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SUMMARY

The structural design and sustainability assessment of pedestrian bridges, as well as other structures,
play a crucial role in modern infrastructure, balancing performance, environmental impact, and cost
efficiency. This study evaluates an aluminum pedestrian bridge as an alternative to an existing steel
design, assessing both structural feasibility and sustainability through Life Cycle Assessment (LCA) and
Life Cycle Costing (LCC).

The bridge was modeled in RFEM 6 and structural verifications were carried out by hand according to
EN 1999-1-1, with a detailed analysis of aluminum's mechanical behavior, including the effects of
welding, which induce strength reduction in the Heat-Affected Zone (HAZ). Design verifications were
conducted under both Ultimate Limit States (ULS) and Serviceability Limit States (SLS), ensuring
compliance with structural safety and performance criteria. Comparisons with the steel model
revealed that aluminum can achieve equivalent structural adequacy, provided that cross-section
selection accounts for its lower stiffness and HAZ-related strength reductions.

Based on the drawn assumptions and the input data that were used, to which the results of LCA and
LCC show significant sensitivity, the sustainability analysis involved a cradle-to-grave LCA and LCC
comparison between the aluminum and steel bridge designs, considering material extraction,
transportation, construction, maintenance, and end-of-life scenarios. Results indicate that while
aluminum exhibits a lower overall weight and enhanced corrosion resistance, it has a higher embodied
energy and CO, footprint in the production phase. However, the carbon benefit from its high
recyclability and potential for material reuse mitigate long-term environmental impacts even though
aluminum has higher carbon emissions than steel throughout the life cycle of the structure. From a
cost perspective, initial investment in aluminum is higher, but its lower maintenance requirements
offer economic advantages over time.

The findings highlight that material selection should not be solely based on structural criteria but also
must integrate sustainability and life-cycle considerations. The study provides valuable insights for
optimizing pedestrian bridge design by balancing mechanical performance, cost efficiency, and
environmental responsibility.
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NEPINAHWH

O SopooTaTiKOG OXeSLOOMOG Kal n afloAoynon Blwowpdtntag twv neloyepupwyv (amod amoyn EKMOUTWY
SLo€eLdilou Tou avBpaka Kot KOOTOUG) amoteAoUV BACIKEG TAPAPETPOUG OTOV CUYXPOVO OXESLAOHO UTIOSOUWY,
cuvbualovtog amodoon, MePPBAANOVIIKO QMOTUNMWUA KOL OLKOVOULKN amodotikotnta. H mapoloa HeAETn
Slepeuva tn xprion ohoupviou wg evaAAakTiky emloyr) oe oxéon LE Tov umdpxovta oxedlacuo neloyédupag
arnd xaAuBa, aflohoywvtag TOo0 T SOUOOTATIKA TOU EMAPKELA 000 Kal T Blwotpudtnta péow Availuong KOkAou
Zwn¢ (Life Cycle Assessment-LCA) kat KootoAoynong KukAou Zwn\g (Life Cycle Costing-LCC).

To povtélo tng neloyédpupag avamtuxdnke oto RFEM 6, akolouBwvtag tov Eupwkwdika 9 (EN 1999-1-1:2021),
ME Eudaon oTh UNXOQVLKN CUUTTEPLPOPA TOU AAOUULVIOU KOL TG ETIUTTWOELG TNG CUYKOAANONG 0TN elwaon avtoxng
otn Beppoennpealopevn {wvn (HAZ). H Sopootatikr) avaluon mepldapupave eAéyxoug Oplakng Katdotaong
Aotoyiag (Ultimate Limit State-ULS) kat Oplakic Katdotaong Aettoupyikdtntog (Serviceability Limit State-SLS),
e€aodalilovtag tn ocuPUOpdWON HE TG AMOLTAOEL 00PAAELOG KOl AsttoupylkdtnTag. Ta amoteAéopata
olYKPLONG UE TO MOVTEADO XGAUPa €6elfav OTL TO aAOUMIVIO Umopel va emituxel looduvapn SOUOoTATIKN
eMApKela, €pooov n emhoyr Slatopwv AapBdavel umdYPn TN oNUAVTIKR  PElwon avtoxng Aoyw Tng
Beppoennpealopevng Lwvng.

H avdluon Buwolpétntag npaypatonoifnke péow LCA kat LCC pe mpooyylon «amo tnv mapaywyn €wg 1o
TtéAog tou KUKAoU Twng Tou €pyou» (cradle-to-grave), Aappavovrag untdyn tnv e€6puén VALKWY, T UeTadopd,
TNV KATOOKELH, TN oUVTAPNON Kol To TEAOG {wr¢ TNG KATAOKEUNG. Ta amoteAéopota £6efav OtL, opd To
MLKPOTEPO PBApoc Kal TV auvénuévn avtoxr otn Sudafpwon, To aloupivio mapouctalel uPnAotepn
EVOWMATWHEVN EVEPYELD KaL amoTtuntwpa CO, Katd tn ¢don mopaywyng. Qotodco, o Babuog avakUkAwaong Kal
EMAVOXPNOLLOTIOINCNG TOU UAKOU PELWVEL TLG LOKPOTIPOBEeOEG TTEPLBAAAOVTIKEG ETITTWOELG TAPOTL O XAAUPOG
EXEL LUKPOTEPEC EKTIOUTEG KABOAN TNV Slapkela {wng Tou Epyou. ATtO OLKOVOULKN Aoy, To apxLko KOOTOG ToU
olovptviou eivat uPnAotepo, ald oL HELWHEVEC AVAYKEG ouVTAPNONG Kal n peyoAltepn Siapkelo {wAC
T(POOHEPOUV OLKOVOULKA 0dEAN og BaBog xpdvou.

Ta gupApata TG HEAETNG uTtoypappilouv OtL n emhoyr UALkoU Sev mpémel va Paociletal amokAELOTIKA O€
Sdopootatika Kpltipla, oAAA va EVOWHATWVEL TOPAUETPOUG BlwolndTnTag Kol KOoTous. H €peuva TapExeL
XPNOLWIEG YVWOELG yLa T BEATLOTN OXESLOON KATOOKEUWY YEVIKOTEPA, EELOOPPOTIWVTAG TN UNXAVIKA arddoon,
TNV OLKOVOULKH amoSoTikotnTa Kal tnv eptBarlovtiki unteubuvotnta.



