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Executive Summary 
 Rice University is proud to compete in the National Concrete 
Canoe Competition for the second time in recent memory.  After 
learning much last year, our first attempt in 10 years, Rice 
University has returned to the Texas-Mexico Region competition 
with a new canoe; REVENGE.   This pirate-themed canoe’s name 
says much of our current team’s spirit.  We wish to continue the 
momentum Rice gained last year and wish to vault ourselves to 
regular contention in the Texas-Mexico region.  We wish for 
REVENGE. 
 Rice University is a small, private institution located within the heart of Houston, Texas.  Rice 
University was founded in 1912 through the philanthropic gift of William Marsh Rice.  The university is 
home to 3,500 undergraduates and 2,200 graduate students.  Our team this year is composed of about 15 
undergraduates, 2 graduate students, and a lab technician.   

 Rice designed and constructed a canoe last year, but 
many methods were found to be ineffective and many clear 
opportunities for improvement were identified.  For the first 
time, Rice’s concrete canoe team performed months of 
concrete and materials testing.  This testing paid dividends in 
the form of very strong and lightweight concrete.   
 This year’s list of innovations in the construction of 
the canoe was long, but included a better mold design, 
constructed mostly of Styrofoam, rather than linoleum.  We 
also applied concrete to the canoe by rolling it into sheets, 
instead of applying concrete by hand.  In the coming weeks, 
we will stain and seal our canoe, steps not applied to last 
year’s canoe, the UTitanicU. 
 Please note the tables on this page for canoe and 
concrete mix properties.  

Canoe Name REVENGE 
Weight 335 +/- 10 lbs 
Length 20’ 1” 
Width 31.5” 
Depth 16” 
Thickness 1” 
Color Brown/Black 

Properties of Utilized Materials 
Concrete Mix 1 
Strength 1.50 KSI 
Unit Weight 65.33 PCF 
Concrete Mix 2 
Strength 1.46 KSI 
Unit Weight 65.28 PCF 
Concrete Mix 3 
Strength 1.35 KSI 
Unit Weight 64.34 PCF 
Reinforcement 
Type Fiberglass Woven 

Mesh 
Strength 80 +/- 5 lbs per inch 

width 
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Analysis 
The REVENGE was approximated as a 

2”x 15”x 20’ concrete beam.  It was assumed 
that a more detailed analysis involving the exact 
shape of the canoe’s hull would be too time-
intensive for the relatively low improvement in 
analysis.  Inherent flaws in construction still 
require a large factor of safety to be applied to 
the design no matter the method of analysis.    

Assuming the canoe itself weighs 350 
lbs and is point-loaded with four 160-lb riders 
located at 4’, 8’, 12’, and 16’, the shear diagram 
along the 20’ of the approximated canoe will 
look as shown in the figure below: 

 
This will be the maximum loading 

condition and the estimated weights of the 
canoe and paddlers are conservative.   

The magnitude of stress on the extreme 
top and bottom fibers of the beam will be as 
shown in the figure below: 

 
The moment diagram has the same shape as the 
stress diagram above, because stress and 
moment are linearly related by 𝜎 =  𝑀 𝑦

𝐼
.  

Potential deflections were not calculated 
because young’s modulus was unknown for our 
concrete mix. 

The CalFEM MATLAB toolkit was used 
for this analysis.  The beam was approximated 
as 20 finite elements.  According to this 
analysis, the maximum stress on the top and 
bottom fibers of the canoe is 0.138 KSI 

(kips/in P

2
P).  This maximum stress occurs at the 

locations of the middle two paddlers.  Because 
of the inaccuracies of this model, and to ensure 
that the canoe has adequate durability, we 
decided to aim for a maxixmum strength of 1 
KS1 in compression, yielding a safety factor of 
7.25.  We made this decision considering the 
performance of Rice’s previous canoe.  Last 
year’s canoe attempt, the UTitanicU, was 
constructed of concrete with a compressive 
strength of 0.890 KSI.  The performance of last 
year’s mix was adequate, and the team decided 
that aiming for a similar compressive strength 
would be acceptable. 

 Because concrete can support very little 
load in tension, our analysis assumed that the 
reinforcement will carry all tensile loads.  We 
chose a fiberglass mesh reinforcement and 
deemed that it must support the 0.138 KSI stress 
in tension, plus the maximum factor of safety 
possible. 

The required size of the end caps of the 
canoe were calculated assuming the canoe 
weighs 350lbs, and the concrete has a density of 
65 PCF (lbs/ft P

3
P).  With these assumptions, a 

buoyant force of 14lbs is required to keep the 
canoe afloat.  The total size of cavity required 
by end caps is therefore 0.22 cubic feet.  For 
construction, we assume that 1” of concrete 
cover above the Styrofoam end caps will be 
sufficient.   
 
Development and Testing 

Development and Testing constituted a 
large part of the canoe production schedule.  
Material acquisition and testing of concrete 
mixes occurred over the entire fall 2010 
semester.   
 We first determined to use as many of 
the same materials as possible that were used in 
Rice’s canoe last year.  Experience with these 
materials would make mix design and the 
placing of concrete easier.  Using materials 
already present in our concrete lab would also 
keep costs low.  The plan for development was 
to focus on making mixes with densities of 60-
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70 lbs/ftP

3
P and then trying to increase the strength 

of successive test mixes. 
The 2010 Rice concrete canoe mix was 

outside of this target range of densities, with a 
reported density of 92 PCF.  The mix used in 
REVENGE would need to be much lighter to 
be in compliance with NCCC regulations.  In 
order to make the canoe significantly less dense, 
we decided early on to  use Poraver spheres as 
the primary ingredient in the aggregate mix.  
We had a large supply of Poraver spheres at our 
disposal and these spheres have a specific 
gravity of 0.4-0.6, depending on the particle 
diameter.  

In September 2010, we poured test 
cylinders of three mixes that were very similar 
to the 2009-2010 Rice mix.  The baseline mix 
contained the following cementitious materials: 
400lb/ydP

3
P of type III Portland cement, 200lb/ydP

3
P 

of slag cement, and 200lb/yd P

3 
Pof class F fly ash.  

The aggregate blend consisted of 136 lb/ydP

3
P 

each of 1-2mm Poraver spheres, 0.25-0.5mm 
Poraver spheres, paver sand, and bottom ash.  
The water/cementitious materials ratio was set 
at 0.55, as this was the least possible amount of 
water that would give the concrete adequate 
workability.  The two other mixes contained 
slightly adjusted amounts of slag cement and 
class F fly ash.  ASTM C 260 air entrainment 
was added uniformly at the recommended 
dosage (3 fl oz per 100lbs cementitious 
material) to all three mixes.  These initial mixes 
all contained what we considered to be very 
normal mixtures of aggregates and cementitious 
materials. 

When cylinders were tested according to 
ASTM C 39, compressive strengths of 1.35, 
1.05, and 0.19 KIPs, respectively, were found as 
the strengths of the three mixes.  Densities 
ranged from 61-72 PCF.  The large 
discrepancies of strength and density between 
mixes, indicated that our results could not be 
held as accurate.   

Based on this initial experience, our 
testing philosophy changed.  Pouring cylinders 
required a large amount of concrete and did not 
yield much data.  Also, we could only gather 

data when the lab technician was available to 
operate the lab machinery for us.  We decided to 
conduct a large number of preliminary tests with 
the apparatus shown below;  

 
In this test, we cantilevered a beam, 

1½”x3½” x12” in size, of a sample concrete mix 
out from a table edge, and very slowly pour 
water into a bucket until the cantilevered beam 
broke.  We weighed the amount of water 
supported in the bucket, and through strength of 
materials equations, calculated the maximum 
tensile stress supported in the top fibers of the 
cantilevered beam. This may not have yielded 
precise quantitative data, but the many tests 
allowed us to compare a wide variety of mixes 
on a relative basis. We decided to vary the 
proportions of the various aggregates and 
cementitious materials in 8 text mixes, and 
create several bars of each mix.  This provided 
several data points for each test mix.  
Whichever mix performed the best relative to 
the others in this series of tests was then tested 
according to ASTM C 39.  If the tested mix met 
the goal of 1 KSI in compressive strength, it was 
accepted.    

Between our first round of failed tests 
and our second round of testing using a 
cantilevered beam, we acquired several new 
materials.  The first material we acquired was 
metakaolin.  It was listed in the competition 
rules and seemed to have useful properties of 
impermeability.  We also acquired 
polypropylene fibers and a plasticizer to 
introduce throughout the concrete mix.  The 
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fibers would increase the strength and durability 
of the mix (added at 1lb/yd P

3
P), and the plasticizer 

(added at 1.75lb/ydP

3
P) would make the mix more 

workable, allowing for a lower water content 
and thus stronger concrete. 

The fibers, plasticizer, and air 
entrainment were added uniformly to all mixes 
in manufacturer recommended doses.  It was 
assumed these additives could only help make 
each test mix more workable, lighter, or 
stronger by the same degree.  The water-
cementitious material ratio was kept at 0.55 for 
all test mixes.  This w/cm ratio is relatively high 
for a concrete mix, but the Poraver spheres in 
the mix absorbed and adsorbed a considerable 
amount of water.   

From these mostly quantitative tests, 
several important concepts were derived.  It 
appeared that between slag cement and class F 
fly ash, using slag cement increased the strength 
of the concrete, but also increased brittleness.   

We also tested “crumb-rubber,” a low 
density, recycled rubber product.  It was decided 
that crumb-rubber should not be used in the 
final canoe mix because it does not add to the 
strength of the concrete. 

It was also determined that a minimum 
volume of 4ft P

3
P of cementitious materials per 

cubic yard of concrete would be required to 
properly bind the aggregates we considered.  A 
smaller amount of cementitious material would 
yield a lighter concrete mix, but the strength of a 
mix was found to drop considerably as the 
volume of cementitious material fell below 4ft P

3
P.   

We also discovered that the strength of a mix 
would increase significantly when just a small 
amount of sand was added to the aggregate 
blend.  The strength gained is “worth” the 
weight added.  Our final mix reflects this.   

After these qualitative tests, a final mix 
was selected.  This mix was very similar to the 
best-performing mix seen in the cantilever 
testing.  This mix contained 750lb/ydP

3
P of 

cementitious, 661lb/yd P

3
P of aggregates, and had a 

water/cementitious materials ratio of 0.55.  By 
weight, the cementitious material was 50% type 
III Portland cement, 17.5% slag cement, 17.5% 

class F fly ash, and 15% metakaolin.  By weight 
the aggregate was 40% 1-2mm Poraver spheres, 
10% 0.5-1mm Poraver spheres, 15% 0.25-
0.5mm Poraver spheres, 10% paver sand, and 
25% bottom ash.  Admixtures included air 
entrainment and super plasticizer, each added at 
the dosage suggested by the manufacturer.  
Polypropylene fibers were also added at the 
dosage recommended by the manufacturer.  
These doses have been listed previously.  When 
cylinders of this mix were tested in compression 
according to ASTM C 39, the max compressive 
strength was found to be 1.41 and 0.80 kips 
based on two tests.  This was considered 
adequate.   

One concrete mix is used in the canoe 
and the canoe was poured using three batches of 
this mix.  This concrete mix is identical to the 
mix noted above.  All three batches had slightly 
different densities.  It seems inherent in mixing 
that no two batches will have the same density, 
because the mixer mixes the concrete randomly.  
The engineering properties of the three final 
mixes used in the canoe are listed in the 
executive summary.  The concrete exceeded all 
expectations when tested according to ASTM C 
39.  Additionally, the concrete samples 
exhibited a very slow, gradual failure, which is 
much safer than an explosive failure.   

The reinforcement used in the canoe 
consisted of sheets of woven fiberglass.  The 
percent open area of a single layer of this sheet 
is 69.4%.  The percent open layer of two layers 
of this reinforcement is 47.5%.  The 
reinforcement was laid in a single layer on the 
sides of the canoe, and a second layer was added 
to the bottom of the canoe, the area of maximum 
tensile force, as shown in the figure below:   
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From our analysis, a single layer of 
reinforcement can support 80 +/- 5 pounds per 
inch-wide slice of reinforcement sheet.  When 
double-layered, this reinforcement can support 
160 pounds +/- 10 pounds per inch wide section.  
This will certainly support the required 0.138 
KSI of tensile force predicted by the previously-
mentioned simple beam analysis.  The bottom of 
the canoe is wider than the 2in-wide previously-
mentioned model beam, so the actual tensile 
stresses on the bottom of the canoe will be less 
than those predicted   by   the model.  The 
results of our material testing show that our 
concrete mix and reinforcement should have 
adequate strength to provide good performance.  
 
Project Management and Construction 

In the fall of 2010, during the phase of 
materials testing, a Google Calendar with a 
testing schedule and a Google Documents folder 
were shared amongst the team.   
 Construction of the canoe took place in 
the spring of 2011, and required much more 
sophisticated project management.  Concrete 
canoe was made a student-taught course at Rice.  
Thirteen students were enrolled in the course 
and will receive 1 credit hour pass-fail for 16 
hours of labor on the canoe.  Rice’s ASCE 
President and Concrete Canoe Captain acted as 
the instructors for this course.  As an official 
Rice course, the team gained an “owl-space” 
page.  Owl-space is a course-management 
website used by nearly every course at Rice.  
Using Owl-space, a project schedule was posted 
in the form of a syllabus, announcements could 
be sent out to team members, and files could be 
posted to be shared amongst the team.  This 
project management tool was provided at no 
cost to the concrete canoe team, and was very 
effective.   

About an hour of project management 
was required for every hour that the team met to 
construct the canoe.   

The team managed risks that arose 
during testing and construction with a safety 
policy written by the team and approved by the 
Civil Engineering Department Faculty.  A copy 

of the safety policy was distributed via email to 
every student and mentioned during class 
meetings.  Highlights of the safety policy 
include following all MSDS recommendations 
and only working when appropriate personnel 
are present.  The key way that the safety policy 
affected the project is that it required the Rice 
lab technician to conduct all cylinder 
compression tests.  The lab technician was often 
too busy to conduct compression tests for us, so 
we had to devise our cantilever testing 
procedure, as described previously.   

The concrete canoe team was fortunate 
to receive donations from the Rice Civil 
Engineering Department and the Rice design 
workshop (called the Oshman Engineering 
Design Kitchen).  Private financial and material 
donations were used to cover all additional 
expenses.   

These funds were spent throughout the 
production process. Around $500 was spent on 
material procurement, with much more material 
donated.  Close to $800 was spent constructing 
the canoe, decorative stands, cutaway, and 
display table.   

Major milestone activities in 
development and construction included: 
• Selection of final concrete mix – It was 

absolutely necessary to select a concrete mix 
before the canoe could be poured. (January 
2011) 

• Completion of canoe mold – The canoe 
mold was constructed over several Saturday 
afternoon meetings in January and February 
of 2011. (Mid-February)  

• Pouring of canoe outside shell– After the 
mold was finished, the canoe was poured.  
The pouring of the canoe was the most 
critical step in the entire construction 
process.  The canoe was poured before 
Rice’s spring break so the canoe could begin 
to cure during the break in team meetings.  
(Mid-February) 

• Removal of canoe from mold – the greatest 
stresses the canoe will ever face occurred 
when it was removed from the mold.  
Removal was achieved when 20 Rice 
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students worked together to evenly lift the 
canoe off the mold.  (Mid-March)   

• Sanding/staining/sealing of canoe – these 
activities must occur in the order given.  
These steps have been/will be achieved in 
late March and in April of 2011.   
Research and planning was initiated with 

individuals researching concrete materials and 
construction techniques.  The individual 
research of various team members was then 
gathered and discussed in several team meetings 
in September and October of 2010.   Around 
125 man-hours of research and planning were 
conducted by the entire team.  Up to 200 man-
hours of testing occurred from September 2010 
– January 2011.  During this period, several 
team members completed multiple cycles of 
testing.  Construction occurred from January 
2011 and is scheduled to continue until April 
24, 2011.  Total construction is projected to 
require 450-500 man hours.   

Concrete material selection was mostly 
guided by what was available in the Rice 
concrete laboratory.  The team conducted 
additional research to see what other successful 
concrete canoe teams used in their concrete 
mixes.  The competition rules also provided 
some hints as to the cementitious materials that 
should be considered.   

The mold design was deliberated by the 
team in meetings early in the year.  We 
eventually settled on cutting out a sheet of 
plywood to match the stations provided at one 
foot intervals by the NCCC. 

 
We then interpolated and placed a wooden 

station every 6 inches, between the NCCC 
stations, as shown in the figure above.  The 
spaces between the plywood were then filled 
with Styrofoam, and a layer of agricultural 

gypsum was painted to smooth out the entire 
mold and to prevent the concrete from sticking 
to the Styrofoam, as shown in the figure below:   

 
Concrete was placed using an original team 

method.  After being mixed, concrete was rolled 
out into half-inch thick sheets by the team using 
rolling pins on rails, as the figure below shows:   

 
The rails regulated the thickness of the 

concrete sheets, and these sheets were “slapped” 
on to the mold.  This allowed the layers of 
concrete to be uniform in thickness around the 
mold.  Two ½” layers of concrete were placed 
on the mold, with a layer of reinforcement in the 
middle of these layers. The figure below shows 
one layer about to be slapped onto the mold:  

 
The layer of agricultural gypsum powder 

used in mold construction allowed the canoe to 
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simply lift off the mold, once cured.  After 
being removed from the mold, the canoe was 
sanded by hand with sandpaper up to 150 grit.  
Because a male mold was used, a gypsum 
residue remained on the inside of the canoe, but 
was removed during the sanding of the canoe.  
This represents the current stage of construction 
at the time of this writing.  End caps will be 
poured in early April to help REVENGE pass 
the flotation test.  The canoe will be stained and 
sealed in the two weeks following.  Several 
different stain colors will be painted on and the 
sealant will be applied last.  
 
Innovation and Sustainability 
 This is Rice’s second concrete canoe 
attempt in recent memory.  We set out to 
improve upon last year’s attempt, and many 
innovative ideas were incorporated into the 
design and construction of REVENGE.   

The previously-mentioned cantilever 
testing method proved to be the first significant 
innovation of the project.  This testing method 
allowed undergraduates to perform otherwise 
impossible rapid-fire testing.  The team can say 
with fair certainty that we have made the best 
concrete mix possible, given the combination of 
materials at our disposal.   

The mold also saw innovation.  
Styrofoam was used for most of the mold’s 
surface area.  Last year Rice used kitchen 
linoleum stretched over a wooden frame.  The 
Styrofoam allowed for a smoother and more 
accurately cast canoe to be constructed.  The use 
of agricultural gypsum powder on top of the 
Styrofoam allowed the canoe to be easily 
removed from the mold, a feat not seen last 
year, when the mold had to be dismantled to 
remove the canoe. 
 The placement of concrete also saw 
great innovation.  Concrete was rolled into 
1’x1’x½” sheets using rolling pins on half-inch 
tall guard rails.  These concrete squares were 
each carried to the mold using canvas sheets, 
and then slapped on to the mold.  This proved to 
be light-years ahead of the method used last 
year – placing the concrete entirely by hand.   

 We also scheduled a full week to sand 
the canoe by hand.  A year ago, the need for 
sanding was not anticipated and no time was set 
aside to sand the UTitanicU.  Last year’s team was 
forced to use power sanders.  This kept the 
project on schedule, but caused many cracks in 
the canoe.  By sanding by hand, we prevented 
cracks and left the canoe with a great finish.  
This was a project management innovation more 
than a technical innovation.  
 The team plans to decoratively stain 
REVENGE.  This also stands as a leap forward 
from last year, when the team did not  acquire 
stain or schedule time to apply it. 
 Along with these other innovations, 
sustainable materials were better studied and 
better used by the team this year.  Class F fly 
ash and slag cement are both recycled 
cementitious materials that were used to replace 
Portland cement in REVENGE’s construction.  
Slag cement is a by-product of iron and steel 
making and fly ash is collected from the smoke 
stacks of coal power plants.  

Sustainable aggregates were also used.  
Poraver spheres, recycled glass spheres, and 
bottom ash, a by-product of coal power 
generation, were both used in construction.  Our 
concrete mix meets all NCCC guidelines for 
sustainable ingredients.  Our concrete is 70% 
recycled by weight. 
 The methods of construction are very 
sustainable.  The UTitanicU sank in last year’s 
competition, and many construction techniques 
proved ineffective. We were not able to 
sustainably re-use last year’s canoe and were 
only able to re-use some pieces of the mold 
from last year.  This year, the most 
unsustainable part of the entire construction 
process was the use of Styrofoam.  The 
Styrofoam mold survived however, and we will 
re-use the mold for several years.  This will 
prove sustainable.  All leftover materials from 
this year’s boat will also be used for testing or 
construction of next year’s concrete canoe.  
Additionally, we had very little waste in the 
construction of the mold or placing of concrete.  
Rice will have its REVENGE!
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Benjamin Berryhill 
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Benjamin Berryhill 
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Elizabeth Diaz-
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Peter Fobel 
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Nicole Kwan 
Andrew Lo 

Johan Loveless 
Henry Neilson 

Daniel Neumann 
Andria Remirez 
Josh Rutenberg 

Becca Sagastegui  
Dan Sloat 

Janna Stover 
MikeTroop 

Vishnu Vemuru 
Justin Warren 
Gage Wright 

Luke Zhou 
 

Lead: 
Peter Fobel 

Writers: 
Benjamin Berryhill 

Peter Fobel 

Lead: 
Peter Fobel 

Paddlers: 
Women: 
Elizabeth Diaz-
Stubbs 
Nicole Kwan 
Andria Remirez 
Becca Sagastegui 
Janna Stover 
 
Men: 
Benjamin Berryhill 
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Clayton Chaney 
Peter Fobel – 
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Andrew Lo 
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Lizbeth Gonzalez 
Henry Neilson 
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Benjamin Berryhill 
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Appendix B – Mixture Proportions 

 
 

YD

SG
Amount
(lb/yd3)

Volume
(ft3)

Amount
(lb)

Volume
(ft3)

Amount
(lb/yd3)

Volume
(ft3)

CM1 3.15 375.00 1.908 2.62 0.013 33.75 0.172
CM2 2.51 131.25 0.838 0.92 0.006 13.84 0.088
CM3 2.87 131.25 0.733 0.92 0.005 13.84 0.077
CM4 2.60 112.50 0.693 0.79 0.005 6.08 0.037

750.00 4.17 5.24 0.03 67.50 0.37

F1 1.00 1.00 0.005 0.01 0.000 0.09 0.000

A1 Abs: 40% 0.41 263.41 10.296 1.85 0.072 23.82 0.927
A2 Abs: 40% 0.54 66.18 1.964 0.46 0.014 5.96 0.177
A3 Poraverspheres (.25-.5 Abs: 40% 0.66 99.27 2.410 0.69 0.017 8.93 0.217
A4 Sand Abs: 10% 2.65 66.18 0.400 0.46 0.003 5.96 0.036
A5 Abs: 10% 2.40 165.44 1.105 1.16 0.008 14.89 0.099

660.48 16.18 4.62 0.11 59.56 1.46
\

W1 217.80 3.490 1.52 0.024 19.60 3.490
7.80 0.05 0.70

210.00 1.47 18.90
W2 1.00 194.70 1.36 17.52

412.50 6.61 2.88 0.05 37.13 0.59

S1 0.80 1.75 0.035 0.01 0.000 0.16 0.003

Ad1 lb /gal 5.25 16.00 0.99 0.11 0.007 1.4 0.07
0.99 0.01 0.07

M

V

T

D

D

A

Y

Ry

0.500
0.550
1.500

Dosage
(fl oz/cw t)

Water in 
Admixture 

(lb/yd3)

Dosage
(fl oz/cw t)

Water in 
Admixture 

(lb/yd3)

Admixtures (including Pigments in 
Liquid Form)

Metakaolin

Total Aggregates: 
Water

Water for CM Hydration (W1a + W1b)
W1a. Water from Admixtures

Poraverspheres (1-2mm

Bottom Ash

Design Proportions 
(Non SSD)

Actual Batched 
Proportions

Yielded  
Proportions

Aggregates

Total Cementitious Materials: 
Fibers

Fiber 1

Mixture ID: Mixture 1, Canoe Pour

Design Batch Size (ft3):         

Cementitious Materials

Portland Cement (Type III)
Fly Ash - Class F
Slag Cement

0.007
2.520.20

4.11 3.49
64.890 65.330

Yield, ft 3                                                  = (M / D)

Measured Density, lb /ft 3

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

Relative Yield                      = (Y / Y D ) 

0.00
27.00

Water for Aggregates, SSD 
W1b.  Additional Water

Solids Content of Latex Admixtures and Dyes

1.00

Slump, Slump Flow, in . 
Water-Cementitious Materials Ratio
Cement-Cementitious Materials Ratio

1826.7

Total Water (W1 + W2) : 

Supercizer

% 
Solids

27.01
67.62

Mass of Concrete. lbs

Absolute Volume of Concrete, ft 3

67.66
Theorectical Density, lb /ft 3   = (M / V) 
Design Density, lb /ft 3         =  (M / 27)

1.500

Water in 
Admixture 

(lb)

Amount
(f l oz)

Chryso Air 260

Water from Admixtures (W1a) : 

0.500
0.55
1.50

Poraverspheres (.5-1m        

67.67

12.77
0.19

67.69

164.43
2.43

0.500
0.550
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YD

SG Amount
(lb/yd3)

Volume
(ft3)

Amount
(lb)

Volume
(ft3)

Amount
(lb/yd3)

Volume
(ft3)

CM1 3.15 375.00 1.908 2.62 0.013 33.75 0.172

CM2 2.51 131.25 0.838 0.92 0.006 13.84 0.088

CM3 2.87 131.25 0.733 0.92 0.005 13.84 0.077

CM4 2.60 112.50 0.693 0.79 0.005 6.08 0.037

750.00 4.17 5.24 0.03 67.50 0.37

F1 1.00 1.00 0.005 0.01 0.000 0.09 0.000

A1 Abs: 40% 0.41 263.41 10.296 1.85 0.072 23.82 0.927

A2 Abs: 40% 0.54 66.18 1.964 0.46 0.014 5.96 0.177

A3 Poraverspheres (.25-.5mm) Abs: 40% 0.66 99.27 2.410 0.69 0.017 8.93 0.217

A4 Sand Abs: 10% 2.65 66.18 0.400 0.46 0.003 5.96 0.036

A5 Abs: 10% 2.40 165.44 1.105 1.16 0.008 14.89 0.099

660.48 16.18 4.62 0.11 59.56 1.46

\

W1 217.80 3.490 1.52 0.024 19.60 3.490

7.80 0.05 0.70

210.00 1.47 18.90

W2 1.00 194.70 1.36 17.52

412.50 6.61 2.88 0.05 37.13 0.59

S1 0.80 1.75 0.035 0.01 0.000 0.16 0.003

Ad1 lb /gal 5.25 16.00 0.99 0.11 0.007 1.4 0.07

0.99 0.01 0.07

M

V

T

D

D

A

Y

Ry

Mixture ID: Mixture 2, Canoe Pour Design Proportions 
(Non SSD)

Actual Batched 
Proportions Yielded  Proportions

Design Batch Size (ft3):         

Cementitious Materials

Portland Cement (Type III)

Fly Ash - Class F

Slag Cement

Metakaolin

Total Cementitious Materials: 

Fibers

Fiber 1

Aggregates

Poraverspheres (1-2mm)

Poraverspheres (.5-1mm)       

Bottom Ash

Total Aggregates: 

Water

Water for CM Hydration (W1a + W1b)

1.00W1a. Water from Admixtures

W1b.  Additional Water

Water for Aggregates, SSD 

Total Water (W1 + W2) : 

Amount
(f l oz)

Water in 
Admixture 

(lb)

Solids Content of Latex Admixtures and Dyes
Supercizer

Dosage
(fl oz/cw t)

Water in 
Admixture 

(lb/yd3)

Chryso Air 260

Water from Admixtures (W1a) : 

Admixtures (including Pigments in Liquid Form)
% Solids

Dosage
(fl oz/cw t)

Water in 
Admixture 

(lb/yd3)

Cement-Cementitious Materials Ratio 0.500 0.500 0.500

Water-Cementitious Materials Ratio 0.55 0.550 0.550

Slump, Slump Flow, in . 1.50 1.500 1.500

Mass of Concrete. lbs 1826.7 12.77 164.43

Absolute Volume of Concrete, ft 3 27.01 0.19 2.43

Theorectical Density, lb /ft 3   = (M / V) 67.62 67.67 67.69

2.52

Design Density, lb /ft 3         =  (M / 27) 67.66

Measured Density, lb /ft 3 64.890 65.284

Relative Yield                      = (Y / Y D ) 0.007

Air Content, %   = [(T - D) / T x 100%] 0.00 4.11 3.56

Yield, ft 3                                                  = (M / D) 27.00 0.20
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YD

SG Amount
(lb/yd3)

Volume
(ft3)

Amount
(lb)

Volume
(ft3)

Amount
(lb/yd3)

Volume
(ft3)

CM1 3.15 375.00 1.908 2.62 0.013 33.75 0.172

CM2 2.51 131.25 0.838 0.92 0.006 13.84 0.088

CM3 2.87 131.25 0.733 0.92 0.005 13.84 0.077

CM4 2.60 112.50 0.693 0.79 0.005 6.08 0.037

750.00 4.17 5.24 0.03 67.50 0.37

F1 1.00 1.00 0.005 0.01 0.000 0.09 0.000

A1 Abs: 40% 0.41 263.41 10.296 1.85 0.072 23.82 0.927

A2 Abs: 40% 0.54 66.18 1.964 0.46 0.014 5.96 0.177

A3 Poraverspheres (.25-.5mm) Abs: 40% 0.66 99.27 2.410 0.69 0.017 8.93 0.217

A4 Sand Abs: 10% 2.65 66.18 0.400 0.46 0.003 5.96 0.036

A5 Abs: 10% 2.40 165.44 1.105 1.16 0.008 14.89 0.099

660.48 16.18 4.62 0.11 59.56 1.46

\

W1 217.80 3.490 1.52 0.024 22.60 3.490

7.80 0.05 0.70

210.00 1.47 21.90

W2 1.00 194.70 1.36 17.52

412.50 6.61 2.88 0.05 40.13 0.64

S1 0.80 1.75 0.035 0.01 0.000 0.16 0.003

Ad1 lb /gal 5.25 16.00 0.99 0.11 0.007 1.4 0.07

0.99 0.01 0.07

M

V

T

D

D

A

Y

Ry

Mixture ID: Mixture 3, Canoe Pour Design Proportions 
(Non SSD)

Actual Batched 
Proportions Yielded  Proportions

Design Batch Size (ft3):         

Cementitious Materials

Portland Cement (Type III)

Fly Ash - Class F

Slag Cement

Metakaolin

Total Cementitious Materials: 

Fibers

Fiber 1

Aggregates

Poraverspheres (1-2mm)

Poraverspheres (.5-1mm)       

Bottom Ash

Total Aggregates: 

Water

Water for CM Hydration (W1a + W1b)

1.00W1a. Water from Admixtures

W1b.  Additional Water

Water for Aggregates, SSD 

Total Water (W1 + W2) : 

Amount
(f l oz)

Water in 
Admixture 

(lb)

Solids Content of Latex Admixtures and Dyes
Supercizer

Dosage
(fl oz/cw t)

Water in 
Admixture 

(lb/yd3)

Chryso Air 260

Water from Admixtures (W1a) : 

Admixtures (including Pigments in Liquid Form)
% Solids

Dosage
(fl oz/cw t)

Water in 
Admixture 

(lb/yd3)

Cement-Cementitious Materials Ratio 0.500 0.500 0.500

Water-Cementitious Materials Ratio 0.55 0.550 0.594

Slump, Slump Flow, in . 1.50 1.500 1.500

Mass of Concrete. lbs 1826.7 12.77 167.43

Absolute Volume of Concrete, ft 3 27.01 0.19 2.48

Theorectical Density, lb /ft 3   = (M / V) 67.62 67.67 67.59

2.60

Design Density, lb /ft 3         =  (M / 27) 67.66

Measured Density, lb /ft 3 64.890 64.346

Relative Yield                      = (Y / Y D ) 0.007

Air Content, %   = [(T - D) / T x 100%] 0.00 4.11 4.80

Yield, ft 3                                                  = (M / D) 27.00 0.20
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Appendix C – Bill of Materials 
 
 
Material Quantity Unit Cost Total Price 
Portland Cement, Type III 101 lbs $0.18 per lb $18.22 
Fly Ash, Class F 42 lbs $0.02 per lb $0.96 
Holcim Slag Cement 42 lbs $0.10 per lb $4.20 
Metakaolin 18 lbs $1.36 per lb $24.48 
Poraver spheres 1-2mm 72 lbs $0.70 per lb $50.40 
Poraver spheres .5-1mm 18 lbs $0.70 per lb $12.60 
Poraver spheres .25-.5mm 27 lbs $0.70 per lb $18.90 
Paver Sand 18 lbs $0.30 per lb $5.40 
Boral Bottom Ash 45 lbs $0.02 per lb $0.90 
Fiberglass Reinforcement 100 linear feet $0.72 per ft $71.90 
Chryso Air 260 4.2 fl oz $.03 per fl oz $0.14 
Fritz-Pak Supercizer 1 0.48 lbs $3.22 per lb $1.55 
Fibers 0.27 lbs $6.00 per lb $1.62 
Stain 3 gallons $40 per gallon $120.00 
Sealer 2 gallons $10 per gallon $20.00 
Lettering Paint 0.25 gallons $20 per gallon $5.00 
Mold, Complete $470.00 

Total Production Cost $826.27 
 


