Table of Contents

CONQUEST Quick Facts
Hull Design:

Hull Design

1

Exterior Color:

Cardinal

Analysis

2

Interior Color:

Gold

Development & Testing

3

Weight:

Project Management & Construction

5

Maximum Width:

31”

Organization Chart

7

Maximum Depth:

1’-6 ½”

Project Schedule

8

Concrete Thickness:
Unit Weight:

Design Drawings w/ Bill of Materials

9

Appendix A: References

A-1

Compressive Strength:
(After 2 Days)

Appendix B: Mixture Proportions

B-1

Specific Gravity:

Appendix C: Gradation Curves

C-1

250 lbs.

1”
56.1 lb/ft3
541 psi
0.90

Executive Summary

THE 2008 Trojans’ CONQUEST | [Pick the date]

The University of Southern California is located in the heart of downtown Los Angeles. USC has
an enrollment of over 33,500 students, 420 of which are in the Sonny Astani Department of Civil
and Environmental Engineering (225 undergraduate and 195 graduate students). Teams from
USC have participated in the Pacific South West Regional Conference for a number of years,
winning first place for Canoe design in 1984 and 1985. In 1986 USC also placed first in
construction.
The stated goals of this year’s concrete canoe team were to improve overall performance by
focusing on quality control of both canoe construction as well as mix design. To meet these goals
we attempted to implement a dual mold system, develop an entirely new mix and a simplified hull
design. As with the implementation of any new design, this year’s project was marked by several
significant set backs including unavailability of a required aggregate, lack of woodworking
experience which decreased the overall quality of the mold and the failure of the first mix poured
after 14 days.

i

The USC concrete canoe team utilized a new project organization this year based of a typical
construction project management team. Our team consisted of 30 contributing members of which
20 were actively involved throughout the entire project. The name of this year’s canoe,
CONQUEST, reflects the drive of this team to overcome all obstacles over the course of the
project. This desire and drive is reflective of the five key attributes of all Trojans: Scholarly,
Skillful, Courageous and Ambitious.

HULL DESIGN
The hull design of CONQUEST is a
new and innovative design. Major
modifications to curvature, length,
width, and the cross-section were made
from last years’ design in order to
improve
the
canoe’s
overall
performance.
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CONQUEST’s length of 18’ makes it
relatively easy to turn, while still
providing an adequate length to ensure
the ability to paddle quickly over long
distances. The wide width span of 31”
and the virtually flat bottom of our
broad shallow-arch design provides for
high stability, great maneuverability,
the ability to carry more weight as well
as a reasonable forward speed.
Additionally, the broad-shallow arch
prevents the canoe from major draft,
allowing it to float higher in the water,
which in turn, makes paddling more
efficient. The flat cross section also
provides for high-initial stability.
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The flare sided hull lets the canoe ride
up over the waves rather than cutting
though them, making a drier ride for
the paddlers.
The depth of CONQUEST at the
center is 1’-2 ½”. At the bow, the depth
is 1’-6 ½” and at the stern it is 1’-2 ½”.
This depth should provide for drier
conditions as it runs through the water.

We choose a straight keel design with a
slightly upturned bow and stern. This
smaller rocker curvature makes it
easier to travel in a straight line with a
lower tendency to track. Furthermore,
the sharp, fine ends of the canoe are
excellent for our racing purposes since
it will reduce wave drag.
For the shape of the bottom of the
canoe, we chose an asymmetrical hull.
The widest section is behind the
centerline, resulting in a longer bow
and enhancing forward speed and
tracking. The longer distance from the
point of the bow to its widest point
located on the stern side of its center
allows the water to part with minimal
disruption and prevents water build up
in the front of the canoe. This will
prevent the bow from rising up and the
stern from sinking down keeping the
canoe level at maximum efficiency.
Overall we feel that we have made
significant improvements to last year’s
design which will provide better
stability
and
paddling
ease.
CONQUEST’s unique design is both
functional and aesthetic combining
engineering with beauty.

ANALYSIS
The objective of the analysis is to determine
the required strength for CONQUEST in
various loading conditions.
To have a rough order of magnitude of the
required strength (compressive and tensile),
2D structural analysis was done by hand.
CONQUEST was modeled as a rigid beam on
an elastic foundation. The loads are the selfweight of the canoe (assumed to be 300 lbs),
four paddlers as point loads (average weight
of paddler was assumed to be 200 lbs for each
of the two male paddlers and 160 lbs for their
female teammates), and the buoyant force of
water. Buoyant force is accounted as if the
entire canoe is submerged into water.
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The hand calculation revealed the maximum
bending moment to be 570 ft.lb and the
required compressive strength to be 1235 psi.
Using the safety factor of 1.5, we set the
required
compressive
strength
for
CONQUEST to be 1900 psi. This safety of
factor and the conservative assumption will
allow CONQUEST to sustain strength through
the transportation process and the races.
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Next, to have a detailed understanding of the
canoe structure, a 3D model of CONQUEST
was developed using AutoCAD® 3D. The 3D
model was then exported to DXF format
which is compatible with the import function
of SAP2000® finite element analysis software.
The model was approached as shell elements
with the thickness of ¾”. Material property of
the shell is customized to fit with the nature of
the canoe mix. The shell element in
SAP2000® was made out of “canoe mix”
which has the elastic modulus of 2000 ksi and

the specific gravity of 0.90. The paddling load
was assumed to be uniformly distributed on an
area of 0.5ft2 spaced at a distance of 2ft along
the 18ft long canoe.

Figure 1. SAP2000 ® Finite Element model
view at different camera angles. Only the
body of canoe is shown here.
Similarly to the manual analysis, the
hydrostatic force was assumed to be at the
highest water level when the canoe is
completely below the waterline. The final
result showed that in the four-paddlers loading
case, the maximum compressive stress in the
canoe was approximately 200 psi. This
confirms the strength requirements targeted
for mix design. Based on the success of
fiberglass mess reinforcement from KAIROS,
USC’s 2007 canoe, the reinforcement mesh
was kept the same with two layer of
reinforcement in transverse and longitudinal
directions.

DEVELOPMENT AND TESTING
The objectives of the mix designing process
for CONQUEST were to develop a mix that is
less dense than water and a compressive
strength above 1900 psi. Based on past years’
experience, the mix was targeted to have a
specific gravity of 0.90. The lightweight mix
will create a light canoe that helps mobility
and turning efforts during the races.
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Materials for the mixed were derived from the
competition’s rules and regulations as well as
based on past years’ experience. Poraver®
was introduced for the first time at USC in
order to achieve a larger size of aggregates
since this year’s mix required no more than
5% by weight of aggregates used to pass
through Sieve No.100. With this, Poraver
sizes from 0.1mm to 1.00mm were selected as
main aggregates. Portland Cement type III
was used to attain high early strength. Class F
Fly ash was used in minimal amounts (10% of
cementisious weight) to facilitate workability
and high strength.

3

During the first round of development, 10
mixes were created to test for specific gravity
and workability. Three mixes were selected
based on best workability and the specific
gravity which fit into the range of 0.9 to less
than 1.0. After 14 days, the compressive
strength of three samples ranged from 150 psi
to 300 psi. At 28 days, sample named “M3”
reach the maximum compressive strength of
2310 psi. The late strength of the specimens
was determined to be due to the overuse of
ADVA® 170, a high range water reducing
agent developed by GRACE Construction.

Large amounts of ADVA® 170 greatly slowed
down the curing process. However, this
allowed greater workability with a minimized
water to cementisious material ration (0.35).
When forming test samples, all dry materials
were first combined and carefully measured
using the available scale in the geotechnical
lab at USC. ¼” fiber was also added at this
stage. Once a uniform mixture was achieved
with aggregates and cementisious material,
water was added slowly to the mix. After
water was added, to achieve higher
workability, the calculated amount of ADVA®
170 was added. The mixing process continued
for another 5 minutes to guarantee enough
mechanic movements to activate the effect of
the
water
reducing
agent.

Figure 2. Mixing the dry ingredients
The samples were then cast into six 2”x4”
specimens with poking at every third of the
volume added.
For testing with a SANTEC® Universal
Testing Machine, the 2”x4” specimen is
capped with sulfur based capping compound
to create an even surface.

One week before the mold construction
process, materials were ordered from our
supplier. P. T. Hutchins who was providing
Poraver® in our region ran out of Poraver®
diameter from 0.25 to 0.5mm. This particle
sizes was a main part of our aggregate of mix
“M3” (33% by weight of aggregate). Poraver®
0.25 – 0.5mm not only reduced the specific
gravity of the mix through its light weight but
also completed the gradation curve with other
finer aggregates. The development team
decided to redevelop CONQUEST’s mix with
the available materials which included:
Poraver® at size 0.1-0.3mm and 0.5-1.0mm.
Six mixes were developed in a period of 4
days. To meet the set day for laying the
concrete on mold, a mix with the best
workability and aggregates and cement break
down closest to the initial mix was selected.
(Due to time constraint, no formal strength
test was performed for the selected mix).

material ratio to 0.86, compared to 0.35 as
anticipated. With extreme water and WRA
content, the mix did not perform and after 14
days, the CONQUEST team decided to re-do
the mix. With 5 weeks left prior to the April
2008 competition, one week was allowed for
the development and testing of the new mix.
The mix was evaluated to clearly determine
the cause of failing. Four new mixes were
developed and tested after 2 days of curing.
In the new mixes, the amount of Poraver 0.51.0mm was maximized in term of weight to
satisfy the competition requirement. A higher
percentage of Portland cement was used
compared to Fly Ash to reduce the mix
density.
The percentage of ADVA® 170 was
minimized to allow the concrete to cure faster
given the short schedule.
After two days, the strength of the test
specimens varied from 232psi to 541psi.
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Consequently, the mix called “M6C” with
specific gravity of 0.90 and compressive
strength of 541psi was selected as our “take
two” CONQUEST mix.

Figure 3. The failed mix.
During the construction process, the selected
mix had a low workability and thus more
water and WRA were added. As more water
was introduced. Cement and fly ash were
added at a lower proportion. This error in
mixing raised the water to cementisious
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Figure 4. 2”x4” specimen on SANTEC®
UTM

PROJECT MANAGEMENT & CONSTRUCTION
To best meet the goals of this year’s team we
began by selecting a project staff similar to
that of a typical construction management
team. This year’s concrete canoe captain and
Project Manager was Kyle
Burnham. Reporting to him
were Project Engineers Toan
Nguyen Le (Mixture Design)
and Chris Norton (Hull
Design) as well as Project
Superintendent Mona Kamal.
To begin the construction
process our project staff held
bi-weekly construction
management meetings to
track design and construction
progress. Over the course of
these meetings the following
procedure was developed for
the mold construction:

Bondo® is a product used most commonly as a
body filler for vehicular repairs. We selected
it for its suggested ease of use and the speed in
which it sets.

Following completion of the
mold our team began the process
of placing concrete. First
placement occurred on February
11, 2008. During the placement
our team added more water to the
initial mix we had selected in
order to improve the workability
of the concrete.

F IGURE 5: P LACING 1/4"
P LYWOOD S TRIPS ON M ALE
M OLD
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While monitoring the curing
process we noticed that
cementation in the mix failed to
occur. Through an analysis of
the mix procedures as well as
the mix design we determined
that the current mix had failed
due to over-saturation of the mix
during the mixing.
Additionally, we hypothesized
that the amount of K1 created
too large a surface area for the
cement to bond too.

1. Construct frame.
2. Cut ¾” Plywood ribs.
3. Cut ¼” Plywood into
2”x8” Strips.
4. Secure ribs to frame.
5. Secure ¼” strips to ribs to
form mold shape.
6. Seal molds using Bondo®.
7. Finish molds by sanding
F IGURE 6: A PPLYING B ONDO ®
to finish surface.
TO F EMALE M OLD
Due to the concrete failure we were forced to
replace the concrete using a modified mix that
This method was developed based off of the
was accepted as our final mix. During the
lessons learned from last year’s canoe,
replacement process we decided that to best
observed methods from other teams, and input
ensure a uniform wall thickness the male mold
from the project staff and team members. The
would not be utilized due to the minor errors
materials used were selected on a basis of
in construction.
their workability and the ease of acquisition.

Thus, the final thickness was determined by the
use of guide wires during the placement process.
The overall schedule summary as well as an
organizational chart can be found later in this
report.

Summary of Man-Hours Worked
Project Phase

Total Man-Hours

Hull Design

75

Mix Design

90

Mobilization

15

Construction

244

Paddling Practice

25

TOTAL:

449

CONQUEST BUDGET
Material

Quantity

Unit Cost

Sub total

Tax

Total Cost

2x4 - 10' length

15

$2.39

$35.85

$2.96

$38.81

1/2" Plywood

8

$10.88

$87.04

$7.18

$94.22

3/4" Plywood

4

$25.88

$103.52

$8.54

$112.06

Drywall Nails

1

$39.98

$39.98

$3.30

$43.28

Screws

1

$61.74

$61.74

$5.09

$66.83

Bondo

22

$22.97

$505.34

$41.69

$547.03

Mold Materials:

Subtotal:

$902.23

Mix Materials:
Portland Cement

Donated

$0.00

$0.00

$0.00

K1

Donated

$0.00

$0.00

$0.00

Poraver (various sizes)

Lump sum

Fiberglass Reinforcement

Donated

$0.00

$0.00

$0.00

ADVA Admixture

Donated

$0.00

$0.00

$0.00

$306.46

Subtotal:

$306.46
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Equipment:
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Hammers

5

$6.99

$34.95

$2.88

$37.83

Gloves

9

$2.97

$26.73

$2.21

$28.94

Respirators (20 Pack)

3

$19.97

$59.91

$4.94

$64.85

Mag Floats

4

$19.64

$78.56

$6.48

$85.04

Ear Plugs (80 Pair Pack)

1

$14.96

$14.96

$1.23

$16.19

Safety Glasses

10

$3.97

$39.70

$3.28

$42.98

Putty Knife

8

$1.17

$9.36

$0.77

$10.13

Subtotal:

$285.96

TOTAL

$1,494.66

ORGANIZATIONAL CHART
Kyle Burnham
Project Manger

Chris Norton

Toan Nguyen Le

Mona Kamal

Project Engineer

Project Engineer

Hull Design

Concrete Mixture

Project
Superintendent

Competition Paddlers
Men:
- Kyle Burnham
- Toan Nguyen Le
- Trevor DeLuca
- Ed Bullard
- Chris Norton
Women:
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-
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Mona Kamal
Kim Boynton
Katie Hickey
Marcelle Phene
Alison Lind

Kim Boynton
Ed Bullard
Trevor DeLuca
Garrett Eastman
Josue Enriquez
Kyle Ficke
Adam Foronzande
Katie Hickey
Jared Jegaraj
Arturo Kaloyan
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PROJECT SCHEDULE

14

12
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