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EXECUTIVE SUMMARY 

 The life of a voyageur during Canada’s early fur 
trading days was not for the faint of heart. These 
hardened explorers and traders would be expected to 
paddle rapid-torn waters for upwards of 16 hours a day, 
endure man-eating mosquitoes and harsh weather 
conditions, and portage hundreds of pounds of 
precious cargo on their backs for miles. This year, the 
University of British Columbia (UBC) Concrete Canoe 
Team has striven to demonstrate, and ultimately 
honour, both the strength and fortitude of these men 
with our canoe Voyageur, designed and built for the 
2015 Pacific Northwest Regional Conference 
(PNWRC). 

 The University of British Columbia was 
established in Vancouver, Canada in 1915, and 
currently hosts over 59,000 students on two main 
campuses. This is the second year our team has 
existed at UBC. We competed for the first time last year 
in the 2014 ASCE Concrete Canoe Competition, 
hosted in Portland, Oregon. We placed fourth out of the 
thirteen teams, competing with our inaugural canoe, 
Pre-Cast Away. 

This year, our team has focused on using our 
experience from last year’s competition to vastly 
improve upon both our hull and mix designs, and 
ultimately create a lighter, stronger canoe. Under the guidance of a naval architecture expert at 
UBC, we adapted a new, unique canoe design which features a rounded hull with lengthwise 
rocker shape, which allowed us to improve structural integrity and decrease drag. Our finalised 
mix design, modified and improved from last year’s submission, contains Type GU cement, 
Class F fly ash, densified silica fume, specialized expanded glass aggregate, advanced synthetic 
macro fibres, and carbon fibre mesh reinforcement. Our canoe was constructed and cured in a 
CNC foam female mould, improving the accuracy of our shape and decreasing wasted material 
and labour demands. Sustainability goals were realized by both strategic material selection and 
through dedication to designing a structure that uses less material.  

Finally, a large focus of this year’s team efforts went towards building a stronger team 
legacy at our school, in local industry, and within the competition. We have put significant time 
into establishing an optimal team position hierarchy, promoting our project and the engineering 
profession to our local community, and creating a mentoring system that more sufficiently 
supports members of all ages, backgrounds, and experience levels.

VOYAGEUR SPECIFICATIONS 

Maximum Length 5.87 m 
Maximum Width 0.75 m 
Maximum Height 0.36 m 
Average Thickness 38 mm 
Total Weight 204 kg 
Colour Scheme Red, Navy 

Table 1. Canoe Specifications 
 

MATERIAL PROPERTIES 

Concrete 
Unit Weight (Dry) 624.7 kg/m3 
Unit Weight (Wet) 771.6 kg/m3 

Compressive Strength  4.55 MPa 
Tensile Strength 0.74 MPa 
Air Content 9.5% 
Slump 5 mm 

S&P ARMO-mesh 200/200 
Carbon Fibre Reinforcement 

Percent Open Area 72% 
Mesh Size 35x35 mm 
Tensile Strength 1333 MPa 

Table 2. Material Properties 
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PROJECT MANAGEMENT 

UBC’s Concrete Canoe team is led by a Team Captain, and several upper-level 
undergraduate students acting as Team Leads heading the main project elements. These 
Team Leads manage groups of team members to work on specific tasks.  

As this is UBC’s second year competing in 
the ASCE Concrete Canoe Competition, the team 
was able to rely upon previous experience to 
generate a list of tasks and an approximate 
schedule for all parts of design and construction. 
The schedule itself was set with large amounts of 
float in the critical path to provide flexibility for any 
unforeseen delays. The critical path was based on 
the finalization of the concrete mix design and hull 
design, construction of a foam mould, canoe 

construction day, curing time and the finishing of the canoe. A major deviant in the critical 
path occurred as a result of a malfunction in the CNC provider’s machine, and related 
repair in January, which resulted in a delay of more than one month. 

One of team’s goals at the beginning of the year was to write governance 
documents which included definition of the team’s short- and long-term goals, budget, 
and service to the engineering profession. Funding applications were completed through 
September to December, and the sponsorship team contacted companies from January 
until March. Related industry sponsors generously gave materials and tools to the team, 
and the rest of the sponsors helped to reach the team’s fundraising goals. The majority 
of costs for the team were from the purchase of the expanded glass concrete aggregate, 
construction of the foam mould, and for travel to both the 2015 PNWRC, as well as the 
2015 Canadian National Concrete Canoe Competition. 

Quality assurance and quality control was primarily performed through cylinder 
break data from test cylinders, and during construction with depth checks to remain within 
specified dimensions. The canoe temperature during curing was measured and recorded 
each day for minimum and maximum temperatures. Written works and calculations are 
submitted to team leads, who check with the team captain or assistant team captain 
before submitting final work. 

Finally, team members were required to complete an online safety course at the 
start of the year, as well as receive an in-person orientation for each location worked in. 
Safety plans were written and submitted to a faculty advisor for each lab or construction 
activity. Prior to each activity, safety meetings were held with all members to review the 
risks that existed with specific tasks and how to mitigate them.  

27  126  10  $700.00 

Safety Plans Written  
Safety Orientations 

Performed 
 

Safety Inspections 
Performed by Safety 

Officer 
 Cost of Safety Supplies 

 

Figure 1. Hours Worked By Project Element

Figure 2. Safety Summary
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TEAM CAPTAIN 
Bradley Ho  

Sr. | 2 Years (1) 

TITLE/ POSITION 
Name 

School Year | Participating Years (Registered) 

ORGANIZATION CHART 

 

 

 

 

 

 

 

 

 

 

ASSISTANT CAPTAIN 
& SAFETY OFFICER 

Anthony McGill  
Sr. | 2 Years (0) 

HULL DESIGN 
LEADS 

Sophia Piche  
Sr. | 2 Years (0) 

&  
        Logan Schrum  
        Sr. | 1 Year (1) 

MIX DESIGN  
LEADS 

Tyler Mann  
Jr. | 1 Year (1)  

&  
Simon Pelta 

Sr. | 1 Year (1)

DOCUMENTATION 
LEADS 

Diane Currie 
Sr. | 2 Years (0)  

 & 
       Christina Noël  
       Sr. | 1 Year (1) 

TREASURER 
        Sadaf Farzanehfar 

       Sr. | 1 Year (1) 

Responsible for canoe 
hull design, analysis, 

and modelling. 
 

Filipe Cassiano de 
Carvalho Bezerra 
Paulo Cassiano De 
Carvalho Bezerra 
Mauricio Castilhos de 
Oliveira 
Monica Liu 
Mauro Moya | 1 Yr (0) 
Ana Carolina Rachadel 

Responsible for  
concrete mix design,  
testing and analysis,  

and production. 
 

Joma Mari Abella 
Annie Chen 
Matthew Cheung 
Jeremy Lee 
Shawn Skrepneck | 1 Yr (1)

 Daniel Vandervelden       
 Aaron Yeung  
 Jamiu Abdsalami | 1 Yr (0)

Responsible for 
sponsorship, publicity 
and social media, and 

reports. 
 

Ellen Chen 
Kelvin Chen 
Anson Lau 
Flynn Dixon Murdock 
Tyler Ezzy 
Ye Zi Zhang 
 

Indicates 
Team Paddler 
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HULL DESIGN AND STRUCUTRAL ANALYSIS 

Voyageur features a lengthwise rocker shape and a rounded hull, modified with 
assistance and guidance from UBC naval architecture professor Dr. Chris McKesson. 
Final canoe dimensions were chosen based on a combination of final structural analysis 
confirmation of rational modifications to our Pre-Cast Away design, design ideas collected 
from previous winning canoes, and ASCE standards for competition. The result is a 5.87 
m long, 0.75 m wide and 0.36 m high canoe at its extents, with an asymmetrically placed 
maximum beam located approximately 0.51 m behind the mid-point of the canoe and a 
38 mm wall thickness throughout the hull. There are no structural or flotation elements in 
Voyageur, simplifying both the design and construction process.  

 Once dimensions were established, basic 
static buoyancy principles were used to check 
draft depths for the various race loading cases.  
Upon confirmation of an adequate design, a 
3-D model was created in SOLIDWORKS to be 
further used in the production of a computer 
numerical control (CNC) machined mould. 
From there, stresses for the concrete in 
compression, S&P ARMO-mesh 200/200 
carbon fibre reinforcement in tension, and the 
resulting composite structure under bending 
were determined in 2D for further analysis and 

to define the material properties. All calculations were done for a stationary floating canoe, 
since the effects of drag, paddling and wave motion were assumed to be negligible. In 
addition, side forces due to hydrostatic pressures, acting to buckle the canoe walls 
inward, were considered trivial given the draft depths and large area of concrete in 
compression resisting this failure. 

Four loading cases were considered during structural analysis: two women racing, 
two men racing, two women and two men racing, and in-transportation. Analysis using 
Microsoft Excel allowed for the comparison of human load locations within the canoe, 
which aided in determining optimal paddler positions and ultimately minimizing stresses 
through the hull. During long-distance transportation, the canoe was considered to be 
placed in the original foam mould to ensure the applied stresses were minimized. For 
short distances, however, the canoe was considered to be moved by hand via six sets of 
fabric straps, inducing stronger stresses and therefore being a more logical choice for our 
in-transportation case analysis. The steps followed for each case to calculate the bending 
moment diagrams are detailed below. 

Iterations were performed to determine the resulting draft depth. This was done after  
an equilibrium of forces was established between the overall mass, which included the 
canoe self-weight and weight of paddlers, and the water displaced, shown as basic 
buoyancy reactions, using a Microsoft Excel 2010 spreadsheet.  

 

Figure 3. Force Modelling Approximation
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The calculations were iterated for 50.8 cm section lengths, taking into consideration 
whether the section was submerged, the draft volume and corresponding upward 
buoyancy force was established by addition of plan area between design points, as shown 
in Figure 3.  

After assuming typical male and 
female weights, human point loads 
were varied in location to achieve 
optimum stresses. Canoe self-weight 
for each section was calculated from 
surface area and thickness using linear 
curve approximations of the hull. Using 
basic mechanics of materials, the 
canoe was considered a beam 
subjected to upward (buoyancy) and 
downwards (human and self-weight) 
point forces acting at the midpoints of 
each section.  

The moments at 25 locations 
along the beam were calculated as 

	Σ . The resulting stepped 
graph shows the effect of the 
piecewise calculation and the effects of 
human loads along the canoe length, 
as shown in Figure 4.  Using a 
simplified U-shape cross section and 
basic beam bending mechanics, the 
tension and compression stresses were determined through an approximated U-section 
moment of inertia and compression and tensions due to bending stresses 	 /  
about the centroid of the section as shown in Figure 5. Finally all three loading cases 
were plotted throughout the canoe length to determine the worst case stresses.  

After determining the maximum tension and compression forces, the material 
properties of the concrete and dispersed carbon fibre reinforcement were compared to 
ensure that sufficient strength would be provided by the composite hull structure as seen 
in Table 3. 

 
Maximum Tension Maximum Compression

Stress 
Capacity 
(Carbon 
Fibre) 

Capacity 
(Concrete) 

Capacity 
(Composite) 

Stress 
Capacity 

(Concrete) 

509.5 kPa 598.0 kPa 900.0 kPa 1498.0 kPa 189.3 kPa 6000.0 kPa 
Table 3. Maximum Tension and Compression Forces in Composite Hull Material 

 

 

Figure 4. Bending Moments in Hull 

 

Figure 5. Stresses in Hull 
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DEVELOPMENT AND TESTING 

There were three key objectives for the mix design process:  

1. The primary goal was to achieve a plastic density of 850 kg/m3. This was 
decreased from last year’s design of 950 kg/m3 to ensure the canoe surfaced 
during the swamp test with the new requirement of adding weight in the form of 
sandbags during the test. 

2. Maintain similar workability as previous year’s design (10 mm slump) to ensure 
hand placing on the steep vertical wall surfaces of the mould would be possible 
during casting. 

3. Maintain similar compressive strength as previous year’s design (10.35 MPa). 

The aggregate of the canoe, Poraver expanded 
glass, has the lowest specific gravity of all other 
components in the mix design. For this reason, various 
mix designs were developed utilizing varying quantities 
of five different aggregate gradations, which allowed the 
team to experiment to achieve the optimal workability 
and strengths required for application. 

After conducting a series of 20 L trial batches to 
verify mix properties, the largest Poraver aggregate 
gradation of 4-8 mm was eliminated in favour of 
emulating prior successful mix designs. Following 
several more trial batches, an optimal gradation based 
on four different aggregate size fractions, varying from 
0.25-4 mm, was selected. 

Based on recommendations and guidance from 
UBC professors and local concrete industry leaders, our team adjusted the water to 
cement ratio, supplemental cementitious material (SCM) masses and water-reducing 
admixture volume to ensure proper formation of Calcium-Silicate-Hydrate (C-S-H) and 
hydration products. Additional considerations for SCM volumes were sustainability, 
durability, and the workability of the concrete to facilitate canoe construction. Quantities, 
length, and type of fibres were optimized from last year’s design based on knowledge 
obtained through discussion with UBC PhD students in order to increase workability while 
maintaining performance.   

Advancement of the concrete mix design for the team was done by adjusting 
proportions between each trial batch in an effort to find the optimum balance between 
density and strength for the design purposes. Through 15 iterative trials, the final mix 
design was developed, which satisfied buoyancy, workability, and compressive strength 
standards set by the team. The components that are included in the final design are 
detailed in Table 4. 

Figure 6. Mix Design Team Running 
Trial Batches 
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Cementitious 
Materials 

Type GU Hydraulic Portland Cement (ASTM C0150) 
 Responsible for the primary chemical hydration reaction with water 

to form cement 

Fly Ash Class F (ASTM C618) 
 Supplementary cementing material used in the hydration reaction 

with water 
 Helped to achieve higher final strength, reduce cracking through 

lower rate of reaction, and improve durability through reducing 
permeability 

Silica Fume (ASTM C1240) 
 Provided increased cohesiveness of concrete that was essential 

for the casting process 
 Contributed to higher strength of concrete, lower water 

permeability, and higher chemical resistance 

Aggregate 

Poraver Expanded Glass Aggregate  
 Four nominal gradations were used, the size extent of which are 

0.25-4.0mm 
 Served as the primary source of buoyancy 
 Four different nominal size ranges were chosen to provide an even 

distribution of sizes while supplying sufficient buoyancy 

Fibres 
(ASTM C116) 

Wild Fiber polypropylene fibre 25mm & STRUX 90/40 polypropylene 
40mm fibre 

 Assisted in increasing toughness and minimize cracking 
 These particular fibres were chosen as they effortlessly distributed 

throughout the mix 

Admixtures  
(ASTM C494) 

MasterGlenium 7500 Full-Range Water-Reducing Admixture 
 Indirectly contributed to increased strength of concrete and 

improved workability 
 This product helped reduce the w/cm ratio which results in a 

strength and durability increase 

Table 4. Summary of Final Mix Design Components

Testing Process 

During the test-batching phase, four test cylinders (75 mm diameter by 150 mm 
length) were cast for each trial batch for testing: one at 7 days, two at 28 days, and one 
spare, in accordance with ASTM C 192.  
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After an extensive trial period, the final mix design was selected (as in Appendix B 
– Mixture Proportions) as it satisfied all requirements of buoyancy, workability, and 
compressive strength set by the team at the beginning of the design process. Table 5 
shows all tests and results performed for trial and final mix designs. 

Carbon Fibre Reinforcement  

To compensate for the low tensile strength of lightweight concrete, a range of 
reinforcement materials were considered. It was found during construction of last year’s 
canoe, steel mesh can be difficult to form accurately. Kevlar has a high water absorption 
rate, which means it would remove water from the concrete during curing as well as cause 
uneven expansion during casting and curing. Glass fibres are too brittle to be able to 
place in the desired layup. Therefore, carbon fibre was selected for its high strength to 
weight ratio and a flexible mesh product, S&P ARMO-mesh 200/200, was found to match 
the canoe reinforcement requirements. 

Two layers of mesh were placed in the concrete to act as tensile reinforcement and 
improve impact resistance and durability; one in the longitudinal direction in 15 cm wide 
strips, and the other in 30 cm wide transverse strips. A tensile test was conducted to 
determine the tension capacity of a fibre weave (1600 strands), resulting in a 204 kg 
maximum load applied to 3 mm by 0.5 mm area for a tensile stress capacity of 1333 MPa. 
Since the weaves form only a small portion of the canoe’s cross section, this strength is 
proportionately reduced when determining stress capacity.  

Figure 7 depicts a 3-D SOLIDWORKS model of the final canoe exterior hull design, 
which was the basis for the CNC female mould. The desired cross-sections were drawn 
and connected to extrude the exterior surface, and were exported to the CNC machine to 
receive instructions for machining the form mould pieces.  

 

Figure 7. 3-D Model of Voyageur Canoe Hull 
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CONSTRUCTION 

In order to limit man-hours required by the team for 
formwork preparation and waste during the construction 
process, the mould format chosen for Voyageur was a 
female mould, cut into foam by a computer numerical control 
(CNC) system using the SOLIDWORKS model developed 
through the hull design process. The AXYZ 4008 CNC 
Router Table system used to cut the Type 1 Virgin Silvercore 
EPS foam blocks was limited to 183mmx84mmx203mm 
pieces, so seven pieces of foam were cut and carefully 
assembled using construction adhesive. Prior to casting, the 
mould was prepared and protected by the application of two 
layers of polyurethane coatings to smooth out the surface, 
prevent the concrete from seeping into the foam, and to 
increase the durability of the mould. Once fully set, the 
polyurethane coating was verified and sanded over for any 
accumulated deposits. Lastly, the mould was coated with 
wax and mineral oil to ensure the canoe could be easily demoulded. 

On casting day, concrete was batched and wheel-
barrowed in six 40 L portions at half hour time intervals unless 
otherwise required by the concrete placing team. The final 
batch of concrete required only 20 L. In total, 0.3 m^3 of 
concrete was used to create the canoe.  

Placing of the concrete began at the stern and was 
done in 13 mm lifts. As progress continued with the starting 
lift towards the bow, pre-cut and measured carbon fibre 
reinforcement was placed. This process continued for the 
second 13 mm lift. The third and final lift was then placed for 
a total hull thickness of 38 mm. The exterior reinforcement 
layer was placed in 150 mm wide longitudinal strips stretching 
from stern to bow, while the interior layer was formed of 300 
mm wide transverse strips along the hull’s width. Throughout 
this process, concrete was quickly placed to avoid cold joints 
from forming while still allowing sufficient time for the low-
slump concrete to set on the vertical side walls. Quality control 
of the layer thickness was achieved by providing designated 
depth-checkers with modified paper clips flagged at 13 mm, 
26 mm, and 38 mm lengths. 

Safety was a priority throughout the day, and was stringently maintained to UBC’s 
lab safety policies. A safety orientation was provided at the beginning to all participants 
to review the tasks and hazards in the area.  

Figure 8. Applying Polyurethane 
Coating to Mould

Figure 9. Applying Wax and 
Mineral Oil to Mould 

Figure 10. Demoulding the 
Canoe 
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Personal protective equipment was supplied by the team for all members. Safety 
glasses and steel-toed shoes were mandatory for all members of the team, and gloves 
were worn to provide hand protection when working. 

Curing in the mould occurred over 24 days, 
during which the canoe was sprayed with water and 
kept under a polyethylene and burlap layer to 
capture moisture. While curing, the internal and 
external temperatures were recorded, and cylinders 
cast at the time of construction were broken to check 
the strength of the concrete before removing forms.  

Removing the canoe from the mould began 
with cutting the silicon connecting the three main 
mould sections together. The individual sections 
were each easily removed as the polyurethane, wax, 
and oil had created an effective non-stick layer. The 
use of a female mould also reduced any restraint 
due to shrinkage. Sanding was performed in a 
ventilated composites room while wearing properly 
fit tested respirators, goggles, gloves, and steel toed 
boots. To finish the canoe, electric orbital sanders 
and hand sanding was performed.  

The final work on the canoe was to apply stain 
to the Voyageur’s hull and then seal it for waterproofing and durability against wear and 
handling.  

Figure 11. Sanding the Canoe 

Figure 12. Canoe with Stain and Sealer 

Goal Actions Impacts 

In
no

va
tio

n
  First year designing a hull, 

creating a 3D model, and using 
a CNC female mould 

 Large density reduction target 

 Fewer construction man-hours 
 Reduced use of hand power tools 
 Higher mould cost 
 Higher performance concrete 

S
af

et
y 

 Implement formal safety officer 
position 

 Consistent use of PPE 
 Safety meetings before 

commencing work 

 Formal safety training for all members 
 Creation of good habits and awareness 

of safety in construction 
 Review hazards and risks, and 

potential mitigation steps 

S
us

ta
in

ab
ili

ty
  Create a reusable mould for 

future teams 
 Establish protocols and 

standards for future teams 
 Higher recycled fibre content 
 Large cement replacement 

 Economic and materials efficiency 
possible by reusing the mould 

 Increase efficiency, scheduling and 
quality of future teams’ product 

 Use of  SCMs and recycled materials 
that reduce carbon footprint 

Table 6. Outline of Construction Goals, Actions Taken, and Impacts of Action 



ID Task Name Duration Start Finish Predecessors

1 First Meeting 1 day Sat 13/09/14 Sat 13/09/14

2 Finalize Team Leads 1 day Mon 15/09/14 Mon 15/09/14 1

3 Hull Design 79 days Wed 17/09/14 Sat 03/01/15 2

4 Mix Design 92 days Tue 16/09/14 Wed 21/01/15 2

5 Form Construction 31 days Sun 04/01/15 Fri 13/02/15 3

6 Graphic Design of Canoe 21 days Mon 05/01/15 Sat 31/01/15

7 Cast Canoe 1 day Mon 16/02/15 Mon 16/02/15 5,4

8 Concrete Cylinder Tests 21 days Thu 19/02/15 Tue 17/03/15 7

9 8 Day Test 1 day Wed 25/02/15 Wed 25/02/15

10 28 Day Test 1 day Tue 17/03/15 Tue 17/03/15

11 Curing Concrete 23 days Tue 17/02/15 Tue 17/03/15 7

12 Removing Mold 1 day Fri 13/03/15 Fri 13/03/15

13 T-shirt Design 7 days Fri 06/03/15 Sat 14/03/15

14 Sanding Canoe 8 days Wed 18/03/15 Fri 27/03/15 12,11

15 Staining Canoe 1 day Sat 28/03/15 Sat 28/03/15 14

16 Sealing Canoe 1 day Mon 30/03/15 Mon 30/03/15 15

17 Appling Graphics to Canoe 1 day Tue 31/03/15 Tue 31/03/15 16

18 Transportation Construction 30 days Thu 26/02/15 Fri 03/04/15

19 Mold Box Improvements 25 days Sat 28/02/15 Mon 30/03/15

20 Design of Shipping Crate 9 days Wed 25/02/15 Sat 07/03/15

21 Construction of Shipping Crate 19 days Mon 09/03/15 Mon 30/03/15 20

22 Finish Report 23 days Sat 28/02/15 Fri 27/03/15

23 Prepare Product Display 19 days Fri 06/03/15 Sat 28/03/15

24 Prepare Presentation 7 days Wed 01/04/15 Thu 09/04/15 17

25 Prepare for Trip 11 days Wed 01/04/15 Wed 15/04/15 15,17

26 Travel Day to Idaho 1 day Thu 16/04/15 Thu 16/04/15 25

27 ASCE Competition 2 days Fri 17/04/15 Sat 18/04/15 26

28 Return from Idaho 1 day Sun 19/04/15 Sun 19/04/15 27

29 Ship Canoe to Toronto 1 day Fri 24/04/15 Fri 24/04/15 28

30 Travel Day to Toronto 1 day Thu 07/05/15 Thu 07/05/15 29

31 CNCCC Competition 2 days Fri 08/05/15 Sun 10/05/15 30

First Meeting

Finalize Team Leads

Hull Design

Mix Design

Form Construction

Graphic Design of Canoe

Cast Canoe

Concrete Cylinder Tests

8 Day Test

28 Day Test

Curing Concrete

Removing Mold 

T-shirt Design

Sanding Canoe

Staining Canoe

Sealing Canoe

Appling Graphics to Canoe

Transportation Construction

Mold Box Improvements

Design of Shipping Crate

Construction of Shipping Crate

Finish Report

Prepare Product Display

Prepare Presentation

Prepare for Trip

Travel Day to Idaho

ASCE Competition

Return from Idaho

Ship Canoe to Toronto

Travel Day to Toronto

CNCCC Competition

03/08 31/08 28/09 26/10 23/11 21/12 18/01 15/02 15/03 12/04 10/05 07/06 05/07

01 September 01 November 01 January 01 March 01 May 01 July

Task

Split

Milestone

Summary

Project Summary

Inactive Task

Inactive Milestone

Inactive Summary

Manual Task

Duration-only

Manual Summary Rollup

Manual Summary

Start-only

Finish-only

External Tasks

External Milestone

Deadline

Critical

Critical Split

Progress

Manual Progress
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APPENDIX B: MIXTURE PROPORTIONS 

Mixture ID: 16 Design Proportions 
(non SSD) 

Actual Batched 
Proportions 

Yielded 
Proportions  Design Batch Size (m3): 0.255 

Cementitious Materials SG 
Amount 
(kg/m3) 

Volume 
(m3) 

Amount 
(kg) 

Volume 
(m3) 

Amount 
(kg/m3)

Volume 
(m3) 

CM1 
Quikrete Type GU Hydraulic Portland 
Cement Powder 

3.15 109.63 0.035 27.96 0.009 104.38 0.033 

CM2 Lafarge Sundance Class F Fly Ash 2.9 116.93 0.040 29.82 0.010 111.33 0.038 

CM3 Densified Silica Fume 2.2 63.34 0.029 16.152 0.007 60.31 0.027 

Total Cementitious Materials:   289.90 0.104 73.92 0.026 276.03 0.099 

Fibres               

F1 WILD Fiber 25mm 0.9 3.90 0.004 0.99 0.001 3.71 0.004 

F2 Strux 90/40 40mm 0.9 3.90 0.004 0.99 0.001 3.71 0.004 

Total Fibres:   7.80 0.009 1.99 0.002 7.43 0.008 
Aggregates               
A1 Poraver 0.25 - 0.5 mm Abs (%): 28 0.68 63.90 0.094 16.29 0.024 60.84 0.089 

A2 Poraver 0.5 - 1 mm Abs (%): 20 0.45 86.85 0.193 22.15 0.049 82.69 0.184 

A3 Poraver 1 - 2 mm Abs (%): 20 0.41 75.72 0.185 19.31 0.047 72.10 0.176 

A4 Poraver 2 - 4 mm Abs (%): 23 0.35 67.44 0.193 17.20 0.049 64.21 0.183 

Total Aggregates:   293.91 0.664 74.95 0.169 279.84 0.633 
Water               

W1 Water for CM Hydration (W1a + W1b) 

1.00 

173.94 0.174 44.35 0.044 165.62 0.166 

  
W1a. Water from Admixtures 63.39  0.06  0.21  

W1b. Additional Water 110.55  44.30  165.41  

W2 Water for Aggregates, SSD 1.00 65.92  16.81  62.76  

Total Water (W1+W2):   239.86 0.174 61.16 0.044 228.38 0.166 
Solids Content of Latex Admixtures and Dyes  
S1  N/A               

Total Solids of Admixtures: N/A              

Admixtures (including Pigments in Liquid Form)

 

% Solids Dosage 
(ml/kg) 

Water in 
Admixture 
(kg/m3) 

Amount 
(ml) 

Water in 
Admixture 
(kg/m3) 

Dosage 
(ml/kg)

Water in 
Admixtur
e (kg/m3)

Ad1 MasterGlenium® 7500 1090 kg/m3 20% 250.76 63.4 63.94 0.0558 238.76 0.208 

Water from Admixtures (W1a):     63.4  0.0558  0.208 
    

Cement-Cementitious Materials Ratio   0.38 0.38 0.38 

Water-Cementitious Materials Ratios   0.60 0.60 0.60 

Slump, Slump Flow, mm   0 0 0 

M Mass of concrete, kg   831.5 212.0 791.7 

V Absolute Volume of Concrete, m3     0.95 0.24 0.91 

T 
Theoretical Density, 
kg/m3 

=(M/V)   874.4 874.4 874.4 

D Design Density, kg/m3 =(M/27)   831.5     

D Measured Density, kg/m3       791.7 791.7 

A Air Content, % =[T-D)/Tx100%]   4.9% 9.5% 9.5% 

Y Yield, m3 =(M/D)   1 0.27 1 

Ry Relative Yield   =(Y/Yd)     1.1   
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APPENDIX C: BILL OF MATERIALS 

Material Quantity Unit 
Unit 
Cost 

Total 
Price 

Cementitious Materials 
Portland Cement, Type GU 27.96 kg  $1.37   $38.43  

Fly Ash, Class F 29.82 kg  $4.54   $135.25 

Densified Silica Fume 16.15 kg  $0.76   $12.21  

Aggregates 
Poraver® 0.25mm to 0.5mm 16.29 kg  $0.65   $10.56  

Poraver® 0.5mm to 1mm  22.15 kg  $0.65   $14.35  

Poraver® 1mm to 2mm  19.31 kg  $0.65   $12.51  

Poraver® 2mm to 4mm 17.20 kg  $0.65   $11.14  

Admixtures 
Water-Reducing Admixture 0.06 L  $0.06   $0.00  

Reinforcing Materials 
Wildfibre 25mm Fibres 0.99 kg  $0.01   $13.17  

STRUX® 90/40 40mm Fibres 0.99 kg  $0.10   $0.10  
S&P ARMO-mesh 200/200 Reinforcing 
Mesh 

12.00 m2  $0.13   $1.51  

Canoe Mould 

CNC Foam Mould 1 Lump 
Sum  $5,412.32

Concrete Stain and Sealer 
EZ Accent 800 – White Stain 3.8 L $95.00 $95.00 
EZ Accent 709 – Colorado Stain 3.8 L $95.00 $95.00 
Aquapel Plus™ Sealer 3.8 L $160.01 $160.01 

Canoe Lettering 
Lettering Decals 70 ea. $2.03 $142.10 

  Total Cost $6,153.66
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APPENDIX D: EXAMPLE STRUCTURAL CALCULATION 

Step Sample Calculations for 2 Man Loading 
Case at Canoe Midsection (3000mm) 

1. 3D points along 12 sections along 
the length for a half canoe width 
since the hull is symmetrical.  
 

Point “i”: (3000, 188.1, 26.1) [mm] 
Point “j”: (3000, 238.7, 45.2) [mm] 
Where x is the section along hull length, y is 
the location from centerline and z is the height 
from the bottom of the lowest canoe point. 

2. Plan view area between adjacent 
points for a 500mm long section 

∆ 500  
238.7 188.1 500 25300  

3. Inside volume of the canoe at each 
point 

 

	356

	  
356 45.2 25300 7861300	   

4. Combining all sections to get total 
buoyancy forces and equating to 
weight results in a draft depth of 
202mm 

( 	  differ for each area and 
therefore values are not included) 

 
 

1000 204 160  

0.364 1000 364  

5. The sum of buoyancy forces for 
each section as the uplift force  , ,

547.1	  

6. All forces at each section are 
totaled (where downwards weight 
forces are considered negative) 

 
547.1 215.2 0 332  

7. Basic beam bending moment by 
free body diagram [ units N] 

  
       

     
 
 
 

At section 3000mm, all forces from sections 0-
3000mm are considered: 
 

 

3 , 2.5 , 2 , 1.5 ,
1 , , 0.5

 

 
568	  

 
Similarly, for shear:  
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8. Centroid location of simplified C-
Section  
 

2
 

 

356
0.18 2 0.0135 0.34 0.029

2 0.0135 0.029
 

 
̅ 0.10  

 
Where w: wall and b: base 

9. Moment of inertia for this canoe 
section 12 12

2
12

 

0.75 0.0381
12

2 0.0381 0.356
12

0.00029	  

10. Stresses in canoe 

                   

Tension:  

567 1 0.1
0.00029

509500	  

Compression  

567 0.1
0.00029

189270	  
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