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INTRODUCTION

Inareasaof the world with high incidenceof
sunshine, the need for protectionaof agricul-
tura areasfrom the climateis wdl recog-
nised. Shadehousesare used to providea
suitable growing environment for avariety
of potted plants, vegetables, cut-flowersand
herbs. Thedevdopment of knitted shede
cloth, which has superior strength and flexi-
bility, has madea new design feasible.

The membrane shadehouse structure, a new
and radically different design, hes been
introduced to the agricultural and nursery
industry over the past nineyears. Itissmi-
lar in concept to acircus tent in that the
entireroof and wal sectionsare madein
one continuouspiece. Thereare now may
membrane shadehousescurrently being
used in Audrdia, the USA and South
America Theserangefrom 0.1 to 4.4 hec-
tares.

This paper discussesthe engineering history
and features of the Supergpan shadehouse
design now manufactured and marketed
under licence agreement.

SUPERSPAN MEMBRANE STRUC-
TURE

Theroofing materia consstsof alight-
weight knitted fabric supported by asysem
of columns and cable guy anchors.

The perimeter of the structureis supported
by columnsonly, whilethe interior usudly
has columns goaced at 14.33 metres.

Theroof isfabricated asa seriesof square
pands(usualy 14.3 x 14.3m) with seat bdt
webbing sewn continuoudly in acurve.
Internally, four panels meet a a column.
Actud connection to these pointsis viathe
webbing, with no connection of the actua
fabric to supporting members. The perime-
ter columnsare held secure by guy cables
anchored to the concretefootings. Side
wall pandsextend from the edgedf the roof
to beanchored at various pointson the
ground.

Theorigina concept of the shadehouse was
in response to a number of agricultural and
engineering requirements.

AGRICULTURAL REQUIREMENTS

Shade: The main purposed ashadehouse
IS to reduce the amount of sunlight incident
upon aparticular area. The amount of
shade provided is dependent upon the
"weave' of thefabric, for examplea popu-
lar cdloth employedin Augtrdiahasa70 %
shaderatiing. Theshadeleve candso be
increased by having more than one layer of
shadecloth.

Protection From Climatic Extremes: The
exigenceof ashadehouseover a particular
areareduces the impact of heat, wind, hall
and frost upon the crops. Thesoundnessof
ashadehousedirectly affectstherisk of
damage to the underlying crops, with obvi-
ousimplicationsin theinsurancearea. The
crops benegth the structure are usudly of
much higher value than the shadehouse
itself, and hencetwo different levelsof
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failure, with vastly different implications
can beenvisaged. Thelessdramaticfailure
modeinvolvesfailure of asmall number of
structural connections, resulting in localised
damageto the Sructure. The moredramatic
failureinvolves widespread collapse of the
sructure with a high level of damageto the
underlying crops, from both the impact of
the structure's collgpseand an increased
exposureto the aun.

Environmental Control : A certain degree
of temperature and humidity control within
the shadehouseis possble. Current invedti-
gationsar e underway to quantify these
more accurately.using new forms of fabric.

ENGINEERING REQUIREMENTS

Cost : Oned themgor amsin the original
shadehouse design wasto devise astructure
which used standard components, and hence
reduce thefabrication cogts. Thusonly two
sizesdf cloth pandsand two column
heights are used, with the number of pands
dictating theareacovered. Non standard
layoutsof pandsare possble aswdl as
"freeform" structures.

Flexibility : Theareasto be covered by
shadehousescan vary greetly in Sizeand
shapeand the u= of square pandsdlowsa
certain degreed flexibility, whileretaining
dandard components. Thusamgor design
featuredf the shadehousesystemisthat the
component forcesarelargdy independent
of the panel arrangement. Theoretically an
infiniteareacould be covered using the
same componentsasfor asngle pand. The
ability to expand the areacovered at alater
dateisalsoinherent.

Structural Integrity : Themgjor challenge
to the structural soundnessof a shadehouse

comesfrom wind loadings, due to thelarge

areasof unsupported cloth.

Durability : Thedurability of the shade
cloth usualy determinesthe lifeof the
structure asawhole Thecloth mugt be
ableto ress fatigue type loading from
wind gusts, as wdl as sustained sressing
induced by pretensioning.

Clearanceand Access: A mgor desgn
objectiveis to provideasfew interna
columns as possibleover a particular area,
to reduce the impedance to machinery use
Various service vehiclesrequire accessto
the area under the shadehouse and sufficient
clearance must exist for these vehiclesand
to ensurethat the cloth does not comeinto
contact with any obstructions. '

Accessaso requirestheexistence of agate
structurethat can be opened and locked as
required without affecting the integrity of
the structureasawhole.

STRUCTURAL BEHAVIOUR

The man reason for thestructure's ress-
tanceto high wind loadsliesinitsability to
move and hence dlleviate Stresses. Tradi-
tiona shadehouse structures haveemployed
rigid frames which devel oped excessve
sresses a connection points under high
wind loads.

Thelightnessaf the shadecloth meansthat
cong derable movement occurs under even
thelightest of winds Experiencehas
shown that the fabric movesin awavelike
motion. with the wavdength decreasing as
the wind speed increases. Wavdengthsof
about 3-4 metresar e typica for high wind
conditions.

With this wave-like movement of thefabric
exigting, the important design criteriafor
thefabricitsdlf is to ensure that during such
movements the fabric dways remainsin
tengon. If thisdoes nat occur then exces-
svefatiguelikestressescould causetearing
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of thefabric asit suddenly changesfroma
dack condition to adretched gate. The use
of curved seat belt webhbing inducesanear
biaxial stressstate. Thiseliminatesany
chancedf dackening of the fabric under
wind loads.

Wind and hail loadsacting upon theroofing
fabric are transmitted to the columnsvia the
curved seet belt webbing. Theusedf con-
tinuoudy sawn webhing overcomes the
problemsof high loca dressesinherent in
theearlier structures wherethe fabric was
connected at asmall number of points.

Theinternal columnsare able to tranamit
tension to the ground aswell ascompres-
son. Experience has shown that the uplift
forcesoccurring during high soeed wind
gusts can be sufficient to lift the columns off
the ground if not securely anchored down.

COMPUTERAIDED DESIGN AND
DRAFTING

Onedf the mgor advantagesof this struc-
ture isits useof dandard sze pandsad
members. Thisdlowsthe development of a
relatively Ssmple computer program thet

can plot any layout of pandsrequired.
These plan and devation drawingscan be
accompanied by gandard detail drawings of
the supporting members. Thenet resultis
an gppreciable saving in desgn codts, as
wdl| asfabrication costs.
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