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Compliance Certification

I, Michael Paonessa, on this 6th day of March in the year 2000, hereby certify that the following conditions for WPI’s concrete canoe have been met:

1. The construction of the canoe has been performed in complete compliance with the rules and regulations of the national competition,

2. The nine members intended to be registered at the national competition are qualified student members and National Student members of ASCE as specified in the rules and regulations of the competition, and;

3. The canoe has been completely built within the current academic year of the competition.








________________________








Michael Paonessa








Canoe Chairperson
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Executive Summary


WPI’s “We Paddle Insanely” is making a debut for the annual American Society of Civil Engineers Concrete Canoe Competition.  The WPI team continued the tradition of building a canoe but changed the mix design and made it a bit more comfortable to paddle.  Research started in August and development of the canoe started soon after.


The team did not continue with the name of “Silver Bullet” from last year due to the excess nature of that boat.  They decided instead to redefine the traditional name and go with a name more representative of this years’ members, thus “We Paddle Insanely”.  The finish of the canoe will be maroon and gray to depict school colors and school spirit.

The dimensions of this year’s canoe are 18 feet long, 36 inches wide and 18 inches deep.  The canoe weighs approximately 200 pounds, an improvement over last year’s 425 pounds!  The concrete shell is approximately ¼ to ½ inch thick and fairly uniform throughout the boat, exceptions may be on the bottom.  It has been reinforced with two layers of charcoal aluminum mesh and one layer of charcoal fiberglass mesh.


The mold has been extended an additional 2 feet to allow more room for the paddlers and the mix design has been completely reworked.  In addition, cross bracing has been added and nose cones made of styrofoam have been used as the flotation device.   “We Paddle Insanely” is the most improved canoe in the history of WPI’s chapter and the team is ready for competition.

Introduction


WPI is the third oldest private university of engineering and science in the United States.  It is located in Worcester, Massachusetts and was founded in 1865.  For over a century, WPI has been a pioneer in technological education.  Today, the university provides its students with a conceptual foundation in science, engineering, the humanities, management, and the social sciences.


Students at the university apply what they learn in the classroom to real world problems to gain an appreciation for how the solutions to those problems will affect the world around them.  This approach has well-suited young men and women for challenging professional careers and rewarding lives.  This style of learning encourages students to shed the traditional stereotypes of engineering students and become active, motivated individuals.


The Civil and Environmental Engineering Program at WPI has been a cornerstone of the institution.  The student ASCE Chapter is currently comprised of 40 members.  The chapter is dedicated to providing its members with knowledge, fun and new opportunities.  As a subset of the Boston Society of Civil Engineers, WPI also participates in their regional activities.  A variety of students contributed to the design, construction and races for the 2000 WPI team.


Individuals attending this year’s regional competition spent significant amounts of time working on this project.  The team captain and canoe coordinator, for the second year in a row, is junior Michael Paonessa originally from New Britain, CT.  His partner for the presentation and display is senior Victoria Valentine, from Ansonia, CT.  The men’s canoeing team is comprised of seniors Charles Bristol, from Princeton, MA and Michael Tarasiewicz from Wallingford, CT and sophomore Kevin Vello, from Phillipston, MA.  The women’s paddling team is comprised of sophomore Meredith Campbell from South Hamilton, MA; seniors Aimee Fitzpatrick, from Gray, ME and Amber Miller from Ellenville, NY; and freshman Amanda Moore from Addison, ME.  Also attending the competition will be our chapter advisor, Professor Leonard D. Albano, Ph.D., PE. and friends and family members as spectators.


Although hard work and perseverance goes into every canoe, WPI team scores at the past competitions have been rather disappointing.  Due to design flaws and failed attempts at canoes, the history does not rest well with current chapter members.  Every effort has been made to ensure that history does not repeat itself.


To regain the competitive edge, the team looked at what failed previously and aimed to fix the mix design and mold shape.  A different flotation device was installed and the new aggregate allowed members to smooth the concrete on by hand, making the finish less rough.  Another goal is to write a more thorough design paper and display board.  The presentation will also be re-worked to provide as much information as possible.  


With renewed dedication and greater knowledge, WPI’s performance level at this year’s competition will increase.  Faced with budget constraints, the team was forced to be creative but will prevail with the best canoe yet.

Hull Design


Through the years that WPI has competed in the competition, various molds have been developed and used to construct the canoe.  Last year however, we developed a three-part mold that we designed to be reused.  That mold was made out of plywood cross-sections nailed together with 2 x 4’s.  This span was covered with wire mesh, which was the same material as our reinforcement last year, fiberglass cloth and coated with Bondo. This year we reused that mold, making minor modifications.  The nose cones of last year's mold were cut off and replaced with foam blocks.  These blocks were shaped with knives and graters and then placed in the concrete to be used as the floatation required in the rules.  


We found there to be minimal leg room in last year’s canoe (approximately 12ft. long on the inside), this prompted us to lengthen the body of the canoe.  To alleviate this problem two feet were added to the center third of the mold.  This gives us a two-fold advantage; one, leg space is now more abundant and, two, with a greater surface area the canoe will have more buoyancy in the races.

Canoe Mix Design

One of the most important characteristics of the design process is the concrete mix design that makes up the canoe.  The formula that makes up the mix can determine whether or not the canoe is competitive in competition.  The key is to find a balance between strength and weight in the mix so that the canoe is lightweight yet strong enough to hold the paddlers and forces exerted by the water.  This year the team found a lighter aggregate to use so that the weight of the canoe would decrease to a competitive amount relative to last year’s New England Region Competition.

We decided to use concrete that is predominantly comprised of 3M Scotchlite Glass Bubbles.  3M Scotchlite Glass Bubbles are extremely small (about 70 to 100 microns in diameter) glass bubbles that have low unit weights and high compressive strengths.  These aggregates are often used as a lightweight filler material, which was their purpose in our mixture.  This will allow the mix to be far lighter than previous years but at the same time produce strength adequate enough to withstand the rigors of competition.

Due to a back shipment of the aggregate material, only seven-day strength tests could be performed on the on the test cylinders.  Materials that were used in the mix are as follows: Portland Cement, 3M Scotchlite Glass Bubbles (AKA microspheres) – K25, S32, and S38 grades, Silica Fume (for strength), sand, and W. R. Grace's Microfiber (for tensile strength).  

Our test program consisted of 4 different mixes and 11 cylinders. Table B-1 in Appendix B presents the composition of the four mixes by percent volume for each component of the mix used for the test cylinders.  The total volume is defined as the volume of a cylinder mold times the number of cylinder molds used for each mix.  All four mixes were designed to be 70 percent by volume of 3M microspheres and the remaining 30 percent of the volume is filled by cement. All additional material is defined by percent volume of the test cylinder volumes and is added to the microspheres and cement volume totals. The test cylinders were 3 inches in diameter and 6 inches high.  Daraccel is the superplasticizer that we used to reduce the amount of water needed yet retain the workability in the concrete.


It was found that after making the test cylinders that the use of Daraccel caused some cylinders to not set up and harden as quickly as the one that did not contain the admixture.  This slow set time is believed to have affected the values of the 7-day break tests.  Some of these cylinders may only have as many as 3-4 day strength instead of the seven they should have had.  The chart summarizing the break data can be found as Table B-2 in Appendix B.


Mixes 1, 2 and 3 had unit weights lighter than water, but mix 4 had a unit weight slightly greater than water.  Mix 4 was chosen because it is believed that under full curing conditions, this mix would produce the greatest strength.  Of the two test cylinders made with mix 4, it is believed that one was damaged in the process of removing the cylinder mold.  It had not fully set up due to the amount of superplasticizer added to the mix.  The cylinder that was not damaged produced a compressive strength far higher than any cylinder in any mix but the damaged cylinder did not.  This is the reasoning behind why this mix is believed to be the strongest.  The use of the strongest mix for the canoe is desired because of the drastic changes in the mix design for this year's canoe.  The use of new materials in the mix makes it impossible to predict exactly how the canoe will hold up to competition.  Therefore, to err on the side of caution, the strongest mix was utilized instead of a lighter mix.

The only difference in the mixes used to form the canoe and the test cylinders is that the K15 grade 3M Scotchlite Glass Bubbles were replaced with K25 grade microspheres because the two grades are similar in unit weight but the K25 grade is three times stronger.  The canoe mix was two cubic feet in volume, and was fairly firm, generally having the consistency of grout.  A minimal slump of one to two inches was utilized to ease placement on the mold.  With the shape of the canoe and the floatation material in the noses, it will be buoyant enough to pass the swamp test and hold the four paddlers even though we selected the mix with the heavier unit weight from our test runs.

Reinforcement

Last year's reinforcing was considered as an option.  This 1.27-cm (0.5-in.) square galvanized steel mesh was one layer, tough to work with, fairly inflexible, and weighted about 20 lbs total.  This year we had help in finding something a little better in all those categories and more suitable to our mix design.  A consensus among professors and students, we tried two different kinds of insect screening.  The one we used as the first and third layers is a Charcoal Aluminum DIY screen.  This screen is manufactured as a 48” x 25’ roll weighing a total of .0288 psf.  Its total weight contributing to the boat’s weight is about 4.385 lbs.  The middle layer was a Charcoal Fiberglass DIY screen.  This layer of screening was different due to funding and lack of readily available supplies of the Charcoal Aluminum.  The fiberglass mesh was manufactured in the same size roll.  It was significantly lighter, weighing .0196 psf and adding 1.489 lbs to the weight of the canoe.  While the aluminum screen was thought to be stronger and better suited for the job, we felt the fiberglass was suitable for the center layer of reinforcement and chose that in our design.

Construction


Step one in the construction process was the preparation of the mold.  First the three pieces were brought together, but spaced with 2 x 4’s.  The space was then covered with a piece of plastic which was indented by placing a piece of rubber tubing over it and pushing it flat with the curve of the mold.  The plastic was then taped firmly to the mold.  This was done to create two ribs in our boat, one where each nose piece joined with the centerpiece.  The mold was then covered with Lubriplate 630-AA grease to act as the releasing agent when the mold and concrete are separated.  We used the Lubriplate 630-AA because it was available to us.  Under the mold, which was lying across two tables bridged with plywood, we placed a tarp to minimize the mess and destruction we would be causing during the application of concrete.  

Once the mold was prepped, the concrete which was being mixed during the mold prep sequence, was placed in a thin layer by hand.  We put the concrete on by hand because of its slump and consistency.  Next a 1/8-inch rod was bent and placed in the ribs to help with reinforcement.  Then the first layer of reinforcing screen was placed over the concrete and stick pinned into the styrofoam noses.  The screen was, as anticipated, flexible enough to bend over the curvature of the hull.  The concrete was of a desired consistency to mat the screen to the hull around the curve.  Another layer of concrete was placed by hand about one centimeter thick.  Then the fiber glass reinforcement was placed over the hull and stick pinned into the styrofoam noses.  Another layer of concrete was applied followed by the final layer of aluminum screen.  This layer was not stick pinned into the noses because the pins couldn't penetrate the previous layer of mesh and concrete.  The final layer of concrete was added with extra thickness to facilitate finishing.  

Our concrete was placed under plastic tarps and wet down every day for two weeks.  After the first three days of this the mold was stripped from the concrete.  After a total of three weeks of curing we finished our canoe's exterior with sanding and painting.

Project Management


To have an effective concrete canoe a school must plan well in advance.  As a team, the research started early but unforeseen circumstances provided excellent chances for project management throughout the project.  The most extensive change this year was that the canoe became school funded.  This was helpful, but it required waiting periods for purchase orders and signatures.  With the school's support however, the WPI team was able to create a better work plan and competition outlook.

Members of the canoe team spent hours laboring to create the mold extension and mix design.  Another obstacle that faced the team during this process was obtaining the aggregate.  It was backordered by the company thus creating another waiting period in which the team could not create the canoe.  They prevailed however and spent an afternoon and evening working to apply four coats and three reinforcing meshes to the mold.  

Another obstacle overcome was the location where WPI boat was to compete.  The New England Region currently does not have a school to sponsor the competition so the WPI team chose to compete in the Upstate New York Competition.  This meant the registration was to be sent days after we decided to compete and the report shortly thereafter.  Delegates were elected to complete these items in a timely fashion.

The team feels this year the project management improved and added to the overall completeness of the canoe and the other competition categories.  Although many challenges were tossed at the team everything was faced with a positive attitude and the goal of getting to competition in mind.

Cost Assessment


To determine the total costs associated with the design and construction of WPI’s concrete canoe, the time spent on each detail of the project was recorded.  Upon completion, the costs were tallied and the final estimate is approximately $14,200.  A completed spreadsheet is located in detail in Appendix A.


The assessment was divided into three main sections, design, construction and competition costs, with each section containing further subdivisions.  As a result of WPI students providing the labor, the final cost may seem high.  There were no actual labor costs for the WPI team; actual canoe costs are lower than those presented here.


Using the mold from last year and the aggregate of choice from last year’s competition kept down design research costs.  Time and money was better spent obtaining the new aggregate and producing a competitive finished product.  No consultants were used this year and rates were provided in the “2000 Rules and Regulations” guide.  Including overhead, the research and design costs are approximately $1,400.


Costs for material and labor are incorporated in the construction category.  The materials were recorded at the time of purchase.  Rates are reflective of those in the “2000 Rules and Regulations” guide.  Labor was calculated by assigning all workers on the canoe as laborers and the canoe coordinator as both the foreman and project engineer.  Total material cost is $1,825, while total labor cost for construction is $7,521.


As the major component this year, travel expenses comprise much of the competition costs.  Other costs incurred due to competition are the labor required to compose the design report, display board and oral presentation.  Time and effort and practice are required elements of a competitive boat.  The WPI team, determined to obtain more points this year, placed emphasis on these elements, while trying to keep costs at a minimum.

Innovative Features

Innovative features in our canoe consist of the shaping of the mold, reinforcing materials, and mix design.  Our mold, as planned for last year, took minimal hours to build (30 man-hours) simply because of the flexibility of last year’s mold design.  The reinforcement materials are about one-fifth the weight of last year’s, and we believe they are stronger.  Also, our mix design had more of a consistency of thick mud when applied, which allowed us to place it on vertical walls without it falling off.  


These features came about from listening and taking notes during team presentations last year.  We barrowed what they either, knew from experience or from previous failures, and modified these changes to work for our particular case.  We do not see this as wrong considering that this is our second consecutive year in the competition and a quick jump in know how was needed to become more competitive.

Summary


In conclusion, the 2000 concrete canoe project has taught WPI’s team exactly what it takes to be a competitor at the competition.  The team has worked with each other to create a canoe that will be a major competitor in the races on Saturday April 8th.   The team has learned from strengths and weaknesses and will use this year as another learning experience.


The university and the Civil Engineering department are proud of its accomplishments, and the ASCE canoe is no exception.  Both old and new features were integrated to create this year's submission to the competition.  The WPI chapter feels that this year's entry because of its aggressive program that developed both the mix design and new reinforcing strategies will be a force to be reckoned with during the races.

Appendix A: Detailed Cost Assessment

Appendix B - Technical Data Sheets

Table B-1: Test Cylinder Mixtures by Volume


3M Scotchlite making 70% of mix volume






Mix
K15
S32
S38
Cement
Silica Fume
Sand
Water/Cement Ratio
Daraccel

1
10%
30%
60%
30%
.13*Cement
none
0.250
no

2
20%
40%
40%
30%
.13*Cement
none
0.250
yes

3
10%
60%
30%
30%
.13*Cement
none
0.250
yes

4
15%
35%
50%
30%
.13*Cement
20%
0.250
yes

Table B-2: 7-Day Test Strength Data

Mix
Compressive Strength 
Tensile Strength.
Unit Weight

1
5.36 MPa (778 psi)
1.63 MPa (236 psi)
919.2 kg/m3 (57.35 pcf)

2
3.78 MPa (548 psi)
Not done
832.6(51.95 pcf)

3
3.90 MPa (566 psi)
1.15 MPa (166 psi)
920.8(57.45 pcf)

4
6.22 MPa (902 psi)
0.96 MPa (139 psi)
1002.9(62.57 pcf)

Table B-3: Final Mix Design for Canoe

Material
Mix by Volume
Mix by Weight
Additional Notes

Portland Cement
30% Volume
39.46 kg (87 lbs)


Water
.25 of water to cement ratio
9.87 kg (21.75 lbs)
+more water for materials adsorbing what was initially added

K25
10% of 70% aggregate volume
0.60 kg (1.32 lbs)


S32
30% of 70% aggregate volume
3.27 kg (7.2 lbs)


S38
60% of 70% aggregate volume
7.51 kg (16.56 lbs)


Silica
.15 times the weight of concrete
5.92 kg (13.05 lbs)


Microfiber
One Quarter of Bag
0.23 kg (~ 0.5 lbs)


Sand
20% of 2 ft3 volume
18.14kg (40lbs)


Superplasticizer
None
None
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