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Mix Unit Weight (Wet) Unit Weight (Dry) Compressive Strength Modulus of Rupture Composite Flexural Strength

Structural 55.8 pcf 53.9 pcf 1,760 psi 500 psi 1,500 psi

Patch 59.1 pcf 58.9 pcf 1,570 psi 240 psi N/A



The Hoover Dam is an extraordinary engineering feat providing a wide array of benefits ranging from 
power generation to regional water supply management. The dam is ranked as one of America’s Seven 
Modern Civil Engineering Wonders by the American Society of Civil Engineers (U.S. Department of 
the Interior 2005). This National Historic Landmark embodies the essential traits of engineering: 
ingenuity, leadership, collaboration, and dedication. The University of Nevada, Reno embraced these 
traits throughout preparation for the 2013 National Concrete Canoe Competition (NCCC). This 
monumental achievement inspired the Nevada canoe team to design, construct, and compete with 
enthusiasm and diligence.  

The University of Nevada, established in 1874, moved from Elko to Reno in 1885, initially offering 
three different areas of study: mining, agriculture, and liberal arts. It now offers hundreds of degrees 
from ten colleges of varying disciplines. With enrollment reaching over 18,000 students in 2012, 420 
are registered in the Civil and Environmental Engineering department. The University is recognized 
for its exceptional engineering program and is currently expanding the Center for Civil Engineering 
Earthquake Research laboratory to be one of the largest earthquake simulation facilities in the United 
States (University of Nevada, Reno 2013). 

Nevada competed alongside seven other universities in the Mid-Pacific Conference (Mid-Pac). The 
University has a long-standing record of achievement at the conference and national competitions. 
Starting in 2006, the team placed second at Mid-Pac and sixth at the national level. The following year, 
the persistent team finished in third place at the NCCC. In 2008, Nevada captured the national title and 
has continued to rank in the top five nationally with Fusion (5th, 2009), Battle Born (2nd, 2010), Black 
Diamond (5th, 2011), and Ducimus (4th, 2012).  

The 2013 Nevada team completed the project efficiently by dividing management roles, reducing 
costs, and implementing innovative ideas in the construction process. The management team included 
two additional members, allowing for broader work allocation and enhanced productivity. Delegating 
tasks to managers ensured the completion of major milestones with minimal variance from the critical 
path. In order to increase sustainability, the team made it a priority to reduce spending and material 
waste. The team saved approximately $3,000 on form procurement by using recycled material from the 
previous year. In addition, another $1,000 was saved by eliminating the fabrication of fiberglass 
practice canoes. Construction managers also implemented innovative ideas, such as adding steel plates 
within the bulkheads to prevent the reinforcing cables from crossing. This process increased safety and 
reduced labor efforts during tendon application. Improvements in all aspects of the project allowed the 
team to produce a monumental canoe for the 2013 competition.  

Two concrete mixes fulfilled the required material properties (Table 1) while also maintaining 
sustainability with 100 percent recycled aggregates. The specifications (Table 2) represent a canoe 
designed to compete at both the conference and national competitions. With a high level of tenacity, 
perseverance, and accomplishment, the University of Nevada, Reno continues its long-standing 
achievements with DAMBITIOUS.  

 
Table 2: Canoe Specifications. 

Table 1: Concrete Properties. 

Color:  Blue, Purple, Green, Black, Orange Depth:             12.5 in.

Weight:                                           141 lb. Width:                27 in.

Length:                                    21 ft.  11 in. Thickness:         0.4 in.

Prestress 

1.5 in. Carbon Fiber Grid

0.06 in. dia. Steel Cable

Main

Specifications Reinforcement

0.25 in. Steel All Thread

0.5 in. Hardware Cloth
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Table 3: Major Milestone Variances. 

Milestone Variance Cause

Final Mix Selection 7 days Waiting on test results

Hull Design Completion 18 days Minor changes

Analysis Completion 7 days Inexperience

Canoe Casting 11 days Final mix selection

Canoe Finishing 10 days Time spent sanding



Project management focused on creating a clear and attainable project scope, budget, and schedule. 
The 2013 Nevada canoe team selected two project managers to enhance overall project success. 
Utilizing this shared leadership role, the project managers supervised five different project divisions: 
hull design and structural analysis; mix design; construction; graphics; and safety. Experienced veteran 
managers led the divisions to ensure quality and timely completion of delegated tasks. A team of 18 
dedicated members (Page 2) designed and constructed DAMBITIOUS in a total of 3,250 man-hours. 
The distribution of man-hours throughout the project duration is illustrated in Figure 1. 

The management team placed the safety of team members as the top priority throughout the project. In 
August, the safety officer met with all managers to discuss safe practices within the laboratory. 
Personal Protective Equipment (PPE) such as safety glasses, latex gloves, dust masks, and respirators 
allowed the team to perform safe practices during all 
construction and mix design activities. Veteran members 
demonstrated correct power tool use and presented the Job 
Safety Analysis (JSA) and Material Safety Data Sheets 
(MSDS) to all members. The project managers worked 
closely with the University’s Environmental Health and 
Safety (EH&S) organization to comply with laboratory 
safety standards. To ensure safe working conditions the 
team successfully passed air particle and noise control 
tests throughout the mixing and constructing processes. 

Quality assurance and quality control measures implemented during mix design and construction 
enabled the team to monitor and confirm quality project task completion. Managers implemented 
quality assurance during canoe casting by using marked zip ties as depth gauges to verify that team 
members packed concrete to the appropriate hull thickness. Team members also conducted essential 
quality control testing such as a sieve analysis (ASTM C136-06) to confirm the manufacturer’s 
reported aggregate diameters. For additional quality control, the team verified material strengths by 
tensile testing the reinforcement used within the canoe.  

Successful fundraising efforts supported the financial needs of material procurement, construction, and 
project overhead. Project managers solicited local companies and raised $15,000 from industry 
sponsors. Construction and mix design divisions obtained material donations valued at approximately 
$5,900. The final project expenditures totaled $6,500, putting the project $1,000 under budget. The 
team promoted economic sustainability by reducing costs by 19 percent from last year’s budget. 

The project managers established a detailed project schedule for DAMBITIOUS (Page 9) to meet 
deadlines and complete the canoe within the specified time constraints. The team determined the 
critical path by identifying dependent tasks with the longest duration. The critical path included mix 
design, construction, and finishing. Five milestones were identified for the project: final mix selection, 
hull design completion, analysis completion, canoe casting, and canoe finishing (Table 3). Even after 
variances from the project schedule, the team successfully cast the canoe before winter break allowing 

it to cure before members returned for the spring 
semester. When the project variances affected the 
critical path, managers allocated additional team 
resources to recover time lost. By improving 
management strategies, safety procedures, and funding 
efforts, the team completed the project on schedule and 
under budget. 

Figure 1: Distribution of Manhours.
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Figure 2: Hull Design Cross Sections. 

a. Bow b. Middle c. Stern 



The hull design and analysis team engineered DAMBITIOUS to optimize race performance while 
conforming to the allowable stress limits. The hull is designed to maintain straight line speed and 
tracking without compromising maneuverability. To withstand the demands of competition, the 
analysis team implemented an allowable stress design methodology that considered multiple load 
cases, material properties, and the benefits of a longitudinal prestress system.   

The competition races demand sharp turns and sustained high speeds. These two aspects tend to be 
inversely proportional; therefore, the hull design team worked to design a canoe that balanced speed 
and maneuverability. To investigate the impact of design changes on speed and turning, the hull design 
team modeled past canoes in a unique Excel program called Aqua-holic developed by the 2008 Nevada 
team. Theoretical results based on submerged shape, length, and beam evaluated straight line speed. 
An empirical equation in the spreadsheet estimates the time required to complete 180-degree turns. 
Ducimus (UNRCC 2012) was selected as a preliminary hull design because it had the greatest top 
speed and the second fastest turning time compared to four previous Nevada canoes (Table 4).  

To improve race performance, the hull design team implemented two changes for DAMBITIOUS. First, 
the maximum beam was widened by 1 in. to increase stability. The slalom race incorporates seven 
abrupt turns; therefore, the team weighted stability with more importance than last year. Second, an 
additional 0.5 in. rocker in the bow enhanced maneuverability by reducing resistance to turning. As a 
result, the calculated turning time in Aqua-holic decreased by 0.1 sec. from Ducimus (Table 4). The 
team determined these changes would result in a canoe meeting the stability and maneuverability 
requirements of the slalom course.  

The team retained crucial design aspects of the 2012 
hull design to be a competitor in the sprint races. 
DAMBITIOUS is 21 ft. 11 in. long from bow to stern 
with a maximum beam of 27 in. The long and narrow 
shape increased the length-to-beam (L/B) ratio and is 
ideal for obtaining top speed. Figure 2 shows three 
different cross sections of DAMBITIOUS: bow (a), middle (b), and stern (c). The bow is parabolic 
shaped for three reasons: 1) to allow the beam to decrease rapidly, increasing acceleration; 2) to 
generate less wave drag; 3) to lower resistance to turning. The middle (Figure 2b) of the canoe 
illustrates a flat bottom allowing the canoe to sit higher in the water. Less submergence volume 
reduced water resistance in turns while the shape aided in stability and maneuverability. The stern 
(Figure 2c) included a sharp keel to maintain tracking in straightaways. With the finalized hull design 
for DAMBITIOUS, the team was confident the canoe would preserve top speed in the sprint races and 
maintain maneuverability in the slalom course. 

The analysis team designed DAMBITIOUS using an iterative process of determining required concrete 
properties and reducing tensile stresses using a longitudinal prestress system. The team modeled the 
canoe using two dimensional beam analysis to determine the force demands. A structural analysis 
spreadsheet, developed by the 2008 Nevada team, calculated cross section properties including area, 
moment of inertia, and centroid at 1 ft. stations along the length of the canoe. At each interval the 

spreadsheet solved for internal stresses due to applied loads 
and added the axial forces and applied moments from the 
prestressing system. The team compared these stress 
demands to the compressive strength and modulus of 
rupture of the concrete to develop required properties for 
the concrete mix.  

Table 4: Calculated 180-Degree Turn Time. 

Canoe Name Year
Calculated Turn Time 

Aqua-holic

Cerulean 2007 8.8 s

Argentum 2008 8.3 s

NCCC Design 2009-2011 6.3 s

Ducimus 2012 6.9 s

DAMBITIOUS 2013 6.8 s
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To satisfy equilibrium within the canoe, the forces and moments must sum to zero. The team evaluated 
paddler forces, canoe weight, and the buoyancy force to determine the net applied force. The buoyancy 
force was calculated based on an assumed horizontal water line and the submerged area at each cross 
section. The analysis spreadsheet iterated the waterline location until the resultant buoyancy force 
equaled the resultant paddler and canoe forces. Although this process satisfied vertical equilibrium, the 
Nevada team accounted for rotational affects due to unaligned forces causing a residual moment. This 
residual moment caused the canoe to sit at an angle in the water called the “pitching angle”. The 
pitching angle was iterated until the centroid of the buoyancy force coincided with the applied forces. 
This unique Nevada analysis method satisfied both vertical and rotational equilibrium.  

The analysis team modeled the canoe using two different support conditions to determine force 
demands. First, a simply supported beam represented the display and transportation of the canoe. For 
this scenario, the team considered the weight of the canoe in normal and inverted positions. Second, 
the distributed water load, determined from the input water line and pitching angle, ensured that the 
canoe satisfied equilibrium. The team applied 
conservative point loads of 200 lbs. for males and 
150 lbs. for females at two-paddler and four-paddler 
locations. Loads were evaluated at 3 ft. and 18 ft. from 
the bow for the two-paddler races, and at an additional 
9 ft. and 15 ft. for the four-paddler race. The team 
enveloped four loading combinations: simply 
supported, inversely simply supported, two-paddler, 
and four-paddler, to determine the greatest positive and 
negative moments. As shown in Figure 3, the two-
paddler case controlled negative bending and the 
simply supported controlled positive bending. 

To mitigate extreme tensile stress from bending, the 
team used longitudinal pretensioned steel tendons. In addition to the applied loads, the analysis team 
considered the axial forces and applied moments from the prestressed system as part of the demands on 
the concrete. The team calculated the resultant force to evaluate the net stress distribution on the 
canoe’s cross section, which determined the required tensile and compressive strength of the concrete. 

The analysis team calculated internal prestressing forces at each station using the geometry and jacking 
forces of the tendons. A conservative prestressing loss of 25 percent accounts for shrinkage, creep, 
elastic shortening, and steel relaxation as detailed in the American Association of State Highway and 
Transportation Officials (AASHTO) Bridge Design (2012) provisions. The geometry of the tendon 
paths (Figure 4) and jacking forces were optimized to reduce tensile stresses in the concrete. The 
allowable stress limits were set at 15 percent of the modulus of rupture and 75 percent of the 
compressive strength. In addition, to account for 
dynamic load magnification, analysis engineers 
applied a dynamic load factor of 1.25 to the loading 
cases (Paradis and Gendron 2006). Four transverse 
ribs provided rigidity within the canoe walls but were 
not considered in the analysis process. 

Analysis engineers concluded that the final longitudinal prestress design required 18 steel tendons 
jacked to 250 lbs. each. The minimal required material properties included a concrete compressive 
strength of 1,170 psi and a modulus of rupture of 275 psi. Between the conservative material property 
requirements and the longitudinal prestress system, the team was confident that DAMBITIOUS would 
withstand the stresses encountered during competition. 

Figure 4: Tendon Geometry. 

Figure 3: Moment Envelope. 
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Table 5: Cement Compressive Strengths. 

Portland Cement Type Compressive Strength

I (white) 1,760 psi

I/II (grey) 1,875 psi



Critical goals determined by the mix design team included developing lightweight concrete mixes with 
acceptable strength values, workability, and cohesive properties. In addition, the team focused on 
understanding the effects of the mix constituents and providing quantitative data to support the 
material selections. The mix design team created a lightweight structural mix with a unit weight of 
55.8 pcf and a compressive strength of 1,760 psi. A workable patch mix, developed for a smooth 
concrete finish, contributed to the lightweight canoe with a unit weight of 59.1 pcf. Multiple tests 
performed with varying fiber and cementitious material types, as well as an expansive cement additive, 
provided quantitative results to aid in the decision of which concrete mix constituents were most 
advantageous. Based on mix iterations throughout the development and testing stages, the team chose 
the optimum combination and proportion of materials to meet design requirements. 

As a baseline, the 2012 structural mix provided initial mix iterations for DAMBITIOUS. The baseline 
mix included a 28-day compressive strength of 1,900 psi (ASTM C39-12) and a low concrete unit 
weight of 58.8 pcf (ASTM C138-12). In addition, it incorporated a water/cementitious (w/cm) ratio of 
0.4 and a polyvinyl alcohol (PVA) fiber content of 0.87 percent by volume. Lightweight Poraver® 
Siscorsphere aggregates, ranging from 0.1 mm to 4 mm, contributed to a concrete density less than 
water. The cementitious materials consisted of 648.94 pcy, composed of 30 percent Type I white 
portland cement, 60 percent vitro calcium aluminosilicate (VCAS-8™), and 10 percent Komponent®, a 
Type K expansive cement additive, by weight. Initial testing of the baseline mix revealed a lack of 
cohesion and tensile strength, prompting the 2013 team to alter constituent proportions and test the 
effects of different materials. 

The mix design team began by individually testing Type I white portland cement and Type I/II grey 
portland cement to observe and record the different effects regarding strength. After recognizing 
negligible differences in the 28-day cement compressive strengths (ASTM C39M-12a) (Table 5), the 
team selected Type I white portland cement for its aesthetic appeal due to the white hue. Next, the 
team researched sustainable cementitious materials. Silica 
fume, a by-product of silicon metal production, provided 
greater compressive strength and stronger cohesive 
properties, but was quickly discarded because of the dark, 
undesirable pigment. For use as a primary cementitious 
material, the team tested VCAS-8™, a by-product of recycled glass, because of its low specific gravity 
of 2.6. The mixes incorporating VCAS-8™ yielded an average compressive strength of 1,900 psi and 
provided a desirable white color. Using the 2008 ASTM C157 standard, the team assessed the benefit 
of integrating the expansive cement additive, Komponent®, to help prevent shrinkage cracking and 
chemically prestress the canoe. In accordance with the standard, the team cast rectangular prism 
samples for unreinforced and reinforced concrete. After a 28-day curing period, the team measured the 
change in length. The lower net expansion of the reinforced sample compared to the unreinforced 
sample (Table 6) indicated a multi-axial chemical prestress in the reinforced concrete. The expansion 
in the concrete is restrained by the carbon fiber reinforcement, causing the concrete to develop internal 
compressive stresses to keep the composite in equilibrium. From the data collected, the team calculated 
640 psi of additional prestress force for DAMBITIOUS. Komponent® has a high specific gravity of 
3.10; therefore, the team limited its 
use to only 10 percent of the total 
cementitious material volume. 
Ultimately, the team chose to 
incorporate the same cementitious 
material blend as the baseline mix.

Table 6: Strength Results from Komponent® Additive. 

Sample
Change in 

Length

Difference in 

Length Change

Compressive Stress 

Within Concrete

Reinforced Concrete Prism 0.214 in.

Unreinforced Concrete Prism 0.227 in.
0.013 in. 640 psi
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Admixture Type Recommended Dosage Actual Dosage

ADVA Cast 575 HRWR 2-10 fl oz/cwt 45 fl oz/cwt

Daravair AT30 AEA 0.25-3 fl oz/cwt 12 fl oz/cwt

Rhoplex MC-1824R PMA N/A 90 fl oz/cwt

V-MAR F100 VMA 3-12 fl oz/cwt 35 fl oz/cwt

After determining the cementitious materials, the team began adjusting proportions of fibers and 
admixtures. The team tested two additional types of fibers; polyester and fibrillated polypropylene, to 
observe the effects on tensile strength. From the mix trials, polyester fibers presented problems with 
finishing due to the fiber stiffness. The fibrillated polypropylene fibers produced desirable results in 
conjunction with the PVA fibers, but proved difficult to procure. Considering the availability from 
previous years, the team opted to use the PVA fibers exclusively. Raising the fiber content from 
0.87 percent to 0.91 percent by volume increased tensile strength (ASTM C78M-10e1). Increasing the 
dosage of Daravair® AT30, an air-entraining admixture (AEA), contributed to a lighter concrete mix 
and higher air content (Table 7). Increasing the dosages of Rhoplex®, a polymer modifying admixture 

(PMA), and ADVA® Cast 575, a high-
range water reducer (HRWR), improved 
the workability that was lost with the 
added fibers. In addition, Rhoplex® 

assisted with air entrainment. Higher 
quantities of V-MAR® F100, a viscosity modifying admixture, rectified the cohesion issue of the 
structural mix for Ducimus. The team increased dosages beyond the recommended rates (Table 8) to 
meet the desired concrete properties. The manufacturer assured the team that the concrete would not be 
adversely affected by the increase in dosages. 

In order to achieve desirable characteristics 
of the 2013 patch mix, the team eliminated 
fibers, Komponent®, and the 0.5 mm to 
4.0 mm Poraver® Siscorsphere aggregates 
from the structural mix. The elimination of 
fibers allowed for a smoother more workable mix, while the omission of Komponent® helped reduce 
the overall unit weight. The use of only 0.1 mm to 0.5 mm aggregates effectively filled in surface 
voids. Increasing the dosage of the HRWR from the 2012 patch mix produced a more workable mix. 
The structural and patch mix data are presented in Appendix B. 

Results from testing confirmed that concrete and reinforcement strengths exceeded design 
recommendations. The non-composite beam test (ASTM C78M-10e1) provided a modulus of rupture 
of 225 psi greater than the structural analysis requirement (Table 9). To increase the tensile strength, 
the team incorporated a lightweight 1.5 in. by 1.5 in. carbon fiber grid with an ultimate strength of 
155 psi (ASTM D6637-11) and a percent open area (POA) value of 82.6. A composite beam test 
yielded a concrete flexural strength of 1,500 psi (ASTM C947-03 2009). The team then tested the 

ultimate tensile strength of the prestressing tendons 
(ASTM A370-12a), concluding that the ultimate 
strength exceeded the design requirements by 
230 lbs. for each tendon. 

To limit the economic and environmental effects of the project, the team incorporated multiple 
sustainability measures. Using excess material from last year for trial batches allowed members to 
receive hands on experience without the purchase of new materials, decreasing the team’s economic 
impact. Additionally, donations of cementitious materials saved the team over $400. The use of 
VCAS-8™ aided in minimizing the environmental effects because it reduces energy and produces 
lower emissions compared to cement manufacturing (Vitro Minerals 2005). DAMBITIOUS consists 
solely of a structural mix and a patch mix, eliminating two additional mixes from last year, reducing 
overall concrete waste. The development and testing stages allowed the team to produce a concrete that 
exceeds design requirements, has desirable properties, and gives the 2013 Nevada canoe team a 
competitive entry. 

Table 9: Required and Actual ConcreteProperties.
Property Analysis Requirements Actual Properties

Compressive Strength 1,170 psi 1,760 psi

Modulus of Rupture 275 psi 500 psi

Table 8: Admixture Dosages. 

Table 7: Fiber Content and AEA Dosage vs. Concrete Properties. 

Fiber Content 

(By Volume)

Daravair
Dosage

Modulus of 

Rupture
Unit Weight Air Content

0.87% 8 fl. oz. 450 psi 57.2 pcf 1.22%

0.91% 12 fl. oz 600 psi 55.8 pcf 5.02%
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Figure 5: Gunwale Shape. 



The construction of DAMBITIOUS included building the form, casting the canoe, and completing final 
aesthetics. Two managers oversaw the construction process to distribute the workload of the longest 
and most financially demanding division. The team used recycled material, implemented innovative 
ideas in the prestressing apparatus, and reduced unnecessary costs to complete the project and improve 
sustainability.  

The team evaluated economic, environmental, and social impacts throughout the project. Acquiring 
monetary and material donations from local engineering and non-engineering companies helped reduce 
economic imprints. To limit effects on the environment, the team worked with the University’s 
Environmental Health and Safety organization to safely dispose of excess harmful chemicals. For the 
first time, the team implemented steps to increase social sustainability by proposing a concrete canoe 
course offered at the University. The credit bearing course would focus on leadership positions, 
technical writing, testing, and public speaking. The team hopes to elevate members’ awareness of the 
increasingly important need to be economically, environmentally, and socially sustainable by 
implementing these practices throughout the construction phase.  

Construction began by fabricating a male mold using recycled 4 pcf polyurethane foam. Form 
preparation included gluing sheets of foam together and milling them with a multi-axis computer 
numerical control (CNC) machine to attain the precise hull shape. Through a combined donation of the 
foam and CNC services, the team saved approximately $5,500 of the construction budget. Using 
lighter density foam prompted the question of form strength. Grade screws and prestressing tendons 
apply a considerable amount of stresses on the form; therefore, the team took extra precautions by 
adding a single layer of fiberglass on top of the foam. The team cut four shallow grooves, equally 
spaced along the length of the canoe, for transverse ribs. For aesthetic purposes, a plastic 3/4 in. 
quarter round molding attached to the form created the desired gunwale shape (Figure 5). Last, the 
team applied several layers of Duratec® mold primer and mold 
release wax to facilitate removal of the canoe. The Design 
Drawing (Page 10) illustrates the final form layout used for 
DAMBITIOUS. 

To expedite the form removal process and prevent large 
stresses from being applied to the canoe walls, the team 
constructed an air release system. To allow air to flow between 
the form and the concrete, team members drilled two holes 
through the form at each transverse rib location. The 
construction team connected the eight air ducts using polyvinyl chloride (PVC) pipes shown in 
Figure 6. Introducing air into the system would provide enough pressure to release the canoe from the 
form.  

After completing form preparations, the team spent two weeks placing reinforcement. The 
reinforcement included transverse threaded steel rods, 
longitudinal prestressing steel tendons, carbon fiber grid, 
and galvanized steel hardware cloth. The transverse ribs 
reinforcement consisted of 3/16 in. dia. threaded steel 
rods bent to the shape of the form. Construction layout 
cut sheets provided the locations of the 1/16 in. 
prestressed tendons. Grade screws drilled into the form at 
1 ft. intervals doubled as depth control gauges and guides 
for the 18 prestressed tendon paths. The team 

Figure 6: Air Release System. 
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Figure 8: Addition of Steel 
Plates. 

tied strips of 1.5 in. by 1.5 in. carbon fiber grid in the transverse direction as opposed to the 
longitudinal direction from previous years. Running multiple strips helped the carbon fiber conform to 
the mold shape. At paddler locations, where increased stresses would be applied, the team added a 
second layer of reinforcement. By limiting the canoe walls to one layer of carbon fiber, the team saved 
20 sq. ft. of material. Kevlar spacers prevented the reinforcement from touching the form and were 
later removed after casting the canoe. To complete preparations for casting day, the team hand formed 
the bow and stern using 1/2 in. galvanized steel hardware cloth. Figure 7 shows the form and 
reinforcement in its final stage prior to concrete placement.  

The construction team established an innovative technique to 
minimize risk due to the high prestressing forces in the tendons. 
In previous years, the construction team crossed and clamped 
tendons within the bulkheads which often led to the tendons 
fraying or breaking. After collaborating, the construction team 
developed a method to hold the tension in the tendons while 
decreasing the risk of rupture. The team used 1/16 in. thick steel 
plates to act as an anchor for the tendons and eliminate the need 
to cross them within the bulkheads (Figure 8). This new  
technique proved successful because zero tendons broke or frayed 
during the prestressing process. Keeping the tendons separated 
increased safety and reduced the need for excess material.  

The team pre-weighed mix materials to ensure accuracy and consistency 
through the fast paced casting process. Throughout casting, team members 
hand-packed the concrete above and beneath the reinforcement. PVC 
pipes, used as rollers, aided in the consolidation of the concrete. As a 
quality assurance measure, managers checked the desired concrete depth 
frequently using zip ties marked at 0.4 in. Following casting, the managers 
hand watered the canoe six times per day for the first week. Thereafter, the 
team employed an automated watering system consisting of perforated 
PVC pipes that ran multiple times each day. Compared to hand watering 
this method conserved 0.5 gal. of water per session, and the team saved 
time and money by reusing the system from last year.  

Following the 28-day curing time, many instruments such as work lights, 
wood blocks, and a gunwale template aided in the sanding process. The 
construction team focused shop lights along the length of the canoe to 
locate high and low spots, emulating an auto body shop technique. Long 
2 in. by 4 in. wood sanding blocks helped reduce irregularities and prevent 

waves from forming in the concrete. A modified sanding block helped to shape the gunwale for 
aesthetic appeal. By progressively increasing the grit of sand paper from 80 to 600, the team achieved 
a smooth concrete finish. 

The team concentrated on aesthetics after reaching the desired concrete finish. Members used non-
toxic, eco-friendly stains because of their ultra-low Volatile Organic Compound (VOC) content. The 
team applied graphics to the concrete surface with stencils and an air brush. Two coats of sealer 
preserved the graphics and concrete while providing a smooth final layer. Then the construction 
members buffed the sealer with 1,200 grit sandpaper for a mirror like finish. The canoe graphics depict 
both the Hoover Dam and the Mike O’Callaghan-Pat Tillman Memorial Bridge to represent the same 
dedication, collaboration, ingenuity, and leadership that was required to complete the monuments. 

Figure 7: Final Preparation for 
Canoe Casting. 
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YD

SG
Amount

(lb/yd3)

Volume

(ft3)

Amount

(lb)

Volume

(ft3)

Amount

(lb/yd3)

Volume

(ft3)

CM1 3.15 189.62 0.965 0.70 0.004 196.27 0.999

CM2 2.60 379.25 2.338 1.40 0.009 392.54 2.420

CM3 3.10 63.20 0.327 0.23 0.001 65.42 0.338

632.07 3.63 2.34 0.01 654.22 3.76

F1 1.30 9.94 0.123 0.04 0.00045 10.29 0.13

F2 1.30 9.94 0.123 0.04 0.00045 10.29 0.13

19.88 0.25 0.07 0.0009 20.58 0.25

A1 Poraver® Siscorspheres 0.1-0.3 mm Abs: 4% 0.90 73.61 1.311 0.27 0.005 76.19 1.36

A2 Poraver® Siscorspheres 0.25-0.5 mm Abs: 4% 0.75 92.01 1.966 0.34 0.007 95.23 2.03

A3 Poraver® Siscorsoheres 0.5-1.0 mm Abs: 4% 0.56 131.69 3.769 0.49 0.014 136.31 3.90

A4 Poraver® Siscorsoheres 1-2 mm Abs: 4% 0.44 112.46 4.096 0.42 0.015 116.40 4.24

A5 Poraver® Siscorsoheres 2-4 mm Abs: 4% 0.30 98.15 5.243 0.36 0.019 101.59 5.43

507.92 16.38 1.88 0.06 525.72 16.96

W1 252.83 4.052 0.94 0.015 261.69 4.194

51.41 0.19 53.21

201.42 0.75 208.48

W2 1.00 20.32 0.08 21.03

273.15 4.05 1.01 0.02 282.72 4.19

S1 1.12 18.42 0.264 0.07 0.001 19.07 0.273

S2 0.33 4.15 0.201 0.02 0.0007 4.29 0.208

22.57 0.47 0.08 0.002 23.359 0.481

Ad1 Rhoplex® M C-1834P Emulsion (PMA) 8.8 lb/gal 47.10 90.00 20.69 2.11 0.077 93.2 22.16

Ad2 GST 1200 GX 2.8 lb/gal 100.00 30.00 0.00 0.70 0.000 31.1 0.00

Ad3 ADVA® CAST 575 (HRWR) 8.9 lb/gal 40.00 45.00 11.87 1.05 0.044 46.6 12.71

Ad4 Daravair® AT30 (AEA) 8.6 lb/gal 5.00 12.00 4.84 0.28 0.018 12.4 5.19

Ad5 V-MAR® F100 (VM A) 8.4 lb/gal 3.50 35.00 14.01 0.82 0.052 36.2 15.01

51.41 0.19 55.07

M

V

T

D

D

A

Y

Ry

0.300

0.40

0.00

Dosage

(fl oz/cwt)

Water in 

Admixture 

(lb/yd3)

Total Aggregates: 

Water

Water for CM Hydration (W1a + W1b)

W1a. Water from Admixtures

Design Proportions 

(Non SSD)

Actual Batched 

Proportions
Yielded  Proportions

Total Fibers: 

Aggregates

Total Cementitious Materials: 

Fibers

Nycon® PVA (6 mm)

Nycon® PVA (12 mm)

Mixture ID: DAMBITIOUS Structural Mixture

0.1Design Batch Size (ft3):         

Cementitious Materials

Type I White Portland Cement

VCAS-8™

Komponent®

0.966

270.097

5.02 5.02

55.8 55.8

Yield, ft 3                                                  = (M / D)

Measured Density, lb/ft 3

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

Relative Yield                      = (Y / Y D ) 

8.24

27

Total Water (W1 + W2) : 

Rhoplex® M C-1834P Emulsion (PMA)

Water for Aggregates, SSD 

W1b.  Additional Water

Solids Content of Latex, Dyes and Admixtures in Powder Form

1.00

Theoretical Density, lb/ft 3   = (M / V) 

Design Density, lb/ft 3         =  (M / 27)

0.300

0.40

0.00Slump, Slump Flow, in . 

Water-Cementitious Materials Ratio

Cement-Cementitious Materials Ratio

1455.59

24.78

58.75

Mass of Concrete. lbs

Absolute Volume of Concrete, ft 3

53.91

GST 1200 GX

0.300

0.40

0.00

Water in 

Admixture 

(lb)

Amount

(fl oz)

Water from Admixtures (W1a) : 

Dosage

(fl oz/cwt)

Water in 

Admixture 

(lb/yd3)

Total Solids of Admixtures: 

Admixtures (including Pigments in Liquid Form)
% Solids

58.75

5.39

0.09

58.75

1506.60

25.64
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YD

SG
Amount

(lb/yd3)

Volume

(ft3)

Amount

(lb)

Volume

(ft3)

Amount

(lb/yd3)

Volume

(ft3)

CM1 3.15 204.96 1.043 0.76 0.004 206.83 1.052

CM2 2.60 435.55 2.685 1.61 0.010 439.53 2.709

640.51 3.73 2.37 0.01 646.36 3.76

A1 Poraver® Siscorspheres 0.1-0.3 mm Abs: 4% 0.90 362.88 6.462 1.34 0.024 366.19 6.52

A2 Poraver® Siscorspheres 0.25-0.5 mm Abs: 4% 0.75 279.13 5.964 1.03 0.022 281.68 6.02

642.01 12.43 2.38 0.05 647.87 12.54

W1 256.20 4.106 0.95 0.015 258.54 4.143

51.41 0.19 51.88

201.42 0.75 203.26

W2 1.00 25.68 0.10 25.91

281.88 4.11 1.04 0.02 284.46 4.14

S1 1.12 16.59 0.237 0.06 0.001 16.74 0.240

16.59 0.24 0.06 0.001 16.744 0.240

Ad1 Rhoplex® MC-1834P Emulsion (PMA) 8.8 lb/gal 47.10 80.00 18.64 1.90 0.069 80.7 18.81

Ad3 ADVA® CAST 575 (HRWR) 8.9 lb/gal 40.00 45.00 12.02 1.07 0.045 45.4 12.13

Ad4 Daravair® AT30 (AEA) 8.6 lb/gal 5.00 8.00 3.27 0.19 0.012 8.1 3.30

Ad5 V-MAR® F100 (VMA) 8.4 lb/gal 3.50 35.00 14.20 0.83 0.053 35.3 14.33

48.13 0.18 48.57

M

V

T

D

D

A

Y

Ry

77.14

5.86

0.08

77.14

1595.43

20.68

0.320

0.40

0.00

Water in 

Admixture 

(lb)

Amount

(fl oz)

Water from Admixtures (W1a) : 

Theoretical Density, lb/ft 3   = (M / V) 

Design Density, lb/ft 3         =  (M / 27)

0.320

0.40

0.00Slump, Slump Flow, in . 

Water-Cementitious Materials Ratio

Cement-Cementitious Materials Ratio

1581.00

20.50

77.14

Mass of Concrete. lbs

Absolute Volume of Concrete, ft 3

58.56

Total Water (W1 + W2) : 

Rhoplex® MC-1834P Emulsion (PMA)

Water for Aggregates, SSD 

W1b.  Additional Water

Solids Content of Latex, Dyes and Admixtures in Powder Form

1.00

Yield, ft 3                                                  = (M / D)

Measured Density, lb/ft 3

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

Relative Yield                      = (Y / YD ) 

24.09

27

0.991

270.099

23.39 23.39

59.09 59.09

Design Proportions 

(Non SSD)

Actual Batched 

Proportions
Yielded  Proportions

Aggregates

Total Cementitious Materials: 

Mixture ID: DAMBITIOUS Patch Mixture

0.1Design Batch Size (ft3):         

Cementitious Materials

Type I White Portland Cement

VCAS-8™

Total Aggregates: 

Water

Water for CM Hydration (W1a + W1b)

W1a. Water from Admixtures

0.320

0.40

0.00

Dosage

(fl oz/cwt)

Water in 

Admixture 

(lb/yd3)

Dosage

(fl oz/cwt)

Water in 

Admixture 

(lb/yd3)

Total Solids of Admixtures: 

Admixtures (including Pigments in Liquid Form)
% Solids
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Material Quantity Unit Cost Total Cost

Type I White Portland Cement 29.88 lb. $0.21/lb. $6.27

Komponent® 7.82 lb. $0.27/lb. $2.11

VCAS-8™ 60.48 lb. $0.76/lb. $45.97

Poraver® Siscorspheres (0.1-0.3 mm) 19.90 lb. $0.70/lb. $13.93

Poraver® Siscorspheres (0.25-0.5 mm) 19.80 lb. $0.70/lb. $13.86

Poraver® Siscorspheres (0.5-1 mm) 16.66 lb. $0.70/lb. $11.66

Poraver® Siscorspheres (1-2 mm) 14.28 lb. $0.70/lb. $10.00

Poraver® Siscorspheres (2-4 mm) 12.24 lb. $0.70/lb. $8.57

V-MAR® F100 (VMA) 36.20 fl. oz. $0.14/fl. oz. $5.07

ADVA® Cast 575 (HRWR) 49.30 fl. oz. $0.09/fl. oz. $4.44

Rhoplex® MC-1834P Emulsion (PMA) 95.60 fl. oz. $0.11/fl. oz. $10.52

Daravair®  AT30 (AEA) 11.46 fl. oz. $0.12/fl. oz. $1.38

GST 1200 GX Fiber Disperser 8.16 lb. $9.99/lb. $81.82

Nycon® PVA Fibers (6mm) 1.36 lb. $15.00/lb. $20.40

Nycon® PVA Fibers (12mm) 1.36 lb. $15.00/lb. $20.40

Polyurethane Foam 36 cu. ft. $24.70/cu. ft. $642.20

Form Mold, Complete Lump Sum $2,500.00 $2,500.00

Transverse Threaded Steel Rod 4 units $2.63/unit $10.52

CT 275 Carbon Fiber Grid 36.6 sq. ft. $4.71/sq. ft. $172.39

Hardware Cloth 6 sq. ft. $0.66/sq. ft. $3.96

Steel Cable 432 ft. $0.21/ft. $90.72

Ferrule and Stopper 20 units $1.24/unit $24.80

Steel Plate 14 units $0.80/unit $11.20

Tension Spring 18 units $15.00/unit $270.00

Spray Paint 1 unit $9.97/unit $9.97

Water Based Stain Lump Sum $100.00 $100.00

Sealer 82 fl. oz. $0.39/fl. oz. $31.98

$4,124.14Total Production Cost


