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EXECUTIVE SUMMARY 

The University of Southern California (USC) 

is a private research university located in Los 

Angeles, California. Since its founding in 1880, USC 

has grown from a 53-student school into a top-ranked 

university in the nation. The Sonny Astani 

Department of Civil and Environmental Engineering 

consists of 181 undergraduate students. The USC 

concrete canoe team is comprised of 25 active 

members studying a variety of subjects in the 

department, including civil engineering, 

environmental engineering, building science, water 

resources, structural engineering, and construction 

management. 

In 2012, the decommissioned Space Shuttle 

Endeavour was transported to the California Science 

Center, located across the street from USC’s campus. 

Inspired by the Endeavour, the USC Concrete Canoe 

team chose the theme of space exploration to embody 

ideas of progress, perseverance, and breaking new 

ground. The canoe is named after Space Shuttle 

Discovery, a predecessor of Endeavour, allowing the 

team to continue the university tradition of 

implementing the emblematic interlocking letters 

“SC” into its name.  

TABLE 1: CANOE SPECIFICATIONS 

Name DiSCovery II 
Length 19 ft 

Maximum Beam Width 27 in 
Maximum Depth 14 in 

Hull Thickness ½ in 
Weight* 210 lb 

Reinforcement Fiberglass Grid 
Colors Dark Blue, Purple 

*Estimated 

The USC concrete canoe team participates in 

the Pacific Southwest Conference and has placed 

15th, 12th, and 14th in the past three years of 

competition. In order to improve its performance in 

competition this year, the team underwent an 

overhaul in organizational structure. Previously, the 

entire team met once a week and split into groups to 

work on various aspects of the canoe. This year, the 

team was broken down into five sub-teams that met 

at different times during the week. This allowed for 

more man hours to be spent on the project, as team 

members could attend multiple sub-team meetings. 

This organizational change alone increased the 

number of person-hours spent on the project by 

330%.  

In order to reduce costs and increase 

sustainability, many materials used in the 

construction of the previous year’s canoe were 
recycled and repurposed. The structural cores of the 

display stands were made from plywood used in the 

previous year’s stands. Foam cladding for the stands 
was reused polystyrene foam from last year’s female 
mold.  

A new innovation from the 2014 team is the 

USC Concrete Canoe Showcase, a website which 

archives past USC canoes and pictures, design 

papers, and competition results. The team hopes to 

use this as a tool to assist future USC teams, as well 

as encourage an exchange of ideas with its 

competitors to increase the level of competition.  

This year, the team had to overcome the 

challenges of casting two canoes. Within a week of 

casting the initial canoe, team captains determined 

that its structural integrity was threatened by the 

presence of air voids between concrete layers, and 

concluded that re-casting was the best course of 

action. After casting the second canoe, the team 

determined that it should have a different name. The 

initial, discarded canoe was named DiSCovery I. The 

second canoe, which the University of Southern 

California proudly presents as its 2014 concrete 

canoe, is DiSCovery II. 

TABLE 2: CONCRETE PROPERTIES 

Structural Mix 

28-day Compressive Strength 2250 psi 
Unit Dry Weight 56.4 pcf 
Unit Wet Weight 61.9 pcf 

Patch Mix 

28-day Compressive Strength 1869 psi 
Unit Dry Weight 59.1 pcf 
Unit Wet Weight 64.6 pcf 
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PROJECT MANAGEMENT 
This year, the USC Concrete Canoe team 

overhauled the team’s organizational structure in 
order to improve its performance. The team’s co-

captains formed sub-teams dedicated to structures, 

mix design, construction, aesthetics, and paddling. 

Sub-team leaders were appointed to set goals and 

preside over weekly meetings. Sub-team meetings 

were scheduled at different times to allow more 

active members to attend multiple meetings a week, 

increasing the total person-hours dedicated to the 

project. Additionally, an all-team meeting was held 

once every three weeks to update members of all sub-

teams on aspects of the entire project. Team captains 

periodically attended sub-team meetings to maintain 

quality and ensure the completion of tasks by the 

deadlines established at the beginning of the year. 

At the beginning of the year, 

the team captains and sub-team 

leaders set project goals and 

determined year-long and critical 

path schedules. Major milestones 

and their durations were determined 

based on previous experience. The 

critical path consisted of hull design 

completion, form construction, 

casting, and finishing. After estimating the duration 

of each of these activities, deadlines were set for each 

milestone, and subsequent non-critical activities 

were planned around them. By establishing early 

project deadlines, the team was able to account for 

delays which occurred later in the year.  
TABLE 3: PROJECT MILESTONES 

Milestone Variance Reason 

Hull Design None – 
Form 

Construction 
None – 

Canoe Casting +2 weeks Casting of 2nd Canoe 
Finishing 

None 
Excess time previously 
scheduled 

The DiSCovery II team reduced costs 

significantly by reusing materials used on the 

previous year’s canoe, SC Traveler. The mix design 

team took inventory of concrete mix materials 

available at the beginning of the year, and found 

there were significant excesses of Poraver®, glass 

bubbles, VCAS™, and Portland cement. These 

materials were then used as a baseline from which 

the Discovery II concrete mix was designed. By 

reusing materials from the previous year, the team 

saved $625. In addition, the team solicited in-kind 

donations of materials for the form and concrete mix, 

which reduced expenses for the team by $1250. 

These measures allowed the total cost of Discovery I 

and Discovery II to stay within the budget of $2500.  

After the casting of Discovery I, team 

captains noticed that the reinforcement, due to its 

rigidity, had displaced some of the concrete in the 

canoe before it set. It was determined that the air 

voids created by the reinforcement was too great a 

risk for the structural integrity of the 

canoe. Additionally, the time and 

cost associated with repairing the 

problem were large enough that the 

best course of action was to re-cast 

the canoe. To account for the delays 

caused by the re-casting, the team 

established an accelerated schedule 

for all remaining critical path 

activities, and DiSCovery II was cast two weeks after 

DiSCovery I. The duration of the finishing process of 

DiSCovery II had to be shortened because of this 

delay; however, since the team had allocated excess 

finishing time at the beginning of the year, the canoe 

was completed in time for the competition.  

Safety was the DiSCovery II team’s top 
priority. Team members were required to wear 

proper personal protection equipment at all meetings. 

Safety protocols were followed according to material 

safety data sheets (MSDS) of all materials used. On 

the two casting days, an instructional and safety 

session was held to inform team members and 

volunteers of proper safety measures and potential 

hazards. The construction of DiSCovery II was 

completed without any injury to team members. 
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HULL DESIGN 
In the previous year’s competition, USC 

Concrete Canoe’s SC Traveler was extremely heavy. 

Paddlers had to use more energy to propel the canoe 

forward, and thus SC Traveler performed poorly in 

the sprint and endurance events. The DiSCovery II 

team resolved to improve upon the previous year’s 
hull design. First, the team sought to reduce the total 

weight of the canoe to increase racing speed and ease 

the transportation process. Second, the team elected 

to improve the canoe’s maneuverability to assist 

paddlers in the sprint and endurance events.   

Using the hull design for SC Traveler as a 

baseline, the structures team first sought to eliminate 

unnecessary weight. Using a normal fiberglass 

canoe, the team lined up four paddlers in a sitting 

position as close to each other as possible, while 

keeping enough space between them to give each 

paddler full range of motion with a paddle. The team 

concluded that a length of 19 feet would provide 

adequate space for all four paddlers to sit and paddle 

comfortably.  

DiSCovery II’s hull exhibits a maximum 

height of 14 inches, with 3 inches of rocker at the 

bow and 2 inches at the stern. Adding rocker to the 

bow and stern effectively shortens the length of the 

canoe, allowing paddlers to make turns more easily.  

 

A common complaint from the SC Traveler 

paddlers was that it was difficult to reach over the 

flared sides of the canoe. In response to this, the 

maximum beam width of DiSCovery II was reduced 

to 27 inches from SC Traveler’s 30 inches, and the 
angle of the sidewalls was increased to 88° (See 

Figure 2). DiSCovery II sports a hull that is 

asymmetrical lengthwise, with the maximum beam 

width occurring 6 inches aft of the centerline. This 

allows the canoe to track more easily, reducing the 

amount of corrective strokes required of the paddler.  

The underside of DiSCovery II is rounded in 

order to reduce the total drag on the canoe. A 

rounded bottom produces the least amount of wetted 

surface for the amount of volume it displaces, thus 

decreasing the total drag forces exerted on the canoe. 

DiSCovery II also boasts 4 inch radius chines which 

transition the bottom to the slightly flared sidewalls.  

Finally, two bulkheads were included in the 

bow and stern of the canoe in order to ensure 

DiSCovery II’s passing of the flotation test. The 

bulkheads consist of 0.6 cubic feet of expanded 

polystyrene foam placed in the wedges of the bow 

and stern.  

The DiSCovery II hull design was modeled in 

AutoCAD 2014, which allowed the structures team 

to make modifications on the fly, as well as to 

calculate cross-sectional moments of inertia when 

performing structural calculations. The construction 

team utilized the model to extract two dimensional 

cross-sections to assist in fabricating the foam mold.  

 

Figure 3: AutoCAD model of DiSCovery II 

Figure 2: Cross-section of DiSCovery II hull at point of 

maximum beam width 
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STRUCTURAL ANALYSIS 
The structures team employed a two-

dimensional analysis to determine the maximum 
forces exerted on DiSCovery II. First, the team 
determined the loading cases to be analyzed: two 
female paddlers, two male paddlers, four paddlers 
(for the co-ed sprint), and transportation – 
specifically, carrying the canoe by supporting it from 
each end. Using these load cases, the structures team 
then determined the maximum bending moments 
exerted on the canoe, which could in turn be used to 
calculate the maximum tensile and compressive 
strengths needed.  
 To model the canoe in two dimensions, 
analysis was performed by modeling a beam the 
same length as DiSCovery II. In both the male and 
female version of the two-paddler load case, the 
paddlers were represented as point loads applied four 
feet from the bow and stern of the canoe. In the four-
paddler case, point loads were applied 4, 7, 12, and 
15 feet from the bow end of the beam (Figure 4). In 
all paddling cases, a uniformly distributed load was

  

applied to the top and bottom of the beam to 
represent the canoe’s self-weight and the buoyancy 
force exerted by the water. Although all of 
DiSCovery II’s paddlers weigh 150 lb or less, male 
and female paddlers were conservatively assumed to 
weigh 190 lb and 150 lb, respectively. In the four-
paddler case, all paddlers were assumed to weigh 190 
lb. In the transportation case, a uniformly distributed 
load was applied to the top of the beam, with two 
supporting point loads applied at each end. Table 4 
shows the maximum bending forces exerted in each 
loading case. 
  

 
After each case was analyzed, the structures 

team determined that the critical loading case was 
with four paddlers. The maximum bending moment 
produced by this case was 605 lb-ft. Using this 
bending moment, the maximum compressive and 
tensile stresses on the canoe were calculated. The 
structures team found that under the two male 
paddler loading case, the greatest compressive stress 
would be 96 psi, while the greatest tensile stress 
would be 175 psi. Based on these design 
requirements, the team knew that the tensile stress 
would be the governing parameter for the concrete 
mix. Using an equation developed by Gardner and 
Poon (1976), the team calculated the compressive 
strength needed to produce the required tensile 
strength in the concrete (see figure 5). The structures 
team determined that a compressive strength of 1170 
psi was required.  

After determining the design requirements, 
the structures team shared their results with the mix 
design team, which produced a mix that exceeded 
the required compressive strength by 92%.  

 
 
 

TABLE 4: LOADING CASES 

Loading Case Maximum Moment 
Two Male Paddlers 523 lb-ft 

Two Female Paddlers 412.5 lb-ft 

Four Paddlers  605 lb-ft 
Transportation 475 lb-ft 

Figure 4: Diagram of four-paddler loading case 

Figure 5: Gardner and Poon’s equation solved for 
compressive strength  
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DEVELOPMENT AND TESTING 

The primary goal for the Discovery II 

concrete mix was to provide adequate strength to 

maintain the hull’s structural integrity. Through 
structural analysis, it was established that the 

required compressive strength of the concrete mix 

was 1065 psi. Additional goals included increasing 

workability to ease placement during casting and 

producing a mix with a white color. The team 

selected the concrete mix from USC’s 2009 canoe, 
Escape, as a baseline mix. Its 28-day compressive 

strength of 1580 psi already met the strength 

requirements established through structural analysis, 

and its light grey color was already close to the 

team’s desired hue. The mix design team improved 

upon this mix design by altering the base mix’s 
proportions of cements, aggregates, admixtures, 

fibers, and water.  

The cementitious materials used in the 

baseline mix consisted of white Portland cement, 

blast furnace slag, and fly ash. After the first few 

iterations of the concrete mix were tested, team 

members noticed that the interior of the sample had 

turned green (Figure 6). After researching the issue, 

it was discovered that this phenomenon, known as 

“greening,” is caused by the slag reacting with the 
Portland cement in the mix (“Greening” 2002). 
While greening on the surface is supposed to 

diminish with exposure to sunlight and air, it can be 

prolonged in wet, dark environments. The team also 

noticed that even after a week of oxidation, 

cylindrical samples containing slag still had a slight 

green tint when compared to samples without slag. 

The team anticipated wet curing the canoe, and thus 

decided to omit slag cement from the mix in order to 

avoid the risk of having to make significant 

alterations to the canoe’s coloring scheme. In concert 
with this aesthetic decision, fly ash was removed 

from the mix, as it significantly darkened the color of 

the concrete. 

To replace the eliminated fly ash and slag 

cement, the team substituted in VCAS 160. Since 

VCAS is a post-industrial recycled product, the team 

also chose to increase the mix’s sustainability by 

reducing the cement/cementitious materials ratio to 

0.4. The mix design team found that a mix containing 

40% white Portland cement and 60% VCAS 

produced a mix that was both highly sustainable and 

adequately strong while creating the white finish 

requested by the aesthetics team.  

A number of new admixtures were utilized in 

the Discovery II concrete mix. Styrene butadiene 

latex was integrated into the concrete mix to increase 

cohesion, workability, and flexural strength. A water 

repelling admixture was included as a precaution to 

prevent water from seeping into the canoe during 

races. Finally, a high-range water reducer (HRWR) 

was integrated into the mix to reduce the 

water/cement ratio and increase workability during 

casting. 

TABLE 5: ADMIXTURE DOSAGES 

Admixture Rec. Dosage (fl. oz/cwt) Actual Dosage (fl. oz/cwt) Reason for Variance 

Latex 120 219.20 Increased adhesion & workability 

Water Repellant 3.0-6.0 5.08 - 

HRWR 3.0-6.0 5.81 - 

Shrinkage Reducer 8.0-23.0 24.6 Fibers not in patch mix 
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Figure 6: Concrete 

test cylinder 

exhibiting greening 



 

 

 

 To maintain a sustainable concrete mix, the 

mix design team utilized aggregates in the mix that 

were already available to them. The team took 

inventory of the concrete materials at the beginning 

of the year and found there was a significant excess 

of Poraver and glass bubbles left over from the 

previous year. It made sense to continue using 

Poraver as an aggregate in the mix, as it was used in 

the base mix and is also a recycled material. After 

testing 12 different combinations, the mix design 

team concluded that a mix containing 11% by 

volume K1 glass bubbles, and 17% 1-2 mm, 31% .5-

1mm, 36% .25-.5mm, and 5% .1-.3mm Poraver 

created a structural mix with the best combination of 

weight and strength, boasting a compressive strength 

of 2250 psi and a dry unit weight of 56.4 pcf. 

A patch mix was produced by removing the 

two largest Poraver sizes (1-2 mm and .5-1 mm) from 

the structural mix and increasing the dosages of the 

remaining three aggregates to allow the concrete to 

fit into smaller voids. Since the patch mix is used for 

small voids and finishing layers, the fibers were 

removed from the mix to prevent them from 

protruding from the concrete surface. A shrinkage 

reducing admixture was added to the finishing mix 

to make up for the absence of fibers, which reduce 

the likelihood of shrinkage cracking.   

 To test reinforcement schemes, the team cast 

4 in x 12 in x ½ in slabs with different reinforcement 

materials embedded within. By casting ½ inch thick 

slabs, this testing regimen more closely resembled 

how the composite would be used in the canoe.  In 

all instances, two sheets of reinforcing mesh were 

placed 1/8 in. from the top and bottom surfaces of the 

slabs. Two forms of carbon fiber mesh and one type 

of fiberglass mesh were tested; three trial slabs were 

cast for each. A three-point bending test was 

performed by using a universal testing machine to 

apply a point load to the center of an 8 inch stretch of 

a simply supported slab (Figure 7). Using the highest 

point load withstood by the specimen, the flexural 

strength of the composite could be calculated.  

Through this testing method, the carbon fiber 

specimens tested exhibited flexural strengths of 910 

psi and 2217 psi, while the fiberglass-reinforced 

composites had a strength of 1497 psi. The stronger 

carbon fiber specimen and the fiberglass-reinforced 

slab met the strength requirement set by the 

structures team. The strength that the stronger carbon 

fiber composite showed led the team to select it as 

the reinforcement material for DiSCovery I. After 

this reinforcement was singled out as one of the 

problems with the first canoe, the team selected 

fiberglass reinforcement for DiSCovery II due to its 

greater flexibility and high strength, which still met 

the requirements determined through analysis.  

 Initially, the team tested concrete mixes in 4 

in x 8 in test cylinders, but quickly moved to 2 in x 

4 in cylinders to save material. To improve the 

accuracy of test results, five of these smaller 

specimens were tested (ASTM C39) instead of the 

three normally used with 4 in x 8 in cylinders. This 

new testing scheme used 79% less concrete for 

every mix tested.  

Figure 7: 

Diagram of three-

point bending 

test. 

Figure 8: A 2 in x 4 in 

cylinder prepped for 

compression testing 
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CONSTRUCTION 

The primary duties of the construction team 

were construction of the female foam mold, casting 

the concrete and reinforcement, and finishing the 

interior and exterior surfaces of DiSCovery II. The 

team also had to overcome the challenges of casting 

a second canoe.  

Once the hull design was completed and 

handed over by the structures team, the construction 

team began fabricating the mold. Longitudinal cross 

sections were extracted at 1.5’ and 2’ intervals from 

the AutoCAD 3D model of the mold, and were used 

to laser-cut templates out of illustration board. These 

templates guided the hot wire cutting of 16” x 16” x 
18” and 16” x 16” x 24” expanded polystyrene (EPS) 

foam blocks. The cut shapes were then glued 

together to produce the entire form (figure 9).  

 

After the foam blocks had been assembled, 

the surface of the mold was lightly sanded with 60 

grit sandpaper to remove any imperfections caused 

by the hot wire cutting. The team then applied a layer 

of dry wall mud, which was sanded and patched to 

achieve a smooth, uniform surface. Two layers of 

water based, oil-modified polyurethane coating were 

applied to the dry wall surface to fill in cracks and 

prevent the dry wall from cracking during casting. 

This final layer was then sanded with 80 grit 

sandpaper to produce a final, uniform surface. 

Contact paper was laid down over this polyurethane 

layer to prevent moisture from escaping the concrete 

during curing, and to ease the removal of the canoe 

from the mold later on. 

On the casting day for DiSCovery I, the 

construction team placed 1/8” foam insulation strips 
at 10” intervals along the length of the mold as depth 
gauges for the concrete. At the beginning of the day, 

a team of dry concrete mixers measured out all the 

dry ingredients and mixed them in five gallon 

buckets. Liquid ingredients were measured out and 

set aside in separate containers. Once all team 

members were present, the wet ingredients were 

added to the dry mixes and hand mixed for four 

minutes. Then, a team of casters placed the concrete 

in the mold. Casting began at the center of the canoe 

and expanded outward toward the bow and stern. 

Trowels and paint rollers were used to flatten the 

concrete layers to the proper thickness.  

Placing the reinforcement began before the 

first layer of concrete had been placed to prevent 

casting cold joints between layers. The carbon fiber 

reinforcement for DiSCovery I was cut into 18” wide 
strips and placed longitudinally in the mold. To 

account for the transfer of tensile forces between the 

sheets of reinforcement, the sheets of carbon fiber 

mesh overlapped at least five inches with each 

adjacent sheet. This layer of reinforcement was 

followed by a ¼” thick concrete layer, a second layer 
of reinforcement, and a final 1/8” thick layer of 
concrete.  

Figure 9: Hot wire 

cutting an EPS 

foam block for the 

mold 

Figure 10: Rolling 

the first layer of 

concrete on casting 

day 
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The placement of the reinforcement is 

ultimately what led to the scrapping of DiSCovery I 

and the casting of DiSCovery II. The carbon fiber 

was too rigid to curve around the 4” radius of the 
chines. To compensate for this, team members bent 

the carbon fiber with a less sharp curve, and laid 

down thicker layers of concrete to embed the 

reinforcement. This caused the areas around the 

chines to have layers much thicker than ½” and 
added significant weight to the canoe. Additionally, 

the rigidity of the carbon fiber caused it to push away 

layers of concrete above it, creating a grid of air 

voids underneath it. 

Once the decision was made to cast a second 

canoe, Discovery I had to be removed from the mold. 

The form was inverted, and the foam was cut into six 

sections and pried off by hand. The removal of the 

foam was assisted by the contact paper, which 

allowed the mold to easily separate from the 

concrete. Damages to the mold were patched over 

with dry wall mud, which was then sanded and 

coated with polyurethane.  

 

The casting of DiSCovery I gave the team a 

unique opportunity to essentially have cast a full-

scale practice canoe. For most of the team members, 

DiSCovery I was the first concrete canoe they had 

experience casting. The experience that team 

members gained in casting this first canoe proved 

valuable for DiSCovery II, which was cast in 60% of 

the time it took to cast the first canoe.  

On the casting day of DiSCovery II, the team 

followed similar procedures to the casting of 

DiSCovery I. To reduce the amount of time and 

manpower needed to measure out and mix dry 

concrete ingredients, all of the needed concrete was 

dry mixed the night before. Sheets of fiberglass 

reinforcement were pre-cut in 36” wide strips. On the 
day of casting, team members immediately began 

wet mixing concrete and started placing. After the 

placement of the first layer of concrete, the fiberglass 

mesh sheets were placed with 5” of overlap between 
each sheet. Since the fiberglass was more flexible 

than the carbon fiber mesh, there was no issue 

bending the reinforcement around the chines of the 

hull. Upon placement of the final layer of concrete, 

the surface was troweled and rolled smooth to ease 

sanding later on.  

After all concrete and reinforcement layers 

were placed for DiSCovery II, EPS foam blocks were 

placed inside the bow and stern to provide flotation. 

These were covered with a ¼” layer of concrete, 
which was troweled smooth after placing.  

The canoe was wet cured for one week using 

a humidifier placed under plastic sheeting. After one 

week, the mold was uncovered, and the interior of the 

canoe was sanded to an 800 grit surface. Water-based 

concrete stains were applied using foam brushes, an 

air brush, and stencils cut out of contact paper. Three 

weeks after the casting of DiSCovery II, it was 

removed from the mold and the same finishing 

process was applied to the exterior. Once the graphic 

design was complete, the team applied sealant to the 

interior and exterior surfaces using brushes. 

Figure 11: 

DiSCovery I after 

partial removal of 

the mold 

Figure 12: 

Placement of the 

first layer of 

fiberglass at the 

casting of 

DiSCovery II 
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ID Task Name Baseline Start Baseline Finish Actual Start Actual Finish

1 First Team Meeting Thu 9/12/13 Thu 9/12/13 Thu 9/12/13 Thu 9/12/13
2 Mix Design Fri 9/13/13 Wed 12/4/13 Fri 9/13/13 Tue 12/10/13
3 Base Mix Established Fri 9/13/13 Fri 9/13/13 Fri 9/13/13 Fri 9/13/13
4 Order Initial Mix Materials Mon 9/16/13 Mon 9/16/13 Mon 9/16/13 Mon 9/16/13
5 Iterative Mix Design/Testing Tue 9/17/13 Tue 12/3/13 Tue 9/17/13 Fri 12/6/13
6 Final Mix Design Complete Wed 12/4/13 Wed 12/4/13 Mon 12/9/13 Mon 12/9/13
7 Final Mix Materials Ordered Wed 12/4/13 Wed 12/4/13 Tue 12/10/13 Tue 12/10/13
8 Structures Fri 9/13/13 Fri 11/1/13 Fri 9/13/13 Mon 12/9/13
9 Hull Design Fri 9/13/13 Fri 10/4/13 Fri 9/13/13 Thu 10/31/13
10 Hull Design Complete Mon 10/7/13 Mon 10/7/13 Fri 11/1/13 Fri 11/1/13
11 Develop Loading Cases Fri 10/4/13 Fri 10/11/13 Mon 11/4/13 Fri 11/15/13
12 Develop Structural Model Fri 10/11/13 Fri 10/25/13 Mon

11/18/13
Mon 12/2/13

13 Calculate Required Design
Strengths

Fri 10/25/13 Fri 11/1/13 Tue 12/3/13 Mon 12/9/13
14 Construction Fri 9/13/13 Thu 4/3/14 Fri 9/13/13 Wed 4/2/14
15 Acquire Form Materials Sat 9/21/13 Fri 11/22/13 Sat 9/21/13 Sat 1/18/14
16 Cut Foam Blocks Mon 10/7/13 Mon 10/21/13Sun 1/19/14 Sat 1/25/14
17 Form Surface Finishing Tue 10/22/13 Sun 2/2/14 Sun 1/26/14 Thu 1/30/14
18 Form Construction Complete Mon 2/3/14 Mon 2/3/14 Fri 1/31/14 Fri 1/31/14
19 Testing of Construction Methods Fri 9/13/13 Sun 12/1/13 Fri 9/13/13 Sun 12/1/13
20 Casting Day Mon 2/3/14 Mon 2/3/14 Sun 2/16/14 Sun 2/16/14
21 Curing Time Mon 2/3/14 Tue 2/25/14 Sun 2/16/14 Fri 3/7/14
22 Sanding/Patching Interior Mon 2/10/14 Mon 2/17/14 Tue 2/25/14 Fri 2/28/14
23 Staining Interior Tue 2/18/14 Tue 2/25/14 Mon 3/3/14 Fri 3/7/14
24 Removal from Form Wed 2/26/14 Wed 2/26/14 Sat 3/8/14 Sat 3/8/14
25 Sanding/Patching Exterior Wed 2/26/14 Wed 3/5/14 Sun 3/9/14 Sat 3/15/14
26 Staining Exterior Thu 3/6/14 Thu 3/20/14 Sun 3/16/14 Thu 3/27/14
27 Apply Sealant Fri 3/21/14 Wed 4/2/14 Fri 3/28/14 Tue 4/1/14
28 Finishing Process Complete Wed 4/2/14 Wed 4/2/14 Wed 4/2/14 Wed 4/2/14
29 Stand Construction Wed 12/4/13 Fri 2/28/14 Mon 1/13/14 Fri 3/21/14
30 Cutaway Section Construction Wed 12/4/13 Fri 2/28/14 Mon 2/17/14 Fri 2/28/14
31 Final Product Display Wed 12/4/13 Fri 3/14/14 Mon 2/17/14 Fri 3/7/14
32 Aesthetic Elements Complete Sun 3/16/14 Sun 3/16/14 Fri 3/28/14 Fri 3/28/14
33 Transportation Cradle Construction Tue 2/18/14 Sat 3/15/14 Fri 3/7/14 Fri 3/28/14
34 Aesthetic Design Fri 9/20/13 Tue 12/3/13 Fri 9/20/13 Tue 12/3/13
35 Theme Selection Fri 9/20/13 Fri 10/4/13 Fri 9/20/13 Fri 10/4/13
36 Hull Graphic Design Mon 10/7/13 Tue 12/3/13 Mon 10/7/13 Tue 12/3/13
37 Stand Design Mon 10/7/13 Tue 12/3/13 Mon 10/7/13 Tue 12/3/13
38 Display Design Mon 10/7/13 Tue 12/3/13 Mon 10/7/13 Tue 12/3/13
39 Cutway Section Design Mon 10/7/13 Tue 12/3/13 Mon 10/7/13 Tue 12/3/13
40 Paddling Sun 9/29/13 Sun 3/30/14 Sun 9/29/13 Sun 3/30/14
41 Paddling Practices Sun 9/29/13 Sun 3/30/14 Sun 9/29/13 Sun 3/30/14
42 Paddling Teams Finalized Sun 2/16/14 Sun 2/16/14 Sun 2/16/14 Sun 2/16/14
43 Administrative Thu 1/23/14 Fri 3/28/14 Thu 1/23/14 Fri 3/28/14
44 Design Paper Thu 1/23/14 Thu 2/20/14 Thu 1/23/14 Fri 2/28/14
45 Design Paper Complete Fri 2/21/14 Fri 2/21/14 Fri 2/28/14 Fri 2/28/14
46 Engineer's Notebook Thu 1/23/14 Thu 2/20/14 Thu 1/23/14 Thu 2/20/14
47 Engineer's Notebook Complete Fri 2/21/14 Fri 2/21/14 Fri 2/21/14 Fri 2/21/14
48 Design Presentation Fri 3/14/14 Fri 3/28/14 Fri 3/14/14 Fri 3/28/14
49 Pacific Southwest Conference Thu 4/3/14 Sat 4/5/14 Thu 4/3/14 Sat 4/5/14

12/9
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Mixture ID: DISCOVERY II Structural Mix 
Design Proportions 

(Non SSD) 

Actual Batched 

Proportions 
Yielded  Proportions YD Design Batch Size (ft3):   0.0967 

  

Cementitious Materials SG 
Amount 
(lb/yd3) 

Volume 
(ft3) 

Amount 
(lb) 

Volume 
(ft3) 

Amount 
(lb/yd3) 

Volume 
(ft3) 

CM1 Portland Cement 3.15 335.25 1.706 1.20 0.006 283.74 1.444 
CM2 VCAS 160 2.60 508.46 3.134 1.82 0.011 430.33 2.652 

Total Cementitious Materials:    843.71 4.84 3.02 0.017 714.07 4.096 

Fibers       
  
 

  
  

F1 PVA Fibers - 8mm 1.30 5.59 0.069 0.02 0.000 4.73 0.06 

Total Fibers:    5.59 0.07 0.02 0.00 4.73 0.06 

Aggregates               

A1 Poraver 1-2mm Abs: 25% 0.39 72.64 2.985 0.26 0.011 61.48 2.53 

A2 Poraver .5-1mm Abs: 25% 0.47 156.45 5.334 0.56 0.019 132.41 4.51 

A3 Poraver .25-.5mm Abs: 25% 0.59 229.09 6.223 0.82 0.022 193.89 5.27 

A4 Poraver .1-.3mm Abs: 25% 0.90 50.29 0.895 0.18 0.003 42.56 0.76 

A5 Aggregate 3                    Abs: 1% 0.12 13.97 1.866 0.05 0.007 11.82 1.58 

Total Aggregates:    522.44 17.30 1.87 0.06 442.17 14.64 

Water              

W1 Water for CM Hydration (W1a + W1b) 1.00 236.24 3.786 0.85 0.014 199.94 3.20 
  W1a. Water from Admixtures 68.51   0.25   57.98   

W1b.  Additional Water 167.73 0.60 141.96 
W2 Water for Aggregates, SSD  1.00 127.26 0.46 107.70 

Total Water (W1 + W2):    363.50 3.79 1.30 0.01 307.64 3.20 

Solids Content of Latex, Dyes and Admixtures in 

Powder Form 

       

S1 Latex Solids 1.01 59.00 0.936 0.21 0.003 49.93 0.79 
S2 Water Repellant Solids 1.05 1.44 0.022 0.01 0.000 1.22 0.02 
S3 Water Reducer Solids 1.05 0.68 0.010 0.00 0.000 0.58 0.01 

Total Solids of Admixtures:   61.12 0.97 0.22 0.00 51.73 0.82 

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 Latex 8.5 lb/gal 48.00 219.20 63.93 0.78 0.229 185.52 54.11 
Ad2 Water Repellant 8.5 lb/gal 42.90 5.08 1.91 0.02 0.007 4.30 1.62 

Ad3 Water Reducer 8.8 lb/gal 20.25 5.81 2.67 0.02 0.010 4.92 2.26 

Water from Admixtures (W1a):     68.51  0.25   57.98 

Cement-Cementitious Materials Ratio   0.397 0.397 0.397 

Water-Cementitious Materials Ratio   0.28 0.28 0.280 

Slump, Slump Flow, in.    2 + 1 2.00 2.00 
M Mass of Concrete. lbs   1796.36 6.43 1520.34 
V Absolute Volume of Concrete, ft3   26.97 0.10 22.82 
T Theorectical Density, lb/ft3  = (M / V)    66.62 66.62 66.62 
D Design Density, lb/ft3        =  (M / 27)   66.53   

D Measured Density, lb/ft3     56.380 56.380 
A Air Content, %  = [(T - D) / T x 100%]   0.13 15.37 15.37 

Y Yield, ft3                                                  = (M / D)  27 0.11 27 
Ry Relative Yield                        = (Y / YD)     1.182  
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Mixture ID: DISCOVERY II Patch Mix 
Design Proportions 

(Non SSD) 

Actual Batched 

Proportions 
Yielded  Proportions YD Design Batch Size (ft3):   0.109 

  

Cementitious Materials SG 
Amount 
(lb/yd3) 

Volume 
(ft3) 

Amount 
(lb) 

Volume 
(ft3) 

Amount 
(lb/yd3) 

Volume 
(ft3) 

CM1 Portland Cement 3.15 297.09 1.511 1.20 0.006 277.48 1.412 
CM2 VCAS 160 2.60 450.59 2.777 1.82 0.011 420.85 2.594 

Total Cementitious Materials:    747.68 4.29 3.02 0.017 698.34 4.006 

Aggregates               

A1 Poraver .25-.5mm Abs: 25% 0.59 308.43 8.378 1.25 0.034 288.08 7.82 

A2 Poraver .1-.3mm Abs: 25% 0.90 167.96 2.991 0.68 0.012 156.88 2.79 

A3 Aggregate 3                    Abs: 1% 0.12 28.43 3.797 0.11 0.015 26.55 3.55 

Total Aggregates:    504.82 15.17 2.04 0.06 471.50 14.16 

Water              

W1 Water for CM Hydration (W1a + W1b) 1.00 299.07 4.793 1.21 0.019 279.33 4.48 
  W1a. Water from Admixtures 80.44   0.32   75.13   

W1b.  Additional Water 218.63 0.88 204.20 
W2 Water for Aggregates, SSD  1.00 119.38 0.48 111.50 

Total Water (W1 + W2):    418.45 4.79 1.69 0.02 390.84 4.48 

Solids Content of Latex, Dyes and Admixtures in 

Powder Form 

       

S1 Latex Solids 1.01 59.00 0.936 0.24 0.004 55.11 0.87 
S2 Shrinkage Reducer Solids 1.01 0.19 0.003 0.00 0.000 0.18 0.00 
S3 Water Repellant Solids 1.05 1.44 0.022 0.01 0.000 1.34 0.02 
S4 Water Reducer Solids 1.05 0.68 0.010 0.00 0.000 0.64 0.01 

Total Solids of Admixtures:   61.31 0.97 0.25 0.004 57.26 0.91 

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 Latex 8.5 lb/gal 48.00 219.20 63.93 6.62 0.258 204.73 59.71 
Ad2 Shrinkage Reducer 8.5 lb/gal 1.50 24.60 11.93 0.74 0.048 22.98 11.14 
Ad3 Water Repellant 8.5 lb/gal 42.90 5.08 1.91 0.15 0.008 4.74 1.78 

Ad4 Water Reducer 8.8 lb/gal 20.25 5.81 2.67 0.18 0.011 5.43 2.49 

Water from Admixtures (W1a):     80.44  0.32   75.13 

Cement-Cementitious Materials Ratio   0.397 0.397 0.397 

Water-Cementitious Materials Ratio   0.40 0.40 0.400 

Slump, Slump Flow, in.    2 + 1 2.00 2.00 
M Mass of Concrete. lbs   1732.26 7.00 1617.94 
V Absolute Volume of Concrete, ft3   25.22 0.10 23.55 
T Theorectical Density, lb/ft3  = (M / V)    68.69 68.69 68.69 
D Design Density, lb/ft3        =  (M / 27)   64.16   

D Measured Density, lb/ft3     59.130 59.130 
A Air Content, %  = [(T - D) / T x 100%]   6.60 13.92 13.92 

Y Yield, ft3                                                  = (M / D)  27 0.12 27 
Ry Relative Yield                        = (Y / YD)     1.071  
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APPENDIX C – BILL OF MATERIALS 

 

 

Material Quantity Unit Cost Total Price 

White Type I Portland Cement 37.3 lb $0.09/lb $3.36 
VCAS™ 160 56.5 lb $0.58/lb $32.77 

Poraver 56.5 $0.70/lb $39.55 
3M K1 Glass Bubbles 1.55 lb $10.60 $16.43 

Nycon PVA Fibers – 8 mm 0.62 lb $14.00/lb $8.68 
Styrene butadiene latex 3 lb $0.05/lb $0.15 

Darapel® Water Repellant 0.5 lb $22.26/lb $11.13 
Glenium 3030® HRWR 0.5 lb $13.04/lb $6.52 

Masterlife SRA 20® SRA 0.25 lb $19.76/lb $4.94 
Expanded Polystyrene Foam 68 ft3 Lump Sum $849.99 

Fiberglass mesh 122 ft2 $0.67/ft2 $81.74 
Dry Wall Joint Compound 3 lb $1.43/lb $4.29 
Water-Based Oil-Modified 

Polyurethane 
2 lb $2.35/lb $4.70 

Rubber Insulation Strips 40 ft $0.18/ft $7.20 
Water Based Stain 80 oz $1.88/oz $150.40 

Sealer 3 qt. $28.50/qt $85.50 

Total: $1,307.35 
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