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ABSTRACT

This thesis focuses on the life cycle environmental assessment of retrofitting and
reconstruction of an actual substandard reinforced concrete (RC) building. For this purpose,
seismic structural performance assessment of an actual 6-storey RC frame building located
in Istanbul, Turkiye was carried out with respect to Turkish Building Earthquake Code
TBEC (2018). Two different retrofitting approaches as RC jacketing of columns, and RC
shear wall addition and Carbon Fiber Reinforced Polymer (CFRP) wrapping of columns
were then proposed in order to satisfy the requirements of TBEC (2018). Furthermore,
structural design and calculations for reconstructing of the new building for replacement of
the existing substandard building was conducted by taking into consideration of Turkish
Standard for the Design and Construction of Reinforced Concrete Structures Code TS500
(2000) and TBEC (2018). The Finite Element Model (FEM) of the building and required
structural analyses and assessments were carried out using ProtaStructure2022.
Accordingly, the life cycle assessment was figured out by comparing the structural,
environmental and economical parameters obtained for each retrofitting projects and newly
designed building project. For this purpose, the Athena Impact Estimator was employed
for providing insights into Life Cycle Assessment (LCA) measures for each retrofitting
scenario, focusing on metrics such as Global Warming Potential (GWP), Acidification
Potential, and Smog Potential. The results demonstrated that the performance target is
achieved with the recommended retrofitting methods. In addition, the environmental
impact assessment highlighted significant contributions from the manufacturing and
operational phases, emphasizing the roles of material production and energy use. These
findings underscore the importance of integrating sustainable practices and materials in
construction to mitigate negative environmental impacts and ensure compliance with

Turkish standards.
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OZET

Bu tez, mevcut standartalti betonarme bir binanin gii¢clendirme ve yeniden insa edilmesinin
yasam dongiisii cevresel degerlendirmesine odaklanmaktadir. Bu amagla, istanbul'da bulunan
alt1 katli betonarme bir binanin deprem performansinin degerlendirilmesi, Tulrkiye Bina
Deprem Yonetmeligi 2018 TBDY (2018)'e gore yapilmistir. TBDY (2018) gereksinimlerini
karsilamak amaciyla, kolonlarin betonarme mantolanmasi ile betonarme perde eklenmesi ve
kolonlarin Karbon Fiber Takviyeli Polimer (CFRP) ile sargilanmasi seklinde iki farkli
giiclendirme yaklagimi benimsenmistir. Ayrica, mevcut standartalt binanin yeniden insa
edilmesi icin yapisal tasarim, Betonarme Yapilarin Tasarim ve Yapimina Dair Tiirk Standard1
TS500 (2000) ve TBDY 2018'e gore gergeklestirilmistir. Binanin sonlu eleman modelleri ile
gerekli yapisal analizler ve degerlendirmeler, ProtaStructure 2022 yazilimi kullanilarak
gerceklestirilmistir. Yasam dongiisii degerlendirilmesi, benimsenen farkli giiclendirme
projeleri ve yeniden ingaat projesinden elde edilen yapisal, g¢evresel ve ekonomik
parametrelerin karsilastirilmasiyla gerceklestirilmistir. Her giiclendirme durumu icin yasam
dongiisii degerlendirme (LCA) olgiitlerininin anlagilmasinmi saglamak i¢in Athena Impact
Estimator yazilimi kullanilmistir. Bu Olgiitler arasinda kiiresel 1sinma potansiyeli (GWP),
asitlenme potansiyeli ve hava kirlligi potansiyeli gibi 6lgtimler yer almaktadir. Sonuglar,
Onerilen giiclendirme yontemleriyle performans hedefinin  gergeklestirilebildigini
gostermektedir. Ayrica, cevresel etki degerlendirilmesi, malzeme flretimi ve enerji
kullaniminin rollerini vurgulayarak, ingaat ve isletme asamalarinin 6nemli katkilarini 6ne
¢ikarmaktadir. Bu bulgular, olumsuz ¢evresel etkileri azaltmak ve Tiirk standartlaria uyumu
saglamak icin ingaat sektoriinde siirdiiriilebilir uygulamalar ve malzemelerin entegre

edilmenin 6nemini gostermektedir.
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