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Dun

“Béton Armé” kavrami

Joseph-Louis Lambot (1814-1887) Lambot’nun teknesi, Brignoles Mtuzesi, Fransa (1848) [1]
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1. https:/ /france3-tegions.franceinfo.fr/provence-alpes-cote-d-azut/vat/a-decouvtit-dans-le-vat-le-bateau-ciment-a-brignoles-2054101.html



Dun

“Béton Armé” kavrami
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Joseph Monier (1823-19006) Joseph Monier betonarme patenti, 1867 [2]
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2. https:/ /resource.midasuser.com/en/blog/get-motivated/ secrets-reinforced-concrete



Dun

“Béton Armé” kavrami

Francois Hennebique (1842-1921) Francois Hennebique betonarme patenti, 1892
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Dun

“Béton Armé” kavrami

—— O T

Disposition of Tron ln Posta, Beams and Filllngs,

Fig. 4 Honaeblque's Floor

Francois Hennebique betonarme sistemi, Hull, Ingiltere [3]
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3. https:/ /www.thehullstory.com/allarticles/hennebique-feature-angus



Dun

“On uretim” kavrami

-~

L

Un degirmeni binasi, Ingiltere, 1898 [4]
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4. Elliott, K. S. (2017). Precast concrete structures (2nd ed.). CRC Press /



Dun

“On uretim” kavrami
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Eldon Street Apartments, Liverpool, Ingiltere (1905) [5]

John Alexander Brodie [1858-1934]
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5. https:/ /losttribeofeverton.com/street/eldon-street/



Dun

“On uretim” kavrami

=

Eldon Street Apartments, Liverpool, Ingiltere (1905) [5]
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5. https:/ /losttribeofeverton.com/street/eldon-street/



Dun

Ikinci Diinya Savast Sonrasi
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Airey Houses, Ingiltere, 1946 [6]
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6. https:/ /leedscivictrust.org.uk/airey-homes/
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Ikinci Diinya Savast Sonrasi

Ashburton Konutlari, Ingiltere, 1946
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Dun

Ikinci Diinya Savast Sonrasi

Lower Tampa Bay Kopriisii 6ntretim tesisi, ABD, 1953 [7]
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7. civilengineeting-digital.com/ civilengineering/may_2017/MobilePagedArticle.actionrarticleld=1107111
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Ikinci Diinya Savast Sonrasi

Narodowe Archiwum Cyfrowe

Oniiretimli beton iiretim tesisi, Polonya, 1957 [8]
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8. https:/ /www.szukajwarchiwach.gov.pl/jednostka/-/jednostka/5960966?refererPlid=2144199 /
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Ikinci Diinya Savag1 Sonrast
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=T T . Oniiretimli beton {iretim tesisi, Khabarovsk, Sovyetler Birligi (1967) [9]

=

Prekast panelli konut, Ukrayna 1960 [9]

8. https:/ /www.fineartstorehouse.com/michael-ochs-archives/prefab-concrete-41312884.html 13 / 68
9. https:/ /www.ukrainianphotographies.otg/2026/06/10/it-wasnt-that-long-ago-kyiv-in-20th-century-architectural-photography-chapter-2 /Putm_source=chatgpt.com



https://www.fineartstorehouse.com/michael-ochs-archives/prefab-concrete-41312884.html

Dun

Ongerilme Kavrami

“Yirminci ylizythin bir iriini olan 6ngerme fikri, yapi “Preyssinet’yi yillardir gérmemistim. Sonra yeniden ortaya ¢ikt1 ve
mithendisligi tarihinde, tim dénemler bz Sniine bana, o siire boyunca kendisini buttuntiyle adadigi, son derece titiz

ve zorlu arastirma projesini anlatt: Daha o6nce var olan tim
malzemelerden tamamen farkli, o donemde kullanilan ¢imento ve
celiklerden bes ya da altt kat daha dayanikli yeni bir malzemenin

alindiginda, en 6nemli yeni yonelimi ortaya koymustur.

Bu fikir, tasarimciya yapisal davranisi k(.).ntr(.)l "etm.e olanagi kesfi”

sunarken, aynit zamanda onu yapim sureci Uzerine daha

derinlemesine dusinmeye yoneltmis, hatta bunu zorunlu Le Corbusier, 1933 [9]
kilmistur.

Dahasi, ongerme fikri bicim acisindan yeni olanaklarin
kapisint agmustir. Sonucta, genel kultirt etkileyen yeni
bi¢imlerdir. Bu bicimler gorsel nitelik tasidigindan, yeni bir
yonelimi ik  sezenlerin  gorsel  sanatcilar  olmasin

bekleyebiliriz.

Nitekim, yirminci ylzyiin biiyik mimarlar arasinda sanatsal
yonu en gugcli olan Le Corbusier, yeni fikri ilk kez ¢arpict bir
bicimde ortaya koymustur. 1933 yilinda kaleme aldig1 ve
buyik takdir géren Istyan Kent (La Ville Radieuse) adli
eserinin sonlarina dogru su ifadeyi kullanmistir:[9]

Chatles-Edouard Jeanneret, “Le Corbusier”(1887-1965)

9. Billington, D. P. (1976). Historical perspective on prestressed concrete. PCI Journal, 21(5), 48—71. 14/ 68



Dun

Ongerilme Kavrami

“Yukler nedeniyle olusan sehimlerin betonarme donatisinda
meydana getirdigi elastik kuvvetleri, yeterli buyiikliikte, 6nceden
uygulanmis ve kalict gerilmelerle ikame etme fikri ilk kez 1903—
1904 yillarinda, Charles Rabutnin FEcole des Ponts et
Chaussées’de verdigi bir dizi ders sirasinda aklima geldi. Bu dersler
bir yandan betonarme konusuna, diger yandan da yapilarin
kendiliginden veya dis etkilerle meydana gelen sehimlerinin
sistematik olarak incelenmesine ayrilmist1.”

Eugene Freyssinet, 1949 [9]

Eugene Freyssinet (1879-1962)

9. Billington, D. P. (1976). Historical perspective on prestressed concrete. PCI Journal, 21(5), 48—71. 15/ 68



Dun

Ongerilme Kavrami
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Ongerilme teorisi [10] Ongerilme islemi [11]

10. Nawy, E. G. (2006). Prestressed concrete: A fundamental approach (5th ed.). Pearson Prentice Hall.
11. https://nordimpianti.com/Products/Stressing-and-Detensioning/ Single-stressing-system/ Wire-stressing-machine
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Dun

Ongerilme Kavrami

Le Pont du Veurdre, en ciment armé

Veurdre Koprusi (1912) ve sinme problemi [9]

9. Billington, D. P. (1976). Historical perspective on prestressed concrete. PCI Journal, 21(5), 48—71. 17/ 68



Dun

Ongerilme Kavrami
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Luzancy Koprusu, Fransa (1946) [12] Walnut Lane Koprist, ABD (1950) [13]

12. https://www.vinci.com/en/group/our-history
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13. https://whyy.org/atticles/rehab-begins-wednesday-on-wissahickon-s-walnut-lane-bridge /


https://www.vinci.com/en/group/our-history
https://www.vinci.com/en/group/our-history

Dun

Amerikan “Double Tee”

TT panel montaj durumu [14] Colorado, ABD (1952) [15]

14. Precast/Prestressed Concrete Institute. (2010). PCI design handbook: Precast and prestressed concrete (7th ed.). Precast/Prestressed Concrete Institute. 19 /68
15. https:/ /npgallery.nps.gov/GetAsset/821d76be-b601-4a13-97£7-6£5¢f4376ed8
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Turkiye’de Beton Prefabrikasyonun Gelisimi

MUJDELIYORUZ :

MEMLEKETIMIZDE, LG ZAMAN,
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Santrfij Direkler, 1950’ler

16. https:/ /www.prefab.org.tr/yapi-sistemleri/ prefabtikasyon-turkiyede-gelisimi
17. https:/ /archives.saltresearch.org/handle/123456789/210212

Eregli Demir Celik Tesisleri Lojmanlart (Insaat: 1965)
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Dun

Tirkiye’de Beton Prefabrikasyonun Geligimi

* 1970-1980ler: Buyume Yillart 1990’larin sonlart: Duraklama donemi

* Sanayi tesislert * Hazir beton

* Yurt ingaatlar * Karar vericilerin konvansiyonel yapim

* Depolar yontemleri tercihi

* Turistik amacl tesisler

* 1999 Depremi

* 1984: Turkiye Prefabrik Birligi’nin Kurulusu

* Standardizasyon calismalari e 200071er:

* Panel ve konferanslar * Sanayi yapilari

* Hafif rayli sistemler

* 19901ar: Otoyollarin yayginlasmast * Otoparklar

* Ulastirma projeleri * AVM’ler

* Kopru kirisleri * Stadyumlar

* Toprakarme duvarlar
* Beton bariyerler

21 /68
16. https:/ /www.ptrefab.org.tr/yapi-sistemleri/ prefabrikasyon-turkiyede-gelisimi



Giiniimiizde Oniiretimli Beton — Sanayi Yapilari

SIE

N
|k‘ l:
"

22/ 68



Giiniimiizde Oniiretimli Beton — Aligveris Merkezleri

Otopark yapist [19]

Umraniye IKEA [18]

18. https://dengemimart.com/umraniye-ikea-avm-projesi 23 /68

19. https:/ /www.knifetiverprestress.com/products/double-tee/


https://dengemimart.com/umraniye-ikea-avm-projesi

Giiniimiizde Oniiretimli Beton — Konut Yapilari

The Paramount, San Francisco, ABD [14] Unité d'habitétion, Marsilya, Fransa

24 /68

14. Precast/Prestressed Concrete Institute. (2010). PCI design handbook: Precast and prestressed concrete (7th ed.). Precast/Prestressed Concrete Institute.



Giiniimiizde Oniiretimli Beton — Konut Yapilari
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Sao Paolo, Brezilya Kyiv, Ukrayna
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Giiniimiizde Oniiretimli Beton — Képrii Segmentleri

14. Precast/Prestressed Concrete Institute. (2010). PCI design handbook: Precast and prestressed concrete (7th ed.). Precast/Prestressed Concrete Institute. 26/ 68



Giiniimiizde Oniiretimli Beton — Déseme Sistemleri

r

Bosluklu Déseme
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14. Precast/Prestressed Concrete Institute. (2010). PCI design handbook: Precast and prestressed concrete (7th ed.). Precast/Prestressed Concrete Institute.



Giiniimiizde Oniiretimli Beton — Képrii Kirisleri
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14. Precast/Prestressed Concrete Institute. (2010). PCI design handbook: Precast and prestressed concrete (7th ed.). Precast/Prestressed Concrete Institute.



Giiniimiizde Oniiretimli Beton — Tribiin Sistemleri
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14. Precast/Prestressed Concrete Institute. (2010). PCI design handbook: Precast and prestressed concrete (7th ed.). Precast/Prestressed Concrete Institute.



Giiniimiizde Oniiretimli Beton — Mimari Cephe Elemanlari
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14. Precast/Prestressed Concrete Institute. (2010). PCI design handbook: Precast and prestressed concrete (7th ed.). Precast/Prestressed Concrete Institute.



Bugun

Giiniimiizde Oniiretimli Beton — Kutu Menfezler

31 /68
15. https://poundfield.com/bespoke-precast-concrete/box-culverts/



Diinyada Oniiretimli Beton

* 2025 kiresel pazar buyikligi: 160 Milyar USD

* 2026 kiresel pazar buyikligi tahmini: 170 Milyar USD
* 2034 kuresel pazar buyukligt tahmini: 278 Milyar USD (%6.3 Bilesik Biiyume Orani)

* 2025 bolge bazinda en buytlk pazar payt: Asya-Pasifik (%39)

* 2025 urin bazinda en buytlk pazar payt: Kolon-kiris (¢cerceve) sistemleri (%29)

Global Precast Concrete Market Share, By End-Use, 2026

-

www forlunebusinessinsghls.com

20. https:/ /www.fortunebusinessinsights.com/precast-concrete-market-103301

I Fcsidential
B Commercial
B 1ndusirial
I [nirastructure

China Precast Concrete Market Share, By End-Use, 2025

O

www lorfunebusinessinsighls.com
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B ncdustrial
B 1nirastruchure
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Ulkemizde Oniiretimli Beton

Beton Prefabrikasyon Sekidriiniin 2023 Yih Profili Prefabrike Beton Sanayi 2023 Yil Toplam Oretimi

2 Toplam Firma Sayisi 160

2 TPB Uye Sayisi 42

3 TPB Tesis Sayisi 62

2 TPB istihdami 7.232 kisi
3 Ortalama Tesis Bagina Istihdam 117 iggi/tesis
Q Toplam Prefabrike Beton Oretimi 2.030.688 m*
2 TPB Uretimi ve Toplam Uretimdeki Pay! 1.701.004 m* (83.8%)
3 TPE Kapasitesi 3.660.000 m?
2 Kapasite Kullammi 46.5%

3 Ortalama Tesis Basina Uretim 27 436 m?
Q Birim Istindam Bagina Uretim 235 m¥fisgi

2 TPB Uyelerinin Orin Bazinda Oretim Miktarian ve Dagilimi

- Ustyam 1.190.815 m* (58.6%)
- Altyapi 300,165 m# (14.8%)
- Gevre Dizeni 182.429 m? {9.0%)
- SBD 27.495 m* (1.4%)
TOPLAM 1.701.004 m?* (83.8%)
3 (yedisi Firmalann Uriin Bazinda Oretim Miktarian ve
Dagiimian
- Ustyap 320.494 m® (15.8%)
- Altyapi 6.190 m* (0.3%)
- Cevre Diizeni 1.000 m* {0.0%)
- SBD 2.000 m? (0.1%)
TOPLAM 329.684 m® (16.2%)
3 Beton Prefabrik Sektdrinin Sanayi Yapilanndaki Pay 85,0%
TPE Uyelerinin Demir, Gimento Tiketimi
Demir 260488 ton
Gimento 670.099 ton

21. Rakamlatla Prefabrike Beton 2023. Tirkiye Prefabrik Birligi Sektér Raporu. Agustos 2024.

Uyeler Uye Olmayanlar Toplam
miktar (m*) Payi  miktar (m%) | Pay | miktar (m%) | Pay
['Jstgran 1190915 0586 320494 | 0,158 | 1.511.409 | 0,744
Altyapi 300.165 @ 0,148 6.190 0,003 | 306355 | 0,151
Cevre Diizeni 162.429 | 0,090 1.000 0,000 | 183.429 | 0,080
SBD 27485 0014 2.000 0,001 29.495 0,015
Toplam 1.701.004 0838 320684 | 0,162 | 2.030.688 | 1,000

TPB Uyeleri Isgiicii Dagilimi

Taseron Personel
% 22

(] Teknik Personel
I itari Personel

B i
[ Taseron Personel

Teknik Personel
%10

isgi
%61

%8

idari Personel

2023 Yilinda Sektdrdeki Firmalar

Kayith toplam firma sayist...........

Uye Dig1 Firmalar

B VEPBM. .ocs s |
TORIEM. ceevveememvsesssanssssssssmrses

. 160
t 42

15
ar

Birlik Uyesi Firmalar

Firma sayisl.............. L 42

Tesis sayisi.............. . 62

Toplam kapasite ......... ; 3.660.000 m*
Isihdam..........ooo.o... | 7.232 Kigi (Sadace Lysler)
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Oniiretimli Betona Ozgii Modelleme Prensipleri

Asamali Yapim
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22. Ata Kulaksizoglu sunumu. Hedef Bazli Tasarim Calistayt. TTU. May1s 2024.

Ardgermeli Binalarda Bosluk A¢ilmasi

Bosluk agilmasi
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— Rijit link

___ Dogrusal olmayan fiber eleman

» Beton gekme rijitliginin 0 oldugu
dodrusal olmavan fiber eleman
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Asamali Yapim: 2018 Florida International University Kopriisii Olay1
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23. https:/ /www.newcivilengineer.com/latest/fiu-btidge-collapse-lessons-learnt-three-years-since-flotida-tragedy-15-03-2021/



Bugtin

Asamali Yapim: 2018 Florida International University Kopriisii Olay1

Mumber 11

Central pylon (33m high) ——» )

Stee! pipes _l
: e

POINT OF FAILURE

LESSON 2: BELIEVE YOUR OWN EYES

The sovera nature of the cracking should have made
it cbvious the structure was failing and decisions to
work on the bridge over live traffic lanes were

Noeth Iift
clearly wrong :

23. https:/ /www.newcivilengineer.com/latest/fiu-btidge-collapse-lessons-learnt-three-years-since-flotida-tragedy-15-03-2021/

STAGE 1: IM POSITION IN THE YARD

Supported on its end diaphragms, truss members 2 and 11 are in compression.
Paat tensianing i correctly applied te put the battam chord in campressian alia,

SELF WEIGHT OMLY o Tormion 0 Compression

e ZAAVAVAX

SELF WEIGHT + POST TEMSIONING

= ZA ZAVAVAX

Esst/south end West/pylon pier
before and after move before ard after move

STAGE 2: PREPARING FOR TRANSPORT

Without post tensioning, members 2 and 11 would now be tension (top imaga) -
hence temparary post tensianing is applied (all structure is now in eompressian),

SELF WEIGHT OMLY

-Tll'ﬂiﬂﬂ -Cumprls:inn

SELF WEIGHT + POST TENSIONING

South piar Pylon piar
during during
Transparter [SPMT)
EE— support locations — ¢
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Asamali Yapim: 2018 Florida International University Kopriisii Olay1

24. https:/ /www.youtube.com/watch?v=hBjntrebxj8 37 /68



Asamali Yapim: 2018 Florida International University Kopriisii Olay1

LESSON 1: CHECK DESIGN IN ALL STAGES OF CONSTRUCTION

STAGE 3: DECK PLACED ON TEMPORARY SHIMS IN FINAL POSITION
Post-tensioning of members 2 and 11 is removed 25 they are naturally in
compression. However use of temporary shim stacks does not replicate the final
resting position of the truss and induces stresses triggening cracking.

25. National Transportation Safety Board. (2019). Pedestrian bridge collapse over SW 8th Street, Miami, Florida, March 15, 2018 (Highway Accident Report No. NTSB/HAR-19/02). 38 /68
23. https:/ /www.newcivilengineer.com/latest/fiu-btidge-collapse-lessons-learnt-three-years-since-flotida-tragedy-15-03-2021/ )



Asamali Yapim: 2018 Florida International University Kopriisii Olay1

<— Diaphragm
Shim
7 stacks
ge pipe R R %
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RS (¢
4

essssee (Cold joil‘lt DRAINAGE
A memser D@
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23. https:/ /www.newcivilengineer.com/latest/fiu-btidge-collapse-lessons-learnt-three-years-since-flotida-tragedy-15-03-2021/



Asamali Yapim: 2018 Florida International University Kopriisii Olay1

25. National Transportation Safety Board. (2019). Pedestrian bridge collapse over SW 8th Street, Miami, Florida, March 15, 2018 (Highway Accident Report No. NTSB/HAR-19/02). 40 / 68
23. https:/ /www.newcivilengineer.com/latest/fiu-btidge-collapse-lessons-learnt-three-years-since-flotida-tragedy-15-03-2021/



Asamali Yapim: 2018 Florida International University Kopriisii Olay1

March 15, 2018

24 https:/ /www.youtube.com/watch?v=hBjntrebxj8 41/ 68



Oniiretimli Betona Ozgii Modelleme Prensipleri

Cat1 Diizlemi Diyaframi

A A
3 1] ECK
/\<\ X | X Trapez sac levha ya da sandvi¢ panel
/ tlird catt Ortli malzemesini temsil eden,
iki ucu mafsallr elastik capraz ciftleri

ECK  E4) =35

¢t = Orti malzemesi sac kalinlig

ECK = Egimli ¢at1 kirist

% A = Asik
b‘;I e a, = Agik aralig < 2.00m
K _ 450
ECK o =45
a9

26. Afet ve Acil Durum Yo6netimi Baskanligr. (2018). Turkiye Bina Deprem Yo6netmeligi. 42 /68



Oniiretimli Betonda Depreme Kars1 Tasarim Yaklagimi

Normal Tasarim Ileri Petformans Tasarim
Deprem Yer Hareketi Diizeyi Performans Yaklagimi
Hedefi Yaklagimi
Hedefi
Yeni Binalar DTS=1,1a,2,2a,3,32,4,4a DTS=1a,2a
DD-3 (50 yilda %50) - - SH SGDT
DD-2 (50 yilda %10) KH DGT* KH DGT
DD-1 (50 yilda %2) - - KH SGDT
Mevcut Binalar DTS=1,23,3a,4,4,a DTS=1a,2a
DD-3 (50 yilda %50) - - SH SGDT
DD-2 (50 yilda %10) KH SGDT - -
DD-1 (50 yilda %2) - - KH SGDT

DGT=Dayanima Gore Tasarmm, SGDT=Sekildedistirmeye Gore Tasarim, DTS=Deprem Tasarmm Sintfs, S H=Smarle Hasar, KHH=Kontrollii Hasar

*Ardgermeli binalarin kesin tasarimi SGDT ile yapilir.

26. Afet ve Acil Durum Yo6netimi Baskanligr. (2018). Turkiye Bina Deprem Yo6netmeligi.
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Bugun

Birlesimler, R ve D Katsayilari
MFB (Mafsall1) Birlesimler

PIMLI BAGLANTI

Kolon

Kesit

Disey pimler
Celik spiral boru

Plan

i
\ Elastomer mesnet

Kesit

- ’::fﬁéh';siz harg ,‘ .- "‘,
e \{ ‘ -t e ) ;7_,7,7:’ Ny R COTIR TR T
[t ‘P'Ia;a’ E Gati kirisi, ;
3 . z‘. ankrajlan A | - Konsol tist
Elastomer mesnet RN %:g : | Kaynak baglanti plakasi
DN = ! af Cati kirigi
R b d isi
Cati kirisi : ] - - I
****************** —tx SRR A\ A L | _ T
% Iy & RN u_\\baglantl plakasi 1-T Kesiti / L ; i[ | o &
\ A——— ¥k g =@ R 7\ Kaynak - - I ]
|\ \Gelik spiral boru : 2 — _ | | ! 2
\ \ baglanti pimi A \ / |
N \ \ Yatay pim sargi
» Elastomer mesnet Y
N } P, Yatay pim sargi SN _ L _sargi donatisi
! ( sargl donatisi ARARARH Kesit Plan Plaka ankrajlari
KESIT PLAN
] | 1
= sy ‘ L, —
= = Delik :
©
O 4 | -
: / Yatay baglanti
D pimi | B )
R S ; 1] Diisey pim
Yuva kenarlar R T ETA yatay sargi donatisi
deprem tesirlerine | Elastomer c'i’s}y/ / £
ore boyutlandirilacaktir. NN st f TN . = |
g 2 mesnet NN Rétresiz harg,”

Elastomer mesnet

R=3,D=2, H,<12.0m

26. Afet ve Acil Durum Yo6netimi Baskanligr. (2018). Turkiye Bina Deprem Yo6netmeligi.
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Birlesimler, R ve D Katsayilari
MABI1 (Moment Aktaran Tip 1) Birlesim
e ‘Islak’ birlesim
*  Yerinde dokme birlesime esdeger davranis

* DPozitif ve negatif moment yerinde dokme beton ve streklilik donatist tarafindan karsilanir

Ust donats
Yerinde dokme beton

 Govde donatilan
_Alt donati

26. Afet ve Acil Durum Yo6netimi Baskanligr. (2018). Turkiye Bina Deprem Yo6netmeligi. 45/ 68



Birlesimler, R ve D Katsayilari
MAB2 (Moment Aktaran Tip 2) Birlesim

* Ardgermeli birlesim

4 Moment
Ard germe
kafalar P AN

— Ard germe kilifi
Celik spiral boru < >
Dénme
Ard germe donatilan
— Rtresiz harg
A/
16/ 68

26. Afet ve Acil Durum Yo6netimi Baskanligr. (2018). Turkiye Bina Deprem Yo6netmeligi.



Birlesimler, R ve D Katsayilar

MABI1 ve MAB2 Birlesimler

Bina Tasiyic1 Sistemi R D BYS Sinir1
SDY cerceveler 7 2.5 BYS = 4
SDY cergeveler + SDY bosluklu perdeler 7 2.5 BYS = 2
SDY cergeveler + SDY bosluksuz perdeler 6 2.5 BYS = 2
SDS cerceveler + SDY perdeler 5 2.5 BYS =25
SDS cerceveler 3 2 BYS =8
SDS cergeveler + SDS perdeler 3 2 BYS =7

SDY = Siineklik dizeyi ytksek
SDS = Suineklik duzeyi sinirlt

26. Afet ve Acil Durum Yo6netimi Baskanligr. (2018). Turkiye Bina Deprem Yo6netmeligi.
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Birlesimler, R ve D Katsayilari
MAB3 (Moment Aktaran Tip 3) Birlesim
*  Ustte ‘slak’, altta kaynakli birlesim

*  Yerinde dokme birlesime esdeger davranis

*  Porzitif moment kaynak, negatif moment streklilik donatisi tarafindan karsilanir
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Birlesimler, R ve D Katsayilari
MAB4 (Moment Aktaran Tip 4) Birlesim
*  Mansonlu-pimli birlesim
*  Yerinde dokme birlesime esdeger davranis

*  Pozitif moment pim-kayma kapasitesi ile, negatif moment streklilik donatist/manson tarafindan karstlanir
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Birlesimler, R ve D Katsayilar

MAB3 ve MAB4 Birlesimler

Bina Tasiyic1 Sistemi R D BYS Sinir1
SDY cerceveler 5 2.5 BYS =26
SDY cergeveler + SDY bosluklu perdeler 5 2.5 BYS =6
SDY cergeveler + SDY bosluksuz perdeler 5 2.5 BYS =6
SDS cerceveler + SDY perdeler 4 2.5 BYS =6
SDS cerceveler 3 2 BYS =8
SDS cergeveler + SDS perdeler 3 2 BYS =7

SDY = Siineklik dizeyi ytksek
SDS = Suineklik duzeyi sinirlt

26. Afet ve Acil Durum Yo6netimi Baskanligr. (2018). Turkiye Bina Deprem Yo6netmeligi.
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26. Afet ve Acil Durum Yo6netimi Baskanligr. (2018). Turkiye Bina Deprem Yo6netmeligi.

Kapasite Tasarimi
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Kolon ve kirislerin kesme giivenligi ile ilgili kapasite davranis kontrollerine ek

olarak, gevrek davranis gostermesi beklenen durumlar icin deprem kuvvetleri

D katsayst ile carpilir.

Ornekler:
* Mafsalli baglantida pim ¢ekme kuvvetleri
*  MAB3 baglantida donati-plaka ve plaka-plaka kaynak hesabi
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Yarin

Diisiik Hasarli Tasarim

Hasar <— Siineklik Dayanim

Konvansiyonel Monolitik Baglant: ‘Emiilatif’ (Esdeger) Prekast Baglant1 Tam ardgermeli prekast baglant1 (%4.00 Hibrit ardgermeli prekast baglant1
(%4.00 Steleme) [27] (%3.50 6teleme) [27] oteleme) [28] (%4.00 6teleme) [29]

27. Ertas E, Sevket O, Ozturan T (2006) “Ductile Connections in Precast Concrete Moment Resisting Frames® PCI Journal, Vol 51, Issue 3, pp 66-76
28. Wada et al. (2006) “Study on Damage Controlled Precast-Prestressed Concrete Structure with P/C Mild-Press-Joint.”” Fib Proceedings of the 2nd International Congtess. Naples, Italy. 52 /68
29. Priestley M.J.N, Sritharan S, Conley J.R. ve S. Pampanin. (1999) “Preliminary Results and Conlusions From the PRESSS Five-Story Precast Concrete Test Building”. PCI Journal. Vol 44. No 6. pp 42-67.



Yarin

Digiik Hasarli Tasarim

Tam Ardgermeli Baglant1 [28]

Harc
1 / Ardgerm& L
T’r ._. P — T R — .._ I § w—
— L g pp—————
/
Guse

Hibtit Baglant: [30]

Normal donatt Ankraj

Aderanssiz bélge

Fiber takviyeli grout

Ardgerme halatlar

28. Wada et al. (2006) “Study on Damage Controlled Precast-Prestressed Conctrete Structure with P/C Mild-Press-Joint.” Fib Proceedings of the 2nd International Congtess. Naples, Italy.
30. Clark Pacific Hibrit Moment Aktaran Cergeve Katalogu (Clatk Pacific Precast Hybrid Moment Frame System Description)
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Yarin

Digiik Hasarli Tasarim

Tam Ardgermeli Baglant1 [28]

Sistemi ‘geri toparlayan’ elastik ardgerme halatlart

Bosluk acilmast

Hasar yok

Digiim noktasinda
Yapisal eleman hasarsiz

Hibtit Baglant: [30]

Bosluk agilmast - . }\_

Sistemi ‘geri topatlayan’ elastik

dugiik hasar Normal donatt = Tasima giicii +
ardgerme halatlart o .
enetji sénimleme kapasitesi
28. Wada et al. (2006) “Study on Damage Controlled Precast-Prestressed Conctete Structure with P/C Mild-Press-Joint.” Fib Proceedings of the 2nd International Congtess. Naples, Italy. 54 /68

30. Clark Pacific Hibrit Moment Aktaran Cer¢eve Katalogu (Clark Pacific Precast Hybrid Moment Frame System Description)



Yarin

Diisiik Hasarli Tasarim

o 55 /68
31. University of California San Diego Dijital Kitliphanesi



Yarin

Diisiik Hasarli Tasarim — Paramount Binasi

PRECAST
FRAME COLUMN

5" TENDON DUCT

56 / 68
32. Englekirk, R. (2002) “Design-Construction of the Paramount: 1 39-Story Precast Prestressed Apartment Building”. PCI Journal. Vol 47. No 4. pp 56-71 0/



Yarin

Digiik Hasarli Tasarim
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33. Morgen B, Y Kurama. (2007) “Friction-Damped Unbonded Post-tensioned Precast Concrete Moment Frame Structures for Seismic Regions”. Structural Engineering Research Report. University of Notre Dame



Yarin

Diisiik Hasarli Tasarim

Deney 6ncesi +9%4.9 goreli 6teleme sonrasi

58 /68

33. Morgen B, Y Kurama. (2007) “Friction-Damped Unbonded Post-tensioned Precast Concrete Moment Frame Structures for Seismic Regions”. Structural Engineering Research Report. University of Notre Dame



Yarin

Diigiik Hasarli Tasarim — Enerji Soniimleyiciler
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33. Morgen B, Y Kurama. (2007) “Friction-Damped Unbonded Post-tensioned Precast Concrete Moment Frame Structures for Seismic Regions”. Structural Engineering Research Report. University of Notre Dame.

34. Marriot D, S Pampanin, A Palermo ve D Bull. (2008) “Shake-Table Testing of Hybrid Post-Tensioned Precast Wall Systems with Alternative Dissipating Solutions”. Proceedings of the 14th Conference on

Earthquake Engineering. Beijing, China.

35. Koshikawa T, H Kadowaki ve M Matsumora. (2012) “Energy Dissipation Efficiency of Unbonded Post-Tensioned Precast Concrete Beam-Column Connections with Beam-End Dampers”. Proceedings of the 59 /68

15th World Conference on Earthquake Engineering. Lisbon, Portugal.
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Yarin

Diigiik Hasarli Tasarim — Enerji Soniimleyiciler

Celik plakalar

| —

Sirtiinme diskleri

1 [/
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36. Kulaksizoglu A A, C Yilmaz, C Yalcin. “Analytical and experimental investigation of a motion amplified rotational friction damper”. Engineering Structures Vol 288. 2023.



Yarin

Diigiik Hasarli Tasarim — Enerji Soniimleyiciler
l /'
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33. https:/ /kul-tech.com/tr/dampet



Digaridan Cercgeveler ile Guiglendirme
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Japonya. Insaat: 1970, Giiglendirme: 2010 [37]
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37. Takeda, K., Tanaka, K., Someya, T., Sakuda, A., and Ohno, Y. (2013). “Seismic retrofit of reinforced concrete buildings in Japan using external precast, prestressed concrete frames.” PCI Journal, 58(3), 41-61.
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Veri Merkezleri
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38. https:/ /www.clatkpacific.com/products/data-centers/



Yarin

Hedef Bazli Tasarim

2003 UCSD Englekirk Laboratuvart Sarsma Masast Deneyleri [39]

2024 Mayis ITU Calistayt

39. Englekirk R., Le Heux M., Cardona M., Faghihi M. and Sabol T. 2017. “Design and Performance Evaluation of a Full-Scale Ductile Frame Braced Building (In Support of the BNCS Test 64 /68
Program)”. The University of California, Structural Systems Research Project, SSRP-17-08.



Yarin

Hedef Bazli Tasarim

Dayanimin, binalarin deprem performansi
acisindan kilit rol oynadigt teorisinin bilimsel bir temeli

yoktur. Dayanimin da tasarimda rol oynamasi gerektigi

3L

yadsinamaz bir gercektir, ancak dayanimi bir tasarim

1
QLR
v,

4

hedefi olarak merkeze oturtmak hem yanilticidir, hem de
istenmeyen gé¢me mekanizmalarina yol agmast olasidir.

1'-6"

Dayanimin artmasi hem sistem stinekligini olumsuz

etkiler, hem de sistem ivmelerini arttirir. Yiksek ivmeler

yapisal olmayan hasari tetikler.

+9%06 goreli kat 6telemesi sonrast HBT ile tasarlanmis kolon hasart [39] * Buscbeplerle dayanim bir tasarim hedefi
olmamalidir. Deplasman bazli tasarim yontemleri

dayanim bazli tasarim yontemlerinin tamamen yerini
almalidur.

Dayanim (kuvvet) bir tasarim hedefi olmadigi icin,
depremsellik spektral ivme ile degil, insaat mithendisligi
yaptarinin 6nemli bir kisminin i¢inde oldugu periyod
araliginda goreli olarak sabit olan spektral hiz ile
tanimlanmalidir.

39. Englekirk R., Le Heux M., Cardona M., Faghihi M. and Sabol T. 2017. “Design and Performance Evaluation of a Full-Scale Ductile Frame Braced Building (In Support of the BNCS Test 65 /68
Program)”. The University of California, Structural Systems Research Project, SSRP-17-08.
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Yarin

Hedef Bazli Tasarim

Kuvvet Bazli Tasarim

Hedef Bazli Tasarim

=

=

1. Binanin tastyict sistemi belitlenir.

2. Yapisal elemanlarin 6nboyutlandirmast yapilir.

2. Goreli kat 6telemesi icin hedef deger 8. belirlenir.

=

=

I_"

e

3. Binanin dogal titresim analizi yapilir.

3. Bu hedef degere gore spektral yerdegistirme hedefi S, hesaplanir.
Ar=87HN

- 3n
T 2n+1

A
Sd:?

=

1LIS3xM &
5

-

=

4. Dogal titresim analizi sonuglarina gore, elastik ivme tepki spektrumu
kullanilarak, tasarim spektral ivmesi S, bulunur.

4. Spektral yerdegistirme hedefi S; ve depremselligin tanimlandigi spektral hiz S

v

kullanularak binanin hedef hakim dogal titresim periyodu T'; bulunur.

2784
Tr= S,

ar

=

5. Tasarim spektral ivmesi ve yapinin stineklik kapasitesini ifade eden ve
yonetmelikler tarafindan verilen tastyict sistem davranis katsayist R de
kullanilarak, segilen tasarim yontemine gore (Esdeger Deprem Yiki ya da Mod
Birlestirme) yapiya etkiyen taban kesme kuvveti belirlenir.

5. Yapisal elemanlarin boyutlart hedef hakim dogal titresim periyodu T'. elde
edilene kadar iteratif olarak degistirilerek belitlenir.

5

6. Belirlenen taban kesme kuvveti kat kiitle merkezlerine dagitilir ve binanin
dusey ve yatay yiiklerin kombinasyonu altinda statik analizi yapilir.

6. Yapisal elemanlarin donati miktarlari ve detaylandirmasi, minimum donatt
oranlarina yakin olacak, yeterli stinekligi saglayacak ve yapisal hasarin kabul
edilemeyecek boyutlara ulagmasini engelleyecek sekilde belitlenir (Bunun kontrolia
7’nci adim ile yapilir). R ve D katsayilari yoktur, kuvvet hesabi yapilmaz.

7. Adim 6’daki statik analiz sonuglarina gére goreli kat Stelemesi, ikinci mertebe,
kat diizensizlikleri gibi kontroller yaplir. {¢ kuvvetlere gore donati miktarlari
belirlenir ve detaylandirilir. Yonetmelikte verilen dayanim fazlaligt katsayist D ile
kapasite tasarimi, baglantt tasarimi yapilir.

7. Yapilan tasarim, zaman tamum alaninda dogrusal olmayan analiz yontemi
kullanilarak, goreli kat Stelemeleri, kat ivmeleri, taban kesme kuvvetleri, plastik
dénmeler, birimsekildegistirme talepleri, siineklik kapasitesi gibi parametrelere gore
kontrol edilir.

50. Kulaksizoglu A A. “Hedef Bazli Tasarim: Yenilik¢i bir Tasarim Yénteminin Teorisi ve Oniiretimli Beton Binada Uygulama Ornegi”. Beton Prefabrikasyon. Say1 152. 2024. 66 / 68




— K vwet Bazll Tasarim

Yarin

Hedef Bazli Tasarim

=== Hedef Bazli Tasarim

Cat1 6telemesi . . Taban kesme Maksimum plastik
Deprem ) Gattivmesi (8) | iveti (6N) dénme (0, )
KBT HBT KBT HBT KBT HBT KBT HBT
Bing6l 0 0.81 0.87 1.31 1.16 3.819 2.601
Bingdl 90 2.89 3.00 2.34 1.94 4.982 3.355
Diizce_0 1.17 1.89 0.97 0.78 4.237 2.586
Diizce_90 1.4 1.31 1.55 1.22 3.841 2.554 0.0065 0.0095
Golciik_0 1.6 1.72 1.12 1.03 3.962 2.793
Golciik_90 1.37 1.76 1.09 0.83 4.278 2.786
Ortalama 1.54 1.76 1.40 1.16 4.187 2.779

Cati goreli otelemesi (%)

5000 :
i 4000 i B
5 i
g !
5 3000 - i
= .
® i
% -E--------—------
o 2000 +----- -----—--—-----———:- —————————————————————————————————————————
= |
c .
E :
© 1000 - n : B Ps Vy
- Tasarm Yontemi (mm) (%) (kN) v,/W M
Kuvvet Bazh Tasanm | 700/700 2.16 3.153 0.61 6.5
0 Hedef Bazl Tasanm 700/700 1.00 1.950 0.37 12.4
0 1 2 3 4 5

40. Kulakstzoglu A A.

Itme analizi sonuclari

“Hedef Bazli Tasarim: Yenilikei bir Tasarim Yénteminin Teorisi ve Oniiretimli Beton Binada Uygulama Ornegi”. Beton Prefabrikasyon. Say1 152. 2024.

Zaman tanim alaninda dinamik analiz sonuclart
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