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EXECUTIVE SUMMARY   

Located in Los Angeles, California, the 

University of Southern California (USC) is a private 

university with about 6,600 engineers. Within the 

USC Viterbi School of Engineering, the Sonny 

Astani Department of Civil and Environmental 

Engineering is made up of 232 undergraduate 

students, 261 masters students, and 63 Ph.D. 

students. The USC Concrete Canoe Team attracts 

diverse students within this department—freshman 

to graduate student members with various emphases 

collaborate with one another. USC competes in the 

Pacific Southwest Conference (PSWC), and has 

improved from placing 12th in 2012 and 14th in 

2013 to placing 6th in 2014 with Discovery II. This 

year, the team seeks to continue this upward 

momentum with its 2015 concrete canoe, Jurassic. 

Jurassic is in reference to the famous film 

Jurassic Park, directed by Steven Spielberg. 

Spielberg was famously rejected from USC three 

consecutive times, though the university more 

recently awarded him an honorary degree for his 

continued public and financial support of our 

private institution. And so, Jurassic is named in 

commemoration of USC’s relation with Spielberg 

and the June release of the sequel to his iconic 

films, Jurassic World. 

TABLE 1: CANOE SPECIFICATIONS 

Name Jurassic 

Length 19 ft. 

Maximum Beam Width 27 in. 

Maximum Depth 14 in. 

Hull Thickness ½ in. 

Weight (estimated) 210 lb 

Reinforcement Fiberglass Grid 

Colors Red , yellow, orange, 

black, green, white, 

brown  
 

Fortunately for this year’s canoe team, last 

year marked an enormous improvement in 

performance, so most refinements were in the 

countless small details. The most major innovation 

was adding a project manager to the two existing 

concrete canoe captains. The project manager was 

responsible for much of the administrative work 

previously delegated to the two captains, namely: 

budget regulations, scheduling, and overall team 

communication. This helped the team greatly in 

coordinating efforts as well as the captains when 

ordering and being reimbursed for new supplies. 

TABLE 2: CONCRETE PROPERTIES 

Structural Mix 

28-Day Compressive Strength 2250 psi 

Unit Dry Weight 56.4 pcf 

Unit Wet Weight 61.9 pcf 

Patch Mix. 

28-Day Compressive Strength 1869 psi 

Unit Dry Weight 59.1 pcf 

Unit Wet Weight 64.6 pcf 
 

This year’s canoe team was aided greatly by 

last year’s installation of the USC Concrete Canoe 

Showcase - the online archiving and veritable 

information store for all past USC concrete canoes. 

This year was the first time it was used to its full 

extent given that the team finally had a successful 

year to build off of. This innovation provides 

invaluable inspiration for mix design, construction, 

and aesthetics. It streamlines the research process as 

well as offers new members a simple resource for 

exploring the detailed process behind past canoes 

and what they can expect to do in the upcoming 

year.  

Sustainability was also a continued focus for 

the team this year. As many materials as possible 

from previous years were repurposed and reused to 

construct the mixes, the display stands, and even the 

cutaway section for Jurassic 

With an improved leadership structure, 

dedicated members, and the drive for continued 

success, The University of Southern California’s 

student chapter of ASCE is proud to present 

Jurassic as its 2015 concrete canoe.  
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PROJECT MANAGEMENT 

USC’s Concrete Canoe team underwent 

structural changes last year, dividing the larger 

group into five smaller sub-teams: aesthetics, 

construction, mix design, structures, and paddling. 

Because of the marked success of last year, this 

year’s concrete canoe team had the advantage of a 

proven process, so only minor refinements were 

deemed necessary. Thus, the leaders this year 

decided to retain the same basic five-sub-team 

organizational structure. However, due to the many 

difficulties in time management and overall captain 

workload from the prior year, a project manager 

position was created in addition to the two captains. 

This position improved the team’s leadership 

structure and improved 

efficiency and organization. 

This resulted in an estimated 

16% reduction in man hours 

on the canoe (overall man 

hours shown in Fig. 1). The 

project manager’s primary 

function was to manage and 

order materials as well as 

oversee project completion. 

A constant flow of 

information between the three 

individuals was strictly kept, but the additional 

leader allowed each captain, as well as the project 

manager, to specialize in a specific part of the 

design and construction process. Further, the team 

ensured that a captain or project manager oversaw 

each design and construction process to maximize 

communication and ensure exceptional execution. 

TABLE 3: PROJECT MILESTONES 

Milestone Variance Reason 

Hull Design -1 week Prior captain’s assistance 

Foam  Mold 

Construction 

+1 week Communication difficulty 

with foam provider 

Canoe 

Casting 

None Excess time scheduled for 

mold prep 

Finishing None - 

 

Using prior experience, the project manager 

created the project schedule and critical path, which 

consisted of hull design completion, mold 

construction and refinement, casting, and finishing. 

The critical path was based on the minimum 

requirements to field a functional concrete canoe at 

the competition on time. The project manager set 

deadlines for each of these critical path activities, 

scheduled all other non-critical activities, and 

ensured that each aspect was executed to a high 

standard and on schedule. The team was therefore 

able to reach 96% of their major and minor 

deadlines, the only exception being the finalization 

of the exact paddlers at PSWC due to inconsistent 

attendance. 

The project manager 

was also accountable for the 

safety of all members. This 

included ensuring that every 

member was wearing the 

appropriate personal protective 

equipment during their tasks 

(i.e. life vest during paddling 

or heavy duty gloves and long 

sleeves while capping concrete 

test cylinders) and that every 

participant was properly 

debriefed in the MSDS 

information of chemicals and correct use of 

equipment.  

The team consulted with last year’s captain 

throughout the planning and construction phases of 

Jurassic to maintain quality assurance and control 

(QA/QC). By seeking his experienced judgment on 

many problems encountered, this year’s canoe 

captains were more confident with each decision. 

Additionally, this helped maintain company 

contacts, streamlining the purchase process and 

enabling crucial discounts. The team also decided to 

personally cut the expanded polystyrene (EPS) 

foam female mold for the canoe, which saved over 

$500. Ultimately, these and other material and 

financial advantages saved the concrete canoe team 

approximately $1600, helping to stay well under the 

initially determined budget of $3500. 

Figure 1: Distribution of person-hours. 
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HULL DESIGN 

Last year’s canoe, DiSCovery II, performed 

very well in the paddling portions of the 

competition in comparison to previous years. In 

particular, DiSCovery II travelled extremely fast in 

the straight portions of the races, allowing the 

paddlers to quickly build up and maintain speed. 

However, it was difficult to turn the canoe due to 

the minimal amount of rocker designed in the hull; 

video analysis of last year’s races determined that 

the turns took as long as 30 seconds to complete – 

up to 33% of the sprint race times. In order to 

rectify the limited maneuverability while 

maintaining the high speed potential, the height of 

the rocker was increased from 3 inches to 4 inches 

at the bow and the rocker shape was changed from a 

line to a circular arc on both the bow and stern 

(figure 3). Because the team had limited ability to 

test different hull designs, iterative, year-to-year 

adjustments were selected in order to build off of 

previous successes while still experimenting with 

new approaches.  

Shortening the canoe to reduce its overall 

weight as well as increase maneuverability was 

initially also considered, but further investigation 

revealed the higher length to width ratio was a key 

contributor to DiSCovery II’s success, especially 

regarding its straightaway speed. The slightly flared 

sides and rounded bottom of the canoe also felt 

comfortable to paddlers, and so the team retained 

the 27-inch width of last year’s canoe and the 

degree at which the sides were angled (figure 2). 

 Last year, the stability of the canoe 

decreased as we added more weight in the co-ed 

sprint race, which led to the consideration of 

flattening the rounded-arch bottom of the canoe, 

either by increasing the radius of curvature or 

changing the shape entirely. While both of these 

approaches would improve the stability of the 

canoe, they would also increase the wetted surface 

area of our hull, thereby raising the drag force from 

friction. An increased wetted surface area increases 

the drag, thereby slowing the canoe. Since the 

stability concerns only affected one of the five race 

events, it was determined that flattening the hull--

and as a result, increasing the wetted surface area 

and the drag force--would negate the efforts made 

to improve stability. Therefore, the structures team 

elected to retain a rounded bottom with a 30-inch 

radius, which coincided with the team’s long-term 

goal of small annual iterations. 

To ensure that Jurassic will pass the 

floatation test, the structures team also calculated 

the required amount of floatation for the canoe to 

float under the buoyancy test loading case, 

considering both buoyancy and gravitational 

distributed loads. Thus, a total of 1.56 cubic feet of 

expanded polystyrene foam was placed in the 

wedges of the bow and the stern to be absolutely 

certain of success. 

The Jurassic hull design was modeled in 

AutoCAD 2014, allowing the structures team to 

model the hull while still enabling quick and simple 

modifications via an online file sharing application. 

This also made it easier to complete structural 

calculations based on the modeled cross-sectional 

properties, some of which the team confirmed via 

hand calculations. The 3D model was most crucial, 

in the procurement of the shape and templates for 

the Styrofoam mold purchase. Being able to 

immediately, digitally, and accurately measure the 

dimensions of the mold in AutoCAD expedited the 

construction of the female mold. 

Figure 2 (left): Cross-

section of Jurassic at 

point of maximum beam 

width. 

Figure 3 (below): 

Elevation of Jurassic, 

with revised rocker. 
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STRUCTURAL ANALYSIS 

Utilizing two-dimensional structural 

analysis, the structures team modeled the canoe as a 

nineteen-foot-long beam with a uniform cross 

section equal to that of the canoe at its largest point. 

This design simplification allowed the team to 

assume a uniform weight distribution, resulting in 

uniform buoyancy forces. The team began the 

analysis of the hull by dividing the singular cross 

section into five smaller pieces, and determined the 

area and centroid of each piece. From there, the 

respective areas and centroids were used to 

calculate the total area and centroid of the entire 

cross section. 

 
Figure 4: Four (co-ed) paddler loading case. 

The team hand-calculated the maximum 

moment and shear for a total of seven modeled 

loading cases: simply supported, transportation, 

display, buoyancy test, two male paddlers, two 

female paddlers, and four co-ed paddlers (figure 4). 

As an overestimate, male paddlers were assumed to 

weigh 210 pounds, and female paddlers were 

assumed to weigh 170 pounds. Paddlers and stands 

are typically modeled as point loads, though the 

reaction created by the car display stand was 

modeled as a three-foot long distributed load 

instead due to its large contact area with the canoe. 

The team then plotted the maximum bending 

moment for each loading case on the same axes to 

visualize the effects of each scenario (figure 5). The 

team determined that the simply supported loading 

case resulted in the largest moment of 498.9 foot-

pounds, and would thus result in the largest tensile 

and compressive stress. However, this loading case 

was modeled for theoretical purposes only, as it 

would not occur during competition or handling. 

Therefore, the maximum loading case was 

determined to be the four-paddler case, with a 

maximum moment of 440 ft-lb at the middle two 

paddlers, resulting in a tensile stress of 79.19 psi 

and a compressive stress of 162.88 psi.  For this 

loading case, paddlers were assumed to sit at 4, 8, 

11, and 15 feet from the front of the canoe in a 

male-female-female-male order. The critical points 

with maximum moment were then determined to be 

eight feet from either end of the canoe.  

 
Figure 5: Bending moment diagrams for each loading case. 

The maximum moment and centroid were then used 

to design a concrete mix that was sufficiently strong 

in tension, compression, and shear force directions. 

When tested, the resulting mix had a strength of 

2250 psi in compression, which was significantly 

larger than the required strength of 162.88 psi.  

TABLE 4: STRESSES IN EACH LOADING CASE 

Loading Case V (psi) T (psi) C (psi) 

Simply Supported 30.45 89.76 184.67 

Display 24.16 32.72 15.91 

Swamp Test 4.20 3.78 7.79 

2 Male 35.26 31.92 65.46 

2 Female 28.54 25.76 52.42 

Co-Ed 46.40 79.19 162.88 
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DEVELOPMENT AND 

TESTING 

The calculated compressive strength 

requirement from the structural analysis team was 

162.88 psi. Thus, last year’s mix, which had an 

average 28-day compressive strength of 2250 psi, 

was more than strong enough to withstand the 

expected stresses during the competition with a 

safety factor of 13.81. So, similarly to the other 

aspects of the concrete canoe team, the mix design 

sub-team was fortunate to have last year’s mix 

design as a base of inspiration. As a result, the team 

worked to maintain the relative strength of this mix 

while optimizing its density, with the ultimate goal 

of achieving a structural mix with a lower specific 

weight. 

The team decided upon a specific weight 

goal of 62.0 pcf for the wet mix. This is due to the 

fact that the average temperature in Tucson in mid-

April (the week of the PSWC competition this year) 

is 80 degrees Fahrenheit (“Average Weather”), at 

which the specific weight of water is approximately 

62.22 pcf (“Water”). Thus, this goal gave the team a 

small but comfortable window of 0.22 pcf under the 

specific weight of water to allow the canoe to float 

above the surface even before considering the extra 

buoyancy from Styrofoam bulkheads and rubber 

insulation strips. Additionally, given the amount of 

structural mix that would be sanded down from the 

outside of the canoe and replaced with patch mix 

(with an inherently lesser specific weight given the 

increased concentration of larger Poravers and 

complete lack of cementitious ingredients), the 

concrete canoe would ultimately be even less dense 

than originally designed. 

Furthermore, the lift of the Portland cement 

requirement according to the rules this year allowed 

the design team a significant amount of flexibility in 

designing new mixes. Almost immediately after 

these rules were released, six mixes of various 

Portland proportions were designed, ranging from 

no Portland cement at all to 5% less Portland 

cement than was used last year. The conservative 

upper range of this testing was due to the fact that 

last year’s mix design team discovered that a 40:60 

Portland to VCAS ratio provided the highest 

compressive strength. The results for higher ratios 

were also available to the team due to last year’s 

team testing mix per the prior ratio requirements.  

As a continuation of the prior canoe team’s 

innovation, this year’s team used the more 

sustainable practice of implementing and testing 

(ASTM C39) 2”x4” test cylinders in order to 

conserve materials and testing four (rather than 

three) cylinders to make up for the slightly less 

reliable strength and density data. This was 

especially convenient because, given the leftover 

plastic cylinders from last year, the team did not 

need to purchase any more of these materials. 

Figure 6: One of the new scales to optimize mix construction 

In the spirit of sustainability, all of the mix 

ingredients used in last year’s design were 

integrated into this year’s mix as well. This 

included four sizes of Poravers, all of which are 

made from recycled materials and sold to us at a 

discount by the manufacturer. The VCAS 160 used 

is manufactured with sustainability in mind as well, 

as it consists of industrial by-products. It also 

replaces an equal amount of cement, serving both to 

conserve energy and reduce carbon dioxide 

emissions. The material also provides the final 

concrete mixture with a near-white color, making it 
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more desirable in regards to the final aesthetic 

product given the canoe’s light stain. 

For seven weeks of testing two designs per 

week, the team made at least two different mixes 

per experimental Portland: VCAS ratio that varied 

the ratios of other ingredients—primarily the four 

separate sizes of Poravers, but also admixtures, 

fibers, and glass bubbles. After the first four weeks 

of meetings (28 days), the team began removing the 

concrete cylinders from the first week from the 

plastic mold, weighing them for their specific 

weight, capping them on either end with melted 

sulfur, and measuring their compressive strength. 

Thus, from that point on, the team would split up 

into two groups. One half would mix the two new 

designs and put them in the plastic cylinder while 

the rest would remove, cap, and test the cylinders 

that had finished their 28-day curing cycle. This 

parallel division of labor cut down the weekly time 

for mix design meeting by approximately 35%. 

 

The design team realized they would not 

have enough glass bubble materials to use 

persistently for all of the test mixes and mixes 

during pour day - the initial stock would likely only 

last for three to four weeks of testing. They were 

faced with the decision to purchase more (this 

would cost $550 and last the team approximately 

three more years if they continued to be included in 

the mix design) or move on without the glass 

bubbles in the mix. The design team proceeded 

without ordering new glass bubbles due to the high 

expense and necessary delay even after ordering, 

and used the remaining stock to directly compare 

identical mixes both with and without glass bubbles. 

However, the eventual strength test and density 

results of these concrete cylinders without glass 

bubbles were ultimately 7% less strong in 

compressive strength and 5% more dense on 

average than those with glass bubbles. Based on 

these results, the mix design sub-team captains 

decided to order the glass bubbles, knowing it was a 

worthy investment for the next three years. This 

ingredient helped the team achieve their strength 

and density goals for the concrete mix design. 

Last year, the design team used a latex that 

worked very ineffectively. The purchase of the latex 

from a new but unreliable source likely contributed 

to the difficulty last year’s team encountered with 

consistency in terms of the concrete’s workability. 

Thus, this year’s team sought out an alternative 

latex source. After finding what they thought would 

be a suitable replacement, they saved a significant 

amount of money by purchasing a sample size of 

the product as per the representative’s suggestion. 

Since we did not require large volumes of the 

material, the rep provided a 5-gallon sample for 

free, which would easily fulfill the material 

requirements for the entire year. The new product, 

though identical in specific gravity and batch 

dosage, produced a much more consistent and 

workable mix, helping our construction team 

significantly on pour day. 

Although several of the mixes met the 

compressive strength requirements set by the 

structural team, none of them reached the 

designated density goal set forth at the beginning of 

the year. Only three of the mixes matched the 62.22 

pcf specific weight reached by last year’s structural 

mix, but these were an average of 18% less strong 

in compressive testing, and so the team decided last 

year’s mix was the best available mix design for 

Figure 7: PM performing QA/QC for each test mix 
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this year’s canoe as well, with the only major 

change being in the type of latex to improve 

workability. 

In testing of reinforcement schemes, our 

team focused on two options, a carbon fiber mesh 

and fiberglass mesh. These were tested by pouring 

concrete slabs, 6 inch x 24 inch x ½ inch, with 

reinforcement placed at a ⅛ inch depth from the top 

and bottom of the slab. Three slabs of each 

reinforcement were loaded until failure using a 

three point bending test done by a universal testing 

machine (figures 8 & 9). This method applies a 

point load in the center of the simply supported slab 

with span length of 20 inches to find the flexural 

strength of each of the reinforcements. The carbon 

fiber reinforcement had a strength of 1932 psi while 

the fiberglass had a strength of 1523 psi. Both of 

these values are sufficient for the expected loading 

cases, so the team made a decision based on 

flexibility and cost efficiency, and found the 

fiberglass to be superior in both cases, hence its use 

in the final product. 

Finally, the team invested in two small 

kitchen scales totaling $25 in order to disperse the 

manpower due to the 

problematically-small mix 

room. This allowed the team 

to split up into three groups in 

three separate areas when 

measuring the various 

ingredients. This innovation 

cut down on the time required 

to complete a single batch of 

concrete mixture by 

approximately 33% as well as 

provided a higher level of reliability and 

consistency in each mix, specifically during pour 

day, because the introduction of stations kept the 

entire process more organized. 

 The design team’s admixtures this year 

consisted of latex, water repellent, water reducer, 

and a shrinkage reducer used only in the patch mix. 

The latex was used because it greatly improved the 

workability of the final mix as well as slightly 

reduced moisture permeability due to pore size 

refinement (Almesfer and Ingham 2013). Water 

repellent decreased the likelihood of the physical 

mechanism of deicing salt deterioration in the 

presence of adverse weather conditions (“Salt and 

Deicer” 2015). The team included water reducer 

because it lowers the setting rate of the concrete – 

giving the team more time to place it – as well as 

increases workability (“Use of Water Reducers” 

2014). Shrinkage reducer, used only in the patch 

mix, reduces cracking from shrinkage during curing 

which is more likely in the patch mix due to the 

lack of fibers.

TABLE 5: ADMIXTURE DOSAGES 

Admixture Recommended 

dosage (fl. oz/cwt) 

Actual dosage 

(fl. oz/cwt) 

Reason for variance 

Styrofan 1186 Latex 120 219.20 Increased workability and better adhesion to vertical 

surfaces and contact paper 

Darapel Water Repellant 3.0-6.0 5.08 - 

Glenium 3030 Water Reducer 3.0-6.0 5.81 On high end to maximize workability given team’s 

hand-placing techniques 

MasterLife SRA 20  8.0-23.0 24.6 Short curing time and fibers not in patch mix 

Figure 9: 3-Point Slab Test Loading 

L=20 in 

Figure 8: 3-Point 

Loading Diagram 
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CONSTRUCTION 

 The construction team began the year by 

testing new mold removal techniques. Last year, 

contact paper was placed inside the female mold to 

prevent the adherence of the concrete to the mold. 

However, as the contact paper was required to 

overlap to ensure coverage of the mold’s entire 

surface, team captains noticed that these seams left 

light indentations in the exterior surface of the 

canoe. Therefore, this year, the construction team 

attempted to rectify this by testing various 

combinations of contact paper and Crisco above the 

drywall and polyurethane on the EPS foam mold. 

Ultimately, however, the team determined that the 

use of Crisco left a residue on the concrete surface 

and further decreased the quality of the final 

product. Thus, the team elected to retain the same 

method from last year but further sand the exterior 

of the canoe to attempt to remove the slight 

imperfections. 

 The construction team was also in charge of 

building the canoe mold. Seeing no major problems 

with the material comprising the previous year’s 

mold, the team elected to again hot-wire cut a 

female EPS foam mold. With the addition of the 

project manager position and the increased 

communication with past captains, the team was 

able to purchase 16 inch-by-16 inch foam blocks in 

12 and 24 inch long sections at a discounted rate 

from a previously-used vendor, saving the team 

approximately $550. The vendor also provided 

cross-sectional templates, a hot wire cutting system, 

specialized sandpaper and foam glue to replicate the 

hull design created by the structures team. After the 

mold was constructed, its curvature was sanded for 

further accuracy, and two coats of drywall mud and 

one coat of polyurethane was applied to ensure a 

smooth surface. The team then applied contact 

paper using spray adhesive, which minimized 

bubbling and allowed the contact paper to more 

closely hug the shape 

of the mold.  

Moreover, to 

improve upon last 

year, the team 

decided to create and 

implement a smaller-

scale pour day to 

familiarize new 

members with the 

work required and 

streamline the lengthy 

process. The team 

worked to repurpose a 

three foot wide 

section of the mold 

for Discovery II with fresh drywall and 

polyurethane in preparation for the event. Returning 

team members and newcomers alike mixed several 

buckets of lightweight structural mix and placed the 

full five layers of alternating concrete and 

reinforcement onto the female mold. The practice 

pour both cultivated interest in the design team by 

showing new members a small but tangible example 

of the casting process as well as gave members 

functional insight and practice into how the full-

scale pour day would proceed. This first pour day 

greatly improved the speed and smoothness of the 

final pour day when it came, as most participants 

had at least some experience in mixing as well as 

placing the concrete and reinforcement onto the 

mold. 

Figure 10: mold before hotwire cutting and during assembly. 

Figure 11: Team members sand 

the assembled mold to perfect its 

curvature and eliminate sectional 

inconsistencies. 
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 During the casting for Jurassic, members in 

attendance for the small-scale pour day were able to 

assist newcomers with measuring ingredients, dry 

mixing, wet mixing, and placing concrete and 

reinforcement. After mix ingredients were measured 

and combined, concrete was laid in the female mold 

in sequential layers of ½”, ¼”, and ½” thicknesses, 

using foam insulation strips and paint rollers to 

ensure uniformity throughout the hull. Between 

each concrete layer, the team laid down 18 inch 

wide strips of fiberglass reinforcement with a five 

inch overlap between strips to ensure the sufficient 

transfer of tensile forces.  

 The leadership 

team was also able to 

implement lessons 

learned from the 

small-scale pour day 

during the casting of 

Jurassic. They further 

expedited the casting 

process by creating 

stations placed 

throughout our 

construction area to 

measure various mix 

ingredients, as well specific locations for dry and 

wet mixing. This prevented overcrowding in the 

smaller lab space, and also ensured that the mix 

would be accurate, as each person or small group 

only focused on a few tasks or measurements. 

Individuals were able to rotate between tasks 

throughout the course of the day, providing 

everyone in attendance with comprehensive 

knowledge of each process. Moreover, an 

experienced member or captain was placed at each 

stage of the process to create a sustainable 

organizational structure by training underclassmen 

and developing future leaders. This prior experience 

and division of tasks and knowledgeable members 

allowed the team to shorten the time required for 

pour day by approximately 10% while ensuring the 

creation of a quality product. 

 Post-pour day, the canoe was wet cured for a 

week, re-using a humidifier and tarp structure from 

previous years. After a week, the team then began 

to patch and sand the interior, and build up 

consistent edges for the canoe hull. Twenty-eight 

days after pour day, the concrete was completely 

cured, and the team removed the canoe from the 

mold and began patching and sanding the exterior 

surface using up to an 800-grit sandpaper. Two 

coats of water-based concrete stain were applied to 

both the interior and exterior according to the 

graphic design created by the aesthetics team, and 

the lettering and two coats of sealant were applied 

to the exterior surface.  

 The construction team was also highly 

concerned with sustainability. They elected to reuse 

as many possible materials from last year, including 

Poravers, reinforcement, casting tools (paint rollers 

and insulation strips), and the humidifier and tarp 

structure for curing. Additionally, the mold from 

Discovery II was repurposed and recycled for 

practice and instructional use. Not only did this 

reduce the overall cost of canoe construction, but 

returning members were familiar with the use of 

such materials and were therefore able to teach 

newer members and help the captains with quality 

control. The canoe display stands and cutaway 

section are also primarily constructed out of 

recycled materials. The dinosaur egg stand is made 

of repurposed wood and recycled reinforcement and 

newspaper, and both the cutaway section and the 

car stand are constructed using the male cutouts of 

the canoe molds for both Jurassic and Discovery II. 

Again, this reduced the project’s overall cost as well 

as the team’s environmental impact. 

 

Figure 12: Placing concrete. 

Figure 13: Display 

stand assembly with 

recycled wood. 
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APPENDIX C – BILL OF MATERIALS 

Material Quantity Unit cost Total Price 

White Type I Portland Cement 37.3 lb $0.09/lb $3.36  

VCAS™ 160 56 lb $0.58/lb $32.48  

Poraver 56 lb $0.70/lb $39.20  

3M K1 Glass Bubbles 1.55 lb 10.60/lb $16.43  

Nycon PVA Fibers - 8 mm 0.62 lb $14.00/lb $8.68  

Styrene butadiene latex 3 lb $0.05/lb $0.15  

Darapel® Water Repellant 0.5 lb $22.26/lb $11.13  

Glenium 3030® HRWR 0.5 lb $13.04/lb $6.52  

Masterlife SRA 20® SRA 0.25 lb $19.76/lb $4.94  

Expanded Polystyrene Foam 68 ft³ Lump Sum $350.51  

Fiberglass mesh 120 ft² $0.62/ft² $81.74  

Dry Wall Joint Compound 3 lb $1.43/lb $4.29  

Contact Paper 122 ft² $0.21/ft² $26.16  

Water-Based Oil-Modified Polyurethane 2 lb $2.35/lb $4.70  

Rubber Insulation Strips 40 ft $0.18/ft $7.20  

Water Based Stain 80 oz $1.88/oz $150.40  

Sealer 3 qt $28.50/qt $85.50  

 

 

Total: $833.39  
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APPENDIX D – EXAMPLE STRUCTURAL CALCULATION 

Assumptions: 

- Buoyancy force and self-weight are uniformly 

distributed along the full length of the canoe 

- Paddlers are assumed to be point loads 

- Cross section is uniform throughout the canoe 

- Neglected reinforcement area and moduli ratio (𝑛) 

while calculating section properties 

Maximum Moment Calculations 

Assuming 210lb point loads 4’ from each end to model male paddlers and 210lb uniformly-distributed self-

weight 

Total downward force = paddlers + canoe =  420 lb + 210 lb = 630 lb 
Therefore, uniformly-distributed buoyance force is calculated as: 

630 𝑙𝑏

19 𝑓𝑡
 =  33.158 𝑙𝑏/𝑓𝑡 

Shear and moment diagrams, and calculated equations, min/max: 

 

Moment at Center = 33.155
𝑥

2

2

− 210(x − 4) − 11.05
𝑥

2

2

=  −157.51 𝑙𝑏 𝑓𝑡 

𝑀𝑜𝑚𝑒𝑛𝑡 𝑢𝑛𝑑𝑒𝑟 𝑝𝑎𝑑𝑑𝑙𝑒𝑟 = 33.155
𝑥

2

2

− 11.05
𝑥

2

2

= 176.84 𝑙𝑏 𝑓𝑡 

𝑆ℎ𝑒𝑎𝑟 𝑢𝑛𝑑𝑒𝑟 𝑝𝑎𝑑𝑑𝑙𝑒𝑟 = 33.155(4) − 11.05(4) − 210 = −121.58 𝑙𝑏 

Canoe Cross Section Properties 

The cross section was divided into five regions, 

minimized to 3 due to symmetry: the side walls, the 

chine curvature and the bottom curvature. Side walls are 

rectangular sections at an angle of two degrees: 

 

𝐴1 = 2 ∗ 𝐿 ∗ 𝑡 = 2 ∗ 8.4833 ∗ 0.5 = 8.4833 𝑖𝑛2 

�̅�1 = 14 − 𝐿 ∗ sin 𝜃 = 9.761 𝑖𝑛 𝑓𝑟𝑜𝑚 𝑏𝑜𝑡𝑡𝑜𝑚 

𝐼1 =
𝐿𝑡

12
∗ (𝐿2 𝑐𝑜𝑠2(2°) + 𝑡2 𝑠𝑖𝑛2(2°)) = 25.404 𝑖𝑛4 (𝑎𝑏𝑜𝑢𝑡 𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑 𝑜𝑓 𝑠𝑒𝑐𝑡𝑖𝑜𝑛) 
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Sections of middle curvature, which are arcs with a 4 inch radius and ½ inch thickness (note: 𝑦 = 𝑟 sin 𝜃): 

𝐴2 = 2 ∗ ∫ ∫ 𝑟
1.211

.0349

4

3.5

 𝑑𝑟 𝑑𝜃 = 4.41 𝑖𝑛2 

�̅�2 =
1

𝐴2
∫ 𝑦2𝑑𝐴 =

1

𝐴2
∫ ∫ 𝑟2

1.211

.0349

4

3.5

sin 𝜃 𝑑𝜃 𝑑𝑟 = 2.067 𝑖𝑛 (𝑓𝑟𝑜𝑚 𝑖𝑛𝑡𝑒𝑔𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑟𝑖𝑔𝑖𝑛) 

�̅�2 = 5.656 − 2.067 = 3.589 (𝑖𝑛 𝑓𝑟𝑜𝑚 𝑏𝑜𝑡𝑡𝑜𝑚) 

𝐼2 = ∫ 𝑦2𝑑𝐴 = ∫ ∫ 𝑟3
1.211

.0349

4

3.5

𝑠𝑖𝑛2𝜃 𝑑𝜃 𝑑𝑟 = 11.672 𝑖𝑛4 (𝑎𝑏𝑜𝑢𝑡 𝑐𝑟𝑒𝑎𝑡𝑒𝑑 𝑜𝑟𝑖𝑔𝑖𝑛) 

𝐼2 = 11.672 − 𝐴𝑑2 = 11.672 − (2.205 ∗ (2.067)2) = 2.251 𝑖𝑛4 (𝐴𝑏𝑜𝑢𝑡 𝐶𝑒𝑛𝑡𝑟𝑜𝑖𝑑) 

Section of bottom curvature, arc of radius 30 inches and ½ inch thickness: 

𝐴3 = ∫ ∫ 𝑟
1.931

1.21

30

29.5

 𝑑𝑟 𝑑𝜃 = 10.725 𝑖𝑛2 

�̅�3 =
1

𝐴3
∫ ∫ 𝑟2

1.931

1.21

30

29.5

sin 𝜃  𝑑𝑟 𝑑𝜃 = 29.11 𝑖𝑛 (𝑓𝑟𝑜𝑚 𝑐𝑟𝑒𝑎𝑡𝑒𝑑 𝑜𝑟𝑖𝑔𝑖𝑛) 

�̅�3 = 29.11 − 30 = .89 𝑖𝑛 (𝑓𝑟𝑜𝑚 𝑏𝑜𝑡𝑡𝑜𝑚) 

𝐼3 = ∫ 𝑦2𝑑𝐴 = ∫ ∫ 𝑟3
1.931

1.21

30

29.5

𝑠𝑖𝑛2𝜃 𝑑𝜃 𝑑𝑟 = 9092.18 𝑖𝑛4 

𝐼3 = 9092.18 − 𝐴𝑑2 = 9092.18 − (10.725 ∗ (30 − 0.89)2) = 3.900𝑖𝑛4 (𝐴𝑏𝑜𝑢𝑡 𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑)  

Finding Neutral Axis, neglecting reinforcement and moduli ratio (𝑛) 

∑ 𝐴 ∗ 𝑦 = = 10.725(𝑦 − .89) + 4.41(𝑦 − 3.589) + 8.488 ∗ (𝑦 − 9.756) = 0 

𝑦 = 4.58 𝑖𝑛 (𝑓𝑟𝑜𝑚 𝑏𝑜𝑡𝑡𝑜𝑚) 

Finding moments of inertia about neutral axis using parallel axis theorem. 

𝐼1 = 25.404 + 𝐴𝑑2 = 25.404 + (4.2416 ∗ (9.761 − 4.58)2) = 139.26 𝑖𝑛4 (𝐴𝑏𝑜𝑢𝑡 𝑁. 𝐴. ) 

𝐼2 = 2.251 + 𝐴𝑑2 = 2.251 + (2.205 ∗ (4.58 − 2.067)2) = 16.176 𝑖𝑛4 (𝐴𝑏𝑜𝑢𝑡 𝑁. 𝐴) 

𝐼3 = 3.900 + 𝐴𝑑2 = 3.900 + (10.725 ∗ (4.58 − 0.89)2) = 149.933 𝑖𝑛4 (𝐴𝑏𝑜𝑢𝑡 𝑁. 𝐴. ) 

𝐼 = 𝐼1 + 𝐼2 + 𝐼3 = 139.26 + 16.176 + 149.933 = 305.37 𝑖𝑛4 

To Find Q we need A and ybar of middle section only above N.A. 

𝐴2𝑢𝑝𝑝𝑒𝑟 = 2 ∗ ∫ ∫ 𝑟
.1432

.0349

4

3.5

 𝑑𝑟 𝑑𝜃 = .406 𝑖𝑛2 

�̅�2𝑢𝑝𝑝𝑒𝑟 =
1

𝐴2
∫ ∫ 𝑟2

.1432

.0349

4

3.5

sin 𝜃  𝑑𝜃 𝑑𝑟 = 0.334 𝑖𝑛 (𝑓𝑟𝑜𝑚 𝑐𝑟𝑒𝑎𝑡𝑒𝑑 𝑜𝑟𝑖𝑔𝑖𝑛) 

�̅�2𝑢𝑝𝑝𝑒𝑟 = 5.656 − .334 = 5.322 𝑖𝑛 (𝑓𝑟𝑜𝑚 𝑏𝑜𝑡𝑡𝑜𝑚) 

Q = first area moment above point of interest =  

∑ �̅� ∗ 𝐴 = �̅�1 ∗ 𝐴1 + �̅�2𝑢𝑝𝑝𝑒𝑟 ∗ 𝐴2𝑢𝑝𝑝𝑒𝑟 = (9.761 − 4.58) ∗ (8.488) + (5.322 − 4.58) ∗ (. 406) = 44.28 𝑖𝑛3 

Resulting internal stresses in canoe for the two male paddler loading case: 

𝜎 =
−𝑀𝑦

𝐼
=

−(176.84 ∗ 12) ∗ 9.42

305.37
= −65.46 𝑝𝑠𝑖 = 65.46 𝑝𝑠𝑖 (𝑖𝑛 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛) 

𝜏 =
𝑉𝑄

𝐼𝑡
=

121.58 ∗ 44.28

305.37 ∗ 0.5
= 35.26 𝑝𝑠𝑖 


