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Northern Arizona University – Polaris 

I, Chelsie Kekaula, 2016 NAU Concrete Canoe Captain, certify the following statements: 

 The construction and finishing of the canoe has been performed in complete compliance with the rules 

and regulations of the National Competition. 

 The registered participants at the Conference/National Competition are qualified student members and 

National Student Members of ASCE, and meet all of the eligibility requirements as specified in the rules 

and regulations of the National Competition. 

 The canoe has been completely built within the current academic year of the competition. 

 The team acknowledges that all Safety Data Sheets (SDS) have been read by the project management 

team. 

 The team acknowledges receipt of the Request for Information (RFI) Summary. 

 

Registered participants and corresponding ASCE National Member ID No. are listed in the tables below. 

 

 

 

 

 

 

 

 

A list of canoe and concrete parameters are provided in the tables below. 

 

 

 

By signing below, I certify that the aforementioned information is valid.  

 

 

Registered Male Participants 

Name 

ASCE National 

Member ID No.  

Connair, Ian 10598608 

Crimmins, Zachary 10597530 

Gutierrez, Brando 10596756 

Lipar, Brent 9857573 

McConnell, Colton 10399462 

Registered Female Participants 

Name 

ASCE National 

Member ID No.  

Boschetto, Gina 10156186 

Kekaula, Chelsie 10155517 

Melkesian, Emily 9851597 

Reilly, Paige 10594040 

Concrete Parameters 

Plastic Unit Weight 66.1 pcf 

Oven-Dry Unit Weight 59 pcf 

28-day Compressive Strength 1950 psi 

28-day Tensile Strength 190 psi 

28-day Composite Flexural Strength 1230 psi 

Air Content (%) 1.6% 

Canoe Parameters 

Maximum Length 252 in 

Maximum Width 27.0 in 

Maximum Depth 13.5 in 

Average Thickness 0.5 in 

Estimated Overall Weight 175 lbs. 
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Figure 1: Cutting Cross-Section with Hot Wire

 

Figure 2: Cutting Cross-Section with Hot Wire
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Figure 3: Gluing Sections Together 

  

Figure 4: Placing Wood in Cross-Section 
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Figure 5: Placing Joint Compound on Mold 

 

Figure 6: Applying Shrink-wrap to Mold Section 
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Figure 7: Completed Mold 

 

Figure 8: Applying Form Oil to Mold
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Figure 9: Placing Foam Bulkhead 

 

Figure 10: Applying Concrete 
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Figure 11: Post-Tensioning Placement on Bow Bulkhead 

 

Figure 12: Placing Concrete over Post-Tensioning 
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Figure 13: Placing Reinforcement on Stern Bulkhead 

 

Figure 14: Placing Reinforcing Mesh over Canoe
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Figure 15: Troweling Concrete 

 

Figure 16: Constructing Incubator over Canoe 
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Figure 17: Placing Concrete in Post-Tensioning Void 

 

Figure 18: Sanding Bow Bulkhead 
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Figure 19: Placing Lettering 

 

Figure 20: Applying Sealer
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Hull Thickness/Reinforcement 

𝑡𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 =  0.03025𝑖𝑛 (𝐷𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑒𝑑 𝑢𝑠𝑖𝑛𝑔 𝑔𝑙𝑎𝑠𝑠 𝑡𝑒𝑠𝑡 𝑝𝑒𝑟 2016 𝑁𝐶𝐶𝐶 𝑅𝑢𝑙𝑒𝑠 𝑎𝑛𝑑 𝑅𝑒𝑔𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑠)  

𝑡𝑝𝑜𝑠𝑡 𝑡𝑒𝑛𝑠𝑖𝑜𝑛𝑖𝑛𝑔 = 0.125𝑖𝑛 (0.0625𝑖𝑛 𝑤𝑖𝑟𝑒 𝑒𝑛𝑐𝑎𝑠𝑒𝑑 𝑖𝑛 0.125𝑖𝑛 𝑡𝑢𝑏𝑖𝑛𝑔)  

Scenario 1: Walls 

𝐻𝑢𝑙𝑙 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠: 0.5𝑖𝑛 

𝑅𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 (1 𝐿𝑎𝑦𝑒𝑟): 0.03025𝑛 ∗ 1 = 0.03025𝑖𝑛 

𝑃𝑜𝑠𝑡 𝑇𝑒𝑛𝑠𝑖𝑜𝑛𝑖𝑛𝑔 = 0.125𝑖𝑛 

𝑅𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =  
0.15525𝑖𝑛

0.50𝑖𝑛
∗ 100 = 31.05% < 50% 𝑚𝑎𝑥. 𝑶𝑲! 

Overlap Areas (Includes 4 inch overlap and layer at the top of the walls): 

𝐻𝑢𝑙𝑙 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠: 0.5𝑖𝑛 

𝑅𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 (3 𝐿𝑎𝑦𝑒𝑟𝑠): 0.03025𝑖𝑛 ∗ 3 = 0.09075𝑖𝑛 

𝑃𝑜𝑠𝑡 𝑇𝑒𝑛𝑠𝑖𝑜𝑛𝑖𝑛𝑔 = 0.125𝑖𝑛 

𝑅𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =  
0.21575𝑖𝑛

0.50𝑖𝑛
∗ 100 = 43.15% < 50% 𝑚𝑎𝑥. 𝑶𝑲! 

Scenario 2: Bulkheads 

𝐻𝑢𝑙𝑙 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠: 0.5𝑖𝑛 

𝑅𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 (1 𝐿𝑎𝑦𝑒𝑟): 0.03025𝑖𝑛 ∗ 1 = 0.03025𝑖𝑛 

𝑃𝑜𝑠𝑡 𝑇𝑒𝑛𝑠𝑖𝑜𝑛𝑖𝑛𝑔 = 0.125𝑖𝑛 

𝑅𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =  
0.15525𝑖𝑛

0.50𝑖𝑛
∗ 100 = 31.05% < 50% 𝑚𝑎𝑥. 𝑶𝑲! 

Scenario 3: Ribs 

𝐻𝑢𝑙𝑙 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠: 0.5𝑖𝑛 

𝑅𝑖𝑏 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠: 2.5𝑖𝑛 

𝑅𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 (2 𝐿𝑎𝑦𝑒𝑟𝑠): 0.03025𝑖𝑛 ∗ 2 = 0.0605𝑖𝑛 

𝑃𝑜𝑠𝑡 𝑇𝑒𝑛𝑠𝑖𝑜𝑛𝑖𝑛𝑔 = 0.125𝑖𝑛 

𝑅𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =  
0.1855𝑖𝑛

3.00𝑖𝑛
∗ 100 = 6.18% < 50% 𝑚𝑎𝑥. 𝑶𝑲! 

Scenario 4: Location of Post Tensioning Anchorage System in Bulkheads  

𝐻𝑢𝑙𝑙 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠: 2.10𝑖𝑛 

𝑅𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 (1 𝐿𝑎𝑦𝑒𝑟): 0.03025𝑖𝑛 ∗ 1 = 0.03025𝑖𝑛
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𝐵𝑒𝑎𝑟𝑖𝑛𝑔 𝑃𝑙𝑎𝑡𝑒𝑠 = 1𝑖𝑛 (𝐼𝑛𝑐𝑙𝑢𝑑𝑒𝑠 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑜𝑓 𝑝𝑜𝑠𝑡 𝑡𝑒𝑛𝑠𝑖𝑜𝑛𝑖𝑛𝑔) 

𝑅𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =  
1.03025𝑖𝑛

2.10𝑖𝑛
∗ 100 = 49.05% < 50% 𝑚𝑎𝑥. 𝑶𝑲! 
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Percent Open Area Calculations 

𝑛1  =  10 

𝑛2 = 10 

𝑡1 =  0.048𝑖𝑛 

𝑡2 =  0.085𝑖𝑛 

𝐴𝑝𝑒𝑟𝑡𝑢𝑟𝑒 𝐷𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 =  0.25𝑖𝑛 

 

𝑑1 = 𝑎𝑝𝑒𝑟𝑡𝑢𝑟𝑒 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 + 2 (
𝑡1

2
) = 0.25 + 2 (

0.048

2
) = 0.298𝑖𝑛 

𝑑2 = 𝑎𝑝𝑒𝑟𝑡𝑢𝑟𝑒 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 + 2 (
𝑡2

2
) =  0.25 + 2 (

0.085

2
) = 0.335𝑖𝑛 

𝐿𝑒𝑛𝑔𝑡ℎ𝑠𝑎𝑚𝑝𝑙𝑒 = 𝑛1𝑑1 = [(10) ∗ 0.298] = 2.98𝑖𝑛 

𝑊𝑖𝑑𝑡ℎ𝑠𝑎𝑚𝑝𝑙𝑒 = 𝑛2𝑑2 = [(10) ∗ 0.335] = 3.35𝑖𝑛 

∑𝐴𝑟𝑒𝑎𝑜𝑝𝑒𝑛 = 𝑛1𝑛2𝐴𝑟𝑒𝑎𝑜𝑝𝑒𝑛 = 10𝑥10𝑥0.0625 = 6.25𝑖𝑛2 

𝐴𝑟𝑒𝑎𝑡𝑜𝑡𝑎𝑙 = 𝐿𝑒𝑛𝑔𝑡ℎ𝑠𝑎𝑚𝑝𝑙𝑒𝑊𝑖𝑑𝑡ℎ𝑠𝑎𝑚𝑝𝑙𝑒 = 2.98𝑖𝑛 × 3.35𝑖𝑛 = 9.983𝑖𝑛2 

𝑃𝑂𝐴 =
∑𝐴𝑟𝑒𝑎𝑜𝑝𝑒𝑛

𝐴𝑟𝑒𝑎𝑡𝑜𝑡𝑎𝑙
𝑥100% =  

6.25

9.983
∗ 100% = 62.6% > 40% 𝑚𝑖𝑛. 𝑶𝑲!  
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Tab D- Material Technical Data Sheets 
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