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HARMONKKLK SKSTEMDE ¢ALI KMAYA UYGURUD¥YKMNME RE

TRAFO
HALKME BOZ

Beta Enerji Anoni

halime.boz@betaenerji.com
OZET
Elektrik sisterh er i nde har moni k, temel frekanseéen kat/|
3. har moni k (150 Hz), 5. har moni k (250 Hz), 7
nonl i neer y¢klerden (°r. bilgisayar mge- WRS$ha
dojrul tucul ar) kaynakl anér . Har moni kl er genc¢
demir kaybe), netr il etkenin akérée akeém -ek
trafolarda ek ésénma gi bi sdoorj urnul saarl a oyloma ya-na
-ektifjgi sin¢gzoidal ol mayan akémlarder. Akeém
Akém harmoni klerinin trafo, kablo ve kKebeke
ile gerilim harmonikiijeri moltokluar daevel t maha
hezl arda d°nen manyeti k alanlar yaratéeéer. He
ind¢ksiyon motorl|l arée, trafo, kondansat®r ve
K-indehgrghkhkereikk ¢reten cihazlarén yojun ol duj
denir. Har moni kl er nedeniyle trafonun etkin
gé - sistemlerinde yaygén ol ar ak karkeéel akeéel ;
kar k@€l ayabil ecek Kekil de tasarl anan d° k me r
°czellikleri ve tasarém prensipleri ele al énm
Anahtar Kelimeler: D°® k me r e-i nel i kuru tip transfor ma
gerilim harmoniji
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Y' KSEK ORTAM SI CAKLI JI NDA ¢ALI kMA KARTLARI N/
115/ 6.3 kV G} ¢ TRANSFORMAT¥R}| NJ N TASARI MI ,

TESTLERK

Elektrik-El ekt r oni k M¢ hSEDQUK s i, ME
Beta Ener i wvelkIeek®iociamerni.cordORKID ID: 00090052032

2423

OZET
Bu -al ékmada, y¢ksek ortam sécakl ékl arénda s

8(10) MV A, 115/6,3 kV g¢- transf orshregter? r ¢ n¢n
ayrentel é& ol 8ulkafsamsd, gansbotmatorinéent edektriksel hem de termal

performanséné y¢ksek sécakl ék kokull arénda
gel i ktiril mik, mal z e me s e- i mi ultuwswda opiizet ma s
edi |l mi ktir. Géenegmegzde keresel €ésénma, tropi
dej i ki klikler, ener ji iletim ve dajéetéem sis
séecakl ék kokull aréndau kleaslimaktsadér-.al £ktmars € o
transformat®rlerin yalétem °mrg, t er mal kar a
dojrudan olumsuz etkiler yaratmaktader. Bu |
arteracak yensiilplkerii ,t aislaerréim tperkenno|l oj i yal ét é
stratejiler:i bir b¢gten olarak dejerlendiril
kokul |l ar a diren-11i bir transformat®©r tekno
kap@a mé nd a, yé¢ksek sécakl ekl arda kararl el e én
dielektrik yaléetéem séeveéelaré gibi il eri t eknc
termal performanséné artérmak amaNAKF) ai hiae ke
ve yaj devinim kanall ar e, radyat®°r tasar éme
model |l eme ve sayésal analizler kull aneéel ar ak
dojrul anmeécx, ésel d emmi gket i d a v rAaynréekclaa, r &- eakni arldiezl
contalar ve yardémcé ekipmanlar y¢ksek seéecal
g°z ©°n¢ne al énarak se-ilmiktir. Dayanémé vy
transformatériin hem termalhame el ekt r i ks el dayanéeméenén art
edilen analizler neticesinde, gel i ktirilen
kokul |l ar énda geveni o lir kKekil de -al ékxabil ece
ulusl snamasagtl! ar é karkél ayaca]j e gez¢kmekt ed
kokull aréna uygun, uzun °m¢grl ¢, enerji verim
g¢- transformat®°rg¢ teknolojisinin gelixtiril
Anahtar Kelimeler: G¢ - transformat®rg¢, Y¢gksek ortam séc

Termal analiz
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KEBEKEDEN GELEN ELEKTRKKSEL TEHLKKELERK KZOL
KV G, ¢ TRANSFORMAT¥R, NI N TASARI MI , PROTOTK
TESTLERK

Deniz Utku SUZER

GigTr af ol aré Elektrik Proje ve Teklifle
TEKNOLOJK A-Kl.ektEloenkitkr idk¢g hendi sl i 7] i

'ORCID ID: https://orcid.org/000®000-0003:0000
deniz.suzer@betaenerji.com, 0541 281 68 51

OZET

Bu proje kapsaménda, ener ji iletim ve daj et
gel ebil ecek akére gerilimler, har moni k bozul
tehi kel er i izole edebilecek 14 MVA, 33/33 kV
el e alénméktér. ¢al é&kma, sistem g¢venliji ve
akéeré gerilimler ve harmoni k bopztul mas$ar dmn
m¢hendi sl i k tasaréem akamal aréna odakl anmakt a
devrel eri arasénda dojrudan el ektriksel baj l
enerji transfer.i s a] | a tesislereuhasyaa elektronik®sistenhldr,i k | e
kontrol cihazl aré ve otomasyon ekipmanl ar én:¢
har moni k bozul mal ardan g¢venl i bir kekil de k
transformatorin elektrikset, e r ma | ve mekani k bilekenl eri a
optimize edi | mi ktir. El ektri ksel tasar émda,
di el ektrik dayanem sajlayan - ok kat manl é b
malzemeleri ise yiksk ger il im alténda Kk=é&smi bokal ma r
yakl anmaya karké wuzun s¢re dayanacak «kekil d
manyeti k alanlaré minimize etmek, end¢ktans
daj slagmamak amacéeyla dikkatle tasarl anméexkteer
Si st emi ve yaj sirk¢l asyonu, sargél arda ve
sajl ayacak kekilde analiz edil mi ktii r-.alBw maasW
ve verimli ener ji transferi gar ant i al téna

dayanéeméné arteéracak kekilde geliktirilmik,
montajl ar é rijitlik v ee nmeudkialvreinketti ra- éBue ndah
m¢hendisli k analizleri ve tasarém optimizasy
kayépl ar é Ve uzun ° m¢r hedefl eyen bir g ¢
ama-| amaktadeéer .

Anahtar Kelimeler: Tr ansf or mat °r , Kebeke gevenl i ji,

dayaneéem
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TRANSFORMAT¥RLERDE AL¢AK GERKLKM KZOLAT¥RLE
VE YAJ KA¢C¢AKLARI NI ¥NLEMEK K¢KN BARA BAJLAN
FOLYO KULLANIMI UYGULAMASI

Ender SUNAL
BetaEngri ve Teknol o]
ender.sunal@betaenerji.com

OZET

Bu -al é&kma, dajéetém transformat®°rlerinde al -
-atlama ve yaj ka-aklarénén ©°nlenmesine y°©°r
etkinlijini ve ek yalétém -°zi;mlerinin sist
iletim ve dajéetém sistemlerinin ge¢venilir - g
ve arézaseéz ikKletimine bajl édérkanBk khagsdamd:
g°revier ¢stlenen al-ak gerilim izolat°orl eri
takémaktader Y¢eksek sécakl ek dejikimleri,

titrekim gibi et kenlaema liazroal ayto®lr | ae-radrea ky akpé&rséall
Keklinde ciddi arézalara neden ol abil mektedi
Strip folyo uygul amasé@, bara ile izolat®°r ar
gerilim yojunlakmal aréné azaltialn ywemé@déd ks ay e
t er mal genl ekme kaynakl é& zorl anmalaré s°ng¢rm
dajéetmakta ve izolat°r¢n maruz kaldejée mekar
ol arak el ektriksel i z ol a sayzoanl nsaasj €l naamavseé , e nkeérsj al

d¢kmesine katke sajl amaktader.

Bunun yané sér a, transformat®r sargél aréneén
bara bajlantélarénda bakéeér il e al ¢gminyum me
korozyona nede olabilmektedir. Bu tir korozyon, temas yizeylerinde oksitlenme, temas

direncinin artmasé ve ésél kayéplarén y¢kse
uygul amada bakeéer ile al¢minyum araséna bi met
metalin elektrek i my as a | reaksiyona girerek hasar ol u
kull anéme, strip folyo ile birlikte dejerler
hem de uzun d°nemli performans kayépl ar énén
Sonugco !l ar ak, strip folyo ve bi met al pl aka gi
izolat©°rl erinde arézalarén azaltél maseéna, me
genel gevenilirlijJinin iyilexktiril meserjine ©ne
sekt°r¢e¢nde s¢egrdereéelebilir ve veri mli i Kl et me
Anahtar Kelimeler: St ri p Fol yo, Yaj Ka-aklaré, Transfo
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5000 kVA30/0,80 , 8 kV 3 SARGI LI G! NEk ENERJK SANTR/

TRANSFORMAT¥R| N TASARI MI, PROTOTKP | RETKMK
Ali SARTAK
Beta Enerji ve Tek

ali.sartak@betaenerji.com

OZET

Transformat®©°rl er, el ektri k enerjisinin ileti
enerji gake&wmdnénve veri mli Kekil de ger - ekl ex
Yenil enebilir enerji kaynakl|l ar @&neén, °czel li
entegrasyonunda kul |l anél an transformat®°rl er
guvenilir tema | performans gerektirir. Bu bajl amde
-ékeklarénén ve kKebeke bajlantéesénén ayneée g¢g°
entegrasyonunu kol ayl akt érmakta ve maliyetl e
Bu -alékmagkapeamaerdpj si santrall er-D,&lkY uygun
gerilim seviyelerine sahip ¢- sargéle bir t
ger-eklexktirilmiktir. Tasarém s¢reci hwe | EC
t er mal parametreler optimize edilmiktir. N ¢
fazl e, é - kol onlu tipte se-il mik; sargeéel ar

silindirik tipte tasarl anméexteer.

Sojutma sistenmiOi 6l &Nramdakur @NAMI r Natural) uy gu
seécakl ékl aréenén I EC T imitler.i i -inde kal deé
ol ukturduju ek kayéplar dikkate alénarak ng\
uretimi tamamland k t an sonra tip ve rutin testler ger
devre dayaneéemeé, yé¢k altéenda gerilim regge¢l as
°l -¢mleri yer al maktadér.

Projenin tamamlanmaséyl a Kitréelliaktée ,yeallde (& citl
aktareéelacak ve g¢nek enerjisi santrallerind
ekonomi k transformat®©r -%z¢éeml oeri gel i ktiri
entegrasyonunda kriti& domer jadewmerolmariaki j il kv
hedefl erine katké sajlayacakteér.

Anahtar Kelimeler: Tr ansf or mat °r
harmonik

, ¢&- Sargele tasareéem, ¢
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AI-ENHANCED CONTROL TECHNIQUES FOR POWER ELECTRONICS
CONVERTERS: RECENT ADVANCES AND FUTURE PERSPECTIVES

Elanur Ekici
Adana Alparslan Turkes Science and Technology University,
eekici@atu.edu.tir 00006000319195576

ABSTRACT

The rapid development of renewable energy systems has made performance criteria such as
dynamic responsiveness, efficiency, and stability essential in power electronic converters that
enable their integration into power systems. Traditional control teeésigsuch as
Proportionalintegral  (PIl), ProportionditegratDerivative (PID), and moddlased
controllers, have long been widely used due to their simplicity and stability. However, these
methods exhibit limited applicability under parameter uncertaintieonlinear operating
conditions, and rapidly changing system dynamics. Recently, the integratioreohAhced
techniques into the control of power electronic converters has emerged as an alternative solution
to overcome this limitations. This paper qu@hensively presents current developments in Al
enhanced control techniques for power electronic converters. Direct elgqairgct current
(DC-DC), direct currento-alternating current (D@C), and alternating curreio-direct

current (AGDC) converér applications are examined, and artificial neural networks, fuzzy
logic controllers, reinforcement learning, and deep learhampd methods are discussed in
detail. AFenhanced methods optimize controller behavior by learning complex nonlinear
relationdips from realtime data, thus presenting a computational, -datsen control
approach. Furthermore, by learning the dynamics of the controlled system, these methods
enable optimal control responses without the need for explicit mathematical models.
Applications of Atenhanced control techniques extend to various power converter topologies,
including DGDC converters (buck, boost, bubkost), DCGAC inverters (twelevel, multr

level, modular multievel converters), A@C rectifiers, and bidirectional coexters for

energy storage systems. These applications are of great importance for sectors such as
renewable energy integration, electric vehicles, microgrids, -Vifage direct current
(HVDC) transmission, and industrial motor drives. This paper preserdsmprehensive
analysis of Alenhanced control techniques for power converters by examining the state of the
art, recent advances, application areas, challenges, and future research perspectives.

Keywords: Power electronics converters, Control techngju2atadriven methods, Artificial

intelligence.
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1. INTRODUCTION

The global transition toward sustainable energy has accelerated the deployment of
renewable energy systems, increasing demands on power electronic converters that serve as the
interface between energy sources and electrical grids [1]. Power electronierteos)v
including DGDC, DGAC, and AGDC topologies, are major components in photovoltaic
systems, the wind energy sector, electric vehicles, andvaigdge direct current (HVDC)
transmission systems [2]. The performance of these converters direahtsaffystem
efficiency, power quality, and grid stability. Conventional control methodologies, including
Proportionalintegral (PI) and ProportiondhtegratDerivative (PID) controllers, have been
extensively employed due to their basic implementation watl-established theoretical
foundations [3]. Model Predictive Control (MPC) has also gained prominence for its ability to
handle constraints and optimize performance [4]. However, these traditional approaches pose
significant limitations under parametencertainties, highly nonlinear system dynamics and
rapidly changing operating conditions that characterize modern power electronics systems [5].

The emergence of artificial intelligence (Al) and machine learning (ML) technologies
has created new opponities for addressing these challenges [6]-eAhanced control
techniques offer the capability to learn complex nonlinear relationships from data, adapt to
changing system conditions in ré¢ahe, and optimize controller behavior without requiring
mathematical models [7]. The integration of neural networks, fuzzy logic systems,
reinforcement learning, and deep learning methodologies into power converter control
enhances and accelerates the design and implementation of power electronics systems [8].

This paper provides a comprehensive review ofeAhanced control techniques for
power electronic converters, examining recent advances and future research directions. The
remainder of this paper is organized as follows: Section 2 discusses artificial reswaikn
based control methods. Section 3 presents fuzzy logic control approaches, and then, Section 4
examines reinforcement learning and deep learning techniques. Section 5 reviews applications
across various converter topologies, and Section 6 discussEnges and future perspectives.
Finally, Section 7 highlights the conclusions of the paper.

2. ARTIFICIAL NEURAL NETWORK -BASED CONTROL

Artificial Neural Networks (ANNs) have emerged as significant tools for power
converter control due to their univekr$anction approximation capability and ability to learn
from data [9]. ANNSs can effectively capture nonlinear relationships between system inputs and
outputs, making them particularly suitable for controlling power electronic systems with
complex dynamics

2.1. FeedForward Neural Networks

Feedforward neural networks (FFNNs) are the most fundamental ANN architecture
employed in power converter control. Recent studies have demonstrated the effectiveness of
FFNNs for voltage regulation in BDC convertersvhere the network input conditions are
trained to map to the optimum duty cycle [10]. The AN&ked control strategy shows superior

7
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performance compared to conventional Pl controllers, particularly under varying load
conditions, achieving approximately ®7accuracy in voltage regulation [11]. Zernike radial
neural network (ZRNN)pased adaptive control has been proposed for output voltage regulation
in DC-DC buck converters, where the ZRNN estimates unknown load disturbances online and
feedback signals tdé controller [12]. This approach demonstrates rapid estimation capabilities
and ensures system stability despite parameter uncertainties and external disturbances.

2.2. Recurrent Neural Networks

Recurrent neural networks (RNNSs), including Lo8gortTerm Memory (LSTM)
networks, have gained attention for their ability to process sequential data and capture temporal
dependencies [13]. LSTMased Maximum Power Point Tracking (MPPT) algorithms have
demonstrated superior power tracking accuracy ucttinging solar conditions, achieving- 20
30% improvement in output power compared to conventional Perturb and Observe (P&O)
methods [14].

Neural sliding mode controllers (NSMC) based on recurrentbidar neural networks
(RHONN) have been developed foegenerative braking systems in electric vehicles,
effectively regulating current and voltage in bidirectional-DC buckboost converters [15].
The integration of extended Kalman filter (EKF) and unscented Kalman filter (UKF) training
algorithms enableaugerior performance compared to traditional Pl controllers.

3. FUZZY LOGIC CONTROL

Fuzzy Logic Controllers (FLCs) offer a systematic approach to incorporating expert
knowledge and linguistic rules into control system design without requiring precise
mathematical models [16]. The inherent ability of FLCs to handle uncertainties makes them
attractive for power electronic applications characterized by nonlinear dynamics and parameter
variations.

3.1. Typel Fuzzy Logic Controllers

Typel FLCs have beenvidely applied in photovoltaic inverter control, demonstrating
improved dynamic response and reduced total harmonic distortion (THD) in output waveforms
[17]. Adaptive fuzzy logic control for microgridonnected hybrid photovoltaic/wind
generation systenmovides robust performance under varying environmental conditions [18].
Fuzzybased energy management systems utilizing 27 fuzZyHEN rules have shown
effective power flow optimization in hybrid renewable energy systems combining solar PV,
wind turbines, and battery storage [19].

3.2. TypeZ2 Fuzzy Logic Controllers
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Type2 FLCs extend the capabilities of Tyfesystems by incorporating additional
degrees to handle higher levels of uncertainty [20]. Genetic algedftimized Type2 FLCs
(T2FLC-GA) for microgrid systems with fractionarder techniques demonstrate rapid
dynamic response, high durability, and distinctive performance [21]. These controllers achieve
15% reduction in frequency deviation and 10% reduction in voltage deviation compared to
conventional control strategies.

The integration of fuzzy logic with sliding mode control (SMC) has been investigated
for multilevel inverters, where the fuzzy logic component handles parameter uncertainties while
SMC provides robust trackingerformance [22]. Fuzzy hysteresis current controllers have
proven effective for power quality enhancement in renewable energy integrated clusters [23].

4. REINFORCEMENT LEARNING AND DEEP LEARNING

Reinforcement learning (RL) is a form of machine learnimgvhich agents learn
optimal control policies by interacting with the environment and refining their deersadimng
processes based on positive, neutral, and negative feedback received as rewards for desired
behaviors [24]. Deep reinforcement learningntines the function approximation capabilities
of deep neural networks with the decisimaking framework of RL [25]. Proximal Policy
Optimization -based controllers have been developed for-X buck converters,
demonstrating neaoptimal decisions for @ converters operating in both continuous
conduction mode (CCM) and discontinuous conduction mode (DCM) [26]. Key innovations
include chatteringeduction reward functions, feature engineering, and neural network
architecture optimization. DeepRetworkand Deep Deterministic Policy Gradient algorithms
have been applied for MPPT in photovoltaic systems under partial shading conditions,
effectively distinguishing between global and local maximum power points [27]. Twin Delayed
Deep Deterministic Policy Gdgent (TD3) algorithms have demonstrated robust performance
in DC-DC boost converter control, with compensatd)3 (C-TD3) controllers achieving fast
response, minimal overshoot, and reduced ripples [28].

5. APPLICATIONS ACROSS CONVERTER TOPOLOGIES

4.1.DC-DC Converters

Al-enhanced control techniques have been widely utilized teDBCconverter
topologies, including buck, boost, and btmdost configurations. Adaptive neural network
sliding mode control (ANNSMC) combined with PI control for DOC buck converters
addresses complexity and nonlinear characteristics with-wangng uncertain parameters
[29]. Radial basis function (RBF) neural network PID controllers optimize PID parameters
using the network's approximation capability for nonlinearcfions, demonstrating smaller
overshoot compared to traditional PID systems [30].

Threephase bidirectional DOC converters with neural network controllers for
renewable energy sources interface DC buses with high conversion ratios while ensuring
smoothpower transfer [31]. The duty ratio mapping methodology enablesosieal transfer

BURSA 6TH | NTERNATI ONAL CONFERENCE ON ENGI NEERI N
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of deep reinforcement learning controllers for DC buck converters, achieving accurate
voltage regulation and adaptability to uncertain circuit parameters [32].

4.2. DGAC Inverters and Multilevel Converters

Modular multtlevel converters (MMCs) and mulevel inverters are also types of
power electronics converters in which significant research is being conducteeeohakiced
control strategies. The dével asymmaeatcal DC voltage source configured dieseitched
multilevel inverter with fuzzy logic control demonstrates reduced total standing voltage and
improved cost function for renewable energy conversion and electric vehicle applications [33].
Neural networkbasd model predictive control approaches for MMCs reduce computational
burden while maintaining control accuracy [34].

Advanced MPC techniques designed for HVDC systems equipped with MMCs
eliminate the need for traditional PI regulators and pulse width fatboin, improving system
dynamics and control accuracy [35]. Daltdven approaches based on melleé adaptive
control with eventriggered mechanisms demonstrate superior robustness against parameter
mismatches and enhanced dynamic performance [36].

4.3. Renewable Energy Integration

Al-enhanced control techniques play a crucial role in renewable energy system
integration of the power systems. Optimal fuzzy logic controllers based on particle swarm
optimization (PSO) for photovoltaic systems provideusitMPPT performance [37]. Adaptive
fuzzy PID controllers for grigonnected hybrid photovoltaic/wind generation systems enable
stable operation under varying environmental conditions [38]. Deep learning stack-LSTM
based MPPT control for duatage 100 kWgrid-tied solar PV systems demonstrates superior
performance compared to conventional P&O and-feedard deep neural network methods
[39].

6. CHALLENGES AND FUTURE PERSPECTIVES

Despite significant advances, several challenges remain imgllementation of Al
enhanced control techniques for power electronic converters-tiRealimplementation
presents computational challenges, particularly for deep learning and complex RL algorithms
[40]. The requirement for specialized processing unidssignificant computational resources
may limit practical deployment in cesensitive applications. The simulation to real gap
presents a significant hurdle, as controllers trained in simulation environments may experience
performance degradation when tis@d on actual hardware due to modeling inaccuracies and
unmodeled dynamics [41]. Interpretability and explainability ofbAsed controllers remain
concerns for safetgritical applications, where understanding controller behavior is essential
for reguldory compliance. Future research directions include the development of lightweight
neural network architectures suitable for embedded implementation, hybrid approaches
combining modebased and datdriven methods, and transfer learning techniques fodrapi
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adaptation to new operating conditions [42]. Advances in specialized hardware accelerators will
enable more complex Al algorithms to be deployed intieed applications.

7. CONCLUSION

This paper has presented a comprehensive review-ehiddnced condl techniques
for power electronic converters, encompassing artificial neural networks, fuzzy logic
controllers, reinforcement learning, and deep learning approaches. These methods offer
significant advantages over traditional control techniques, inguthe ability to handle
nonlinearities, adapt to changing conditions, and optimize performance without mathematical
models. Applications cover the many converter topologies, fromDOCconverters for
renewable energy systems to multilevel inverters for I@vansmission. The integration of
Al techniques with established control methodologies, such as model predictive control and
sliding mode control, has yielded hybrid approaches that combine the strengths of both. While
challenges remain in reime implanentation, interpretability, and simulation to real transfer,
continued advances in algorithm development and hybrid control strategies aim to expand the
practical applicability of Adenhanced control techniques. As renewable energy system
investments comtue to grow and power electronic systems become increasingly complex, Al
enhanced control will play a critical role in achieving the performance, efficiency, and
reliability demanded by modern power systems.
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THE ROLE OF FPV SYSTEMS INSTALLED ON WATER SURFACES IN THE
GLOBAL ENERGY TRANSFORMATION AND THE ECOSYSTEM DIMENSION

Lecturer

BURSA 6TH | NTERNATI ONAL CONFERENCE ON ENGI NEERI N

, OSMAN ¥7D

Ferat University;000000IDR2F01Y1@f i r at

Lecturer Dr . , MERVE

F e Umiviersity, marin@firat.edu.tr0000-:000250720167

SUMMARY

Energy demand is rapidly increasing due to global demographic expansion and economic
growth. Meeting current demand largely from fossil fuels increases greenhouse gas emissions,
leading to aipollution and global warming. To minimize the supdigmand mismatch in the
energy system, limit greenhouse gas emissions, and protect the ecosystem, expanding the
implementation and adoption of renewable energy sources has become essential.

Solar energys gaining prominence due to its sustainability, widespread accessibility, and
ecologically friendly features. Photovoltaic (PV) systems, one of the technologies that directly
convert sunlight into electrical energy, are expanding their application areasvet, land

based PV plants require a large amount of land on flat land and in mountainous areas. It is
reported that in current applications, approximately 1.6 hectares of land are needed for 1 MWp
of installed power. Other major factors negatively intipacthe performance of larshsed PV

plants are temperature rise, partial shading, and dust.

In this context, floating photovoltaic (FPV) systems installed on water surfaces reduce land
requirements by integrating them into irrigation canals, drinkingmraservoirs, dam lakes,
wastewater ponds, and offshore areas. They also increase electrical efficiency through the
cooling effect of water, which reduces module temperature, and compared to literature, they
can provide up to 10% additional generation pared to lanébased systems. With the rapidly

increasing total installed capacity worldwide, FPV electricity generation is projected to reach
77 GW by 2033.

This study presents an approach that considers factors such as water conservation, climate
changegecosystems, and energy efficiency in solar energy systems installed on water resources.
The components of FPV systems, their advantages and disadvantages, constraints encountered
in water environments, and the impact of design parameters such as slopngnype, and
monitoring systems on performance are evaluated.

Keywords: Floating photovoltaic systems (FPV), climate change, ecosystem interaction.
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OZET

K¢resel demografi k geni kl eme ve ekonomi k bg¢y
Mevcut talebin b¢gyé¢k oranda fosil yakeéetl ar de
hava kirlilijJine vV e k¢resel € s @ naridaje@ y ol
uyumsuzlujunu minimize et mek, sera gazeée emi
i-in, yenilenebilir enerji kaynakl|l aréné wuygu
zorunlu ho©le gel miktir.

G¢nek erngardjgirsil;ebi Iir i i, yaygén erikilebil
°n pl ana -ékmaktadeéer . G¢ének €EKénene dojrud
teknolojilerden biri olan fotovoltainrnunla PV) s
birlikte, kara tipi PV santrallerinin d¢z ar
duyul maktadér . Mevcut uygul amal arda yakl akel
i htivya- duyul duju rapor edin me&rn fean ma n skéanréa
etkileyen dijer bakl éca fakt°rler ise seécakl
Bu bajl amda, Ssu y¢zeylerine kurulumu yapeéel a
kanall aré, i -me suyu mnehdnawvwuzarlra&r é¢ ] ebarak ge
entegre edilerek arazi 1 htiyacéné azaltmakta
etkisiyle elektrik verimini artermakta ve |
oranl a &MlOiblaavar¢gretim sajlayabil mektedir. D
yé¢ksel en FPV el ektrik cretiminin 2033 y el ¢
ongorilmektedir.

Bu -al ékma, su kaynaklaré ¢zerine kKlimulu g
dej i ki klifji, ekosi stem, enerji verimlilifji

sunmaktadér . FPV sistemlerinin bil ekenleri,
karkel akélan késeétl ar i | e ejaism,r € mo rptaajame ¢ r g
performans ¢zerindeki et kil eri dejerl endiri/l

Anahtar Kelime: Y ¢ zer fotovoltaik sistemler (FPV), I

16



\_mNFEﬁE.vq,
& U

&

P

BURSA 6TH I NTERNATI ONAL CONFERENCE ON ENGI NEERI N
December 30, 2026BURSA
ISBN NR:978625569469-0
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ABSTRACT

Demographic growth and economitansformations associated with urbanization are
increasingly driving urban solid waste generation. The increase in urban solid waste volume
and energy demand in developing countries significantly impacts greenhouse gas emissions,
making sustainable wasteanagement critical. Traditional waste storage methods, such as
uncontrolled dumpsites and sanitary landfills, cause environmental problems, while the
potential for energy recovery is neglected. At this stage, electricity generation from waste
emerges as austainable approach in the integrated assessment of waste management and
energy recovery.

The primary technologies that generate electricity from solid waste, either directly or by
pretreating it, include incineration, gasification, pyrolysis, biologipedcesses such as
anaerobic digestion and fermentation. Incineration is the most widely used method among these
methods and offers the most advantageous technology, providing rapid energy conversion and
reducing waste volume by 780%.

The efficiency of &ctricity generation from solid waste is highly dependent on the composition

of the waste, the technology used, and facility management. Furthermore, assessing the carbon
footprint, emission control, and ecosystem impacts of production processes avmgeyents

of sustainability criteria. Furthermore, integrating renewable energy sources into the system
plays a critical role in minimizing environmental impacts and increasing energy recovery
efficiency.

Studies indicate that sanitary landfills cause iiggnt COF emissions. Incineration and
anaerobic digestion, on the other hand, are suggested to reduce environmental impacts and,
when integrated with recycling systems, can reduce net emissions to negative levels.

In modern waste management systemstratéy generation from municipal solid waste plays

a key environmental and economic role. It is crucial that future studies focus on increasing the
integration of waste management and energy production, particularly in developing countries.

Keywords: Solid waste, sanitary landfill, energy production
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kehirl ekme s¢re-lerindeki demografi k b¢yé me
cretimini gittik-e y¢kseltmektedir. Gel i Kmek
enerji talebinin arteéexke, sera gazé emisyonl
y°neti mi kritik hale getirmektedir. Kontrol s
depol ama sahalaré (landfilljyigirbvrgekénaksdh
sebep olurken, enerji geri kazaném potansiye
csretimi, aték y°netimi ve enerji geri kazane
bir yaklakém ola@arak ortaya -ékmaktad

Kate atéklaré dojrudan veya °n ikleme tabi t
gazifikasyon, piroliz ile anaerobik parcalanma ve fermantasyon gibi biyolojik yontemlerden

ol ukmaktadeéer . Yakma, bu y°ntemiem akrapgéhdal

d°n¢kegmeg sajl amas éio9wWe oatatnke nldac mizril Ma®%e0 baké
teknolojidir.

Katée atéktan elektrik ¢retim verimlilifji, é
y°netimine ol duk -rikte bretiin Isigedlerinde kaB®an rayak izi,aemisyon
kontrol¢ ve ekosistem ¢zerindeki etkilerin d
bil ekenleridir. Ayréca -evresel et kil eri mi
artér makl amaeni |l enebilir enerji kaynakl|l ar éne
Yapél an -al éeéxkmal arda, d¢zenli Fapéeéh&mb asiestae
ol duju belirtilmektedir. Yakma velana&dgremnkei k
d°n¢kem sistemleriyle entegre edil mesi dur u
de¢kerebi I diJi il eri s¢reée¢l mektedir.

Modern ateéek y°netim sistemlerinde kentsel
ekonomi k a-edayn aknmalkittad &1 r Gel ecoekte yapel a
gel i kmekte olan ¢l kelerde aték y°netimi ve
odakl anél masé ol duk-a °nem takémaktadeéer.
Anahtar kelimeler: Kat € at ek, dg¢ jiaretimi depol ama, ener
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Knce -orap ¢ret m nde kull anél an p I klrer afj

Kkl etme b¢gnyes nde 10 denyeden 200 denyeye

Mevcut p | kl er l e yapéelan 30 denye ve alte
olukan f |l tre sorunu yakanmakjtlagdeéeol at altdenxk
de]j Kmekl e b r | ktd0¢rfetremdkeaydret ad lammeak t %d e r
mal yetler n n artmaséna neden ol maktadeér. I
esnasénda ve kullaném ma&racreumnnlaarka - yynakKk anmklétl
me¢Kter K kOyet ol arak yanseémaktader. Bu pr
yer alan | f n nce -orap ¢ret m nde kull ane
en aza nd ¢rn lmpexks ervd egr dmraféndan kul l ané mé
icret | mes Wasnkas-el ka npnerkft @rmans| & | fler t aneé mé
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Mevcutta kalm aneélpdn jpwml yw mukaveO@édlt ddekenol d6
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mukavet dejer n n 35CN/dtex olduju g°r ¢l mekt
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ABSTRACT

In this study, the forecasting performance of Artificial Neural Network (AlNAged models
enhanced with different optimization algorithms is comparatively tigeged for solar power
generation prediction. Due to the strong dependence of solar energy on meteorological
conditions and its inherently variable nature, accurate power forecasting is of great importance
for energy management and grid operation. Indbrgext, integrating optimization algorithms

into ANN structures is considered an effective approach to improve prediction accuracy. The
dataset used in this study was obtained from a real PV power plant with an installed capacity
of 5.23 MWp, located imirkiye. A baseline ANN model was first developed, followed by
hybrid ANN models in which Particle Swarm Optimization (PSO), Genetic Algorithm (GA),
and Grey Wolf Optimization (GWO) were employed to optimize network weights. The
performance of the develogpenodels was evaluated using Mean Absolute Error (MAE), Root
Mean Square Error (RMSE), Mean Absolute Percentage Error (MAPE), and the coefficient of
determination (R2). The results indicate that optimizatiesisted ANN models significantly
outperform thestandalone ANN model and the ANN+GWO model achieved the lowest error
values and demonstrated the most balanced forecasting performance. Although ANN+PSO and
ANN+GA models also improved prediction accuracy, the Gd&ed model showed superior
robustness. @erall, the findings confirm that optimizatiaassisted ANN models provide an
effective solution for solar power forecasting using-weaild data and offer valuable insights
for renewable energy and smart grid applications..

Keywords: Solar power forecaisg, Artificial neural networks, Optimization algorithms, Grey
wolf optimization, Renewable energy.
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1. INTRODUCTION

The rapid integration of renewable energy sources into modern power systems has introduced
new challenges related to grid stability, operational efficiency, and energy management. Among
renewable technologies, solar photovoltaic (PV) energy has emergedeasf the most
promising options due to its environmental benefits, scalability, and declining installation costs.
However, the inherently intermittent and weatependent nature of solar power generation
introduces significant uncertainty into powestm operations, makirggcurate solar power
forecastinga critical requirement for reliable grid planning and #t&ak control [1].

Solar power output is strongly influenced by meteorological variables such as solar irradiance,
ambient temperature, clowdver, and atmospheric conditions. These factors exhibit nonlinear
and timevarying behavior, which limits the effectiveness of traditional forecasting approaches
based on linear statistical models or simplified physical formulations. While conventional
techniques have been widely applied in eathge forecasting studies, they often fail to
adequately capture the complex relationships embedded irdsghution PV generation data

2].

In recent yearsArtificial Neural Networks (ANNs) have gained consitlable attention as
powerful datadriven modeling tools capable of learning nonlinear mappings and temporal
dependencies in renewable energy systems. Abd¢d models have demonstrated strong
performance in shoterm and mediurterm solar power forecasgrtasks, particularly when
sufficient historical data are available [3]. Despite these advantages, the predictive accuracy of
ANN models is highly sensitive to the selection of network parameters, including weights,
biases, and learning coefficients. Impeo parameter tuning may result in slow convergence,

overfitting, or entrapment in local minima.

To overcome these limitationsybrid forecasting modelsthat integrate ANN structures with
metaheuristic optimization algorithms have been proposed. Optiomz&ichniques such as
Particle Swarm Optimization (PSO) Genetic Algorithms (GA), and Grey Wolf
Optimization (GWO) have been widely employed to enhance ANN training by efficiently
searching the solution space for optimal network configuratiorig64]These algorithms
mimic natural or social behaviors and have shown strong capability in solving complex, non

convex optimization problems commonly encountered in renewable energy forecasting.
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Although numerous studies have reported the advantages of optmiassisted ANN
models,comparative investigations based on realorld PV power plant data remain
limited, particularly those evaluating multiple optimization techniques under identical
conditions. Furthermore, there is a lack of systematic analysis satiyethe relative
performance of PSQGA-, and GWQassisted ANN models using higésolution operational
data from utilityscale PV installations.

Motivated by these research gaps, this study aims to conduct a comprehensive comparison of
baseline ANN antlybrid ANN-based forecasting models optimized using PSO, GA, and GWO
algorithms. The evaluation is performed usingeal-world dataset collected from a 5.23

MWop PV power plant located in Turkiye. By analyzing forecasting accuracy, robustness,

and generaation capability, this work seeks to provide practical insights for researchers and
practitioners involved in renewable energy integration and smart grid applications.

2. METHODOLOGY
2.1 Data Description and Preprocessing

The dataset used in this studgswobtained from a utilitgcale solar PV power plant with an
installed capacity 06.23 MWp, located in Turkiye. The dataset comprises one year of
operational records, including measured PV power output and key meteorological parameters
such as global sat irradiance, ambient temperature, and relative humidity. All variables were
recorded atl5-minute intervals, providing high temporal resolution suitable for skterm

forecasting analysis.

Prior to model development, the raw dataset underwent a comprehepreprocessing
procedure. Missing or corrupted data points were identified and handled using interpolation
techniques to ensure continuity. All input features were normalized to a common scale to
improve numerical stability and training efficiency.€eTprocessed dataset was then divided
into three subsetstaining (70%), validation (15%), andtesting (15%), following standard
practice in machine learnidgased forecasting studies.

2.2 Model Development
Four forecasting models were developed and etedua this study:

Baseline ANN
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A feedforward artificial neural network with a single hidden layer was implemented as the
baseline model. The network was trained using the backpropagation algorithm, and its
architecture, including the number of neurond Barning rate, was determined through grid

search and crosslidation.
ANN+PSO

In this hybrid model, Particle Swarm Optimization was employed to optimize the weights and
biases of the ANN. PSO simulates the collective behavior of particles to exmaselthion

space efficiently and minimize forecasting error.
ANN+GA

Genetic Algorithm was applied to evolve the ANN parameters through selection, crossover,
and mutation operations. This evolutionary approach aims to identiop&aral solutions by

mimicking biological evolution.
ANN+GWO

Grey Wolf Optimization was integrated into the ANN framework to optimize network
parameters. GWO is inspired by the social hierarchy and hunting strategy of grey wolves and

has demonstrated strong performancedaral network optimization tasks.

The optimization algorithms were implemented using parameter settings such as population
size and iteration count determined through preliminary experiments and guidance from

existing literature [7], [8].
2.3 PerformanceEvaluation
Model performance was assessed using four widely accepted evaluation metrics:
T Mean Absolute Error (MAE)
1 Root Mean Square Error (RMSE)
1 Mean Absolute Percentage Error (MAPE)
1 Coefficient of Determination (R?)

These metrics provide a comprehensigseasment of both prediction accuracy and model

robustness.
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3. RESULTS AND DISCUSSION

The comparative forecasting performance of the baseline ANN and optimiaasmted ANN
models on the test dataset is presented in Table 1. As shown in the tabjéridlinodels
significantly outperform the conventional ANN in terms of MAE, RMSE, MAPE, and the
coefficient of determination. This improvement confirms that metaheuristic optimization
algorithms are effective in enhancing the learning capability and digaéicm performance of
neural networks, as also reported in previous studies [4], [6], [7]-

Among the evaluated models, the ANN+GWO approach achieved the lowest MAE (29.6 kW),
RMSE (39.8 kW), and MAPE (5.29%), as well as the highest R? value (0.972§ fdsests
indicate that the GWO algorithm provides a more balanced and stable optimization process
compared to PSO and GA, enabling the ANN to capture the nonlinear dynamics of solar power
generation more accurately. Similar findings regarding the supgdiGWO-assisted neural
networks have been reported in the literature, particularly fordinies forecasting and energy
system applications [5], [8], [9].

Table 1.Performance comparison of ANbased forecasting models on the test dataset

BURSA 6TH | NTERNATI ONAL CONFERENCE ON ENGI NEERI N

Model MAE (KW) RMSE (kW) MAPE (%) R2

ANN 42.7 57.3 8.21 0.946
ANN+PSO 34.1 45.2 6.37 0.963
ANN+GA 32.8 44.7 6.11 0.965
ANN+GWO 29.6 39.8 5.29 0.972

The ANN+PSO and ANN+GA models also demonstrated notable improvements over the
baseline ANN, reducinprecasting errors by a considerable margin. These results align with
earlier research showing that PSO and GA are effective tools for optimizing ANN parameters

in renewable energy forecasting tasks [3], [6]. However, the slightly higher error values
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obseved for these models suggest that their exploraéirploitation balance may be less
effective than that of GWO for the studied dataset.

Figure 1 illustrates the actual versus predicted solar power outputs obtained using the
ANN+GWO model. The close agreent between the predicted and measured values confirms
the high predictive accuracy of the proposed hybrid model. This visual analysis further supports
the numerical results in Table 1 and demonstrates the capability of the ANN+GWO framework
to track shorterm fluctuations in PV power generation. Similar visualizabased validations

have been widely used in solar forecasting studies to confirm model reliability [2], [10].

Model Performance Comparison on Test Dataset
T

60 i
[ MAE (kW)
[ RMSE (kW)
[T MAPE (%)
. R?

50 — -

30 — —

Performance Metric Value

20 — —

ANN ANN+PSO ANN+GA ANN+GWO
Model

Figure 1. Actual and predicted PV power output for the ANN+GWO model

Overall, the results confirm that incorporating optimization algorithms into AfbdsSed
forecasting frameworks substantially improves model performance. The superiority of the
GWO-assisted ANN can be attributed to its efficient search strategy and strong convergence
characteristics, which have been highlighted in both theoretical and applied optimization
studies [5], [9].

4. CONCLUSION

This study presented a comprehensive comparison of baseline and optirrazatgiad ANN
models for shorterm solar power forecasgrusing real operational data from a 5.23 MWp

photovoltaic power plant in Turkiye. The results demonstrate that integrating metaheuristic
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optimization algorithmd specifically PSO, GA, and GWinto the ANN framework leads
to significant improvements in forzasting accuracy and robustness, consistent with findings
reported in earlier renewable energy forecasting studies [1], [2], [6].

Among the evaluated approaches, the ANN+GWO model achieved the best overall
performance, yielding the lowest prediction erramsl the highest coefficient of determination.
These findings confirm the effectiveness of the Grey Wolf Optimization algorithm in training

neural networks for complex, nonlinear energy forecasting problems, as previously reported in

[5], [8], [9]

The outomes of this research contribute to the growing body of literature on intelligent
forecasting methods for renewable energy systems and provide practical insights for grid
operators and energy planners. The proposed hybrid ANN+GWO framework offers ke reliab
and scalable solution for improving solar power forecasting accuracy, which is essential for the
integration of renewable energy into smart grid environments. Future studies should focus on
extending this approach to other renewable energy sourcesatnvglits performance under

different climatic conditions, and investigating its réale implementation in largscale
power systems [10], [11].
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ABSTRACT

In this study, the theoretical feasibility of meeting the annual electricity demand oivdse S
Cumbhuriyet University Main Campus entirely from wind energy is investigated. The campus
energy demand was determined based on actual electricity consumption data obtained from one
year of electricity bills, covering all campus facilities, including tmiversity hospital. This
approach ensures that the energy demand used in the analysis is realistic and based on measured
consumption rather than assumptions. To assess the wind energy potential of the region, raw
hourly wind speed data obtained from Thekish State Meteorological Service for Sivas city

center were utilized. After removing missing and erroneous values, the wind speed data were
adjusted to the turbine hub height using the power law. The obtained statistical wind models
were combined witlthe power curves of selected commercial wind turbines to estimate annual
energy production values. Based on these results, the total installed wind power capacity
required to meet 100% of the campusds annual
were evaluated considering the geographical and climatic characteristics of Sivas, which is
located in a continental climate region with moderate wind potential. The results indicate that
the Weibull distribution provides a more accurate representatiorthefwind speed
characteristics compared to the Rayleigh model. Furthermore, under a yearly energy balance
perspective, the campus electricity demand can theoretically be met by an appropriately sized
wind power plant. This study presents a practical aausterable methodology for assessing

100% renewable energy scenarios for university campuses by integrating real consumption data
with statistical wind energy modeling. The proposed approach can serve as a valuable reference

for sustainable energy plangimnd campuscale renewable energy applications.

Keywords: Wind energy, Weibull distribution, Rayleigh distribution, Campus energy demand,
Renewable energy.
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1. INTRODUCTION

As the world confronts the consequences of climate change addatenges associated with

fossil fuel dependence, the transition to renewable energy sources has become a priority for
researchers and policymakers. Wind energy has attracted significant attention due to its
potential to reduce greenhouse gas emissiomk isnrelatively long operational lifetime
compared to other renewable energy technologies. In addition to environmental benefits, wind
energy promotes energy independence and offers a sustainable solution for meeting growing
electricity demands.

Tilrkiye possesses considerable untapped renewable energy potential, particularly in wind
energy, which can support lottgrm sustainable development. However, despite this potential,
wind resources remain largely underutilized in many regions. Sivas Cumhuriyedrsity
represents a valuable case study, as real electricity billing data indicate that the institution has
a steadily increasing electrical energy demand. This situation provides an opportunity to
evaluate whether wind energy can meet 100% of the camajmgdricity requirements.
Accordingly, this study investigates whether Sivas Cumhuriyet University can satisfy its entire
electricity demand through wirddased renewable energy systems. Wind speed characteristics
are modeled using the Rayleigh and Weilputibability distributions based on available site
specific data, and the most suitable statistical representation for wind energy generation at the
university location is determined[1]. The findings have practical relevance for developing
sustainable eneyg strategies for institutions with high electricity consumption. Higher
education institutions such as Sivas Cumhuriyet University can lead by example and
demonstrate how renewable energy solutions may be implemented across other campuses. In
this respectthe study also contributes to broader discussions on renewable energy strategies in
Tarkiye and comparable regions, potentially encouraging other universities to adopt similar
sustainable practices[2].

The existing literature emphasizes the urgent needirftegrated approaches to energy
sustainability across multiple sectors and highlights the importance of transitioning toward
greener energy systems. Nevertheless, many studies laspst#ic wind energy assessments,
particularly for regions where mewable energy planning has not yet been fully developed.
Furthermore, comparative analyses of wind energy generation potential using different
statistical distributions are limited, especially for locations without detailed local evaluations.
Understandig local wind characteristics is essential for effective utilization of wind resources;
therefore, researchers frequently employ statistical distributions such as Rayleigh and Weibull
to model wind speed behavior and estimate energy output. Although thg®itions have

been widely applied to forecast wind energy potential in various regions, studies focusing on
specific institutional sites such as Sivas Cumhuriyet University remain scarce.

Table | summarizes the geographical and climatic charactergdtibe university, providing a
specific context for evaluating whether the campus can rely entirely on wind energy. Recent
studies have highlighted that sgpecific analyses improve turbine placement decisions and
enhance overall energy yield, a retgrtheme in the literature. However, many investigations

do not adequately compare the performance of different statistical models, which can result in
inaccuracies in energy estimation and system planning. This study addresses this
methodological gap bgirectly comparing Rayleigh and Weibull distributions and evaluating
their effectiveness in predicting wind energy production for the university campus. The results
are particularly rel evant for supporting t
independence through wind power and offer transferable insights for sustainable energy
practices in regions with similar climatic conditions. Comparable studies have demonstrated
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that educational institutions can play a leading role in renewable energivesjand detailed
evaluations of institutional energy demand can serve as effective models for others seeking to
transition toward sustainable systems [1].

Table I. Wind Energy Potential in Sivas Province, Turkey

Parameter

Value
Wind Energy Potential (WEP)

Wind Energy Potential (WEP) for wind

48,000 MWe
speeds over 7 m/s

48,000 MWe
Wind Energy Potential (WEP) for wind

speeds over 6.8 m/s at 50 m height

118,683 MWe
Offshore Wind Potential

17,393 MWe
Total Installed Wind Power Capacity in

Turkey (as of end of 2024)

13 GW
Annual Wind Power Investment Target in

Turkey (by 2035)

5 GW
Wind-Generated Electricity Target in Turke

(by 2035)

138 TWh peryear
Number of Operational Wind Power Plants

Sivas Province

Total Capacity of Operational Wind Powe
Plants in Sivas Province

150 MWe
Number of Licensed Wind Power Plants i

Sivas Province

Capacity of Licensed Wind Power Plant if
SivasProvince

80 MWe
Number of PreLicensed Wind Power Plant;

in Sivas Province

Total Capacity of Préicensed Wind Power
Plants in Sivas Province

370 MWe

The comparative evaluation of Rayleigh and Weibull models aims to impretteodological

rigor and provide clearer insights into which statistical approach yields more reliable energy
30
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| CORFERER,
o 55,

O

KCADEY,
“,,
i

D

BURSA 6TH | NTERNATI ONAL CONFERENCE ON ENGI NEERI N

December 30, 2026BURSA

ISBN NR:978625569469-0
countries seek to meet climate targets and expganthtegration of renewable energy sources
into their energy portfolios. The diversity of methods reported in the literature supports the
argument that wind energy is a viable solution for meeting univesséle electricity demand;
however, systematicomparison of modeling approaches is essential to understand how
methodological choices influence sustainability assessments. Theoretical modeling using
Rayleigh and Weibull distributions demonstrates how mathematical frameworks can be
employed to predict imd speed behavior and corresponding energy potential. Numerous
studies report that the Weibull distribution generally provides a better fit to wind speed data,
supporting its widespread use in wind energy assessments [3], [4]. Employing both distributions
enhances the robustness of energy forecasting and confirms the necessity of comparative
analyses in renewable energy planning [5].

Table Il. Wind Energy Potential Assessment for Sivas Cumhuriyet University Campus Using
Rayleigh and Weibull Distributiorfer unit MW values

Parameter Value
Rayleigh Distribution Shape Parameter (k) 15
Rayleigh Distribution Scale Parameter (c) [m/s] 5.0
Weibull Distribution Shape Parameter (k) 2.0
Weibull Distribution Scale Parameter (c) [m/s] 5.5
Mean Wind Speefim/s] 4.8
Annual Wind Power Density [W/m?] 150
Annual Energy Production Potential [MWh] 1,200

At the same time, several researchers caution that relying solely on theoretical distributions
without adequate validation using locaheteorological observations may result in
overestimated energy projections [6], [1]. A balanced approach that combines statistical
modeling with sitespecific data offers a more comprehensive strategy for evaluating wind
energy potential. Assessing Rayleigand Weibull distributions within this framework
highlights their respective roles in guiding renewable energy decisions for academic institutions
[2], [7], [8]. While the Weibull distribution often provides a closer representation of observed
wind profiles, both methods remain valuable depending on the planning objectives and desired
level of conservatism. These findings reinforce the central premise of this study: accurate and
locally validated statistical methods are essential for determining whetinéreasity campus

can realistically rely on wind energy to meet 100% of its electricity demand.

The implications of this research extend beyond Sivas Cumhuriyet University. The results
demonstrate the potential role of educational institutions in ledhagransition toward
sustainable energy systems. Universities can validate the feasibility of wind energy through
site-specific assessments and serve as practical models for broader societal adoption of
renewable technologies [4]. By linking advancedistiaal modeling with real consumption
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data, this study illustrates how theoretical analysis can inform practical energy planning
decisions [5]. Nevertheless, the study also acknowledges limitations inherent in theoretical
modeling, as assumptions basedelyo on statistical distributions may overlook local
environmental and operational factors that influence energy production. Integratiagrieal
observations with statistical frameworks provides more reliable and actionable assessments for
wind energy fanning [7].

When the potential of wind analyses, the results show that the camgigoal of 100%
renewable energy focused on wind is technically feasible, with feasibility varying depending
on cost and the characteristics of local wind resources.

Thevalues presented in Table Il represent unit values corresponding to a 1 MW wind power
plant. Accordingly, 1,200 MWh denotes the annual energy production of a wind turbine with

an installed capacity of 1 MW. The calculations based on real campus electigtymption

data are explained in detail in the Methodology section. Table Ill presents the regionally
analyzed wind data.

2. METHODOLOGY

This study investigates the feasibility of meeting the entire electricity demand of Sivas
Cumbhuriyet University through wind energy by integrating real consumption data with
statistical wind speed modeling. The methodology combines biigsgd demand assment
with Rayleigh and Weibull distribution analyses to provide aspecific and datdriven
evaluation. The electricity demand of the university campus was determined using medium
voltage (MV) electricity billing data. The billing records represéme total electricity
consumption measured at the main campus meter and include academic buildings,
administrative units, and the campus hospital.

The annual electricity consumption was converted into average power demand using
the following relation:

(6] e p by '0u3Q whereOdenotes the annual electricity consumption (kWh) and
8760 represents the total number of hours in a year.

Since the billing data do not explicitly provide maximum demand values, the peak
demand power was estimated using@resentative load factor (LF):

0 =E/8760

6 = (15.77 1 10~6) / 8760 & 1.80

For campusscale systems operating on a continuous basis, a load factor value of
LF = 0.50 was adopted to reflect typical operational attaristics.

0 =1.8/05=3.6 MW
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To evaluate the wind energy potential of the study area, statistical modeling of wind
speed data was performed using the Rayleigh and Weibull probability distributions. These
distributions are widely used in wingsource assessment and have been recommended in
previous studies for improving energy output forecasts.

The Rayleigh distribution represents a simplified case with a fixed shape parameter,
whereas the Weibull distribution allows greater flexibility throwgljustable shape and scale
parameters. Both distributions were applied to assess their impact on estimated wind energy

production.

The annual wind energy production was estimated based on the fitted statistical
distributions. Renewable energy feasibilitgs evaluated on an annual energy basis rather than
instantaneous power.

The condition for achieving a fully renewable electricity supply was defined as:
O O
Based on the above calculations, the verified campus power characteristics:
A  Average power demand: approximately 1.8
A Maxi mum (peak) demand power: approxi mat

The Weibull and Rayleigh distribution results were compared to quantify how statistical
model selection affects estimated energy production and requiretleshstapacity. This
comparison provides both conservative and optimistic bounds for wind energy planning.

By combining real billing data with statistical wind modeling, this methodology
addresses limitations in previous studies that lackeespéeific denand assessments. The
proposed framework supports evidetased decisiomaking for renewable energy planning
in academic institutions.

The presented calculations rely exclusively on bilipagged energy consumption data
and widely accepted power systeefiditions. While this approach is suitable for planning
level renewable energy assessments, higher temporal resolution measurements would be

required for operational studies.
In summary, analyses based on the medioitage electricity billing data indita that

the annual electricity consumption of the Sivas Cumhuriyet University campus is
approximately 15.77 GWh, with a maximum demand power of about 3.6 MW.

Case 1Weibull Distribution Calculation;

For (k=2.0, c=5.5) ;

33



| CORFERER,
o 55,

&

KCADEY,
b
i

D

BURSA 6TH | NTERNATI ONAL CONFERENCE ON ENGI NEERI N
December 30, 2026BURSA
ISBN NR:978625569469-0

Case 2Rayleigh Distribution Calculation;

For (k=1.5, ¢=5.0) ;

5 patu PV p &b »

0 PU PP W

3. RESULTS AND DISCUSSION

Based on the wind potential assessment using the Wdiburlbution with parameters,
the annual average energy production of a wind turbine with an installed capacity of 1 MW was
estimated to be approximately 1.2 GWh/year. This value corresponds to a capacity factor of
approximately 13.7%, which is consistevith average wind speed conditions around 4.8 m/s
and with values reported in the literature for similar inland regions.

Using real mediunvoltage electricity billing data, the annual electricity consumption
of the Sivas Cumhuriyet University campus, imthg the campus hospital, was determined to
be approximately 15.77 GWh. Based on this consumption level, the installed wind power
capacity required to meet 100% of the campus electricity demand was calculated as
approximately 13 MW when the Weibtlased rergy production estimate is used,
approximately 1616 MW when the Rayleighased estimate is adopted. The Rayleigh
distribution (k = 1.5, ¢ = 5.0 m/s) yielded lower annual energy production per unit installed
capacity, resulting in a systematically higlhequired installed power. This confirms that the
Weibull distribution provides a more optimistic yet realistic estimate forspiéeific wind
energy potential under the climatic conditions of Sivas.

Table IV. Calculation Results

Distribution Annual Energy Production per 1 MW Capacity for 100%
Weibull (k=2.0, ¢=5.5) a 1.20 GWwh a 13 MW
Rayleigh (k=1.5, c=5.0) a 11.09GWh a meEMw

Table IV and Figure 1 shows results about wind energy potential assessment using
Weibull (k = 2.0, ¢ 5.5 m/s) and Rayleigh (k = 1.5, ¢ = 5.0 m/s) distributions indicates that a
wind power plant with an installed capacity of approximately 13 MW (Weibull) ta @ 51W
(Rayleigh) is required to meet the campus electricity demand entirely.
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- Monthly Comparison of Campus Demand and Wind Energy Scenarios
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Figure 1. Monthly comparison of campus electricity demand derived from billing data with wind energy
scenarios modeled using Weibull and Rayleigh distributions, illustrating the closer agreement of the Weibull
model with the observed campus demand profile.

The monhkly profiles are representative and used for comparative purposes to assess
model behavior rather than exact mebtahmonth matching. The sinusoidal profiles are used
for illustrative purposes to represent seasonal trends and do not correspond to rheaslyred
demand or generation data. The Weitaked wind energy model exhibits a closer agreement
with the billing-derived campus demand profile, whereas the Rayleigh model consistently
overestimates the required capacity, providing a conservative upjred.bo

. The comparative analysis of Rayleigh and Weibull distributions reveals that the
Weibull distribution better represents local wind speed characteristics, consistent with previous
findings reported for both urban and samban environments. A key arwation is that the
Weibull-based wind energy profile appears slightly higher than the billexiyed campus
demand profile when represented graphically. This behavior does not indicate overestimation;
rather, it reflects a fundamental characteristimtdrmittent renewable energy systems.

Note: The WeibuHbased curve slightly exceeds the campus demand profile because it
represents the wind energy generation level required to satisfy the annual energy balance rather
than instantaneous power matchingieDto the intermittent nature of wind energy, surplus
generation during certain periods is unavoidable to compensate fevitmconditions.

Table V. Distribution Comparison results.

Distribution R2 RMSE AIC BIC Rank
Weibull 0.998999 0.010771 -1.430745 6.577029 1
Rayleigh 0.995096 0.024927 -0.795949 7.211825 3
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Weibull 0.998587 0.013567 -1.797523 6.451844 1
Rayleigh 0.997661 0.017197 -1.085798 7.163568 2
Weibull 0.993604 0.022187 -0.715431 7.272492 1
Rayleigh 0.931653 0.094731 -0.44371 7.544213 4
Weibull 0.998999 0.010771 -1.430745 6.577029 1
Rayleigh 0.992115 0.029863 -0.540832 7.355238 2
Weibull 0.992923 0.027963 -1.075328 6.820742 1
Rayleigh 0.992115 0.029863 -0.540832 7.355238 2

The results of this study demonstrate that the wind energy potential at Sivas Cumhuriyet
University is sufficient, from an energy balance perspective, to support a fully renewable
electricity supply when appropriately sized wind power installations arsidemed Wind
energy production cannot be controlled to match demand instantaneously. Consequently,
surplus generation during periods of favorable wind conditions is unavoidable and necessary to
compensate for lowind periods, ensuring that the annual ggebalance is maintained.
Therefore, a close but nedentical match between demand and generation profiles is both
expected and physically realistic.

In contrast, the Rayleigh distribution consistently produces more conservative
estimates, leading to higher installed capacity requirements. While this approach may be useful
for defining an upper bound in system planning, it tends to overestimate tlredezppacity
when applied to sitgpecific assessments. The comparison clearly shows that selecting the
Weibull distribution as the primary model enables more accurate and economically reasonable
sizing of wind energy systems for the campus. It is impotaemphasize that the feasibility
assessed in this study is technical and enbagpged. The analysis focuses on whether the local
wind resource, when statistically modeled, can theoretically meet the annual electricity demand
of the campus. Factors su@s turbine selection, storage systems, grid integration, land
availability, and economic constraints were not explicitly addressed. These aspects are critical
for implementation but are logically subsequent steps following the confirmation of technical
feasibility.

Despite these limitations, the study provides a robust baseline for renewable energy
planning at Sivas Cumhuriyet University. By combining real consumption data with statistical
wind modeling, the results bridge the gap between theoretical rcesagsessments and
practical campuscale energy planning.

4. CONCLUSION

This study demonstrates that achieving 100% viiasled electricity supply for Sivas
Cumbhuriyet University is technically feasible from an annual energy perspective. Analysis of
medum-voltage electricity billing data shows that the campus has an annual electricity
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consumption of approximately 15.77 GWh, with a maximum demand power of about 3.6 MW.
Wind energy potential assessment using Weibull and Rayleigh distributions indicatas tha
installed wind power capacity of approximately 13 MW (Weibull) td 6MW (Rayleigh)
would be required to fully meet this demand.

The Weibull distribution was found to provide a more accurate representation of local
wind characteristics and yieldetyher and more realistic energy production estimates than the
Rayleigh distribution. These findings are consistent with previous studies emphasizing the
importance of sitespecific statistical modeling in wind energy assessments. The results confirm
that elying solely on generalized or conservative models may lead to unnecessary over
dimensioning of renewable energy systems. While the present study focuses on technical
feasibility, it establishes a critical foundation for future research and implementfoots.
Subsequent studies should address sy#teel design considerations, including turbine
technology selection, energy storage solutions, grid interaction, and economic evaluation.
Additionally, longterm wind measurements and higher temporal uésol data would further
strengthen the reliability of future assessments.

Overall, this research contributes to the growing body of literature on renewable energy
integration in academic institutions and provides a replicable framework for other uregersit
seeking sustainable and energgependent solutions. By grounding renewable energy
planning in real consumption data and rigorous statistical analysis, the study supports evidence
based decisiomaking and advances the transition toward sustainablgyesystems.
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BETONARME KOLONLARDA DEPREM DAYAN [IMINI ARTIRMAYA YONEL KK
UYGULAMALAR

Dr . ¥] r, Mahrhuy BURMAZ
Siirt ' niversitesi, M¢hendi sl i k Fal
mahmutdurmaz@siirt.edu, i©®RCID I1D:0000-:000260604258

OZET

Betonarme yapélarda kol onl ar, takéyeécé siste
gelen y¢kleri alarak temell ere aktarmaséna s
eksenel kuvvetl eei depyramm giebia ygrzaglor k wvvetl
T¢e¢rkiye deprem ¢ kesi olup 1. derece deprem
nedeniyle tekrarl é& sarséntélara maruz kal ar a
hayat énéedteenhdci ddi sonu-I|lara yol a-abilir. B
takéyan ve insan hayaténé ile bina g¢venl iJi
zorunl udur . Kol onl arén g¢-lendiril memséamérhé m
arteéermayé hedefler. G¢-lendirme y°ntemleri a
Pol i mer (CFRP) il e Sar el masé, bet onar me man
sayesinde kolonlarda kesme, e ] asiteymeve dhrbey a n € mé
dayanéeméné arteéereéelérken uzun sg¢reldl yék tack
tekni klerinin se-imi, hasarén t¢gregne ve yapeé
kol onl arda kull anél an eftaarykjtesetdgngeledeldindi r me y°n
Anahtar Kelimeler: Kar bon Li f I i Pol i mer, Gg¢- | [Reprem, r me,

Mantolama
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APPLICATIONS FOR INCREASING EARTHQUAKE RESISTANCE IN
REINFORCED CONCRETE COLUMNS

ABSTRACT

In reinforcedconcrete structures, columns are one of the elements of the carrier system.
Columns take the loads from the beams and transfer them to the foundations. During this load
transfer, columns are usually under the influence of axial forces as well as latezaldoch

as wind and earthquakes. Since Turkey is an earthquake country and located in the 1st degree
earthquake zone, columns may be damaged by repeated shaking due to earthquakes. This can
lead to serious consequences that threaten building safetyuamahHife. Therefore, it is
imperative to strengthen columns that are at risk of severe damage in the future and may
jeopardize human life and building safety. Strengthening of columns aims to increase both shear
strength and flexural strength. The mosnoaon strengthening methods are wrapping columns

with Carbon Fiber Polymer (CFRP), reinforced concrete sheathing and steel sheathing. These
methods can increase the shear, flexural strength, axial load carrying capacity and impact
strength of columns whilstrengthening their lonterm load carrying capacity. The choice of
strengthening techniques depends on the type of damage and the needs of the structure. This
study will examine in detail the different strengthening methods used in reinforced concrete

columns.

Keywords: Carbon Fiber Polymer, Reinforcement, Reinforced Concrete Columns, Repair,
Earthquake, Sheathing
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1. Girick

T¢rkiye fay hatlaré ¢zerinde -o0ok °nemlii b
mevcut betonarme yapélarén b¢gyée¢k késme depr
kaynakl & olukan olumsuz &etKki ve hasaspitara b
e di | nfDemitkany 2014) Bu durumdan dol aye farkle el
depremlerde ya hi- ya da ol duk-a az mal ve
deprem tecr¢besine rajJj meonmdabesef ekdenme® da
Kahramanmarak depremin raporlaréna bakteéejéem
gereken dayanéemé gi{&Keeecmwmeédi&] iYapeed nall, nha3tazr t e
g°re yaklakéek 852 bin 176 konut binasé hasar

°l ¢m¢gne 100 binden fazla kikinin yaral anmaseé

CizelgelKahr amanmar ak depremlerindé@@RyQpélan hasar

Kc mal Bi na ¢ Baj émséz
Hasar seéez 860.006 2.387.163
Azhasar |l é 431.421 1.615.817
Orta hasarl é 40.228 166.132
Aj ér hasarl é 179.786 494.588
Yékeéek 35.355 96.100
Acil yékeéel acak 17.491 60.728
Tespit yapéel amad 147.895 296.508
Toplam 1.712.182 5.117.036

Ancak bu binalar yékeéel érken Hatayodoén Defne
9 katl e bir bina hem mal zeme hem de yapeéesal

yakl akék 50 bin Euro maliyet.i h anrliti pojineer a k g °
kull anép onarém ve g¢-lendirme -al ékmal ar é vy
45 vyellék olan bina ayakta kaldéjéné ve i-ir
edi |l mi ktir (G°rsel lc) , Miamaéizcay apaya y alm

gé-lendiril memik dijer i ki(BRLBIUBLK3) i se yerl e b
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ATAEA S

- g‘"

Gorsell.a) Binanéen g¢-lendir (BRLH nce VDee plr)e ne ssmoang éars e
bi nanén {URvF)k)siGh-allandiril mi k binanén ve yanda

g¢é¢-lendiril memik bina(URkaséndaki et kil el

Bu sonu-1lar betonarme yapeéelar her ge-en de
Bi na Depr em(TBDYRESBOndeel ni j°ince i r{Ti5&00,2@0)dibeeski y a da
y°netmeli kl ere g°re yapélan yapeéelaréén be¢y el
gerektijini tespit edi |l mi ktir. ¥zelli kl e kol
sah ptir. Kolonlarén hasar al déjé, depreme Vvey
onarém ve g¢-lendirme farkle y°ntem -al ékmal
eksenel yikivé ak @éma kapasiteleri art arel mi(Akinre bb 9 y
Asadi, 2022) Kol onl arén g¢-lendirme ve onar éménda
mant ol ama, karbon i fli pol i mer sargé (CFRF

uy gul am@adit2eld)ée Ancak onarém ve g¢-lendirme vy«
TBDY2018 «kartlara g°re wuygulama ve mal zeme
edi Il melidir. Hatal & bir onarém ve g¢-lendirr
gereken hassasiyetin g°st eD@eamirkane 20i4; Qzédemitd i k k at |
Ercan 2015)Bu- al ek mada, betonarme kol onlardaki ona
Iy G°rsel de naseél uygul anacaj e, hangi mal z e

ve bu yapél aradn agnge wenldiepreme karké dayaneéekl é

2. Materyal Ve Metot

2.1. Materyal

2.1.1. Karbon Lifli Polimer (CFRP)

Karbon fiberl eri epoksi gi bi re-inelerle g
mal zemedi r . T¢e¢ém FRP kompozitler araseénda kai
tercih edilen ve en ©°ne(Rdza et &. 02009)iksek spesifika r a k
mukavemet, modulve ay a n,é kh &fl iefk, esnek, d¢kegk yojunl uk
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ve kimyasal stabilite gibi Gstin mek&ni © zel | i k1| er i nedeni yl e, So
kol onlareéen g¢-lendiril mesi ve onarémeée 1 -1in

kul |l ané( Amaki a dBdgkkagat 2818; Li&netto, 2021; Liu ve ark., 2015; Raza ve
ark., 2019)

2.1.2. Epoksi Reginesi

Kki Dbilekenden (re-ine ve sertlextirici) o
Séve haldeyken wuygul anér s ebkelnhuk abviermest¢lrie, sdoar
ve suya karke bir yézey ol ukturdujundan do
kol onlarén g¢-lendiril mesindeki kull anél an

yé¢zeyl erin kor un ma(§ieson, 2017nOzdemé: Ercam Z015nRhdnt &a d € r
Marks, 2005)

2.1.3. Beton

¢i ment o, su, agrega ve ki myasal kat ke ma

bakl angée-ta plastik kévama sahip olup G°rsel
ve betonarmede kull anélan bir yapeé 2088lezemes:i
(TBDY2018) g°re, betonarme yapélarda genel

(TBDY, 2018) Ancak Takéyéecé elemanl ardgd Ebgtpnt s&
Ekinci, 2023)

214Ul tra Y¢ksek Performansl!l & Lifli Bet on

Son yéllarda beton arakteéer mal ar daBkbetogel i km
hem -ok y¢ksek baséen- dayanémé hem deéwmanéend
s¢nekl i k ve durabilite aBirels28l6)dan y¢ksek ©°zel

2.1.5. ¢eli k Donatel ar

Betonarme yapélarda -ekme geril mesine kar.
TBDY20186g°re B¢tegn betonarme yapélarda ner
kull anél mal é. Kol onl arda boyuna donatda ol ar a
en az 1861 ik d¢BRYLDI8KuUl |l anél mal édeér

2.1.6. Celik levhalar

Knce, dayanéekl & ve pasl| &enslalgrak lekhalariBemm el i Kk
kal enl ékta olurl ar. Yéksek y¢k takéma ve da
kol onl arén onarém ve g¢-(lkamdinr i 12el$Hi; n Ke r kKkunalz
Oncii, 2011; Ozdem#& Ercan 2015)

2.2. Metot
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Bu -al ékmada, kol onun g¢-1 ensdomr noen vyeé |loan aaiéf
ve ulusl ararasé makal e, kitap v,&konayeiellgdir ¢ zer
yapélan -al éxkmal ar ve T¢r KiBR¥201B)iuygan olBrakp r e m
uygul anmasé gereken yasal ve y°netsel d¢zenl
kol onl arén onarém ve g¢-lendiril mesi -1 n ki
ol up uygulama s¢re-1 eri ve bu é&srpdevidaenménn we
dayanémtcalénmi Kkt ir.

3. Betonarme Yapeéelarda Kol onlarén Onareém ve

Betonarme kol onl ar yapénén takeéyéeceé siste

sahiptir. Kol onl ar én klad sd&r] ég °drumeailmd rair dwae yoan ay 6
uygul amal ar e ka- é&mB&eltmara rhmel & od elnrheaak téend igr¢,.- | er
kesme ve ejilme kuvvet. t akéma K &p 2000.t el er i
Bunl arén ger-eklextiril mesi Betonar me Mant ol
(CFRP) gi bi Kol onl arda hasar durumuna g°re
konusudur . Bu t¢r onar émpe&leargén | leami gge eyl i
kull aném °mr¢ne¢g ar (Keskim205g hedef |l emektedir

31. Bet onar me Mant olirmaesia Kl e G¢-1end

Betonarme yapélardaki kol onun betonar me ya

mant olyaanada @ G° ml e k (Giggim,-2007)Betanarnte enaritotama, mevcut

kol onlarén g¢-lendirilmesinde etkild bir y°
i K|l emde, mevcut kol onun - evr e g0Ozdeeir& Ecar bet o
2015)Kol onl arda ortaya -éeékan hasar durumuna g?¢©
yapélabilirken (G°rsel 2) . Betonar me mant ol

taraftan mant ol anmas é(Razave ark., R0O1¥Kdlonlniypedyidekii r ( G°
eski beton, DBYBHY2 007 standartlaréna uygun g°rsel de
yézeyler peréegzlendirilerek ikl eme bakl aneéer .

sajl am ©bir (Canpione kvé arkk,u20ldy Boyuna donateée ve el

yerlektirildi kten sonr a, bet onar me mantol an
iosteéenden ¢ st kat d°keMmAbi Asadal tena2kadami vl
2016) Dokim s nas énd a, yeni betonu ile eski kol on
gerekir. Bunun i -in eski bgeoanumopyngzldemadit
I5SWINBY .1 £3SESNAYRS | FLIPEFOFT . AYyFEFNI1TF11PYRIE |1 ySi
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boyuna donaténén epoksi yardéméyl a ankr aj -
bajanél maseé gg®neikd0rl) ( G°rsel 4)

Goérsel2.Baz é mant ol (aThoan yYalnée,k 12006)

:

Kolonun Tasima Kapasitesi, KN
= N W s U,
c88888
]
1
I

N &

A, Y
"may, Doy, e,
U Ui,
‘éd!{ofq:e'fl gy Vi “"’foi%:" ”,q”fo[q Ib:

Gorsel3.Far kl & taraftan mantolama y°ntemlerinin bet
etkiler (Mahmoud ve &., 2022)

Purazlt

[€)) (®)

Gorsel4. Mant ol anmék kol onun a) Y¢gzeyl paglarz| endi r
ve ark., 2020)
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Betonarme mantolama i1 klemlerinde kol onun
gostermesi icin betonarmede normal beyenine elyaf takviyelUl t r a y ¢ksek perf
beton UHPFRQ kullanmak muumkanddr. Alttaki gérsel’'2d e v er i | di ] i gi bi
mantoh mas énda veh&maRBetonuk ul | anél ar ak y ¢ Kk alteéend

kéyasl anméexkt ér . Baklangé-ta mantol amaséz kol
gesteri |l miktir. 75 mm nor mal betonlu betonart
Yalnézca UHPFRC il e donat éséz mantol anmasé d

el de edi |l mi ktir. Ancak UHPFRC nin donaté -ut
b¢yeéek bir y¢k takéma kapasitesi aml yratkbrak@ kn @
artékéeyla daha y¢ksek bir dayaném sajl améxkt e

240
220
2004
180
. 160
7. 140
E 120
o
4 100
= 80.] —— Hasarlt Kolon
w75 MM Betonarme Mantolama
60 == +75 mm UHPFRC ile mantolama
40 =75 mm Celik ¢ubuklarla UHPFRC ile
20 ‘\ mantolama
D T T 1 Ll I
0 20 40 60 80 100
Deflection (mm)
Gorsel 5.Normal betonarme mantolama ile UHPFRC yila Kk @ ma kapasiteleri ve

per f or thanmropoalos &e ark., 2024)

Bet onarme mantol ama, kol onun také@BakyRapasi't

Al, 2017) Eksenel yé¢k takema kapasitesindeki art

g°rselde takeémaseéné sajl ar. Ayné zamanda, m ¢
arteéeraraka 9gapaneéehkh!| @&abl rfCamponeaet ab,l281d)olonurt an ér
-evresinin mantol anmasé, kol onun ksessnneek |diajyianni
arteéerarak, depreme karké daha ge¢venlii hal e ¢
basén- dayanéemé hesaplanérken bet oAlAsadie mant
2022; Demirkan,2014) Bet onar me mantol ama, yalnézca tacxk

ayné zamanda yapeéneéen uzun(Cangpidre eiark.d28lyydmet k 1 €1 €
66da kolon mantol amanén saha uygul amal aré g?¢©
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(a) i 1) 5

Goérsel6. Kol onda mant ol @RLa5)a)Magtalanaigimaeskisbet@un ylzeyi

péréezlendirme, b,c) donaté yerlektirme, andik

32.¢el i k Mantol ama Kle G¢g-lendirmesi

Kol unun -elik mantol amaseé, kol onu -el ik |
ger - ek I(@xit, 2oli Gdzdemir & Ercan 2015) Bu yontemle, kolonun moment
kapasitesi ve eksenel y ¢ k t aké mealderénpenad,i t e s i |
2009; Demirkan, @14) Ancak, hezl e wuygulanabilirliji
depremlerde daha fazla zarar g°rmesini ya de
bir onarém veya ge-ici desOmkR0élne y°ntemi ol

Kolonve Kkiriklerde i-inde bulunmasé gereken
kull anél aBbodeked e aft banenrgé etkisi sajlayarak Kk
(Keskin, 2005; Oncil, 2011K° kebentl erin belirl. aral ekl ar
kaynakl anmal @ ¢ me ygz ey la&nada(AlsAsadie2Wd2;i Denorkama | € d €
2014)Bu y°ntemle kolonun eksenel y¢k kapasitesi
Ancak, -el i k ilyeiwvhasamamasne begpwyokh °nem t akeéer ; :
kat kéeda el uarkanazv.hal ar i betona i1iyice sareéeloc

genl eken ve retre yapmay a(Keskni 2005)nt &° rhsaaglc &€ 7 &

kol onl aréen -elik mant o iirmektedy.;, -1 endi ri | mesi d
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KORNIYER

KAYNAK

LEVHA

DOSEME
BAGLANTISI

i

Gorsel7.Bet onar me kol onda - e(Denkrkamaoi4) ol ama uygul

3.3.Karbon Lif Takviyesi (CFRP) ile Gl¢lendirmesi

Bu y°nt em, ¢l kemi zde yaygeéen ol an kol onun z
vesong |l | arda d¢nya genelinde yaygeéen (Dehikana k Kk ul
2014; Oncu;, 2011) Li fl erin en °neml. °czel l i 71, par al
kopma geril mesine kadaul droma(ldarad dnerKas ait a kd &v

2018) Bu y°ntem kolonlarén y¢zeylerine feéer-a
kol on etraféna CFRP kat mbael aoleacakenamnel chasna
(Raza ve ark., 2019) Bu y°ntemin avantajl ar é, kol onl
dayanéemlaréwnwetarstearbBindirme uzunlukl aré dur
(Onci,2011) uygul amasé kolaydér, zaman tasarrufu
yékeneg artér maz, hesapl amal arda kaveiutue ve d
omdarladur(Ahmed, 2021; Al Asadi, 2022)

Bulgular

karbon lif takviyesi (CFRP), betonarme mantolamaeik mantolamagibi yontemlerin
kol onyl¢akr étnak éma kapasitesini, s¢nekl i A N vV e
Asadi, 2022) CFRP'" nin kol onlarén s¢nekli k ve bas:
uygul ama kol ay Imektedif Alltei ndiKkakraatt a«e. kBetonarfm& k ay a,
mant ol amada nor maCagldr eetard. n2020; MaHmaunl gelark. p2022;iOnc,
2011)Ancak Ultra Y¢ksek Performansl é& Lifli Bet
uygul andéj énda nor mal bet onar me mant ol amaya
dayaném el dLamprepdulos gebark., i2024Betonarme mantolama yontemi,

kolonlr én takéma kapasitesini ve s¢nekl i Jini ar
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- & k ma (©Ozdandr& rErcan 2015) Bir, iki, (¢ ve dort taaftan betonarme mantolama

yapél ®&®eimi r k an, 2014, Kiri né&Er@Q 2065) Fakat dogt, 201
taraftan mant ol ama vy a pnéa nsa sséan| €l(Razasakataa2@)®)rt ¢ n b
Betonarme mantol amada eski beton ile yeni b
dizgunbigérsetlea k't ar €l masé i -in kol unu (Al Asglz2032) p¢r ¢
Ancak y¢zey péereéezlendirl mesinin yaneé Seér a
yerl exktiril mesi daha ¢Caglar w ark.,i2020Qekkjmbraoctamnae o | u &
y°nt emi ise hezlée wuygulanabilirlifJi sayesind
bir ¢c6zum sunmaktadifAhmed, 2021; Calderon ve ark., 2009; Demirkan, 20Y4&)niz bu

y°nt emin verimlilifjJi i -in -el ik l evhml ar én
mal zemel erl e dol duKeskih,B®5 e gerekmektedir

4. Sonugc ve Oneriler

Bu -al ékmada, betonarme kol onlarén onareéem
i ncelenmi kKtir. T¢rkiye' nin deprem kukaj énda
amacéeyla bu y°ntemlerin °nemini tesitsangkbk k o nu |
ve dayanémlaréenén arteéereél masénda karbon | if
mant ol ama gi bi gé¢-lendirme tekniklerinin etk

Sonu- olarak CFRP kullanémé kolonl ar én s
uygul ama kol ayl éjé ve hafiflifji il e °ne -éka
takéma kapasitesi artérmak i-in -o0ok uygun bi
zarar verilebilir. ¢teli k mantelt @aka saé¢ztlaé ken
s¢nekl i i g arteérmaktadeéer . Bu y¢zden G¢-1 enc

durumuna gore dikkatli olarak uygun gorselde secilmelidir. Guglendirme yontemleri 6zenle
uygul anmal é. TBDY2018 ve dnkNBrel Yygud n&lzengeive i g ¢

tekni kl er kull anél mal édér ©°zellikle betonun
i Kl eml er i sérasénda mal z e me kal itesi vV e [
dojrultusunda, yapé lasgwendan i wmien mail t ekraéyl empals
hedeflenmektedir

KAYNAKLAR

Al tin Karatak, M., & G°kkaya, H. (2018). A

reinforced polymer (CFRP) and glass fiber reinforced poly{@&RP) composite
materials Defence Technolog$4(4), 318326.

Al Asadi, S. (2022). Betonarme yapélareénda k

49



| CORFERER,
o 55,

&

KCADEY,
b
i

D

BURSA 6TH | NTERNATI ONAL CONFERENCE ON ENGI NEERI N
December 30, 2026BURSA
ISBN NR:978625569469-0

TAS Journal2(2), 2534.

Bakry, M., & Al, A.-T. (2017).Required RC Jacket Thickness d&einforcement Ratio for
Repairing RC Tied Rectangular and Circular Concrete Columns

Birol, T. (2016)Ul t ra y¢ksek performansl e |1 fli bet on
davr an é k & n gDoktdrantezicBaliasinimisersitesi, Turkiye).
Caglar, N., Sichko, A., Sezen, H., Bicici, E., Demir, A., & Farah, A. F. (2020). Interface slip

model for reinforced concrete columns strengthened with concrete jackdvigta de
La Construccion19(2), 186189.

Calderén, P. A., Adam, J. M., Ivorra,, Pallarés, F. J., & Giménez, E. (2009). Design
strength of axially loaded RC columns strengthened by steel cadgterials and
Design 30(10), 40694080.

Campione, G., Fossetti, M., Giacchino, C., & Minafo, G. (2014). RC columns externally
strengtheneé with RC jacketsMaterials and Structures/Materiaux et Constructions
47(10), 17151728.

Demirkan, D. (2014Bet onar me yapél arda onan20Bhh ve g¢ -1 e

El yijit, B., & Ekinci, C. E .-struct@r@l @aBhgqgesadd r e s e a
damage assessment i n rNWSAAcadentsiceldurnalB8(),cr et e s
191 42.

Farghal, O. A., Ahmed, M. M., & Hamed, A. M. (2021). Structural behasimormal rc
rectangular short columns strengthened using ferrocement systeh.er nat éonal J

of Engéneeréng Dev¥l,a4¥abe&ént and Resear ch,
Gibson, G. (2017). Epoxy Resiir ydsonds Pl astics , M™Mard7er i al s:

Keskin, E. (2005 Bet onar me Yapél arén Onar émée, G¢-1end!
Polimerler. 1-9.
Kéerecé, S., & Soyluk, A. (2024). 6 kubat 202

Gel en Yapé Hasar Tg¢grl eriAnglieeridapé Yékém ¢Cex
Dej er | e nXurmaliofl Ancleitectural Sciences and Applicatig®@(Special Issue),
327-352.

Kor kmaz, A. Ay, Z. & Uysal, ¥ . (2008) . ¢ el
ol mayan anal i z| eHrdyes UdiverkitdaFeh Bilimékeii Enstitiisiie s i
Dergisi, 24(2), 216226.
Lampropoulos, A., Paschalis, S., Tsioulou, O., & Dritsos, S. (2024). Numerical Investigation
of reinforced concrete (RC) columns strengthened with-bltte-performance fiber
reinforced concrete (UHPFR(3ckets.Materials,17(14), 3380.

Lionetto, F. (2021). Carbon fiber reinforced polym&isterials, 14(19), 5545.

Liu, L., Jia, C., He, J., Zhao, F., Fan, D., Xing, L., Wang, M., Wang, F., Jiang, Z., & Huang,
Y. (2015). Interfacial characterization, ¢mi and modification of carbon fiber
reinforced polymer compositeSomposites Science and Techno|ddd, 56-72.

Mahmoud, K. M., Sallam, E. A., & Ibrahim, H. M. H. (2022). Behavior of partially
strengthened reinforced concrete columns from two or gides of the perimeteCase
Studies in Construction Material$7, e01180.

Obaidat, A. T., Ashteyat, A. M., Hanandeh, S., &Btbush, A. Y. (2020). Behavior of heat
damaged circular reinforced concrete columns repaired using Carbon Fiber Reinforced
Polymer ropeJournal of Building Engineering31, 101424.

50



| CORFERER,
o 55,

&

KCADEY,
b
i

D

BURSA 6TH | NTERNATI ONAL CONFERENCE ON ENGI NEERI N
December 30, 2026BURSA
ISBN NR:978625569469-0

Oncii, G. (2011Mevcut betonarme ve yéjma binalareéen d
y°ntemleri ve Kzmiroddeki bazé wuygul ama °rn
¥zdemir, A., & Ercan, E. (2017) . Mant ol ama vy

akustik emisyon yontemiyle analioliteknik Dergisj20(1), 1723.

Pham, H. Q., & Marks, M. J. (2005). Epoxy Resldd. | mannés Encycl opedi a
Chemistry https://doi.org/10.1002/14356007.A09_547.PUB2

Raza, S., Khan, M. K. I., Menegon, S. J., Tsang, H. H., & Wilson, J. L. (2019). Strengthening
and repair of reinforced concrete columns by jacketing: Sifatiee-art review.
Sustainability (Switzerlangd)l1(11). https://doi.org/10.3390/su11113208

SBB. (2023)St r ateji ve B¢t-e Bakkanl éjé. Kahr aman|
https://www.sbb.gov.tr/iwvggontent/uploads/2023/03/20Kahramanmarase-Hatay
DepremleriRaporu.pdf

kirin, C. (2&@&@6t) havapélbardanl ®lru ve nedenl eri
gé-lendiril mesi teknikl eri il e bir yapéneén

TBDY. (2018). TBEC 2018: Turkish Building Earthquake CotBEC 2018: Turkish
Building Earthquake Code. (2018).T.C. Government Gazt
http://www.resmigazete.gov.tr/eskiler/2018/03/20180318M1.pdf

Tonyal e, KBt aBAQD6) ni versitesi M¢hendi sl i k Fa
Betonarme Binalarda Duvar Etkisi ve Gugclendiriimesi

TS-500. (2000). Requirements for design and construction of reinforced concrete structures
[Betonarme Yapilarin Tasarim Ve Yapim Kurallafl]., r Kk St andar dl ar & Ens:s
Ankarag 112 12 70.

[URL 1] https://www.trthaber.com/fotgaleri/depremdencegudendirmeyapilan13-katli-
binalaryikilmadi-60-aile-kurtuldu/54952/sayf@.htmlEr i ki m Tar i hi . 26. 1

ardindangecenbir-yil-icinde-yaralarinitnekadars ar d Er i ki m Tari hi: 27.1

[URL 2] https://www.ntv.com.tr/video/turkiye/karbonfibertgiclendrilen-binayikilmadi-
bitisigindektyerle-bir-oldu GRWSVas| U6g3yHdApt ] QA Eri kim Ta

[URL 4]https://gazeteoksijen.com/turkiye/derdlekdogruguclendirmeyapilirsaayakta
kaliyormus171223Er i Ki m Tar i hi > 26.12.2025

[URL 3]https://www.santiyeeom.tr/hatayda-karbonlifli -polimerile-gu-clendirilenbina
depremlerekarsibu-tu-nlu-gu-nu-koruyarakhayatkurtardi4144.htmlEr i K i m Tar i hi
26.12.2025

[URL 5] https://www.aryayapiteknik.com/uygulamalar/yapiu c | endi r me Er i ki m
27.12.2025

[URL6] https:// x.com/ Deni zGenl i k/ status/ 162699

51



| CORFERER,
o 55,

&

b
i

BURSA 6TH | NTERNATI ONAL CONFERENCE ON ENGI NEERI N
December 30, 2026BURSA
ISBN NR:978625569469-0

KLADE

D

DEPREM RKSKKN E K A BRTONARMEK KRK« L ERDE  RKR AYTA K LMLRAR

Dr . ¥] r, MAHMYTeDYRMAZ
Siirt ' niversitesi, M{chheennddisslliijki FB&
mahmutdurmaz@siirt.edu,®©RCID ID: 0000-:000260604258
Li sans ¥AAMALGEHAZAL |,
Siirt | niversitesi, M{chheennddissllii]ki
amaalghazall5@gmail.coi@RCID ID: 00090001-5741-8980

OZET

Kirikler, y¢kleri d°kemel erden ve -ateéelardan
bir rol oynadekl aré i-in binalardaki en krit
ve tasar éeme, canl e y¢ k1l er vetdahil gmal zérd Ueerlerivve her
et ki eden ye¢klerin begyekl ¢ éne g°re belirle
kesme kuvvetlerine karkeé diren- g°sterir, b u
genel karar !l el érjiér .i -lilnk €mieaniln shiad mei lkgektiir f ay
nedeni yl e, bi nalar sékl ékla kiriklere ciddi
hasar, t¢em yapénén gevenlijini tehli keye at
nedenlehasar |l & kiri«kl eri veya gel ecekte hasar ¢
gevenl i ve dayaneékl el é&jée sajlamak i -in -o0
ejil me mukavemetini, kesme mukayv eiglendirmek ve s
i -in en yaygén kull anélan y°ntemlerden biri,
kapasitesini ve ejJil meye karké direncini ar
i -erir. Ek ol ar ak, kirikhlerimbuheéame mulbavenmnm
(FRP) Il evhalarla sararak veya harici -elik p
ek °n séekéktérma kuvvetleri getirmek 1i-in ge
stres ve deformasyoa z al t el er . Kirik ge¢-lendirme 1 -1in
derecesine, y ¢kl eme t¢réene vV e yapeéeneéen °©zel
kiriklerdeki hasar mekanizmal aré ve -exkitl:i
altemdar®inn dayanékl el ejéené ve g¢venlijini sa
kapsamlé bir kekilde incelenecektir.

Anahtar Kelimeler: Bet onar me b, iKessmémakavemeti, FiBetakviyek polimer
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PRACTICAL APPROACHES TO REINFORCED CONCRETE BEAMS
AGAINST EARTHQUAKE RISK

WCADEY,
b
T

D

ABSTRACT

Beams are among the most critical structural elements in buildings, as they play a vital role in
transferring loads from floors and roofs to columns and then to foundations. The dimensions
and degn of beams are determined by the magnitude of the loads acting on them, including
live loads, dead loads, and any lateral forces. Beams primarily resist bending moments and
shear forces, making their strength and durability important for the overalitgtab the
structure. Due to our country's geographical location along a seismic fault line, buildings are
frequently subjected to earthquakes that can severely damage the beams. This damage can
jeopardize the safety of the entire structure and pos& sorhuman life. Therefore, reinforcing

and strengthening damaged beams or those at risk of future damage is crucial to ensure
structural safety and durability. The primary purpose of beam reinforcement is to increase
flexural strength, shear strengthdadiuctility. One of the most commonly used methods for
strengthening beams is the application of reinforced concrete jacketing. This involves
increasing the crossectional dimensions of the beam to increase itsdaaying capacity and
resistance to beling. In addition, the shear strength and ductility of the beams can be improved
by wrapping them with fibereinforced polymer (FRP) sheets or adding external steel plates.
Another method involves the use of ptesisioning to introduce additional pcempression

forces, thus reducing stress and deformation under loads. The choice of appropriate techniques
for beam strengthening depends on the degree of damage, the type of loading, and the specific
requirements of the structure. In this study, the damagehamisms in beams and various
strengthening methods will be comprehensively investigated to provide effective solutions to
ensure the durability and safety of buildings under different loading conditions.

Keywords: Reinforced concrete buildingBeam ,Shear strengthkiber-reinforced polymer

1. GKRKK

Betonarme vyapélar génegmgzde tegm degnyada yay

yakam al ané ol arak tercih ettifiji bu yapéel ar
sajlam ol mayan ya da hasar g°ren gmaynék ar m¢,
yapélar ise kesinlikle kullanél mamal éedeéer . Ay
g°rme ol asél é&jé var sa, bu yapélarén hasar g¢g°
getirilmesi ¢cok 6nemlidifKeskin, 2005) Hasanrlee&m ya@mé&léd maséndaki t
yapélarén onarém ve g¢-lendirme iklemlerind
depremlere dayanabil mesini sajl amaktér. Onar

el emanl ar é@nén onarAeklsmansedy |yaa pséénnéénr liék ldeevjsie ldiyre
bl ¢mlerine zarar veren el emanl|l arda deji ki kil
ve ©°nceki performansé&rkéa ry ani ABednE6Ghaa zlaentd@m anrark:
tasar ém vheatuaylgaurl@é@a,mazamana bajl e zayeéefl amal ar
yeni y°netmeli kl ere g°re yetersiz kal masé g
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(Cetinkaya ve ark., 2011 G¢ - | endi r me , bir binanénmnirijit!]
mukavemetini ve ajérl éjéené arteéermakter. Baz
harcamal aréna exittir. ¢atlaklarén geni kIl ikl
Takviye, yapénén veya birjikreissmesng&me klaikjéinmai kv
gel i ktirmek i-in yapélan dejikiklikIlerdir. (
karkéel dymadbyd imgdahal e, yapeéedaki kuvvet akeékeée
m¢dahal e et mek,] ikuvwetr . alBak énneéd echd e , g¢-1 end
se-erken iyi d¢kéenmek gerekir. E(Oztirky2022)g ¢, - | e n
Depr eme dayanekl e binal ar I nNKa et mek vV e g

yukimliytz. Gunimizde bet onar me binal ar én bakéem ve
stoklaréenén yaklanmasé nedeni yAtay vegarkd2910e k dah

Betonarme yapélarén onaréemé ve (g¢-lendirilm
onindebulunduul masé gereken en °nemli fakt°rl erder
Deprem gibi dojal olaylardan sonra hastanel e
bu nedenl e hastanelerin bu ikl erbékienmeksedit as énd
Yapél aréeén takéyécé elemanlaréndan ol an Kkiri
yangén gibi etkenler sonucunda hasar g°rebil
ciddi riskler ol uktururénae nzaméikeskos) 20054 p @ m € n
¥zelli kle b¢yek kehirl erde, betonar me KkKiri kKl
haline gelmiktir. Kiriklerde meydana gel en
kal maz, ayneée zeachvaomik atkileriale bemlsegnde getifivalyan & Sahin,

2019) Hasarl é kiriklerin onaréemé ve (g¢-lendi
kal maz, ayné zamanda gel ecekteki oymaplé fp> oHjneMT
Beton yapélar, ©°zellikle kiriklerde kesme KkeEe
i htiyaceée giderek b¢yécyen bir pazar haline ge
Ozellikle Karbon Fiber Takviyeli Polimer (CFRP), ustin mekanik lddefi sayesinde bu tur

hasarl ar én gideril mesinde sékl ekl a tercih
m¢hendi sl i Ji projelerinde etkild@ bir uygul a
onarémé i -in ol duk-a u@ogtamne \eiark.,, 2003z Km saumnh ma k
gevenl i Jioni sajlamak ve mevcut vyapéelareén - ©°}
gé-lendiril mesi zorunl udur . Bu s¢re-te, y ap
tekni klerin gel i ktmarkitlandegsri. bweweckut© nyémtteank € r
eder ek, betonarme Kkiriklerin onarémé ve gg¢- |
(Zzhang, 2012)Bu - al ék manén, m¢hendi sl i k topluluju
onemli bir kaynak olmpé hedef |l emektedir. Betonar me yarg
g¢-lendiril mesi, yapée ge¢venl g ve s¢rder ¢l e
makal ede sunul an bilgiler, se&kmd&-rlderak tuaydgaurl .a

2. METOT VE MATERYAL

Bu -al ékmanén amacé, hasarl @ betonarme Kiri«k
dijer mekani k ©°zelliklerini iyilektirecek gg¢
ve en ekonomik =-°z¢:m¢ behbhirlsgmaktricdi ebtthl eknm
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dojrultusunda |l iteratg¢rde yer alan farkl e fo
bu kiriklerin betonarme yapélarda hangi ama -
Kekihdel enmi ktir.

Beton:i r i ve ince agregalar, -i ment o, Ssu ve gel
el de edilen Dbir mal zemedir. T¢rkiye Bina De
yapélarda C25/ 30 sénéféndan daha deergdk bet o
C30/ 37 sénéfé bEBDY 01, Sdnnex necatk.r2®23¢ d é r

Celk:bet onun basén- geril melerine, -eliJin 1 se
yé¢ksek takéma kapa2Di8si et sabraphmmieizapé BERDLC
B500C -eliklerinin kullanéména izin verirker

Bu standartlar, kiriklerde @dw«iMeia,201®9;T8ayané
500).

CFRP (Karbon fiber takviyeli polimerler k i r i K gé-lendir me -al ekt
dayanéekl él é]é& ve korozyona karkeée dbikatelahai yl| e
hafif ol maséna rajmen 3 kat daha dayaneéekl édeé

bakl angé-t mukyleants (a%&labl t mada et kil i dir. Ay 1
uygul anarak yapéneén ajérl ejene artéermadan
sayesinde karbon fiber, hem depreme karkeé gg
birgiz ¢ md¢r . Hézla geliken teknoloji sayesinde,

ekonomik bir segenek haline gelmésigorilmektedifAtay ve ark., 2010)

Epoksi: El yaf takviyel:]i kompozit yapéséyl a
sunarakb et onar me Kkiri Kk g¢-lendirmede yaygén kel
azalt ma, éseéel yal ét ém, korozyon direnci vV e
dayanéekl él é]jéne art@®emmad @d7)et ki | i bir mal zeme

3.KKRKK L ERD RN BASHRLAR

Betonarme kiriklerde en sék g°r¢len hasar, C

ejil me kérel masédér. Yatay ve d¢key yeéekler b
yakén b°lgelerde meydaowpumga!| donattégmémey &€e €4
-ekme b°l gesinde -atlaklarla kendini goster
kaynakl e -ekme -atlaklaré ol ukur. Deprem seé

hasara yol acabilifKeskin, 2005)
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¢ekme catlaklan
vV TN 2 ™ &
T moment ilk ? \ ~ . .
moment ( ) ||er|
N\ 5 asama
—— d g = A /. asamalar

Gorsel1l.Deprem et ki si alténd¢ag 2005 i kIl er de mo

Betonarme kiriklerde d¢key yeklerin etkisivyl
a-eékl ek Db°lgesindeki donate yetewdrisadejhdtse
-atl akl ar meydana gel ir. ¢atl ak boyutl aréne
i mi ti ni gpstergesidiiDemiikan, 2014)r

i ml
Y N
& S

Gorsel2Ki ri kt e ol ukabi (YékseE2008e] i | me - at |l alk
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Takéyeéecébukriurlinkad emmodneent i, kesme geri |l melerind:
-atlaklar olukturabilir. Bu -atlaklar zamanl
yapésalkasytbaébnial iytoel a-ar ve bu b°l gelakd ;ae éki ri
ve 45A a-éyla kéréelma -atlaklaré meydana gel

donatéeésénén yet eortsyaze loBajugru We.rarmd .a,r da025)

Gorsel3.Ki ri kte ol ukabi [ &¥eée&kibmute20ld) ma - atl ak|

4. KKRKKKNKN ONARI MI VE G! ¢LENDKRMESK

Bet onar me kKiriklerin onar ém vV e g¢-lendiri|
uygul anmaktader . KI'k y°ntem, kiriklerin ejil
y°nt emde, me vycuunta kdiorniaktlée reek lbeoni r veya ejil me
yapéktéreler. Etriye eksikli]Ji durumunda i se
|l evhal ar gi bi alternatif -°2z¢;mler kull anél me
dg i K me s i nedeniyle ejilme ve kesme kapasite
y°nt emde, kirik a-éeékl é&jéna mesnet yerl exktir
takéma Kkapasitesi arterel er. Anc anks,& bguz ey 9 mte
yapélan araktérmal ar heng¢gz yeterli seviyeye

y a p € lgarekmsektedi{Can ve ark., 2013)

4.1 BETONARME MANTOLAMA

Betonarme kiriklerin onarémé ve ggg,-meveutdiril |

el emanén -evresine yeni bir betonarme tabak:
tekni kle yapeélan bir arakteéer mada, Kirikleri:
ekl enmi k, yeni beton tabakas@ékimawvicatbajpohandé
tersinir yékloer altéenda test edil erek dayan
kiriklerin performansé, benzer kegittalkeéerejdah
2010).
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Betonar mes &rieglimadseadnénn t emel amacé, kirikler:i
duruml arda i se s¢nekli k kapasitesinde artécx
bir seviyede ol an kiriwlagd e Blmaax® vBemlr & . bhi 2

Gorsel4aBet onar me

L
<1

Oa7)Bdkeit raiy®e ma&nt ol am

c.Yatay kirik mantolama y°nt emi

Kiriklerin ej i | me dayaneéeme artereéelacaksa m
del i kl erden ge-irilerek s¢rekli hal e getiri
yézeyinde bokluk bérakélarak sonl andéreéel ér.
kirixkler bakarél & sonu-1ar ver Kesme dagxa&man
hesapl amal aré i se yBh9 e’ (0xdesitd&Emwaha20ld)éna go°r e
4.2 ¢eli k Levhalar Kle G¢g-1endir me

Betonarme Kkiriklerin kesmeye karkeé g¢-lendir
yeéllarda yaygé&nd axkuélkarv ee lbdaek ag &ill mi kt i r . Bu
yapé halini aler. Bir dijer y°ntem ise, Kkiri
dayanéemlaréné arteérmakter. Ancak, bu y°ntemi
ar akyap eakm@Eoge2005)

¢eli k Il evhal arla g¢-1lendir me, kiriklerin yg¢z
yézeyine yapéektéreéelan | evhalar, ejil me kapas
|l evhal ar kegmel dadanéeménélem ejil me hem de ke
gereken durumlarda, U kKkeklindeki ©plakalar ku
k°kel erde kaynakl anabilir. U kKekli veya yan

giclendirne d e f ar kuygalandbdit(Czdemig 2015)

2 https://images.app.goo.gl/2hKBaHgCJIXLLKHjG7
% https://images.app.goo.gl/2hKBaHgCJIXLLKHjG7
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bulon
\ ankraj plakasi
-~ ‘T T -~ - -~
; <€-yan ylz
€ UMD levhalan
\ankra} vidasi
yapistirici
harg
Gorsel42¢ el i k |l evhalar ile kirikOzmenr& endir mes

Ercan,2017)

4.3 YEREL ONARIMLAR

Enjeksiyon y°ntemi, yalnézca 8&pakkiilefcimentot | ak |l ar
harcé enjeksiyonlaré, kolon onarémlaréna uyg
ezil mesi, yapékma kaybée veya donaténéen keéerél
yeni siyle dejiktiril mel kdidmnaEzZinleean klaeétd@m ev a
(Demir, 1999)

A Kirik ge-ici olarak destekl enmel i

A Onarém, kolon onarémlaréna benzer g°rsel de
A Beton iyice sékékteéereéelmal éder

A l'st y¢zeye erikiyag®rmals@deéidi kl em di kkatlic
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4.4 KKRRKN CFRP (KARBON FKBER TAKVKYELK P
G! ¢tLENDKRMESK

Bet onar me kiriklerin k es me kuvvetine kar ke
uygul anmaktader . Bunl ardan birikerkatlkeoheelwn
gé¢-lendirmedir. CFRP mal zemel erinin etkin bi
b¢yeéek °nem takeér. ¢¢enkeg bu mal zemel er déekar
yapélarda -elik donat &ladeyr bet druu islag eldier Isew il
yakandygul ama séraseéenda her hangi bir hava

ol makbetpléedi | ir. Ancak CFRP uygul amal arénda en
ya da betonun pasy @&y ed\&lBaked sééknkéa na | a2r0a2k4 )

i " \ W

g (
- h{
A

i
i

di E.knr.'.

Gorsel #a. CFRP i kl emin hazeéerl élk Wwe zegel dwtfirrumebi

yerl exktiril mesi i -1 n °lcag ¢¢BFR® dazblomnméi brel ek
ylzeyinetutturuluy ap ékt eér ma ve kontrol edil me.

Epoksi matri sl karbon fiber | evhalar, d°kerm
kapasitesini artérmak i-in dék takviye ol ara

il e bajlanan | evhal ark,; epaxkésri vkeu ryu,dkusketka ny ¢skd ne
kadardayanabilirf(Atay ve ark., 2010)

4.5 FRP (FKBER TAKVKYELK PLASTKKLER) KLE KKR

Ye¢ksek -ekme dayanéména sahip liflerle, bu
ol uktur mak ni tiem mobglhtamnwelya ter moplasti k bir
takviye ikKlevini saj-baymadr amac&y( azyrlt ekl kalb

4 https:/iwww.teknomakinsaat.com/karbonserit_ve_karbonfiber_elyaf_ile_guclendirme_sistemleri.html
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cam ve bazalt gibi l'iflerin polimeriklematri s
el de edilir. FRP kompozitler, betonar me yapeée
karkésénda hézla artan i htiya-I|lara cevap ver

i -in ideal bi (Hamad,RO21l)y e el emanédeéer

FRP saxkgeée&lré nkisginek!|l i Jini ve kesme dayanéméneé
sarél masé ya da tam sargé y°nt emi kul |l anél
bul unmayan wuygul amal arda wf+d/ 4" ¢ ge-bmemel i c
yaré-apla yuvarl atéel mal é ve sargenén kal enl €
sargeél ar da, sargeé ikKleminden sonra en az 2
uygul amal ar e, cretici firmanénl &adEmrbdaik] iv ey °anrt
2024)

5.BULGULAR

T¢rkiye'de bir-ok kirik gerekl i i nkaat st a
t amamen yekel ép yeni den yapél maseée mal i yet|
onar él masé veya g¢-ilrendAnc hime s ib ug erkel kenmel ket r eed
deneyi ml i m¢hendi sl erin hasar durumunu dej
onayl amasé zorunludur. Kiriklerin onar émé ve
daha k arKaskin, @005)Bunal enl e, hasar seviyesini t esy
nasel g¢-lendirilecejine karar verilmelidir.
Yapél an -al ékmalar ve dejerl endir fCetinlaya exkeéej é

ve ark., 2011)

1. Kiriklerde FRP Malkzeesrmee Kdualylaannéémeé : k oknitrriokli n
mal zemesinin uygulanacajé y¢zeyin pegrezl e ol
peé¢rézlendirme 1kl emi matkap, kumlama veya el
enj eksiyonluan -d mo kksuil lraen-é&i ne, uygul ama °ncesi
icine enjekte edilmelidi(Ozturan, 2003)

2. Kirick Hafi fli7j.i vV e Mal zeme Se-i mi: Kirik
dayanéekl & mal zemel er t etrgliéer ,ed-idlmejle dgdr e Ldd
ol dujundan kirike ek gerilim katmadan t akeéma
dayanéekl el éjé iyilexxtirir. Ancak bu mal zeme
dayanékl e degibidi rmalez kme ©Oytirke20R22 pl anmal eédeéer
3. Deprem ¥ncesi Kirik Durumunun Dejerl endi
eksi kl ikl er:i belirlemek i-in binanén d¢kKey
altendaki davrame@klrar Buamalal z zée@irl M&500 ve ]
uygun ol ar ak¢ ylagpreld ama |.veed €éar k . 2012)
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6. SONU¢ VE ¥NERKLER

Bu -alékmada betonarme kiriklerde deprem ha
uygun yontemler i elerian egmekeadi riKlimes:i vV e
mal zemel erden ve bu mal zemelerin avantajl ar ¢
G¢-lendir me I K1 eml er i di kkatl e pl anl anmal é ¢
m¢dahal el ere i Kiryad eddemanktyaddra. gel en hasar
ayrentelé olarak analiz edilmeli ve her Kkiri
uzman m¢ghendi sl erin, dojru onarém ve g¢-1en
yontemleribé i r | emel er i gerekmektedir. Prefabrik o
y°nteml eri czerine yapélan -exitli testl er de
farkl ar tespit edi |l mi ktir. Bu ned e teknik , haz
°zelli klerinin kontrol edi |l mesi ve belirlene
Kiriklerin g¢-1lendirme projelerdi hazéerl anérk

1. Kiriklerin detaylé mimarpPzelkl iyllpersial d@ajnrau
belirlenmelidir.

2. Korozyon ol aseéel éeklaré dikkate aléenarak wuyg

3. Mimari plana zarar vermemek ve Kkirikin yg¢k
dojru montaj yapél mal édeér .

4.Guclendirme elemmn | ar € d¢gzenl i bir kekilde yerlextir
Kirik g¢-lendirme, yatay y¢kleri takéyan bet
uygulanan bir tekni ktir. Bu i k| e mafkompozitel i k p
mal zemel er gi bi mal zemel er kull anél ér . Kir i
maruz kal déejéndan, g¢é¢-lendirme tekniklerinin
kiriklerin deformasyonunu alecektetyan mddzent avg/f a n € k
tekni k kombinasyonl ar e, Kirik g¢-lendirmede
ayreca -evresel s¢rdemnlghbiirbi I i rl i k a-éséndan
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OZET

Deprem sérasénda binalarén davranékéneée belir
senérl é& dejildir; takéyécé ol mayan dol gu duva
bir r ol sahibidir. Dol gu duvarlar, betonarn
tasarl anmamal aréna raj men, depmemgamene& ta

dayanéméné ve yatay y¢k takéma kapasitesini
tujla t¢greg ve y¢é¢gzeyine uygulanan séva siste
gel i kebil mektedir.

Deprem et kisi al tgeemdckd |dd&llgu idwkyv diralsaar g°ren e

ezil me veya kesme kérél masé gibi hasar te¢rl e
dol gu duvarl arén takéyécé -er-eveye ilave ri
brdayaném sajl amaktadeér . Bununl a beraber, dol
d¢zensi zl i k mertebelerinin belirl enmesi har i
di kkate al énmamaktadeéer. Bunun tensitedanistandattv ar | a
bir modelin bulunmamasé, tujla ve séva mal ze
kalitesindeki farkl el ékl ar , dojrusal ol maya
gé-1 ¢kl er ve farkl é rkeisanlei K éo léd untau rmmad ar aEd
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Bu -al ékmada, betonarme yapeéelarda kull aneél an
Kekil de ele al énméexkteéer. Gaz beton, bi ms tujl
tujla te¢grleriyrenesreekihehi nesmuaelte,r | er i al
di yagonal yé¢kl er etkisinde deneysel ol arak i
il k hasar ané ve enerji yutma kapasitesi dej
Ajiti ] i noi arterep artérmadej e, dayaném ¢zerind
dej i ktirdii]i ayrentelé olarak analiz edil mick
Dol gu duvarl ar én ger - ek deprem davranékeén
dejerlendirilebil meail ékmiah aka@ps gmaheé démaygel
model |l eme yakl akémlareéna i htiya- bul unmakt a«
gel i ktiril mesi, uygul ama detayl arénén 1iyile

a-éséendanthgeaaktaamlr .

Anahtar Kelimeler. Dol gu duvar, gaz beton, bims tujl a,

EXPERIMENTAL INVESTIGATION OF THE MECHANICAL BEHAVIOR OF
NON-LOAD -BEARING WALLS IN REINFORCED CONCRETE STRUCTURES
UNDER SEISMIC EFFECTS

ABSTRACT

The factors governing the behavior of buildings during earthquakes are not limited solely to
structural frame; notoadbearing infill walls also play a critical role in the seismic
performance of structures. Although infill walls in reinforced concretiédings are not
designed as part of the primary lelagaring system, they interact with the structural frame
during seismic events and can significantly influence the strength, stiffness, and horizontal
load-carrying capacity of the structure.

Under eartquake loading, infill walls are typically the first component to experience damage,
exhibiting failure modes such as diagonal cracking and shear failure. In certain cases, however,
infill walls contribute additional stiffness to the structural frame, legdd higher rigidity and
strength than anticipated in design. Despite this influence, the contribution of infill walls to
frame stiffness is generally neglected in structural design calculations. This omission is
primarily due to the absence of standaedizanalytical models capable of accurately
representing wallframe interaction, the wide variability in brick and plaster materials,
challenges in modeling nonlinear behavior, and uncertainties associated with diverse shear
failure mechanisms.

In this stug, the seismic behavior of infill walls is examined through experimental
investigation. Wall specimens constructed using commonly employed masond (p#s

beton, bims, iz6 were tested vertical and diagonal loading. For all specimens, crack initiation,
initial damage occurrence, and energy dissipation capacity were evaluated. In contrast,
specimens with different plaster combinations were analyzed to assess the effects of plastering
on wall stiffness, strength enhancement, and alterations in failure nistisa
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To achieve a more accurate and reliable assessment of the seismic performance of infill walls,
comprehensive experimental research supported by advanced analytical and numerical
modeling approaches is required.

Key words: Infill wall, gaz beton hicks, bims bricks, izo bricks, experimental study

1. GKRKK

Betonarme yapeéelarda kullanémé ol duk-a yayge§®g
tasarémenda g°z °n¢gne al énmadan ve hesapl arm
yapéya odluwmmsuuzveet kil er kat maktadeér . Dol gu

rijitlik, takeéma kapasitesi, kesme kuvveti,

Betonarme dol gu duvarl arén stati k heseip ve t
ol arak; deprem sérasénda yapéda bulunan dol g
ge-er | bir model in ol mamaseé, dol gu duvarl a
-exkxidinin kullanél masé, I maslea tt asérr @9aré nsdéarka s &
duvarl ar én model |l enmesi ndeki zorl ukl ar g° st
yakanan 2011 vyéleéndaki Van depr emi, 2020 yeE
depremi ve 2023 yélénda megudadavagel anébd Kobm
olumlu katkél arenée a-ék-a g°zler °n¢gne ser mi
Deprem bakéméndan ri skl:i bir konumda bul una
kull anélan dol gu duvarl arén °nemi yadsléanamaz
¢l kemi zde dol gu duvar i malaténda ol duk-a yay
Géenegmegz de yapélarda ol duk-a yaygen kull anel
€sé ve ses izolasyonu, rijitlik rwhkebrkokd! | anéi
deji kkene bajl é olarak yaygén bir «kKkekil de te€
g°z °n¢gne alendéejénda dol gu duvarlara y°nel.
Si bel (2018) , yaptéjé -al ékmadaetdkall gu iduwa rol
ve dol atéekéyla yapénén periyotunu, g°reli ka
azalttejeéene, kesme kuvvetini ise artteéerdeje
-al ekmada 1980 yeélléeadbi i mahét edad me ky ap & da kad
i ncelemeye -al ékmék olup yapteje deneyl er S
ol umlu katkeélarénén ol dujunu tespit etmixktir
duvarl ar éynap-édkarldat I-éer -evenin rijitlijine ve
bul undujunu ve kolonlardaki kesme kuvvetl eri
yapeéda -er-eve a-éeéklaréné dolduran dol gu du
vapél masé sonucunda yapélaréen yatay y¢k take
(1987), yapt éj é -al éekmada kuru al - e duvar

davranéxkl!|l ar éneée i ncel emi K ol up kaplana kK&Imame
kapasitesine anlaml é katké sajladéejéné tespi
yél énda yaptéklarée -al exkmada, Ssévanmamék Vve
deney el emanl arénéen dayamiémigrver drer aal&k ma é a
Yapt ékl aré -aléekma sonucunda yaygén ol ar ak
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duvarl arén yapénén -er-eve davranékén ol uml
duvareén bul unmaseé dewvaevedel unmjalma s &drod gmaza
kapasitesinde 3,5 kat artéka sebebiyet verdi
i se yanal y¢k takéma kapasitesini 4,5 kat ar

2. ARAKTI RMANI N ¥ NEMK

Gaz beton, bims ful a ve izo0o tujla -exkitleri kul |l anél
duvarl arén kaba séva + ince séva, kaba seéeva
karéekek al - + saten al-é& ile sévanmaseé sonu

T T¢rkiyedbde yaygeén kKekilde kull anélan bu 3
incelenmesi

n etkis

(o]

Dol gu duvarl arda kull anél an sévan

<

Di key y¢kl emel er sonucunda dol gu duvarl ar
incelenmesi

! Kaba ségsava,i kaba séva + kaba al -& + karé
karekéek al-e + saten al-é& keklinde dol gu
dayanémlaréndaki dejikimin incelenmesi - a

Bu a-é€dan yapélkwn katllk&lmar d i swenrmalktredeér ;

1T Farkl é& tujlalardan i mal edile dolgu duvar
ve -atlak, g°-me mekanizmasénén incel enme

T Séevaséz ve -ok katmanl é& séva uygul amal ar e

incelenmesi

1T D¢key agondiily yeokl emeljelraaét einldakismivai n day
incelenmesi.

T Bu bajlamda yapélan -alékma hem °zg¢n hen
gelmektedir.

3.DENEYSEL PROGRAM

Tez -alékmasénda b°l meddkivadéaar @amécxllepr @emeée eit k
takéyéce ol mayan b°l me duvar numunes:i hazeéer|
tujla ve gaz beton ol mak ¢zere ¢- farkleée tip
al -e, gaz betoéa yapswtdanmal akmaktadeéer. | reti
60xXx60x20 cmbédir. Numunel erin 12 tanesi d¢key
edi |l mek ¢zere, toplam ol arak 24 adet dol gu
uygulanma s éva akaj édaki Kekil de séenéfl andeéer el mé
1T Sévaséz numuneler (kontrol)

f Kaba séva + ince séva

! Kaba séva + kaba al-é& + karékeéek al-& + sa
1 Kaba al - + karéexkxék al-& + saten al -¢&
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Bu -exitlilik sayesinde, farkl & séeva kombin
-atlak olukum karakteristiklerine etkisi ay
Cizelgel6 de tez -al ékmasénda kullanélan b°l me
numunel erinde kullanélan séva tipleri a-éeékl a
¢ zelbggepl a tkpllleanelvan séva t¢grler ne a t tablo
Tuj | a | Uygulanan kaplama/ |A- é k| ama
Seva Tipi
Sévaséz Her hangi bir séva kapl amsg
tujladan ol ukur .
Kaba séva ¥nce -imento esasliéaclalsa
Kzo t u uygul anmexkteéer .
Kaba seéeva ¢tok katmanl é& séva kapl amg
karekek al|ardéndan 3 katmanl é& al - &
Kaba al -¢6 Sévaséz tdugjlrau diazne r3 nkeat ma
+ saten al|luygul anméexktéér .
Séevaséz Her hangi bir séva kapl amsg
bims tujladan ol ukur.
Kaba séva ¥nce -imento esasl é& kaba
uygul anméxkt eéer
Bi ms t
Kaba kaba ¢tok katmanl e séva kapl amg
karéekek al|ardéndan 3 katmanl é& al - &
Kaba al -¢& Sévaséz Dbi ms uj la ¢zerin
+ saten al |kapl amaséetaygul anmeéck
Sévaséz Her hangi bir séva kapl amsg
betondan ol ukur
Kaba séva ¥nce -imento esasl é& kaba
Gaz beton uygul anméxt ér
Kaba seéeva Cokk at manl & séva kapl amas ¢
karékék al|ardéndan 3 katmanl e al -¢&
Kaba al -¢& Sévaséz gaz beton ¢zeringe
+ saten al |kaplamasé uygul anméexteer .
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Kmal at & thamamledrean standart k¢r kokull arée alt
czelli klerini kazandéktan sonra y¢kl eme -er -
uygul anan y¢kler, deney numunel erinde meydan
°l -¢m cihazlaré ile izlenmik ve kayét alten
tiplerinin ve séva wuygul amal arénén deprem e
ol arak dejerlendirmek i-in temel ol uktur muxkt

3.1. Mal zemel er ve Deney EIl emanl ar é

Deney el emanl aré gaz beton, bims tujla ve i
tujl a mal zemes.i kull anél ar ak 60x60x20 cm
hazérl anmékteéer . Dol gu thalvVaemeueunebari bdeoky
tujla bakta ol mak ¢(zere duvar harcé yapeémén
ge-ebilecek boyutlarda olup i-erisinde herha
cimento (CEM IV/IB (WP) 325 Ntipipua|l ani k Portl and -imentosu)
harcée, al-e& ve sudur. Har- yapéemémdG@izelgeul | ané
20 des tger i | mi kKt i r .
¢ z&Hge- hazeérl anérken kull anélan mal zemel er ve
Kull anél an malHaci mce kar ékeéem

Cimento 1

Kireg 2

Knce agre 9

Su 1.5
Hazérl anan t/: madobemesardri hakarékéemda ve hom
hazeéer | arciréekl) -all BEx mas é& s¢resi de g°z ©%andgnde bt
hazéerl anép duvar i malaténda kull anél mexkteéer.
dol aye ger-eklekebilecek imalat kusurl aré en

G°r 4iddr - hazeéerl anmasé
Deneyde kullanélan al -é& maCizgeSinges i d a1t &m@ir Ié mié Kr
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¢ z3Pd - & karékém oranl ar é

Hazeér |l anan Kull anél an al -é&|Kull anél a
Kaba al 10kg 6.5litre
10kg
Kar ek ék (1kg kaba al -¢e/ 3kg ¢ 6.5litre
Saten al 10kg 6.5litre

Deneyde gaz betlar gragmkdreama ihag cZ57litkgu t o0z vy
il ave edil er ke nielyae es &jull d mmé&d taénr .gaz bet on nur
cm, bims tujla boyutlaré 39x19x20cm ve izo
duvar numunelerb 0O x 6 0x20cm ebatl arénda ol acak «kekil d
tujl adan olukan duvar numunelerinde bu tujl
sebebi il e sadece yatay yGonsda2 dreart-ujmal zema i
har- uygul amasé g°r ¢l mektedir.

(@) (b) (c)
Gorsel2(a) gaz beton, (b)izo tujla, (c) bims

3.2DeneyD¢ zenej i

Yapél an -aléexkma kapsaménda dol gu duvarl ar én
yapél an deneyl erde 30/50 t on kapasi tel i A 'S
standartl aréna sahip | kesitli wawmfkdpealré -sar
sisteminden olukan y¢ ¢kl eme -er - e@asselid3ddeul | an
gesteril miktir.
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et = <
Sl NS - e ——

G°r§\é({kl eme -er-eves

l an duvar numunelerine 45¢e ve 90eb6li k a-
atl ar kull anél mékteéer . Deney d¢zenejine
eli olacak kekil de d¢zenl enanbzaindrilmaeye i K - |
Keél méexkter. Deney numunelerinin ¢zerine ¢
él éjeyla wuygul anméxkter. Yékl eme séraseén
oli k aparatén ¢zeriaomel ly)eryaxdémeylea Yl¢k
sénda duvar numunel erindeki depl asmanl ar
m uzunluja sahip ipli potansiyometre yer
|l er testbox amarkk aegakitoph amal Isé s emi il e
| an -al é&kmada, sévaséz, kaba séva + i nce
ve kaba al-& + kareéexkxék al-é& + m®maten a
evesine yerlextirilerek dikey (c) ve di"
emel er ile dolgu duvar numuneéeaietkiel ér

l enmi kKtir

rli anan numunel er 28 Kkeanzlagnkd € me & manisko n da )
evesine yerl elka) rDil keerye ky °dn kee yy ¢yKInednee (° r n ¢
Di yagonal y°nde y¢kleme °rneji) yeé¢kl eme

72



| CONFERE,
o ‘rrd‘

%,

B
a

&

3

b
IR

BURSA 6TH I NTERNATI ONAL CONFERENCE ON ENGI NEERI N

December 30, 2026BURSA
ISBN NR:978-625569469-0

(@Di key y°nde y¢kloe (b) Diyagonal yonde yukleme® r ne ] i

G°rdéh) D key y°nde y¢kleme °rnej , (b) D yagona

Yapél an deneysel - al é«k aad8-sveglcegdkdman gaz
tuj | aya b@sveblle,blsayr éca i z o-0t,iz¢gOtsdeyiza2-caizol-s i z o
duvar numunelerinin dikey y°nde ve diyagonal
gorselleri (Gorsel5 ve 7) akajéda verilmixktir
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(c) b-1-c

(d) b-1-s

dd) deney

numunel er n test

(a) izo-0-c

(b) izo-0-s
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(d) izo-2-s

(c) izo-2-c
G°r 34 )-0cz,0 (-B®s), z(e&c, (z8B9 demey numuneler n n te
5. DENEYSEL SONUCLAR

Yapél an y¢kl emel er s onuc u(kd)-aeplasmanénmeglafiklee n s o n
dikey yonde (c)Gorsel8) ve diyagonal yonde (si50rsel9) ol mak ¢zere kar kél .

verilmlgeme.t Mal eri ni i fade et mek amacéeyl a;
Kzo tujla numunel eri i-in Ai zoo, Gaz beton n
Numunel erde wuygul anan séva te¢rl eri de ayr e
numuneler i-in AO0O, Kara séva + ince séva uy
+ karékéek al-é& + saten al-é& wuygulanan numun:e
uygul anan numuneler i-in A30 késaltmasé kull
Bukodlamanén ¢-¢ncyeé bil ekeni i se yeé¢kl eme y°onegnyg
Di key vy°ndeki yé¢kl emel er i -in Aco, Di yagon:
kull anél mékter. Dol ayéséyl a her bir nNumuRne
(Malzeme turdy ( Sev a (Miklepg )y°ng¢), ©°rnejin, Aib2s0o kodl
mal zemel i, -ok katmanl ée al -é& sévaleé ve diyag
et mektedir. Her bir numune ¢zerinde yapéelan
grafiksel olarak s nul mukt ur . Grafi klerde: X ekseni,
dejerl erini ( mm cinsinden), Y ekseni, uy g

gostermektedir. Sunulan grafikler, her bir deney numunesi igin elde edilen maksimum yuk

takéma kapmpashu ekapasnitel ere karkeél ék gel en
dejerler, duvarl ar én hem rijitlik °zel |l i kIl
dejerlendiril mesinde temel parametreler ol ar

Bu kapsaml é kodl| anma gsriasftiekmsielv es oenlud-el aedi Ifear k
karkeéel akt ér ma yapél maseéene, séva uygul amal ar
yékl eme y°néegnégn hasar mekani zmasé ¢zerindek
m¢mke¢en kél maktadér
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Dikey Yukleme (c) Karsilastirma Grafigi

250

Kuvvet (kN)
RN
o wn o
o o (@]

9]
(@]

0 5 10 15 20 25

Deformasyon (mm)

b-0-c izo-0-c

- g-0-C b-1-c izo-1-c g-1-c
b-2-c izo-2-c

g-2-c

b-3-c izo-3-c g-3-c

Ger 8l key yeé¢kl eme karkél akt érma gr af

Diyagonal Yliikleme (s) Karsilastirma Grafigi

25
Deformasyon (mm)
b-0-s iz0-0-5 =———g-0-5s b-1-s izo-1-s g-1-s
b-2-s izo-2-s g-2-s b-3-s izo-3-s g-3-s
G°r 9klyagonal y¢kl eme karkél aktérma gr
Yapél an deney sonu-larénda el de edilen maksi
akajCzeagaeddt e veril micktir.

¢ zedWlg&ks mum dayaném dejerler ( kN)

57\1Sé éleéYé 000 a2y dzoef I NJ
) s x YFHOol aP¢Yl ol épél'bll' )
- |,f Y § { PO & APOI £ 1 |'f@'Pbé|‘ljé) YI Ol |‘f,CE
Rdzg | NJ (0) ' f ,ePbal U
(1) (2)
.AYa @ 65.0994 74.2034 91.2455 91.7427
Ti 2 Gd 189.538 102.836 184.857 190.223
Gaz beton 146.109 139.826 139.217 137.828
5Ael 32y ¢ éleéYS 06auv az2ydze
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) .« YFOol &aPIYFIOl aPglbil
q . —
o PEYS APOIE T spgre] 1t oePbalGsy YHOF i os
Rdzgl NJ ) I t ePbal G
1) (2)

. AYa | 505777 41.1822 45.537 32.644

T 2 @ 10.3727 47.183 59.6473 24.8431

Gaz beton 50.7148 40.9936 45.4685 55.3954
El de ed | en sonu-1 ar ncelend J nde d key vy
dayaném dejer ne sah p mal zeme zo tujl aya a
190. 223 kN |l e sajl améxkteéer. En d¢i¢xg ke®.agansae m

|l e sévaséz b ms tujla duvar numunes ol mukt
D yagonal y¢kl emeler sonucunda en y¢ksek day

|l e kaba séva + kaba al-é& + karékek al -& + s
etmrkt Test sonu-1| ar e ncelend J nde d yagorl
dejer n 5.05777 kN |l e sévaséz b mé ref yga d
56te d key y¢kl eme sonucunda Ce lzdbd tgedd ysaegno nveelr
yé¢kl eme sonu-l aréna a t ver |l er n y¢zde art ¢
yé¢zde art éx dejerl er tamamen sévaséz (0,
yapél mékter.
¢ ze&Dgé&ey y¢e¢kl eme sonucundak artexk (%)

B°l me duviSéda% ar{Se2a % ar|SésBa % ar
B ms Tujl|+14.00% |+40.21% |+40. 91%
Kzo Tujl alArték g°|Artéxk g°|+0. 36%

Gaz betonArteék g°|Artg@wkl enArtéek g°

Yukareédaél gbecel end J nde d key y°nde yapéel an

tujl adan olukan dol gu duvar numunel er uygul
g°zlenm k ol emg emejlkel erg @l aet esasl & kapl ame
oluyor Kk b ms tujlalar al-é& esasl é& kapl amal

yé¢ksek ol duju ve begtegnlek k b r yapé ol uktuj
numunel er ne uygulanan séva kaplamal arée d ke

artéka sebeb yet ver mem K¢t r. Gaz beton du\y
kapl amal ar é l e b¢tenlekmey p d keyry°nde da
¢ z&Dggagonal yeée¢kl eme sonucundak artexk (%)

Bl me dujSéda % alSéea % alSéeBa % ¢
B ms Tujl+714.249+800.349+545. 42
Kzo Tujl {+354.889+475.049+139.50
Gaz beto|Artig@kl e|Artéxk g9+9. 23%
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¢ zebllgqgeel end |J nde; d yagonal yé¢kl eme sonuc
numunes ne uygulanan séva kapl amal aré kesme
y°ndetent kkt r. Kzo tujladan olukan dol gu duva
kapl amal aré kesme dayanéméné c¢ dd oranl arda
numunel er nde kaba seéeva+ nce sten sk-kRabhes:
Kl eml er nde kesme dayanéménda arték g°zl en
sévanmasé durumunda se az ol sa da kesme day

6. SONUCLARI N DEJERLENDKRKLMESK

Yapél a
numune
+ sate
dikey yorde
yerl ek
czetl e

M

n deneyselizal eujmaadavegabi metbaujl adan o
S i sévaséez (kotrol numunesi ), kaba séev
n al-& ve kaba al-é& + karékek al-é& +
(c) ve 12 adette diyagonal yonde (s) olmak Uzere ylUkleme cercevesine
tirilerek test edi |l mi ktir. Yapél an -
mi Ktir:

(o]l

Dol gu duvar numunel er - nde d key y?©
y ¢ ksaeykandém dejer n zo tujlaya a t kal
numune 190. 223 kN I
yapeél an
munes sajl a
k1l emel erde @
ré¢eél é¢r sev ye
munel er nde
m Kt
S &
a
I
a
t

X
™
<
o
5
o
™
®
— 3
® o

o (¢
o C
B~ 3 —

°oc
X O & O
0o 5
=
o
(=]

|l amal aré d key vy
b r etk yar at
ncelend J n
é + karékek a é
° aatners éwar klapl amna s
r aderans sajlayarak do
r Dol gu duvarda meydana g
p kesme dayanéménda art éx
k | e med asyoannuécnu nddeal] eern nd ¢ K ¢ske  f
tujla numunes g°sterm Kkt
r ay y°nde har- kull anél me
I amékteéer bu sebeple g°-me b rl
ddamlelkde ed | en ver | erde b ms
r
a
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d yagonal yé¢kl eme sonucunda en y day
saten al -él é& durumda sajl amexkteéer.
T Deneysel -al é&kma ncelend J nde dol gu
dayanéemené d key y°ndek daeylbhemmkdei er
T Yapél an -al ékmada kull anélan tujl a | e
g°stermekted r. B ms tujlalardan ol uka
yé¢ksek dayaném dejerl er kazanmék ol up
b r emkktgara¥Kzo tujlal arda se uygul a
bul unmuktur. Gaz betondan ol ukan b°l me
dayanémda bel rg n b r artek g°sterm K
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SEISMIC PERFORMANCE ASSESSMENT OF AN ILLEGAL STORY ADDED
MASONRY HOUSE

Dr . ¥Jr. lyesi
Kn°ng¢ | nalpereornen@immeuiedu.0©000000313353780

, Al

ABSTRACT

Earthquakes in Turkey are frequent and catastrophic natural events, leading to considerable loss
of life and property. Recently, two catastrophic earthquakes measuring 7.6 and 7.7 on the
Richter scale struck on February 6, 2023. It resulted in the lasseob5 thousand people and
caused extensive destruction to cities and towns. here are different reasons for the collapse of
buildings. One of those reasons is adding illegal storeys to the buildings. lllegal buildings are
structures that are built withoproper authorization, legal bureaucratic approval, and often
without adequate engineering oversight and inspections. In this study, seismic performance of
a masonry house that was totally collapsed after 2023 Kahramanmaras Turkiye earthquake, is
evaluatedwith Finite Element Method. Numerical modal analysis and nonlinear pushover
analyses conducted. Structural response for the original design building and the illegal story
added building is compared. According to the results, when an illegal story addsaitiural

system, load carrying capacity has decreased and some damages can be occurred..

Keywords: Finite element analysis, illegal story, pushover analysis, 2023 Kahramanmaras
Earthquake
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1. | NTRODUCTKON

Earthquakes in Turkey angrevalent and devastating geological occurrences, resulting in
significant fatalities and property destruction. On February 6, 2023, two devastating
earthquakes with magnitudes of 7.6 and 7.7 transpired. This earthquake, documented during
the era of instmnental seismology, is the most lethal recorded in Turkey. It resulted in the
fatalities of over 55,000 individuals and caused significant destruction to cities and
communities. Consequently, over 38,000 structures collapsed, resulting in fatalities. The
sasmic vulnerability of the Turkish building stock has emerged as a critical issue necessitating
attention, owing to the significant repercussions of this earthquake sequence, which has
impacted 11 provinces and over 10 million individuals. Numerous imasins were
undertaken to assess the causes of damage or failure of structures during the 2023
Kahramanmaras earthquakes. Certain scholars examined the factors contributing to the
destruction structures in regions affected by earthquaké&$. [Ihese reseches underscore

the necessity for enhanced construction codes and retrofitting strategies to bolster the seismic
resistance of structures in Turkey. Numerous studies examined the causes of damage to
masonry buildings in regions impacted by earthquakeshyK et al. [9] used field
measurements and computer approaches for seismic investigation of historic brick buildings in
Hat ay, Turkey. Two earthquake shocks that
Numerical models reveal crack patterns and degradatexhanics. A component disintegrated

in Defne despite substantial damage. The study suggests retrofitting to aid reconstruction and
rehabilitation, enhancing seismic performance understanding in masonry structures. Mercimek
[10] investigates the mechamis of structural degradation of masonry buildings subsequent to
earthquakes in Kahramanmar ak, Turkey. The i
building inventory, ground acceleration, seismic attributes, and damage patterns. The study
investigats the failure mechanisms of enf-plane and corner structures, principally attributed

to inadequate connections among the walls, roof, and floor, insufficient axial stress, low

material strength, inferior workmanship, and a deficiency in engineering sersi . l kek et
[ 11] examined the structural damages of 27
Turkey, resulting from the Kahr amanmar ack e

considerable damage, there were no fatalities, and the primary caasthevocal masters'
deficiency in engineering services.

The collapse of structures is the result of a variety of factors. One of the most significant is the
addition of unlawful storeys. The majority of structures in Turkey that were constructed prior
to the 1990s have not received an adequate level of engineering services. Furthermore, the
addition of illegitimate storeys to these structures occurs over time. An unlawful structure may
be erected in a suburban area without the requisite land rightspay the a higtend building
situated in a prestigious district. Structures that lack a formal design basis, those that deviate
from the original plans, and those that have more storeys than the initial plans are considered
illegal. In the aftermath of thE999 earthquake in Turkey, which resulted in tens of thousands

of deaths and substantial economic losses, authorities have failed to effectively implement the
majority of the recommendations made by experts, including engineers, architects, and city
plannes. This underscores the necessity of a comprehensive approach to the issue of illegal
construction.
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In this study, the seismic performance of a building collapsed in the 2023 Kahramanmaras
earthquakes was investigated. It was determined that a flooidded 8 the structural system

of the building, which was not available in the project. The seismic performances of the building
conforming to the original project and the building with the added floor were compared. In
order to ascertain the structure'sdtionality, pushover and modal analysis were implemented.
The DIANA FEA software was employed to conduct the nonlinear analyses using the finite
element method (FEM).

2. A BRKEF KNFORMATKON OF THE STRUCTURE

The case study is situated in Malatya, Turkdon arrival at the site of the structure following

the 2023 Kahramanmaras earthquake, researchers observed complete structural failure (Figure
1). The structure was built with masonry employing clay bricks, with three floors, each
measuring 3 meters inelght. The exterior walls measure 30 cm in thickness, whereas the
interior walls range from 20 cm to 10 cm in thickness. The architectural design of the building
features two balconies, located in the specified regions. The Google Maps pictures talen befor
to the 2023 Kahramanmaras earthquake disclose an additional narrative not included in the
initial architectural designs of the structure (Figure 2).

a)Before earthquake b) Postearthquake

Figure 1. Before (taken from google maps) angostearthquake status of the building

The structure was built with masonry using clay bricks, with three floors, each measuring 3
meters in height. The exterior walls measure 30 cm in thickness, whereas the interior walls
range from 20 cm to 10 cm in dhkiness. The architectural design of the building features two
balconies, located in the specified regions. The Google Maps pictures taken before to the 2023
Kahramanmaras earthquake disclose an additional narrative not included in the initial
architecturabdesigns of the structure (Figure 2).
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a) Google maps image of the building b) Architechtural project of the building
Figure 2. The architechtural plan of the building and illegal storey addition
2.1. Material properties of thestructure
The clay bricks utilized in the masonry wall construction measured 190 x 90 x 60 mm, with
material parameters specified in Table 1 [11]. The specimen was extracted from the rubble
postearthquake to assess its composition and structural integrity.

Table 1. Some properties of clay brick

Weight (kg/pc)| = (kg/mP) | Thermal conductivity B | K v
(W /mK) (MPa) | (MPa)
1.4 2100 1.07 5 0.6 [0.20

This research constructed a finite element model utilizing the macro modeling approach, in
which mortar andgtone are represented as a singular material. Consequently, many empirical
formulas proposed by researchers and standards were utilized to ascertain the qualities of the
composite material [12]. Different nonlinear material models exist for masonry aditsisu

across several finite element software applications. This study utilized DIANA FEA software
for the analyses. The Total Straddased Crack Model (TSBCM) is the primary material model
employed in the DIANA FEA software for the simulation of masommycsures. This material

model was initially proposed by Vecchio and Collins (1986). The nonlinear behavior of the
Total StrainBased Crack model is controlled by the requirements for fracture energy
dissipation, denoted as Gf and Gc. The method by whembdel regulates the energy emitted
during fracturing under tensile and compressive circumstances, respectively. The homogenized

material properties of the case study structure, both linear and nonlinear, are provided in Table
2.
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Table 2. Homogelrzed mechanical properties of finite element model of the building

Property Value
E (MPa) 1850
Fc (MPa) 1.85
Ft (MPa) 0.19
2 o4 (glcn?) 2.04
Vv 0.16
Gc 4.85
Gf 0,0125
3. FKNKTE ELEMENT MODEL OF THE STRUCTURE

A finite element modelFEM) was developed with DIANA FEA finite element software [14].
The finite element analysis of the structure utilized the HX24L, PY15L, TE12L, and TP18L
elements.

Two different finite element model was created. The finite element model ofatded
building consists of 17672 solid elements, and 27532 nodes, while the finite element model of
the original design building consists of 9470 elements, and 12666 nodes. A mesh sensitivity
analysis was carried out to determine the optimum mesh size suitablagonm The finite

element model of the structure is presented in Figure 3. The control node for the pushover
analyses is indicated in Figure 3.

Control node
E

Control node

a) Story-added building b) Original design building
Figure 3. Finite elementmodel of both buildings

4 . COMPARKSON OF THE RESULTS

A modal (eigenfrequency) analysis was performed utilizing athreensional finite element
model (FEM) to preliminarily assess the dynamic behavior of the structure. Figure 4 illustrates

the initial hree mode forms and corresponding vibration frequencies of the finite element model
of the structure.
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Mode Story added building Original design building
Number
1
“.-A | ‘7 I
f1=4.04 Hz f1=5.75 Hz
MPR y: 74.8 % MPRy: 76.1 %
2
*ﬁ' w'duﬂf‘ﬁ"’iﬂw
f2=5.18 Hz
MPR x:67.1 % f2=7.77 Hz
MPR x: 69.9 %
3 TN
\“ - /,,:::‘
f3=6.79 Hz f3=9.58 Hz
MPR x: 0.08 % MPR x: 0.01 %
MPR y: 0.06 % MPR y: 0.03 %
MPR z: 0.03 % MPR z: 0.01 %

Figure 4. First 3 Mode shapes and frequencies of the structure (MPR: Mass Participation Ratio)

Both transversal and longitudinal pushover analyses were performed to determine the buildings'
lateral loadbearing capacity. This method applies progressive horizontal forces on buildings
until a limit is achieved. MPA was employed in this investigafidns method generates a base
shear force curve in relation to displacement at a certain control point on the structure. The
capacity curve assists in assessing the-lmsting capacity of a structure subjected to
horizontal loads [15]. For the structutesing studied, nonlinear static analyses were used to
make curves that show how the base shear-torbailding weight ratio (Vt/W) changed with
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respect to the control node displacement. The nonlinear static results (capacity curves) were
obtained from th control node (Figure 3) in both the transverse and longitudinal directions, as
seen in Figure 5. The capabilities of the stadgled structure and the original design project
were evaluated in comparison. The dimear static analysis indicates that treginal design
building withstands a maximum of 0.96 g in the transverse direction, whereas the additional
storey building withstands a maximum of 0.76 g. The original design building withstands a
maximum of 0.63 g in the longitudinal direction, while thdditional story building resists a
maximum of 0.45 g. The addition of a storey to the building resulted in a 21% reduction in
capacity in the transverse direction and a 29% reduction in the longitudinal direction.

Transversal direction (b) Longitudinal direction

----- Original Design project +««+:++ Story-added building ====-0Original Design Project «+-+++++- Story-added building

-
N}

,_.
o
@

n
\
\
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Figure 5. Capacity curves of theoriginal project and story added building

The reduction in capacity is a significant worry as it undermines the structural integrity of the
building and endangers the people during an earthquake or other natural disaster. The
unauthorized construction ah additional storey has considerably compromised the structure's
capacity to endure lateral and longitudinal pressures, rendering it more susceptible to failure.
Following nonlinear static analyses, fracture propagation was illustrated in Figure 6.

In theoriginal design structure, cracks generally accumulate at the peripheries of tfiedirst
window apertures. Cracks are evident on every level of the unauthorized structure. We noted
that these fissures were localized at the peripheries of the windoturggs and the 10 cthick

inner walls. The analysis of crack patterns indicated that the original design building exhibited
greater localized damage near the window openings, but theastdeg building displayed

more extensive cracking across its simoe. The prevalence of cracks along the peripheries of
window openings and interior walls signifies potential structural vulnerabilities that may be
prone to additional damage or failure. The crack widths were measured in the final phase
preceding collaps The original project recorded a maximum crack width of 10.90 mm in the
transverse direction and 7.79 mm in the longitudinal direction. In the newly constructed

building, the largest crack width recorded was 11.05 mm in the transverse direction and 11.01
mm in the longitudinal direction.
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Original design building

Story added building

Figure 6. The maximum crack widths

5. CONCLUSKONS

This paper examines the collapse of a masonry houdalatya province, Turkiye, following

the earthquakes of 6 February 2023, which serves as the case study. The field observation and
the original static project of the building reveal the existence of an unauthorized storey. This
study evaluated the seisnperformance of a case structure with an unauthorized additional
story to its original state without the extra storey.
A When an illegal story added the building, the load capacity of building was decreased
as 21% in the transversal direction and 29% irldhgitudinal direction.

A In the original project, cracks typically concentrate around the edges of thiofirst
window openings. Cracks are visible on all floors of the illegally added building. We observed
that these cracks concentrated on the edfgie® window openings and the 10-thick interior

walls.

A The pushover results showed that adding an illegal story added to the building reduced
its loadcarrying capacity. Additionally, the maximum crack width of the building in both
directions was ineased when an illegal story was added to the building.
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PASTERNAK ZEMKNK TEXKERSNBEKI KKRKKLERKNK
TKTREKKM VE BURKULMA ANALKZK

Knkaat M¢ghendi si, Fili
K¢t ahya Duml upénar l'ni ver si t-@B08000411451 i z. c e
948X
Dr . ¥Jr. lyesi G° kha
K¢tahya Dumlupénar | niver-9000006329319%0bd k han . ¢
Do - . Dr . Uj ur KAF
K¢t ahya Duml up agurkafkag@upuledu£09000083s17307810
OZET
Bu -al ékmada, Pasternak el astik zemini iczeri
titrekim ve eksenel basén- y¢ke altéendaki b
model i, z emii jnii tnl idj¢ikneey ek ol arak kayma et kil
model inin s¢reksizli k sorununu akmaktadeéer. T
uygun sonuclar veren Eul&ernoulli teorisinin aksine, kayma deformasyonunu ve donme
ataletn i analize dahil ederek ©°zellikle késa ve
Titrekim anal i zi kapsaménda, Hamil ton prensi
dojal frekanslar ¢zerindeki etrkeitsiilnmi kit-ierr.e nA
varyasyonel yaklakém sayesinde, denklemlerle
doj al bir sonucu olarak el de edil miktir. Ha
olan Minimum Toplam Batamdiéynalr alkn erejlie Kll kens
bur kul ma denkI|l eml er i tereti Il mi Ktir. El de ed:i
kayma direncinin, eksenel yéken destabilize
yéekeneg artérdéjodgnmal amakt Bdéerl.ar @kl &k mayé des
y°nt emi kull anél arak sayeéesal bir °rnek ana
Pasternak zemin model i nvestabilde pkobldmémnin analiziicini - er e

tutarl éebsay€tealti kev-eve olukturmaktader.

Anahtar Kelimeler: Ti mos henko Kiri ki
prensibi, Ritz Yontemi.

, Pasternak zemin

1. GKRKK

ZeminYapé Etkil exki mi (ZYE), yapeéesal sisteml er
alténda, zemin ortamé ile birlikte sergiledi
kendilerine etki eden statik ve dinamik kuvyv
tepkime durumudur. Knkaat i m¢ghveenddeasprn g mndehe
al anl arénda ZYE t emel -al exma al anl aréndan
zemin ile temas halindeki t¢em takéyéceé siost
birbirlerinin dinami&cidaowlrama&lk| aapaml &n&n | €1
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1991) . Gel eneksel yakl akémlareéen aksine, ZYE
tasarémén ge¢venilirlifgi ve optimum perfor ma
Satish Kumar, 2018). ZYE uzerine ygp an - al ékmal ar ; zemin, tem
et kil eki min, - kuvvetlerin ve yer dejiktir
kritik bir °neme sahip oldujunu ortaya koyma
altenda dbhbgi dia balée gel mektedir. Di nami k vy
i hmal edi |l mesi |, yapélarén ger-ek-i ol mayan ¢
dinami k tepkilerin hatalé °ng°r¢l mesine yol
200) . Dol ayéséyla, tasarém kuvvetlerinin dojr
stati k hem de dinami k y¢kler alténda di kkate
M¢hendi sl i k analizlerinde, t a Kk eyi@ncuygurebire ma n

modelleme secimi buylk 6énem arz etmektedir. Sirekli ortam modellerinin ¢d6zimuinde

karkeéel akél an matemati ksel ve sayeéesal g¢é¢-1 ¢k
dayanan mekani k modell ere yPtamlyamklkakeéml 8uéem
teori k kesinlije tam olarak sahip ol masal ar
bir-ok m¢ghendisli k probl emi i -in kabul edil e
1946) . Kayma «keki latdaeljeitkitniir nge®$ie ravr eded ?endneéni rEiuk
(EBT), ©°zellikle narinliji d¢ke¢gk el emanl ar én
yetersiz kal maktader (Levinson, 1980; Ahmed
amaceéeyl afokmgmpode ve d°nme ataletini analiz
( TKT) gel i ktiril mik ol up, Kiriklerin di nan
model |l enmesine olanak tanér (Timoshenko, 192
Ancak krianék écha&amn ger - ek - i Kekil de temsil ed
mekani k ©°zelliklerinin dejil,/ ayné zamanda |
model |l enmesi ni gerektirir. Bu gereklilik doj
i dealize eden elastik zemin modelleri, ZYE
t emel bir -er-eve sunmaktadeéer. Zeminin tepk
yakl akeém, tek parametreld] Wi nkl er aen@inN@, mo C
birbirine yakén yerlextiril mik, ©zdek ve baj
ideali ze weder (Winkler, 1867) . Ancak bu moc
bul unmadéj éndan; zemin ortameéeyngEknl esner eskd ndriljf:
depl asman s¢reksizIli klerinin ortaya -ékteéejeé
keséetlamayé akmak ve zemin tabakasé i-indek.i
yansétabil mek amaceéeyl a, Izietme matmordaee |iekii el
1964). Bu modell er arasénda °ne -ékan Paster
yayl ar araseéendaki et kil exki mi sajlayan bir Kk
model ine kéyéa&kdlid igemiinivre s¢grze ks el davranéke
yansétmaktader (De Rosa, 1995, Kargarnovin v
El astik zemin czerindeki kiriklerin di nami k
olukturmakvedarkadex!| arée (1992), sonl u Paste
kiriklerin ejil meld.i burul ma serbest titrexki
parametreli elastik zemin ¢zeri ndeklientiiknowehe
doj al frekansl|l ar én, I ki nci zemin parametr e
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gestermi ktir. Yokoyama (1987), Ti moshenko Kk
czerindeki serbest ve ge-ici ti amadkiim e&dwmi &
zemin parametrelerindeki deji kimin KkKirikin

gestermi ktir.

TKTOnNnin Pas tparmame ttriep ii ieRiasti k zemin mod el
dinamik ve stabilite analizlerinde 6nemlirso - | ar doj ur makt ader . Bu t
model |l enmesi nde, y°neti ci denkl emlerin tg¢ret
varyasyonel y°ntemlerin etkin bir kekilde ku
Samadi , 2a&,12di.f eAryanrésci y el denkl emlerin ayreéekl
yakl akémlarén kull aneél maseé, l i teratg¢rde yayg
(Kumar, 2018).

Bu -al ékmada, Pasternak zeministg zteirtimalkeikm dra
icin yonetici denklemler Hamilton prensibi ile; burkulma analizi icin gerekli formulasyon ise

mi ni mum toplam potansiyel enerji i I kesi k u
denkl emlerinin sayésalguwl®anme,k tié-ri.n BRI tdzo jy°un
amacé; Pasternak zeminine akiitr ikkay°nzae |pl airkal neertiri
kriti k burkul ma y¢kl eri czerindeki et kil erin

2. TEORKK MODELLEME
2. 1. Ti moshenko Kirik Teori si

TKT,6zeli k1l e késa ve kalén kiriklerin veya y¢kse
EBTO6nin yetersiz kaldéjé durumlar i-in geli¢«k
tarafséz eksene dik kaldejéené v atadird jhmal ak k a
ederken, TKT bu iki 6nemli fiziksel etkiyi analize dahil eder.

TKTO6nin temel gécCé, EBT6den farkl él akan Kkin
gevker yani enkesitler, kirikin tarafséz eks

Bu v ar eniegitt dizleminin donmesinff,), ki ri k ekseni(-rdwdy ef] i mi
bajémséz bir dejikken olarak tanémlamaya ol a
seférdan farkleée ve enkesit ¢zeri(glerirsabit ol

dw

= + 1
P @
TKT kinemati k varsayémlaréna g°r e, kirikin
Gorsel 1):
u(xy, 2= U3 +£( X
W(xy,2=0 2

Uy(% Y, 9= W3

(2) denklemindeu,, u,, u,c i smi n bir noxkytzeské&Smreédn dorraud @wllar é
ol duju yer uXeveiwgt kr meyi ekseni ¢ Xeve 7 aksbrd K i n o
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dojrul tul ar énd aitade etypnétadir. ()] isekt ir i me yeily kelkeseni t i ni n

etraféndaki d°nmesidir.
zZ,w
Homojen malzeme 42
>, N > Y
b
Gorsell.Ki ri k geometrisi ve enkesiti
Kayma deformasyonunun analize dahil edi | mesi
ili kkilerin farkI|l &l akmas én aM)nve kesmme kuvdetivy . TKTEC
genel |l exktiriirlmeilery eri ndsajnidietn akaj édak.i gi bi i
df
; ©)
dwd
V(X) = KSGAeé‘x ol 4)
BuradaE elastisite modulu) atalet momentiG kayma moduliA e n k e s i K, kagnhaa n é ,
d¢zelt me katsayéseder. TKTOnin ki (sg)kasiti k v ar
boyunca sabit ol duju sonucunu dojurur. Oy s al
sahiptir ve serbest y¢gzeylerde séféer ol mal éc
ekdejerliji prensibi kullawnwesariaketgireeidilkinr

enkesit geometrisine bajl é KFaupdejarniefa ns ah ik
Bu sayede, TKT, basitlexktirilmik kinematik vy
2.2. Pasternak Zemin Maleli

Kl asi k Winkler zemin modelinin en ©°neml.i k e
nedeni vyl e, bir nokt adak.i -%kmenin komku b©°l
deformasyonda sureksizliklerin meydana gelmesidir. Bu durum, gercekgi olmayama k
davranékéna neden ol ur.

Pasternak zemin model. , bu s¢reksizlik soru
model i, temel ol arak iki katmandan ol ukur:
1. Winkl er yay kat mane: D¢key yo°nde |l ineer
yaylardam ol ukur . Bu kat man, \¥)n&témsirediiz.e mi n y at
2. Kayma tabakasé: Bu kat man, birbirlerinden
ejilme rijitlifji ol mayan, ancak kayma ge
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model |l enir. Kayma t abakas é(w kkointkiuk i mo ka ¢ak ea
il eterek zemin y¢gzeyinde s¢greklili k sajla
Pasternak modelinin iKkinci v €G,)azemdim ytizeyanthi c i p
s¢reklilijini sajlayarak deoprpygalfeboémaéa- kbhdaea

yardémcé ol ur.

Kiriwikwikmmdar d¢key yer dejiktirmesi durumunda,
birim uzunluk bakeR®Ra dkkenetemkn kaphbamé ol a

d’w
)=k w-G—- 5
POY= kW -G (5)
Bu ifadede yer alan birinci terink(w) Wi nkl er yay kuvvetini, yani

eder . KK-iGpdwd<}yiesd m birim uzunluja etkiyen ka

terim, zemin (@d%d€yiilnd noregntidligdér ve komku vy
sajlayarak y¢kl emenin komku b°l gelerde de d
fi zi ksel ol arak daha ger-ek-i bir davranéxkteér

Pasternak modelinder:O al énar ak si stemin Wi nkl er zemi
mumkudnddr.

2.3. Yonetici Denklemlerin Tiretilmesi

¢cal eékxkmada i ncel enenPalsitneorsnhaekn kzoe nkiinrii kK¢ zeeriinn dche
ve stabilite (burkul ma) probl emleri, anal it |
form¢gle edil mi ktir. Bu yakl akéemlar , Si st emi
kokull arénbislskekabi k wekil de t¢sgretme i mk©n

2.3.1. Hamilton Prensibi

Serbest titrekim gibi sistemlerin dinamik d
kull anél ér . By vep,zeamainp ,and iagttemirms éndaki ger -
eylem(l)i nt egral ini durajan kéldéjéenée belirtir:

123

dl—aft’}Ldti) (6)

Burada L=T W V, sistemin toplam Lagrange fonksiyonuddr, ki ri ki n °t el en
donme ataletinden kaynaklanan toplam kinetik enerjiyi,d € k kuvvetVaeaesei n i K
kirikin keki.l deji ktirme enerjisi il e zemini
Hamilton prensibinin uygulanmaseéyla el de ed
deji kKtirmelerin t¢e¢revlierini I - eren teri mle
uygul anar ak, sistemin y°netici di fesansgryel
kokull are te¢gretilir.
2.3. 2. Mi ni mum Toplam Potansiyel Enerji KIl ke
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Eksenel basén- y¢k¢e altendaki bur kul ma probl

toplam potansiyel enerji Il kesi kK durumandaé | ar a k

toplam potansiyel enerjinin birinci wvaryasyo
ap =, Y) G (7)

Bu ifadede el ae enerfisi (K)e ki Ri rdeajiinkteijrim me
def ormasyonu ve zemin yay/ kayma rijitlikIleri
geometrik potansiyel enerji(V;), eksenel ba@Nn- kiyrgkgingn dy¢
deformasyonundak ay nakl anan eksenel keéesal ma ¢zerind
ifade ederBu ener j i, geometri k nonlineerl ik durun

destabilize edici etkiyi denklemlere dahil eder.

2.4 Pasternak Zemini Uzerindeki Timoshenkd&i r i Ki ni n Ser best

Bu késeéemda, Pasternak el astik zemini czerini
titrekim davranéké incelenmektedir. Sistem s
Anali zde, kirikin d¢key kayma deformasyonl a
etkilexkimi birlikte dejerl endvefidlefii wtkiern.I eHa m
ekl eni k i ki hareket denkl emi el de edi |l mi ktir
Toplam potansiyel enerji, kirikin keki.l defj i

enerjisinden ol ukmaktader:

e a
146 3 g A T
= eElE— 5 #KCA Fet © W Gr— b &)
Zmé S+ C M = -
ékiriKiéIme kirik kayma Pa(js
Ti moshenko teori si uyar énca, Kirikin hem dg¢k
kaynakl anan kinetik enerjisi di kkate al éneéer:
126 3wg 80 52
T=3Né Ag— ot % 9
20 "Ee 07" o+
Hamilton prensibi uygul andéjénda varyasyon,

1

QOLﬁAWdH FOf-EFi iKBK wW(if W &fvw Gw wgixdto (10)

1

Kineti k enerj.i ile 11 gildi terimlerde zamana
r'ﬁz(rAV'vdv+ % 'mv;&;‘zﬁAwW Hd ) di (11)
Potansiyel enerji e 11 gili terimlerde konu
(@n:
o . Loy f
-QElfiddk § EI Ajd Al ) dk (12
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D¢key (kirik kayma (w)zemin kayma) terimler

-FJEKCAF i) &w gvdxi =

& (KGAF W) &w)idvg FJeKGA F W iGwg wd )
Kntegr al i -1 terimler birlextirilerek i ki ta
1. Birinci yoneticidenklemD ¢ Kk ey lidw) e k e t
N o ~ o ~ 2
&gKSGA%{-F_‘:ﬂISdgFXHQ V)\(/ikﬁw FA—.L\zN (14
Bu denkl emde; kiri k kes meemiindervgeléenikayman dej
katkéesé, zemin yay tepkisi ve kirikin eyl
2.Kkinci y°netici d@dklem: D°nme hareket.i
Mg BBy ca g WO o " (19
X¢ M= ¢ xu+ — f
D°nme hareketdi denkl emi |, Wi nkl er dur umunc

parametreler(k,,G,))bu denkl emde do] rwdajni wleenial anaer
sistemi etkiler.

Séenér terimlerdi d¢zenlendiJinde:
YEIF) d+(KGA )i &,w) wg 0 (16)
M=EIfVy KGA f w)i Gw i zi ksel beyekl ¢kl eri -il e s
dijinde:
BMd AV, vl g 0 (17
Buna g°re sénér kokull ar é:

1. Donme(f) igin:
Yad~0( Geometri k sénér kokul: D°nme engel]l

YadaM=0( Doj al sénér kokul: Moment séfér)

2. D¢key yer Wieifi:i Kkt i r me

Yadw=0( Geometri k sénér kokul: ¢°kme engell
YadaV,=0( Doj al sénér kokul: Efekti f kesme |
2.5 Pasternak Zemini i zerindeki Ti moshen
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Bu késémda, Pasternak el astik zemini iszerine
basén- vy ¢bugkulnaldenidemebratéretimektedir.
Analiz, minimum toplam potansiyel enerji ilkesideay an ma k t a d arvef dhmalo b1 e md

iczer e i ki baj émséz dej i kKken bul undujundan,
diferansiyel denklem elde edilir.

Sistemin toplam potansiyel enerjisi, Kekil C
potansiyel eneeki si diefi koprameeaer j ksi, Kiri
Pasternak zemininin potansiyel enerjisinden
é, 2 2 2?
e o o "~
V, =2 6Bl o g K .GA Pats O i ¥ Gy (18
2 égdx+ ¢ dx =+ 1
é kirik Pasternak éle
Geometri k potansiyel enerji, eksenel baseén-

kaynakl anan geometri k késalma ¢(zerinde yapte

14, adwg

V.= =N X 19

o= SN MNeag (19
Tem terimler birlektirildijinde toplam potan

1.1, _ .

P :§Q8E|(fl)2 KGACF w)i ka' (GH N)Cw* gt (20

Bu ifadede, Pasternak zemininden ge{gn terimi ile eksenel yukten gelenN, terimi, wi
deji kkeninin karesi parantezinde birlexkir. |
karkée dojrudan diren- g°sterdi]ini mat emat i k
Kritik burkulma yikinde enerjininbirnci  varyasyonu, séfér ol mal e

P ={)gEI [ diKGA WI( i ok Kkew w (G#& N) w wgixO (21)

Terimler gruplandeéereél déj énda:
1. (d ¥ terimleri:

Elfi d AKGA  #v) | (22)
2. (dw)terimleri:
KGAF+w) av rk,w & ¢G N) w u (23)
Turevli virtiiel terimler(d f; w)jk € s mi i ntegrasyon ile serbest
Ej il me(dther i mi
rjElfi ddi=[El ;ﬁaa;iﬁl ) dk (24)

D¢key yer dej(dw)tirme teri mler.
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r”gL BKGA(F +w) G, N)w igvdx 9
=@KGA ) 6G, N)widvg rj KGGA FW+( G+ N wi gl

Elde edilen ifadelerdengw ve d ik at sayél aré ayré ayré séféra
diferansiyel denklem elde edilir.

1.Birinci y°netici (dd)enkl em: D¢key denge
ie gé‘dWOﬂxe(PG wO 26)
d8 C

KGAve Gysabit ol dujunda:

-KGA(fi W)i G, N)w kw0 27)

BudenklemdeN, bur kul may eé tGexesmikniemd ek &kyemag direnci
koyar.

2.Kkinci y°netici déhfkl em: Moment dengesi

da_ drfo dW o)
RS el -rKGAIa 0 28
dxgj'E dx+ = (28)

Bu denklem, standart Timoshenko moment dengesi denklemidir. Eksenel yuk ve zemin

parametrel er.i bu denkl emde a-éeék-a g°r ¢l me
f ¢6zimlnu etkiler.

Séenér terimlerdi d¢zenlendiJinde:
YEIF) d¥(KGA )i §w Nw) wg 0 29
M=EIfVy KGA Ff w)i (6 Nywfi ziksel beycécklekleri ile
dirildijinde:
BMd AV, vl g 0 (30)
Buna g°re sénér kokull ar é:
1. DOnme(f) igin:
Yad =0 ( Geometri k sénér kokul: D°nme engel/l
YadaM=0( Doj al sénér kokul: Moment séféer)

2. D¢key yer Wieifi:i Kkt i r me
Yadw=0( Geometri k sénér kokul: ¢°kme engell

YadaV,,=0( Doj al sénér kokul: Efektif kesme |
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2. 6. Ritz Y°ntemi ve Uygul anmaseé

Ti moshenko kirikinin Pastperronbalke nzie mi-niin ¢ezledd n
diferansiyel denklemlerin ¢6zUmu icin, direkt varyasyonel bir yontem olan Ritz yontemi

kull anél mékter. Bu y°nt em, problemin -°z¢;mg.
prensibe dayanan bir fonksiyoneli minimiee¢ me problemine do°ng¢gkteerm
(Reddy, 2017).
2.6. 1. Yakl akék ¢°z:;m¢n Tanémlanmaseé
Ritz yontemi, problemin gergek ¢ozum fonksiyonurfd), sonl u sayeéda- bil in
reye sahip bir yadhbareamad®domksdpyaneéer . cal etk
dej i wikk®mwe f(x,t)i -in yaklakék -°ZAgwmée?tncRidenr &ad
yakl akéem f of(k)diiynerelrark®mbdbn nasyonu kKeklinde if

N N.

wix)°a g (% +5(% (x) @add) ;@ & (31
i=1 [

Bu yakl akeéem(@yf(wekgdx))yon?t agmen yakénsamaseée i -i.

Kartéené sajlamalé ve en ©°nemlisi, Kirikin ¢
kokull aréné sajl amal édyak!| adpoidthkzs i yoOomti emiémiém &
kokull arénédasadl manmks @de u.n

Toplam potansiyel enerji fonksiyonelfP) veya Lagrange fonksiyonel(L), yakl akeéek
cozimlerU ) kul I anél arak i fade edildijindeyve fonks
dkatsayélarénén biPohomk fveigmu Mmiamhi memgeel er
i -1in ger ekl i k ok uvk d, phaerrameit r e siemeéegtr e k ési
ekitlenmesidir:

HP_ g i a2.M HPe i 2N (32)
MG ¢
Bu kokulun uygulcamdpnpatsabpel anamegeM-+Nzagemen¢ s
l i neer cebirsel denkl emden olukan bir siste
stabilite problemleri i-in ¢izelge 106de veri
CizelgelTi trekim ve burkul ma anali zi i -in Ritz
Analiz Tipi YOnetici Matris Formu Belirlenen Parametre
Serbest (K -wMu =0 Doj al Fr(@kan
Burkulma (Kg+NKu 6 Kritik Burkulma Yukleri(N,,)

2.6.2 Sayeésal Uygul ama

Bu késémda, teorik ol aPaktegnaki emi i mmeHeh
ornek sunularak, zemin kayma parametr€gianin kritik burkulma yuku N, Uzerindeki

99



| CORFERER,
o 55,

&

KCADEY,
b
i

D

BURSA 6TH | NTERNATI ONAL CONFERENCE ON ENGI NEERI N
December 30, 2026BURSA
ISBN NR:978625569469-0

abilize adi ol aetaki 9r teagpé&onul muktur. Anal
y°nt emi kull anél arak ger-eklexktirilmiktir.

(7]
—

Bu kapsamda, b=l0B0m,yk¢ kgseehk: xbOjmiy € u z Li5.Qunj olarak

al énméktér. Mal ze Re30,000,00kN\Vgtv es Pbesmodl by ané
ol arak kabul edil mixktir. &,emDOOKNEm keiPasternakWi n k |
kaymaka s a ¢,63856000kNal énar ak model | enmi KtK #5/6 kay ma
al ende.)

Kesit ve Mal zeme ¥zelliklerinin Hesapl anmaseé

Kesit al aneé:

A=b 3h &30 0350 045m

Atalet momenti:

bk 0.3 (0.50}
12

Efilme rijitlifji

I = 3:003125

El=E 3 30,000,000 6.003125 3,750 kN

Kayma modulu:

E 30,000,000

= H,538,461.5 kN/F
2(1+n)  2(1 40.30)

Etkin kayma rijitli7]i

KSGA:g 31,538,461.5 30.15 %,442,307.7

Bur kul ma vy¢kWN,)°zadkegje@dewrut undaki matrisin de

ol masé kokulundan el de edilir:
YK GA/ 7+ h- 2 A)l &
Gt KGNk, 46, D-N( ) ( KGA)/ & 33
i (-KGA)) (EI 7 .GA 4
Burkulma yiku genellikle=1( i | k mod) i -in en k¢-¢k (kritik

/,=P =P g6283m', } 0.394
'L 5

El/?=93,75030.3948 °37,011.0 kN
K.GA// =1,442,307.73 0.3948 © 569, 400.0 |
Gpll2 =15,00030.3948 °5,922.0 kN

222boyutundaki matrisin kurul masé:
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&(569, 400+ 5,000+ 5,922) - 0.39HB -1,442,307.7 2832

deté 5
& -906,201.9 37,011 1,442,307.7
Determinant =-°z¢l d¢j é¢nde:

(580,322 0.394B, ) 1,479,319- (-906,202)

858,481,273,718 584,085 - 821,202,064,802

584,039, = 37,279,208,914 N, ° 63,830.4kl
¥nerilen modelin tutarl él é&jénée dojrul amak v
g°zl emleyebil mek amacéyla anali z, 6 farkl e
geliktirilen genel f orm¢glGsOalnadma rzaekmi sni skt aeynm,
zemin modeline, tim zemin parametrel¢k, =G, 0) séf ér |l anarak 1ise zel
indirgenmiktir. Ayréca TKT for m¢l(®GAroemp,unda Kk
donme ataleti ihmatdilerek (1, =0) EBTO6ye ait sonu-I|lar el de edi

kattejé kayma deformasyonu etkisinin mertebe
ol arak ¢izelge 206de ©°zetlenmik ol Dyunlbur kul
referans al énarak hesaplanmécxktéer .

Cizelge2Far kl @& kirik teorileri ve zemi N,nodell e
karkél aktérmal & anali zi

Durum Teori Zemin Modeli N,, (kN) Defj i

1 (referans) EBT Zeminsiz 37.011,00 -

2 TKT Zeminsiz 36.084,50 %-2,5

3 EBT Winkler 49.676,10 %34

4 TKT Winkler 48.749,60 %32

5 EBT Pasternak 64.676,10 %75

6 TKT Pasternak 63.749,60 %72
El de edilen sayésal veriler, teori k bekl ent
TKT, kayma deformasyonl aréné form¢gl asyona deé
modellemektedir; bu durum, zeminsiz analizlerde kritik burkulma yikinde gak € k %2 , 50 |
bir azal maya neden ol maktadeér (¢izel ge 2, C
model i nin devreye gi rmesi (G)) eytiki remid glizeyiede i k ay
dajetarak s¢grekl il g sra]dtaatmikltiaz ev ee dsicst ekmee
Nitekim Pasternak model i, sadece Winkler ya\
yé¢ke kapasitesini belirgin oranda artér mécxt
Pasternak zeminl:i TK&r mollediindyea k( Bkrekm %7)2 b
sajl amaktadeér . Bu bulgul ar, zemin kayma dir
rol¢neg ve °nerilen modelin tutarl el ejéné say
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OZET

Literatg¢rde pasif enerji s°n¢egml eyi ci ci hazl a
yapé sistemler:i czerinde ger-ekbdke@ckmai i éer o
Kkonul muktur . Yapeée g¢-lendirmesinde bu ci hazl
tanémlanmasé ve buna karkeéel ék gelen il ave s
konusu ol arak ©°ne - &k meak staingyici tipl&ioden-bailoléank ma d a .
viskoz akeéexklée s°n¢gmleyici sistemlerin kullan
ol ar ak deprem performanséneén anal itik i N
ger-eklexktirilmiktane AyVeégapénkEavéeedeh}imne
araseéendaki i KKk anal i tik bir bajl amda a-
betonarme -er-eveler, farkl e kesit ve donat
kull anél ar ak nyoadgeolnlael n miakp roalzud pé dsi®° n¢g ml ey i ci c
sahip tiplerinin deprem etkileri altendaki
edilen sonu-1Iar, il ave s°n¢gm or anigimentemegs apé p
sistemleriar aséndaki et kil eki mi belirl eyen par al
g°stermektedir. Sonu- ol ar ak, ger-eklexktiri
sistemlerin kullanéel déejé mevcut bet omiar me bi
prati k bir °neri sunmaktader.

Anahtar Kelimeler: Pas i f Enerji S°n¢ml eme Cihazl ar e,
G¢-lendirme, Dojrusal Ol mayan Zaman Taneém Al

1. GKRKK

Literatg¢rde ve ulusl araraseé K arétm a nseelyerredke vyes

seyrek deprem etkil eri altenda g°-me mekani z
ol ukmaseéna i zin veril mesi vV e can geventl igi
fel sefesinin temel ini ol ukt werlmaskti &deéeol maBwumi
deji ktirmeler ger-eklexktirerek enerji s°ng¢ml
deprem etkilerinin azaltelmasé i-in kull anél

deprem enerjisininnebreliisrilnie bdi°rn¢kk@ gméenme ké s 1
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ol ar ak, bu enerji s°n¢gml eme sistemleri sayes
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epl eri °neml i °] -¢de azalteéel maktader. P E
erat¢rdaz-olkssayéaddeaimaasé ger-ekl exktiriln
ranéklarénén incelenmesi amaceéeyla, test y
6] . S°z konusu deneyl erden el de epdéislaeln s (
| amal arda etkin bir Kekil de kullanél abi
lanabilirlijinin artmaseéeyla birlikte, y
l enmi K ; ardéendan g¢é¢-1 endi r nmize edyingeyel a mal a
anméktér [9 12]. Literat¢rde genel kabul
em riskini azalttejeée, yapeéesal perfor ma
K
I
I
K

- — @ < C

mal arénda Kkull anél magenmémxewkyduwure, olmbwjcuw 1
ar
mu
ma
| ar
mi z

n g¢-lendiril mesine i kkin bir al
tur . Bu -al ékma kapsaménda mevcut y
ar , OpenSees [bl4] atlganlténao laaraaxke | ¢§¢ |
n g¢-lendiril mesi kapsaménda gel ikt
syonunu el e al an bir-ok -al exmada
-evelerin kullladrellddg]j. e Bd®°ra¢s ltmepkit eydapél ar e
zl arénén kull anéména y°nelik farkl é yak
rat¢rde geni kK bir Kekil de ele al énmakt a
€ - alaé&kmean eneetnmealmill lms téi we(sd¢ntgnmel i) s°ong¢m
heza bajl é -alékan viskoz akéekkanl é& ve
] I amda, PES cihazlarén tasar éemamee kol ¢
slaréenda yer alan performansa dayaleée gg¢-

[

I

- O 9 M
- T o o X M

Ktirme ve ilave s°n¢gm esasl é& ol mak ¢z
akéemlardan il ki ol andeRuyaeptnésasl asya
ranékénée dojru bi-i mde temsi|l edememesi

amamas nedeniyle bu -al ékma kapsaméns:

S5 M

| akéml ar é S°z k onus u nsiyeliniegugeniliz Ibicimde , yap
sét amamas e, yerdejiktirme talepleriyle dc¢
ekl il iJini ortaya koymuxktur [ 18]. Bu kaps
arém (DYET) pr os ekdelrilrelrii  kdiaryaheémi tyedunan
deji ktirme kapasitesini esas alan altern
maktadeéer [19]. DYET prosed¢rl eri, PES <cih
uyarl anmékt és®°nBml &kyaipcsialmda- apraz el emanl
itl ik dejikiminin incelenmesi [ 20] ve s°n
] literat¢rde yer al maktadeér .

formansa dayal é deprem tasar@&marpiseseyagp
tnamel erinde yer al maseyla birlikte, yap
ersiz kalan gel eneksel kuvvet ve yerdeji
ésal hasaré daha ger - etki-k yodr-d efjdiek ttiernmsei |l e
n yakl akémlar tercih edil mektedir. Bununl
irl eyen yapeée ©°zellikleri, s°n¢gml eme  si st

parametreleri ve bdlgenin depremsejl i de di kkate aléndéjéenda,
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ol arak wuygun tasarém yaklakémlaréenén gel i kKt
h©l i ne gel mektedir. Bu nedenle l|literate¢rde vy
kapsamlar cegvesi nde el e al enméexktéer . Buna par al

kol ayl akt érmak amaceégta FERMA, 386] Madbdlo davr
spektrumu ve ekdejer deprem y¢ke yontemlerin

sonimkatspaé | ar € tanémlanméekteéer. Bu bajlamda, PES
yerdeji ktirmel eri hesaba katan perfor mansa
ilave s°n¢gm oranénén Kkull anél maseé vy davd bir
s°n¢gm dejerinin en baktan se-il mesi tasar émeé
analizl er Il ave s°n¢gmegn yapé ¢zerindeki kat |
Bu nedenl e, s®z konusu i | dmedicisahaiizern yideteinair i ni n
ol arak tekrarl anmasé gerekmektedir. PES si s
yakl akeéeme kapsaménda i ncel enen konul ar ; S ¢
dejerlendiril mesi [ 23]i,n shfarsgm | &xdli trmd mi &k tnlar
°neril mesi [ 24] ve i lave s°n¢gm esasl e ge¢-1 el
Keklinde ©°zetlenebilir.

Cihazl aréen taraféndan s°n¢gmlenen enerji mi Kk
tal ebinde meydana gel en azal manén paralelinde
olukan hasar biri ki mi de azal maktadeéer. Ener
edil erek bir parametr e ol ar ak kaul 1t asga&t ami Iv
gé-lendirmesi i -in hedefl enen performans sev

performanseée ¢zershdeki emekbli etemvetkapeéki mi
incelenecektir.

2. MODELLEME VE ANALKZ KABULLERK

diri kapsaménda, yapé ile viskoz akeéexkl é& s
nSees yazéléme [ 14] aracel ejéeyla ger-ekl
ull er ayréntél é ol arak bu bé&dhesilendomosedir, € k1 an
i f enerji s’°n¢gmleme (PES) sistemlerinin |
c

I

e

b

S
mevcut bi nalarda deprem performansé belirle
dayanmaktadér. Bu dojrultudae]eczéelel meveuTBEBEC
performanseéneén belirl enme28i27ldve FBMAI3b6a[@® | an f
dok¢manl aré esas al éenmékteéer. Bununla beraber
Eurocode 8 [28] ve TBEEC€ki2OD1@8éjdiekf 26Mhetaa@al la
-al ekxkmada, simetrik bir betonarme binanén id
d¢zl emsel -er-eve sistemleri Kull anéel mekter.
kull anél déjleenis5 | k abteltéo nd g me -er-eveler szer
Cer-evelerin kat y¢ksekl i kl eri tem katl arda

QD
1
(o]

kl eéjJa sahip d°rt a-ékléektan olukmaktadeéer.
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3.6m 3.6m
3.6m 3.6m

3.6m 3.6m
3.6m 3.6m

Gorsel 1. Duzlemsel Betonarme Cergevelerin Boy Kideri

D¢zl emsel -er-evelerin i ncel enmesi nde, far k|
sahip betonarme el emanl aré kull anéel méxteér. A
kesitli betonarme elemanlar tercih edilirken, Ust katlardenaelen b oy ut | ar & kader
azalteéel mekteéer. S°n¢gml eyi ci sistemlerin ince
VAS cihazlar, diyagonal konfig¢rasyonla i - v
¢tal eékma kapsaménalagmdrmar\kdry deytomlaam@&na sahip
betonarme -er-eve kullanél mék olup el emanl al
veril mi ktir. Betonarme el emanl arén kesit ve
ol arak 5enueaeatl &€ pt i -1 n, il k 10 kattaki K

(6001600 mm) ve KIR2 (4001600 mm) ol arak, ¢s
KOL2 (6001600 mm) ve KIR1 (4001600 mm) ol &
kKirikleerrasnedyel as 40(G18 vegstdlidboywmwea v gohat @al t KO

kol onl arénda ise séraséeyla 8018 ve 8024 nerv
Anali z modell erinde tanémlanan3 eB%ligmrlig.i3d4ti
verilen esaslara y gun ol arak belirlenmixktir., Yapéeneéen
°czdejer anal i zi yapélarak bulunmuk ve doj al

sunul muktur .
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¢i zelge 1. D¢zl emsel Betonarme ¢er-evel
Cerceve No. Kat No. Kolon Tipi Kirik
1~10 KOL2 KIR1
! 11~15 KOL1 KIR1
5 1~10 KOL2 KIR2
11~15 KOL2 KIR1
3 1~10 KOL2 KIR2
11~15 KOL2 KIR2
4 1~10 KOL3 KIR1
11~15 KOL1 KIR1
5 1~10 KOL3 KIR2
11~15 KOL2 KIR1
5 1~10 KOL3 KIR2
11~15 KOL2 KIR2
¢izelge 2. Betonarme Takéyécé El emanl ar én
Eleman No. Donatée Konfi Kesit
450
Boyuna D.
KOL1 Etriye 2«8 E}%
600
Boyuna D.
KOL2 Etriye 2«1 . 1%
600
Boyuna
KOL3 Etriye 3«1 Hﬂ%
1 st D. 4 «] rﬂ—]
KIRL Al't D. 4« -
Etriye 2«1 [:] S
400
st D. 4] 1
KIR2 Al t D. 4 o« | -
Etriye 2«1 I 2

108

er de

Kesi



e

g,

D

KLADE
<,

&

b
i

BURSA 6TH | NTERNATI ONAL CONFERENCE ON ENGI NEERI N
December 30, 2026BURSA
ISBN NR:978625569469-0

¢Ci zel e 3. D¢zl emsel Bet onarme ¢er-evel erin
Cerceve No. Mod 1 (sn) Mod 2 (snh) Mod 3 (sh)
1 3.56 1.21 0.69
2
3.37 1.12 0.63
3
4 3.51 1.19 0.67
5
3.32 1.11 0.62
6
2.1. Modal Analiz
OpenSees yazeél éménda ol ukturul an anal i z mo
yakl akémla yani beton ve donateée |ifler ol a
AConcretelRAabl amoélledi ak temsil edilmiktir (GO°r
cevrimsel geriiméxk e k i | deji kKtirme davranékéeneée taneéeml .
(Hysteretic)o modeld] kull anél méxkter [ 29] . D
harelet | i y¢k et ki til miktir. Betonarme el emanl g
dayanéména sahip betonlar ile 420 MPa akma d
g
(a) £ (b) oy
% (5e2p, §ozp_ (Be30 B0
s =
Beip, 551y A M
Ko
{$epsy, $fpcl)
strain or deformation
Fein, Fsin
($epscO, $foc) 7
| E=2"$fpci$epsco ($ean, $s3n ($22n, fsin
G°rsel 2. fAQGamdraextimd2Matvwea i al i Mal zikm&k i Model | e
Dejiktirme Klikkileri
Dojrusal ol mayan analiz prosedg¢r | €8 Madden kul |
6.2.3.10e [27] g°re bilgi d¢zeyi katnsiakytéisre.,

Benz

2 .

Bu -
kul |
Ai nt
taneéeé

er bir yaklakém, TBEC 2018 Madde 15. 2. 12

2. Dojrusal Ol mayan Zaman Taném Al anénd
al eékmada dojrusal ol mayan zaman taném al
anél arak Newmairke i (hd egr &syvon | g°rbte= 0. 2F
egrator Newmar ko komutu ile ger-eklexkti
ml anmékt ér . Rayl eigh s°n¢gm model i, doj r
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yaygén ol ar akakl alkleann éollaunp bQprenysees [ 14] y azé
kull anél arak tanémlanméexkter. Bu -al ékmada, K
birlekimi TBEC 2018 Madde 5. 2. 20ye [26] g°°re
sonimora@ kabul edi Il miktir. Kirik ve kolonlar Oj
kabul ¢yl e modell enmi ktir. Paul ay ve Priest.|
uygul amal arénda yaygén olarak beni msénen pr .
kesit derinlijinin yarésé olarak al énméxtér.
Iti baren el eman uzunlujunun %50i kadar bir
El emanl arén dojrusal ol may ano ndawréann énkoéd,e | H eem
kull anélan tek eksenl i, -0 ft dojrusal histe
kabul |l er kull anél ar ak OpenSees yazeél émeéenc
b°l gel erindeki davranék, niHystedefraoabt ubwmutblu
takip etmektedir (G°rsel 2b) . Bu histeretik
tanémlayan -ok par-alé dojrusal i deal i ze omu
dayaném il eeke&néridajéeméibenl i rl emektedir.

KCADEY,
b
i

D

2.3. ¢ter-eve El emanl aréneéen Dojrusal Ol may

Pl asti k maf sal davranék b°lgelerini (el astik
l'iterat¢rde yaygén ol ax3a k[ X7alb utl & myle &r@eann afoSTOiEd ¢
ejrileri G°rsel 3adda sunul muktur. Bu -ok p
araseéendaki el asti k davranék b°l gesini, B i1 e
etmektedir. Plastik bolgedeiO ar al é€] éa na&m khaiyb adraayl epée 1| se ¢
kaybénén yatayl akteé] é b°l geyi gestermekte
kapasitesi etkin bi-imde kaybol makta ve g°-r
2018 [26] kapsaméndaktianemlaniami vie- eeefi oo mamn
3b), plastik b°lge i-erisinde ani dayanéem K
omurga ejrisinde, Sénérl e Hasar (SH) noktase
( G) nokt aliak éedavraréew!| @aSltgesi ni t emsi | et me
plastik b°lge i-erisinde ¢- farkl e perfor me
y°netmeliji ile performans tanémlarénda Kkg¢- ¢
23[27]Y net mel i J i esas alendéejénda betonar me el
Kull aném (HK) / Sénérl e Hasar (SH), Can Gg¢ve
¥nl enmesi (G¥) |/ G°-me ¥ncesi (G¥) ol arak ta

Hemen Can Gdcmenin
HK< 0.5C CG=075F GO -10F

I¢ Kuvvet
I¢ Kuvvet

l KH GO
SH &
|
|

I |
Suurh | Belirgin Tleri | Gocme
D E| I—}asar. | I—}asar. | Hasar | Bolgesi
f Bélgesi | Bélgesi ) Bolgesi |

Sekildegistirme veya Sekildegistirme Orarm Sekildegistirme

%I)A (b) o
G°rsel 3. ojrusal Ol mayan Prosed¢rler i -in Omurt
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Bu -aléeéxkmada kull anélan performans3[28loweeyl er
TBEC 2018 [26] y°netmeliklerinilnemakll axdcéanl saa
beton i-in performans sénér durumlaré i1ise T
olup ¢izelge 406te verilmicktir.
Bu -al ékmada, bina °nem katsayésé 1.0 olan Kk
DD2 (t as ardazayindeeKpntralimHiagar performans seviyesi hedeflenmektedir.
¢izel ge 4. Betonar me El emanl arén Perf or ma
Eleman No Eksenel Kuvvet| Sén ér | g Kontrolli Hasar GHogamg gr;oea(
' (kN) Séneér é Senér é )
(rad)
220 0.0001 0.0118 0.0157
0 0.0001 0.0128 0.0170
KOL1
-1200 0.0001 0.0040 0.0054
-2400 0.0001 0.0026 0.0034
220 0.0001 0.0118 0.0157
0 0.0001 0.0128 0.0170
KOL2
-1200 0.0001 0.0040 0.0054
-2400 0.0001 0.0026 0.0034
220 0.0001 0.0118 0.0157
0 0.0001 0.0128 0.0170
KOL3
-1200 0.0001 0.0040 0.0054
-2400 0.0001 0.0026 0.0034
KIR1 - 0.0001 0.0118 0.0158
KIR2 - 0.0001 0.0134 0.0178
2.4. Depremsellik
Yapée tasar émeé vV e gé¢-lendirmesine i kkin a
Kartnamel er i incelendijinde, karkeéel akélan zo
bu vyer hareketlerinin yapéya etkilerinin de
dojrusal ol mayan analizl erde eddiej iedii-lienc,e ke ni
akKkama uygun deprem kayétl aréenén se-il mesi
°]l -eklendiril mesidir. Ayréca deprem spektru
zemin seéeneéeflar e, FEMA 450 [ 31] &kagpslaaréeada ,
bet onar me d¢zlem -er-evelerin C zemin S éné
Spektruml ar én ol ukturul abil mesi I -1in Ter kiy
kull anél arak Kuzey Anadol u Fay Zonalivmgzer i nc
kat sayésée okumal arée (G°rsel 4) ger-eklektiri
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Tirkiye Deprem Tehlike Haritalan
Interaktif Web Uygulamasi Okuma MNo. S; Sy PGA{E}
1 0.915 0.269 0.334
T —— 2 0.917 0.27 0.384
3 1.188 0.339 0487
4 0.87 0.272 0.359
5 0.976 0.297 0404
6 0.966 0.271 0.398
7 0.928 0.263 0.382
8 0.948 0.272 0.39
4 9 1.022 0.291 0423
- 10 0.98 0.296 0402
o Ortalama 0.971 0.284 0.401
el Degerler
=] Kabul Edilen 1 0.3 0.4
P Degerler ) )
G°rsel 4. TDTH6dan [32] Se-ilen B°lgenin Sp
2. 5. Deprem Kayeéetl arénén Se-il mesi ve ¥| -
Bu -alékma kapsamggdadamal aekhdadkumé anél mak
hareket d¢zeyli (50 yelda akel ma ol aseéleje %1
g°re se-ilen her bir deprem kaydé takeéméneén
topl améneéerenlkarakk Dk d exlke yatay spektrum el de
kayétl ar a ait bil ekke spektruml ar én ortala
genli klerinin tasarém spektrumunun ayné per.i
kicik ol mamaséné ©°ng°rmektedir. Se-ilen yer
°] -ekl endirme katsayélaré ¢izelge 506te, °I-e
G°rsel 56te sunul maktadér. T, ele alénan yap
¢i zelge 5. TBEC 20180b6e [26] g°re C Sénefée Ze
Deprem Yer ) Olceklendirme
Deprem Kstasyon Magnitid
Yél Kaydeé Kat say
Kern County 1952 Taft Lincoln School 15 7.36 2.85
Loma Prieta 1989 Fremont- M. SJ 762 6.93 3.94
Loma Prieta 1989 | Palo Alto- SLAC Lab 787 6.93 1.29
Loma Prieta 1989 | Saratoga Aloha Ave 802 6.93 1.02
Chi-Chi, Taiwan 1999 CHY029 1198 7.62 1.23
Chi-Chi, Taiwan 1999 CHY052 1211 7.62 3.45
Chi-Chi, Taiwan 1999 HWAOQ029 1278 7.62 2.44
Chuetsuoki, Japan| 2007 Joetsu, Aramaki Dist| 4852 6.80 4.32
Iwate, Japan 2008 IWTO015 5623 6.90 4.47
Iwate, Japan 2008 Yuzama Yokobori 5807 6.90 2.86
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AW
Loh ]
£ 12 Bileske Spektrumlann
= Ortalamasi
= 1
e
E 0.8
2 o6 am=1.3*DD2 - C Zemin Sinifi
n
0.4
0.2
0
0 1 2 3 4 5 6
Periyot (sn)
G°rsel 5. TBEC 20186e [26] g°re C Zemin Seénef
¥l -eklendiril mik Ortal amasé

3. S¥N! MLEYKCK CKHAZ TASARI MI VE KLAVE S¥N!M

Pasi f enerji s°n¢egml eme sistemlerdi arasenda
kull anémé, enerji s°n¢gml eme yyedlemnmyelja depryam ép
°czelli klerini °neml °]l -¢de dejiktirmeden s
artmexkteéer [33]. VAS cihazlar mevcut yapeéel ar e
viskoz akéekkanl & sOragoruhda;yi ci ci hazlar i-in |
Fyas=Cy,¢ [0[° sin(u) "
Kekil de i fade edilebilir. Bur ada, ci hazdaki
g°reli yerdejiktirme u, cihazlareén s°nigm kat
hezveu ci hazéeén davranékéné karakterize eden h
Dojrusal ol mayan VAS cihazlarén i-in a=0.3 Kk
S°n¢gm katsayése, i dealize edi |l mik st@im¢gml eyl
s°n¢gml eme mekani zmal arénén toplam t¢ketti]i
Bu yapélan idealizasyon, Nfekdejer viskoz s°n
fop = 2
s ATEg (2)

buradabveEs, s éraséyl a sistem taraféndan s°ng¢ml el
enerjisini ifade etmektedir.

Vi skoz akékkanl e s°n¢gml eyi ci ci hazl ar én y a
belirl enmesinde, ci haz k a Demltem e2r lizeginde kereiz e | | i
mat emati ksel de°n¢gkeéemler yapeéel acakteéer. Bu ne
hi steretik davranéké model.i (Denkl em 16e g°r

enerji(bp) ve yapé sidefjemitndedpi broekifll enm{ Et i r .
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£ Dogrusal
,-‘ r Olmayan
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Kuvvet

Dogrusal Jkﬁ
Olmayan 4

—JYerdeéigtirme + Yerdegistirme J Yerdegistirme

Viskoz Akiskanli Capraz Eleman Viskoz Akiskanli Sontimleyicili
Sénumleyici Cihaz Capraz Eleman

‘Ej Kuvvet

G°rsel 6. VAS i-iniXadredaé¢ijiizet Ediné mKIKi Kknivivet i

Bu kapsamda dojrusal ol mayan vi skodgcamdzée Kk k an |
elemanlar(k) ve -aprazl éars@mg¢rm) jeiyti leii jtiemblkalz |l et mekt e
kapsaménda ger-eklexktirilen yapésal anal izl
°czelli kleri, Maxwell tipi viskoelasti k model
Kul | anélradnejciikhtaizr meee 8/&sdéj el éri F¢i zel ge 606da
¢izelge 6. Viskoz Akékkanlé S°n¢igmleyicildi ¢
Nominal Kuvwet | S° n¢m KgCi haz Yer Capraz Eleman | Rijitlik (K a¢)
(KN) [KN.(s/m)"a] Sénérl ar Profilleri (KN/m)

250 369 7.6 RHS 150X150X6.3 58300
500 738 10.2 RHS 200X200X6.3 83320

4. ANALKZ SONUC¢LARI

Bu b°l ¢mde, C zemin sénefée i-in °l-eklendir:
katl é& d¢zlem -er-eve sistemleri czerinde ger
sonu-|laré sunul maktader. S°z keratsiuk adcauri ad
(G°rsel 7 ve 8), tepe deplasmanl are (G°rsel
(G°rsel 11 ve 12), ve ek s°n¢gm oranéna (G°r s
ci haz konfig¢raswyorl adariaki vekadmmélkaktrér m

4. 1. S°n¢gmleyi ci Cihaz Tipleri I -1 n Histe
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Gorsel 7. VAS (Nominal Kuvvet 250 kN) icin KuvveiDe pl asman Sonu-1 ar é
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4 . 3 Deprem Girik ve S°n¢gm Enerjisi
700
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W 3004
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&
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100
o
NO3 NO4
Gergeve Modelleri
[- Yalin Gergeve [0 Diyagonal / Dis/250 =3 Diyagonal / Dig / 500 [ Diyagonal/ ¢ / 250  — | Diyagonalfigiﬁm)]
G°rsel 11. 15 Katl é& ¢er-evelerin Deprem
400
g
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£z
B
&
£ 200
2
S
100 4
o NO1 NO2 NO3 NO4 NO5 NO8&
Gergeve Modelleri
l- Yalin Gergeve [ Diyagonal /Dis/250 [ Diyagonal/Dig/500 [ Diyagonal/lg/250 [ DiyagunaltlngOO]
Gorsel12. 1K at |l &€ ¢er-evelerin S°n¢gm Enerj.i G

4. 4. EKkK
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G°rsel
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5. GENEL DEJERLENDKRME VE SONU¢LAR
c

S°n¢gml eyi ci i haz optimizasyonu yakl|l akéemlareénda

°zelliklerde yapélan dejikiklikler baklangeée- kal
etkilekim hoO©linde olan yapre da& déjniimiheyice yYolhaa
parametrenin etkilenmesine neden ol abilir. Dol &
analizlerle tekrarlanmasé gerekmektedir. Bununl
ZTAyontemikullam €1 ar ak ger-eklexktirildiji dikkate al énd
ol duk-a wuzaklakteéejé g°r¢l mektedir. Bu nedenle vy
kull anarak analitik bir «kekiBludé@ nenmrtiaaya ok arkd nur huil ra
zemin senefé i-in °l-eklenmik 11 adet deprem kay
enerji s°n¢ml eme si st emi kull aneéel ar ak dojrus.
ger-eklexktirilmixktir
SH
+ C-802
+ C-787
+ C-762
+ C-5818
KH
+ C-5807
s 5
S =
'S + C-5623
3 g
2 5
o 1 c482 &
£ a
(<}
;
Q
[+ 8 L c15
GO
+ C-1278
+ C-1211
~:C»1198
5 o NOB
'$-250 B : - NO5 '
i fe-254 P oz “\069\\6“
oNnfigii =000 NO1
G Srayanta; (Diyagonay) o
Gorsel4. 15 Katl é& ¢er-eveler i-in Deprem Perfo
Sonu- ol ar ak, belirleyici parametrelerin anali't
g¢-lendirme s¢grecinde tekrarl e anal i zllaebriel eictetjiiy
de¢kenegl mektedir . Ayr éca, °ner.i belirleyici par 8
et kil exkimli bir deprem g¢-lendirme s¢grecine ol an
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BKGA YARI MADASI NDA YER ALAN YAPI SAEOLUNSURL A
UYDU GY¥R! NT! S! KELE KKK ZAGKS KZK

Dr. Erdem G! NDOJD

Canakkale Onsekiz Mart Universitesi, Can Meslek Yiiksekokulu, Madencilik ve Maden
¢ékarma B°l ¢m¢, <€ OREGIEBM@comu. edu. tr

OZET

Biga Yarémadasé ve yaken - evr edepremledeggismig ¢ zy €l
aktivite bakéeméndan Tg¢grkiyednin en °nemli ak
Yarémadaseéeodonén ort aG°knéeesnméemadyaé i (sbe), SCamEakYeyn i Fcae
Zonu ol mak iczere 3 °nemimaktakt ioffl uy,apéaadlékn
ol uktur maktadeéer. Bu -al ékxkmada, s®z¢ edil en
sunduju dojrultul aréén, uydu g°r¢nt¢gse¢e yarde
unsurl ar én meydana gaertkiérldaikjtiér éi mg s 8 e lalmak-11 eal
dojrultusunda 51-0Lt angdu, gt ANDEATE il e ortay
tanesi l i terat¢rde 1/ 250.000 °l - ekl i dir
dejerlendiril mesiyl el maok ummkanan t opkgims e8l0l0i k

karkeéel akt érmal é analOLadi uywapé lgmékstnéres.s ¢nAeN S AT
kombinasyonl are, filtreleme ve g°re¢nt ¢ keski
belirlenmikebl ubl eiun -b &gk @&n0 Ad=o jarrual stéunsduan uyno j|
gor ¢l meg kt ¢ r-OLl WyduN® B WISUBIen elde edilen cizgiselliklerin, literattirdeki

veriler ile karkeéelakteérélmaseée i-in ve 1/ 250.
unsurl arén meydana getirdiiji -izgisellikler

baskén dojruBQABuoUdufNW1IA°r ¢l mekt ¢or . Yine

haritasénda g°sterilen, akti vi tteesrii Ikegnp huerl s u re
t amameé -izgisellik ol ar ak dejerl endiril mick
dojrultus8ABR N6dWB] u g°r ¢l megkt ¢r. BuOLveril e
uydu g°re¢nt¢gse¢e i le el de edi luernl a-riez gdiasheal |iiykil
ge°r ¢l mektedir. B°ylece, bir b°lgede aktif vya
LANDSATS8-OL | uydu g°re¢ntegse i1le -izgisellik an
ver mekte ol up, czeldInkéeé ebSlaghani-rml gamad alr ennd s
vermektedir.

Anahtar Kelimeler: Bi ga Yar émadas é, ¢izgiselli k Anali z
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1. GKRKEk

Jeol oji k, tektonik ve jeomorfolojik ©°zelliKk
sonucuot aya -ékarél maktadeéer. Ancak b¢gyek °1 - ekl
izl er sunmayabilir. Bu dojrusal yapeéelar ve s
y°ntemler kullanél makta ol up, P¥8r dmomeyll & mej e
y°ntemlerle dojrusal yapél ar én Ve g° m¢l ¢
kull anél makt ader . B°yl ece, yézey g%zl emleri
s¢reksizIli kl er de tespit,neadyetk amomali verflerinin Sy d é n v
model |l emesi nden el de edil en sonu-I|larla voll
al anl ar én mevcut yapésal haritalarl a uy uml |
Potansiyel alan verinladr it ekku lolnd rké laa raxlk ,é r mfPal ke
sonu-1ar, GPS ©°1 -¢ml eri vV e mevcut tektoni k
uyumlulujunu kontrol etmi Kk ve bakarél é sonu-
durumlarda, saha gozlemlerininan € séra, g¢negmgzde yaygén ol a
y°ntemlerle ikKlenmesi prensi bine dayanan uza
B°yl ece uzaktan al gélama -al ékmal aré sayesin
kolay | ekl ar sajl anmaktadér. Jeoloji k -izgisell
ol duk-a °neml:i bir yer tutmaktadeéer. ¢Cenke -
dejerlendirmesi, hidrojeol ojii kp ek a-kaké r-naall éakrme
ol ukturmaktadér. ¢izgisellikleri belirleme m
g°rsel dejerl endirmesine ve sayeésal yé¢ksekl
2014). Tektoni k ©° zelll iuknlseurrilmar-loa] u Id gz i-liizdgir
i fade edil mektedir. Ar azi kokull arénéen gg¢-|
-al ekxéel amamaktader . Ayr éca bu y°ntemle t¢m
olamayabilir (Karnieli vd. 1996; Shahzad vd., 2011). Yerbilimleri ve 0zellikle jeoloji

arakteérmal ar énda, baskeén Neotektoni k d°nen
belirl enmesinde sék-a kullanélan -izgiselliKk
sadece keer ékké viraétm aecrk senl er i ve faylanmal ar é

Bunun yané séra; vadi , sért gi bi dojrusal
topojrafyanén tanémlanmasé i-in °neml6). ol an
i

Bu y¢zden -izgisellikler, t¢m tektoni k yapeél
vd., 2012). Yerbilimleri alanénda yapélan - a
goeré¢nt el eri kull anél maktadeéer. ;Bueusi nedkear akbk
ol mase, kull anécélara -ok bantl é g°r¢nte ol
o1 - ekl i jeol ojik -al @ékmal ara uygun ol mase

sajl amaséedér (Dojru ve Y¢gcel, 2017).

Bu -al ékéemwha, alaneéné,; Afri ka, Arap ve AvVrasy
Bl oJjudnun (T¢rkiye) bate kesiminde yer al an

il e Avrasya Plakasé araséndaki séneéer éanol ukt u
ve sismik olarak aktivitesi -0k y¢ksek bir s

Anadol u Fay Si st emi ( NAFS) o ol ar ak adl ande
NAFSOnin baté wuzantélaréené b¢nyesiemhbliglk bar én
depremlerl e °n plana -ékan sismik aktivitesi
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gel en yéekecé depremlere ka@ha&dhéFavyen Sayél?

Biga¢ a n Fay Zonu gel mektedir . -OBluuyda boaintési k ap s a
czerinde, -eki tli bant kombi nasyonl arée ve f
Yapélan bu -izgisellik analizinden el de edi/l
diri fay haritasénda n godutramillagreylyap &aalk é lu
karkél akt érma sonrasénda, uydu g°r¢nteglerind
ve genelli kle saha -alékmalaréeyla elde edil
Boylece bu tir cgizgisellka nal i z i -al ékmal ar énda, uydu g°r

vurgul anméexkter .

2. TEKTONKK ORTAM VE B¥LGENKN DEPREMSELLKJK

Afri ka, Arabistan ve Avrasya Pl akalaré ar as
gel en deformasyonunnaetike cti ¢gKteonbiakc | €ecsaurd®°g el
Arabistan Plakasé ile Anadolu Blojudnun sén
Arabi stan Plakasé ile Afrika Plakasé araseén
Afrika Plakasadonue Agadolewmiddloediu Ky aay@a,n K& b é
Bl oju ile Avrasya Plakasédnén sénéréné ol ukt
1972, 1978; keng?©°r, 1979, 1980; Jackson ve N
1991; LePichon,d . , 1995; Armijo vd., 1999, Bozkurt,
Hem Arap hem de Afrika plakal arénén kuzeye
Pl iyosen' den géneégmgze kadar batéya dojru h
d°nemde tbhwkHaryeakhet | er, Anadol u Bl ojubébnda bir
sebep ol muktur. Saj yanal Kuzey Anadol u Fay

Anadolu Blojudédnun séraseéyla kuzey ve doju sE€
la).

Anadol u Bl oju ile Avrasya Plakaséeodonén séneéer én
son y¢zyeéelda ¢retmik olduju begyéek depremlerl
bir fay sistemidir (Barka ve Kadinsk@ade, 1988). Kuzey AnadoluFay Smete , Doj u Ak der

Bl gesi 6nin sismik bakémdan en aktif fay sis
Noktasédndan bakl ayar ak, yakl akek 1000 kmodol |
uzaner ve Bolubddan itibaramarbak ,eéylu dbfkrgeda
b°l gesel geril me durumlarénén etkisiyle kuz:
b¢yeéek ©°I1 -ekli bir atkuyruju yapéseé olukturur
Kirger vd., 2019)

Kuzey kol , Do#¢emcuUAdd¥pmazasi &® dojusu) itibaren
G°l ¢ i1 -erisinden Marmara Denizid6ne dojru uz
batéeéya dojru séraséyla Adal ar, Avceéelar, Kut
Marmara Deniziicerisnden Saros K°rfezi dne, oradan da E
(Kurger vd., 2019; Emre vd., 2013). Guney kol ise, Dokurcun Vadisi ile Marmara Denizi giineyi
arasénda,Bypkhgré& ©Dzanér, Gemli k Ko°rfezi i
Marmaa Deni zi é6nin g¢ney kéyésénée takip eder, K

Biga Yarémadasébdna dojru devem eder (K¢gr-er
kuzeybatésénda yer al er ve bateda Ege Deni z
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Kerfezi il e sénérl andérél mék bir alane tems
meydana gelen bir-ok aktif fay ile karakter:i
Yarémadaséonda KDdédan GBOya dojru-BgeEkFapseyl a
Zonu, Sar ek?®°yG° BerktFay é ,Yemviciel er Fayé ve Edr e
(K¢r-er vd., 2019, Emre vd., 2013) (keki/l 1lb

Black Sea
\ =
g . P G S
(a) . P L e e
prr. 4, - 1766 "™ N\ soweae
o P —F— 1509 \ 099 1Mt g0
e~ Marmara Sea B Y B ,VV;:.—‘J:: o199

__
— 1894
447 P

[ ] . Instrumental
Historical
6 7
Magnitude

Study
Area

keki@Aflri ka Pl akasé, Arap Plakasé ve Avrasya Pl akaseée

alanénén konumu (keng©°r, 1979 and Bar ka, PPGendé6den dg
tarihsel ddnemde (1900 6ncesi) hem aletsel donen®dé (@ sonr asé) Biga Yar émadasédnd
depremlerin oluk zamanl aré ve |l okasyonlareée ile -aleéexn
al ., 1992; K¢r-er et al ., 20126den d¢gzenl eyen ¥zden e
Bu -al ékmada, KAF6én Biga Yarémadaseéndaki u
deprem ¢retmi k-G8hham PFayéeaoVYeamkcRBayr2onbBivga
Faylaré ile sénérl e alan dejerl endisismikl mi Kt

aktivitesi en y¢ksek alanl arénén blael@okda gel
tari hl er i -4840zslemferdva273B®7 80D5 boyl aml aré arasénd

7.0>M>6.0 olan 1 adet, 6 . 0 >lavl toplanD20 ddet @eprerh o | m:
meydana gel miktir. kekil 20de | okasyonl areée v
sunul muxktur

4 I i

'}'l/:‘.., w E

/Bdndmm L 8 4
1 (v SV
0200
W]

“‘4 — £ J,————_Juw‘“
kekit¢tal2zek ma al @04 entealeriiv@Zr.6BM. 75 ar asénda kabaa02b° | ge)
tarihleri gaaseéenda meydana gel mi K MO4 . 5 depremlerin
(http:// www. koeri.boun.edu.tr/sismo/zeqdb/ adresinden

Tablol.¢al é kma al @04 entemleriiv@Z7.OB7M. 75 ar asénda kdb2020b° 1 ge)
tarihl eri arasénda meydana gel mik MO4.5 depremler ve
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be¢yekl ¢k, Md : S¢reye Bajlée Be¢gyekl ¢k, Ml Yer el (Loke

Dal gasé B¢yeokl ¢ ¢, Mb :  E/iweni.koeri.Doair.eguatrésismoBRerigb akresinglen, bu ( ht t

-al ékma i-in derlenmiktir)
No Date Hour Latitude Longitude Depth (km) xM MD ML Mw Ms Mb
1 10.07.200€ 07:49 40.007 27.714 13.6 49 0.0 49 - - -
2 05.07.198:12:01 40.330 27.210 07.0 59 00 59 - 58 55
3 05.03.196¢€ 14:41 40.060 27.560 33.0 48 46 4.7 48 4.6 4.7
4 03.03.196€ 00:59 40.080 27.500 06.0 58 54 0.0 58 58 56
5 21.08.196€ 01:30 40.330 27.400 12.0 51 49 49 51 49 438
6 18.07.195€ 09:46 39.960 27.300 60.0 47 46 4.6 47 45 46
7 01.04.195:Z 01:47 39.970 27.450 20.0 49 49 49 48 49 49
8 31.03.195Z18:24 40.100 27.300 15.0 47 46 4.6 47 45 46
9 26.03.195:215:10 39.940 27.480 10.0 49 47 47 49 47 48
10 24.03.195Z20:20 40.000 27.500 12.0 49 47 47 49 47 48
11 22.03.195Z13:17 40.000 27.300 26.0 45 43 43 45 42 44
12 19.03.195% 21:13 39.880 27.350 10.0 53 5.0 49 53 50 5.0
13 19.03.195Z 12:53 40.100 27.300 48.0 49 48 48 49 48 49
14 18.03.195Z 23:28 40.000 27.400 30.0 47 46 46 47 45 46
15 18.03.195Z 22:28 40.000 27.400 30.0 49 48 48 49 48 49
16 18.03.195Z21:18 39.960 27.590 30.0 55 53 53 55 54 53
17 18.03.195Z20:20 40.000 27.400 30.0 53 5.0 49 53 50 5.0
18 18.03.195519:06 39.990 27.360 10.0 72 6.7 6.7 6.8 7.2 6.6
19 22.10.193£07:29 40.310 27.210 10.0 54 51 51 54 52 51
20 04.01.193F 16:20 40.300  27.450 20.0 6.3 6.0 6.0 6.2 6.3 59

3. MATERYAL VE METOT

Bu -al ékmada, i |-®LI wydusunaadit, UB@SNMetnat TsiBesinden temin

edilen, 22.07.2019 tarihli ve LC08_L1TP_181032_20190722_20190801_01 T1 kodlu uydu
geré¢nt¢egse kull anél mékt ér . oL 1| , dokuz adet S ¥
bandén yedi tanesi-TMa hANDSATEETM sensbrikerhhdeDuunan

a al ekl aréna sahiptir. Bu sayede eski LANDS,
bandder i n mavi/ aerosol ve késa dalga infrared
edi |l mesi ne Ve su kalitesinin ° |nik.gomnn/e si ne

content_sistem_uydu.asp?id=49).

LANDSATS8-OL | uydu geré¢nt el erine; -al éxkma amac
kombinasyonl aré wuygul an@p&3t2a dbeant | ¥arrreejiilne yge
kombi nasyonu (RGB: 43@®)RGBN&Aa#d48r ablanColkorndbu ,nas
Il nfr a(Cc)eRAGBI:, 764 bant k o AWWaivnea s ly ro f(du R GBS dantt

kombi nasyonu (6d§JR@B:i €@2 thuaretoik o mb i(fhR&B:y6d et i Ge o |

kombi nasyonu i se ALand/ Watero ©°zellikleri k
(https://gsgeography.com/lands8tbandsc o mbi nati ons/ ). Bir sahaneér
czelli klerinin o rdt2adgna kombdr&syponuaun tRGB:€742) iyi isanyg 7

verdiji, bunun yané séra belli [ int &klud jl ialned id ¢
da |iteratg¢grde belirtilmiktir (Dojru ve Yg¢gce

Bu -al ékxmada, tem bant k o mbii40tlat'd5/Noemlénderi #de, d e ner
27°0000"E2 7 A49' 10' ' E boyl amlaré arasénda kal an,
bakénda g&PFPermrn ¥Felyaénc eFBBiygaZonu ve Sar ék°y Fay/é
ana -izgisellifji; en iyl yansétan bant k o ml
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kombinasyona ait olduju sonucuna war éekmemt er
ENVI 5.0 yazéléemé ile ger-eklexktirilmicktir

(RGB: 432)
& "§~

(Panchromatic)

o

2 oy

aktif tektonik unsurlarée ¢zerinde - a

kKeki I T@rki(pndoni

n

2013)(b)Kesi kl i -izgi il e g°sterilenoniak éxanméladrmanEbhmrdrae yee
2011b,2013) (1:Bigg¢ an Fay Zonu, 2: S@°rnréekr (gFlfyagy)é Fa¥y: Yamicase ¢ze
alané i-erisinde yer alan akti(did¢faalyd kama (aElnerneé nvae adiit] .L
oL I uydu g°re¢nt¢se¢e i le denenen - exki t I(j)iPatkramatik band mbi nas
(Band:8)(k) Tercih edilen band kombinasyonu (RGB: 564)

¢tal exma sahaseéndaki ana -ucynaebvhr kBl ani RE&B:
kombi nasyonu czerinde -exitli td). IlUygulandne me i «
Gamma, Frost, Lee ve Local Sigma filtreler:i
Sigma filtresi i | e s 3g.jDalmasah@ Logal Ydine fjttesnijzerine, r  ( k
-eki tli ger¢nt ¢ keskinl ekt i r-gleTuny Bunfittreleme e r i d
i Kl eml er i de ENVI 5.0 yazeléme ile ger-ekl
uygulanan ve sharpeld, zoom linear%2 olarak elde edilen gorinti Uzerinde, ana
-izgiselliklerin g°sterimi ise kekil 506te su
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kekiKuld.anél an ( RGBOL gdntusinAuyduldnan fBtrel¢a) Gamma filtresi(b) Frost
filtresi (c) Lee filtresi(d) Local Sigma Filtres(eg)G° r ¢ nt ¢ kesinl ektirme uygul anmécxk

LANDSATS8-OLI uydu goéruntisine uygulanan bant kombinasyonu, filtreleme ve gorinti
keskinlexktirme i Kl eml erin@@n ysaet @mé GLOBAL
-izgiselliklerinmdxjtriul.t €li Zrgé scdjl e kll emdinr idloj
sergilediJi dilimler i s e, STERONET progr ameé
belirl enmicktir. Bir sonraki akamada, uydu g°
Olceklidirifayha i t al ar énda g°sterilen yer alan yapés
-izgiselli k gibi) karkél aktéerél masé ama-1I| ann
olan tektoni k yapeélara ait unsitigmabudakgempek
sonra da, LANDSAT&OLI uydu gorintisinden elde edilen cizgisellikler, literattrdeki
-izgisellikler ile karkélaktérél méexter.
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