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ExecuTive SummArY 

Founded in 1963, following an inquiry by the New Brunswick legislature, Université de Moncton 
has three campuses located in the three principal francophone regions of New Brunswick: 
Moncton, Shippagan and Edmundston, In addition to Canadian francophone community, 
Université de Moncton welcomes a large number of students from diverse backgrounds. The 
university is recognized by the Acadian and francophone community for excellence in teaching, 
research and its contribution to the development of the Acadian society. 

For several years, Université de Moncton has participated in the Canadian National Concrete 
Canoe Competition. In 2003 and 2012, the university hosted the competition. In recent years, 
the team has significantly improved its ranking in the competition. In 2012, the team has 
distinguished itself by finishing in 4th place. In the same vein, the canoe presented by 
Université de Moncton is named L’TOURISTE (French for The Tourist). This name fits 
perfectly with the team since it has a very long distance of travel to the Canadian National 
Concrete Canoe Competition when it is not hosted in Moncton. Similar to the TOMAHAWK, the 
team’s canoe last year, the male mold was created with sections of polystyrene from a 
preliminary design made with AutoCAD and SolidWorks software. The sections were glued 
together and sanded to form the desired canoe shape. The mixed concrete was then placed 
on the mold by hand with a thickness of 10 mm. A new approach has been used this year to 
obtain a low density concrete with good compression strength. The concrete design team 
incorporated a new ingredient to their mix. An air-entraining agent was added to the mixture in 
order to reach the objective. 

 

L'Touriste Specifications 

Weight* Length* 
Maximum 

width* 
Depth* Thickness

Concrete 
Color 

Stain Colors* 
Primary 

Reinforcement 

100 kg 5980 mm 778 mm 343 mm 15 mm Light Grey 
Black,Red, 

Green, Blue  

Fiberglass Mesh 
Steel Wire 

Cable 

Concrete Properties 
Unit 

weight 
890 kg/m3 28-days compressive strength 12.5 Mpa 

 

 
Table 1 - Canoe Specifications and Concrete Properties 
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prOJecT mANAgemeNT 

Each concrete canoe competition represents an exciting challenge for Université de Moncton. 
The main objective for this year was a better project management process to assign tasks 
properly and avoid waste of time. This reveals the processes, guidelines and techniques for 
managing both the team and the organization of work. The member roles and the delegation of 
tasks were performed according to the skills and experience of each member of the team. The 
main emerging working groups were: 

• Design and Analysis 
• Composite Design 
• Construction 
• Documentation 
• Project Management 

In order to effectively achieve the objective of this competition, a team leader was assigned to 
each working group. Weekly meetings were held between the captain and team leaders in 
order to discuss the progress of the work and take major decisions. The whole team was also 
present at these meetings. During the month of September, a preliminary schedule was 
established while putting emphasis on the important tasks and important dates. Since the 
major part of the team members were graduates, a tight implementation schedule was required 
for the period leading to the preparation and pouring of concrete in order meet the imposed 
deadline. This schedule was intended to identify the critical path of the project so that all 
activities were carried out within the time frame. This year, 50 hours were devoted to the 
analysis and modeling, and 45 hours for the design of composite concrete. Finally, 100 hours 
were allocated to labotaires tests and 820 hours for construction. 

The main expenses of the team particularly include the purchase of materials, tools necessary 
for the construction and the costs associated with the competition. Therefore, a preliminary 
budget was set up to establish the financial needs of the team. Regarding construction 
techniques, they are similar to that of the previous year. Therefore, the estimated cost was 
established with the last budget. However, registration fees, accommodation and 
transportation of the entire team make up the bulk of financial expenses. Figure 1 gives an 
overview of the distribution of costs. 

In order to gather the necessary 
funds, many financial activities  
and fundraising campaigns  
were organized.  
  

Figure 1 - Project’s Expense Allocation 
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  OrgANiZATiON CHArT 
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Hull deSigN ANd STrucTurAl ANAlYSiS 

Hull design 

The hull of this year's canoe, L'Touriste is a copy of last year's Tomahawk. The decision to 
keep the same design was motivated by the paddler's comfort with the properties of the canoe, 
as their training was tailored for its application to this design. Furthermore, this design offers a 
balanced approach to the different requirements of speed, stability and maneuverability of the 
canoe. The copy of the design also allowed the team to spend more time on other aspects of 
the competition. The design of the hull is slightly asymmetrical, in other words, when viewed 
from above, the widest section of the canoe is slightly towards the rear of the canoe (Figure 2). 
This property allows for greater speed in straight lines. The bottom of the canoe is almost flat, 
increasing the roll stability and paddler's comfort. The side profile of the hull is such that the 
front of the canoe is higher in the water than the rear, increasing the maneuverability. Finally, 
the top portions of the canoe sidewalls, the gunwales, are thicker to add some resistance to 
the bending moment along the longitudinal axis of the canoe. The added thickness also allows 
for the placement of the steel wire rope in the gunwales while keeping a sufficient concrete 
cover.  

Analysis and modeling  
The analysis of the maximum 
stresses in the concrete canoe 
provides a better understanding of 
the areas that are under stress due 
to the weight of the rowers as well as 
the pressure of water on the hull. 
Therefore, the stress distribution is 
crucial for determining the optimal 
positioning of reinforcement. The 
analysis procedure used was similar 
to that of the Tomahawk (2014). 

Analysis approach 

The model was created using SolidWorks. In order to simulate the worst possible case, a 
simplified version of the canoe without edges or frames was imported into ANSYS Workbench 
for purposes of structural static analysis. Regarding the properties of the concrete, they were 
approximated to those of a linear material (200 GPa for the strength and a Poisson's ratio of 
0.3), so that the size and the distribution of stresses depend only on the geometry studied. A 
constant hydrostatic pressure was applied to the outer surface of the canoe, below the water 
line established with SolidWorks for each load.  

Figure 2 - Canoe Cross-Section 
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One of the supports allows the translation on the 
longitudinal axis and the rotation of the canoe; 
another only allows the rotation (Figure 3). The 
hydrostatic pressure was varied until the reaction 
forces to the bearings are minimized. 

Load cases and results 

The analysis was performed for three cases of loading, simulating of two, three and four 
rowers. Point loads of 90,645 kg (200 lb) were used to simulate the weight of the rowers. 
These charges were uniformly distributed on two circles with a diameter of 75 mm, 
representing the contact surface between the canoe and knees rowers. 

Number 
of rowers 

Distance of point loads(mm) 
Maximum Stresses (Mpa) 

Compression Tension 

2 [1684 ; 4564] 1.83 2.83 

3 [1778 ; 2921; 4699] 2.01 2.99 
4 [1270 ; 2604; 3810 ; 4812] 2.26 3.25 
 

To simulate the weight of the canoe, an approximate density of concrete, 890 kg/m3 was 
distributed evenly. The results were calculated for a uniform thickness of 15 mm. 

Table 2 illustrates the zones where the stresses in compression and tension are the most 
critical. The contact point of the knees appears to be the most stressed in compression. For 
the tension, the maximum stress is below the knee, on the outside of the hull. That said, to 
ensure the integrity of the structure during the races, taking into account the strength of 
concrete, the decision was to place the reinforcements in strategic locations based on static 
analyzes. Details on the location of the reinforcements will be discussed in the "Development 
and Testing" section. 

  

Figure 3 - Canoe Cross-Section 

Table 2 - Loading Cases 
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develOpmeNT ANd TeSTiNg 

One of the main objectives of the analysis is to effectively determine the maximum stresses on 
the canoe. The knowledge of the constraints is closely linked to the strategic location of 
reinforcement. Indeed, a better positioning of reinforcements is optimal for critical stress 
distribution. 

Regarding the design of composite concrete, the team had three main objectives: reduce 
density, increase workability and start a database for the coming years. 

 

 

 

Last year, the Tomahawk had the best results in terms of structural strength that Université de 
Moncton has provided to date. On the other hand, this resistance was excessive for the 
functions and applications of the canoe (Table 3). In order to optimize the strength and density, 
changes were made to the composite. A goal of a minimum compressive strength of 12.5 MPa 
was sought with a density of 0.9. 

The workability of last year's concrete composite was insufficient. This has resulted in negative 
impacts on aesthetics and the thickness of the canoe. The slump was too high and the level of 
malleability was unsatisfactory. This is why the team prioritised the workability of the 
composite. 

No database had ever been set up for composites at Université de Moncton. This resulted in a 
large amount of work whenever a new member of the team was responsible for the design of 
the composite. The design had to start without any information on the effects of the materials 
tested and the results of previous years. This year, the team has set up a database to 
determine the correlation between the test materials to optimize the composite concrete to 
maximize this performance in the coming years. 

Cementitious materials 

Both cementitious materials used are portland cement type GU and metakaolin Metapor. 
These two cementitious materials have different grain sizes and quantities are used together in 
order to have better mechanical proportions. A 50/50 ratio of these cementitious materials has 
been proved to have the best proportions to maximize the voids and to give the best 
mechanical proportions after trial tests. These represent a water/binder ratio of 0.45 in order to 
have the best mechanical properties and ideal workability. The ratio of cementitious material is 
identical to last year’s but the water/cementitious material ratio has been increased in order to 
reach the desired properties. 

Table 3 - Comparison of Physical Properties  
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Aggregates 

Poraver aggregates were used. They are low density aggregates that are by-products of a 
post-consumer glass. The grain sizes are 0.5-1mm, 0.1-0.3mm and 0.25-0.5mm. Also, 3M K15 
glass bubbles were used. These materials were used because they have low densities while 
ensuring a reasonable resistance. The proportions of aggregates used are 0.28, 0.45, 0.25 
and 0.02, respectively. These proportions were found more effective to have a good 
distribution of the grain size and providing a good ratio of density/resistance. These proportions 
are identical to that of last year due to their performance in terms of their density/strength ratio. 

Adjuvants 

Changes to adjuvants were the biggest priority regarding the modification of the composite 
concrete. The first change made is the addition of an air-entraining Airex L. This is primarily to 
reduce the density of the composite but consenquently reduces its strength. The second 
adjuvant used is a water-reducing admixture, Glenium 7700. By varying the dosage, it was 
determined that the amount of Glenium used in the mix in previous years gave the desired 
results, which is an increase in the workability and even an increase the resistance. An 
adjuvant of latex was also introduced into the composite. After testing several batches of mixes 
with different proportions of latex, we concluded that it was not performing very well in the mix, 
so it was not used in the final design mix.  

Fiber 

Propex FiberMesh 150 fibers were added to reduce the crack surfaces that appeared on the 
canoe in previous years. The application of this fiber helps to reduce mitigation of water as well 
as increase the aesthetics of concrete which is another important aspect of the competition. 
The amount of hours invested to separate the fibers was the only downside with this product. 
Therefore, a member of the design team made a blower with a sweeper that separated the 
fibers without any manual work which greatly reduced the amount of work needed. 

Fittings 

This year, the team used GlasGrid 8511 fiber reinforcement of glass 
that was placed between two layers of concrete. In the gunwale, a 
steel wire rope reinforcement with a diameter of 6.35 mm was used 
over the entire length. The mesh was placed in the bottom of the hull 
and on the vertical walls of the hull. In order for the mesh to take the 
form of the canoe, modifications had to be made to the mesh. Firstly, it 
had to be cut and re-attached using fishing lines for the mesh to take 
the exact shape of the canoe. FIGURE 4 shows the fitting of the mesh 
used to withstand the stresses caused by the knees of the paddlers 
and tensions due to moments in different axes. 

Figure 4 - Fitting of 
the reinforcement 
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The mixture 

The mixed concrete was designed so that it corresponds with the stress analysis. Experience 
and observation in recent years also greatly contributed to the design of the concrete mix. The 
mix is of a consistency that it can be placed by hand. In order to obtain the desired results, an 
iterative process of testing was introduced. The same parameters as the mix last year were 
used for the initial mix this year and some parameters were changed one at a time to verify 
their effect and look for desired properties. For the cure, cubes of 50 mm were wrapped in 
saran wrap and cured to the air for 24 hours and were then placed in a furnace at 80 degrees 
Celsius for two days to simulate a 28-day cure. The tests carried out were compression tests 
ASTM C 109 Standard Test Method for Compressive Strength. Figure 5 shows the iterative 
process used to determine the concrete mix to be used on the canoe. 

 

  

Figure 5 - Design Process 
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CONSTruCTiON 

The application of cast concrete by hand on a simple canoe mold is favored as a construction 
technique. This year the increase in resistance canoeing and carbon fiber frame of use are the 
main objectives of the construction. 

Mold construction 

The high level of competition and the constant improvement of the opposing teams are the 
moderating factors in the ongoing development of our team. In order to improve, the team 
members innovate and explore new techniques every year. For this year, the construction first 
started with the design of the mold with the 3D modeling programs AutoCAD and SolidWorks. 
Once drawn out, over 130 cross-sections are proofed and printed on paper, then they are 
carefully cut, to be subsequently placed on sheets of styrofoam. The ends of the canoe have 1 
inch sheets, while the central portion has a thickness of 2 inches. This choice provides 
improved accuracy for the ideal curve and shape of the designed canoe. The styrofoam, in 
addition to being economically viable, is a material that is easy to sand and finish, thus it is 
easier to obtain the desired final shape of the canoe. In addition, choosing a styrofoam mold 
allows effective and easy handling after casting. It also allows the concrete to contract without 
cracking. Subsequently, the cross sections were aligned against a sheet of plywood to be 
stuck together with glue LePage® PL®. Figure 6 shows an overview of the implementation of 
the sections. 

In order to obtain the desired finish, alternating between applying 
layers of plaster and sanding is helpful. Sanding is necessary to 
smoothen the mold and remove the surface defects prior to casting. 
After the external shape of defined canoeing, construction continues 
with the application of a coat of paint, then a layer of epoxy is applied 
immediately afterwards to the mold in order to harden it before the 
application of concrete. The application of this layer prevents the dry 
concrete from sticking to the mold while providing a smooth finish of 
the concrete. In addition, this technique allows the team to save time 
because no sanding is required inside the canoe, which already has a 
perfect finish as a result of the epoxy. Figure 7 provides an overview 
of the application of the epoxy  layer. 

Casting 

During casting, the canoe is placed between two steel wire 
ropes, positioned in the flat edges to improve the tensile 
strength. Then, an inspection is performed to ensure the 
absence of dust and impurities before casting. The team 
members apply a first layer by hand, up to a thickness of 

Figure 6 - Aligning 
of the polystyrene 

Figure 7 - Application of the 
epoxy coating 
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about 10 mm. This layer is then evened out before installing the mesh. The frame is divided 
and placed into three different sections to properly fit the shape of the canoe. Once the mesh 
is in place, another layer of 10mm is applied to the canoe, which will be eventually sanded to 
the desired thickness. The final thickness of the canoe is 15mm, thus 5mm of sanding is 
needed after casting and curing. It is important to mention that this thickness must be achieved 
to obtain a best fit for a fairly lightweight and durable canoe at the same time. In conclusion, 
after casting, wet sheets and a plastic tarp are used to cover the canoe in order to provide 
moisture necessary for curing. Figure 8 and 9 show the team members during casting. 

Curing and finishing 

 

 

 

 

 

 
To ensure perfect curing of the concrete, each team member is responsible for providing a 
daily soaking of the sheets covering the canoe, in scheduled intervales. At the end of 28 days 
of treatment, the canoe is stripped and cut out of it’s styrofoam section. However, the two 
styrofoam ends remain intact in order to increase bouyancy. Furthermore, leaving these ends 
provide reinforcement at both ends of the canoe. Sanding is a crucial step to correct the minor 
imperfections left in the concrete. Sanding is done gradually decreasing from coarse grit to a 
finer grit sandpaper. Once the desired finish is obtained, the team makes way for their artistic 
and innovative side, to obtain an aesthetic appearance fitting the chosen theme. Designs are 
formed on the surface of the canoe with water-based stain. Finally, a colorless seal coating is 
uniformly applied in two layers on the canoe. The Figures 10 and 11 show the sanding and 
finishing steps.  

Figure 9 - Casting of the Hull Figure 8 - Casting of the Stern 

Figure 11 - Staining of Canoe 
(The Bullet, 2009) 

Figure 10 - Sanding of the Canoe 



 

10 
 

UNIVERSITÉ DE MONCTON, 2015    deSigN drAwiNg L’TouriSTE 
      

     prOJecT Schedule 

   



 

10 
 

UNIVERSITÉ DE MONCTON, 2015    deSigN drAwiNg L’TouriSTE 
    

    

  

11 



 

 
 

UNIVERSITÉ DE MONCTON, 2015 L’TouriSTE 

appeNdix a - reFErENCES 

 
- ASCE/NCCC. (2015). “2015 American Society of Civil Engineers® National Concrete 

Canoe Competition™ Rules and Regulations.” 
http://www.asce.org/uploadedFiles/Membership_and_Communities/Student_Chapters/C
oncrete_Canoe/Content_Pieces/nccc-rules-and-regulations.pdf 
 

- CNCCC (2015). “Rules & regulations - CNCCC 2015.” 
https://cnccc2015.files.wordpress.com/2014/08/2015-csce-cnccc-rules.pdf 
 

- ASTM. (2001). “Standard Test Method for Density (Unit Weight), Yield, and Air Content 
(Gravimetric) of Concrete,” C138/C138M-07, West Conshohocken, PA 
 

- ASTM. (2002). “Standard Test Method for Flexural Strength of Concrete (Using Simple 
Beam With Centre-Point Loading),” C293-07, West Conshohocken, PA 
 

- ASTM. (2004). “Standard Test Method for Density, Relative Density (Specific Gravity), 
and Absorption of Fine Aggregate,” C128-07a, West Conshohocken, PA 
 

- ASTM. (2005). “Standard Test Method for Compressive Strength of Cylindrical Concrete 
Specimens,” C39/C39M-05, West Conshohocken, PA 
 

- ASTM. (2005). “Standard Specification for Concrete Agregates,” C33, West 
Conshohocken, PA 
 

- ASTM. (2005). “Standard Specifications for pigments for Integrally Colored Concrete,” 
C979, West Conshohocken, PA 
 

- Kosmatka, Steven H.; Kerhoff, Beatrix; Panarese, William C.; Norman F., and  McGrath, 
Richard J., Dosage et Contrôle des Mélanges de Béton, EB101, 7e edition, Association 
Canadienne du Ciment, Ottawa, Ontario, Canada, 2003, 368 pages. 
 

- Université de Moncton, CNCCC 2014, « TOMAHAWK», Design Paper CNCCC 2014, 
Université de Moncton, Moncton NB, Canada. 
 

- Université de Moncton, CNCCC 2012, « KRAKEN», Design Paper CNCCC 2012, 
Université de Moncton, Moncton NB, Canada. 

  

A 1 



 

 
 

UNIVERSITÉ DE MONCTON, 2015 L’TouriSTE 

AppENdix b - mixTurE prOpOrTiON 

  

YD

SG
Amount
(kg/m3)

Volume
(m3)

Amount
(kg)

Volume
(m3)

Amount
(kg/m3)

Volume
(m3)

CM1 3.13 196.02 0.060 0.98 0.0003 174.40 0.05
CM2 2.06 196.02 0.095 0.98 0.0005 174.40 0.08

392.04 0.16 1.96 0.001 348.79 0.14

F1 2.18 0.002 0.01 0.00001 1.94 0.002
2.18 0.002 0.01 0.00 1.94 0.002

A1 Abs: 0.2 0.45 81.31 0.181 0.41 0.00091 72.34 0.16
A2 Abs: 0.28 0.68 130.68 0.192 0.65 0.00096 116.26 0.17
A3 Poraver 0,5-0,3mm Abs: 0.35 0.85 72.60 0.085 0.36 0.00043 64.59 0.08
A4 Abs: 0 0.17 7.26 0.042 0.04 0.00021 6.46 0.04

291.85 0.50 1.46 0.00250 259.65 0.44

W1 254.68 0.255 1.27 0.0013 226.58 0.23
15.68 0.08 13.95
239.00 1.20 212.63

W2 1.00 72.26 0.36 64.29
326.94 0.26 1.63 0.001 290.87 0.23

Ad1 Density : 1,07 0.34 5000.00 13.82 25.00 0.07 4448.40 12.30
Ad2 Density : 1,01 0.06 500.00 1.86 2.50 0.01 444.84 1.65

15.68 0.08 13.95

M

V

T

D

D

A

Y

Ry

Water in 
Admixture 

(kg)

Amount
(ml)

1100.00

5.06

0.0046

1100.34

901.25

0.81

MasterGlenium 7700
Airex L

Water from Admixtures (W1a) : 

Theorectical Density, kg/m3   = (M / V) 

0.500
0.450
N/A

Design Density, kg/m 3

0.500
0.45
N/ASlump, Slump Flow, mm. 

Water-Cementitious Materials Ratio
Cement-Cementitious Materials Ratio

1013.01

0.92

1101.10

Mass of Concrete. Kg

Absolute Volume of Concrete, m3

1013.01

Yield, m3                                                  = (M / D)

Measured Density, kg/m 3

Air Content, %   = [(T - D) / T x 100%]
900.000 900.000

0.500
0.450
N/A

Dosage
(ml/100kg of 

CM)

Water in 
Admixture 

(kg/m3)

Dosage
(ml/100kg of 

CM)

Water in 
Admixture 

(kg/m3)

Admixtures (including Pigments in Liquid 
Form)

Relative Yield                        = (Y / Y D )

8.00
1

1.124
10.0056

18.20 18.20

Actual Batched 
Proportions Yielded  Proportions

Total Fibers: 
Aggregates

Total Cementitious Materials: 
Fibers

Fibres

Mixture ID:

0.005Design Batch Size (m3):         

Cementitious Materials

Ciment Portland type GU
Metapor

Poraver 0,5-1,0mm
Poraver 0,25-0,5mm

K15

Design Proportions 
(Non SSD)

W1b.  Additional Water
1.00

% 
Solids

Total Aggregates: 
Water

Water for CM Hydration (W1a + W1b)
W1a. Water from Admixtures

Total Water (W1 + W2) : 
Water for Aggregates, SSD 

B 1 
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AppENdix c - biLL OF mATEriALS 

  

Materials

Portland Ciment Type GU 28.1 kg 0.15 $/kg 4.215 $
Metapor 28.1 kg 1.5 $/kg 42.15 $

Propex Fibermesh 150 0.3136 kg 7.85 $/kg 2.4618 $
Poraver 0.5-1.0mm 11.72 kg 1.6 $/kg 18.752 $

Poraver 0.25-0.5mm 18.84 kg 1.6 $/kg 30.144 $
Poraver 0.1-0.3mm 10.47 kg 1.6 $/kg 16.752 $

K15 1.05 kg 23.9 $/kg 25.095 $
MasterGlenium 7700 3 L 6.65 $/L 19.95 $

AirEx-L 0.3 L 14 4.2 $

Steel rope wire 1/4 in 20 ft 0.63 $/ft 12.6 $
GlasGrid 8511 1 ea 45.26 $/ea 45.26 $

Non-Reactive Stains NSTAR 1 L 35 $/L 35 $

Male Mold 1 ea 500 $/ea 500 $

Finishing

Mold

Total production cost  = 756.58 $

Quantity Unit Price Total Cost

Reinforcements

Béton

C 1 




