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ONEMLI, DIKKATLE OKUYUNUZ LUTFEN / IMPORTANT, PLEASE READ
CAREFULLY

Onemli, Dikkatle Okuyunuz Liitfen

v Kongremizde Yazim Kurallarina uygun gonderilmis ve bilim kurulundan gecen bildiriler igin
online (video konferans sistemi iizerinden) sunum imkan1 saglanmistir.
Online sunum yapabilmek i¢in https://zoom.us/join sitesi tizerinden giris yaparak “Meeting ID or
Personal Link Name” yerine ID numarasini girerek oturuma katilabilirsiniz.
Zoom uygulamasi ticretsizdir ve hesap olusturmaya gerek yoktur.
Zoom uygulamasi kaydolmadan kullanilabilir.
Uygulama tablet, telefon ve PC’lerde ¢alisiyor.
Her oturumdaki sunucular, sunum saatinden 15 dk 6ncesinde oturuma baglanmis olmalar:
gerekmektedir.

v" Tim kongre katilimcilar: canli baglanarak tiim oturumlar: dinleyebilir.

v" Moderator — oturumdaki sunum ve bilimsel tartisma (soru-cevap) kismindan sorumludur.
Dikkat Edilmesi Gerekenler- TEKNIK BILGILER

v Bilgisayarinizda mikrofon olduguna ve galigtigina emin olun.

v' Zoom'da ekran paylasma 6zelligine kullanabilmelisiniz.

v" Kabul edilen bildiri sahiplerinin mail adreslerine Zoom uygulamasinda olusturdugumuz oturuma

ait ID numarasi génderilecektir.
v Katilim belgeleri kongre sonunda tarafimza pdf olarak gonderilecektir
v Kongre programinda yer ve saat degisikligi gibi talepler dikkate alinmayacaktir

IMPORTANT, PLEASE READ CAREFULLY

To be able to attend a meeting online, login via https://zoom.us/join site, enter ID “Meeting ID or
Personal Link Name” and solidify the session.

The Zoom application is free and no need to create an account.

The Zoom application can be used without registration.

The application works on tablets, phones and PCs.

The participant must be connected to the session 15 minutes before the presentation time.

All congress participants can connect live and listen to all sessions.

Moderator is responsible for the presentation and scientific discussion (question-answer) section
of the session.
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Points to Take into Consideration - TECHNICAL INFORMATION
v' Make sure your computer has a microphone and is working.
v" You should be able to use screen sharing feature in Zoom.
v' Attendance certificates will be sent to you as pdf at the end of the congress.
v Requests such as change of place and time will not be taken into consideration in the congress
program.

Before you login to Zoom please indicate your name_surname and HALL
number,

exp. Hall-1, Ali OZDEMIR

Meeting ID: 870 6274 8180
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3D YAZICI iLE URETILEN PLA MALZEMELERDEEPOKSI RECINE TAKVIYESININI
ELASTIKIYET MODULUNE ETKIiSi

EFFECT OF EPOXY RESIN REINFORCEMENT ON ELASTICITY MODULUS IN PLA
MATERIALS PRODUCED WITH 3D PRINTER

Niliifer SAHIN"

"Makine Miihendisi, Bursa Teknik Universitesi, Lisansiistii Egitim Enstitiisii, Biyokompozit Bolimii,
Bursa, Tiirkiye.

'ORCID ID: https://orcid.org/0000-0001-7581-7996
Murat ERTAS?

2Prof.Dr., Bursa Teknik Universitesi, Orman Fakiiltesi,Orman Endiistri Miihendisligi Béliimii, Bursa,
Tiirkiye.

0RCID ID: https://orcid.org/0000-0001-9218-5513
Serdar SAHIN®

$Makine Miihendisi, Bursa Uludag Universitesi, Fen Bilimleri Enstitiisii, Makine Miihendisligi
Boliimii, Bursa, Tiirkiye.

S0ORCID ID: https://orcid.org/0009-0000-8148-7268

OZET

PLA,(Polilaktik Asit) biyobozunur yapisi, ¢cevre dostu ozellikleri ve 3D yazicilarda yaygm kullanim
potansiyeli ile dikkat ¢eken bir termoplastik malzemedir. Bu 6zelliklerinin yaninda, kirilgan yapis1 ve
mekanik dayaniminin diigiik olmas1 PLA’y1 yapisal uygulamalarda dezavantajli duruma getirip kullanim
alaninin sinirlanmasina sebep olmaktadir. Bu calisma, 3D yazici teknolojisi kullanilarak iiretilen
Polilaktik Asit (PLA) esasli malzemelere epoksi recine katkisinin eklenmesiyle malzemenin mekanik
performansinda meydana gelen degisiklikleri degerlendirmektedir. Calismada, farkli oranlarda PLA
(%10 ve %20 doluluk oran1) numuneleri iiretilerek bu numunelere epoksi regine katki maddesi ilave
edilmis,uygulanan epoksi recine katki maddesinin hazirlanan numunenin maksimum elastisite modiilii
tizerinden mekanik performanslari incelenmistir.Uygulanan testler sonucunda,%10 doluluk oranina
sahip PLA numunelerinde,epoksi recine takviyesi elastikiyet moduliinii %15 oraninda
diistirmiistir. Ancak 3D yazici ile hazirlanan numunenin yazdirma doluluk oram1 %20 seviyesine
cikarildiginda,epoksi reginenin elastikiyet modiiliindeki etkisi yalmzca %]1’e diigmistiir.Bu
sonuglar,daha yiiksek doluluk oranina sahip PLA malzemelerinin daha rijit bir i¢ yapiya sahip oldugunu
ve uygulanan epoksi re¢inenin mekanik 6zellikler iizerindeki etkisinin sinirlandigini géstermistir. Ayrica
caligma sonucunda epoksi regine takviyesi ile PLA malzemelerin mekanik o6zelliklerinin optimize
edilebilmesi i¢in 3D yazici kullanilarak tretilen malzemelerin yazdirma doluluk oranlarinin dikkatli
secilmesi gerektigi goriilmiistiir. Ayrica calisma ile bu tiir malzemelerin gelecekte miihendislik ve
endiistriyel uygulamalarda kullanilabilirligini artirmak i¢in hem malzeme oranlarinin hem de {iretim
parametrelerinin optimize edilmesi gerektigi sonucuna varilmistir.

Anahtar Kelimeler: biyokompozit, polilaktik asit, 3d yazici, epoksi regine.

ABSTRACT

PLA (Polylactic Acid) is a thermoplastic material that attracts attention with its biodegradable structure,
environmentally friendly properties and potential for widespread use in 3D printers. In addition to these
features, its brittle structure and low mechanical strength make PLA disadvantageous in structural
applications and limit its usage area. This study evaluates the changes in the mechanical performance of
the material by adding epoxy resin additive to Polylactic Acid (PLA) based materials produced using
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3D printer technology. In the study, different ratios of PLA (10% and 20% filling ratio) samples were
produced and epoxy resin additive was added to these samples, and the mechanical performances of the
epoxy resin additive applied were examined on the maximum modulus of elasticity of the prepared
sample. As a result of the applied tests, epoxy resin reinforcement decreased the modulus of elasticity
by 15% in PLA samples with a filling ratio of 10%. However, when the printing filling ratio of the
sample prepared by 3D printer was increased to 20%, the effect of epoxy resin on the modulus of
elasticity decreased to only 1%. These results showed that PLA materials with higher filling ratios have
a more rigid internal structure and the effect of the applied epoxy resin on the mechanical properties is
limited. In addition, the study showed that in order to optimise the mechanical properties of PLA
materials with epoxy resin reinforcement, the printing filling ratios of the materials produced using 3D
printers should be carefully selected. It was also concluded that both material ratios and production
parameters should be optimised to increase the usability of such materials in engineering and industrial
applications in the future..

Keywords: biocomposite, polylactic acid, 3d printer, epoxy resin.
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AHSAP YAPILARDA KARBON YAKALAMA TEKNOLOJILERININ SURDURULEBILIR
MiMARIDEKi GELECEGI

THE FUTURE OF CARBON CAPTURE TECHNOLOGIES IN SUSTAINABLE
ARCHITECTURE WITH TIMBER STRUCTURES

Y.Mimar Mehmet Can OZTURK

Osmaniye Korkut Ata Universitesi, Mimarlik Tasarim Ve Giizel Sanatlar Fakiiltesi, Mimarlik Ana
Bilim Dali, Osmaniye, Tiirkiye

OZET

Iklim degisikligi ve dogal kaynaklarin tiikenmesi, yap1 sektoriinde siirdiiriilebilirlik odakli ¢oziimleri
zorunlu kilmistir. Ahsap malzemeler ve karbon yakalama teknolojileri, slirdiiriilebilir mimaride 6nemli
bir yer edinmis, gelecek i¢in umut vaat eden iki temel unsur haline gelmistir. Bu bildiri, ahsap yapilarin
karbon yakalama teknolojileriyle entegrasyonunu ve bu birlesimin siirdiiriilebilir mimarideki
gelecekteki potansiyelini incelemektedir.

Ahsap, yenilenebilir yapist ve karbon depolama kapasitesi sayesinde siirdiiriilebilir yap1 tasariminda
kritik bir rol istlenmektedir. Yasam dongiisii degerlendirme (LCA) analizleri, ahsap malzemelerin
cevresel etkilerinin diger yap1 malzemelerine gore daha diisiik oldugunu gostermektedir. Prefabrikasyon
teknikleriyle birlesen ahsap yap1 sistemleri, enerji verimliligini artirirken atik oranlarinin azaltilmasina
da katkida bulunmaktadir.

Karbon yakalama teknolojileri ise, insaat sektoriinden kaynaklanan sera gazi emisyonlarimi azaltmaya
yonelik yenilik¢i bir yaklagim sunmaktadir. Hem iiretim siireclerinde hem de yapilarin kullanim
Oomiirleri boyunca karbon salinimini minimize eden bu teknolojiler, ahsap yap1 sistemleriyle bir araya
geldiginde etkili bir karbon dengeleme stratejisi olusturabilir.

Bu c¢aligmada, ahsap yapilarda karbon yakalama teknolojilerinin entegrasyonunun ¢evresel, ekonomik
ve toplumsal faydalar ele alinmakta, bu yenilik¢i yaklagimlarin siirdiiriilebilir mimaride gelecegi
sekillendirme potansiyeli degerlendirilmektedir.

Sonug olarak, ahsap malzemeler ve karbon yakalama teknolojilerinin birlikte kullanimu, siirdiirtilebilir
mimarinin temel taglarindan biri olarak 6ne ¢ikmaktadir. Bu bildiri, s6z konusu entegrasyonun yapi
sektoriinde daha yaygin bir sekilde benimsenmesi igin farkindalik olusturmayi ve yeni arastirmalara
ilham vermeyi amaglamaktadir.

Anahtar kelimeler: Sirdiirtlebilir mimari, ahsap yapilar, karbon yakalama teknolojileri, ¢evresel
stirdiiriilebilirlik, yenilenebilir malzemeler.

ABSTRACT

Climate change and the depletion of natural resources have made sustainability-oriented solutions
imperative in the construction sector. Timber materials and carbon capture technologies have emerged
as two essential elements in sustainable architecture, promising significant potential for the future. This
paper examines the integration of carbon capture technologies into timber structures and evaluates the
potential of this combination in shaping the future of sustainable architecture.

Timber, with its renewable properties and carbon storage capacity, plays a critical role in sustainable
building design. Life cycle assessment (LCA) analyses demonstrate that timber materials have
significantly lower environmental impacts compared to other building materials. When combined with
prefabrication techniques, timber building systems enhance energy efficiency while reducing waste
rates.

Carbon capture technologies offer an innovative solution to reducing greenhouse gas emissions from
the construction sector. By minimizing carbon emissions during production processes and throughout
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the lifespan of buildings, these technologies, when integrated with timber systems, can form an effective
carbon balancing strategy.

This study explores the environmental, economic, and social benefits of integrating carbon capture
technologies into timber structures, evaluating their potential to shape the future of sustainable
architecture.

In conclusion, the combined use of timber materials and carbon capture technologies is highlighted as a
cornerstone of sustainable architecture. This paper aims to raise awareness and inspire new research on
the broader adoption of this integration within the construction sector.

Keywords: Sustainable architecture, Timber structures, Carbon capture technologies, Environmental
sustainability, Renewable materials
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ZEMIN SIVILASMASI FORMULLERININ OPTIMIiZASYON ALGORITMALARI iLE
INCELENMESI

ANALYSIS OF SOIL LIQUEFACTION FORMULAS USING OPTIMIZATION
ALGORITHMS

Abdullah Bekir IPEK
Siileyman Demirel Universitesi, Fen Bilimleri Enstitiisii Yiiksek Lisans Ogrencisi
ORCID ID: 0000-0003-4095-0177
Do¢. Dr. Soner UZUNDURUKAN

Siileyman Demirel Universitesi, Miihendislik ve Doga Bilimleri Fakiiltesi, Insaat Miihendisligi
Boliimii, Merkez, I1sparta

ORCID 1D:0000-0003-4080-6642

OZET

Bu ¢aligma, Tirkiye Bina Deprem Yonetmeligi (TBDY 2018)’nde bulunan zemin sivilagmasi
formiillerinin dogruluk ve etkinligini artirmak amaciyla optimizasyon algoritmalarinin uygulanmasini
incelemektedir. Zemin sivilagmasi, 6zellikle deprem etkisi altinda yer alan bolgelerde, yapt giivenligi
ve zemin stabilitesini dogrudan etkileyen 6nemli bir miihendislik problemidir. Bu fenomene iliskin
tahmin yontemleri, genellikle ampirik veya yari-ampirik formiiller araciligiyla yapilmaktadir. Ancak bu
formiillerin etkinligi ¢esitli zemin 6zellikleri, jeolojik kosullar ve deprem parametrelerine bagl olarak
degiskenlik gostermektedir. Caligmada mevcut zemin sivilagmasi formiillerinin performansini
iyilestirmek ve tahmin dogrulugunu artirmak amaciyla modern optimizasyon algoritmalarinin kullanimi
kapsamli bir sekilde ele almgtir.

Oncelikle sivilasma tahmininde kullamlan parametreler, saha verileri ve deneysel sonuglar temel
almarak yeniden kalibre edilmistir. Genetik algoritmalarin genis ¢6ziim arama kapasitesi, parcacik siirii
optimizasyonunun hizli yakinsama yetenegi ve yapay sinir aglarmin karmasik verileri modelleme
kabiliyeti analiz edilmistir. Optimizasyon uygulamalari, zemin sivilagmasi formiillerinde hata oranlarini
azaltmis ve tahmin dogrulugunu artirmistir. Bu yontemler, sivilagsma riskinin daha hassas ve olasiliksal
olarak degerlendirilebilecegini gostermistir.

Sonuglar, optimizasyon algoritmalarinin zemin sivilagsmasit analizlerinde teorik modellerin
iyilestirilmesi ve miihendislik uygulamalarinda pratik ¢oziimler sunulmasi agisindan énemli bir katki
sagladigini ortaya koymaktadir. Calisma bu yaklagimlarin gelecekteki zemin sivilasmasi analizleri i¢in
daha giivenilir ve uyarlanabilir modeller gelistirme potansiyelini vurgulamaktadir.

Anahtar Kelimeler: Zemin Sivilagmasi, Optimizasyon Algoritmalari, Genetik Algoritma, Yapay Sinir
Ag1, Insaat Mithendisligi

ABSTRACT

This study examines the application of optimization algorithms to improve the accuracy and efficiency
of the soil liquefaction formulas included in the Turkish Building Earthquake Code 2018.
Soil liquefaction is a critical engineering problem that directly affects structural safety and soil stability,
particularly in regions subject to seismic activity. Prediction methods for this phenomenon are typically
based on empirical or semi-empirical formulas. However, the effectiveness of these formulas varies
depending on soil properties, geological conditions, and earthquake parameters. This study
comprehensively addresses the use of modern optimization algorithms to enhance the performance of
existing soil liquefaction formulas and improve predictive accuracy.
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In the study, the parameters used in liquefaction predictions were recalibrated based on field data and
experimental results. The extensive solution-searching capacity of genetic algorithms, the rapid
convergence ability of particle swarm optimization, and the modeling capability of artificial neural
networks for complex data were analyzed. Optimization applications reduced error rates in soil
liquefaction formulas and improved prediction accuracy. These methods demonstrated that liquefaction
risks could be evaluated more precisely and probabilistically.

The results highlight that optimization algorithms significantly contributes to improving theoretical
models in soil liquefaction analyses and providing practical solutions in engineering applications. This
study underscores the potential of these approaches for developing more reliable and adaptable models
for future soil liquefaction analyses.

Keywords: Soil Liquefaction, Optimization Algorithms, Genetic Algorithm, Artificial Neural Network,
Civil Engineering

15 December 2024
Adana, Tiirkiye



4. INTERNATIONAL EURASIA CONGRESS OF BUILDING
MATERIALS, ARCHITECTURE AND ENGINEERING SCIENCES

PROCEEDINGS BOOK

REDUCING EARTHQUAKE RISKS IN BURSA INDUSTRIAL ZONES: RESILIENCE AND
SUSTAINABILITY STRATEGIES

Feyzullah BEYTEKIN*
'Bursa Uludag Universitesi, Mimarlik Boliimii, Bursa, T tirkiye.
Niliifer TAS?

2 Bursa Uludag Universitesi, Mimarlik Boliimii, Bursa, T tirkiye.

ABSTRACT

Earthquakes pose significant threats to industrial areas and structures, leading to economic losses as well
as social and environmental impacts. The damage to critical infrastructures causes disruptions in
production and supply chains, jeopardizing urban resilience and sustainable development goals. In this
context, strategic planning and structural measures to reduce earthquake risks in industrial zones are of
great importance.

This study was conducted to identify potential earthquake risks in industrial areas and independent
industrial structures within the boundaries of Bursa Province and to develop strategies to reduce these
risks. Within the framework of resilience and sustainability, the measures to be taken before, during,
and after an earthquake are discussed.

The study addresses key concepts such as hazard, risk, and vulnerability; it analyzes the factors that
cause damage and losses in industrial areas. By combining qualitative and quantitative analysis methods,
both structural and non-structural risks were identified, and solution proposals for mitigating these risks
were presented. Additionally, based on data from past earthquakes, laws and regulations regarding
industrial areas in Turkey and around the world were reviewed, and the measures that should be taken
to make buildings and settlements earthquake-resistant were explained. The strategic importance of
industrial areas in contributing to urban resilience was evaluated within the framework of the concept
of resilience.

Keywords: Earthquake, Industrial Zones, Resilience, Sustainability, Risk Reduction
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SURDURULEBILIR KULLANICI KONFORU VE CAGDAS KONUTLARDA MALZEME
KULLANIMI

SUSTAINABLE USER COMFORT AND MATERIAL USE IN CONTEMPORARY HOUSING

Soufi SAYLAM !

!Dr. Ogﬁﬂ. Uyesi , Baskent Universitesi, Giizel Sanatlar, Tasarim ve Mimarlik Fakiiltesi, fg’ Mimarlik ve
Cevre Tasarimi Boliimii, Ankara, Tiirkiye.
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OZET

Enerji tiiketimindeki artis ve enerji kaynaklariin hizla tiikkenmesi, kiiresel ¢cevre sorunlar1 ve iklimsel
ozelliklerdeki degisikliklerle birlikte gelecek nesiller i¢in endise ve kaygi yaratmaktadir. Bu baglamda,
dogal kaynaklarin kullanilmasi ve siirdiiriilebilir ¢dziimlerin i¢ mekan tasarimina dahil edilmesi kritik
onem tasimaktadir. Ote yandan siirdiiriilebilir i¢ mekan tasarimi, kullanicimin fiziksel ve psikolojik
gereksinimlerinden bagimsiz olarak disiiniilemez. Siirdiiriilebilir yaklasimda, insanin en ¢ok zaman
gecirdigi ve barinma ve yasama ihtiyacinin yani sira ¢evresel, sosyal, kiiltiirel ve ekonomik gelisimini
saglayan konut, i¢ mekan tasarimi1 anlaminda dogayla uyumlu, enerji kaynaklarimi verimli kullanimi ve
kullanici konforunu saglayan yapilar olarak olusulmalidir. Bu anlamda konut i¢ mekan tasariminda
kullanici ihtiyaglari, cevresel, iklimsel, islevsel ve sosyo-kiiltiirel 6zellikler ile beraber diigtintildiigiinde,
stirdiiriilebilirligin ve uzun siireli etkin kullanimin temelini olusturmaktadr.

I¢ mekanda kimlik kazanimi saglayan ve mekanin karakteristik zelliklerini ortaya ¢ikaran malzeme
faktorii, ayn1 zamanda islevsel, estetik ve psikolojik siirdiiriilebilirligi saglayan onemli etkendir. Bu
caligmada, i¢ mekan tasariminda malzeme kullamimin islevsel, estetik ve psikolojik etkileri ile beraber,
kullanicinin siirdiiriilebilir konforunda olan etkileri aragtirilacaktir. Calisma kapsaminda, siirdiiriilebilir
i¢c mekan tasariminda segilen malzemenin mekan organizasyonu, ¢evresel ve iklimsel gereksinimler,
enerji kullanimi1 ve kullanic1 konforu {izerinde etkileri tartisilacaktir. Sonug olarak ¢agdas konutlarda
se¢ilen malzemenin siirdiiriilebilir yaklagimi anlaminda, mekanin kimligi, i¢ mekan organizasyonu ve
kullanicinin islevsel ve estetik konforunu nasil etkiledigini 6rnekler iizerinden incelenecektir.

Anahtar Kelimeler: Siirdiiriilebilir tasarim, kullanic1 konforu, fiziksel gereksinimler, psikolojik ve
estetik konfor, konut i¢ mekan tasarimi

ABSTRACT

The increase in energy consumption and the rapid depletion of energy resources, together with global
environmental problems and changes in climatic characteristics, create concern and anxiety for future
generations. In this context, it is critical to utilise natural resources and incorporate sustainable solutions
into interior design. On the other hand, sustainable interior design cannot be considered independently
from the physical and psychological needs of the user. In the sustainable approach, housing, where
people spend the most time and provide environmental, social, cultural and economic development as
well as the need for shelter and living, should be formed as structures that are compatible with nature in
terms of interior design, efficient use of energy resources and user comfort. In this sense, when user
needs are considered together with environmental, climatic, functional and socio-cultural features in
residential interior design, it forms the basis of sustainability and long-term effective use.

The material factor, which provides identity in the interior space and reveals the characteristic features
of the space, is also an important element that provides functional, aesthetic and psychological
sustainability. In this study, the functional, aesthetic and psychological effects of the use of materials in
interior design, as well as the effects on the sustainable comfort of the user will be investigated. Within
the scope of the study, the effects of the material selected in sustainable interior design on space
organisation, environmental and climatic requirements, energy use and user comfort will be discussed.
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As a result, it will be examined through examples how the material selected in contemporary residences
affects the identity of the space, interior space organisation and the functional and aesthetic comfort of
the user in terms of sustainable approach.

Keywords: Sustainable design, user comfort, physical needs, psychological and aesthetic comfort,
residential interior design.
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APPLICATION OF A NEW APPROACH TO ASSESSING THE PERFORMANCE OF A
COMPLEX TECHNICAL SYSTEM

Alexandrov V.S.

Kazan National Research Technical University named after A.N. Tupolev, REIMT department

ABSTRACT

Nowadays, the solution of the problem of monitoring and diagnostics of complex technical objects at
all stages of its functioning is one of the main tasks in the theory of information and the construction of
measuring systems. It is important to foresee possible malfunctions at the planning stage of the device
model and minimize them during its operation.

Embedded systems have been widely developed today, since they allow analyzing the parameters of a
certain measuring system without the necessary removal of measuring devices and sensors from the
object. Most of them are built of some kind of measuring system with a set of sensors and
microprocessor systems that control the macroscopic parameters of the device with a given degree of
accuracy and with the required polling frequency.

At the same time, it is important to ensure the synchronicity of the sensor polling procedure, as well as
to calibrate them in accordance with the mode in which they operate. It is impossible to exclude the fact
that there are always probabilities of false alarm errors and missing a goal. The main task is to minimize
these deviations, since they can make a significant error in the measurement results. It is worth
considering the fact that when building an information and measurement system, the accuracy of each
subsequent block should be no worse than the previous one.

Key words: technical system, data processing, correlation,
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ABSTRACT

The demand for concrete, driven by infrastructure and urbanization, exerts pressure on natural resources
and jeopardizes the ecosystem. Integrating recycled materials into concrete can meet this demand
without sacrificing quality. This study investigates the mechanical properties of environmentally
sustainable concrete incorporating brick powder (BP) as a substitute for sand in fine aggregates. We
utilized a combination of destructive and non-destructive testing techniques to assess the characteristics
of the concrete. We formulated concrete mixtures by gradually replacing sand with brick powder in
proportions ranging from 5% to 25%, and evaluated them for workability, compressive strength, and
split tensile strength in comparison to conventional concrete. The results demonstrate that substituting
10% of sand with brick powder enhances strength by 29.94%, diminishes workability by 42.66%, and
elevates split tensile strength by 8.74%. Regression analysis validated a robust correlation among
compressive strength, ultrasonic pulse velocity (UPV), and rebound number. The incorporation of 10%
brick powder improves concrete’'s mechanical properties and promotes sustainable construction
methodologies.

Keywords: Brick powder; workability; strength, Schmidt hammer; ultrasonic velocity.
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BUILDING A SUCCESSFUL BUSINESS RELATIONSHIP: A SOCIAL CAPITAL
SYSTEMATIC REVIEW.

IMary Ebule Ojigi
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ABSTRACT

social capital as a strategy for building a successful business relationship has been grossly under research
by many scholars. As a result, this paper aimed to systematically review extant social capital articles
and make suggestions for further research based on identified gaps. The study adopted the Systematic
Quantitative Assessment Techniques (SQAT) in identifying and analysing 60 English peer-reviewed
journal articles on social capital published between 2019 to 2024 from six high quality academic
databases: Emerald, Taylor and Francis, Elsevier, Springer, Sage, and Wiley. The study revealed that
most of the articles focused on social capital as a tool for enhancing SMEs performance. Majority of the
articles were empirical in nature, with most of the studies utilizing social capital theory as theory that
underpinned their study. A large number of the reviewed studies were conducted in Asia and Europe,
with Spain being the country with highest publications. Surveys being the most prominent research
methods and Structural Equation Modelling (SEM) being the most utilized data analytical techniques.
The significant contribution of this study is that it is a new addition to the social capital field, offering
insights as to the context of extant social capital scholarship, as well as identifying research gaps for
future researchers to explore.

Keywords: Social Capital, Social Capital Theory, Systematic Quantitative Assessment Techniques,
Systematic Review.

1.0 INTRODUCTION

In today’s interconnected world, the success of a business often hinges not just on its products or
services, but on the strength and quality of its relationships (Akomea et al., 2023). As such, businesses
now adopt social capital as the network of relationships that business owners build both within and
outside the organization. These relationships influence knowledge sharing and collaboration that
enhances the success of business organization (Zirena-Bejarano et al., 2024). More so, Stasa Ouzky and
Machek (2024) affirmed that social capital plays a pivotal role in shaping business performance by
fostering collaboration, enhancing innovation and building customer loyalty. Furthermore, business
organization that leverage on social capital can gain access to valuable resources and business
opportunities that may not be available through traditional market mechanisms. This relationship fosters
business connections that attract new customers and ultimately improve profitability of business
organisation (Kim et al., 2024).

As business organizations seek to thrive in competitive markets, understanding the impact of social
capital becomes essential. By cultivating trust and connectivity within their networks, businesses can
improve operational efficiency, drive creative solutions and ultimately achieve sustainable growth (Dar
and Mishra, 2020). Considering the potential benefit of social capital to entrepreneurs globally, it is of
great importance that the social capital field be explored in depth, as the concept could be what is needed
by businesses to established successful relationship with stakeholders. As such, this study conducted a
quantitative and systematic analysis of 60 articles in the field of social capital, in a bid to highlight trends
and gaps which will serve as reference points for future research. In addition, the study recommended
and offers propositions on possible ways to bridge such identified gaps
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The remainder of this paper is organized as such: The methodology of the study is expounded, followed
by the discussion of the findings and suggestions for future research. Lastly, the conclusion, limitations
and future research opportunities based on such limitations are discussed.

2.0 METHODOLOGY

This study employed the “Systematic Quantitative Assessment Technique” (SQAT) developed by
Pickering & Byrne (2013) in analysing the existing peer-reviewed journal articles on social capital. The
step-by-step approach of the technique helped the researchers to identify gaps in the reviewed journals,
such as the geographical distribution, theories adopted, methodologies used, focal themes, as well as the
nature of the articles reviewed (Pickering & Byrne, 2013).

For an effective systematic review, the technique adopts five steps and the application of each step in
this study is described in Table 1. 60 peer-reviewed English social capital articles met the criteria for
selection, based on the six databases used by the researchers.

Table 1: Description and application of SQAT

S/N | Step Application in current study
1. Define topic Social capital
2. Formulate Five research questions:
research i. Where were these articles written?
questions ii. What were the natures of published Social Capital articles?

(Conceptual and Empirical)
iii. Which theory/theories was/were adopted in these articles?

iv. What research methods were employed in the research?
V. What were the specific themes explored in the articles?
3. Identify key | “Social Capital”

words

4. Identify and | 6 databases explored: Elsevier; Emerald; Sage; Springer; Wiley; Taylor and
search databases | Francis; “All in title” search using single search: “Social Capital”

5. Read and assess | i. Abstracts of articles found were read and where it was necessary, the
publications entire paper was read to ensure that all the research questions were answered.
ii. Literature reviews, book chapters, conference proceedings and a
systematic review article were not included; only peer-reviewed conceptual
and empirical papers were taken.

60 peer-reviewed social capital articles met the selection criteria from six high quality academic
databases. Table 1 shows the topic of articles published between 2019 to 2024, countries where the
articles were written, the natures of articles published, theories adopted in these articles, research
methods, method of data collection and specific themes explored in the articles. Also, the key words
used for the search was “social capital”, the entire articles were read to ensure that all the research
questions raised were answered. Only peer-reviewed articles were included and not conference
proceedings or book chapters. Table 2 presents the social capital articles breakdown by publisher.
Table2. social capital articles reviewed by publisher (2019-2024)

Table2. social capital articles reviewed by publisher (2019-2024)

S/IN Database Number of Social Capital Articles
1. Emerald 10
2. Sage 10
3. Elsevier 10
4. Wiley 10
5. Springer 10
6. Taylor and Francis 10
Total 60
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3.0 FINDINGS, DISCUSSIONS AND SUGGESTIONS FOR FUTURE RESEARCH
Geographical Distribution of Social Capital Articles.

The geographical distribution of the 60 Social Capital articles reviewed in this study is presented in
Figure 1:

Continental Distribution

32% 30%

35%
30%

25%

20% .

™ 13% 12%

5% 8%

10% 5%
-

0%
Asia Europe Africa North Australasia South
America America

Source: Authors Review (2024)

It can be observed from Figure 1 that Asia had the highest number of published articles (19), representing
32% followed by Europe (18), representing 30%, of the articles and Africa (8), representing 13% of the
articles respectively. More so, 12% representing 7 articles were found from North America, 8%
representing 5 articles were found from Australasia and 5% representing 3 articles were found from
South America. Based on the number of articles across the continents, it is obvious that South America
and Australasia had the least number of scholarly papers in the area of interest, and this indicates a
geographical gap in the social capital research. This is surprising considering that Australasia continent
has good entrepreneurial ecosystem, particularly in technology and sustainable industries that foster
trade agreements within the continent and other region, including the EU and Asia which facilitate easier
access to markets and encourage cross-border commerce (Marjan et al., 2024; Aritenang, 2021; Setini,
et al., 2020).

However, Language differences and varying communication styles among entrepreneurs can hinder
effective collaboration and smooth business relationship among stakeholders (Knorst et al., 2022;
Zirena-Bejarano, 2024). It could be argued that the reason for a lack of extant English social capital
articles in South America is because English is not the primary language spoken in this continent, and
that perhaps the articles have been written in Spanish or Portuguese. While this argument intuitively
makes sense, a counter-argument could be made that English is not the lingua franca of the Asian
continent, yet it has the highest number of English social capital articles across the six databases
examined in this study. Therefore, it is important that social capital researchers should focus on
investigating the effect of social capital in Australasia and South America as there is a dearth of scholarly
articles in these two continents, at least in the six databases utilized for this review.

From a country perspective, the article highlights that only twenty- eight (28) countries published social
capital articles included in the systematic review. Figure 3 illustrates the top four countries where social
capital research was conducted. The analysis showed that Spain is the country with the highest number
of articles (8) and accounting for 13%, followed by U.S.A (12%), and Ghana (8%), and China (5%).
Also, all four of the leading countries are depicted in Figure 2
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A review of country analyses revealed that Spain is the country with highest number of articles on social
capital. The reason might be due to the fact that Spanish culture encourage personal relationships and
trust that foster collaboration among business practitioners and networking opportunities (Ripollés and
Blesa, 2020). Sarmiento Prieto et al., (2022) affirmed that Spain’s geographical location makes it an
ideal hub for trade between Europe, Africa, and the Americas. This accessibility attracts international
businesses through social relationship. Researchers across all countries should prioritize social capital
as intangible resources built through social relationship that can be utilized to create a successful
business relationship and deliver value to shareholders.

Research Methods

Figure 3: depicts the research methods adopted in each of the 60 social capital studies reviewed in this
study.

Research Method

75%

80%
70%
60%
50%
40%
30%

10% 8% 7%
20%
0%
survey Theoritical Analysis Interviews Questionnaire and
interview

Source: Authors Review (2024)

Based on the findings, 75% of the reviewed articles employed survey method in which structured
questionnaires were administered to stakeholders for their responses regarding various issues underlying
social capital (Tiwasing and Sawang 2022; Wu et al., 2022; Santos et al., 2023; Huang et al., 2021).
This was followed by articles using theoretical analysis (10%) which comprises of theories and models
development as well as conceptual clarity that will enable a deeper understanding of existing concepts
of social capital (Marjan et al., 2024; Jeble et al., 2022; Birasnav et al., 2019). More so, 8% of the studies
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adopted interview approach which involved collection of data directly from the person involved in the
use of social capital as a strategy to build a successful business relationship with customers (Gubbins et
al., 2021; Aritenang, 2021).

Data Analytical Techniques

Thematic Analysis [ NNRNRNREEENEGEB 3%

Theoritical Analysis || N N NINNNN 10%

Regression | 25%
pLs-sem - [, 19%
sem - | 35%

0% 5% 10% 15% 20% 25% 30% 35% 40%

The papers that adopted mixed method (qualitative and quantitative) are (7%) which involved the use
of interview to gain insights that can inform the development of questionnaires instruments which will
allow the researchers to explore social capital as a strategy for successful business relationship
thoroughly by capturing both numerical data and personal experiences of the respondents (Ripollés and
Blesa, 2020; Han et al., 2022; Lee and Hallak, 2020).

The reviewed analysis revealed that majority of the social capital articles adopted survey with the use
of structured questionnaires to elicit information from the respondents. The use of structured
guestionnaires to collect data limit the richness of data as nuances in respondents’ thoughts are limited
by fixed answers provided in the instruments (Wu et al., 2022). However, mixed research method that
comprises of the use of interview and questionnaires to collect data from respondents is the least research
method utilized in this study (Ripollés and Blesa, 2020; Han et al., 2022; Lee and Hallak, 2020). This
method enriches the research process by combining the strengths of both qualitative and quantitative
approaches, leading to a more nuanced and reliable understanding of social capital phenomena by
capturing respondents’ experience and numerical data (Yen et al., 2022). Therefore, it is recommended
that future social capital studies should adopt mixed research method of data collection in order to
address the limitation of single method of data collection so that the results generated could be more
robust and reliable.

The data analysis techniques of the 60 social capital articles reviewed in this study is presented in Figure
4:

Sixty (60) empirical articles were reviewed in terms of the data analysis method adopted by the
researchers. Out of the reviewed articles, twenty- one (21) articles representing 35% employed
Structural Equation Model (SEM) as a method of data analysis for their studies, while seventeen articles
(17) representing 28% used Multiple Regression as method of data analysis for their studies. Others
were eleven (11) representing 19% of the reviewed article utilized Partial Least Square- Structural
Equation Model (PLS-SEM) as a method of data analysis for their studies. More so, six (6) articles
representing 10% used Theoretical Analysis and five (5) articles representing 8% employed Thematic
Analysis as method of data analysis.

The reviewed analysis revealed that majority of the social capital articles utilized Structural Equation
Model (SEM) as technique for their data analysis. The reason might be due to the fact that Structural
Equation Model (SEM) allows researchers to examine direct and indirect relationship, which helps in
understanding the interdependencies between variables unlike the traditional regression techniques that
focuses on a single outcome variable at a time (Ripollés and Blesa, 2020; Yen et al., 2022; Wu et al.,
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2022; Tiwasing and Sawang 2022). However, thematic analysis is the least method of data analytical
techniques which involves organizing and structuring data systematically in order to understand the
meaning behind respondents’ experiences and providing insights into social capital perspectives
(Delilah Roque et al., 2022; Brandhorst, 2023). However, Structural Equation Model (SEM) as the most
utilized method of data analysis should be employ by future researchers on social capital because it
allows researchers to examine direct and indirect relationship, which helps in understanding the
interdependencies between variables of study.

Social Capital Themes

In this section a total of six themes, which were the focus point of the researchers were discovered and
summarised in Figure 3. Based on the 60 articles reviewed. Social capital as a tool for enhancing SMEs
performance was the theme with highest percentage (40%). The researchers focus on social capital as
vehicle of building specific resources (tangible or intangible resources) that allows SMEs to have
beneficial social ties that enhance business growth (Tiwasing and Sawang 2022; Ibeku and Nwagwu,
2024; Boateng et al., 2020; Lee and Hallak, 2020; Sarmiento Prieto et al., 2022). Follow by 22% of the
authors that analysed knowledge sharing in an organisation through social capital (Santos et al., 2023;
Wuetal., 2022; Han et al., 2022). The researchers examined social capital as an act of social relationship
that facilitates mutual exchange of knowledge among employees and reciprocal exchange of ideas that
enhance organisational performance (Setini, et al., 2020; Gubbins et al., 2021). More so, (13%) of
articles examined social capital as a strategy for employment engagement (Ali et al, 2024; Ciftgi, and
Karadag, 2023; Yen et al., 2022). The researchers examined the value of social networks within the
workplace and how they can enhance job satisfaction, commitment, and overall performance (Ciftci,
and Karadag, 2023). The fourth most common theme, representing only (12%) of the articles reviewed,
focused on social capital in health sector (Delilah Roque et al., 2022; Knorst et al., 2022; Tukamuhabwa
et al., 2023). The scholars considered social capital an important factor that is essential for fostering
trust, improving patient outcomes, enhancing community health, and promoting equitable access to
health care (Tukamuhabwa et al., 2023).

social capitalThemes

= Social capital as a tool for enhancing SME'S performanace
Knowledge sharing in an organization through social capital
Social capital as a startegy for employee engagement
Digital social capital

= Social capital in hospitality industries

= Social capital in health sector

The articles that explored social capital in hospitality industry represented (8%) of articles reviewed.
(Huang et al., 2021; Ghorbanzadeh et al.,2023). These scholars ascertain the effect of social capital
approach to promote cooperation and coordination among hotel employees and units in order to improve
the quality of services delivery and operational efficiency (Ghorbanzadeh et al.,2023). Digital social
capital was the least-researched theme (5%), with only three study investigating the role of digital
social capital in enhancing family- owned business in both developed nations (Hammad and Nagagar,
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2023; Brandhorst, 2023). This finding is surprising, considering that in 21% century, digital social capital
enables businesses to connect with a wide range of people and facilitate exchange of resources through
social media platforms, which in turn enhance the performance of business in today’s competitive
business environment (Brandhorst, 2023). Therefore, digital social capital should thus be at the forefront
of social capital research, and the fact that it is not, should serve as a challenge to future researchers in
social capital.

ARTICLE TYPE

Figure 4 illustrates the classification of the 60 articles based on their nature as either conceptual or
empirical. In this study, conceptual articles were those that dealt with theoretical development and
conceptual clarity that will enable a better understanding of existing concepts of social capital. In
contrast, empirical articles involve the collection and analysis of data on social capital through
observations, surveys, experimentation and other research methods which produced verifiable results
(Difference between conceptual and empirical, 2011).

Articles Types

= Empirical = Conceptual

It can be observed from Figure 4 that 90% (54 out of 60) of the articles reviewed were empirical
(Tiwasing and Sawang 2022; Wu et al., 2022; Santos et al., 2023; Huang et al., 2021), while the
remaining 10% (6 out of 60) were conceptual in nature (Marjan et al., 2024; Jeble et al., 2022; Birasnav
et al., 2019).Conceptual studies are wholly based on the deep reflection and a critical analysis of the
various issues affecting a subject matter. As it relates to social capital, it would be fruitful if future
researchers could reflect deeply on the various issues affecting social capital and come up theoretical
frameworks by proposing new ideas or different models that can guide empirical research.

Theories of social capital

This section provides an overview of theories utilized in the extant social capital scholarship covered in
this study. It can be observed from Figure 5 that twenty-three (23) articles representing 38% adopted the
social capital theory as the most utilized theory in building a successful business relationship with
stakeholders. The second most utilized theory was the Resources - based theory used in 12 articles
representing 20%, followed by social exchange theory, featuring six (6) articles representing 10%.
Knowledge base theory was utilized by four (4) articles representing 6% of the total theory. Theory of
social network being the least theory utilized in the reviewed articles is (5%). However, 12 articles
representing 20%, of the papers reviewed possessed no theoretical underpinning to support their
research (Setini, et al., 2020; Knorst et al., 2022; Brandhorst, 2023).
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Theories of social capital

= Social Capital Theory = Resource Base Theory Social Exchange Theory

Knowledge Base Theory = Social Network Theory = No Theories

social capital theory was developed by Bourdieu in (1986). The theory assumed that social relationship
enhances the performance of SMEs by building a sense of shared value with the customers (Zirena-
Bejarano et al., 2024; Gubbins et al., 2021; Wu et al., 2022; Santos et al., 2023); Resources - based
theory was developed by Birger Wernerfelt in (1984). The theory focuses resources as a key indicator
of attaining superior performance of the SMEs (Tiwasing and Sawang 2022; Huang et al., 2021; Marjan
et al., 2024). Social exchange theory was developed by Blau in (1964). It also assumed that social
relations facilitate exchanged of resources between individuals and organisation (Sarmiento Prieto et
al., 2022; Ciftci, and Karadag, 2023). Knowledge-based theory was developed by Conner in (1991).
The theory assumed that superior knowledge is considered to be the main creator of sustained
competitive advantage in SMEs sector (Wu et al., 2022; Han et al., 2022). Social network theory was
developed by Jacob Moreno in (1930). The theory explains how people level of connection facilitates
flow of vital information that will enhance business performance (Hammad and Naggar, 2023;
Brandhorst, 2023). Considering the important of theoretical articles in providing a strong starting point
for the analysis of theories of social capital concept and better understanding of the concepts. Swanson
et al. (2020) emphasized that theoretical studies make social capital research more meaningful and
generalizable. This represents a major gap in social capital research which future scholarship should
address.

4.0 CONCLUSION AND RECOMMENDATIONS

This paper considered 60 peer—reviewed journal articles dealing with social capital which were
examined based on five major classifications: geographical distribution, article types, research methods,
themes, and theories adopted. The findings indicated that Asia had the highest number of articles related
to social capital. The articles were mostly empirical studies and survey with social capital theory as the
theory that underpinned their studies. The research findings were limited by the fact that only journal
articles were included in the review, excluding book chapters and conference proceedings. Another
limitation is the fact that a little word search was utilized rather than a key word search.

To address these limitations, the following recommendations for future research across the six (6)
databases utilized in this study are proposed:

1. Future reviews should include book chapters and conference proceedings in order to have
comprehensive understanding of social capital schemes.

2. Researchers should emphasize conceptual research and theoretical studies in order to have
conceptual clarity and make social capital research more meaningful and generalizable.

3. Future research should focus on mixed research method in order to overcome the biases and
shortcomings structured questionnaires.
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4, Potential researchers should base their studies theoretical studies make social capital research
more meaningful and generalizable.

5. There is a need for studies on investigating the impact of social capital in Australasia and South
America, as there is a dearth of articles in these two continents.

6. Finally, future research should explore the key word search term which will produce a
significant number of the papers for the review.
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ABSTRACT

Ground modification enhances soil properties and mechanical behavior to support structural integrity
through various mechanical, hydraulic, physical, chemical, and inclusion-confinement methods.
Grouting, a technique that combines physical and chemical processes, involves injecting pressurized
fluidized materials to strengthen, densify, or reduce soil permeability. Portland cement is the most
commonly used binder for grouting applications, as it is in other areas of civil engineering. To improve
cement-based grouts' mechanical, chemical, and engineering properties, admixtures, fibers, and
nanomaterials are employed. Nanomaterials, such as carbon nanofilaments (SWCNTs, MWCNTS,
CNFs), offer extraordinary mechanical properties (e.g., TPa-level Young’s modulus, GPa-level tensile
strength), making them promising reinforcements. The workability of cementitious grouts, defined by
rheological behavior, viscosity, and yield stress, is crucial for practical application. Using the right
rheological model is essential for accurately assessing grout workability by characterizing flow
behavior, including yield stress and viscosity, under different conditions. Selecting an appropriate model
ensures precise flowability, stability, and performance predictions, which are critical for optimizing
grout applications in various field conditions.

To assess the performance of rheological models in carbon nanotube-enhanced cementitious grouts, 20
mix designs were prepared with varying water-to-binder (w/b) ratios (0.50, 0.75, 1.00, 1.25, and 1.50)
to suit different grout applications (e.g., sealing, compaction, or injection). The binder proportions
(Portland cement and CNT matrix) were varied by adding 0.05%, 0.10%, and 0.30% SWCNTSs by
weight of the solution, with each ratio including a control grout containing only Portland cement for
comparison. Each mixture was tested in a rotational rheometer immediately after stirring. The
performance of rheological models (i.e., Bingham, Modified Bingham, Herschel-Bulkley, Cross, and
Carreau-Yasuda) was compared for each mixture’s rheometer results using statistical metrics and
Akaike Information Criterion (AIC) to account for the trade-off between the goodness of fit of the model
and its simplicity. For high w/b ratios and low CNT additions, the Herschel-Bulkley model excelled in
prediction, fit, simplicity, and compatibility with high shear rates, which were beyond the scope of this
study. Similarly, the Cross model demonstrated the best performance in these aspects for low w/b ratios
and high CNT additions.

Keywords: Grouting, Cementitious grouts, Carbon nanotubes (CNTSs), Rheological models

INTRODUCTION

Grouting is a vital ground modification technique, essential for enhancing the mechanical behavior of
soils and ensuring the structural integrity of technical projects. It involves injecting fluidized materials
under pressure into voids within the ground or between the ground and adjacent structures to create
stronger, denser, and less permeable soil or rock formations (Hausmann, 1990). Grout materials are
primarily categorized into chemical and cementitious types. The selection of suitable grout material is
vital because of its effect on grout’s mobility, penetrability, cohesion, bleed potential, setting time, and
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solubility (Han, 2015). Even though chemical grouts offer a broader range of properties and can be
suitable for specific applications where cementitious grouts may not perform as effectively, cementitious
grouts, primarily composed of Portland cement, are widely preferred due to their abundant raw material
availability, high strength, being non-toxic and safe, offering excellent consolidation performance, and
ease of preparation (Coduto et al., 2016; da Rocha Gomes et al., 2023). To improve the above-mentioned
traits and decrease the disadvantages of cement-based materials (i.e., low tensional strength compared
to compressive strength, cracking due to chemical shrinkage during hardening), improving cementitious
grouts with admixtures and fibers is sensible.

Nanomaterials get attention in the geotechnical engineering field because soil scientists and engineers
can be considered the original nanotechnologists, as they work with clay particles—ultra-fine materials
that require advanced scientific techniques such as X-ray analysis or scanning electron microscopy for
detailed investigation (Thomas et al., 2022). Carbon nanofilaments (nanotubes and nanofibers), with
their exceptional mechanical and chemical properties, offer significant potential to address these
challenges. For instance, the axial Young’s modulus of single-walled carbon nanotubes (SWCNTSs)
reaches the terapascal (TPa) scale, while their tensile strength often exceeds gigapascal (GPa) levels
(Khang et al., 2008; Salvetat et al., 1999; Treacy et al., 1996; Yu et al., 2000). In addition to their
remarkable mechanical properties, SWCNTSs possess unique electronic and chemical characteristics
(Yury Gogotsi, 2006), making them among the most promising nanomaterials for enhancing cement-
based materials, i.e., grouts.

The accurate prediction of workability, injectability, and pumpability in such enhanced grouts requires
robust rheological models. These models, such as Bingham, Modified Bingham, Herschel-Bulkley,
Cross, and Carreau-Yasuda, describe the flow behavior of grout under different shear conditions,
offering insights into its performance during mixing, transportation, and injection. This study evaluates
the performance of these models for carbon nanotube-enhanced cementitious grouts using 20 mix
designs with varying water-to-binder ratios and CNT contents. Rheological measurements were
analyzed using statistical metrics and the Akaike Information Criterion (AIC) to balance model accuracy
and complexity. The findings aim to guide the selection of optimal models for diverse grout applications,
improving performance in practical scenarios.

EXPERIMENTAL STUDY
Materials

The materials used in the binder composition of the grout mixtures, Portland cement (PC) and single-
walled carbon nanotubes (SWCNTSs), have been illustrated in Fig.1. The cement (PC) was an ordinary
Portland cement, comparable to ASTM C150/C150M-24. The carbon nanotubes are single-walled
carbon nanotubes (SWCNTSs) synthesized using the catalytic CVD method, which decomposes
hydrocarbons on a catalytic metal surface (Predtechenskiy et al., 2022). The SWCNTSs are at a 10%
concentration matrix for industrial applications produced by Tuball. SWCNTSs appear as fiber-like
structures due to their high aspect ratio under transmission electron microscopy (TEM), as shown in
Fig.2. The structural properties of SWCNTSs provided by the manufacturer are present in Table 1.

a) b)

Fig.1. Materials a) Portland cement b) Nanotube matrix
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Table 1. Structural properties of SWCNTs

. . Unit of .
Specification Measure Value Method of Evaluation
Appearance - Black powder Visual inspection
SWCNT content* wt.% 99 +05 ggglﬁ‘l internal method: ash
SWCNT length um >5 AFM
Specific surface area m2/g 800 - 1600  Bet method 1SO 92772010 (E)
SWCNT outer mean am 16404 Optical absorption: ISO/TS
diameter ’ ’ 10868:2017 (E)

G/D ratio unit >40 Raman (532 nm): NIST SP 960-19
Metal impurities (in dry

matter) ppm :2%5;2’32%322/0 OCSIAI IM: ICP-AES
Cr/Fe/Cu/Ni/Zn

Moisture WE% <5 OCSIA IM: infrared

thermogravimetry

Sample Preparation and Testing Program

An overhead mechanical stirrer with an optimized impeller blade configuration capable of achieving a
peripheral speed of 7-15 m/s was utilized to ensure adequate mixing. The process was conducted in a
flat-bottomed cylindrical mixing container dimensioned to match the stirrer's specifications for
enhanced dispersion efficiency and uniformity.

ISTN

Fig.2. High-resolution TEM images of produced Tuball at different scales. From Predtechenskiy et al.
(2022)

The mixing procedure adhered to the two-step protocol, ensuring proper interaction between the stirrer
and the container to maximize the efficiency of the mixing process. In Step 1, the initial mix ratio of
CNTs matrix to solution (water and cement) was set at 1:49, the total amount of calculated CNTs matrix
for mixture used with a corresponding solution of water-to-cement (w/c) ratio of 1. The mixture was
stirred for 20 minutes at a peripheral speed of 10 m/s. In Step 2, the remaining cement and water were
added to the container and stirred for an additional 5 minutes at the same speed as in Step 1. For control
mixtures (no CNTSs), water and cement are stirred for 25 minutes in one step. During the preparation of
the grout mixtures and subsequent testing, laboratory conditions were controlled, maintaining a relative
humidity of 50-65% and a temperature of 24 + 2°C. The weight-based material proportions of the steps
and the testing program are detailed in Table 3. It includes the binder proportions (Portland cement and
CNTs matrix), water-to-binder ratios, and the amounts of binder and water used in the cement-based
grout mixtures, covering 20 different mix designs.
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The water-to-binder (w/b) ratios of 0.5, 0.75, 1, 1.25, and 1.5 were chosen to align with the specific
grouting application, such as sealing, compaction, penetration, or injection grout. CNTs, even at low
dosages, are highly effective in enhancing the properties of the cementitious matrix, with numerous
studies highlighting significant improvements in material performance achieved with minimal CNT
concentrations (Chen et al., 2023; Li et al., 2023; Y. Liu et al., 2021; Restuccia et al., 2018). Based on
these findings, CNT dosages ranging from 0.05% to 0.30% by weight of the solution were chosen,
balancing performance and economic considerations. Accordingly, three CNT dosages—0.05%, 0.10%,
and 0.30%—were selected for this study, with the first mixtures for each w/b ratio containing only
Portland cement, designated as the control grout for comparison. The naming convention indicates that
the second decimal digit '0" in labels such as G10, G20, G30, G40, and G50 signifies that these mixtures
contain no CNTs.

Table 2. Mixture proportions and mixing process

Mixing process
Step 1* Step 2
Grout CNT

ID wib CNT/s water cement matrix** w C w C

(%) (an) (9n) (ar) (9n) (9n) (9n) (9n)
G10 050 0.00 129.51 258.83 0.00 0.00 0.00 129.51 258.83
G11 050 0.05 127.05 252.00 1.90 46.67 46.67 80.38 205.33
G12 050 0.10 124.67 24542 3.74 9159 9159 33.08 153.83
G13 050 0.30 12239 23358 11.01 122.39 233,58 0.00 0.00
G20 0.75 0.00 154.41 205.95 0.00 0.00 0.00 154.41 205.95
G21 0.75 0.05 151.68 200.53 1.77 4336 43.36 108.32 157.17
G22 0.75 0.0 149.04 195.30 3.48 85.22 8522 63.83 110.09
G23 0.75 0.30 146,50 18513 10.26  146.50 185.13 0.00 0.00
G30 100 0.00 168.07 168.07 0.00 0.00 0.00 168.07 168.07
G31 100 0.05 165.29 163.64 1.65 40.50 4050 124.79 123.14
G32 100 0.10 162.60 159.35 3.25 79.67 79.67 8293 79.67
G33 1.00 0.30 160.00 150.40 9.60 160.00 150.40 0.00 0.00
G40 125 0.00 174.96 140.00 0.00 0.00 0.00 174.96 140.00
G41 125 0.05 17225 136.28 1.55 3798 3798 13426 98.29
G42 125 0.10 170.92 133.69 3.08 7538 75.38 95,54 58.31
G43 125 030 169.62 126.56 9.16 169.62 126.56 0.00 0.00
G50 150 0.00 18182 12121 0.00 0.00 0.00 181.82 121.21
G51 150 0.05 180.45 118.80 1.50 36.84 36.84 14361 81.95
G52 150 0.10 179.10 116.42 2.99 73.13 73.13 10597 43.28
G53 150 0.30 177.78 109.63 8.89 177.78 109.63  0.00 0.00
* CNT Matrix added in Step 1 ** %10 concentrate of CNT

Ratios Weights

Rheological Testing

The rheological properties of the grout mixtures were measured with a coaxial rotating cylinder
rheometer (proRheo R180 Instrument, Germany), which operates on the Searle method. In this setup,
the bob rotates while the cup remains stationary, following the Searle principle developed by G.F.C.
Searle in 1912 (Barnes et al., 1989). ISO 3219-1 and DIN 53019-1 standards outline the design of
concentric cylinder (CC) systems, emphasizing the importance of a narrow, circular gap between the
surfaces to ensure a consistent shear rate across the gap. Adherence to these standards is essential when
employing the narrow gap configuration. For instance, 1SO 3219 specifies that the ratio between the
radii of the cup and the bob must not exceed 1.085. For large-gap cylinder measuring systems that do
not meet these standards, alternative formulas are applied for shear stress (t;) and shear rate (y;)
(Mezger, 2021):
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M
2nLR?

) 2R?

Vi = (RZ 2)

where, M denotes the torque, L is the length of the cylindrical section of the bob, R; is the bob radius,
R, is the cup radius and w represents the angular velocity.

T, =

Two bob sizes (bob I and bob II) were used in testing, with diameters of 30 mm and 24 mm and lengths
of 45 mm and 36 mm, respectively. Shear stress measurements were recorded at various shear rates: for
w/b=1.0, w/b=1.25, and w/b = 1.50, bob I used at shear rates of 4.61 s!, 55.42 s7!, 106.22 57!, 157.02
s71,207.81 571, 258.61 s7',309.41 s71,360.21 s7',411.00 s7!, and 461.81 s~ while for w/b = 0.5 and w/b
= 0.75, the bob II used at shear rates of 3.03 s, 36.41 s!, 69.79 s7!, 103.18 s}, 136.56 57!, 169.94 57!,
203.32 s, 236.71 s7', 270.09 s, and 303.47 s'. Tests were conducted in 10 ascending and 10
descending steps, each lasting 15 seconds, with a 30-second rest period between transitions. No pre-
shearing was applied to any samples before the rheological measurements.

The flow behavior of fresh concrete is effectively described by flow curves that relate yield stress, shear
rate, and plastic viscosity. The Bingham model characterizes yield stress (z,) as the minimum force
needed to initiate flow, governed by particle interactions and bonds in cementitious materials, and plastic
viscosity (u) as the linear relationship between shear stress and shear rate, influenced by Brownian
forces, cement hydration, and viscous interactions. To determine the most suitable rheological model
for CNT-enhanced cementitious grouts, five commonly used models—Bingham, Modified Bingham,
Herschel-Bulkley, Cross, and Carreau-Yassua—were evaluated, as these are standard for describing
non-Newtonian fluids such as grouts and cementitious suspensions (Gtlli, 2016; C. Liu et al., 2024;
Nazar et al., 2020)

The modified Bingham model addresses limitations of the Bingham model, such as its assumption of
constant viscosity limits its applicability to more complex, shear-dependent behaviors by introducing a
curvature term (c), allowing for a nonlinear response at higher shear rates and better capturing shear-
thinning and shear-thickening behaviors typical of non-Newtonian fluids like cementitious grouts. The
Herschel-Bulkley model further generalizes the approach by incorporating a power-law term with a flow
behavior index (n) to characterize shear-thinning (n<1) or shear-thickening (n>1) behaviors; it drops to
the Bingham model when n=1 and the consistency index (K) becomes viscosity.

The Cross and Carreau-Yasuda models are empirical rheological models that describe non-Newtonian
fluids with complex flow behaviors. The Cross model characterizes fluids as power-law fluids over a
range of shear rates but transitions to a region of constant viscosity at both low and high shear rates. In
contrast, the Carreau-Yasuda model provides a more gradual transition between power-law and constant
viscosity regions, offering a better fit for fluids exhibiting complex shear-thinning or shear-thickening
behaviors. The formulas for these models are:

Tp = To + 1y
Tup = To + UV + cy?
THB = TO + Kyn
T — Tp
Tc = —_—
Ty anr

n—1
Tey = To + (Too — T0) (1 + (AP)*)

where T, Tyg, Tug, Tc, Toy represents the shear stress (Pa) for Bingham, modified Bingham, Herschel-
Bulkley, Cross and Cearreau-Yasuda models, respectively. 7, is the shear stress at zero shear rate (Pa),
representing the stress at rest, u is the viscosity (Pa.s) and y is the shear rate (1/s). c, is the curvature
term, K is the consistency index, and n is the flow behavior index indicate shear thickening and shear-
thining behaviour. 7., shear stress at infinite shear rate (Pa) representing the asymptotic value at very
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high shear rates, A is the time constant (s), related to the relaxation time and a is the witdth of thansition
region between Newtonian and power-law behavior.

Flow curves were generated with rheological models, displaying apparent viscosity and shear stress as
functions of shear rate, with data collected for both the ascending and descending phases, but for this
study, only the descending data were analyzed, as they were more stable for model fitting (Fig.5)

RESULTS AND DISCUSSION

Figure 4 presents the shear stress-shear rate graphs of grout mixtures for various water-to-binder (w/b)
ratios (0.50, 0.75, 1.00, 1.25, and 1.50) and CNT concentrations (0%, 0.05%, 0.10%, and 0.30%).
Measurements for G12 and G13 (w/b = 0.5 and CNTs = 0.10%, CNTs = 0.30%, respectively) could not
be obtained due to the torque limits of the rheometer used in the rheological test.
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Fig.4. Flow curves of shear stress versus shear rate (viscosity: apparent viscosity).

Statistical measures, such as the Root Mean Square Error (RMSE) and the Coefficient of Determination
(R?), are essential tools for evaluating and comparing the performance of regression models, providing
insights into their accuracy and goodness of fit. The RMSE is a widely used metric that quantifies the
average magnitude of prediction errors by measuring the differences between predicted and observed
values. Lower RMSE values indicate a better fit of the model to the data, signifying more minor
prediction errors. Unlike the Mean Absolute Error (MAE), which treats all errors equally, RMSE places
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greater emphasis on more significant errors, making it particularly suitable for situations where
significant deviations are undesirable—such as selecting the optimal rheological model for the shear
stress—shear rate relationship in cementitious grouts. Moreover, RMSE is expressed in the same units as
the dependent variable (i.e., shear stress), providing a straightforward and interpretable measure of
prediction accuracy. In contrast, the Coefficient of Determination (R?) is a statistical metric that
evaluates the proportion of variance in the dependent variable explained by the independent variable(s)
in a regression model. R? offers insight into the model’s goodness-of-fit, indicating how well the
independent variables account for the variability in the dependent variable. R? ranges from 0 to 1, with
higher values representing better model performance. Since the sample size and number of predictors
are consistent across all datasets (10 observations and one predictor, respectively), the use of adjusted
R? (R?adj) was deemed unnecessary as there is no variation in the number of predictors or observations.
The comparison of rheological models by statistical measures (RMSE and R?) is given in Table 4.

Whereas RMSE and R? assess models' performance based on prediction accuracy and goodness-of-fit,
respectively, they do not account for model complexity or the risk of overfitting. To address this
limitation, the Akaike Information Criterion (AIC) is a widely used statistical measure that evaluates
model performance while balancing goodness-of-fit with the number of parameters in the model. By
penalizing excessive complexity, AIC helps identify models that achieve an optimal trade-off between
accuracy and simplicity (Akaike, 1973, 1974; Hurvich & Tsai, 1989). Models with lower AIC values
are considered to have better overall performance, as they minimize both prediction error and overfitting.
AIC differences (AAIC = AIC; — AIC,,;,,) are a quick comparison and ranking of candidate models.
The model's performance is considered substantial for A; values between 0 and 2, considerably less for
values between 5 and 7, and essentially none for values greater than 10 (Anderson & Burnham, 2004).
The comparison of rheological model performances by AIC differences is presented in Table 5. The
formulas for RMSE, R?, and, AIC are as follows:

L& 0.5
RMSE = (T—lZ(yi —mz)
i=1

2 _q _ Zina0im90?
Re=1 Y i-9)?
RSS n
nlin (T) + 2k, whenE > 40
AIC (or AlCc) = RSS 2k(k + 1) n
nln(—>+2k+—, when— < 40
n—k-—1 k

where y is the observed value for the i-th data point, ¥ is the predicted value for the i-th data point, y is
the mean of all observed values, RSS is the residual sum of squares, n is the total number of observations
and k is the number of independent variables.
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Table 4. Statistical metrics (SM) of rheological model performances

G SM _ C HB B MB COY G
610 "R" oo nose 0877 noes oges HB>C>CY>MB>B
Gl RhéfE g:ggg 105.985171 30(?.737325 20%50843 g:ggg Vs CoHB MBS B
c20  FRF  Goe ooes oses ooeo ogps MBZHB>B>CoCY
G2t """ o oowm 0700 oes ooy CY>C>HB>MB>B
G2 RI\FAe?E 3332 100.5369138 10?692151 1037532363 21333 Cy>C>HB>MB>B
623 "R" e 0om 075 0962 vopo CY>C>MB>HB>B

RMSE 0.374 0.346 0.600 0.349 0.410

G30 R? 0.9928 0.9939 0.9816 0.9938 0.9914 B> MB>C>CY>B
61 "R"  Gde 098 0983 09 0oy MBZHB>C>B>CY
622 "B (oo oses 01 0742 ogre CY>C>HB>MB>B
633 “T" (o ors od0r 0oos 1000 CY7C>HB>MB>B
60 "R"  Uoe6 0907 095 0998 0gos MBZHB>C>CY>B
o "E" U000 09w 098 0998 0ge C7CY>HB>MB>B
2 "R5 (%0 0901 0978 0993 oas MBZHB>C>CY>B
63 "B Go1s os0r o721 0770 02 CY?C>HB>MB>B
650 "B" oo 0998 093 099 0oy MB>HB>C>CY>B
os1 "R Go%9 0999 09y 0999 0sgg MBZHB>C>CY>B
o2 “T"  0ors oot o097 0979 09es MBZHB>B>C>CY
653 "R Uoos oo 0794 0ste 0gos HB7C>CY>MB>B

The evaluation of rheological model performance using statistical metrics revealed consistency between
the RMSE and R? values, with both metrics producing identical rankings of the model's performance.
Although these rankings were determined considering the relative performance differences, this does
not imply a linear hierarchy in model performance. In the case of G23 grout, the RMSE increase from
the first-ranked Carreau-Yasuda (CY) model to the second-ranked Cross (C) model was 195%, while
the R? decreased by 0.1%. Comparatively, the RMSE increase between the Cross model and the third-
ranked Modified Bingham (MB) model was 608%, with a corresponding R? reduction of 3.6%.
Furthermore, similar performances of specific model pairs (e.g., CY-C and MB-HB) suggest that some
models exhibit closely aligned performance. Consequently, based on the best RMSE and R? values, the
top two models were considered the most accurate in explaining shear stress-shear rate relationships in
grout design.
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When model complexity, in terms of the number of parameters, was factored into performance
comparisons, simpler models like the Bingham model, which showed poorer statistical performance,
became more prominent (Table 5). AAIC assessments introduced a gradual ranking between the best-
performing models and others, mainly aligning with the statistical findings but highlighting the
preference for simpler models due to the penalty for increased complexity. This demonstrates how
simpler models are favored in AlC-based evaluations.

Table 5. AIC of rheological model performances

Grout ID  Models RSS N Parameters AIC AAIC Performz_:mce
Comparison
HB 7.70 10 3 13.39 -
C 6.63 10 4 20.89 751
G10 MB 67.46 10 3 3509 2170 HB>C>MB=CY=B
CYy 6.19 10 5 35.21 2182
B 265.95 10 2 42.81 29.42
C 480.22 10 4 63.72 -
HB 174981 10 3 67.65 3.93
Gl1 CYy 234.07 10 5 7153 781 C>HB=CY>MB=B
MB 389294 10 3 75.64 1193
B 10561.65 10 2 79.62 1591
B 3.30 10 2 -1.09 -
MB 2.16 10 3 0.66 1.75
G20 HB 2.58 10 3 244 353 B=MB>HB=C=CY
C 2.58 10 4 1145 12.53
CY 2.58 10 5 26.46 27.55
C 26.81 10 4 34.86 -
HB 88.78 10 3 37.84 297
G21 CYy 13.45 10 5 4296 810 C>HB=CY>MB=B
MB 223.45 10 3 47.07 12.20
B 47455 10 2 48.60 13.73
CYy 0.97 10 5 16.62 -
C 149.70 10 4 52.06 35.44
G22 HB 789.25 10 3 59.69 43.07 CY>C=HB=MB=B
MB 1232.40 10 3 64.14 47.52
B 3171.73 10 2 67.59 50.98
CYy 4.14 10 5 31.18 -
C 43.48 10 4 39.70 852
G23 MB 211346 10 3 69.53 3835 CY>C>MB=HB=B
HB 3807.13 10 3 75.42 44.24
B 15881.15 10 2 83.70 52.52
HB 0.84 10 3 -8.77 -
MB 0.85 10 3 -8.60 0.17
G30 B 2.88 10 2 -245 632 HB=MB>B=C>CY
C 0.84 10 4 0.23  9.00
CYy 0.84 10 5 15.24 24.01
B 5.51 10 2 4.04 -
MB 3.16 10 3 448 044
G31 HB 3.75 10 3 6.19 215 B=MB>HB=C=CY
C 3.75 10 4 1519 11.15
CYy 3.75 10 5 30.19 26.16
C 35.45 10 4 37.65 -
G32 HB 17329 10 3 4452 687 C>HB>CY=MB=B
CYy 22.10 10 5 4793 10.27
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MB 339.04 10 3 51.24 13.58
B 620.90 10 2 51.29 13.63
CYy 2.24 10 5 25.03 -
C 11418 10 4 49.35 2432
G33 HB 1761.45 10 3 67.71 4268 CY>C=HB=MB=B
MB 222891 10 3 70.07 45.04
B 4957.94 10 2 72.06  47.03
MB 0.18 10 3 -23.97 -
HB 0.34 10 3 -17.95 6.02
G40 C 0.34 10 4 -894 1503 MB>HB=C=B=CY
B 2.92 10 2 -2.32 2164
CYy 0.34 10 5 6.15 30.11
HB 0.10 10 3 -30.44 -
C 0.06 10 4 -26.44  4.00
G41 MB 0.25 10 3 -20.76 9.68 HB>C=MB>CY =B
CYy 0.06 10 5 -11.43 19.01
B 2.86 10 2 -2.52  27.92
MB 1.61 10 3 -2.27 -
HB 1.93 10 3 -0.47 180
G42 B 5.55 10 2 410 637 MB=HB>B>C=CY
C 1.93 10 4 8.53 10.80
CYy 1.94 10 5 23.58 25.85
HB 62.51 10 3 34.33 -
C 47.04 10 4 40.48 6.16
G43 B 21426 10 2 4065 632 HB>C=B=MB>CY
MB 15450 10 3 43.38 9.05
CYy 37.25 " 5 53.15 18.82
MB 0.09 10 3 -30.57 -
HB 0.13 10 3 -27.32  3.26
G50 C 0.13 10 4 -18.31 1226 MB>HB>C=CY =B
CYy 0.13 10 5 -3.19 27.38
B 5.16 10 2 3.38 33.96
MB 0.06 10 3 -34.57 -
HB 0.07 10 3 -34.00 0.57
G51 C 0.07 10 4 -2498 959 MB=HB>C>CY=B
CYy 0.07 10 5 -0.93  24.64
B 1.83 10 2 -7.01  27.56
B 4.80 10 2 2.67 -
MB 3.35 10 3 508 241
G52 HB 3.92 10 3 6.64 397 B>MB=HB>C=CY
C 3.93 10 4 15.65 12.98
CYy 3.93 10 5 30.65 27.98
HB 32.99 10 3 27.94 -
B 102.07 10 2 33.23 529
G53 MB 79.66 10 3 36.75 881 HB>B=MB=C>CY
C 3580 10 4 37.75 9.82
CYy 3154 10 5 5149 23.55

The statistical metrics and AIC comparisons were based on models calibrated using data up to a shear
rate of 500 s™'. However, the parameters derived from these models must also remain valid for higher
shear rates to ensure broader applicability. Models that do not follow power-law principles, such as
Bingham and Modified Bingham, tend to produce unrealistic results at elevated shear rates. As shown
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for G33 in Fig.5, for shear rates of up to 1000 s™', the outcomes deviated significantly from previous
works and general cementitious grout behavior (Dehghani & Aslani, 2022; Giill et al., 2023; Giilli &
Ali Agha, 2021).
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Fig.5. Shear stress — viscosity versus shear rate for G33

Considering statistical metrics (SM), AIC values, and performance at high shear rates, the authors
recommend the most suitable models for various water-to-binder (w/b) ratios and CNT additions, as
summarized in Table 6. For grouts with high w/b ratios and low CNT additions, the Herschel-Bulkley
model exhibited superior performance in prediction accuracy, fitting quality, simplicity, and
compatibility with higher shear rates, including those beyond the scope of this study. Conversely, for
low wi/b ratios and high CNT additions, the Cross model was identified as the most effective, excelling
across the same criteria.

Table 6. Summary of rheological models comparison
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CONCLUSION

This study investigates the comparative performance of common rheological models (Bingham,
Modified Bingham, Herschel-Bulkley, Cross, and Carreau-Yasuda) for cementitious grout mixtures
with varying carbon nanotube (CNT) additions. The research analyzes shear stress-shear rate behavior,
evaluates model performance using statistical metrics (RMSE, R?, and ACI), and establishes a ranking
to identify the best models for cementitious grouts enhanced with carbon nanotubes.

Based on the findings, the following general conclusions can be drawn:

1) The RMSE and R? values consistently ranked the rheological models' predictive accuracy,
indicating reliability in the statistical evaluation. Complex models, such as the Carreau-Yasuda (CY)
model, stand out in these metrics for low w/b ratios and high CNT additions due to the insensitivity of
these metrics to overfitting.

2) Despite poorer performance in statistical metrics, simpler models such as the Bingham model
gained prominence in AAIC-based evaluations, emphasizing the importance of balancing model
complexity and accuracy for practical applications.

3) Models that do not follow power-law principles, such as the Bingham and Modified Bingham
models, tend to produce unrealistic results at higher shear rates, limiting their applicability across
broader operational ranges.

4) Based on all performance evaluations conducted by the authors, the Herschel-Bulkley model is
recommended for high w/b ratios and low CNT additions due to its superior prediction accuracy,
simplicity, and compatibility with elevated shear rates. Conversely, the Cross model was identified as
the most effective for low w/b ratios and high CNT additions, excelling in the same evaluation criteria.
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OZET

Diinya genelindeki enerji tiiketiminin %30-40’1ik kismin1 insaat sektorii olusturmaktadir ve bu tiikketimin
%80-85’1 binalarin 1sitma ve sogutma ihtiyaclarinda tiiketilmektedir. Kiiresel sicaklik artislari,
kentlesme oranlarindaki yiikselis ve buna paralel olarak enerji talebinin 2050 y1lina kadar %50’den fazla
artacag1 ongorisi, insaat sektoriinii siirdiiriilebilirlik agisindan kritik bir alan haline getirmektedir. Bu
dogrultuda, enerji tiiketimini azaltmaya yonelik yaklasimlar, hem c¢evresel hem de ekonomik
stirdiiriilebilirlik hedeflerinin temelini olusturmaktadir. Enerji verimliligi saglama ve tiiketimi optimize
etme amaciyla gelistirilen yontemlerden biri, “1s1l enerji depolama sistemlerinin kullanimi”dir. Isil enerji
depolama sistemleri, enerjinin verimli bir sekilde toplanmasi ve doniistliriilmesiyle 1sitma ve sogutmada
tasarruf saglamada etkili bir yontemdir. Faz degistiren malzemeler (FDM), 1s1l enerji depolama
sistemlerinde gizli 1s1y1 depolama kabiliyetiyle dikkat ¢eken yenilik¢i malzemelerdir. FDM, hem i¢
mekan termal konforunu artirmakta hem de enerji talebini diisiirerek cevresel etkileri azaltmaktadir.
Bununla birlikte, FDM’lerin sagladigi en 6nemli avantaj, enerji depolama siire¢lerini verimli hale
getirmesi ve karbon ayak izini azaltmasidir. FDM’lerin enerji verimliligi acisindan tasidigi potansiyel,
mimarlik ve yap1 malzemeleri alaninda giderek artan bir ilgi gérmektedir. Ozellikle, siirdiiriilebilirlik ve
enerji tasarrufu hedeflerine olan katkilari, FDM’lerin tasarim siire¢lerinde kullanilmasini 6nemli hale
getirmektedir. Ancak, mevcut literatiir incelendiginde, FDM uygulamalarinin saglamis oldugu enerji
tasarrufu ve ekonomik avantajlarin ¢ok sayida aragtirmanin odagi olmasina ragmen, FDM’lerin bir
mimari tasarim 6gesi olarak degerlendirilmesine yonelik arastirmalarin oldukca sinirli bir kapsamda ele
alindig1 tespit edilmistir. Ozellikle, bu malzemelerin pratik uygulamalarda iiretim ve kullanim
olanaklarmi arastiran girisimlerin olmamas1 dikkate degerdir. Bu baglamda, bu arastirmada smirl
literatiir genisletilerek, FDM’lerin mimari tasarimdaki potansiyel kullanim alanlar1 daha kapsamli bir
sekilde incelenmektedir. FDM’lerin mimarlikta pratik uygulamalar1 ve karsilastirmali malzeme
ozellikleri incelenmis, ayrica gelecekte mimarlikta yaygin bir sekilde kullanilma potansiyeli {izerine
cikarimlar yapilmistir. Bu arastirmanin, FDM’lerin mimari tasarimlarda kullanimi i¢in teorik ve pratik
katkilar sunmasi hedeflenmektedir. Bu dogrultuda, FDM’lerin mimari tasarimlarda kullaniminin
yayginlagmasi, siirdiiriilebilir yapilarin insasina dnemli bir katki saglayarak, enerji verimliligi ve
cevresel siirdiiriilebilirlik hedeflerine ulasilmasinda kritik bir rol oynayacaktir.

Anahtar Kelimeler: Faz Degistiren Malzeme, Yenilik¢i Malzeme, Mimari Tasarim

ABSTRACT

The construction sector accounts for 30-40% of global energy consumption, with 80-85% of this
consumption used for heating and cooling buildings. Global temperature increases, rising urbanization
rates, and the projected increase in energy demand by over 50% by 2050 make the construction sector
a critical area for sustainability efforts. Approaches to reducing energy consumption form the foundation
of both environmental and economic sustainability goals. One method developed to achieve energy
efficiency and optimize consumption is the use of thermal energy storage systems. These systems
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effectively store and transform energy, providing savings in heating and cooling. Phase change materials
(PCM) stand out as innovative materials in thermal energy storage systems due to their ability to store
latent heat. PCM enhance indoor thermal comfort while reducing energy demand, thus mitigating
environmental impacts. The most significant advantage of PCM lies in their ability to make energy
storage processes more efficient and reduce carbon footprints. Their potential for improving energy
efficiency is attracting increasing attention in architecture and building materials. Specifically, their
contributions to sustainability and energy savings goals make the integration of PCM into design
processes particularly important. However, a review of the existing literature reveals that, despite
numerous studies focusing on the energy-saving and economic benefits of PCM applications, research
addressing their evaluation as an architectural design element remains relatively limited. Notably, there
is a lack of initiatives exploring the production and application possibilities of these materials in practical
contexts. Within this scope, this research aims to expand the limited body of literature by examining the
potential uses of PCM in architectural design more comprehensively. The study investigates the
practical applications and comparative material properties of PCM, along with drawing conclusions
about their potential for widespread use in future architectural projects. This research aims to provide
both theoretical and practical contributions to the use of PCM in architectural designs. In this context,
the widespread use of PCM in architectural design is expected to significantly contribute to the
construction of sustainable buildings, playing a critical role in achieving energy efficiency and
environmental sustainability goals.

Keywords: Phase Change Material, Innovative Material, Architectural Design

GIRIS

Insaat sektorii, diinya genelinde yasanan enerji tiikketiminin %30-40’1ndan sorumlu olup (Y1lmazoglu,
2010) bu oran iginde 1sitma ve sogutmada harcanan enerji tiiketimi %80-85 gibi 6nemli bir paya sahiptir
(Konuklu ve Paksoy, 2011). Artan kiiresel sicakliklar, kentlesme oranlarindaki yiikselis ve buna bagh
olarak enerjiye olan talebin 2050 yilina kadar %50°nin tizerine ¢gikacagi 6ngoriilmektedir (Alam ve dig.,
2019). 21. yiizyil, enerji tiiketimi ve kaynak yonetimi agisindan kritik dneme sahip olmakla birlikte,
iklim degisikligi, artan sera gazi emisyonlar1 ve kaynaklarm etkin kullanimi gibi kiiresel 6lgekli
zorluklarla da kars1 karsiyadir (Fereidoni ve dig., 2023). Bu baglamda, enerji tiiketiminin azaltilmasina
yonelik stratejiler hem cevresel hem de ekonomik siirdiiriilebilirlik hedeflerinin merkezinde yer
almaktadir.

Enerji verimliligi saglama ve tiiketimi optimize etme amaciyla gelistirilen yontemlerden biri, pasif
sistemler olarak adlandirilan iklimlendirme yaklasimlaridir. Buna ek olarak, yenilik¢i malzemeler ve
enerji depolama teknikleri bu hedefe ulasmada 6nemli bir rol oynamaktadir (Beltran ve Martinez-
Gomez, 2019). “Isil enerji depolama sistemleri”, enerjiyi uygun sekilde toplama ve doniistiirme yetenegi
ile 1sitma ve sogutma siireclerinde tasarruf saglamanin etkili bir yontemi olarak dikkat ¢cekmektedir. Faz
degistiren malzemeler (FDM), gizli 1s1 depolama 6zellikleri sayesinde 1s1l enerji depolama sistemlerinde
etkili bir ¢6ziim sunan yenilik¢i malzemelerdir. Bu malzemeler, i¢ mekan konfor kosullarimi
iyilestirirken ayn1 zamanda enerji talebini diistirerek ¢evresel etkilerin azalmasina katki saglamaktadir
(Casini, 2014). FDM’ler, sivi ve kati fazlar1 arasindaki gecis sirasinda 1s1 enerjisini depolayarak
sicakligini sabit tutar. Giindliz artan ¢evre sicaklifi ve giines radyasyonu etkisiyle eriyerek 1siy1
bilinyesinde depolar ve i¢ ortam sicakliginin artigini engeller. Gece ise c¢evre sicakligi diistiigiinde
depoladig1 1s1y1 ortama geri salarak katilasir ve i¢ mekanda 1s1l konforu korur (Mohseni ve dig., 2019),
(Chan, 2011).

FDM’lerin yiiksek enerji depolama avantaji, insaat sektoriinden diger endiistrilere kadar genis bir alanda
enerji verimliligi ve siirdiiriilebilirlik hedeflerine ulasmada kritik bir 6neme sahiptir. Ornegin, tekstil
endiistrisinde, termal konfor saglayan giysilerde FDM kullanimi giderek artmaktadir. Ayrica, elektrikli
araclarin bataryalarnda 1s1 yonetimini optimize etmek i¢in FDM’ler kullanilmakta, bdylece batarya
performanst ve omrii artirilmaktadir (Sharma ve dig., 2009). Gida sektoriinde, sicaklik kontrolii
gerektiren tasimacilik ve depolama siireglerinde FDMler etkili bir ¢6ziim sunmaktadir (Baetens ve dig.,
2010). Saglik sektoriinde ise, ila¢ tasimaciligt ve sicaklik kontrollii saklama alanlarinda kullanim
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ornekleri bulunmaktadir. Bu uygulamalar, FDM’lerin genis bir kullanim alanina sahip oldugunu ve
enerji verimliligine yonelik 6nemli katkilar sundugunu gostermektedir.

FDM’lerin farkli endiistrilerdeki uygulamalari, bu malzemelerin mimarlik ve yap1 malzemeleri alaninda
da siirdiiriilebilirlik ve enerji verimliligi saglama potansiyeliyle artan bir ilgi odagi haline gelmesini
saglamistir. Ancak, mevcut literatiir incelendiginde, FDM uygulamalarinin saglamis oldugu enerji
tasarrufu ve ekonomik avantajlarin ¢ok sayida arastirmanin odagi olmasina ragmen, FDM’lerin mimari
tasarim siireglerindeki entegrasyonunu ve pratik uygulamalarini ele alan aragtirmalarin sinirli oldugu
tespit edilmistir. Bu baglamda, bu arastirmanin temel amaci, FDM’lerin mimarlik ve yap1 malzemeleri
alanindaki potansiyel kullanim alanlarini kapsamli bir sekilde incelemektir. Ozellikle, FDM’lerin
stirdiiriilebilirlik ve enerji tasarrufu hedeflerine sagladigi katkilar dogrultusunda, bu malzemelerin bir
mimari tasarim Ogesi olarak degerlendirilmesine yonelik teorik ve pratik bir cerceve sunulmasi
hedeflenmektedir.

YONTEM

Bu arastirmada, FDM’lerin mimari tasarimdaki uygulama potansiyellerini ve kullanim avantajlarini
analiz etmek icin kapsaml1 bir yontem izlenmistir. Oncelikle, literatiir taramas1 ile FDM'lerin termal
ozellikleri, enerji verimliligi tizerindeki etkileri ve mevcut uygulamalari incelenmistir. Ayrica, drnek
calismalar iizerinden FDM’lerin farkli mimari baglamlarda nasil kullanilabilecegi degerlendirilmis ve
bu malzemelerin pratik uygulamalardaki basarilar1 incelenmistir.

Yapilan incelemelere istinaden, FDM’lerin gelecekteki potansiyel kullanim alanlar1 iizerine
derinlemesine bir inceleme yapilmigtir. FDM’lerin mimari tasarimlarda daha genis bir sekilde
entegrasyonunun saglanmasi i¢in gerekli stratejiler tartisilmis ve bu malzemelerin siirdiiriilebilir yap1
projelerinde nasil dnemli bir yer tutabilecegi ele alinmistir. Gelecekteki uygulamalart dogrultusunda,
FDM’lerin c¢evresel siirdiiriilebilirlik ve enerji verimliligi hedeflerine katki saglama potansiyeli
vurgulanmig ve bu malzemelerin genis 6lgekte uygulanabilirligine dair 6nerilerde bulunulmustur.

BULGULAR
FDM Tanim

FDM’ler, 1s1l enerjiyi gizli 1s1 seklinde depolayan malzemelerdir. Gizli 1s1, bir maddenin faz degisimi
sirasinda ¢evresinden aldig1 veya verdigi 1s1 olarak tanimlanabilir. FDM’ler, faz gegisleri sirasinda sabit
sicaklikta gerceklesen 1s1l depolama siirecleri sunarak, 1s1 enerjisinin etkin bir sekilde depolanmasini ve
geri kazanilmasini saglarlar. Bu ozellikleri sayesinde, 1sinma ve sogutma uygulamalarinda enerji
verimliligini artirmak amactyla kullanilmakta olup, enerji tasarrufu saglayan ¢oziimler gelistirilmesinde
onemli bir rol oynamaktadir (Konuklu ve Paksoy, 2011).

FDM’lerin Stmiflandirilmasi

Is1 enerjisi depolamasi i¢in kulanilan FDM’ler organik, inorganik ve 6tektik olarak siniflandirilmaktadir
(Mazman, 2006). Sekil 1’de FDM cesitleri siniflandirilmistir.
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Sekil 1. Faz Degistiren Malzemelerin Siniflandirilmasi (Basal, 2007)

Faz Degigtiren Maddeler

0

]

v
Organik Maddeler Inorganik Maddeler
! ‘
4 hJ h 4
Orektikler Bilegikler Otcktikler Bilegikler

[ I |

Parafinler Parafin olmayanlar

Organik FDM’ler, uzun vadeli 1s1l kararliliga sahip olup, kat1 fazda kristallesme egilimi gosterirler. Bu
malzemeler, parafin ve parafin igermeyen organik bilesikler olarak iki ana gruba ayrilabilir. Parafin
icermeyen tilirler arasinda yag asitleri ve polietilen glikol (PEG) gibi bilesikler yer almaktadir.
Parafinlerin kimyasal formiilii genellikle CnH2n+2 seklinde olan diiz zincirli hidrokarbonlar olup, karbon
zincirinin uzunlugu arttik¢a erime sicakliklar1 ve entalpi degerleri de yiikselmektedir (Mert ve dig.,
2018).

Inorganik FDM’ler, dort ana gruba ayrilmaktadir: tuzlar, tuz hidratlari, metaller ve alasimlar. Tuz
hidratlari, sodyum asetat trihidrat, kalsiyum kloriir hekzahidrat, sodyum siilfat dekahidrat, sodyum
tiyosiilfat pentahidrat ve baryum hidroksit oktahidrat gibi bilesikler 6rnek olarak verilebilir. Bu tiir tuz
hidratlari, diisiik maliyetli olmalar1 nedeniyle 6zellikle aragtirma ve gelistirme calismalarinda tercih
edilmektedir (Verma ve Singal, 2008).

Otektik karigimlar, en az iki farkli atom veya molekiiliin birlesimiyle meydana gelmektedir. Bu
malzemeler, sabit bir sicaklikta katilagirken bir reaksiyon gegirir ve bu siiregte sivi haldeki malzeme, iki
ayr1 kat1 faza doniistir (Mert ve dig., 2018). Farkli FDM tiirlerinin avantaj ve dezavantajlar1 Tablo 1’ de
gosterilmektedir.

Tablo 1. Organik, Inorganik ve Otektik FDM’lerin Avantaj ve Dezavantajlar1 (Kosan, 2018)

FDM Tiirii Avantajlar Dezavantajlar
o Iyi 1s1l kararlilik
° Asirt soguma olmadan donma
Organik . Diisiik buhar basinci
. Ozgiin gekirdeklesme dzelligi ° Stvi FDM’nin sizmasi
° Uyum|u eriyeb”me ° Du§uk termal iletkenlik
. Diisiik hacim degisikligi . Yanicilik
. Geleneksel yapi malzemeleri ile
uyumluluk
o Genis caligma sicakligi
. Yiiksek hacimli gizli depolama ° Asir1 sogumaya egilimli
) kapasitesi ° Ayrigsma
Inorganik . Yangina karst dayaniml . Uyumlu eriyememe
. Diizgiin faz degisimi . Yiiksek hacim degisiklikleri
. Yiiksek termal 1s1l iletkenlik . Metal ile korozif olma
. Tekrarlanan fazlarda faz ayrilma
Otektik . Keskin, net erime noktalar1 . Yiiksek maliyetli
Ozellikler istege bagh degisebilir . Termofiziksel 6zellikleri siirl
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FDM’lerin Yap1 Malzemelerine Entegrasyonu

FDM’ler yapt malzemelerine, dogrudan birlestirme, daldirma ve kapsiilleme yontemleriyle entegre
edilmektedir. Dogrudan birlestirme yoOnteminde, sivi veya toz haldeki FDM, yapi malzemesiyle
karigtirilmaktadir. Bu yontem, diisiik ekipman gereksinimi nedeniyle ekonomik olmasina ragmen
homojen bir karisim saglanamayabilir ve erimis haldeki FDM malzemeden disar1 sizabilir. Daldirma
yonteminde ergimis FDM, yapi1 malzemesinin goézeneklerine niifuz etmesi i¢in malzemenin igine
daldirilir; sonrasinda malzeme sogutularak goézenekler FDM ile dolar. Bu yontem, her tiir yapi
malzemesine kolayca uygulanabilir ve onemli bir avantaj sunar. Kapsiilleme yontemi ise, FDM’nin
olumsuz etkilerden korunmasini saglamak amaciyla tercih edilir. Bu yontem, FDM’nin
mikrokapsiilleme veya makrokapsiilleme yontemleriyle yapt malzemesine entegre edilmesini saglar.
Mikrokapsiillemede FDM parcaciklari, yapt malzemesiyle uyumlu polimerik filmlerle kaplanirken,
makrokapsiilleme yonteminde FDM, tiip, torba veya panel gibi kapsiillere yerlestirilir (Sekil 2) (Tokug,
2013).

Sekil 2. Kapsiilleme Ornekleri (soldan saga): Mikroenkapsiilasyon (PureTemp LLC), ve
Makroenkapsiilasyon Toplar (Global-E-Systems), Torbalar (Rubitherm Technologies GmbH)

v

|”""";

Mimari Tasarimda FDM Uygulamalan

FDM, genellikle mikroenkapsiile FDM halinde geleneksel yapit malzemelerine uygulanmaktadir. Bu
malzemelerin uzun 6miirlii 0lmasi nedeniyle, mikroenkapsiile FDM nin stabilitesi ve yapt malzemesiyle
uyumu Snemlidir. Ilk Ar-Ge ¢alismalar1 1980’lere dayanmakta olup, 2000°1i yillarda yeniden hiz
kazanmigtir. Bu donemde BASF, Micronal ad1 altinda mikroenkapsiile FDM'yi piyasaya siirmiis, alcipan
ve sivaya FDM entegrasyonunu saglamistir. Daha sonra, beton ve kili entegre etme caligmalarina
baglanmistir. Ticari olarak piyasada bulunan baglica iirtinler, Knauf’un Comfortboard algipani ve
Lehmorange’in kil esasli panolaridir. Bu iriinler, 10 yildan uzun bir siiredir ¢esitli binalarda
kullanilmaktadir (Harald ve dig., 2022).

Nottingham Universitesi'ndeki Mark Group Eco House projesi (Sekil 3), BASF’nin mikroenkapsiile
FDM igeren Comfortboard algipanin (Sekil 4) enerji verimliligi tizerindeki etkilerini degerlendiren
onemli bir 6rnektir. Micronal, Knauf tarafindan tiretilen Comfortboard algipaninda kullanilmis olup,
enerji verimli konut teknolojilerinin performansimi degerlendirmek i¢in tasarlanmis bir projede yer
almaktadir. Evde, giines alan bélgede, standart algipan ve Micronal FDM igeren Comfortboard olmak
tizere iki farkli al¢ipan kullanilmigtir. FDM’ler, gizli 1s1 prensibiyle ¢alisarak ortam sicakligini
dengelemektedir. Sicaklik yiikseldiginde, FDM 1s1y1 emer; sicaklik diistiigiinde ise bu 1s1y1 geri verir.
Bu o6zellik, Comfortboard’un i¢ mekanlarda sicaklik dalgalanmalarimi azaltmasmi saglamaktadir.
Nottingham Universitesi, standart algipan ve Comfortboard arasinda yiizey 1s1 akisini siirekli izleyerek
bilimsel bir karsilagtirma yiriitmektedir (BASF, 2013). Proje, Micronal’in konut uygulamalarindaki
performansint ger¢ek yasam kosullarinda degerlendirmek i¢in 6nemli bir firsat sunmaktadir. Bu
dogrultuda, proje, FDM’lerin konut tasariminda kullanimmi tegvik eden teorik ve pratik bilgiler
saglamaktadir.
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Sekil 3. Mark Group Eco House Projesi

Sekil 4. BASF Micronal FDM (BASF, 2013)

Micronal” PCM
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2009 yilinda, Charles Sturt Universitesi'nin Albury’deki Thurgoona Kampiisii (Sekil 5), beton
zeminlerinde FDM’lerin kullanildig1 diinyadaki ilk proje olarak tanimlanmistir. Bu yenilik¢i uygulama,
FDM’lerin al¢ipan tavanlara da entegre edilmesiyle desteklenmistir. Bu ozellikler, kampiisiin
Avustralya Yesil Bina Konseyi tarafindan “alt1 yesil yildiz derecesi” ve “diinya lideri” statiisii ile
odiillendirilmesini saglamistir (McLaren, 2015).
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Sekil 5. Charles Sturt Universitesi'nin Albury'deki Thurgoona Kampiisiinde FDM Entegre Edilmis Yap1
Kabugu (McLaren, 2015)

Diger bir kimya devi DuPont, Energain (Sekil 6) adli tiriiniinii tanitarak bu alanda yerini almustir.
Energain, %60 parafin esasli FDM ve %40 etilen kopolimeri karisimindan tirettigi malzemeyi 100 pm
kalinliginda iki aliiminyum levha arasinda sikistirarak yaklagik 5 mm kalinliginda bir panel haline
getirmistir. Bu paneller, alcipanin arkasma yerlestirilen bdlme duvarlar1 ve tavanlarda kullanima
uygundur. DuPont, klima bulunan binalarda Energain panellerinin, maliyetleri ortalama %35 oraninda
azaltabilecegini ve kisin 1sinma faturalarii %15°e kadar diigiirebilecegini savunmaktadir. Ayrica,
yapilan malzeme analizlerine gore, geleneksel betonun %17 oraninda enerji depolama kapasitesine
sahip oldugu beton hacmiyle ayni hacimdeki FDM esasli bu paneller, ¢ok daha yiiksek 1s1 depolama
kapasiteleriyle hafif striiktiirlerin termal kiitle eksikligini gidermektedir (DuPont), (McLaren, 2015).

Sekil 6. DuPont, Energain Uriinii Tavan Uygulamasi (McLaren, 2015)

Phase Change Energy Solutions firmasi, BASF Micronal ve DuPont Energain’den farkli olarak, parafin
veya sert paneller kullanmadan BioPCM (Sekil 7a) tiretmektedir. Bu malzeme, soya, palmiye ve
hindistancevizi yagi {iiretiminden elde edilen attk maddelerle hazirlanir ve nano oOlgekli silika
parcaciklari igeren bir kalinlastirict ile karistirilir. Sonug olarak, esnek plastik filmler i¢inde saklanan
bir jel elde edilir. BioPCM, yeni yapilara kolayca entegre edilebilecegi gibi, mevcut yapilarda da daha
sonra uygulanma olanagina sahiptir. Victoria’daki “9 Yildizli NatHERS Dereceli” bir konut projesinde
(Sekil 7b), BioPCM kullanilarak enerji verimliligi saglanmustir. Projede, 1sinin ikinci kata yiikselmesi
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nedeniyle sicaklik kontrolii saglanamayan durumlar icin BioPCM, termal kiitle etkisi yaratacak sekilde
duvar bilegenlerine entegre edilmistir. Bu malzeme 1sinin yiikselmesiyle eriyerek ekstra 1siy1
emmektedir, boylelikle odanin sicakliginin 24°C’den daha fazla yiikselmesini engellemektedir

(McLaren, 2015).
Sekil 7. (a) Phase Change Energy Solutions, BioPCM; (b) Victoria’daki 9 Yildizli NatHERS Dereceli

bir Konut Projesi (McLaren, 2015)
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Isvigreli GlassX firmasinin Crystal iiriinii (Sekil 8), FDM’lerin daha ilging bir kullanimini1 sunmaktadir.

Crystal, dort katmanli bir cam pencere sistemidir ve iki cam arasina yerlestirilen saydam bir tuz-hidrat
FDM igermektedir. Bu cam panel, beton kadar enerji depolama kapasitesine sahip olup, FDM’in kati
fazda goriiniir 151810 %28ini, s1v1 fazda ise %45’ini iletebilmektedir. Bu 6zellik, yiiksek termal kiitleye
sahip yapt kabugunun ayni zamanda gilines 15111 gegirmesine olanak tanimaktadir (GlassX AQG).
GlassX’in Crystal iiriinii, FDM’lerin yenilik¢i bir kullanimini sunarak, binalarda enerji verimliligini

artirirken ayni zamanda dogal 151k gecisini optimize eder.
Sekil 8. GlassX, Crystal Uriinii Uygulamasi (GlassX AG)

Tate Access Floors firmasi, zeminlerde FDM kullanimiyla farkli bir yaklasim benimsemektedir.
EcoCore panelleri (Sekil 9), yiikseltilmis dogseme sistemlerinde kullanilarak ofislerin kablolama ve
klima gibi altyap1 sistemlerinin déseme altina gizlenmesini saglamaktadir. Bu paneller, binanin bol
gilines 1s18ma maruz kaldigi yonlerde doseme kaplama malzemesi olarak kullanildiginda, icerdigi
FDM’ler 1s1y1 emer ve ofise giren sicakligi kontrol eder. Tate tarafindan yapilan testler, bu sistemin tipik
beton zeminlere kiyasla klima talebini %17,7 oraninda azaltabilecegini gostermektedir (McLaren,

2015).
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Bir bagka uygulama 6rnegi olan “Smart is Green” konut projesi (Sekil 10a), Hamburg’daki Uluslararasi
Yapr Sergisi (IBA) kapsaminda yer almis ve birinci 6diil kazanarak uygulamaya gecirilmistir. Bu
projede, 1000 m?’yi gegmeyen alanda bagimsiz bir konut insa edilmistir. Tasarimda, ¢evresel ve sosyal
degisimlere uyum saglamak amaciyla FDM perdeleri (Sekil 10b) kullanilmistir. Bu perdeler, giinesten
alinan 1smin depolanmasint ve gece serbest birakilmasimi saglayarak, i¢ mekéan sicakligini
dengelemektedir. FDM malzemesi, fazla 1sinin merkezi bir enerji depolama sistemi olarak
kullanilmaktadir. Ev, yenilenebilir enerji kaynaklarina dayali merkeziyetsiz tedarik stratejileriyle, enerji
verimliligi ve silirdiiriilebilirlik saglamaktadir (Zillerplus).

FDM Standartlar
FDM’lerin Performans Degerlendirmesi i¢in Standartlar

FDM’lerin en temel Ozelliklerinden biri olan 1s1 depolama kapasitesinin sicaklikla olan iliskisi,
kalorimetrik yontemler kullanilarak 6l¢iilmektedir. Bu amagla, farkli 6lglim yontemlerini kapsayan
cesitli standartlar gelistirilmistir. Diferansiyel taramali kalorimetreler (DSC) i¢in bir 6l¢lim standardi,
IEA Gines Isitma ve Sogutma/Enerji Depolama Yoluyla Enerji Koruma programmin “Compact
Thermal Energy Storage: Material Development for System Integration” baslikli Gorev 42/Ek 24
caligmasi kapsaminda gelistirilmistir (Gschwander ve dig., 2015).

Is1 akis Glger cihazi (HFM) i¢in ise, ASTM C1784-20 standard1 olusturulmustur. Bu standart, “Standard
Test Method for Using a Heat Flow Meter Apparatus for Measuring Thermal Storage Properties of Phase
Change Materials and Products” (ASTM C1784-20, 2020) olarak FDM’lerin 1s1 depolama
kapasitelerinin belirlenmesi amaciyla gelistirilmistir.

RAL FDM Kalite ve Test Spesifikasyonlar1 (RAL-GZ 896), FDM’lerle ilgili genis kapsamli bir ¢ergeve
sunmaktadir. Bu standart, FDM’lerin yalnizca sicaklikla degisen 1s1 depolama kapasitelerinin
belirlenmesini degil, ayn1 zamanda ¢evrim stabilitesinin degerlendirilmesini de icermektedir. RAL-GZ
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896, kalite yonetiminde hem iretici 6z-denetimlerini hem de bagimsiz denetgiler tarafindan
gergeklestirilen periyodik dis denetimleri igeren sofistike bir izleme sistemine sahiptir. Bu siiregten
basariyla gecen iiriinler, “RAL PCM Kalite Isareti” ile ddiillendirilmektedir. ilk olarak 2006 yilinda
gelistirilen bu kalite spesifikasyonlari, diizenli olarak gilincellenmekte ve en son teknolojik gelismelere
uyarlanarak giincel haliyle RAL PCM Kalite Dernegi’nin web sitesinde yayimlanmaktadir
(https://www.pcm-ral.org/pcm/en/pcm/certified-products/).

Soguk zincir sektdriiniin ticari énemi, tasinan malzemelerin miktar1 ve yiiksek degeri géz Oniine
alindiginda, bu sektoriin kendi test standartlarina sahip olmasi beklenen bir durumdur. Bu alandaki
bilinen standartlardan biri, Uluslararasi Giivenli Tagima Dernegi (ISTA) (https:/ista.org/) tarafindan
gelistirilen STD-7E standardidir. Bu standart, “Testing Standard for Thermal Transport Packaging Used
in Parcel Delivery System Shipment” olarak, soguk zincir tagimaciliginda kullanilan ambalajlarin
performansini degerlendirmek i¢in uygulanmaktadir (USAID).

FDM’lerin Uygulamalar icin Standartlar

FDM uygulamalari i¢in en eski standart, 1993 yilindan itibaren ilk baskisi yapilan ASHRAE Soguk
Termal Depolama Tasarim Kilavuzu olarak bilinmektedir (ASHRAE, 2019). Bu kilavuz, soguk termal
enerji depolama sistemlerinin tasarimi, modellemesi, maliyeti ve devreye alinmasi konusunda kapsamli
bilgiler sunmaktadir.

Daha giincel bir tasarim kilavuzu ise, VDI 2164 “PCM energy storage systems in building services”
(VDI 2164, 2016) kilavuzudur. Bu kilavuz, FDM’nin teknik bina ekipmanlarinda uygulanmasinin
temellerini belirlemektedir. Ayrica, pasif yiizey 1sitma ve sogutma sistemleri (6rnegin bina malzemeleri
ve bilesenleri), aktif yiizey 1sitma ve sogutma sistemleri (sogutma tavanlari vb.), sogutma i¢in dagitilmis
taze hava sistemleri ve 1sitma ve sogutma i¢in merkezi taze hava sistemleri gibi gesitli uygulama
alanlarimi ele almaktadir.

Hollanda’da ise benzer bir kilavuz bulunmakta olup, bu kilavuz, Hollanda ISSO Yaymni 111 “Phase
Change Materials (PCM)” olarak bilinmektedir. Ancak, su anda yalnizca Flemenkge olarak mevcut
oldugundan, bu kilavuz hakkinda detayli bilgi bulunmamaktadir.

SONUC ve ONERILER
Arastirmanin bulgularindan ¢ikarilan sonuglar asagidaki gibidir:

o FDM’lerin ilk Ar-Ge c¢alismalar1 1980’lerden itibaren baslamustir. Bu malzemeler mimari
tasarimda su sekillerde kullanilmistir:

1. Duvarlar: FDM’lerin 1s1 depolama o6zellikleri sayesinde duvarlar, giin igerisinde fazla 1siy1
bilinyesinde depolamakta ve geceleri blinyesinde depoladigi bu 1s1y1 salarak i¢ mekanda 1s1l konfor
kosullarinin siirdiiriilmesini saglamaktadir.

2. Dosemeler: FDM’ler, dosemelerde, ozellikle sicaklik degisimlerinin fazla oldugu yerlerde
kullanilarak 1smin dengelemesine ve enerji verimliligini artirmaya yardimet olur.

3. Catilar: Cati sistemlerinde FDM’ler, 1simnin yapida daha verimli bir sekilde dagitilmasina
yardimct olmak igin kullanilir.

4, Pencereler ve Cam Sistemleri: FDM’ler, pencerelerde ve cam sistemlerinde, giines 1s1gin1
iceriye yonlendirerek veya fazla 1sinin disartya ¢ikmasimi engelleyerek i¢c mekanin sicaklik dengesini
iyilestirmek i¢in kullanilir.

5. Cephe Sistemleri: FDM’ler, binalarin dis cephelerinde, dis ortamla olan 1sil etkilesimini
diizenleyerek binalarm enerji tiikketimini optimize etmek i¢in kullanilir.

o Mimari tasartmda FDM uygulanan 6rnekler, FDM kullaniminin, hem enerji verimliligini artiran
hem de yesil bina sertifikasyon siire¢lerinde avantaj saglayan bir ¢oziim sunabilecegini agikca
gostermektedir. FDM teknolojisi, hafif yapilarin 1sil kiitle eksikligini gidererek, enerji verimliligini
saglayan onemli bir ¢6ziim sunmaktadir. Aynt zamanda FDM’lerin i¢ tasarimda tekstil {iriinii olarak
kullanilmasi, i¢ mekan 1s1 yonetiminde yenilik¢i bir ¢éziim sunmaktadir. Bu kullanim, biiyilk cam
cephelerin bulundugu binalarda sicaklik dalgalanmalarini azaltarak termal konforu artirmaktadir. Bu
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baglamda, FDM’lerin genis bir yelpazede mimari ve miithendislik uygulamalarina entegrasyonu, enerji
tasarrufu ve ¢evresel siirdiiriilebilirlik hedeflerine ulagilmasina katki saglamaktadir.

o FDM’lerin ¢evre dostu dzellikleri ve enerji verimliligine katkilar1 nedeniyle daha fazla nihai
kullanici, bu malzemeleri kullanma konusunda farkindalik kazanmustir. Ancak, geleneksel yapi
malzemelerinin tamamen FDM ile degistirilmesi kolay degildir. Ciinkii geleneksel malzemelerin bir¢ok
ulusal ve uluslararasi standardi vardir ve diinya ¢apinda yaygin olarak kabul edilmektedir. FDM
driinlerinin yaygin bir sekilde kabul edilen bir {iriin haline gelmesi zaman alabilir. Bu dogrultuda
FDM’ler i¢in mevcut standartlara ilave olarak uygun standartlarin olusturulmasi konusunda daha ¢ok
ilerleme kaydedilmesi gerekmektedir. Uygun bir standardizasyon ile, FDM teknolojisinin ingaat
sektoriindeki kabulii yayginlasacaktir.

° Tirkiye’de FDM’lerin pratik uygulamalarda tiretim ve kullanim olanaklart sinirlidir. Bu
baglamda, FDM’lerin ticari dlcekli iiretimine baslanmasi gerekmektedir. Insaat sektdriinden diger
endiistrilere kadar tiim paydaslar, FDM’lerden uygun insaat uygulamalarini belirlemek i¢in isbirligi
yapmalidir. Binalarin insasinda kullanilacak FDM’ler resmi olarak onaylanmalidir. Teknik belgeler bir
araya getirilerek “Mimari Tasarimda FDM Kullanimi1” i¢in bir ulusal standart hazirlanmasi yoniinde
yogun caba sarf edilmelidir.
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BETON KARISIM ORANI HESAPLAMA: MAKINE OGRENMESI MODELLERI iLE
YENILIKCi YAKLASIMLAR

CONCRETE MIX DESIGN: INNOVATIVE APPROACHES WITH MACHINE LEARNING
MODELS

Dr. Ogr. Uyesi Merve ACIKGENC ULAS

Furat Universitesi, Mimarlik Fakiiltesi, Mimarlik Boliimii, Elazig.

OZET

Beton, ingaat sektoriiniin temel yap1 malzemelerinden biridir ve dayanikliligy, islenebilirligi ve maliyet
verimliligi, dogru karisim oranlarina baghdir. Geleneksel yontemlerle beton karisim oranlarini
belirlemek, deneyim ve deneme yanilma siire¢lerine dayalidir, bu da zaman alict ve maliyetli olabilir.
Bu calismada, beton karisim oranlarini daha hizli ve dogru bir sekilde hesaplamak icin makine
ogrenmesi (ML) modellerinin kullanimini incelemekteyiz. Makine 6grenmesi, biiylik veri setlerini
analiz edebilme ve karmasik iliskileri 6grenme kapasitesi sayesinde, beton karisim oranlarinin optimize
edilmesinde giiclii bir arag¢ olarak 6ne ¢ikmaktadir.

Caligmanin amaci, betonun bilesenleri olan ¢imento, kum, agrega ve suyun oranlarini tahmin edebilen
bir makine 0grenmesi modeli gelistirmektir. Bu model, betonun dayanikliligmi, islenebilirligini ve
maliyet etkinligini en iyi sekilde saglayacak karisim oranlarini belirlemek igin tasarlanmustir. Veri
setleri, gegmis beton iiretim siire¢lerinden elde edilen parametreler ve dayanim testleri kullanilarak
olusturulmustur. Modelin egitilmesinde, dogrusal regresyon, karar agaglar1 ve yapay sinir aglart gibi
farkli makine Ogrenmesi algoritmalart degerlendirilmistir. Ayrica, modelin performansini
degerlendirmek i¢in dogruluk ve hata oran1 gibi kriterler kullanilmugtir.

Sonuglar, makine 6grenmesi tabanli yaklasimin, geleneksel yontemlere kiyasla daha hizli bir tasarim
stireci sundugunu gostermektedir. Model, gelistirilirken ger¢ek diinya uygulamalarindan elde edilen
verileri de dikkate alarak daha verimli ve ekonomik ¢6zlimler sunmaktadir. Bu, insaat sektoriinde hem
maliyetleri diislirmeye hem de kaliteyi artirmaya yardimet olabilir.

Bu caligma, beton karigim oranlariin hesaplanmasinda makine 6grenmesi yontemlerinin potansiyelini
kesfetmekte ve bu alandaki daha ileri aragtirmalar i¢in bir temel olusturmaktadir. Gelistirilen model,
ingaat sektoriinde daha siirdiiriilebilir ve verimli beton iiretim siireglerine katki saglayacak potansiyele
sahiptir. Gelecekte, modelin daha genis veri setleri ve farkli beton tiirleriyle test edilerek daha da
gelistirilmesi planlanmaktadir.

Anahtar kelimeler: Makine 6grenmesi, beton, Gauss siire¢ regresyonu, destek vektor makineleri.

ABSTRACT

Concrete is one of the basic building materials of the construction industry and its durability, workability
and cost-efficiency depend on the correct mix proportions. Determining concrete mix proportions with
traditional methods relies on experience and trial and error processes, which can be time consuming and
costly. In this study, we investigate the use of machine learning (ML) models to calculate concrete mix
proportions more quickly and accurately. ML has emerged as a powerful tool for optimizing concrete
mix proportions due to its capacity to analyze large data sets and learn complex relationships.

The aim of the study is to develop a machine-learning model that can predict the proportions of cement,
sand, aggregate and water as components of concrete. This model is designed to determine the mix
proportions that will provide the best durability, workability and cost-effectiveness of concrete. The data
sets were created using parameters obtained from past concrete production processes and strength tests.
Different machine learning algorithms such as linear regression, decision trees and artificial neural
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networks were evaluated to train the model. Furthermore, criteria such as accuracy and error rate were
used to evaluate the performance of the model.

The results show that the machine learning-based approach offers a faster design process compared to
traditional methods. The model offers more efficient and economical solutions by taking into account
data from real-world applications during development. This can help to both reduce costs and improve
quality in the construction industry.

This study explores the potential of machine learning methods in the calculation of concrete mix
proportions and lays a foundation for further research in this field. The developed model has the potential
to contribute to more sustainable and efficient concrete production processes in the construction
industry. In the future, it is planned to further develop the model by testing it with larger data sets and
different concrete types.

Keywords: Machine learning, concrete, Gaussian process regression, support vector machines.

GIRIS

Makine Ogrenmesi, beton karisim oranlarinin optimize edilmesinde cesitli yontemler ve teknikler
sunarak insaat sektoriinde onemli bir yenilik saglamaktadir. Asagida bu siirecte kullanilan baslica
yaklasimlar ti¢ sekilde 6zetlemek miimkiindiir. Bunlardan ilki tahmine dayali modellemedir. Bu teknikte
makine 6grenmesi, beton karisim oranlarimi optimize etmek i¢in tahmine dayali modelleme tekniklerini
kullanir. Bu yontem, ge¢mis verilere dayanarak gelecekteki performanslari tahmin etme imkani sunar.
Ornegin, derin ogrenme algoritmalari, betonun dayamklilhigini etkileyen cesitli bilesenlerin
etkilesimlerini modelleyerek daha dogru karigim onerileri sunabilir (Acikgenc Ulas, 2022; URL-1, n.d.).

Cok amagli optimizasyon tekniklerinde maliyet, cevresel etki ve performans gibi farkli hedeflerin bir
arada degerlendirilmesi saglanir. Bu sayede, en uygun beton karisim oranlart belirlenebilirken, ayni
zamanda siirdiiriilebilirlik hedeflerine de ulasilabilir (A¢ikgeng Ulas, 2023). Son teknik olan veri
entegrasyonu ve eksik veri yonetiminde ise beton karisim tasariminda kullanilan verilerin farkl
kaynaklardan entegrasyonu kritik bir dneme sahiptir. Makine 6grenmesi uygulamalari, eksik verilerin
tahmin edilmesi i¢in atama teknikleri ve eksik 6zelliklere tolerans gdsteren modeller gelistirmektedir.
Bu sayede daha giivenilir sonuglar elde edilir (Agikgeng Ulas, 2023; Altay et al., 2021).

Bu calismada, beton karigim tasarimi stirecine makine 6grenmesi metotlarini dahil etmenin avantajlarini
tartismistir. Makine 6grenmesi metotlarinin, geleneksel yontemler ile yapilan beton iiretim siirecini
kisaltacagi aciktir. Geleneksel yontemler ile yapilan beton karisim tasariminda (Standard, 2016)
istenilen 6zelliklerde betonun iiretilebilmesi i¢in ¢ok sayida deneme-yanilma karigimi ve/veya numunesi
iiretilmektedir. Bu durum hem iiretim maliyetini hem de siiregte sarf edilen zaman ve is giicii ihtiyacini
arttirmaktadir. Makine 6grenmesi metotlar: bu siirece olumlu katki saglayarak zaman, ig giicii ve
maliyetlerden tasarruf saglayabilir. Ayrica makine 6grenmesi metotlar1 ile olusturulan modellerin
basarisinin dl¢iilebilir olusu da geleneksel yontemlere gore baska bir avantaj saglamaktadir.

Bu galigmada ayrica Gauss Siire¢ Regresyonu metodu ile beton bilesimi ve islenebilirlik 6zelligi
kullanarak betonun basing dayanimini tahmin eden bir model 6rnek olarak sunulmustur. Modelin egitim
ve tahmin sonuglariin basarisi 6l¢iilerek Bulgular boliimiinde incelenmistir.

BETON URETIMi ALANINDA KULLANILAN MAKINE OGRENMESTI MODELLERI
Bu boliimde beton karigim oranlariin hesaplanmasinda en ¢ok kullanilan metotlar agiklanmuistir.
Yapay Sinir Aglar1 (YSA)

Bu alanda kullanilan en yaygin uygulama orneklerinden biri Yapay Sinir Aglar1 (YSA)’dir. YSA
modelleri, betonun fiziksel ve mekanik 6zelliklerini tahmin etmek igin kullanilir. Farkli beton tiirleri
icin islenebilirlik testleri ve basing dayanimini tahmin etmede oldukga basarilidir. YSA, genelde beton
bilesenlerinin 6zelliklerini girdi olarak alarak ¢ikista dayaniklilik degerlerini tahmin eder (Atici, 2011;
Behnood & Golafshani, 2018; Bilim et al., 2009; Naderpour et al., 2018; Pazouki et al., 2021; Prasad et
al., 2009; 1. B. Topeu & Saridemir, 2008; Uddin et al., 2017). Ayrica YSA’nin, giris parametrelerinin
¢ikis parametresi lizerindeki etkisini de 6lgebildigi de gosterilmistir (Acikgenc Ulas, 2022). YSA, ¢ok
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katmanli yapisi sayesinde karmagik verileri isleyebilir ve tahminlerde bulunabilir (A¢ikgeng Ulas,
2023). YSA'nin yiiksek dogruluk oranlari ile ¢aligmasi, bu yontemi popiiler hale getirmistir.

Gauss Siirec Regresyonu (GSR)

Gauss Siire¢ Regresyonu (GSR), beton karigiminin basing dayanimimi tahmin etmek i¢in kullanilan bir
yontemdir. Bu model, belirsizlik tahmini yapabilme 6zelligi ile 6ne ¢ikar ve karmasik verileri isleyerek
giivenilir sonuglar sunar (A¢ikgeng Ulas, 2023).

Dogrusal olmayan ¢ok degiskenli regresyon ve siniflandirma problemleri, siklikla ¢ok yonlii ve etkili
bir makine 6grenme teknigi olan GSR kullanilarak ¢oziilmektedir. GSR'nin temel faydasi, sonuglarina
belirsizlik olgiitleri uygulanabildigi i¢in parametrik olmayan kiiciik veri kiimelerinde dogru tahminler
tiretebilmesidir (Korkmaz et al., 2022; Snelson & Ghahramani, 2007).

Destek Vektor Makineleri (DVM)

Destek Vektér Makineleri (DVM), beton bilesenlerinin 6zelliklerini tahmin etmekte kullanilan bir diger
makine 6grenmesi modelidir. Bu model, dogrusal olmayan iligkileri de modelleyebilme yetenegi
sayesinde betonun performansini etkileyen faktorleri daha iyi analiz eder (Acikgeng Ulas, 2023; Altay
etal., 2021).

K-En Yakin Komsu (KNN) Algoritmasi

KNN algoritmasi, beton bilesenlerinin degisimi ile basing dayanimi arasindaki iligkiyi arastirmak igin
kullanilmaktadir. Bu yontemle, farkli karigtm oranlarinin etkileri analiz edilerek en uygun
formiilasyonlar belirlenir (Altay et al., 2021; Kazak Cer¢evik & Kayhan, 2021).

BULGULAR VE TARTISMA

Bu calismada GSR ile beton bilesimi ve islenebilirlik 6zelligi kullanarak betonun basing dayanimini
tahmin eden bir model, 6rnek olarak sunulmustur. Modelin egitim ve tahmin sonuglarinin basarisi
Olciilerek bu boliimiinde incelenmistir.

Modelin egitimi ve testleri i¢in literatiirden elde edilen kapsamli bir veri seti kullanilmistir (Alyamag et
al., 2017; Alyousef et al., 2018; Belaidi et al., 2012; Boukhelkhal et al., 2016; Gesoglu et al., 2012;
Hameed et al., 2012; Sadek et al., 2016; Tennich et al., 2015; I. B. Topgu et al., 2009; Uysal et al., 2012;
Uysal, 2018; Valdez et al., 2010). Toplamda 118 farkli beton karisimindan olusan bu veri setinin
istatiksel 6zellikleri Tablo 1’de goriilmektedir. Tablo 1’de modelin giris ve ¢ikisi da belirtilmistir. Buna
gbre, cimento, su, agrega, kimyasal katki ve mineral katki miktari (kg/m®) ile betonun taze haldeki
¢okme-yayilma test sonucu (cm) modelin giriglerini olusturmaktadir. Modelin ¢ikist ise 28 giinliik beton
basing dayanimidir (fc) (MPa).

Tablo 1. Veri Setinin istatiksel Ozellikleri

GIRISLER CIKIS

Kimyasal | Mineral | Cokme-
Katka Katki | Yayilma fc (MPa)
(kg/m?) | (kg/m®) | (cm)

Cimento Su Agrega
(kg/m?) | (kg/m’) | (kg/m’)

Maksimum 550 441 1911 15.8 500 81.5 76.28
Minimum 250 165 1305.572 0 0 2 19.3
Ort. 388.47 196.74 1648.4 7.01 122.27 61.06 42.95
Std. Sapma 74.29 31.67 96.17 3.05 94.17 18.37 12.10

Gelistirilen GSR modelinin amaci, Beton bilesiminden ve hedeflenen ¢okme yayilma degerinden
betonun basing dayanimini tahmin edebilmektir. GSR modeli, literatiirde yayinlanmig ¢aligmalardan
toplanan 118 adet deneysel veri kullanilarak gelistirilmistir. Bu ¢aligmalardan rastgele secilen 106 veri
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ilk olarak modeli egitmek i¢in kullanilmistir. Ardindan, 12 rastgele veri de GSR modelini test etmek
icin bir kenarda tutulmustur. Gelistirilen modelin egitim ve test verilerindeki ¢iktilar1 ve bu sonuglar ile
deneysel veriler arasindaki dogrusal korelasyonlar Sekil 1 ve 2'de gosterilmistir. Egitim ve test veri
kiimelerindeki bu korelasyonlar (R) sirasiyla 0,9188 ve 0,8236'dir (Sekil 1-2). Tahmin edilen ve
deneysel veriler arasindaki bu en iyi korelasyonlar, gelistirilen GSR modelinin yiiksek dogrulugunu
gostermektedir. Egitim asamasinda yiiksek dogrulukta g¢iktilar lireten GSR, test veri kiimeleriyle de
yiiksek korelasyonlu sonuglar tiretmistir.

85
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Sekil 1. Deneysel egitim verileri ile GSR tahminlerinin karsilastirilmasi
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Sekil 2. Deneysel test verileri ile GSR tahminlerinin karsilastirilmasi
YENILIKCI YAKLASIMLAR
Cok Amach Optimizasyon Teknikleri

Beton karigim oranlarii optimize etmek i¢in ¢ok amach optimizasyon teknikleri kullanilmaktadir. Bu
teknikler, maliyet, cevresel etki ve performans gibi farkli hedeflerin bir arada degerlendirilmesini saglar
(URL-1, n.d.).
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Veri Entegrasyonu ve Eksik Veri Yonetimi

Beton karigim tasariminda kullanilan verilerin farkli kaynaklardan entegrasyonu onemlidir. Makine
Ogrenmesi uygulamalari, eksik veri tahmini i¢in atama teknikleri ve eksik 6zelliklere tolerans gdsteren
modeller gelistirmektedir (A¢ikgeng Ulas, 2023; URL-1, n.d.).

Dogal Dil isleme (NLP)

Literatiirden veri toplamak i¢in dogal dil isleme teknikleri kullanilmaktadir. Bu ydntemle, beton
bilesenleri ve performanslart hakkinda bilgi toplanarak daha dogru karisim tasarimlar1 yapilabilmektedir
(URL-1, n.d.).

SONUC

Makine Ogrenmesi uygulamalari, beton karigim oranlarinin hesaplanmasinda yenilik¢i yaklagimlar
sunarak ingaat sektoriinde 6nemli gelismelere yol agmaktadir. GSR, DVM ve YSA gibi modellerin yani
sira ¢ok amacli optimizasyon ve veri entegrasyonu gibi yenilik¢i teknikler, daha siirdiiriilebilir ve
ekonomik beton iiretimini miimkiin kilmaktadir. Bu gelismeler, hem g¢evresel etkilerin azaltilmasi hem
de maliyetlerin diisiiriilmesi agisindan biiyiik 6nem tagimaktadir.

Makine Ogrenmesi yontemleri, beton karisim oranlarmnin optimize edilmesinde Onemli bir rol
oynamaktadir. Tahmine dayali modelleme, ¢ok amagli optimizasyon teknikleri ve veri entegrasyonu
gibi yaklasimlar sayesinde insaat sektoriinde daha siirdiiriilebilir ve ekonomik ¢oziimler gelistirilmesi
miimkiin hale gelmektedir. Bu teknolojilerin entegrasyonu, hem maliyetleri diistirmekte hem de ¢evresel
etkileri azaltmaktadir.
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ABSTRACT

The selection of fagade materials is a critical decision made in the early stages of design, shaping both
the aesthetic and functional aspects of a building. This process requires consideration of
multidimensional performance criteria such as appearance, user comfort, lighting, indoor air quality,
ventilation, structural load capacity, and compatibility with building systems. Furthermore, it is crucial
to account for the region's climatic conditions, contextual requirements, and user needs, which determine
the priority performance expectations.

In seismic regions, lightweight polymer-based materials stand out for their ability to reduce structural
loads and provide flexibility, offering significant advantages for structural safety. These materials resist
damage through their elastic behavior, making them a viable alternative to brittle materials such as glass.
Their energy-absorbing properties enable them to mitigate vibrations and impacts, contributing to the
protection of non-structural components. However, while their use in facades often focuses on
aesthetics, energy efficiency, and sustainable architectural applications, research on their application in
seismic zones remains limited. This gap underscores the necessity of addressing their potential in such
contexts, positioning it as a crucial focus of this study.

In this study, the technological advancements in polymer materials and their impact on building fagades
are examined, alongside their application potential in seismic-active regions. Case studies conducted in
earthquake-prone countries are analyzed in detail, evaluating the effectiveness of existing applications
and potential areas for development. These evaluations highlight the positive effects of polymer-based
materials on seismic resilience and the opportunities they present for future applications in improving
structural safety and performance.

Keywords: Building fagades, Lightweight materials, Polymer-based materials, Earthquake-resistant
design, Seismic risk mitigation, Technological advancements in materials

INTRODUCTION

Earthquakes are considered one of the most destructive natural disasters, often leading to substantial
loss of life, damage to infrastructure, and serious economic repercussions for the communities impacted
(AlKhaldi, 2024). According to the U.S. Resiliency Council damage to buildings is the primary cause
of death, injury, and property loss from earthquakes (U.S. Resiliency Council). The damaging effects of
earthquakes can be greatly reduced by thoroughly understanding seismic impacts and taking proactive
steps in construction. This includes using modern building standards, retrofitting and strengthening
existing structures, and planning urban development to consider seismic risks. These strategies work
together to improve the resilience of buildings and lessen the chances of severe damage (Istanbul
Seismic Risk Mitigation and Emergency Preparedness Project, 2019). Tiirkiye, situated between three
major tectonic plates and compressed by the Arabian and African plates, is one of the most seismically
active countries in the world, with the North Anatolian Fault contributing significantly to frequent
earthquakes, which impact the lifespan of buildings in the region (Cambaz et al., 2021; Duman et al.,
2018). Seismic events in the area, especially in older structures not built to modern earthquake-resistant
standards, often result in serious structural damage and deterioration. The use of inferior materials and
outdated construction methods in these buildings makes them increasingly susceptible to seismic forces
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over time. The catastrophic earthquake measuring (Mw) 7.8 hit Tiirkiye and Syria on February 6, 2023,
destroyed a wide range of buildings, and resulted in the tragic loss of thousands of lives (NASA Earth
Observatory). This catastrophe highlighted the urgent need for earthquake-resistant building designs in
high-risk regions, highlighting the critical importance of addressing seismic resilience in urban planning
and construction methods.

The seismic resilience of a building largely depends on the materials used and the structural system
chosen. These factors are first established by the architect and then fine-tuned by the structural engineer,
who considers feasibility, reinforcement, element sizes, and cost efficiency. Effective collaboration
between architects and engineers is crucial to align these components, ensuring the building can
effectively withstand seismic forces (Tuna, 2000; Ersoy, 1999). Although the main seismic performance
of a building relies on its primary load-bearing system, facades, being the outermost layer, are especially
susceptible to damage during seismic events. Just like load-bearing structures, facades need to be able
to endure forces caused by earthquakes. Thus, it is essential to ensure the structural integrity of facades
to maintain the overall safety of the building during an earthquake. While current standards usually
categorize them as non-structural elements, a facade's failure can present a serious risk (Filiatrault et al.,
2021). Facades must withstand earthquake-induced forces to mitigate significant risks, such as falling
debris that can lead to severe injuries and block access or escape routes, potentially hindering rescue
efforts and emergency services.

Recent seismic events in Turkey have highlighted the inadequate earthquake resistance of many
reinforced concrete residential buildings, prompting the investigation of various strengthening
strategies. A major drawback of these methods is that they often require residents to evacuate the
buildings during the structural work. In contrast, external strengthening techniques allow for the
reinforcement of buildings without the need for evacuation. By adding structural elements to the outside,
the original facade of the building can be preserved, minimizing the need for extensive renovations. This
approach is especially beneficial for structures in seismic areas, where internal modifications can be
difficult or disruptive. However, it is crucial to acknowledge that most reinforcement techniques still
require evacuation, which poses a significant challenge, as it necessitates temporary housing for the
residents (Toker & Unay, 2006).
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Figure 1. Examples of damages of buildings in the 6th February 2023 Tiirkiye ear
URL2, URL3)

Earthquake-Induced Damages

The design and detailing of both structural elements, like walls, columns, and floors, as well as non-
structural components, such as partition walls and facades, are essential in shaping how a structure
responds during an earthquake. These elements greatly affect the building’s overall performance,
including its capacity to endure seismic forces and its susceptibility to damage. The interaction between
these components is crucial in determining the building's resilience to earthquakes and its chances of
sustaining damage before a collapse occurs (Bachmann, 2003). Building collapses during earthquakes
often occur due to structural weaknesses that arise when load-bearing elements, like walls, are removed
from upper floors and replaced with columns on the ground floor. This change creates a soft ground
floor, or soft story, which is particularly vulnerable to seismic forces. In these situations, the cyclic
movements between the ground and the upper sections of the building, along with insufficient lateral
resistance on the ground floor, can lead to significant damage to the columns (Dhabre & Dhamge, 2019).
Uneven distribution of mass and stiffness in buildings can also lead to structural instability, and stress
concentrations in specific areas increasing the likelihood of cracking or failure (Khanal & Chaulagain,
2020).
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Recent technological advancements in seismic-resisting structural systems are changing the way
buildings are designed. However, it is essential to protect the entire building system, which includes
both structural and non-structural elements, to ensure resilience during earthquakes. Proper detailing,
reinforcement, and anchoring of openings and facades significantly improve seismic performance and
stability. A notable study on the 1994 Northridge earthquake found that around 75% of the 66,000
damaged buildings had problems with non-structural components, highlighting the need to address these
vulnerabilities in addition to structural issues (Charleson, 2008). Non-structural components such as
walls, ceilings, cladding, curtain walls, glass panels, and rooftop equipment can become dangerous
during earthquakes, as they may detach, shatter, or collapse, posing threats to both the building’s
stability and the safety of its occupants. These elements can turn hazardous, jeopardizing not only the
integrity of the structure but also the safety of its occupants. This underscores the importance of properly
designing, detailing, and anchoring non-structural components, which is just as vital as having a well-
designed primary structural framework to ensure safety and functionality during and after an earthquake.

Research Aim & Objectives

This research aims to explore the performance of polymers in seismic zones, particularly focusing on
the non-structural components of buildings and facades, as well as their durability and adaptability in
earthquake-prone environments. By evaluating the resilience of polymer materials under seismic stress,
the study intends to assess their effectiveness in maintaining both architectural and structural integrity.
Additionally, the research will investigate design flexibility and the possibilities for retrofitting with
polymer facades, offering insights through detailed case studies from various seismic regions. The case
studies will highlight different approaches and innovations in polymer facade design, providing valuable
inspiration for enhancing safety and sustainability in Tiirkiye.

ESSENTIAL REQUIREMENTS FOR FACADE SYSTEMS

Facade design and performance is a complex and interdisciplinary field that combines architectural
aesthetics with engineering principles to tackle issues of functionality, sustainability, and environmental
responsiveness. The facade acts not only as a visual and structural component that shapes a building’s
identity but also impacts its design, intended use, and the arrangement of services within. In this context,
both active and passive design techniques—such as the use of advanced materials and technologies or
the optimization of the facade's orientation and geometry—play a crucial role in striking a balance
between form and function. This relationship between design and performance makes facades a vital
subject in the exploration of resilient building practices (Rupal et al., 2020).

The main roles of building facades are crucial for maintaining structural integrity, improving energy
efficiency, and ensuring comfort in the built environment. These roles include shaping the building's
aesthetic identity, preventing water from entering, reducing air leakage, managing the flow of light and
heat (both through radiation and conduction), minimizing noise from outside, and addressing the impact
of thermal bridges. Beyond these primary functions, facades also fulfill secondary roles, such as
accommodating movements within the structure due to wind, earthquakes, and creep, as well as handling
thermal expansion and contraction. Additional secondary functions involve controlling moisture
movement, providing fire resistance, and ensuring durability against weather conditions to prevent
issues like streaking, oxidation, or spalling (Moghtadernejad & Mirza, 2014; Lapidus et al., 2023;
Schittich, 2006).

Aesthetic considerations are frequently neglected in the design of buildings in Tiirkiye. Even though
structures are built according to strict regulations and on plots of nearly the same size, irregularities still
exist in the urban landscape. As a result, it is difficult to claim that buildings across the country present
a unified and harmonious look. Although many buildings share similar characteristics, their fragmented
and inconsistent appearance continues to prevail in the overall cityscape (Toker & Unay, 2006). This
disjointed and inconsistent architectural style not only disturbs the visual unity of urban areas but also
obstructs the creation of cohesive urban identities and livable environments. Given the challenges posed
by global warming and climate change, these shortcomings highlight the pressing need to focus on
energy-efficient and sustainable building practices that harmonize aesthetic appeal with functional
objectives. Simultaneously, the devastating effects of earthquakes on structures and their occupants,
caused by ongoing tectonic movements, highlight the equal importance of designing earthquake-
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resistant buildings. Sustainable building design should go beyond just adding green elements or
cosmetic environmental features; it should prioritize long-term functionality and durability, ensuring
that these structures can endure for generations (Dabija, 2021).

Quake-Proof Facade

When designing facades that can withstand earthquakes, several important factors need to be taken into
account, such as flexibility, material durability, anchorage systems, joint details, and ongoing
maintenance (Massey, 1992). Flexibility is an essential factor; the facade should be able to absorb
seismic shocks without collapsing or cracking. This can be accomplished by utilizing materials, which
can bend and reshape under stress without breaking. Material durability is vital, as the facade must
withstand the forces generated during an earthquake, necessitating the use of strong and robust materials.
Furthermore, connection systems are crucial for ensuring that the facade remains securely attached to
the building during seismic events. Proper anchoring, using metal ties or bolts, is necessary to prevent
the facade from detaching or falling, and regular maintenance is key to preserving the integrity of these
systems (Ortega Heras et al., 2015). The design of joints between facade panels is another significant
consideration; these joints must accommodate movement without cracking or separating during an
earthquake. Employing flexible joint materials, such as neoprene or silicone, along with proper sealing
and maintenance, is essential for achieving this. (Hareer, 2007) and (Abtahi, 2017) concentrated on
creating facade systems that feature energy-dissipating connections aimed at reducing the effects of
earthquakes. These fagades include devices or materials capable of absorbing seismic energy, like
viscoelastic dampers, friction dampers, or base isolators, which are integrated into the structure of the
fagade to improve the building's overall ability to withstand seismic events. Lastly, routine maintenance
and inspection of facades are critical for ensuring ongoing earthquake safety. Regular checks and repairs
help maintain the structural integrity of the facade, ensuring it remains functional and safe during seismic
events. (Baird et al., 2011; Building Seismic Safety Council for the Federal Emergency Management
Agency, 2004).

To tackle the challenges in facade design, it's crucial to first identify the problems with material and
application selections that have resulted in notable seismic vulnerabilities. The 2011 Christchurch
earthquake highlighted that many facades, especially those with lightweight materials like glass, did not
comply with seismic safety standards, creating life-threatening hazards from falling debris. Although
heavier claddings fared better, they still posed serious risks of failure (Baird et al., 2011). Likewise,
traditional facades during the Bam (2003) and Kermanshah (2017) earthquakes exhibited considerable
vulnerabilities, with brick and stone facades experiencing extensive damage that was difficult to repair
(Ghatte, 2021). To address these issues, several damage-reducing solutions can be employed in facade
systems to improve seismic performance, as shown in Figure 1. In contrast, modern facades utilizing
flexible materials and advanced anchoring methods demonstrated enhanced seismic performance and
facilitated easier repairs.
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Figure 1. Focusing on Reducing Earthquake Damage to Facade Systems (Baird et al., 2011)
FIXING "HEAVY' FACADES IN SEISMIC ZONES: THE ROLE OF POLYMER MATERIALS

Polymer materials have rapidly become a widely utilized component within the construction industry
due to their versatile applications and growing demand (Tamosaitiené et al., 2024). These materials give
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architects more flexibility and creativity in their designs, allowing for the creation of unique facade
systems and structural components. Plastics are high-molecular-weight polymers that combine the
transparency of glass with the workability of wood. Different types of plastics have various properties,
but they generally share characteristics such as low thermal conductivity, high tensile strength, and
resistance to water and chemicals. However, they can become brittle in very cold conditions and may
lose their strength when exposed to high temperatures (Hegger et al., 2012).
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Figure 2. Advantages and Disadvantages of Polymer Materials in Construction

Plastics are materials made up of large molecules called polymers, which can be created synthetically
or significantly altered when sourced from natural materials (Strong, 2006). While they have many
benefits, their vulnerability to UV radiation can be reduced by using additives like carbon black or flame
retardants, which improve their durability and overall performance (Aydin, 2004). Plastic examples and
their applications are outlined in the table below, showcasing their distinct properties and roles in
construction.

Table 1. Properities and applications of Polymer Materials in Facade Systems

Polymeric Materials | Key Properties Applications in | References
Facades
PMMA/ATH Composite  material | Transparent  panels, | (Byrdy &
(Mineral-Acrylic (80% ATH, 20% | glazing, light-diffusing | Kotaczkowski, 2015)
Panels) PMMA), strong, | elements
weather-resistant,
thermal-sensitive.
Decreased strength at
high temperatures.
Polyvinyl  Chloride | Durable, cost- | Window frames, | (Ajayi & Gasu, 2014,
(PVQC) effective, resistant to | decorative cladding, | Petrovic & Hamer,
moisture, low UV | panels, solar shading 2018; Health and
resistance, health risks Environment Alliance,
and environmental 2023)
impact, challenges in
recycling.
High-density Low Wear Resistance, | Protective  Coatings | (Habibi et al., 2020;
polyethylene (HDPE) | Ease of Mechanical | and Membranes, | Wani et al., 2020)
and low-density | Processing, High | Cladding
polyethylene (LDPE) | Impact Resistance | Panels,Recycled
Durability,  Rigidity, | Facade Components
Harder texture.
Fiber-Reinforced High strength-to- | Facade Reinforcement, | (Scott & Beck, 2016;
Polymers (FRP) weight ratio, ductility, | Panels for Curtain | Gattesco et al., 2015;
lightweight, excellent | Walls, Glazing Facade | Almusallam & Al-
weather resistance, | Modules, Cladding | Salloum, 2007; Bedon,
Panels 2016)
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high durability, higher
initial cost,

Polypropylene (PP)

Durability, Flexibility,
Lightweight,
Dimensional Stability,
Low Moisture
Absorption, Good
Insulation,
Flammability, uv
degradation.

Cladding Panels, Wall
Insulation

(Tamosaitiené et al.,
2024)

Polycarbonate (PC)

High impact
resistance,
transparency, heat flux
distribution.

Glazing systems,
panels, curved facade
cladding panels

(Moretti et al., 2014)

Ethylene Lightweight,  highly | Cushion systems, | (LeCuyer, 2008; Nahar
Tetrafluoroethylene transparent, large-scale  glazing, | etal., 2023)
(ETFE) strong,UV-resistant, curtain wall glazing,
self-cleaning, double skin fagade.
recyclable.
Polymer Concrete High mechanical | Used in prefabricated | (Seco et al., 2020;

strength, short curing | walls, hydraulic | Agavriloaie et al.,
period, wear | structures. 2012; Kulshreshtha et
resistance, weather al., 2017)
resistance,
waterproofing,
insulation
performance.

Textile Low Weight, Reduced | Architectural shading, | (Procaccini et al.,
Structural Load | membrane claddings, | 2023; Paech, 2016)

Durability and Long | tension  membrance,
Lifespan, Flexibility. sliding and  fixed
panels, nesting, kinetic
systems.

When evaluating polymeric materials for seismic regions, it's crucial to assess how they perform under
stress and varying environmental conditions. PMMA/ATH panels are known for their transparency and
durability, but they may lose strength at higher temperatures, which can limit their effectiveness in areas
facing both seismic and thermal challenges. While PVC is a cost-effective option, it has limited UV
resistance and potential environmental issues, necessitating careful long-term management. On the other
hand, HDPE and LDPE stand out for their durability and impact resistance, providing flexibility and
long-term resilience, although they encounter challenges with recycling.

FRP and ETFE materials are commonly utilized in seismic regions due to their high strength-to-weight
ratio and excellent weather resistance. Their ductility enables them to absorb and dissipate energy
effectively, improving seismic performance. Likewise, PP is durable, flexible, and lightweight, making
it suitable for seismic applications, with good insulation and flammability resistance. Polymer Concrete
and textile materials, such as tensile fabrics, also offer high mechanical strength and adaptability to
dynamic movements, making them effective for low-maintenance seismic solutions.

While plastics provide significant benefits like being lightweight, flexible, and affordable, glass
continues to be a favored choice in fagade construction because of its unmatched clarity and visual
attractiveness. Plastics, being lightweight and highly transparent, can be used as an alternative to glass.
Comparing these two materials offers important insights into their unique functions in architecture,
especially in areas prone to seismic activity. Table 2 compares glass and polymer materials based on
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parameters related to seismic activity. This analysis emphasizes the impact of material properties on

their performance and appropriateness in regions prone to earthquakes.

Table 2. Comparison of Glass and Polymeric Materials in Seismic Applications

Material Weight Energy Brittleness | Modulus of | Life  span | Long-Term
(kg/m?) Absorption Elasticity (years) Cost
Capacity (GPa) (Lifetime)
(Damping)
Glass Higher Lower Higher Higher Higher Higher
Polymeric | Lower Higher Lower Moderate/ Moderate/ | Moderate
Materials Lower Lower

Glass, being significantly heavier, contributes more to structural loads, whereas polymers are much
lighter, reducing the overall dead load of a building (Chowdhury et al., 2022). In terms of rigidity, glass
has a high modulus of elasticity, making it more rigid, while polymers are more flexible, allowing them
to absorb greater deformation and better withstand dynamic forces. (Bestech Australia, 2019). This
flexibility means that polymers tend to deform or crack under stress rather than shatter, as is common
with glass (Dutton, 2016). This flexibility also leads to polymers deforming or cracking rather than
shattering, offering better safety during an earthquake. Additionally, polymers have higher energy
absorption capacity (damping), making them more capable of reducing vibrations and enhancing the
building’s performance in seismic events (Zhou et al., 2018). Additionally, polymers are generally more
cost-effective for lightweight applications, and ETFE has emerged as a cost-effective alternative to
traditional glazing solutions (Durston & Robinson, 2016). Over time, glass has a longer lifespan,
especially with treatments like tempering (Babitharani et al., 2019), but polymers, though more
susceptible to UV degradation, have seen improvements in durability due to advanced coatings and
treatments, allowing them to last longer (Lu et al., 2018).

Polymer Facade Case Studies

The selected case studies in this research highlight the integration of facade design with seismic
resilience, emphasizing how the use of plastic-based materials plays a pivotal role. These examples
demonstrate how polymer-based materials not only improve seismic performance but also maintain
architectural integrity and aesthetic appeal, transforming seismic zones into opportunities for innovative
and durable facade solutions. Seismic fagade design involves a complex interaction of visual, practical,
and structural considerations shaped by engineering and materials research.
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Table 3. Selected Case Studies (URL4, URLS5, URL6, URL7, URLS, URLY9)

Case study 1 Case study 2 Case study 3

Name: Komatsu Seiren Fabric | Name: SFMOMA Expansion Name: La Miroiterie
Laboratory Location: San Francisco, USA | Location: Lausanne, Switzerland

Location: Ishikawa, Japan Polymer Material Used: FRP | Polymer Material Used: PTFE

Polymer  Material Used: | Panels Glass and ETFE cushions
Thermoplastic Carbon Fiber
Composite

e
T —— :‘ F

)

[P,

Case study 4 Case study 5 Case study 6
Name: Bima Microlibrary Name: Sogokagu Design Lab | Name: Pola Ginza
Location: Bandung, Indonesia | Location: Ishikawa, Japan Location: Tokyo, Japan

Polymer Material Used: | Polymer Material Used: ETFE | Polymer Material Used: Acrylic
Polypropylene Panels Panels

-

The Komatsu Seiten office building in Ishikawa, Japan, designed by architect Kengo Kuma, showcases
a creative use of CFRP for both seismic protection and aesthetic appeal. Situated in a region prone to
earthquakes, the building's structure was reinforced with CABKOMA strand rods, a lightweight and
high-tensile material specifically created for this project. These rods were installed externally to link the
roof to the foundation and internally as a mesh reinforcement, providing a dual-layered approach to
seismic resistance. With a tensile strength five times greater than that of steel and weighing only one-
fifth as much, CABKOMA strand rods present an efficient, cost-effective, and visually attractive option
for retrofitting older buildings and enhancing new ones. Their resistance to rust, flexibility, and ease of
installation add to their practicality. The building combines these functional advantages with visual
appeal, as the rods are designed as architectural features that are illuminated to create a striking visual
effect (Gardiner, 2015a).

While the other chosen case studies emphasize various advantages for seismic areas, they do not
explicitly provide detailed information about seismic testing or adherence to specific performance
standards. These examples mainly illustrate creative uses of materials and facade design strategies,
providing insights into their potential for withstanding seismic events. The SFMOMA expansion
features a striking fagade made up of over 700 uniquely shaped FRP panels, covering around 7,800 m?
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of a 10-story building. The lightweight and strong FRP material provides seismic benefits by reducing
the overall mass of the facade, which in turn lowers inertial forces during earthquakes. The panels are
attached to a curtain wall system, allowing for flexibility and adaptability to movement while preserving
structural integrity. This project stands out as one of the largest architectural uses of FRP composites,
highlighting the material's potential in seismic areas where lightweight, durable, and fire-resistant
solutions are essential for both aesthetic appeal and resilience against seismic stresses (JEC Group,
2018).

The Miroiterie Flon Lausanne project in Switzerland highlights the use of cutting-edge facade
technologies, featuring ETFE membranes and PTFE-coated glass fabrics. These materials provide
distinct advantages for seismic fagade applications due to their lightweight nature—about 1/40th the
weight of glass—and their capacity to minimize breakage risk during seismic events. The ETFE
membrane boasts remarkable translucency (up to 95%) and self-cleaning chemical composition,
ensuring durability with minimal upkeep. Additionally, its flame-retardant characteristics and adherence
to international safety standards further bolster its reliability (Cremers, 2009).

The Bima Microlibrary showcases a creative approach to materials and structural techniques that meet
both functional and aesthetic requirements while also incorporating passive environmental controls. In
terms of its seismic fagade application, the design incorporates steel columns and beams into the existing
stage structure, creating a solid foundation for the elevated library. The facade's use of recycled plastic
ice cream buckets boosts its seismic resilience by providing a lightweight yet sturdy infill material.
Furthermore, the floating volume design enables the library to serve as both a shelter and an engaging
architectural element, minimizing seismic risk through its flexible and cohesive structural system
(Ichioka, 2019).

Kengo Kuma's design for the Sogokagu Design Lab features a facade made from a polymer-based
application, with a steel structure enveloped in polyurethane foam and a multilayered material
resembling animal hide. This combination creates a flexible yet robust exterior that enhances thermal
insulation and boosts seismic resilience. The incorporation of ETFE film and transparent PVC further
fortifies the facade's capacity to endure seismic forces while preserving its structural integrity.
Additionally, the use of recycled materials, like plastic bottles, promotes sustainability and durability,
making the facade effective in terms of seismic performance (Yanilmaz & Eyiiboglu, 2023).

The Pola Ginza Building features a striking double-skinned facade that combines thermal, optical, and
airflow functions. It consists of curved acrylic shutters that can be individually controlled and are
equipped with LED lighting, enhancing both aesthetics and energy efficiency. These shutters are
engineered to handle structural movements and stresses, ensuring the building's resilience during seismic
events. With individual control mechanisms, the facade can flexibly respond to different seismic forces
while maintaining its overall stability and durability.

CONCLUSION

This research has examined how polymers can improve the seismic performance of buildings,
particularly in non-structural components/ facade systems. Earthquakes remain a significant threat, with
damage to buildings being a major contributor to casualties and economic losses. Recent seismic
incidents in Tirkiye have highlighted the weaknesses of reinforced concrete structures, creating a
demand for innovative and adaptable solutions. Case studies have shown that polymer materials, like
CFRP and other polymer composites, not only provide structural reinforcement but also allow for design
flexibility. These materials boost durability, enhance structural integrity, and provide greater resistance
to seismic forces. Moreover, polymers are lightweight, resistant to corrosion, and can be seamlessly
incorporated into both new and existing structures, making them perfect for retrofitting and reinforcing
older buildings. By using polymer-based solutions, the retrofitting process causes minimal disruption to
the buildings, while also offering a sustainable way to enhance seismic resilience. Rapid and irregular
urbanization, especially during the 1950s and 1960s, led to the construction of many buildings in Turkey
without following modern safety and seismic standards. Consequently, thousands of these structures,
particularly in high-risk seismic areas, urgently need structural strengthening to enhance their seismic
performance while maintaining functionality. This strategy is increasingly favored for improving the
resilience of older buildings, contributing to safer and more sustainable built environments.
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EFFECT OF CALCINATION TEMPERATURE AND DURATION ON THE COMPRESSIVE
STRENGTH AND WATER RESISTANCE OF VOLCANIC ASH-BASED GEOPOLYMER
MORTARS
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Dr. Cemal Karaaslan

Department of Construction, Technical Sciences Vocational School, Igdir University, Igdwr, Turkey

ABSTRACT

Geopolymer binders, considered a viable alternative to Portland cement, stand out for their
environmentally friendly nature and superior mechanical properties. In geopolymers, artificial
pozzolans can be used as powdered binders, as well as natural materials such as pumice, perlite, and
volcanic ash. The use of natural pozzolans emerges as a promising alternative in terms of sustainability
and eco-friendly practices. Among natural pozzolans, volcanic ashes have garnered significant attention
in recent years as aluminosilicate sources for geopolymer binder production. Studies on volcanic ash-
based geopolymer mortars and concretes indicate that while they achieve adequate strength levels, they
lack sufficient durability against water exposure. This study investigates the effect of calcination on the
resistance of volcanic ash-based geopolymer mortars to water exposure. In this regard, the strength and
water resistance of volcanic ash-based geopolymer mortars produced with volcanic ashes calcined at
different temperatures (600, 750, and 900 °C) and durations (1, 2, and 4 hours) were evaluated. The
results revealed that calcination had no significant positive effect on the strength or water resistance
properties of volcanic ash-based geopolymer mortars. However, calcination at 900 °C for 1 hour slightly
improved the strength and provided limited enhancement in residual compressive strength after water
exposure.

Keywords: Geopolymer, VVolcanic ash, Water resistance, Calcination

INTRODUCTION

Concrete is the most widely used construction material globally. However, Portland cement, which
constitutes the binding matrix of concrete, has significant adverse environmental impacts. Geopolymer
binders, recognized as an environmentally friendly alternative with a lower environmental footprint
compared to Portland cement, have gained increasing attention [1]. These binders also exhibit notable
resistance to fire and acids [2, 3]. Reactive materials such as fly ash, metakaolin, and ground granulated
blast furnace slag have been widely used as powder binders in geopolymers over the past years.
However, to promote the development of sustainable construction materials, the use of natural materials
like pumice, perlite, and volcanic ash as aluminosilicate sources for geopolymer mortars and concretes
has been increasingly encouraged in recent years [4].

The use of natural pozzolans presents a promising alternative to artificial pozzolans in terms of
sustainability and eco-friendly applications [5]. While studies on using natural pozzolans such as pumice
and perlite in geopolymer mortars and concretes exist, there has been a notable rise in research focusing
on volcanic ashes as aluminosilicate sources for geopolymer binder production. These studies have
demonstrated that volcanic ash-based geopolymer mortars and concretes can achieve sufficient strength
when activated with appropriate alkali activators and subjected to adequate curing conditions [6].
However, they also reveal that volcanic ash-based geopolymers often lack sufficient durability against
water exposure.

Lemougna et al. [7] immersed geopolymers produced with various volcanic ashes in water and observed
strength losses of up to 89% in the saturated samples after 24 hours. Additionally, it was reported that
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re-curing the water-soaked samples could significantly recover the lost strength. Some studies [8-10]
have further shown that samples can crack and disintegrate within a few days of immersion in water.

To improve the strength and durability of volcanic ash-based geopolymers, certain reactive materials
can be partially substituted for volcanic ash [11]. Moreover, studies suggest that pre-treatment methods
such as mechanical activation, alkali fusion, and calcination can enhance the strength and durability of
volcanic ash-based geopolymers [12]. Calcination involves heating the binder powders (e.g., volcanic
ash) at temperatures between 600 °C and 1000 °C for several hours, resulting in the breakdown of
crystalline phases and their transformation into amorphous or semi-amorphous structures [13, 14]. These
amorphous materials exhibit higher reactivity, which is expected to improve the strength and durability
of geopolymers produced with calcined volcanic ashes.

Research on the use of calcined volcanic ashes as powder binders in geopolymers is limited.
Furthermore, while existing studies focus on the effects of calcination on the mechanical properties of
geopolymers, their impact on water resistance remains unexplored. This study investigates the effects
of calcination on the compressive strength and water resistance of volcanic ash-based geopolymer
mortars. For this purpose, volcanic ashes calcined at different temperatures (600, 750, and 900 °C) and
durations (1, 2, and 4 hours) were used to produce volcanic ash-based geopolymer mortars. The water
resistance of the produced mortars was evaluated by measuring their compressive strength in dry and
saturated surface-dry conditions.

MATERIALS AND METHODS
Materials

The volcanic ash used in this study was sourced from the Golciik region of Isparta, Tiirkiye. This binder
material had previously been used by Yegin [15] in the production of geopolymer concrete. The particle
size distribution, X-ray diffraction (XRD) pattern, and scanning electron microscopy (SEM) image of
the volcanic ash used in the geopolymer mortar samples are presented in Figures 1, 2, and 3,
respectively. Additionally, the chemical composition of the volcanic ash, determined using the X-ray
fluorescence (XRF) method, is provided in Table 1.
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Figure 1. Particle size distribution of the volcanic ash.
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Figure 2. XRD pattern of the volcanic ash.
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Figure 3. SEM micrograph of the volcanic ash.
Table 1. Chemical composition of the volcanic ash.

Oxides CaO MgO A|203 Fe,O3 SiOz Na,O K,0 SOs3 LOI

Wt.(%) 4.1 2.1 16.5 3.8 59.0 4.8 53 = 2.6

LOI: Loss on ignition

The alkali activator used in the study was a mixture of sodium hydroxide (NaOH) and sodium silicate
(NazSiOs) solutions. The sodium silicate solution (SiO2/Na;O = 2.04 by weight, with 24.50% SiO;
content by weight) was mixed with a 10 M sodium hydroxide solution (98% purity) in a weight ratio of
2.5.

CEN standard sand conforming to TS EN 196-1 [16] was used as the fine aggregate in the production
of geopolymer mortars.

Deionized water was used to prepare the sodium hydroxide solution, while tap water from the municipal
water supply was used to evaluate the water resistance of the geopolymer mortars.

Calcination

Volcanic ash was calcined at three different temperatures and three different durations. The calcination
temperatures were 600 °C, 750 °C, and 900 °C, while the durations were 1, 2, and 4 hours. The
temperature of the furnace used for calcination was increased at a rate of 10 °C/min until the target
temperature was reached, and this temperature was maintained for the specified duration. After the
calcination process, the furnace was turned off, and its door was left open for 30 minutes. The material
was then removed from the furnace and left to cool under laboratory conditions. Once cooled to ambient
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temperature, the calcined volcanic ash was packaged. In this manner, nine different calcined volcanic
ashes were prepared.

Sample Preparation

The geopolymer mortar mixtures were prepared using a manual cement mixer conforming to TS EN
196-1 [16]. The dry materials, including the powder binder and sand, were mixed first, followed by the
addition of the pre-prepared alkali activator solution. Mixing continued until a homogenous fresh
geopolymer mortar was achieved. The fresh mortar was then poured into 40 mm x 40 mm x 40 mm
plastic cube molds in two layers, with each layer compacted using a jolting table for 60 drops. After
leveling the surfaces, the molds were sealed and cured at 75 °C for 48 hours and then at 90 °C for 24
hours. After curing, the samples were demolded and stored in open laboratory conditions until the testing
day.

A total of 10 geopolymer mortar mixtures were prepared: one using raw volcanic ash and nine using the
calcined volcanic ashes. Since the calcination process did not significantly alter the water demand of the
volcanic ash, the same mix proportions were used for all mixtures, as presented in Table 2.

Table 2. Mix proportions (g).

Sodium hydroxide Sodium silicate
solution solution Volcanic ash Standard sand
111.9 279.6 675 1350

Experimental Methods

The 28-day compressive strengths of the geopolymer mortar samples were determined using a 20 kN
capacity automatic cement compression machine, in accordance with TS EN 196-1 [16].

To evaluate water resistance, the samples were submerged in water on the 28th day and left for 72 hours.
After this period, the samples were removed from the water, and surface water was wiped off. The
compressive strength of the saturated surface-dry samples (wet strength) was then determined.

FINDINGS

It was observed that the volcanic ash turned brown after calcination. Furthermore, with increased
calcination temperature and duration, the volcanic ash exhibited darker shades of brown. To maintain
brevity, not all combinations of calcination temperature and duration are visually presented in this study;
only one representative example is provided (Figure 4).

Figure 4. Visual representation of raw and calcined volcanic ash.

The 28-day compressive strength of the geopolymer mortar produced with raw volcanic ash was
measured as 50.1 MPa. Figure 5 illustrates the 28-day compressive strengths of geopolymer mortars

15 December 2024

Adana, Tiirkiye 73



4. INTERNATIONAL EURASIA CONGRESS OF BUILDING
MATERIALS, ARCHITECTURE AND ENGINEERING SCIENCES

PROCEEDINGS BOOK

prepared using volcanic ash calcined at different temperatures and durations. As shown in the figure,
except for the geopolymer mortar produced with volcanic ash calcined at 900 °C for 1 hour, all other
calcined ashes resulted in compressive strengths lower than the 50.1 MPa of the raw ash-based mortar.
However, the compressive strength of the mortar with volcanic ash calcined at 900 °C for 1 hour reached
56.1 MPa. This indicates that the strength of geopolymers based on volcanic ash from the Golciik region
can be slightly improved with this specific calcination condition. Additionally, it was observed that the
strength tends to increase with longer calcination durations at 750 °C. Therefore, investigating the
effects of calcination on strength at temperatures between 750 °C and 900 °C could be valuable.
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Figure 5. Compressive strengths of geopolymer mortars at different calcination conditions.

The compressive strength of the raw volcanic ash-based geopolymer mortar in saturated surface-dry
condition was measured as 6.8 MPa. This indicates an 86.6% loss in strength compared to its dry state.
On the other hand, Figure 6 presents the compressive strengths of geopolymer mortars with volcanic
ash calcined under various conditions in saturated surface-dry condition, along with the corresponding
strength losses. As observed, all geopolymer mortars with calcined ash experienced slightly higher
strength losses than the raw volcanic ash-based geopolymer. However, in terms of residual compressive
strength, the geopolymer mortar prepared with volcanic ash calcined at 900 °C for 1 hour showed a
slightly higher residual strength of 7.0 MPa compared to the raw volcanic ash-based mortar.
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Figure 6. Compressive strengths and strength losses of geopolymer mortars in saturated surface-dry
condition.
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CONCLUSION

In this study, the compressive strengths of geopolymer mortars produced with volcanic ash calcined at
different temperatures (600, 750, and 900 °C) and durations (1, 2, and 4 hours) were measured under
both dry and wet (saturated surface-dry) conditions and compared to those of mortars with raw volcanic
ash. The calcination process did not have a beneficial effect on the dry or wet compressive strengths of
geopolymer mortars for the volcanic ash used in this study. However, the mortar prepared with volcanic
ash calcined at 900 °C for 1 hour exhibited higher compressive strengths in both dry and wet conditions
compared to those of the raw volcanic ash-based mortar. Future studies could explore the effects of
calcination temperatures between 750 °C and 900 °C on the alkali activation of volcanic ashes.
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OZET

Bu calisma, c¢elik ve cam malzemelerinin mimarideki gelisimini ve bu malzemelerin birlikte
kullaniminin modern yapilar {izerindeki etkilerini incelemektedir. Endiistri Devrimi ile gelik ve camin
mimarideki kullanimi hiz kazanmis, bu malzemelerin estetik ve islevsellik agisindan sagladigi
avantajlar, mimarinin yeni bir dil gelistirmesine olanak tanimistir. Celik, gii¢lii ve esnek yapisiyla biiyiik
acikliklarin gecilmesini saglar, cam ise dogal 151k gecirgenligi ve seffaflik 6zellikleri ile mekanlar1 daha
ferah ve genis hale getirir. Bu iki malzeme, 6zellikle modern yiiksek yapilarin temel yapi taslar1 haline
gelmistir.

Celik ve camin entegrasyonu, ¢agdas mimarinin simgelerinden olan yapilar1, hem yapisal hem de estetik
acidan giliclendirmistir. Crystal Palace (1851), ¢elik ve camin ilk biiyiik entegrasyon 6rneklerinden biri
olarak mimarlikta bir devrim yaratmis ve modern yapilar i¢in bir temel olusturmustur. Giiniimiizde ise,
enerji verimliligi saglayan cam sistemleri ve ¢evre dostu celik iiretim teknikleri, bu malzemelerin
stirdiiriilebilirlik acisindan 6nemli bir rol oynamasina katkida bulunmaktadir. Ayrica, ¢elik ve camin
mimarideki rolii, sadece fiziksel yapilarla sinirli kalmayip, gelecekteki sehir projelerinde siirdiiriilebilir,
enerji Uretme kapasitesine sahip ve ¢evre dostu ¢dziimler sunmayi vaat etmektedir.

Bu baglamda, ¢alisma, ¢elik ve camin mimarideki tarihsel gelisiminden baslayarak, bu malzemelerin
gelecekteki potansiyellerini ve olast kullanim alanlarii arastirmaktadir. Gelecekte, ¢elik ve camin
entegrasyonu ile tasarlanan yapilar, daha verimli ve ¢evre dostu ¢Oziimler sunarak, sehirlesme ve
stirdirtilebilirlik baglaminda 6nemli bir rol oynamay: siirdiirecektir. Bu malzemelerin kullanimi,
ozellikle gezegen dis1 yasam alanlari ve tamamen otonom sehirlerin insasinda temel bir yap1 tagi olabilir.

Anahtar Kelimeler: Mimari Mekan, Celik Malzeme, Cam Malzeme, Celik ve Cam Mimarligi

ABSTRACT

This study examines the development of steel and glass materials in architecture and the impact of their
combined use on modern structures. With the Industrial Revolution, the use of steel and glass in
architecture gained momentum, offering advantages in both aesthetics and functionality, enabling the
development of a new architectural language. Steel, with its strong and flexible structure, allows for
large spans, while glass enhances spatial openness and light transmission. These materials have become
the foundation of modern high-rise buildings.

The integration of steel and glass has strengthened iconic structures, both structurally and aesthetically.
The Crystal Palace (1851), as one of the first major integrations of steel and glass, revolutionized
architecture and laid the foundation for modern buildings. Today, energy-efficient glass systems and
eco-friendly steel production methods play a crucial role in sustainability. Furthermore, the role of steel
and glass in architecture extends beyond physical structures and promises sustainable, energy-
producing, and environmentally friendly solutions in future urban projects.

This study explores the historical development of steel and glass in architecture, analyzing their potential
future uses and contributions. The integration of these materials in future buildings will continue to
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provide more efficient and sustainable solutions, playing a significant role in urbanization and
sustainability. The use of these materials may become a key factor in the construction of extraterrestrial
habitats and fully autonomous cities.

Key words: Architectural Space, Steel Material, Glass Material, Steel and Glass Architecture.

GIRIS

Mimari mekanin iiretiminde yeni islevsel, teknolojik ve estetik egilimler, genis aciklikli bina ihtiyaci,
cok katl yiiksek bina yapma istegi karsisinda tas, tugla ve ahsap gibi geleneksel yap1 malzemelerinin
kullanimi smirli diizeyde kalmistir. Demir ve betonun yapida kullanilmaya baglamasiyla ilerleyen
mimari mekan anlayisi, Endiistri devrimi sonrasi degisen iiretim bigimleri ve gelisen teknoloji ile birlikte
yapilarda gelik ve camin da kullaniminin iist diizeye ¢ikmastyla devam etmistir. Ozellikle gelik ve cam
en cok gelisim ve degisim gosteren yap1 malzemesi olmustur.

Yapilarda gelik malzeme sayesinde biiytik acikliklar gegilmis ve asansoriin kullaniminin yayginlagsmaya
baslamasi ile birlikte yapilan ¢ok katli yapilar, ¢elik malzeme sayesinde betonarmeye gore daha kiiciik
kesitli tastyicilar elde edilmistir. Hafif bir malzeme olan ¢elik yapilardaki temel maliyetini disiirmiis,
ayrica yapilardaki kullanim esnekligi mimari mekanlarin daha 6zgiir ve 6zglin olmasina olanak
saglamistir.

Ayn1 zamanda gelisen teknolojiye uyum saglayan cam, 6zellikle cam firin teknolojisindeki gelismeler
ile birlikte yapilabilen seri iiretimler sayesinde, yiiksek kalitede, biiyiik ebatlarda ve ekonomik bir yap1
malzemesi olarak yapilarda kullanilabilirligini arttirmistir. Bu gelisim 6zellikle ¢elik tasiyici sistemin
sagladig1 genis agikliklarin cam malzeme ile kapatilmasinda etkin rol oynamistir.

Celik ve camin bir arada kullanimi1, mimarlikta sadece teknik bir yenilik olarak kalmamis, ayni zamanda
bir tasarim dili haline gelmistir. Crystal Palace (1851) ve Eiffel Kulesi (1889) gibi yapilar, bu
malzemelerin mimarlikta kullanimina 6nciiliik etmis, sonraki donemlerde modern mimarligin temelini
olusturmustur. 20. yiizyilda, Ludwig Mies van der Rohe gibi modernist mimarlar, ¢elik ve camin
sadeligini estetik bir prensip olarak benimsemis ve bu malzemeleri minimalizmle birlestirerek ikonik
yapilar tasarlamistir.

Gilinimiizde c¢elik ve cam, mimaride yalnizca estetik ve islevsellik acisindan degil, ayn1 zamanda
stirdiirtilebilirlik hedefleri dogrultusunda da 6nemli bir rol oynamaktadir. Enerji verimliligini artiran
cam paneller ve ¢evre dostu ¢elik tiretim teknikleri, bu malzemeleri ¢agdas mimarligin vazgegilmez
unsurlar1 haline getirmistir. Celik ve cam, modern mimaride mekanlarin sinirlarin1 kaldirarak
kullaniciyla ¢evre arasinda bir bitiinliik saglar. Seffaflik ve dayaniklilik 6zellikleriyle bu iki malzeme,
yalnizca yapinin fiziksel bir unsuru degil, ayn1 zamanda mimaride bir ifade araci olarak kullanilir.

Geligen celik ve cam malzeme teknolojileri ve binalarda biitiinciil performans i¢in mimariyi etkileyen
yapisal tasarim bilesenlerinin mimari tasarim ile entegre olmasini saglayan bilgi teknolojileri sayesinde
ozellikle son yillarda mimari mekanin iiretiminde nitelikli ve 6zgiin yorumlarla “Celik ve Cam
Mimarisi” kavrami ortaya ¢ikmistir. Bu mimari anlayis, beklentileri karsilayacak diizeyde farkli mimari
mekan tasarimi ve tiretimine olanak saglamistir. Celik malzemenin binalarda sagladigz striiktiirel avantaj
ile cam malzemenin 6zellikle cephede olusturdugu mimari estetik anlayis ile hem estetik hem de saglam
binalar elde edilmistir. Celik ve cam mimarisinde, striiktiir eleman1 olarak ¢elik malzeme kullanilarak
dogadan ayrilan ve yiikselen bina, cephede cam kullanimi ile birlikte seffaflasarak tekrar dogayla
biitiinlesmektedir.

Bu ¢alismada, celik ve camin tarihsel siirecteki gelisimi ve mimarlik pratigine etkileri ele alinmistir.
Ayrica, bu malzemelerin entegre kullanimiyla tasarlanan ikonik yapilardan 6rnekler verilerek, celik ve
cam mimarisinin estetik, islevsellik ve sirdiiriilebilirlik baglamindaki katkilari degerlendirilmistir.
Bunun yani sira, gelecekte ¢elik ve cam malzemelerinin mimarlik pratiginde iistlenecegi roller ve bu
malzemelerle inga edilecek yapilarin potansiyel gelisimleri iizerine hipotezler sunulmustur. Calisma, bu
baglamda, modern mimarligin sadece bugiinkii degil, ayn1 zamanda gelecekteki yonelimlerine 151k
tutmay1 amacglamaktadir.
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ARASTIRMA VE BULGULAR
Mimari Mekan

Mekan, insanin dogal ¢evreden ayrilarak belirli bir islev i¢in sekillendirdigi 6zel bir alan olarak
mimarligin temel unsurudur. Mimari mekan, duvarlar, tavanlar, siitunlar ve benzeri fiziksel bilesenlerle
tanimlanirken, estetik ve islevselligi bir araya getirerek 6zgiin yapilar olusturur. Bu bilesenler, mekanin
fiziksel smirlarini belirlemekle kalmaz, ayn1 zamanda kullanict deneyimini ve mekani algilama bigimini
de sekillendirir. Renk, doku, 151k ve havalandirma gibi unsurlar, mekanin atmosferini ve kullanim
ozelliklerini derinlestirirken, seffaf malzemelerle dogayla biitiinlesme saglanabilir. Mekan iiretimi, bu
fiziksel ve deneyimsel unsurlarin bir biitiin olarak ele alinmastyla gerceklesir ve her bir eleman mekanin
estetigine ve islevine katkida bulunur.

Tarih boyunca mimari mekan anlayisi, toplumlarin inanglari, kiiltiirel dinamikleri ve teknolojik
yenilikler dogrultusunda sekillenmistir. Antik donemlerden itibaren tas ve kerpi¢ gibi dogal
malzemelerle yapilan anitsal yapilar, mimarinin islevsel oldugu kadar ideolojik bir ara¢ haline gelmesini
saglamistir. Misir ve Yunan tapinaklar1 gibi yapilar, dinsel inanglar1 ve toplumsal kimlikleri yansitirken,
Roma doéneminde teknik yeniliklerle konfor odakli yapilar insa edilmistir. Ronesans ile birlikte insan
merkezli mekan anlayis1 gelismis, Endiistri Devrimi sonrasi ise ¢elik, cam ve beton gibi malzemelerle
yapilan dayanikli ve islevsel yapilar modern mimarinin temelini olusturmustur. Bu siiregte mimari,
yalnizca bir barinma araci olmaktan ¢ikarak estetik, teknik ve toplumsal bir ifade bi¢gimine doniismiistiir.

Mimari Mekanda Celik Malzeme Kullanim

Demir ve karbonun belirli oranlarda bir araya gelmesiyle olusan bir alasim olan g¢elik malzeme, tarih
boyunca yapilarda kullanilmis olmasina ragmen, yapisal 6zelliklerinin tam anlamiyla kesfedilmesi ve
modern anlamda kullanimmin yayginlasmasi Endiistri Devrimi sonrasinda gergeklesmistir. Oncesinde
“Demir Yap1” olarak nitelendirilen yapilar 6zellikle 1930’lu yillarda kaynak teknolojisinin gelismesiyle
birlikte olusturulan ¢elik konstriiksiyon neticesinde “Celik Yap1” seklinde nitelendirilmeye baslanmistir.
Mimarlikta dokme demirden celige gegis, yapt malzemeleri ve striiktlir anlayisinda devrim yaratarak
mekan kavramini kokten degistirmistir. Geleneksel olarak sinirlari belirli, kapali mekanlar insa etme
yaklagimi, yerini giderek daha agik, akigkan ve kesintisiz mekan deneyimlerine birakmaktadir.

Gelisen teknoloji ile birlikte, dokme demirden ¢elik iiretimine gecis asamasinda her bir ¢elik {iretim
yontemi, kendi doneminin ihtiyaglarina yanit vererek mimaride 6nemli doniisiimler saglamustir.
Bessemer Yontemi, seri ve ucuz celik iiretimi ile gokdelenlerin ingasini miimkiin kilmistir. Thomas
Yontemi, fosforlu demir cevherini isleyerek Avrupa'da sanayi yapilarinda kullanilmistir. Siemens-
Martin Yontemi, kaliteli celikle genis kopriiler ingsa edilmesine olanak tanimistir. Linz-Donawitz
Yontemi, savas sonrasi hizli ¢elik tiretimiyle modern yapilari desteklemistir. Heroult Yontemi ise geri
dondstiiriilen gelikle siirdiiriilebilir yapilar i¢in 6ncii olmustur.
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Sekil 1.1. Eiffel Kulesi (URL-1)

Endiistri Devrimi ile birlikte celigin yap1 sektdriinde kullanimi hizla artmustir. {1k basta demir malzemesi
ile baslayan siireg, Bessemer yontemi gibi yeniliklerle diisiik maliyetli ¢elik iiretimini miimkiin kilmistir.
Bu gelisme, kopriiler, demiryollar1 ve gokdelenler gibi biiyiikk dlgekli projelerde ¢eligin yaygin
kullanimini1 saglamistir. Celik malzemesi, modern mimaride yiliksek dayaniklilik, esneklik ve genis
acikliklar sunarak mimarlarin daha cesur ve yaratici tasarimlar yapmasina olanak tanimistir. Boylece,
mimaride estetik ve fonksiyonel bir devrim gerceklesmistir.

Mimari Mekanda Cam Malzeme Kullanimi

Cam malzeme ise, temel olarak toprak kokenli bilesenlerden elde edilen, yiiksek 1sida
sekillendirilebilen, sert, kirilgan ve seffaf bir malzemedir. Isiya karsi dayanikli olan bu malzeme,
formunu koruyarak farkli kaliplara dokiilebilir ve istenilen sekli alabilir. Camin saydamligi, onu 15181
geciren, ancak ayni zamanda i¢ mekanlar1 dis etkenlerden koruyan ideal bir yapi elemani yapar.
Mimaride hem estetik hem de iglevsel ¢6ziimler sunan cam, farkli projelerde yenilik¢i tasarimlara olanak
tanir.

5000 yillik gegmisiyle en eski yapt malzemelerinden olan cam malzemenin {iretiminde 6nemli bir
doniim noktasy, iifleme tekniginde kullanilan piponun kesfidir. M.0O. 200'lerde Suriye'de cam pencereler
tiretilmeye baglanmis, ardindan Roma Imparatorlugu araciligiyla Avrupa'ya yayilmistir. Romalilar M.S.
1. ylizyilda dokiim yontemiyle diiz cam tiretmis ve cami villalarda kullanmiglardir. Sanayi Devrimi ile
cam {iretim teknolojileri hiz kazanmis, 1687'de "Plate Glass" yontemi ile biiyilik cam levhalar {iretilmeye
baslanmistir. Bu teknik, modern mimaride cam kullanimini yayginlastirmigtir.

Bessemer'in cam tretimiyle ilgili katkilari, 6zellikle cam presleme yonteminin gelistirilmesi, ¢elik
iiretimindeki buluslarindan esinlenmistir. 1856'da ¢elik iiretiminde devrim yaratan Bessemer siireci ile
elde ettigi basari, cam lretiminde de verimlilik artigin1 saglayan tekniklerin temellerini atmistir. Bu
gelisme, cam endiistrisinin modernlesmesine biiytik katki saglamis ve {iretim siireglerinin hizlanmasinda
onemli bir rol oynamistir. Bu baglamda, Bessemer'in cam endiistrisine yaptig1 katkilar, aslinda ¢elik
tretimindeki yeniliklerin baska sektorlere nasil etki edebileceginin giizel bir 6rnegidir.

1952 yilinda Alistair Pilkington’un camui sivi kalay iizerinde yiizdiirmeye baslamasi ile seri cam
iretimine gecilmistir. 19. Yy’da cam {iretimi Siemens kardeslerin rejenerator firini, cam havuzu ve
Beriwez’in cam sogutma firini, cam iiretiminde devrim niteligindeki yenilikler sunarak sanayilesmenin
onemli bir pargasi olmustur. Bu teknolojiler, cam iiretimini hizlandirmis ve maliyetleri diistirmistiir.
Boylece, cam daha genis kitlelere ulasabilir hale gelmis, kalitesi artmis ve estetik ile fonksiyonel
kullanim alanlar1 genislemistir. Ozellikle insaat ve mimaride biiyiik cam cepheler, vitrinler, pencereler
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ile mobilya sektoriinde yaygin olarak kullanilmasina olanak saglamistir. Cam teknolojisindeki bu evrim,
hem estetik hem de iglevsellik agisindan mimari projelerde yeni ufuklar agacaktir.

Camin mimarideki rolii, estetik ve fonksiyonellik acisindan olduk¢a 6nemli bir yere sahiptir. Cam,
yiiksek 151k gecirgenligi ile dogal 15181 i¢ mekanlara yonlendirirken, dig diinya ile olan etkilesimi
giiclendirir. Seffaf yapis1 sayesinde, yapilar ¢evreleriyle biitlinleserek i¢ mekan algisini zenginlestirir.
Farkli renk ve dokulardaki cam tasarimlari, mimarlarin estetik algisini genisletmekte ve yapinin
kimligini belirginlestirmektedir. Ayrica, giinlimiizde gelistirilen yiizey kaplamali, temperli, tapakali ve
enerji verimli cam tiirleri, i¢ mekan konforunu artirarak enerji performansini iyilestirmektedir. Bu
Ozellikleriyle cam, modern mimarinin vazgecilmez bir pargasi haline gelmistir.

Barselona’nin ikonik yapilarindan biri olan ve 2005 yilinda tamamlanan Torre Agbar (Sekil 1.2.),
mimari ylizey kaplama camlarinin basarili bir 6rnegini temsil eder. Jean Nouvel tarafindan dogal 151k,
stirdirtilebilirlik ilkesi kapsaminda tasarlanan bu yapi, hem gorsel estetik hem de fonksiyonellik
acisindan dikkat cekmektedir. I¢c mekana dogal 15131n girmesini saglayan pencereler, havalandirma
islevinin yan1 sira enerji depolama isglevini de yiriitmektedir. Bunun yani sira, i¢ mekanin en etkili
sekilde aydinlatilmasi i¢in fotoelektrik cam paneller tercih edilmistir. Bu fotoelektrik paneller, gece
saatlerinde i¢ mekan aydinlatmasiyla birlikte renkli bir 151k yansimasi olusturarak binaya dinamik bir
gorsellik kazandirir; bu etki, binanin LED aydinlatma sistemi ile entegre bir sekilde calisarak dis
cephede goz alict bir 151k oyunu yaratir.
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Sekil 1.2. a) Torre Agbar (URL-2) b) Torre Agbar Cephe Detay1 (URL-2)

21. yiizy1l yapilarinda cam kaplama teknolojileri, enerji verimliligi ve iklim kontroliine yonelik 6nemli
roller tistlenmektedir. Geligen teknolojiler, binalarin dis cephe tasarimlarini degistirerek daha etkili
enerji yonetimi ve dogal 151k kullanimi olanaklari sunmaktadir. Bu dogrultuda cam kaplamalarda
oncelikli hedefler; 1s1 kayiplarin1 azaltmak, giines 1s51g1n1 en verimli sekilde yonlendirmek, giines 1sisin1
kontrol altinda tutmak ve dogal 15181 maksimum diizeyde kullanmaktir. Is1 kaybinin 6nlenmesi ve dogal
151k elde etme sorunlar biiylik dlgiide ¢oziilmiisken, 15181 yonlendirilmesi ve giines 1sis1 kontrolii
alanlarinda hala gelistirme calismalari devam etmektedir. Bu gelismeler, gelecekte cam kaplama
teknolojilerinin binalarin siirdiiriilebilirlik ve islevsellik standartlarin1 daha da ylikseltmesine olanak
saglayacaktir.

Cam kaplamalarinin gelecekteki islevleri, enerji verimliligi saglamanin Stesine gegerek, enerji iiretimi
acgisindan da 6nem kazanacaktir. Su anda dig cephe elemani olarak, dis ortamin degisken kosullart ile i¢
ortamin sabit ihtiyaglar arasinda enerji akisini diizenleyici bir rol iistlenen cam kaplamalar, teknolojik
gelismelerle birlikte 1s1, 151k ve elektrik enerjisi liretebilen birer enerji kaynagi haline doniisecektir. Bu
doniisiim, cam kaplamalarinin siirdiriilebilir mimarideki roliinii daha da gii¢clendirecektir.Cam
teknolojilerindeki ilerlemeler, bina cephelerini yalnizca bir enerji kontrol araci olmaktan ¢ikarip, ayni

15 December 2024

Adana, Tiirkiye 81



4. INTERNATIONAL EURASIA CONGRESS OF BUILDING
MATERIALS, ARCHITECTURE AND ENGINEERING SCIENCES

PROCEEDINGS BOOK

zamanda enerji liretebilen ve gilines 151811 yonlendirebilen dinamik sistemlere doniistiirmiistiir. Cevre
dostu yaklagimlar ve yeni mimari egilimler, gelecekte cam kaplama sistemlerinde yenilikgi firsatlar
yaratacaktir. Dinamik cepheler, dogal 151k ve havalandirmayi biitiinctl bir tasarim anlayisiyla ele alarak,
i¢c mekanlart dogal 1s1ikla aydinlatmay1 hedeflemektedir. Bu sistemler, enerji maliyetlerini diisiirmenin
yani sira bina degerini artirarak kullaniciya yiiksek konfor sunacak sekilde tasarlanacaktir.

Mimari Mekanda Celik ve Cam Malzemenin Bir Arada Kullanimi

Celik ve cam, modern mimarinin yapi taslari arasinda dnemli bir yer edinmistir. Her iki malzemenin de
birbirini tamamlayan 6zellikleri, cagdas mimarlikta estetik ve islevselligi bir araya getiren yapilar
olusturulmasina olanak tanimaistir.

Celik, 19. yiizyilda sanayi devrimiyle birlikte mimaride kullanilmaya basglanmistir. Giiglii, dayanikli ve
esnek yapisi sayesinde biiylik agikliklarin gecilmesine ve yiiksek binalarin insa edilmesine imkan tanir.
Ozellikle gokdelenlerin ve genis aciklikli képriilerin yapiminda ¢eligin kullanimi, mimarlarin yeni
formlar yaratmasina olanak saglamistir. Cam malzeme ise tarih boyunca dekoratif amaglarla kullanilmig
olsa da, 20. yiizyilin baslarinda genis yiizeyler halinde kullanilabilir hale gelmesiyle mimaride devrim
yaratmistir. Camin seffaf yapisi, mekanlarin dogal 1sikla aydinlatilmasini saglar, bu da i¢ mekanlar1 daha
genis ve ferah gosterir.

Celik ve camin birlikte kullaniminin yarattig1 Yapisal Yenilikler, mimariye sadece gorsel zenginlik
kazandirmakla kalmaz, ayni zamanda Siirdiiriilebilirlik acisindan da 6nemli katkilar saglar. Celik ve
cam, Yapisal Dayaniklilik ile Seffaflik arasinda denge kurarak mekan tasariminda biiyiik Esneklik ve
Estetik Cesitlilik saglar. Ozellikle genis agikliklar, dogal 151k kullanimi ve enerji verimliligi gibi
avantajlarla, modern yapilarin Mekansal Etkilesim saglamasinda 6ncii unsurlar1 haline gelmistir.

Celik ve camin bir arada kullanimi, modern mimaride estetik ve fonksiyonellik sunarken, bazi
dezavantajlar da dogurur. Camin 1s1 yalitim1 zay1f oldugu i¢in enerji verimliligini olumsuz etkiler ve ek
1sitma veya sogutma gereksinimleri dogurur. Ayrica, camin kirilma riski ve dis etkenlere kars
hassasiyeti giivenlik ve bakim agisindan zorluklar yaratabilir. Yiiksek maliyetler ve ses yalitimi
eksiklikleri de 6nemli dezavantajlar arasinda yer alir. Bu zorluklar, tasarim asamasinda dikkate alinip,
uygun ¢oztimlerle minimize edilmelidir.

Celik ve Cam Malzemenin Bir Arada Kullanim Ornekleri

Celik ve camin bir arada kullanimui, ilk olarak diinya ¢capindaki Expo (Diinya Fuar1) organizasyonlari
araciligiyla sergilenmistir. Ozellikle Joseph Paxton'mn tasarladigi Crystal Palace bu kombinasyonun
onciilerindendir. Crystal Palace, Londra'daki ilk Diinya Fuari igin tamamen ¢elik ve cam kullanilarak,
yarattig1 biyiik acikliklar ve seffaf mekanlarla modern mimariye Onciiliilk etmistir. Bu yap1, mimari
tasarimda celik iskelet sistemlerinin ve genis cam yiizeylerin nasil yenilik¢i ¢ézlimler sundugunu
gostermistir. Galerie des Machines, Paris'teki sergiye ait bilyiik ¢elik kemerler ve cam ylizeylerle genis
acikliklar sunan bir yapidir. Bu yapi1 genis mekanlar yaratmada ¢eligin dayanikliligi ve camin seffafligini
birlestirerek mimarlik alaninda yeni bir estetik anlayisin olugsmasina olanak tanimustir.
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Sekil 1.3. Kristal Saray (Kohlmaier ve Sartory, 1986)
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EXPO 1929 Barselona Pavyonu, ¢elik ve camin minimal tasarimla birlestigi estetik bir 6rnek olarak one
¢ikar. EXPO 2000 Hollanda Pavyonu doga dostu tasarimiyla ¢elik konstriiksiyon ve cam cephelerin
cevreye duyarli bir sekilde birlestirirken, EXPO 2010 Cin Pavyonu geleneksel ve modern unsurlari
harmanlar. Expo 2020 Dubai’deki Alif Mobility Pavyonu ise, ¢elik ve camin modern mimaride
stirdiirtilebilirlik, islevsellik ve estetikle nasil birlestigini gosteren ikonik yapilardir.
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Sekil 1.4. Alif - The Mobility Pavilion (URL-3)

20. ylizyildan itibaren ¢elik ve cam, cesurca kullanilan malzemeler haline gelmis ve mimaride yeni bir
ifade bicimi olusturmustur. Yiiksek yapilar, bu iki malzemenin uyumlu birlesimiyle tasarlanmis ve
donemin simgesi olmustur. Peter Behrens'in tasarladigt AEG Tiirbin Fabrikasi, c¢elik ve camin
birlesimiyle modern endiistriyel mimarinin simgesi haline gelmistir. Beton cephesi, yapmimn gorsel
etkisini artirirken, ¢elik ve cam striiktiirle birlikte islevsellik sunar. Behrens, estetik ve islevselligi
birlestirerek, modern endiistriyel mimarinin temelini atmistir. Mies van der Rohe'nin tasarladigi
Seagram Binasi, minimalist ve sik bir modern mimari 6rnegidir. Celik ve camdan yapilan dis
cephesiyle dikkat cekerken, bronz malzemelerle zenginlestirilmistir. Bina, "az coktur" felsefesinin
izlerini tasir ve dosemeden tavana kadar uzanan cam pencerelerle ¢agdas mimarinin sade estetigini
vurgular.
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Sekil 1.5. Seagram Building (URL-4)

Renzo Piano ve Richard Rogers tarafindan tasarlanan Pompidou Sanat Merkezi, disa doniik ¢elik ve
cam malzemeleriyle dikkat ¢eker. Modern High Tech mimarliginin 6nciisii olan bu yap, islevsel genis
i¢c mekanlar1 ve renkli borularla dikkat ¢eker. Yapi, geleneksel Paris mimarisinden farkli olarak cesur
bir estetikle, teknolojiyi ve yapisal sistemleri agikca sergileyerek mimarlik diinyasinda 6nemli bir
donlim noktasi olugturmustur. Norman Foster tarafindan tasarlanan Reichstag Kubbesi, cam ve geligin
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seffaflik ve aciklik simgesi olarak birlesimini sunar. Doner rampa sayesinde ziyaretgiler parlamento
salonunu gozlemleyebilir, bu tasarimin demokrasiye olan vurgusunu pekistirir. Celik yapisinin
saglamlig1 ve camin dogal 15181 igeri almasi, yapmnin gorsel ve yapisal dengeyi kurmasina olanak tanir.

Sekil 1.6. Resichtag Kubbesi (URL-5)

Norman Foster’in tasarimiyla yiikselen Hearst Kulesi, ¢elik diagrid yapisi ve diisiik enerji tiiketimli
camlariyla dikkat ¢ceker. Dis cephesi, binaya estetik bir zarafet katarken, ayni zamanda i¢ mekanda dogal
151k kullanimi saglar. Celik malzeme kullanimi, binanin hem ekonomik hem de estetik yonden verimli
olmasini saglar. Dubai’deki Bur¢ Halife, celik ve betonarmeden olusan bir yapi ile 828 metreye kadar
yiikselir. Celik yap1, binanin stabilitesini saglar, cam ise yapiy1 gorsel olarak hafif gosterir. Camin
kullanimi, yapmin modern tasarimini ve ¢evresine entegre olmasini giiglendirir. Aldar HQ, Abu
Dabi’deki diinyadaki ilk dairesel gokdelen olup, cam ve celik diagrid kullanimiyla dikkat ¢ceker. Cam
cepheler, i¢ mekanlara maksimum dogal 151k saglarken giines 1s181n1 azaltarak enerji verimliligi sunar.
Celik iskelet, binanin karmasik geometrisine olanak tanir. Renzo Piano’nun tasarladigi The Shard, cam
cephelerle Londra’nin siluetine seffaflik kazandirirken, celik yapilar ise binanin saglamligini artirir.
Geometrik form ve cam kullanimi sayesinde zarif bir yap1 ortaya ¢ikmistir. Bu tasarim, sehre yeni bir
gorsel kimlik kazandiran 6nemli bir mimari eser olarak 6ne ¢ikar.
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Sekil 1.7. The Shard (URL-6)

Teknosfer Binasi, mimar James Law tarafindan tasarlanmis ve stirdiiriilebilir mimariyi teknolojiyle
birlestirmeyi amaglayan bir konsept projedir. Henliz insa edilmemis olan bu tasarim, kiire bi¢cimli
formuyla, Diinya’nin dogal geometrisinden ilham alarak ¢evre dostu bir yasam alani yaratmay1 hedefler.
Dubai'deki Jebel Ali Serbest Bolgesi igin Onerilen proje, enerji tiretimi, su geri doniigiimil ve dogal 151k
kullanim1 gibi ¢evresel siirdiiriilebilirlik uygulamalariyla dikkat ¢eker. Teknosfer, yalnizca bir bina
degil, ayn1 zamanda kendi kendine yetebilen bir yasam alani vizyonunu temsil eder.

Sekil 1.8. Teknosfer Binasi Projesi (URL-7)

Celik ve camin mimarlikta birlikte kullanimi, estetik ve islevsellik arasindaki dengeyi yeniden
tanimlamis, modern ve yenilik¢i yapilarin tasariminda doniistiiriicii bir rol tistlenmistir. Crystal Palace
gibi Oncii yapilardan Teknosfer gibi vizyoner projelere kadar uzanan bu siireg, mimarlik tarihinde bir
doniim noktas1 yaratmistir. Celik, dayaniklilig1 ve striiktiirel giicliyle genis agikliklar ve cesur formlar
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yaratirken, camin seffaflig1 ve 151k gecirgenligi, mekanlar1 ¢evreyle biitiinlestirerek estetik bir hafiflik
kazandirmistir. Bu birliktelik, cagdas mimarinin sinirlarini genisleten bir tasarim anlayist sunmaktadir.

TARTISMA VE SONUC

Gelisen celik ve cam malzeme teknolojileri, son yillarda mimari mekanlarin iiretiminde nitelikli ve
Ozgiin yaklagimlarin ortaya ¢ikmasina olanak tanimistir. Bu siiregte, binalarin biitiinciil performansini
artiran yapisal tasarim bilesenlerinin mimari tasarim ile entegre olmasini saglayan bilgi teknolojilerinin
etkisi biiyiiktiir. "Celik ve Cam Mimarisi" kavrami, bu entegrasyonun bir sonucu olarak karsimiza
c¢ikmakta ve mimarlarin ¢esitli beklentileri karsilayacak diizeyde farkli tasarim ve iiretim olanaklari
sunmaktadir.

Bu mimari anlayista, ¢elik striiktiirel elemanlar kullanilarak insa edilen binalar, dogadan ayrilan ve
yiikseklik kazanan formlar sunarken, cephede kullanilan cam ile seffaflasarak cevre ile yeniden
biitiinlesmektedir. Bdylece, dogal 151k i¢ mekanlara yonlendirilirken, dis mekanla olan iliski de
giiclendirilir. Sonug olarak, c¢elik ve cam mimarisi, ¢agdas mimarligin estetik ve islevsellik arayigina
yenilik¢i ¢oziimler sunmakta ve mimari tasarimda yeni ufuklar agmaktadir.Celik ve camin bir arada
kullanimi, mimarlikta sadece gorsel ¢ekiciligi artirmakla kalmaz, ayni zamanda siirdiirtilebilirlik
hedeflerine de katki saglamaktadir. Camin dogal 151k gecirgenligi, enerji tiiketimini azaltarak yapinin
enerji verimliligini artirir. Celik yapisal elemanlar, daha az malzeme kullanarak gii¢lii ve dayanikli
yapilar olusturulmasina olanak tanir; bu da ¢evre dostu bir yaklasimin benimsenmesine katkida bulunur.
Dolayisiyla, ¢elik ve camin birlikte kullanimi, modern mimaride estetik, islevsellik ve siirdiiriilebilirlik
arasinda bir denge kurar.

Celik ve camin bir arada kullanimi, akilli bina tasarimlarinda estetik ve fonksiyonelligi birlestirirken
enerji verimliligini artirmada da onemli bir rol oynar. Celik, dayaniklilif1 ve tastyici giicliyle genis
acikliklara ve yenilik¢i formlara olanak tanirken, cam, dogal 151k gecirgenligi ve seffaflik 6zellikleriyle
modern mimaride vazgeg¢ilmez bir malzeme olarak dne ¢ikar. Bu iki malzemenin uyumlu entegrasyonu,
akillt binalarin enerji tiiketimini azaltma, stirdiiriilebilirligi destekleme ve kullanici konforunu artirma
hedeflerini basarili bir sekilde gerceklestirmesine katki saglar.

Akilli binalarda gelik striiktiirler, yiiksek yapisal dayanim saglayarak genis alanlarin olusturulmasina ve
binanin tasarim esnekliginin artirilmasia imkan tanir. Bunun yaninda cam yiizeyler, giines 151811 i¢
mekanlara yonlendirerek dogal aydinlatmayi artirir ve enerji tasarrufuna katki saglar. Ozellikle ¢ift cam,
fotokromik veya elektrokromik cam gibi teknolojiler kullanildiginda, giinesin 1s1 ve 151k etkisi kontrol
edilerek 1sitma ve sogutma ytikleri azaltilabilir.

Bu tiir yapilarda ¢elik ve cam, yenilenebilir enerji kaynaklariyla entegre edilebilen mimari ¢oztimler
sunar. Ornegin, cam cephe sistemlerinde yer alan fotovoltaik paneller, giines enerjisini elektrik
enerjisine donistlirerek binanin enerji ihtiyacini karsilamaya katkida bulunur. Celik ise, bu tiir enerji
sistemlerinin montaj1 ve dayanimi i¢in ideal bir altyap1 saglar. Boylece celik ve camin birlikte kullanima,
hem estetik hem de stirdiiriilebilirlik agisindan akilli bina konseptinin temel unsurlarindan biri haline
gelir. Bu kombinasyon, ayni zamanda uzun vadede bina maliyetlerini diisiirerek enerji etkin bir yap1
modeli sunar. Modern miihendislik ve mimari tekniklerin sundugu bu olanaklar, ¢elik ve cami, akill
bina tasarimlarinda vazgegilmez bir ikili yapmaktadir.

Cam ve ¢elik, mimaride uzun zamandir kullanilan dayanikli ve estetik malzemelerdir. Ancak gelecekte,
bu malzemelerin teknolojik gelismelerle birlikte doniiserek sadece yapilarin degil, tiim sehirlerin
ingasinda 6nemli bir rol oynamasi beklenmektedir. Ozellikle ¢evresel siirdiiriilebilirlik, enerji verimliligi
ve dayaniklilik konularinda ¢igir acan yenilikler, cam ve ¢eligin bu potansiyelini artirmaktadir.

Gelecegin Perspektifi

Cam, saydamlik ve estetik dzelliklerinin 6tesinde, gelecekte aktif bir bilesen haline gelebilir. Ornegin,
akilli cam teknolojisi, 151k gecirgenligini kontrol edebilme, i¢ mekan sicakligini diizenleme ve giines
151811 elektrige cevirme gibi 6zelliklerle enerji verimliligini artiracaktir. Bu tiir camlar, yalnizca enerji
tasarrufu saglamakla kalmayacak, ayn1 zamanda kendi enerjisini iireten sehirlerin temel taglarindan biri
olacaktir. Ayrica seffaf giines panelleri, tiim bina cephelerini birer enerji iiretim tinitesine doniistiirme
potansiyeline sahiptir. Bu gelismeler, modern sehirlerin enerji ihtiyaglarini azaltirken c¢evre dostu
¢Oziimler sunar.
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Celik ise gelecekte daha hafif, daha dayanikli ve ¢evresel agidan siirdiirtilebilir bir malzeme olarak 6ne
¢ikacaktir. Kendi kendini onaran celik, yapilardaki hasarlarin minimize edilmesine yardimei olarak
bakim maliyetlerini diisiirecek ve 6zellikle zorlu ortam kosullarinda uzun 6miirlii yapilar olusturacaktir.
Ayrica, celik iiretiminde karbon salimini azaltmayi hedefleyen karbon nétr iiretim yontemleri,
stirdiiriilebilirlik hedeflerine ulagsmada kritik rol oynayacaktir. Bu yenilikler, biiylik 6l¢ekli projelerde
celigin ¢evresel etkisini azaltirken daha ekonomik ¢éziimler sunar.

Teknosfer gibi projeler, bu donilisen malzemelerin kullanimiyla sadece bireysel yapilar degil, kendi
kendine yetebilen Kkoloni sehirlerin prototipleri olarak goriilebilir. Bu yapilar, enerji iireten cam ve
stirdiiriilebilir ¢elik kombinasyonlartyla, su geri doniisiimiinden atik yonetimine kadar otonom sistemler
barmdirabilir. Ozellikle dikey sehirler, yogun niifuslu bolgelerde yerden tasarruf saglayarak genis
topluluklar1 barindirabilir ve kaynaklarin daha etkin kullanimint miimkiin kilar. Bu tiir yapilar ayrica,
gezegen dis1 koloniler icin ideal bir baslangic noktasidir. Cam ve g¢eligin hafif, dayanikli ve
strdiiriilebilir 6zellikleri, Ay ya da Mars gibi gezegenlerde yasam alanlarinin olusturulmasima katki
saglayabilir.

Bu malzemelerin teknolojik gelismelerle evrimi, Teknosfer gibi projelerden baslayarak tamamen
otonom sehirlerin ingasina yol agabilir. Enerji ireten ve ¢evreye duyarli yapilar, kiiresel 6lgekte kaynak
Kkrizlerine ¢oziim sunabilir, iklim degisikligiyle miicadelede 6nemli bir rol oynayabilir ve diinya dis1
yasam alanlarmin temelini olusturabilir. Cam ve ¢elik, yalnizca bir bina malzemesi olmanin 6tesine
gecerek, gelecegin sehirlerini ve yasam alanlarini sekillendirecek birer arag haline gelecektir.
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ABSTRACT

Plastic, one of the most impactful innovations of the 20" century, has become a significant
environmental challenge due to its extensive use and prolonged degradation periods. Globally,
approximately 6.5 billion tons of plastic waste are generated annually, underscoring the urgent need for
sustainable waste management practices. In the construction industry, the integration of recycled
materials into concrete presents a viable strategy for addressing this issue. Recycled plastic pellets may
have potential as a substitute for fine aggregates, enabling the development of lightweight and
environmentally friendly concrete solutions. This study investigates the use of recycled plastic pellets
sourced from Turkish recycling facilities as a substitute for fine aggregates in cement mortar, with
replacement levels of 5%, 10%, 25%, 35%, and 50%. Additionally, the effects of using fly ash and
ground granulated blast furnace slag (GGBFS) as supplementary cementitious materials (SCMs) in
varying proportions were examined. The modified mortar's fresh and hardened properties, including
workability and mechanical performance, were evaluated. The results demonstrate that processability
improves with increasing levels of recycled plastic up to 50%; however, beyond this threshold, the
specimens exhibit inadequate load-bearing capacity. Notably, mixtures with up to 35% recycled plastic
achieved compressive strengths exceeding 10 MPa after seven days. Moreover, the use of fly ash and
GGBFS as cement replacements, up to a combined total of 50%, enhanced long-term strength due to
their pozzolanic properties, particularly beyond 28 days. These findings underscore the feasibility of
integrating recycled plastic pellets and SCMs into cement-based materials, providing a sustainable
approach to waste management while supporting the development of lightweight and environmentally
friendly construction materials.

Keywords: Recycled plastics, cement mortar, mechanical performance, fresh properties
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THE IMPORTANCE OF NUTRITION AND EMOTIONAL INTELLIGENCE IN
MODULATING NEUROPHYSIOLOGICAL RESPONSES TO PSYCHOLOGICAL
TRAUMA: THE ROLE OF BIOLOGICAL MARKERS IN STRESS ADAPTATION AND THE
PREVENTION OF NEUROTIC DISORDERS
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ABSTRACT

Psychological trauma can significantly alter neurophysiological responses, leading to chronic stress and
the development of neurotic disorders. This paper explores the pivotal roles of nutrition and emotional
intelligence in modulating these responses. Proper nutritional interventions can influence neurochemical
pathways, supporting brain plasticity and reducing the risk of maladaptive stress responses. Similarly,
emotional intelligence, encompassing self-awareness and stress management skills, facilitates
psychological resilience and adaptive coping mechanisms. The integration of biological markers, such
as cortisol levels, inflammatory cytokines, and neurotrophic factors, provides a comprehensive
understanding of the stress adaptation process. These markers serve as valuable tools in evaluating the
effectiveness of interventions aimed at preventing neurotic disorders. This review highlights the
synergistic impact of nutrition and emotional intelligence on neurophysiological regulation,
emphasizing their potential as preventive and therapeutic strategies in trauma-related mental health
challenges.

Keywords: Nutrition, emotional intelligence, psychological trauma, stress adaptation, neurotic
disorders.
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ABSTRACT

Photocatalysis, an advanced technique that converts solar energy into chemical energy, can address
environmental issues and energy scarcity. 2D-materials, with their unique two-dimensional structure
and large surface area, have significant potential for photocatalysis due to their flexible composition,
transforming solar energy with exceptional efficiency. We performed a computational study in this
paper, which suggests that two-dimensional stanagraphene will eventually be produced. Using density
functional theory (DFT) calculations performed in the wien2k code, the stability dynamical,
photocatalytic, electronic, and optical properties of two monolayer types of stana-graphene (t-SnC and
g-SnC) have been investigated. These monolayers are a semiconductor with indirect band gaps (between
I' & N vectors) and direct for t-SnC and g-SnC, according to electronic property research. This research
also demonstrated that stanagraphene absorbs visible solar light. In addition, the charge density of
stanagraphene was evaluated to establish the charge density distribution between atoms. Another
significant advancement is that the photocatalytic activity of these compounds shows that t-
stanagraphene is a suitable photocatalysis material.

Keywords: Stanagraphene; photocatalysis; DFT; electronic band gap; semiconductor and electrical
conductivity.
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ABSTRACT

According to the research, one way to boost the amount of quarry dust produced by quarries is to employ
it in place of fine aggregate. Quarry dust substitute can lessen the need for landfill and address the issue
of a shortage of natural sand. Affordable sand is not a good choice for fine aggregate in concrete, so
other sources of material must be investigated. Quarry dust not only serves as a cost-effective substitute
for sand, but it also serves as an alternative material. Even the weight of dumping crusher dust in one
location pollutes the ecosystem. The conclusion drawn from the practical investigations findings is that
quarry dust can be employed as a fine aggregate substitute. It has been discovered that substituting 40%
of the fine aggregate with quarry dust results in stronger concrete than regular concrete, with the strength
decreasing after 50%.

Keywords: Dust, Landfill, Investigation, Strength, Regular concrete.

1. Introduction

The concentrated substance known as quarry dust, which is produced as a by product of crushing, is
used as aggregates for concrete, particularly fine aggregates. When rock is broken into different sizes
for quarrying purposes, a dust known as quarry dust is produced, which is then disposed of as waste.
Consequently, it turns into a waste item and pollutes the air. As a result, using quarry dust in construction
projects will lower costs, save money on building materials, and ensure that natural resources are
managed responsibly. There is pressure on the majority of emerging nations to substitute some of the
fine aggregate in concrete with another material, either completely or partially, while maintaining the
same level of quality.

The science of working with materials and gadgets at the atomic and molecular level is known as
nanotechnology. Concrete's strength, durability, and other qualities can be enhanced by the application
of nanotechnology to cement. Adding nanoparticles to concrete enhances its strength, durability, and
shrinkage by reducing empty space. Materials including carbon nanotubes, titanium dioxide, and silica
are frequently used to create nanoparticles. Innovative, sustainable, and more robust constructions can
result from the use of nanotechnology in cement. High compressive and tensile strengths, good
workability, less need for additives, lower costs per building site, and a decreased risk of silicosis are
some advantages of Nano concrete.

Because of its possible uses and advantages, quarry dust—a byproduct of the crushing of stones—has
drawn interest from the building sector. The need for building materials has grown as a result of the
acceleration of urbanization and infrastructure development, which has prompted a quest for sustainable
alternatives. The fine particles produced when stones are crushed make up quarry dust. Its granular
texture is akin to that of sand since it usually contains silica, alumina, and iron oxide. Quarry dust's
viability as a building material is influenced by its physical characteristics, including moisture content,
specific gravity, and particle size distribution. Its angular design helps increase bonding in asphalt and
concrete applications, while its fineness can make concrete mixes easier to deal with.
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Inadequate quarry site management can result in habitat destruction and landscape deterioration, while
dust produced during quarrying can contribute to air pollution.

The usage of quarry dust has drawbacks despite its advantages. Depending on where it comes from,
quarry dust's characteristics might vary, which can impact how well it works in concrete and other uses.
Furthermore, there are worries about the possible health hazards of breathing in fine dust particles, which
calls for appropriate management and mitigation techniques in building procedures. Furthermore,
regional differences in the legal frameworks controlling the use of quarry dust in building may have an
effect on its uptake. Guidelines for its safe and efficient usage must be established through ongoing
research and standardization initiatives.

In the building sector, quarry dust is a useful resource that provides a sustainable substitute for
conventional materials. Its uses in the manufacturing of asphalt, cement, and concrete improve material
qualities while also aiding in environmental preservation. Although there are obstacles to overcome,
using quarry dust in construction is a viable way to meet the rising demand for environmentally friendly
building materials. To maximize its benefits and reduce its negative effects on the environment, more
research and prudent management are essential.

In the construction business, quarry dust has been used for a variety of purposes, including aggregates,
bricks, tiles, building materials, and materials for developing roads. Because quarry dust can produce
airborne particles during handling and processing, handling it could be hazardous to one's health if
necessary precautions are not taken. Quarry dust can have different qualities depending on where it
comes from, therefore it can be difficult to grade and maintain consistency in it.

Quarry dust is a multipurpose substance that is frequently used in building projects as a more affordable
option to sand. It has several advantages, but handling and using it correctly can offer some difficulties.

Quarry dust is a cost-effective substitute for sand in construction projects since it is frequently less-
expensive.

It lessens the quantity of waste produced by quarrying operations by using quarry dust. Quarry dust can
improve the workability of concrete mixes when it is blended and graded correctly.
The current study focuses on the effects of varying sand replacement percentages with quarry dust on
concrete's characteristics. The purpose of this study is to evaluate the effects of adding quarry dust to
regular concrete and to determine how quickly compressive strength develops.

2. Literature review

Citra R (2019) et al. paper showed every blend showed enhanced filling and passing capabilities along
with good workability. According to the workability test findings, those fall within the parameters
outlined in the EFNARC recommendations.

While quarry dust serves as a filler material, silica fume's fineness was crucial in enhancing SCC's flow
ability characteristics. Therefore, the improved workability qualities of SCC are demonstrated by the
presence of silica fume. Comparing the mixes S05Q05 and S7.5Q05 to the standard concrete CC, a 1%
and 3.3% increase in compressive strength was noted. It was discovered that S7.5Q05 had a 4.04%
higher percentage gain in tensile strength than CC. The S7.5Q10 was found to have a 3.5% somewhat
higher percentage of flexural strength than the CC.

Jagadeesh P (2019) et al. Quarry dust, a by-product of crushed stone, is substituted as a fine aggregate
in this study at 20%, 30%, 40%, and 50% substitution. By testing the sample cube, the compressive
strength of the concrete is ascertained while fine material is substituted. The sample's characteristics,
including its moisture content, fineness modulus, and specific gravity, are ascertained. Because quarry
dust is a waste product from quarries, it is a good substitute for regular sand and is also quite temperate.
Because of its superior retaining qualities, the quarry dust exhibits higher quality.

Gedela K (2023) et al. The performance of an alkali-activated binder based on sugarcane bagasse ash
and quarry dust as a substitute fine aggregate is evaluated in this study. As activators, NaOH and
Na2SiO3 were employed. To assess the curing effect, alkali-activated specimens based on sugarcane
bagasse ash were exposed to both ambient and heat curing. Five different alkali-activated concrete
compositions were cast using varying amounts of quarry dust: 0, 10, 20, 30, 40, and 50%. Additionally,
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for quarry dust aggregates that employed alkali-activated binder, the impact of using sugarcane bagasse
ash as a precursor (10, 20, and 30% SCBA as a replacement of the GGBS) was assessed. According to
the study, the ideal amount of quarry dust to replace river sand is 20%. When compared to the control
specimens, the 30% bagasse ash—20% quarry dust heat-cured alkali-activated specimens' compressive
strength is reduced by 35.1%. Compared to the heat-cured specimens, the specimens based on ambient-
cured sugarcane bagasse ash and quarry dust demonstrated superior strength. Although the alkali-
activated specimens based on bagasse ash and slag have a lower compressive strength than the control
specimens, the resulting strength is still significantly higher than the minimum strength needed for a
number of structural applications.

Shyam prakash K (2017) et al. Used quarry dust to replace natural fine aggregate results in the
consumption of the created dust, reduces the need for land fill space, and addresses the issue of natural
sand scarcity. The low cost of sand as a fine aggregate provides justification for looking for an alternative
material. Additionally, it results in the saddle dumping the crusher dust in one location, which pollutes
the environment. By substituting quarry dust for sand, the chemical analysis, specific gravity, sieve
analysis, and compressive strength are determined for different percentages and grades of concrete.

Kaish A (2022) et al. The purpose of this study was to examine how the strength characteristics of
regular concrete were affected when various industrial waste materials were used in partial replacement
of fine aggregate. Utilizing some industrial waste can have many advantages for the building sector in
terms of cost-effectiveness and sustainability of natural resources. However, little research has been
done on the use of industrial waste to replace fine aggregate in concrete of normal strength, particularly
when it comes to using alum sludge from water treatment plants. In this investigation, oven-dried alum
sludge was utilized in place of fine aggregate (river sand). To determine the precise impact of oven-
dried alum sludge on concrete, quarry dust and limestone dust were also used as non-reactive industrial
waste materials. After being crushed to reduce their particle size, all of the materials were employed in
varying quantities (5, 10, and 15%) to substitute fine aggregate. The trials' findings demonstrate that
adding industrial waste material increased the concrete's density, flexural, compressive, and splitting
tensile strengths. Also, the results indicate that the best replacement content of fine aggregate with
industrial waste was 10% for oven-dried alum sludge and 15% for quarry and limestone dust, which
enhanced all of the strength characteristics examined in this study. All of the industrial waste used as
fine aggregate in this study has been shown to be an effective filler material by enhancing the strength
characteristics of normal strength concrete and filling internal voids. After being crushed to reduce their
particle size, all of the materials were employed in varying quantities (5, 10, and 15%) to substitute fine
aggregate. The trials' findings demonstrate that adding industrial waste material increased the concrete's
density, flexural, compressive, and splitting tensile strengths. Also, the results indicate that the best
replacement content of fine aggregate with industrial waste was 10% for oven-dried alum sludge and
15% for quarry and limestone dust, which enhanced all of the strength characteristics examined in this
study. All of the industrial waste used as fine aggregate in this study has been shown to be an effective
filler material by enhancing the strength characteristics of normal strength concrete and filling internal
voids.

Shyam Prakash k (2016) et al. The study's emphasis on the idea of substituting quarry dust for natural
fine aggregate may increase the amount of quarry dust produced by quarries. The issue of natural sand
scarcity can be resolved and the need for land fill is decreased by substituting quarry dust. Sand is not a
suitable fine aggregate for concrete due to its low cost, which is why it is necessary to look for an
alternate material. Quarry dust is a very inexpensive alternative material that meets the requirements for
replacing sand. The study's emphasis on the idea of substituting quarry dust for natural fine aggregate
may increase the amount of quarry dust produced by quarries. The issue of natural sand scarcity can be
resolved and the need for land fill is decreased by substituting quarry dust. Sand is not a suitable fine
aggregate for concrete due to its low cost, which is why it is necessary to look for an alternate material.
Quarry dust is a very inexpensive alternative material that meets the requirements for replacing sand.

3. Methodology

Crushers produce quarry dust when they work on quarries. Quarry dust was acquired from quarries in
the vicinity. The purpose of the current studies is to examine the effects of partially replacing quarry
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dust with sand in concrete. The strength properties of the samples that were gathered from the
surrounding area were examined and contrasted. Each set of three cubes in the software consists of cube
specimens that are cast and tested. Standard 150 mm *150 mm *150 mm cubes were used to cast the
cubes. For the mix, specific gravities of 2.62 and 2.70 for sand and quarry dust, respectively, are utilized
for 30 grade cement. For the concrete mix, normal moist curing was used for curing. The cube specimens
are tested using a 2000 KN capacity compression testing machine.

Figure 1: Quarry dust

4, Discussion of results

M30 grade of concrete with 20, 25, and 30 percentage replacement of quarry dust tested for 3 days, 7
days, 14 days, and 28 days is studied and the results are presented.

The samples were cast using standard materials, i.e., ordinary Portland cement (OPC) was used to cast
the fine aggregate, which is naturally occurring river sand with an M30 grade.

The substitution of quarry dust as a fine aggregate by concrete with age might result in a 40% increase
in compressive strength.

Conventional concrete workability is found to be 0.87 for M30 grade and w/c 0.45. Workability for 20%
quarry dust is 0.84. Workability is further reduced to 0.73 for concrete that has been replaced by 30%.
Workability for concrete containing 40% quarry dust is 0.83, while compacting factor was found to be
0.77 for concrete containing 50% replacement of quarry dust.
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Graph 1: Compressive strength of concrete
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Table 1: Compressive strength of cement
Mix 7 days 14 days 28 days
0% 19.58 27.11 35.67
20% 19.20 18.9 16.4
25% 19.57 22.98 25.4
30% 21.33 24.63 28.31
40% 20.04 27.11 30.65
50% 20.57 21.78 23.47
5. Conclusion

The idea presented in this inquiry to substitute quarry dust for natural fine aggregate could enhance the
use of the produced quarry dust, hence lowering the need for land fill space and protecting the limited
supply of natural sand for sustainable development. The bonding of the fine particles, which fills in the
spaces between the coarse aggregates, is primarily responsible for the strength of the concrete.

When quarry dust is substituted, the compressive strength diminishes as the amount of water increases.
This is because quarry dust has the ability to absorb water. It's common knowledge that when strength
declines, the wi/c ratio rises. However, there is a nonlinear difference in the compressive strength of
quarry dust and sand.

It can be observed from the experimental study that quarry dust is a suitable substitute for fine aggregate.
When compared to regular concrete, it is discovered that 40% replacement of sand with quarry dust
yields the highest result in strength, which then drops from 50%. The findings demonstrated that
increased compressive strength could be achieved by substituting up to 40% of the sand with quarry
dust, and that as replacement increases, concrete's workability would decline. Consequently, garbage
and its consequences on the environment can be greatly decreased.
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ABSTRACT

This study evaluates natural background radiation exposure within the Faculty of Engineering, Ahmadu
Bello University, Zaria, focusing on gamma radiation from potassium (“°K), uranium (*8U), and thorium
(***Th). We conducted measurements at selected locations using a gamma-ray spectrometer, with dose
rates ranging from 83.6 nGy/h to 166.7 nGy/h. The highest Annual Effective Dose Equivalent (AEDE)
recorded was 960.2 uSv/year, below the 1 mSv/year safety limit recommended by the International
Commission on Radiological Protection (ICRP). The study highlights that geological and environmental
variations in the area influence radionuclide distribution and associated radiation levels. We observed
higher radiation levels in regions dominated by igneous rocks, richer in uranium and thorium, and lower
levels in areas dominated by sedimentary rock formations with lower radionuclide concentrations. These
findings indicate that the geological composition significantly determines the distribution of natural
radioactivity in the study area. The results suggest that natural radiation exposure within the Faculty of
Engineering is within safe limits, posing minimal health risks to the public and the university
community. However, the observed variations underscore the importance of localized geological
assessments in understanding natural radioactivity patterns. This study emphasizes the need for ongoing
monitoring of radiation levels to ensure continued safety and to establish baseline data for future
comparisons in environmental and radiological studies.

Keywords: Gamma-ray spectrometer, Annual Effective Dose Equivalent (AEDE), Radionuclide
distribution, Geological variations
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ABSTRACT

Advances in battery technology have been pivotal in enabling the widespread adoption of electric
mobility. In electric vehicles, including electric motorcycles, the battery plays a central role by supplying
the energy required for propulsion, auxiliary systems, and onboard electronics. The growing demand for
sustainable and efficient transportation solutions has led to significant advancements in electric vehicle
technology, with battery design playing a crucial role in electric motorcycles. This paper focuses on
designing a 48 V, 28 ah lithium-ion battery pack specifically tailored for electric motorcycle
applications. The primary objective is to create a battery that balances high energy density, safety,
thermal stability, and extended cycle life, meeting the specific power and endurance requirements of
electric two-wheelers. This design involves a systematic approach of lithium-ion for safety, long cycle
life, and thermal stability. The cell configuration is optimized to achieve a 48 V output and 28 ah
capacity through a combination of series and parallel connections, enabling sufficient energy storage
and power output for varying riding conditions. MATLAB-based simulations were conducted to
evaluate the battery performance under variable load and speed conditions. COMSOL tool is used to
model the battery and its performance study. Designing a lithium-ion cell involves modelling its physical
and chemical structure. This includes the shape (cylindrical or prismatic) and the internal components
such as electrodes, electrolyte, and separators. The results demonstrate the battery's ability to sustain
performance under high-power demands while maintaining safe operating conditions.

Keywords: Battery, COMSOL study, E-motorcycle, MATLAB simulation.
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ABSTRACT

This study investigates the influence of oxygen inlet and ozone outlet configurations on the performance
and energy efficiency of DBD ozone generators. Three distinct models were experimentally evaluated:
a single-inlet/single-outlet configuration, a dual-inlet/dual-outlet design, and a quad-inlet/quad-outlet
system. The research aimed to determine the optimal configuration for maximizing ozone production
while minimizing energy consumption. Experimental procedures involved rigorous testing of each
model under controlled conditions, measuring ozone output, oxygen flow rates, and energy
consumption. The dual-inlet/dual-outlet model served as a baseline for comparison, while the single-
inlet/single-outlet design represented a simplified approach. The quad-inlet/quad-outlet configuration
was hypothesized to offer superior performance due to enhanced gas distribution and reaction surface
area. Results demonstrated a significant improvement in both ozone generation capacity and energy
efficiency with the quad-inlet/quad-outlet model. This configuration exhibited a marked increase in
ozone production rates compared to the other two models, attributed to improved oxygen distribution
and more uniform plasma discharge across the generator's reaction chamber. Furthermore, the quad-
configuration showed a notable reduction in energy consumption per unit of 0zone produced, indicating
superior energy efficiency.

Key words: o0zone generator, Oxygen Flow, DBD, energy efficiency, Ozone.
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RESPONSE OF HIGH RISE BUILDING AGAINSTEARTHQUAKE FORCE AND WIND
FORCE UNDER DIFFERENT SOIL CONDITIONS
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ABSTRACT

Wind and earthquake loadings are the two most common forms of lateral dynamic excitations
experienced by high-rise buildings. An effective design must assure thesafety of a building's structural
and non-structural components against both types of loads. Reinforced concrete building structures are
made up of horizontal elements (beams and slabs) and vertical members (columns and walls) that are
held together by a foundation. The structure is susceptible to loads such as self-weight, living load, wind
load, and earthquake load, among other things. Normally, the structural strength of the slab and thebrick
walls is not taken into account in the structure's study. In general, the foundation support is supposed to
be either hinged or permanent, whereas foundations transmit the load to the soil medium, which settles
(vertically) based on the loads from the structure and the soil medium's properties, generating extra
pressures in the structure. However, due to the complexities of structural analysis, this influence is
frequently overlooked. By spring, an attempt is made to assess the construction while taking into account
the foundation soil as clay and soft rock like soil media. The seismic zones 111 and wind force with soil
structure interaction of a G+12 structure are investigated. ETABS software is used to do the analysis.
According to the findings of the study, behavior of Building with soil structure interaction are found
better against wind forces when compared against earthquakeforces. Significant increase in response of
building when SSI is considered is because of flexibility induced to the base by the softness of clayey
and soft rock soil.

Keywords: Base shear, story drifts, Displacement, Time period and Soil structure interaction
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ABSTRACT

It is very necessary to start addressing the worrisome situation of water scarcity in cities of undeveloped
and developing nations in the continent of Africa in pursuit of Sustainable Development Goal (SDG) of
2030. The desire is to resolve the severe water shortage vis-a-vis rapid population growth in the cities
of West Africa, one of which is Enugu in Enugu State, South Eastern, Nigeria. Over the years, residents
of Enugu City have been suffering from severe scarcity of potable water. This study was aimed at
evaluating the potable piped water demand and supply in Enugu capital city using measurable water
sources as a first step to wrestling the water scarcity challenge. The objectives were to acquire potable
water daily supply records from the government agency responsible for keeping potable water supply
records of the city, the demography of the city, interview residents and juxtapose the results with the
World Health Organization’s (WHO) standard on minimum water consumption per capita per day for
proper estimation of the adequacy or not of the quantity of water supplied . The result shows that
16,261,534 litres of water was supplied to a population of 1,026,097 persons, which implies that an
average of 15.8 litres of water amounting to 11% of 150 litres specified by WHO is what is supplied
per capita per day. This exposes the gross inequality between potable water demand and supply in Enugu
metropolis.

Keywords: Potable Water, Sustainable Development Goal, Water Demand, Water Supply, West
African Cities, Enugu Nigeria
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ABSTRACT

Admixtures are liquids or powders that are added to concrete based on calculations for the mix design
with the goal of improving the qualities of the concrete both in its fresh and hardened states. Concrete's
workability, strength, and finish affect the product's quality, cost, and longevity. Concrete Adoption of
smart building practices is crucial given the escalating environmental pollution issues and the need for
sustainable construction methods, as well as the cost-quality-time pyramid of construction projects. One
solution to the aforementioned problems is the use of admixtures in the manufacturing of concrete. The
mix water and chemical admixtures have an effect on the rheology of concrete. Chemical admixtures
affect the characteristics of concrete in both its fresh and hardened states. The mega structures built in
the recent period under constructor serve as a visible representation of the advantageous effects of using
chemical admixtures in concrete mixes. Admixture chemistry is important in converting a typical
concrete mix into a high-performance concrete mixture. The invention of chemical admixtures,
transformations seen in head mixture chemistry, and the uses of the admixtures in certain significant
concrete constructions are all attempted to be presented in this study.

Keywords: Concrete; Admixtures; High Performance Concrete
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ABSTRACT

In Mascara, the problems related to rapid urbanization include disordered urban sprawl, inefficient
management of resources (water, energy), as well as the absence of coherent strategies to ensure the
long-term sustainability of the urban space.

Faced with these challenges, it becomes essential to assess the extent to which the city can adopt
sustainable urban development practices that meet both current needs and future requirements. How can
Mascara reconcile its rapid development with the need for sustainable urban development, while
ensuring efficient management of its resources, preservation of its environment, and a better quality of
life for its inhabitants?

Our study shows that the spatial development of the city must correspond to a modernist and futuristic
vision that meets the aspirations of its inhabitants in the areas of quality of urban life and planned urban
sprawl. The Division entitled "Urban Planning and Development™ is thus responsible for conducting
studies and research on all themes specific to the city, its history, its evolution and even its future
representation. We must urgently find ways to achieve economic and socially equitable growth without
further encroaching on the environment. The solution lies partly in the way cities are planned, governed
and provide services to their citizens. "Poorly managed urbanization can be an obstacle to sustainable
development.”

Keywords: urban modernization, sustainable development, city, architecture
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ABSTRACT

This study explores sustainable urban planning strategies tailored to the urban poor in Pahartali,
Chattogram, addressing housing challenges within the broader framework of resilient cities. Positioned
near Fay’s Lake, the area possesses economic potential but is threatened by landslide risks exacerbated
by heavy rainfall. The proposed initiative focuses on developing affordable, climate-resilient housing
that ensures safety while improving socio-economic conditions.

The research emphasizes eco-friendly design, ecological planning, and resource sustainability to foster
urban resilience. By integrating micro-business zones, communal gardens, and farming opportunities,
the project empowers local communities and enhances economic self-sufficiency. It aligns with key
urban themes, such as rethinking green spaces, adapting zoning policies, and incorporating financial
innovations to achieve sustainability goals.

To address urbanization and deforestation impacts, the study adopts community-driven resilience
practices and innovative planning approaches. Strategies such as universal design, climate adaptation,
and green technology are central to mitigating risks and improving living conditions. This holistic
framework also tackles critical urban issues, including overcrowding, evictions, and resource scarcity,
creating a blueprint for sustainable urban regeneration.

By restoring urban quality of life through sustainable design and planning, this initiative provides
insights and practical solutions applicable to cities facing similar challenges. It contributes to global
urban discourse, offering replicable models that balance economic growth, environmental protection,
and community empowerment in building resilient, inclusive cities.

Keywords: Sustainable urban planning, Resilient cities, Urban poor, Affordable housing, Climate-
resilient housing
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ABSTRACT

This research explores the potential of repurposing quarry waste as crushed limestone sand to produce
eco-friendly sand concrete and address environmental challenges. Five different mixtures were designed
with limestone sand proportions. The physical and mechanical performance of these mixtures was
evaluated through tests such compressive strength, flexural strength and microstructural analysis.

The results revealed significant improvements in the properties of sand concrete when limestone sand
was added. Among the tested mixtures, the one with a 60% limestone sand content exhibited the best
overall performance, indicating an optimal balance between strength and workability. Notably, the
compressive and flexural strengths, as well as the density and dynamic elastic modulus, showed marked
enhancements at this ratio.

This research highlights the potential of using crushed limestone sand not only as a high-performance
construction material but also as a sustainable solution for managing quarry waste. By integrating
recycled materials into sand concrete production, the study addresses pressing environmental issues,
such as waste disposal and resource conservation. Furthermore, it underscores the feasibility of adopting
eco-friendly practices within the construction industry, promoting the concept of a circular economy.

In conclusion, the findings suggest that quarry waste, in the form of crushed limestone sand, can be
effectively recycled and utilized in sand concrete mixtures to achieve both improved material
performance and environmental sustainability. This dual benefit paves the way for more sustainable
construction practices and a reduction in the environmental footprint of the industry.

Keywords: sand concrete, quarry, microstructure, sustainability and waste recycle
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ABSTRACT

Global interest to develop durable thermal insulation materials with low CO; emissions makes
geopolymer foams a friendly alternative to conventional insulator materials. In this context, this study
presents an experimental investigation into the properties of geopolymer foams prepared using
metakaolin (MK) and red clay brick waste (RBW). Using hydrogen peroxide as a foaming agent and
olive oil as a stabilizing agent resulted in geopolymer foams with lower thermal conductivities in the
range of 0.11-0.08 W/m.K. Microstructural analysis revealed that without olive oil, the average pore
size was approximately 230 um. However, increasing the olive oil content up to 10 wt.% resulted in a
smaller, more uniform pore structure, averaging around 67 um. This enhances air entrapment and
improves thermal insulation properties of the produced geopolymer foams. Furthermore, the cost and
environmental assessment of the developed geopolymer foams highlight their potential as sustainable
and cost-effective alternatives to the most common insulation materials. However, further
investigations, including fire resistance and durability, are warranted to fully assess the industrial
applicability of these materials.
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