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ABSTRACT. Sustainablescience(SS) is a conceptualframework for all technologicalinnovations
governedby the following requisite:environmentalsustainability,conservationand optimum recycling of
iatural ..rorrr""r. The "SS requisite" could lead to creatingor adding value to presentlywastedresources
and conservingthreatenedenvironmentalcapital. SS innovationscould thereforetransform costsinto
wasted
dividends. The SS conceptin engineeringiJ demonstratedvia a structuraltechnologyand a major
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INTRODUCTION
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In this paper,applicationof the LPSA technologydemonstrateshow satisfyingthe SS requisite
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The SDT connection problem. Shortcomingsof conventionaltimber engineeringhave beencanied
over to SDT applications and structures. The state of the art in round timber engineering is embodied in
the final report of a cooperativeEuropean-fundedproject, seeRanta-Maunus,(Ed.) 1999. The adopted
core idea is a connection method of implanting metal parts at the ends of SDT members by various
means,Figure l.
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The relatively young crack-prone SDT members are fi;rther weakenedby drilling slotting and
random concentratedpfessures.The result is similar to sawntimber connections,i.e. beyond
quantification. Even statistical connection strength estimatesbased on a large number of laboratory tests
cannot tnrly reflect actual service loading combinations or predict connection behavior over time.
Variations of the samemethod have been and continue to be used inNorth America, see Stem,
2001. The final proof of failure of currentmethodsis vividly illustratedby the demiseof the SDT
structure of a large ice-skating rink in Minnetonka, MN, Figures 2 and 3- A roof leakagemeant that no
engineer would certiff structural integrity (for lack of analysis and prediction tools) and the City could
not insurethe building and had to demolish itin1997.

FIGURES2 and 3. DoomedSDT structureof an ice-skatingrink in Minnetonka,MN.
Notethe boltedSDT implant connections(right)

A premium, sustainable construction material. In a compdrisonof processingenergyper unit volume
of wood and other constructionmaterials,seeLukindo et al1997, Koch 1976and Paw et al 1990,only
gravel is found to needlessenergythan SDT. In approximatemultiples of the SDT enerry requirements,
relative figures for someother materialsare as follorvs: sawn timber 5, glu-lam 11, cement 12, masonry
14,flake board 15, plywood 17 andparticle bond22 times the SDT figure. If usedin atechnically sound
and reliable form, SDT could becbmea formidable and sustaihablecompetitorfor the two top building
materials,i.e. concreteand steel.
Severalyearsof monitoring of two LPSA structures,seeAl-Khattat,1989 and200l, haverevealed
an exceptional quality for SDT, a natural plastic, under long-term loading. Within a built, protected
environmentSDT creeps(shrinks) for aboutthree yearsthen settlesdown. (This is unlike man-made
plasticswhich continueto creepto failure under load). This property can be easily incorporatedin the
designprocess. Much lessshrinkageis detecteduhder exposedconditions.
Creating or adding value to SDT would qeate a "green" economy basedon conserving the forests
insteadof destroyingthem. Instead,the forest would becomea permanentsourceof income. Removing
SDT would also fund forest clearing for fire inhibitlon.
THE LPSA SYSTEM
The chronic SDT connectionproblem is decisively resolvedin the LPSA systemthrough simple
physics. This is the basisof the author's British patentQ.io.GB 2206365>.The only processingneeded
on a SDT memberis to cut it accuratelyand sqriarelyto length and to round a small length along each
end. The end is then slide-fitted into a round socketthat provides an even seating. A typical LPSA
structure would consist of a seriesof SDT "segmerlts" in serieswith connector units that carry the round
sockets. The SDT-socketslide-fit mechanismis augmentedby a tensioningsystemthat puts all segment
membersin a stateof mild compressionand prodrtoesa stifflOad-carrying structure.
The needfor elabolatemeasurementsand statisticalSDT connectionstrengthestimatesis
completely eliminated. By default, memberconnectionstrengthis at leastthe strengthof its roundedarea
withifl the socket. All tensile conhectionsare eliminatedby virtue of tension-inducedcompression.The
"analysis black box" at connectionsis also eliminated. SDT-connectorinteraction,and the connectors
themselves,can be comprehensivelyhandledby advancedmainstreamengineeringmethods. Simple
compressiontestscan deliver at leastreasonableSDT properties. It is hopedthat future developments
will deal with proper universal propertiesat the level of single gxowthrings. For the first time, it is
possible, even at this early stage,to analyzea timber structure and to predict its strength and performance
to a good degreeofaccuracy.
LPSA bridges. Two 19.5m long LPSA bridgeshave beenrecently constructed,partly by school
children, next to two schoolsin Coralville, IA. Both bridges are locatedin public parks next to the
schools. The project was plaflnedboth as a technology demonstrationand as an environmentaleducation
exercise. To emphasizethe importanceof this institute's mission of connectingscience,society and
sustainability,a community alliancewas formed in supportof the project. It consisted,in addition to this
of a City (Coralville), a Community School District
non-profit researchinstitute (SustainableScience.org),
basedat a Wisconsinfamily farm (Hansen
(Macbride)
a
small
business
(Iowa City), a StatePark
and
Diversified, LLC).
The structuralwood material of the bridgesis black locust (robinia pseudoacacia)SDT.
Abundant,invasive and unmarketable,it is a leastdesirablehardwoodspecies.However, it is decay
resistant and has 2-to-3 times the crushing strength of structural concrete, making it an exceptional
structural material, especially for exposedstructureslike bridges. The steel connectorsare fabricated
from thin-wall pipes and hot-dip galvanizedfor longevity and free maintenance.
Engineeringanalysisand designfollowed a multi-stageprocess. Force equilibrium analysesfirst
helped define a suitabletensioningsystemand the forces exertedon the connectors.A detailedelasticplastic finite-elementanalysiswas then conductedon the most critically loadedconnectors. For more
details on bridgesassembly,seeFigures 6-15 at.theend of the paper.

FIGURES G11. Bridges were assembledon flat ground adjacent to their linal locations. Discarded
shipping pallets were used as temporary floor arch supports until bridges were tensioned. Figures
show school children assembledeck units and trusses. Left bottom picture shows a completed and
uowobble'o
tensioned bridge with a vehicle on top. Deck units are so anchored as to be able to safe$
locally when exposedto sudden dynamic loads. Bottom right picture displays underside of bridge
showing under-floor zig-zag bracing strands. Bridges were later lifted into position across creeks
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FIGURES 12-15. A solid model of bridge structure depicting tensioningwire strands arrangement
(top left). Eight 9 mm, polymer sheathed3-wire steel strands per truss are used. They are gripped
oopedestrian"
within anchor units at truss ends (top right). Detailed analysis indicates that these
bridges can safely carry at least 20 ton motor traffic, hence this initial test with three vehicles
(middle and bottom pictures).

DISCUSSION AI\D CONCLUSIONS
The LPSA technolory points to a vast field ofresearch, innovation and urgently needed
applicationsbasedon sustainabilityand conservationofnatural resources,in a world on the verge of
ecological imbalance. It is shown that restoringthe balancedoesnot needto imposea tax on social and
economicdevelopmentand may evenresult in dividends.
A simple, quantifiableconnectionmethod for SDT, the bulk of the wood fiber in nature,createsa
rewarding recipe for saving and preserving the forests, for cleaning them up to inhibit fires and for
establishinga sustainableeconomyaroundthe process.
Within the scienceand practice of engineering, a sound basis is laid for round timber engineering,
reducingthe gap betweenit and considerableadvancesmade in mainstreamfields. The low-cost lowtech, low-energyprocessingof SDT and the exceptionalpropertiesof somewood speciesdefine a
superior sustainablecandidateconstructionmaterial to competewith concreteand steel.
This and the portability andcompactnessof the connectorunits drasticallyreducescale,time,
capital investment and hence overall costs of manufacture,transportation and assemblyof LPSA
stnrctures.
The distortion energydissipationvia localizedrigid-body motion within a structurecreatesvital
LPSA building and bridge applications in earthquake,hurricane and flood-prone regions of the world.
Theseapplicationsand the worldwide chronic needfor low-cost, durableshelterdefine the future
o'green"
directionsof the technolory. The early loading test in Figures 14 and 15 is a startingpoint for a
durable, affordable LPSA highway bridge design and construction regime for the future.
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