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EXECUTIVE SUMMARY 

Darwin’s Theory of Evolution states that all 
species develop through small variations which 
increase their ability to survive. The formal 
definition applies to living species; however, 
evolution also exists in technology. Aiming to 
solve the problems of the present and steer us 
towards a better future, engineers work together 
to fuel the technological evolution for the 
betterment of our society. It is this very 
engineering curiosity and passion for innovation 
that fuelled the inspiration which led to the 
creation of Enigma.   

McGill University is one among several 
universities with strong engineering programs in 
Montreal. In McGill Engineering, it is the various 
design teams which permit students to develop 
their engineering curiosity and devotion to 
innovation. The design teams are presented with 
challenging problems which may seem 
insurmountable. How does one make a concrete 
canoe float while filled to the brim with water? 
However, the McGill engineering students do not 
want to simply satisfy the base criteria: they 
want to push innovation and their creative 
solution to create the most optimal solution. 

After ten years of inexistence, the McGill 
Concrete Canoe Team was brought back by a 
group of motivated engineering students in 
2013. The new team battled their lack of 
experience and produced The Kraken which 
placed 7th in the 2013 NCCC. With one year’s 
experience under their belt the team pushed 
forward and tried to discover more refined 
techniques in creating Anakalypse. At the 2014 
NCCC, Anakalypse succeeded in impressing 
other participants with its remarkable 
improvement over The Kraken and earned 4th 
place. This year, the McGill Team aims to 
continue its improvements and evolve with 
Enigma. 

In attempting to reach the goal of evolutionary 
and innovative design, the McGill Team was 
focused on two fundamental pillars: transmitting 
the previous knowledge gained in the last two 
years and increasing the emphasis on research. 

The team believed that in combining the 
experience of former members, knowledgeable 
professors and graduate students with the new 
ideas of the incoming members and quality 
research, an optimized solution would be 
reached. The design of Enigma benefitted from 
the execution and analysis of several tests 
which aimed to understand the primary modes 
of failure and account for these failures. The 
observations of the failure modes permitted the 
mixing team to make enlightened decisions to 
guide their iterative design process. The 
different tests also permitted the team to make 
decisions on the placement of the reinforcement. 
In hull design, several computational programs 
were developed to accurately calculate the 
necessary densities of three different concrete 
mixes. The use of three different mixes in 
different locations of the canoe permitted the 
team to attach different criteria to each mix and 
thus be able to enhance the use of strength-to-
density ratios. Finally, a new method of 
thickness control was implemented in order to 
achieve the required thicknesses which was 
essential to passing the newly regulated, more 
challenging swamp test. 

 

Overall Specifications 

Weight* (kg) 106  

Length (m) 5.68  

Width (m) 0.813  

Depth (m) 0.381  

Thickness (mm) 19  

Primary stain colors Blue, white 

Reinforcement Carbon fibre mesh (POA) 

Concrete Properties 

Mix designation 
ENI289 

side mix 

ENI213 

top mix 

ENI250 

tip mix 

Wet unit weight (kg/m3) 899.3 922.3 913.3 

Dry unit weight (kg/m3) 805 792 767 

14-day comp. (MPa) 12.29 12.58 10.00 

7-day tens. (MPa) 1.41 1.24 1.51 

Reinforcement  Properties 

Carbon Fibre Mesh 

Tensile strength (MPa) 1600  

Percent Open Area (%) 49 

Table 1. Canoe specifications and concrete properties 

 

*Estimated weight of the canoe 
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Figure 1. Cost and man-hour  
break-downs  

PROJECT MANAGEMENT 

The 2015 team dynamic was changed to 
improve the overall project process. Great 
benefit was reaped from the addition of new 
consultant positions. These positions allowed 
team captains to delegate crucial responsibilities 
to dedicated members, which ensured that each 
task got the proper attention it needed and was 
completed in the allotted time.  

At the onset of the project, the schedule was 
analyzed in order to assure its timely completion. 
The durations of common activities were 
compiled from the design papers of the last two 
years of the CNCCC.  A statistical analysis was 
conducted on this data in order to create a PERT 
network and derive a schedule. The data from 
McGill’s papers was weighed more heavily and 
outliers removed to ensure that the derived 
results would better reflect the capabilities of the 
team. The critical path was determined and it 
was ensured that the activities on the critical path 
did not deviate from the scheduled times. Main 
activities on the critical path were those directly 
related to casting and finishing the canoe in time 
for competition. Special considerations were 
made to ensure that these activities were done 
on time. This included out-sourcing the mold to 
save human resources at the most critical point 
of the project.  The man-hour distribution can be 
seen in Figure 1. Risk was managed by having 
activities that had more variations in duration 
scheduled for earlier start times in order to have 
a certain margin of error for delays which could 
put the timely project completion at risk.  

Safety was an important consideration during the 
implementation of this project. To ensure that the 
risks involved were properly assessed and 
avoided, the captains involved in monitoring 
potentially hazardous activities took a credited 
course in safety called the ASP health and safety 
on construction sites course. While this course 
was created for professionals working on 
construction sites in Quebec, it highlighted some 
essential information on subjects which would be 
beneficial for team members such as working 
with hazardous materials and tools.  Before 

every activity, a certified captain would hold a 
safety brief about the specific activity being 
performed to ensure that all precautions were 
taken to avoid unsafe working conditions. A 
safety binder containing the MSDS and MTDS of 
all materials was kept in the work area at all 
times. Members of the mixing team who were 
using specific testing equipment were trained in 
the safe use of that equipment.  

The budget of this year’s project benefitted from 
increased sponsorship. The prominence of the 
McGill Concrete Canoe Team as an evolving 
design team amongst many strong design teams 
at McGill helped the team earn larger donations 
from educational bodies. Faculty funding was 
increased by nearly 600% and company funding 
increased by 500%. Additionally, new avenues of 
funding were found and exploited, including 
alternate student funding and merchandise 
sales. As funding opportunities increased, 
spending was strategically increased to improve 
the final product. Capital investments in the form 
of equipment were made to ensure good 
continuity for the McGill team. As the success of 
outsourcing the mold was determined in the 
casting of Anakalpse, the same strategy was 
employed with Enigma. Once again, the mold 
was the team’s greatest expense at nearly 
$5000. The budget was distributed between the 
sub-teams as illustrated in Figure 1.   
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U3, 2, 2   

U2, 2, 1   U3, 2, 2   

U2, 1, 1   

U4, 3, 2   

U4, 3, 3   U4, 3, 2   

SPONSORSHIP MEMBERS   

Mohamad Ramadan: U2, 1, 0   
Yuwei Chen: U1, 1, 0   

Sara Khandaker: U2, 1, 0   
Elias Khayat: U4, 3, 0   

Selene Hewes: U2, 1, 0   
Mahyar Akhtarkhavari: U2, 2, 0   

Emika Mariacci: U1, 1, 0   
Julia - Ann Reyes: U1, 1, 0   

Tristano Tenaglia: U4, 3, 2   
Luigi Corrado: U4, 2, 2   

  

  
CONCRETE DESIGN MEMBERS   

Ziyi Gu: U1, 1, 0   
Nawfal Kammah: U3, 2, 0   

Hubert Haixiang Sun: U0, 1, 0   
Vithushon Maheswaran: U2, 1, 0   

Anthony Parisi: U2, 1, 0   
Michelle Miller: U2, 1, 0   

Bailey Sadowski: U2, 2, 0   
Lina Ishaq: U2, 1, 0   

Amina Matt: Exchange, 1, 1   
Jonathan Lencewitz: U4, 3, 3   

David James: U4, 2, 2   
Julie Lévy: U1, 1, 1   

Cédrick Cauchon: U2, 1, 0   

  

CONSTRUCTION MEMBERS   

Jim Zhang: U3, 1, 0   
Michael Kratsios: U4, 2, 2   

Christopher Orcutt: U2, 1, 0   
Jason Wu: U1, 1, 0   

Shabaz Mahmood: U1, 1, 0   
Mostafa Youssef: U3, 1, 1   

Romain Pietkowicz: U3, 1, 0   
Dominique Cliché: U1, 1, 0   
Cédrick Cauchon: U2, 1, 0   
Benjamin Sklar: U1, 1, 0   
David James: U4, 2, 2   

Annelise Loczy: U3, 1, 0   
Alica Zhao: U0, 1, 0   

Helena Vathis: U3, 1, 0   
Ziyi Gu: U1, 1, 0   

  

HULL DESIGN MEMBERS   

Harry Cai: U1, 1, 0   
Thomas Teflissi: U1, 1, 0   

Ying Wang: U1, 1, 0   
Clement Waltener: U1, 1, 0   

Andrea Leone: U2, 1, 0   
Trevor Wo: U2, 1, 0   

Philip Morse: U3, 1, 0   
Theodore Vourdousis: U2, 1, 0   

  

PADDLING MEMBERS   

Julie Lévy: U1, 1, 1   
Julia Wai: U3. 3, 2   

Alina Rudman: U3, 2, 2   
Amina Matt: Exchange, 1, 1   
Mostafa Youssef: U3, 1, 1   
Nicholas Wathier: U4, 3, 2   

David James: U4, 2, 2   
  

AESTHETICS MEMBERS   

Karmen Hoge: U1, 1, 0   
Prashanth Selvakumar: U4, 2, 0   

Bailey Sadowski: U2, 2, 0   
Alice Zhao: U0, 1, 0   
Eric Taylor: U0, 1, 0   

Talal Almoayed: U1, 1, 0   
Eric Shehata: U3, 1, 0   

Sophie Zhang: U1, 1, 0   
Emika Mariacci: U1, 1, 0   

  
  
  CONSULTANTS   

MARKETING   
Yuri Dobronravov: U2, 1, 0   
  
MEDIA   
Sandro Papais: U2, 1, 0   
  
VP FINANCE   
Louis Otter: U2, 1, 0   

CREATIVE DIRECTOR   
Maxime Whaite: U4, 1, 0   
  
HULL DESIGN SOFTWARE   
Nick Truong: Grad, 3, 1   
  
  

McGILL UNIVERSITY TEAM 2015 
  

  
  
Name: Years at university, years at  

competition, years registered   

LEGEND   
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HULL DESIGN 
After the 2014 competition, the general feedback 
from McGill’s paddlers concerning the shape 
revolved around stability. Furthermore, a very 
large draft height for Anakalypse resulted in the 
boat sinking 10 meters before the finish line in 
the co-ed race.  To avoid the same issues with 
Enigma the hull design team set out to improve 
the stability and the problems with the draft 
height. Moreover, the addition of two 25-lb 
sandbags to the swamp test created an 
interesting challenge when designing the shape 
of the hull. 
 
In comparison to past years, a larger volume of 
concrete would be required in order to ensure 
Enigma would create enough buoyancy force to 
pass the swamp test with the addition of two 25-
lb sandbags. This additional weight creates two 
major challenges: (1) the concrete volume 
required to pass the swamp test is a function of 
the concrete density which is not finalised by the 
end hull design process (2) the canoe’s self-
weight will be much larger than previous years 
due to the additional concrete volume which will 
significantly increase the canoe’s draft and 
possibly cause the boat to take on water if not 
properly taken into account.   

A simple, yet effective solution was used to 
account for the uncertainty in the final mix 
density. Full concrete tips at the bow and stern of 
the canoe were used to guarantee that the canoe 
would pass the swamp test. The lengths of fill in 
the tips are variable and are a function of the final 
mix density. Sixty centimeter female molds and 
were milled in addition to the full male mold. 
Once the final mix design was chosen, the 
required concrete volume was calculated and 
these tips were then manually shortened to 40 
centimeters. This length creates enough 
buoyancy force to pass the swamp test without 
adding any unnecessary self-weight to the 
canoe.   

Last year, twenty four preliminary hull shapes 
were developed in DelftShip™ to create 
Anakalypse. These shapes proved to be very 
beneficial in determining the final hull shape, 

however these shapes were manually created in 
a time consuming process.  To improve this 
process for all future teams, a MATLAB script 
was written which can create hull shapes based 
on twelve input criteria.  

The 24 existing model from last year and 52 new 
models were then inputted into the team’s 
advanced proprietary hull analysis spreadsheet 
entitled “Hull of a Spreadsheet”. The 
spreadsheet, created last year for Anakalypse, 
uses a multivariate decision matrix to assign an 
improvement score for the maneuverability, 
stability, weight and speed of new hull shapes 
based off sixteen parameters such as the 
prismatic coefficient, waterline length, block 
coefficient and total displaced volume. The 
relationships between the coefficients and the 
improvement factors were based off the empirical 
testing of stability, maneuverability and speed of 
four 1:10 ratio models (MCCT, 2014).  

Enigma was chosen based on the model with the 
largest improvement score calculated with a 
heavier weight on the stability score as per the 
team’s objectives. A draft calculation was 
performed using the worst case canoe self-
weight in order to ensure the canoe would remain 
afloat in the co-ed race.  

Enigma is 5.4% wider than Anakalypse which 
increases initial stability and decreases draft 
height. The location of the widest beam is 20% 
closer to the stern. The resulting asymmetrical 
shape minimizes the increase in entrance angle 
created by the wider beam. In addition to the 
improved stability, an effort was made to improve 
maneuverability by raising the front rocker by 4 
cm and the rear by 2 cm with respect to 
Anakalypse. Although Anakalypse had rockers, 
its top was flat creating a lack of depth at the tips 
which resulted in an extremely large draft height 
in those areas. In contrast, Enigma has a top that 
curves upwards at the tips to minimize this effect. 

STRUCTURAL ANALYSIS  
Various load cases were considered in the 
longitudinal axis to evaluate the stress conditions 
of different paddler configurations on the canoe. 
Building on last year’s analytical methods, the
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 analysis for Enigma was primarily carried out 
using several codes written in MATLAB™ with 
data and specifications of the canoe obtained 
from DelftShip™. 
 
A total of nine loading cases were considered for 
the analysis: self-weight only, two female 
paddlers, two male paddlers, three female 
paddlers, three male paddlers, and four paddlers 
consisting of two female and two male paddlers, 
and three transportation cases (two carrying 
cases and transportation to competition).  The 
male paddlers were assumed to be 90 kg while 
female paddlers were assumed to be 63 kg. The 
canoe self-weight was assumed to be 100 kg 
based on data obtained through DelftShip™. Due 
to the uncertainty in design thickness the self-
weight was multiplied by the NBCC dead load 
safety factor of 1.25. The design team chose not 
to factor the live loads associated with the 
paddlers since it was determined that no member 
of the paddling team would be over their 
respective design weight. However, a dynamic 
load factor of 1.11, obtained through empirical 
testing, was used to account for the dynamic 
increase of the paddlers’ weight due to the 
paddling motion. This factor was obtained 
through the empirical testing of the team’s 
paddlers during training.  

An iteration based program was written to 
accurately determine critical stresses along the 
longitudinal axis of the canoe. The canoe’s 
buoyancy was modeled as 20 point loads which 
were functions of the canoe’s displaced volume. 
The canoe was then iteratively dropped or raised, 

and then pitched until both the buoyancy force 
along the base of the canoe and the respective 
loading conditions were both in vertical and 
rotational equilibrium. Furthermore, this year’s 
analysis went beyond the method used last year 
by taking into account the different possible 
locations of the paddlers. This was done by 
iteratively moving the paddlers across the canoe 
to different locations to determine its effect on the 
bending moment and shear stresses.  In all, a 
total of 102 distinct loading conditions were 
analysed.  

Both an elastic and cracked analysis of the 
canoe profile was performed for 20 sections 
along the canoe’s hull. Both analyses were 
performed using an iteration based program in 
MATLAB®   which is based on the fundamental 
concepts of mechanics of materials, strength of 
materials, and reinforced concrete design. The 
results from these analyses, presented as a 
resistance moment envelope, as well as the 
applied moment envelope can be seen in Figure 
2. The asymmetric design of the canoe resulted 
in a critical moment being occurring more 
towards the rear of the canoe. Moreover, the 
moving load analysis determined that paddler 
concentrations near the front of the canoe will 
cause submergence due to the canoe’s narrow 
water entry. Punching shear was a concern due 
to a relatively thin concrete section and large 
concentrated forces caused by the paddler’s 
knees. A punching shear analysis was conducted 
for the bottom portion of the hull resulting in 
strength of 0.59MPa which satisfied the critical 
punching loading conditions of 0.07MPa. 

 
Figure 2. Bending Moment Envelope  
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DEVELOPMENT AND TESTING 

This year, the goal of McGill’s concrete mixing 

team was to make a concrete mix light enough 

to pass the swamp test without the inclusion of 

foam in the canoe. Therefore, last year’s 

lightest mix, containing type GU Portland 

cement, metakaolin, silica fume, expanded 

recycled glass as aggregate as well as two 

sizes of macrosynthetic fibers, was used as a 

baseline. The properties of this baseline mix 

were determined to be 11 MPa (7-day 

compressive strength) with a dry density of 900 

kg/m3. Although ASTM Standard C39 requires 

samples of dimensions 4”x8”, making samples 

this large the whole year would not be 

sustainable. Therefore, 2”x4” samples were 

used for testing and a compressive load was 

applied until failure. The results of this test 

were used comparatively between samples.  

The first step of the mixing process was to read 

this year’s rules and regulations as well as 

highly ranked design papers from previous 

years. Following this initial familiarization, the 

team was taught proper concrete mixing 

procedures, techniques, and safety measures. 

Specific members depicting an aptitude and 

drive for mixing were trained to operate testing 

equipment according to safety regulation and 

received certification. The rest of the year was 

dedicated to an iterative process of mix design, 

mixing, testing and analysis. A novel idea this 

year was to host seminars with graduate 

students whom actively conduct research on 

concrete. These graduates would present their 

research and discuss concrete mixing theory 

with the mixing team. These activities led to an 

increased understanding of concrete 

component properties and behaviour for all 

members, aiding them in designing the mixes 

with greater forethought. In order to increase 

the efficiency of the design process, the mixing 

team members were divided into groups and 

given one mix component (e.g. aggregates, 

water content, cementitious materials, 

admixtures, fibres, and curing methods) to 

focus on. This way, many aspects would be 

optimized at the same time and their individual 

effects compared.  

An idea was developed to design three 

different mixes which would be place on 

different sections of the canoe in order to 

optimize meeting both moderate strength and 

very low density requirements. These mixes 

would be placed on the bottom of the canoe, 

the walls of the canoe and in the filled tips. 

Each mix had a separate focus based on its 

respective constituent role in the finished 

product. Considering the side mix, the most 

important property was to ensure that its slump 

was as close to zero as possible. A patch 

rating system on a scale of 1 to 10 was 

developed, 1 being overly liquid and 10 having 

virtually no slump when placed on a vertical 

surface. As a male mold was used for casting, 

the concrete placed on the sides of the mold 

was left unsupported except for the cohesion of 

the mix to the form. Therefore, it was critical 

that the concrete maintain its composure along 

the sides of the mold.  An overly liquid mix 

would slump down making the canoe very thick 

at the gunwales and very thin at the bottom 

edges of the canoe. Concentrated loads from 

the knees of the paddlers on the bottom of the 

canoe impose significant loading in this region, 

therefore, the bottom mix needed to meet the 

highest strength requirement of all three mixes. 

The tip mix was not a structural mix and 

therefore it was designed to be as light as 

possible while maintaining moderate strength. 

Once the design process began, ongoing mix 

improvements and adjustments were made in 

order to obtain the specific properties 

previously mentioned for all three mixes. 

Initially, mixes showed abnormally low 

strengths and densities. After testing samples 

of varying water/cement ratio, it was concluded 

that the cause of this abnormal weakness was 

a high water/cement ratio. An optimal w/c 
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range between 0.38 and 0.45 was therefore 

chosen and used for the rest of the design 

process.  

One of the most important components of a 

concrete mixture affecting its strength and 

density is the aggregate type, an element that 

was heavily investigated by the mixing team 

this year. Poraver® expanded glass is a 

common aggregate used by most concrete 

canoe teams, including McGill, due to its low 

density and high absorption percentages. It 

was hypothesized that the higher the strength 

of the aggregate, the greater the strength of the 

mix, therefore, considering crush strength 

alone, any aggregate would be better than 

Poraver® (Lo, Tang et al. 2007). However, 

further research emphasizes that the overall 

strength of the lightweight concrete also 

depends strongly on the strength of the cement 

paste and the interfacial transition zone (ITZ). 

This bond strength is characterized by the 

adhesion and mechanical interlocking of the 

cement paste and aggregates, therefore, 

aggregates with rough surface texture and 

angular shape lead to excellent interfacial bond 

development (Giaccio and Zerbino 1998). 

Effort was put into procuring different types of 

aggregate such as expanded shale, slag, 

pumice and clay. These materials were 

considered more innovative and stronger than 

the commonly used expanded glass, Poraver® 

and were characterized by a rougher surface 

and angular shapes. The final material chosen 

for testing was the lightest expanded coarse 

and fine clay in North America from Riverlite 

Industries ®. Compressive tests were done on 

mixes containing the same cementitious 

properties but different proportions of 

expanded clay and Poraver. The test results 

clearly showed no strength gain large enough 

to compensate for the significant increase in 

density, therefore focus was returned to 

developing a better distribution with Poraver®, 

whose strength was proven to lie in its porosity 

and absorptive properties, improving the bond 

with the cement paste. The high percentage of 

absorption by mass as well as the speed at 

which absorption occurs leads to increase 

hydration of cement particles at the interfacial 

zone thus increasing the bond between paste 

and aggregate (Mouli and Khelafi 2008).  

This year, no limits were put on the amount of 

cement in the concrete mixtures. Although the 

optimum cement replacement is 15-20% 

(Shannag and Yeginobali 1995) this would 

result in concrete that is entirely too heavy for 

the purposes of the competition. Therefore, 

based on last year’s mixes, a 50% replacement 

of cement was chosen in order to begin testing. 

Due to the high financial and environmental 

cost of cement, mixes which contained a lower 

percentage of cement were preferred. Type S 

Hydrated lime (ASTM C207) obtained through 

the mixing of calcium oxide with water was 

chosen as a supplementary cementitious 

material (SCM) which would account for these 

extreme cement replacement values. It was 

determined that silica fume and metakaolin 

would provide the desired increase in the ITZ 

strength due to the fact that Metakaolin particle 

diameters are 10x smaller than cement grains 

and 10x larger than silica fume particles 

(Justice 2005). The fine grains of SCMs create 

a densely packed cement paste which reduce 

the wall effect that is known to occur in the ITZ 

(Srivastava, Kumar et al. 2012).  After 

preliminary testing and further research, three 

mixes were developed whose densities,
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 compositions, and strengths are shown in 

Figure 3 with patch ratings of 6, 10 and 9 

respectively. The first mix is a control 

containing a baseline amount of cement, 

metakaolin and silica fume. The second mix 

shows a 5% replacement of cement with lime, 

resulting in a similar strength and a significant 

increase in patch quality and density. The 

50/50 ratio of metakaolin/silica fume is proved 

to be ideal when comparing the first and 

second mixes. Therefore, this ratio of 

metakaolin/silica fume, as well as the 5% 

replacement of cement with lime, was used in 

the final mixes. 

The final important component of the mix to 

consider are the admixtures. Two admixtures 

which improved concrete properties from the 

previous year’s design were kept: a water 

repellent (Darapel®) and a superplasticizer 

(MasterGlenium® 7700). In order to create the 

perfect patch, a bonding agent, Rhoplex™ MC-

1834P was obtained. In order to test its effect, 

a first mix was done completely replacing 

glenium with rhoplex, however this resulted in a 

peculiar reaction where the concrete formed 

dry clumps during mixing. A small quantity of 

glenium was re-added forming a mix that had 

the potential of a perfect patch if a few 

adjustments were made. Further iterations 

gave way to an optimal of 5:1:13 by mass of 

glenium, darapel and rhoplex. However, 

rhoplex decreased the strength of specimens 

therefore this ratio was changed to 6:1:6 for the 

sides mix in order to maintain a moderate 

strength. It was determined that the 

combination of glenium and 

darapel provides strength 

and workability while 

rhoplex optimizes the patch. 

Flexural reinforcement in 

the concrete mixes would 

be required to meet the 

tensile stress requirements 

of the loading. In order to 

save resources, the readily available carbon 

fibre mesh from last year was used to reinforce 

the bottom and sides of the canoe. In order to 

quantify the effectiveness of mesh in resisting 

flexural cracking, a 4-point flexural test (ASTM 

C1609/C1609M) was performed on two slabs 

containing mesh in their centre and two slabs 

without mesh. The slabs with the additional 

reinforcement were able to hold ultimate loads 

between 3 to 4 times those with no mesh and 

showed significantly smaller flexural cracks, 

proving both the significance and importance of 

its inclusion in the finished product. Two 

different sizes of macrosynthetic fibers, used in 

all three mixes, were also used to provide 

additional tensile strength. 

This year, it was decided that Enigma would be 

cured using conventional wet curing. Empirical 

data collected through compressive tests of 

samples showed a 2 MPa increase in compressive 

strength in samples cured for 7-days. However, a 

significant amount of weight gain was seen as well. 

Therefore, it was decided that the sides of the canoe 

would only be cured for 3 days whereas the bottom 

would be cured for 7 days. A wet curing blanket 

with 800% absorption was chosen as the best 

alternative and was used to insure proper wet-curing 

of the canoe.  

The final results proved to fulfill all of the goals 

described set by the team. The side mix, with a 14-

day compressive strength of 12.3 MPa and an oven-

dried density of 805 kg/m
3
 had a patch rating of 10, 

one of the best patch rating out of all of the 

developed mixes by a significant margin. The 

bottom mix was stronger than the side mix with 14-

day compressive strength of 12.6 MPa and depicted 

an even lower oven-dried density of 792 kg/m
3
.  

Finally, the tip mix portrayed the lightest oven-dried 

density of all three mixes, measured at 767 kg/m
3
. 

The knowledge gained through analysis, vigilance 

and hard work enabled McGill’s mixing team to 

gain important concrete knowledge which will be 

dutifully and thoroughly passed on to next year’s 

team.

Figure 4: Sample 
subjected to flexural 
testing 
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CONSTRUCTION 

The strategy for this year’s construction team 

was to ensure that the casting process 

proceeded as smoothly and efficiently as 

possible. This was done by identifying the 

problems from the two previous years and by 

planning ahead to avoid them. 

The first step in the construction process was to 

determine the type of mold to be used: whether it 

would be male, female, or both. A male-female 

combination was not chosen because this option 

would require twice the amount of materials and 

therefore twice the cost which would not be 

financially or environmentally sustainable. The 

team opted to use a male mold instead of a 

female for 3 reasons. The first being that a male 

mold is facilitates the casting process since the 

mold surfaces would be at proximity to the 

people casting, whereas a female mold would 

require people to reach over and bend down into 

the mold to place the concrete. The second 

reason was that the rough, outer surface 

produced using a male mold is much easier to 

sand than the rough, inner surface produced by 

a female mold. Lastly, a male mold is able to 

accommodate the shape of interior gunwales, 

whereas a female mold would not. 

As mentioned previously, due to the new 

constraints imposed by the altered swamp test, 

the hull design team decided to design a canoe 

with filled tips. The 40 cm length of male mold 

removed is shown in Figure 5. 

The next major decision was how to construct 

the mold. Due to our limited resources and very 

limited access to a 2-axis CNC machine, it was 

decided to outsource the mold to a company that 

was able to deliver the final product in less than 

three weeks. This optimal result put the team 

ahead of schedule, and allowed enough time to 

fully prepare for casting. Outsourcing the mold 

construction also yielded a mold that was to the 

exact specifications of our hull design, whereas 

in-house construction of the  

Figure 5. Male mold modifications 

mold with a 2-axis CNC would have required 

sanding and shaping, leading to inevitable 

defects in both the male mold and female molds 

for the tips and time delays of activities on the 

critical path. 

The mold construction process began with the 

acquisition of the perfectly CNC’ed male mold 

made up of two sections approximately ten feet 

in length each and the two female mold tips 

which came in two symmetrical sections. Since 

Enigma has interior gunwales, the mold could 

not simply slide out vertically during demolding. 

In order to circumvent this problem, the mold 

was cut into strategic pieces. The mold was 

sliced transversely into 6 sections, while the 4 

central sections were sliced longitudinally into 3 

sections, with those slices angled slightly 

outward from top to bottom as can be seen in 

Figure 6. This way, when the Enigma is flipped 

over, the central pieces of the 4 central sections 

can be pulled out vertically, allowing the outer 

pieces enough room to be removed laterally. 

Another major benefit of this demolding method 

is that all the mold pieces remain intact, allowing 

the team to reassemble the pieces inside 

Enigma in order to provide her with a 

comfortable ride both to and from the 

competition. This method also allowed the team 

to use some of the mold to create the cutaway 

section for display and to allow next year’s team 

to practice casting on the mold which is an 

important factor in improving our team’s 

sustainability. 
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Figure 6. Longitudinal cuts of central pieces 

After the previously mentioned modifications 

were made, the entire mold was covered with a 

very thin and completely impermeable layer of 

Tuck Tape. The tape created a barrier that 

allowed the concrete to be easily pulled off of the 

mold and maintained the mold’s integrity during 

demolding. The symmetrical female molds at 

each end were lined with Tuck Tape as well then 

attached together with duct tape.  

The final step was placing 2.5” tall strips of foam 

all the way around the base of the mold to 

provide a thickness guideline during casting and 

to prevent the concrete from slumping down.  

The casting process began with lining the female 

tips with side mix, then filling them with tip mix. 

They were then placed in their correct positions 

and screwed into the table to prevent relative 

movement between them and the male mold. 

The first layer of concrete was then placed over 

the mold. The concrete mix would alternate 

between top mix and side mix so that a proper 

bond between the two mixes could be made. 

Once the first layer was finished, the mesh was 

placed, then the process was repeated for the 

second layer of concrete. Enigma was then 

covered with a wet curing blanket to cure the 

outside. Finally, she was demolded after two 

days, flipped over, and covered with another 

curing blanket, both inside and outside, to cure 

her according to the mixing captain’s 

specifications.  

Sanding began a week later, first with a belt 

sander and 50-grit paper to eliminate areas of 

major roughness, then with pieces of wood 

covered with sandpaper, starting at 80-grit, then 

moving to 180-grit, then to 480-grit.  

In order to ensure proper thickness control, two 

innovative techniques were used. The first 

technique, implemented during casting, involved 

placing twelve 3/8” (half the thickness of Enigma) 

strips of packing foam transversely over the 

mold, spaced approximately every 1.5’. Using 

planks of wood greater than 1.5’ long, the 

concrete could be levelled between adjacent 

thickness strips. Once the first layer of concrete 

was placed, the thickness strips were removed, 

their voids filled with concrete, and the mesh was 

then placed. Next, the foam strips were placed 

over the mesh and the process was repeated to 

ensure that the mesh was placed at exactly the 

centre of the canoe’s thickness. After the canoe 

was cast, a caliper-type instrument was 

constructed to measure the thickness at any 

point of the canoe. This second technique 

allowed us to see where the canoe was too thick 

allowing the team to sand accordingly.  

An innovative mesh configuration was used to 

account for all failure methods while still 

conforming to percent open area. It involved one 

solid piece of mesh in the bottom of the canoe to 

account for longitudinal bending and punching 

shear, single longitudinal mesh pieces along the 

entire sides of the canoe to account for 

transverse shear, and transverse mesh strips 6” 

wide, spaced approximately every 1.5’ c/c, to 

account for transverse bending.  

Once sanding was completed, the staining 

process began.  A stencil printer was used to 

print out sections of the designs and a spray 

painter was used to apply the two layers of 

stain.  Due to the intricate nature of the design, a 

laser level was used as a reference to ensure the 

stencils were placed at the precise 

location.  Lastly, a sealant was applied to protect 

the integrity of the stain, as well as provide a 

water-proof finish for Enigma. 
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APPENDIX B – MIXTURE PROPORTIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

YD

SG
Amount

(kg/m3)

Volume

(m3)

Amount

(kg)

Volume

(m3)

Amount

(kg/m3)

Volume

(m3)

CM1 3.15 163.77 0.052 163.77 0.052 168.88 0.054

CM2 2.50 91.71 0.037 91.71 0.037 94.57 0.038

CM3 2.24 91.71 0.041 91.71 0.041 94.57 0.042

347.19 0.130 347.19 0.130 358.02 0.134

F1 0.91 2.62 0.003 2.62 0.003 2.70 0.003

F2 0.90 2.62 0.003 2.62 0.003 2.70 0.003

5.24 0.006 5.24 0.006 5.40 0.006

A1 Abs: 14% 0.32 58.43 0.183 58.43 0.183 60.25 0.188

A2 Abs: 19% 0.40 58.43 0.146 58.43 0.146 60.25 0.151

A3 Abs: 18% 0.50 73.04 0.146 73.04 0.146 75.32 0.151

A4 Abs: 21% 0.70 58.43 0.083 58.43 0.083 60.25 0.086

A5 Abs: 35% 0.95 43.82 0.046 43.82 0.046 45.19 0.048

292.15 0.604 292.15 0.604 301.26 0.623

W1 161.41 0.161 161.41 0.161 166.44 0.166

49.32 49.32 50.86

112.09 112.09 115.59

W2 1.00 60.04 60.04 61.91

221.45 0.161 221.45 0.161 228.36 0.166

S1 2.40 19.65 0.008 19.65 0.008 20.26 0.008

19.65 0.008 19.65 0.008 20.26 0.008

Ad1 Density : 1.06 34.0 5562.50 15.13 19312.44 15.13 5735.97 21.88

Ad2 Density : 1.20 43.5 868.10 2.59 3013.96 2.59 895.17 3.07

Ad3 Density : 1.06 47.0 14462.40 31.59 50212.01 31.59 14913.41 18.40

49.32 49.32 43.35

M

V

T

D

D

A

Y

Ry

Mixture ID: Eni250 Design Proportions 

(Non SSD)

Actual Batched 

Proportions

Yielded  

Proportions
Design Batch Size (m

3
):         1

Poraver 1-2

Cementitious Materials

White Portland Cement

White Metakaolin

Grey Silica Fume

Total Cementitious Materials: 

Fibers

Macro-Fiber MAC100

Forta Fiber

Total Fibers: 

Aggregates

Poraver 2-4

Total Water (W1 + W2) : 

Poraver 0.1-0.3

Total Aggregates: 

Water

Water for CM Hydration (W1a + W1b)

W1a. Water from Admixtures

W1b.  Additional Water

Water for Aggregates, SSD 

1.00

Solids Content of Latex, Dyes and Admixtures in Powder Form

Type S Hydrated Lime

Total Solids of Admixtures: 

Admixtures (including Pigments in Liquid 

Form)
% 

Solids

Dosage

(ml/100kg 

of CM)

Water in 

Admixture 

(kg/m3)

Amount

(ml)

Water in 

Admixture 

(kg)

Dosage

(ml/100kg 

of CM)

Water in 

Admixture 

(kg/m3)

Master Glenium

Water Repellent

Rhoplex

Water from Admixtures (W1a) : 

Cement-Cementitious Materials Ratio 0.47 0.47 0.47

Water-Cementitious Materials Ratio 0.44 0.44 0.44

Slump, Slump Flow, mm. 240+/-10 250.0 250.0

Mass of Concrete. Kg 885.68 885.68 913.30

Measured Density, kg/m
3 913.30 913.30

Absolute Volume of Concrete, m
3 0.91 0.91 0.94

Theorectical Density, kg/m
3
  = (M / V) 973.97 973.97 973.97

Relative Yield                        = (Y / Y D ) 0.970

Poraver 0.5-1

Poraver 0.25-0.3

Air Content, %   = [(T - D) / T x 100%] 9.06 6.23 6.23

Yield, m
3                                                  

= (M / D) 1 0.97 1

Design Density, kg/m
3 885.68
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YD

SG
Amount

(kg/m3)

Volume

(m3)

Amount

(kg)

Volume

(m3)

Amount

(kg/m3)

Volume

(m3)

CM1 3.15 184.43 0.059 184.43 0.059 195.15 0.062

CM2 2.50 92.21 0.037 92.21 0.037 97.57 0.039

CM3 2.24 92.21 0.041 92.21 0.041 97.57 0.044

368.85 0.137 368.85 0.137 390.29 0.145

F1 0.91 2.63 0.003 2.63 0.003 2.78 0.003

F2 0.90 2.63 0.003 2.63 0.003 2.78 0.003

5.26 0.006 5.26 0.006 5.57 0.006

A1 Abs: 14% 0.32 14.69 0.046 14.69 0.046 15.54 0.049

A2 Abs: 19% 0.40 132.19 0.330 132.19 0.330 139.87 0.350

A3 Abs: 18% 0.50 73.44 0.147 73.44 0.147 77.71 0.155

A4 Abs: 21% 0.70 44.06 0.063 44.06 0.063 46.62 0.067

A5 Abs: 35% 0.95 29.38 0.031 29.38 0.031 31.09 0.033

293.76 0.617 293.76 0.617 310.84 0.653

W1 143.85 0.144 143.85 0.144 152.21 0.152

56.30 56.30 59.57

87.55 87.55 92.64

W2 1.00 59.93 59.93 63.41

203.78 0.144 203.78 0.144 215.63 0.152

Ad1 Density : 1.06 34.0 6516.00 17.82 24034.27 17.82 6894.78 22.45

Ad2 Density : 1.20 43.5 1165.70 3.50 4299.68 3.50 1233.46 3.15

Ad3 Density : 1.06 47.0 15924.60 34.98 58737.89 34.98 16850.32 18.88

56.30 56.30 44.49

M

V

T

D

D

A

Y

Ry

Mixture ID: Eni213 Design Proportions 

(Non SSD)

Actual Batched 

Proportions

Yielded  

Proportions
Design Batch Size (m

3
):         1

Poraver 1-2

Cementitious Materials

White Portland Cement

White Metakaolin

Grey Silica Fume

Total Cementitious Materials: 

Fibers

Macro-Fiber MAC100

Forta Fiber

Total Fibers: 

Aggregates

Poraver 2-4

Total Water (W1 + W2) : 

Poraver 0.1-0.3

Total Aggregates: 

Water

Water for CM Hydration (W1a + W1b)

W1a. Water from Admixtures

W1b.  Additional Water

Water for Aggregates, SSD 

1.00

Admixtures (including Pigments in Liquid 

Form)
% 

Solids

Dosage

(ml/100kg 

of CM)

Water in 

Admixture 

(kg/m3)

Water in 

Admixture 

(kg/m3)

Master Glenium

Water Repellent

Rhoplex

Water from Admixtures (W1a) : 

Amount

(ml)

Water in 

Admixture 

(kg)

Dosage

(ml/100kg 

of CM)

Cement-Cementitious Materials Ratio 0.50 0.50 0.50

Water-Cementitious Materials Ratio 0.39 0.39 0.39

Slump, Slump Flow, mm. 195+/-5 203.2 203.2

Mass of Concrete. Kg 871.65 871.65 922.32

Measured Density, kg/m
3 922.32 922.32

Absolute Volume of Concrete, m
3 0.90 0.90 0.96

Theorectical Density, kg/m
3
  = (M / V) 964.86 964.86 964.86

Relative Yield                        = (Y / Y D ) 0.945

Poraver 0.5-1

Poraver 0.25-0.3

Air Content, %   = [(T - D) / T x 100%] 9.66 4.41 4.41

Yield, m
3                                                  

= (M / D) 1 0.95 1

Design Density, kg/m
3 871.65
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YD

SG
Amount

(kg/m3)

Volume

(m3)

Amount

(kg)

Volume

(m3)

Amount

(kg/m3)

Volume

(m3)

CM1 3.15 139.01 0.044 139.01 0.044 174.10 0.055

CM2 2.50 77.85 0.031 77.85 0.031 97.50 0.039

CM3 2.24 77.85 0.035 77.85 0.035 97.50 0.044

294.71 0.110 294.71 0.110 369.11 0.138

F1 0.91 2.22 0.002 2.22 0.002 2.78 0.003

F2 0.90 2.20 0.002 2.20 0.002 2.76 0.003

4.42 0.005 4.42 0.005 5.54 0.006

A1 Abs: 14% 0.32 33.25 0.104 33.25 0.104 41.64 0.130

A2 Abs: 19% 0.40 87.08 0.218 87.08 0.218 109.06 0.273

A3 Abs: 18% 0.50 56.16 0.112 56.16 0.112 70.34 0.141

A4 Abs: 21% 0.70 44.71 0.064 44.71 0.064 56.00 0.080

A5 Abs: 35% 0.95 6.34 0.007 6.34 0.007 7.94 0.008

A6 Abs: 13% 0.15 6.34 0.042 6.34 0.042 7.94 0.053

233.88 0.547 233.88 0.547 292.92 0.685

W1 121.40 0.121 121.40 0.121 152.05 0.152

41.74 41.74 52.28

79.66 79.66 99.77

W2 1.00 46.83 46.83 58.65

168.23 0.121 168.23 0.121 210.70 0.152

S1 2.40 16.68 0.007 16.80 0.007 20.89 0.009

16.68 0.007 16.80 0.007 20.89 0.009

Ad1 Density : 1.06 34.0 9669.81 21.07 28497.90 21.07 12111.0 26.58

Ad2 Density : 1.20 43.5 1398.81 2.95 4122.43 2.95 1751.9 3.73

Ad3 Density : 1.06 47.0 10141.50 17.72 29888.01 17.72 12701.7 22.35

41.74 41.74 52.66

M

V

T

D

D

A

Y

Ry

0.39

50.8

Dosage

(ml/100kg 

of CM)

Water in 

Admixture 

(kg/m3)

Total Aggregates: 

Water

Water for CM Hydration (W1a + W1b)

W1a. Water from Admixtures

Poraver 2-4

Poraver 1-2

Poraver 0.1-0.3

Poraver 0.5-1

Poraver 0.25-0.3

K15 Bubbles

Design Proportions 

(Non SSD)

Actual Batched 

Proportions

Yielded  

Proportions

Total Fibers: 

Aggregates

Total Cementitious Materials: 

Fibers

Macro-Fiber MAC100

Forta Fiber

Mixture ID: Eni289

1Design Batch Size (m
3
):         

Cementitious Materials

White Portland Cement

White Metakaolin

Grey Silica Fume

0.798

10.80

1.04 1.04

899.31 899.31

Yield, m
3                                                  

= (M / D)

Measured Density, kg/m
3

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

Relative Yield                        = (Y / Y D )

21.00

1

717.92

Total Water (W1 + W2) : 

Type S Hydrated Lime

Water for Aggregates, SSD 

W1b.  Additional Water

Solids Content of Latex, Dyes and Admixtures in Powder Form

1.00

Dosage

(ml/100kg 

of CM)

Water in 

Admixture 

(kg/m3)

Total Solids of Admixtures: 

Admixtures (including Pigments in Liquid 

Form)
% 

Solids

0.47

Water in 

Admixture 

(kg)

Amount

(ml)

Theorectical Density, kg/m
3
  = (M / V) 

Design Density, kg/m
3

0.47

0.39

40+/-10Slump, Slump Flow, mm. 

Water-Cementitious Materials Ratio

Cement-Cementitious Materials Ratio

717.9

0.79

908.76

Mass of Concrete. Kg

Absolute Volume of Concrete, m
3

Master Glenium

Water Repellent

Rhoplex

Water from Admixtures (W1a) : 

908.76

718.0

0.47

0.39

50.8

0.79

908.76

899.2

0.99
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APPENDIX C – BILL OF MATERIALS 

 

  Material Quantity Unit Price 
Total Cost 

($) 

C
o

n
cr

e
te

 M
at

e
ri

al
s 

Cementitious 

Federal White Type GU Cement 31.125 kg $0.75/kg  $         23.34  

METASTAR® 501 16.59 kg $1.65/kg  $         27.37  

White Silica Fume 16.59 kg $0.50/kg  $            8.30  

Dolomitic Hydrated Lime 2.055 kg $0.44/kg  $            0.90  

Aggregates 

Poraver® 2-4 mm 5.7967 kg $1.54/kg  $            8.93  

Poraver® 1-2 mm 19.6887 kg $1.54/kg  $         30.32  

Poraver® 0.5-1 mm 12.6681 kg $1.54/kg  $         19.51  

Poraver® 0.25-0.5 mm 8.9982 kg $1.54/kg  $         13.86  

Poraver® 0.1-0.3 mm 3.9005 kg $1.54/kg  $            6.01  

K15 3M™ Glass Bubbles 2.5935 kg $30.00/kg  $         77.81  

Fibers 

MasterFiber® MAC 100 0.474 kg $9.00/kg  $            4.27  

FORTA-FERRO® Fiber 0.474 kg $5.50/kg  $            2.61  

Aerogel (TBD) 0.064 kg $30.00/kg  $            1.92  

Admixtures 

MasterGlenium® 7700 5.021 L $24.28/L  $       121.91  

Darapel Water Repellent 1.054 L $9.95/L  $         10.49  

RHOPLEX™ MC-1834P  8.751 L $8.33/L  $         72.90  

Construction 
Materials 

Carbon Fiber Mesh 4.46 m2 $43.27/m2  $       192.98  

Red Sheathing Tuck Tape 300m $0.253/m  $         75.90  

Foam Mold, Complete Lump Sum  $  10,125.71  

Lovepac Foam Plank 19500 cm3 $0.00027/cm3  $            5.27  

Curing Blanket 0.516 m2 $435.94/m2  $       224.95  

Finishing 

Belt Sander Sand Paper 0.186 m2 $98.81/m2  $         18.38  

Regular Sand Paper 0.310 m2 $126.04/m2  $         39.07  

Solid Colour Concrete Stain 7.0 L $9.25/L  $         64.75  

Silane Penetrating Sealer 3.5 L $15.85/L  $         55.48  

Curing, Sealing, Waterproofing Compound 3.5 L $15.85/L  $         55.48  

Total Finished Product:  $  11,288.38  

Table 2. Bill of Materials 
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Loading and Reaction Forces 

  Location(m) Force(kN) 

 B1 0.269 0.00 

B2 0.538 0.00 

B3 0.807 0.00 

B4 1.076 0.00 

B5 1.345 0.02 

B6 1.614 0.05 

B7 1.883 0.08 

B8 2.152 0.12 

B9 2.421 0.16 

B10 2.69 0.20 

B11 2.959 0.24 

B12 3.228 0.26 

B13 3.497 0.28 

B14 3.766 0.28 

B15 4.035 0.26 

B16 4.304 0.24 

B17 4.573 0.20 

B18 4.842 0.16 

B19 5.111 0.11 

B20 5.38 0.05 

M1 3.766 0.83 

M2 4.573 0.83 

S.W Uniform 1.04* 

*Distributed Uniformly 

 

 

 

Three 
different support conditions were analysed for Enigma; (1) In 
Water (Buoyancy Force Support), (2) Portage (Two Point Loads), 
(3) Transportation to competition (Full support). The in water 
loading conditions were determined to be critical. The buoyancy 
force was modeled as 20 point loads which were a function of the 
canoe’s displaced volume at that section. These reaction forces 
were determined through an iteration based procedure created in 
MATLABTM. An initial submerged water height is assumed, from 
there the submerged section is increased until vertical equilibrium 
is reached. Then, the canoe is pitched in the water to satisfy 
rotational equilibrium. This procedure is repeated five times until 
the final equilibrium solution is determined.  More iterations can 
be used to create a more precise solution, however the solutions 
obtained were very close to equilibrium conditions.  

Figure 7 and Table 3 show the final equilibrium condition for the 
critical 2 male loading condition. The canoe’s self-weight was 
uniformly distributed across the length of the canoe. However, for 
clarity, it was omitted from the free body diagram.  Multiple 
Iterations were performed to determine the critical positioning of 
the male paddlers. 

Vertical and Rotational Equilibrium Equations 

∑                                            

        

∑                                   

The shear force and bending moment diagrams can be seen in 
Figure 8 and figure 9, respectively. The maximum positive 
bending moment is located at 3.766 m with a bending moment of 
3.63kN-m  The maximum shear force is located at 4.035m with a 
value of 1.17 kN.  

APPENDIX D – EXAMPLE STRUCTURAL CALCULATION 

Figure 7. Free Body Diagram 

Table 3: Forces 
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The neutral axis must be determined to calculate the flexural resistance of the canoe cross section. 
Note that the neutral axis divides a beam’s cross-section into its tension and compression regions. 
These do not necessarily have the same area nor the same stresses, but they do have forces of 
equal magnitude and opposite direction. This can be easily understood if the forces in the direction 
normal to the cross-section are summed. These forces must be equal to satisfy equilibrium 
conditions. In other words:                                ∑  Fn= 0 =FTension+FCompression 

In order to find the neutral axis, an iterative MATLABTM script was 
used. The logic behind an iteration is as follows: First, the 
coordinates of the cross section are imported from AutoCadTM. 
Next, the neutral axis is moved up by 1mm (starting at 0mm). The 
force of tension and force of compression are calculated. If these 
forces are equal then the neutral axis used in the calculation is in 
fact the proper neutral axis. Finally, this neutral axis is used to 
calculate the profiles resisting moment (Mr). A sample calculation 
for the equilibrium condition of the critical profile is as follows:

 

 

Figure 8. Bending moment diagram (two male paddlers) 

Figure 9. Shear force diagram (two male paddlers)  
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By symmetry, half of the cross-section can 
be analyzed. 

Emesh=234500 MPa (from MTDS) 

EConcrete=2344 MPa (from flexural test) 

Fc
1=10MPa (from compressive test) 

Area of mesh=54mm2 (Bottom of profile) 

NA=73mm (from iterative code introduced above) 

Since tensile strength of mesh is more than an order of magnitude larger than the compressive 
strength, it is assumed that the compression of the concrete is the controlling factor. This was 
confirmed by preforming an uncracked analysis of the critical profile. The tensile area is assumed to 
be cracked and therefore the contribution from the tensile resistance of the concrete is omitted.  

 mesh=  Concrete  
  

      
 = 

             

         
   

  

      
 = 

      

        
   

    

                 
             

dTension=NA=73mm ; dCompression=(h-NA)=(381.9057mm – 73mm)= 307.9057mm 

FTension=                                               =12789.63 N 

The compression area (Ac) is calculated using the trapezoid method within the code introduced 
above. The sample calculation will be done for 3 points: 

3 points on inner profile: (345,109.906), (347,114.906), (348,118.9057); 

3 points on outer profile: (345,79.47), (347,84.13), (348, 88.29) 

Ac =
  

 
[                     ]  

  

 
[                     ] 

Ac=
 

 
[                           ]  

 

 
[                    ]             

FCompression=                             =                =12 654N 

Moment=         [  ⁄          ]               [  ⁄                    ]     

            (*N.B: Moment multiplied by two because of symmetry)  

The critical shear condition occurs when the paddler group is pushed closest to the stern of the 
canoe. The wider hull shape near the rear of the canoe can create enough buoyancy to prevent the 
stern from submerging, however, a larger shear force occurs since the front end of the canoe will 
pitch upwards and provide less buoyancy force. The resulting shear stress can be calculated as 
follows: 
Assuming the load (two paddler knees concentrated next to each other) is concentrated in a 300mm x 
100mm area.  

Vf =1.17kN; vf=1.17kN/[2*((300mm+19mm)+(100mm+19mm))*19mm)]*10^3=.07MPa (No unbalanced 

moment present);Clause 13.3.4.1 eq. 13-7 (Cement Association of Canada 2012) Vr=      
√ 

 
   

.38x.75x.65xsqrt (10MPa) =.585 MPa >Vf O.K   

 

Figure 10. Cross-

section analysis 


