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1. ABSTRACT

In the field of prefabricated residential buildingdructural steel represents an attractive
material as its members and systems exhibit higthargcal performance and at the same
time provide great benefits such as fast constractieliability and durability. Concerning
the design and construction of such applicationsewa requirement for sustainability has
emerged in the latest years. The assessment otimphthe building activities as well as
minimizing building costs, materials and waste laeeoming nowadays some additional
goals of the design process. The herein preseass@irch activity focuses on the life cycle
performance of steel members in a residential mgldising prefabricated construction
technologies by applying an LCA study and carryiogt an environmental impact
assessment. In addition and since initially, emmental calculations were not
incorporated in the design and construction ofgtggect, the paper describes the input of
each parameter of the project in terms of sustdityalthus contributing to the broadening
of knowledge on the integrated design of metalcstmes.

2. INTRODUCTION

Towards the goal of sustainability, new aspects pathmeters have been introduced
regarding the design of buildings. Among others, ¢hoice of structural materials, as well



as the construction technology and the relativéesys used, possess a significant role in
the sustainable performance of buildings. In tls¢ years, the use of applications based on
prefabricated steel components in the residengatos is rapidly increasing due to
developments of their construction technology aralrtefficient response to the demand
for sustainability credentials. In the field of iseential buildings particularly, prefabricated
steel systems can contribute effectively to achiga high level of sustainability, reducing
the environmental impacts, as well as minimisinganals use and waste. Steel's high
strength-to-weight ratio make it a preferable chdior single or multi-storey dwellings,
while its long-span capabilities allow for the dgsbf flexible, column-free spaces that can
adapt to changes during the life of the struct@me major advantage of the prefabrication
technology is that it increases the speed of coastn significantly, whereas according to
recent studies panellized systems are 60 to 70%rfésan traditional methods [1]. The
benefits of this rapid construction comprise redueeaste, more efficient production
process and improved environmental performancethéumore, the fact that all steel
elements are manufactured off-site maximises thiabrkty of steel construction and
minimizes defects. Sustainable design involvesdifele assessment studies which cover
the entire life cycle of the buildings whereas imeey data is used in order to proceed with
the calculation of the environmental effects [ZheTpresent paper focuses on the life cycle
performance of steel members in a prefabricatediee8al application by applying an
LCA study and carrying out an environmental impassessment. The investigation of a
steel housing project in terms of sustainabilityaisalysed and the importance of an
integrated approach in the design is highlighted.

3. LIFE CYCLE ASSESSMENT STUDY
3.1 The case of a prefabricated residential steeliiding

The examined project is a single-storey steel houtie a basement. The area covered is
119m?2 with the concrete basement covering 60ma¢Eid). The cross sections of the steel
members are hollow sections RHS 100x50x3 and SH¥4l0As far as the structural
materials is concerned, S235 was used for the steadture, whereas C16 and S500s for
the reinforced concrete. The structural design easied out according to the relevant
codes. The basic advantages of the structural steethe easy configuration and
construction using prefabrication, adding a reldtivsmall dead weight to the building, the
flexibility it enables in architectural design aaflove all, the reversibility opportunity it
gives for future interventions were regarded indheice of the steel [3].
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Fig. 1. Prefabricated steel residential building



3.2 LCA methodology

Life cycle assessment (LCA) is one of the most aokedged and widely used
methodologies for the quantification of environnamtpacts [4]. It is based on a detailed
documentation of the materials and processes estjtimoughout the complete life cycle
of the project, from raw material acquisition amdial construction to maintenance and
end scenarios [5]. In regard to construction, L@Ret into account five phases, namely
the design (development), the constructional materoduction (resource extraction), the
construction (production), the wuse (consumption)d afinally the demolishment-
rehabilitation (end of life activities) [6]. The alysis is conducted through 4 steps; goal
and scope definition, inventory analysis, impageasment and interpretation. The herein
presented LCA study of the prefabricated steel @dogsconducted with the Simapro
software, while the Eco-indicator 99 (E) method@ldg2.07 / Europe EI 99 E/E) is used
for the impact assessment [7].

3.3 Theoretical parameters

In order to conduct an LCA study it is initially cessary to define a number of theoretical
parameters which will define the focus and extdrthe study. These parameters include
the goal of the study, its scope and its subjectystem). The goal of the current LCA

study is to identify the key areas responsible tfug primary environmental impacts

associated with the construction of the examinetding and also the environmental

indicators mainly burdened. The system to be stud the construction of the specific
pre-fabricated steel-framed building and therefihie functional unit used is the sum of
construction processes and materials used for ¢heedy of the project. In regard to the

scope of the study, it should be noted that woekated to infrastructure and landscaping
were excluded, while no processes or materialseroimy the maintenance of the steel
building were taken into account.

3.4 Documentation of materials and processes

The second stage of the LCA study is to list a#l tiecessary materials and processes for
the completion or delivery of the functional unitn-this case, the construction of the pre-
fabricated steel house. These materials and presese then assigned to specific Life
Cycle Inventory (LCIl) datasets which contain enmimental information regarding the
inputs and outputs associated with the specificeniads or processes. These datasets are
used as found in existing LCI databases develogedally and contain all required
resource quantities and relevant substance emssdmrthe environment (emissions to
water, air and soil, such as g@H,, SG etc.). For the current study, Table 1 shows the
main construction materials with the respectivengjtias and processes used for the pre-
fabricated steel house construction.

In addition to these materials, the necessary p@ahgprocesses were taken into account,
for the transport of the materials to the site. @& Kim distance covered by road was
assumed. For the association of the materials amtegpses with the respective
environmental loads, data contained in existing d@tabases was used. Primarily, the
Ecoinvent database was used, as it contains dasdynicmm the geographical region of

Europe. While the LCI dataset referring to the Isséeictural members was used as found
in the LCI database developed at the Institute dadftdyl Structures of the Aristotle



University of Thessaloniki [8]. In some cases, aptete match of the available datasets
and the required processes was not possible. Wheouid not be avoided, logical
assumptions were made in order to include all thdrenmental inputs and outputs as
accurately as possible.

Components Products / processes Quantity
Steel members RHS and SHS sectioned (Fe360) sezsbers 7,45t
Covering boards Interior and exterior board coverings 580 m?

Mortar used for the covering boards 365,4 kg
Concrete C16/20 type concrete for the composite slabs 40 m3
foundation and foundation of the building

Reinforcing steel bars 5t
Concrete C16/20 type concrete for the composite slabs 32,4 t
basement and foundation of the building

Reinforcing steel bars 4t
Roof covering Classic roman tiles were used 1238 m

Ceramic tiles were laid on all of the building
Floor covering  floors
Mortar used for the ceramic tile covered area 166 m
Insulation material used for the pre-fabricated
725 kg
steel-framed panels
Excavation Excavation for basement and foundation 14 3

Table 1. Inventory analysis of the pre-fabricated steel-framed building

166 m?

Insulation

3.5 End scenario

Each LCA analysis includes certain assumptions kiai@ made in regard to the events
that take place at the end of the life cycle of siiject or system under examination.
These assumptions include procedures such as disposanitary landfills, recycling,
reuse etc. and collectively constitute an end soa&nféor the current research, it is assumed
that at the end of the building’s service life amwdafter the decision for demolition has
been made, the largest percentage of steel pamretsiigable for reuse in similar residential
buildings which are to be constructed. Only 10%h#f structural steel and 20% of the
covering boards and insulation are assumed tod@pnopriate for reuse, while the rest of
the construction materials are sent for recyclingspecific, concrete, roof and floor tiles
can be crushed and used as gravel. The partiduaacteristic of the selected scenario is
that it enables the quantification of the sustaiitglpotential of the pre-fabricated steel
housing technology. In such cases, the ideal goaldvbe to reuse the already constructed
steel-framed and insulated panels without the wédakeir disassembly.

3.6 Environmental impact assessment

The environmental impact assessment is the stagen dfCA study during which the

environmental impact assessment results are ctddul&or the current research, results
were calculated according to the Eco-Indicator ®@adct assessment methodology (E)
v2.07 (Europe EI 99 E/E), which contains a sigaificrange of environmental indicators
to quantify the environmental impacts caused. Bselts obtained from this methodology
are calculated in Eco-Indicator points (Pt), witle tvalue of 1 Pt being representative of
one thousandth of the annual environmental loadnef average European inhabitant [9].



In Figure 2, the environmental impact results mafigrto the life cycle of the pre-fabricated
steel house are presented.
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Fig. 2. Environmental impact results for the life cycle of the pre-fabricated steel house

Each environmental indicator used is presentechén horizontal axis, while the actual
impact caused is marked on the vertical axis. Resitalues refer to environmental
burden, while negative ones refer to environmebtabefits. As can be observed, the
environmental benefits are not only noticeable,dsbd comparable to the impacts caused.
This observation highlights the importance and mmrnental potential of the end-of-life
scenarios in steel structures, as the benefitsretiare directly related to the reuse of the
steel panels of the pre-fabricated house. It i® @&gident that certain environmental
indicators are affected more than others, whileesaotept negligible or almost no burden.
The ones that are primarily affected are ‘Fossildu referring to resources and
‘Respiratory inorganics’ referring to human heaftbarcinogens’, ‘Climate change’ and
‘Ecotoxicity’ are also affected, yet to quite a kewdegree. In total, the environmental
impact of the steel building’s life cycle is 1,18tk with a 3,6 kPt impact caused by the
construction of the house and a 2,42 kPt bendiis@a by the end-of-life scenario selected.
In order to identify the processes or materialsessary for the construction of the pre-
fabricated steel house, it is also necessary toulzde the environmental impact caused
only by the construction stage, as opposed todhased by the building’s life cycle. In
Figure 3, these results are presented accorditigetmain environmental impact categories
used in the Eco-Indicator 99 methodology.

In the ‘human health’ category, the concrete usedHe foundation and basement (739,3
Pt in total) and also the steel structural mem&383,4 Pt) cause the highest impacts. The
ceramic tiles used for floor covering also causgnifcant impact (280,4 Pt). The
‘ecosystem quality’ category is affected to a lowegree, with the concrete and structural
steel members causing the largest percentage afoamental impact (165,8 Pt in total
and 141,7 Pt respectively). The ‘resources’ categoraffected to a similarly increased
degree as ‘human health’. The concrete and steel csuse the highest impacts (772,7 Pt
in total and 498,8 Pt respectively), while the lation used in the steel panels also causes
a significant impact of 171,3 Pt.
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Fig. 3. Environmental impact of the construction of the pre-fabricated steel house
per main environmental category

4. CONCLUSIONS

The assessment of the environmental sustainaloliticonstruction projects such as

buildings can be achieved with the use of life eylsased methodologies such as LCA. Its
application entails a series of stages to be choug in order to quantify the environmental

impact associated with the delivery of a buildingject. The current research utilizes this

methodology and focuses on its application on afglsacated steel house. An inventory

analysis was carried out to provide a list of peses and materials necessary for the
construction of the steel building, while an endrsrio mainly based on the reuse of the
pre-fabricated steel panels in other projects wasnéned.

The environmental benefits associated with the geafsthe largest percentage of steel
panels were found to significantly decrease thelémurcaused by the construction of the
building, across all environmental impact indicatdndicators such as ‘fossil fuels’ and
‘respiratory inorganics’ which were primarily burdel were also found to be positively
influenced by the environmental benefits associatithl the reuse of the steel panels. As a
result, the total environmental impact of the pabricated steel building’s life cycle was
decreased to less than half of the impact calall&de the construction of the building.
This is a major advantage of the specific buildi@chnology as it incorporates significant
environmental benefits which are not achievableswiise. The main reason for these
benefits is avoiding the need for additional maotufang processes at the end of the
building’s life cycle, as the materials are reuasdeceived after their removal. As a result
a reuse end scenario is much more beneficial cadgarlandfill or recycling ones.

The key processes and materials identified as ns#iple for the highest environmental
impacts were the concrete used for the construabiothe building’s foundation and

basement and the steel structural members used.c@fanic tiles used as the floor
covering material and the insulation material usethe steel panels were also found to



cause noticeable environmental impact in the ‘humiaealth’ and ‘resources’
environmental impact categories respectively. Thesges can be used as focus points for
future research in order to minimize the environtaemmpact of pre-fabricated steel
building even further.
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INEPIAHYH

210V KAAO0 TOV TPOKATUCKEVAGUEVOV KTIPI®V KATOKIAV, 0 dOMKOG YaAvPag amotelel
Vo avTOyOVIOTIKO VMK, kaBdg ta  aviiotoyo Oopikd UEAN KOl GUGTHLOTO
yapoktnpilovtal omd vVYNA UNYXOVIKN avVIOXn EVO cuyxpdvmg e£ac@oMiOVY GMUAVTIKA
0péAN Omwg Toyelo Kotaokevn, aflomotio kot avtoyny oto ypdvo. Ocov aeopd cTo
oYEOGUO KOl TNV KOTAGKELY] ALTOV TOL €100VG, £vol VEO KPLTNPLo E£XEL TPOKLYEL TO
tehevtaia ypévio. H amotipnon 1ov ematdosmv g KATOCKEVOGTIKNG OpacTnpldTnTag,
KaOADG Kal 1) ELOYIGTOTOINGT TOL KOGTOVG KATAGKELNG, OTOTEAOVV TAEOV EMTAEOV GTOYOVG
610 otddo g perénc. H mapovoa Epsvva eotidlel otnv amddoon tov khxlov Lmng TV
YoAVOBOWOV dopkdv peldV og éva Ktipto katowiag mov Paciletar otnv tervoroyia NG
TPOKATACKEVNG, He TNV Olevépyen perémng aflomoinong xdxkiov Cong (LCA) wot
amotipnong meporioviikdy emmtdoemv. EmmpocOeta, kabdg or mepifarioviikég
TOPALETPOL OV £YOVV GUUTEPIANPOEl 6T HEAETN KOl KATOGKEVT TOL KTpiov, 1 epyacio
mePLypapel v emidpacrn Kabe mapouéTpov oto £pyo o€ oyéomn He TV agwpopia,
GUVELGQEPOVTAG £TGL OTN JEVPLVON TNG YVAOTG GYETIKA LE TNV OAOKANPOUEVT HEAETN
0VTOV TOL EI00VE TOV KOTAGKELDV.



