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Executive Summary  

 

Rice University is a private institution 

located in the heart of Houston that prides 

itself in maintaining an outstanding student to 

faculty ratio, high levels of research, and 

seeking unconventional wisdom. The Rice 

Concrete Canoe Team is now entering its 

sixth year of competition in the Texas-

Mexico Region. Past teams have left us with 

the inspiring legacies of Centurion (4th, 2012), 

Cloud (8th, 2013), and Horizon (7th, 2014).  

Sagittarius, also known as the Archer, is 

represented as both the hunter and the centaur. 

He symbolizes the search for truth and 

knowledge in addition to the pursuit of new 

ideas. He is immortalized in the night sky 

with his bow drawn and aimed at his target. 

For these reasons, we are proud to present 

Sagittarius in the hopes that he will shoot us 

over the top and into the national competition. 

This year, our team changed aspects of 

previous canoes, such as flattening the hull to 

increase turning ability and primary stability. 

We also changed our reinforcement mesh to 

one that is stronger and easier to shape. 

However, the biggest change we attempted to 

make was to transition to a dual mold 

construction system. Using results and 

experiences from last year, we made further 

advances in mix design, pouring technology, 

dual mold construction methodology, and 

reinforcement spacing. Unfortunately, due to 

insufficient time and the inability to solve 

some lingering challenges, we decided to 

postpone implementation of the dual mold 

system to next year. Still, the advancements 

we made in the male-female mold system are 

elaborated upon throughout this paper.  

Knowing that transfer of knowledge and 

leadership is a challenge, the co-captains paid 

particular attention to mentoring next year’s 

potential captains. Members with interest in 

leading the team next year were given 

individual tasks to gain technical and 

leadership experience. Furthermore, the 

captains will continue the Rice Concrete 

Canoe Team tradition of updating our 

captains’ manual, which contains useful 

information to aid subsequent teams in 

continuing the creative process. 

Overall, we are proud to say that 

Sagittarius is a success. Its colors are vibrant, 

and its crew is strong and dedicated. And so, 

here we row! 

 

Table 1: Sagittarius Specifications 

Sagittarius Specifications 

Length 20.00 ft.  

Width 29.36 in. 

Depth 13.00 in. 

Thickness1 1.00 in.  

Color 
Red, Blue, Purple, Black, 

White 

Reinforcement 

- Type: Fiberglass 

Geogrid – GlasGrid 

8511 

- Strength: 655 (+/- 85 

lbs. per in. width) 
1Actual thickness may differ by up to 1/4 inch 

through construction.   

 

Table 2: Concrete Properties 

Structural Mix 1 Properties 

Wet Unit Weight  52.8 pcf 

Oven-Dried Unit Weight  N/A2 

Compressive Strength  818 psi3 

Tensile Strength  97 psi 
2Oven-dried density will be measured after design 

paper submissions 
3Strengths taken at 14 day

jackiesmartzhao
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depth is 14.5 inches
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Project Management 

 

To manage and lead this large scale 

project, the co-captains began planning in 

early August. The fall semester was devoted 

to research and development while the goal 

for the spring semester was construction. In 

this year’s schedule, the major project 

milestones were selection of structural mix, 

selection of hull shape, determination of 

construction method, canoe pour day, and 

design paper submission. The critical path of 

this project involved recruitment, research of 

mix design and construction methodology, 

and construction.  

The team met every Saturday for three 

hours except during university holidays. In 

addition to the Saturday meetings, the team 

also met during the week to handle project 

overflows. The co-captains also met to 

discuss the progress of the team throughout 

the year as well. In addition to their 

contributions during team meetings, each 

member was put in charge of a particular task 

or research topic with a deadline to present 

their findings to the co-captains. The goal 

was to make every member of the team feel 

empowered, engaged, and responsible, as 

well as use time efficiently by evenly 

distributing the workload. Not only did this 

encourage participation and responsibility, 

but it also led to a more efficient use of time.  

Efficiency is the key to any project with a 

well-defined deadline. Approximately 50 

hours were spent in development, 80 hours 

on hull design, 100 hours in mix design, 250 

hours on construction methodology, and 150 

hours in construction with approximately 40 

hours to be dedicated to aesthetic designs. 

This brings the total time spent to 670 hours. 

 
Figure 1: Man-Hours Spent  

 

The total budget set for the team was 

$3500. The captains were able to fundraise all 

of the money through various Rice 

University organizations and industry 

sponsors. About $1,500 of the budget went 

towards construction and material acquisition 

and $700 of the budget towards registration. 

Transportation and accommodations for the 

duration of the competition will cost an 

additional $1,000. A remaining $300 is set 

aside for contingency funds.  

As in the past, safety is the number one 

priority. From the first meeting, members 

were taught safety methods in the concrete 

lab. They were required to wear gloves and 

N95 masks when using any liquid admixtures, 

cementitious materials, or fibers. When 

testing the concrete columns and cylinders, 

hard hats were worn by everyone present. 

Members worked in pairs during foam or 

woodwork, always kept fingers away from 

mixing machines, and adhered to MSDS 

recommendations.  

In order to ensure a smooth transition 

from the 2015 team to the 2016 team, the 

2015 co-captains will pass on this year’s 

experiences by documenting them in the 

captain’s manual. This will help next year’s 

captains in continuing to etch out their paths 

and goals for the future. 

  

Man-Hours
Development

Hull Design

Mix Design
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Construction
Methodology

Construction

Aesthetic Designs
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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 and modify hull shape  

Academics: Design paper, engineering notebook 

Structural Analysis: Analyze canoe loads and stresses; determine canoe thickness 

Construction: Mold construction, interface application, and assist in pour day  

Paddling: Organize practice and teach techniques 

Aesthetics: Canoe design, t-shirt design, design paper cover page, and music video  

Lori Ding  Ray Buttgen  Thais Santos Milhomem  Sam Wang 

Junqing Zhao  Weiqi Chen   Daniel Neumann 

Giao Bui  Thais Sales Merlo  Saberithinam Kameshwar 

   

 

CANOE POUR DAY 
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Hull Design & Structural Analysis  
 

Horizon, our canoe from 2014, performed 

well, but paddlers noted that the canoe was 

far too sluggish during turns. As such, a 

primary focus of this year’s design was to 

improve the canoe’s turning ability. To do 

this, we primarily used a conceptual approach. 

In order to improve upon last year’s design, 

we decided that we needed to flatten the 

bottom of the Horizon’s hull to increase 

turning ability and primary stability (Canoe 

Hull Shape Defined, 2003). While Horizon 

already had a flatter bottom than its 

predecessor, Cloud, we decided to flatten the 

hull even further to achieve greater turning 

ability, especially for the endurance race. 

Having high primary stability is favorable in 

the calm waters in which we typically race 

(Canoe Hull Shape Defined, 2003). 

Flattening the bottom of Sagittarius also 

evenly distributed the water stresses, allowed 

for better thickness control, and eased 

paddling as proven from our previous canoes. 

We also reduced the canoe’s rocker to 2 in. to 

further improve our canoe’s turning 

efficiency (Canoe Hull Shape Defined, 2003; 

Forrest 2001). 

In order to redesign our hull, we started 

by using the NCCC hull design as a base. We 

then used Microsoft Excel and MATLAB to 

modify its design for our purposes. The width 

of each section is kept the same. This is 

because our canoe already has a sufficient 

beam to length ratio, and further width 

reduction would reduce carrying capacity 

below our acceptable limit. Our goal was to 

flatten the bottom and reduce the rocker 

while also maintaining width. We achieved 

all of this by using both Excel and MATLAB.  

First, we generated best fit lines for the curve 

of each section and the overall curve of the 

hull bottom. Then we translated individual 

points in the curve down to achieve the new 

rocker. Lastly, the curve of each section was 

flattened by MATLAB using a weighted 

average of the original curve and the curve of 

degree 6. Through all these processes, the 

rocker was decreased to precisely 2 in., the 

hull was greatly flattened, and the old beam 

to length ratio was maintained. 

By flattening the bottom of the hull and 

maintaining the width used by NCCC section 

by section, Sagittarius has an even more 

rectangular shape than Horizon did. This 

inherently decreases the wetted perimeter of 

Sagittarius as the shape of our cross section 

will align better to the rectangular shape base 

which is equal to twice of its height. This 

decreases wave drag which allows the canoe 

to move faster (Munson et. al. 2001). 

Furthermore, with this year’s design, we have 

a very fine bow. That is, we have a bow with 

a sharp angle that lessens the energy needed 

to displace a certain amount of water. This 

further decreases our boat’s wave drag (Low 

2001; Winters 2014). 

In order to estimate how well Sagittarius 

would perform in water, we used definite 

integrals and Riemann sums to determine the 

weight of volume displaced at a certain 

waterline. We then calculated the weight of 

volume of water displaced at a certain 

waterline and then found the maximum 

weight (including the weight of the canoe) 

that floats at or below this waterline through 

Archimedes’ principle. By estimating the 

weight of our canoe, we then determined the 

carrying capacity of Sagittarius at different 

waterlines. Not including the canoe’s weight, 

Sagittarius is able to support an estimated 

899.338 lb. at a waterline of 12.5 in. (2 in. 

above water) and an estimated 1004.395 lb. 

at a waterline of 13.5 in. (1 in. above water). 

In the end, it was determined that the carrying 

capacity of Sagittarius was sufficient for the 

Concrete Canoe Competition.  

As with last year, the visuals provided by 

MATLAB allowed us to check for errors in 

our design. We also used MATLAB to 

jackiesmartzhao
Sticky Note
Edit this sentence lori, make it "We then matched the estimated weight of the canoe and rowers to the weight of water displaced according to Archimedes' principle. This allowed us to find the waterline of the canoe."
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calculate the water support load using arc 

length, Riemann sums, and trapezoidal 

integration.  

 
 Figure 2: Distributed Load from Water 

 

In terms of structural analysis, 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.   

After finding the water loading, we 

developed shear and moment diagrams 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, one 

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.  
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Development & Testing 

 

Continuing our research from previous 

years, we went into greater depth in 

developing the dual mold system this year. 

The main reason we wanted to use the male-

female mold system is to achieve better 

thickness control and surface finish by 

eliminating human error as much as possible. 

Another important motivation in choosing 

the dual mold system was to innovate by 

completely changing our construction 

methodology and challenge ourselves to 

develop new ideas. Unfortunately at the end 

of the year, we were unable to implement the 

dual mold system since we had not solved all 

of its challenges. Nevertheless, the invaluable 

experience and results from this year will 

provide us with a firm foothold for further 

research in the coming years. 

Our first goal for development was mix 

design. In order to allow the concrete to flow 

through the thin one inch gap created by two 

Styrofoam molds sandwiched together, we 

needed to increase the fluidity of our concrete 

mix without jeopardizing its strength.  We 

achieved that by changing our poraver 

gradation and increasing the high range water 

reducer. Instead of having the biggest sized 

poraver particles take up the majority of the 

space and filling the void with smaller sized 

particles, we attempted using only medium 

sized and small sized poraver particles. This 

is because the smaller particles would induce 

less friction with each other and with the 

mold surfaces. As a result, the fluidity of the 

mix should increase. Last year, 54% of our 

aggregate consisted of the 1-2 mm. large-

sized poravers. This year, we chose to use a 

gradation with 50% 0.5-1 mm. medium-sized 

poravers and 50% 0.1-0.3 mm. small-sized 

poravers.  

Next, we tried three different 

combinations of admixtures to achieve 

maximum fluidity. First, we increased the 

amount of our current high range water 

reducer (ADVA 555) fourfold. Then we 

compared the effect of two different water 

reducers (ADVA 405 and ADVA 555). Last, 

we tried to eliminate one of our polymers, 

Rhoplex, from the admixture combination.  

To provide a quantitative measurement of 

fluidity, we not only tested the slump flow of 

the mix but also created our own measuring 

mechanism (Figures 3a-3b).  

 

 
Figure 3a: Spread Flow Mechanism for Fluidity Tests  

 

 
Figure 3b: Spread Flow Mechanism for Fluidity Tests  
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We sandwiched one inch of void and a 

layer of reinforcement with two flat 

Styrofoam surfaces. We then poured concrete 

down a hole in one of the Styrofoam sheets 

and let it flow at will, spreading through the 

one inch void. We determined the fluidity of 

the concrete mix by measuring how well it 

spread through the void and then through the 

reinforcement. Through experimentation, it 

turned out that ADVA 555 with Rhoplex 

gave us a mix that spread the farthest through 

the void and with the least air entrapped. 

(Table 1). Overall, our selected mix gave us 

a compressive strength of 1074 psi and a 

tensile strength of 145 psi. However, due to 

problems with the dual-mold construction 

methodology that could not be resolved, the 

mix we used for the final pour of Sagittarius 

was the same as the one for Horizon (from 

last year) for the single mold system, and this 

new fluid mix was not implemented. 

 
Table 3: Tested Admixtures 

Admixtures 
Slump 

Flow 

Spread 

through Void 

ADVA 555 

with Rhoplex 
22 in. 

Spread well 

through void 

ADVA 405 

with Rhoplex 
30 in. 

Some spread 

through void 

ADVA 555 

without 

Rhoplex 

N/A 
Could not 

spread at all 

 

We also changed our reinforcement 

design this year. At the beginning of the year, 

we identified problems with the design of 

Horizon, including the reinforcements. The 

fiberglass woven mesh used in Horizon was 

not only too weak to give us sufficient tensile 

strength but was also too flexible to be shaped 

into the dual mold system. Therefore, we 

attempted to find a reinforcement that was 

stronger and stiffer yet still flexible enough to 

be able to be molded. We were able to acquire 

a fiberglass geogrid called GlasGrid 8511, 

commonly used in soil stabilization 

(ADFORS 2014). This geogrid was a vast 

improvement from the reinforcement used 

last year by simple inspection. It was 

impossible to pull apart by hand and had just 

the right amount of stiffness for shaping and 

placement purposes.  

In order to measure the new 

reinforcement quantitatively, we cast three 

different concrete slabs with dimensions 12 

in. x 12 in. x 0.5 in. In one of the slabs, the 

old fiberglass woven mesh reinforcement 

was placed in the middle. In the second, the 

new GlasGrid 8511 was positioned in the 

middle. The last slab did not have any 

reinforcement at all. We then conducted a 

four point bending test on each of the three 

slabs and measured the strength at which they 

failed. The new reinforcement gave the slab 

the most ductility and strength. The GlasGrid 

8511 was an easy selection for reinforcement 

moving forward.  

 
Table 4: Test Results of Reinforcement in Four-Point 

Slab Bending Test 

Reinforcement 

Type 

Slab 

Behavior 

Crushing 

Force 

New 

Reinforcement: 

GlasGrid 8511 

Slab was very 

ductile. 

Concrete 

crushed before 

reinforcement 

ruptured. 

600 lb. 

Old 

Reinforcement: 

Fiberglass 

woven mesh 

Slab was 

ductile. 

Reinforcement 

ruptured 

before 

concrete 

crushed. 

200 lb. 

No 

Reinforcement 

Slab was very 

brittle. 
N/A 
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Construction 

 

After finalizing mix and reinforcement 

designs for Sagittarius, we then performed a 

mock pour of the concrete in a model dual 

mold. We created a wood box encasing the 

dual mold and then connected the gap in 

between the molds to a manual pump through 

which we pumped the concrete (Figure 4). 

Although we were able to pour concrete into 

the mold after several tries, this pump 

pouring methodology had several problems. 

We were unable to incorporate fibers into our 

concrete mix since it clogged the pump pipes. 

This absence of fibers decreased the tensile 

strength of the canoe by too much. Pumping 

into an enclosed cage also meant that we were 

unable to see and make sure that the concrete 

filled all the void space. However, the most 

severe problem was that the pump needed to 

be primed by water before the mix, which 

introduced uncertain amounts of water into 

the mix that would weaken our strength 

significantly.  

 

 
Figure 4: Dual-Mold System with Pump 

 

Therefore, we abandoned the pump-

pouring system and shifted to a gravity-based 

pouring system. We cut the wings of the male 

mold so that we could visually monitor the 

concrete flowing through the Styrofoam 

molds. We also got rid of the pump and 

attempted to simply pour the fluid concrete 

down the 1 in. gap, which would allow us to 

incorporate fibers into the mix. It would also 

eliminate uncertainties and contingencies 

introduced by the pump.  

However, during the second mock pour 

day using this new gravity-based pouring 

system, we found that the gravity could not 

overcome the frictional resistance imposed 

by the foam surfaces and the reinforcements. 

The concrete simply did not flow down as we 

had expected. We ended up manually 

pushing the concrete into the gap to force it 

in. Again, this methodology could not be 

implemented for the actual pour day. Since 

we were running out of time to develop a new 

dual mold system, the team voted to abandon 

the dual mold system for this year and leave 

the research results for next year. The 

argument for switching back to the single 

mold system was formulated on whether we 

wanted to continue experimenting with 

something uncertain and risk not having a 

product altogether or to refocus our energy 

and at least deliver a product. We chose the 

latter. 

During our adventure experimenting with 

the dual mold, we also experimented with 

multiple ways to fix and hold the 

reinforcement in-between the male and 

female mold. This was essential since the 

strong reinforcement we acquired this year 

was the only remedy for the weak tensile 

strength of the concrete mix this year. 

Furthermore, the reinforcement strength is 

ineffective and essentially rendered useless 

unless it is placed in the exact middle of the 

1 in. gap created by the molds. To achieve the 

best reinforcement placement, we first tried 

using concrete spacers. Spacers with 0.5 in. 

thickness were strategically placed in 
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different locations either on the top or on the 

bottom of the reinforcement in an attempt to 

fix the fiberglass exactly 0.5 in. away from 

both the male and female mold surfaces 

(Figure 5). This method was not very 

successful since the placement of the male 

mold on top of the female mold relocated all 

the spacers and messed up the strategic 

configuration.  

 

 
Figure 5: Concrete Spacers Tied onto the 

Reinforcements 

 

We then attempted to cast concrete 

spacers on top of the reinforcement to have 

spacing on both sides of the reinforcement at 

any given location. This was done by casting 

concrete in holes drilled within half inch 

thick wood boards which sandwiched the 

reinforcement. However, the concrete 

spacers failed prematurely when dissembling 

the boards due to insufficient strength. We 

also tried spacing the reinforcement by using 

1 in. steel sub-meshes and 1 in. fiberglass 

sub-meshes placed perpendicular to the main 

mesh. This failed once again because these 

sub-meshes could not fix the main mesh so 

that it did not move. After numerous trials 

and failures, our team ran out of time to 

deliver a good reinforcement spacing 

methodology for the dual mold, which was 

another reason we chose to go back to the 

single mold system towards the end of the 

year. 

However, failure only inches us closer to 

success. After deciding to implement the 

single mold system once again this year, we 

attempted to find a new separation 

mechanism from past years. In the past years, 

a combination of gypsum and sheetrock was 

applied between the Styrofoam mold and the 

concrete. Although this proved successful in 

releasing the canoe from the mold, the layer 

was not smooth enough to allow for a smooth 

interior finish. Therefore, we experimented 

with other chemicals and materials, including 

vegetable shortening as well as sheetrock 

composites in the hopes of achieving better 

separation and a smoother finish. We also 

attempted to cover the mold with paper tape 

to hide defections in the foam mold. Through 

experimentation, we found out that vegetable 

shortening is easily absorbed into the 

concrete mix while sheetrock composites 

harden and attach and are hard to separate 

from the mold and the concrete. We 

eventually achieved a smooth finish with our 

old formula. However, this time we sieved 

the gypsum, so we would only apply small 

gypsum particles on the foam mold which 

can be smoothed easily by hand. 
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Appendix B: Mixture Proportions 

Mixture ID: Structural Mix 1 Design Proportions 

(Non SSD) 

Actual Batched 

Proportions 
Yielded  Proportions 

YD Design Batch Size (ft3):          0.245 

Cementitious Materials SG 
Amount 

(lb/yd3) 

Volume 

(ft3) 

Amount 

(lb) 

Volume 

(ft3) 

Amount 

(lb/yd3) 

Volume 

(ft3) 

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/yd3) 

Amount     

(fl oz) 

Water in 

Admixture 

(lb) 

Dosage 

(fl 

oz/cwt) 

Water in 

Admixture 

(lb/yd3) 

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, ft3   26.64 0.253 21.05 

T Theorectical Density, lb/ft3  = (M / V)    62.83 62.83 60.88 

D Design Density, lb/ft3        =  (M / 27)   62.00   

D Measured Density, lb/ft3     52.13 52.13 

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

Y Yield, ft3                                                  = (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 (ft3):          0.245 

Cementitious Materials SG 
Amount 

(lb/yd3) 

Volume 

(ft3) 

Amount 

(lb) 

Volume 

(ft3) 

Amount 

(lb/yd3) 

Volume 

(ft3) 

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/yd3) 

Amount     

(fl oz) 

Water in 

Admixture 

(lb) 

Dosage 

(fl 

oz/cwt) 

Water in 

Admixture 

(lb/yd3) 

Ad1 HRWR - ADVA 555 8.9 
lb/ga

l 
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/A1 N/A  N/A  

M Mass of Concrete. lbs   1573.72 14.97 1602.95 

V Absolute Volume of Concrete, ft3   25.21 0.240 26.56 

T Theorectical Density, lb/ft3  = (M / V)    62.42 62.42 60.35 

D Design Density, lb/ft3        =  (M / 27)   58.29   

D Measured Density, lb/ft3     65.39 65.39 

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

Y Yield, ft3                                                  = (M / D)   27 0.23 25 

Ry Relative Yield                        = (Y / YD)       0.934   

1Because 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 (ft3):          0.245 

Cementitious Materials SG 
Amount 
(lb/yd3) 

Volume 
(ft3) 

Amount 
(lb) 

Volume 
(ft3) 

Amount 
(lb/yd3) 

Volume 
(ft3) 

CM
1 

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

CM
2 

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 
1Poraverspheres 
(.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 
Admixtur
e (lb/yd3) 

Amount     
(fl oz) 

Water in 
Admixtur

e (lb) 

Dosage 
(fl 

oz/cwt) 

Water in 
Admixtur
e (lb/yd3) 

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, ft3   31.09 0.296 N/A 

T Theorectical Density, lb/ft3  = (M / V)    76.84 76.84 N/A 

D Design Density, lb/ft3        =  (M / 27)   88.49   

D Measured Density, lb/ft3     N/A N/A 

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

Y Yield, ft3                                                  = (M / D)   27 N/A N/A 

Ry Relative Yield                        = (Y / YD)       N/A   

1Patch mix has not been made.  Several properties estimated or unavailable, 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 lb. $0.18/lb. $17.02 

VCAS 160 63.03 lb. $0.60/lb. $37.92 

Komponent 16.71 lb. $0.37/lb. $6.18 

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

Poraver Spheres 0.5-1 mm. 27.26 lb. $0.70/lb. $19.08 

Poraver Spheres 0.25-0.5 mm. 12.50 lb. $0.70/lb. $8.75 

Poraver Spheres 0.1-0.3 mm. 10.48 lb. $0.70/lb. $7.34 

Poraver Spheres 0.04-0.125 mm. 4.56 lb. $0.70/lb. $3.19 

PVA RSC15 Fibers 1.54 lb. $14.00/lb. $21.62 

PVA RFS400 Fibers 1.54 lb. $15.00/lb. $23.16 

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

ADVA 405 1.95 fl. oz. $0/fl. oz. $0.00 

Daravair AT60 0.78 fl. oz. $0.05/fl. oz. $0.04 

Fiberglass Geogrid 25.0 ft. $0/ft. $0.00 

Stain 3 gal. $40.00/gal. $120.00 

Sealer 2 gal. $10.00/gal. $20.00 

Styrofoam Mold, Complete Lump Sum  $360.00 

Total Production Cost $737.79 

 




