
Construction report BetonBrouwers
A Mythical design of a Concrete Canoe

K. M. Hermann, A. Hofman, I. Bruijl, D. Kampherbeek, J. Scholten and L. Scholten

Representing the University of Twente in
the national championship of the Netherlands

and the German Betonkanuregatta in Heilbronn.



1 PREFACE

1 Preface

Seizoen 2019 was een seizoen van verandering. De bezetting van de BetonBrouwers is veranderd, met
vier nieuwe leden. De mal is veranderd: er is een nieuwe mal gemaakt om nog gladdere kano’s te kunnen
bouwen. Het betonmengsel is veranderd om nog lichter en beter te kunnen bouwen. En de kanotechniek
is veranderd, zodat we onze verbeterde kano’s nog sneller de baan door kunnen peddelen.

Wat er in 2019 niet is veranderd is: onze mentaliteit. Ook in 2019 zijn de BetonBrouwers weer tot
het uiterste gegaan om de snelste, lichtste en mooiste kano’s te bouwen. Door continu te zoeken naar
verbetering staan we dit jaar nog sterker aan de start dan de voorgaande jaren. Ik heb er alle vertrouwen
in dat alle voorbereidingen zullen leiden tot resultaten waar we trots op kunnen zijn.

BetonBrouwers, bedankt voor jullie inzet. Ik vond het een eer dat ik dit mooie jaar de voorzitter mocht
zijn.

Daan Kampherbeek
Voorzitter BetonBrouwers

The season of 2019 was a season of change. The occupation of the BetonBrouwers has changed: four
new members joined our team. The mold has changed: a new mold has been constructed to be able to
build even smoother canoes. The concrete mixture has changed to be able to build them even lighter.
And our technique has changed, so that we can propel our improved canoes down the track even faster.

What hasn’t changed in 2019: our mentality. Again in 2019, the BetonBrouwers went to great lengths to
construct the fastest, lightest and most beautiful canoes. By continuously looking for improvement, we
will appear at the starting line even stronger than the years before. I am confident that all preparations
will lead to results to be proud of.

BetonBrouwers, thank you for your efforts. It was an honour to be the chairman in this great year.

Daan Kampherbeek
Chairman of the BetonBrouwers
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2 INTRODUCTION

2 Introduction

This report will provide some information about season 2018/2019 of the BetonBrouwers. This was a
very important year, as for the first time in 10 years, we will not attend the German Betonkanuregatta
as defending champion, but as a challenger. This report will discuss the construction of our new canoes.
Section 3 and 4.2 will highlight everyone who has made this new season possible for the BetonBrouwers.
In section 5.4 the design of the canoe, as well as all working principles will be discussed. In section
6.3 the development of the concrete mixture is elaborated and in section 7, the process of the canoe
construction is discussed. Finally some notes about our training will be made in section 8.
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3 SPONSORING

3 Sponsoring

Without the financial help and supply of materials of several companies we would not be able to construct
our canoes and participate in the Concrete Canoe Challenges. Therefore we want to thank the following
companies for their much appreciated support:

Betoncentrale Twenthe BV
www.betoncentrale.nl

Halfen BV
www.halfen.com

University of Twente
www.utwente.com
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3 SPONSORING

Drienerlose Kano Vereniging Euros Study Association ConcepT
www.euroskano.nl www.concept.utwente.nl

ENCI/ Heidelberg Cement Group Liaver
www.heidelbergcement.com www.liaver.com

Sto Isoned BV 3M
www.sto.nl www.3mnederland.nl
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3 SPONSORING

Scholz NTP Groep
www.scholz-benelux.nl www.ntpgroep.nl

Staalkabelstunter Sika Nederland BV
www.staalkabelstunter.com nld.sika.com

Van Haarst
http://www.hvanhaarst.nl/
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4 ABOUT THE BETONBROUWERS

4 About the BetonBrouwers

4.1 History

It all started in 2007 when a group of 4 students, who were experimenting with concrete, realised how
much fun and fame could be obtained by building concrete canoes. In August 2005 study association
ConcepT was asked to hosted the “BetonKanoRace” in September 2007 in Enschede. That year 4 stu-
dents formed the team of the BetonBrouwers and conquered 2 second places against no one less than
the Americans.

From 2008 the BetonBrouwers started to actually develop. In collaboration with study association
ConcepT a plan was formed to develop the BetonBrouwers and to focus on the future. Also the mixture
was improved that year, and with the help of a lighter mixture the BetonBrouwers won the national
championship in Delft on various distances, and in the overall class.

After the glorious victories in Delft, the BetonBrouwers creaved even more fame, and decided to go
abroad. After some improvements on the mal and the mixture, we conquered the first places in both
Roermond and Essen in 2009.

After the season of 2010 more and more innovative projects were accepted. In 2011 the lightest
canoe in Dutch history was built with only 11 kilo and in 2012 even a foldable canoe was built. In 2012
the overall price of the French ChallengeCanoëBéton was conquered. In 2013 many prices were won in
Utrecht, and for the 3th time in a row we conquered the overall price in the German BetonKanuRegatta
in Nurnberg. In 2014 the heavies canoe ever was produced by the BetonBrouwers weighing 1156 kilo.
This canoe obviously wasn’t the fastest of the race, but seemed to have excellent usage as a tribune or
BBQ. In 2015 they obtained both the National and the European title, making it one of the best years
in history.

In 2016 and 2017, the BetonBrouwers lost their title in Germany to a new challenger, from Germany.
Since then the BetonBrouwers have been working hard to improve the canoes more, to recapture the
titles. This year, hopefully the results of these efforts will be displayed.

4.2 Active BetonBrouwers

• Daan Kampherbeek (Chairman)

• Anne Hofman (Treasurer & Mold development)

• Luc Scholten (Chief of External Affairs)

• Kai Hermann (Chief of Concrete)

• Bram Denkers (Chief of Concrete)

• Magnus mulder (Chief of Concrete)

• Nick van Nijen (Chief of Concrete)

• Irma van Rozendaal (Mold development)

• Welmoed Spanjer (Event Manager)

• Jeroen Scholten (Chief of training)

• Marit Lambers (Member)

• Anouk van Daatselaar (Member)

• Ivo Bruijl (Member)
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5 DESIGN OF THE CANOE

5 Design of the canoe

In the previous challenges the BetonBrouwers were quite successful. A part of this success was based
on the balanced design of the canoe, which provided the basis of the success. For the season 2018, the
shape of the canoe was analysed again with the help of Delftship, a computer program to model the
canoe. In this chapter the principles of the perfect shape are described, separating the principles for
shaping the canoe from the ones related to the construction. Within these families a subdivision is made
between performance criteria related to the regulations of both competitions and functional principles,
related to the function of the craft. The function on his turn is related to our general objective: creating
a fast, innovative and robust concrete canoe design.

5.1 Shape principles

Shape principles are bounded by race regulations. Within this framework many degrees of freedom
remain to optimize the canoes final shape. Therefore functional principles are formulated.

5.1.1 Performance criteria

• Crew: The canoe must be propelled by two people with single-blade-paddles.

• Length: The length of the canoe must be at least 4m. The maximum length of the canoe is 6m.

• Height: The maximum height of the canoe is 1.0m

• Width: The minimum width if the canoe is 0.7m. It is not allowed to construct a canoe wider
than 1.0m.

• Failure: The canoe must be provided with air chambers which prevent the canoe from sinking
after breaking or capsizing. It is not allowed that the air chambers contribute to the stiffness of
the canoe. The air chambers must be removable.

5.1.2 Functional Principles

The functional principles, which ultimately lead to a competitive canoe shape, are derived with help of
the well documented experiences of John Winters (Winters, 2005).

• Displacement Dh;max: Enough volume should be created to guarantee a floating hull under all
conditions. In meeting this criterion a maximum displacement is assumed of 0.220 metric tonnes
(2x80 kg for paddlers plus 55 kg for the canoe) over which a freeboard of 20 cm is sufficient to
prevent wave overtopping. To have some certainty in the design, a weight of 220 kilogram is set
to be the maximum calculation value.

• Paddle positions: In our philosophy, backed by some of Holland’s top paddlers, the two headed
crew should be placed in the bow and stern as much as possible, providing optimal canoe handling.
This aspect is translated into a restriction in bow and stern angles. The hull beam should not be
less than 0.3 m further than 1 m with respect to the canoes bow and stern.

• Maximum Speed umax: A function of the maximum speed [knots] of the canoe in relation
to the length [feet] is provided by equation ??. Longer boats do increase displacement, drag and
therefore decrease acceleration and manoeuvrability. From previous experience of our team favours
long hulls over short ones since the loss in acceleration and manoeuvrability is well compensated
by higher umax and therefore the hull length lh

umax = 1.34 ×
√
lh (1)

• Manoeuvrability and track ability: A function of vertical curvature in the keel of the boat.
The more the bow and stern are elevated relative to the boats turning point, the higher the man-
oeuvrability and the lower track ability. Based on earlier designs by USA competitors (Madison
Concrete Canoe Team, 2008) show that a keel and bow elevation of 5 and 7.5 cm respectively give
a good compromise of both aspects. This aspect is not changed for the 2018 design, since the
model provided the best results for this keel and bow elevation.
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5.2 Improvements 5 DESIGN OF THE CANOE

• Resistance: Within the hull restrictions and the optimization aspects mentioned above, the hull
is designed according to the KAPER formula formulated by John Winters. Two types of resistance
can be distinguished. Frictional resistance (Rf) and Residual resistance (Rr). Frictional resistance
is the combined effects of wetted surface, surface condition, surface length and speed comprise
the resistance due to friction. Residual resistance is caused by wave resistance. With the formula
the velocity-resistance graph can be drawn. The hull resistance of the 2018 canoe is the same as
the 2015 canoe, because the price of decreasing the stability in order to drastically decrease the
resistance was too high. However the canoe has less resistance, because it is much lighter than
the old one. So some changes are made to the canoe. These are described below.

5.2 Improvements

The canoe of 2018 is less curved than the CT2010/2011 canoe. The latest design (CT2018) has almost
the same curve, only the new design is lower in the middle part. The front of the canoe is a little bit
higher, because water hindrance during the races in the last years. The bottom in the front and rear
have an angle, so the canoe glide better over the water. The different design are shown below: The
upper one is the current design (CT2018), the orange canoe is CT2011 and the green canoe is CT 2010.

Figure 1: Canoe shapes of 2018 (upper), CT2011 (middle) and CT2010 (lower)

With the less curved upper line of the canoe and a lower bow, the total surface of the canoe is
decreased from 5,849 m2 (CT2010) to 5,632 m2 (CT2011) to 5,427 m2 (CT2018). With a theoretical
concrete weight of 1020,5 kg/m2 and a wall thickness of 5 mm, the reduction in weight is 1,108 kilogram.
The main reduction in weight comes from the new concrete mixture, which drastically reduces the weight
of the canoe. This will be described in section 5.3.

5.2.1 Stiffer canoe

The main advantage with the straighter upper line of the canoe, lies in the fact that the canoe will be
stiffer. The canoe has a reinforcement steel cable in the top line of the canoe. If the line of the cable is
curved, it will have the tendency to bend the canoe. When the trajectory of the reinforcement cable is
much straighter, this tendency will be decreased and the canoe will benefit more from the reinforcement.

5.2.2 Construction principles

Just like the shape principles, the construction principles are bounded by the regulations. Besides the
criteria derived from the regulations a set of functional principles can be formulated.

• Performance criteria:

– Concrete mixture – The canoe must be constructed from (reinforced) concrete. The bind-
ing element must be cement and the use of aggregates is obligated, although there are re-
strictions on the particle size. Fillers and admixtures are allowed on the condition that they
don’t take over the binding function of the cement.

– Reinforcement – The strength and stiffness of the canoe must be derived from the collab-
oration between the concrete and the reinforcement. The percentage reinforcement is not
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5.3 The art of shaping a concrete canoe 5 DESIGN OF THE CANOE

restricted. The concrete must be the determining factor concerning the stiffness of the canoe,
the reinforcement itself is not allowed to have a considerable stiffness.

• Functional Principles:

– Waterproof – The skin of the canoe must have a low porosity to such a degree that it can
be considered waterproof under nautical conditions.

– Mechanics – Based on the expected forces on the construction, estimation can be made of
its dimension (thickness) and the necessary reinforcement. Hereby it is also necessary to take
into account the variable forces, following from the nautical function of the construction.

5.3 The art of shaping a concrete canoe

CT2018 was redesigned by using the software package Delftship. The shape principles as defined in
section 4.1.1 give clear restrictions in the optimization of the hull. The CT2018 design has alsmost the
same hull shape as the CT2011 and the CT2010 design, however the resistance is lower due to a small
incline of the front nose compared to the CT2011 design. The total resistance of the canoe at 6 knots
is 0.0585 kN. The CT2011 has a resistance of 0.061 kN and CT2010 0.0641 kN.

Though the difference in resistance might seem small, the increase in performance is 8% over the
entire trajectory. The secret behind this result is a keen L/B ratio, whereby the maximum beam is
reduced to 0.70 m, which is the minimum for the German competition. Moreover, the maximum beam
is placed further to the stern, leading to a very low angle at the bow part of the hull. The length is
optimized to 5.98 m to ensure a high top speed at the straight. The high prismatic coefficient favours
the paddlers comfort during the race, but also reduces draft, therefore the hull area which is submerged
and ultimately leads to a lower resistance. The lower draft also favours manoeuvrability. The loss in
track ability is compromised by a high L/B ratio.

5.4 The Blueprint of CT2018

The blueprint of CT2018 is given in Figure 2. It gives a top view, side view as well as two cross sectional
views. One showing the maximum beam section and one showing a ribbon section. Incorporated are
the steel reinforcement cords. The mesh is not shown.
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5.4 The Blueprint of CT2018 5 DESIGN OF THE CANOE

Figure 2: Blueprint of CT2018
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6 CONCRETE MIXTURE

6 Concrete mixture

After many years of fine-tuning the previous mixture, the concrete required some new materials in
the mix to improve the quality further. Therefore, several tests were performed to create a mixture
for lighter and stronger canoes. After some tests 2 new materials were selected: 3M glass bubbles
and Convez plastic fibres. These mixtures are optimized, and eventually resulted in two new canoes.
This chapter will briefly describe the experiments, subsequently give the results of the tests and finally
describe the properties of the final mixtures.

6.1 Experiments

To optimize a mixture 3 factors are essential: the workability, the strength and the weight. The plastic
fibres were relatively easy to optimize, since a previous (already optimized) mixture was used and the
fibres were simply added as long as the workability of the mixture was sufficient. The 3M glass bubbles
on the other hand proved to be a very difficult material to work with. Five mixtures were made with
different proportions of Liaver, Silica Fume, Glass Bubbles, Water, SP, and Cement. The strength and
weight of all mixtures was very promising, but the workability was very poor. Eventually a mixture
with a good workability was created.

6.2 Results

The results of the compressive tests are displayed in figure 3a. The compressive strength of the mixture
M1 1E is the highest of the experiments, but not better than the original mixture (zero). Only one of
the mixtures with 3M was combined with Liaver, which was M1 2A. This has a relatively poor value
for the compressive strength, and therefore a combination of Liaver and Glass Bubbles is not likely to
succeed. Also the compressive strength of the Convez fibres mixture is less than the original mixture.

(a) Results of compressive strength test (b) Results of tensile strength test

Figure 3: Results of laboratory tests

The results of the tensile tests are displayed in figure 3b. The Convez fibres mixture performs
significantly better than any other mixture. However a tensile strength of 5 MPa is not sufficient to
account for the full strength, so excluding the glass fibre reinforcement in the canoe is not an option.

6.3 Final mixtures

The final mixtures for the design were M1 1E and CV 1A because of their favourable compressive
strength/weight ratio and tensile strength respectively. The density of the M1 1E and CV 1A mixtures
are 863 kg/m3 and 1299 kg/m3 respectively.
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7 CONSTRUCTION PROCESS

7 Construction process

In this section it is explained how the concrete mixture in combination with the reinforcement and the
new mould result in beautiful concrete canoes. The following points are important for successful casting:
adequate formwork quality, concrete workability, casting technique and curing conditions. Throughout
the description of the casting process below, these points can be recognized. This year, a new type of
canoe is constructed with the use of 3M Glassbubbles. The process used to cast this canoe is similar to
the casting process of the regular canoes, and will therefore not be elaborated on.

At the start of creating a concrete canoe stands the construction of the stability framework for the
mould. The framework is made of iron segments which can be secured with nuts and bolts in order to
create a framework which can be used for the stabilizing the mould during the casting and for applying
the pre-stressing. A clean mould is placed on the steel framework, so a usable work platform for casting
is created. The idea of the mould is that it will give the concrete the right shape and that the concrete
canoe can be taken out of it. This is achieved by using an outer mould, which also has the benefit that
the outside of the canoe will be smooth and therefore will glide through the water quicker.

When we have the clean mould in place it is time for putting the creative templates, like the thunder-
bolt of the 2019 Zeus canoe, in the mould. Next, the demoulding oil is sprayed onto the mould. In the
mould, on the bottom, three steel cords are placed, intended for pre-stressing. One cord is going through
the middle while the other two cords run through the corners of the bottom. Besides three cords in lon-
gitudinal direction, also four cords in cross direction were placed. These cords are intended to make the
cracks in the longitudinal direction smaller. The cords are held in position with the help of little holes
in the mould and the use of iron wire and wire strainers. After placing the longitudinal cords, they are
put on tension, however not with the final force because the mesh has to be placed underneath the cords.

When we got the mould in the condition of a greased surface and ungreased cords it is time for
casting. This means that all materials can be weighted in the right proportions and the mixture can
be made. First the dry materials are put into the mixer. We use a batch mixer, type forced action
mixer, whereby the concrete is mixed by a rotating bin with stagnant paddels. When the dry materials
(cement, 3M Glassbubbles or Liaver, microsilica and pigment) are mixed properly the water is added.
This created a stiff mix of materials. To obtain the right workability, Super Plasticizer (SP) is added.
A batch is workable if it is not too dried out that it is impossible to knead it in the mould or if it is not
too wet that it drips back down from the sides of the mould. The process of adding the SP therefore is
a delicate matter. A little bit too much turns the mixture in a soup and is far from ideal, but a little bit
too less makes the mixture to dry and not workable either. But, when the right consistency is found,
the mixture is ready to be processed. For a strong and flexible canoe the section of the canoe will be
layered as follows:

• a thin layer concrete;

• mesh (underneath the cords);

• another layer of concrete;

• mesh again (above the cords);

• and eventually the last layer of concrete.

This process will go step by step starting in one end of the canoe and working towards the other end.
The challenge with this process is that it needs a constant flow of concrete, because the layer concrete
will not dry out in such degree that it may not adhere with the next one.

As mentioned earlier in this report, five longitudinal cords are used per canoe. Three cords are
already placed in the bottom of the canoe. The remaining two cords are placed in plastic tubes in the
top of the vertical walls of the canoe during the process. When the concrete had enough time to harden
these cords are stressed. The thin plastic tubes have been roughened to increase the contact surface
with the concrete. The plastic tubes are either fixed onto the canoe with the mesh where simply a thin
part of mesh is folded and with a plastic tube in it, or fixed on the top directly.
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7 CONSTRUCTION PROCESS

Figure 4: Applying the first layer of concrete to the mould.

While working from one end of the canoe to the other, four tears were created at the location where
the cords in cross direction are located. These tears are fixed by placing extra mesh on top of the tears
in order to create a so-called ‘bridge’ of mesh between the two torn mesh layers. These bridges are
added as extra layers to the canoe.

After completing the casting, the longitudinal cords can be put on the right tension. This was done
by pushing the framework apart with the use of two jacks. After a check if everything stayed in place
after stressing the cords and scratch away the surplus concrete, the canoe is considered finished. When
all this is done, it is time to create an ideal atmosphere for the concrete to cure, this means creating a
high humidity. To create an ideal humidity some extra water is put onto the surface of the last layer.
Finally a foil was put over the mould sealing the canoe. During the next days it is important to control
if the atmosphere, and, if necessary, to add some water.

After at least three days of hardening the canoe could be demoulded. To do this, the prestressed
cords have to be cut at the point where they exit the mould. The next step is to turn the mould around
and remove all steel wire coming out of the mould. When all connections are removed, the mould can
be bended outwards and lifted, leaving a beautiful concrete canoe on the floor. The canoe can now be
put in a canoe carrier to wait for finishing, or can be finished immediately. Most of the time, the mould
is cleaned first, so it is ready for the next day of casting.

All that is left is the finalizing of the canoe. First of all, all the cords that are still sticking out of the
canoe are cut or sanded using a grinder. Moreover, the sharp edges of the remaining excess concrete are
removed with the grinder as well, and covered with polystyrene tubes so the canoers do not get any cuts
in their arms when paddling. Next, the two upper cords can be post stressed. This is done by placing
two metal plates on the bow and stern of the canoe and attach the cords to them with the use of a bold.
By turning the bolds the cords gets tensioned and the canoe is compressed. The tension is gradually
increased until the required tension is reached. By increasing the tension in several steps the concrete
can ‘get used to’ the new forces acting on it. Some bolds are constructed in the wall to attach the air
sacs, these air sacs are simply made of large balloons. In the last stage of the finishing, the names, the
sponsors and start numbers are painted onto the canoe. Noticeable here is the fact that the painted
parts of the canoe are all above the water line, so the paint does not contribute to the buoyancy of the
canoe. Now the canoe itself is finished and ready for the battle.
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8 TRAINING

8 Training

During the building season, a second important factor in the success of the BetonBrouwers is also carried
out. The canoes provide roughly 50% of the chances of winning the BKR, the other 50% is achieved
by training. To ensure that the training is effective, the BetonBrouwers train year-round. There are
two parts that can be separated: the “warm season” and the “cold season”. Within the winter days, or
the cold season, training takes place in the swimming pool. This is a good place to practice the canoe
technique and built up condition and strength for the outside season.

At the start of spring the swimming pool is exchanged by the Twente Canal. In aluminium Cana-
dian canoes and the new training canoe the BetonBrouwers encounter the Twente Canal. For the new
paddlers this is the moment of some important (safety) lessons:

• Lesson 1: In case of a thunderstorm the training is cancelled. In all other weather conditions,
the training continues.

• Lesson 2: Always register in the logbook. Write down the time of departure and the time of
return.

• Lesson 3: When on the water, never lose your paddle! Our motto: my paddle, without me, is
useless. Without my paddle, I’m useless.

• Lesson 4: Keep your balance, don’t fall into the water. Despite the Canadian canoes are relatively
stable, it is important to keep your balance. Especially when it is cold, the risk of falling into the
water should be avoided at all costs. Thereby the water doesn’t looks very attractive to swim in...

• Lesson 5: Avoid getting close to fishermen. It isn’t a pleasure when a fishermen gets you on his
hook.

With these lessons in mind the BetonBrouwers paddle the Twente Canal, practicing sprints, endur-
ance races, turning and acceleration. It is important to train outside, because weather conditions (i.e.
wind, rain, waves) can make a big difference during the BKR. To get familiar with different weather con-
ditions and the behaviour of a canoe on open water, the training is intensified as the BKR approaches.
In general, our top athletes train year-round, but in the month prior to the BKR, they train about 10
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8 TRAINING

times (roughly 2,5 times the normal training intensity).

The “training grounds” consist of a manmade canal that is normally used for large barges. It is a
wide canal with a long straight part between the Hengelo sluice complex and the Enschede harbour.
During a normal training, a distance of about seven kilometres is covered. “Normal pedalling” is al-
ternated with short sprints (200-400 meters) and tight turns, to simulate the race elements of the BKR.
Also, the pedalling technique is trained during the outside training, so that the feeling for the behaviour
of the canoe is achieved.

A few weeks before the BKR, a tight schedule is created to maximize the training effect. Hereby,
a good mixture of experienced and less experienced peddlers is ensured every training session. This
greatly enhances the training effect on the participants.
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9 CONTACT INFORMATION

9 Contact information

Study Association ConcepT
Study Association of the department Civil Engineering (& Management) at the University of Twente.

A: Horst C-016 C-018
Postbox 217
7500 AE Enschede
T: +3153 489 3884
E: ConcepT@ConcepT.uwente.nl
I: http://www.ConcepT.utwente.nl

External affairs BetonBrouwers

Luc Scholten
T: +316 34380782
E: extern@betonbrouwers.nl

General information Betonbrouwers

E: betonbrouwers@concept.utwente.nl
I: http://www.betonbrouwers.nl/
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