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Compliance Certificate

Michigan Technological University’s 2019-2020 Concrete Canoe team hereby certifies that the design
and construction of Dozer has been completed in compliance with the rules and regulations of the National
Concrete Canoe Competition. The ten registered participants are qualified, eligible student members and
national student members of ASCE. Dozer was completely built within the current academic year of the
competition. The team has read all of the Material Technical Data Sheets (MTDS) and Safety Data Sheets
(SDS), and constructed Dozer in methods conducive to a high degree of safety. The team acknowledges receipt
of the Request for Information (RFI) Summary, and Dozer complies with responses thereof.

Registered Members of the 2019-2020 Michigan Tech Concrete Canoe Team

Lauren Bowling 11851359 Karl Heindlmeyer 10765493
Lauren Cole 11855298 Danny Jones 10957008
Mary Kinney 10775654 Conner Reed 11337786

Steph Klaysmat 11927679 Derrick Sullivan 11000686
Kait Pascoe 11911054 Collin Vander Beek 11949737

Dozer Dimensions

Total Length 20 Feet
Maximum Width 28.1 Inches
Maximum Depth 15.5 Inches

Average Thickness 3/8" Inch
Overall Weight 215 Ibs

Properties of the Concrete Mixture and the Composite Material

Unit Weight (pcf) Strength (psi) Air
Mixture Compressive Tensile Content
Wet | Oven-Dry I Day | 28-Day | 14-Day | 28-Day (%)
Structural 70.05 66.8 1480 1630 350 410 -10.1
Pigmented | o 05 | 655 510 580 220 250 47
Finishing

Composite Flexural Strength: 1080 psi

We certify that the aforementioned information is valid.

o Sk adk

Mary Kinney R. Andrew Swartz, Ph.D., P.E.
Concrete Canoe Team Captain ASCE Student Chapter Faculty Advisor
(734) 548-0322 (906) 487-2439

kinney@mtu.edu raswartz@mtu.edu
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Executive Summary

From the first trans-continental railroad to modern day bustling cities, engineers have been fascinated and
consumed by massive construction projects that aim to advance mankind and create a global society. The 2020
Michigan Technological University (Michigan Tech) Concrete Canoe Team was inspired by the fast-paced
construction industry and introducing sustainablest solutions to unique problems. Construction innovation and
techniques are rapidly evolving. In the same way, the Michigan Tech designed and refined old practices through
new ideas to create a streamlined process that minimized the person-hours and resources that were exhausted in
the construction of our boat Dozer.

Table 1. Properties of Dozer

The team’s main goal this year focused on

Dozer (2020) creating the hull design that should be used as the

Weight 215 Ibs. standard in future years for the ASCE Concrete
Colors Black and Yellow Canoe competition. The team felt confident in using
Maximum Length 20 feet last year’s hull design, Driftwood (MTU 2019), as
Maximum Width 28.4 inches the basis on which to improve for the future

: standardized hull design. Driftwood was able to

Maximum Depth 15.5 inches improve travel velocity and straight-line tracking as
Average Thickness 3/8™ inch well as increase paddler efficiency. After the national
GlasGrid® 8511 competition, the hgll design commit_tee met with the

Primary Reinforcement SpiderLath paddlers to strategize what _ngeded improvement. It
3/16-inch Steel Cable | Was d_etermlned that the stab_lllty of the canoe was the

_ PV A-RFS400 most important aspect to be improved upon. The hull

Secondary Reinforcement Enduro Prime design committee was able to keep the benefits of the

hull design from Driftwood while increasing
stability, resulting in a well-rounded design that the team is proud to present for the standardized hull design
award.

This year the Michigan Tech team implemented a new time tracker that helped track person-hours and
quantify which aspects of the project needed to be made more efficient. The team made decisions based on this
data throughout the year to streamline certain activities and will continue this process for future years.

The team’s mix committee worked on improving the tensile strength of the boat by incorporating more
fibers than have been used in previous designs. The committee also focused on reducing the water to cement ratio
to a value less than 0.5 while maintaining a mix that has comparable workability to last year’s mix, Sandbar (MTU
2019), with the use of admixtures.

The reinforcement committee’s goal was to incorporate more testing into the decision process of
determining the final reinforcement scheme, specifically a torsional test. However, the team’s advisors, Dr. Tess
Ahlborn and Dr. Larry Sutter, suggested the implementation of a tension tie rather than find a reinforcement
scheme that also has to meet a “tension resistance” requirement. Therefore, the committee’s goal changed to
center around implementing tension ties into the reinforcement design.

Unit Weight (pcf) Strength (psi) Air
Mixture Compressive Tensile Content
Wet Oven-Dry o
14-Day | 28-Day | 14-Day | 28-Day (%0)
Structural 70.05 66.8 1480 1630 350 410 -10.1
Pigmented Finishing 66.05 65.5 510 580 220 250 4.7

Composite Flexural Strength: 1080 psi

Table 2. Properties of the 2019-2020 Concrete Mixture
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Introduction to the Project Team
ASCE Chapter Profile

Michigan Technological University is a public university located in Houghton, in the Upper Peninsula of
Michigan. The university offers world-class education and cutting-edge research to its roughly 7,000 students.
Michigan Tech’s student chapter of ASCE has 51 active student members, and 30 national members. These
student members meet monthly to plan community events, and engage with professors and industry professionals
on matters concerning civil engineering. There is often an emphasis on ASCE’s Code of Ethics and how it pertains
to each of the chapter’s students. The chapter works alongside Michigan Tech’s Graduate chapter of SEI as well.
A couple of the joint projects that both chapters have completed include Adopt a Highway and Make a Difference
Day. The ASCE student chapter has participated in the Adopt a Highway program for over 30 years, and regularly
schedules events to clean and maintain the section of highway our chapter has been assigned. The University
annually organizes Make a Difference Day, which allows student organizations to have a positive impact on the
community. A few of the projects that ASCE has participated in include maintaining and updating local parks,
stocking and organizing the local food pantry, and raking leaves for community members. ASCE at Michigan
Tech has been boasting growth in membership and involvement over the past four years and looks forward to
exploring further into the benefits that come with becoming an ASCE professional member.

Recently the Upper Peninsula of Michigan branch of ASCE. This allows the student chapter to have the
opportunity to meet more regularly with professionals in the industry, in turn helping individuals network with
professionals. Michigan Tech’s Student Chapter members were some of the first to learn about the creation of the
branch and worked hand-in-hand to strengthen both
the branch and student chapter as a whole. Faculty
along with branch founders to not only worked to
ADOPT-A-HIGHWAY establish a strong branch core, but also showed
students how to get involved. The creation of the
Upper Peninsula Branch has not began working on
projects with the student chapter yet, but plans for

[ NEXT 2 mies | - g service and networking events have begun for the
ASCE STUDENT i3 o8 2020-21 school year.
FradER MU, ; Fa W Michigan Tech’s Concrete Canoe Team is

¢ made up of 31 members who each play an integral
role into the success of the team. The team is led by
a senior project manager and a junior project
manager who each specialize in different aspects of
the project. Veteran members of the team are
elected to committee head positions and oversee
construction, engineering, technical
documentation, and paddling. Other members work
under committee heads to help meet deadlines, as
well as facilitate knowledge transfer and improve
technical expertise.

The Michigan Tech Concrete Canoe team
has competed un the North Central Student
Conference since 1992, placing first in 10 of the
last 11 competitions. Most recently the team
placed 10" in the 2019 national competition with
their boat Driftwood.

Figure 1. ASCE Adopt a Highway Stretch
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Organization Chart

Project Managers

Mary Kinney. Sr & Lauren Bowling, Jr.

Derrick Sullivan, Sr.

Assisted By: Allison Dagesse, Sr., Lauren Bowling, Jr., Nicholas
Kippenhan, Jr., Jason Cinader, So.

’-5

Responsible for development and testing of mix designs, as well as
reinforcement schemes and canoe aesthetics.

Academics Zeke Marchel, Sr.

Assisted By: Ryan Olsen, Sr., Conner Reed, Sr., Karl Heindlmeyer, Sr.,
David Castlevetere, Fr., Lauren Cole, Jr.

Presenters: Connor Reed, Sr., Lauren Cole, Jr

=

Responsible for structural analysis, hull design, design paper,
presentation, and compliance.

_— B . B W s |
Construction Charlie Hill, Sr.

a4 Assisted By: Matthew Fox, Sr., Caleb Schmeltzer, Sr., Lauren
Bowling, Jr.

Responsible for casting day and all preparations thereof, as well as the
construction of stands, cross-section, and display.

LA

"l

Danny Jones, Sr. & Mary Kinney, Sr.

Paddlers: Danny Jones, Sr., Karl Heindlmeyer, Str., Mary Kinney, Sr.,
Derrick Sullivan, Sr., Lauren Bowling, Jr., Lauren Cole, Jr., Steph
Klaysmat, Jr., Kait Pascoe, Fr., Colin Vander Beek, Fr.

Responsible for training and preparing paddlers for competition.
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Additional Members: Danielle Lautenbach, Sr., Cole Schilling, Sr., Joey Switala, Sr., Jacob Byron, So., ‘
Connor Dykehouse, So., Alex Rogers, So., Ryan Cesario, Fr., Henry Summers, Fr.
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Technical Approach to the Overall Project

Hull Design

The team’s primary goal for hull design was to build upon the foundation of Driftwood, which improved
travel velocity, straight line tracking ability, and put a greater emphasis on paddler efficiency than any of its
predecessors. Dozer’s hull geometry is relatively similar to Drifiwood’s design, featuring a long slender profile
that resembles a teardrop shape in a plan view. Paddlers spoke highly of Driftwood, approving of the model’s
performance in races with modest reservations. An area of improvement that the paddlers wanted to see in this
year’s hull design was the secondary stability of the boat. By instituting a shallow V-shaped cross section to the
canoe, the team aims to increase the stability while also maintaining the majority of the speed and straight-line
tracking ability possessed by its predecessor.

Table 3. Hull Design Comparison

Driftwood (2019) | Dozer (2020) A cedar strip prototype

was constructed throughout the

Length / Beam Ratio 8.715 8.460 year, encouraging new members
to become increasingly involved

Beam Width at Waterline (in) 27.1 27.6 in the project. There was not an
emphasis put on the completion

Depth (in) 12.7 15.1 date of the prototype for hull
design analysis because the hull

Freeboard (in) 0.785 0.785 design is similar to previous
years; the completion date for the

Block Coefficient 0.500 0.403 prototype has been set at roughly
week 6 of the first semester. This

Wave Drag at 6mph (N) 9.45 12.70 gives the paddling team a few

weeks to test the design in open
water and make any considerations before the design is finalized and the mold is ordered. While this process does
allow for valuable input from the paddling team, it was found that by the time the design was finalized, it was
pushing the mold procurement date further back than anticipated. Thus, the increased timeline for completion was
deemed the better route for the continued success of the team by maintaining our schedule and also by taking
more time with the construction of the prototype, ultimately providing a more accurate product for the paddlers.
The paddlers were able to test the prototype in the school’s lap pool during winter paddling practices to familiarize
themselves with the boat before races at competition.

Several aspects of Dozer make it a worthy candidate for the standardized hull design for future
competitions. The aggressive hull geometry ensures that it will be competitive in every race, from sprints to
endurance. Dozer’s V-shaped bottom and long, narrow profile provides good attributes for speed and stability as
well as straight-line tracking capabilities. With a practice routine that emphasized turns, every team is capable of
making impressive turns as well. The paddlers were well-experienced and capable of making a full 180-degree
turn in 4 draw strokes using last year’s model, and this high efficiency is expected with the new cross section as
well.

Dozer’s hull geometry is easily duplicated. Not every team has a CNC service available, but this boat’s
shape is able to be constructed using a hand-made, male mold. By simply printing out the full-scale cross sections
for every one-foot increment along the boat, the mold could be shaped to match the final design of Dozer. This
boat is also customizable in multiple ways. The reinforcement scheme can be changed to meet the needs of the
structural analysis, and the different aspects of the canoe (gunwales, end-caps, aesthetics) can also be changed to
meet the preferences of future teams.
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Structural Analysis

The goal of the structural analysis committee was to provide the material development committees with
the maximum stress values that the canoe will experience. Structural analysis began by looking at last year’s boat,
Driftwood, to figure out what could be improved upon. After inspection, it was observed that Driftwood failed in
the middle at the gunwales due to shear stress when turning. Cracks developed due to shear stress caused by the
paddlers leaning into the side of the canoe. A

conservative 240 Ibs. for men and 170 Ibs. for women 240"

were used as the paddler weights and the force of the Sitting Load Kneeling Load
paddlers leaning into the canoe was equal to half their 207 3" 267 6" L5 2o 8 20
weight. In order to solve this issue, the location of the -13.6 ‘ -33.2 ‘ 232 -29.4
. Ibs/in Ibs/in Ibs/in Ibs/in
cracks was measured as 120 in from the front of the
canoe on average. From there, a shear stress calculation ¢ vid y vy
ow | ] Stern

was performed to figure out the maximum shear stress 1
experienced by the canoe during races. A buoyant force |

equal to the weight of the paddlers and canoe was also

factored in as shown in figure 2. It was found that the

maximum shear stress occurred during the men’s sprint Figure 2. Buoyant Force and Paddler Loads

race and was 872 psi (tension) at the gunwales. An iterative excel sheet was used to calculate the moment of
inertia for the applicable cross section in order to calculate this stress value. The maximum tensile stress of the
canoe at the gunwales is 280 psi. To make up for the difference between the applied shear stress and shear strength
of the concrete, a 3/16” steel cable was laid in the gunwales and tied together at each end of the canoe. The shear
strength of the cable is 30,422 psi which fills the gap between the canoe’s tensile strength and the applied tensile
strength as well as accounts for a safety factor and dynamic loading.

Development and Testing

The mixture committee established multiple goals to keep testing on
schedule and to continuously improve the mix design. Goals include
improving the tensile strength of concrete with the use of secondary
reinforcement, incorporating sustainable cementitious materials, and reducing
the water to cement ratio to less than 0.50 while maintaining a mix with
comparable workability to mix designs of previous years. Predominant
attributes from Sandbar (MTU 2019) were used to provide a strong basis for
this year’s testing procedures. Materials such as Class C Fly Ash, Slag Cement,
Nycon fibers, Poraver® glass spheres and 3M™ K-series glass bubbles
continued to be a staple in a highly competitive structural mix design.

To begin testing for the 2020 season, the committee decided to do
away with utilizing white Portland cement in exchange for a more
commercially available grey Portland cement. The team also incorporated a
new supplementary cementitious material, added new fibers, and new
aggregates.

The implementation of silica fume in the structural mixture employs
advantages by increasing the strength to weight ratio, as well as meeting the
goals of the aesthetic committee for a black canoe. Silica Fume, an industrial
byproduct of silicon metal production, is more sustainable than typical
production methods of Portland Cement. Silica Fume requires 85% less CO2
emissions than Type F Portland Cement, making it environmentally friendly as Figure 3: Backfill Fiber Blend.
well. The fiber blend exchanged the previously used Nycon- PVA RF4000 Enduro Prime (Top),
fibers for new Sika Enduro Prime macro-synthetic fibers. Sika macro-synthetic PVA RFS400 (Bottom)
fibers provide unparalleled performance in ductility and pull-out strength
compared to those previously used in Michigan Tech’s mixes. The Enduro Prime / RFS400 blend exceeded the
committee’s goals for improving tensile strength without influencing workability in the structural mix.
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The Michigan Tech Structural Mix Committee tested various new aggregates and found success in most.
Elemix, a material left behind by teams of the past, was introduced in small quantities to the mixture. Elemix
decreased the specific gravity and offset some of the cenosphere aggregate volume in the mix, without
dramatically decreasing in strength. The most innovative solution in for aggregates was implementing crushed
concrete that was recycled from previous testing cylinders. Recycled Concrete Aggregate was processed and
refined by team members. The recycled concrete ;
reduced costs, CO2 emissions and time as it was a
waste product of previous testing. The crushed
concrete was responsible for a 12% increase in
strength and a 4% decrease in weight of the mix when
compared to previously used Haydite. Due to limited
supply and time constraints the mix committee was
only able to replace a portion of Haydite in the mix.
Concrete that was recycled required periodic testing to
ensure that specific gravity, absorption, and moisture
content remained constant throughout testing and
casting of Dozer.

The most difficult goal for the Michigan Tech
team this year was decreasing the water- cement ratio without sacrificing workability. New rules which prohibit
the use of latex modifiers made the solution even more rigorous. The team increased superplasticizer dosages and
soaked aggregates in batch water for 30 seconds before conditions to prevent absorption after mixing, thus
maintaining a constant workability at a longer duration after mixing.

Figure 4: Recycled Concrete Aggregate - Passing #8 Sieve,
Retained in #16

Table 4. Properties of the Aggregates in the Final Concrete Mixture

Aggregate Specific Gravity | Absorption (%) | Particle Size | % Retained in #200 Sieve
Poraver® 1-2 mm 0.39 20.0 1-2 mm 100%
Poraver® 0.5-1 mm 0.47 25.0 0.5-1 mm 100%
K1 0.125 0.0 < 120um 55%
K37 0.37 0.0 <85um 10%
Shale 1.22 36.0 <2.38 mm 100%

This year’s finishing mix aimed to reduce the total amount of material used, cost, and mix density, while
maintaining a workability that promoted easy placement on the canoe. Similar to last year’s boat, Dozer’s
structural mix was pigmented allowing for less need for aesthetic mix. Dozer’s finishing mix implements K-37
aggregate in place of Poraver 0.25-0.5 mm as used in Driftwood s finishing mix. This decision was made in order
to produce a finishing mix that was easier to work with and had a less grainy texture. The finishing mix also
recorded a lower density due to a new mix design utilizing Recycled Concrete Aggregate. Fines from the
Recycled Concrete Aggregate (passing No. 16 sieve, retained in No. 200 sieve) were added to the finishing mix
adding strength and decreasing unit weight, while also serving as a sustainable alternative to previous finishing
mixes.

The reinforcement committee started the year by consulting the team’s advisors about ways to test a
torsional reinforcement scheme because in previous years the team’s boats have always had large cracks in the
middle due to tension. Previously the team has used gunnels in an attempt to do tension ties but it has not proven
to be sufficient. This prompted the team to explore the use of tension ties in our reinforcement scheme. The team
had to start from scratch and create a database that would show the effects of pre- and post-tensioned ties and
how they would react to forces in different situations along with the use of different bars in each force scenario.
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. 5 .
.  eeeeeeaeaLELEBEBLEEEEEEEE




This task was going to be more than the reinforcement committee could take on in a single year. Therefore, the
team’s advisor suggested placing bars in the gunnels of the boat. The bars work in conjunction with the gunnels
to act as tension ties to prevent the large cracking that has been observed in the middle of the boats in past years.
3/16-gauge wire was placed in the gunnels and then the layers of reinforcement were folded over them.

The committee strived to match last year’s reinforcement scheme in terms of weight, while surpassing it
in maximum load and strength at the seams. The team overall had positive feedback on the reinforcement scheme
used for Driftwood; it was workable while also contributing the necessary strength required. This is why
GlasGrid® 8511 (GG) and SpiderLath (SL) were considered as meshes to be used this year. The team decided
that Panzer® 15 would be a material that was worth testing with GlasGrid® 8511 as well as SpiderLath in an
effort to have a stronger maximum load and have better seam strength. Through testing it was discovered that
when the Panzer® 15 was bent horizontally it was more resistive (R) than when bent vertically. Panzer® 15 was
tested in both orientations in all possible combinations along with SpiderLath and GlassGrid® 8511. It was
noticed that when the non-resistive (NR) orientation was on the top layer, peak loads were generally larger than
when the resistive orientation was on the top layer. The strongest schemes after testing all of the possible schemes
and observing that the non-resistive orientation is better on top, were NR/NR, NR/R, and SL/GG.

The team noticed that all beams made with Panzer® 15 "
delaminated; extra time and care was put into making new sets of beams
with Panzer® 15 to see if this problem could be resolved. It was
determined that Panzer® 15 would not delaminate if it was ensured that
it engaged with the matrix, but because the casting of the boat is time
dependent it would take too much time for the QC/QA team to assure
that it was engaged with the matrix.

Panzer® 15 was used during a mock cast for the trowelers and
QC/QA team to determine the workability of the reinforcement. The
trowelers’ feedback was negative overall toward the use of Panzer® 15.
It was too difficult to make sure it was in the correct orientation and
didn’t inhibit the desired workable qualities.

Due to all of the testing and troweler feedback, the team decided
to go with a reinforcement scheme that did not include Panzer® 15.
GlasGrid® 8511 was chosen for the outer layer and SpiderLath for the
inner layer. This scheme had overall better peak loads and flexural
strength than the combinations of reinforcement that included Panzer®
15. This combination of reinforcement is lightweight and met the
trowelers’ desired workability standards.

Figure 5: Beam Delamination Testing Results

Approach to Scope, Schedule, & Fee

The schedule was developed from the outline of previously successful projects, with most of the research
and development happening during the fall semester, and aesthetics along with competition display elements
being completed in the spring semester. Some of the major milestones occurring during the length of the project
include selection of the final structural mix, finishing mix, and reinforcement scheme, along with the completion
of the technical proposal and presentation. These milestones, along with the completion of the final display
elements, are crucial in providing a high-quality final product for competition. This year, the Michigan Tech
Concrete Canoe team has a dual critical path on the final schedule. This is due to the importance of the structural
mix and reinforcement scheme development during the fall semester. The critical path continues with casting,
curing, and applying the aesthetics to the canoe. These aspects must be completed on time in order for the project
to continue without delay. One risk to the schedule included material procurement during the research and
development phase. This risk was mitigated by having meetings with committee heads early on to determine
quantities needed in order to successfully develop a mix with the desired qualities. Through this scheduling
process, the Michigan Tech Concrete Canoe team was able to achieve their goals without any major delays in the
project.
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The Michigan Tech team implemented a new time-tracking app to not only ensure that critical work was
being completed, but to also maintain work efficiency. The application allowed each team member to clock in as
the labor role that they were expected be for the time period and to categorize hours by the task they were working
to achieve. The time-tracking app allowed the team to get an exact count and breakdown on hours in an effort to
keep the cost of the project low.

The team found that replicating a boat in the same conditions would cost just over $120 for materials that
went into the canoe and an additional $18,600 for labor hours that were invested into the competition of the
project. Without having a comparison for cost, the team feels as though the price is reasonable for a large team
focused on completing a high-quality product for competition.

Approach to Health & Safety

The Michigan Technological University Concrete Canoe Team has a health and safety plan in place which
centers around proper training for personnel and the use of proper PPE in the lab environment and during paddling
practices. Prior to being allowed into the lab area, members are required to complete online safety training courses
about general safety awareness, hazard communication and the university chemical hygiene plan. Members who
complete this training then tour the lab with the lab supervisor to become familiarized with resources as well as
explain the rules and potential hazards of the area. To mitigate risk of injury in the lab, there is a required dress
code of pants and closed toed shoes; safety goggles are required PPE for all work done in the lab, and dust masks
and gloves are used as needed for handling potentially hazardous materials safely. As for paddling practices, all
boats are equipped with enough life-vests for everyone in the boat and meet campus water activity safety
monitoring standards for practices.

Approach to Quality Control and Quality Assurance

Michigan Tech’s approach to Quality Control/Quality Assurance (herein referred to as QC/QA) applies
methodologies and policies to ensure the success of the product by considering the totality of the design process.
Programs that the team specifically focuses on which encompass the totality of our design process include:
material procurement, training, document tracking and review, and compliance review. Each of these will be
discussed further individually.

The materials that Michigan Tech uses in its mix design are all carefully analyzed and prepared prior to
being mixed for casting day. A primary focus for the mix team concerns the quality of aggregates used in the final
mix. As such, the mix committee sieves and separates each aggregate (Shale, Portland Cement, recycled
aggregates, etc.) in order to achieve repeatable results from the testing environment to implementation on casting
day. If the team plans on including the same aggregate in the following years mix as was in the previous year, the
aggregates are ordered from the same supplier in order to ensure the desired results.

Individual and group training sessions have proven to be a vital part to the continued success of the team.
This year, the team held four troweling practices prior to casting day to prepare new and experienced trowelers
for the construction of the final product. Practices consisted of the mix committee providing one to two batches
of the current iteration of the mix while the trowelers practiced troweling the first 1/8-inch-thick layer on an old
mold section from a previous year. As well as members improving upon their mechanics of applying the concrete,
the troweling practices also served as an important tool for the mix committee. While practicing, the troweling
members provided feedback to the mix committee on the workability of the mix. In one instance, the PVA fibers
that were currently being used for the mix were proving difficult to trowel and with the feedback provided, the
mix committee and trowelers came to the decision to shorten the length of the fibers which was ultimately used
in the final design. Similar recommendations happened routinely, eventually leading to a mix design that was
both appealing to the trowelers and satisfied the strength requirements determined by structural analysis.
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The large size of Michigan Tech’s team allows for many subdivided committees that are all working in
concert. With this large number of committees also comes the creation of many documents from everyone’s work
within their committee. To ensure that all documents are organized and easily accessible from every committee,
the team uses a shared drive on the campus network in which every member on the team is able to access and
edit. This provides an open platform for sharing information and aids in both the knowledge transfer process as
well as progress updates within committees that routinely work together when information is needed between the
weekly meetings updates.

Every major submittal that Michigan Tech’s team submitted to the NCCC is first reviewed and supervised
by the team’s designated compliance officer. This committee is responsible for understanding the rules to the best
of their ability and ensuring that the team stays within the parameters provided by the rules. This process covers
the entire design process and is integral to limiting deductions at competition.

Approach to Sustainability

Current societal trends place a growing emphasis on sustainability. In the effort of ensuring a healthy
future, Michigan Tech strives to contribute to global sustainability efforts through social, economic, and
environmental methods. In recent years, research and design committees have collaborated to develop test plans
that would evaluate multiple mix and reinforcement parameters at once, reducing the number of mixes required,
and thus the amount of materials used for what can be a lengthy process. Not only is the team reducing the quantity
of materials, but using more sustainable materials from the start. This year the team incorporated sieved recycled
concrete, crushed from cylinders used during the research and design test process. Recycled concrete decreased
material costs and any further CO2 emissions that would have incurred during material refining and transporting,
proving as the most sustainable effort for the team this year. The team also found ways to include supplementary
cementitious materials including blast furnace slag, fly ash, and silica fume, which are byproducts of iron, coal,
and silicon metal productions respectively, creating a use for a material that would have become environmental
waste. Silica fume, for example, also contributes to 85% less CO2 emissions than Type F Portland Cement,
reducing Michigan Tech’s carbon footprint. The team is lucky enough to have many of these materials donated
in bulk, eliminating those costs from the yearly budget, allowing funds to be reallocated elsewhere in the project.
Economic sustainability also stems from our relations with alumni, faculty, family/friends and industry partners
who are gracious enough to donate and support the project. The team also fundraises through volunteering in the
community events such as bagging groceries at a local grocery store where customers can donate a portion of
their receipt total toward the team. This not only supports the team financially, but allows the team to interact
with community members and build meaningful relationships in a close-knit community.

Economic and environmental aspects are only part of sustaining a successful team. People are required to
carry out the project and it is important that the team stays enthusiastic and knowledgeable about the final goal.
Emphasis was stressed knowledge transfer as many members are graduating in the spring. ldeas and processes
are passed down through captains and committee heads to establish the transfer of knowledge. Younger
contributors are always encouraged to get involved early and often and processes are documented so transitions
year-to year run smoothly. To aid this, a universal document was distributed to each committee head to outline
details of crucial steps, advice, contacts etc. to communicate lessons learned to future teams.
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Itemized Fee Summary

Table 5. Material Cost for One (1) Canoe

Bill of Materials Cost

Lafarge Portland Cement C-150 $ 1.67

Blast Furnace Slag $ 0.52

Class C Fly Ash $ 0.53

NORCHEM Undensified Silica Fume | $ 1.12

NYCON RFS400 PVA $ 0.58

SIKA ENDURO PRIME $ 0.77

GlasGrid 8511 $ 7.89

SpiderLath $ 7.89

3/16" Steel Cable $ 1.36

Trinity Haydite $ 1.21

DOW Extruded Polystyrene Foam $ 42.50

3M Glass Bubbles K1 $ 0.92

3M Glass Bubbles K37 $ 1.01

Poraver 1-2 mm $ 1.86

Poraver 0.5-1 mm $ 0.99

Poraver 0.25-0.5 mm $ 0.47

Poraver 0.1-0.3 mm $ 0.29

Elemix $ 2.05

Recycled Concrete Aggregate $ 0.55

Direct Colors Concrete Pigments $ 9.39

Distilled Water $ 1.81

BASF Glenium 3030 NS $ 0.46

Sealkrete Clear-Seal $ 32.89

Silhouette Glossy Permanent Vinyl $ 1.50

TOTAL COST PER CANOE [ $ 120.23

Table 6. Detailed Cost Assessment

Activity Projected Total Person-Hours | Associated Cost
Project Management 18 $ 860.00
Hull Design 20 $ 500.00
Structural Analysis 20 $ 400.00
Mixture Design Development 153 $ 4,732.50
Mold Construction 32 $ 991.75
Canoe Construction 69 $ 1,819.75
Preparation of Technical Proposal 50 $ 1,000.00
Presentation 336 $ 6,720.00
Display 50 $ 1,550.00
Shipping Costs - Trailer N/A $ 80.00
TOTAL $ 18,654.00
TOTAL COST PER CANOE $ 120.23
GRAND TOTAL $ 18,774.23
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I.D. DESCRIPTION QTY.

Lafarge Portland Cement

1 lc=150 55.62 Ib
2 Blast Furnace Slag 25.84 |b
S Elass ¢ Fly Ash 26.39 Ib
NORCHEM Undensified Silica
4 Fume 2.54 |b
5  INnvcon RFsz00(19mm) PVA |0 55 |b
6 SIKA Enduro Prime 0.83 |b
"/ [GlasGrid 8511® 55.78 ft 2
8 SpyderLath 55.78 ft 2
9 3" steel Cable 9.04 Ib
10 [mrinity Haydite 24.16 |b
1 1 Ec?c\:vaXtrUdEd Polystyrene 170 ftA3
12 BM Glass Bubbles K1 511 Ib
13 M Glass Bubbles K37 564 Ib
1 4— Poraver 1-2 mm 7.44 |b
15 Poraver 0.5—1 mm 3.96 Ib
16 Pporaver 0.25-0.5 mm 1.89 Ib
1 7 Poraver 0.1—-0.3 mm 1.16 Ib
18 Hemix 0.74 b
ecycled Concrete
19 hogregate 11.08 Ib
irect Colors Concrete
20 Ppigments 1.88 Ib
21 Distiled Water 60.40 Ib
7 7 BASF Glenium 3030 NS 0.05 qal
23 Sealkrete Clear—Seal 0.75 qal
24 E;Lhy?uette Glossy Permanent 300 ftAz
Construction Drawing
_WN BY: CHECKED BY:
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1D Task  [Task Name Baseline Start ~ [Baseline Finish | Duration Qtr 4, 2019 Qtr1, 2020 Qir2, 2020 Qtr3,2020
@ voce Aug | Sep oct Nov Dec Jan Feb Mar Apr May Jun Jul

1 L Project Management Tue 9/3/19 Sat2/1/20 152 days

2 [E Start of Academic Year Tue 9/3/19 Tue 9/3/19 0 days 9/3

3 - Recruitment Tue9/3/19  Fri9/20/19 18 days T

4 - Lab Safety Training Tue 9/3/19 Fri10/18/19 46 days T

5 - Rules Released & Reviewed Mon9/9/19  Mon 9/9/19 1day %99

6 - Theme Decision Wed 10/2/19  Wed 10/2/19  1day X

7 - ASCE Annual Report Submission Sat2/1/20 sat 2/1/20 0days o211

8 L Canoe Development Tue 9/10/19  Sun 3/29/20 202 days

9 - Hull Design Tue 9/10/19 Sun 12/1/19 83 days

10 - Draft Hull Design Tue 9/10/19  Thu9/19/19  10days T il

1 - Final Hull Design Selection Thu 9/19/19 Thu 9/19/19 0 days 19/1

12 - Release Hull Dimensions Fri 9/20/19 Fri 9/20/19 1day l

13 - Prototype Construction sat9/21/19  Sat11/2/19 43 days N

14 - Structural Analysis Sat10/26/19  Sun11/3/19 9 days E

15 - Foam Sized and CNC Milled Thu10/17/19 Mon 11/25/19 40 days A il

16 - Mold Pick-up and Delivery Tue 11/26/19  Sun 12/1/19 6 days —

17 L - Concrete Mix Design Tue 9/10/19  Tue 3/3/20 176 days

18 - Structural Mix Tue 9/10/19 Tue 1/14/20 127 days

19 - Material Procurement for Testing (Structural) Tue 9/10/19 Tue 10/8/19 29 days [ 3

20 - Binder, Aggregate, and Fiber Testing Tue9/10/19  Wed 11/20/19 72 days il

21 - Final Structural Mix Selection Wed 11/20/19 Wed 11/20/19 0 days 120

22 - Final Structural Mix Material Procurement Mon 12/2/19  Tue 1/14/20 44 days

23 - Finishing Mix Mon 11/11/19 Tue 3/3/20 114 days

24 L - Material Procurement for Testing (Finishing) Mon 11/11/19 Mon 1/13/20 64 days he

25 - Finishing Mix Design & Testing Mon 12/2/19  Sun 2/9/20 70 days » ‘

26 - Application Technique Testing Mon 12/2/19  Sun 2/9/20 70 days » «L

27 - Final Finishing Mix Selection Sun 2/9/20 Sun 2/9/20 0 days i2/9

28 - Final Finishing Mix Material Procurement Mon 2/10/20  Tue 3/3/20 23 days

29 - Reinforcement Tue 9/10/19  Sun12/15/19 97 days

30 - Material Procurement for Testing Tue9/10/19  Wed9/18/19  9days X

31 - Reinforcement Testing Wed 9/25/19  Fri 11/22/19 59 days ¢

32 - Final Reinforcement Selection Fri11/22/19  Fri11/22/19  Odays ? 1/22

33 - Final Reinforcement Material Procurement Sat11/23/19  Sun12/15/19 23 days —

34 - Canoe Construction Wed 10/9/19  Sun 2/16/20 131 days

35 - Casting Practices Wed 10/9/19  Wed 1/15/20 99 days b

36 - Mold Assembly Mon 12/2/19  Sun12/15/19 14 days =

37 - Pre-Batch Final Structural Mix Wed 1/15/20 Thu1/16/20  2days T

38 - Pre-Cut Reinforcement Mon 12/16/19  Fri 12/20/19 5 days

39 - Concrete Placement Sat1/18/20  Sat1/18/20 1day ‘i;

40 - Initial Cure with Mold Sun 1/19/20  Sat2/1/20 14 days

41 - Mold Removal Sun 2/2/20 Sun 2/2/20 1day

42 - Final Curing Mon 2/3/20 Sun 2/16/20 14 days —W

43 - Finishing & Aesthetics Mon 2/17/20  Sun 3/29/20 42 days

44 - Sanding Mon 2/17/20  Wed 3/4/20 17 days _

45 L - Interior & Exterior Design Thu 3/5/20 Sun 3/22/20 18 days h

46 - Sealing Mon 3/23/20  Sun 3/29/20 7 days

47 - Finishing Complete Sun3/29/20  Sun 3/29/20 0 days 3139

48 - Communications Sat10/26/19 Wed 4/1/20 159 days

49 - Technical Presentation Mon 1/20/20 Wed 4/1/20 73 days

50 - Create Presentation Mon 1/20/20  Thu 2/20/20 32 days 3 ﬁ

51 - Presentation Practice Mon 1/20/20  Fri 3/27/20 68 days L

52 - Professional Reviews Mon 3/2/20 Sun 3/15/20 14 days —l

53 - Final Revision Mon 3/16/20  Fri 3/27/20 12 days

54 - Presentation Complete Wed 4/1/20 Wed 4/1/20 0 days *4/1

55 - Technical Proposal Sat10/26/19  Mon 2/17/20 115 days

56 - Proposal Outline & Draft Sat10/26/19  Sun 1/5/20 72 days * J,

57 - Professional Reviews Mon 1/6/20 Fri 1/17/20 12 days __l

58 - Final Revision Sat 1/18/20 Mon 1/20/20 3 days dhiﬁ

59 - Technical Proposal Submission Mon 2/17/20  Mon 2/17/20  0days °-2/17

60 - Material Technical Data Sheets Addendum Mon 1/13/20  Mon 2/17/20 36 days

61 - MTDS Outline & Draft Mon 1/13/20  Wed 1/29/20 17 days A= il

62 - Professional Reviews Thu 1/30/20 Wed 2/5/20 7 days _l

63 - Final Revision Thu 2/6/20 Wed 2/12/20 7 days —ﬂ

64 - MTDS Addendum Submission Mon 2/17/20  Mon 2/17/20  0days 217

65 - Final Product Display Mon 1/20/20  Mon 3/30/20 71 days

66 L - Table Top Display Design & Construction Mon 1/20/20  Sun 3/29/20 70 days %

67 - Display Stands Design & Construction Mon 1/20/20  Sun3/29/20 70 days =

68 - Cross Section Design & Construction Sat 2/8/20 Sun 3/29/20 51 days -

69 - Compliance Check Mon 3/30/20  Mon 3/30/20  1day "l

70 - Final Product Display Complete Mon 3/30/20  Mon 3/30/20 0 days ¢3/30

71 - Paddler Training Tue 9/3/19 Mon 3/30/20 210 days

72 - Outdoor Paddling Practice Tue 9/3/19 sun 11/3/19 62 days = T

73 L - Indoor Paddling Practice Mon 11/4/19  Mon 3/30/20 148 days

74 - Prototype Testing Sun 11/3/19 Mon 3/30/20 149 days ( \‘

75 - Selection of Competition Paddlers Fri12/20/19  Fri12/20/19 0 days 112720

76 - North Central Student Conference Fri4/3/20 Sun 4/5/20 3 days A

77 - National Competition Mon 4/6/20 Mon 6/15/20 71 days

78 - Technical Proposal Mon 4/6/20 Tue 5/19/20 44 days

7 - Final Revision Mon 4/6/20  Sun4/19/20 14 days T

80 L - Technical Proposal Submission Tue 5/19/20 Tue 5/19/20 0 days # 5/19

81 - Material Technical Data Sheets Addendum Mon 4/6/20 Mon 2/17/20 44 days 1

82 - Final Revision Mon4/6/20  Sun4/19/20 14 days L
[ 83| m MTDS Addendum Submission Tue5/19/20  Tue5/19/20  Odays 5/19
[ 84 |m= - National Concrete Canoe Competition Sat 6/13/20 Mon 6/15/20 3 days 615

Michigan Technological University Baseline Milestone < Baseline Summary bl Task Milestone L 4 Summary 1 ciitical [ itical Split Baseline

Concrete Canoe
2019-2020 Preliminary Schedule
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Appendix A-Mixture Proportions and Calculations
MIXTURE: Structural, Backfill

CEMENTITIOUS MATERIALS
Comparnent Specific Gravity Volume Amaunt of CM [Fyd
Type 1 Pordand Cement, ASTM C150 315 ].008 3077 Total em (includise
Blast Furnace Slag 159 087 1623 5114 hid
Fly Ash — Class C 265 1413 2557 e/ ratie, By mass
Silica Fume 2.22 0.164 27 f434
FIBERS
Comparnent Specific Gravity Volume Amount of Fibers [fd
P4 RF5400 13 0.og 49 Total Amowunt qf Fibers
Endura Prime 0.91 0.129 73 122 [hyd
AGGREGATES (EXCLUDING MINERAL FILLFRS PASSING NO. 200 SIEVE)
Aggregates ;EEG?::MMMM Abs (%) SGon S5Grr Bm.g e B Volume, Kom
' oo B [y s ff
Bavayey, 1-2 mom Tes 0.20 0.39 0.468 4342 700 271
Pevays, 0.5-1 wor Yes 0.23 0.47 0.387 3511 43.35 120
Bavayer, 0.25-0.5 mm Tes .50 0.59 0.767 16.68 21.68 .43
K1 Tes 0 0123 0123 3201 3201 211
K37 Tes 0 0.37 0.37 41.60 41.69 013
Elemix Mo 0.055 0.042 0044 (.58 .04 251
Trinity Heyolire (%8 Sieve) Mo 012z 117 1313 15227 17087 200
RCA &8 Sisve) Hao .22 110 1342 &7.76 16767 128
LIQUID ADMIKTURES
Admiature 1B/ TS gal mﬂzﬁ o % Solids Ameunt of Water in Admixeure
Total Water from
BASF GLENTUM 3030NS 2.000 &.00 02027 266 i Liguid Admicrres, Tiinins
106 Thivd
SOLIDS (DVES, POWDERED ADMIXTURES, AND MINERAL FILLERS)
Companent Specific Graviey Folums (ff) Amount (Thid)
Kl 0123 211 164 o
. Toval Solids, 5
K37 037 143 52 6885 fed
DT Concrete Pigments — various colors 225 011 1400
WATER
Amount Volume f
Water, =T (Yisox - Windrs T Yikmsn) J e atio, &y mase 36513 383
Total Free Water from All Aggregares, s 0.05 _d220
Total Warer from All Admixtures, T ¥iana wiom ratio, by mass 286
Batch Water, i e — 424.68
AIR CONTENT, RATIOS, AND SLIMP
Values for 1 ey of concrets cm Fibers Aggregare (550} Solids, See Water, w Towal
Mass, M 5114 122 430.04 65.583 36513 TM: I707.6 [,
Absolute Volums, I 445 018 1232 3.84 585 TV 2685 8
Theoreical Density, T, (SEMUEF a3.61 it Atr Content, Air, [= (T — DT x 100%] 101 %
Measured Density, D 7005 [ Ar Conrene, dir, [= (27 - TI27 x 100%] 0.56 %
Total Aggregate Ratia” (=Fupazn 17) 404 % Sluntp, Showg flow, Spread (ar applicabls) 0.5 in
EG+C Ratio’ (=Vez.c/ Bapriin) 40.0%




MIXTURE: FINISHING

e SRR e e

CEMENTITIOUS MATERIALS
Component Specific Gravity Folume Amount af CM
Type 1 Portland Cement, ASTM C150 3.15 2622 515.3 Total zﬁfﬂgﬁ" ¢
Blast Furnace Slag 2.99 1.842 3436 clem "*“'*;'*:5"’ e
FIBERS
Component Specific Gravity Folume Amount of Fibers
PVA RFS400 13 0 0 Total Amount q:l"_.l"*".-"bers
Endure Prime 0.91 0 0 0 [hyd
AGGREGATES (EXCLL'D]]\'G MINERAL FILLERS PASSING NO. 200 S[EVE)
Aggregates Expaﬁn'gidaflﬂs Abs (%) | SGop | SGup e V?Iume,
Cenomhere (O Woo Pisp 5
Poraver 0.1-0.3 mm Yes 35 0.90 1.22 33.0i9 71576 0.94
K1 Yes 0 0.125 0.125 31811 31811 4.08
K37 Yes 0 0.37 0.37 4.242 4242 0.138
Trinity Hoydite (#16 Sieve) No 36 1.17 1.59 318.112 432,632 4.36
RCA (#16 Sieve) No 2 1.10 1.34 3019 64.653 0.77
LIQUID ADMIXTURES
Admixture b/ US gal ULD::?;T) % Solids Amount of Water in Admixture
Total Water from
BASF GLENIUM 2030NS 9.009 [ 2027 3.99 Liguid Admixtures, F—’m
300 [bfve
SOLIDS {DYES, POWDERED ADMOXTURES, AND MINERAL F]LLERS)
Component Specific Gravity Volume (ff) Amount (Ibyd’)
K1 0.125 4.08 3181 Total Solids. S
K37 0.37 1.66 3817 - J;f}g;’;ﬁ
DCT Concrete Pigments-various colors 1.19 .20 14.90
WATER
Amount [pvdf Volume f
Water, w, [=3, (Waes+ adses * Yedaaeh) ] Wit ratio, by meass 356.01 6.19
Total Free Water from All Aggregates, T Wi 0.73 -65.03
Total Water from Al Admivtures, T g wicm ratio, by mass 399
Batch Water, 50 043 44757
DENSITIES, AIR CONTENT, RATIOS, AND SLUMP
Values for 1 cy of concrete i Fibers A'g}i?gfm Solids, Sy | Water, w Total
Mass, M b 83890 0 32922 8489 386.51 TM:1859.5 [
Absolute Volume, V7 4.48 0 10.34 384 618 Y- 2683 ¢
Theoretical Density, T, (=Y M/ TF) 69.31 b/ Air Content, Air, = (T—D)/Tx 100%] 4.70 %
Measured Density, D 66.03 [pF Air Content, Air, [= (27— T )27 x 100%] 0.63 %
Total Aggregate Ratio” {=Vages:n/ 27) 383 % Slump, Slump flow, Spread (as applicable) 4in
EG+C Ratio® (=Vig+c/ Vage 550) 49.6 %
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Cementitious Material

Masspoqang = 392.7Ib S Cpgutang = 3.13
-\'*hﬂEILaa:SLa_E = 1623 SGELEE_I:SLE:_E =299
Massy gz = 2337 SGryasy = 2.69
1'.1'&5531[1_31:”1-_5 =227 SGSili-:aPun’.a =122
Masspopian 3
Volume poga = o — = 1998 '
S Gporrizng-62.4 —
£
Massgyansias 3
Volume g ssise = i == 0.87.ff
5 GELaa[S lzz” 62 -'I'_.,
|
ft
11&551:11_-_-_15]-_ ]
Volumep, 4., = ——— = 1413 f
5 GH}._%&_- 62 .-I-—ﬁ
it
MassgjicsFume 3
‘*'DIMESili-;aPma = - m =0.164 f[J
5 GsilinsFome 024 —
£

Eljﬂ.ﬁml = ljﬂ.ﬁﬂpml,aﬂ!_ + llassﬂ lastSlag + }"hﬂﬂ};ﬂ.ﬂ: + 1]&555 ilicsPome = 31141k
EVolumecrys = Volumepgyang + Volumepyaysiss + Volumepy oy, + Volume gjjjcapem, = 4445 ft

iz
C CM Ratio = —— 208 _ 0 484
-7 Ehasson

Fibers

laa

Massprmagg = 4.91b 5Grrsa0o = 1.
MESSE o price = 7310 S G urapeie = 0.91

Massprsang 3
Volumegpsagy = — =0.06 ft
$Ggrpsagp 62.4—
-
fi
Massp penDrime 3
Volume g g pris = e —0.129F

b
5 GEd'.c.tJ{:-Pfiﬂa' 62 -'I'_.,

ff
EMassppe: = Masspreapg + Masseogpiime = 1

(R

21k

E‘trl}l'llﬂlﬁ]_:iba-:_ = Tl}hlﬂlBR_'l:g_-‘.:,:. + ‘LrDluﬂlEEr_E_H{,pﬂﬂ_a =0.180 f[J
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Aggregates {50% of K1 and 90% of K37 are to be recorded as Mineral Filler)

MassODpgggrer; = 6382316 Abspogyen = 20
MassODpgegvern s = 3310576 AbSporyern s = 23
MassODpgegvern 25 = 1667320 AbSpoeve 25 = 30
MassODy; = 329116 Absgy =
MassODy37 = 41.6880ib Absgyr =
MassODgjamiz = 6.58231b AbSgiamiz = 0.053
MassODgpgire = 15227080 Absggyee = 122
MassODgy = 87.76420b

(3]

S GODp e = 0.39
SGODparaves = 047
SGODpgrvern 25 = 0.39
SGODg; = 0.125
SGODg3, = 0.37
$GODg oy = 0.042

§ GODygayies = 1.17
SGODgcy = 1.10

M55 Dpggaverl = ABSpogaver - MassODpgaver + MassODpogyers = 7898810

JiRi S:mea.:.i = _:'xbs-pm-a.:._i --_\siﬂ.S-S-O]]pw-_r:._i + liﬂSSO[}pm-_r:._i =438821b
JiRi SDvaa':l.Ji = _:'s.bS-pm-_:r:._J::_ -MassDme._._,,.:._H + liﬂ.SSO]jpm-_r:._Ji =216781b

M5SDy; = Absy; MassODy; + MassODg; = 32.9121b
M55Dy37 = Absy37-MassODy37 + MassODys 7 = 41.6881b

JiRi SDEl-m'm = -j"bs‘:E.lﬂiJl'}"Ias‘SG]jElﬂi.x + li&SSOD‘El_m-_LE =69441b
M5 S Dpgavtite = ADSpzpite MassODigapgiee + MassODpzpgee = 170.84810
JiRi S[}R&g‘ = _%SRQQ-EIESSG]:}R&Q + li&SSOD‘REA =1070721b

5G35Dpgraver1 = AbSpormver] -3 G0Dpgrvers + $G0Dpommyen = 0468
5G35Dporavery s = AbSporsverd. 5 3 G0Dpoeavern 5 + $G0Dpgmen s = 0.387
5G35Dporavern 25 = ADSpogavern 25 -9 G0Dpoemen 25 + $G0Dporavery 25 = 0.767

SG5SDy; = Absy;-$GODy; + SGODy; = 0.125
SG5SDys- = Absy3-5GODy3- + $GODg;- = 037

SG55DEtamin = AbSEamin 300D |amiy + S G0DE amix = 0.044

5GS SDHa}'al:a = -:"'bS'Ha}'clta' 5 GDDHa}'al:a + SGDDI—Ia}'alE =1313

SG5SDpey = Abspea-SGODgey + SGODRes = 1.342

M5 S D] .
Vpoaver] = B = =2.7054
G5 S Dpgrayart 62 4 —
il
M5 S Dporarect .
Viemven 5 = il == 11974
S GSS Dpgrayerg 5 62 4 —
-
ft
MBS Dporvenn 25 3
Viemven 25 = = == 04536
$GS S Dpgraverg 25 62 4 —
f

MSS D3 :
Viss = = 18064
Ib
SGSSDy37-62.4—
-
fi
MSSDy, 3
Vi = X iged
Ib
5G5SDg;-62.4—
&
ft
MBS Doy :
VElemix = = m =25126F

SG8SDgpagi 624 —
ft

2
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MBS S Digzeice . MSSDgea :
Vitapeics = = 2086 Vaca = — = 12798
S G858 Dyayie 624 — SGSSDgey 624 —

f[J f[J

SMSSDyeq £G € szzs = MSSDitamix + M58 Digiee + MSSDgen = 2848641

~MassSSDgge = MSSDpgrapect + M5SDprayard.s + M5S Dpgrayarp 25 + 0.3MSSDycy + 0.1MSSDigs7 + SMSSDp, £ sges = 450.0371
E‘xrﬁluﬂlﬁagga = Tpm-:rl + "‘PP'W\:-T:I_E + XrPU‘I&"Eﬂ}.:S + D.j‘LrKl + 0 ].‘I.FK__’-- + “'FElEI'.r.iJl + "‘rHa‘_'_-'{-i.E + "‘FRI:JL =123521 f[J
Admixtures
fl oz b

Dosagep asmozp = 6.00— *:Solidsgaempze = 02027  Densitygasmogy = 9.009—
EERASEROI0 10016 BASF3030 -FBASFR030 gal

“.-[:3_5‘51:3.:,3.:, =1-"%3 D-HﬂEB_g‘g]_:g.:.}:. =0.797
“-‘MHBASE':G':' = DDS—&E R ASFI00" T8930 1Dle.‘.E'CB_;LSF_;.:.}:.-Dmsir}g_ﬂ‘glz-_;.:.}:. =263%1b

E“--&[Hmiz = ‘E-&[HBASF}:G.:. =26381b

Solids {50% of K1 and 90% of K37 are to be recorded as Mineral Filler)

Massnerpigment: = 14.900b SGODpcrpigments = 223
Mazz0Dy; = 3291216 8GO0y, =0.125
Mzl = 41,638 10 8G00Dy5, =037
Mazsnoqp . -
"‘PDEIPi.;!‘IT.-I.Ei = i ™ =0.106f
SGODpc1pigments 62 4 —
ff

Vg = 42106

Vgzr = 18068
SMaSS,opig; = MASSDCrpizments + 0.9 MassODgs7 + 0.5 MassODy, = 68.875.1b

E‘trl}l'llﬂlﬁwlmi = TDEIP[;IT.EI’.[E- + D.Q-TK_,"-+ D'j""rKl =3841 f[J

Free Water
MCpogapeg = 0.005
MCpogarep s = 0.003
MCpogavep 25 = 0.003

MCgq =0

MCysr =

MCE smix = 0
MCapgiee = 0.01
MCpey = 0.01




WFpgrgver] = Mas:0Dpgrarer] | MCpoger] — Abspormway | = ~12.8361b

WF poravern s = MassODporaven 5 | MCporararn s — Abspomerg 5| = —8.6011

WF poravern 25 = MassODporayerg 25| MCporaven 25 — Abspoaven 25) = —4.919b
WFy| = MassODgq{MCgq — Absgey) = 0.1

WFy37 = MassODg37 | MCyzr — Absgss) = 0.b

WFElamin = Mazz0DEami | MCElmix— AbsEpmix] = -0.3621b

WF Hgpgite = MassODigpegte-(MCoripsite — Absizpesre) = ~17.034 B

WFpea = MssODpea- | MCgea— Abspen ) = —18.43 1

TWFree = WFpogverl © WF paraved 5 ~ WF pogwer 25 + WFE] + WFE37+ WF Bamix = WF Hirvdits = WFRca = —62.202 1

Water
W_CM_ratio = 043
W = W_CM_ratio- EMasscyy = 365.151b

Whateh = W — | TWFree + SWater g0 | = 424 6751

. W ..
Volumegey = —1]: =3831#
624 —

14

Concrete Analysis

FhMasses = Fhlasseyy+ FMasspiper, + ZMass B8Dupm, + Flassypge + W = 1.708x 1|}3-1b

3
EVolemes = EVdomecy+ EV obmegpee + EV domegpe + BV avmegga. + V olomeggey, = 26 847 &
T M aszzes b b
Density e = ———— = 63.606 — Densityy . = 70.05—
W olumes .3 ]
it i d
Densitvmone — Densibyy g,
Akr_Contentts = = = 100=-10.13
Drensibimyens
Important Ratios
W EVolume oo
Water Cement Rato = —— =093 Agpresate Fato = — = = (464
Massporand - -':t3
W i V Blemix T ¥ Hardita T YRCA
Water CM_Ratio = —— =043 EG C_Rate = il = 0469

Fhlasspy g-ﬂltﬂEaga
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Appendix B- Structural Calculations

Cross Sectional Properties (needed to find cance self-weight)

« The process used to obtain cross section properties involves breaking each cross-section into pieces, based on the number
of control points for the profile curve. The sample calculations below are for the cross-section 118 inches from the bow,
which is the midpoint of the cance. Cross-section 118 has 48 control points. Properties were calculated for one side, and
doubled if necessary.

Control Points Gunwale y location =5.129 in

Point | x(in) | y(in) | ax r Keel y location = -8.744
1 =-11.01 -5.03
2 -10.88 | -5.03 b5 5 R bd . -
[ = —(d®cos*(a) + b%sin{a))
3 | 084 | 547 Ay iV ) [
A=hb=d
1 o
¥= EM + cos{a) + b= sin(a))
Piece LAx (in) Ay (in) a (rad) d(in) A (in=) lz (about | ¥ (from # from
piece bottom coor. g Ay
centroid) |  point) Axis & =m=|@n (ﬁj
(in®) (in} ()]
— ITANE L (A2
1 0123 -0.33 -0.38 035 013 0014 0015 -2.26 d = (Ax)* + (4y)?
2 0463 -0.109 -0.40 0.04 0.04 0001 0004 -5.48 —
h =0.375in
24 65 in

Cross Section 118" dimensions

513in
After all properties are calculated for each piece, section properties can be found: D
Area A Sum of all areas, multiplying by two = A= 1803 in"2
Location of neutral axis, ¥ using A and centroids, location of neutral axis can be found: ¥ = 13 =-1.75Iin

I Given I, A, ¥ and location of neutral axis, |: about the x-axis can be found using parallel axis theorem. I, = 31 + (a = d*)

Gaps and overlaps = 659.27in

Using angles between pieces; areas, centroids, and moment of inertia for gaps and overlaps were calculated. In depth examples of
this procedure, which relies on breaking each gapfoverlap into pieces, would exceed the page limit of this appendix.

For cross section 118:
Agap= 0.21 in"2 ¥ from coor. Axis= -3.57 lx about x-axis = 5.27

Gunwale Caps

1.375 -
I '[1. Acap= 1.37 in* # from coor. Axis= 4.42in

Ix about x axis= 43.03 in?

Total cross section properties (adding together appropriately)

A= 19.03 in"2 le=680.79 in*4
¥=15.1294in | about neutral axis= 586 in"4

Internal Stresses
o ='"T” ¥ gunwale = 5129 in
y keel = -8.7438
Ogurowate = 11842.9 in-LB * 5.129in/588in"4 = 102.65 psi

Treer = 11842.9 in-LB * -8.7439in/S88in"4 = 176.71 psi
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Appendix C
PERCENT OPEN AREA CALCULATIONS

Calculations per Attachment 3
Samples: SpiderLath and GlasGrid®8511 Mesh

Given
nl's_ = 34 Aperture
N = 9 Number of apertures along length Dimension2
Moz = 35 d,
5 Number of apertures along width giho
Noee = ple

t.«=0.103in  Average thickness of reinforcement
te=0.262in along length

t..=0.0511in

oA~

Average thickness of reinforcement j&——— widhofSample ——>|

Aperture_Dimension_1_SL =0.312in Sample of Reinforcement
Aperture_Dimension_1 _GG=0.737 in
Aperture_Dimension_2 _SL=0.288 in
Aperture_Dimension_2 GG=0.808 in
Average spacing of

d = Aperture_Dimension_1 + 27(t,/2) dis=0421n reinforcement (center-to-center)
dice=0.99 in along the sample length

Average spacing of

d, = Aperture_Dimension_2 + 2*(t/2)  d,=0.34 in reinforcement (center-to-center)
along the sample width
A..=N 48Rk in

Determine Solution Percent Open Area (POA) for the GlasGrid®8511 Mesh
Lengthsame = n,*d; Lengths. = 14.09 in
Lengthz. = 8.98 in

Widtheyme = n."d, Widths, = 11.85 in
Widthe = 4.91 in

Areac. = n,"n."Aperture_Dimension_1*Aperture_Dimension_2 Areaoes. = 106.76 in?
Areag... = 680 in:
Area.., = Length.,.."Width .. Area;.. = 167.05 in?
Arearc: = 1120 in:
POA = (Areag./Area.,.)*100 The POAs are greater than the 40%
minimum required, demonstrating
PDA _SL= 83904-’6 Compliance_
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HULL THICKNESS CALCULATIONS

Calculations per Attachment 3

Annotation

Average thickness of first layer of reinforcement, GlasGrid®8511
T.=0.045in Mesh

Average thickness of second layer of reinforcement, SpiderLath
T.=0.050in Mesh

Nominal thickness of the canoe hull
T =0378in

Determine that the reinforcement at any point in the canoe will not exceed 50% of the total hull
thickness.

Solution

Within the canoe, a maximum of one layer of GlasGrid®8511 and two layers of SpiderLath were
used along the bottom of the canoe.

ﬂ*mo:s&?

Ty

The two layers of reinforcement make up approximately 38.7% of
the hull. This value is less than the maximum value of 50%
outlined in Attachment 3, demonstrating compliance.

GUNNEL CAP THICKNESS CALCULATIONS

Calculations per Section 4.3.1

Annotation
Ts=0.050in Average thickness of the layer of reinforcement, SpiderLath Mesh
T.=0.1875in Dian"!eter c-_f the steel cable
Nominal thickness of the gunwale cap
To=1in

Determine that the reinforcement at any point in the canoe will not exceed 50% of the total hull
thickness.

Solution

One layer of SpiderLath Mesh was used throughout the gunnel cap.

L+l *100=23.75

w

The layer of reinforcement makes up approximately 23.75% of the
gunnel cap. This value is less than the maximum value of 50%
outlined in Attachment 3, demonstrating compliance.
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Appendix E- Supporting Documentation

2020 ASCE National Concrete Conoe Competition™ Request for Proposals

Pre-Qualification Form (Page 1 of X)

ichi 7¢ ' j
(school name)

We acknowledge that we have read the 2020 ASCE National Concrete Canoe Competition Request for Proposal and
understand the following (initialed by team project manager and ASCE Faculty Advisor):

The requirements of all teams to qualify as a participant in the Conference and National 2; 25
Competitions as outlined in Section 2.0 and Attachment 1.

The requirements for teams to qualify as a potential Wildcard team including scoring in the
top 1/3 of all Annual Reports, submitting a Statement of Interest, and finish within thetop MS
1/2 of our Conference Concrete Canoe Competition (Attachment 1)

The eligibility requirements of registered participants (Section 2.0 and Attachment 1) M,E!é RS

The deadline for the submission of Preliminary Project Delivery Schedule and Pre- r E | g S
Qualification Form {uploaded to ASCE server) is November 1, 2019: 11:59 p.m. Eastern

The last day to submit ASCE Student Chapter Annual Reports to be eligible for qualifying {so Mﬂ: R'S
that they may be graded) is February 1, 2020

The last day to submit Request for Information (RFI) to the CNCCC is January 15,2020 MEQ_RS

Teams are responsible for all information provided in this Request for Proposal, any
subsequent RFP addendums, and general questions and answers posted to the ASCE MEL__RS
Concrete Canoe Facebook Page, from the date of the release of the information.

The submission date of Technical Proposal and MTDS Addendum for Conference
Competition (hard copies to Host School and uploading of electrenic copies to ASCE server) M
is Monday, February 17, 2020.

The submission date of Technical Proposal and MTDS Addendum for National Competition
(hard copies to ASCE and uploading of uploading of electronic copies to ASCE server) isMay MS
19, 2020; 5:00 p.m. Eastern.

Project Munaﬁr {orint name) j . {éare?

fsilindtu
R. Adred Swer¥r t‘/l{}ﬂ
ASCE Student Chapter Faculty Advisor (print nome) {date)

e

(signiatire)
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2020 ASCE National Concrete Canoe Competition™ Request for Proposals

Pre-Qualification Form (Page 2 of X)

fxﬁéjnmnej g 5 j

In 150 words or less, provide a high-level overview of the team’s Health & Safety (H&S) Program. If there is
currently not one in place, what does the team envision their H&S program will entail?

Our team has a health and safety plan in place which centers around proper training for personal and the use of
proper PPE in the lab environment and during paddling practices. Prior to being allowed into the an-campus lab
area, members are required to complete online safety training courses about general safety awareness, hazard
communication, and the university chemical hygiene plan. Members who complete these training tour the lab with
the lab supervisor to familiarize them with our resources, as well as explain the rules and potential hazards of the
work area. To mitigate risk of injury in the lab, there is a required dress code of pants and closed toed shoes, safety
goggles are a required PPE for all work done in the lab, and dust masks and gloves are used as needed. At paddling
practices, all boats are equipped with enough life-vests for everyone in the boat.

In 150 words or less, provide a high-level overview of the team'’s current QA/QC Program. If there is currently
not one in place, what does the team envision their QA/QC program will entail?

Qur team’s QC/QA plan consists of three separate sectors: schedule control, compliance control, and knowledge
control. Under the umbrella of schedule control, we have other areas of focus such as material procurement,
communications, and budget. Within compliance control, the focus remains on documentation and technical
review. Within knowledge control, the emphasis is on training, recruitment, and knowledge transfer. The team has
one QC/QA committee head that oversees the implementation of the various sectors, however, each committee
head is also responsible to maintain knowledge transfer to less tenured members within their own areas of
expertise.

Has the team reviewed the Department and/or University safety policies regarding material research, materiol
Iab testing, construction, or other applicable areas for the project?

Yes, our team has reviewed the Department and University safety policies relevant to our work.

The anticipated canoe name and overall theme is — (please provide a brief description of the theme. The intent is
to allow ASCE to follow up to determine if there may be copyright or trademark issues to contend with, as well as
to provide insight)

This year our anticipated canoe name is Dozer, correlating to the theme Construction. With this theme, we will
utilize the use of barrels and other barricades, signs, safety, and emphasize the cross-sectional area of a road
(subgrade/base layers/pavement/etc.).

Has this theme been discussed with the team’s Faculty Advisor about potential Trademark or Copywrite issues?

Yes, we anticipate no Trademark or Copywrite issues.

The core project team is made up of. number of people.

QOur team this year is made up of 31 members.




G GRS

2020 ASCE National Concrete Canoe Competition™ Request for Proposals
Provide an estimated project budget for the year (inciuding materials, transportation, etc.). Base this on real costs

(not costs provided in the Detailed Cost Assessment). List and approximate (percentage (%) of overall) anticipated
financial sources for the upcoming yeor (University, material donations, sponsors, monetary donations, etc.)

Committee
Mix Design
Cement

Aggregates
Cementitious Material

Supplies (gloves, masks, etc.)
Reinforcement
Material
Material
Construction
Prototype (wood)
Prototype (other supplies)
Foam
Mold
Mold: Shipping
Mold: Preparation
Other Miscellaneous Supplies
Paddling
Indoor Pool Paddling {per hr)
2 hr ~ 14 weeks
Buoys / Life Jackets
Admin
Newsletter Printing / Shipping
Paper Printing / Shipping
Recruitment Supplies
Travel
Truck Rental {1)
Van Rental (2)
Gas Cost

Regional Conference
School Registration

Individuals Registration
Banquet
~ 20 Members
Hotel
National Conference
Costs
Total
Financial Sources
Monetary Donations
UsG
Sponsors

Departmental

8yl

o AN W AN D

$

$

Costs

donated

500.00

200.00
50.00

donated
250.00

300.00
100.00
donated
donated
2,615.60
100.00
150.00

160.00
4,480.00
100.00

50.00
50.00
75.00

donated
450.00
858.00

250.00
25.00
25.00

1,000.00
3,200.00

6,000.00
21,178.60

35%
15%

Commentary

* For mold

* Gas cost

* For trailer
* $45 per day (5 days)
* For 3 vehicles (1320 miles roundtrip)

* $160 per night {5 rooms)

* Estimated (registration/travel)

* Alum/Family/Companies
* Undergrad student government

* Material donations
* Civil, Material Sci, Electrical, &
Mechanical
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RFP Addendum Acknowledgment Form

fechool name) Iﬁ :ﬁr . ﬁn‘%

We acknowledge that we have received and acknowledge the following Addendums to the 2020 ASCE Mational
Concrete Canoe Competition Request for Proposal {inftialed by team project manoger gng ASCE Faculty Advisor):

Addendum No. 1: Presentation QEA

This Addendum provides the Technical Presentation score card and 2 fist of questions
that the judges can use during the 10-minute Judge’s question & answer period. In
addition, a scorecard was provided.

Per Section 8.0 of the Request for Proposals {RFP), the presentation Is limited to 3 Aﬁ%
minutes and will be cutoff at precisely 3 minutes by a signal. Also, per Section 8.0 of

the RFP, the technical presentation *...should focus on the primary aspects of the ks
design, construction, and technical capabilities. Briefly summarize the major aspects of

the project, with the intent of demonstrating why your team, design, and prototype

should be selected by the panel of judges for the standardized design (recall this is a

hypothetical scenario to provide an end goal for the RFP and the competition).”

Addendum No. 2: Durability & Repsirs

This Addendum provides information regarding how the durabllity of the canoe M£ &
prototype is to ba assessed, allowable repairs and materials, and forms incuding * ﬂk
Damaoge / Accident Report, Repair Procedure Report, and Reconstruction Regquest.

Addendum No. 3; Detalled Cost Assessment

This Addendum provided a list of material costs for a varlety of cementitious materials,

pozolans, admixtures, fibers, aggregates, and other constituents that were not
presented in Attechment 4: Detalfed Cost Afsessment of the Reguest for Proposal. /ME,K-
Teams were also advized that If they have products that were not given a specific price P-ll"

for, they should use their best judgement to use a price for a similar material in their
Material Cost Estimate.

2/ 0/ 2o
Project M"‘ﬂ‘ !

R Andrew Soerts ’{ﬂh;ﬂ

AFCE Student Chopeer mif {princ nome} e,
fm%#






