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The University of Waterloo, founded in 1957, 

is home to the largest faculty of engineering in 

Canada and the largest cooperative education 

program in the world. Waterloo is also home to 

the unique Sedra Student Design Centre, a 

20,000 square foot facility designed to provide 

engineering student teams a state-of-the-art 

workspace to build their projects while 

furthering innovation and students’ technical 

skills. Together, Waterloo’s coop experiences, 

rigorous academic requirements and support of 

student teams have led it to provide one of the 

premier engineering educations in Canada. 

Waterloo’s Concrete Canoe Team competed 

for its first time at CNCCC 2014 in Sherbrooke, 

Quebec. The team’s first canoe, The Dark 

Horse, centered on a very conservative design 

which finished a respectable 7th place overall 

and 2nd in Ontario. Additionally, The Dark 

Horse achieved its primary goal of building a 

foundation for future Waterloo canoe teams.  

This year, the Waterloo Concrete Canoe Team 

had two main goals for  – design a 

less conservative canoe that ideally does not 

repeat winning the Heaviest Canoe Award, and 

serve as a transition project between the now 

fourth year team founders and the next 

generation of Waterloo’s team. This transition 

process led to the younger students taking on 

larger roles on the project while many of the 

fourth year students moved on from the team.  

In ancient mythology, a phoenix is a bird that is 

said to cyclically die by fire before being reborn 

from the ashes of its predecessor. The 

symbolism behind a phoenix was seen as fitting 

for Waterloo’s Concrete Canoe Team because 

this year marks a transition of old to new 

captains. It represents the end of one cycle with 

the founders leaving and the start of another 

cycle as younger students take the reins of the 

team. Lastly, it embodies the rebirth of the team 

in more ambitious design criteria instead of the 

conservative design of last year.  

In order to create a more competitive canoe, a 

refined teardrop shape was developed and the 

length and width of the canoe were reduced. In 

addition, the hull thickness was reduced 

drastically. Both of these changes contribute to 

a more efficient and agile canoe. The hull is 

reinforced with two layers of CFRP mesh and 

is designed to act elastically under all loads. 

The concrete mix design used for 

was based off Waterloo’s 2014 final mix 

design, with experimentation done to eliminate 

the largest sized Poraver aggregate within the 

mix. Whenever possible sustainable practices 

were incorporated which led to the use of 

recycled expanded glass and supplementary 

cementitious materials within the concrete mix. 

Challenges tend to lead to innovation, and in 

this case Waterloo faced a number of schedule 

constraints that forced the canoe to be built 

within a three month schedule while not 

sacrificing quality. This meant analyzing each 

task to find labour efficiencies, some of which 

are discussed in this report. In the end, this led 

to ’s construction requiring one 

third the man-hours used for The Dark Horse.

 

Table 1.  Specifications 

Specification Value 

Length 5867 mm 

Width 737 mm 

Depth 343 mm 

Thickness 12.7 mm 

Weight 65 kg (E) 

Stain Colour Red, orange, blue, yellow 

Reinforcement C-Grid CT275, 1.5”x1.5” 

 

Table 2.  Concrete Properties 

Property Value 

Wet Density 865 kg/m3 

Dry Density 815 kg/m3 (E) 

Compressive Strength 11.6 MPa (E) 

Tensile Strength 1.0 MPa (E) 

Flexural Strength 0.6 MPa (E) 
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Meetings, 120 hrs

Project Management, 190 hrs

Finance / Sponsorship, 100 hrs

Mix Design, 230 hrs

Hull Design, 120 hrs

Construction, 670 hrs

4%
9%

5%

8%

7%

39%

28%

Tools, $600

Race Paddles, $1,300

Formwork Materials, $680

Canoe Materials, $1,130

Administration, $890

Registration, $5,400

Team Travel, $3,950

 

Waterloo faced a gargantuan task in its second 

year due to the schedule constraints imposed 

upon the team. To provide needed background, 

the concrete canoe team formed as an offshoot 

of the concrete toboggan team. This meant the 

same leaders and core team members have 

designed, built and raced Waterloo’s toboggan 

and canoe projects. Working with both the 

toboggan and canoe schedules became the first 

constraint for building . Secondly, 

Waterloo’s coop program means that students 

are consistently switching between four months 

of school and four months of work every term. 

The majority and more senior side of the team 

were not on campus until January. Jointly, 

these constraints forced Waterloo’s captains to 

adopt an aggressive three month schedule.  

 

Tasks were broken down using a work 

breakdown structure and scheduled between 

the end of January and early May. The attached 

project schedule outlines these tasks and the 

critical path in red. Critical activities were 

determined by identifying any task that would 

delay the entire project if not completed on 

time. Due to the heavily crashed schedule most 

design activities were critical this year. Project 

milestones were identified whenever a key task 

was completed. These milestones and the 

schedule variance associated with them are 

listed in Table 3. 

Table 3. Project Milestone Variance 
Milestone Variance Reason 

Hull Design Complete  0 days Completed on time. 

Mix Design Finalized 0 days Completed on time. 

Pour Canoe 0 days Completed on time. 

Sanding and Patching  N/A Not scheduled to start yet. 

Substantial Competition N/A Canoe not yet completed. 

 

Team members with experience leading mix 

design, hull design, or other aspects of the team 

from The Dark Horse reprised those leadership 

roles while taking on younger students as 

shadows to assist them. This became the 

backbone for the team to transition Waterloo’s 

canoe team from the founders to the younger 

generation. Team members having experience 

in their roles from last year led to higher 

efficiency when completing tasks. Ultimately 

this reduced the manpower requirements by 

one third compared to CNCCC 2014 and 

mitigated risk of schedule delays. This, along 

with careful planning, led to zero schedule 

delays. A total of 1,430 hours were utilized on 

the project. Any remaining tasks have been 

included in this total as an estimate. The 

manpower breakdown is presented in Figure 1. 

 

 

 

 

 

 

Figure 1. Breakdown of Project Manpower 

Project costs were estimated with reference to 

the 2014 budget with corporate sponsorship 

being the primary source of funding. Concrete 

materials were donated while reinforcing mesh 

and formwork were purchased at a discount. 

These expenses are outlined in Figure 2. 

 

 

 

 

 

 

Figure 2. Breakdown of Project Expenses 

Developing a strong safety culture was a focus 

throughout construction of the canoe. Team 

members were trained on the safe operation of 

power tools prior to use, an MSDS binder was 

updated and available, and personal protective 

equipment was worn at all times. Additionally, 

pre-job safety instructions were completed 

prior to the start of any task and material 

handling procedures were followed throughout 

the project. Together, these steps ensured risks 

to personal safety were minimized. 

 



 

 

 

 

 

 

  

 

Mix Design 

 

Kim Cruz 

(Grad, 2, 0) 

Concrete mix 

development and 

testing. 

Hull Design 

 

Adam Morrison 

(Grad, 2, 1) 

Canoe shape and 

2-D structural 

analysis. 

Construction 

 

Brad Souter 

(Grad, 2, 2) 

Formwork plan 

and building 

canoe. Presenter. 

Aesthetics 

 
Lyla Smerchinski  

(3rd Year, 2, 2) & 

Agata Starkiewicz 

(3rd Year, 1, 1) 

Canoe graphics 

and tech display. 

Paddling 

 

Josh Weavers 

(Grad, 2, 1) 

Paddling 

practices and 

gym program. 

3rd Year Lead 
 

 

Ryan Schultz 

(3rd Year, 2, 1) 

Assisted project 

manager and 

finance manager. 

Project Manager 

 

Scott Klinger 

(Grad, 2, 2) 

Schedule, budget, 

risk, task delegation, 

procurement, health 

and safety. Presenter. 

Design Manager 

 

Sean Reinsma 

(Grad, 2, 1) 

Task delegation, 

design, construction, 

quality control, 

technical report. 

Finance Manager 

 

Jared Murphy 

(Grad, 2, 0) 

Budget, corporate 

sponsorship, 

fundraising, team 

promotion, website. 

Assistant Leads 

Jacky Chan 

(3rd Year, 2, 0) 

Earl Magsipoc 

(3rd Year, 2, 0) 

Lichen Zhang 

(3rd Year, 2, 2) 
 

Lab Help 

All members. 

Assistant Leads 

Vincent Chu 

(3rd Year, 2, 1) 

Eleanor Mak 

(Grad, 2, 2) 

Assistant Leads 

Steven Buckley 

(3rd Year, 1, 0) 

Adam Timlock 

(3rd Year, 1, 0) 

Kurt Weninger 

(3rd Year, 1, 0) 
 

Construction Aid 

All members. 

Aesthetics Help 

All members. 

Other Paddlers 

Lichen Zhang 

(3rd Year, 2, 2) 

Lyla Smerchinski 

(3rd Year, 2, 2) 

Agata Starkiewicz 

(3rd Year, 1, 1) 

Melanie Perrault 

(2nd Year, 1, 1) 

Brad Souter 

(Grad, 2, 2) 

Ryan Schultz 

(3rd Year, 2, 1) 

Vincent Chu 

(3rd Year, 2, 1) 

Assistant Leads 

Graham Giles 

(2nd Year, 2, 0) 

Russell Giles 

(2nd Year, 2, 0) 

Steph Matiowsky 

(3rd Year, 2, 0) 

 

Position 

Name 

(Academic Year, Years Participating in CNCCC, Years as a Registered Participant) 

Tasks individual is responsible for. 

LEGEND 



 

 

 

 

For this year’s competition, Waterloo sought to 

develop a canoe that was more manoeuvrable 

and efficient than the 2014 canoe, The Dark 

Horse. The main changes to the shape of the 

canoe include: a reduction in total length, 

width, and thickness, the use of a non-

symmetrical shape, and increased bow and 

stern rocker. The changes made are intended to 

reduce the total weight of the canoe, increase 

the turn rate of the canoe, and maintain a low 

drag shape. 

The peak width and thickness are the most 

noticeable changes in the shape of the canoe. 

The width has been altered in both size and 

location. The maximum width has been shifted 

back to one third the length of the canoe and 

reduced by 112 mm. This gives the canoe a tear 

drop shape in the plan view. Also the thickness 

of the canoe was reduced to 40% of the original 

width. To reinforce the thinner hull, gunnels 

and ribs were added. Both the bow and stern 

rocker have been increased to allow for a 

streamlined waterline for straight line 

movement and manoeuverability during turns. 

The increased rocker also reduces the 

submerged surface area and reduces total drag. 

The Dark Horse had an excess of available 

buoyancy and therefore, the wall height 

remained similar despite the reduction in length 

and width. Table 4 shows the key dimensions 

of  against its predecessor. 

Table 4. Comparison of Canoe Dimensions 

Dimension  The Dark Horse 

Length 5837 mm 6604 mm 

Width 737 mm 849 mm 

Depth 343 mm 348 mm 

Bow Rocker 127 mm 25 mm 

Stern Rocker 76 mm 25 mm 

Hull Thickness 12.7 mm 32.0 mm 

Distance to 

Maximum Width 
2032 mm 3353 mm 

 

Figure 3 shows a 3-D rendering of the shape of 

. Moving the maximum width to 

the back third of the canoe creates a reverse tear 

drop shape. The tear drop shape creates a new 

flow pattern around the canoe that results in a 

much smaller amount of drag due to eddy 

currents. The tear drop shape is much more 

natural than the typical symmetrical canoe 

shape. Compared to the previous canoe with a 

symmetric oval shape the new tear drop is 

expect to reduce drag drastically. 

 
Figure 3. 3-D Computer Rendering of  

The decreased length and width result in an l/r 

ratio of 8.25 which is relatively similar to the 

previous canoe. The biggest difference in 

performance is agility of the canoe, with the 

reduction in thickness causing a large loss in 

weight. 

As a consequence of the shape of the canoe the 

paddler positions were shifted towards the back 

of the canoe to balance the waterline. This 

results in a center of buoyancy well behind the 

geometric center of the canoe which should 

allow the bow to move across the water more 

easily while turning during the race events. 

The structural design of the Phoenix was based 

on an analysis of various possible failure 

modes. These failure modes included cracking 

or crushing of the concrete hull due to 

longitudinal bending, transverse bending 

failure due to lateral water-pressure on the 

canoe walls, compressive plate buckling of the 

base or walls, and punching shear below the 

paddler’s knees. 
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The canoe was designed elastically for all 

failure modes. It was acknowledged that further 

capacity exists beyond cracking due to the 

presence of the CFRP mesh; however, as 

cracking would reduce the durability score and 

could lead to leaks and further damage on race 

day, it was considered the limiting design state. 

In order to estimate the elastic stiffness of the 

composite concrete and CFRP mesh, the rule of 

mixtures was applied. 

 is consistently reinforced with 2 

layers of CFRP mesh with a stiffness of 234.5 

GPa. The concrete has an approximate stiffness 

of 4.0 GPa. The ratio of fibre to concrete is 

0.2% which results in a mixture stiffness of 4.5 

GPa and a width factor of 1.12 which was used 

to develop the centroid and moment of inertia 

of the composite section. 

The cross sectional areas at discrete stations 

along the canoe were used to develop the float 

line and corresponding buoyancy forces for 

each race’s loading case. The free body 

diagram of the canoe under the 2 person race 

load condition is shown in Appendix D. From 

these forces, the bending moment diagrams 

shown in Figure 4 were developed.  

 

 

 

 

 

 

Figure 4. Canoe Bending Moment Diagrams 

The maximum longitudinal bending moments 

and the corresponding resultant stresses at the 

gunwales and base of the canoe is summarized 

in Table 5. Based on the tested concrete 

strength, the canoe has a factor of safety of 1.7 

against cracking due to longitudinal bending.  

Table 5. Maximum Stress Due to Bending 

Analysis 
Longitudinal 

Bending 

Transverse 

Bending 
Available 

Strength 

Concrete  

Tension 
0.58 MPa 0.43 MPa 1.0 Mpa 

Concrete 

Compression 
0.43 MPa 0.22 MPa 10.6 Mpa 

Fibre Tension 0.44 kN/m 0.33 kN/m 29.2 kN/m 

Using the maximum floating depth developed 

for the longitudinal bending case, the 

transverse bending moments were developed at 

the same discrete stations. It became apparent 

that additional capacity was required and 52 

mm x 25 mm ribs were added at 750 mm 

spacing along the canoe hull. The hull was then 

assumed to span between the transverse ribs, 

the gunwales, and the bottom corner, and the 

ribs were designed to resist the full load. The 

resulting stress in the gunwales is shown in 

table 5 as transverse bending. 

Plate buckling was a concern due to the 

compression occurring in the base and walls of 

the canoe due to longitudinal bending. For the 

design of the walls a plate buckling coefficient 

of 0.57 (Brockenbrough and Johnston, 1974) 

was used and resulted in a critical stress of 12.5 

Mpa. The base of the canoe experiences full 

compression loading under longitudinal 

bending and was considered as a single plate 

between rib stiffeners with a buckling 

coefficient of 4, the critical buckling stress in 

this case is 1.1 MPa. 

Finally, punching shear was considered under 

the knees of the paddlers. The knee of a paddler 

was measured to be 50 mm x 75 mm and the 

load was assumed to travel through the 

thickness of the hull at a 45 degree angle. The 

total shear stress developed is 0.26 MPa and 

equivalent tensile load developed in the 

concrete is 0.52 MPa. 

 

  



 

 

 

 

As the team enters its second stint in the 

concrete canoe competition it realized that from 

a mix design perspective there were many areas 

that could be improved upon for . 

The team had two main objectives this term 

which were: (1) Build upon the previous mix 

design by using more sustainable and 

economically viable materials and (2) 

eliminating the largest aggregate size while 

maintaining both strength and density. The 

design team set a target density of 900kg/m3 

with a compressive strength of 10MPa. 

Cementitious Materials 

 uses a main cement constituent of 

LaFarge Contempra general use limestone 

(GUL) cement. GUL cement incorporates 6%-

16% more limestone than regular cement and 

retains comparable strengths, durability, and 

workability properties. The limestone 

substitutes clinker which results in a net 

decrease in CO2 emissions during the 

manufacturing process of up to 10%. This 

sustainable cement was incorporated in all test 

batches as well as the final canoe mix and 

differs from the typical GU cement used for 

The Dark Horse. 

Additionally, the team incorporated the 

following supplementary cementitious 

materials (SCMs) to partially replace the 

cement in the mix: fly ash, silica fume, and 

slag. These pozzolanic cementitious materials 

were all evaluated in terms of sustainability and 

performance. Through an iterative process of 

evaluating various quantities of SCMs, the mix 

design team decided that silica fume had too 

low of a cost-benefit ratio to be incorporated in 

the mix. The cementitious constituents of the 

final mix (by weight) consisted of GUL 

cement, fly ash, and slag at rates of 42.5%, 

26.5%, and 31.0%, respectively. 

Aggregates 

As a means of building from the baseline mix 

of the previous design, the team continued to 

incorporate PORAVER ® into the mix. These 

expanded glass balls are made from 100% post-

consumer recycled glass. One of the batching 

techniques learned during the previous mix was 

soaking PORAVER ® prior to mixing resulted 

in a desirable saturated surface dry condition. 

As previously highlighted, one of the main 

goals for the mix design team was to eliminate 

the largest size of PORAVER ® from the mix 

while maintaining both strength and density. 

The problem with replacing the largest size of 

aggregate in the mix is that the 2mm-4mm 

diameter aggregate had a density of just 

320kg/m3 and comprised 29% of all aggregate 

(by weight) in the mixture while the smaller 

sizes of PORAVER ® ranged in density from 

470kg/m3 to 900kg/m3. 

The mix design team redistributed the Fuller 

curve that was previously used to incorporate 

the cementitious materials. By using an 

iterative approach, the team was not only able 

to exceed the target density of the mix, but it 

also eliminated the top two PORAVER ® sizes 

(1mm-2mm and 2mm-4mm) from the mix. As 

shown below in Table 6, the density and 

strength remained intact during the design. 

Table 6. Comparison of Concrete Mixes 

Mix Property  The Dark Horse 

Density 815 kg/m3 (E) 864 kg/m3 

Compressive 

Strength 
11.6 MPa (E) 10.3 MPa 

The mix design team dramatically increased the 

proportioning of aggregate materials from 

27.5% by weight to 47.0%. Even though there 

were smaller PORAVER ® sizes in this mix, 

they are much less dense than the cementitious 

materials. As well, the smaller sizes of 

PORAVER ® result in a higher compressive 

strength overall since the concrete will not be 

 



 

 

 

experiencing aggregate failure as easily as it 

would have with the larger sizes. 

Tensile Reinforcement 

The team incorporated two main methods of 

tensile reinforcement for the concrete in 

. M100 Premium MicroFibers were 

supplied by BASF and distributed during the 

batching process. These glass fibres were 

incorporated into the mix at a rate of 300g/m3 

of cementitious materials. These fibres were 

used to reduce plastic shrinkage in the concrete 

and transform macro-cracks into micro-cracks. 

As well, it reduces the concrete permeability 

thereby increasing its durability. 

The primary form of reinforcement was not 

directly incorporated into the concrete mix, 

rather applied as a grid to the shell of the male 

mould. The CT275 carbon fibre grid from C-

Grid Reinforced operates with a specified 

tensile strength of 30kN/m. During 

construction layers were slightly overlapped to 

ensure continuity and the depth of this mesh 

was monitored at set intervals for consistency. 

Admixtures 

There were a couple of new admixtures which 

were incorporated into this mix design but one 

of the key changes was through the removal of 

a previous admixture. After evaluating the cost-

benefit ratio of HC RehabiliCRETE 150 in The 

Dark Horse, the team found that it would be 

advantageous to find other alternatives. This 

latex based polymer modifier was included 

mainly to increase flexural capacity and reduce 

permeability. However, with a cost that 

exceeded two magnitudes above other 

admixtures, the removal of this admixture 

resulted in a great reduction to the economic 

impact on the team.  

One of the previously incorporated admixtures 

was DELVO ® Stabilizer. The advantage of 

incorporating this admixture is that it retards 

the setting time of concrete which is ideal 

during the application process. The mix design 

team batched concrete in a separate building 

and since DELVO ® also reduced segregation, 

it was beneficial during extended delays 

between mixing and application. As well, this 

admixture provides hydration control to the 

GUL which results in the minimization of cold 

joints. 

Another admixture that was included in the 

previous mix design was RHEOMAC ® VMA 

362. This viscosity modifier ensured that the 

mix would remain stable and also prevented 

segregation of the concrete. Since the concrete 

was applied to a male mould and it was very 

fluid, minimal segregation was required. 

MasterAir ® 119 from BASF was added at the 

prescribed amount of only 12ml/100kg of 

cementitious materials. This was utilized to 

properly disperse stable air bubbles throughout 

the concrete matrix thereby reducing the 

density. This admixture also improves the 

workability of the mix while increasing its 

plasticity. 

The last admixture which is now being 

introduced into the concrete mix is a super-

plasticizer called GLENIUM ® 7700. This high 

range water reducer is able to increase the 

workability while retaining consistency during 

placement. As well, as long as the team 

maintained a water cement ratio above 0.38, it 

would not compromise the compressive 

strength of the concrete. 

Highlighted on the next page in Table 7 are all 

of the admixtures incorporated in  

along with their prescribed and actual dosages. 

 

 

 



 

 

 

Table 7. Admixtures Used in  

Admixture Prescribed 

Dosage (per 

100kg CM) 

Actual 

Dosage (per 

100kg CM) 

Delvo Stabilizer 300 ml 298.8 ml 

Rheomac VMA 362 135-195 ml 134.4 ml 

MasterAir 119 12 ml 11.9 ml 

Glenium 7700 300 ml 298.9 ml 

Testing Methods 

The mix design team was working off a heavily 

constrained schedule due the majority of the 

mix design team’s participation in the concrete 

toboggan competition earlier in the year. This 

strict timetable was approached in an iterative 

manner whereby nine efficient mix designs 

were proposed with each batch containing 10 

testing cylinders.  

These cylinders were further divided into five 

28-day compression tests, three 28-day split 

tensile tests, and two 56-day compression tests 

which were all checked to verify homogeneity. 

The testing methods implored abided by ASTM 

Standards. They were: ASTM C39M-14, 

ASTM C496M-11, and ASTM C78M 10e1, for 

compressive strength, tensile strength, and 

modulus of rupture, respectively. 

Results 

When the mix design team was initially tasked 

with creating the concrete mix for  

there were two very clear goals to focus upon. 

After completion of the mix design for this 

canoe the team believes that these goals have 

been met. 

In terms of sustainability, both environmentally 

and economically, the team has devised a 

concrete mix which meets the objectives of this 

design. The newly incorporated GUL cement 

reduces CO2 emissions during the 

manufacturing process. The cost-benefit ratio 

on supplementary cementitious materials 

eliminated an expensive alternative in silica 

fume. The percentage of overall cementitious 

materials in the mix was greatly reduced by 

19.5% (by weight) which lowers the costs of 

materials. The admixture HC RehabiliCRETE 

was also analyzed from a financial point of 

view and the team opted to replace it with much 

cheaper admixture options. Each of these 

solutions affected the sustainability of this mix 

design, whether it be environmentally or 

economically, in a positive manner. 

With respect to the second objective of the mix 

design team, the challenge to eliminate larger 

aggregate while maintaining strength and 

density was met. The only remaining sizes of 

PORAVER ® are 0.1mm-0.3mm, 0.25mm-

0.5mm, and 0.5mm-1.0mm. As previously 

mentioned, the redistribution from the Fuller 

curve as well as the new proportioning of 

cementitious materials to aggregate resulted in 

a lower density concrete mix which maintained 

its strength. 

The final concrete mix had an average 

compressive strength of 11.6MPa, an average 

tensile strength of 1.0MPa, and a dry density of 

815kg/m3. The hull design team shortened the 

canoe approximately 200mm and reduced the 

hull thickness from 1-1/8” to ½”. This resulted 

in a very large reduction in required concrete 

volume and is a big reason why  is 

much more sustainable than its predecessor, 

The Dark Horse. 

  



 

 

 

 

The construction process was planned for 

completion in three phases; formwork 

construction, concrete mixing, and concrete 

placement. As this is the second year that 

Waterloo has constructed a canoe, experience 

from past construction methods was used to 

improve efficiency and ease of construction. 

Consideration was given to several formwork 

systems and materials, as well as concrete 

placement and quality control methods.  

In the first year of construction, the team has 

used an inverted male form constructed from a 

combination of wood and rigid foam boards. 

Concrete was placed on top and allowed to cure 

on the form. The concrete placement and curing 

was effective using this strategy, but the 

construction of wood components of the form 

was time and cost inefficient. During project 

closeout of The Dark Horse a material cost 

analysis of the wood-foam composite 

formwork versus full foam formwork was 

completed. It was found that the foam 

formwork alternative was cheaper and potential 

time savings were also identified. Based off of 

this analysis, the decision was therefore made 

to design the 2015 formwork using a similarly 

configured male form that was constructed 

exclusively using rigid foam boards to improve 

efficiency. This method resulted in 800 fewer 

man-hours to build   

Foam pieces were cut to the transverse sections 

of the canoe and stacked side by side to create 

the canoe shape. In order to accurately match 

the hull design, sections on regular intervals 

were output from a 3D model and used as the 

basis for the formwork design.  Using the 

section coordinates, contour plots of the inner 

surface of the canoe were generated at intervals 

of one inch in height.  These were used to 

interpolate the section profile across the entire 

length of the canoe.   

The foam boards were sized for construction in 

50mm wide strips, the nominal size of foam 

sheets.  Pieces were individually cut and glued 

together, then placed on a plywood base.  

Sanding of the foam was completed both by 

hand and using powered belt sanders in order to 

achieve a smooth contour that matched closely 

the finalized hull design geometry.  The hull 

design necessitates encapsulated foam at the 

ends to provide additional buoyancy. The form 

pieces at the ends were kept separate from the 

main section of the formwork and glued 

together to form a block at either end. The 

blocks were sized to allow for appropriate 

concrete cover before casting into the concrete. 

Figure 5 shows the sanded encapsulated blocks 

at the bow of the canoe.  

Figure 5. Coated Encapsulated Foam Block 

At the base of the assembled form, a notch was 

cut to form the localized hull thickening at the 

gunwale. To prevent the formwork materials 

from pulling moisture out of the concrete, the 

completed form was coated in a liquid applied 

elastomeric coating. Figure 6 shows the coated 

formwork prior to concrete placement. 

Figure 6. Completed Canoe Formwork 

 



 

 

 

A CFRP mesh net was constructed to match the 

finalized formwork shape using multiple layers 

where required. Additional single strand strips 

of CFRP were cut from the mesh to be placed 

in the gunwales. Concrete was placed onto the 

form in lifts to achieve the desired hull 

thickness with the mesh net centered. Concrete 

was batched in a lab nearby the formwork and 

transported using wheelbarrows while 

protected using moistened burlap sheets.  All 

concrete was placed during a single day in 

order to prevent construction joints and 

promote cohesion throughout the hull. With the 

use of hydration retarding admixtures, it was 

anticipating that adjacent concrete layers would 

need to be placed within two hours of each 

other. The first batch of concrete was placed in 

the gunwales and on top of the formwork base 

at the ends of the canoe to allow for encasement 

of the foam blocks. Following this, the first 

concrete lift was applied to the entire formwork 

at a thickness of ¼ inch. The CFRP mesh net 

was placed on top of the first lift of concrete 

and adjusted to match the exact canoe shape, as 

shown in Figure 7.  

Figure 7. Placement of the CFRP Mesh Cage 

A second lift of concrete was placed over the 

mesh within the set time of the first lift. 

Following concrete placement, moistened 

finishing tools were used to smooth the outer 

surface.  A pre-manufactured curing tent was 

placed over the concrete and a humidifier was 

inserted to provide an ideal hydration 

environment.  Test cylinders and prism were 

cast throughout the concrete pour from each 

batch, and were placed in the curing tent to 

ensure comparable curing conditions. 

Following the completion of the concrete 

curing cycle, the plywood formwork base is to 

be separated from the foam formwork segments 

and the cured concrete. The foam formwork is 

then to be removed from the inside cavity of the 

canoe using a chipping out process, with care 

given to protect the concrete hull. With all 

formwork removed from the hull, concrete is to 

be inspected for defects including 

honeycombing and loose concrete. Where 

necessary, a patch mix of concrete will be 

applied to correct any issues identified.  

Sanding of the canoe will be completed on both 

the outside and inside of the canoe following 

application of any necessary concrete patching. 

Both hand sanding and powered belt and orbital 

sanders will be used with varying grits of sand 

paper.  Once the finished surface is accepted by 

the design team, construction will be shifted to 

finishing and aesthetics. 

To prepare the canoe for aesthetics and sealing, 

a fine grit sandpaper will be used on the outside 

of the hull to provide a smooth surface. 

Following this, a coloured stain will be applied 

to the hull in line with Waterloo’s theme, 

. Once aesthetic work has been 

completed, a sealer will be applied to provide 

protection and resistance to water absorbance. 

Throughout the project precaution was taken to 

construct the canoe in as safe of a manner as 

possible. This meant following competition, 

university, and team safety policies and 

consistently making decisions with personal 

safety in mind to reduce chance of injuries. The 

safety process used is expanded upon in the 

accompanying Engineer’s Notebook. 
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MATERIAL QUANTITY UNIT  UNIT COST   TOTAL PRICE  

Cementitious Materials         

Lafarge Contempra 

GUL Cement 
35.2 kg $0.37 $13.20 

Fly Ash 22.0 kg $0.13 $2.91 

Slag 25.7 kg $0.15 $3.97 

Aggregate         

Poraver Size: 0.1-0.3 28.9 kg $1.54 $44.49 

Poraver Size: 0.25-0.50 34.8 kg $1.54 $53.78 

Poraver Size: 0.50-1.00 57.2 kg $1.54 $88.27 

MasterFibre M100 254 g $0.03 $7.09 

Admixtures         

Delvo Stabilizer 249 mL $4.73 $1.18 

Rheomac VMA 362 112 mL $5.41 $0.61 

Glenium 7700 249 mL $8.00 $1.99 

MicroAir 10 mL $5.00 $0.05 

Reinforcement         

Chromarat CT-275 

CFRP Mesh 
15.6 m2 $40.48 $631.61 

Formwork         

2"x2'x8" XPS Sheets 24 ea. $24.86 $596.64 

Wood Glue 7.6 L $5.68 $42.94 

Latex Waterproofing 

Membrane 
3.8 L $14.94 $56.47 

Finishing         

Stain 3.8 L $44.97 $170.00 

Sealer 3.8 L $9.81 $37.07 

Vinyl Lettering 1 LS $310.00 $310.00 

 TOTAL CONSTRUCTION COST:   $2,062.25 

 



 

 

 

 

 

 

 



 

 

 

 



 

 

 

 


