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Commissioned in 1955 by the Central Intelligence Agency, the Lockheed U-2 strategic reconnaissance aircraft, 

codenamed “Project Aquatone,” was developed at an undisclosed location shrouded in secrecy. Inspired by a 

previous model, the prototype was reengineered using lightweight materials and improved aerodynamics to 

produce a streamlined high-performance vessel capable of flying at unprecedented altitudes by a team of specially 

trained pilots. Provided the revolutionary design was unmatched by traditional airplane technology of its time, 

the team responsible for developing the aircraft overcame technical challenges. The ambition and technical 

complexity behind the U-2 inspired the 2015 University of Nevada, Reno (UNR) Concrete Canoe Team to pursue 

unparalleled heights with Aquatone.  
 

Located in Reno, Nevada, the university is positioned 320 miles northwest of the top secret location, Area 51, 

with a population of nearly 20,000 undergraduate students. The College of Engineering has rapidly grown by 75 

percent in the past 10 years, encompassing more than 2,200 engineering students in five academic departments. 

The Federal Aviation Administration recently chose Nevada as a center for developing Unmanned Aerial Vehicle 

(UAV) research, a forefront in drone technology. In addition, current construction on the multi-million dollar 

Nevada Advanced Autonomous Systems Innovation Center demonstrates the university’s interest in student 

achievement and leading the industry in technical research. Increased development and interest in Nevada is 

progressing the quality of academic programs and opportunities. 
 

The Nevada Concrete Canoe Team competes in the Mid-Pacific Conference, a competitive conference with 

schools from Northern California, Nevada, and China. Placing first in the regional competition eight times in the 

last ten years of participation, the Nevada team’s reputation for technical knowledge and strong paddling abilities 

is exemplified in recent history. Eight of these performances led to top five finishes at the American Society of 

Civil Engineers (ASCE) National Concrete Canoe Competition (NCCC). Recent placements include Alluvium 

(1st, 2014), Dambitious (2nd, 2013), and Ducimus (4th, 2012). 
 

Led by division managers from the previous year, the 2015 team aimed to build upon the success of past 

performances by integrating proven methods with innovative measures. Initial goals were implemented to 

increase the efficiency, sustainability, and serviceability of the project to 

ensure critical deadlines were met, including form construction, final mix 

selection, and finishing. The ambitious goal to cast the canoe two months 

earlier than the previous year prompted the team to recycle the polyurethane 

mold from 2014, which saved the team an estimated $3,500 and 400 man-

hours. An early casting date streamlined the critical path of the project, 

including form removal and the finishing process.  
 

The 2015 team constructed a canoe to the design specifications (Table 1) 

and two quality concrete mixtures were implemented that exceeded required 

material properties (Table 2). A revolutionary design combined with a 

specially trained crew encompass the attributes responsible for Nevada’s 

continued success in technical design, production, and presentation. The 

ingenuity and pioneering technological developments that emerged from 

“Project Aquatone” exemplify the UNR team’s ambition with the entry, 

Aquatone.  

Table 1: Canoe Specifications 

ii 

Table 2: Concrete Properties 

Structural 1,860 psi 390 psi 50.7 pcf 49.8 pcf 1,300 psi

Patch 1,380 psi 230 psi 54.8 pcf 54.4 pcf N/A

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

Strength
Mix

0.5 in. Galvanized Steel Mesh

0.25 in. dia. Steel All Thread

Reinforcement

0.06 in. dia. Steel Cable

1.5 in. Carbon Fiber Mesh

Colors:               

Weight: 148 lb.

Length: 21 ft. 6 in.

Depth: 12 in.

Width: 27.5 in.

Thickness: 0.5 in.

Black, Grey, Blue, Orange, Green

Dimensions



 
  

 

Aquatone’s management division established an effective blueprint for an attainable project scope. Two project 

managers organized assignments into five categories: safety, academics, mix design, construction, and aesthetics. 

To ensure technical transfer and project longevity, a junior 

project manager was educated on critical aspects of the project. 

In addition, junior manager positions were created for the two 

most extensive categories: mix design and construction. Twenty-

one motivated engineering students, as depicted on Page 2, made 

up the team for Aquatone, devoting a total of 3,600 man-hours to 

the design, testing, and construction of a high-performance final 

product (Figure 1).  
 

Ensuring the team followed correct safety procedures, division 

managers collaborated with the safety manager to decrease the risks associated with task execution. The team’s 

documentation system included Material Safety Data Sheets (MSDS), which were updated from the previous 

year. In addition, the use of a Team Level Risk Assessment (TLRA) helped to identify and eliminate potential 

workplace hazards. If hazards remained, Personal Protective Equipment (PPE) were required. Implementing these 

proactive measures mitigated loss of time and injuries during material testing and construction.  
 

The management division set an ambitious project schedule allowing for extra time devoted to the finishing 

process, shown on Page 10. Five major milestones were selected based on significance towards overall project 

success: hull design completion, analysis completion, final mix selection, canoe casting, and product completion. 

Development of the schedule’s critical path considered mix design, construction, and canoe finishing as the 

processes with the longest duration. A free float of nine days was added to the mix design schedule prior to casting 

day; a free float of twelve days was added for product finishing prior to competition. Any variance from the 

critical path was identified each week by the division leaders to ensure each major milestone was achieved. 

Through proper time management and strict adherence to project schedule (Page 10), the team accomplished 

casting of the canoe seven weeks prior to the 2014 team.  
 

The team managers achieved an early casting day by choosing to reuse the hull 

design mold from the previous year. Reuse of the 2014 male mold reduced 

man-hours spent on construction by nearly 400 hours, mitigating the risk 

associated with a major fabrication process. This also saved $2,500 in 

construction expenditures. Further effort to reuse construction materials 

resulted in an additional savings of nearly $1,200 (Table 3). The time and 

resources saved allowed the team to allocate man-hours to other tasks. For example, the development and testing 

division completed 50 trial mixes, producing a more sustainable structural mix with a nearly 10 percent reduction 

in density. Additionally, the time saved permitted more attention to be focused on the aesthetics process, an area 

that managers felt lacked in past Nevada teams.   
 

To improve the quality of this year’s finished product, the managers took measures to ensure quality control 

during the development process by running sieve analyses (ASTM C136) on potential new aggregates and by 

increasing the number of depth-regulating grade screws during construction. Increased participation during the 

casting process decreased the duration by nearly 40 percent from 2014, allowing quality assurance measures to 

be taken by continually regulating the concrete depth with gauges as placement occurred.  
 

Strategic fundraising from local companies and businesses provided adequate funds for all material procurement 

by acquiring $11,500. Construction and mix design received donated materials valued at an estimated $800, and 

the final project expenditures totaled $5,280, itemized in Appendix C. Proper time management, safe practices, 

and sufficient fiscal planning resulted in the completion of a high quality final product. 

1 

Figure 1: Breakdown of Project Man-Hours 

Table 3: Saved Expenses by Year 

Polyurethane Foam $889.20 Reused

Form Mold $2,500.00 Reused

Tension Springs $270.00 Reused

Total $3,659.20 $0

Materials 20152014
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The design team for Aquatone engineered a hull based on desirable hydrodynamic properties with a corresponding 

analysis to ensure that structural integrity is maintained throughout the competition. Successful race results from 

the 2014 NCCC led the design team to retain the same hull shape and mold in 2015. The previously designed 

male mold ensures that Aquatone’s hull design will deliver a reliable combination of straight-line speed and 

maneuverability. Additionally, the analysis division analyzed the anticipated internal stresses along the canoe to 

establish the minimum concrete properties needed to sufficiently withstand the rigors of transportation and 

competition.    
 

Replication of the hull design from Nevada’s 2014 canoe, Alluvium, placed the dimensions of Aquatone at a 

length of 21 ft. 6 in. and a maximum beam of 2 ft. 1 in., resulting in a length to beam ratio of 10.4. The maximum 

rocker has a height of 3.5 in. at the bow, with a total wetted area of 34.2 sq. ft. A prismatic coefficient of 0.58 

was calculated based on the length and width of the canoe with the maximum draft of 5.18 in. averaged from the 

three paddler load cases, discussed later.  The use of Nevada’s 

unique hull design Excel spreadsheet rendered the theoretical 

hull shape and provided physical dimensions, allowing the 

design team to analyze the hydrodynamic characteristics of 

the hull design. In addition, the spreadsheet was used to 

estimate the turning times and calculate combined drag forces 

of the canoe as shown in Table 4. 
 

Once the dimensions of the canoe were established, the 2014 analysis team aimed to reduce drag forces acting on 

the canoe. The reduction of drag forces from the wetted surface and the wave-making resistance led to the design 

of the midsection of the canoe with a relatively non-changing cross-section and slightly concave walls. The 

rectangular cross-section of the midsection (Figure 2) produces zero 

additional wave-making resistance (Winters 2005), while the concave shape 

reduces the wetted surface area by thinning out the beam at the waterline. 

Construction of a slightly swollen bow decreases wave making resistance, 

while a sharp point with a rapidly changing cross-section in the first 6 in. 

improves initial acceleration. A sharp keel provides effective tracking during 

the straightaways, while hard chines and a flattened bottom give extra 

stability and less resistance to turning during the slalom course.  The 

combination of these improved features led to an approximate 10 percent 

reduction in overall drag forces while maintaining sufficient maneuverability 

compared the previous two canoe designs from 2012 and 2013 (Table 4).  
 

The desired hull design required the analysis team for Aquatone to develop a prestress system that adequately 

reduced the tensile forces caused from bending. An Excel structural analysis spreadsheet created by the 2008 

Nevada team made iterative calculations at one-foot intervals to analyze internal stresses applied during various 

loading cases. Results from the analysis were used to determine the maximum positive and negative bending 

moments, which dictated the design of the prestress system.    
 

Before further analysis could continue, the magnitude of the resultant buoyancy force was established. Analyzed 

as a two-dimensional beam, the canoe must be in vertical and rotational equilibrium. Vertical equilibrium is 

established when the sum of the vertical forces from the applied loads and canoe self-weight are equal to the 

resultant buoyancy forces. The magnitude of the resultant buoyancy force was calculated by iterating the location 

of the waterline until the weight of the displaced water was equal to the combined weight of the paddlers and the 

canoe. Aquatone’s non-symmetrical shape causes the canoe to sit at a slightly skewed angle in the water. The 

angle created between the waterline and the horizontal of the canoe is called the “pitching angle” (Figure 3). The 

Figure 2: Measurements of Canoe 

Midsection 
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Total Drag Forces 23.8 lb. 24.1 lb. 21.2 lb.

Turning Time 6.9 sec. 6.8 sec. 7.1 sec.

Year 2012 2013 Aquatone

Table 4: Calculated Characteristics from Spreadsheet 



 
  

 

pitching angle is a result of the horizontal misalignment between the center of gravity of the canoe, with added 

paddler weights, and center of action of the resultant buoyancy force. Iteration of the pitching angle vertically 

aligned the center of action of both the load force and the buoyancy force, thus satisfying both vertical and 

rotational equilibrium.  
 

With equilibrium established, the analysis team examined the 

internal forces of the canoe at one-foot intervals to determine the 

varying cross sectional properties such as area, centroid, and 

moment of inertia. Next, the team found the maximum positive and 

negative moments caused under two support conditions: simply 

supported and distributed. The simply supported scenario analyzed 

the canoe weight under two loading cases: upright with two point 

loads at each end to account for transportation (Figure 4a), and 

inverted, while displayed on two stands located at each end (Figure 

4b). The distributed load scenario analyzed the canoe under two 

different paddler loading cases: two-person (Figure 4c) and four-

person (Figure 4d), coupled with self-weight and the resulting 

buoyancy force. Conservative point loads of 230 lbs. for male 

paddlers and 160 lbs. for female paddlers were placed at 36 in. and 

216 in. from the bow for the two-person races. Additional point loads 

were placed at 84 in. and 180 in. from the bow for the four-person race. A load factor of 1.25 was added to each 

paddler loading case to account for dynamic effects (Paradis and Gendron 2006). From these loading cases, a 

moment envelope was plotted with the two-person male loading case governing the maximum negative moment 

at -1,218 lb.-ft. and the simply supported upright loading case governing the maximum positive moment at 562 

lb.-ft., as displayed in Figure 5.  
 

Based on the determined moments, the analysis team 

formulated a prestress system consisting of 18 pretensioned 

steel tendons. Five tendons were placed along the gunwale to 

combat the negative bending moment. An additional four 

tendons placed along the bottom of the canoe counteract the 

positive bending moment and reduce eccentricities caused 

from the first five tendons. Conservative allowable stress 

limits were set to 15 percent for Modulus of Rupture (MOR) 

and 75 percent for compressive strength as a safety factor. A 

prestressing loss of 25 percent was incorporated to account for 

shrinkage, creep, elastic shortening, and steel relaxation 

(AASHTO, 2015). Additionally, two layers of carbon fiber 

mesh, which resist tensile forces in the transverse direction, 

and four steel ribs to counteract the inward forces of the 

pretensioned tendons were added during construction, but 

they were not considered in the analysis.  
 

Mitigation of tensile stresses established a pretensioning system that required 18 1/16-in. diameter steel tendons 

with a load of 250 lbs. per tendon, providing 4,500 lbs. of total jacking force. The internal stresses caused from 

the loading and the prestress system (with allowable stress limits applied) yielded minimum material requirements 

of 1,040 psi and 300 psi for compressive strength and MOR, respectively. The combination of conservative 

material properties and a sufficient prestressing system ensures that Aquatone will endure all stresses anticipated 

during competition.  

Pitching 

Angle 

Figure 5: Moment Envelope 

Figure 3: Pitching Angle of Canoe and 

Waterline 

Figure 4: Four Analyzed Loading Cases 

4 



 
  

 

The mix design team began the process of developing a composite structure by collaborating with the previous 

year’s management divisions to outline an efficient design schedule. Initial goals included reducing the unit 

weight, implementing sustainable products, and increasing quality control practices. The team investigated 

individual constituent’s material property contributions in order to optimize the selection of fibers, cementitious 

materials, aggregates, and primary reinforcement. The managers achieved the established goals by introducing a 

new lightweight aggregate, experimenting with additional supplementary cementitious materials (SCMs), and 

combining new testing methods with proven processes to ensure a quality final product. 
 

Alluvium’s final structural mixture, acting as a baseline, provided 

the experimental foundation for Aquatone due to its ample 

strength and constructability properties. The water/cementitious 

material (w/cm) ratio of 0.4 formed an effective binder with a 

cementitious mixture of 630.76 pcf, consisting of 55 percent 

vitreous calcium aluminosillicate (VCAS™) and 45 percent 

Type 1 white portland cement. Polyvinyl alcohol (PVA) fibers, 

consisting of an equal proportion of 6 mm and 12 mm lengths, 

were batched at 0.87 percent of the mix by volume. Five 

gradations of recycled glass Poraver® Siscorspheres, ranging 

from 0.1-4 mm, contributed to a low wet unit weight of 54.1 pcf  (ASTM C138). The resulting mixture’s properties 

are detailed in Table 5.  
 

The ambitious goal to cast Aquatone two months ahead of the previous year’s schedule encouraged the team to 

focus on efficiency. Due to past success, admixture selection and dosages were maintained from the baseline. 

Adva® Cast, a high range water reducer (HRWR), improved the workability without requiring additional water 

to be added to the mix. In addition, V-MAR®, a viscosity-modifying admixture (VMA), enhanced concrete 

adhesion to the canoe form and increased cohesion of the mix constituents. Hycrete® X1002, a waterproofing 

admixture, improved durability by reducing moisture absorption in concrete capillaries. Rhoplex®, a polymer-

modifying admixture (PMA), exhibits durable flexural and tensile characteristics, in addition to superior adhesion 

to concrete that has reached initial set. The design team achieved seven percent air content by incorporating 

Daravair®, an air-entraining admixture (AEA). Admixture dosages are summarized in Table 6. Managers 

prevented scheduling setbacks by 

conducting third-point beam loading tests 

on non-composite specimens to measure 

strength contributions of specific fiber 

lengths and ratios (ASTM C78). The 

optimal proportion of PVA fibers was a 

combination of 8 mm and 12 mm long 

fibers. The design team further monitored 

quality control by conducting compressive 

strength tests on 2 in. by 4 in. cylindrical 

samples at 7, 14, 21, and 28-days (ASTM C39).  
 

Promoting efforts to reduce environmental impacts, the mix design team examined the benefits of introducing 

SCMs on hardened concrete properties. Several sustainable cementitious materials were procured and iteratively 

tested as partial replacements of portland cement: Class F fly ash, Class N pozzolan, silica fume, and ground-

granulated blast furnace slag. A by-product of coal-fired power plant production, observations of testing with fly 

ash greatly improved workability and increased compressive strengths compared to the baseline. Despite the 

apparent advantages of the material as a partial replacement, fly ash was ultimately eliminated due to the 

Table 6: Admixture Dosages 
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400 psi

1,200 psi

Modulus of Rupture

Flexural Strength

Results

1,900 psi

Properties

Compressive Strength

Table 5: Baseline Properties 

*All Results Recorded at 28 Days. 

ADVA®Cast 575

Hycrete® X1002

Daravair® AT30

Rhoplex® MC-1834P PMA

V-MAR® F100

Admixture Type Recommended Dosage Actual Dosage 

2-10 fl. oz/cwt

0.25-3 fl oz/cwt

34 fl oz/cwt

N/A

3-12 fl oz/cwt

45 fl oz/cwt

20 fl oz/cwt

12 fl oz/cwt

90 fl oz/cwt

35 fl oz/cwt

HRWR

AEA

PRAH

VMA



 
  

 

material’s dark pigment. Non-calcinated natural 

silified shale mineral, or Class N pozzolan, is a 

naturally occurring cement extracted and 

processed locally in Nevada. With this material, 

designers observed significantly lower 

compressive strengths than the values required 

by analysis. Consequentially, the pozzolanic 

supplementary cementitious material was 

rejected. Silica fume was selected for 

experimentation due to its low specific gravity 

of 2.3 compared to portland cement. The design 

team omitted the material due to its undesirable 

effect on water demand, resulting in reduced 

workability. Ground-granulated blast furnace 

slag (GGBFS), a by-product of iron 

manufacturing, resulted as the SCM candidate 

of choice by the design team due to the high-

early compressive strengths. The team investigated replacing portland cement at 5, 10, and 15 percent of the 

material’s volume. An increasing linear relationship in compressive strength versus time was observed, depicted 

in Figure 6. Comprised of 60 percent VCAS™, 10 percent GGBFS, and 30 percent Type 1 portland cement by 

mass, the design team decreased the baseline cement/cementitious materials (c/cm) ratio from 0.45 to 0.30. The 

decision reduced portland cement use in the final mixture by 33 percent and improved the aesthetic appeal of the 

concrete pigment. Additionally, compressive strength values observed by the design team at 7-days exceeded the 

analysis requirement of 1,040 psi and justified the team’s decision to release the prestressed tendons earlier than 

the 28-day curing period. 
 

Emergence of new NCCC floatation guidelines placed 

additional constraints on the team’s ability to develop 

a composite with improved buoyancy as compared to 

its prototype, Alluvium. Flotation testing of previous 

Nevada canoes under the newly implemented 

requirements of added sandbags indicated that 

additional floatation was required to remain at the 

water surface. A desired reduction in density and 

improved serviceability substantiated the design 

team’s exploration into an alternative aggregate. The 

team desired a material with lightweight properties in 

addition to structural integrity. Syntheon® Elemix™, 

a concrete additive composed of synthetic polymeric 

spheres, was obtained by the design team due to the 

material’s low specific gravity. During concrete 

batching, the designers observed uniform dispersion 

of the Elemix™ particles within the concrete matrix 

and increased workability. Due to the material’s similar aggregate size distribution, the design team chose to 

replace the proportion of 1-2 mm Poraver® Siscorspheres aggregate stockpile with an equivalent volume of 

Elemix™. The resulting composite aggregate gradation is shown in Figure 7 (ASTM C136). Additional 

experiments were performed on crushed 4-8 mm Siscorspheres  to investigate improved interlocking 
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Figure 6: Compressive Strength by Percent Slag Replacement 

Figure 7: Composite Aggregate Gradation 
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performance. The team sought out a local firm to assist with 

the procurement of the crushed aggregate. The team then 

performed a proper sieve analysis on the material and 

determined the bulk density of the aggregate (ASTM C29). 

The aggregate’s angular surfaces increased compressive 

strength results, but the high specific gravity of 0.9 

detracted from the design goal of reducing unit weight. 

Aquatone’s final aggregate blend accounts for 25 percent 

Elemix by volume and 2.5 percent by mass (Figure 8). 

Incorporating Elemix decreased the wet unit weight of the 

structural mix from 54.1 to 49.8 pcf, an estimated 20 lb. 

reduction in total aggregate weight compared to the 

composite structure of the baseline aggregate gradation. 
 

Managers verified the tensile capacity of multiple prestressing tendon types by comparing 1/16 in. diameter steel 

tendons to two types of 1/8 in. diameter synthetic fibers. Due to the high tensile loads determined in the structural 

analysis, the ability of synthetic fibers to resist steel relaxation prompted the team to test the synthetic fibers. 

Technora® polyethylene fibers resulted in 1,850 lbs. of tensile strength compared to the 400 lb. achieved by the 

steel tendon. Tensile testing of the 1/8 in. Kevlar® synthetic fiber resulted in 1,200 lb. of strength, exceeding 

analysis requirements of 250 lb. In addition, managers observed improved mechanical bonding of the two 

synthetic fibers to the concrete mix constituents compared to the steel tendon. However, hand-packing concrete 

around the 1/8 in. synthetic fibers proved ineffective, resulting in the tendon’s inapplicability for the intended 

reinforcement purpose. The two synthetic fiber diameters proved challenging to maintain within the 0.5 in. 

concrete depth of the intricately shaped canoe hull. Steel tendons were implemented in the final reinforcement 

scheme to ensure the ease of concrete placement and prevent tendon exposure when removing the canoe from the 

form. 
 

Managers also incorporated two layers of 1.5 in. by 1.5 in. carbon fiber grid due to the reinforcement’s low unit 

weight and high elastic modulus. The 82.6 percent open area allowed for effective placement of concrete on 

casting day. Serving as transverse stiffening ribs, four 1/4 in. diameter threaded rods were evenly placed in the 

transverse direction within the concrete at approximate paddler knee locations. The reinforcement executed by 

the team strengthened the composite design by improving tensile capacity. 
 

A patch mixture was developed by eliminating PVA fiber reinforcement and the 2-4 mm Siscorspheres aggregate 

allowed the design managers to improve the aesthetic appeal of the canoe by developing a patch mixture. The 

sole purpose of the mix was to fill surface voids and create a smooth finish, while also maintaining consistency 

in concrete pigment. An increase in fluidity was a result of increasing the PMA dosage and 0.45 w/cm ratio, 

improving adhesion of placed and freshly-batched concrete. Overall, Aquatone’s managers accomplished the 

established goals, which included the introduction of a new lightweight aggregate, incorporation of a 

supplementary cementitious material, and an efficient design schedule resulting in a quality final product that met 

design specifications of 1,040 psi and 300 psi for compressive and MOR, respectively (Table 7).  
 

 

Figure 8: Aggregate Blend by Mass 

Table 7: Final Concrete Properties 
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The construction team for Aquatone used a combination of innovative new techniques and proven methods of 

fabrication to produce a high quality final product. Management formulated a construction schedule that provided 

a consistent work program throughout the seven month process. The use of a recycled mold accelerated the 

construction process by nearly two months compared to the previous year’s schedule. This strategy allowed the 

team to spend approximately eight weeks on finishing and graphics, rather than the traditional five weeks from 

previous Nevada teams.  
 

A single construction manager assisted by a junior construction manager 

oversaw the lengthy process in order to ensure proper execution of each 

daily task. A safety manager worked closely with the team prior to each 

phase of construction to ensure strict safety and environmental standards 

were upheld. Implementation of the safety precautions described on Page 

1 resulted in the successful execution of all construction tasks without any 

safety incidents.  
 

Construction began in early September with the reassembly of the previous 

year’s male mold. Initial fabrication of the mold began by gluing blocks of 

4 pcf polyurethane foam into a single block. The foam was then cut into 

three pieces and then sculpted with a computer numerical control (CNC) 

milling machine based on the physical dimensions specified by Nevada’s 

hull design spreadsheet. In order to improve durability, imperfections were 

patched over with Bondo®, and then a layer of fiberglass was added to the 

surface. Once the surface was sanded smooth, it was aligned and fastened 

to the construction table as shown in Figure 9. Due to the construction time 

saved by recycling the mold, the construction team seized the opportunity 

to fabricate an additional practice canoe made out of multiple layers of 

fiberglass composite (Figure 10).  However, extensive bonding between 

the mold and the fiberglass canoe led to the fracturing of the bow section 

along one rib indent and additional damage to the gunwale panel. Repair 

of the form delayed the project by 12 days. However, past construction 

experience and proper time management allowed for the team to regain the lost time during reinforcement 

placement to make the desired casting day of November 22. Minor sanding of the form removed any overlooked 

flaws from the previous year and additional flaws caused from the fracture. Once repairs and modifications were 

complete, the form was prepped with two layers of Duratec® mold primer and 14 layer of mold release wax. 
 

Desire for an early pour day in the project schedule required that the reinforcement scheme be applied in an 

efficient manner. Once the form surface was prepared, the team placed 378 depth-indicating grade screws at one-

foot intervals along the canoe, based on the established tendon paths. Each 

interval station contained 18 screws and guided the hyperbolic paths of 

the steel tendons. An additional 72 screws were placed in between each 

interval to help ensure consistent concrete depth along the unique 

contours of the canoe. Four 1/4 in. steel ribs were placed at approximate 

paddler locations prior to tendon application. Eighteen steel springs with 

predetermined spring constants allowed the team to accurately measure 

the required 250 lb. presstressing force in each tendon. Two layers of 1.5 

in. by 1.5 in. carbon fiber mesh were incorporated into the reinforcement 

scheme and required physical fastening to the tendons in order to fit the 

Figure 9: Securing Male Mold to 

Construction Table  

Figure 10: Fabrication of Fiberglass 

Practice Canoe 

Figure 11: Carbon Fiber Mesh Tied to 

Steel Tendons 
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canoe’s shape (Figure 11). In past years each layer was attached to the tendons 

by hand tying each mesh layer to each tendon with high-strength Spiderwire 

Stealth Fishing Line®, a meticulous and time consuming process. In order to 

minimize time tying reinforcement, the first layer was integrated into the tendon 

application by weaving the tendons through the grid design. The second layer 

was then tied to the tendons using the traditional approach. This process reduced 

tying time by 50 percent, or 12 hours, and produced a more desirable composite 

reinforcement by allowing extra spacing between the two layers. 
 

Team managers sought to reduce the 13-hour casting process in which concrete 

was hand placed around the reinforcement, as seen in Figure 12. Thus, the team 

devoted extra effort to advertise the event and encourage participation from the 

College of Engineering. The efforts resulted in doubling the participant turnout 

from 2013. The increased man power allowed managers to focus exclusively on 

quality control and accomplishing the task in a record eight hours. Marked zip 

ties assisted in gauging the concrete depth in locations without grade screws, 

while pieces of PVC pipe helped compact the concrete to the intended shape. 

The construction team incorporated pieces of 4 pcf polyurethane foam into the 

canoe’s bulkheads to counteract the additional weight of the two 25 lb. sandbags. 

The timely completion of the casting process permitted team managers to 

perform intensive quality assurance checks, such as ensuring proper packing 

depth and eliminating the formation of low spots.     
 

Following completion of the casting day, the canoe was then wet cured for 28 

days. The construction team further improved the project path along the schedule 

by initiating the wet sanding process on Day 7 of the curing process. For the first 

seven days, the team hand watered the canoe to prevent any erosion of the softer 

concrete. Starting on Day 8 an automatic watering system suspended over the 

canoe provided moisture at four hour intervals for the remainder of the curing 

period. On Day 17, the quality control cylinders reached the required 

compressive strength of 1,500 psi, allowing the tendons to be released. The 

bulkheads were then finished with a final layer of concrete and steel wire mesh 

to encase the remaining exposed reinforcement, shown in Figure 13.  
 

At the end of the wet curing process, the team began dry sanding with low grit 

sandpaper on wood blocks to reduce waves and high spots. After 40 days of dry 

sanding down to the desired thickness of 0.5 in., the grade screws were removed, 

and the canoe was successfully released from the form. Due to a loss of sanding 

time during winter break, removal of the form was delayed by two weeks 

compared to the project schedule. After finishing the sanding process, the team 

allocated four weeks to achieve the desired smooth surface texture on both the 

exterior and interior of the canoe. Upon completion of the surface finishing, the 

remaining four weeks were allocated for the application of intricate laser-cut 

stencils and finished with water-based stains (Figure 14).  
 

The construction process was completed with the application of two layers of a concrete sealer to prevent water 

penetration and preserve the graphics. The final product encompasses the dedication and innovation of the 2015 

Nevada team, as represented by the ingenuity and technical complexity of the Lockheed high altitude U-2 aircraft 

through “Project Aquatone.” 

Figure 12: Team Members Hand-

packing Concrete 

Figure 13: Steel Wire Mesh 

Forming Bulkhead Shape 

9 

Figure 14: Application of Water-

Based Stains with Airbrush Gun 
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YD

SG
Amount

(lb/yd3)

Volume

(ft3)

Amount

(lb)

Volume

(ft3)

Amount

(lb/yd3)

Volume

(ft3)

CM1 3.15 189.63 0.965 0.70 0.004 193.19 0.983

CM2 2.60 379.25 2.338 1.40 0.009 386.37 2.382

CM3 2.60 63.21 0.390 0.23 0.001 64.40 0.397

632.09 3.69 2.34 0.01 643.96 3.76

F1 1.30 9.50 0.117 0.04 0.00043 9.68 0.119

F2 1.30 9.50 0.117 0.04 0.00043 9.68 0.119

19.00 0.23 0.07 0.00 19.36 0.24

A1 Abs: 4% 0.90 73.37 1.306 0.27 0.005 74.75 1.331

A2 Abs: 4% 0.75 91.73 1.960 0.34 0.007 93.45 1.997

A3 Abs: 4% 0.56 131.27 3.757 0.49 0.014 133.74 3.827

A4 Abs: 6% 0.04 10.20 4.087 0.04 0.015 10.39 4.163

A5 Abs: 4% 0.30 97.83 5.226 0.36 0.019 99.67 5.324

404.40 16.34 1.50 0.06 412.00 16.64

W1 252.84 4.052 0.94 0.015 257.59 4.128

54.30 0.20 55.32

198.54 0.74 202.27

W2 1.00 16.38 0.06 16.69

269.22 4.05 1.00 0.02 274.27 4.13

S1 1.12 18.42 0.264 0.07 0.001 18.77 0.269

18.42 0.26 0.07 0.00 18.77 0.27

Ad1 8.8 lb /gal 47.10 90.00 20.69 2.11 0.077 91.7 21.47

Ad2 8.5 lb /gal 35.00 35.00 9.55 0.82 0.035 35.7 9.91

Ad3 8.9 lb /gal 40.00 45.00 11.87 1.05 0.044 45.8 12.32

Ad4 8.6 lb /gal 5.00 12.00 4.84 0.28 0.018 12.2 5.03

Ad5 8.8 lb /gal 15.40 20.00 7.35 0.47 0.027 20.4 7.63

54.30 0.20 56.36

M

V

T

D

D

A

Y

Ry

Poraver® Siscorspheres 0.1-0.3 mm                    

Syntheon® Elemix

Poraver® Siscorspheres 2-4 mm

1.00

Poraver® Siscorspheres 0.25-0.5 mm            

Poraver® Siscorspheres 0.5-1.0 mm

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 (8mm)

Nycon® PVA (12mm)

Mixture ID: AQUATONE Structural Mix

0.1Design Batch Size (ft
3
):         

Cementitious Materials

Portland Cement, Type 1 White

VCAS-140™

NewCem® Slag Cement

0.982

270.098

7.26 7.26

50.68 50.68

Yield, ft
3                                                  

= (M / D)

Measured Density, lb /ft
3

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

Relative Yield                        = (Y / Y D )

8.97

27

0.40

No Slump

Absolute Volume of Concrete, ft
3

0.40

No Slump

Water in 

Admixture 

(lb)

No Slump

Dosage

(fl oz/cw t)

Water in 

Admixture 

(lb/yd3)

0.30

0.40

0.30

Total Solids of Admixtures: 

Water for Aggregates, SSD 

Solids Content of Latex, Dyes and Admixtures in Powder Form

Total Water (W1 + W2) : 

Rhoplex® MC-1834p Emulsion (PMA)

Amount

(f l oz)

Dosage

(fl oz/cw t)

W1b.  Additional Water

Water-Cementitious Materials Ratio

Cement-Cementitious Materials Ratio

1343.13

24.58

54.65

Mass of Concrete. lbs

Slump, Slump Flow, in . 

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

Rhoplex® MC-1834p Emulsion (PMA)

V-MAR® F100 (VMA)

Hycrete X1002 (PRAH)

Water from Admixtures (W1a) : 

0.30

Admixtures (including Pigments in Liquid Form)
% 

Solids

ADVA® CAST 575 (HRWR)

Daravair® AT30 (AEA)

Water in 

Admixture 

(lb/yd3)

Design Density, lb /ft
3
        =  (M / 27) 49.75

54.65

4.97

0.09

54.65

1368.36

25.04

B1 



 
  

 

B2 

YD

SG
Amount

(lb/yd3)

Volume

(ft3)

Amount

(lb)

Volume

(ft3)

Amount

(lb/yd3)

Volume

(ft3)

CM1 3.15 189.63 0.965 0.70 0.004 190.97 0.972

CM2 2.60 379.25 2.338 1.40 0.009 381.93 2.354

CM3 2.60 63.21 0.390 0.23 0.001 63.66 0.392

632.09 3.69 2.34 0.01 636.55 3.72

A1 Abs: 4% 0.90 177.20 3.155 0.66 0.012 178.45 3.178

A2 Abs: 4% 0.75 184.50 3.942 0.68 0.015 185.80 3.970

A3 Abs: 4% 0.56 137.76 3.942 0.51 0.015 138.73 3.970

A4 Abs: 6% 0.04 11.82 4.736 0.04 0.018 11.90 4.769

511.28 15.78 1.89 0.06 514.89 15.89

W1 284.44 4.558 1.05 0.017 286.45 4.591

61.93 0.23 62.36

222.51 0.82 224.08

W2 1.00 20.69 0.08 20.83

305.13 4.56 1.13 0.02 307.28 4.59

S1 1.12 20.47 0.293 0.08 0.001 20.61 0.295

20.47 0.29 0.08 0.00 20.61 0.29

Ad1 8.8 lb /gal 47.10 100.00 22.99 2.34 0.085 100.7 23.15

Ad2 8.5 lb /gal 35.00 40.00 10.91 0.94 0.040 40.3 10.99

Ad3 8.9 lb /gal 40.00 50.00 13.19 1.17 0.049 50.4 13.28

Ad4 8.6 lb /gal 5.00 14.00 5.65 0.33 0.021 14.1 5.69

Ad5 8.8 lb /gal 15.40 25.00 9.19 0.59 0.034 25.2 9.26

61.93 0.23 62.36

M

V

T

D

D

A

Y

Ry

54.41

0.30

0.45

No Slump

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

0.09

60.41

1479.33

24.49

Slump, Slump Flow, in . 

Water-Cementitious Materials Ratio

Cement-Cementitious Materials Ratio

Water from Admixtures (W1a) : 

60.41

5.44

0.30

0.45

No Slump

Yield, ft
3                                                  

= (M / D)

Measured Density, lb /ft
3

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

Relative Yield                        = (Y / Y D )

9.93

27

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

1468.97

24.32

60.41

Mass of Concrete. lbs

Absolute Volume of Concrete, ft
3

0.30

0.45

No Slump

Design Proportions 

(Non SSD)

Actual Batched 

Propotions

Yielded     

Proportions

Aggregates

Total Cementitious Materials: 

AQUATONE Patch Mixture

0.1Design Batch Size (ft
3
):         

Cementitious Materials

Portland Cement, Type 1 White

NewCem® Slag Cement

VCAS-140™

V-MAR® F100 (VMA)

Daravair® AT30 (AEA)

ADVA® CAST 575 (HRWR)

Rhoplex® MC-1834P Emulsion (PMA)

Hycrete X1002 (PRAH)

Dosage

(fl oz/cw t)

Water in 

Admixture 

(lb/yd3)

Amount

(f l oz)

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

Water for CM Hydration (W1a + W1b)

W1a. Water from Admixtures

Total Water (W1 + W2) : 

Poraver® Siscorsoheres 0.5-1.0 mm

Poraver® Siscorsoheres 0.25-0.5 mm

Poraver® Siscorsoheres 0.1-0.3 mm

Syntheon® Elemix

Total Aggregates: 

Water

Admixtures (including Pigments in Liquid Form)
% 

Solids

Water in 

Admixture 

(lb)

Dosage

(fl oz/cw t)

Water in 

Admixture 

(lb/yd3)

0.993

270.099

9.30 9.30

54.79 54.79



 
  

 

Material

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

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

VCAS-140™ 59.4 lb. $ 0.76 $ 45.14

NewCem® Slag Cement 16.4 lb. $ 0.23 $ 3.77

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

Syntheon® Elemix™ 2.65 lb. $ 0.40 $ 1.06

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

Steel Mesh 4 sq. ft. $ 2.58 $ 10.32

Tension Spring 18 units $ 15.00 $ 270.00

Material

Form Mold, Complete 1 Lump Sum $ 3389.20 $ 3389.20

Material

Water Based Stain 1 Lump Sum $ 189.00 $ 189.00

Spray Paint 2 Lump Sum $ 9.99 $ 19.98

Sealer 90 fl. oz. $ 0.39 $ 35.10

Vinyl Lettering 1 Lump Sum $ 63.00 $ 63.00

Canoe Finishing, complete 1 Lump Sum $ 850.00 $ 850.00

 Total Production Cost: $ 5277.66

Quantity Unit Cost Total Cost

Concrete
Quantity Unit Cost Total Cost

Finishing
Quantity Unit Cost Total Cost

Reinforcement
Quantity Unit Cost Total Cost

Mold Construction

C1

B2 



 

 

V 0.00 -1.95 -0.97 4.72 -214.05 -197.24 -174.87 -147.42 -115.67 -80.53 -42.95 -4.03 34.36 71.59 107.34 141.61 173.89 203.32 223.20 4.10 7.44 5.98 2.17 0.00 0.00

0Location(X) 60483624123 132120108968472 204192180168156144 264261252240228216

M 0.00 0.00 -1.46 -2.43 2.29 -211.76 -408.99 -583.86 -731.27 -846.95 -927.47 -970.42 -974.46 -940.10 -868.51 -761.17 -619.57 -445.67 -242.35 -19.15 -15.05 -7.61 -1.63 0.00 0.00

0Location(X) 60483624123 132120108968472 204192180168156144 264261252240228216

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Table Key: 

L(x) =  Distance from Bow         [ in.]  

P  =  Paddler Loads          [ lb.] 

w =  Self-Weight of Canoe         [ lb.] 

F =  Force of Buoyancy Forces        [ lb.] 

R =  Summation of Loads (w, P, F)     [ lb.] 

 
 

Table 6: Values of Applied Forces from Routine Calculations  

*Tabulated to Save Space 

 
 

Table 2: Values of shear forces “Vx = (Vx-1-Rx)” (lb.) 

 

 

w 0.00 1.95 4.40 4.87 5.38 5.86 6.34 6.78 7.19 7.54 7.83 8.07 8.14 8.17 8.17 8.17 8.11 7.95 7.31 6.64 5.96 5.27 4.71 2.17 0.00

P 0.00 0.00 0.00 0.00 230.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 230.00 0.00 0.00 0.00 0.00 0.00

F 0.00 0.00 -5.39 -10.55 -16.61 -22.67 -28.71 -34.23 -38.94 -42.69 -45.41 -46.99 -46.53 -45.40 -43.92 -42.45 -40.40 -37.38 -27.18 -17.55 -9.30 -3.81 -0.90 0.00 0.00

R 0.00 1.95 -0.99 -5.69 218.77 -16.81 -22.37 -27.45 -31.75 -35.15 -37.57 -38.92 -38.39 -37.23 -35.75 -34.27 -32.28 -29.43 -19.88 219.10 -3.34 1.46 3.81 2.17 0.00

0Location(X) 60483624123 132120108968472 204192180168156144 264261252240228216

Figure 1: Free Body Diagram 

 

Table 3: Values of moment forces “Mx=Vx-1(lx-lx-1)*(1ft/12in)+Mx-1m” (lb.-ft.) 

 

Figure 2: Shear Diagram 

 
Figure 3: Moment Diagram 

 

TOTAL APPLIED FORCES 

SHEAR FORCES 

MOMENT FORCES 

1 

2 

3 

D
1

 

Comments:  
 

-The values in Table 1 were determined with UNR’s 

Structural Analysis Spreadsheet. The magnitudes of 

the self-weight and buoyancy force are based on the 

local area and volume of the canoe. In order to 

satisfy vertical and rotational equilibrium, the 

“pitching angle” from Page 4 was taken into 

account.  

-Variable R is not represented in Figure 1, but is 

used for calculation of shear forces. 

 

Comments: 
 

-Shear forces in Figure 2 

and bending moments in 

Figure 3 were calculated at 

one foot intervals. Values 

were then interpolated to 

complete each diagram. 
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AREA CALCULATIONS 

𝐴1 = 𝑡 ∗ ℎ   𝐴 = 6.25 𝑖𝑛2 

𝐴2 = 𝑤 ∗ 𝑡   𝐴2 = 13.4 𝑖𝑛2 

𝐴𝑡𝑜𝑡 = 2𝐴1 + 𝐴2      𝐴𝑡𝑜𝑡 = 25.9 𝑖𝑛2  

  
 
DETERMINE NEUTRAL AXIS 

𝑦′ =
[2(𝐴1(

ℎ

2
))+𝐴2(

𝑡

2
)]

[2∗𝐴1+𝐴2]
          𝑦′ = 3.15 𝑖𝑛. 

𝑑1 = (
ℎ

2
) − 𝑦′           𝑑1 = 3.10 𝑖𝑛. 

𝑑2 = 𝑦′ − 𝑡           𝑑2 = 2.65 𝑖𝑛. 

𝑦
𝑡

= ℎ − 𝑦′           𝑦
𝑡

= 9.35 𝑖𝑛. 

𝑦
𝑏

= −𝑦′         𝑦
𝑏

= −3.15 𝑖𝑛. 

 

 
 

MOMENT OF INERTIA 

𝐼1 =
𝑡∗ℎ3

12
      𝐼1 = 81.38 𝑖𝑛4 

𝐼2 =
𝑤∗𝑡3

12
  𝐼2 = 0.28𝑖𝑛4 

𝐼 = 2(𝐼1 + 𝐴1 ∗ 𝑑1
2) + (𝐼2 + 𝐴2 ∗ 𝑑2

2) 

𝐼 = 377.29 𝑖𝑛4  

 

 

DETERMINE INTERNAL STRESSES 

WITHOUT PRESTRESS 

𝜎𝑡𝑜𝑝 =
−𝑀∗𝑦𝑡

𝐼
   𝜎𝑡𝑜𝑝 = 362.26 𝑝𝑠𝑖 Tension 

σ𝑏𝑜𝑡 =
−𝑀∗𝑦𝑏

𝐼
   𝜎𝑏𝑜𝑡 = −122.03 𝑝𝑠𝑖 Compress. 

𝑄 = 2(𝐴1 ∗ 𝑑1) + (𝐴2 ∗ 𝑑2) 

𝑄 = 74.26 𝑖𝑛3 

τ =
Vmax∗Q

I∗(2t)
   

τ = 6.76 𝑝𝑠𝑖 

 

 

 

 

TENDON LOADS 

 

 

 

σ𝑡𝑜𝑝 =
𝑃

𝐴𝑡𝑜𝑡
+

𝑃𝑒𝑦𝑡

𝐼
+

−𝑀 ∗ 𝑦𝑡

𝐼
 

𝜎𝑡𝑜𝑝 = −138.99 − 266.75 + 362.26 𝑝𝑠𝑖 

𝜎𝑡𝑜𝑝 = −43.48 𝑝𝑠𝑖 

σ𝑏𝑜𝑡 =
𝑃

𝐴𝑡𝑜𝑡

+
𝑃𝑒𝑦

𝑏

𝐼
+

−𝑀 ∗ 𝑦
𝑏

𝐼
 

𝜎𝑏𝑜𝑡 = −138.99 + 89.87 − 122.03 𝑝𝑠𝑖 

𝜎𝑏𝑜𝑡 = −171.15 𝑝𝑠𝑖 

 

 

 

Figure 4: Area at Station 13 

 

DEFINE VARIABLES 

 

𝑡 = 0.5 𝑖𝑛.  ℎ = 12.5 𝑖𝑛.  𝑤 = 26.8 𝑖𝑛.     
    

  
 

4 

5 

6 

7 

10 

9 

SAFETY FACTOR CALCULATIONS 

 

 Comments: 
 

-A load factor of 1.25 was added 

to the Max moment to account 

for dynamic effects. 

𝑃 = −
4500

1.25
𝑙𝑏.  

𝑒 = 2.99 𝑖𝑛. 

 

 

 

Comments:  
 

-A 1.25 Safety factor accounts 

for pretensioning losses.  

-e = eccentricities from steel 

cables (spreadsheet). 

INTERNAL STRESSES WITH PRESTRESS 

 

Assume:  Shape of canoe 

Comments:  

I1 and I2 represent A1 and A2, 

respectively.  

Comments:  

Q is a statical moment of 

area relative to the neutral 

axis. 

 

8 

11 

D2 

𝑉𝑚𝑎𝑥 = 𝑉204 = 223.30 lb. 

𝑀𝑚𝑎𝑥 = 𝑀132 

𝑀132 = −974.42 𝑙𝑏 ∗ 𝑓𝑡. 

𝑀132 ∗ 1.25 = −1,218.03 𝑙𝑏– 𝑓𝑡. 
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YD

SG
Amount

(lb/yd3)

Volume

(ft3)

Amount

(lb)

Volume

(ft3)

Amount

(lb/yd3)

Volume

(ft3)

CM1 3.15 189.63 0.965 0.70 0.004 190.97 0.972

CM2 2.60 379.25 2.338 1.40 0.009 381.93 2.354

CM3 2.60 63.21 0.390 0.23 0.001 63.66 0.392

632.09 3.69 2.34 0.01 636.55 3.72

A1 Abs: 4% 0.90 177.20 3.155 0.66 0.012 178.45 3.178

A2 Abs: 4% 0.75 184.50 3.942 0.68 0.015 185.80 3.970

A3 Abs: 4% 0.56 137.76 3.942 0.51 0.015 138.73 3.970

A4 Abs: 6% 0.04 11.82 4.736 0.04 0.018 11.90 4.769

511.28 15.78 1.89 0.06 514.89 15.89

W1 284.44 4.558 1.05 0.017 286.45 4.591

61.93 0.23 62.36

222.51 0.82 224.08

W2 1.00 20.69 0.08 20.83

305.13 4.56 1.13 0.02 307.28 4.59

S1 1.12 20.47 0.293 0.08 0.001 20.61 0.295

20.47 0.29 0.08 0.00 20.61 0.29

Ad1 8.8 lb /gal 47.10 100.00 22.99 2.34 0.085 100.7 23.15

Ad2 8.5 lb /gal 35.00 40.00 10.91 0.94 0.040 40.3 10.99

Ad3 8.9 lb /gal 40.00 50.00 13.19 1.17 0.049 50.4 13.28

Ad4 8.6 lb /gal 5.00 14.00 5.65 0.33 0.021 14.1 5.69

Ad5 8.8 lb /gal 15.40 25.00 9.19 0.59 0.034 25.2 9.26

61.93 0.23 62.36

M

V

T

D

D

A

Y

Ry

54.41

0.30

0.45

No Slump

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

0.09

60.41

1479.33

24.49

Slump, Slump Flow, in . 

Water-Cementitious Materials Ratio

Cement-Cementitious Materials Ratio

Water from Admixtures (W1a) : 

60.41

5.44

0.30

0.45

No Slump

Yield, ft
3                                                  

= (M / D)

Measured Density, lb /ft
3

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

Relative Yield                        = (Y / Y D )

9.93

27

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

1468.97

24.32

60.41

Mass of Concrete. lbs

Absolute Volume of Concrete, ft
3

0.30

0.45

No Slump

Design Proportions 

(Non SSD)

Actual Batched 

Propotions

Yielded     

Proportions

Aggregates

Total Cementitious Materials: 

AQUATONE Patch Mixture

0.1Design Batch Size (ft
3
):         

Cementitious Materials

Portland Cement, Type 1 White

NewCem® Slag Cement

VCAS-140™

V-MAR® F100 (VMA)

Daravair® AT30 (AEA)

ADVA® CAST 575 (HRWR)

Rhoplex® MC-1834P Emulsion (PMA)

Hycrete X1002 (PRAH)

Dosage

(fl oz/cw t)

Water in 

Admixture 

(lb/yd3)

Amount

(f l oz)

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

Water for CM Hydration (W1a + W1b)

W1a. Water from Admixtures

Total Water (W1 + W2) : 

Poraver® Siscorsoheres 0.5-1.0 mm

Poraver® Siscorsoheres 0.25-0.5 mm

Poraver® Siscorsoheres 0.1-0.3 mm

Syntheon® Elemix

Total Aggregates: 

Water

Admixtures (including Pigments in Liquid Form)
% 

Solids

Water in 

Admixture 

(lb)

Dosage

(fl oz/cw t)

Water in 

Admixture 

(lb/yd3)

0.993

270.099

9.30 9.30

54.79 54.79

E5 
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