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1. SUMMARY

Civil engineers have recently adopted criteriausitainability regarding the choice of
structural materials and the application of buidiractivities complementing
functionality and structural stability, as the rotd environmental parameters
regarding the design and construction of the girestis becoming more and more
significant. In the present paper the most impartaatures of structural aluminium
regarding sustainability are briefly presentedpérticular, certain characteristics of
aluminium structural elements such as durabilitg egcyclability and their role into
the life cycle analysis (LCA) are analysed, wher#as relation between energy
efficiency of buildings and aluminium applicatioissdiscussed. Special emphasis has
been given on aluminium-based building applicatisnsh as curtain-walls, window
frames and facade sheets which are presented egwrd to environmental and
economic aspects, whereas specific innovative parigin techniques where
aluminium elements collaborate with other system®rder to produce renewable
energy, e.g. solar panels and photovoltaics argghetroduced.

2. INTRODUCTION

The ‘green building perceptionhas recently started to become a nowadays trend,
whereas the necessity to adopt an approach insasgethe impact of building
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activities on the environment, economy and socistyrecognized by all the
contributors to the construction process. The cpheg’'sustainable constructiomas
been developed, which involves minimization of thalding costs, materials and
waste, minimization of the energy use and improvenoé the energy efficiency of
the structure. Furthermore, it includes also theiash of recyclable construction
materials and products since saving energy is amodjective and the removal or not
of materials at the end of their life cycle is degent on such a choice. Generally,
sustainable building is the building where the giptes of sustainable development in
the construction industry are implemented, namieéy dptimization of structures at
ecological, economic and socio-cultural levels diemeously [1].

The scope of the present research effort is tosf@suenvironmental perception and
to investigate the relationship between sustaiitglaind aluminum alloys material.
Aluminum alloys are new construction materials camaple to steel or concrete and
can contribute to the sustainability of structur@$eir physical and mechanical
properties can provide buildings a green perforraairt terms of ecology and
economy besides functionality and structural siigbilhis paper aims at presenting
all special aluminium features that contribute wigtainability and some of the most
commonly used aluminium systems in building adesgit

2. STRUCTURAL ALUMINIUM ALLOYSAND PROPERTIES

Aluminum alloys are classified in various categsrieegarding their chemical
composition and their further process they areestbfl to, whereas every alloy is
characterized by unique properties and exhibitfeint structural behavior. There
are wrought alloys, which are worked to shape asd alloys, which are poured in a
molten state into a mold that determines their shi@p. While strength and other
properties for both products are dependent on timgredients or the selective
addition of alloying elements, further variations these properties can be achieved
by tempering, a process that refers to the altaraif the mechanical properties of a
metal by means of either mechanical or thermatrtreat. Temper can be produced in
wrought products by the strain hardening that tesibm cold working. Thermal
treatments may be used to obtain temper in casiupts, as well as in those wrought
products identified as heat-treatable. Converdbly wrought alloys that can only be
strengthened by cold work are designated non-heatable. Regarding wrought
aluminum alloys, the basic types that are usednatustry and construction are
summarized imable 1

Series number Primary alloying element
1xxx None- Pure Aluminum
2XXX Copper
3XXX Manganese
4XXX Silicon
5XXX Magnesium
BXXX Magnesium and Silicon
TXXX Zinc and Magnesium

Table 1: Series of aluminum wrought alloys
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Aluminum alloys represent a wide family of constrocal materials, whose
mechanical properties make them very popular il engineering works and cover
an extended range of application fields. In spft¢heir higher initial cost compared
with structural mild steel, such materials are ifigdincreased application in the
structural field due to their peculiar features,ichhgenerally offer several benefits
when the whole lifetime of the project is considkras they exhibit high mechanical
behavior and good ductility as steel [3]. In addititheir physical properties, such as
the light weight give advantages as erection phaaasbe simplified, as the loads
transmitted to foundations can be reduced and eagpllysical labor can be reduced.
Another characteristic of aluminum alloys is thearrosion resistance, which results
in reducing the maintenance costs and adopting @ gmerformance in highly
corrosive environments [4]. It is noteworthy thia¢ functionality of aluminum alloys
regarding geometrical shapes can make them reaiftypetitive as the geometrical
properties can be improved through the design dimes, as stiffened shapes can be
obtained without using built up systems and as kiynpg connecting systems among
different structural members, thus improving jadetails [5].

3. ALUMINIUM AND ITSSUSTAINABLE CHARACTERISTICS

Aluminium can justifiably be described as the "greeetal”, namely it is non-toxic
and recyclable, easily formed yet strong, duralefenyodern. From the sustainability
point of view, aluminium alloy structures provideegt credibility when a long term
approach is being adopted. Despite the initial higt and the great amounts of
energy consumption during production, the specalires of alloyed aluminium
enable sustainable performance when the consideragfers to the whole service
lifetime of the structure [7].

To begin with, building aluminium material has arwéong life cycle, ranging
from 30 to 50 years and due to durability, the nemiance costs are very low over the
lifetime of the structure. In addition, the majgrizf alloys used in construction are
weather-proof and corrosion resistant, thus a Isaryiceable lifetime is assured.
Another important characteristic of the materiaitsshigh reflectivity, which can be
exploited in several building techniques and systeAn example of this is when
aluminium solar collectors are installed to loweremyy consumption regarding
heating in winter and artificial lighting, while éke is the case of aluminium shading
devices reducing the need for air-conditioning ime tsummer. Furthermore,
aluminium alloys exhibit excellent recyclability.sed aluminium products and scrap
can be recycled and at the same time the envirotanenpact related to recycle
processes is reduced. As almost all aluminium natased in construction can be
recycled, the considerable energy invested in tloelyction of primary aluminium
can be reinvested into other aluminium productga®amay not necessarily be
recycled back into its original product or evensed in the country in which it was
first manufactured, but the original energy investitnwill not be lost.

Concerning structural applications and aluminiutoyal, their strength, weight and
versatility make them ideal building and claddingterials. Since they are corrosion
resistant, they are mostly used in maintenance-fqgglications such as siding,
windows, skylights, doors, screens, gutters, dowouts, hardware, canopies and
shingles, etc. Regarding aluminium siding, systamesalso available with insulation
and reflective foil backing, so walls can be madmatherproof and energy-efficient.
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A layer of insulated aluminium siding is four timesre effective than uninsulated
wood siding, four inches of brick or ten inchestidne masonry.

In addition, the relatively low melting point oluaninium alloys (660°C) means they
will "vent" early during a severe fire, releasingah and thereby saving lives and
property. Regarding recycling, aluminium not onlyash important economic

implications but also contributes to environmenuadduction, whereas depositing or
incineration does not have harmful side-effectsnaf@nadvertently dispersed in the
environment.

4. ALUMINIUM BASED APPLICATIONS

Aluminum applications can be both structural and swuctural. Regarding structural
applications, aluminum alloys are usually usedaigé span roof systems, where live
loads are small compared to dead loads. In additiey are used in structures located
in inaccessible places far from the fabricationggshius they can provide transport
economy and ease of erection. In structures lkenming pool roofs, marines, river
bridges, which are characterized be humid envirorisjethe aluminum alloys is
preferable [8].

In the building sector popularity of aluminum akoy load carrying structures as
well as in secondary or decorative elements hagased significantly over the past
50 years. Currently, a total of 26% of all aluminyroducts is used in building
applications, whereas with 51% they represent thgelst customer of the extrusion
market and cover 11% of the rolled products markktkinds of aluminum products
are used both in new home construction and in rbtaion and renovation of
existing structures. The range of building applaad of aluminum is extensive: it is
commonly used in the building envelope for facadgazed and roofing systems,
curtain walling, window frames and doors. It iscalpplied for railings, balconies,
staircases, heating/ air conditioning and solanelgs, se€&ig. 1[9].
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Fig. 1. Aluminum in building applications
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Regarding aluminum alloys series and their useuidimg applications, non heat
treatable alloys of 3xxx series as AW 3103, whidhharacterized by rising strength
and big corrosion resistance are mostly used irmddotlg systems, in facade
engineering. Furthermore, alloys of series 5xxx aeey corrosion resistant, are
suitable for welding, and some of them like AW 50838V 5454 are used in special
works, i.e. chemical plants and road tankers. Thstncommonly used series in
construction is that of 6xxx series, where allaks AW 6063, AW 6061, AW 6082
are used in architectural extrusion window franss @of trusses.

The use of aluminum cladding on building facades ipromising construction
alternative for building or the renovation of norsulated buildings [10]. Aluminum
cladding is placed at a proper distance from theraal wall, ranging from 5-10 cm
for alignment purposes. The air gap that is crebetdeen the building’s wall surface
and the aluminum cladding, acts as a thermal buftere. In particular, curtain
walling or roofing can use aluminum with glazing other transparent and
semitransparent materials, creating uninterrupdegel surfaces and atriums, $ag.

2. Large curtain walling is usually recommendedlimates with heating loads.

Fig. 2. Aluminum based curtain-wall applications

There are also facade and roof systems where almmis used in window and
glazing frames and glazing spacers.

The function of these systems is to provide dayligisual contact between the
exterior and the interior, provide protection agaithe weather (rain and wind),
provide passive solar heating gains, help keepiantéhermal comfort and keep the
energy use for operation at its minimum.

Regarding shading systems, there are window blisdgens, overhangs, sidefins
and others. Aluminum is used in lamellas, screemts fans. The function of these
systems is to prevent glare and overheating aneltganinimize the energy use for
space cooling. There are also aluminium systemd #mnance the daylight
penetration and distribution into the room, e.ghtishelves, light-reflecting lamellas,
etc. Better daylight availability and distributiomthe space makes it possible to save
electricity for artificial lighting, by turning thdights off when there is sufficient
daylight. This may also, in turn, reduce the ndedgooling. Aluminum may be used
as light directing devices.

Aluminum is used also in window frames where ityides flexible and popular
window geometry and operation. Since aluminum igoad heat conductor, it is

43



0
6E9vu<é 2UVEDpLO
MetaAkov Kataokeumv

OEMATA FENIKOY ENAIAGEPONTOZ

necessary to use proper thermal breaks for enhdaheesal performance. Regarding
insulation, it offers high levels of heat and naissulation and the flexible design of
systems used in doors and windows enables youdosehfrom among traditional or

modern structures. Aluminum is a material that does wear out in time, thus

ensuring the long life of the respective framedslalso appropriate for areas with
high temperatures and intense sunlight. The maamtes and care of frames is quite
easy, and they can be cleaned periodically. Alumimiof natural origin, and there is
plenty of it in nature. As it is environmental fiily and 100% recyclable, it does not
have a negative effect on human health and theanmient.

In places like Mediterranean where the ample shhland wind potential offer
plenty of solar and wind power the exploitationrehewable energy sources is the
main objective. The maximum energy from sunlighprisduced at peak consumption
times and solar energy is converted to a usabla furenergy (electricity) through
the photovoltaic effect. Photovoltaic systems irvedeping countries and isolated
areas (e.g. the Greek islands) can offer energytisns and improve the standard of
living. These thermal systems are most commonly @seauxiliary energy systems to
provide energy for domestic hot water heating ansipace heating in order to reduce
the use of conventional energy. They can also m®dlectricity that can be used
directly for running lights and equipment in thelBung or fed into the electric utility
grid. In this case, aluminum is used for absorb&emnes and casings for thermal
collectors and for frames and support structuregliotovoltaic modules, séeg. 3.

Fig. 3: Photovoltaic systems — Heliodomi

5. CONCLUSIONS

Aluminium alloys can make a valuable contributioowards achieving these
environmentally friendly goals, when used apprdphia Increasing demand for
adequate and sustainable performance with hightgumterials in structures offers
an opportunity for aluminium alloys since they passsproperties such as formability,
functionality, flexibility, light weight, excellentecyclability and corrosion resistance.
Despite the fact that aluminium alloys are charazze by high energy consumption
during their production and initial costs, theyfpem in a sustainable way with the
consideration of the building in the full servidgetime.
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Nowadays, new building systems and innovative designcepts regarding
aluminium alloys cooperating with building elemente adopted in order to provide
more sustainable solutions and to meet future gamb demands. In particular
intelligent facades incorporating aluminium systemfgt can decrease energy
consumption in buildings up to 50% have just sthrte appear in European
construction era. They are characterized by coctsruinteraction with the exterior,
markedly reducing heating, cooling, ventilation dighting energy demands. New
technologies mean solar power captors can be @wént aluminium frames, thus
saving considerable amounts of energy and protgdtie environment. Numerous
techniques are being adopted and processes inglugltotovoltaics, optimised
ventilation mechanisms and appropriate light aratlehmanagement are applicated in
order to ensure long term sustainability and at shme time static stability and
fitness. By means of these innovative systems, evakminium is the basic structural
element the environmental performance of construstican be improved—aslus
providing more sustainable solutions.
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INEPIAHYH

To alovpivio kot o KPAULATE TOL AVIUTPOCOTEVOLV VEN GYETIKA JOUIKA VAIKG OF
epappoyés  ITToAtikod Mrmyovikod kot yapoktnpilovtalr omd  1010TTEG  TOL
emMOEKVOOLV évav @UMKO Tpog To TEPPAAAOV  yapokTipa. XTt0 TApdV ApOpo
TOPoVoLALoVTOL TOL 7O  ONUOVIIKA YOPOKTNPIOTIKE TOv  Sopkol  aAovuLviov
avaoplkd pe TN PloctudTnTo. LVYKEKPIHEVE, ovVOADOVTIOL YOUPUKINPICTIKA TOV
SOUIKOV  OTOYEIMV aAOLUWVIOL OT®G  OVOEKTIKOTNTO, OVOKVKA®GIUOTNTO EVD
TEPLYPAPETAL 1| OYECT UETOED TNG OMOSOTIKOTNTOS EVEPYEWL TOV KTIPIOV Kol TOV
EQUPUOYDV olovpviov. O 6KOTOG NG MOPOVGAS EPEVVNTIKNG Epyociog gival va
avaodeigetl ) Pudoiun Aettovpyio TOV SOUIKOD GAOVUIVIOL KOl TOV KPOUAT®V TOV Kol
VO TPOCEYYIGEL TNV EMOPACT| TOV EPOPUOYDV OAOVUIVIOD TN PLOGUOTNTO TOV
KOTAOKELDV.

Y10 Gpbpo avtd, mapovclalovtal  KTIPWKES  EQOPUOYEG  aAovuwviov TG
VOAOTETACLLATO, KOVQOUATE Kol @OAAA TPOGOYe®V OGOV 0popd TS Pacukcés apyés
Bioodtrag, evd TEPLYPAPOVTAL TEXVIKEG KOl GLOTHUATO OTOL TO GTOLXEin
alovpviov ocvvepydlovtal pe GAAO GUGTAUOTO KOl TEXVOAOYIEG TPOKEUEVOL Vi
napayOel evépyswo. Emmpocheta, yivetar avapopd 6e unyovicpovg PeATiotonoineng
aEPIGHOD KOl GE GLOTHUOTA POTICHOV Kol puOulopevng okiaong mov Pacilovial o
otolyeio GAOLHIVIOL M TOL TPOCUPTAOVIOL GE WEA OAOLUIVIOL LE GKOTO Vo
GUVELGPEPOVV GTNV ATOTELECUATIKOTEPT] OLOXEIPLOT) TOV PVCIKAOV TOP®V.
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