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Executive Summary

Worcester Polytechnic Institute is a university of science and engineering in Worcester, MA
with about 3000 under graduate students and 1000 post graduate students. Every
undergraduate student must complete three projects as a graduation requirement. The first is a
humanities and arts project. The second is a project that relates society and technology. The
third and most intensive project is similar to a major specific senior thesis.

WP | dstawo kntries to the competition were in 2006 and 2000. The current team is
comprised of mostly sophomores —none of the members have competed before.

TheConcrete Canoe is 15" "l1d®tepong Th&6huwithdilk, abi
thicker bow and stern sections. It is reinforced with wire mesh. Completed it will weigh less

than 200 pounds. It has a unit weight of 64 Ib/ft* and its strength is about 350 psi after 28 days

of curing. It is reinforced with wire mesh.

The concrete mixes for this project includes 3M Glass bubbles, fly ash, air entertainer, water
reducer, water, silica fume, Portland cement Type I/1l, and sand. A canoe from Great Canadian
Canoe was used as a female mold. The hull was molded then removed from the mold and
coated with a second layer of concrete.



Analysis

Once the approximate hull thickness and mix design were selected. We analyzed samples to
determine if the hull would have sufficient strength to stand up to the stresses to which it will
be subjected. The loads on the canoe are 3 paddlers, at 160 Ib each, the weight of the canoe
and the buoyancy force due to the displacement of water. The total mass of rowers and canoe
equals 680 pounds. Which means a displacement of 10.89 ft3 is necessary. Our canoe has an
estimated volume of 12.67 ft3. So our canoe should sink in to the water about 10 inches
leaving us 2 to 4 inches of free board.

Hull Design

We used an existing canoe as the mold for our canoe. A wide based canoe was used because
this would be a heavy canoe. Our concrete design made very low density concrete this takes
away from the strength but keeps the concrete canoe light —this came mostly from the
addition of glass beads as an aggregate.



Development & Testing

As with the construction of any boat, our team was faced with the challenge of balancing

material strength with the overall weight. T
enough to make it to the finish line. In order to develop a concrete mixture that was light

enough that the added weight of three peopl e
the team consulted Professor El-Korchi, who has a great deal of experience with concrete. In

order to add to the tensile strength of the boat, the group added two layers of steel mesh to

the first pour of concrete. Some of the light-weight materials involved in the mix were 3M glass

beads, fly ash, and silica fume.

After sufficient curing time, the group tested several samples made from the first batch of

concrete. Testing of these samples revealed strength of 350psi. After adding a second layer of

concrete to the first pour, the team was confident that the boat had sufficient strength to hold

three peopl e. I n agdimnidemst o at &S xilg xtlh &4” 35X
The maximum load in a three point bend test was 188.5 Ib.

Figure 1 Testing a 3x6 cylinder.



Project Management and Construction

Even though our project team was not very large the task of coordinating our efforts into a final
product was at times very challenging. Professor El Korchi was the project advisor for this
project. WPI Lab Manager Don Pellegrino was very helpful with many other aspects of this
project.

Rick Emberley was the project coordinator. He was managed all communications with ASCE and
the University of Amherst Competition Coordinators and most importantly he communicated
deadlines to the rest of the team making sure we were on schedule.

From a previous year ' s en tadnypefronoCanbdmeCanoeo mpet i t i
which we used as a female mold. This was a very appropriate mold shape and well within the
WPI ASCE budget.

Construction team was led by Walter Woodington and David Worsham. The gunnels were

removed from the canoe mold. The interior of the mold was then coated with a thin layer of

wax to prevent the concrete from adhering to the walls of the mold. The mold was then lined

witht wo | ayers of 1/ 47 tieddown egainstehs rhold with smalhgaugeh wa s
metal wiring. This process was completed in teams ranging from 2 to 4 people over a course of

2 weeks. At this point we mixed the concrete according to the mix design and poured our batch

in to the hull of the mold and spread an even coat against the wire mesh. We then created a

few samples for testing. To mix and pour it took about 3 hours. All this was left to cure for

about a month.These test samples were tested by the team for: bending, compression, and

indirect tension.

At this time the curing was mostly complete so we cut wiring and cut the mold in three sections
lengthwise to remove the canoe mold from the concrete canoe. The canoe was then placed on
saw horses. A second batch of concrete was mixed according to a new mix design. We coated
the concrete design with this concrete to fully coat the wire mesh and to give the concrete a
smooth strong finish. Once the second layer was set and cured with sanded it and stained it.
From here flotation and flotation testing is still to be completed.



Innovation and Sustainability

This is WPI's first entry to the competition
look to as far as previous entries. However the innovation in our design came not from mold

form or mix design but instead from our construction process. We used on continuous wire

mesh support. Each panel of meshing was stitched to the neighboring sections —this was to

create a semi flexible basket for our concrete to sit in and even large crack should not damage

the rigidity of the canoe as long as leaking can be managed.

The sustainability of our design is in the reusability of our mold. We reused this mold and with
some simple modifications we can use it again next year if we choose.
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Project Schedule
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Design Drawing




Bill of Materials

Mold + Reinforcing
Small Gauge Stainless Steel Wiring.
1 / 8tdinless Steel Meshing
Plastic Canoe from Canadian Canoe
2Xx4’ s used as supports
Various wood screws to hold supports.
3 Saw Horses for support while it was curing for better working and drainage

Concrete
Portland Cement type I/II
Silica Fume
Fly Ash
Water
3M Glass Bubble (Glass Beads)
Sand
Air Entrainment Additive
Water Reducer



Appendix A ¢ References:

ASTM (2000). “Standard Test Method for Flexural S
Center-Poi nt L oa d00nWgest Gorisholocked, PR3

ASTM. (2003). “Standard SpeC8303 WestaonshobaakenfPenn. Concr et
ASTM. (2004). “Standard Test Method for Compressi

C39/C 39MD4a, West Conshohocken, Penn.
Software: AutoCAD, MS Excel, GanttProject (http://ganttproject.biz/)

http://homepages.cae.wisc.edu/~canoe/Desighn%20Papers/Design_Papers.htm



Appendix B ¢ Mixture Proportions

Table: Summary of Mixture Proportions

Batch Size (fts): 0.141

Cementitious Materials

1. ASTM C150 Portland Cement Type: I/II

2. Fly ash

3. Silica Fume

Total of All Cementitious Materials
Fibers

1.n/a

Aggregates

1. Sand

Absorption, 0.23%

Batched Moisture Content, 0.23%

2. 3M Glass Microspheres

Absorption, 0%

Batched Moisture Content, 0%

Total of All Aggregates

Water

Batched Water

Total Free Water from All Aggregates
Total Water from All Admixtures
Total Water

Admixtures

1. Air Entrainment Admixture

2. Water Reducer
Cement-Cementitious Materials Ratio
Water-Cementitious Materials Ratio
Slump, in.

Air Content, %

Density (Unit Weight), Ib/ft>

Yield, ft’

Mix 1 (Hull Base) Mix 2 (Shell)
Specifi Amount Volume Amount Volume
PECIIC ™ (Ip) (ft) (Ib) (f)
Gravity

3.15 30 0.153 30 0.153
2.3 15 0.104 20 0.139
2.5 12 0.077 0 0
e 57 0.334 50 0.292
2.56 40 0.250 40 0.250
0.2 12 0.961 12 0.961
52 1.211 52 1.211
1 55 0.881 63 1.001

1 0 0

1 0 0
N 55 0.881 63 1.001

Amount Amount

(fl 02) (fl 02)

22 [ N 14

3.4 34

0.5 0.6

1.8 2.1

2-3/ 3-1/

68.7
2.43

6.2
65.9
2.50




Appendix C ¢ Gradation Curve and Table

Gradation Curve
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