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Executive Summary 

Rice University is a small, private institution 

located in the heart of Houston, Texas.  Founded in 

1912 through the gift of William Marsh Rice, it has 

since become a top-tier university and recently 

celebrated its centennial anniversary.  Rice has earned 

repute for its high level of research activity, 

outstanding student-faculty ratio, and student's well-

being.     

The Rice concrete canoe team is now in its fourth 

year of competition in the Texas-Mexico Region.  

Like our university, the team aims to make its way to 

becoming one of the best.  As the latest canoe in our 

promising legacy – after Titanic (sunk), Revenge (2nd 

place regional), and Centurion (4th) – we proudly 

present Cloud.   

Cloud features a number of innovations to make it 

the strongest and lightest of our canoes.  A new 

aggregate gradation strengthens its structural mix, and 

the use of two layers of reinforcement instead of just 

one prevents tensile cracks.  Furthermore, we 

introduced a pre-stressing system, keeping the canoe 

under compression.  With these strength 

improvements, we could make Cloud thinner for 

lightness.   

Cloud’s design also focuses on speed.  Modeled 

entirely in MATLAB, the canoe exhibits a hull shape 

that is sleeker, thinner, and flatter.  After exporting 

from MATLAB, we cut the mold cross-sections using 

a laser cutter to improve efficiency and accuracy of 

overall construction 

To aid transfer of knowledge, Centurion's 

captains wrote a manual containing procedures and 

notes, which will be updated after each year of 

competition.  We also chose the captain for 2014 at 

the beginning of this academic year, so that through 

mentoring and experience, he will be capable of 

taking our team even farther.    

Reminiscent of grace, freedom, and the beauty of 

the skies and lake, Cloud is to take us on our best 

competition experience.  For the future, we only look 

up.     

Table 1 Cloud Specifications 

Weight 240 lbs (estimated)  

Length 20’-0” 

Width 29.4” 

Depth 15.8” 

Thickness
1 

3/4” 

Color Blue, White, Gray 

Reinforcement   

--Type 

--Strength 

 

Fiberglass Woven Mesh 

80 +/- 5 lbs per inch width 
1
Actual thickness may differ by up to 1/4 inch through 

construction.   

 

Table 2 Concrete Properties 

Structural Mix 1 Properties 

Wet Unit Weight (pcf) 52.1 

Oven-Dried Unit Weight (pcf) N/A
1 

Compressive Strength (psi) 818
2 

Tensile Strength (psi) 97 

 

Structural Mix 2 Properties 

Wet Unit Weight (pcf) 65.4 

Oven-Dried Unit Weight (pcf) N/A
1 

Compressive Strength (psi) 1389 

Tensile Strength (psi) 102 
1
Oven-dried density will be measured after design paper 

submission  
2
Strengths taken at 14 days 
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Project Management 

For a strong start, we began work in early July.  

We first identified a natural schedule divide – the fall 

semester would focus on development, design, testing, 

and the spring semester would then be spent in 

construction.  After the regional conference was 

announced to be one month earlier than anticipated, 

we created a calendar to flesh out the time beyond 

this natural divide.   

In this calendar, we designated our project 

milestones as: selection of structural mix, selection of 

hull shape, canoe pour day, design paper submission, 

and the Texas-Mexico regional.  Between these 

milestones was the critical path: mix design, hull 

modeling, and construction to the end of curing (also 

see Project Schedule on pg. 9).  Our path was simply 

chosen as core activities where time was essential.  

The calendar was also organized by our weekly 

meetings, where we make most of our progress.  

Because of our new time constraint, this calendar was 

crucial to give us direction and allow us to adhere to 

an effective schedule. 

We then estimated a $2,500 budget using 

experience from past years.  Through developing the 

pre-stressing system, and safety concerns for canoe 

transportation, we expanded this budget to a new 

estimate of $3,200.  We proceeded to meet this 

budget through grants, corporate donations, and in-

kind material donations.  About $1,150 of this budget 

went towards testing and canoe materials after in-kind 

donations, and $1,200 went towards construction.  

Construction in finishing the canoe will cost an 

additional projected $200.   

Development of the pre-stressing system had a 

high initial cost of about $180.  But we expect the 

developed system to be in use with little modification 

for the next five years.  For safety reasons, the canoe 

will be transported in a 22-ft truck with an adult 

driver instead of in a trailer with a student driver.  A 

"beam" truck, instead of a "hinged" trailer is a safer 

vehicle; we decided that continued use of a trailer for 

each year of competition was unsustainable.    

After recruitment, our team sported eight core 

members.  Due to our small size, the management 

structure was simple.  With each member's ability and 

interest in mind, the co-captains identified and 

delegated tasks.  Co-captains provided only guidance 

and quality control while members took primary 

ownership of their task.  For our team, this promoted 

efficiency, encouraged a sense of responsibility, and 

created a more interesting and educational job for 

members.  Tasks were also often relevant to one 

another, creating a degree of specialization.    

An estimated 40 man-hours were spent in 

development, 150 hours in testing, 35 hours in hull 

design and analysis, and 120 hours in construction.  

Completing construction will take another estimated 

40 hours.  This totals to 385 hours on several key 

components of the competition.  Although the number  

of hours is small, our team members and set of 

volunteers spent these hours efficiently; Cloud 

received no less attention than its top peer canoes.   

As in past years, we emphasized safety and took 

precautions at each step.  Team members wore N95 

respirators during concrete mixing, kept fingers away 

from mixing machines, cut foam and woodwork in 

pairs, and adhered to MSDS recommendations.  

To ensure the team's success in the future, we also 

prioritized knowledge transfer.  In 2012, the captains 

of Centurion wrote a manual including procedural 

notes and comments on all major steps of the 

competition, to be updated each year to accumulate 

experience.  We improved overall documentation, 

especially mix design results.  Furthermore, we chose 

one captain-in-training from the beginning of the 

academic year.  Throughout the process, the co-

captains guided him towards a better understanding of 

leadership specific to concrete canoe.  He also 

provided valuable input and feedback, making several 

important decisions when the co-captains could not 

agree. 
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Canoe Pour Day 

• Benhang Shi         • Curtis Feronti 

• Xoab Perez         • Nichole Kwan 

• Walter Chang         • Eli Diaz-Stubbs 

• Andrew Lo         • Nayam Perez 

• Mariam Junaid         • Zac  

• Abdul          • Connie Wang 

• Yifan Wang         • Cheng Ningxin 

• Abdul Rauf          • Maria de la Piedra Yanes  

• Chao Sun 

• Project Management • Academics 

• Mix Design  • Hull Design 
Walter Chang      

(co-captain) 

• Pre-Stressing System 

• Structural Analysis 
Andrew Lo       
(co-captain) 

• Mix Design  • Academics 

• Construction  • Paddling 
Benhang Shi    

(captain-in-training) 

• Construction  • Travel Logistics 

• Canoe Transportation 
Xoab Perez 

• Hull Design  • Display Table 

• Recruitment 
Mariam Junaid  

• Hull Design  • Display Table 

• Recruitment 
Minyang Ma  

• Graphics Truc Huynh 

• Academics Connie Wang 

Organization Chart 

 

 
 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Project Management - Budget oversight, scheduling,  

 task delegation, logistics, quality control  

Mix Design - Research and procure materials,  

 develop and test concrete mixes 

Hull Design - Research, determine, modify hull shape  

Academics - Design paper, engineering notebook 

Structural Analysis - Analyze canoe, model stresses, 

 determine canoe thickness 

Construction - Mold construction, interface 

  application, all preparations for pour day  

Paddling - Organize practice and teach techniques 

Canoe Transportation - Transportation system design  

Graphics - Canoe design, design paper cover  
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Hull Design and Structural Analysis  

Hull design was reintroduced just last year.  The 

Centurion took advantage by using a flatter bottom to 

better distribute stresses and make the canoe easier 

for paddlers.  Unsatisfied with one simple change, we 

decided to study boat design more thoroughly.  The 

result is a slimmer and sleeker canoe in Cloud. 

We looked at the hull from two angles: empirical 

boat concepts and scientific theory from fluid 

mechanics.  The former emphasized a small beam to 

length ratio to reduce drag.  The widest point of the 

canoe should be approximately the center.  The 

overall shape from a top view was to be curved with 

no sharp bends for a streamlined shape and a round 

bilge hull was suggested as an efficient hull.   

Fluid mechanics noted that drag is calculated as 
 

 
       .  To study CD, the drag coefficient, we 

first looked at Reynold's number.  Reynold's number 

gives a measure for flow conditions and is defined as 

   
   

 
, dependent on the speed U, length, and the 

properties of water.  Using estimated conditions for 

several cases, we found a high Reynold's number of 

about 8*10
6
.  This defined our drag coefficient to be 

in the turbulent flow region.  For many shapes, the 

drag coefficient takes a local minimum at about Re = 

8*10
5 

(Fundamentals of Fluid Mechanics 6th Edition, 

see references).  We could not practically modify our 

canoe length to take advantage of this property, 

however.  Instead, we settled for a longer and flatter 

shape to reduce the frictional drag, which aligned 

with the concept of a small beam to length ratio.  

We also studied the Froude number for wave drag.  

The Froude number is defined as    
 

√  
 and 

estimated to be 0.24.  We understood we could reduce 

wave drag by reducing the wetted surface area.  We 

also noted a bulbous bow could decrease wave drag 

(Fundamentals of Fluid Mechanics 6th Edition).   

Taking into account all of our observations, we 

found the given NCCC hull design to be a good 

design.  The beam to length ratio was small, the shape 

was rounded, the widest point was just slightly behind 

center, and the bottom of the canoe was similar to a 

round bilge hull.   

Satisfied with all major aspects of the given hull 

design, we chose to make several minor modifications.  

Since our concrete mix designs were strong in 

development, we decided we could lower the beam to 

length ratio further.  We made the canoe thinner by 6% 

in the middle and 4% at the ends, with linear 

reduction percentages between.   

The thinning was uneven because we wanted 

slightly fuller ends.  We believe this will decrease the 

wetted perimeter because the shape of these cross 

sections aligns better to the rectangular shape base = 

2*height.  This rectangular shape minimizes wetted 

perimeter, which can be verified by some simple 

calculus.   

To compensate for lost boat capacity, we also 

chose to make our boat flatter.  As in Centurion, the 

flatness will better distribute stresses and make 

paddling easier.  This was done by taking a weighted 

average of the original points and a function a*x
6
, 

fitted at each section.    

 

Figure 1 Hull Shape Modifications 

 
The modifications of Cloud were done entirely in 

MATLAB by MathWorks, an improvement from the 

use of Microsoft Excel for Centurion.  The canoe was 

stored as a cell of coordinate groups, and we made 

changes through interpolation, scalar multiplication, 
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curve fitting, and weighted averages.  MATLAB 

could then visualize the canoe to check for errors or 

unexpected changes.  The 3D and 2D views of the 

original and final canoes made comparisons easy.    

 After finalizing the hull design, we studied three 

loading cases: the canoe itself, two paddlers, and four 

paddlers.  The canoe self-weight was conservatively 

estimated to be 330 lbs.  Men were estimated as 160 

lbs, women as 120 lbs.   

The canoe is often modeled as a beam with 

uniform support from water.  But in Centurion, we 

observed cracks at the rim during racing, which meant 

the canoe actually experienced a negative moment 

when loaded with two people.  We realized that the 

uniform water loading was a gross simplification and 

reasoned that a larger water load at the center by 

Archimedes' principle would explain the negative 

moment.   

Therefore, we estimated the distributions of the 

water support load using our MATLAB model.  

These were calculated by using a combination of arc 

length, the Riemann sum, and trapezoidal integration 

to find the waterline and then displaced volume of our 

canoe in MATLAB.  The displaced volume 

multiplied by density of water gave the upward force 

from water.   

 

Figure 2 Distributed Load from Water 

 
Given the unpredictability of stresses during 

paddling and transportation, we also decided to use 

two layers of fiberglass reinforcement.  The two 

layers would resist any local bending moments from 

either side and keep the neutral axis near the center.  

It would also protect the canoe against punching shear, 

an observed failure mode.   

After finding the water loading, shear and 

moment diagrams were developed for each case.  As 

expected, the biggest design concern was the high 

negative moment at the center of the canoe of 7700 

lb-in.   

When analyzing the canoe's center section, a 

simplified approach was taken: the canoe section was 

modeled as two vertical walls of 11 in. height each, 

and one bottom beam of 22 in. length.  Effectively, 

we modeled the canoe as a C-section in flexure. The 

simplification of the canoe shape was then made 

conservative by shortening the height of the vertical 

walls and the length of the base, which would provide 

tensile and compressive strength respectively.  

Utilizing a concrete compressive strength of 1500 

psi, a tensile strength of 150 psi, two layers of 

reinforcement, and an overall canoe thickness of 0.5 

in., we found the canoe to be capable of resisting an 

ultimate moment of 32000 lb.-in., for a factor of 

safety of 4.15. Considering punching shear concerns 

and Murphy’s Law, the decision was made that the 

4.15 factor of safety in the design was acceptable. 

Furthermore, we introduced a pre-stressing 

system of three cables placed at the sides and bottom, 

loaded to about 70 lbs each.  Since the canoe is strong 

in compression, the system would reduce the tensile 

stress from the moment and any local tensile stresses 

without risking compressive failure.  The system 

would also prevent cracks from developing or 

propagating after canoe casting.   
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Development and Testing  

Since Centurion's structural mix was weaker than 

expected and frankly a little worrisome, mix 

development became our first priority.  We devoted 

our first semester to finding a workable, lightweight, 

and strong mix.  We emphasized strength, and we are 

happy to announce that we found a good formula.   

Because Revenge was the stronger canoe, we 

chose 2011 as the baseline mix.  We then analyzed 

the top national team mixes from 2012 and 2011 to 

give us direction.  To this end we studied several key 

ratios, including composition by category, 

cementitious materials by weight, and aggregate by 

volume.   

Following this analysis, we chose the 

cementitious materials Portland cement, Vitrified 

Calcium Aluminio-Silicate (VCAS), and Komponent.  

Komponent was added to counteract shrinkage 

cracking, a major problem in Centurion's curing 

process.  Meanwhuile, fly ash, slag cement, 

metakaolin were eliminated because we found a 

major decline in fly ash and slag cement use between 

2012 and 2011.  In aggregates, we replaced sand and 

bottom ash with the lighter 0.1-0.3 mm Poraver glass 

spheres.  For fibers, we chose to use two sizes of 

polyvinyl alcohol (PVA) fibers as per 

recommendation of the manufacturer.   

We also studied admixtures used by the top 

national teams during and several years before 2012.  

Since admixtures are relatively new to our team, we 

saw major potential in this area.  Based on popularity, 

continued use, and availability, we chose ADVA 555 

as our high range water reducer, Daravair AT60 for 

air entrainment, and Rhoplex MC-1834 as latex.   

Since our chosen materials were different from 

our baseline mix and not well understood by us, we 

proceeded with a more scientific than iterative 

method.  The aim was to provide a "basic science" 

understanding of our materials both now and into the 

future.  We therefore studied a range of concrete 

mixes that were not similar to one another.  Our 

studies included cement replacement, aggregate 

gradation, latex, the cementitious to aggregate ratio, 

and air entrainment.  After each study and before 

results, the qualitative favorite was chosen as the base 

mix for the next study.   

The most interesting of our studies was aggregate 

gradation, the proportioning of aggregate sizes.  

Several gradation methods are popular.  Industry 

simply uses a "two peaks" gradation with gravel as 

large and sand as fine aggregate.  Some propose a 

"haystack" gradation, or a well-graded mix, using 

mostly medium-sized aggregates.  Popular in concrete 

canoe teams is a "top-down" approach; the largest 

aggregate uses the highest amount of volume, the 

second-largest is the second highest volume, and so 

on.  The idea is that each smaller size will fill voids 

left by each larger size.   

Following the "top-down" approach's reasoning, 

we proposed a new approach we dubbed "chemistry."  

The idea is that a ratio of 1 large to 3 small atoms can 

be seen frequently in crystal matrices.  And these 

crystal matrices are strong and tightly packed.  

Unfortunately, our aggregate is at the macroscopic 

scale and is in fact a well-graded range of sizes.  But 

since Rice is known for its chemistry and nanoscience 

research, we decided the idea was worth a try.   

 

Figure 3 Inspiration for "Chemistry" from 

Unequal Sphere Packing 

 

 

 

 

 

 

 

<http://en.wikipedia.org/wiki/Sphere_packing> 

 

In testing, we indeed found the "chemistry" 

gradation to give the strongest concrete.  It was over 

50% stronger than its "top-down" counterpart, 

followed by "haystack."  Because of time constraints, 

we could not conduct a second test to verify this 
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result, but we were very pleased by the significantly 

stronger mix.   

Most frustrating was latex.  Both before and after 

our study, it remained poorly understood.  We found a 

high amount of latex to be weaker than both none and 

a higher amount of latex.  And within experimental 

error, the highest amount of latex did not improve 

strength.  But we chose to include it because it 

seemed to create a better air entrainment matrix, 

improved workability, and promised to resist 

vibrations – important for canoe transportation.   

We also changed our testing method.  Last year,  

we only tested flexural strength in order to compare 

mixes.  We then determined this strength through a 

"do-it-yourself" three point loading test with a 

deflection gauge.  To improve accuracy and free up 

meeting time, we reintroduced from 2011 the heavy 

compressive testing machinery, operated by the lab 

technician.  In addition to flexural tests, we included 

compressive cylinder tests, deciding that both are 

relevant to the overall strength of the concrete mix.    

At the end of testing, our chosen structural mix 

for Cloud had a 28-day, dry-cured compressive 

strength of 1970 psi, flexural strength of 350 psi, and 

density of 63.5 pcf.  This compares favorably to our 

baseline mix of 1500 psi compressive, 165 psi 

flexural, and 65 pcf density.  Our structural mix used 

a 40% replacement of cement with VCAS, a 

"chemistry" aggregate gradation, 415 fl oz of latex, 

0.245 cementitious to aggregate by volume, and 8.3 fl 

oz of air entrainment.  Air entrainment was above 

manufacturer's recommendation in order to achieve 

an acceptable density.   

Not only is the mix strong, but it also uses 

 

Table 1 Admixtures Dosage  
Admixture Recommended 

Dosage 

fl oz/cwt 

Actual 

Dosage 

fl oz/cwt 

ADVA Cast 555 8-20 16.60 

Daravair AT60 0.25-3  8.30
1
 

Rhoplex MC-1834P N/A 414.94
1
 

(
1
Structural Mix 1 only) 

sustainable materials.  Portland cement, which leaves 

the largest carbon footprint, was replaced by VCAS, 

an industrial waste by-product, to the latter 

manufacturer's maximum recommendation.  Quarried 

gravel and sand were also replaced by recycled glass.  

In addition to designing a strong mix, we chose to 

use double-layered reinforcement and a pre-stressing 

system, discussed above.  To understand the logistics 

of these two new ideas and prepare for pour day, we 

conducted a series of practice canoe pours using a 

section of Centurion's mold.   

Through these pours, we developed a pre-

stressing system with stainless steel cables, ratchet 

tie-downs and brackets.  The ratchets allowed 

accuracy of the applied pre-stressing loads compared 

to other methods, heavy duty brackets provided 

enough support for these loads, and stainless steel 

cables did not rust.   

With the double-layered reinforcement and 

thinner concrete layers, we also found thickness 

control to be a new challenge.  In response, we 

invented a wooden tool called "match," which 

consists of a handle, 3/16'' bar, and pointed end.  

Using this tool, each layer could be matched to 3/16'' 

easily.   

After each practice pour, the section was then 

tested for strength, giving us a clear idea of where we 

stood.     

 

Figure 4 Testing the Section  
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Construction 

Cloud’s mold construction drew heavily from that 

of Centurion.  The basic premise was a male 

expanded polystyrene (EPS) mold made of 6'' 

sections.  The EPS sections were cut with wire cutter 

guided by two plywood cross-sections at either end.  

Previous years utilized a projector to draw the 

sections onto the plywood pieces, and a jigsaw to cut 

these sections out.  This year, we chose to laser cut 

the cross-sections for a substantial improvement in 

precision.  This also reduced three weekend meetings 

of tracing and jigsaw work to three hours of printing 

for one person.  All EPS section cutting afterwards 

were done outdoors, with students using a self-made 

wire cutter and wearing respirators, for the fumes 

from melting EPS. 

To prevent bonding between the EPS and our 

concrete canoe, an interface layer was required.  

Drawing from last year’s success, we utilized a layer 

consisting of a mix of agricultural gypsum and 

sheetrock, with sufficient water for workability.  The 

mix was brushed onto the EPS mold and left to dry.  

Before casting the canoe, we sanded the dried 

interface layer to ensure a relatively even thickness 

and smooth surface.  The gypsum-sheetrock mix 

ensures an easy release for the canoe from the EPS 

mold. 

 

Figure 5 Canoe Mold with Interface and Pre-

Stressing System   

       

The pre-stressing system developed in the practice 

pours was used in construction.  The system of 

ratchets was used to strain the cables to their 

designated stresses.  The ratchets and steel cables 

were anchored to brackets that were installed into the 

mold base.  And the brackets were stabilized with 

weights to counter the moments created after loads 

were applied. 

Our concrete placing method also changed this 

year.  Centurion used squares of uniform thickness 

concrete formed on canvas sheets that were slapped 

onto the mold and pressed firmly.  We suspected that 

the seams between these concrete sheets formed 

failure lines along the canoe, so this year’s team tried 

something different.  Instead of preparing the 

thickness before placing the concrete on the mold, we 

chose an active thickness measuring method.  To aid 

this, we developed the wooden tool “match,” 

described above.   

 

Figure 6 Match  

 
 

The pointed end was punched into the mold, and 

the middle beam was a specific measure that dictated 

the thickness of the concrete for each layer.  Students 

working on the pour had to only match the height of 

the bar of the measurement cross, and then move the 

cross to the next part of the canoe on which they 

worked.  Because of their larger size, there was no 

danger of these pieces being imbedded and buried 

under concrete, and the matches were removed after 

each layer was placed.  After one layer was placed, 
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and reinforcement placed as well, the team would 

punch the matches back into the mold and concrete.  

Because the beams were wider than the reinforcement 

holes, they would rest on top of the reinforcement, 

and provide a measure for the next layer of concrete.  

These tools were laser cut from plywood for precision. 

Unfortunately on pour day, our materials delivery 

of Rhoplex was less than expected.  Deciding a 

medium dosage of Rhoplex to be dangerous, we 

chose to use two types of structural mixes.  Our 

original structural mix was used for the first two 

layers, and a second structural mix was used for the 

last or outer layer, where the concrete would be under 

more stress.   

The second structural mix was the same as the 

original mix minus the admixtures Rhoplex and 

Daravair.  From development and testing results, we 

estimated this concrete to be stronger than our 

structural mix, but at an unacceptable density of over 

75 pcf.  We noted that this accident actually made our 

canoe stronger, similar to the concrete layers used in 

the Pantheon in Rome.    

After the canoe was complete, it was covered with 

plastic wrap. A practice pour revealed how plastic 

wrap did not cling to the concrete, but helped smooth 

out the concrete surface, decreasing the amount of 

sanding required after curing. The canoe is expected 

to cure for 4 weeks in the steam curing room, where 

high moisture levels should prevent cracking. A patch 

mix will be applied where necessary, as well as 

sanding up to 150 grit to provide a smooth surface. To 

prevent straining the canoe, all finishing work on the 

canoe, including patching, sanding, staining, and 

sealing, will be done on the exterior first, with the 

canoe on the mold.  

Testing our structural mixes from pour day at 14-

day strength revealed them to be much weaker and 

lighter than our data from development and testing.  

Both mixes were 20% lighter and about 50% weaker 

than expected.  Through our heavy factor of safety 

during analysis, Cloud is still a sound structure.  But 

we immediately sought to understand this discrepancy 

for future years.  First we suspected our lack of 

attention to the weather.  With a humid day, we 

should have reduced the water added.  The extra 

water may have worked with our admixtures to cause 

unwanted air entrainment.   

We were also unfamiliar with the large mixing 

machine and had only used a small mixing machine 

prior.  Perhaps the machine was not mixing our types 

of aggregates and admixtures as thoroughly.   

Finally, the tested cylinders were poured at the 

very end of the day.  Perhaps much of the strength 

was lost during the canoe pouring process, despite our 

efforts to keep the concrete moist throughout the 

several hours.    

Unlike Centurion, Cloud will not be transported 

on the mold. The team deemed that utilizing the mold 

as a form of transportation was simply too hectic, as 

the mold was large and difficult to move around, 

especially with the air mattress system used to 

cushion the transportation. It also did not provide as 

much protection to the canoe as believed.  Instead, a 

transport system was designed by a team member, 

and constructed out of wood. The transport system 

will support the canoe right side up for the entire ride, 

which we believe is the better loading condition and 

will cause fewer cracks in our canoe during transport. 
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 Rice University Cloud 

Design Drawing  
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Bill of Materials 

Pt Material Qty Cost 

1 Expanded Polystyrene 

Foam 

1 $350 

2 Plywood 1/4 - 2*4  5 $32.46 

3 2x4 - 4 Beams 15 $18.70 

4 Brackets 6 $53.72 

5 Steel Cable - 25 ft 3 $18.75 

6 Ratchet Tie-Down 3 $10.40 

7 Gypsum - 5 gal 1 $30 

8 Sheetrock - 18 lbs 1 $8.67 

 Job Name: Rice University Cloud  

Drawn by: Walter Chang  

Date: 2/20/13 
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Appendix B: Mix Proportions 

Mixture ID: Structural Mix 1 Design 
Proportions (Non 

SSD) 

Actual Batched 
Proportions 

Yielded  
Proportions YD Design Batch Size (ft

3
):          0.245 

Cementitious Materials SG 
Amount 
(lb/yd

3
) 

Volume 
(ft

3
) 

Amount 
(lb) 

Volume 
(ft

3
) 

Amount 
(lb/yd

3
) 

Volume 
(ft

3
) 

CM1 Portland Cement 3.15 409.31 2.082 3.89 0.020 328.28 1.670 

CM2 VCAS 160 2.60 272.88 1.682 2.60 0.016 218.86 1.349 

CM3 Komponent 3.10 75.80 0.392 0.72 0.004 60.79 0.314 

Total Cementitious Materials:    757.99 4.16 7.21 0.040 547.14 3.02 

Fibers               

F1 Nycon PVA RSC15 8MM 1.00 7.00 0.112 0.07 0.001 5.61 0.090 

F2 Nycon PVA RFS400 19MM   1.00 7.00 0.112 0.07 0.001 5.61 0.090 

Total Fibers:    14.00 0.22 0.13 0.00 11.23 0.18 

Aggregates               

A1 Poraverspheres (1-2mm) Abs: 20% 0.41 250.39 9.787 2.38 0.093 200.82 7.850 

A2 Poraverspheres (0.5-1mm) Abs: 25% 0.54 123.67 3.670 1.18 0.035 99.19 2.944 

A3 Poraverspheres (.25-.5mm) Abs: 30% 0.66 56.71 1.377 0.54 0.013 45.48 1.104 

A4 Poraverspheres (.1-.3mm) Abs: 35% 0.90 28.97 0.516 0.28 0.005 23.23 0.414 

Total Aggregates:    459.74 15.35 4.37 0.15 368.72 12.31 

Water               

W1 Water for CM Hydration (W1a + W1b) 

1.00 

232.46 3.725 2.21 0.035 186.44 2.988 

  
W1a. Water from Admixtures 124.74 

  

1.19 

  

100.05 

  W1b.  Additional Water 107.72 1.02 86.39 

W2 Water for Aggregates, SSD  1.00 108.15 1.03 86.74 

Total Water (W1 + W2):    340.61 5.46 3.24 0.052 273.18 4.38 

Solids Content of Latex, Dyes and Admixtures in Powder Form 

S1 Rhoplex MC-1834 1.12 101.629 1.454 0.9668 0.014 81.51 1.166 

Total Solids of Admixtures:    101.63 1.454 0.97 0.014 81.51 1.166 

Admixtures (including Pigments in Liquid Form) 

              

% 
Solids 

Dosage 
(fl 

oz/cwt) 

Water in 
Admixture 

(lb/yd
3
) 

Amount     
(fl oz) 

Water in 
Admixture 

(lb) 

Dosage 
(fl 

oz/cwt) 

Water in 
Admixture 

(lb/yd
3
) 

Ad1 Daravair AT 60 8.6 lb/gal 5.00 8.30 4.02 0.60 0.038 6.66 3.22 

Ad2 HRWR - ADVA 555 8.9 lb/gal 30.00 16.60 6.12 1.20 0.058 13.31 4.91 

Ad3 Rhoplex MC-1834 8.8 lb/gal 47.00 414.94 114.60 29.92 1.090 332.79 91.91 

Water from Admixtures (W1a):      124.74   1.19   8.13 

                

Cement-Cementitious Materials Ratio   0.540 0.540 0.600 

Water-Cementitious Materials Ratio   0.45 0.449 0.499 

Slump, Slump Flow, in.     N/A  N/A N/A  

M Mass of Concrete. lbs   1673.96 15.92 1281.77 

V Absolute Volume of Concrete, ft
3
   26.64 0.253 21.05 

T Theorectical Density, lb/ft
3
  = (M / V)    62.83 62.83 60.88 

D Design Density, lb/ft
3
        =  (M / 27)   62.00   

D Measured Density, lb/ft
3
     52.13 52.13 

A Air Content, %  = [(T - D) / T x 100%]   1.32 17.03 14.37 

Y Yield, ft
3                                                  

= (M / D)   27 0.31 25 

Ry Relative Yield                        = (Y / YD)       1.247   
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Mixture ID: Structural Mix 2 Design 
Proportions (Non 

SSD) 

Actual Batched 
Proportions 

Yielded  
Proportions YD Design Batch Size (ft

3
):          0.245 

Cementitious Materials SG 
Amount 
(lb/yd

3
) 

Volume 
(ft

3
) 

Amount 
(lb) 

Volume 
(ft

3
) 

Amount 
(lb/yd

3
) 

Volume 
(ft

3
) 

CM1 Portland Cement 3.15 409.31 2.082 3.89 0.020 438.02 2.228 

CM2 VCAS 160 2.60 272.88 1.682 2.60 0.016 292.01 1.800 

CM3 Komponent 3.10 75.80 0.392 0.72 0.004 81.11 0.419 

Total Cementitious Materials:    757.99 4.16 7.21 0.040 730.03 4.03 

Fibers               

F1 Nycon PVA RSC15 8MM 1.00 7.00 0.112 0.07 0.001 7.49 0.120 

F2 Nycon PVA RFS400 19MM   1.00 7.00 0.112 0.07 0.001 7.49 0.120 

Total Fibers:    14.00 0.22 0.13 0.00 14.98 0.24 

Aggregates               

A1 Poraverspheres (1-2mm) Abs: 20% 0.41 250.39 9.787 2.38 0.093 267.95 10.473 

A2 Poraverspheres (0.5-1mm) Abs: 25% 0.54 123.67 3.670 1.18 0.035 132.34 3.928 

A3 Poraverspheres (.25-.5mm) Abs: 30% 0.66 56.71 1.377 0.54 0.013 60.68 1.473 

A4 Poraverspheres (.1-.3mm) Abs: 35% 0.90 28.97 0.516 0.28 0.005 31.00 0.552 

Total Aggregates:    459.74 15.35 4.37 0.15 491.97 16.43 

Water               

W1 Water for CM Hydration (W1a + W1b) 

1.00 

233.84 3.747 2.22 0.036 250.24 4.010 

  
W1a. Water from Admixtures 6.12 

  

0.06 

  

6.55 

  W1b.  Additional Water 227.72 2.17 243.69 

W2 Water for Aggregates, SSD  1.00 108.15 1.03 115.73 

Total Water (W1 + W2):    341.99 5.48 3.25 0.052 365.97 5.86 

Solids Content of Latex, Dyes and Admixtures in Powder Form 

Total Solids of Admixtures:    0.00 0.000 0.00 0.000 0.00 0.000 

Admixtures (including Pigments in Liquid Form) 

              

% 
Solids 

Dosage 
(fl 

oz/cwt) 

Water in 
Admixture 

(lb/yd
3
) 

Amount     
(fl oz) 

Water in 
Admixture 

(lb) 

Dosage 
(fl 

oz/cwt) 

Water in 
Admixture 

(lb/yd
3
) 

Ad1 HRWR - ADVA 555 8.9 lb/gal 30.00 16.60 6.12 1.20 0.058 17.76 6.55 

Water from Admixtures (W1a):      6.12   0.06   6.55 

                

Cement-Cementitious Materials Ratio   0.540 0.540 0.600 

Water-Cementitious Materials Ratio   0.45 0.451 0.501 

Slump, Slump Flow, in.     N/A
1 

N/A  N/A  

M Mass of Concrete. lbs   1573.72 14.97 1602.95 

V Absolute Volume of Concrete, ft
3
   25.21 0.240 26.56 

T Theorectical Density, lb/ft
3
  = (M / V)    62.42 62.42 60.35 

D Design Density, lb/ft
3
        =  (M / 27)   58.29   

D Measured Density, lb/ft
3
     65.39 65.39 

A Air Content, %  = [(T - D) / T x 100%]   6.63 -4.76 -8.35 

Y Yield, ft
3                                                  

= (M / D)   27 0.23 25 

Ry Relative Yield                        = (Y / YD)       0.934   
1
Because of delays and other challenges on pour day, the slump test was not taken.  The slump of structural mix 1 was estimated as 3 

inches in development but about 6 inches in construction.  The slump of structural mix 2 was about 2 inches.   
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Mixture ID: Patch Mix Design 
Proportions (Non 

SSD) 

Actual Batched 
Proportions 

Yielded  
Proportions YD Design Batch Size (ft

3
):          0.245 

Cementitious Materials SG 
Amount 
(lb/yd

3
) 

Volume 
(ft

3
) 

Amount 
(lb) 

Volume 
(ft

3
) 

Amount 
(lb/yd

3
) 

Volume 
(ft

3
) 

CM1 Portland Cement 3.15 454.79 2.314 4.33 0.022 N/A N/A 

CM2 VCAS 160 2.60 303.20 1.869 2.88 0.018 N/A N/A 

Total Cementitious Materials:    757.99 4.18 7.21 0.040 N/A N/A 

Fibers               

Total Fibers:    0.00 0.00 0.00 0.00 0.00 0.00 

Aggregates               

A3 Poraverspheres (.1-.3mm) Abs: 35% 0.90 431.03 7.675 4.10 0.073 N/A N/A 

A4 
1
Poraverspheres (.04-

.125mm) Abs: 40% 
1.00 478.92 7.675 4.56 0.073 N/A N/A 

Total Aggregates:    909.95 15.35 8.66 0.15 N/A N/A 

Water               

W1 Water for CM Hydration (W1a + W1b) 

1.00 

379.00 6.074 3.61 0.058 N/A N/A 

  
W1a. Water from Admixtures 0.00 

  

0.00 

  

N/A 

  W1b.  AdditioN/Al Water 379.00 3.61 N/A 

W2 Water for Aggregates, SSD  1.00 342.43 3.26 N/A 

Total Water (W1 + W2):    721.42 11.56 6.86 0.110 N/A N/A 

Solids Content of Latex, Dyes and Admixtures in Powder Form 

Total Solids of Admixtures:    0.00 0.000 0.00 0.000 0.00 0.000 

Admixtures (including Pigments in Liquid 
Form) 

              

% 
Solids 

Dosage 
(fl 

oz/cwt) 

Water in 
Admixture 

(lb/yd
3
) 

Amount     
(fl oz) 

Water in 
Admixture 

(lb) 

Dosage 
(fl 

oz/cwt) 

Water in 
Admixture 

(lb/yd
3
) 

Water from Admixtures (W1a):      0.00   0.00   0.00 

                

Cement-Cementitious Materials Ratio   0.600 0.600 N/A 

Water-Cementitious Materials Ratio   0.95 0.952 N/A 

Slump, Slump Flow, in.    N/A
 

N/A N/A 

M Mass of Concrete. lbs   2389.36 22.73 N/A 

V Absolute Volume of Concrete, ft
3
   31.09 0.296 N/A 

T Theorectical Density, lb/ft
3
  = (M / V)    76.84 76.84 N/A 

D Design Density, lb/ft
3
        =  (M / 27)   88.49   

D Measured Density, lb/ft
3
     N/A N/A 

A Air Content, %  = [(T - D) / T x 100%]   -15.16 N/A N/A 

Y Yield, ft
3                                                  

= (M / D)   27 N/A N/A 

Ry Relative Yield                        = (Y / YD)       N/A   
1
Patch mix has not been made.  Several properties estimated or unvailable, including absorption and specific gravity of 

Poraverspheres .04-.125 mm.    
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Appendix C: Bill of Materials 

Material Quantity Unit Cost Total Price 

White Portland Cement 94.56 $0.18/lb $17.02 

VCAS 160 63.03 $0.60/lb $37.92 

Komponent 16.71 $0.37/lb $6.18 

Poraver Spheres 1-2mm 55.20 $0.70/lb $38.64 

Poraver Spheres .5-1mm 27.26 $0.70/lb $19.08 

Poraver Spheres .25-.5mm 12.50 $0.70/lb $8.75 

Poraver Spheres .1-.3mm 10.48 $0.70/lb $7.34 

Poraver Spheres .04-.125mm 4.56 $0.70/lb $3.19 

PVA RSC15 Fibers 1.54 $14.00/lb $21.62 

PVA RFS400 Fibers 1.54 $15.00/lb $23.16 

Rhoplex MC-1834P 39.78 $2.00/lb $79.55 

ADVA 555 1.95 0.11/fl oz $0.21 

Daravair AT60 0.78 0.05/fl oz $0.04 

Fiberglass Mesh 75.0 linear feet $1.25/ft $93.75 

Stain
1 

3 gallons $40.00/gal $120.00 

Sealer
1 

2 gallons $10.00/gal $20.00 

Styrofoam Mold, Complete Lump Sum  $350.00 

Total Production Cost $837.79 

 


	Table of Contents
	Executive Summary
	Project Management
	Organization Chart
	Hull Design and Structural Analysis
	Development and Testing
	Construction
	Project Schedule
	Design Drawing
	Appendix A: References
	Appendix B: Mix Proportions
	Appendix C: Bill of Materials

