trainee die er zeer positief over is. Ten slotte 
is Dura Vermeer heel actief aanwezig op de Bedrij-
vendagen op mijn faculteit. Op die manier zichtbaar 
zijn werkt, mits je niet als een stoffig bedrijf overkomt 
natuurlijk. 

Warm welkom
Zo stond ik afgelopen zomer zelf ook op de Bedrij-
vendagen, maar dit keer in het groengeel van Dura 
Vermeer. De manier waarop dat is gegaan is wat mij 
betreft typerend voor de Dura Vermeercultuur. Ben je 

Ingang parkeergarage onder de Garenmarkt in LeidenFIG. 1

VRIJ OM JE EIGEN ROUTE TE KIEZEN

WERKEN BIJ 
DURA VERMEER

Author: Koen van de Loo 
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enthousiast en wil je meedoen? Join the team! In mijn 
geval vertelde ik mijn leidinggevende dat ik graag een 
steentje wilde bijdragen. Na één telefoontje van hem 
met de HR-verantwoordelijke was het geregeld. 

Uitdaging
Mijn functie is zeer divers. Ik vorm de schakel tussen 
ontwerp en uitvoering. Ik help onder andere bij het 
maken van de planning, ik maak tekeningen en begeleid 
betonstortingen. Mooi en uitdagend werk. Wat ik hierna 
ga doen? Ik heb nog geen route uitgestippeld. Dat hoeft 
ook niet, dat is het mooie van Dura Vermeer: je bent vrij 
om je eigen plan te kiezen. Ze gooien je in het diepe – 

onder begeleiding uiteraard –, je leert veel en je mag 
daarna overal heen zwemmen. Erg prettig, want zo kan 
ik mezelf blijven uitdagen. 

Mentor
Die uitdaging zou ook heel goed op een ander gebied 
kunnen liggen dan werkvoorbereiding. Ik kijk nu liever 
nog niet te ver vooruit. Ik vind het interessant dat er bij 
Dura Vermeer bijvoorbeeld een mentorschapsprogram-
ma is. Samen met een senior collega kun je gericht 
werken aan je loopbaan. Daar maak ik nu nog geen 
gebruik van, maar daar ga ik ongetwijfeld wel gebruik 
van maken in de toekomst. First things first! 

Één van de parkeerlagen van de parkeergarageFIG. 2

Koen in veiligheidskleding op een van de parkeerlagenFIG. 3
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The Kick-In is organized annually to help new students 
discover Enschede and its treasures. The best part of 
this week is of course the Faculty Kick-In which not 
only helps new students to get to learn each other 
but also introduce them to the Horst and ConcepT. 
As camp committee we were tasked to organise the 
Faculty Kick-In for the Civil Engineering faculty and we 
decided to organise it within the marvellous theme: 
“Around the World, off the Map.”

New students approaching!
For the first day of the Kick-In we were tasked to create 
do-groups for the kiddos. This had been done after the 
kiddos had gone to the introduction market. For the 
new students, the do-groups are important since these 
are the people they are going to spend their Kick-In 
with and quite possibly build long lasting friendships 
with. That’s why first all the different do-groups must 
promote themselves towards the kiddos. The pro-

motion has been done by giving a short speech with 
often a funny, epic and short movie. Since the new 66 
students had to make a tough decision between eight 
fun different do-groups, they were given a few minutes 
to decide after all presentations.

A few minutes later the future-to-be Civil Engineers had 
to walk to another room with tables for each do-group. 
The rules are simple: if you want to join a certain 
do-group you take a seat at the adequate table and if 
there are no seats left you must join another do-group. 
When all do-groups were made, the parents and kiddos 
could start eating the delicious pizzas.

The following days we, the committee, had to work 
hard to finalise the final preparations for the camp. The 
inventories had to be checked while the groceries had 
to be ordered. Meanwhile the kiddos were having the 
time of their life at the Kick-In.

Already early in the morning at eight on the 26th of 
August the camp started for the committee and all 
activists, just forty-five minutes later the camp would 
start for the kiddos as well. The program started with 
a speech by the new programme director after which 
the chair of the committee showed the camp groups 
to the kiddos. This day the camp groups were split into 
two groups, so that one group started with a lecture by 
Farid followed with a tour throughout the Horst, while 
the other group started with the cultural awareness 
workshop. After lunch the kiddos went on an excursion Intro speech of the programme director.FIG. 1

AROUND THE WORLD, OFF THE MAP

KICK-IN CAMP 2019
Author: Luuk-Jan Zegers 
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to the project at the Oldenzaalsestraat, everybody had 
even been treated with a delicious snack: a sausage 
roll. In the afternoon the groups switched with acti-
vities: group 1 did the cultural awareness workshop 
while group 2 listened to Farid and explored the Horst. 
During the exploration through the Horst, the kiddos 
also decorated their shirt with their camp group signa-
ture and they also visited ConcepT to enrol on canvas 
and to order their books.

The camp begins
Meanwhile at the famous camp location Roezeberg, 
preparations were met, and a tent for the activists had 
to be put in place. Also the groceries had to be picked 
up; which was quite a lot: the total price was roughly 
1200 euros! Around five o’clock everybody arrived 
at Roezeberg and people started claiming sleeping 
places and making their beds. After food had been 
prepared and everyone had finished unpacking and 
making their bed, diner had been served. Well, it was 
more like a buffet. 

In the evening a pub quiz took place; it had specially 
been prepared by Pieters and Oppers. Because of this, 
the pub quiz had exclusively been created for a Con-
cepT camp. After the quiz, each camp group had to 

go on a special quest in the forest at night. This quest 
has been based on our theme: “All Around the World.” 
The groups had to fulfil challenges in order to make 
their own group flags and at the end, the current board 
of ConcepT would teach the kiddos the famous and 
beautiful ConcepT anthem. To top the evening, a party 
was thrown in the barn of Roezeberg

Lots of activities
The next day, early in the morning, the kiddos were 
“gently” wakened up by a nice sports drill. It is said 
that even a certain member of the board with a slight 
hangover enjoyed this sports drill. Meanwhile, the 
activists were preparing breakfast for everybody, so 
everyone could fill up their energy stores for this day’s 

Students having lots of fun after being wakened up.FIG. 3

Pub quiz in action.FIG. 2
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activities. The morning programme consisted of active 
activities in which groups competed against each 
other: there was even a laser tagging battle! There was 
also an activity which took place throughout the day 
that had been filled with mystery and puzzles: The 
escape room challenged the new students and tested 
their intelligence.

After lunch a new set of activities took place, with 
an exception of the escape room and laser tagging. 
Due to rising temperatures we had to let people play 
around with soap and water at the special soap foot-
ball field. The slippery soap and sail provided lots of 
action and fun during these football matches. When 
all the groups had finished the activities, it was time to 
capture everybody in a massive group picture. 

At diner there was massive BBQ but before everybody 

could start eating, there was a bingo. But not just an 
ordinary bingo, but a bingo XXL. This type of bingo 
requires people to collect certain objects to fill their 
numbers on their bingo card. The winning group has 
been awarded a small price for their luck and effort. 
After the bingo, everybody could enjoy the nice meats 
of the barbeque, and even for those who dislike meat, 
separate diner had been prepared. After the barbeque 
an evening activity has taken place, which was fun, 
especially for the treasurer of ConcepT.

The next and last day, as tradition, most people went 
to the swimming pool Nordhorn, Germany. Unfortuna-
tely, not everybody could go, some had to clean up 
Roezeberg, which had become quite a mess after the-
se few days. In the afternoon everybody was exhaus-
ted from the past few days, however everyone thought 
the camp was amazing!

The traditional group picture.FIG. 5

Crate bridge builders spreading a secret message.FIG. 4
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When looking back at the last half year, the most signi-
ficant thing to remember is that time really flies. Trying 
to fit the weekly activities of ConcepT with the early 
morning trains to the Randstad gave me the feeling that 
each day was short of a few hours. However you are 
not alone during a board year, so it is really nice that 
you have people around you that you can count on.

At the start of my board period I had only a slight clue 
of how big the network of ConcepT really was. During 
the year I encountered a lot of wonderful companies 
that are interested in the students of civil engineering 
in Twente. With all relations of ConcepT we were able 
to set up some nice activities like the symposium, 
lunch lectures, excursions and workshops. In this way, 
students are aware of the changes happening in the 
working field of civil engineering and can try starting to 
set out a network for themselves. 

With the summer holidays in the background, ConcepT 
is getting back in operation. Starting the week on Thurs-
day after a wonderful few days at the Sneekweek we 
started off with a big cleaning of the ConcepT room to 
prepare for the upcoming academic year. 

With the Kick-in committee being busy with the last 
preparations for the first year camp, we are all ready 
to go to Nutter again. Including the first years trying 
to build the longest crate bridge and having a look at 
the redevelopment project of the ‘Oldenzaalsestraat’ 
in Enschede. With all these experiences they are ready 

to tackle the first year of civil engineering with a lot of 
new friends. With already 25% of the new first years 
being internationals we can proudly say that we are an 
international study. This brings new challenges, but as 
a student having challenges is what it is all about.

December will personally be my favourite month with 
Sinterklaas visiting our association in Beneden Peil. 
Over there we will find out which students have beha-
ved last year and briefly looking back at all the achieve-
ments we made as ConcepT in 2019.

In February the 6th lustrum of ConcepT will take place, 
with the Lustrum, Symposium and Gala committees 
working hard to prepare for the activities during the first 
two weeks of February. We hope to bring all active and 
old ConcepT members together at these festive weeks.
    
Right now the application process started in the search 
for our successors. The search for our successors 
feels as if I’m writing the last chapter of our book and 
starting with the first page of our successors. Therefo-
re this period gives mixed feelings, where it will be hard 
to let go, but as well feel proud of what we can pass on. 
Even tough times are rare commodities during a board 
year, the people around you make you enjoy the most 
of it.

Renier Timmermans
31st Board of ConcepT
‘In Opere Caementicio Aedificandum’ 

HALF WAY, THE POINT OF NO RETURN IS 
THERE! 

FROM THE CONCEPT 
BOARD 

Author: Renier Timmermans
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Today, most economies are based on a so-called 
linear economy. In a linear economy, economic growth 
depends heavily on the amount of products sold. It 
means taking raw materials from nature, turn these into 
products and sell them to consumers. Consequently, 
this leads to a high pressure on the environment as 
products become waste when they are thrown away 
after use. Eventually, this system will exhaust our 
planet. Fortunately, there is increasing attention for the 
so-called circular economy (CE) nowadays. In this alter-
native type of economy, materials keep circulating in a 
high-value state of use. The idea of the CE is to create 
an economic system that allows for long product life, 
optimal reuse, refurbishment, and recycling of products 
and materials. The Dutch Government is supporting CE 
and has set the ambition to become a circular economy 
by the year 2050. 

This turn towards the circular economy not only has a 
tremendous impact on society in general, but also for 
the housing industry in particular. Considering that the 
ambition is to build 75,000 new houses per year until 
2025 (Pepers et al., 2018), the issue of circularity in the 
housing industry has become even more important. 
However, organisations in the housing industry, such 
as housing corporations and contractors, struggle to 
implement circularity principles in their business to 
retain the value of end-of-life products. In this article, 
we describe how circularity principles can be applied in 
the housing industry. More specifically, we will demon-
strate how Koopmans Bouwgroep b.v., a construction 

company, can improve the circularity level of the hou-
ses that they produce and sell. This article is based on 
the Master thesis assignment of Linda Braakman, for 
finishing the Construction Management & Engineering 
Master at the University of Twente.

Circularity in the construction 
industry
In this section, we explain the basic ideas behind the 
circular economy, followed by a reflection of what this 
means for designing and building houses. As men-
tioned, in a CE, materials circulate in material cycles 
through reusing, remanufacturing, and recycling. The 
butterfly diagram of the Ellen MacArthur Foundation is 
the most well-known model for CE. It makes a distinc-
tion between biological (or organic) and technical ma-
terial loops. The biological (or organic) materials, such 
as water, wood and cotton, are renewable without toxic 

Dry-connected brickwork with click-connection | 
Source: https://materialdistrict.com

FIG. 1

Author: 

CIRCULAR HOUSES 

DESIGN PRINCIPLES FOR IMPROVING THE 
CIRCULARITY OF FAMILY HOUSES

Authors:  Linda Braakman, Robin de Graaf, Silu Bhochhibhoya
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substances and can be absorbed again in the ecosys-
tem after use. The technical materials however, such as 
concrete, metals and plastics, are finite and cannot be 
renewed. It is therefore important to maintain the value 
of these material as long as possible. This can be done 
by applying the so-called ‘rule’ of the inner-circle (see 
cycles on the right in Figure 2). This “rule” is the smal-
ler the inner cycles, the less processing steps, labour, 
energy and new materials are required (Ellen Macarthur 
Foundation, 2013). Therefore, the preferred approach 
is to reuse the product with the same function, before 
changing the function of the product by remanufactu-
ring or recycling.

For the housing industry, among others, multiple 
options for circular designs are available. For example, 
designers should make designs that prevent virgin 
material extraction as much as possible or that apply 
bio-based material that can be returned to the ecosys-
tem. Another way to make designs more circular is to 
include more flexibility in product design. This makes 
it possible to disconnect building components easily 

for reuse or remanufacturing in later stages of the life 
cycle of the house. The dry-connected click-based 
brickwork is a well-known example of this (see 
Figure 1).

How to measure the circularity 
level?
Multiple assessment tools are available for assessing 
the circularity level of buildings. The Building Circularity 
Indicator (BCI) of Verberne (2016) has been considered 
as the most appropriate tool for buildings. It discusses 
the circularity level of the building and its components 
on different levels and in four steps. 

First, the specific characteristics of all individual ma-
terials that are used are assessed using the Material 
Circularity Indicator (MCI) tool of the Ellen MacArthur 
Foundation, Granta Design, and LIFE (2015). In this, 
the virgin material input, expected waste scenario and 
lifespan of the materials are evaluated.
Second, to incorporate the product design features, 
such as Disassembly Determining Factors, are included 

Butterfly Diagram | Source: www.ellenmacarthurfoundation.orgFIG. 2
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in/added to the MCI. This results in a Product Circula-
rity Indicator (PCI). This indicator represents how easy 
it is to disassemble and adjust the elements that make 
up the building. 
Third, all building products are categorised in systems 
through the “building layers” defined by Brand (1995). 
These are the building’s structure, skin, services and 
space plan. The relative amount of each product 
applied within the system is determined by its mass, 
and the importance of each product within the system 
is determined by a weighted average of each product 
within the overall system.

Finally, the separate System Circularity Indicators 
(SCI) are merged with a factor to indicate the level of 
importance of each system based on their weighted 
lifespan. This results in the final BCI score, which 
indicates the level of circularity of the whole building. 
For this research, the BCI assessment of Verberne has 
been taken as point of departure and was tailored to 
the specific circularity assessment of houses. 

Improving the circularity level
Based on a literature review and interviews with ex-
perts, we were able to derive a specific set of measu-
res that can be applied to improve the circularity level 
of houses. First, it is recommended to start with the 
skin and space plan by applying recycled or bio-based 
materials as a replacement for virgin materials. This 
measure has limited impact on the building design 
and can therefore be implemented quite easily. Some 
examples of recycled and bio-based materials, in order 
of impact on the building circularity level, are visuali-
sed in Figure 3 and 4.
The next step is to focus on the type of connections of 

the building components. Designers should look at the 
internal connections between materials of the same 
type (e.g. click-based connections between bricks in 
a brick wall) and connections with other interfacing 
building components (e.g. click based brick wall 
connected to the windowsill). In such a way, building 
components can be disassembled independently of 
the surrounding components. 

Another important aspect that designers should consi-
der are the building utilities, such as cables and pipes 
in the walls and floors for heating, cooling, electricity 
and so on. For replacing, adapting or repairing these 
utilities during the lifespan of the house, it is required 
to have access to these utilities and related fittings. 

Lastly, designers can consider the materials of the 
building’s structure. Applying alternative building 
components in the structure has much impact on the 
building’s design, but only a minimal impact on the 
circularity level.

Application of the principles
The above-mentioned principles were applied to a 
standard one-family house. The circularity level of a 
typical one family house (see Figure 5), produced and 
sold by Koopmans Bouwgroep b.v., scores 0.20 on a 
scale of 0 (not circular) to 1 (circular). Taking this one 
family house of Koopmans as a baseline, a variety 
of changes were made to its design to improve the 
circularity level.
First, we implemented alternative (circular) building 
components in the design one by one and measured 
the impact on the circularity level after each adjust-
ment. In this way, we developed six scenarios with a 
gradually increasing circularity level. The key principle 
was that the changes to the design should be possi-

Biobased flax insulationFIG. 3

Recycled jeans cotton insulation | 
Source: eco-logisch.nl

FIG. 4
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ble and feasible for the company. Among others, this 
means that materials should be available in the market 
and that the changes proposed do fit the current pro-
duction process of Koopmans. For example, in scena-
rio 1 we started with applying a material that has little 
impact on the current construction process. Therefore, 
in the design the concrete roof tiles are replaced by 
clay. This already resulted in an increase in the building 
circularity score of +0.08. Along similar lines, the in-situ 
poured finishing floor in scenario 3 resulted in a large 
impact of +0.07 in circularity score when replacing it for 
a dry connected floor of equalisation pearls and EPS 
insulation (see Figure 6).

During the analysis, it also appeared that some materi-
als seem to have almost no influence on the circularity 
level. For example, there was no difference in the score 
between the fifth and sixth scenario. In scenario 6, the 
ground floor and foundation beams were replaced. 
However, the level of circularity does not change due 
to the long lifespan of the structure. 
The maximum circularity level for this case is a score 
of 0.49. This score seems to be quite low, but it can 
be achieved with relatively few adaptions to both the 
design of the house and the production process. Ne-
vertheless, there is still a lot of room for improvements 
when the company is willing to make profound chan-
ges to both the design and the production process. For 
example, in the design of the high-scoring scenarios 
(scenario 5 and 6), many materials are still assemb-
led with chemical connection, not dry-connections. 
Moreover, Koopmans preferred not to radically chan-
ge the entire design of the house, because current 
designs are based on market experience and customer 
preferences. Changing the design too much might 
introduce the risk that customers do not want to buy 
the house anymore. 

Conclusion
In this article, we described the result of our study 
on how to improve the circularity level of one-family 
houses. In sum, our findings demonstrate that houses 
can be made more circular relatively easily, reaching 
a circularity score of at least 0.46. Most effective are 
measures to adjust the skin of the house and its space 
plan. These measures can be implemented without too 
much effort, which means that it is sufficient to use 
alternative (circular) materials instead of the materials 
that are currently used. In addition, these measures do 
not require radical changes to the design and con-
struction process. Nevertheless, if companies such as 
Koopmans Bouwgroep b.v. want to increase the level 
of circularity beyond 0.46, then more radical changes 
are required. Such changes result in substantial cost 
increase, making these high-end scenarios less attrac-
tive for construction companies. Therefore, we suggest 
to start with relatively easy measures, which already 
make it possible to double the current circularity level 
compared to typical one-family houses. This is already 
a first step in the right direction towards more circular 
houses.

Standard one-family house | 
Source: Koopmans Bouwgroep b.v.

FIG. 5

Dry connected finishing floor with services pipes in 
equalisation pearls | Source: eco-logisch.nl

FIG. 6
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Vajont dam
The Vajont Dam, located close to the Italian town Lon-
garone, about 100 kilometres to the north of Venice, 
was completed in 1959. At that time it was the tallest 
dam in the world with an impressing height of 262 
meters, which today still makes it the 8th tallest dam 
worldwide. On its base, the dam is 27 meters wide 
and 22 meters thick, while being 191 meters wide and 
3 meters thick at the top. The reservoir behind it can 
hold almost 170 million cubic metres of water, what 
would allow the dam to generate lots of power. Nevert-

heless, the Vajont Dam holds nothing but solid ground.
During construction, it became clear that side of Mon-
te Toc, a mountain next to the reservoir was unstable. 
Experts warned the owner of the dam that this was li-
kely to cause landslides once the basin would be filled. 
All warnings were ignored and, even though several 
smaller landslides occurred, the reservoir was filled. 

During the summer of 1963 the ground in the dam 
area was reported to be very unstable. When the entire 
side of Monte Toc started sliding down, the basin was 

The Vajont Dam as seen from above nowadays | Photo: Davide GalloniFIG. 1

AN USELESS DAM, THEME PARK AND 
ROUNDABOUT

USELESS 
CONSTRUCTIONS 

Author: Sjoerd Gabriëls
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emptied to a level of which engineers had calculated 
that the wave, caused by a landslide, could not top the 
dam. On 9 October 1963 the unavoidable collapse of 
the side of Monte Toc took place. Engineers gathered 
right on top of the Vajont Dam to witness the upco-
ming wave, completely trusting their calculations. The 
landslide however turned out to be much more massive 
than expected. It took only 45 seconds for 260 million 
cubic meters of ground to slide down, resulting in 50 
million cubic meters of water to form a 250 meter high 
wave, obviously topping the dam. Running downstream, 
the water swept away multiple villages before covering 
them with mud and killed more than 2000 people. The 
Vajont Dam itself was almost completely undamaged. 

Today the dam is still in place and still being maintain-
ed. However, the whole of the reservoir is filled up with 
dry landslip, giving the dam almost no chance to be 
ever be exploited again.  

Wonderland
Everyone knows the huge cities that China builds for 
its large number of inhabitants. Less people know that 
also theme parks are popping up at a high rate and that 
some of these parks completely fail. One of those ne-
ver-opened theme parks was Wonderland, located near 
Beijing. Wonderland was meant to become the biggest 
theme park of Asia with an enormous area of 120 
acres. Obviously inspired by the (at that time) American 
Disney parcs, Wonderland had a big castle right in the 
centre of the park, surrounded by fairy tale-like villages 
and medieval houses. It never became the happiest 
place in China though, since construction suddenly 
stopped in 1998 due to financial problems.

After that, farmers slowly took over the place, resulting 
in half-finished buildings being surrounded by corn. 
Not being able to withstand the power of nature, parts 
of the central castle of the park eventually collapsed. 
Plans to continue the project were made in 2008, but 
failed. The built parts of Wonderland were finally de-
molished in 2013.

A roundabout in Assen
Roundabouts have many advantages over traditional 
intersections. They are safer, cheaper to build and 
maintain, they improve the traffic flow and they do not 
need as much space as a normal intersection. 
A major requirement of roundabouts is that they need 

to have three or more legs to be useful. That is exactly 
what goes wrong at a certain roundabout in Assen: 
it has one leg, allowing people to enter, make a 360 
degree turn and exit in the same direction they came 
from. This roundabout is located in the industrial area 
Messchenveld, but has been there for years and it is 
unknown what the plans are for the surrounding fields. 
Until the time a company settles next to it, the roun-
dabout will only be useful for people trying to learn 
how to drift.

Probably the most useless roundabout in the Nether-
lands. | Photo: Herma van der Roest

FIG. 3

“There is no castle strong enough that it cannot be 
overthrown by money.” Wonderland’s castle is a mo-
dern example of this saying. | Photo: David Gray

FIG. 2




