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EXECUTIVE SUMMARY

 Specification
Length 5.95 m
Width 65 cm
Height 39.7 cm

Hull Thickness 10 mm
Weight (*estimated) 75 kg

Concrete color White
Stain color Blue, brown, yellow, black

Reinforcement GlasGrid8511 ©
V-Rod 32  GFRP ©

Concrete specifications 
(28 days)

Structural 
concrete mix

Jolly Jumper’s 
Hull Mix

Jolly Jumper’s 
Patch Mix

Wet Unit Weight 876 kg/m³ 890 kg/m³
Dry Unit Weight 869 kg/m³ 890 kg/m³

Concrete compressive 
strength 17.0 MPa 14.1 MPa

Concrete tensile strength 1.95 MPa 1.32 MPa
Concrete flexural strength 4.25 MPa 2.98 MPa

Young’s Modulus 5.10 GPa 4.13 GPa
Concrete air content 2.59 % 4.81%

Far West is an historical time where life was known 
to be harsh and dangerous. When outlaws run wild in 
the desert, it is difficult for the population to feel safe 
at home. In order to establish peace, courageous and 
cold blooded heroes have to exist. When we think of 
such heroes, the fictional character Lucky Luke is easily 
the first name that comes to mind. With his faithful 
companion Jolly Jumper, Lucky Luke travels all around 
the Far West in search of outlaws, in order to restore 
peace. This year, Polytechnique Montreal’s concrete 
canoe team was inspired by such an honorable character 
to gain strength to accomplish the best concrete canoe 
ever made. 

Recognized as one of the leaders in the field of 
engineering, Polytechnique Montréal is the first French-
speaking engineering school in America and one of the 
oldest engineering schools in Canada. Founded in 1873, 
Polytechnique Montréal has currently an enrollment 
greater than 7000 students. 

TABLE 1: Jolly Jumper’s Specification

TABLE 2: Properties

The team proudly represented the school at the 
Canadian National Concrete Canoe Competition 
for the past 8 years and at the Upstate New-York 
Conference since last year.

Years 2012 2013 2014

ASCE 
Conference

Metropolitan 
Conference

Upstate New 
York 

Conference
Guest (not accredited) 10th place

CNCC 5th place 6th place 6th place

In order to improve the top speed of the canoe 
during the races, the hull has been entirely revised. 
Thus, the length of the canoe was lengthen to 5.95 
m, comparing to the 5.49 m from Adrian (2014). 
Moreover, the cross section of the canoe has been 
optimized in the purpose of minimizing drag and 
wave resistance. On a structural level, the thickness 
has been increased to 10 mm in order to improve 
resistance. Also, last year, Adrian (2014) was severely 
damaged in transportation, becoming unusable for 
the competition. To avoid that this situation repeats 
itself, a transport case was used to limit the stresses 
induced in the canoe during transportation.
Moreover, regarding the construction process, the 
casting method has been entirely redesigned. Indeed, 
the team decided to build a single walled mold, in 
contrast of the double walled mold used in the past 4 
years. This choice allowed the team to save important 
mold machining costs. It also improve the finish 
product of the canoe. 
Furthermore, the concrete mix was also redesigned 
in order to adapt it with the new casting method. 
This year, the concrete mix contains significantly 
less superplasticizer and more coarse aggregates, 
improving the paste-aggregate interface and the 
resistance of the concrete mix, while also dismissing 
the segregation problems found in the past. In 
addition, regarding the project management, the 
executive committee was divided in two, which are 
the administrative comitee, and the technical comitee. 
This division in term of meetings permit to optimize 
time and to improve the decisions making process.

After a year of hard work, the team is ready to paddle 
faster than their shadows!

TABLE 3: Overall Placement in the Past 3 Years of
Competition
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Inspired by last year’s successful elements and by the 
experience of veteran members, the project schedule 
was establish while taking into consideration the 
project activities and the dependence between them, 
the man-hours related to each task, and the resources 
available. For this kind of project, the critical chain 
project management (CCPM) was adopted. Indeed, this 
method not only takes into account the critical path of 
the project, but also parallels tasks and the limitations of 
the resources, which are in this case the team members.

The project schedule was used to identify the critical 
path, which starts with the hull design then follows 
structural analysis, mold design, mold machining, 
mold assembly, canoe casting, curing, unmolding and 
finishing. Furthermore, the team has imposed three 
milestones, which are: sending the mold for machining, 
canoe casting and canoe completion. Those dates 
had been chosen as milestones, because a failure to 
meet these milestones is judged critical for the sake 
of the project’s completion. In order to respect those 
milestones, a weekly monitoring by the director was 
required to ensure that each sub-committee was on 
time.

Milestones Dates Reasons

Sending the mold 
for machining

November 
15th

Resources of the 
machining 
company

Canoe casting January 
18th

Demands high 
planification and 

resources 

Canoe’s unveiling April 16th Upcoming 
competitions

This year, a big decision that influences every aspect 
of the project management was made. These past four 
years, the committee was casting the canoe in a double 
walled mold which was found to be ineffective. That 
is why the team made the decision this year to place 
the concrete manually on a single walled mold, which 
influences every aspect of the project management: the 
cost (cheaper machining process), the time (minimizing 
unplanned time surplus), 

the scope (better control on the product), quality 
(less repair needed on the canoe) and the risk (safer 
method).

Following the initiative of last year, a stringent quality 
control procedure was implemented throughout the 
project to ensure the completion of a canoe that 
reflects the team’s ambitions. Thus, a quality-control 
committee was created and received the mandate 
to verify each step of the project, as well as the 
conformity of each official document to provide 
for the competition. Also, this year, the committee 
received an extra task, which is to ensure the quality 
of the oral presentation, in order to improve the team’s 
performance in this discipline during the competition.

Moreover, a health and safety program was 
implemented during the year. This program includes: 
a formation on the behaviors to be respected at the 
warehouse, the availability of a safety guide detailing 
the process of how to manipulate each tool safely and 
the uses of suitable masks and a fan room for fines 
particles of the sanding work and for paint fumes. 

For the financial aspect of the project, the budget 
was set to 35 000$, in order to fulfill all the activities 
planned. In order to minimise the costs of the team, 
several material sponsors were found this year, 
assuring the provision of the mold, concrete and 
reinforcement materials. Thus, the finance’s team goal 
of reducing the cost per member for the competition 
was achieved. Finally, in order to take into account 
the risk factor in the project, a contingency of 1 500$ 
was introduce in the budget.

Finally, a total of 3100 man-hours, divided between 
sub-committees, were needed to complete Jolly 
Jumper.

TABLE 4: Major Milestones

FIGURE 1: Labor Hour Distribution
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MONTREAL POLYTECHNIQUE UNIVERSITY

ORGANIZATIONAL CHART
Team Captain FrançoisBissonnette (3rd, 3)

Project schedule
Management of team members
Design Paper 

Analysis

Marc-Antoine
Gallant 
(2nd, 2)

Aesthetics

Sophie
Lahaie 
(3rd, 2)

Mix Design

Catherine
Joly-Lapalice 

(2nd, 2)

Construction

Jean-Philippe
Laramée 

(3rd, 2)

Events

Marie-Hélène
Asselin 
(2nd, 2)

Treasurer

Ilyass
Arbaoui 
(4th, 3)

Alexandra
Maisonneuve

(2nd, 2)

Jean-Philippe Bérubé (3rd,1)
Clément Gamache (2nd, 3)
Christina Pitoscia (1st, 1)
Alexandre Caron (2nd, 1)
Samuel Hodess (3rd, 1)
Éric Bernasconi (3rd, 1)

Simone Caron (1st, 1)
Catherine Séguin (3rd, 3
Catherine Frigon (3rd, 2)
Katherine Payette (2nd, 1)

Pascale Saint-Amour (3rd, 2)
Catherine Taillandier (3rd, 1)
Virginie Archambault (3rd, 2)

Andréanne Charbonneau (3rd, 1)

Simon Portelance (1st, 1)
Boukil Mazigh (2nd, 1)
Carl Dupuis (Grad, 4)
Hassen Abid (1st, 1)

Xavier Romain (1st, 1)
Myriam Croteau (2nd, 1)
Pier-Olivier Côté (1st, 1)
Nikita Bershanski (2nd, 1)
Hubert Boudreault (3rd, 1)
Johannes Schreurs (1st, 1)
Jocelyn Gélinas (Grad, 4)
Samel El-Ahmadie (1st, 1)

Antoine Sirard (3rd,3)
Camille Tourigny (4th,3)
Mathieu Berthelet (3rd,3)
Marianne Gagnon (4th,3)
Arianne Di Zazzo (1st, 1)

Marie-Christine
Labelle (3rd, 2)

Quality control & safety officer

Paddling 
Jean-Philippe Laramée & Marianne Gagnon

Jean-Philippe Laramée (2)
Samuel Hodess (1)
Éric Bernasconi (1)
Hubert Boudreault (1)
Jean-Philippe Bérubé (1)

Camille Tourigny (3)
Marianne Gagnon (3)
Arianne Di Zazzo (1)

Catherine Taillandier (1)
Pascale Saint-Amour (2)

Registered Participants

Kim Kay (1st, 1)

Carl Dupuis (Grad, 4)

Marianne 
Gagnon
 (4th, 3)

Carl Amedee(2nd,1) 
Julien Claing(2nd,1)
Jérémy Roby (2nd,1)

Anthony Roussel (2nd,1)
Jérémie Bélanger (2nd,1)
Boudjema Saada (2nd,1)
MaximeRiendeau (2nd,1)

Alexandre Taillefer (2nd,1)
Raphael Massé Viau (2nd,1)

Darius-Christian Roman (2nd,1)
Jean-Christophe Arslanian (2nd,1) Team member name (School year, number of years in the canoe)

Registered Participant (Number of year as a registered member of the ASCE)

Legend

Hull design & 
structural analysis

Construction of 
the mold & the 

canoe

Development of the 
concrete mix, perform 

concrete test

Organisation of the competitions 
and of cohesion & funding events

Product display, design 
& graphics. Engineer’s 

notebook

Fundraising & 
finance management 
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HULL DESIGN & STRUCTURAL ANALYSIS

Last year, Adrian (2014) demonstrated a good 
performance in straight line, while maintaining a good 
stability at top speed. Proud of the progress made with 
last year’s achievements, the team pushes even farther 
with this year’s hull design, allowing Jolly Jumper to 
reach greater speeds.

This year, the hull was designed from scratch, because 
the team used an innovative method for the conception. 
Indeed, the freeware BearboatSP have proven to be 
more efficient and versatile than the hull generator 
spreadsheet developed in past years, because it allows 
to effectively design small boats hull. Moreover, drag 
and stability analysis tools are provided in this freeware, 
allowing the team to compare results from different 
forms. Once the hull of the canoe was fully designed, 
the team uses the software CATIA V5® to obtain a 3D 
model of the canoe. Finally, the drawing file is provided 
to the machining company. This year, the team focused 
on optimizing two parameters, which are the top speed 
and the maneuverability. First of all, to optimize the top 
speed, the team has to take into consideration the S/L 

ratio, which represent the wave resistance applied on 
the canoe. It is well known that the wave speed equals 
to 2.4272 × √L, in knots [5]. After analysing past year 
races, the team calculated the top speed to take into 
consideration in order to optimize the length of the 
canoe, which is around 6 knots. After calculations, the 
team found that the optimal length of the canoe to obtain 
this top speed is 6.1 m. However, due to transportation 
limitations, the maximal length of the canoe permitted is 
5.95 m, corresponding to an S/L coefficient of 2.46.

maximum cross-sectional area”[3]. Indeed, for S/L 
ratio, there is a Cp value that defines an optimized 
hull shape which minimizes the resistance. So, for 
an S/L ratio of 2.46, the optimal value of Cp equals 
0.63, and the hull shape was designed with the help 
of BearboatSP [3].

In addition, the canoe entry angle has been minimized 
while allowing the first paddler, located 96 cm from 
the bow, to easily negotiate his turning maneuvers.

Finally, a cross analysis was made between the shape 
and the width of the canoe to optimize its wetted 
surface and stability. After analysis, it was found that a 
beam of 65 cm was the perfect balance between these 
two conceptual criterions. Also, the team adopted 
a ‘shallow vee’ shape for the hull, since it’s a good 
compromise between speed, tracking and stability. 
The Figure 3 illustrates a comparison between the last 
edition’s principal cross section and Jolly Jumper’s.

FIGURE 2: Illustration of 
the Prismatic Coefficient

The prismatic coefficient is a 
value used in the design of ship 
and is defined as: “the ratio of the 
immersed volume to the volume 
of a prism with its length equal 
to the waterline length and cross-
sectional area equal to the 

FIGURE 3: Outer hull of 
Adrian and Jolly Jumper 

To optimize the 
maneuverability of the 
canoe, the team works on 
its tracking and turning 
efficiency. In order to 
optimize tracking, the 
center of gyration was 
moved 30 cm towards the
back from the center of the
canoe. Furthermore, it was demonstrated that the canoe 
can lack maneuverability when the beam is located at 
a greater distance than 55% of the canoe’s length from 
the bow [4]. Also, most of the canoe is designed to be 
shaped as a shallow vee shape. However, the first 91 cm 
has a rounded shape to reduce the water
friction while turning. 
Also, the last 61 cm is 
designed in a V shape 
to act as a rudder. 
Finally, the freeboard 
is fixed at 24 and 18 
cm when the canoe is 
under the weight of 
two paddlers and four 
paddlers respectively.

Characteristics Adrian Jolly 
Jumper

Length (m) 5.49 5.95
Width (cm) 71.12 65
Height (cm) 37.49 39.7

Entry angle (°) 10.2 9.4
Hull Thickness 

(mm) 8 10

TABLE 5: Comparative Geometry of 
Adrian and Jolly Jumper

Furthermore, after the length of the canoe (5.95 m) and 
the design speed (6 knots) have been fixed, the design 
of the hull was made with the help of the prismatic 
coefficient (Cp) illustrated by Figure 2.
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In terms of structural analysis, the embarkation must 
resist four different loading cases in order to get 
through the two paddlers races, four paddlers races, 
transportation and display. Consequently, experience 
taught us that the greatest bending moment is created 
during the two paddlers races. The structural analysis 
uses 17 different cross sections to simulate the canoe. 

Thus, a non-uniform distributed load corresponding 
to the buoyancy is applied towards the bottom of the 
canoe. The buoyancy is based on the submerged area 
of each section. Furthermore, for the aforementioned 
loading case, the submerged volume is calculated in 
order to hold the displacement design of a total 250 
kg, which includes the estimated canoe weight (70 kg) 
and the paddlers’ weight (90 kg each). Note that this 
loading case is illustrated on Figure 4. 

As such, the two paddlers are represented as two 
supporting loads on the canoe, represented as a beam. 
In which case, on the model, the supporting loads are of 
greater magnitude than the concentrated loads caused by 
the paddlers because of the weight of the canoe focused 
on the two modeled supports. A dynamic amplification 
factor (DAF) of 1.7 is applied on the resultant stresses 
in order to take the dynamic loads into consideration 
for the imposed racing loads [1]. 

In order to increase the sections’ bending strength, thus, 
the analysis of the equation σ=My/I demonstrates that 
these changes allow a decrease in tension stresses in 
the upper section of the canoe. The maximum stresses 
in the canoe are presented in Table 6. Moreover, a fiber 
glass reinforcing rod is added at the gunwales’ center. 
This structural decision allows the rod to take the 
concrete’s tension stresses from the gunwales. Finally, 
an open fiberglass grid is placed in the middle of the 
canoe’s wall to ensure a satisfying punching resistance.

FIGURE 4: Analysis Model of the Canoe as a Simply 
Supported Beam with Non-constant Distributed Load

Tension 1.79 MPa
Compression 1.33 MPa

Many factors were taken into consideration while 
making the decision to increase the Jolly Jumper’s 
wall thickness to 10 mm. Firstly, in the past edition, the 
canoe withstood different loading cases during the past 
competitions. Consequently, the appearance of many 
cracks on the embarkation affected the canoe’s rigidity 
during the races while the canoe’s wall was 8 mm thick. 
Considering the fact that the team participates in multiple 
competitions each year, a change had to be made to 
ensure a satisfying security margin in order to resist 
repeated loadings during the different competitions. 
Furthermore, the team abandoned the conceptual idea of 
adding ribs to the embarkation because of the fragility of 
these elements showed in the past editions. As a result, 
the team was forced to increase the wall’s thickness to 
mitigate for this change.

Last year, a partial rupture occurred during the canoe’s 
transportation to the American Regional Competition. 
This problem prevented us from participating in the 
races scheduled at the event. Consequently, improving 
the canoe’s supportive structure was a priority for this 
edition. The transportation case has been enhanced 
with durability in mind in order to distribute the loads 
and absorb the many possible shocks inherent to the 
transport. Also, the induced stresses on the canoe are 
significantly mitigated by a foam base throughout the 
canoe’s length. 

Furthermore, the restraining system used is also 
improved and no longer consists of a few straps. Indeed, 
the improved system uses a foam cover that prevents 
all vertical movement by pressing more than 70% on 
the canoe. Thus, the road shocks are absorbed by the 
foam base under the canoe while the upper cover 
restrains all vertical movement. Consequently, the only 
stresses created during the transport are caused by the 
embarkation’s own weight which is negligible compared 
to the loading combinations generated during the races.

TABLE 6: Maximum Dynamic Stresses
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DEVELOPMENT & TESTING

This year’s concrete mixture has been designed to be 
resistant, lightweight, while retaining its workability. 
Also, the team had the goal of building a new database 
of concrete mixtures with the idea of finding the 
optimum concrete and wet-cure.

Last year’s mixture, Adrian’s (2014), was used as a 
reference to create the new one. This year’s mixture 
needed to be workable rather than pumpable like the 
Adrian’s (2014). In order to achieve this, three changes 
were brought to the mixture. The decision of this 
year’s team of placing the concrete manually rather 
than pumping it in a double-wall mold allows us to 
thicken the wall, thus permits the inclusion of larger 
aggregates. In consequence, the specific surface area 
of the particulates was reduced which assure better 
physical proprieties of the concrete. This is how it was 
possible to put the two types of Poraver® Siscorspheres 
expanded glass. The first one is between 0.5 mm and 
1.0 mm of diameter and the second one between 1.0 
mm and 2.0 mm. 

The second change that was made to the initial 
mixture was the diminution of the quantity of the 
superplasticizer, which isn’t necessary in a manually 
placed mixture of 75 mm of slum. This value represents 
the optimum value of slum that is needed to correctly 
place concrete on an inclined surface. The Plastol 
6400® was diminished from 10000 ml/100kg to 5000 
ml/100kg of cementitious material. The diminution 
allows us to create a concrete without sweating and 
segregation. Finally, the third change made was to 
diminish the water/binder ratio from 0.45 to 0.36. 

The mixture explained in the previous paragraph was 
the new mixture used as reference to create and choose 
the optimal manual placed concrete. The iterative 
process started by optimising the stone graving curve 
of the concrete, followed by the optimisation of the 
cementitious materials.  In order to find the optimum 
result, 30 mixtures where made following the iterative 
process illustrated in Figure 5. The compression 
resistance for the concrete was fixed at 15 MPa which 
is a conservative value that allows us to ultimately use 
the canoe for paddlers’ training in the following years.

FIGURE 5: Iterative Process

At first, the mixtures where made by only changing 
the graving curves without changing the water/binder 
(c/cm) ratio of 0.36 and the cementitious matrix of 
50% white cement and 50% metakoalin.  The mixture 
was made in the purpose of finding a lighter and more 
workable concrete. These mixtures have matured 
during 7 days before testing.

While making these mixtures, a problem of density 
has occurred. The densities of all the mixtures were 7 
to 40 percent higher than the theoretical ones. Many 
hypothesis were formulated: whether it could be the 
aggregate break when malaxing the concrete, the ill 
effect of the superplasticizer with the other concrete 
components, the use of expired components, a wrong 
calculation of the theoretical density or an unbalanced 
scale. Laboratory tests concluded that our malaxing 
technique, which consists of a rotary tool fixed at 
the drill, was breaking the aggregates. Also, the low 
quantity of malaxing mixture (1.5 liters) makes a higher 
proportion of broken aggregates remaining between the 
side of the bucket and the malaxing tool. 

The low density of the Poraver® Siscorspheres and 
the Bubbles Glass K1® et K37® come from their air 
containt, by breaking these aggregate the density of 
the whole mixture rises to the equivalent of the glass 
density which is about 2500 km/m3. The solution found 
was to build our own handmade mixer. In order to 
create this mixer a dryer was used to replicate a genuine 
concrete industrial mixer. 
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With the addition of paddle in the dryer, there are no 
additional forces other than the specified weight of 
the concrete spinning on itself. Thus, the new mixing 
method allow the aggregates to stay unbroken. 

Subsequently, the first 30 mixtures were made and tested 
thoroughly. These changes brought to the granular 
matrix allowed us to decrease its specific weight from 
0.396 to 0.348.

A second mixture has been made to repair defects 
caused during the unmolding processus. To obtain the 
same color of concrete between the patching and the 
hull mixture, the patching mixture is made with the 
identical proportions of each component of the hull 
mixture except for the two Poraver® Siscorpheres 
aggregates diameter. The aggregates used are between 
0.1 to 0.5 mm rather then 0.5 to 2 mm.  The granular 
matrix evolution of the Adrian and the Jolly is shown 
at the Table 7.

Products
Vol. content of 
Jolly Jumper’s
Hull Mix (%)

Vol.
content of

Jolly Jumper’s 
Patch Mix (%)

Vol. content 
of

Adrian’s Mix

K1 50 50 61
K37 12.5 12.5 7

Poraver® 
0.1-0.3 8 15 25

Poraver® 
0.25-0.5 8 22.5 7

Poraver® 
0.5-1.0 10 - -

Poraver® 
1.0-2.0 11.5 - -

TABLE 7: Granular Matrix Evolution 

The Table 8, shows the evolution between the Adrian 
and the Jolly Jumper cementituous matrix. 

Products Weight %
Jolly Jumper

Weight %
Adrian

White cement 50 50
Metakaolin 25 50
White silica 

fume 25 -

Also, white silica fume has a better filler action than 
the metakoalin due to the smaller particle. The used of 
both white silica fume and metakaolin together assure a 
better concrete compactecness without compromising 
the pale color wanted for finition.

The geogrid, GlasGrid® 8511, composed of high 
tenacity polyester was chosen as reinforcement. The 
material has a high traction capacity and possesses a 
great flexibility. These elements explain its use. The 
final mixture of the Jolly Jumper is made of 78.5 % 
aggregates, 5000 ml/100kg of Plastol 6400® and a 
water/binder ratio of 0.36.  Thus the final mixture’s 
properties are written in the Table 9.

Wet unit 
weight

Dry unit 
weight

28-day 
comp. 

strenght

28-day 
tensile 

strenght

Young’s 
modulus

Standard ASTM 
C138

ASTM 
C39

ASTM 
C39

ASTM 
C496

ASTM 
C469

Adrian 1113 
(kg/m³)

1060 
(kg/m³) 13.0 (MPa) 1.73

(MPa)
3.75

(GPa)
Jolly Jumper 

Hull
876 

(kg/m³)
869 

(kg/m³) 17.0 (MPa) 1.95
(MPa)

5.10
(GPa)

Jolly Jumper 
Patch mix

903
(kg/m³)

890 
(kg/m³) 14.1 (MPa) 1.32

(MPa)
4.13

(GPa)

TABLE 9: Final Mixture Properties 

TABLE 8: Granular Matrix

The far as the cementituous product concerned, a white 
silica fume was used to replace the cement. White silica 
fume and metakaolin have similar performance, the 
white silica has a lower specific weight, 2.31 instead of 
2.55. Multiple mixtures of different proportion of white 
silica and metakaolin where tested before choosing to 
use half silica half metakaolin in the final mixture to 
replace 50% of the cement. This new component brings 
a lower total density, from 977 kg/m³ to 890 kg/m³. 

The Jolly Jumper mixture is about 9% more resistant 
in tensile strength than what the conception team 
required. The whole team is satisfied of the result and 
is convinced that the Jolly Jumper mixture will last for 
many years.
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Afterwards, the team concentrated all its energy 
toward setting up an optimal wet-cure for the concrete. 
The targeted cure provided an additional water supply 
in order to reduce the autogeneous shrinkage at the 
beginning of the cure. This allowed the meniscuses 
that form in the pores to remain hydrated and full, 
in turn, reducing the pressure drops in the concrete’s 
capillaries so that the internal tension forces are also 
reduced. The importance of this process is critical 
because of the high amount of white silica fume in the 
mixture. In fact, this compound allows a refinement 
of the pores in the concrete which usually favors a 
capillary pressure drop. To determine the optimal 
duration of the wet-cure, several concrete specimens 
where placed to cure and every following 3 days, five 
specimens was removed for testing.
 
The analysis (Figure 6) showed that the longer the 
cure lasted, the more resistant the concrete became. 
Moreover, a raise in density was proportional to the 
duration of the wet-cure.

This density increasement is due to the improved 
hydration of the cement and the addition of several 
minerals in the mixture. In the light of our results, a 13 
days cure was chosen to retain a light weight concrete 
without overly affecting its resistance. Also, a second 
test was conducted to determine the right moment to 
apply the damp geotextile over the canoe. The optimal 
results revealed that 120 minutes was required before 
applying the geotextile over the fresh concrete. 

FIGURE 6: Analysis

This waiting time provided the best compromise 
between the proper hardness and the reduction of 
shrinkage. 

In the whole process of determining the optimum 
mixture, special attentions where brought toward 
reusing the unexpired stocks of last year allowing us 
to save money while avoiding the purchase of new 
materials that offer similar benefits. For example, 
unused specimens where used for sanding tests and 
color staining tests as well as for showing off our 
processes. In addition, Poraver® Siscorspheres are 
made from recycled glass.

A more intensive usage of those aggregates reduces 
the environmental footprint. Our mixer was made 
from a clothes dryer and recycled materials which 
makes it environmentally friendly and low cost at 
purchase and maintenance (Figure 7). Finally, white 
silica fume is made from wastes in the silicon industry 
opposed to metakaolin which is purposely made for 
concrete mixing. Thus, the replacement of half of the 
metakaolin by white silica fume lowers the global 
ecological footprint of the Jolly Jumper’s concrete.

FIGURE 7: Handmade Mixer
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CONSTRUCTION

This year, the main objective of the construction 
committee was to simplify and optimize the 
construction method of the canoe, which was found 
to be inefficient during the past few years. In order to 
achieve this objective, the team completely redefined 
the technique of the placement method, the assembly 
method of the mold, and the material of the mold. In 
this way, a single walled mold was used rather than a 
double walled mold which the team used for the past 
4 years. 

Furthermore, this year, the casting method was done 
by placing the concrete on the mold by hands instead 
of past year’s pumping technique. The new mold 
and casting method allowed us to greatly reduce 
the project’s costs. Thus, this year, costs reduction 
netted us $9,000.00 CAN. Also, a health and safety 
sponsorship supplied the team with protection 
materials (glasses, gloves and security masks with 
P100 cartridges). This sponsorship allowed more 
members to work simultaneously which was required 
due to predicted sanding hours.

The whole process of construction started by the 
choice of the mold material. This year, the team chose 
high density EPS for the mold due to its lightness, and 
the capacity of sanding it with precision. The mold 
consisted of 35 parts of EPS material, of varying 
dimensions. The choice of the dimensions of each 
part of the mold was made in order to minimize the 
sanding process in order to obtain a smooth finish 
prior to the placement of the concrete.

FIGURE 8: Mold Assembly

FIGURE 9: Mold

In order to assembly the mold, the team had to build 
a leveled platform to assure the continuity between 
each sections. Also, to assure a precise alignment of 
the different parts of the mold, a central guide was 
installed. That way, each section of the mold, which 
all has a gap that fits the guide, was installed precisely. 
In addition, each part of the mold presented a cavity 
in it to facilitate the unmolding step (Figure 8).

After that, each part was sanded in order to assure 
continuity in the mold. Furthermore, reinforcement 
bars in fiber glass of 6.35 mm diameter (V-Rod 
32GFRP®) have been installed and fixed with fishing 
wires in the gunwales. Reinforcement rods has been 
chosen because of their lightness and flexibility, thus, 
offering an easy installation and weight optimization 
for the canoe.

Assembled

FIGURE 10: Gunwales Adjustment

FIGURE 11: Mold Sanded
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After that comes the concrete placement, which 
is regarded as the critical step of the construction 
process, because it needs a lot of human resources and 
it requires a lot of planning. Indeed, approximately 
25 members with a specified role each was necessary. 
Just before the concrete placement, wax was applied 
on the mold to aid the unmolding step afterwards. 

The concrete placement started then from the center 
of the canoe to each end of it. In order to avoid cold 
joints and to optimize the uniformity and cohesion 
of the materials, the members were divided in three 
teams for the placement of the concrete. The first team 
was in charge of the placement of the first layer of 
concrete on the canoe, which represents a thickness of 
approximately 5 mm. Then, when a sufficient length 
of concrete had been placed, the second team started 
placing the reinforcement grid GlasGrid 8511®, 
fixing it to the reinforcement bars using the fishing 
rods. When a sufficient length of reinforcement grid 
had been placed, the third team can started placing the 
second layer of concrete on top of it, with a thickness 
of 8 mm.

FIGURE 13: Canoe Construction

FIGURE 14: Curing Tent and 
Tex-Cure Textile

After an appropriate curing, the unmolding step 
could be undertaken. Because of the form of the 
gunwales, it was impossible to remove the mold 
without damaging it. Hence, with the help of the 
cavity in the mold parts, and by removing pieces of 
the mold by cutting in it, it was possible to remove 
carefully the parts confine with the canoe. 

The finishing of the canoe was made with sandpaper 
of different grits. At first, fines sandpapers were 
used to obtain the appropriate shape of the canoe. 
After that, the grit sizes of the papers decreased 
until it reached a 2000 grit used to polish the 
surface. Then, for the design of the canoe, two 
coats of acid stain (NSTAR®) were applied for 
each color. Finally, two coats of sealer were spread 
to waterproof the canoe.

This year, many elements were taken into 
consideration for sustainable aspects. For example, 
all remnants of the EPS blocs were reused to 
make templates for the sanding of the outside of 
the canoe. Also, all the wood taken to build the 
leveled table, the curing tent, the product display 
and the display stand comes from recycled 
materials. Moreover, the use of a shelf to dispose 
of toxic substance allowed a more secure working 
environment, while also keeping the products at an 
adequate temperature, maximizing their lifetime.

FIGURE 12: Reinforcement Rods Installation



POLYTECHNIQUE MONTREAL - 2015

JOLLY JUMPER 9JOLLY JUMPER 10
ee eeeeeeeeeeeeeee eeeee eeeee eeeeeeeeee

 tttttttttttttttttttttt ���ttt�t�� ��tt������ �ttt������
� tttttttt�ttt�t�ttt ���ttt�t�� ��tt������ ��tt�������
� �e�eeee�ee�eeeee�ee�eee e�eee �eee����� �eee�����
� �eeeeeee�eeeee�eeeeeee e�eee �eee����� �eee�����
� ee�e�eeeeeee ��e�eee� �eee����� �eee������
� �e�eeeee��eeeeeeee� ��e�eee� �eee����� �eee������
� t����t�t���tttt�t�tt�tt�tt�t�tt������	�ttt�t� �ttt������ �ttt�	������
� e�eeeeee�e�e ��e�eee� �eee����� �eee�����
� e�eeeeeeeeee�eee��e� �e�eee� �eee����� �eee�������
� e�eeeee�eeeee�eeee�eee�eeeeeee��e�eee� �eee����� �eee�����
 t��t��t� ���ttt�t� �ttt������ �ttt����	���
� e�eee�ee�e�e�eeeee ��e�eee� �eee����� �eee�����
� e�eee�ee��eeeeeeeee ��e�eee� �eee����� �eee������
� e�ee�ee �e�eee� �eee����� �eee�����
� t�t�t�tt�t ���ttt�t� ��tt������� ��tt������
� e�eeeee�eeeeeeeeeeeeeeeeee ��e�eee� �eee������ �eee�����
� eee�eee�eeeeeeeeeeee ��e�eee� �eee������ �eee�����
� e�eeee��eeeeeeeee e�eee� �eee������ �eee�����
� t�t�t�ttt�tt ���ttt�t� �ttt������ �ttt������
�� e�eeeeeee�eeeee�eeee�e�eeeee ��e�eee� �eee����� �eee������
� e�eeeeeee� ��e�eee� �eee�������eee�������
�� e�eeee���eeee� �e�eee� �eee������eee����
�� e�eeeeeeeeeeee �e�eee� �eee���� eeee����
�� e�eee�eeeeeeeee�e�eeeee ��e�eee� �eee����� �eee�����
�� e�e�eee�ee�eeeee�eeeee e�eee �eee���� �eee����
�� e�eeee� �e�eee� �eee���� �eee�����
�� e!eeeeeee� �e�eee� �eee����� �eee�����
�� t��ttt� ��ttt�t� �t�t������� ��tt�������
�� e!e�eeeeeee!e!ee�e�ee�eeeeee �e�eee� �eee����� �eee������
�� eeeeeeeeee�eeeeeeee�eeeeeeeeee �e�eee� �eee����� �eee����
� t�t�t�t��tttttt�ttt�t�t� ���ttt�t� �ttt������ ���t�������
�� e�eeeeeeee�eeeeeeeeeeeeeee�e�eee���e�eee� �eee����� �eee������
�� eeeeeee�eeeeeeee�e�eee�e�e ��e�eee� �eee������ eeee����

���
����

����
����

���

����	

����

���	
����

����

� � � � � � e � � � � � �
eee��e� �eee���e� �e�e��e� eeee��e� eeee��e� �eee���e� �e�e���

�eeee

eeeeeeeeeeeeee

�eeee

�eeeeeeeeeeeee

�eeeeeeeeeee�eeeeeee�ee

�eeee�ee�eeeee�

�eeee�ee�eeeee�

�eeeeeeeeeeeee

�eeeeeeeeeee�

�eeeeeeeeeee�eeeeeee�

�eeeeeeeeeeeee

eeeeeeeeeteeeeee

�eeeeeeeeeeeeeeeeee�eeeeeee

�eeeeeeeeeee�eeeeeee

eeeeeeeeeteeeeee

eeeeeeeteeeeee

(eeeeeee

�eeeeeeeee

�ee�ee��eeeeeeeeeeee

�e�ee

�ee�eee�e�eeeeeeeeeeeeeteeee�eee
eeeee�e�eee�����



10JOLLY JUMPER 9JOLLY JUMPER 11

A -PLAN VIEW

B -ELEVATION VIEW

SECTION A-A
 C -CROSS-SECTION

D -GUNWALE DETAI E -LAYERS DETAIL

A

A
BOW

BOWSTERN

STERN

E

D



JOLLY JUMPER
APPENDIX A : REFERENCES

A-1

[1 ]Polytechnique Montreal. (2010). ‘’Charlie IV’’ Concrete Canoe Design Paper. Montréal, QC.

[2 ]Polytechnique Montreal. (2014). ‘’Adrian’’ Concrete Canoe Design Paper. Montréal, QC.

[3] Sailboatcruising.com. (2014). Understanding the Prismatic Coefficient. Retrieved from Sail  
 boat-cruising.com: http://www.sailboat-cruising.com/prismatic-coefficient.html

[4 ]Stejskal, V. (2014, June 27). Kayak Design Terms & Hydrostatics. Retrieved 2014, from One Ocean  
 Kayaks: http://www.oneoceankayaks.com/smhydro/hydro.htm

[5 ]Winters, J. (2014). Part 2: Residual Resistance.

[6] AÏCTIN, P-C (2010). Béton haute performance, Eyrolles, Paris, France, VA

[7] ASCE, “ASCE National Concrete Canoe Competition Rules & Regulations”, http://www.asce.org/ 
 uploadedFiles/Membership_and_Communities/Student_Chapters/Concrete_Canoe/Content_ 
 Pieces/nccc-rules-and-regulations.pdf

[8] ASTM (2012) “Standard Practice for Making and Curing Concrete Test Specimens in the Field”  
 C31-C31M-12 West Conshohocken, PA, USA.

[9] ASTM. (2013), “Standard Specification for Concrete Aggregates», C 33 / C33M-13, West 
 Conshohocken, PA, USA. 

[10] ASTM. (2014), “Standard Test Method for Compressive Strength of Cylindrical Concrete Speci 
 mens”, C 39/C 39M-14a, West Conshohocken, PA, USA. 

[11] ASTM. (2015), “Standard Test Method for Relative Density (Specific Gravity) and Absorption of  
 Fine Aggregate”, C 128-15, West Conshohocken, PA, USA. 

[12] ASTM. (2014), “Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates», C 136,  
 West Conshohocken, PA, USA. 

[13] ASTM. (2014), “ASTM C138 / C138M-14, Standard Test Method for Density (Unit Weight), Yield,  
 and Air Content (Gravimetric) of Concrete”, C 138/C 138M-14, West Conshohocken, PA, USA. 

[14] ASTM (2012). “Standard Specification for Portland Cement.” C150/C150M-12, West Conshohock 
 en, PA, USA.

[15] ASTM (2014). “Standard Practice for Making and Curing Concrete Test Specimens in the Labora 
 tory” C192/C192M-13a, West Conshohocken, PA, USA.

[16] ASTM. (2014), “Standard Test Method for Static Modulus of Elasticity and Poisson’s Ratio of 
Concrete in Compression”, C 469/C 469M-14, West Conshohocken, PA, USA. 

[17] ASTM (2013). “Standard Specification for Chemical Admixtures for Concrete.” C494/C494M-13,  
 West Conshohocken, PA, USA.



JOLLY JUMPER
[18] ASTM. (2004), “Standard Test Method for Splitting Tensile Strength of Cylindrical Concrete  
 Specimens», C 496/C 496M-11, West Conshohocken, PA, USA. 

[19] ASTM. (2012), “Standard Specification for Coal Fly Ash and Raw or Calcined Natural 
 Pozzolan for Use in Concrete”, C 618-12a, West Conshohocken, PA, USA. 

[20] ASTM (2014), “Standard Specification for Slag Cement for Use in Concrete and Mortars.”   
 C989/C989M-14.West Conshohocken, PA, USA

[21] ASTM (2014), “Standard Specification for Silica Fume Used in Cementitious Mixtures”   
 C1240-14.West Conshohocken, PA, USA

[22] CHARRON, J-P. (2006), “Notes de cours Civ6505, Technologies de béton», École 
 Polytechnique de Montréal, QC, CANADA. 

A-2

THE END



POLYTECHNIQUE MONTREAL - 2015

JOLLY JUMPER
APPENDIX B : MIXTURE PROPORTIONS

B-1



POLYTECHNIQUE MONTREAL - 2015

JOLLY JUMPER B-2



POLYTECHNIQUE MONTREAL - 2015

JOLLY JUMPER
APPENDIX C : BILL OF MATERIALS

C-1



APPENDIX D : EXAMPLE STRUCTURAL 
CALCULATION

D-1



POLYTECHNIQUE MONTREAL - 2015

JOLLY JUMPER D-2




