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Executive Summary 

Layers of densely packed strata in central Nevada’s Shoshone Mountain range contain the fossilized 

remains of the region’s most prolific marine predator—the ichthyosaur. The species’ dynamic skeletal 

features, including a streamlined, smooth-skinned body and robust propulsive tail characterize a 

vertebrate more perfectly adapted to the aquatic environment than any predecessor. While years of ocean 

regression embedded these prehistoric reptiles within marine sediment, seismic fault patterns uplifted 

and exposed their legacy. The ichthyosaur and its earthen resting place accurately represents the vast 

strength and history behind University of Nevada, Reno’s 2014 Concrete Canoe Team. 

The University, located in the Great Basin, is home to 18,800 undergraduate students, 490 of whom 

comprise the dynamic Civil and Environmental Engineering Department. The University upholds its 

background in seismic research with the recent completion of the nation’s largest structures laboratory. 

This accomplishment has allowed the campus to maintain its status as a leading institution for large-

scale seismic testing, which contributes to an outstanding academic program.  

The Nevada Canoe Team participates in the competitive Mid-Pacific Conference, featuring a range of 

successful schools. The history of the team exemplifies a progressive evolution of technical design, 

resulting in exceptional performances in all areas. The team received national recognition after placing 

second overall with the 2013 model, Dambitious. Preceding designs include successive top five finishers: 

Ducimus (4th, 2012), Black Diamond (5th, 2011), and Battle Born (2nd, 2010). 

The 2014 team endeavored to uphold and improve this long-running performance. Managers developed 

an extensive documentation system by recording all procedures and complications as a reference for 

current and future team members. Consulting previous construction divisions prompted improvements 

to ensure the desired workability and surface finish of the structural mix design. The team performed 

extensive tests on materials to determine the minimum required fiber ratio for producing a smoother 

finish while maintaining the required flexural strength. The incorporation of a water-resistant admixture 

as well as recycled glass aggregates benefited 

the sustainability of the concrete. Properties 

of the final product’s concrete mix designs 

are shown in Table 1.  

The hull design team increased the efficiency 

of the canoe’s performance by adjusting the 

wetted surface area to reduce total drag. Two-dimensional beam analysis performed on the hull 

dimensions, with the consideration of the canoe’s orientation in the water, determined the required 

reinforcement layout. Consideration of previous construction difficulties improved form construction 

methods which lessened fabrication time by 50 man-hours. A form, sectioned in three parts, was prepared 

with a higher quality material. The design yielded a 

recyclable mold to aid the economic and sustainable 

aspects of the project. Depth gauges, functioning as 

a quality control improvement, minimized finishing 

time by accurately measuring concrete thickness. 

Table 2 depicts the dimensions and specifications of 

the final design.  

Nevada’s final product blends progressive ideas with 

a strong foundation to create a cohesive structure. As 

a result, the 2014 concrete canoe competition entry, 

Alluvium, has unparalleled innovation and durability, 

reflecting the ichthyosaur’s vast history contained within the region’s fossil-bearing strata.  

Table 1: Concrete Properties. 

Table 2: Final Canoe Specifications. 

ii 

Thickness: 0.5 in. Length: 21 ft. 8 in.

Weight: 172 lbs. Width: 27.5 in.

Color: Blue, White, Silver Depth: 12 in.

Specifications

Reinforcement

0.25 in. dia. Steel All Thread

0.5 in. Galvanized Steel Hardware Cloth

1.5 in. Carbon Fiber Grid

0.06 in. dia. Steel Cable (Prestress)

Mix Design
Compressive 

Strength (psi)

Modulus of 

Rupture (psi)

Unit Weight 

Wet/Dry (pcf)

Structural 1,900 400 54.1/53.7

Patch 1,500 220 69.4/66.7

Composite Flexural Strength: 1,200 psi
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Project Management 

Project managers created an organizational framework enabling Alluvium to attain a high level of 

technical complexity without compromising a sustainable effort. The system entailed a manager 

partnership evaluating time and budgetary constraints associated with task execution, setback mitigation, 

and risk assessment. High standards of quality assurance and quality control were implemented into the 

project to monitor all aspects and improve upon the project’s quality. The motivation from past success 

and presence of passionate team members influenced 

managers to focus on affectively constructing the final 

product. 

The team divided the project into six divisions: academics, 

mix design, construction, aesthetics, management, and 

safety. Division leaders, assigned to each section, assumed 

responsibility for administrating daily operational plans 

and quality control measures (Page 2). Leaders maintained 

competency in quality assurance by managing practice 

sessions to inspect the applied techniques of individual 

team members. The final product’s completion accounted 

for a total of 4,000 man-hours (Figure 1).  

The management team considered all necessary tasks and 

associated financial demands by implementing the critical path method, detailed on page nine. Project 

managers identified major milestones, including: structural mix selection, hull design completion, 

structural analysis finalization, canoe casting day, technical paper submission, and final product 

completion. Implementing a four day safety factor into the finishing process allowed the team to maintain 

the planned critical path by accounting for unexpected delays. Design managers identified potential risks 

associated with lower than expected flexural strengths during trial batching. This issue required the 

project managers to postpone casting day by one month to ensure the development of a structural mix 

exceeding design requirements. The team compensated for the additional setback by initiating early 

sanding process after a seven-day cure, followed by an efficient finishing period.  

The team focused on developing a documentation system to ensure the ease of technical transfer to future 

teams. Project managers monitored the plan by requiring division leaders to record the progress of man-

hours and complications. The method was further executed by assigning a safety officer the task of 

researching associated risks with all new and existing products. The officer compiled an updated 

Material Safety Data Sheets (MSDS) binder to regulate the appropriate application, storage, and lifespan 

of materials in compliance with the University’s Environmental Health and Safety organization (EH&S). 

The binder served to improve transition periods by providing a tangible resource for future teams. The 

officer further supervised the compilation of a specialized Job Safety Analysis (JSA) booklet that 

highlighted the associated risks with construction procedures.  

Project managers oversaw fundraising efforts contributing to the total budget. Delivering presentations 

to local companies and setting up events at regional venues allowed the team to raise approximately 

$12,000. The proceeds covered project expenditures and registration fees while allocating an additional 

portion to support the following year. The 2014 operational budget for all materials and testing supplies 

came to $6,200 while the production cost, detailed in Appendix C, totaled approximately $5,300. 

Developing an effective schedule provided the team with a platform for handling all time and budgetary 

constraints. Project managers facilitated cohesion amongst team divisions by blending proven 

management strategies with critical judgment calls. The resulting management structure considered 

numerous variables to secure Nevada’s 2014 final product completion. 

Figure 1: Division of Man-hours. 
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Hull Design and Structural Analysis 

Alluvium’s hull design and analysis divisions developed an optimal structural model for navigating race 

demands while meeting the requirements of subjected loading cases. The team considered hull geometry 

and concrete properties during the design process to reduce total drag forces and maximize straight line 

speed, while maintaining hull maneuverability and stability. Additionally, the team developed a 

reinforcement system that would provide sufficient capacity for all loading conditions. 

The team began the design process by performing extensive research on canoe performance 

characteristics. The hydrodynamic forces of friction and wave drag create resistance to the motion of 

any vessel. While contact between water and the wetted surface area of a canoe creates frictional drag, 

wave drag increases exponentially with speed as more energy is required to force water aside          

(Winters 2005). A longer canoe will reduce wave drag by matching the longer wave lengths generated 

at high speeds, but will also increase frictional drag with greater wetted surface area, resulting in an 

optimum length for a given speed. The maximum allowed length of 22 ft. is ideal for the competition.  

The team minimized drag forces by making minor adjustments to Dambitious (UNRCC 2013). The 

canoe’s design was selected for its effective straight-line speed and maneuverability. The design team 

used Nevada’s advanced spreadsheet, Aqua-holic, to evaluate parameters impacting total drag forces 

such as the prismatic coefficient, length to beam ratio, and wetted 

surface area. Eliminating 1 in. from the maximum beam decreased 

friction due to a smaller wetted surface area. In addition, constructing 

a wider bow bulkhead decreased wave drag. Modifying the bulkhead 

reduced the length of the canoe by 3 in. and aided the application of 

reinforcement. Although the broad bow created greater initial 

resistance to acceleration, the combination of adjustments decreased 

total drag during the canoe’s top speed (Table 3). 

While modifications were made to the previous year’s hull, 

certain parameters contributing to speed and turning capacities 

were maintained. Similarities include the bow’s large 

parabolic rocker which decreases resistance to turning. The 

midsection’s flat bottom and hard chines assist stability, 

despite a shortened beam, and improve all aspects of 

performance by allowing the canoe to sit higher in the water. 

This year’s design team sharpened the keel at the stern to make 

it defined and to increase tracking during long straightaways 

(Figure 2). After balancing design parameters the hull design 

team finalized Alluvium’s sleek shape at 21 ft. 8 in. long and a 

maximum width of 27.5 in. The hull has a maximum rocker of 

3.5 in. at the bow and a total wetted surface area of 34.2 sq. ft. 

A length to beam ratio of 10.73 and a prismatic coefficient of 

0.58 contribute to the decrease in total drag force. From the determined hull design of Alluvium, the team 

expects the canoe to achieve greater top speeds without sacrificing stability and turning during the 

slalom. 

To meet the capacity requirements of all expected loading conditions, Alluvium’s analysis team worked 

to identify the circumstances generating the greatest positive and negative moments using an Excel 

structural analysis spreadsheet developed by the 2008 Nevada team.  

 

Table 3: Calculated Total Drag. 

Figure 2: Sharpened Keel at Stern. 

Ducimus 25.1

Dambitious 24.1

Alluvium 22.2

Total Drag (lbs)Canoe Name
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The analysis division analyzed the canoe as a two-dimensional beam, which required it to be in static 

equilibrium. Equilibrium is achieved by balancing vertical forces from the applied paddler loading and 

the resultant buoyancy force, while eliminating residual moments acting on the canoe at any given 

support condition. The magnitude of the buoyancy force is determined by setting the volume of displaced 

water equal in magnitude to the weight of the canoe and paddlers. This balance is achieved through an 

initial assumption of the waterline. Although vertical equilibrium is satisfied, the discrepancy between 

the buoyancy force and resultant paddler load 

locations creates a rotational affect. Alluvium’s hull 

design caused the canoe to sit offset in the water, 

creating a “pitching angle” which produced a 

residual moment (Figure 3). The structural analysis 

program iterated the assumed waterline causing the 

centroid of the buoyancy force to align with the 

resultant paddler load, satisfying vertical and 

rotational equilibrium. 

To ensure the structural integrity of the canoe, the 

team designed the reinforcement using a pretensioning system consisting of steel tendons to oppose 

tensile stress due to bending under all considered loading cases. The team first placed tendons at the 

gunwale, which experiences the greatest tension. Additional tendons were incorporated along the chine 

and bottom of the canoe to minimize eccentricities, reducing additional flexural stresses caused by the 

prestressing system itself. The team incorporated a prestressing loss of 25 percent due to creep, 

shrinkage, steel relaxation, and elastic shortening (AASHTO Bridge Design 2012). Four steel ribs, 

placed at approximated locations for paddler’s knees, and two layers of carbon fiber mesh were used in 

construction but not considered for the analysis. Using a high safety factor for tension created a low 

allowable stress. Allowable stress limits of 15 and 75 percent were set for modulus of rupture (MOR) 

and compressive strength, respectively. Due to a dynamic effect, all loading cases were increased by a 

recommended value of 25 percent (Paradis and Gendron 2006). 

The team modeled four different loading cases to determine the maximum positive and negative moment 

envelope. The first two cases modeled a simply supported beam with the weight of the canoe considered 

while orientated both normally and inverted to represent the transportation and display. Finally, two and 

four paddler cases were modeled as point loads using conservative estimates of 225 lbs for males and            

150 lbs for females. Shear forces were found by summing canoe weight, buoyant force, and paddler load 

along the length of the canoe and then integrated at 1 ft. intervals to develop a moment envelope       

(Figure 4). As shown in the figure, the two paddler case with dynamic effects governs the maximum 

negative moment and the simply supported case 

controls the positive moment. 

The locations and weights of the paddlers, coupled 

with the self-weight of the canoe and allowable stress 

limits, required minimum concrete properties of 1,100 

psi and 300 psi for compressive strength and MOR, 

respectively. The final longitudinal prestressing 

system required a total of 18 tendons, each tensioned 

to approximately 250 lbs., which provides a total 

jacking force of 4,500 lbs. Based on the conservative 

design constraints and the total load of the 

prestressing system, Alluvium has the capacity to 

withstand any stress experienced in the competition.  

Figure 3: "Pitching angle" of Canoe in Water. 

Figure 4: Moment Envelope. 
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Development and Testing 

Design managers oversaw the development process of a resilient concrete, capable of withstanding the 

rigors of competition by meeting structural analysis requirements. By analyzing individual material 

contributions, a lightweight and ductile product was created. The team aimed to improve the workability 

and surface finish after establishing a mutual set of goals with the previous year’s construction division. 

Increased quality control practices combined with a comprehensive investigation of material properties 

and sustainability elements propelled the 2014 design. 

The team began the design process by formulating a baseline from the structural mix of Dambitious. The 

aggregate gradation, comprised of recycled glass Poraver® Siscorspheres, provided a sustainable material 

and produced an optimal unit weight. A surplus of the material from Dambitious also minimized costs. 

The design paired polyvinyl alcohol (PVA) fibers, at 0.91 percent by volume, with a fiber dispersing 

admixture to increase flexural strength. In addition, an air entrainer, viscosity modifier, and high range 

water reducer enhanced the workability properties. Cementitious materials consisted of 60 percent 

vitreous calcium aluminosillicate (VCASTM) and 30 percent Type 1 white portland cement. The 

remaining ten percent was comprised of Komponent®, an expansive Type K cement additive that 

minimizes shrinkage cracking. Design managers monitored quality control of the design by performing 

tests on 2 in. by 4 in. cylindrical samples, resulting in a compressive strength of 1,760 psi (ASTM C39) 

and a wet unit weight of 55.8 pcf (ASTM C138-10b). 

The design team experimented with alternative fiber constituents to evaluate the material’s property 

contributions. PVA fibers, protruding from the surface of the baseline mix, prompted research into a cost 

effective alternative—alkali resistant fiberglass (ARFG). Manufacturer’s datasheets suggested that the 

material improved tensile strength by 35 percent and flexural strength by 65 percent, when compared to 

PVA fibers. Initial observations reported an increased workability and smoother surface finish, 

prompting further research into the material’s strength contributions. 

The team performed quantitative analysis 

of the concrete mix with fibers using third 

point beam tests to measure flexural 

strengths (ASTM C76). Table 4 

represents the 28-day strength variance 

due to different ratios of fiber types at 

0.87 percent of the total volume. Tests 

were performed on the baseline’s control mix, strictly relating the effects of the fibers. Samples 

incorporated the fiberglass at 100, 60, and 0 percent ratios in respect to the total fiber volume. The 

40PVA/60ARFG ratio failed to meet analysis requirements. Samples containing fiberglass also showed 

brittle characteristics, detracting from the design goals. Use of a total volume of PVA reinforcement, at 

a 0.87 ratio, provided a 25 percent increase in flexural strength, satisfying requirements. The results of 

the beam testing showed that ARFG produced inadequate flexural properties to be used as the fiber 

reinforcement. 

The design team further improved sustainability elements by researching new materials. Hycrete 

X1002®, a waterproofing admixture, met these standards with an 80 percent recycled material 

composition and virtually no volatile organic compound (VOC) levels. A detailed listing of all 

admixtures used in the final design is shown in Table 5. 

Designers analyzed Komponent’s® contribution to the design’s goals in terms of strength, workability 

and surface finish. Dambitious’ structural mix implemented the cementitious material to reduce 

shrinkage cracks with its Type K cement expansive properties (ASTM C845-04). During the batching 

process, managers observed a decreased workability using Komponent®. The constituent’s darker 

Table 4: Comparative Testing of PVA and Fiberglass Fibers. 

PVA, % ARFG, %

100 0 400

40 60 290

0 100 150

Max Strength 

(psi)
Analysis Requirement (psi)

300

Test
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appearance hindered the aesthetic goals by creating inconsistencies with the patch mix. Replacing the 

Komponent® with cement allowed for a sufficient reaction to occur with the sustainable VCASTM 

pozzolan, providing a strong bond for the lightweight Poraver® Siscorsphere aggregates. 

Managers tested compatibility 

requirements of the 

reinforcing materials by 

performing percent open area 

calculations. The team 

selected 1.5 in. x 1.5 in. 

carbon fiber mesh to provide 

additional flexural strength 

(Figure 5). The material’s high elastic modulus and low unit weight provided a suitable product that 

exhibited excellent performance. The 77 percent open area provided sufficient space for casting concrete. 

Tensile tests, performed on 1/16 in. diameter steel tendons, verified a tensile strength of 400 pounds, 

meeting prestressing analysis requirements. Careful research and analysis contributed to an effective 

composite concrete design.  

The final structural mix, shown in Appendix B, 

incorporated a volumetric percentage of cement of                 

45 percent to ensure a proper reaction. The waterproofing 

admixture, introduced at 20 fl oz/cwt, reduced the 

concrete’s absorption while additional admixtures 

increased workability and cohesive properties. Rhoplex®, a 

polymer modifying admixture (PMA), improved adhesion 

while Adva® Cast 575, a high range water reducer 

(HRWR), and a viscosity modifier increased the fluidity 

and cohesive properties of the concrete at a lower water 

demand. Daravair®, an air entraining admixture (AEA), 

allowed the mix to achieve an optimum air content of 

approximately 10 percent. Adjusting PVA fibers to           

0.87 percent total volume allowed the mix to meet the required modulus of rupture while improving the 

finish. Testing results of 28-day samples exceeded the analysis requirements, as shown in Table 6, 

yielding a compressive strength of 1,900 psi, a unit weight of 54.1 pcf and a flexural strength of            

1,200 psi.  

Designers further improved the aesthetics of the canoe by developing a patch mix to fill surface voids 

and create a smooth finish. The design removed fibers and the three largest aggregates sizes, ranging 

from 0.5 mm to 2 mm in diameter, which were unnecessary for structural demands. Designers 

incorporated the waterproofing admixture to aid the water resistant characteristics of the design. 

Alluviums’ finalized composite design provided an aesthetic finish and exceeded the strength 

requirements necessary for withstanding the demands of competition. 

 

 

 

 

 

 

Figure 5: 1.5 in. Carbon Fiber Mesh. 

Table 6: Final Testing Results. 

Table 5: Admixture Components of Structural Mix. 
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Compressive Strength (psi) 1,100 1,900

Modulus of Rupture (psi) 300 400

Flexural Strength (psi) N/A 1,200

Actual ResultsAnalysis RequirementsProperty

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

Hycrete® X1002 PRAH 34 fl oz/cwt 20 fl oz/cwt

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

Rhoplex® MC-1834P PMA N/A 90 fl oz/cwt

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

Admixture Actual Dosage 
Recommended 

Dosage 
Type
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Construction  

Alluvium’s construction division created a high quality final product by refining proven methods with 

innovative ideas. Team managers consulted the previous division leaders to identify potential 

complications, which allowed the 2014 team to improve project sustainability and productivity. The 

seven month construction period consisted of three phases: form fabrication, concrete placement, and 

concrete finishing. The construction division considered economic, safety, and environmental aspects of 

construction to create a successful final product. 

The construction team continuously focused on improving and maintaining safe practices. This initiative 

prompted the division to work closely with the team’s safety officer, who facilitated appropriate 

techniques while addressing potential hazards. Team training sessions allowed the officer to discuss 

associated procedural risks. Methods were then documented for future reference in a Job Safety Analysis 

(JSA) binder, made accessible to all members.  

The primary phase of construction began with form 

preparation. The team experienced delays in acquiring high 

density foam, which offset the preliminary schedule. As a 

result, managers used the excess time to develop a reusable 

form for future teams. An improved three-dimensional mold 

profile was created for the multi-axial computer numerical 

control (CNC) machine’s milling process. The team 

designed the form in three sections (Figure 6). A trapezoidal 

central key was implemented to simplify form removal. The 

team drilled threaded rods, anchored by steel plates, through 

the section to assist the removal process. The sustainable 

design aimed to decrease future expenditures and minimize 

wasted materials. 

In previous years, members experienced complications 

assembling thin sheets of foam into a large 24 ft. x 4 ft. x 2 

ft. block that was required for the milling process. The thin sheets lengthened the gluing process and 

created an increased number of seams which affected the finish. The team mitigated these issues by 

bonding foam sheets, with dimensions that were six inches thicker, with a low VOC glue. Overall, the 

new products improved the form’s recyclability while reducing fabrication time by 20 man-hours.  

Prior to concrete placement, the newly-milled form required additional reinforcement to support the 

casting process. Bondo®, an auto-body filler, was 

initially applied to fill seams where foam surfaces met. 

The team then strengthened the form with a layer of 

fiberglass (Figure 7). After sanding the fiberglass, the 

team applied several layers of Duratec® primer, a mold 

release agent, and five finishing layers of wax to attain a 

smooth surface to aid the removal process. 

Casting day’s month-long delay, due to a problematic 

mix design, gave the construction division additional 

time for placing reinforcement. Managers referenced 

plans created by the academics division to guide tendon 

paths with depth-indicating grade screws. Additional 

grade screws, placed in-between stations, improved the 

quality control process during the concrete placement and 

Figure 6: Three-piece Polyurethane Form. 

Figure 7: Fiberglass Application. 
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sanding. Four stations were drilled into the form to hold steel ribs. Springs were used to anchor tendons 

after determining the stiffness coefficients to establish the length change requirements associated with 

desired jacking forces. Results allowed managers to exert a controlled pretension force of 250 lbs. over 

each of the 18 steel tendons to satisfy analysis requirements. Kevlar spacers, placed between the mold 

and tendons, protected the mold during the tensioning process. Construction managers further improved 

the efficiency of tendon application by adjusting the anchoring 

system at each bulkhead. Past use of small rectangular plates 

that joined concurrent tendon levels resulted in tendons 

fraying and snapping due to increased shear forces 

experienced during the tensioning process. Minimizing the 

bulkhead width allowed the team to replace the material with 

ferrules (Figure 8) to reduce labor hazards and replacement 

costs. The form procurement process was completed with the 

addition of dually layered carbon fiber mesh which provided 

sufficient open area for concrete placement.  

In January, 15 team members dedicated a continuous 13 hours 

to the casting of Alluvium. The team allowed all engineering 

majors to participate in the event which brought campus 

awareness to the project and engineering discipline. Prior to 

the casting process, managers employed two quality control officers to ensure the 0.5 in. concrete 

thickness and proper placement. The team’s objective was to improve quality control and minimize 

finishing time while eliminating strength-reducing air pockets. Team members received depth indicators 

to continuously monitor packing efforts in places void of grade screws. Sectioned PVC pipe allowed 

members to firmly roll the concrete into place by agitating larger aggregates to compact the material and 

achieve a uniform surface. The extensive quality control measures allowed the team to achieve the 

desired finish.  

The construction managers improved task efficiency during the 28-day curing period to compensate for 

schedule delays. Early sanding progress of the exterior surface was initiated at seven days. A suspended 

automatic watering system, constructed from PVC pipe, provided ideal moisture conditions for proper 

hydration. The team improved the previous year’s system by patching large perforations and attaching 

mister heads in place to minimize wasted water. The efficient task completion and allotted buffer period 

allowed the team to remain on the critical path. 

After 30 days, the team removed the form by 

unfastening and accounting for all depth grade 

screws. The resulting holes were patched. The 

team then devised a system to successfully grasp 

the central trapezoidal section and affectively 

recover the form for reuse (Figure 9). 

The team dedicated eight weeks to the finishing 

process. Members iteratively sanded the canoe’s 

interior and exterior surfaces to achieve the desired 

finish. Sand paper, ranging from 80 to 2,000 grit, 

was attached to long blocks to improve the flat 

surface finish and eliminate the threat of low spots. 

Once the hull reached the desired finish, the graphics team applied a finishing stain. The team completed 

Alluvium by applying an environmentally friendly sealer to protect the finished product and reduce water 

penetration.  

Figure 8: Prestressing System. 

Figure 9: Recycled Mold after Form Release. 
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YD

SG
Amount

(lb/yd3)

Volume

(ft3)

Amount

(lb)

Volume

(ft3)

Amount

(lb/yd3)

Volume

(ft3)

CM1 3.15 283.84 1.444 1.05 0.005 286.04 1.455

CM2 2.60 346.92 2.138 1.28 0.008 349.61 2.155

630.76 3.58 2.34 0.01 635.66 3.61

F1 1.30 9.50 0.117 0.04 0.00043 9.57 0.118

F2 1.30 9.50 0.117 0.04 0.00043 9.57 0.118

19.00 0.23 0.07 0.0009 19.15 0.24

A1 Abs: 4% 0.90 73.68 1.312 0.27 0.005 74.25 1.322

A2 Abs: 4% 0.75 92.10 1.968 0.34 0.007 92.81 1.983

A3 Abs: 4% 0.56 131.81 3.772 0.49 0.014 132.83 3.801

A4 Abs: 4% 0.44 112.57 4.100 0.42 0.015 113.44 4.132

A5 Abs: 4% 0.30 98.24 5.248 0.36 0.019 99.00 5.289

508.40 16.40 1.88 0.06 512.35 16.53

W1 252.30 4.043 0.93 0.015 254.26 4.075

54.19 0.20 54.61

198.12 0.73 199.66

W2 1.00 20.34 0.08 20.49

272.64 4.04 1.01 0.01 274.76 4.07

S1 1.12 18.38 0.263 0.07 0.001 18.52 0.265

18.38 0.26 0.07 0.001 18.525 0.265

Ad1 8.8 lb/gal 47.10 90.00 20.65 2.10 0.076 90.7 20.97

Ad2 8.5 lb/gal 35.00 35.00 9.53 0.82 0.035 35.3 9.68

Ad3 8.9 lb/gal 40.00 45.00 11.84 1.05 0.044 45.3 12.03

Ad4 8.6 lb/gal 5.00 12.00 4.83 0.28 0.018 12.1 4.91

Ad6 8.8 lb/gal 15.40 20.00 7.34 0.47 0.027 20.2 7.45

54.19 0.20 55.03

M

V

T

D

D

A

Y

Ry

Water from Admixtures (W1a) : 

59.10

5.37

0.09

59.10

1460.43

24.71

0.450

0.40

No Slump

53.67

0.450

0.40

No Slump

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

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

0.450

0.40

No SlumpSlump, Slump Flow, in . 

Water-Cementitious Materials Ratio

Cement-Cementitious Materials Ratio

1449.18

24.52

59.10

Mass of Concrete. lbs

Absolute Volume of Concrete, ft
3

Yield, ft
3                                                  

= (M / D)

Measured Density, lb/ft
3

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

Relative Yield                        = (Y / Y D )

9.17

27

0.992

270.099

8.47 8.47

54.090 54.090

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: ALLUVIUM Structural Mixture

0.1Design Batch Size (ft
3
):         

Cementitious Materials

Portland Cement

VCAS-140™

Poraver® Siscorsoheres 0.1-0.3 mm

Poraver® Siscorsoheres 0.25-0.5 mm

Poraver® Siscorsoheres 2-4 mm

Poraver® Siscorsoheres 0.5-1.0 mm

Poraver® Siscorsoheres 1-2 mm

W1b.  Additional Water

Total Solids of Admixtures: 

Admixtures (including Pigments in Liquid Form) % 

Solids

Total Aggregates: 

Water

Water for CM Hydration (W1a + W1b)

W1a. Water from Admixtures

Total Water (W1 + W2) : 

Rhoplex® MC-1834P Emulsion (PMA)

Water for Aggregates, SSD 

Solids Content of Latex, Dyes and Admixtures in Powder Form

1.00

Water in 

Admixture 

(lb)

Dosage

(fl oz/cwt)

Water in 

Admixture 

(lb/yd3)

V-MAR® F100 (VMA)

Daravair® AT30 (AEA)

ADVA® CAST 575 (HRWR)

Rhoplex® MC-1834P Emulsion (PMA)

Hycrete X1002 (PRAH)

Dosage

(fl oz/cwt)

Water in 

Admixture 

(lb/yd3)

Amount

(fl oz)
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YD

SG
Amount

(lb/yd3)

Volume

(ft3)

Amount

(lb)

Volume

(ft3)

Amount

(lb/yd3)

Volume

(ft3)

CM1 3.15 255.67 1.301 0.95 0.005 266.08 1.354

CM2 2.60 233.71 1.441 0.87 0.005 243.22 1.499

CM3 2.60 159.79 0.985 0.59 0.004 166.29 1.025

649.17 3.73 2.40 0.01 675.60 3.88

A1 Abs: 4% 0.90 473.18 8.426 1.75 0.031 492.44 8.769

A2 Abs: 4% 0.75 363.98 7.777 1.35 0.029 378.80 8.094

837.16 16.20 3.10 0.06 871.24 16.86

W1 259.67 4.161 0.96 0.015 270.24 4.331

56.47 0.21 58.77

203.20 0.75 211.47

W2 1.00 33.49 0.12 34.85

293.15 4.16 1.09 0.02 305.09 4.33

S1 1.12 21.02 0.301 0.08 0.001 21.88 0.313

21.02 0.30 0.08 0.001 21.877 0.313

Ad1 8.8 lb/gal 47.10 100.00 23.61 8.90 0.324 104.1 24.57

Ad2 8.5 lb/gal 35.00 35.00 9.81 3.12 0.135 36.4 10.21

Ad3 8.9 lb/gal 40.00 45.00 12.19 4.01 0.167 46.8 12.68

Ad4 8.6 lb/gal 5.00 8.00 3.31 0.71 0.045 8.3 3.45

Ad6 8.8 lb/gal 15.40 20.00 7.55 1.78 0.104 20.8 7.86

56.47 0.77 58.77

M

V

T

D

D

A

Y

Ry

Water from Admixtures (W1a) : 

73.82

6.67

0.09

73.82

1873.80

25.38

0.400

0.40

No Slump

66.69

0.400

0.40

No Slump

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

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

0.400

0.40

No SlumpSlump, Slump Flow, in . 

Water-Cementitious Materials Ratio

Cement-Cementitious Materials Ratio

1800.51

24.39

73.82

Mass of Concrete. lbs

Absolute Volume of Concrete, ft
3

Yield, ft
3                                                  

= (M / D)

Measured Density, lb/ft
3

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

Relative Yield                        = (Y / Y D )

9.66

27

0.961

270.096

5.98 5.98

69.400 69.400

Design Proportions 

(Non SSD)

Actual Batched 

Proportions
Yielded  Proportions

Aggregates

Total Cementitious Materials: 

Mixture ID: ALLUVIUM Patch Mixture

0.1Design Batch Size (ft
3
):         

Cementitious Materials

Portland Cement

VCAS-160™

VCAS-140™

Poraver® Siscorsoheres 0.1-0.3 mm

Poraver® Siscorsoheres 0.25-0.5 mm

W1b.  Additional Water

Total Solids of Admixtures: 

Rhoplex® MC-1834P Emulsion (PMA)

Water for Aggregates, SSD 

Solids Content of Latex, Dyes and Admixtures in Powder Form

1.00

Total Aggregates: 

Water

Water for CM Hydration (W1a + W1b)

W1a. Water from Admixtures

Total Water (W1 + W2) : 

Water in 

Admixture 

(lb/yd3)

V-MAR® F100 (VMA)

Daravair® AT30 (AEA)

ADVA® CAST 575 (HRWR)

Rhoplex® MC-1834P Emulsion (PMA)

Hycrete X1002 (PRAH)

Dosage

(fl oz/cwt)

Water in 

Admixture 

(lb/yd3)

Amount

(fl oz)

Admixtures (including Pigments in Liquid Form) % 

Solids

Water in 

Admixture 

(lb)

Dosage

(fl oz/cwt)
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Material

Type 1 White Portland Cement 49.9 lb. $ 0.21 $ 10.48

Hycrete® X1002 9.6 fl. oz. $ 0.41 $ 3.94

VCAS-140TM 59.4 lb. $ 0.76 $ 45.14

VCAS-160TM 3 lb. $ 0.76 $ 2.28

Poraver® Siscorspheres (0.1-03mm) 19.9 lb. $ 0.70 $ 13.93

Poraver® Siscorspheres (0.25-0.5mm) 19.8 lb. $ 0.70 $ 13.86

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

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

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

V-MAR® F100 (VMA) 36.2 fl. oz. $ 0.14 $ 5.07

ADVA® Cast 575 (HRWR) 49.3 fl. oz. $ 0.09 $ 4.44

Rhoplex® MC-1834P Emulsion (PMA) 95.6 fl. oz. $ 0.11 $ 10.52

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

Nycon® PVA Fibers (6 mm) 1.51 lb. $ 15.00 $ 22.65

Nycon® PVA Fibers (12 mm) 1.51 lb. $ 15.00 $ 22.65

Material

Transverse Threaded Steel Rod 4 units $ 2.63 $ 10.52

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

Steel Cable 432 ft. $ 0.12 $ 51.84

Ferrule and Stopper 30 units $ 1.24 $ 37.20

Tension Spring 18 units $ 15.00 $ 270.00

Material

Polyurethane Foam 36 cu. ft. $ 24.70 $ 889.20

Form Mold, Complete 1 Lump Sum $ 2500.00 $ 2500.00

Hardware Cloth 6 sq. ft. $ 0.66 $ 3.96

Material

Water Based Stain 1 Lump Sum $ 189.00 $ 189.00

Sealer 90 fl. oz. $ 0.39 $ 35.10

Vinyl Lettering 1 Lump Sum $ 63.00 $ 63.00

Canoe Finishing, complete 1 Lump Sum $ 900.00 $ 900.00

Total Production Cost: $

Finishing

Unit Cost

Unit Cost

5 , 308.77

Concrete

Reinforcement

Quantity Unit Cost

Quantity Unit Cost

Quantity

Total Cost

Total Cost

Total Cost

Total Cost

Quantity

Mold Construction
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