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Dynamic, maximum, and tension. These are the ideas 

that evolve into cornerstones of many innovative 

engineering works. Inspired by the work of the great 

innovator Buckminster Fuller, Ryerson University 

based the approach to build a canoe on the three pillars 

of having a dynamic design, maximizing feasibility and 

incorporating tension tolerance.  

Located in the heart of downtown Toronto, Ryerson 

University is home to a diverse community of 36,250 

undergraduate students including 5000 enrolled within 

the faculty of engineering and architectural science. 

Offering a dynamic blend of innovation and 

entrepreneurship, the career-focused education at 

Ryerson engineering is to inspire students to make a 

difference in the future of the industry. Ryerson Civil 

Engineering Department has been the cradle of many 

cutting edge research works in concrete materials and 

high modulus concrete.  

Ryerson Concrete Canoe has been taking part in the 

Canadian National Concrete Canoe Competition 

(CNCCC) since its early days. The team has utilized 

various concrete mixes and construction techniques 

leading to outstanding results including the 2nd place 

at CNCCC 2005. Ryerson Canoe team had a rebirth in 

2013 when half-a-dozen students managed to build a 

canoe after 3 years of absence at CNCCC, which had 

made a gap in the knowledge and experience trail of the 

team. After being awarded with the Tank Canoe Award 

at CNCCC 2013 as a spectator, the members were 

motivated to start a new foundation and reintroduce 

longevity into the team. In 2014, Ryerson officially 

started to participate in the national competition with 

Simurgh, placing 11th overall.  

This year, Ryerson unveils Dymaxion, a dynamic 

improvement from Simurgh, and a leap forward in 

design and construction of the Ryerson canoes. 

Referring to Simurgh’s mix design prompted 

improvements in the concrete used in Dymaxion to 

eliminate redundancy and overdesign of concrete 

layers and strength. Dymaxion was built as a 

composite, with two 5 mm concrete layers reinforced 

with a fiberglass mesh in between. The team used 

lightweight aggregates such as Poraver and 

supplementary cementing materials including Fly Ash 

Type F to achieve the desired balance of lightweight 

and durable concrete, while maintaining the 

workability to trowel-apply the mix. The mix design 

was complimented by using PVA fibers which 

increased the flexibility of the concrete and reduced 

cracking.  

The hull design was improved by reducing the length 

based on paddlers’ feedback regarding performance of 

Simurgh in races. Two-dimensional beam analysis 

conducted on the hull design was used to determine the 

minimum required strength.  Safety and sustainability 

were the cornerstones of Dymaxion‘s construction. Full 

use of safety equipment was enforced and the 

management had designated a member as the safety 

officer. The material used to fabricate the mold was 

mainly reused and modified from the previous year and 

any new material was obtained with sustainability in 

mind. Quality Control (QC) was improved this year by 

using depth gauges to maintain a uniform thickness and 

facilitate finishing.  

Ryerson’s Dymaxion was constructed by focusing on 

building more with less. Its overall characteristics are 

summarized in Tables 1 and 2. Consequently, the 2015 

Ryerson Concrete Canoe Team has reflected the 

unparalleled sustainable and innovative concepts 

attached to its canoe name, Dymaxion. 

Table 1 - Overall Dimensions 

 

Table 2: Dymaxion Concrete Properties 

 

 

  

Dymaxion Dimensions 

Maximum Length (mm) 5,715 

Maximum Width (mm) 772 

Maximum Depth (mm) 381 

Average Thickness(mm) 10 

Overall Weight, (kg) 101 

Dymaxion Concrete Properties 

Wet (plastic) Density (Kg/m3) 1527.9 

Oven Dried Unit Weight(Kg/m3) 1487.8 

Compressive Strength (MPa) 32.0 

Tensile Strength (MPa) 5.0 

Composite Flexural Strength (MPa) 7.9 

Air Content (%) 3 
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The Management system was transformed in 

September 2014 based on the lessons learned in the 

past two years. The process was improved to facilitate 

work load distribution, efficient planning, and resource 

management. The team was divided into five divisions 

of mix design, construction, procurement, structural 

analysis, and aesthetics to determine the number of 

executive members. A Project Manager (PM) was 

assigned to oversee the entire project, plan, and allocate 

resources. Each division was directed by a team leader 

whom reported directly to the PM. All executive 

members were selected based on their strengths and 

technical experience gained in previous years. 

Additional junior members were recruited and assigned 

to sub-teams by evaluating their skills, interests and 

availability through an interview process conducted by 

the management team. Many new members were 

assigned to multiple teams which exposed them to a 

broader learning experience which significantly 

improved resource management. As shown in Figure 1, 

a total of 3100 person-hours were spent for the entire 

project to be completed. 

 

Figure 1 - Person-hour Allocation 

Bi-weekly coordination meetings were held to discuss 

task execution, potential challenges, and to determine 

required person-hours and material resources. In 

addition, quality control checklists were produced for 

the planned work to minimize deficiencies and improve 

final product quality. To minimize loss of time, 

potential risks were identified and rated by their 

severity and probability of occurrence to determine 

which tasks require buffer time and additional 

resources. 

A preliminary schedule was produced in September 

2014, in comparison with team’s performance in 

preceding years. A critical path was identified starting 

with hull design followed by structural analysis, form 

preparation, mix design and casting. Milestones were 

set for these time consuming tasks and the main 

objective was to complete casting of the canoe well 

ahead of time to allow two months for curing and 

display construction.  

Tasks 
2013 - 2014 2014 - 2015 

Completion Date Planned date Actual Date 

Hull Design 1/15/2014 11/30/2015 11/30/2015 
Mix Design Selection 1/15/2014 1/15/2015 1/30/2015 
Form Preparation 3/8/2014 1/15/2015 2/10/2015 
Casting 4/5/2014 2/16/2015 2/16/2015 
Curing 4/15/2014 3/9/2015 3/9/2015 

Table 3 - Milestone Dates Comparison 

The procurement team had maintained great relations 

with many corporate sponsors attracted in local events 

and competitions last year. This helped the team to 

obtain a significant portion of materials such as 

Extruded Polystyrene foam blocks, Supplementary 

Cementing Materials and Admixtures through 

partnership packages prior to budget allocation in early 

October. Consequently, the material cost was reduced 

by 75% . (Appendix C). 

 

Figure 2 - Total Cost Comparison 

In addition, the team took advantage of all available 

resources at Ryerson to construct the form in-house. To 

increase efficiency and to facilitate job training, a work 

plan was distributed to members prior to each 

construction session advising members of the risks and   

hazards involved with each task. A safety officer was 

present to perform job briefings and to ensure all 

members were equipped with Personal Protective 

Equipment (PPE) and work was performed in 

compliance with health and safety guidelines.  
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The approach for the hull design was focused on 

improving the 2014 hull.  Simurgh, with a total length 

of 6.71 m and a mass of 126 kg, indicated great 

stability and tracking abilities in sprint races. 

However, manoeuvrability was undermined due to 

geometry of the design, which made it difficult to turn 

well around the buoys in endurance races. Simurgh 

was modelled in Carlson Design Hull Designer 

software as a baseline in order to apply modifications 

for increased manoeuvrability. 

Important parameters of naval architecture such as 

prismatic coefficient (Cp) and displacement to length 

(D/L) ratio were closely monitored to evaluate and 

optimize the performance of the hull. Prismatic 

coefficient (Cp) indicates the rate at which the shape 

of a hull changes along the length and determines how 

full or fine the ends are. This ultimately leads to an 

estimation of a wave-making resistance. The focus 

was to target a low ratio (<0.60) indicative of a hull 

with fine ends. The fine ends along with the 

asymmetrical design allow the canoe to slice through 

the water with lower wave-making resistant. The D/L 

ratio is a dimensionless measure categorizing hull type 

based on required power to reach hull speed. The range 

of D/L ratios below 100 was targeted to fall into the 

ultra -light boat class. 

 

Figure 3 - Hull Characteristics 

Multiple hull structures were modelled and analyzed 

considering the coed loading case with a displacement 

value of 435 kg including the mass of four paddlers 

and estimated mass of canoe.  

 

The optimum results were achieved for a hull with an 

overall length of 5.72 m, a 0.155 m rocker at the bow, 

and a 0.118 m rocker at the stern. Similar to Simurgh’s 

design, the center of gravity was shifted towards the 

stern by 0.30 m as shown in Figure 3. The value of Cp 

was calculated to be 0.50 and D/L ratio was calculated 

to be 63 resembling an ultra-light ocean racing boat. 

Table 4 summarizes the characteristics of Dymaxion’s 

hull. 

Table 4 - Hull Modifications 

To analyze Dymaxion structurally, the following three 

loading cases were considered; display load, two-male 

paddlers as well as two-male and two-female paddlers. 

The two-female paddlers’ case was deemed 

unnecessary to consider, due to lower weight of female 

paddlers. The loading case during the transportation is 

neglected due to sufficient support provided by 

surrounding foams in transport vehicle as well as 

relatively short distances of travel.  

The calculations were based on plain concrete and the 

effect of the fiber mesh as reinforcement was 

neglected. The self-weight of canoe was factored by a 

dead load factor of 1.25 and the mass of paddlers was 

factored by 1.5 live load factor according to NBC 

2010. Canoe was modelled as a U-beam with two pin 

supports at determined locations for paddlers.  The 

buoyancy force caused by the total weight of paddlers 

and self-weight of canoe was distributed as an upward 

load on the beam. This load was found to be 1.023 

kN/m for two-male paddlers and 1.574 kN/m for two-

male and two-female paddlers. Considering all of the 

above cases, the governing case was determined to be 

the two-male and two-female paddlers case as 

demonstrated in the Figure 4.  

   

Specification Simurgh Dymaxion 

Length (m) 6.71 5.72 

Beam (m) 0.762 0.772 

Depth (m) 0.38 0.38 

Bow Rocker  (m) NA 0.20 

Stern Rocker  (m) 0.13 0.13 

Waterline - Coed (m) 0.15 0.21 

3 



 

 

 

Figure 4 - Comparison of critical loading cases 

The moment and shear resistance calculations of the 

beam were carried out for 62 sections along the axial 

direction to account for distinct cross sectional 

properties of the canoe. Using AutoCAD, all sections 

and their properties such as area, moment of inertia 

and the location of neutral axis were determined.  

In flexural design, the moment resistance at each 

section was calculated in accordance to CSA A23.3-

04.  In one-way shear design, clause N22.6.6. CSA 

A23.3-04 was used for plain concrete shear resistance 

with non-rectangular cross-sections.  

A spreadsheet was developed to find the applied 

moment and shear at each section, and to compare 

values with moment resistance and one-way shear 

resistance of plain concrete to ensure failure 

prevention in all sections. The minimum achievable 

thickness was considered to be 10 mm. However, 

shear failure was found for locations of paddlers in 

sections with maximum applied shear and moment. 

Therefore, structural ribs were added to critical 

sections, leading to an increased thickness of 35.4 mm. 

Consequently, the moment and shear capacity of these 

sections were increased to meet the above criteria. 

Figure 5 demonstrates the increase in moment and 

shear resistant by adding structural ribs.  

 

Figure 5 - Comparison of reinforced and non-reinforced 

structure 

To analyze the effect of two-way shear (punching 

shear) on the concrete shear resistance, the formula in 

clause 22.6.6.2.2 was applied. Each paddlers’ weight 

was distributed on a 0.15m x 0.15 area of the canoe 

using the recycled foam blocks from the form. The 

applied punching shear (Vf) and punching shear 

resistant were calculated to be 2.92 kN and 4.28 kN. 

Respectively.  

 

Figure 6 - Comparison of Shear with and without Ribs 

The wall was modelled as a slab with a 10 mm 

thickness, and rib spacing of 0.457 mm. Based on the 

governing case, the hydrostatic pressure caused by 

water was calculated to be 2 kPa with the maximum 

water line of 0.205 m. 

Table 5 - Critical Loading Scenarios 

Case Vf (kN) Mf (kN) 

Display 1 1.48 

2-Male 2.18 1.92 

Male & Female 2.57 2.43 

Through above structural analysis, the design team 

used the compressive and flexural strength of 32 MPa 

and 2.5 MPa, respectively. The values were calculated 

using the formulae in clause 8.6.4 CSA A23.3-04 

based on the compressive strength. A higher value for 

flexural strength was expected due to the high content 

of fiber in the concrete mix as well as the effect of fiber 

mesh reinforcement. The actual value for flexural 

strength obtained from three point flexural test was 5.0 

MPa. This value increases the design safety factor 

which is believed to account for transportation and 

impact load. 
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The goal for this year’s mix design was to produce a 

light weight concrete that is characterized by its high 

flexibility and workability (ease of placement). The 

concrete must be flexible to allow the canoe endure the 

pressure from the water and the paddlers. Flexibility 

enables the stresses to be transferred from the concrete 

to the reinforcement (Fiberglass Fabric) so that the 

composite stores the largest amount of strain energy 

without being bitterly fractured.  

Last year’s team, Simurgh, depended on three different 

concrete layers: Engineered Cementitious Composite 

(ECC), Light Weight Concrete (LWC) and Abrasion 

Resistance Concrete layer. This year, the concrete 

development team designed one type of concrete mix 

that reconciled all required properties: light weight, 

strength, flexibility and workability. The reason for 

designing one mix uniting all properties was to 

reduce the time required for testing/casting and to 

decrease material waste caused by trial batches for 

each different layer. As a baseline, Simurgh’s mix 

design was considered for the initial trials. The 

materials used for ECC and LWC were essential to 

create the new mix design. The cementitious 

materials and silica sand were chosen from the ECC 

mix design, while the admixtures and light weight 

aggregates were chosen from LWC mix.  

Figure 7 and 8 compare the obtained test results from 

Dymaxion’s mix design with Simurgh’s ECC and 

LWC results. This year’s mix achieved values ranging 

between ECC and LWC, indicating successful 

combination of the strength of ECC and the light 

weight of LWC in one mix design.  

Figure 7 - Dymaxion vs. Simurgh  measured densities 

Figure 8 - Dymaxion vs. Simurgh 28 day compressive strength 

To achieve the required structural strength and mix 

properties, Dymaxion’s concrete design team chose 

the binding agent to be made up of three different 

cementitious ingredients. General purpose Portland 

Cement (PC) Type I (ASTM C150) was selected as 

one of the main cementitious ingredients. Two types 

of supplementary cementitious materials (SCMs), Fly 

Ash (FA) Type F (ASTM C618) and Silica Fume (SF) 

RHEOMAC SF 100 (ASTM C1240), were chosen to 

enhance the hardened concrete properties through 

their pozzolanic activities. SCMs react with the 

calcium hydroxide (CH) released by the hydration of 

PC. This reaction produces additional calcium silicate 

hydrate (CSH) which is the source of strength in the 

hardened concrete. FA’s fine and round particles 

increase workability of fresh concrete and enhance the 

impermeability of the hardened concrete .SF reduces 

material rebound during application of concrete 

providing stickiness to the mix. SCMs are 

characterized by their low specific gravity (2.2 to 2.8) 

compared to PC (3.15), which helps reduce the 

binder’s density.  FA type F was chosen rather than 

type C due to physical superiority. Type F has a higher 

performance quality with PVA fibers in terms of 

ductility and post cracking behavior. 

Aggregates 

A total of two different aggregate types were selected. 

Silica Sand (0.07- 0.30 mm) with specific gravity (SG) 

of 2.6 was chosen for its good grain size distribution 

enhancing the strength of matrix. While two different 

gradations of Poraver expanded glass (0.25-0.5mm 

and 0.5-1.0mm) with specific gravity of 0.7 and 0.5 

respectively were select to obtain a light weight 

concrete. 
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Chemical Admixtures 
High range water reducing admixture ADVA CAST 

575 (ASTM C494) was chosen to enhance strength 

development and workability while maintaining low 

water-cement (w/c) ratio. Introducing FA and SF to 

the mixture reduces the amount of entrapped air 

because of their fine particles. The air-entraining 

admixture DAREX AEA EH (ASTM C260) was used 

to obtain the required air percentage in the mixture, as 

well as to increase plasticity and workability. Finally, 

concrete rheology modifying admixture V-MAR 3 

Type S (ASTM C494) was used to enhance surface 

appearance and to reduce segregation and bleeding. 

This made the finishing process more time-efficient 

and less labour-intensive. 

 

Reinforcement Materials  

In order to obtain the required tensile and flexural 

strength for Dymaxion concrete mix, Ultra-High 

performance fiber NYCON-PVA RECS15 (ASTM 

C1116) was chosen. PVA fibers have high tensile and 

flexural strengths, at 1600 MPa and 40 GPa, 

respectively. They provide strong molecular bonding 

within the concrete. PVA fibers act as a multi-

dimensional reinforcement and reduce the formation 

of plastic shrinkage cracking. To provide the required 

reinforcement to the structure of the canoe, Fiberglass 

Fabric Style-8800 was used in between two layers of 

concrete with an average total thickness of 7 mm. The 

measured thickness of the Fiberglass fabric was 

~0.5mm < 50% of the canoe wall thickness thus 

deemed acceptable. The fabric has a percent open area 

(POA) value of 44.4, wrap breaking strength of 74.4 

kN/m and fill breaking strength of 78.8 kN/m. 

Final Mix Selection 

The team relied on implementing iterative mixing 

process in order to obtain the best mix design. The 

ratio of aggregates to binder, water to binder, fiber 

percentage and admixture dosages were compared. 

This was done according to the required final mix 

properties: strength, density, flexibility and 

workability. In total, fifteen (15) different mix designs 

were casted in 50-mm cube specimens. These were 

tested using a Compression Testing Machine (CTM) 

in accordance with ASTM C109. The compressive 

strength of the fifteen (15) mix designs varied between 

5.9 MPa and 32.0 MPa. ASTM C138 was followed to 

obtain the fresh densities of the mix designs which 

varied between 796.5 kg/m3 and 1803.7 kg/m3, and 

PVA fibers percentage varied between 1.0% and 1.9 

%. 

 

The first step in selecting Dymaxion mix design was 

to find the mix that meets the required strength, density 

and workability. Workability was visually inspected 

by applying the freshly mixed sample onto a plastic-

wrapped section to detect the mix’s ease of placing and 

finishing. Slump test was not considered as a measure 

of workability for Dymaxion’s mix design. This 

characteristic was addressed through adhesion quality 

and ease of application onto the male mold shown in 

Figure 9.  

 

 
Figure 9 - Testing workability of freshly mixed concrete 

Four (4) out of fifteen (15) tested mix designs were 

selected indicating all three required properties, 

strength, density and workability. Table 6 summarizes 

the properties of the top four (4) mix designs. 
Table 6 - Properties of top 4 mixes 

Mix # 

Compressive 

strength, MPa 
Fresh  

Density, 

Kg/m3 

Workability-

Ease of 

Placing & 

Finishing 7 days 
28 

days 

DYMAXION 20.2 32.0 1527.9 Ideal 

6 14.8 24.6 1622.8 Moderate  

 8 21.0 30.9 1695.7 Moderate 

 9 15.9 25.3 1686.2 Moderate 

 

After selecting the best four (4) mix designs, flexibility 

was tested. Samples were casted and tested according 

to the standard for testing flexural properties of thin-

section glass fiber reinforced concrete (ASTM C947-

03). The test was carried out using MTS FlexTest 

Station Manager for flexure test as shown in Figure 10. 

Table 7 summarizes the obtained deflection values of 

the four (4) mixes. 
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Figure 10 - ASTM C947-03 flexure strength test 

Table 7 - Top four mixes’ flexibilities 

Mix # Non-reinforced Deflection, mm 

DYMAXION 15.54 

6 14.88 

8 12.21 

9 10.27 

The selection of the final mix design was based on the 

limits provided by the structural design team. The 

minimum theoretical compressive strength was 24 

MPa, while the density was required to be lower than 

1700 kg/m3.  

As it is shown in Table 6, all four (4) mixes met the 

required minimum compressive strength and their 

fresh densities were lower than 1700 kg/m3. The 

selection of the final mix design was based on 

choosing the design with the highest flexibility, 

compressive strength and workability and the lowest 

density.  

Dymaxion met the required design criteria and was 

consequently selected. 1.9% of PVA fibers allowed 

the mix to obtain the highest flexural strength which 

was reflected by its deflection value (15.54 mm). The 

proportions of the cementitious material, (55% PC, 

37% FA and 8% SF) allowed Dymaxion to have a 

compressive strength (32.0 MPa) exceeding the 

minimum required strength (24 MPa). Also, the mix 

had a fresh density of 1527.9 kg/m3 < 1700 kg/m3.  

ADVA CAST 575 and DAREX AEA EH allowed the 

mix to obtain the highest workability, while keeping 

the water to binder ratio at 0.35.  

 

 
Figure 11 - 10 mm thick concrete layer centered by fiberglass 

fabric 

Fiberglass fabric provided higher flexural strength to 

the concrete. The ultimate flexural strength of the 

composite sample (concrete and fiberglass fabric) was 

7.9 MPa, as opposed to 5.0 MPa for non-reinforced 

sample (only concrete). The maximum deflection of 

non-reinforced concrete was 15.54 mm and it was 

17.59 mm for the composite concrete. 

 

 
Figure 12 - load vs. deflection for composite and non-reinforced 

concrete 

Innovation and Sustainability 

The incentive for this year’s design was maximum 

feasibility and sustainability. Selecting bi-products such as 

FA and SF allowed the team to produce environmentally-

friendly concrete. Also, a contribution to economic 

feasibility of the project was utilization of excess materials 

from the previous year. Preparation and batching of 

materials and aggregates prior to casting was another time-

efficient approach. 

 

 

  

-100

0

100

200

300

400

500

0 5 10 15 20

L
o

ad
 ,

M
P

a

Deflection, mm

Flexural Properties

Non-Reinforced Concrete

Composite Concrete

7 



 

 

Dymaxion’s construction team focused on using a 

combination of proven methods from the previous 

years and new innovative ideas to enhance quality and 

achieve outstanding results. The process was planned 

to significantly reduce the man-hours required to 

complete the canoe in comparison to the construction 

of Simurgh. The 4.5 month long construction period 

consisted of the following stages: form preparation, 

concrete placement, curing, and finishing. Safety was 

the number one priority throughout every stage of the 

work. 

 

Form Preparation  

Dymaxion was built using a male mold.  The 

procurement team chose to use extruded polystyrene 

due to its dense structure and the recyclable nature in 

compare to expanded polystyrene. A 3D model of the 

hull design was generated and the model was then cut 

into 76 sections of 3'' thickness each. The modification 

was made to the 12'' sections of Simurgh in order to 

improve the as-built conditions and get a smoother 

curvature in the form. 

Cutting the foam into precise 3'' pieces proved to be 

challenging due to unavailability of the CNC machines 

at the university during the scheduled time of form 

preparation. An innovative idea from a team member 

prevented the process from falling behind schedule. 

Our team designed a custom-built hot wire cutter to 

slice the required sections to accommodate for the 

large size of the foams. A stainless steel thin wire was 

attached to the wooden frame and connected to a 

power source; as the electric current runs in the wire, 

it heats up and slices through the Styrofoam. This tool 

was complimented by using cardboard pieces cut to 

the shape of each section in order to produce a clean 

cut. Value engineering the form preparation revealed 

that using the modified wire cutter would cut down the 

costs by 95% in comparison to the premium cost of 

using the CNC machine. 

 

 

 

 

 

Figure 13 - Foam cutting using hotwire 

Once the individual 3'' sections were cut they were 

precisely marked and a chalk line was used to locate a 

matching line on the work surface. The foam sections 

were then aligned and attached to each other using 

double-sided tape. The result was a smooth surface 

which was used as the form for Dymaxion.  

 

Figure 14 - Initial Foam Cutting 

In order to provide additional structural support to the 

canoe the structural design team recommended 

addition of ribs where the punching shear values were 

expected to be higher. The location of the ribs was 

chosen based on where the paddlers sit during the 

races. One inch deep ribs were grooved into the 

selected foam sections. The shape of the ribs follows 

the foam section's shape along a curve. 

During the development and testing process the 

concrete development team realized that the mock up 

samples revealed a strong bond between the extruded 

polystyrene foam and the casted concrete. This was a 

matter of concern since it would cause difficulties 

while removing the 

form from the cured 

concrete in addition to 

potential surface 

damage. Boat shrink 

wrap was introduced to 

the construction process 

to provide a separation 

between the hardened 

concrete and the foam 

and to eliminate drying 

of concrete once casted 

on the form.    
Figure 15 - Boat wrapping 
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Concrete Placement 

The construction team was instructed to target a 

thickness of 10 mm. This was a huge spring forward 

for the team considering the 25 mm thickness of 

Simurgh. The overall thickness was broken down into 

an initial 5 mm concrete layer, a reinforcing fiberglass 

mesh, and a final 5 mm concrete layer. The team had 

arranged for members to be distributed between the 

batch station and the casting station, each station 

supervised by a senior team member.  

Communication between the batch group and the 

casting group was a key factor throughout the day. It 

was crucial for the team to ensure the process is 

uninterrupted to eliminate any chance of getting cold 

joints between the layers of the concrete and to ensure 

a superior bond between the fiberglass mesh and the 

concrete. Hand trowels were used to place and finish 

the concrete. This provided a smooth final finish and 

eliminated any entrapped air voids within the layer. 

 

Figure 16 - Concrete Application 

Concrete Curing 

Close attention was paid to the curing process in order 

to ensure the concrete reaches the desired strengths 

achieved during the trials. The construction team used 

wet curing procedures to hydrate the canoe during the 

curing time. The team used wet burlap to cover the 

canoe; this was enclosed by poly to maintain the 

relative humidity at the desired levels. A similar 

approach was used for curing Simurgh, however a few 

members would need to return and rewet the burlap on 

a daily basis. The construction leader introduced an 

innovative solution to this redundancy by installing a 

custom-made irrigation system. The rate of flow was 

adjusted accordingly in order to keep a continuous 

supply of moisture inside the poly tent and eliminate 

the need for extra labor work. 

 

Figure 17 - Wet Curing Process 

Concrete Finishing 

Due to the high strength of the concrete mix, sanding 

the hardened concrete would have been a very labor-

intensive and time consuming step. As such the goal 

was to cast the canoe to the final thickness and ensure 

a relatively smooth surface while the concrete is still 

fresh. This approach greatly reduced the need for 

sanding. A minimal amount of sanding was done after 

the curing time to improve the surface finish. 

Afterwards the canoe was flipped and the form was 

separated from the concrete canoe. At this point 

bulkheads were cast, finished, and cured for 7 days 

following the same procedures. 

Safety, Sustainability and Innovation 

Our team was committed to implement safety, 

sustainability, and innovative measures throughout the 

entire project. During the risk assessment period it was 

determined that the construction team will be exposed 

to higher potential risks. As such the project 

management team took measures to ensure the 

designated safety officer was present for the 

construction work. Potential hazards were discussed 

before each activity and each member was provided 

with the safety wear including gloves, safety glasses, 

and masks in addition to their own safety shoes. 

Supervision was essential for all stages of construction 

and helped reduce mistakes, avoid injuries and save 

time.  

Environmental and economical sustainability was 

enforced by targeting the 3Rs principal: Reduce, 

Reuse, and Recycle. The project met the sustainability 

goals by reusing pieces of the form used for Simurgh. 

Construction team also used leftover cardboard 

obtained from the design workshop and followed the 

recycling procedures when disposing the material.  

The innovative use of the custom-built curing system 

reduced the ecological footprint by eliminating waste 

and being conscious of water usage. 
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ID ID Predecessors Task Name Duration Start Finish

1 1 1 Concrete Canoe Construction Project 2015 254 days Fri 8/15/14 Sat 4/25/15

2 2 1.1 Management & Scheduling  52 days Fri 8/15/14 Sun 10/5/14

3 3 1.1.1 Transition Meeting 1 day Fri 8/15/14 Fri 8/15/14

5 5 1.1.3 Engineering Expo/Fairs 1 day Mon 8/25/14 Mon 8/25/14

8 8 1.1.6 Start‐up Meeting 1 day Mon 9/1/14 Mon 9/1/14

4 4 1.1.2 Cost Estimation / Budget Proposal & Allocation 23 days Fri 9/5/14 Sat 9/27/14

7 7 1.1.5 New Member Recruitment 40 days Mon 8/25/14 Fri 10/3/14

6 6 1.1.4 Preliminary Schedule 7 days Mon 9/29/14 Sun 10/5/14

9 9 1.2 Hull Design 70 days Tue 9/30/14 Mon 12/8/14

10 10 1.2.1 2014 Canoe Hull Design Study & Research 27 days Tue 9/30/14 Sun 10/26/14

11 11 10 1.2.2 Hull Design Process 33 days Mon 10/27/14 Fri 11/28/14

12 12 11 1.2.3 Canoe Section Extraction 10 days Sat 11/29/14 Mon 12/8/14

13 13 11 1.3 Structural Analysis 30 days Mon 12/1/14 Tue 12/30/14

21 21 1.3.8 Buoyancy Calculation  2 days Mon 12/1/14 Tue 12/2/14

14 14 1.3.1 Optimizing the location of paddlers 2 days Wed 12/3/14 Thu 12/4/14

15 15 1.3.2 Modeling loading cases in SAP2000 4 days Fri 12/5/14 Mon 12/8/14

16 16 15 1.3.3 Identifying the governing loading case 1 day Tue 12/9/14 Tue 12/9/14

17 17 16 1.3.4 Moment of Inertia and Neutral axis calculations 5 days Wed 12/10/14 Sun 12/14/14

18 18 17 1.3.5 Moment and Shear Calculations 10 days Mon 12/15/14 Wed 12/24/14

19 19 18 1.3.6 Punching Shear and Shear resistance 2 days Thu 12/25/14 Fri 12/26/14

20 20 19 1.3.7 Wall design 4 days Sat 12/27/14 Tue 12/30/14

22 22 1.4 Concrete Development & Testing 168 days Mon 9/1/14 Sun 2/15/15

23 23 1.4.1 2014 Mix Design Study & Research 15 days Mon 9/1/14 Mon 9/15/14

24 24 23 1.4.2 Material Selection & Procurement 23 days Tue 9/16/14 Wed 10/8/14

27 27 1.4.5 Top 4 mix design selection  7 days Wed 10/29/14 Tue 11/4/14

25 25 1.4.3 Bi‐weekly meeting with advisor  79 days Thu 10/23/14 Fri 1/9/15

26 26 1.4.4 Weekly design mixing & Compression testing 86 days Thu 10/16/14 Fri 1/9/15

28 28 25 1.4.6 Flexural testing    16 days Sat 1/10/15 Sun 1/25/15

29 29 27,13 1.4.7 Final mix design selection 7 days Sat 1/24/15 Fri 1/30/15

30 30 29 1.4.8 Preparation for Casting Day 1 day Sun 2/15/15 Sun 2/15/15

31 31 1.5 Mold Construction 94 days Sat 11/15/14 Mon 2/16/15

38 38 1.5.7 Tools/ Boat Wrap/Foam procurement 10 days Sat 11/15/14 Mon 11/24/14

32 32 38 1.5.1 Hot knife construction  7 days Tue 11/25/14 Mon 12/1/14

33 33 12 1.5.2 Template Laser cut 10 days Tue 12/9/14 Thu 12/18/14

34 34 32,12,33 1.5.3 Foam cutting 20 days Fri 12/19/14 Wed 1/7/15

35 35 34 1.5.4 Mold Assembly 7 days Thu 1/8/15 Wed 1/14/15

37 37 35 1.5.6 Boat wrapping 3 days Thu 1/15/15 Sat 1/17/15

36 36 37 1.5.5 Curing System Construction  2 days Sun 2/15/15 Mon 2/16/15

39 39 37,29 1.6 Casting 33 days Tue 2/17/15 Sat 3/21/15

40 40 36 1.6.1 Curing 17 days Tue 2/17/15 Thu 3/5/15

41 41 40 1.6.2 Sanding 5 days Sun 3/8/15 Thu 3/12/15

42 42 1.6.3 Bulkhead casting 1 day Sat 3/14/15 Sat 3/14/15

43 43 42 1.6.4 Curing 7 days Sun 3/15/15 Sat 3/21/15

52 52 43 1.9 Finishing & Sanding 7 days Sun 3/22/15 Sat 3/28/15

53 53 1.9.1 Sanding ‐ Patching 7 days Sun 3/22/15 Sat 3/28/15

48 48 11,31,13,39 1.8 Academics 58 days Tue 2/17/15 Wed 4/15/15

49 49 1.8.1 Report Writing 43 days Tue 2/17/15 Tue 3/31/15

50 50 1.8.2 Engineer's Notebook 17 days Mon 3/16/15 Wed 4/1/15

51 51 49 1.8.3 Presentation 15 days Wed 4/1/15 Wed 4/15/15

44 44 52 1.7 Arts and Aesthetics 61 days Tue 2/24/15 Sat 4/25/15

45 45 1.7.1 Logo Design & Theme Selection  10 days Tue 2/24/15 Thu 3/5/15

47 47 45 1.7.3 Canoe Painting 9 days Tue 4/7/15 Wed 4/15/15

46 46 45 1.7.2 Display Construction  19 days Tue 4/7/15 Sat 4/25/15

25 17 8 30 21 13 4 26 18 9 31 22 16 7 29
, '14 Aug 4, '14 Sep 22, '14 Nov 10, '14 Dec 29, '14 Feb 16, '15 Apr 6, '15

Task

Split

Milestone

Summary

Project Summary

Group By Summary

Rolled Up Task

Rolled Up Milestone

Rolled Up Progress

External Tasks

External Milestone

Inactive Task

Inactive Milestone

Inactive Summary

Manual Task

Duration‐only

Manual Summary Rollup

Manual Summary

Start‐only

Finish‐only

Deadline

Progress

Manual Progress

Page 1

Project: Ryerson Concrete Canoe 
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Mixture ID: Structural Mix Design 
Proportions (Non 

SSD) 

Actual Batched 
Proportions 

Yielded  
Proportions 

YD Design Batch Size (m3):          0.005 

Cementitious Materials SG 
Amount 
(kg/m3) 

Volume 
(m3) 

Amount 
(kg) 

Volume 
(m3) 

Amount 
(kg/m3) 

Volume 
(m3) 

CM1 Portland Cement (I) 3.15 468.0 0.148 2.34 0.001 427.0 0.135 

CM2 Fly Ash Class (F) 2.53 315.0 0.124 1.58 0.001 287.4 0.113 

CM3 Silica Fume (RHEOMAC SF 100)  2.20 68.0 0.031 0.34 0.000 62.0 0.028 

Total Cementitious Materials:    851.0 0.303 4.26 0.002 776.5 0.28 

Fibers               

F1 Nycon-PVA RECS15 (8mm) 1.30 24.7 0.019 0.12 0.0001 22.5 0.017 

Total Fibers:    24.7 0.019 0.12 0.0001 22.5 0.017 

Aggregates               

A1 Silica Sand 
Abs: 
% 0.0 

2.60 341.3 0.131 1.71 0.001 311.41 0.120 

A2 Poraver 0.25-0.5 
Abs: 
% 21.0 

0.70 61.0 0.087 0.31 0.000 55.66 0.080 

A3 Poraver 0.5-1.0 
Abs: 
% 18.0 

0.50 55.3 0.111 0.28 0.001 50.46 0.101 

Total Aggregates:    457.6 0.329 2.29 0.002 417.52 0.30 

Water               

W1 Water for CM Hydration (W1a + W1b) 

1.00 

318.5 0.319 1.59 0.002 290.60 0.291 

  
W1a. Water from Admixtures 21.0 

  

0.11 

  

19.16 

  W1b.  Additional Water 297.5 1.49 271.44 

W2 Water for Aggregates, SSD  1.00 22.8 0.11 20.77 

Total Water (W1 + W2):    341.3 0.319 1.71 0.002 311.37 0.291 

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) 

Ad1 
High-range water-reducing, 
ADVA CAST 575  

Density 
: 

1.1 
Kg/L 

40.00 1500.00 8.42 63.80 0.042 1368.6 7.68 

Ad2 Air-entraining,DAREX AEA EH  
Density 

: 
1.02 
Kg/L 

6.00 1200.00 2.04 12.80 0.010 1094.9 1.86 

Ad3 Rheology-modifying,V-MAR 3  
Density 

: 
1.02 
Kg/L 

2.00 300.00 10.20 51.00 0.051 273.7 9.31 

Water from Admixtures (W1a):      21.00   0.11   19.16 

                

Cement-Cementitious Materials Ratio   0.55 0.55 0.55 

Water-Cementitious Materials Ratio   0.35 0.35 0.35 

Slump, Slump Flow, mm.    NA NA  NA 

M Mass of Concrete. Kg   1674.56 8.37 1527.89 

V Absolute Volume of Concrete, m3   0.97 0.01 0.88 

T Theorectical Density, kg/m3  = (M / V)    1727.2 1593.3 1727.2 

D Design Density, kg/m3   1674.6   

D Measured Density, kg/m3     1527.9 1527.9 

A Air Content, %  = [(T - D) / T x 100%]   3.0 4.1 11.5 

Y Yield, m3                                                  = (M / D)   1.0 1.10 1.0 

Ry Relative Yield                        = (Y / YD)       1.10   
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Table 1 - Bill of Material 

 

 

 

 

 

 

 

 

Material Quantity Unit Unit Cost Total Price Method 

Concrete 

Portland Cement 30.34 kg $           0.32 $9.71 Purchased 

Fly Ash Class F 20.22 kg $           0.15 $3.03 Donated 

RHEOMAC SF 100 4.42 Kg $           0.87 $3.85 Donated 

Silica Sand 22.18 Kg $           0.26 $5.77 Purchased 

Poraver 0.25-0.5 4.7 Kg $           1.54 $7.24 Purchased 

Poraver 0.5-1.0 3.58 Kg $           1.54 $5.51 Purchased 

ADVA CAST 575 0.83 L $           6.95 $5.77 Donated 

DAREX AEA EH 0.17 l $           1.07 $0.18 Donated 

V-MAR 3 0.66 L $           1.45 $0.96 Donated 

NYCON-PVA RECS15 0.91 L $         20.87 $18.99 Purchased 

NYCON-PVA RECS15 0.69 L $         20.87 $14.40 Donated 

Reinforcement 

Fiber mesh 10.87 m2 $           6.00 $65.22 Purchased 

Mold 

Extruded Polystyrene 5 EA $       169.74 $848.70 Donated 

Foam Sheet 3 EA $         23.33 $69.99 Purchased 

Boat Wrap 1 Roll $       179.99 $179.99 Donated 

Pressure Treated Lumber 4 EA $           6.97 $27.88 Purchased 

3M Adhesive Spray 4 EA $           9.99 $39.96 Purchased 

Water-based Contact Cement 2 EA $           9.47 $18.94 Purchased 

 

Construction 

Card Board 5 Bundle $         25.37 $126.85 Donated 

Laser Cut Machine 3.5 Hr $         20.00 $70.00 Purchased 

Hot knife 1 LS $         60.00 $60.00 Purchased 

Finishing 

Sanding Paper 1 PKG $         19.97 $19.97 Purchased 

Concrete Stain 3 EA $         27.98 $83.94 Purchased 

Concrete Sealer 2 EA $         27.98 $55.96 Purchased 

Total Production Cost    $1,183.73  

Donations    -$624.65  

Subtotal    $559.08  
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Moment Diagram

All the calculation is done base on plain concrete and 

the effect of fiber mesh as reinforcement is neglected.  

Therefore cracking moment is considered to calculate 

the moment resistant of the cross-section.  Dead load 

factor of 1.25 is used for the self-weight and the live 

load factor of 1.5 is used for paddler’s weight according 

to NBC 2010. 

Total force from buoyancy is taken equal to the 

downward apply forces to achieve an equilibrium. 

Total downward forces =1.25×1.029+1.5×(0.98×2)= 

4.23 kN 
4.23 kN

1.397 m2 = 3.025 kPa ×0.338m=1.023 kN/m 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Self-weight of Canoe: 105 kg=1.029 kN 

Paddler weight=100 kg=0.98kN 

Avg contacting area of canoe with water =1.397 m2 

Avg width of canoe =0.338 m  
I=346,214,819.4 mm4 (Extracted from AutoCAD) 

Vf=  2.18 kN 

Mf=1.92  kN.m 

Area of cross-section Under N.A= 7265 mm2 

f’c=31 Mpa (Compressive Test Result) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flexure analysis: 

Using the formula in clause 8.6.4 CSA A23.3-04 

modulus of rupture is calculated as follow: 

 fr = 0.6⅄√fc
′ →   fr = 0.6×0.75√31=2.5 Mpa 

Modification factored for concrete is taken as ⅄=0.75 

according to clause 8.6.5 CSA A23.3-04 

Note: This cross-section is location at one of the ribs. 

Mcr=
fr∗I

yt
=

2.5×3742214819.4

151.73
×10−6 = 6.16 kN. m >

1.92  OK 
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Shear Diagram

1.45m  1.16m 3.2 m 

1.023 kN/m 

0.98 kN 0.98 kN 
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One-way shear resistance analysis: 

Following the formula in clause N22.6.6. CSA A23.3-

04: 

Vr = 0.18⅄∅c√fc
′(

Ib

Q
) 

Q = 7265 ×246.3= 1789369.5 mm3 

b = Thicknss of the cross-section= 25.4 mm 

Vr = 0.18 × 0.75

× 0.65√31(
346,214,819.4 × 35.4 × 2

1789369.5   
)

× 10−3 = 6.7 kN > 2.18 kN  Ok 

 

Two -way Shear (Punching shear) resistant analysis: 

According to clause 22.6.6.2.2 the shear resistance shall 

be: 

Vr =
2

3
((1 +

2

Bc
)0.18⅄∅c√fc

′b0h)   But   Vr ≤
2

3
(0.37⅄∅c√fc

′ b0h)       

Location of paddler from front 1.45 m, width of canoe 

at this location 0.43 

Location of paddler from back 1.16 m, width of canoe 

at this location 0.49 

Spacing between Paddlers 3.2 

Tributary width = 
3.2

2
+ 1.45 = 1.75 + 1.45 = 3.2m        

Bc =
b2

b1
=

150

150
= 1 ,   b0 = 4 × (150 + 10) = 640 m 

h=10mm ( to consider the worst condition during the 

race) 

Vr =
2

3
((1 +

2

1
) 0.18 × 0.75 × 0.65√31 × 640 × 10) × 10−3 

= 6.25kN    

Vr ≤
2

3
(0.37 × 0.75 × 0.65 × √31 × 640 × 10) ×

10−3=4.28 kN 

→  Vr = 4.28 kN 

Vf =3.025 kPa×( 3200 × 430 − 6402) × 10−6m2 =
2.92 kN   

      Vf <     Vr → OK 

 

 

 

 

 

 

 

Wall analysis:  

The wall is modeled as a cantilever slab with beam 

(ribs) and analysis performed in 1m width for slab.  

Spacing between ribs = 0.457 

The waterline of canoe identifies the span of the 

cantilever beam =0.205 m  

Water hydrostatic pressure =ρgh =1 
kg

m3 ×9.8×0.205 

m=2.009 kPa 

2.009 kPa×0.457 m =0.918 kN/m  

 

 

  

Mf =
wl2

6
=

0.918×0.2052

6
= 0.0064 ×1.5=0.009 kN.m 

 

Vf =
wl

2
= 1.567 × 0.368 = 0.577  ×1.5 

=0.865 kN 

I=
b×h3

12
=

1000×103

12
= 83333.33 mm2 

Mcr=
fr×I

yt
=

2.5×83333.33

5
× 10−6 = 0.042  kN. m/m

10 mm 

1000 mm 

150 mm 

150mm 

430mm 

1750 mm 1450 mm 
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