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EXECUTIVE SUMMARY 

The sea can be considered either as a 

beautiful or terrifying element, but only 

the most seaworthy of boats will allow 

travelers to truly appreciate its greatness. 

Known through the years as one of the 

finest fishing and racing boats, the 

Bluenose is one of Canada’s most 

renowned vessels. Originally from Nova 

Scotia, this boat became an official 

symbol in 1937 when it was used on the 

Canadian dime. Aiming to reach and 

surpass its standards of excellence, 

Université Laval presents its next sea 

champion, Bluenose V. 

Founded in 1852, Université Laval is the 

oldest francophone institution of higher 

learning in Canada. Located in beautiful 

Québec City, its civil engineering 

department is a leader in shotcrete and its 

research center in concrete and 

infrastructure makes it a choice place to 

pursue great achievements. 

Université Laval’s concrete canoe team 

has been Canadian champion 11 times 

since its foundation in 1996. Joining the 

New England conference in 2007, the 

team has qualified to compete at a 

national level 5 times since. With the 

recent success of Maximus (3rd place 

NCCC, 1st place CNCCC, 2014) and the 

performances of Éphémère (2nd place 

NECCC, 4th place CNCCC, 2013) and 

Borealis (2nd place NCCC, 1st place 

CNCCC 2012), Laval has proven to be 

an example of dedication and hard work. 

From past experience and knowledge, 

Laval has managed to build its most 

optimized canoe to date. Combining a 

fast hull, light weight concrete and 

devoted members, Université Laval is 

aiming for victory. 

This year, Laval is coming forward with 

a new audacious shape, designed for 

straight line speed and lightness. 

Moreover, through teamwork, 

dedication and innovative ideas, the 

team was able to make Bluenose V its 

most eco-responsible canoe to date. Built 

using Laval’s best mastered technique, 

shotcrete, this competitive boat 

highlights the best of the team’s 

expertise. By ensuring quality control, 

the team was able to use time, money 

and materials more efficiently.  

Bluenose V’s hull design was completely 

rethought, focusing on building the 

fastest and lightest canoe. With a 

Computer Numerical Control (CNC) 

milled mold, the team was able to reach 

a great level of precision. A test was also 

performed in order to evaluate the 

efficiency of the composite submitted to 

shear-bending stresses. This simulation 

of the paddlers’ effect on the hull 

allowed the optimization of the use of 

reinforcement. Through commitment 

and concrete canoe passion, Laval was 

able to create a 43 kg canoe. 

Sustainable development being a major 

concern for the team, tangible actions 

were taken to diminish Bluenose V’s 

ecological footprint. By using mostly 

locally available materials for the 

concrete mixture, incorporating recycled 

materials and designing a new water 

recycling moist room, Laval reduced its 

environmental impact.  

Great care was taken in training and 

supervising newcomers in their tasks. 

This ensured great product quality and 

safe behaviors while enforcing 

knowledge transfer. Through additional 

safety trainings and the establishment of 

a health and safety program, team 

members were well prepared for 

construction activities.  

Superior quality control, knowledge 

transfer and sustainability are essential 

for Laval’s legacy. Throughout the year, 

nine elected leaders were in charge of 

keeping the team motivated and focused 

on these objectives by closely 

monitoring activities. This resulted in an 

exceptional product. Like the original 

Bluenose, Laval aims to leave its mark in 

history. 

 

 

Table 1 : Bluenose V's Specifications 

Bluenose V’s Specifications  

Estimated Weight 43 kg  

Length 6,1 m  
Width 668 mm  

Depth 351 mm  

Thickness 6,35 mm  
Concrete Color Grey  

Stain Color Black, Blue, Red  

Reinforcement 
Carbon fiber mesh 

(POA=48%) 
 

 

 

 

Table 2 : Bluenose V's Concrete Properties 

 Hull 
Structural 

Elements 

 

Wet Unit Weight 
(kg/m³) 

901,8 901,8 
 

Oven-Dried Unit 

Weight (kg/m³) 
597,0 597,0 

 

28-Day Comp. Strength 

(MPa) 
14,19 14,19 

 

28-Day Cyclical Comp. 
Strength (MPa) 

12,8 12,8 
 

28-Day Tensile Strength 

(MPa) 
2,45 3,0 

 

28-Day Cyclical Tensile 

Strength (MPa) 
2,08 2,55 

 

Young’s Modulus 
(MPa) 

2880 2880 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Table 3 : Major Milestones 

 Major Milestones Delay Cause 

 
Mold Completion  

-2 

weeks 

Better hull 

design 

 Fiberglass Canoe 

Construction 

-2 

weeks 

Waiting for 

mold 

 Mixes Selection None On Schedule 
 

Analysis 
-1 

week 

Better 

Analysis 

 Concrete Canoe 
Construction 

None On Schedule 

 Finishing None On Schedule 

 Aesthetics None On Schedule 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PROJECT MANAGEMENT 

This year’s goals and objectives in terms 

of project management were to ensure 

quality control and knowledge transfer 

while increasing overall productivity.  

Through the years, Laval has proven the 

efficiency of its organizational structure. 

Electing eight chiefs and a captain in 

early June, the team ensured adequate 

preparation and communication by 

creating a transition period. Chiefs’ 

responsibilities included academics, 

aesthetics, analysis, concrete mix design, 

construction, paddling, treasury and 

research and development. This last 

position was created as the team felt the 

need to constantly pursue new 

achievements and breakthroughs, while 

acquiring new expertise.  

Bluenose V’s team is composed of 17 

newcomers and 30 veterans, making it 

an experienced team. Such a large team 

requires great planning and supervision. 

In order to guarantee great work quality, 

knowledge transfer and continuous 

involvement, participants were 

encouraged to join subgroups supervised 

by chiefs. Veterans oversaw the new 

members on their tasks, sharing the 

expertise and passion of Laval’s high 

standard concrete canoe techniques. 

Communication was made possible 

through weekly meetings, activities, 

mailing lists and social networks.  

Traveling to another country requiring 

an important amount of money, a 

financial plan was established at the 

beginning of the year. The budget was 

fixed at 36 000$ and was divided as 

shown on Figure 1. Fundraising 

activities were organized throughout the 

year to cover project expenses and the 

team was able to collect generous 

monetary and material donations from 

industries, individuals and university 

sponsors. The overall sum amassed from 

fundraising and donations was estimated 

at 15 000$.  

Time management was essential as the 

team aimed to build Bluenose V in late 

December, allowing the curing process 

to take place during Christmas break. In 

order to reach this goal, concrete mixture 

testing took place two times per week. In 

addition, the polystyrene mold was 

formed using a Computer Numerical-

Control (CNC) machine through a 

collaboration with the school’s forestry 

research center. This fast and accurate 

mold-production method granted more 

time for finishing and aesthetics, 

allowing the achievement of a 

breathtaking final product. A total of 

6 500 man-hours were dedicated to the 

project as shown on Figure 2. 

In late July, a detailed project schedule 

was established to allow good 

preparation and adequate training. 

During this process, major milestones 

activities were determined, setting 

crucial deadlines. Mix selection, 

analysis, canoe construction and 

finishing were also identified as the 

critical path since they are all 

codependent. One buffer week was 

added to take into account delays and 

uncertainties. Major milestones are 

listed in Table 3. 

In order to create a secure work 

environment and encourage safe 

behaviors, this year’s team captain was 

in charge of health and safety as he 

oversaw all activities. Throughout the 

project, the team captain ensured 

participants were properly informed and 

wore the appropriate safety gear. By 

rigorously applying the health and safety 

program elaborated in collaboration with 

university’s health and safety 

department and by offering proper 

training, the team was able to create a 

safe environment to build Bluenose V. 

Great organization and teamwork are 

key to an efficient workgroup. By 

putting these to use, Laval reached its 

objectives in terms of time, materials and 

expenses optimization.

Figure 1 : Allocation of Expenses 

Figure 2 : Man-Hour Distribution 
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ORGANIZATION CHART 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note : Participant name(year, number of years participating in concrete canoe competition, number of years as a registered participant) 



 

 

Table 4 : Hull Shape Characteristics for 

Borealis(2012), Maximus(2014) and 

Bluenose V(2015) for a Water Displacement of 

230 kg 

 Characteristics 2012 2014 2015 

 Load Waterline 
Length (m) 

5,99 5,94 5,99 

 Maximum Beam-

Width (mm) 
685,8 762,0 668,0 

 Beam-Width at 

Waterline (mm) 
612,1 693,4 614,7 

 Freeboard (mm) 205,7 254,0 221,0 
 Bow Rocker 

(mm) 
144,8 127,0 127,0 

 Stern Rocker 
(mm) 

221,0 76,2 76,2 

 

 

Table 5 : Ratios for Borealis(2012), 

Maximus(2014) and Bluenose V(2015) for a 

Water Displacement of 230 kg 

 Ratio 2012 2014 2015 

 Beam-Draft 

(B/T) 
4.3 5.9 4.9 

 Disp.-Length 

(D/L) 
27.2 27.2 29.8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HULL DESIGN & 

STRUCTURAL ANALYSIS 

A fast, light, stable and maneuverable 

canoe is what Laval aimed for while 

designing Bluenose V’s hull. Using its 

experience and knowledge, the team 

succeeded in conceiving a hull that is the 

perfect balance between these elements. 

Bluenose V was designed using 

Orca3D®, a watercraft conception 

software. The new hull shape was based 

on Borealis(2012), as it is the lightest 

and most optimized canoe built by the 

team. Although possessing great 

qualities, some modifications were made 

to the original shape as paddlers of 

Borealis(2012) had encountered some 

troubles with overall stability.  

Since each parameter such as length, 

rockers’ height, freeboard and beam 

width directly impacts the boat’s 

performance on the water, the hull shape 

was studied by varying each of them one 

at a time. In order to improve stability, a 

flat bottom was added to the existing 

shape, while the maximum beam-width 

was reduced to increase straight line 

speed. Bow and stern rockers were kept 

from Maximus’s(2014) experience, as 

paddlers considered it ideal to perform 

perfect turns without losing important 

stability. Finally, freeboard height is an 

important parameter as it directly affects 

the weight of the canoe. Although a 

higher freeboard increases canoe weight, 

the narrower boat sinks deeper and risks 

allowing water into the canoe. Freeboard 

height was therefore raised. Bluenose 

V’s characteristics are compared to its 

predecessors’ in Table 4. 

Shape performance was also evaluated 

according to two important ratios in boat 

design engineering: The Displacement-

Length (D/L) ratio and the Beam-Draft 

(B/T) ratio. Both ratios’ calculations are 

detailed in Figures 3 and 4. 

The D/L ratio being an indicator of the 

wave generation of the hull passing 

through water, the team tried to keep this 

ratio as low as possible in order to reduce 

wave-making resistance. This would 

therefore diminish the drag force and 

allow higher top speed. The B/T ratio 

was also minimized as it represents 

friction drag caused by the total wetted 

area. Values obtained from Bluenose V 

are shown in Table 5 and show an 

augmentation from Borealis’s(2012) 

ratios. Although the team aimed to keep 

these values low, a compromise was 

made. This choice was made for the 

shape to be more stable, therefore 

allowing the paddlers to take more 

efficient paddling strokes. 

Two failure modes were studied on the 

newly designed shape for a 

predetermined hull thickness of 

6,35 mm: (1) the topmost of the hull 

cracking due to the longitudinal negative 

bending moment and (2) the hull 

cracking under paddlers due to the shear-

bending (S-B) phenomenon. Several 

loading cases were studied and one was 

considered critical for each failure mode, 

allowing the structural elements’ 

dimensioning as well as the choice of 

proper reinforcement under the paddlers. 

Six loading scenarios were examined: 

(1) two men paddlers, (2) two women 

paddlers, (3) four paddlers, (4) vehicle 

transportation, (5) being on its display 

stand, and (6) carrying. The team uses a 

canoe carrier which allows it to be fully 

supported while reducing vibrations. 

Vehicle transportation was therefore not 

considered critical and not studied. 

For the first failure mode, the canoe was 

studied by dividing it into 127 mm 

sections. The mesh was not considered 

in this part of the analysis, as it is 

considered as a precaution. The 

structural elements were then designed 

for the canoe to sustain maximum 

stresses under yield tensile strength.  

Properties such as second moment of 

area and center of gravity of the hull and 

gunwales were calculated separately for 

Figure 3 : Displacement-Length Ratio 

Figure 4 : Beam-Draft Ratio 

 

 

 

 

 

 

 
D

L
=

Dt

35,88[0,01LWL]3      

The Displacement-Length ratio is the 

proportion of the displacement of the boat in 

water (Dt) in tons and the load waterline length 

(LWL) in meters. 

 

 

 

 

 

 

 

B

T
=

Maximum Beam − Width

Draft
 

The Beam/Draft ratio is a proportion of the 

maximum beam-width and the draft. 



 

each section using arbitrary fixed 

gunwales’ height (h) and width (w). 

Values for second moment of area of the 

hull (H) and gunwales (G) were summed 

using the parallel axis theorem. For each 

case involving water, Bluenose V was 

studied like a simply supported beam on 

which a distributed load was applied. 

Paddlers were considered as supports 

and water pressure as the distributed 

load. The actual weight of paddlers was 

used to ensure accurate and realistic 

results. The load applied on each section 

was calculated using Archimedes’ 

principle and the waterline generated by 

the loading case. Using beam theory, the 

bending moment around the y-axis was 

obtained by integrating twice the 

distributed load. Maximum stresses were 

found by using values of second moment 

of area and bending moment in the 

Equation 1, where “x” is the longitudinal 

position in the canoe if the axis system 

shown on Figure 5 finds its origin at the 

bow. 

     σ(x, h, w) =
M(x)∙zx(h)

Ix(h,w)
       Equation 1 

Results showed that the canoe undergoes 

maximum stresses under the two men 

paddlers loading case due to the 

longitudinal negative bending moment.  

Once the final mixes were found, 

gunwales’ dimensions were chosen 

using a custom-made Maple® program, 

an analytical computing environment. 

Values of width and height were varied 

until the maximum stresses were below 

the 28-day cyclical structural elements 

concrete strength, magnified by 1.25 

(Paradis, 2004) to consider the dynamic 

nature of the races. Final dimensions for 

the gunwales were 51 mm by 13 mm. 

Although the closing/opening of the 

topmost of the canoe was not considered 

as one of the failure modes, the team 

tried to minimize it by adding four ribs. 

Their positions were chosen according to 

the paddlers’ location and structural 

effectiveness. The ribs were 

dimensioned aiming for a total 

displacement at the topmost of the hull 

inferior to 6,35 mm. (Paradis, 2004).  

Each rib was assigned a tributary area. 

The horizontal water pressure applied on 

the canoe was considered most critical 

for the coed race. The section with the 

maximum water pressure was the one 

used to dimension the ribs. Considering 

the symmetry, half of the cross-section 

was studied and split up into 50 straight 

lines. The deformation caused by the 

perpendicular water pressure applied on 

each line was studied, starting from the 

center of the canoe. By summing these 

values, the total displacement was 

calculated using an iterative process 

made with Maple®. Final dimensions 

allowing a total displacement inferior to 

6,35 mm were 51 mm by 13 mm. 

Factored maximum stresses of the 

analysis are compared to the concrete 

properties in Table 6. 

For the second failure mode, each 

paddler was studied separately using 

each individual’s proper weight and 

waterline. The loading case involving 

two men paddlers was found to be the 

critical loading case. Previous 

experience with Borealis(2012) 

demonstrated that a second layer of 

carbon-fiber mesh located under the 

paddlers’ knees diminished cracking by 

distributing stresses and ensured the 

canoe’s structural integrity (Borealis, 

2012). Further research proved that the 

use of a third layer of carbon-fiber mesh 

nearly eliminates cracking under the 

paddlers (Éphémère, 2013).  The shear-

bending test (detailed in the 

Development and Testing section) was 

performed using Bluenose V’s mix. A 

specimen reinforced with three layers of 

carbon-fiber mesh was tested cyclically 

over water pressure and demonstrated no 

visible cracking. 

With its new hull shape and highly 

trained paddlers, Laval aims to dominate 

on the water. 

 

 

Table 6 : Maximum Stresses and Concrete 

Strength of Structural Elements 

Critical Stress 

2-D Analysis 

Factored 

Stress 

(MPa) 

28-Day Cyclical 

Mechanical 

Properties 

(MPa) 

 

Max. Tensile 
Stress 

1,9 2,6 
 

Max. Comp. 

Stress 
1,4 12,8 

 

 

 

 
Figure 5 : Axis System 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DEVELOPMENT AND 

TESTING 

Laval’s goals for this year’s 

development and testing were to produce 

a canoe that would be light, innovative 

and sustainable. To achieve these goals, 

the team designed mixes separately for 

the hull and structural elements, studied 

new materials and made eco-responsible 

choices.  

A design process, shown on Figure 6, 

was elaborated and carefully followed to 

ensure efficient testing. Through 

iterative processes, the optimal hull 

shape, concrete mixes and structural 

elements’ dimensions were chosen.  

Starting from the reception of the rules 

and regulations, Laval established its 

objectives for the year. From these goals, 

a hull shape was designed and a 

preliminary 2-D analysis was performed. 

The maximum hull and structural 

elements’ stresses allowed the start of 

both mixes design processes. The hull 

and structural elements’ mix were 

studied separately as they are employed 

using different placement methods, 

giving them different mechanical 

properties. Shotcrete was used for the 

hull as it is the optimal technique to 

achieve a very thin layer of concrete. The 

high velocity used by this method 

enables compaction and micro-fiber 

orientation. The 2-D alignment is proven 

to nearly double fibers’ efficiency 

compared to 3-D random orientation 

(Bentur & Mindess, 2007). Hand 

placement was chosen for the structural 

elements since shotcrete is not 

recommended in closed narrow spaces.  

Maximus(2014)’ hull mix was used as a 

basis as its cementitious paste had 

interesting lightweight properties.  

Figure 6 : Design Process 



 

This mix’s mechanical properties were 

13,74 MPa for compressive strength, 

2,01 MPa for tensile strength and 

3027 MPa for Young’s Modulus. This 

concrete included type GU white 

Portland cement, class F fly ash, silica 

fume, K15© and K37© hollow 

microspheres, Poraver© 0.1-0.3, and 

6,35 mm PolyVinyl Alcohol (PVA) 

fibers.  

In order to extend the team’s knowledge 

and allow the development of the best 

concrete possible, new materials, 

displayed on Figure 7, were tested. 

Running them through the team’s design 

process, Laval added new information to 

its data base and optimized its mixes. 

The first element studied was type GU 

grey Portland cement. Its mechanical 

properties and local availability made it 

an interesting and sustainable alternate 

to white Portland cement. Since the 

product offered good results in terms of 

resistance, aesthetics and lightweight, it 

was incorporated into the mix. This 

addition brought greater tensile strength 

while keeping a low unit weight. 

The use of glass macro-fibers was also 

investigated as it could significantly 

increase flexural strength. This addition 

raised some concerns with aesthetics and 

workability. Although the team did not 

reject the idea, it was decided not to 

incorporate it in the mix and store the 

results for further testing. 

In order to obtain representative results, 

specimens for the hull were made using 

shotcrete and those for the structural 

elements were hand placed. Each tested 

batch was prepared in laboratory 

conditions and moist cured for 5 days for 

the mix design and 28 days for the final 

mix. ASTM standards were adapted in 

order to be used with the non-standard 

concrete designed by the team. ASTM 

C78 was used for flexural strength. 

Although specimens’ cross section are to 

be measured after testing across one of 

the fractured faces according to the 

standard, the team chose to measure this 

value before testing. This decision was 

made based on the fact that the 

specimens do not demonstrate a clean 

fracture after testing because of their 

high concentration in fibers, making the 

measurement near impossible. ASTM 

C39/C39M-14a was used for 

compressive strength despite the 

minimal density of 800 kg/m³. ASTM 

C469/C469M-14 was used for Young’s 

Modulus, and ASTM C138 for density 

and gravimetric air content.  

Within 30 batches, the team was able to 

design an optimal mix for both the hull 

and structural elements. Various 

combinations were tested by adjusting 

the water/cementitious materials ratio, 

the cementitious paste and the amount of 

fibers. Different aggregates in variable 

proportions were also tested including 

Poraver© 0.25-0.5, Poraver© 0.1-0.3, 

K1©, K15©, K25©, K37© and K46©. 

Best results for the hull and structural 

elements were found with the same 

concrete mixture. This mix had a 

cementitious paste proportion of 

36% v/v, composed of 43% v/v type GU 

grey Portland cement, 27% v/v class F 

fly ash and 30% v/v silica fume. The 

team also used 9.2% v/v Poraver© 0.1-

0.3, 64.6% v/v K15© and 26.2% v/v 

K37©. Moreover, 1.5% v/v PVA micro-

fibers gave the best tensile strength and 

a w/cm of 0.7 allowed a low unit weight 

and proper workability.  

Admixtures were also added to the mix 

such as MasterGlenium®, a high-range 

water- reducing admixture, 

MasterMatrix®, a viscosity-modifying, 

and Pozzolith®, a set-retarding agent. 

Their dosages are shown in Table 7. 

Variability between the recommended 

and actual dosage was attributed to the 

use of a non-standard concrete. 

Discussion with the product distributor 

and testing ensured that this difference 

would have no negative effect on the 

cured concrete. Proper workability being 

 
 
Table 7 : Recommended and Actual Admixture 

Dosage 

Admixture 

Recommended 

Dosage 

(mL/100kg) 

Actual 

Dosage 

(mL/100kg) 

 

MasterGlenium® 

7700 
232,0-876,0 1166,7 

 

Pozzolith® 100 

XR 
118,0-232,0 424,2 

 

MasterMatrix® 
VMA 362 

118,0-815,0 6293,2 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 : New Tested Materials 

Grey Portland 

Cement 

White Portland 

Cement 

Glass Macro-Fibers 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

essential when using shotcrete, 

MasterMatrix® was used to ensure fluid 

concrete. On the other hand, Pozzolith® 

allowed the team to have enough time to 

work the concrete on the mold and avoid 

cold joints between layers. Finally, 

MasterGlenium® was used to reduce the 

material’s water demand as well as 

fluidize the mix. This combination 

created the desired texture: a good 

balance between fluidity and stiffness. 

The usage of recycled materials in the 

final mix is one of the decisions the team 

made in order to help make Bluenose V 

a more sustainable canoe. Poraver© is a 

material made of post-consumer 

recycled glass. This aggregate is 

therefore a great choice in addition to 

having a low unit weight. Silica fume, a 

byproduct of carbothermic reduction, 

was also used, as well as class F fly ash 

which is an industrial waste.  

Using the same mix, deformational 

compatibility was not considered 

critical. Both final mixes were therefore 

submitted to a cyclical loading third-

point bending test before performing the 

final structural analysis. This test takes 

into account the cyclical stresses induced 

during the races by the paddle strokes. 

Specimens were submitted to 

4500 load/unload cycles at different 

maximum stresses. This represents the 

number of paddle strokes during the 

canoe’s service life of three 

competitions. 

From these results, the final mixes’ 

mechanical properties were found. 

Acceptable damage, defined as no 

visible cracking or excessive permanent 

deflection after testing, was found at 

85% (2,6 MPa) of the yield tensile 

strength and 90% (12,8 MPa) of the 

compressive strength. From these 

values, the structural elements’ 

dimensions were established. Final 

mixes’ mechanical properties exceeded 

design values. 

The composite was submitted to a shear-

bending analysis to take into account the 

cyclical stresses under paddlers’ knees, 

leading to the second failure mode. This 

test allowed the choice of the optimal 

number of mesh layers to place under the 

paddlers’ in order to avoid cracking. 

This test was based on the African Water 

Bed Test (Morgan and al., 1999), and 

simulates water pressure under a plate on 

which a cyclical load is applied. The 

apparatus used can be observed on 

Figures 8 and 9. It consisted of a wooden 

box in which a 6,35 mm. thick concrete 

plate using different levels of 

reinforcement was secured. A 

hydrostatic pressure was created under 

the plate, simulating the waterline of the 

front paddler during a two men race. A 

cyclical load was then applied at the 

center of the plate, varying from 34 kg to 

67 kg (ULCCT, 2013). This variation 

represented the motion of a paddler 

during races. Strain gages were placed at 

different specific distances from the 

center of the plate. This allowed the 

evaluation of the stress distribution in the 

plate induced by cyclical loading 

according to the reinforcement. 

Experimentation showed that the plate 

undergoes a maximal stress value of 

5,3 MPa when reinforced with only one 

layer of mesh, compared to 4,4 MPa 

when the plate is reinforced with three 

layers of mesh. Each mesh used had an 

overall POA of 48%. Figure 10 

demonstrates the stress distribution 

according to each sample. Experimental 

values proved the efficiency of the 

second and third layers of reinforcement 

under paddlers. Bluenose V was 

reinforced using one mesh layer over the 

entire canoe as well as two additional 

layers under the paddlers’ knees. 

Through great planning and an unerring 

iterative design process, the team was 

once again able to surpass itself. By 

pursuing enrichment and the acquiring 

of new expertise, Laval draws the path 

for a legacy of excellence. 

Figure 8 : Shear-Bending Test Apparatus 

Figure 10 : Stress Distribution in Plate 

Submitted to Shear-Bending 

Figure 9 : Load Application Shear Bending Test 



 

CONSTRUCTION 

For Laval, creating a quality product 

requires great technique, optimization, 

and sustainable development. Working 

with these objectives in mind, the team 

was able to produce Bluenose V: an 

astonishing final product. 

Bluenose V was built using a male mold 

as it is the most suitable for shotcrete and 

creates a flawless inner hull shape. Using 

AutoCAD©, the mold was first divided 

into 12 blocks. Each element was then 

milled into polystyrene foam using a 

CNC machine and assembled on a 

wooden base. Bottom blocks were 

secured to the base using 200 mm long 

screws while the top ones were glued 

using insulation panel adhesive as 

demonstrated on Figure 11. Flaws and 

joints were corrected using drywall 

compound. Two female molds were 

built at both ends, allowing the 

production of oversized caps. The 

canoe’s bow and stern are made larger 

than necessary in order to allow them to 

be sanded to the perfect shape, ensuring 

a sharp and straight line. Structural 

elements were carved larger than 

necessary to allow sanding to the 

calculated size and sufficient resistance 

to withstand mold removal.  

Significant changes being brought to the 

hull shape this year, the team chose to 

build a practice canoe in order to ensure 

that paddlers master Bluenose V’s hull 

shape. In early November, a fiberglass 

canoe was built and then removed from 

the mold once set. In an effort to be more 

sustainable, the form was repaired and 

reused for concrete canoe construction. 

Ribs and gunwales were carved directly 

into the mold to ensure a monolithic 

structure. The precision brought by the 

use of the CNC machine greatly affected 

sanding time and diminished flaws. 

Once the form was completely refined, a 

plastic membrane was applied to its 

entire surface as seen on Figure 12, 

providing Bluenose V with a smooth 

interior and facilitating mold removal. 

Laval’s extensive knowledge and 

experience with wet shotcrete made it 

the optimal technique to build the 

canoe’s hull. This technology was 

adapted to the team’s needs by the 

construction of a custom-made shotcrete 

gun, displayed on Figure 13. 

Velocity control and maneuverability 

were the objectives sought for the 

shotcrete gun, taking into account the 

tight environment the team has to work 

with. The final product consisted in a 

100 mm diameter ABS pipe connected to 

two 830 kPa pressurized air entries. The 

first one, attached to the top cap, created 

continuous downward pressure to push 

the concrete toward the flexible lance. 

The second one, linked at the bottom, 

directed concrete through the lance and 

nozzle. Proper output velocity was 

ensured by the use of valves and pressure 

regulators. Two exemplars of the 

shotcrete gun were built in order to 

optimize productivity, avoid cold joints 

and as a precaution.  

Health and safety being a foremost 

priority, great care was taken into 

informing and training team members. 

Each participant was requested to follow 

a training course on the proper usage of 

respirators before sanding. A respirator 

fit test was also performed by a health 

and safety professional. Moreover, 

safety meetings took place prior to every 

construction day and appropriate safety 

gear and equipment were mandatory. 

In late December, the team was ready to 

build its next great vessel. Bluenose V’s 

construction took place in a custom-built 

water recycling moist chamber. In order 

to be prepared for the shooting day, a 

total of 13 batches of 0,007 m³ were pre-

weighed. Each cementitious material 

included in the mix was hand sieved, 

avoiding any material agglomeration 

from compromising the canoe’s integrity 

as well as aesthetics. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11 : Mold Assembling 

Figure 12 : Plastic Membrane on the Mold 

Figure 13 : Custom-Made Shotcrete Gun 



 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Using different placement methods and 

managing a large team in a time crunch 

requires perfect planning. In order to 

ensure efficiency and great quality 

control, a training day was held one 

week prior canoe construction. Health 

and safety instructions were discussed 

and individual tasks were given to all 

members. Responsibilities included 

concrete shooting, thickness control, 

mixing, structural elements’ placement 

and carbon-fiber mesh placement. 

Under veterans’ supervision, newcomers 

put their recently gained knowledge to 

use while building the cutaway section 

as seen on Figure 14. 

Laval chose to build Bluenose V using a 

multiple layering technique as past 

experience proved its efficiency. The 

first layer of concrete was shot from the 

bow to the stern, succeeding the 

placement of the structural elements. 

The carbon-fiber mesh was unrolled 

when the first layer reached the half of 

the canoe, followed by the second layer 

of concrete. Second and third layers of 

carbon-fiber mesh were placed under the 

paddlers’ knees and slightly oversized to 

account for the uncertainty of paddlers’ 

location. A third layer was finally shot 

on the entire canoe. 

Aiming to reduce its concrete usage and 

optimize sanding time, Laval took great 

care in avoiding excessive concrete 

placement by monitoring closely the 

overall thickness. Twenty screws were 

placed at non-critical locations and 

allowed measurement during both the 

projection and the sanding process.  

Once built, Bluenose V was set for 

curing. A new water recycling moist 

room was deigned to diminish water 

usage during this process, causing a 

reduction of 34% of the water usage. 

This new system shown on Figure 15, 

recycled water while ensuring a 

minimum humidity level of 95%. A 

waterproof fabric, hung from the moist 

room’s ceiling, gathered water from a 

spray gun and directed it into a tank. 

From this reservoir, water was pumped 

back into the spray gun. New water was 

only brought to the reservoir when the 

level reached a specific height, ensuring 

no excess fluid was brought into the 

system. This new technique successfully 

reduced Bluenose V’s ecological 

footprint and proved to be a promising 

sustainable idea for Laval’s legacy. 

The mold was removed after 21 days of 

curing to avoid shrinkage cracking. 

Polystyrene blocks were removed 

manually from the center to both ends of 

the canoe. Salvaged material was used to 

repair and reinforce the team’s canoe 

carrier. The canoe was left in curing 

conditions for an additional seven days 

to gain proper concrete resistance. 

Laval’s signature smooth finish was 

reached from careful hand sanding using 

sandpaper ranging from 120 to 1000-

grades. By avoiding excessive concrete 

placement, the team was able to 

minimize sandpaper usage as well as 

sanding time. The sanding process was 

controlled using 18 laser-cut cross-

section gages as displayed on Figure 16 

to achieve a perfect outer hull shape. 

Screw holes left from the shooting day 

allowed hull thickness measurement. 

Structural elements were also sanded 

down to their required dimensions. 

Once Bluenose V’s sanding was 

completed, graphics were done using a 

water-based stain. A sealer was then 

applied to the surface and sanded using 

400 to 2000 grades. This highlighted the 

canoe’s vibrant colors while protecting it 

from being damaged during transport or 

gaining weight in the water. 

Through innovation and great 

organization, Laval was able to meet its 

objectives in terms of sustainable 

development and quality control. Close 

supervision from veterans, teamwork 

and good communication ensured 

knowledge transfer and perpetuation of 

Laval’s high standard techniques.  

Figure 14 : Practice on the Cutaway Section 

Figure 15 : Water-Recycling System 

Figure 16 : Cross-Section Gages 
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Note : numbers shown in the table may be off due to the use of rounding in the Excel spreadsheet. 

APPENDIX B - MIXTURE PROPORTIONS 
 

Hull Mix Design Proportions 

(Non SSD) 

Actual Batched 

Proportions 
Yielded Proportions 

YD Design Batch Size (m3) 1 

Cementitious Materials SG 
Amount Volume Amount Volume Amount Volume 

(kg/m3) (m3) (kg) (m3) (kg/m3) (m3) 

CM1 Type I Gray Portland cement 3,15 168,22 0,053 168,22 0,053 173,24 0,055 

CM2 Silica Fume 2,22 84,11 0,038 84,11 0,038 86,62 0,039 

CM3 Class F Fly Ash 2,53 84,11 0,033 84,11 0,033 86,62 0,033 

Total cementitious Materials :   336,44 0,125 336,44 0,125 346,48 0,127 

Fibers               

F1 PVA fiber 6,35 mm. 1,30 21,59 0,017 21,59 0,017 22,23 0,017 

Total fibers :   21,59 0,017 21,59 0,017 22,23 0,017 

Aggregates               

A1 Poraver© 0.1 - 0.3 Abs : 30 0,90 46,78 0,052 46,78 0,052 48,18 0,054 

A2 K15© Abs : 0 0,15 54,58 0,364 54,58 0,364 56,21 0,375 

A3 K37© Abs : 0 0,37 54,58 0,148 54,58 0,148 56,21 0,152 

Total aggregates :   155,94 0,563 155,94 0,563 160,60 0,580 

Water               

W1 Water for CM Hydration (W1a + W1b) 

1,00 

235,51 0,236 235,51 0,236 242,54 0,243 

  
W1a. Water from Admixtures 20,68   20,68   21,30   

W1b. Additional Water 214,83   214,83   221,24   

W2 Water for Aggregates, SSD 1,00 14,03   14,03   14,45   

Total Water (W1 + W2) :    249,54 0,236 249,54 0,236 256,99 0,243 

Admixtures (including Pigments in Liquid Form) 

              

% 

Solids 

Dosage 

(mL/100 

kg of 
CM) 

Water in 
Admixture 

(kg/m3) 

Amount 

(mL) 

Water in 
Admixture 

(kg) 

Dosage 
(mL/100 kg of 

CM) 

Water in 
Admixture 

(kg/m3) 

Ad1 
MasterMatrix ® VMA 
362 

1,002 g/cm3 20 6293,20 16,972 21172,93 16,972 6481,01 17,479 

Ad2 MasterGlenium ® 7700 1,068 g/cm3 34 1166,70 2,767 3925,26 2,767 1201,52 2,849 

Ad3 Pozzolith ® 100 XR 1,220 g/cm3 46 424,20 0,940 1427,18 0,940 436,86 0,968 

Water from Admixtures (W1a) :     20,68   20,68   21,30 

                      

Cement-Cementitious Materials Ratio   0,50 0,50 0,50 

Water-Cementitious Materials Ratio   0,70 0,70 0,70 

Slump, Slump Flow, mm.   25 ±10 26,00 26,00 

M Mass of Concrete. kg   763,51 763,51 786,30 

V Absolute Volume of Concrete, m3   0,940 0,940 0,968 

T Theoretical Density, kg/m3    = (M / V)   812,25 812,25 812,25 

D Design Density, kg/m3   763,51     

D Measured Density, kg/m3     786,30 786,30 

A Air Content, %   = [(T - D) / T x 100%]   6,00 3,19 3,19 

Y Yield, m3                               = (M / D)   1 0,971 1 

Ry Relative Yield                       = (Y / YD)     0,971   

 

 

 

 



 

Material Quantity Unit Unit Cost Total Price

Type I Gray Portland cement 21,84 kg 0,25 $ 5,46 $

Silica fume 10,47 kg 0,19 $ 1,99 $

Class F Fly Ash 10,47 kg 5,79 $ 60,59 $

PVA Fibers 6,35 mm 1,78 kg 18,38 $ 32,73 $

Poraver© 0.1-0.3 1,68 kg 1,95 $ 3,27 $

K15© Glass Bubbles 4,97 kg 51,51 $ 255,80 $

K37© Glass Bubbles 4,97 kg 22,92 $ 113,82 $

Viscosity modifying agent (MasterMatrix® VMA 362) 0,36 L 6,67 $ 2,38 $

Set retarding agent (Pozzolith® 100XR) 0,13 L 3,34 $ 0,43 $

High-range water reducing agent (MasterGlenium® 7700) 1,93 L 8,34 $ 16,07 $

Carbon fiber mesh 25 m² 24,68 $ 617,00 $

Sandpaper Lump sum 530,00 $

Water based satin (INTERSTAR©NSTAR series) 1,32 L 22,10 $ 29,17 $

Sealer (Kure-N-Seal
TM

30 ES) 1,89 L 8,41 $ 15,89 $

Stencils Lump sum 250,00 $

Vinyl lettering Lump sum 100,00 $

Styrofoam mold complete 12 blocks 45,91 $ 550,92 $

2 585,54 $

Concrete Consituents*

Reinforcement

Finishing

Mold

Total Production Cost

APPENDIX C – BILL OF MATERIALS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Note : A total of 13 batches of 0,007 m³ were used for canoe construction. 



 

APPENDIX D – EXAMPLE STRUCTURAL CALCULATION 

 
The canoe being perpendicular to the water 

surface, the canoe was considered as a 

simply supported beam on which a 

distributed load is applied as shown on 

Figure 17. This assumption modeled both 

paddlers as supports, and water pressure as 

the distributed load.  

 

 

 

In order to locate the maximum stresses caused by the 

longitudinal negative bending moment, the canoe was split up 

into 127 mm cross-sections to be studied separately, as 

demonstrated on Figure 18. Each cross-section was imported 

from Orca3D® to AutoCAD® using a hull thickness of 6,35 mm 

Values for area, center of gravity and second moment of area of 

the hull and gunwales of each cross-section were found 

separately.  

 

 

These results were entered into an Excel table and, using the global center of gravity, the second moment of 

area was determined by summation using the parallel axis theorem. 

 

IX(h, w) = [Ix + Axdx
2]H + 2[Ix(h, w) + Ax(h, w)dx(h)2]G                                          Equation 2 

 

Inertia function I(x) was found by plotting the values in the graph shown on Figure 19.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17 : Free Body Diagram of Bluenose V 

Figure 18 : Cross-sectional Properties 

Figure 19 : Second Moment of Area 
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Using Archimedes’ principle, load according to length was found for each cross-section by determining the 

total volume of displaced water caused by the two men loading case. Aiming to get representative results, the 

actual weight of paddlers was used for a total of 205 kg. 

 

FB = γV                               Equation 3 

 

By integration of the load, the shear diagram displayed on Figure 20 was drawn. From this shear diagram, a 

second integration gave the moment diagram presented on Figure 21. Maple® was used in order to accelerate 

the calculations. 

 

 

Using Beam Theory, values for moment, position and second moment of area were plotted in the flexure 

formula, giving the stresses for each cross-section. Maximum stresses occurring during the maximal 

longitudinal bending moment, the value is found by equaling shear stresses to zero. 

  

σx =
−My

I
                           Equation 4 

 

For the maximum stresses occurring in the gunwales to be inferior to the concrete resistance, gunwales’ 

height (h) and width (w) were varied using a custom-made Maple® program until satisfying results were 

obtained. Final dimensions of the gunwales were 52 mm by 13 mm, for a maximum tensile stress of 1,9 MPa. 

 

 

 

 

 

 

 

 

 

Figure 20 : Shear Diagram for Two Men Paddlers Figure 21 : Moment Diagram for Two Men Paddlers 



 

The composite was submitted to a shear-bending test in order to evaluate its resistance to cyclical shear-bending 

solicitation. The most critical loading case considered was the front paddler during the two men races. Since 

this paddler’s waterline is low, only a small water pressure is created under the paddler’s weight.  

 

A concrete plate made using Bluenose V’s mix was done 

using shotcrete and reinforced with three layers of carbon-

fiber mesh. The plate was then sanded to a thickness of 6,35 

mm and submitted to a cyclical loading over a water 

pressure, imitating the one created by the paddler’s actual 

waterline. Varying the load from 34 kg to 67 kg, the 

paddling motion was simulated. Strain gages measured 

stresses from the center to the end of the plate, and detected 

a maximal stress of 4,38 MPa as shown on Figure 22. No 

visible cracking proved the efficiency of the composite. 

 

 

 
Figure 22 : Stress Distribution in Bluenose V’s  

Composite Submitted to Shear-Bending 


