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Heb je altijd al willen weten hoe het is om bij een ingeni-
eursbureau te werken en mee te denken over de hoogwa-
terbescherming van Jakarta: het ontwerp van de nieuwe 
waterkering? Een veelzijdig internationaal project met 
zowel waterbouwkundige, geotechnische, verkeerskun-
dige èn constructieve aspecten in een metropool met een 
miljoenenbevolking. Een van werelds grootste waterbouw-
kundige projecten!

Schrijf je dan nu in voor onze business course Master-
plan Jakarta die plaatsvindt in Deventer. Inschrijven kan 
tot maandag 1 juni 2015.

www.witteveenbos.nl/businesscourse
www.facebook.com/witteveenbos

business course
Masterplan Jakarta
woensdag 10 juni 2015
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by David Kunst

From the board

Not only our commissioner of activities, Edwin, 
has been active in the last period, our commission-
er of education, Geert, has gained some progress as 
well. It is finally clear which courses will be evaluated 
by the faculty and which will be done by us. The new 
evaluation forms, already spoken of in the previous 
newsletter, have already been used by many and the 
results of those evaluations will be done in the com-
ing quarter. So, always fill in the evaluation forms, 
even if you think you do not have really much to say, 
because this way you can support Geert and the fol-
lowing commissioners of education in improving the 
courses.

The new activity I highlighted in the previous 
newsletter has proven to be a success. Nationaal Wa-
tertraineeship was so impressed by our students, they 
decided on doing more activities with us. By the time 
you read this, the company dinner that they attended 
together with Grontmij has already passed but I am 
sure it has been a nice and interesting evening. There 
might be a short article about the company dinner in 
the next newsletter. If you did not get invited for this 
dinner, no worries, we are working hard on organis-
ing another one this year! 

At the end of this newsletter, our upcoming activi-
ties are listed again. As you can see, it will not only by 
busy regarding courses etcetera, but also regarding 
activities. There will be multiple lunch lectures and 
there will even be an afternoon of lectures. Unfor-
tunately for our foreign students, this lecture after-

noon will be in Dutch, but maybe it is a good way 
to practise? One of the geo drinks will be combined 
with an interest drink for bachelor students who are 
interested in studying Geo-Engineering. So do you 
want to persuade some bachelor friends, this is the 
time to bring them! On the second of July, an end of 
the year barbecue will be held. Make sure to keep this 
date safe in your agenda and when you do that, make 
sure to keep the week after free as well for our study 
trip. When joining, you will visit multiple geo related 
projects and cultural sites just in one week. This year, 
the study trip will not even stay in one country! We 
will visit Riga in Latvia and Göteborg in Sweden!

Even though it is a busy quarter again, I am 
convinced I see most of you at our coming activities. 
Make sure you do not miss out! To end with a quote, 
yet again: “Scientist dream about great things. Engi-
neers do them.” (J.A. Michener).

We have almost reached may and with it comes the nice weather. The sun is showing itself more and more 
and the temperatures are getting more comfortable every day.  The timing could not have been any better for 
our first year master students who have just finished their tough third quarter The time for enjoying is only 
short, the fourth quarter is not the easiest one as well. For a second year students, life is not easier at the mo-
ment. We are just into the fourth quarter, so most second year students are already thinking about their gradu-
ation, which is not far away. Even with the busy  calendar, most activities were well attended, by both first and 
second year students. 
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Company Presentation
by Peter Hopman

On 19 March Mr. Luiken, who is a structural spe-
cialist working at Van Oord, gave a lunch lecture 
about the “Geotechnical Design of Monopile Foun-
dations for Offshore Wind Turbines”.

After everybody was supplied with appetizing filled 
soft bread rolls for lunch, the presentation start-
ed with a short introduction about the company 
itself, followed by a quick look at the offshore wind 
industry in general and some of the impressive 
state-of-the-art equipment that Van Oord uses for 
its offshore wind projects.

Soon the presentation moved towards the main 
topic of the day: monopile foundations. We learned 
that monopiles are the most used foundation type 
for offshore wind turbines thanks to their cost effi-
ciency, which is due to the fairly simple and rapid 
fabrication and installation process, low storage size 
and easy transportation. However some disadvan-
tages are the limited water depth (up to 40 m), lim-
ited diameter, limited knowledge of soil-structure 
interaction, and complex dynamic behaviour due 
to their flexibility. Regarding the latter, a significant 
part of the presentation was dedicated to dynamic 
behaviour of offshore structures, which is a major 
point of concern since it has to be dealt with various 
magnitudes and types of waves (including so-called 
“freak waves”), winds, earthquakes, and impact by 
icebergs and even by unauthorized vessels.

As if the prediction of loads at sea is not difficult 
enough already, we saw that quite surprising and 
unforeseen loads may occur as well, such as whole 
colonies of seals using the mooring platforms and 
stairways as a place to rest.

The last part of the lecture concerned design guide-
lines and strategies, including the modelling of 
structure and soil behaviour, showing especially the 
relationship between pile embedment and deforma-
tion or rotation.

The lecture was visited very well and people were 
listening attentively, resulting in some sharp ques-
tions. In conclusion, the lunch lecture can be re-
garded as a success and we would like to thank Mr. 
Luiken for his interesting and instructive presenta-
tion! •

Lunch Lecture Van 0ord 
by Christian Houkes

In the afternoon of Tuesday 24th February members 
of de Ondergrondse gathered for a company 
presentation. The national water traineeship is a way 
to give your start of your water career a boost. 

Mr. Jaap Feil of the water traineeship introduced 
us to this 2 year traineeship. Students can be hired 
by a typical water company like the water board 
(waterschap) or water engineering offices. During 
the traineeship the junior engineer will spend 20% 
of his time with other trainees of this programme to 
do projects and to focus on training and coaching. 
In this way you will not only get to know your 

company but also other organisations. 
Thanks to the personal development programme 
in the water traineeship you will have a smooth 
transition after graduation to a career in the 
water sector. After this information lecture there 
was the opportunity to talk with people who are 
working in the water sector. During this drink Geo-
Engineering students could also meet participants 
of the water traineeship which resulted in many 
interesting talkings. •
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by Tim van den Bosch

MSc Thesis

Basics of ground freezing
Artificial ground freezing is a relatively unknown 

subject in civil engineering, so I really had to dive 
deeply into several literature databases to find some 
useful information. Finding, studying and processing 
this data initially took me 2 months, but this process 
will actually continue during the rest of your thesis. 
The literature study provided me with some useful 
information regarding the artificial ground freezing 
(AGF) method, which artificially decreases the soil 
temperature to values as low as -35 °C, depending 
on the desired average temperature needed to obtain 
the required size of the frozen soil body. In order to 
benefit from the advantages of the AGF method the 
soil temperature has to be lowered significantly, de-
pendent on the desired average temperature, which 
is needed to obtain the required size of the frozen 
soil body. When a cold-side temperature Tc below 
the freezing point of water Ti is applied to one of the 
boundaries of a soil sample and a warm-side temper-
ature Tw > Ti to the other boundary, a temperature 
gradient over the height of the sample is introduced, 
as illustrated in Figure 1.

The temperature gradient within the sample leads 
to the transfer of heat in the direction of the low-
est temperature. At a certain point in time the tem-
perature will reach the freezing point Ti of the pore 
water. This is the so-called freezing front which pro-
gresses into the soil as a function of the imbalance of 

the heat supplied to the heat removed, accompanied 
by the in situ freezing of pore water. Once nucleat-
ed, ice crystals grow in the direction of heat removal 
and apply pressure against any restraining bound-
ary. This pressure is relieved by heaving the soil in 
the direction of least resistance. The heave due to 
in situ pore water freezing s referred to as primary 
heave.  Due to chemical bonding a part of the wa-
ter in the frozen zone near the frost front remains 
unfrozen (Makowski, 1986). This zone is known as 
the frozen fringe and allows limited water flow. Due 
to pore suction close to the frost front water is mi-
grating from the unfrozen zone through the con-
tinuous unfrozen water films into the frozen zone 
where it freezes somewhat behind the freezing front. 
The temperature gradient is high at the start of the 
freezing process and decreases with increasing frost 

The graduation thesis, the final step in becoming a geotechnical engineer. Most students start graduating 
somewhere in their second year; some after the last courses have been passed, others right after their intern-
ship has been finished. I belong to the latter group and because of that, it was easy for me to find an interesting 
topic for my thesis. I spent over 4 months in Düsseldorf, Germany where the German contractor Max Bögl 
was dealing with the construction of a subway station in one of the busiest streets of the city centre, using 
state-of-the-art construction techniques to minimise settlement of the superstructure, which is a 100-year old 
shopping mall. Most eye-catching is the application of artificial ground freezing (AGF), which is an expensive 
but low-risk ground improvement measure. Both the strength and stiffness increase and the frozen soil body 
can be considered as impermeable. However, some unexpected problems occurred, one of them being consid-
erable heave of the pedestrian way right next to the building. In consultation with Max Bögl and my graduation 
committee I decided to investigate the influence of sub-zero temperature conditions on the soil behaviour and 
deformation in particular.

Artificial ground freezing

Figure 1: Simplified representation of the one-dimensional freez-
ing process
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penetration, which means that the rate at which the 
frost front penetrates into the sample is rather high 
at the start. Despite the presence of the pore suction, 
this only results in microscopically small ice crystals, 
simply because of the limited amount of time for the 
ground water to flow to the accumulation zone (Kon-
rad and Morgenstern, 1980). With increasing frost 
penetration the temperature gradient flattens out, i.e. 
the rate of temperature change is slowing down. In 
this situation water has more time to migrate from 
the unfrozen zone through the continuous unfrozen 
water films to the frozen zone. Near the frost front 
the water changes phase, resulting in the formation 
of large connected ice crystals, the so-called ice lens-
es, as shown in Figure 2.

This is a simplification of the very complex process 
of ice lens formation. Multiple factors play a role in 
this process, which implies that many variables en-
ter the equation. The most important ones are the 
temperature gradient, the soil type and grain size 
distribution, and overburden pressure. Having the 
theoretical background it was time to start playing 
around with the AGF method in order to minimise 
frost heave.

Test phase
Given the limited time frame of the thesis it was 

clear that the influence of only a few variables on the 
frost heave could be tested. However, at that time I 
had a slightly bigger problem: there was no test set-
up available at university. Even abroad nothing was 
found. This meant I had to build a completely new 
setup, allowing one-dimensional freezing experi-
ments. Eventually, after several months of mechan-
ical engineering, a decent setup was fabricated, and 

multiple rounds of experiments could finally begin. 
The result of two rounds of preliminary tests showed 
that Illite would be best applicable for future experi-
ments. In these experiments I tested several aspects, 
as maximum frost heave, its progress in time, influ-
ence of boundary temperatures, and eventually fluc-
tuation of the cold-side temperature in order to keep 
the frost front moving and with that to minimise the 
frost heave.

The setup also made μCT scanning of the sample 
possible. This technique allows checking the internal 
structure of the sample in three dimensions without 
damaging it. Scanning frozen soil is already pretty 
special, but our approach of scanning the same sam-
ple at different moments of the freezing process is 
unique.

Test results
During a 20 weeks lasting test campaign I gathered 

a lot of data. Here I will discuss only two interesting 
findings, being the influence of fluctuating cold-side 
temperatures and the changes of internal structure 
during freezing.

Figure 2: Ice lens formation in one of the Illite samples

Figure 3: Development of the temperature during the test 
with fluctuating temperatures

Figure 4: Development of the frost heave during the third test 
with fluctuating temperatures
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Figure 3 shows the development of the cold-side 

temperature of three samples: two of them were sub-
jected to a fluctuating cold-side temperature and the 
third to a constant temperature equal to the weight-
ed average of the fluctuating temperature. Figure 4 
shows the heave in time. The control sample shows 
the typical frost heave development (high rate of in-
crease at the start but gradually flattening), where the 
heave of the other two samples increases stepwise. 
After 12 days the heave of the samples with fluctuat-
ing temperatures is only 50% resp. 60% of the control 
sample. This is an interesting finding, but the effects 
in the long term are still unclear. It is recommended 
to test this behaviour over a longer period of time; 
one that is more in line with practical applications.

Figure 5 shows the development of the internal 
structure of the sample. The area in grey is that part 
of the sample that has been scanned, which is ap-
proximately 65mm. 

After 3 hours the first cracks (in black) are already 
visible. Half a day later more and larger cracks are 
visible and 3 days after the start a large horizontal has 
been formed: the distinct ice lens. As time passes, the 
ice lens grows until the freezing process was stopped 
after 145 hours. Now most of the cracks disappear, 
although some are still visible even after more than 6 
days of thawing. This means that without any over-
burden the internal structure of the sample has been 
changed considerably, even after initial soil tempera-
ture has been re-established.

Conclusion 
Ice lenses were most likely the cause for the sig-

nificant frost heave in Düsseldorf. However, some 
literature states that ice lens formation under the 
(soil) conditions at the construction site is not pos-
sible. During my graduation thesis I have spent over 
10 months gathering the basics of AGF, building a 
new test setup and performing one-dimensional soil 
freezing tests. Unfortunately, it is still unclear what 
happened in Düsseldorf, so Max Bögl is looking for 
a graduation student to continue my research. If you 
are interested in the topic or in AGF in general, do 
not hesitate to contact Wout Broere or Dominique 
Ngan-Tillard.
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Figure 5: Progress of the sample structure subjected to a -10 °C 
cold-side temperature condition over a time span of 309.9 hour
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by Rik Gijsman, Frans de Haan, Rick de Koning, Tuan Le & Sander Steeneken

Project Durban

With the support of Henk Jan Verhagen from Delft 
University of Technology, the team came in contact 
with Andre van Tonder from WSP Group Africa, and 
under his supervision a research has been performed 
on the Port of Durban. The client was Transnet Na-
tional Ports Authority (TNPA). Partly, the research is 
conducted in the Durban office of WSP, where there 
has also been intensive contact with the client. The 
team finished the research in the Stellenbosch office. 
Project Durban was financially supported by dredg-
ers Boskalis and Van Oord and by University funds 
Delft Infrastructures & Mobility Initiative.

The Port of Durban is South Africa’s premier port 
and hub of the region, especially for the Johannes-
burg (Gauteng Province) area. The current port will 
eventually not be sufficient to handle the capacity 
demand. The focus is on the development of a new 
port in the direct surroundings of Durban. A suit-
able new location is found at the old international 
airport. The assignment of the team was to propose 
a new conceptual design of the Durban Dig-out Port 
to cover a yearly container throughput of 10,000,000 
TEU, a yearly liquid bulk throughput of 5,000,000 kL 
and 300,000 vehicles throughput per year. The gov-
erning vessel for the design is the 22,000 TEU con-
tainer vessel with a length of 430 m, a width of 43.4 
m and a draft of 16.3 m. The choice for the 22,000 
TEU design vessel is also reviewed in the project and 
based on global developments in ship manufacturing 
and a brief look at the developments in South Africa’s 
container trade it is concluded that the 22,000 TEU 
vessel is recommended for the design of the port.

In the by Project Durban proposed port layout the 
entrance channel is aligned such that it gives possi-
bilities to bring the Isipingo estuary and its protected 
mangroves back to life. New land becomes available 
for an extension of the mangrove area and a new nat-
ural equilibrium between fresh and salt water inflow 
can be developed. The direction of the entrance chan-
nel also results in the central location of the turning 
circle and therefore the basins are relatively short. 
This makes manoeuvring for the vessels in the port 
convenient. A slight bend in the entrance channel is 
proposed to mitigate the wave action in the port. A 

straight entrance channel would lead to large down-
time and has a direct impact on the port efficiency. 
The southern swell waves cannot enter through the 
breakwaters and the eastern wind waves are either 
absorbed at the inside of the southern breakwater or 
at the safety beach at the end of the turning circle. 
The sand bypass system makes sure that the coastal 
evolution is sustainable.

In the proposed layout two configurations for the 
breakwaters are distinguished in terms of orientation 
and length. The proposed breakwaters are based on 
either a relatively high (10 kn) or low (6 kn) max-
imum vessel entrance speed. From research with a 
simplified wave model it is concluded that the short-
er breakwaters cause downtime for the liquid bulk 
terminal during storm conditions from the south. 
During normal conditions it is however found that 
the liquid bulk terminal can be operational for more 
than 99% of the time. Next to that, it is found from 
the design of the breakwaters’ cross sections that the 

Project Durban was initiated for the Delft University of Technology course ‘Multidisciplinary Project.’ The 
five participating Dutch students: Rik Gijsman, Frans de Haan, Rick de Koning, Tuan Le and Sander Steeneken, 
found each other for this course, bringing in different disciplines within civil engineering.

Container terminal

Liquid bulk terminal

Car terminal

Current mangrove area

Estuary expansion

Vessel safety zone

Harbour offices

Average container vessel

Average liquid bulk vessel

Average car vessel

rail connection

road connection

Scale 1:20

Parking lots

Admin buildings

Control tower

Equipment storage

Tug boat dock
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LEGEND

1000-3000kg

Xbloc 6ton

300-1000kg

60-300kg
10-60kg

1000-3000kg

300-1000kg
60-300kg
10-60kg

TOE LEE SIDE DETAIL TOE SEA SIDE DETAIL

NORTHERN  BREAKWATER CROSS SECTION

LEE SIDE SEA SIDE

PROJECT DURBAN

BREAKWATER DESIGN

3000-6000kg

Xbloc 29ton

1000-3000kg

60-300kg

3000-6000kg

1000-3000kg
60-300kg
10-60kg

breakwater dimensions become significantly larger at 
greater depths. However both breakwaters are found 
stable with numerical stability analysis, in combina-
tion with the result of the wave model it is concluded 
that the shorter configuration is strongly preferred. 
This leads to significantly lower construction costs 
and the downtime of the liquid bulk terminal is lim-
ited.

It has been an amazing experience for the team 
members, in which many lessons are learned from 
educational and from cultural perspective. Project 
Durban would like to encourage all students in par-
ticipating in this course.

Delft, April 2015,
Project Durban

Rik Gijsman, Frans de Haan, Rick de Koning, Tuan 
Le & Sander Steeneken
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May 13
CV Check Sentijn

May 20 and 21  
Civil Company Days

May 22 
Lunch Lecture Fugro

June 9  
Lunch Lecture Geosynthetics

June 11
Geo-Drink + BSc students interest night

July 2
Geo BBQ

July 4 - July 11
 Studytrip to Riga and Goteborg

Upcoming activities




