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Executive Summary

Technion Concrete Canoe (TCC) A thousand suns was a journey to sail into the future. From its
design to molding, the main focus was environmentally friendliness, technological advancement
and economic judiciousness. At a time when use of recyclable materials in construction is the
focus of this industry; use of recycled cement, alternative aggregate and decomposable
plasticizer is our team’s way of participating in the drive to better construction practices.

The design, based on ancient drawings and optimized using modern techniques was analyzed by
software for hydrostatics, hydrodynamics and mechanics, and was found to be optimal.

A composite material consisting of layers of cemented mesh was used in the casting of the boat. The
material was found to have a unit weight of 1,900 kg/m?, and an average compressive strength of 54.9

MPa and a flexural strength of 44.2 MPa.

Basic physical parameters of A thousand suns are as follows:

Dimensions (LXW X H) | 5mx0.8mx0.33m

Side thickness lcm

Total weight 92 kg *estimated

30.2 kg of CEM 111 42.5 N/B, which includes:
7.55kg of clinker
21.14 kg of Slag and mineral additives
1.51 kg gypsum

Composition 3.4 kg of Metakaolin

15.3 kg of sand

16.3 kg of dolomite

16.8 kg water

10 kg polypropylene-coated fiberglass mesh

The canoe shape has a great influence on its stability and speed. Realizing this fact, the team decided
not to copy the shape of an existing canoe but rather design its own shape from scratch. After doing a
lot of research about different shapes of canoes and how well they perform in terms of stability and
speed, we decided on the shape of the canoe that would give us an advantage during the race.
Combining the best shapes based on our performance requirements, we have created a canoe that will
move in a straight line with high speed and stability.

In an effort to make the canoe as green as possible, we made the mold from discarded cardboard that
would be recycled later, which means our mold has zero environmental impact. The concrete mix itself
has a very little amount of cement clinker (the most energy demanding component of cement), and has
a large portion of slag and other mineral additives which are waste products for the energy industry. The
aggregates used were sand and powdered dolomite, which is a waste of the asphalt aggregate industry.



We chose fiberglass mesh as the reinforcement over steel because it requires less energy for production
and is more environmentally friendly.

Even though we did not have any major sources of funding, we were able to complete the entire canoe
at a budget of about 500 shekels. We started late with the project and the time constraints were very
hard to deal with, and the project looked almost impossible to complete with the time and resources we
had. However, with collective team effort and active participation from the team members, we proved
to ourselves that “where there is a will, there is a way”.

We have created a canoe from very little financial resources, and in very little time. All engineering
projects face budget and time constraints, but our challenges were huge. In the true spirit of
engineering, we succeeded to overcome both the budget constraint and time constraint and push
ourselves to the limit. The end product being a canoe that is green, strong, cheap and most importantly,
fast.
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1 Introduction

“One could not count the moons that shimmer on her roofs
And the thousand splendid suns that hide behind her walls *

Khaled Hosseini in his novel “A thousand splendid suns”

“Floating down as colors fill the light,

We look up from the ground in fields of paperwhite
And floating up, you pass us in the night

A future gazing out a past to overwrite”

Linkin Park in “Blackout” from their 4" studio album “A thousand suns”

These quotations define the idea behind our canoe. We wanted our work to shine like “A
thousand suns”, be a guiding light, an example that leads the way into a more ecologically
sustainable future. Like “Thousand Sunny”, the ship of the Pirate Crew from One Piece that
sailed to endeavor the future and explore parts of the sea, never visited before.

Great effort was put in the design process. We adopt 4 software in the designing and analyzing
process: “Autocad”, “FreeShip”, “Delftship” and “STRAP”. Canoe’s geometry, hydrostatic
calculation, stress calculation were all performed on these software and the best result has

already been turned into reality --- TCC Thousand Sun.

In design of the boat, special attention was made for environmental friendliness (green technology).
Recycled carton boards was chosen to build the mold and was collected from recycled station. Even
though during the entire mold construction only simple tools and method were adopted, such as using
cutters and duct tapes, a well-designed and well-performed mold was built as a result. With a lot of
research and brainstorming, we were able to ditch conventional methods and build a great canoe which
had very low cost and was green in all aspects.

Beside the mold, another green aspect of our canoe is the concrete mix itself. It has a very little amount
of cement clinker (the most energy demanding component of cement), and has a large portion of slag
and other mineral additives which are waste products for the energy industry. The aggregates used
were sand and powdered dolomite, which is a waste of the asphalt aggregate industry. We chose
fiberglass mesh as the reinforcement over steel because it requires less energy for production and is
more environmentally friendly.



Basic parameters of the canoe are shown in the table below.

Dimesion (Length x Width x Height)

500cm x 80cm x 35cm

Canoe thickness

lcm

Canoe weight

92kg *estimated

Composition

30.2 kg of CEM 111 42.5 N/B, which
includes:
7.55kg of clinker
21.14 kg of Slag and mineral additives
1.51 kg gypsum

3.4 kg of Metakaolin

15.3 kg of sand

16.3 kg of dolomite

16.8 kg water

10 kg polypropylene-coated fiberglass
mesh

*The canoe still needs finishing layers and painting. The weight is estimated and may differ from the actual weight.

After casting the canoe, it is being cured and will be cured till the day of the competition. Finishing layers
will be applied to both the inside and outside of the canoe, and the canoe will be painted with the team
name and logo of the Technion.



1. Team members

Name Country
Koral Buch (Team Advisor) Israel
Ashrant Aryal (Team Leader) Nepal
Yunzhou Zhang (Team Leader) China
Simon Ulka (Mix Design Incharge) Germany
Sujan Acharya Nepal
Pravat Shrestha Nepal
Nisha Puri Nepal
Miran Khweis Israel
Murad Alaldin Israel
Shuanglong liu China
Yunhe Zhang China
Shaochen Wang China
Gao Yang China
Weiran Liu China
Yifei Xie China
Yushi Meng China
Hangi He China

2. Objectives and Goals

The team performed modeling, testing and design of the canoe, with the following objectives in mind, in
order of importance:

Compliance with competition rules and requirements;

Compliance with engineering best practices and the principles of design;
The use of green technology;

Minimizing Costs; and

Aesthetics.
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3. Boat Design

3.1.1 Basic Shape and Geometry.
The canoe shape has a great influence on its stability and speed. Realizing this fact, the team decided
not to copy the shape of an existing canoe but rather design its own shape from scratch. After doing a
lot of research about different shapes of canoes and how well they perform in terms of stability and
speed, we decided on a basic shape of the canoe that would give us an advantage during the race. Using
anasymmetric canoe which is more pointed in the front gives us better speed as the canoe will be able
to cut through the water more easily. A V shaped, slightly
% rounded bottom gives us both the stability and the ability to track
& in a straight line. The center line of the bottom of the canoe was
kept straight rather than making it curved, increasing our canoe’s
ability to move in a straight line while making it harder to turn.

0 This feature gives us an advantage during the race as our canoe
8 will be able to travel in a straight line more easily. After deciding
CIEE I on the geometric features of the canoe, we used different

Figure 1: The largest cross section mathematical functions and fitted curves to match our shape.

After a few hours of coding in MATLAB, we were able to generate
points on the surface of the canoe as illustrated in the figure below.

LU TSP IT

Figure 2: Set of points generated on the surface of the canoe using MATLAB



3.2 Hydrostatic calculation:

Hydrostatic analysis was made on software “FREEShip”, which shows the follows.

This hydrostatic analysis is based on the design for 2 people. Their weight was assumed to be 180kg in
total, and the self-weight of the canoe is assumed to be 90kg.

Project : TCC2014

Designer : Yunzhou Zhang

Filename : TCC2014.fbm

Design length 5.000 m

Length over all 5.000 m

Design beam 0.800 m

Beam over all 0.765 m

Design draft 0.150 m

Midship location 2.500 m

Water density : 1.025 t/m"3

Appendage coefficient : 1.0000

Volume properties:
Displaced volume 0.269 m"3
Displacement 0.276 tonnes
Total length of submerged body 5.000 m
Total beam of submerged body : 0.759 m
Block coefficient : 0.4721
Prismatic coefficient : 0.6745
Vert. prismatic coefficient : 0.7778
Wetted surface area 3.120 m"2
Longitudinal center of buoyancy 2.797 m
Longitudinal center of buoyancy 5.934 %
Transverse center of buoyancy 0.000 m
Vertical center of buoyancy 0.088 m

Midship properties:

Midship section area : 0.080 m"2

Midship coefficient : 0.6999

Waterplane properties:
Length on waterline : 5.000 m
Beam on waterline : 0.759 m

Waterplane area : 2.305 m"2

Waterplane coefficient : 0.6070

Waterplane center of floatation : 2.796 m
Y coordinate of DWL area CoG : 0.000 m
Half entrance angle of DWL : 20.788 degr
Transverse moment of inertia : 0.072 m"4
Longitudinal moment of inertia : 2.685 m™4

Initial stability:
Vertical of transverse metacenter : 0.354 m
Transverse metacentric radius : 0.266 m
Longitudinal transverse metacenter : 10.073 m
Longitudinal metacentric radius : 9.985 m

Lateral plane:
Lateral area : 0.746 m"2

Longitudinal center of effort : 2.504 m



Vertical center of effort : 0.075 m
Hull characteristics above waterline:

Lateral wind area 0.998 m"2
Z coordinate of wind area CoG 0.250 m
X coordinate of wind area CoG 2.502 m
Distance from wind area CoG to DWL 0.100 m
Distance from bow (FP) to wind area CoG 2.498 m
Minimal board height over DWL 0.200 m
Minimal board height over DWL 4.000 %$Lmax
Stability characteristics:
Test stability coefficient : 1.732 if >= 0,8 then OK

NOTE 1: Draft (and all other vertical heights) is measured from point of the hull Z=0.
NOTE 2: All calculated coefficients based on actual dimensions of submerged body.

Though within this calculation, a stability test was made, and the result shows that our canoe is stable,
we put more effort to this topic, because stability is crucial to our competition.

Stability is defined as a vessel’s ability to return to the upright when heeled by an external force. The
center of buoyancy is at the geometric center of the underwater portion of the vessel.

The calculation of stability requires the finding of the metacenter. Vertical lines drawn from the center
of buoyancy at consecutive small angles of heel up to about 15° will intersect the vessel’s centerline at a
single point, which is called the metacenter. It is essentially the pivot point that the vessel inclines
around at small angles of heel.

The buoyancy force always acts at the center of buoyancy. But when the boat is leaning, the center of
buoyancy will change its position. However, all buoyancy forces acting on the center of buoyancy will
still pass though one point, which is the metacenter.

Initial stability is determined by the positions of the center of buoyancy, the center of gravity and the
metacenter. If the metacenter is higher than the center of gravity, the canoe is stable. When the canoe
is leaning, a moment is created by the coupling of the gravity force (acting vertical downwards at the
center of gravity) and the buoyancy force (vertical upwards passes though the metacenter).

Per the above data, the metacenter is located at a height of 0.411 m above the keel.

Height of the center of gravity was calculated as follows: Per the above data, the center of gravity of the
canoe when empty is 0.174 m above the keel.

We assumed that the rowers are rowing in a kneeling position, and the center of gravity is at the height
of the middle of rower's body, which is around 0.4 m.

The canoe is assumed to be 100kg, two rowers are assumed to be 160kg together. Accordingly, the
overall center of gravity is given by a weighted average:
90kg X 0.174m + 180kg X 0.4m

center of gravity = 90kg + 180kg = 0.325m < 0.354m
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As the center of gravity is lower than the metacenter, the canoe has a better initial stability.

The calculated water line was 17cm from the bottom of the canoe. A larger height was chosen for
aesthetics and safety purpose.

4 07K,

Figure 3: 3D model of our canoe in FreeShip

Figure 4: 3D model of our canoe in FreeShip
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3.3 Stress calculations

Stress calculations were performed on STRAP, a finite element analysis computer software. The model
was imported into STRAP from FreeSHIP with finite elements approximately 20 cm long along the
centerline of the ship, and approximately 4 cm wide in the transverse direction.

The weight of the canoe was assumed to be 90 kg, and weight of rowers was assumed as 90kg per
person. Finite element analysis software requires the presence of at least one support, whereas the
canoe has no supports. In order to overcome this modeling challenge, the self-weight and water weight
of the canoe were inputted as loads, and at least one of the rowers in each load case was modeled as a
support.

In order to construct a worst-case scenario, three load cases were considered. For each case, the water
level of each loading case was derived from FreeSHIP, and was applied as a linear load distribution in
Strap. Self-weight of the boat was modeled based on a unit weight of 2,000 kg/m3, and a side thickness
of 1 cm. The three load cases were as follows:

1. A single person stepping into an empty canoe at its end. The person’s foot was modeled as a pin
support. Due to the symmetry of the canoe, no moment support was required at the center. It was
confirmed that the support sustains 90 kg of vertical force, consistent with the weight of the person.

2. A single person sitting in the canoe, and a second stepping into it. The sitting person was modeled as
4 off-center point-loads of 22.5 kg each, representing the rower’s knees. The second person’s foot was
modeled as a pin support. Due to the symmetry of the canoe and loads, no moment support was
required where the second person stepped. It was confirmed that the support sustains 90 kg of vertical
force, consistent with the weight of the person.

3. Two people are sitting in the canoe. Each person’s knee was represented by an off-center support:
one pin and three rollers. Due to the symmetry of the canoe and supports, no moment support was
required at any of the supports. It was confirmed that each support sustains 45 kg of vertical force,
consistent with half of the weight of a single person.
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The results of the finite element analysis of the canoe in STRAP are shown pictorially in Figures 4-6
below. The maximum calculated stresses in each load case were as follows:

1. A single person stepping into an empty canoe, at its end: 10.1 MPa.
2. A single person sitting in the canoe, and a second stepping into it: 12.4MPa.
3. Two people are sitting in the canoe: 4.24 MPa.

The controlling load case was found to be a single person sitting in the canoe, and a second

person stepping in, and the maximum calculated stress (the design stress) in this loading case was 12.4
MPa.

Figure 5: Stresses when first person steps on the canoe
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Figure 6: Stresses when second person steps on the canoe

Figure 7: Stresses when two people are sitting on the canoe
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4. Mold Design and Construction

From past experiences, the mold is the most expensive and non-environmentally friendly part of the
project. In keeping with the goal of making the canoe green and cheap, we decided to make a mold out
of discarded cardboard. We collected thrown out cardboards from around the campus and reused them
for the construction of the mold. We cut out cross sections of the canoe for each 20cm along the length,
fixed them in position and covered them with more cardboard to make it rigid and suitable for casting
the canoe. The mold was completely made of discarded cardboard and the cardboard was given for
recycling after removing the mold, making the mold 100% green and zero cost. We realized that a
cardboard mold would not be the best option in terms of getting a perfect shape for the canoe, however
we still chose the option because it is 100% green and totally free of cost. Due to the intricate work of
the team, we were able to achieve a very symmetric and smooth shape even with the use of this difficult
mold construction method.

4.1 Material selection

This year, we adopted discarded carton board as the main material for the framework of the canoe,
because of following reasons:

Environmentally friendly: Using recycled carton boards is very environmental friendly, we picked all
our materials from bins which college carton boards for recycling, and we literally built our mold from
the waste material. This is our biggest achievement toward our goal of making the canoe green and
cheap.

High workability: Carton boards have a high workability compared to other materials like wood, or
Styrofoam, working with other materials requires specialized tools, while working with carton boards
only require us a few markers and rulers for drawing, pieces of cutters and tapes will do all the rest of
the construction.

Low cost: Though we have sponsors, we decide to use as little money as possible, waste is never a
good thing to do. All our cost was about 400 shekels, because we don’t have to buy mold’s material, we
don’t have to buy special equipment. The cost was mostly to buy scissors, blades and tapes and glue for
the construction of the mold.

4.2. Construction method

All the cardboards were separated in 3 groups for different applications: cross sections, connection
and shell of the canoe.

Cross-section is the most important element in building the geometry of the mold and taking the
weight of the canoe. We picked 25 locations along the longitudinal design for every 20cm. From the
design of the canoe, we got the geometry of each cross-section.

In cross section designing, we considered carton boards have strips in only one direction (the
longitudinal direction), which can take much more stresses than the other direction, we choose the
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longitudinal direction perpendicular to the ground, which is the same direction of the load force it would
take(canoe’s self-weight).

The major connection’s purpose is to locate each cross-section in the right place. We made 2
connections: a major one, which is 5m long and 35 cm high; and a minor one, which is 2.7m long and
20cm high.

On the connections and the cross sections, we designed sockets to join them together. Thus we
have 25 sockets on the 5m major connection, which will allow the major connection to join all cross
sections.

Minor connection is design only for cross-sections that are wider than 30cm and it will helps these
cross-sections perpendicular to the longitudinal line.

Major connection will take parts of the canoe’s weight, thus its 35 cm as the height of the canoe.
The minor connection is 20cm high, because its purpose is to constrain big cross sections but not taking
the weight.

For the shell of the mold, we should use pieces of carton board as large as possible, thus less
interstices there will be on the shell.

4.3 Construction of the mold

Cross sections: We have the geometry designed of each cross-section. In order to carry it out, we
picked 27 points at specific height of each cross-section. Then we cut it out along the points. All cross-
sections were produced 3 times and they were glued together by emulsion, making sure that the cross
sections are strong enough to go under the stresses from the concrete.

The connections were also produced by 3 layers, which will have a thickness of 1cm. All cross-
sections has a 17.5cm x 1cm socket along its symmetric line, and same sockets were cut every 20cm on
the major connection.

For cross-sections that are wider than 30cm, a second socket of 10cm x 1cm was cut on each of
them, in order to join the same size socket on minor connection.

For the shell of the mold, we used pieces of carton board as large as possible. The shell will be fixed
to the cross-sections and connections by duct tapes.

We covered the shell with plastic membrane later on, in order to have a water proof layer that
separates the carton boards and concrete.

16



Mix design.

The main focus during the construction of the canoe was the upmost promotion of green technology;
hence the mix design incorporates many materials that make the canoe “green”. In keeping with the goal
of making the canoe as green as possible and minimizing our waste, we decided on an iterative method
of lab testing, meaning if we found a mix that performed well and met our criteria, we would select that
mix. This helped us to choose a mix with minimum lab testing and in the least possible time. Since we
started the project late, selecting a concrete mix as soon as possible was crucial for meeting the
construction deadline.

The following mixes were tested in the first stage of finding the best concrete mix of adequate strength, flexibility,
economy and most importantly, environmental friendliness.

5 liter mix Mix A | Mix B Mix C
w/c ratio 0.45 0.50 0.55
Cement (g) 1575 | 1575 | 1.575
Metakaolin (g) 0.175 | 0.175 | 0.175
Water (1) 0.788 | 0.875 | 0.963
Green Plasticizer 1tbsp. | 1thsp. | 1 tbhsp.
Sand (g) 0.750 | 0.800 | 0.900
Dolomite Powder (g) | 0.800 | 0.850 | 0.950

The three mixes were tested for flexural strength of the composite material as this is critical for the
canoe’s strength. All the three mixes had higher strength then required by our stress calculations, so we
selected the intermediate mix with water/cement ratio which had a good workability needed for
construction and allowed us to use a higher content of aggregates.

Another important criteria for selecting the concrete mix was permeability. The composite material
made of the three mixes were tested for permeability and all of the mixes had a low permeability. A
cylinder was fitted to the air dried samples and filled with water, then the time was recorded till we
could see a visible sign of water on the other side, there was no visible infiltration till 16 hours.

In addition, the compressive strength of the concrete was tested by making 1inch cubes.

The results for compressive strength tests are summarized in below:

Comparison of concrete mixes
70
60

50 -% —

40

—@—w/c0.45

30
—8—w/c0.5

20 w/c0.55

10

Compressive Strength [MPa]

days

17



No. of samples per
w/c ratio/days 0.45 | 05 | 055 |eachwicratio
7 48 43 44 3
Compressive
Strength 14 56 53 49 3
(MPa)
28 57.2 | 549 | 49.3 3
Flexual Strength
(MPa), 28 days 422 | 442 | 434 1

Compressive and flexural strengths were observed to generally increase with decreasing w/c ratio. However, all mix
designs were found to suit the requirements, but as a safety precaution, the mix design with w/c ratio 0.50 was
chosen. This mix allowed us to achieve the right workability during construction, even though all three mixes were
adequately strong and had very low permeability.

The composite material has a unit weight of 1900 kg/m3. The unit weight of the concrete used was 2200 kg/m3 , the
composition of the canoe is as follows:

Per CANOE VOL Weight (kg)
CEM 11142.5 N/B 30.2
Metakaolin 3.4
Water 16.8
Sand 15.3
Powdered Dolomite 16.3
Fiberglass mesh 10
Plasticizer 0.1

18



4.1 Remarks on the results

All flexure samples were visually observed to have failed in compression. Moreover, it was observed that
flexural strength correlated strongly with the concrete’s compressive strength. Accordingly, the boat was
modeled and designed as compression-critical, and all design stresses were taken at the compression face.

Compressive and flexural strengths were observed to generally increase with decreasing w/c ratio.
However, all mix designs were found to suit the requirements, but as a safety precaution, the mix design
with w/c ratio 0.50 was chosen.

The material used in construction of the boat has an average strength of 62 MPa. A 95% confidence interval
was taken for material design (Z = 1.64 standard deviation), so that the design material strength was taken
as 50 MPa.

In the permeability test, all three samples did not show any sign of infiltration up to 18 hours and all three
samples showed signs of infiltration after 24 hours. However, the infiltration time of more than 16 hours
showed that our mix was highly resistant to water penetration and water would not seep into our boat during
the race it was built for.

4.2 Salient features of the mix design

Polypropylene-coated fiberglass mesh (fiber width 0.4mm, 1mm opening size) was chosen as the
reinforcement. Its high flexibility made it ideal for easy and quick installments with the layer-by-layer
construction process, and effective molding to the shape of the canoe.

The team decided to compliment regular quartz sand with 100% recycled aggregate in the Mix. Powdered
dolomite, a waste product of the asphalt aggregate industry, was chosen since it was extremely green and
had small particle size (max. particle size 75p); this was ideal to use with the fiber glass mess. Dolomite also
provided better workability of the fresh concrete, and complimented the strength of the concrete.

The additional sand was used to give more volume to the mix and lower the aggregate to cement ratio, in
order to use as little cement as possible, whilst still resulting in high — strength concrete.

The cement used was Class B slag cement which gains strength late. To overcome this 10% (weight
percent) of the cement was replaced with highly reactive Metakaolin, an ecological paper sludge waste. The
pozzolanic reaction would increase the rate of strength development to attain the required strength earlier
and also reduce the amount of cement used.

The use of only fine and ultra-fine aggregate decreased the workability of the concrete, so the use of
plasticizer was necessary. In keeping with the spirit of sustainability and ecologic considerations, a bio
degradable plasticizer was used. It decomposed in nature easily thus minimizing adverse environmental
effects. The amount of Plasticizer to be used was found experimentally; 2 table spoons per 10 Liters of
concrete was deemed appropriate for the workability required.

The construction of the canoe as a shell allowed minimization of the thickness and hence use less material.

4.3 Notes on the testing methodology

The compressive strength of each mix was tested in rough accordance with ASTM C109 / C109M — 12
Standard Test Method for Compressive Strength of Hydraulic Cement Mortars (Using 2-in. or [50-mm] Cube
Specimens).

One inch Cubes were cured underwater, and tested at 7, 14 and 28 days of age. Each test consisted of
three samples. All samples were tested in saturated surface dry state, as this is the moisture state in which
concrete is weakest, and since it best represents real conditions (submersion of part of the boat). For the
flexural tests and infiltration tests, samples of the composite material were made from the three mixes. Each
sample had 15 layers of reinforcement. Unit weight of the composite materials was measured on these
samples.

The flexural strength of each mix was tested in rough accordance with ASTM C293 / C293M — 10Standard

Test Method for Flexural Strength of Concrete (Using Simple Beam With Center-Point Loading). The testing
rig was improvised and built with wood while using the same testing principle as the code.
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Green technology
Green Technology: creating an environmentally friendly canoe.

The following principles of green design and execution were implemented in the construction of The
Northern Light:

Green Mold: Waste cardboard was collected from various areas in the university and was recycled,
creating the mold which gave the canoe its hull shape. No investment was required to build the mold
and it is environmentally friendly and completely recyclable.

No steel reinforcement: A greener option was implemented for the reinforcement of the canoe. The

reinforcement was done with propylene coated fiberglass, which is greener than steel in terms of
manufacturing. Steel requires more energy for production than propylene coated fiberglass.

Use of a green concrete mix: The concrete mix included metakaolin, powdered dolomite and quartz

sand, all of which are green materials. The cement had a certain portion of slag in it, making it greener
than regular cement.

20



5. EXECUTION

Due to the intricate curvature of the canoe, a male mold was chosen for casting. The mold was 4.98m
long, and 78cm wide, in order to accommodate the designed thickness and remain within the
parameters required by the competition. The mold was constructed by recycling cardboard boxes. The
outline of the canoe was obtained by folding the cardboard into the required shape. The mold was then
wrapped with plastic wrap to prevent adhesion of the concrete to the cardboard.

The methodology used for casting was the cementing of polypropyelene-coated fiberglass mesh layer by
layer. The thickness of each layer thus applied is approximately 0.7-0.8mm, so that the design thickness
of the boat was ensured by the application of 15 layers.

The first five layers were allowed to cure overnight before application of the remaining 10layers. The
canoe was then left to cure for 14 days undisturbed covered with wet rags to provide water for curing.
After that a finishing layer on the outside was applied, and the boat was covered with wet rags to keep
the boat wet.

Additionally, the floors were left wet and damp so as to ensure minimum evaporation from the surface
of the concrete. same composition as the concrete used in casting. An external finishing layer with the
same composition as the casting mix was added above the waterline, to which black pigment was
added. Both finishing layers were smoothed using wet sponges after initial set, but before final set of
the concrete.

Per competition rules, only the final 80cm of the boat on either end will be painted using white Portland
cement. Around the time of submission of this report, the boat had not been painted yet but we plan to
paint it with our university logo on side of the stern and the colors will be chosen according to the

theme of our canoe, “A Thousand Suns”. It will be painted with white cement, using pigments for colors.

The name of the boat will be painted in white cement paste on the bow of the canoe.
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Conclusions

TCC-A Thousand Suns consists of combined effort of 17 people from all over the world. Abundant
creative thoughts emerged in every single step of the entire project. Result from our meticulous design
is the simple construction. We have also insisted the idea to be environmental friendly thus
distinguished idea was to use the recycled carton boards. We have shown that any difficulties and
constraints can be overcome with proper knowledge, dedication and teamwork. This is what
engineering is all about.
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6. Pictures

Making socket on major connection

S

Assemble all cross-sections to connections
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Covering mold’s shell

Mixing concrete
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