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Executive Summary 2014-2015
Theorigin of theOrca whaleembodies a legend of sustainability for the native tapje1.{ { I cspegifications
Haida people of the Pacific Northwe$he story begins with manwho raises

. N Total Length 260 inches
two wolf pupshe findson a beach. Once grown, the wolesgiminto the ocean | :

. X ax Width 23.5inches
daily to hunt whales for foocEach day the wolves would hurgcumulating — s
far too much foodThe Great Above Person sdis wastefulnessindpunished oo ik S
the wolves bycreatinga fog whilethey were hunting at sea, rendering therf > =" o nenes

Wall Thickness 0.5 inches

unable to haot or return to the sher These wolves remained at sep,
transforming into theOrca whales of todayThe Haida people refer to Orcq#ddedGunwales  05x0.75inches
whal es as fAskabana, 0 or supernat urn rnbeWeigtp | ri7§pdunds

Color Scheme White + Blue + Black

As descendants of wolves, the Huskielatal to thislegend and built the 2015
team around reducing waste and learning from the pastefiactingon the 2013 and 2014 competitions, the
2015 program set out to increasesponsibility in finance, safety, sustainability, and quality assurarce.
University of Washington presents the 2015 car®k, a § whicla representthe power of the Orca and the
innovationof the 2015Huskies.

Table2.{ 1 I QMiatérial Properties
Located in Seattle, the University of Washingt
Concrete Canoe Team competes in the Pacific Northwes Structural  Lightwaight Patching _Inlay
ASCE Student Conferenck the past three yeaet the
Conference level, the University of Washingtplaced
2" overall in 2012, ¥ in 2013, and ¥ in 2014.At the
National Competition in 2013 and 2014, the team plag
16" and 18 respectivelycredited to strong paddlers angl SplitTensile strength
a fast canoe desigi®ne of the highlights includethe
2014 Design Papewhich narrowly missedtop ten by
placing11™ and sethe sandard for future competitions| —GlassFiber Mesh
The Huskies once again look to excel atriagonallevel
with an impressive performance.

Plastic Unit Weight 53.1 pcf 23.1 pcf 97.0pcf 59.8 pcf
Over-dried Unit Weight  51.2 pcf 24.3 pcf 75.5pcf 55.3 pcf
e&umpressive Strength 1040 psi 170 psi 4410psi 940 psi
260 psi 60 psi 440psi  310psi

225 pounds/linear foot (manufacturer)

Carbon Fiber Grid 160 pounds/linear foot (manufacturer)

Steel Wire Rope 800 pounds { tension tested)

S k a @ aulldeatures a lightweight, asymmetric desi

with a wellbalanced rocker and redefined cressction l )

i - exural Strength 535 psi
geometry. Two reiforcing types are decoupled an
efficiently resist both canoébending and local floor . e Ui wag | 492 o Veotimaredwh ared)
loads. The composite buildup featured Bk a 6 ia Ne——— =% e
based on two structural layers sandwiching a lightweight layer for anlightaveight and durableomposite
structureTablesl and2 summarizeS k a 6 awsia $pscifications and material propertkes: the first time in
recent history the Huskies successfully integrated a lightly giessioned repair systeto prevent tension
cracking in the canoe gunwale.

{as-built composite tests)

2

Shear Strength 27 psi {as-built composite tests)

This year the Huskies aim high for tihNational Competition incorporating innovations across the program
With the breakthroughsummarized in Figur&, the Huskiesproudly deliverS k a § a cam@oe crafted with a
45% faster placing, &5% costreduction,and a 45% lighterweight The Huskies look forward to a great
competition and the programbés continued

Project Management Design Construction

success.

Financial strategies
Knowledge transfer arkshops
Critical Design Review
Seasonahewsletter

Final Product Unveiling
Hosted high school students

Asymmetric hull design

Double curvature in stern section
Mold parting features in forms
High range water reducer
Understanding composite behavio
Posttensioned repair system

Recycled 2014 ESP mold
Workspace inventory
Improved safety procedures
Material mass flows

Plastic densities per batch
Curved underside of gunwales

Figurel. 2015 Program Innovation
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Project Management 2014-2015

To begin the 2015 projedDbjective &Deliverable (O&D)meetings occurred in th

first weeks of classThe O&D meetings set teatwide expectations, responsibilitie ) L0/15/14
. . . . . eetings

and a clear direction which allowed horizontal and autonomous operations. To %ﬁPézlvelop?nent 12/4/14

smooth operations, e@ekly lead meetings ceved objectives, watch items,and | Mmixselecton  12/5/14

mitigation strategies. Following lead meetings, general meetings covered milesfof@s, 2! Desion o7

Critical Path

resource allocation, and desigiiscussios. The 2015 management diSCUSS@Ginal Prep. 1/16/15
direction and rationale throughout the design and construztirk a 6 a n a gon_crete Placing g%ﬁg
uring

.. . . . . . . . . . Canoe Finishing 4/3/15
Critical milestones, emphasized in Figitemaintained project flow while desigr| Floatation Test ~ 4/4/15

. . . : itical Repairs ~ 4/8/15
and construction tasks ran in parallel chains to shorten overall project schedule Iﬁfg j‘ctu”ve”mg 4/9/15

to placing, aCritical Reviewwas held with industry experts to verify and refir[zreegional Conf.  4/17/15

design rationale and construction sequences.fufther shorten the critical pathj Natonal Prep. — 6/9/15

composite panel testing was conducted after canoe placing as a noncritical ﬁ%'fgﬁgf ('?;“n?;t 25;8112

Historically, composite testing is the most material/timensive test; however, this™ 5522 Critical Path

year only oneasbuilt panelsetwas fabricated rad tested which reduced significant

material consumptio and time. Prior to placingletailed structural analysi§

was conducted to substantiate local strengths abditiflexural test results

were as expected. One significant change to the 2015 scivealsilmoving
. . . . Outreach

canoe placing from latllovember to mielanuary. Placing in Januaf

allowed more resources for design, preparation, and a quicker strengt

due to warmer temperatures. Because a later placing decreased

finishing time, more resourceseve allocated to patching/sanding and g Construction

aesthetic design which took 60% less time was selected. Despite gu > 1,400

tension and floatation failures during tRéoatation Testno delays to the

critical path were experienced because adequate slack was ietidokfore

the Product Unveilingthe Uhveiling milestone aed as a final net to catc Mix Desig

discrepancies prior to the Regional Conference. Because of thel risk 450

mitigation and technical expertise of the 2015 team, deviations to the origifiajre3. Project Workhours by Category

schedule did not afte the completion date. The breakdown of project warlars is shown in Figura

Project Hours
2,870hrs

Financial resources were spent on competitibn  project Revenue Project Expenses
registration and personnel/equipment transportation. Lgss $37,370 $23.375
than 10% of the resources went towards materials and

. . Personal Donations
construction because most materials were donafg $14.350 National Comp.
Funding upuntil the Regional Conference wasvered | (g, ciness bonations 557551 Reqional Cont
. egional Conf.

by local business donatisnAfter the tem qualified for || ssso0 |
the National Competition, the project budget doubled gndaterial & services 7] $1,645 Construction
funding was earned through a rigorous crowdfundipg$esso_|
program. Additionally, grantsrdm local organizations||Grants

were pursued throughout the project. A comparison #6670 ] $500 Outreach
project revenue and expees is shown in Figuee

:l $1,600 Trailer Repairs

Figure 4 Project Revenue vs. Expenses

Safety and qualityvere treated as criticakamwide responsibilities. The 2015 safety program featured testing
equipmentool training, Job HazardAnalysis orms workday sdety orientations, and a safety equipment
station. As for quality, nultiple assurancesvere introduced irthe 2015 program. Major practicescluded
taking plastic densities ofoncrete bataks for reakttime feedback providing handson concrete placing
trainings, and assigning experienced members as mentors and quality personnel. Maintaining a clean works;
was a major objective for both safety and quality reasons. The 2015 safety and quality assurance proced
were vital reasonS k a vasideliverect 178 pounds with astounding finishing deteid with zero injuries

UNIVERSITY of WASHINGTON IERIER
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Hull Design 2014-2015
The 2015 design team had a clear picture was t he
featuredfor two consecutive years withhdammed2013) andlhe Lady(2014). The previous designs achieved
great straightine speed due teery long and narrow hulls (2 feet wide by 21.5 feet long). However, the overall
control of the canoe was poleecaus the canoe easily over steeredhibited very poor tracking capabilities

and demonstrated slidimgovements of the sterncd®n. The poor control was attributed to thezy soft stern
chine, extremely high 4 inch stern rocker, and a veryddinch bow rocker. With these features in mind, the
2015 team design intended to increase contreetycingturning capabilities while still maintaining straight

line speed.

The design team researched basic geometric canoe performance parameterswaed péatographs of

national ranking concrete canoes for inspiration and general hull shapes. Fourasijakdvere drafted by
alteringThe Ladybased on qualitative adjustments. Two designs were eliminated based on general look and
constructabilityissuegtoo narrow of end sectionpf the two remaining designs, a final design was
guantitatively selected through a geometric analysis and casopdno the previous yeardr&ghtline speed

was compared by assessimgtted surface areas, entry anglas] prismatic coefficientSailboat Winters)

Areas and moments of inertia of the lateral water plane were compaedluateurning and tracking, hich

were inversely proportionaRolling stability was assessed by the moments of inertia of thevaemwater

plane about the longitudinal axis.

The topprofile was changed tmaintainand increasstraightline speed. Thasymmetric top profile features
anincreased stern curvatugesharper bow, andteeam placed 13 inches aft. Changes to the keel were meant to
increase the control and tracking of the canoe. The canoe rocker was balanced by reducing the steomrocker
4 to 2 inches anlbly increasing the bow rocker frol to 2 inches. Additionallyptimprove the balanced control

of the canoe, the flat midsection was moveddarore centered and elongateahi 86 to 129 inches. These
features cale observeth Figureb. Cross section changserved multiple purposes includimgreased

buoyancy, inbeasedracking,a moreaft steerer, and improdsoncrete placingnd mold parting

Because the rocker wasduced and the lateral water plane was increaseuhgucapabilities of the canoe were
reduced. However, redefined chines and mid sectioBs0b aimcanjunction with a veteran paddling team
will ensurecompetitivecompetition turns. As a new desjghk a Oisafasta lightweight, and looks to dominate
the waters just as its powerful name embodies.

Improved stern curvature Beam 13 inches aft Sharper bow

Figure5. Hull Profilesof 1 I QI y' I

UNIVERSITY of WASHINGTON ORRIE:Y



Structural Analysis 2014-2015
Demands for came-beam shear/bending were determined from vertigat
and rotational equilibrium between paddlers, -sedfght and buoyancy.| , _ Displa Coed
Buoyancy along the length of the canoe was a function of mean water .

draft and canoe inclination. A spreadshiéetated draft and inimation |£ %1
until vertical and rotational equilibrium were met. Internal shear/bendlggz 1
was determined after support conditions were satisfied. Load ca%e_§__
. . . . . =
included 2Male (controlling), Coed, and Display (shown in Fig@e
Long distance transportation within vehicle was neglected because|a ® T == —"—"—————
uniformly supported condition was assumed. See Appendix D fqr a Length Along Canoe (ft)
simplified hand verification of -Male demands. I o ST N T T

-6

To analyze stresses imparted from the cémmsm demands, the following assumptions applied: sections
remaired planar after bending, proportional stregain relationships, and negligibleinforcing stiffnessA
spreadsheet calculated section properaad demands were multiplied by the applicable moduli teradene
internal stresses ofg@ven cross seain (see Appendix D for programming and applicable equations). Tension
stresses were then compared to the minimum of adjusted split cylinder tests or the rupture modulus estim;
per ACI 9.5.2.3 (selected limisee Appendix D Shear stresses were complavégth allowables based on ACI
11.1.2.1. Safety factors are shown in Tadbfer canoebeam behavior.

i Longitudinal
Demands on theanoe floor due to local paddler/hydrostatic loads we Alxius I‘,

found by analyzing onway bendingof a panel. Floors bended about t
longitudinal canoe axis as the walls provided rigidity against bendi
about the transverse direction (quanable to onevay slabs).
Additionally, local reinforcing was stiffer in the transverse directic
which transferredloor loadsto the walls.Figure 7 shows the bending
behavior of the canoe floor and annotates the canoe axes. The models
were fixed at bdt ends and lateral loads on the walls were applied a§'9ure’- Bending Direction of Floor
equivalent end moments on the panel. Load cases included the folloying:

a single, asymmetric point load representiag leaning paddler| 300 No Paddier
(controlling),two equal point loadsentered for a balanced paddiend a |_ 150
no paddler case with a uniform hydrostatic pressure. The local flo
demands are shown in FigBeand safety factors are presented in Ta

3. Stress demands in the floors were calculated with similar assump |g@§o Balanced

in canoebeam analysis while capities were based on-bsilt composite
tests.

Leaning

-450 +————————+——+—
0 3 6 9 12 15 18

Width Across Floor (in)
Tension failure in the gunwed corresponded to law factor of safety Figure8. Local Floor Moment Demands
because the original design used conservative allowaptEs to
checking ACI recommendations. Construction variance in the gunwales resulted with tension cracks during
pre-competition floatation test. Howeve®, k a Oveas reot at risk of ultimate failure because local reinforcing
was carried 8 inches upeahwalls. To prevent further cracking, a steel wire rope was lightlytpostoned to 25
pounds in each gunwale. The amount of fiessioning force required to bring gunwale stress to the rupture
limit was 12 pounds. A factor of safety of 2.1 Table3. Failure State Safety Factors
o arance &

. ) . omposite Behavior Canoe-Beam Behavior

prevent further crackinddespite criticalpre-
conferenceepairs, the 2015 team witness
S k a éeadura all competitiodemandsand

Failure Tension Cracking Interface Shear  Tension Cracking Shear Cracking

Location Floor-wall transition  Under point loads Gunwales Walls

dominate the waters at the Regiongf** R 27 psi 180 psi 48 psi
Conference_ Demand 410 psi 10 psi 160 psi 27 psi
F.S. il 2.7 -l 1.8

UNIVERSITY of WASHINGTON L O I8l



Testing and Development 2014-2015
The development of the 2015 concrete mikasused

on reducing density to meet the new floatation Table4. Comparison to Baseline Mixes
requirements and improvingvorkability for better The Lady (2014) Ska'ana (2015)
quallty control during plaCingStrength denSity, and Plastic Unit Weight Strength Plastic Unit Weight Strength
workability were optimized by iterating several design s1.4ss)pcf  2050(375)psi 53.1(23.1)pcf 1040 (255) psi
parameters These parameters includedat®rcement
ratio, paste content, ceméitius material replacement, aggregate gradation, and admixture désidjgonal
consideration was givenifgtreamlineddesign methodand improved documentation for future teams. Despite
numerous challenges, the 2015 team develmpedrete mixes that led to one tbe lightest andnost cost
effective canoes in recepearsA ¢ o mp a r i S 0 nstructfral conlcretes mixo ¢hase 6f 2014s seen in
Table4; values in parenthes are for the lightweigltioncrete mix.

S k a @a n andsignteam faced several stacles at the beginning ofeh2015 program First, heavy
expenditures for the 2014 National Cpstition left the mix design team withraore restriave budget than
previous years. Second, the extesse wei ght of | ast vy e amxtue coosstencyeandy a ¢
controlwhenplacing The poor placing control necessitatedjor alterations in theoncretedesignand placing
procedure Lastly, the retirement dbngtime faculty advisobDon Janssenreateda large gap of knowledge and
experience His retirement forcedhe design team to develop a noaglproach to mixture degn. The team

used thesechallengesto motivate improvements in responsible material usage, quality assurance, an
documentation for future years.

After consideringplternatives, the team decided to build upon t
2013 and2014 theelayer composite system, usingprevious
mixes asbaseling. In the previoustwo years, the Huskies
implementeda threelayer composite system The composite
systememployeda variation of structural and lightweight mixeg
as illustrated in Figur®. This build-up allows for optimization of
the mixesto match the varying strength requirements throughut
the walland floorof the canoe. Thinigh drengthouter and inner Figure9. Cross &ction of Three Layer Design

layers provideefficient localized flexural strengtim the areas experiencing the highest stresséswAlensity
middle layer maintains. low composite density order to reduceanoe weight anthcrease buoyancy forces
when fully submergedand flooded The Ladyfeatured different inner and outer mixes with air entraining
included in only the inner miXS k a Oudilimed one structural concrete mix for the inner and outer layiths

[S]

- Structural

2] Lightweight

The Ladp s i nt er iserving astdaselmd. Theeatlliction in both material costs and personnel hours
outweighed any minor optimizations thatuld be attained by

_ 3000 development of different inner and outer structural mixes
§ 2500 |:|I|::I| o The development team plaed weekly lab sessions &malyze
£ o resuls and determine varialdeto test To account for
x 2000 Etun O scheduling riska newdesign approach was implemented for
3 the structural mixvhich facilitated the concurrent development
© 1500 &I of the structural analysis and mix design. Insteadeskloping
3 o a mix based ostress specifications from the structural analysis
§ 1000 asin the past, the team maximized the strerdghsity ratio
g‘j 500 with the intent of _selectinc_lhe canoe thickness_es to meet the
7 demands determined by analysias seen in FigurelO.

0 Preliminary analysis set a meum limit of 1500 psi on th 7

0 500 1000 1500 2000 2500 | day strength. Above this strength, the calculated layer thickness
Cube Strength (@ay, psi) required to meet strength demands was too thin to be feasibly
placed, and thus stronger, denser mixes were not considered

Figurel0. Selection of Optimal Structural Mix

UNIVERSITY of WASHINGTON ORRIEL



2014-2015

Thickness of theightweight middle layewas selected basedn 0.

balancing structural demands, densitypass thdloatation test, '

and low overall weight favorable for racing. Structurahyers 25 |

were kept toa minimal 0125 inch to maintain a low specific| g |:|‘

gravity, while the thickness of the middle layer was varikd. §20 oo DD

decision matrix was developed comparing desired values| of (] o

specific gravity, weight, and local safety factors to their calcula egjl 7 ‘:‘D
counterparts based on theariation of the lightweight mix ?{%1.0_ DDD
thickness. Performance scores were assigned based on the gbility

of each mix to achieve thaesired valuesShown in Figuréd 1, the 0.5 -

thickness ofightweight concrete was selectad 0.5nches N
Test samples consisted oirh cubesusedfor compression and ° Ligﬁgﬁeigmoc'tncre?fmickﬁfss (inc]r;es) v

specific gravity and, 3x6 inch cylindersused for split tensile
strength (Figure 12). Composite panelswere usedfor final
verification of the built member. Testinmethods included standard and
modified versions of ASTM C109 for compressive strength, C496 for te Site
strength, C78 and C293 for composite strength, C138 for specific gravity,
C1437 for slump. Cube compression strengths were factored by 0.8 totac
for overestimates of strengths due to friction along the boundaries ang
nature of cube failure planes (MackenziB)e cube failure planesan be seen
in Figure 12. Composite asuilt panels were testeat the panel halves ang
thirds to determindlexure and shear responsas shown on the next page i
Figure 14 For quality assurance, overconsolidated samples were prepar
measure worst case specific gtes as an upper bound for hapldced ‘
consolidation in the actual canoe. In additionypidal slump measurements,

the team performed qualitative comparisons of workability by placing |
vertical and curved surfaces to simulate canoe plazamglitionsas shown in
Figure 13. In addition to concrete tests, samples of @E25inch steel wire

Figurell. Selection of Lightweight Thickness

poundsin all samples

Materials used irf5 k a @an a o0 n ¢ rmenticehosm bfprevéous wes due
to availability of lefover materials and familiarity with their design properti
White Portland Cement was used as the primament in each mix for its
aesthetic qualitiesand Ground Granulated Blast Furnace Slag wsed as the
primary cematitious materialreplacementfor its low densityand reduced p=4%
water demand. Metakaolin was adddwuk to its fineness compared ather &S
cementitious materials armésulting improvement obarticle gradation, while
CTS Komponentvasutilized to reduceshrinkage of the concrete (UW, 2014
Slag proportioning was increased by 7% for the structural, inlay, and patchiAglre 12cylinders, Cubes, and Wire
mix, which decreased density, allowed for reductions in water, and improved

the sustainability of the mixesvithout deceasing strength (WHRP, 2007Migher replacements were
considered, but a sharp reduction in efficiency was observed. For the patching mix, Metakaolin was a
increased to improve workability and flow, while additional CTS Komponent was increased tterstigface
cracking on the exteriowhen the patching mix was applied in thin layers with large exposed surface area
Similar changes were avoided in the other mixes due to observed reductions i sireagtonsistency of the
lightweightmix was foundo be highly sensitive to changes in cem@oiportioning and was unchanged.
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Lightweight, spherical aggregates included four different diameters
Poraver expanded glass granulate and Elemix lightweight synthetic arti

Poraver in 0.41 mm range was used every mix, with the exception of {
patching mix, which used 0.8125 mm Poraver exgsively for improved |
ability to fill small voids Elemix was included in thigghtweight mixbecause
of its extremely low specifigravity of 0.04, but excluded from all othe

inlay and patching mixes. Additionally, the lightweighix features 8 mm !
chopped fiberglass fibers for improved durability of tightweight cellular Figure 13Placing Assessment
structure (UW, 2014)The aggregate gradation was refifed om pr evi ous years to
Curve with the typical assumed exponent of n = 0.5 (Shakhmenko). This new gradation was very effective ¢
led to an approxintaly 7% increase in the-d@ay strengtkspecific gravity ratio of the structural mix and
significant reductions in the density of thghtweight mixdue to higher Elemix proportioning.

Many admixture were maintainedfrom the 2014 design: Darawefl latex polymer was used in all mixes to
improve bonding between concrete layers and improve tensile strength, Daravair 1000 ligotchaier was
used in the structural mix, while Rheocell 30 liquid foaming agent was used lightveeight mixto acheve
extremely high air contents. No @ntraining admixtures were used in either the patching or inlay mixes in
order to facilitate a smooth exterior for reduced drag and aesthetic appeal. One major change from previ
years is the addition of Rheobuild00, a high range water reducer, into the structural, inlayligimsveight
mixes. The additional workability provided by a high range water reducer igggnased to create low water
cementratio mixes with high strengths. Howevar, this applicatn, the reducer wassed to lower the paste
content and reach lower densities whilaimtaining most of the strength amarkability. An undesirableside
effect of he high range water reducevas faster slump loss for the mixtureghe slump loss issuesene
mitigated with hcreased focus diasterconcrete placingpy training team membetsefore canoe placindlso,

to account for slump loss issute slump of thdightweight mix wasvastly decreased from previous years
which expedited placement of lagewith a precise thickness.

From experience with the composite desigmer paste contestwould
decrease the layer bond strength. To offset these negative dtieets,
dosage of théightweight mix was increaseddditional measures were
taken during placing to improve layer bond strength by prote&tesi
layersfrom water evaporatiomwith damp clothswhile waiting for the
subsequentyer. During asbuilt composite flexural testq) over half of
the samples failed in interface shear/delamination between iagéead §
of rupture of the glass fiber (Figur&4). Delamination was the
controlling ultimate failure after initial tension cracks formed. The
failures were not expected aaddetailed analysis of the results had
verify local composite strengths in the floor of the caf@@mparison of =
the testing results and thstructural analysis on the canoe flog
determined a safety factor of 2against interface sheandthe design X
team was satisfie8 k a éwauldaresist all local point loads.

To facilitate faster placing, batch sizes were increased to better match
mixer capacity an@ll dry concrete materials were gpeoportioned and
baggedto minimize batching timen placing day.This also improved
quality control in batching and aided in monitoritigg mass flow of concrete material going into tamoe.

After multiple iterations and assessments based on construction and structural requirements, the 2015 cons
mixes were ready for canoe placing.

Figure 14 Composite Panel Testing
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Construction 2014-2015
The 2013 and 2014 canoe mold was a donated combination of expapees

polystyrene (EPSfpam billets,a computer numerically controlleg@NC) | -
milling, and a durable polyurea surface treatmBaised on experience, @
donated milledfeated EPS moldvas the most efficient means of
constructinga high quality canoe. The team selectddmale style mold
basedon theresultinghigh quality outer surfaceand successes of pas
years The fabrication stages for the milled/treated EPS mold are sh
in Figure15. The 2015 construction team set out to bk a Ovatmaa
heightened focus on safety, quality assuranaed environmental
responsibility.

The team beganconstruction organizing the workspac&eeping
sustainability in mind, adetailed inventory was taken to initiatg
discussion on reuse and recycling of materials. The team conclude
reuse surplus reinfoing materials from 2013 and 2014 tecycle
available materialgnd sawe costs.Timber featurefrom the 2014 EPS
mold were striped and resied to be placed on the 2015 EPS madlade
remaining 2014&PSwas responsibly disposed of at a specialized fox
recycling pant. These recycling procedursstprecedentor futureteam
practices in sustainability.

Organizing and maintaining the workspaegas driven by efficiency and
safety The 2013 and 2014 teams were burdened with limited storage M9urels Mold Fabrication Stages
construction space, and a hazardwosking environment Disposing and
storing of materials and equipmesieared floor spacdrip hazards and _ structural }M Ky é
low-lying sharp objectsvere clearedo improve jobsite safetynstable |2 e\

items in high places wenemoved, stabilizetled, or stored at ground Lightweight
level to eliminate collapse hazardkbsite Hazardnalysis Formswvere |[CarbonFiber g g g MK H £
implementedo maintain awareness and importance of safety througHout Lightweight

construction phases. Initial organization and a continued clear worlsite
increased laborer efficiency, comfort, and safety. Glass Fiber }M Ky 4
Structural
Fabrication of the forms occured simultaneously with workspacs
organization. Before final donations for the forms were confirmed
alternative mold construction was researcteegrevent scheduling risks
Once thematerials and services wegeanted, the team coordinated th§
fabrication schedule and transportation of the mold betwdancédion
sites untilcompletion Theteam also preibricated gunwale forms mean
to be erected during final stages of cammacing. Form fabrication
concludel by adhering foam letter cutouts to theold interiorto leave
letter imprinted inlaysfter placing

Figurel6. Floor Layer Schematic

Concrete and reinforcinglacementbalancedstructural effieency and
constructability First, structural concrete was placed in a thin layer. Th
transversly running sheets of glass fiber reinforcing were placed on #
structural concrete throughout the canoe and embedded with a thin
structural skim layer. Next, lightweight concrete was placed over the structural skim. Then, longitudinall
running stips of carbon fiber reinforcing were embedded inlifletweight concrete in the gunwales and keel.
Lastly, a final structural layer was placwith a second layer cdmbeddedtransversly running dass fiber.
Figure16 shows an exploded floor sectiorhe flooss slightly differedfrom the walls. Instead of 0.5nch layer
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2014-2015
of lightweightmix, the sidewalls detailed a 0.2%h lightweight layer. Théhinner lightweight layem the wall
lowered placing time bgn hour and reducdtie weightof S k a 6by BOgpoundsFigure17 shows the typical
reinforcing layout.

During the 2014 placing, the carbon reinforcing warped on curved surfaces. The warping required exct
concrete to fill the voids whh resulted imThe Ladybeing 100% over the design weight. To eliminate excessive
weight, carborreinforcing was placed in the lightweightix because of its higher flow. The higher flow mix
allowed easier consolidation around the reinforcing and elindnéie need for excess concrete. Additionally,
the contribution to canoe weight would be small if any excess lightweight concrete usesb

Following concrete placing, curing useeted burlap cloth for two weeks ia heatednoisture sealethcility.
After curing, thefacility was disasembled and mold halves were partedprovements t& k a 6 amold 6 s
allowed easier access points for parting the mold with reduced stneize canoeFinishing began with
patching and sanding themanoe Pigmentcolored concretewas placed adetter inlays. Exteriorand interior
graphics were then sketched atdined. Concrete finishingpncuded by applying a silargased sealer with a
Volatile Organic Compoundsontentof 39 grams per liter. The sealer appliedSt« an® differed from the
sealer applied tdhe Ladyto provide a better applicatido vertical surfaces and faignificant reductionsat
VOC levels. The staineemained the samas those featured drhe Ladybecause ofhe vibrant resultseen in
2014

After sealing concluded, the team performed agom@petition floatation test. During the teStk a Ofaileddo
selfsurface and float unassisteédl.k a dfailadato float because water seeped into the lightweight concrete
voids. Seepage occurred through openings between the inlay lettering concrete and structural outer conc
Extensive patching of the interface prevented further segjpage ~

foam insertswere integrated as floatation redundancy. The fod
inserts were covered with 0.28ch fiberglasseinforced structural
concreteand repairs were finished with original methods.

After the floatation test, large tension cracks were observed in ¥
gunwaks. The tension cracks formed because thickness in
gunwales did not account for placing varianmed resultant rupture
stresses were reachdth prevent further cracking posttensioned,
0.125inch steel wire rope was placed into a channel sawntimo
gunwales. Structural concrete was consolidated around the j
tensioned cable for bond strength. An anchor system was constr
as a redundancy to the concrsteel bond and to hold the pos
tension forces while the concrete strengthened. Theoarsystem
was constructed by sawing notches at the ends lofa § slippang
the cable through bearing plates, and then crimping the steel
with aluminum ferrules upon tensioning. Figur® shows the stern
anchor and sawn channel. All repair reinfogciand anchors were
covered with adequate structural concrete and finished with orig
methods.

b N

Figure18 Anchor andSwanChannel

The 2015 Huskiepioneerechumerous innovations during constructiorSok a @ Bhe 2015 practices resulted
with heightened emphasi®n safety, quality assurance, and environmental responsiBilkya 6vas deliveed

with exceptional quality, cosabor savings, and environmental responsibillige critical repairs provided an
unmatched learning experience for even senior membetswdh provide valuable experience going into
industry. TheUniversity of Washington Huskies are excited to present their technical expertise, competitiv
spirit, and powerful canog k a 6aathe®2015 National Concrete Canoe Competition.
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