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COK KATLI BETONARME VE CELIK YAPILARIN 2007 TURK DEPREM
YONETMELIGi ESASLARINA GORE KARSILASTIRILMASI

OZET

Yapilan bu tez ¢alismasinda betonarme bir yap1 olan, Istanbul 4. Levent’te bulunan
Is Kule binasinin cekirdek perdeleri sabit tutularak cephe kolon-kiris sistemi ve
dosemeleri ¢elik olarak tasarlanmis ve bdylelikle betonarme ve ¢eligin yiiksek bir

binada beraber kullanimi ile karma bir yapi elde edilmistir.

Yapida 6 adet bodrum ve 48 adet normal kat olmak {izere toplam 54 kat mevcuttur.
Toplam yapi yiiksekligi 194.5 m dir. Temel iistiinde 1400 m? olan kat alam 41. kata
kadar ayni sekilde devam etmekte, bu kattan itibaren kiiciilerek son katta 400 m? ye
dissmektedir. Toplam kullanim alam 55355 m® dir. Bodrum Kkatlar otopark,
oditoryum, ¢arsi, fast-food mekanlar1 ve kiiltlir-sanat etkinliklerinin yapildig1 sergi

salonu olarak kullanilmaktadir. Diger katlar ise ofis olarak kullanilmaktadir.

Yapi 1. derece deprem bolgesindedir. Zemin sinifi Z2 ve zemin emniyet gerilmesi 80
N/em? dir. Mevcut binada malzeme olarak C35 (BS35) hazir beton ile S420 (BCIII)
donat1 ¢eligi kullanilmistir. Tasarimi yapilan binanin g¢ekirdek perdelerinde ve bu
perdeler arasindaki kirislerde yine C35 hazir beton kullanilmis fakat kompozit
dosemelerinde C25 hazir beton kullanilmistir. Celik yap1 elemanlarinda St52, basit
birlesimlerde 5.6 kalitede bulon, moment aktaran birlesimlerde ise tam penetrasyonlu
kiit kaynak veya 10.9 kalitede yiiksek mukavemetli ve zaman zaman da ongermeli

bulonlar kullanilmistir.

Tasarimi yapilan binada, mevcut mimari yap1 ve statik sistem korunmustur. Kolon ve
kiris yerlesimlerine sadik kalmmustir. iki yapr arasindaki en énemli iki fark soyledir:
Birincisi; ¢elik yapiya etkiyen deprem kuvvetlerini azaltma adina yogun g¢ekirdek
perdeleri %10 zayiflatilmistir. Tkincisi; 11. katta kiris iizerine oturan kolonlar temel

zeminine kadar indirilmistir.

XiX



Celik yap1 dosemeleri trapez sac ve beton malzemelerinin birlikte c¢alistirilmasi ile
olusturulmustur. Fakat bu iki malzeme arasinda yeterli aderans yoktur. Bu nedenle
doseme kirislerine 20 cm araliklarla kayma kamalar1 kaynaklanmis ve bu sayede bu

kirislerin kompozit caligmasi saglanmistir.

Celik yapida cekirdek perdeleri altindaki mevcut 3.0 m lik radye temel korunmus
fakat nispeten daha hafif olan celik kolonlar altinda temel derinligi 1.5 m ye

diistirilmiistir.

Celik yapi1 statik hesaplari sirasinda yiiklerin hesaplanmasi i¢cin TS498-1997, celik
yapt elemanlarinin kesit ve birlesim hesaplart i¢in TS648-1980, TS3357-1979,
TS4561-1985, FEMA-350-2000, IBC-2003 ve DBYBHY-2007, temel hesaplar1 igin
TS500-2000 kullanilmistir.

Mevcut betonarme yapinin ve tasarimi yapilan g¢elik yapinin {i¢ boyutlu statik
modelleri ETABS 8.54. ve SAP2000 programlart ile olusturulmus, bu
programlardan alman kesit tesirlerine gore yapi elemanlar1 boyutlandirilmis ve
birlesim hesaplar1 yapilmistir. Imalat resimleri TEKLA XSTEEL V12.0 ve
AUTOCAD2002 programlari ile ¢izilmistir.

Celik yap1 ¢oztimlemelerinden elde edilen biitiin sonuglar mevcut betonarme yapi ile

karsilastirilmis, maliyet ve siire analizleri yapilmistir.
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COMPARISON OF HIGH RISE REINFORCED CONCRETE AND STEEL
STRUCTURES ACCORDING TO 2007 TURKISH EARTHQUAKE
REGULATION

SUMMARY

In this study, a reinforced concrete building located in Istanbul 4. Levent called Is
Kule is designed as a composite structure of steel and reinforced concrete.
Reinforced concrete core of existing structure is fixed and column-beam system that

is in the front of the building and slab system is designed with steel members.

Building has 6 basements and 48 office stories, totally 54 stories. Total height of the
building is 194.5 m. The gross floor area is approximately 1400 m® from the base till
the story 41 and floor areas decrease till 400 m” on the last story. Total useful area is
55355 m”. Basement stories which are located on the first 6 stories are used for
carpark, oditorium, stores, fast-food places and Exhibition Gallery for cultural

activities. Other stories are used as office.

Building is in the first earthquake zone. Soil type is Z2 and soil bearing capacity is
80 N/cm®. Current building is constructed as reinforced concrete building having the
quality of concrete C35 (BS35) and S420 (BCIII) concrete rebars. These materials
are chosen same for the core shear walls and beams that are between these shear
walls. But, for the composite slabs, concrete is chosen as C25 (BS25). Structural
steel members’ material is St52. At hinged connections 5.6 quality normal bolts are
used. But, at moment resisting connections groove weld and 10.9 quality high

strength bolts and sometimes prestressed high strength bolts are used.

For the new building, architectural and structural systems of the current reinforced
concrete building is not changed. Column and beam systems are saved. Two main
differences between two buildings are like that : First; core shear walls are weakened
10 percent in order to decrease the earthquake force. Second; at the floor 11, there
are beams that are the base of columns at current reinforced concrete structure. At the

steel structure these columns are provided to reach to the base.
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Floor slabs are formed with folded steel plate and concrete materials using together.
But, these two materials do not fit each other to work together. So, for the slab
beams, shearing elements are used at the each 20 cm which enables these beams to

work togerher with concrete compositely.

Steel structure has a mat foundation with a depth of 3.0 m below the core as
reincorced concrete structure, but below the steel columns mat foundation depth is
decreased to 1.5 m because of the benefit of steel structure to be lighter than concrete

structure.

During the structural calculations of steel structure, for calculating loads TS498-
1997, for the check of capacity of steel members and connection calculations TS648-
1980, TS3357-1979, TS4561-1985, FEMA-350-2000, IBC-2003 ve DBYBHY-2007

and for the mat foundation calculations TS500-2000 are used.

Three dimensional structural models of current reinforced concrete structure and new
designed steel structure are created with ETABS 8.5.4. and SAP2000 programs. By
taking all interior forces from these programs, the elements of steel structure are
designed and connection details are calculated under the lights of mentioned
specifications. TEKLA XSTEEL V12.0 and AUTOCAD2002 programs are used for

the manufacturing drawings.

All results that are obtained by the design and calculations of new steel structure are
compared with the ones that are belonging to the current reinforced structure. Lastly,

cost and construction durations are compared.
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1. GIRiS :
1.1. Konu :

Yapilan bu tez calismasinda 1996-2000 yillar1 arasinda Istanbul 4. Levent’te Tepe
Ingaat Sanayi A.S. ile Turner Steiner International S.A. ortakligi tarafindan insa
edilen TURKIYE IS BANKASI GENEL MUDURLUGU binalarindan IS KULE
olarak bilinen 54 katli tamamiyle betonarme yapinin ¢ekirdek perdeleri sabit
tutulmus ve yapinin cephesinde yer alan betonarme tiip sistemi i¢in siineklik diizeyi
yiiksek c¢elik bir tiip sistem alternatifi olusturulmustur. Elde edilen sonuglar mevcut

betonarme bina verileriyle, maliyet ve yapim siiresi bakimindan karsilastiriimistir.

1.2. Genel Yap1 Tanim :

Tiirkiye Is Bankasi Genel Miidiirliigii Istanbul, 4.Levent’tedir. Yapimma 1996
yilinda 25.909 metrekare alan iizerinde baglanmis, 2000'de bitirilmigtir. Mimari
projesi Dogan Tekeli-Sami Sisa Mimarlik Biirosu ile Amerikan Swanke Hayden
Connel International'a, statik projesi Balkar Insaat’a aittir. Kule 1 yani Is Kule, 54
katl ve yiiksekligi 194.5 metredir. Bu yiikseklik Is Kule’ye Tiirkiye’nin en yiiksegi
tinvanin1  vermektedir. Personel otoparki 2000 arag, ticretli otopark 790 arag
kapasitelidir. Is Kule'de 2828 kisi ¢alismaktadir. Binada 20 asansor ve 3 yiiriiyen
merdiven vardir. Is Kule'de ayrica bir oditoryum ve giris katinda kiiltiir-sanat
etkinliklerinin yer alacagi bir sergi salonu bulunmaktadir. Ayrica cars1 ve fast food

boliimlerini barindiran bir kompleks de vardir.



1.3. Yap1 Tasiyica Sistemi :

Yap1 ana tastyict sistemi, planda binanin orta noktasinda yer alan ¢ekirdek perdeleri
ve bina cephesinde yer alan tiip sistemin ortak caligmasiyla olusturulan karma bir
sistemdir. Deprem yiiklerini tagiyan bina tastyici sisteminde ve ayn1 zamanda tagtyici
sistemi olusturan elemanlarin her birinde, deprem yiiklerinin temel zeminine kadar
stirekli bir sekilde ve giivenli olarak aktarilmasini saglayacak yeterlikte rijitlik,
kararlilik ve dayanim bulunmaktadir.

Yapida 6 adet bodrum ve 48 adet normal kat bulunmaktadir. Temel iistiinde 1400 m?
olan kat alam 41. kata kadar ayni sekilde devam etmekte, bu kattan itibaren
kiigiilerek son katta 400 m” ye diismektedir.

Tipik kat yiiksekligi 3.70 m dir. Bunun diginda 6zellikle bodrum katlarinda kat
yiikseklikleri farklilik gostermektedir. 1. kat 3.40 m, 2, 3, 4. katlar 3.10 m, 5, 6, 7.
katlar 4.50 m, 8, 9, 10. katlar 4.00 m ve 11. kat 4.80 m yiiksekligindedir.
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Sekil 1.1 : Yapinin Ana Tastyict Sistemi Olan Cekirdek Perdeleri
1.3.1. Betonarme Yap1 Tasiyic Sistemi :

Betonarme yap1 doseme sistemi kaset doseme olarak secilmistir ve 9.00 m ile 12.00
m arasinda degisen acikliklar gecilmektedir. Tipik kaset doseme detay1 ve tipik bir
kat plan1 asagidaki gibidir.
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Sekil 1.2 : Betonarme Yap1 Tipik Kaset Déseme Detay1
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Sekil 1.3 : Betonarme Yap1 Tipik Kat Plani

Cephede bir tiip davranisi meydana getiren kolon-kirig sistemi mevcuttur. Tipik
kolon boyutlar1 210/76, 150/76, 90/76, 90/70, 90/60, 70/70, 60/60 ve 50/50 dir. Tipik
kirig boyutlar1 ise 76/90, 76/160, 70/75, 60/75, 85/80, 80/80, 70/80, 60/80, 50/80,
40/80, 20/80, 30/50, 132/37, 106/50, 60/110 ve 60/135 dir. Temel 3.00 m

derinliginde radyedir. Bina sinir1 disina 3.00 m ampatmanlari mevcuttur.

1.3.2. Celik Yap1 Tasiyic1 Sistemi :

Celik yap1 tastyicr  sistemi olusturulurken, yapmin mevcut sisteminden
uzaklagilmamaya calisilmigtir. Cekirdek yapist korunmus fakat bina agirligin
azaltma adina %10 zayiflatilmistir. Cephede bulunan tiipii olusturan betonarme
kolon-kiris sistemi, ¢elik kolon-kiris sistemiyle yerdegistirilmis, kaset ddseme

sistemi yerine kompozit doseme kirisleri kullanilmigtir. Kompozit déseme kirisleri




olarak IPN500, IPN450, IPN400, IPN360, IPN320, IPN200 kullanilmistir. Celik yap1
kolon ve kiris boyutlar1 da aynen betonarme yapida oldugu gibi katlar yiikseldikce
azalmaktadir. Goreceli olarak kolon ve kiris kesitleri 1~11 katlarinda HE1000X393
ve HEB600, 12~21 katlarinda HEM550 ve HEB550, 22~31 katlarinda HEM450 ve
HEB500, 32~41 katlarinda HEM400 ve HEB450, 42~51 katlarinda HEM300 ve
HEB400 seklindedir. Cati katlarinda TUBO400X400X30 ve TUBO300X300X20
kutu kolon kesitleri kullanilmistir. Yapinin temeli, ¢ekirdek perdeleri altinda 3.00 m,
nispeten daha hafif olan ¢elik kolonlar altinda 1.50 m olarak se¢ilmistir. Celik yapiya
ait tipik kat plani asagidadir.
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Sekil 1.4 : Celik Yap1 Tipik Kat Plan1
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Sekil 1.5 : Celik Yap: U¢ Boyutlu Hesap Modeli



1.4. Malzeme Karakteristikleri :

Yapida kullanilan malzeme smiflar1 ve bunlarin karakteristik dayanimlar1 asagida

verilmistir:

1.4.1. Beton :

C35(BS35)

28 giinliik karakteristik silindir mukavemeti = fa = 3.500 kN/cm?
28 giinliik tasarim silindir mukavemeti = f.g = 2.330 kN/cm?
Karakteristik Eksenel Cekme Mukavemeti = fuig = 0.135 kN/ cm’
Elastisite Modili = E. = 3300 kN/cm?
Birim Hacim Agirlig1 = p= 25.00 kN/m’
C25(BS25)

28 giinliik karakteristik silindir mukavemeti = f4 = 2.500 kN/cm?
28 giinliik tasarim silindir mukavemeti = f.4 = 1.700 kN/cm?
Karakteristik Eksenel Cekme Mukavemeti = fug= 0.115 kN/cm?
Elastisite Modiili = E. = 3000 kN/cm?
Birim Hacim Agirligi = p= 25.00 kN/m’
1.4.2. Celik :

S420 (BCIII)

Karakteristik Akma Mukavemeti = fix =42.00 kN/cm?
Tasarim Akma Mukavemeti = fya =36.50 kN/cm?
1.4.3. Yapi Celigi :

St52

Elastisite modili = E, =21000 kN/cm?
Cekme Emniyet Gerilmesi (H Yiiklemesi) = G¢em = 21.60 kN/cm?
Cekme Emniyet Gerilmesi (HZ Yiiklemesi) = Geem = 24.84 kN/cm?
Cekme Emniyet Gerilmesi (HS Yiiklemesi) = Geem = 28.73 kN/cm?
Kayma Emniyet Gerilmesi (H Yiiklemesi) = Tem = 12.47 kN/cm®
Kayma Emniyet Gerilmesi (HZ Yiiklemesi) = Tem = 14.34 kKN/cm®
Kayma Emniyet Gerilmesi (HS Yiiklemesi) = Tem = 16.58 kKN/cm®
Birim Hacim Agirligi = p =78.50 kN/m’



1.4.4. Bulon :

1.4.4.1. SL Tipi 10.9 Kalitede Bulon :

1, "=24 kN/em* 1 """=27 kN/em®

6., =42kN/cm® o ""=47 kN/cm®

0., =57 kN/ecm®> o """=64 kN/cm® (Ongerilme > 0.5 P, durumuigin)

1.4.4.2. SLP Tipi 10.9 Kalitede Bulon :

1, =28 kN/em® 1 ""=32 kN/cm®

6., =48kN/em® o ""=54 kN/cm’

Opn =63 kN/em® o, "™=71kN/ecm®  (Ongerilme > 0.5 P, durumuigin)

1.5. Zemin Karakteristikleri :

Insaat alan1 iizerinde yapilan geoteknik incelemeler sonunda hazirlanan zemin

raporuna gore,

Zemin emniyet gerilmesi : Gzem = 80.00 N/cm?
Temel alt1 zemin yogunlugu : 5= 18.00 kN/m’
Zemin igsel siirtlinme agisi cp=33°

Zemin grubu CA

Zemin yatak katsayisi : K = 40000 kN/m’
Zemin Siifi 1722

Ta :0.10 sn

Tg :0.40 sn

degerlerini almaktadir.



2. YUK ANALIZLERI :

2.1. Sabit Yiikler :

2.1.1. Plak Doseme Yiikleri :

Plak zati agirhigi (12cm)
Plak zati agirlig1 (15cm)
Plak zati agirligi (20cm)
Plak zati agirlig1 (37cm)
Plak zati agirlig1 (50cm)

2.1.2. Kaset Doseme Yiikleri :

Modiil Hesab1 1
Plak Hacmi

Nerviir Hacmi

Modiil Hacmi
Beton Agirlig
Kaset Yuki

Modiil Hesabi 2
Plak Hacmi

Nerviir Hacmi

Modiil Hacmi
Beton Agirlig
Kaset Yuki

2.1.3. Kaplama Yiikleri :

Ofis Katlan :
Yiikseltilmis Doseme (5 cm)

Asma Tavan

Toplam ytiik

:0.1200 x 0.90 x 0.90

£ 0.2053 x 25.00
£5.133/(0.90 x 0.90)

:0.12 x 25.00 — 3.000 kN/m®
:0.15 x 25.00 — 3.750 kN/m®
:0.20 x 25.00 — 5.000 kN/m®
:0.37 x 25.00 — 9.250 kN/m®
£ 0.50 x 25.00 — 12.500 kN/m*

~0.0972 m’

:0.0875x 0.25x 0.8125x4 =0.0711 m°

—0.1683 m’
£ 0.1683 x 25.00 — 4207 kN
:4.207 / (0.90 x 0.90) —5.194 kN/m’
- 0.1200 x 0.90 x 0.90 —0.0972 m’

:0.0875x 0.38x 0.8125x4 =0.1081 m°

~0.2053 m’
~5.133 kN
— 6.337 kN/m?

- 0.500 kN/m>
= 0.500 kN/m?
— 1.000 kN/m?



Ortak Kullanim Alanlari :

Dogal Parke Tas (3 cm) :0.03 x 28.00 — 0.840 kN/m’
Egim Betonu (5 cm) :0.05x22.00 — 1.100 kN/m?
Toplam yiik : — 1.940 kN/m?

Asansor ve Merdiven Mahalleri :

Dogal Parke Tas (3 cm) :0.03 x 28.00 — 0.840 kN/m’
Egim Betonu (5 cm) :0.05x22.00 — 1.100 kN/m?
Toplam ytiik : — 1.940 kN/m’

2.2. Hareketli Yiikler :

Ofis Katlari : =3.000 kN/m’
Ortak Kullanim Alanlar1 : — 5.000 kN/m’
Asansor ve Merdiven Mabhalleri : — 5.000 kN/m’
Mekanik Hacimler : — 5.000 kN/m’
Otopark : — 5.000 kN/m?

2.3. Riizgar Yiikleri :

Riizgar yiikii hesab1 TS498/Kasim 1987’ de yer alan parametrelere gore yapilmustir.
Asagidaki tablolarla bulunan riizgar kuvvetleri, ait olduklar1 katin diyafram
merkezine tekil yiik olarak etkitilmistir.

C = 1.6 ( Kule tipi yapilarda )

Riizgar Kuvveti = C x q x Riizgara Maruz Kalan Yiizey Alan1 2.1)

Tablo 2.1 : Yikseklige Bagl Olarak Riizgar Hiz1 ve Emme

Zeminden Yikseklik (m) Emme (q) (kN/m?)
0~38 0.5
9~20 0.8
21 ~100 1.1
> 100 1.3

10




Tablo 2.2 : X Yonii Riizgar Kuvveti Hesab1

11

KAT KOT|KAT YUKSEKLIGI |CEPHE UZUNLUGU |RUZGAR ALANI q |RUZGAR KUVVETI
m m m m? kN/m? kN
54 +173.30 2.10 15.70 32.97] 1.30 69
53 +171.20 3.60 20.60 74.16] 1.30 154
52 +167.60 3.55 20.60 73.13] 1.30 152
51 | +164.05 3.90 32.00 124.80] 1.30 260
50 +160.15 3.05 32.00 97.60] 1.30 203
49 | +157.10 2.36 39.00 92.04f 1.30 191
48 +154.74 2.39 39.00 93.21] 1.30 194
47 +152.35 2.50 39.00 97.50] 1.30 203
46 +149.85 2.25 39.00 87.75] 1.30 183
45 +147.60 3.70 39.00 144.30f 1.30 300
44 | +143.90 3.70 46.00 170.20f 1.30 354
43 +140.20 3.70 53.00 196.10f 1.30 408
42 +136.50 3.70 60.00 222.00] 1.30 462
41 +132.80 3.70 60.00 222.00] 1.30 462
40 +129.10 3.70 60.00 222.00] 1.30 462
39 | +125.40 3.70 60.00 222.00] 1.30 462
38 +121.70 3.70 60.00 222.00] 1.30 462
37 |+118.00 3.70 60.00 222.00] 1.30 462
36 [+114.30 3.70 60.00 222.00] 1.30 462
35 +110.60 3.70 60.00 222.00] 1.30 462
34 | +106.90 3.70 60.00 222.00] 1.30 462
33 +103.20 3.70 60.00 222.00] 1.30 462
32 +99.50 3.70 60.00 222.00] 1.30 462
31 +95.80 3.70 60.00 222.00] 1.30 462
30 +92.10 3.70 60.00 222.00] 1.30 462
29 +88.40 3.70 60.00 222.00) 1.30 462
28 +84.70 3.70 60.00 222.00] 1.30 462
27 +81.00 3.70 60.00 222.00] 1.30 462
26 +77.30 3.70 60.00 222.00 1.30 462
25 +73.60 3.70 60.00 222.00] 1.10 391
24 +69.90 3.70 60.00 222.00] 1.10 391
23 +66.20 3.70 60.00 222.00] 1.10 391
22 +62.50 3.70 60.00 222.00] 1.10 391
21 +58.80 3.70 60.00 222.00 1.10 391
20 +55.10 3.70 60.00 222.00] 1.10 391
19 +51.40 3.70 60.00 222.00] 1.10 391
18 +47.70 3.70 60.00 222.00] 1.10 391
17 +44.00 3.70 60.00 222.00] 1.10 391
16 +40.30 3.70 60.00 222.00] 1.10 391
15 +36.60 3.70 60.00 222.00] 1.10 391
14 +32.90 3.70 60.00 222.00] 1.10 391
13 +29.20 3.70 60.00 222.00] 1.10 391
12 +25.50 3.70 60.00 222.00] 1.10 391
11 +21.80 4.80 60.00 288.00] 1.10 507
10 +17.00 4.00 60.00 240.00] 1.10 422
9 +13.00 4.00 60.00 240.00] 1.10 422
8 +9.00 4.00 60.00 240.00] 1.10 422
7 +5.00 4.50 60.00 270.00] 1.10 475
6 +0.50 4.50 60.00 270.00] 1.10 475
5 -4.00 4.50 60.00 270.00] 0.80 346
4 -8.50 3.10 60.00 186.00f 0.80 238
3 -11.60 3.10 60.00 186.00f 0.80 238
2 -14.70 3.10 60.00 186.00] 0.50 149
1 -17.80 3.40 60.00 204.00] 0.50 163
TEMEL| -21.20




Tablo 2.3 : Y Yonii Riizgar Kuvveti Hesab1

KAT KOT|KAT YUKSEKLIGI |CEPHE UZUNLUGU |RUZGAR ALANI q |RUZGAR KUVVETI
m m m m’ kN/m’* kN
54 | +173.30 2.10 29.70 62.37] 1.30 130
53 | +171.20 3.60 29.70 106.92] 1.30 222
52 +167.60 3.55 29.70 105.44] 1.30 219
51 +164.05 3.90 20.80 81.12] 1.30 169
50 | +160.15 3.05 20.80 63.44| 1.30 132
49 | +157.10 2.36 63.80 150.57| 1.30 313
48 | +154.74 2.39 63.80 152.48] 1.30 317
47 +152.35 2.50 63.80 159.50f 1.30 332
46 +149.85 2.25 63.80 143.55] 1.30 299
45 +147.60 3.70 63.80 236.06] 1.30 491
44 +143.90 3.70 63.80 236.06] 1.30 491
43 | +140.20 3.70 63.80 236.06/ 1.30 491
42 | +136.50 3.70 63.80 236.06/ 1.30 491
41 |+132.80 3.70 63.80 236.06] 1.30 491
40 |+129.10 3.70 63.80 236.06] 1.30 491
39 +125.40 3.70 63.80 236.06] 1.30 491
38 +121.70 3.70 63.80 236.06] 1.30 491
37 +118.00 3.70 63.80 236.06] 1.30 491
36 +114.30 3.70 63.80 236.06] 1.30 491
35 | +110.60 3.70 63.80 236.06) 1.30 491
34 | +106.90 3.70 63.80 236.06[ 1.30 491
33 | +103.20 3.70 63.80 236.06] 1.30 491
32 +99.50 3.70 63.80 236.06[ 1.30 491
31 +95.80 3.70 63.80 236.06] 1.30 491
30 +92.10 3.70 63.80 236.06] 1.30 491
29 +88.40 3.70 63.80 236.06] 1.30 491
28 +84.70 3.70 63.80 236.06/ 1.30 491
27 +81.00 3.70 63.80 236.06) 1.30 491
26 +77.30 3.70 63.80 236.06] 1.30 491
25 +73.60 3.70 63.80 236.06] 1.10 415
24 +69.90 3.70 63.80 236.06] 1.10 415
23 +66.20 3.70 63.80 236.06] 1.10 415
22 +62.50 3.70 63.80 236.06[ 1.10 415
21 +58.80 3.70 63.80 236.06[ 1.10 415
20 +55.10 3.70 63.80 236.06/ 1.10 415
19 +51.40 3.70 63.80 236.06[ 1.10 415
18 +47.70 3.70 63.80 236.06] 1.10 415
17 +44.00 3.70 63.80 236.06] 1.10 415
16 +40.30 3.70 63.80 236.06] 1.10 415
15 +36.60 3.70 63.80 236.06[ 1.10 415
14 +32.90 3.70 63.80 236.06[ 1.10 415
13 +29.20 3.70 63.80 236.06[ 1.10 415
12 +25.50 3.70 63.80 236.06[ 1.10 415
11 +21.80 4.80 59.70 286.56] 1.10 504
10 +17.00 4.00 59.70 238.80] 1.10 420
9 +13.00 4.00 59.70 238.80] 1.10 420
+9.00 4.00 59.70 238.80] 1.10 420
7 +5.00 4.50 59.70 268.65[ 1.10 473
6 +0.50 4.50 59.70 268.65[ 1.10 473
5 -4.00 4.50 59.70 268.65[ 0.80 344
4 -8.50 3.10 59.70 185.07] 0.80 237
3 -11.60 3.10 59.70 185.07] 0.80 237
2 -14.70 3.10 59.70 185.07] 0.50 148
1 -17.80 3.40 59.70 202.98] 0.50 162
TEMEL| -21.20

2.4. Deprem Yiikleri :

Yapinin tastyict sisteminin statik ve dinamik hesaplarinda ii¢ boyutlu bir hesap
modeli olusturulmustur. Deprem hesaplart modlarin siiperpozisyonu yénteminden
yararlanilarak yapilmis ve hesaplarda, X ekseni ile 0° ve 90° lik a¢1 yapan depremler
g0z Oniinde tutulmustur. Deprem hesaplarinda gbz Oniine alinacak etkin modlarin

sayisinin belirlenmesi i¢cin minimum % 90 kiitle katilim orani Ongorilmiistiir.
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Dinamik hesap sonucu bulunan yatay yiik degerinin, esdeger deprem yiikii yontemi
esasina gore bulunan degerin % 70’ inden az olmamasina dikkat edilmistir.
Yap sisteminin boyutlandirilmasinda esas alinan deprem etkileri kaynak [1] ‘e gore

belirlenmistir. S6z konusu yonetmelige gore, deprem kuvvetleri parametreleri :

Deprem Bolgesi e 1
Etkin Yer Ivmesi Katsayis1 (Ao) e 0.40
Bina Onem Katsayis1 (1) P 1.00
Hareketli Yiik Katilim Katsayisi (n) T 0.30
Yerel Zemin Sinifi ( Z, ) e zZ2
Spektrum Karakteristik Periyodu ( Ty ) e 0.15
Spektrum Karakteristik Periyodu ( Tg) e 0.40
Sistem Davranig Katsayisi ( R ) (BA bina) e 4
Sistem Davranig Katsayisi ( R ) (Celik bina) e 6

Celik yapinin boyutlandirilmasinda kaynak [1] disinda kaynak [2] 1617.6.2.1 Dual
systems baslig1 altindaki sartlar da saglanmaya c¢aligilmistir. Bu sartin agiklamasi su
sekildedir: “Cekirdek ve ¢evresel kolon-kiris (tlip) sistemlerin ortak kullanimindan
olusan yap1 tasiyici sisteminde tiip, yapiya etkiyen toplam deprem kuvvetinin en az
%25 ini tastyabilmelidir. Eger hesaplar sonucu tiip kendi rijitligi ile bu %25 lik

kuvvete maruz kalmiyorsa dahi; bu kuvveti tagiyacak sekilde boyutlandirilmalidir.”

2.5. Kullanilan Yiik kombinasyonlar :

Betonarme ve celik yap1 elemanlarinin boyutlandirilmasinda kullanilan ytik
kombinasyonlar1 asagidaki gibidir. Bu kombinasyonlarda su kisaltmalar
kullanilmaisgtir:

G : Sabit yiikler

Q : Hareketli yiikler

SPECX : X Y06nii deprem kuvveti

SPECY : Y Yonii deprem kuvveti

WINDX : X Yoni riizgar kuvveti

WINDY : Y Yonii riizgar kuvveti

SPECX-IBC : IBC2003’e gore X yonii deprem kuvveti

SPECY-IBC : IBC2003’e gore Y yonii deprem kuvveti

13



2.5.1. Betonarme Elemanlarin Boyutlandiriimasinda Kullanilan Yiik

Kombinasyonlari :

14G+1.6Q

1.0 G+ 1.0 Q + 1.0 SPECX
1.0G+1.0Q+ 1.0 SPECY

0.9 G + 1.0 SPECX

0.9 G + 1.0 SPECY

1.0G + 1.0 Q + 1.0 SPECX + 0.3 SPECY
1.0G + 1.0 Q + 1.0 SPECY + 0.3 SPECX
0.9 G + 1.0 SPECX + 0.3 SPECY

0.9 G + 1.0 SPECY + 0.3 SPECX
1.0G+ 1.3 Q= 1.3 WINDX

1.0G+13 Q= 1.3 WINDY

0.9 G + 1.3 WINDX

0.9 G + 1.3 WINDY

2.5.2. Celik Elemanlarin Boyutlandirilmasinda Kullanilan Yiik

Kombinasyonlari :

SPECX-IBC = 3.884 SPECX
SPECY-IBC = 3.260 SPECY
1.0G+1.0Q

1.0G+1.0Q+ 1.0 SPECX
1.0G+1.0Q=+1.0 SPECY
1.0G+1.0Q+1.0 SPECX + 0.3 SPECY
1.0G+1.0Q+1.0 SPECY + 0.3 SPECX
1.0G+1.0Q=1.0 SPECX-IBC
1.0G+1.0Q=1.0 SPECY-IBC
1.0G+1.0Q=+1.0 WINDX
1.0G+1.0Q=+1.0 WINDY

2.5.3. Kapasiteye Gore Kontrollerde Kullanilan Yiik Kombinasyonlar :

1.0G+1.0Q+2.5 SPECX
1.0G+1.0Q+2.5SPECY
0.9 G+2.5SPECX
0.9 G+2.5SPECY
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3. BETONARME YAPI

Tiirkiye Is Bankasi Genel Miidiirliigii Binas: statik projesi Balkar insaat tarafindan
tamamen BA olarak 1996-2000 yillar1 arasinda yapilmistir. Statik ve BA hesap
parametreleri TS-500, deprem hesabi parametreleri ise ABYYHY-1998 1s18inda
belirlenmistir. Statik proje, yerindeki imalat sonrasi tadilat gérmiis ve as-built olacak
sekilde revize edilmistir. Bu tez calismasinin bu boliimii kapsaminda, tiim statik
proje ¢izimleri elimizde bulunan BA yapin, ii¢ boyutlu hesap modeli ETABS
programi ile olusturuldu. DBYBHY-2007ye gore statik ve BA hesaplart mod
birlestirme yontemi ile %5 dismerkezlik gézoniinde bulundurularak yapildi. Bu
hesaplar neticesinde mevcut yapinin yeni yonetmeligin getirdigi sartlar1 saglayip
saglamadig kontrol edildi. Bu bdliimde olusturulan statik model, tez ¢alismamin ana
boliimiinii olusturan ¢elik yapi tasarimi i¢in temel teskil etmistir.

BA yapinin genel 6zellikleri, kolon, kirig, ddseme boyutlar1 giris béliimiinde, hesaba
esas olan yiikler ve yiik kombinasyonlar1 yiik analizleri boliimiinde, tipik kat kalip

planlar1 ise EK A’da verilmistir.

3.1. Hesap Kabulleri :

Hesap modelinin olusturulmasi sirasinda modelin ¢6ziim zamanini ¢ok uzatmama
adina her iki kasetten sadece bir tanesi modele dahil edilmis fakat ayni derinlik ile 2
kat genislik kullanilmistir. Tipik kaset doseme detay1 giris bolimiinde verilmistir. 12
cm lik plak altinda sarkan 18/37 cm lik kaset doseme kirisleri 90 cm araliklarla
modele dahil edilmemis, 36/37 cm boyutlarinda kaset doseme kirigleri 180 cm

......

acisindan bir farklilik yaratmayacagi basit bir hesapla gosterilmektedir.

3
Riitlik = Atalet momenti = 2" G.1)
3 3
18X 37 750795 em* = 20X37 i‘237
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Sekil 3.1 : Betonarme Yap1 Hesap Modelinde Tipik Bir Kat Planm

Yukaridaki sekilde BA yap1 hesap modelinde tipik bir kat plan1 goriilmektedir.
Cekirdek perdeleri binanin X ve Y eksenlerine gore simetriktir. Yine binanin dig
kontiirindeki tlip sistem de her iki eksende simetriktir. Yapin planda simetrik

olmasi burulma tehlikelerini ortadan kaldirmaktadir.

Asagidaki sekilde BA yap1 ti¢ boyutlu hesap modeli goriillmektedir.
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3.2. Hesap Sonuclan :

3.2.1. Mod Sekilleri ve Taban Kesme Kuvvetleri :

Tablol 3.1 : Betonarme Yap1 Modlara Gore Kiitle Katilim Oranlari

TOPLAM
MOD | PERYOD | X YONU [ YYONU | XYONU | Y YONU
1 3.920 0.00 62.42 0.00 62.42
2 3.720 66.74 0.00 66.74 62.42
3 2.213 0.00 0.00 66.74 62.42
4 1.194 14.88 0.00 81.61 62.43
5 1.121 0.01 15.22 81.62 77.64
6 0.791 0.00 1.26 81.62 78.90
7 0.705 0.01 2.71 81.63 81.62
8 0.670 4.91 0.00 86.53 81.62
9 0.500 0.01 5.71 86.54 87.33
10 0.490 2.35 0.02 88.89 87.35
11 0.482 0.00 0.05 88.90 87.40
12 0.404 0.00 0.74 88.90 88.14
13 0.369 2.06 0.00 90.95 88.14
14 0.343 0.00 1.74 90.95 89.89
15 0.292 1.22 0.00 92.17 89.89
16 0.288 0.00 1.03 92.17 90.93
17 0.272 0.00 0.90 92.17 91.82
18 0.242 0.83 0.00 93.01 91.82
19 0.241 0.00 0.53 93.01 92.35
20 0.217 0.00 0.90 93.01 93.26
21 0.213 0.70 0.00 93.71 93.26
22 0.212 0.00 0.36 93.71 93.62
23 0.193 0.00 0.06 93.71 93.68
24 0.188 0.81 0.00 94.53 93.68
25 0.170 0.00 1.22 94.53 94.90
26 0.166 0.00 0.02 94.53 94.92
27 0.162 0.87 0.00 95.40 94.92
28 0.148 0.00 0.35 95.41 95.26
29 0.141 0.04 0.54 95.44 95.80
30 0.140 0.62 0.02 96.06 95.82
31 0.129 0.00 0.29 96.07 96.11
32 0.122 0.58 0.00 96.65 96.12
33 0.120 0.00 0.42 96.65 96.53
34 0.115 0.00 0.26 96.65 96.80
35 0.107 0.42 0.00 97.07 96.80
36 0.104 0.00 0.23 97.07 97.03
37 0.101 0.00 0.27 97.07 97.30
38 0.095 0.42 0.00 97.50 97.30
39 0.092 0.00 0.01 97.50 97.32
40 0.092 0.00 0.33 97.50 97.64
41 0.086 0.32 0.00 97.82 97.65
42 0.083 0.00 0.00 97.82 97.65
43 0.082 0.00 0.33 97.82 97.98
44 0.078 0.25 0.00 98.07 97.98
45 0.077 0.00 0.00 98.07 97.98
46 0.076 0.00 0.04 98.07 98.02
47 0.076 0.00 0.00 98.07 98.02
48 0.076 0.00 0.00 98.07 98.02
49 0.075 0.00 0.21 98.07 98.23
50 0.074 0.00 0.00 98.07 98.24
51 0.073 0.00 0.00 98.07 98.24
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Yukaridaki tablodan da anlasilacagi gibi hesaplarda 51 mod dikkate alinmistir ve
sonugta dinamik hesap %98 kiitle katilim orantyla tamamlanmistir. Bu %98 lik oran,
DBYBHY-2007 madde 2.8.3.1°de belirtilen %90 lik alt sinir1 saglamaktadir. Yapinin
ilk peryodu Y yoniindedir ve %62.42 kiitle katilim1 saglanmaktadir, ikinci peryodu
ise X yoniindedir ve %66.74 kiitle katilim1 saglanmaktadir.

ETABS bilgisayar programi ile yapilan mod birlestirme hesabi sonucu bulunan taban
kesme kuvvetleri X yonii i¢in Fy. = 35115 kN, Y yonii i¢in Fy.,, = 35455 kN dur.

Asagida ise esdeger deprem yiikii yontemine gore binaya etkiyen deprem kuvvetleri

hesaplanmistir.
S;=1+15xT/T, (0<T<T,)
S;=2.5 (T, <T<T,) 3.2)
S;=2.5x (T, /T)" (T>Ty)
o= A, xIxS;

R 3.3)
Coin=0.10x A,

Depremde etkin bina agirhigi = W

W = 980950 kN
Taban kesme kuvveti = F

F=cxW 3.4)

Y yonii taban kesme kuvveti hesabi :

T,,= 3.92 saniye

S;,=2.5x(0.4/3.92 )"*¥=0.403 3.2)

oo AgxIxS; _ 04x1.0x0403_ o
R 4 (3.3)

¢ =0.10x A,= 0.1 x 0.4 = 0.0400
¢, = 0.0403
E,=c, x W =0.0403 x 980950 = 39532 kN (3.4)
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X yonii taban kesme kuvveti hesabn :
T, = 3.72 saniye
S, =2.5x(0.4/3.72)*=0.420 3.2)

o Ay xIxS;  04x 1.0)(0.420:0'0420
R 4 3.3)

¢ =0.10x A,=0.1x 0.4 =0.0400
c,=0.0420
F.=c_x W=0.0420 x 980950 = 41120 kN (3.4)

DBYBHY-2007 madde 2.8.5’¢ gore; mod birlestirme yontemi ile bulunan taban
kesme kuvvetinin esdeger deprem yiikii yontemi ile bulunan taban kesme
kuvvetinden daha az olmasi durumunda, bulunan taban kesme kuvveti esdeger
yontem ile bulunan kuvvetin bir f=0.8~0.9 katina kadar arttirilmalidir. B katsayisi
azaltict bir katsayidir ve binanin diizensizliklerine baglidir. Hesaplarim siiresince
giivenli tarafta kalma adina bu katsay1 kulanilmamig, mod birlestirme yontemi ile
bulunan kuvvetler direkt olarak esdeger yontem ile bulunan kuvvetlere esitlenecek

sekilde arttirilmistir.

DBYBHY-2007 madde 2.7.4.2°ye gore hesab1 yapilan yapi i¢in bodrum katlar harig
olmak iizere kat sayis1 = N > 13 ise yapinin dogal titresim peryodu i¢in 0.1N seklinde
bir iist deger tanimlanmistir. Bizim yapimizda N=54 olmak iizere 0.1N=5.4 s dir ve
bu deger X ve Y yOnii peryodlarindan biiyiik oldugundan bir sinirlamamiz yoktur.
Fakat ABYYHY-1998’e gore yapilan statik hesaplarda bu sinir peryod degeri madde
6.7.4.2 ve 6.7.4.4°de belirtildigi tlizere;

1.30 Tia = 1.30 C H"” = 1.30 x 0.05 x 194.5%” = 3.39 s dir. Dolayist ile
yukaridaki esdeger deprem yiikii yontemi ile taban kesme kuvveti bulma hesabimizi

3.39 s i¢in tekrarladigimizda;

T,= 3.39 saniye

S;=2.5x(0.4/3.39)"*=0.451 3.2)
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c_AgxIxS; 04x10x0451_ .
R 4 (3.3)
¢ =0.10x A,= 0.1 x 0.4 = 0.0400

c=0.0451
F=cx W=0.0451 x 980950 = 44240 kN 34

sonucuna ulasiriz.

Mevcut bina 1996 yilinda her iki deprem dogrultusu i¢in de 44240 kN luk bir taban
kesme kuvvetine gore boyutlandirilmistir. Yeni yoOnetmelik esaslarina gore
buldugumuz taban kesme kuvvetleri X ve Y yonleri i¢in goreceli olarak 41120 ve
39532 kN dur ve mevcut yapinin boyutlandirildigi kuvvetten %7~11 daha diistiktiir.
Bu durumdan su sonug ¢ikarilabilir; mevcut BA yap1 yeni yonetmeligin sartlarini

daha kolay saglayacaktir.

3.2.2. Deplasman ve Goreli Kat Otelemeleri :

Asagidaki iki tabloda BA yapimin deprem ve riizgar kuvvetleri etkisinde yatay
deplasmanlar1 ve goreli kat 6telemeleri verilmistir.

Deprem etkisi altinda en biiyiik tepe deplasmani 28.7cm=0.287m dir.

0.287 <H /500 =194.5/ 500 = 0.389 kosulunu saglamaktadir.

Riizgar etkisi altinda en biiylik tepe deplasmani 15.7cm=0.157m dir.

0.157 <H /500 =194.5/ 500 = 0.389 kosulunu saglamaktadir.

En biiyiik goreli kat 6telemesi 0.023 diir.
DBYBHY-2007 madde 2.10.1°de verilen kosula gore herhangibir kattaki etkin goreli
kat otelemesi 0.02 / R den kiigiik olmalidir. Bu kosul 0.023 < 0.02 / 4 = 0.050

bagintisinda goriildiigii lizere saglanmaktadir.
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Tablo 3.2 : Betonarme Yap1 Deprem Kuvvetleri Altinda Deplasman ve Goreli Kat

Otelemeleri
DEPLASMAN GORELI KAT OTELEMESI
KAT X Y X Y

54 0.000 0.000 0.0000 0.0000
53 0.000 0.000 0.0000 0.0000
52 0.277 0.287 0.0018 0.0023
51 0.272 0.281 0.0018 0.0023
50 0.266 0.273 0.0017 0.0021
49 0.262 0.267 0.0016 0.0017
48 0.259 0.264 0.0015 0.0016
47 0.256 0.260 0.0015 0.0018
46 0.252 0.256 0.0015 0.0018
45 0.249 0.252 0.0015 0.0018
44 0.244 0.246 0.0015 0.0017
43 0.239 0.240 0.0016 0.0018
42 0.234 0.234 0.0016 0.0018
41 0.229 0.227 0.0017 0.0019
40 0.224 0.221 0.0017 0.0019
39 0.218 0.214 0.0017 0.0019
38 0.212 0.207 0.0018 0.0020
37 0.206 0.201 0.0018 0.0020
36 0.200 0.194 0.0018 0.0020
35 0.194 0.187 0.0019 0.0020
34 0.188 0.180 0.0019 0.0020
33 0.182 0.173 0.0019 0.0020
32 0.175 0.166 0.0018 0.0019
31 0.169 0.159 0.0017 0.0019
30 0.163 0.152 0.0018 0.0019
29 0.157 0.145 0.0018 0.0019
28 0.151 0.139 0.0018 0.0019
27 0.145 0.132 0.0018 0.0019
26 0.139 0.125 0.0018 0.0019
25 0.132 0.119 0.0018 0.0018
24 0.126 0.112 0.0018 0.0018
23 0.120 0.105 0.0018 0.0018
22 0.113 0.099 0.0018 0.0018
21 0.107 0.092 0.0017 0.0017
20 0.101 0.086 0.0017 0.0017
19 0.095 0.080 0.0017 0.0017
18 0.089 0.074 0.0017 0.0016
17 0.083 0.068 0.0017 0.0016
16 0.077 0.063 0.0017 0.0015
15 0.071 0.057 0.0017 0.0015
14 0.065 0.051 0.0016 0.0015
13 0.059 0.046 0.0016 0.0014
12 0.053 0.041 0.0015 0.0013
11 0.047 0.036 0.0014 0.0012
10 0.041 0.031 0.0014 0.0011
9 0.035 0.026 0.0014 0.0011
8 0.030 0.022 0.0014 0.0010
7 0.024 0.018 0.0013 0.0010
6 0.018 0.013 0.0012 0.0009
5 0.013 0.009 0.0011 0.0008
4 0.008 0.006 0.0009 0.0007
3 0.005 0.004 0.0008 0.0006
2 0.003 0.002 0.0006 0.0004
1 0.001 0.001 0.0003 0.0003
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Tablo 3.3 : Betonarme Yapi Riizgar Kuvvetleri Altinda Deplasman ve Goreli Kat

Otelemeleri
DEPLASMAN GORELI KAT OTELEMESI
KAT X Y X Y
54 0.000 0.000 0.0000 0.0000
53 0.000 0.000 0.0000 0.0000
52 0.117 0.157 0.0005 0.0010
51 0.115 0.154 0.0005 0.0010
50 0.113 0.150 0.0005 0.0009
49 0.112 0.147 0.0005 0.0008
48 0.111 0.146 0.0005 0.0008
47 0.109 0.144 0.0005 0.0009
46 0.108 0.142 0.0005 0.0009
45 0.107 0.140 0.0005 0.0009
44 0.105 0.136 0.0005 0.0008
43 0.103 0.133 0.0005 0.0009
42 0.102 0.130 0.0005 0.0009
41 0.100 0.127 0.0006 0.0009
40 0.098 0.123 0.0006 0.0009
39 0.095 0.120 0.0006 0.0010
38 0.093 0.116 0.0006 0.0010
37 0.091 0.113 0.0006 0.0010
36 0.089 0.109 0.0007 0.0010
35 0.086 0.105 0.0007 0.0010
34 0.084 0.101 0.0007 0.0010
33 0.081 0.098 0.0007 0.0010
32 0.079 0.094 0.0007 0.0010
31 0.076 0.090 0.0007 0.0010
30 0.073 0.086 0.0007 0.0010
29 0.071 0.083 0.0007 0.0010
28 0.068 0.079 0.0007 0.0010
27 0.066 0.075 0.0007 0.0010
26 0.063 0.071 0.0007 0.0010
25 0.060 0.068 0.0007 0.0010
24 0.058 0.064 0.0008 0.0010
23 0.055 0.060 0.0008 0.0010
22 0.052 0.056 0.0008 0.0010
21 0.049 0.053 0.0007 0.0010
20 0.046 0.049 0.0007 0.0009
19 0.044 0.046 0.0007 0.0009
18 0.041 0.042 0.0007 0.0009
17 0.038 0.039 0.0007 0.0009
16 0.035 0.036 0.0007 0.0009
15 0.033 0.033 0.0007 0.0008
14 0.030 0.029 0.0007 0.0008
13 0.027 0.026 0.0007 0.0008
12 0.025 0.023 0.0007 0.0007
11 0.022 0.021 0.0006 0.0007
10 0.019 0.017 0.0006 0.0007
9 0.016 0.015 0.0007 0.0006
8 0.014 0.012 0.0006 0.0006
7 0.011 0.010 0.0006 0.0005
6 0.008 0.007 0.0006 0.0005
5 0.006 0.005 0.0005 0.0004
4 0.004 0.003 0.0004 0.0004
3 0.002 0.002 0.0004 0.0003
2 0.001 0.001 0.0003 0.0002
1 0.001 0.000 0.0001 0.0001
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3.2.3. Giiclii Kolon-Zayif Kiris Kontrolleri :

DBYBHY-2007 madde 3.3.5’e gore bir diiglim noktasina birlesen kolonlarin tagima
giici momentleri toplami, o diiglim noktasina birlesen kiriglerin tasima giicii
momentleri toplamindan en az %20 daha biiyilik olacaktir. BA yap1 tipik kolon-kiris

birlesim noktalarinda bu kosulun saglanip saglanmadigina bakilacaktir.

6. kat 210/76 kolon - 76/90 Kirisleri icin kapasite hesabi:

ETABS bilgisayar programi tarafindan 210/76 kolonlar i¢in hesaplanan donati
miktar1 140.30 cm® dir. Mevcut donati = A, = (38®26) 201.78 cm” dir. Bu donati
yeterlidir. 76/90 kirisler i¢in hesaplanan donati 54.20 cm® dir. Mevcut donat1 = A, =
(12026) 63.72 cm? dir. Bu donat: da yeterlidir.

Malzeme : C35  fy =3.50 kN/cm® S420  fy = 42.00 kN/cm®

Alt kolon : C210/76

Kesit : By=210cm By=76cm A;=(38026)201.78 cm’ L=40m
n=0.124 m=0.101 M, = 4308 kNm M, = 6032 kNm

Ust kolon : C210/76

Kesit : Bx=210cm By=76cm A = (38026)201.78 cm? L=40m
n=0.124 m=0.101 M, = 4308 kNm M, = 6032 kNm

Sag kiris : B76/90

Kesit : B,=76 cm By =90 cm L=35m

iucu  Agi=(12026) 63.72 cm’

m,=0.1118  k,=0.7948 M; =1914 kNm M, = 3828 kNm

jucu  Agj=(12026) 63.72 cm’

m,=0.1118  k, =0.7948 M; = 1914 kNm M, = 3828 kNm

Sol kirig : B76/90

Kesit : Bx =76 cm By =90 cm L=35m

iucu  Ayi=(12026) 63.72 cm’

m,=0.1118  k,=0.7948 M; = 1914 kNm M, = 3828 kNm

jucu  Agj=(12026) 63.72 cm®

m,=0.1118  k, =0.7948 M; = 1914 kNm M, = 3828 kNm
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Kolonlarin toplam kapasitesi = 6032 + 6032 = 12064 kNm
Kirislerin toplam kapasitesi = 3828 + 3828 = 7656 kNm
12064 / 7656 = 1.57 > 1.20 Kosul saglanmaktadir.

15. kat 90/70 kolon - 70/75 Kirisleri icin kapasite hesaba:

ETABS bilgisayar programi tarafindan 90/70 kolonlar i¢in hesaplanan donat1 miktar1
91.20 cm’ dir. Mevcut donat1 = Ag = (20026) 106.20 cm® dir. Bu donati yeterlidir.
70/75 kirisler i¢in hesaplanan donat1 44.60 cm” dir. Mevcut donat1 = A = (10D26)
53.10 cm® dir. Bu donat1 da yeterlidir.

Alt kolon : C90/70

Kesit : By=90cm By=70cm A= (20026)106.20 cm’ L=37m
n=0.091 m=0.109 M, = 1686 kNm M, =2362 kNm

Ust kolon : C90/70

Kesit : Bx=90 cm By=70cm A= (20026) 106.20 cm? L=37m
n=0.091 m=0.109 M, = 1686 kNm M, = 2362 kNm

Sag kiris : B70/75

Kesit : B,=70 cm By=75cm L=35m

iucu  Agi=(10026) 53.10 cm?

m, =0.1214  k,=0.7883 M; =1319 kNm M, = 1846 kNm

jucu  Agj=(10026) 53.10 cm®

m,=0.1214  k,=0.7883 M; = 1319 kNm M, = 1846 kNm

Sol kirig : B70/75

Kesit : By =70 cm By =75cm L=35m

iucu  Ayi=(10026) 53.10 cm’

m,=0.1214  k,=0.7883 M; = 1319 kNm M, = 1846 kNm

jucu  Agj=(10026) 53.10 cm®

m, =0.1214  k,=0.7883 M; =1319 kNm M, = 1846 kNm

Kolonlarin toplam kapasitesi = 2362 + 2362 = 4724 kNm
Kirislerin toplam kapasitesi = 1846 + 1846 = 3692 kNm
4724 /3692 =1.28 > 1.20 Kosul saglanmaktadir.
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3.2.4. Degerlendirmeler :

Bu boliimde su ana kadar BA yapiya ait hesap kabulleri ve hesap sonuclarina ait
temel bilgiler verildi. Hesap sonuglar1 neticesinde goriildii ki; Mevcut BA yapi,

1- DBYBHY-2007’nin getirdigi, hesaba esas olan yeterli mod sayisinin
belirlenmesinde en az %90 kiitle katilimin ger¢ceklesmesi kosulunu saglamaktadir.

2- Mod birlestirme yontemi ile bulunan taban kesme kuvvetinin, esdeger deprem
yiikii yontemi ile bulunan taban kesme kuvvetinden az olmasi durumunda, bu
kuvvetin, esdeger deprem yiikii yontemi ile bulunan kuvvetin belli bir  katina kadar
arttirilmasi ve deprem hesabinin tekrarlanmasi kosulunu saglamaktadir.

3- Tepe deplasmani ve goreli kat 6telemeleri sinir degerlerini saglamaktadir.

4- Bir diigiim noktasina birlesen kolonlarin tagima giici momentleri toplaminin, o
diigim noktasina birlesen kiriglerin tagima giici momentleri toplamindan en az %20
daha biiyiik olmasi (gli¢lii kolon-zayif kirig) kusulunu saglamaktadir.

5- Bilgisayar programi tarafindan bulunan, kolon ve kirislerde bulunmasi gereken
donatilardan daha fazlasin1 bulundurmaktadir. Bu sekilde, boyuna donati kosullarini

saglamaktadir.

Mevcut BA yapiya ait tiim donati ¢izimleri incelendiginde ise su ¢ikarimlar
yapilmustir:

1- Kolon ve kiris boyuna donati diizenlemelerinde yeni yonetmelik sartlari
saglanmaktadir fakat enine donati diizenlemelerinde, kanca boylari, kirim agisi, filiz
boyu, bindirme boylar1 gibi detaylarda yeni yoOnetmelik sartlar1 tam olarak
saglanmamaktadir.

2- Enine donati siklastirma bolgeleri yeni yonetmelige uygundur fakat enine donati

araliklar1 yeni yonetmeligin 6ngordiigi sinirlar1 tam olarak saglamamaktadir.

Betonarme boliimiinde olusturulan statik model, tez calismamin ana bolimiini
olusturan ¢elik yap1 dizayni i¢in temel teskil etmektedir. Dolayisiyla, bu bdliimde,
BA yapinin genel hatlar1 ve yapinin statik agidan olmazsa olmazlari1 degerlendirilmis,

biitlin ayrintilara deginilmemistir.
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4. CELIK YAPI

4.1. Yap1 Elemanlarinin Boyutlandirilmasi :

4.1.1. Kullanilan Profillerin Enkesit Kosullar1 Sinir Kontrolleri

4.1.1.1. Kolon Olarak Kullanilan Profiller

Sekil 4.1 : I Kolon Kesit Boyutlar1

tet

Tablo 4.1 : I Kolonlarin Enkesit Kosullar1 Sinir Kontrolleri

KESIT d, h ty b ter Ny mak G, A
mm mm mm mm mm kN KN/cm® cm’
HE1000X393 —516 928.2 24.4 303 43.9 8477 36.00 500.2
b/ 2 ty= 3.45| < 03 /E/c. = 725 T—> Kesit Kompakt
h/t,= 38.04| < 1.33 Es/ga(2,17‘Nd/gaA‘):52.34|:(> Kesit Kompakt
KESIT d, h ty by ter Na mak G, A
mm mm mm mm mm kN KN/cm® om’
HEMS50 572 492 21 306 40 5693 36.00 354.4
b/ 2 ty= 383 < 03./E/c = 125 —> Kesit Kompakt
h/t,=] 2343| < 1.33,/E /o, (2.1-|N, /0, A|) =53.12==> Kesit Kompakt
KESIT d, h ty b ter Ny mak G, A
mm mm mm mm mm kN KN/cm® cm’
HEM450 478 398 21 307 40 3619 36.00 335.4
b/ 2 ty= 3.84| < 03 /E/o = 725 C—> Kesit Kompakt
h/t,=[  18.95[ < 1.33\/E /o, (2.1-|N, /0,A]) =57.83 => Kesit Kompakt
KESIT d, h ty b ter Ny mak G, A
mm mm mm mm mm kN kN/cm® cm’
HEM400 432 352 21 307 40 2109 36.00 325.8
beg/ 2 teg= 384/ < 03./E/o = 725 C—> Kesit Kompakt
h/t,=| 16.76[ < 1.33,/E /o, (2.1-|N, /o, A|) =61.68 ——> Kesit Kompakt
KESIT d, h t, b, tor Ni mak G, A
mm mm mm mm mm kN KN/cm® cm’
HEM300 340 262 21 310 39 972 36.00 303.1
ber/ 2 ty= 397| < 03./E/c = 725 C—> Kesit Kompakt
h/t,= 12.48| <

1.33,E /o, (2.1-|N, /o,A|) =64.60 —> Kesit Kompakt
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b

Sekil 4.2 : Kutu Kolon Kesit Boyutlari

Tablo 4.2 : Kutu Kolonlarin Enkesit Kosullar1 Sinir Kontrolleri

KESIT h t,, b t G,
TUBO mm mm mm mm kN/em’
400X400X30 400 30 400 30 36.00
b/t= 13.33| < 0.7./E /o = 16.91 > Kesit Kompakt
h/t,= 13.33| < 0.7 E /o, = 16.91 T—> Kesit Kompakt
KESIT h ty b t G.
TUBO mm mm mm mm kN/em’
300X300X20 300 20 300 20 36.00
b/t= 15.00| < 0.7./E/c. = 1691 C—> Kesit Kompakt
h/t,= 15.00( < 0.7./E /o = 16.91 > Kesit Kompakt

4.1.1.2. Kiris Olarak Kullanmilan Profiller

tor

te o

do

‘ bor

Sekil 4.3 : I Kiris Kesit Boyutlar
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Tablo 4.3 : Kat Kirisleri Enkesit Kosullar1 Sinir Kontrolleri

KESIT d, h ty by tyr G,

;

HEB90O | — 55— B30 | 7as | 300 | 35 | 300
h/t,=| 4486 < 32 /E/c, = 77.29—> Kesit Kompakt

KESIT d, h ty by tos c,

HEB600 | 556 —sap |55 | 300 | 30| 3600
| h/t,=| 3484 < 32 /E /o, = 77.29——> Kesit Kompakt

KESIT d, h ty bye tor G,

;

HEBSS0 | 556403 |15 500 | 20| 600
h/t,=| 3280 < 3.2./E/c, = 77.29c——> Kesit Kompakt

KESIT d, h ty by¢ tos G,

;

HEBS00 | — 05— —aas | 345 | 300 | 26 3600
h/t,=[  30.62] < 32 /E/c, = 77.29=—> Kesit Kompakt

KESIT d, h t, by tyr G,

;

HEB4S0 |55 —5o0 |34 300 |26 300
h/t,=| 28000 < 32 /E/c, = 77.29—> Kesit Kompakt

KESIT d, h ty bys tor G,

HEB400 |56 ——53 | 135 | 500 | 24| 600
[ n/t, = 26.07| < 32 /E /o, = 77.29——> Kesit Kompakt
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Tablo 4.4 : Doseme Kirisleri Enkesit Kosullar1 Sinir Kontrolleri

4.1.2. Giiclii Kolon-Zayif Kiris Kontrolleri

KESIT d, h t,, by tyr G,

:

IPNS00 | —go0—T—ase T 15 T 185 |27 [ 3600
h/t,=| 2478 < 3.2./E./o, 77.29—>

KESIT d, h ty by tyr G,

IPN450 50T 01 | 162 | 170 | 243 | 3600
h/t,=| 2478 < 32./E /o, 77.29—>

KESIT d, h ty by i .,

:

P40 06T 3568 T 144 | 155 [ 216 | 3600
h/t,=| 2478 < 32./E /o, 77.29—>

KESIT d, h ty by tyr G,

:

IPN380 36011 115 | 145 | 195 | 3600
h/t,=| 2469 < 32./E/o, 77.29 —>

KESIT d, h ty by g o,

IPNS20 50T 2ms T 115 | 151 [ 113 | 3600
h/t,=| 2482 < 32./E /o, 77.29—>

KESIT d, h t,, by tyr G,

:

IPN200 |06 {5774 |75 1 o0 | 115 | %600
h/t,=| 2365 < 32./E/o, 77.29 —>

Kesit Kompakt

Kesit Kompakt

Kesit Kompakt

Kesit Kompakt

Kesit Kompakt

Kesit Kompakt

Cergeve tiirli sistemlerde veya perdeli-gerceveli sistemlerin ¢ergevelerinde, gozoniine

alinan deprem dogrultusunda her bir kolon-kiris diigiim noktasina birlesen kolonlarin

egilme momenti kapasitelerinin toplami, o diiglim noktasina birlesen kiriglerin

egilme momenti kapasitelerinin toplaminin 1.1 D, katinda daha biiyiik olmalidir.
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Sekil 4.4 : Giiclii Kolon-Zayif Kiris Kontrolii Serbest Cisim Diyagrami
(M, *M ;) = 11D, (M;+M+M_+M ) 4.1)

Bu denklemdeki M,; ve M,; terimleri, zayiflatilmis kiris enkesitleri kullanilmas: veya
kiris uglarinda guseler olusturulmasi halinde, kiris uglarindaki olas1 plastik
mafsallardaki kesme kuvvetlerinden dolayi, kolon yiiziinde meydana gelen ek egilme

momentlerini gostermektedir.

D=1.1 (St52igin)
11D,= 121
St52 akma mukavemeti =c,= 36.00 kN/cm’

Statik moment = S_
Plastik mukavemet momenti = W, =2xS, 4.2)
Egilme momenti kapasitesi=M =W, xo, 4.3)

Asagidaki birinci tabloda sabit kolon kesiti ile iist kata gecgilen katlarda, ikinci
tabloda ise kolonlarin kesit degistirdigi katlarda gii¢lii kolon-zay1f kiris kontrolleri
verilmigtir. GOriildiigli tizere binanin her bir birlesim noktasinda bu kosul

saglanmaktadir.
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4.1.2.1. Sabit Kolon Kesiti ile Ust Kata Geg¢ilen Katlarda Kontrol

Tablo 4.5 : Sabit Kolon Kesiti ile Ust Kata Gegcilen Katlarda Kontrol

32

KAT KOT KOLON W M, KIiRiS Wy My [ZM,, kolom
m cm’® kNcm em’® kNem |2 Mpx (Kiris)

54 +173.30 Kolonlarn iist kata devam etmedigi diigiim noktalarinda bu kosul aranmaz
53 +171.20 Kolonlarin iist kata devam etmedigi diigiim noktalarinda bu kosul aranmaz
52 +167.60 TUBO400X400X30 6174 222264|IPN500 3240 116640 1.91 21.21
HEM300 4078 146808|HEB400 3232 116352 1.26 21.21
51 +164.05 HEM300 4078 146808|HEB400 3232 116352 2.52 21.21
TUBO400X400X30 6174 222264| Kolonlar, iist kata kirislerle baglanmaksizin ¢ikmaktadir
HEM300 4078 146808|HEB400 3232 116352 1.26 21.21
50 +160.15 HEM300 4078 146808|HEB400 3232 116352 2.52 21.21
HEM300 4078 146808| Kolonlar, iist kata kiriglerle baglanmaksizin ¢itkmaktadir
TUBO400X400X30 6174 222264| Kolonlar, iist kata kirislerle baglanmaksizin ¢ikmaktadir
HEM300 4078 146808[HEB400 3232 116352 1.26 21.21
49 +157.10 HAC HEB500 5963 214668|HEB400 3232 116352 1.84 21.21
HEM300 4078 146808|HEB400 3232 116352 2.52 21.21
TUBO400X400X30 6174 222264|IPN500 3240 116640 1.91 21.21
HEM300 4078 146808| Kolonlar, iist kata kiriglerle baglanmaksizin ¢ikmaktadir
48 +154.74 HAC HEB500 5963 214668| Kolonlar, iist kata kirislerle baglanmaksizin ¢ikmaktadir
TUBO400X400X30 6174 222264| Kolonlar, iist kata kirislerle baglanmaksizin ¢tkmaktadir
HEM300 4078 146808|HEB400 3232 116352 1.26 21.21
47 +152.35 HAC HEB500 5963 214668|HEB400 3232 116352 1.84 21.21
HEM300 4078 146808|HEB400 3232 116352 2.52 21.21
46 4149 85 HEM300 4078 146808] Kolonlar, iist kata kirislerle baglanmaksizin ¢tkmaktadir
HAC HEB500 5963 214668| Kolonlar, iist kata kiriglerle baglanmaksizin ¢ikmaktadir
HEM300 4078 146808|HEB400 3232 116352 1.26 21.21
45 +147.60 HAC HEB500 5963 214668|HEB400 3232 116352 1.84 21.21
HEM300 4078 146808|HEB400 3232 116352 2.52 21.21
HEM300 4078 146808|HEB400 3232 116352 1.26 21.21
44 +143.90 HAC HEM600 10527 378972|HEB400 3232 116352 3.26 21.21
HEM300 4078 146808|HEB400 3232 116352 2.52 21.21
HEM300 4078 146808|HEB400 3232 116352 1.26 21.21
43 +140.20 HAC HEM600 10527 378972|HEB400 3232 116352 3.26 21.21
HEM300 4078 146808|HEB400 3232 116352 2.52 21.21
HEM300 4078 146808|HEB400 3232 116352 1.26 21.21
4 +136.50 HAC HEM600 10527 378972|HEB400 3232 116352 3.26 21.21
HAC HEM600 10527 378972|HEB400 3232 116352 6.51 21.21
HAC HEM600 10527 378972|HEB600 6425 231300 3.28 21.21
HEM400 5571 200556|HEB450 3982 143352 1.40 21.21
32 ~41]+99.50 ~ +132.80|HAC HEM600 10527 378972|IPN500 3240 116640 3.25 21.21
HAC HEM600 10527 378972|HEB450 3982 143352 5.29 21.21
HEM450 6331 227916|HEBS500 4815 173340 1.31 21.21
22 ~ 31| +62.50 ~ +95.80 [HAC HEM600 10527 378972|IPN500 3240 116640 3.25 21.21
HAC HEM600 10527 378972|HEB500 4815 173340 4.37 21.21
HEMS550 7933 285588|HEB550 5591 201276 1.42 21.21
12 ~21] +25.50 ~ +58.80 [HAC HEM700 12262 441432|IPN500 3240 116640 3.78 21.21
HAC HEM700 12262 441432|HEB550 5591 201276 4.39 21.21
HE1000X393 18540 667440|HEB600 6425 231300 2.89 21.21
1~10 | -17.80 ~+17.00 [HAC HEM700 12262 441432|IPN500 3240 116640 3.78 21.21
HAC HEM700 12262 441432|HEB900 12580 452880 1.95 21.21

TEMEL -21.20




4.1.2.2. Kolonlarin Kesit Degistirdigi Katlarda Kontrol

Tablo 4.6 : Kolonlarin Kesit Degistirdigi Katlarda Kontrol

KAT| KOT |UST KOLON Wi, | M, |ALTKOLON|[ W,, | M, 2M
3

cm” | KNem cm” | KkNem| kNcm
HEMS550 7933]1285588] HE100X393 | 185401667440] 953028

11 | +21.80 | SOLKIRIS | Wy, | M, | SAGKIRIS | W,, | My, [ ZM,, [ |ZM,, koion
em’ | kNem em’ | kNem| kNem | | 2ZM,, g
HEB600 | 6425[231300] HEB600 | 6425[231300] 462600 2.060 | 21210 |

KAT| KOT |UST KOLON| W, M,, |ALT KOLON| W, ME ZMDX
cm” | kNem cm | kNem | kNcem
HEM450 6331]227916] HEMS550 7933]285588] 513504

21 | +58.80 | SOL KiRiS | W, M SAGKIRIS | W, | M, [XM, [ |XM

PX PX px (Kolon)
em’ | kKNem em’ | kNem | kKNem | | ZM, kg
HEB550 5591]201276] HEB550 5591]201276] 402552 1.276 | 21.210 |

KAT| KOT [USTKOLON| W, | M,, [ALTKOLON| W, | M, | M,

cm” | kNem cm | kNem | kNcm
HEM400 55711200556] HEMA450 6331]227916] 428472

31 [ +95.80 | SOLKIRIiS [ W, | M, | SAGKIRIS | Wy, | My, [ XM, | M oion
em’ | kNem em® | kNem [ kNem | | My wing
HEB500 4815[173340]  HEB500 4815[173340] 346680 1.236 21.210 |

KAT| KOT |UST KOLON|[ W M,, |ALTKOLON| W,, | M,, [ XM,
cm” | kNem cm tcm tcm
HEM300 [ 4078|146808] HEM400 5571]200556] 347364

41 [+132.80] SOL KiRiS | W, M SAGKIRIS | W, | M, [XM [ [|XM

PX PX px (Kolon)
em’ | kKNem em’ | tem tcm 2 M, kini
HEB450 39821143352 HEB450 39821143352 286704 1.212 21.210 I

KAT| KOT |UST KOLON|[ W M,, |ALTKOLON| W,, | M,, [ M,
cm” | kNem cm’ | kNem | kNem
HACHEM600] 10527|378972[ HACHEM700| 12262]441432| 820404

21 | +58.80 | SOL KiRiS | W, M SAGKIRIS | W, | M, XM [|XM

PX PX px (Kolon)
em’ | kKNem em® | kNem | kNem 2 M g
IPN500 32401116640 IPN500 324011166401 233280 3.517 21.210 I

4.1.3. Kompozit Dosemenin Boyutlandirma ve Tasima Giicii Hesaba :

Celik yap1 dosemeleri trapez kesitli sac ile betonun birlikte ¢alistirilmasindan olusan
kompozit doseme olarak tasarlanmigtir. Trapez sac ile beton arasinda yeterli aderans
yoktur. Gerekli aderansin saglanabilmesi icin celik kayma kamalar1 kullanilmistir.
Bu sekilde olusturulan tarapez panel kompozit dosemede hasir donati kullanilarak

yiikiin homojen dagilimi saglanmistir.
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- r% — -
Sekil 4.5 : Kompozit Désemede Beton, Trapez Sac ve Kayma Kamalari
4.1.3.1. Malzeme Ozellikleri :

St52
Elastisite Modiilii = E; = 21000 kN/cm?
Akma Sinir1 Mukavemeti = ¢, = 36.00 kN/cm?
C25:
Elastisite Modiilii = E. = 3000 kN/cm®
Kayma Mukavemeti = 1,, = 3.0 N/cm?
SAC:
Akma Sinirt Mukavemeti = o = 22.00 kN/cm?
4.1.3.2. Enkesit Kosullari :
bo
SRR . ﬁ MM N d <] d
1 |- ‘:‘:: B e R N ,JL JLd

Sekil 4.6 : Kompozit Dégseme Boyutlar
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b, =110mm > minb =50 mm
d,=70mm > mind =50 mm
d, =100 mm > mind,=90 mm
d, =30mm < makd =80 mm
t=1.0mm > mint=0.7 mm

ds=do+$=70+£=85mm
2 2

4.4)

,,,,,,,,,,

‘A
‘

........

100

Sekil 4.7 : Kompozit Dogeme Kesiti

4.1.3.3. Yiiklerin Belirlenmesi :

Iki kayma eleman1 aras1 = 200 mm

200 mm genislik i¢in:

Celik sacin uzunlugu = 4 + 3246 + 342 +4=224cm
Celik sacin kalinlig1 = 0.1 cm

Celik sacin alan1 =22.4 x 0.1 =2.24 cm®

1 m genislik i¢in:

Celik sacin alan1 = A = 5 x 2.24 = 11.2 cm*/m= 0.00112 m*/m
Celik sacin agirhgi = g, = 78.5 x 0.00112 = 0.09 kN/m’

200 mm genislik icin:

Beton alan1 = (20 x 10 - (6 + 12)%) =163 cm’

1 m genislik i¢in:

Beton alan1 = 5 x 163 = 815 cm*/m = 0.0815 m*/m
Beton agirligi = g, =25 x 0.0815 = 2.04 kN/m’

Kaplama agrligi 1.00 kN/m” ile 2.00 kN/m* arasinda degismektedir.
[nsaat siiresinde hareketli yiik = py = 2.00 kN/m’

Kalip siirecinde toplam sabit yiik = 0.09 + 2.04 = 2.13 kN/m’

Kalip siirecinde toplam hareketli yiik = 2.00 kN/m*
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Tasima giicii kontrolii i¢in toplam sabit yiik = 0.09 + 2.04 + 2.00 = 4.13 kN/m’
Tasima giicii kontrolii icin toplam hareketli yiik = 5.00 kN/m?

Karma plak, kiriglere basit olarak mesnetlenmekte olup aciklik 2.50 m dir.

Kalip asamasinda agikligin iicte bir noktalarinda gegici ek mesnetler kullanilacaktir.

Agirlikli katsay1 =n = 1.70 a,=1.00 a,=0.70

4.1.3.4. Trapez Celik Sacin Kalip Siirecinde Hesab1 (1 m genislik i¢in) :

Trapez sac, insaat asamasinda kalip gorevi goriir. Bu asamada trapez sac iizerine
kendi agirlig1 (g,), beton agirligi (g,) ve insaat siiresi hareketli yiikii (po) etkir. Trapez
sacin kesit zorlar1 3 acikli siirekli kiris kabulii ile belirlenmis, kompozit doseme
mukavemet hesaplar1 1 m genislik i¢in yapilmistir. Bu boliimdeki hesaplar [16] nolu

kaynak baz alinarak yapilmistir.

g=2.13 kN/m =2.13 kg/m
p =2.00 kN/m = 2.00 kg/m

3
Celik sacin atalet momenti = Ia:@XZX( 0.1x3 +O.1x8x(%)2) =17.57 cm*
Sehim = f
mak £=( 0.00677 x 2.13 +0.00990 x 2.00 ) 100*x 16 =0.050 cm
2.1x10°x 32.86
mak f=0.050cm < f, = LG50 _ 0.555 cm
150 150

mak|M|= (0.08 x 2.13+0.117 x 2.00) x 0.83* = 0.279 kNm
mak |Q|= (0.60 x 2.13+0.617 x 2.00) x 0.83 =2.085 kN

d.
— -
Sekil 4.8 : ince cidarli Egilme Elemani
b" = 6cm
_6 _ 60 < 45 2'35:45\/2'35 =46.5 4.5)
t 0.1 (o 2.2
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Kalin cidarli hesap yapilamaz.

b'=b"-t=6-0.1=5.9cm
E=2:59 <500

t 0.1

d,=3v2-t=4.14cm

d, 4.14 - . s
o = - =41.4 < 150 Ince cidarli hesap yapilabilir.

Elemanter sinir gerilmesi = 6 = 6, = 0.6x0,= 0.6x22 = 13.2 kN/cm”

%—3—9— 59 < 164\/7 1.64 /m— 65.4

Etkin genislik =b,=b'=5.9 cm

Imgenislikde 5 nerviir vardir, agirlik merkezinden sapma yoktur.
I,=1,=17.57 cm*

o= — = ﬁ =2.38 kN/ecm® < c,.,~13.2 kN/cm?

Q _ 2085

= = 7.45 kN/cm?
A, 2(3-2x0.1)0.1x5

0, =\J0> 43T =,/2.38%+3x7.45> =13.12 kN/em® < 0.755,=16.5 kN/cm’

4.1.3.5. Karma Plakta Tasima Giicii Kontrolleri (1 m genislik icin) :

q=4.13+5.00=9.13 kN/m
q*=1.7q=1.7x9.13=15.52 kN/m
q*xI® _ 15.52x2.5°

8
q*xl _ 15.52x2.5

2
Z=a, 6, A, =1.00x 22 x11.2=246.4 kN

mak |M|= =12.13 kNm = 1213 kNem

mak|Q|= =19.40 kN = 19.40 kN

V4 246.4
y= = =0.117cm <
a, o, (100cm) 0.70x 30x100

d,=7cm
d/2=4.25cm

Kesit tarafindan taginabilecek en biiylik moment = M,
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M, =Z(d, - %) =246.4 (8.50 - &217) =2080 kNem (4.14)

mak|M|=213 kNem < M, =2080 kNem  Kesit giivenli

Kesit tarafindan tasiabilecek en biiylik kesme kuvveti = Q,

Q,=b,xdxt, +2xtxd x052x0, (4.15)
Q,=11.0x850x0.03+2x0.1x3.0x0.52x22=9.67 kN/Nerviir
Q.= 109 9.67 =48.35 kN

20

mak|Q|=19.40kN < Q,=48.35kN Kesit giivenli

4.1.3.6. Sehim Hesaba :

n=E,/E.=21000/3000=7.0 (4.16)
2n=2x7.0=14.0 ( Binalarda ) 4.17)
b*=100/(2n)=100/14.0=7.14 cm (4.18)
A,=b*xd,=7.14x 7.0 =49.98 cm’
A,=11.20 cm’
Abcg) +A, x(d, + dza)
Vo= ATA (4.19)
4998 L +1120x(7+ )
Yo~ 29.98 T 1120 =442 em

y,=10-4.42=558 cm

[ = b*x d,’
h 12

+A,(y, -d,/2)° + L+ A, (y, -d,/2) (4.20)

[ = T14xT

X

+49.98(4.42 - 7/2)> + 17.57+ 11.20 (5.58 - 3/2)°

[,=204.10 +42.31 + 17.57 + 186.44 = 450.42 cm*

5 g*x1*

-2 4.21
384 Ex1 #21

_ 5 15.52 x 2.50°
38421 x 107 x 45042 x 10

=0.00833 m=0.833 cm < L =0.833
300
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4.1.4. Kompozit Doseme Kirisleri Boyutlandirmalar:

4.1.4.1. Kompozit Doseme Hesab: Tip 1

Tip 1 kompozit dosemelerinin bulundugu kat numaralari : 1 ~ 7, 10, 29
Malzeme Ozellikleri :

St52

Elastisite Modiili = E; = 21000 kN/cm?

Akma Sinir1 Mukavemeti = ¢, = 36.00 kN/cm?

Cekme Emniyet Gerilmesi (H Yiiklemesi) = 6¢cem = 21.60 kN/cm?
Kayma Emniyet Gerilmesi (H Yiiklemesi) = tem = 12.47 kN/cm®

C25:

Elastisite Modiili = E; = 3000 kN/cm?
Basing Mukavemeti (Silindir Numune) = f, = 25000 kN/m?*
Basing Mukavemeti (Kiip Numune) = fe.; = 30000 kN/m?

Kesit Ozellikleri :

IPN450 :

Kesit Alani = A = 147 cm® = 0.0147 m’
Atalet Momenti = I, = 45850 cm*
Aciklik = Lmak = 1159 cm

Kiris Araligi = Ix =2.50 m

Yiik:

Kendi agirhigt = ..o, Ax785=0.0147x78.5= 1.15kN/m
Kaplama Yiikii = 2.000 kKN/m* ....c..ovvveeereanen. 2.000 x 2.5 = 5.00 kN/m
Trapez Panel  =2.500 KN/m” ......coovvvevmerann, 2.500x 2.5 = 6.25 kN/m
Hareketli Yik = 5.000 KN/M ...coocvvoorrriacnnens 5.000 x 2.5 = 12.50 kN/m

=+

Toplam yiik = q = 24.90 kN/m
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4.1.4.1.1. Kompozit Kesit Pozitif Moment Tasima Kapasitesi Hesabi :

't
[PE————— a, 0

(y<d)

(e} b{rbr

2
2o, 0

o, Op

(y>d)

Da

Sekil 4.9 : Kesit Geometrik Ozellikleri, Gerilme Diyagramlari ve I¢ Kuvvetler

M=qxL?/8=24.90x 11.59*/8=418.09 kNm = 41809 kNcm

Calisan Tabla Genisligi Hesabu :

I, =250 cm
befr < { L/4=1159/4=290 cm

16 xd+by=16x10+17=177 cm

beff: 177 cm

Azaltic1 Katsayilar :

0,=1.0

o, =0.74

Giivenlik Katsayis1 =v =2.00

Z=0,x0,xA=1.0x36.00x 147 =5292 kN

D=op x fx X besr X y
y=27Z/(opX fex X begr )
y=5292/(0.74 x 25000 x 1.77 )
y=0.162m=162cm>d=10cm

haoztbf-i-(A/z—bbetbf)/tW

hyo=2.43+(147/2-17x2.43)/1.62=22.5cm

hyy=dy-h,=45-225=225cm
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Tarafsiz Eksen Tabla Altinda :

Dy=op X fx X berr x d=0.74 x 25000 x 1.77 x 0.1 = 3275 kN
D,=7Z—-Dy,=5292-3275=2017 kN
Faa=D./(2X 02X 0,)=2017/(2x 1.0 x 36.00 ) = 28.0 cm”
Va = Fad/ bap =28.0/ 17 =1.65 cm < tps = 2.43 cm

Va = tor

y=d+y,=10+1.65=11.65cm

Kesitin Tasiyabilecegi En Biiylik Moment = M,
M,=Dyxe;+Dyxe;
My=Dpx(hy+d/2)+Dyx(hyo—ya/2)

M, =3275x(225+10/2)+2017x(22.5-1.65/2)
M, = 132116 kNcm

Mmak = My /v =132116/2.00 = 66058 kNcm
Kesitteki En Biiylik Moment = M = 41809 kNcm

Mk = 66058 kNem > M =41809 kNcm (Kesit giivenli)

4.1.4.1.2. Sehim Hesab1 :

i
\
\
\
\
\
\
\
\
\
\
7y
Sekil 4.10 : Sehim Hesabi1 Serbest Cisim Diyagrami

n=E;/E;=21000/3000=7.0
2n=2x7.0=14.0 ( Binalarda)
b* =berr/ (2n)=177/14.0 = 12.64 cm
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Agirlik Merkezi Hesabu:

| (byy Xty /2B X, (b FH/2))H(by Xty (Bt by, /2)-(b*x d7/2)) |

Yar™ A+b*xd

(4.36)

| (17x2.437/2)+(40.14x1.62(2.43+40.14/2)) |
147+12.64x10

[(17x2.43x(40.14+2.43+2.43/2)(12.64x107/2)) |
+
147+12.64x10

Ya1™

B [50.2 +1463.1 + 1808.8 - 632.0]
273.4

Yai

26901

YO 734
Yo = 9.84 cm

Kompozit Doseme Atalet Momenti Hesabi :
[, =0b*xd/12)+b*xdx(d2+y)’ I i TAX(dy/2-y ) 4.37)
I, =(12.64x10°/12)+(12.64x10x (10/2+9.84)*)+45850+(147 x (45/2-9.84)°)

I, =1053+27836+45850+23560

I,=98299cm*

Sehim = f

_5 qxL' _ 5 . 24.90x11.59*
384 E.xI, 384 21x10"x98299x10®

(4.38)

£f=0.0282m=2.82cm=L/410 < L/300=3.86 cm (Kesit giivenli)

4.1.4.1.3. Kayma Elemanlar1 Hesabu :

N

Sekil 4.11 : Kayma Elemanlar1 Serbest Cisim Diyagrami
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h,=6cm

h, =7cm

d=10cm
2.3cm

d, <
2xt,=2x243=4.86cm

d,=22cm

d,=4.2cm

Baslikl1 Saplamalarin Birbirlerinden Uzakliklar1 Hesab :
Enine Dogrultuda e>4xd; =4x22=88cm
Boyuna Dogrultuda e>5xd;=5x22=11.0cm
e<3xd =3x10.0=30.0cm
e< 60.0 cm
hy/d;=3.0 ise a=0.85
hy/d;>4.2 ise a=1.00
hy/d1=7/22=32 0=0.875 (hy/d;=3.2 i¢in lineer interpolasyon yapildi)

Baslikli Saplamanin Tagima Giicii = Hy,

H,=025xaxd’>xf, xE, 4.39)

H,,=0.25x 0.875 x 2.2* x4/3x3000=100.5kN
H,=95.8kN
H,,.=0.55xd’x0,=0.55x2.2*x36.00=95.8kN
Z =5292kN
Dy, = 3275 kN

Kayma Kuvveti =H =mak ( Z ; Dy, ) = 5292 kN
Gerekli Saplama Sayisi=n=H/(ax Hy ) =5292/(0.875 x 95.8 ) = 63 adet

Saplama Araligi=L/(n+1)=1159/64=18.10 cm
Saplama Aralig1 20 cm dir.
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4.1.4.2. Kompozit Doseme Hesab1 Tip 2

Tip 2 kompozit dosemelerinin bulundugu kat numaralari : 1 ~ 7, 10, 29, 45, 51

Kesit Ozellikleri :

IPN360 :

Kesit Alan1 = A = 970 cm’® = 0.00970 m’
Atalet Momenti = I, = 19610 cm?
Aciklik = L.k =919 cm

Kirig Araligi =1, =2.50 m

Yiik:
Kendi agirhgr = ... A x78.5=0.00970 x 78.5= 0.77 kN/m
Kaplama Yiikii = 2.000 KN/m® ..........cccovveernnnen. 2.000 x 2.5 = 5.00 kN/m
Trapez Panel  =2.500 KN/m” .........cc.cooevvennne, 2.500 x 2.5= 6.25 kN/m
Hareketli Yik =35.000 kKN/m* ..........ccccoooevnnn.... 5.000 x 2.5 =12.50 kN/m
+
Toplam yiik = q = 24.52 kN/m
4.1.4.2.1. Kompozit Kesit Pozitif Moment Tasima Kapasitesi Hesabu :

M=qxL?/8=2452x9.19>/ 8 =258.85 kNm = 25886 kNcm

Calisan Tabla Genisligi Hesabu :

I, =250 cm
besr < { L/4=919/4=230cm

16 xd+byr=16x10+14.3=174.3 cm
besr= 174 cm

Azaltic1 Katsayilar :
0,=1.0
ap = 0.74

Giivenlik Katsayis1 =v =2.00

Z=0,X0,xA=10x36.00x97.5=3510kN
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D=op X fok X besr X y
y=27Z/(opX fex X begr )
y=3510/(0.74 x 25000 x 1.74 )
y=0.1099m=109cm>d=10cm

hao =tor+ (A /2 —bpr X tor ) / ty
hyo=1.95+(97.5/2-143x195)/13=18cm
haw=dp-h,o=36—-18=18 cm

Tarafsiz Eksen Tabla Altinda :

Dy=o0p X fox X berr x d =0.74 x 25000 x 1.74 x 0.1 = 3219 kN
D,=Z-D,=3510-3219=291 kN
Faa=D./(2x0ax0,)=291/(2x1.0x36.00)=4.0cm’
Va = Fad/bap=4.0/143=0.28 cm < tp,r=1.95 cm

Ya = tor

y=d+y,=10+0.28 =10.28 cm

Kesitin Tasiyabilecegi En Biiyiik Moment = M,
My=Dpxe;+Dyxe
My=Dpx(hyo+d/2)+DyX(hso—Yya/2)
M,=3219x(18+10/2)+291x(18-0.28/2)
M, = 79234 kNcm

Mk =My /v =79234/2.00 =39617 kNcm
Kesitteki En biiylik Moment = M = 25886 kNcm

Mk = 39617 kNem > M = 25886 kNcm (Kesit giivenli)

4.1.4.2.2. Sehim Hesab1 :

n=E;/E;=21000/3000=7.0
2n=2x7.0=14.0 ( Binalarda )
b* =berr/ (2n)=174/14.0=12.43 cm
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Agirlik Merkezi Hesabu:

_ I:(bbf Xty 22y Hh X t, (ty H/2))H(by, Xt (h+t, +t,/2)-(b*x dz/z))}
- A+b*xd

(4.36)

Yai

[ (143x1.95%/2)+(32.1x1.3(1.95+32.1/2)) |
97.5+12.43x10
. [ (14.3x1.95 x (32.1+1.95+1.95/2)-(12.43 x10°/2)) |
97.5+12.43x10

Yai

[27.2+751.1+976.7 - 622.0]
221.8

Y™

_1133.0
Yo" 018

Yoi=3.11 cm

Kompozit Déseme Atalet Momenti Hesab :
I, =b*xd/12)Hb*x dx (42 +y ¢, ) )H o HA X (dy/2-Y6,)7) (4.37)
I,=(12.43x10°/12)+(12.43x10x (10/2+5.11)*)+19610+(97.5x (36/2-5.11)*)

I ,=1036+12705+19610+16199

I, =49550cm*

Sehim = f

_ 5 axl' 5 2452x9.19°
384 E xI, 384 21x10"x49550x10"

(4.38)

£f=0.0218m=2.18 cm=L/421 < L/300=3.06 cm (Kesit giivenli)

4.1.4.2.3. Kayma Elemanlar1 Hesabu :

h,=6cm
h, =7cm
d=10cm

2.3cm
d, <
2xt,=2x243=4.86cm

d,=22cm
d,=4.2cm
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Baslikl1 Saplamalarin Birbirlerinden Uzakliklar1 Hesab :
Enine Dogrultuda e>4xd; =4x22=88cm
Boyuna Dogrultuda e>5xd;=5x22=11.0cm
e<3xd =3x10.0=30.0cm
e< 60.0 cm
hy/d;=3.0 isea=0.85
hy/d;>4.2 isea=1.00
hy/d1=7/22=32 a=0.875 (hy/d;=3.2i¢in lineer interpolasyon yapild1 )

Baslikl1 Saplamanin Tagima Giicii = Hy,

H,=0.25xaxd’xf, xE, 4.39)

H, = 0.25x 0.875 x 2.2° x4/3x3000=100.5kN
H,,.=0.55xd’x0,=0.55x2.2* x36.00=95.8kN

lu-mak

} H, =95.8kN

Z =3510kN
Dy =3219 kN

Kayma Kuvveti=H =mak (Z ; D, ) =3510 kN

Gerekli Saplama Sayisi=n=H/(ax Hy ) =3510/(0.875 x 95.8 ) =42 adet
Saplama Araligi=L/(n+1)=919/43=21.4cm
Saplama Aralig1 20 cm dir.

4.1.4.3. Kompozit Doseme Hesabi Tip 3

Tip 3 kompozit dosemelerinin bulundugu kat numaralari : 8,9, 11 ~ 41
Kesit Ozellikleri :

IPN400 :

Kesit Alam1 = A =118 cm® =0.0118 m’
Atalet Momenti = I, = 29210 cm*
Aciklik = Lk = 1179 cm

Kiris Araligi =1, =2.50 m
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Yiik:

Kendi agirhgr = Ax785=0.0118x 78.5= 0.93 kN/m

Kaplama Yiikii = 1.000 KN/m” .........cccccooovvrnnne. 1.000 x 2.5 = 2.50 kN/m

Trapez Panel  =2.500 KN/m” ......coooveeveereernnn 2.500x 2.5 = 6.25 kN/m

Hareketli Yiik = 3.000 KN/m? ........cccooovrvennn. 3.000 x 2.5 = 7.50 kN/m
+

Toplam yiik =q= 17.18 kN/m

4.1.4.3.1. Kompozit Kesit Pozitif Moment Tasima Kapasitesi Hesabi :

M=qxL?/8=17.18x 11.79* / 8 =298.51 kNm = 29851 kNcm

Calisan Tabla Genisligi Hesabu :

lx =250 cm
besr < { L/4=1179/4=295cm

16 xd+by=16x10+155=175.5cm
bess= 175 cm

Azaltic1 Katsayilar :

o, =1.0

o, =0.74

Gilivenlik Katsayis1 =v =2.00

Z=0,Xx0,xA=10x36.00x 1183 =4259 kN

D=op x fx X besr X y
y=27Z/(opX fex X begr )
y=4259/(0.74 x 25000 x 1.75))
y=0.132m=132cm>d=10cm

haoztbf+(A/2—bbetbf)/tW

hyo=2.16+(1183/2-155x2.16)/1.44=20cm
hay = db - hayo =40 —20 =20 cm
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Tarafsiz Eksen Tabla Altinda :

Dy=o0p X fox X berr x d =0.74 x 25000 x 1.75 x 0.1 = 3238 kN
D,=7Z-D,=4259 - 3238 = 1021 kN
Faa=D./(2x0ax0,)=1021/(2x1.0x36.00)=14.2 cm’
Va = Fad/ bap=14.2/15.5=0.92 cm < tpr=2.43 cm

Ya = tor

y=d+y,=10+0.92=10.92 cm

Kesitin Tasiyabilecegi En Biiylik Moment = M,
M,=Dyxe;+Dyx e,
My=Dpx(hpo+d/2)+DyX(hso—Yya/2)

M, =3238x(20+10/2)+ 1021 x(20-0.92/2)
M, = 100900 kNcm

Mmak = My /v =100900 / 2.00 = 50450 kNcm
Kesitteki En biiyilk Moment = M = 29851 kNcm

Mk = 50450 kNem > M =29851 kNcm (Kesit giivenli)

4.1.4.3.2. Sehim Hesab1 :

n=E;/E.,=21000/3000=7.0
2n=2x7.0=14.0 ( Binalarda )
b* =Dber/(2n)=175/14.0=12.50 cm

Agirlik Merkezi Hesaba:

_ I:(bbf Xty 2)H(hx t, (t, H/2))H(by, x ty (h+ty, +tbf/2)_(b*Xd2/2))}

Yar A+b*xd

[(155x2.167/2)+(35.68x1.44(2.16+35.68/2)) |
118.3+12.50x10

Yai

[(15.5x2.16 x (35.68+2.16+2.16/2)-(12.50 x10/2)) |
+

118.3+12.50x10
_[36.2+1027.6 + 1303.0 - 625.0]
2433

Yai

_1741.8
Yo" 33
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Y= 7.16 cm

Kompozit Déseme Atalet Momenti Hesabz :

I =(b*xd*/12)+(b*x dx (d/2+y. ) .. HAX(d,/2y.,)) 4.37)

x-kirig
I, =(12.50x10°/12)+(12.50x10x (10/2+7.16)*)+29210+(118.3x (40/2-7.16)*)
I, =1042+18483+29210+19504

I, =68239cm*

Sehim = f
L 17.18x11.79*
_ 5 LaxL _ 5 N 778X 79 : (4.38)
384 E xI_, 384 21x10 x 68239x10°
f=0.030lm=3.01cm=L/392 < L/300=3.93 cm (Kesit giivenli)

4.1.4.3.3. Kayma Elemanlar1 Hesab :

h,=6cm
h, =7cm
d=10cm
2.3cm
d, <
2xt,=2x243=4.86cm

d,=2.2cm
d,=4.2cm

Baglikli Saplamalarin Birbirlerinden Uzakliklar1 Hesabz :
Enine Dogrultuda e>4xd;=4x22=8.8cm
Boyuna Dogrultuda e>5xd;=5x22=11.0cm
e<3xd =3x10.0=30.0cm
e< 60.0cm
hy/d;=3.0 isea=0.85
hy/d;>4.2 isea=1.00
hgy/d1=7/22=32 a=0.875 (hyg/d;=3.2icin lineer interpolasyon yapild1 )
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Baslikl1 Saplamanin Tagima Giicii = Hy,

H,=025xaxd’>xf, xE, 4.39)

H,=0.25x 0.875 x 2.2° x4/3x3000 =100.5kN

H,=95.8kN
H, .=055xd’x0,=0.55x2.2"x36.00=95.8kN

lu-mak

Z =4259 kN
Dy =3238 kN

Kayma Kuvveti = H=mak ( Z ; D, ) =4259 kN

Gerekli Saplama Sayisi=n=H/(ax Hy ) =4259/(0.875x95.8 ) =51 adet
Saplama Araligt=L/(n+1)=1179/52=22.70 cm
Saplama Aralig1 20 cm dir.

4.1.4.4. Kompozit Doseme Hesabi Tip 4

Tip 4 kompozit dosemelerinin bulundugu kat numaralari : 8, 9, 11 ~ 44, 47, 49, 50
Kesit Ozellikleri :

IPN320 :

Kesit Alani = A = 77.7 cm” = 0.00777 m*
Atalet Momenti = I, = 12510 cm®
Aciklik = Ly = 959 cm

Kirig Aralig1 =1, =2.50 m

Yiik:

Kendi agirhigt = ..o A x78.5=0.00777x 78.5 = 0.61 kN/m
Kaplama Yiikii = 1.000 KN/m* .......cocovvevemnnnee. 1.000 x 2.5 = 2.50 kN/m
Trapez Panel  =2.500 KN/m” ......oeveveerenn 2.500 x 2.5 = 6.25 kN/m
Hareketli Yik =3.000 KN/m” .......ccccovvvvmnnnn.. 3.000 x 2.5 = 7.50 kN/m

+

Toplam ylik =q= 16.86 kN/m
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4.1.4.4.1. Kompozit Kesit Pozitif Moment Tasima Kapasitesi Hesabi :

M=qxL*/8=16.86x9.59*/8=193.13 kNm = 19313 kNcm

Calisan Tabla Genisligi Hesab :

I, =250 cm
besr < L/4=959/4=240 cm
16 xd+by=16x10+13.1=173.1 cm
besr= 173 cm
Azaltic1 Katsayilar :
0, =1.0
o, =0.74

Giivenlik Katsayis1 =v =2.00

Z=0,x0,x A=1.0x36.00x 78.1 =2812 kN
D=op x fix X besr X y

y=27Z/(opX fox X begr )

y=2812/(0.74 x 25000 x 1.73)

y=0.088m=8.8cm<d=10cm

haoztbf‘f'(A/Z*bbetbf)/tW

hyo=1.73+(78.1/2-13.1x1.73)/1.15=16 cm

hyw=dp-hy,=32-16=16 cm

Tarafsiz Eksen Tabla I¢cinde :

Kesitin Tastyabilecegi En Bilyiilk Moment = M,
M,=7Zx¢

My=Zx(hyot+td-y/2)
M,=2812x(16+10-8.8/2)

M, = 60739 kNcm

Mmak = My /v =60739/2.00 = 30370 kNcm
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Kesitteki En biiylik Moment = M = 19313 kNcm

Mpak = 30370 kNem > M = 19313 kNcm (Kesit giivenli)

4.1.4.4.2. Sehim Hesab1 :

n=E;/E,=21000/3000=7.0 (4.16)
2n=2x7.0=14.0 ( Binalarda ) 4.17)
b* =Dbesr/(2n)=173/14.0=12.36 cm (4.18)

Agirlik Merkezi Hesab:

_(bbf Xty /2y H(hxt,, (t, H/2)H(by Xt (h+, +,./2)-(b*x dz/z)ﬂ
A+b*xd

Vo= (4.36)

|(13.1x1.73°/2)+(28.54x1.15(1.73+28.54/2)) |

) 78 1412.36x10

. [(13.1x1.73 x (28.54+1.73+1.73/2)-(12.36 x10°/2)) |
78.1412.36x10

Yar™

[19.6 +525.1 +705.6 - 618.0]
201.7

Yai™

6323

Yo" 0017
Y= 3.13 cm

Kompozit Doseme Atalet Momenti Hesab :
I, =b*xd/12)Hb*x dx (d/2+y ) )H o HA X (dy/2-Y6,)7) (4.37)
1,=(12.36x10°/12)+(12.36x10x (10/2+3.13)*)+12510+(78.1x (32/2-3.13)*)
1_,=1030+8170+12510+12936

I, =34646cm*

Sehim = f

_ 5 axL' 5 16.86x9.59"
384 E xI, 384 21x10"x34646x10°

(4.38)

£f=0.0254m=254cm=L/377 < L/300=3.19 cm (Kesit giivenli)
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4.1.4.4.3. Kayma Elemanlar1 Hesabu :

h,=6cm
h, =7cm
d=10cm

2.3cm
d, <

2xt,=2x243=4.86cm
d,=22cm

d,=4.2cm

Baglikli Saplamalarin Birbirlerinden Uzakliklar1 Hesabz :
Enine Dogrultuda e>4xd;=4x22=88cm
Boyuna Dogrultuda e>5xd;=5x2.2=11.0cm
e<3xd =3x10.0=30.0cm
e< 60.0 cm
hyg/d;=3.0 isea=0.85
hy/d;>4.2 ise a=1.00
hg/d1=7/22=32 a=0.875 (hg/d;=3.2i¢in lineer interpolasyon yapildi )

Baslikli Saplamanin Tagima Giicii = Hy,

H, =0.25xaxd’>x,f, xE, 4.39)

H,,=0.25x 0.875 x 2.2* x4/3x3000=100.5kN
H,, .=0.55xd’x0,=0.55x2.2"x36.00=95.8kN

lu-mak

} H, = 95.8kN

Z =2812kN
Kayma Kuvveti=H =7 =2812 kN

Gerekli Saplama Sayisi=n=H/(ax Hy ) =2812/(0.875 x 95.8 ) =34 adet
Saplama Araligi=L/(n+1)=959/35=27.4cm
Saplama Aralig1 20 cm dir.

4.1.4.5. Kompozit Déseme Hesabi Tip 5

Tip 5 kompozit dosemelerinin bulundugu kat numaralar : 44, 45, 47, 49
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Kesit Ozellikleri :

IPN200 :

Kesit Alani = A = 33.4 cm® = 0.00334 m’
Atalet Momenti = I, = 2140 ¢cm*

Aciklik = Ly =431 cm

Kirig Araligi =1, =2.50 m

Yiik:

Kendi agirhigt = ..o A x78.5=0.00334 x 78.5= 0.27 kN/m
Kaplama Yiikii = 1.000 KN/m* .......coovevemennnee. 1.000 x 2.5 = 2.50 kN/m
Trapez Panel  =2.500 KN/m” ......ooveeveeenn 2.500 x 2.5 = 6.25 kN/m
Hareketli Yiik = 3.000 KN/m’ ....ooovvvvnrrrirnnnee 3.000 x 2.5 = 7.50 kN/m

+
Toplam yiik =q= 16.52 kN/m

4.1.4.5.1. Kompozit Kesit Pozitif Moment Tasima Kapasitesi Hesabi :

M=qxL*/8=16.52x4.31>/8 =38.36 kNm = 3836 kNcm

Calisan Tabla Genisligi Hesab :

I, =250 cm
befr < L/4=431/4=108 cm
16 xd+by=16x10+9=169 cm

betr = 108 cm
Azaltic1 Katsayilar :
o, =1.0

Oy = 0.74

Gilivenlik Katsayis1 =v =2.00

Z=0,X6,XxA=1.0x36.00x33.7=1213 kN

DZOLbeCkXbeffxy

y:Z/((XbeckXbeff)
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y=1213/(0.74 x 25000 x 1.08 )
y=0.06l m=6.1cm<d=10cm

hao =tor + (A /2 —bprX tor) / ty
hy=1.13+(33.7/2-9x1.13) / 1.15=10 cm
hyy =dp - hyo=20—-10=10 cm

Tarafsiz Eksen Tabla I¢cinde :

Kesitin Tasiyabilecegi En Biiylik Moment = M,
M,=7Zxe

My=Zx(hyp+d-y/2)
M,=1213x(10+10-6.1/2)

M, = 20560 kNcm

Mmak = My /v =20560/2.00 = 10280 kNcm

Kesitteki En biiylik Moment = M = 3836 kNcm

Mpak = 10280 kNem > M = 3836 kNcm (Kesit giivenli)

4.1.4.5.2. Sehim Hesab1 :

n=E;/E;=21000/3000=7.0
2n=2x7.0=14.0 ( Binalarda )
b* =berr/ (2n) =108/ 14.0=7.72 cm

Agirlik Merkezi Hesabi:
B [(bbf Xt /2)+H(hxt, (t,,+h/2))+H(b,, x t,, (h+t,+t,./2)-(b*x d2/2))]

Yar A+b*xd

[ Ox1.13/2)+(17.76x0.75(1.13+17.76/2)) |
33.7+7.72x10
. [(Ox1.13 x (17.76 +1.13+1.13/2)-(7.72 x10°/2)) |
33.7+7.72x10

Yai

[5.7+133.3+197.9 - 386.0]
110.9

Yai
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-49.1

Ya 1109

Yo = -0.44 cm

Kompozit Déseme Atalet Momenti Hesab :

[, =0b*xd’/12)+b*xdx (d2+yg ) ), o T(AX(d,/2-Y5,)7) 4.37)

x-kirig
I, =(7.72x10°/12)+(7.72 x10x (10/2-0.44)*)+2140+(33.7 x (20/2+0.44)*)
I, =643+1605+2140+3673

I,=806lcm’

Sehim = f
4 4
- 5 « qgxL" 5 X 16.?2){4.31 : (4.38)
384 E.xI_, 384 21x10"x8061x10
£f=0.0044m=044cm=L/985 < L/300=1.44 cm (Kesit giivenli)

4.1.4.5.3. Kayma Elemanlar1 Hesabu :

h,=6cm

h, =7cm

d=10cm
2.3cm

d, <
2xt,=2x243=4.86cm

d,=22cm

d,=4.2cm

Baglikli Saplamalarin Birbirlerinden Uzakliklari1 Hesabz :
Enine Dogrultuda e>4xd;=4x22=88cm
Boyuna Dogrultuda e>5xd;=5x22=11.0cm
e<3xd =3x10.0=30.0cm
e< 60.0 cm
hg/d;=3.0 isea=10.85
hy/d;>4.2 ise a=1.00
hg/d1=7/22=32 o=0.875 (hy/d; =3.2 i¢in lineer interpolasyon yapild1 )
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Baslikl1 Saplamanin Tagima Giicii = Hy,

H,=025xaxd’>x4f, xE,

H,=0.25x 0.875 x 2.2° x4/3x3000=100.5kN

H,=95.8kN
H, .=055xd’x0,=0.55x2.2"x36.00=95.8kN
Z =1213kN

Kayma Kuvveti=H=Z7Z = 1213 kN

Gerekli Saplama Sayisi=n=H/(axHy ) =1213/(0.875x95.8 ) =15 adet

Saplama Araligi=L/(n+1)=431/16=26.9 cm
Saplama Aralig1 20 cm dir.
4.1.4.6. Kompozit Doseme Hesabi Tip 6

Tip 6 kompozit dosemelerinin bulundugu kat numaralari : 49, 51, 52, 53
Kesit Ozellikleri :

IPNS00 :

Kesit Alani = A = 179 cm” = 0.0179 m’
Atalet Momenti = I, = 68740 cm?
Aciklik = Ly = 1540 cm

Kirig Araligi =1, =2.50 m

Yiik:

Kendi agirhigr = ... Ax785=0.0179x 78.5= 1.42 kN/m
Kaplama Yiikii = 1.000 KN/m? .....cccovevvevrenanes 1.000 x 2.5 = 2.50 kN/m
Trapez Panel  =2.500 KN/m” .........cccooevvennnn, 2.500 x 2.5= 6.25 kN/m
Hareketli Yik =3.000 kKN/m* ..........cccccoevveee... 3.000 x 2.5 = 7.50 kN/m

+
Toplam yiik =q= 17.67 kN/m

4.1.4.6.1. Kompozit Kesit Pozitif Moment Tasima Kapasitesi Hesabu :

M=qxL*/8=17.67 x 15.40% / 8 = 523.83 kNm = 52383 kNcm
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54. kat kolonlar1 53. kat IPN500 kirislerine, bu kirislerin mesnet noktalarindan 1.55

m ilerde basmakta ve bu noktalardan N = 77.3 kN kuvvet aktarmaktadir. Bu kuvvetin

dogurdugu ek moment 119.81 kNm = 11981 kNcm dir.
M = 52383 + 11981 = 64364 kNcm

Calisan Tabla Genisligi Hesabu :

I, =250 cm
begr < L/4=1540/4=385cm
16 xd+by=16x10+18.5=178.5cm
berr= 178 cm
Azaltic1 Katsayilar :
o,=1.0
o, =0.74
Gilivenlik Katsayis1 =v =2.00

Z=0,X6,XA=1.0x36.00x180.2=06487 kN

D=op X fok X besr X y
y=27Z/(opX fex X begr )
y=6487/(0.74 x 25000 x 1.78 )
y=0.197m=19.7cm>d =10 cm

haoztbf‘f'(A/Z*bbetbf)/tW
h,o =2.70 +(180.2/2—-18.5x2.70)/1.80=25cm
hayy=dp - hyo =50 -25=25cm

Tarafsiz Eksen Tabla Altinda :

Dy=o0p X fox X besr x d =0.74 x 25000 x 1.78 x 0.1 = 3293 kN
D,=Z—-D,=6487-3293 =3194 kN
Faa=D./(2x0ax0,)=3194/(2x1.0x36.00)=44.4 cm’
Va = Fad/ bao =44.4/18.5=2.40 cm < tps=2.70 cm

Ya = tor

y=d+y,=10+2.40=12.40 cm

Kesitin Tasiyabilecegi En Biiylik Moment = M,
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My=Dpxe; +D,xe; (4.33)
My=Dpx(hypo+d/2)+DyX(hso—Yya/2) 4.34)
M, =3293x(25+10/2)+3194x(25-2.40/2)

M, = 174807 kNcm

Mmak = My /v = 174807 / 2.00 = 87403 kNcm 4.35)
Kesitteki En biiylik Moment = M = 64364 kNcm

Miak = 87403 kKNem > M = 64364 kNcm (Kesit giivenli)

4.1.4.6.2. Sehim Hesab1 :

n=E;/E,=21000/3000=7.0 (4.16)
2n=2x7.0=14.0 ( Binalarda ) 4.17)
b* =ber/(2n)=178/14.0=12.71 cm (4.18)

Agirlik Merkezi Hesabu:

[y xty 20Xt (e H/2))+H(byy Xty (h+ b+, /2)-(b*x d/2)) |
- A+b*xd

Yai (4.36)

[ (18.5x2.70°/2)+(44.6x1.80(2.70+44.6/2)) |
180.2+12.71x10
. [(18.5%2.70 x (44.6+2.70+2.70/2)-(12.71 x10%/2)) |
180.2+12.71x10

Yai

[67.4+2007.0 +2430.1 - 635.0]
307.3

Yai

~3869.5

Yo T 3073
Y= 12.59 cm

Kompozit Doseme Atalet Momenti Hesab :

I, =(b*xd/12)y+b*x dx (A2 +yg ) ) . HA X (dy/2-y,)P) (4.37)

x-kirig
I, =(12.71x107/12)+(12.71x10x (10/2+12.59)> }+68740-+(180.2 x (50/2-12.59)?)
I, =1059+39325+68740+27752

I ,=136876cm’

Sehim = f
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5 gxL' 5 17.67x15.40"

384 . x1. 384 20 x 10 x 136876x10° (4.38)
£=0.0448m = 4.48 cm

Tekil yiikiin dogurdugu ek sehim = 0.0048 m = 0.48 cm
£f=448+048=496cm=L/311 < L/300=5.13 cm (Kesit giivenli)

4.1.4.6.3. Kayma Elemanlar1 Hesabu :

h,=6cm
h, =7cm
d=10cm

2.3cm
d, <
2xt,;=2x243=4.86cm

d,=22cm
d,=4.2cm
Baglikli Saplamalarin Birbirlerinden Uzakliklar1 Hesabz :
Enine Dogrultuda e>4xd;=4x22=88cm
Boyuna Dogrultuda e>5xd;=5x2.2=11.0cm
e<3xd =3x10.0=30.0cm
e< 60.0 cm
hg/di=3.0 isea=0.85
hy/d;>4.2 ise a=1.00
hg/d1=7/22=32 a=0.875 (hy/d;=3.2icin lineer interpolasyon yapild1 )

Baslikli Saplamanin Tagima Giicii = Hy,

H,=025xaxd’>xf, xE, 4.39)

H,,=0.25x 0.875 x 2.2* x4/3x3000=100.5kN
H,=95.8kN
H,,.=0.55xd’x0,=0.55x2.2*x36.00=95.8kN
Z =6487kN
Dy, = 3293 kN

Kayma Kuvveti =H =mak ( Z ; D, ) = 6487 kN

Gerekli Saplama Sayisi=n=H/(ax Hy, ) =6487/(0.875x95.8 ) =77 adet
Saplama Araligt=L/(n+1)=1540/78=19.74 cm

Saplama Aralig1 20 cm dir.
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4.1.5. Kat Kirisleri Boyutlandirmalar

4.1.5.1. Kiris Kesit Hesab1 Tip 1 :

Tip 1 HEB9O0O kiris kesiti 1~11 katlarinda bulunmaktadir.

o
k3
=

h
ds

Sekil 4.12 : I Kiris Kesit Boyutlar

4.1.5.1.1. Kesit Ozellikleri :
HEB900 : d,=90.00 t =185 W_=10980cm’
4.1.5.1.2. G+ Q Yiiklemesi icin Kesit Hesabi :

M =177513 kNcm

M, 177513

X

W, 10980

X

o=

=16.16 kN/cm® < o= 21.60 kN/cm® (4.42)

4.1.5.1.3. G+ Q + Epa  Yiiklemesi icin Kesit Hesabi :

M, =362537kNem V.= 1501 kN

X

W, 10980

M, _ 305302

o=

=27.80 kN/cm® < o= 28.73 kN/cm® (4.42)

4.1.5.1.4. Kesme Kapasitesi Kontrolii :

A, =xyonii kesmealani

4.43
A, =d, xt,=90.00 x 1.85=166.5 cm’ (#43)

V.= x yonii kesme kuvveti kapasitesi

(4.44)
V, = 0.6x0, XA, = 0.6x36.00x166.5 = 3596 kN
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V/V, =1501/3596= 0417 < 1.000 — Kesit glivenli
4.1.5.1.5. G+ Q + Wy, Yiiklemesi icin Kesit Hesab1 :

M _ =207253 kNcm

M, 207253

X

A\ 10980

X

c= =18.88 kN/cm’ < o, = 24.84 kN/cm’

4.1.5.2. Kiris Kesit Hesab1 Tip 2 :

Tip 2 HEB60O kiris kesiti 1~11 katlarinda bulunmaktadir.

4.1.5.2.1. Kesit Ozellikleri :
HEB600 : d,=60.00 t =155 W,=5701cm’

4.1.5.2.2. G+ Q Yiiklemesi icin Kesit Hesabi :

M _=10077 kNem

o=y 10077} 2 iNjem? < o, =21.60 kN/cm®
A 5701
4.15.2.3. G+ Q + Epax  Yiiklemesi icin Kesit Hesab1 :

M = 111809 kNcm V. =894 kN

M, _ 111809

X

AW 5701

X

=19.61 kN/cm® < o= 28.73 kN/cm’

o=

4.1.5.2.4. Kesme Kapasitesi Kontrolii :

A, =d, xt,=60.00 x 1.55 =93.0 cm?
V, = 0.6x0, XA, = 0.6x36.00x93.0 = 2009 kKN

V/V,,=894/2009 = 0.445 < 1.000 - Kesit giivenli

4.1.5.2.5. G+ Q + Wy, Yiiklemesi icin Kesit Hesab1 :

M = 18861 kNcm
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M, :M =3.31 kN/cm® < o,,=24.84 kN/cm®

W, 5701

X

o=

4.1.5.3. Kiris Kesit Hesab1 Tip 3 :

Tip 3 HEB550 kiris kesiti 12~21 katlarinda bulunmaktadir.

4.1.5.3.1. Kesit Ozellikleri :
HEBS550 : d,=5500 t,=150 W,_=4971cm’
4.1.5.3.2. G+ Q Yiiklemesi icin Kesit Hesaba :

M _ = 10490 kNcm

o= My 1090, 1) injem? < o= 21.60 kN/em®
W, 4971
4.1.5.3.3. G+ Q + Epax  Yiiklemesi icin Kesit Hesabi :

M _ = 102498 kNcm V =693 kN

M, 102498

X

W 4971

X

c= =20.61 kN/cm® < o, = 28.73 kN/cm’

4.1.5.3.4. Kesme Kapasitesi Kontrolii :

A, =d, xt,=5500x1.50=825cm’

V,.=0.6x0, XA, = 0.6x36.00x93.0 = 2009 kN

V./V,,=894/2009 = 0445 < 1.000 - Kesit giivenli

4.1.5.3.5. G+ Q + Wy, Yiiklemesi icin Kesit Hesabi :

M = 18861 kNcm

M, _I8861 _ 531 iNjem? < o = 24.84 kKN/em”

W, 5701

X

o=
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4.1.5.4. Kiris Kesit Hesab1 Tip 4 :

Tip 4 HEB500 kiris kesiti 22~31 katlarinda bulunmaktadir.

4.1.5.4.1. Kesit Ozellikleri :
HEB500 : d,=50.00 t,=1.45 W, = 4287 cm’®

4.1.5.4.2. G+ Q Yiiklemesi icin Kesit Hesab1 :

M =10077 kNcem

c= M, 10077 _ 1.77 kN/em® < o, = 21.60 kN/cm®
W, 5701
4.1.5.4.3. G+ Q + Epax  Yiiklemesi icin Kesit Hesab1 :

M = 111809 kNcm V_ =894 kN

X

W 5701

X

M, 1189 _ 1961 kN/em” < o, = 28.73 KNJem?

o=

4.1.5.4.4. Kesme Kapasitesi Kontrolii :
A, =d, xt, =60.00x 1.55=93.0 cm’
V,=0.6x0,xA, =0.6x36.00x82.5=1782 kN

V/V,,=693/1782=0.389 < 1.000 - Kesit giivenli

4.1.5.4.5. G+ Q + Wy, Yiiklemesi icin Kesit Hesab1 :

M_ = 18293 kNcm

M, _I8293 _ 3 68 kNJem? < o = 24.84 kN/em’

AW 4971

X

o=

4.1.5.5. Kiris Kesit Hesab1 Tip 5 :

Tip 5 HEB450 kiris kesiti 32~41 katlarinda bulunmaktadir.

65

4.42)

(4.42)

(4.43)
(4.44)

(4.42)



4.1.5.5.1. Kesit Ozellikleri :
HEB450 : d,=4500 t,=140 W,=3551cm’

4.1.5.5.2. G+ Q Yiiklemesi icin Kesit Hesaba :

M = 11286 kNcm

M, 11286

X

W 3551

X

o=

=3.18 kN/em® < o =21.60 kN/cm’ (4.42)

4.1.5.5.3. G+ Q+ Epax  Yiiklemesi icin Kesit Hesabi :

M =61036kNem  V.=385kN

M, _ 01086 _ 17 20 kNfem? < o, = 28.73 KN/em (4.42)

W 3551

X

o=

4.1.5.5.4. Kesme Kapasitesi Kontrolii :
A, =d, xt,=4500x1.40=63.0 cm’ (4.43)
V,,=0.6x0,xA, =0.6x36.00x63.0 = 1360 kN (4.44)

VX/Vpx =385/1360= 0.283 < 1.000 - Kesit giivenli
4.1.55.5. G+ Q + Wy, Yiiklemesi icin Kesit Hesab1 :

M =23474 kNcm

M, _ 23474 _ ol kN/em® < o, =24.84 kN/cm’ (4.42)

W 3551

X

o=

4.1.5.6. Kiris Kesit Hesab1 Tip 6 :

Tip 6 HEB400 kiris kesiti 42~51 katlarinda bulunmaktadir.

4.1.5.6.1. Kesit Ozellikleri :

HEB400:  d,=40.00 t,=135 W, =2884cm’
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4.1.5.6.2. G + Q Yiiklemesi icin Kesit Hesaba :

M, = 8646 kNem

o= My 8640 ) 99 iNjem? < o, = 21.60 kN/cm®
W, 2884
4.1.5.6.3. G+ Q + Epax  Yiiklemesi icin Kesit Hesabi :

M =70639 kNem  V,=434kN

o= My 70639 _ 54 49 NJem? < o= 28.73 kN/cm®
W, 2884
4.1.5.6.4. Kesme Kapasitesi Kontrolii :

A, =d, xt,=40.00 x 1.35=54.0 cm’

V, = 0.6x0, XA, = 0.6x36.00x54.0 = 1166 kKN

VX/Vpx =434/1166= 0.372 < 1.000 - Kesit giivenli
4.1.5.6.5. G + Q + Wy, Yiiklemesi icin Kesit Hesab1 :

M = 12206 kNcm

M, 12206 _ 4 o4 kNfem? < o, = 24.84 KNJom’
W, 2884

X

o=
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4.1.6. Kolon Boyutlandirmalar :

4.1.6.1. Kolon Kesit Hesab1 Tip 1 :

Tip 1 (HE1000X393 ) kolon kesiti 1~11 katlarinda bulunmaktadir.

4.1.6.1.1. Kat 1 HE1000X393 Kolonlar1 icin Hesap :

ter

tw = .o“

‘ bcf

Sekil 4.13 : I Kolon Kesit Boyutlari

UST KOLON

SOL KiRi$ SAG KIRIS

ALT KOLON

UST KOLON

SOL KiRiS SAG KIRIS

ALT KOLON

PR

Sekil 4.14 : Birlesim Noktas1 Rijitligi Hesap Semasi

4.1.6.1.1.1. Kesit Ozellikleri :

HE1000X393 :

d,=101.60cm h=9282cm t =244cm b, =3030cm t,=4.39cm
A=5002cm*> W,=15900cm® W,=1353cm’ [ =807700 cm® I =20500 cm*
r, =40.18cm r =6.40cm L =340 cm

Alt birlesim noktasi temele baglantidir ve ankastre alinacaktir. G, =1.000
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Ust birlesim noktas1 igin iist kolon : HE1000X393 :
I.=807700 cm* L=310cm

Ust birlesim noktas1 sol ve sag kiris : HEB60O :
I.=171000 cm* L =350 cm

I.= Kolon atalet momenti
S.= Kolon boyu
1, = Kiris atalet momenti

S, = Kiris boyu

ch 807700 , 807700

_ TS, 340 310 _
G=—7 1000 5.098 (4.45)

2s X35

g

......

......

K =G, ve G, yebagh olarak iterasyonla bulunan kolon burkulma boyu katsayisi
K=1.706

L=Kolon temizboyu
L=Kolon boyu-Kiris yiiksekligi = 340 - 60 = 280 cm

S,, =Diizlemig¢ine burkulma boyu

S, =KxL=1.706 x 280 = 478 cm (4.46)
S,,=Diizlem digina burkulma boyu
S,,=L =280 cm
A, =xyOniinarinligi = A _ _Su = 78 =12

r, 40.18 @4
A, =y yoniinarinligi = y:i = 280 =

r, 6.40

y

@ =Burkulma sayis1
=122

F, = Burkulma basligi alan
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F=bxt, %hxztw =30.30 x4.39 + % % =170.8 cm’

1,=Burkulma baglig1atalet momenti

.= thXbcf3 _ 4.39 x30.30°

" =10177 cm*
12 12

r,,=Burkulma baslig1atalet yarigap1

I /
r,= Dw _ (10177 =7.72 cm
E, 170.8

M., = Burkulma baghgi narinligi

A= Sy /1,,=280/7.72 =37

ky’ “yb

4.1.6.1.1.2. G + Q Yiiklemesi icin Kesit Hesab1 :

M, =26kNem M, =947kNem N=35957kN M, =132kNem

M

M, < M,

M,

Sekil 4.15 : Cy, Hesabi Igin Moment Degisim Grafigi 1

M M
C.=1.75-1.05x (—L)+0.30x (—=L)?
b (M ) (M )

X2 X2

Cb=1.75—1.05x(£)+0.30><(£)2=1.72
947 947

Cp, o =2-30
C,=0.85 — Cubuk uglarinda yanaldeplasman s6zkonusu
C,, & M;M moment diyagramlarini ve hesap yapilan diizleme dik

dogrultuda ¢ubugu tutulma diizenini gozoniinde tutan katsayilar

A, = Narinlik siniri
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8 8
- [BXI0°xC, :\/3)(10 x1.72_ 0 453)
o 36000

a

o, = Celigin akma mukavemeti = 36000 N/cm”

o,= Celigin kopma mukavemeti = 51000 N/cm”

O,., = Basin¢gemniyet gerilmesi

G, = N_ 3957 11.91 kN/cm? (4.54)
A 5002
Gy = O,/ @ =21.60/1.22=17.70 kN/cm’ (4.55)

0,0y, = Yalmz (M, ,M ) egilme momentleri altinda hesaplanan egilme-basing

baslig1 gerilmeleri

6, =M/ W, =947 /15900 = 0.06 kN/cm’

, (4.56)
6, =M,/ W,=26/1353=0.10 kN/cm
Oy ;0p, —> Yalmiz (M ;M, ) egilme momentleri altinda uygulanacak
egilme-basing baslig1 icin emniyet gerilmeleri
|2 o, xkybz
cSBX - __—8 Xca
3 9x10°xC,
2 2
= —-M x36000 = 22853 N/cm” = 22.85 kN/cm®
3 9x10°x1.72
4 4
5, 2 =oax10 dXCb = 84X101 0"11 672 = 8674 N/em” = 8.67 kN/em’ (4.57)
S, = 280 ——
"F, 170.8

6, =Mak (o, ';0,.°) = 22.85 kN/cm®
Op = 0.6 6,=0.6x36.00=21.60 kN/cm’ — o, =21.60 kN/cm’
6y, =0.60, = 21.60kN/cm’

o Gey' —(x -x)ve (y -y) asal eksenleri etrafindaki burkulmalar i¢in hesaplanan

ex 2

ve Euler gerilmelerinden tiiretilen gerilmeler

5 5
8210 _BPXI0_ 57569 Njem? = 575.72 KN/em?

o
ex )\'Xz 122 (4 58)
5 5 )
G, = 829;‘210 - 823}10 — 4282 N/em® = 42.81 kN/cm?
y
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5,/0, = Cngxcbx (4.59)
(1_ eb')GBx
C
0,/0,, = ’;yxcby
(l_ Eb' )GBy
ey
O + meXGbx Cm}’XGb)’ (4 60)
(¢) (¢ .
(. (I_Geb')GBx (l_ceb')GBy
ex ey
1191, 085x006 _  0.85x0.10
1770 . 190 5160 (1-1121)2160
575.72 4281
0.673 +0.002 +0.005=0.680 < 1.000 -  Kesit giivenli
O | Oux | Oby (4.61)

0.6x0, oy Oy

11'91+ 0.06 N 0.10
21.60 21.60 21.60
0.551 +0.003 +0.005 =0.559 < 1.000 - Kesit giivenli

4.1.6.1.1.3. G+ Q + Emak Yiiklemesi icin Kesit Hesab1 :

M, =13413kNem M, = 149480 kNem N = 5930 kN

V. =500 kN V, = 12kN M, =3507 kNem
M,
M, < M,
M,

Sekil 4.16 : Cy, Hesabi I¢in Moment Degisim Grafigi 2
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C,=1.75+1.05x (—=1)+0.30x 4.62
(M ) (M ) (4.62)

x2 x2
C,=1.75+1.05x 13413) 1030x (243 o g5
49480 149480

C, =230
C_=0.85 — Cubuk uglarinda yanaldeplasman s6zkonusu

A, = Narinlik sinir1

8 8
- [BxI0'xC, :\/3)(10 x1.85 _ 453)
c 36000

a

G,., = Basin¢cemniyet gerilmesi

c,= — = —5930 =11.86 kN/cm’ 4.54
eb
A 500.2

Gy =0,/ @ =(1.33x21.60 )/ 1.22 = 23.55 kN/cm’ (4.63)

=M,,/ W, = 149480 / 15900 = 9.40 kN/cm’
6y, =M,/ W,= 3507/ 1353 = 2.59 kN/cm’

i 2 c, X)\. 2
(0} — | X O
B |3 9x108xc ¢
{2 36000x37>

3 9x10°x1.85
o, = 84X10dXCb _ 84X10140X11685
Sy =° 280 ——
E 170.8
=Mak(GBxl ;Gsz) =22.85 kN/cm®
Op ma=1.33(0.65,) =1.33x0.6x36.00=28.73 kN/cm’ — o, =22.85 kN/cm’

0y, =1.33 x(0.606,) =28.73 kN/cm?

(4.56)

} x 36000 = 22853 N/cm’ = 22.85 kN/cm?

=9330 N/ecm” = 9.33 kN/cm® (4.64)

829x10° 829){105
G =
ex L 2

5 5
o =329x10° 829x10° _ 1ror Nem? = 42.81 kKN/em?

ey )\‘ 2 442

= 57569 N/cm?* = 575.72 kN/cm?

(4.58)
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o meXGbx + CmyXGby

(4.60)

cb +
(&) (&)
Gbcm (1_ Eb' )GBX (1_ eb' )GBy
(¢ (¢

ex ey

1186,  0.85x940  085x2.59
2355 (1. 1186 yrr g5 (1118655 73

575.72 42.81
0.503 + 0357 +0.106=0.966 < 1.000 —  Kesit giivenli

O 4 Obx | Oy (4.65)
1.33x0.6x0, o5 Oy

X y

11'86+ 9.40 N 2.59
28.73 22.85 28.73
0.413+0.411+0.090=0914 < 1.000 - Kesit giivenli

4.1.6.1.1.4. Kesme Kapasitesi Kontrolii :

A, =x yonii kesmealan
A, =d xt,=101.60 x 2.44 =247.9 cm’
A, =y yoniikesmealani (4.66)

Akyzgx(beCf Xty)= % x(2x30.30x4.39) =221.7 cm’

V,.= X yoni kesme kuvveti kapasitesi
V,=0.6x0,xA, =0.6x36.00x247.9 = 5355 kN
V,, = y yonii kesme kuvveti kapasitesi
V,,=0.6x0,xA, =0.6x36.00x221.7 = 4789 kN

(4.67)

V,/V, =500/5355=0.093 < 1.000 —  Kesitgivenli
V,/V =12/4789=0.003 < 1.000 —  Kesit giivenli

4.1.6.1.1.5. Arttirllmis Deprem Yiiklemelerine Gore Normal Kuvvet Kapasitesi

Kontrolii :

= 6880 kN
=7863 kN
= 5240 kN
=4986 kN

N

G+Q+2.5E,

G+Q+2.5E,

N_, =7863kN

N
N049Gt2.5Ex
N

0.9G+2.5E,
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N,, = Eksenel ¢ekme kapasitesi

N, =0,xA=1.33x36.00x 500.2 = 18007 kN

N,, =Eksenel basing kapasitesi

N,,=l.7x0,,, x A=1.7 x 23.55 x 500.2 = 20026 kN

N/N, =7863/18007=0.437 < 1.000 - Kesit giivenli
N/N,, =7863/20026=0.392 < 1.000 — Kesit giivenli

4.1.6.1.1.6. G + Q + Wmak Yiiklemesi icin Kesit Hesaba :

M,, =2223kNem M, =26440 kNem N=4241kN M =525kNcm

C,=1.75+1.05x (—21)+0.30x
(M ) (M )

x2 x2

C,=1.75+1.05x (%) 0.30x (%)

C, =230
C_=0.85 — Cubuk uglarinda yanaldeplasman s6zkonusu

A, = Narinlik sinir1

\/3X108be \/3x108x1.84
}\’mak: = =

o, 36000
G,., = Basin¢cemniyet gerilmesi

4241
Cy= N_ 4l = 8.48 kN/cm’

A 5002
Gy = 0./ @=(1.15x21.60)/1.22 = 20.36 kN/cm’

G =M,,/ W, = 26440 / 15900 = 1.66 kN/cm”
6y, =M,/ W, =525/1353 = 0.39 kN/cm’
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o 1= 2 csaxkyb2 <o
13 9x10°xC, :

2
_ | 2. 20000%37 1 56000 — 22853 Njem? = 22.85 KN/em?
3 9x10°x1.84

4 4

Opy = 34x10 xC, = 84x10_x1.84 =9280 N/cm’=9.28 kN/cm® (4.70)
* d 101.6
N 280 ——
"F 170.8

b
6, =Mak (o, ';0,°) = 22.85 kN/cm®
oy . =1.15(0.6 6,) =1.15x0.6x36.00=24.84 KN/cm’® —> o,_=22.85 kN/cm®

0g, =1.15x (0.6 5,) = 24.84kN/cm’

5 5
= 821X210 _ 82?;‘210 — 57569 N/em> = 575.72 kN/cm®
. (4.58)
5 5
_829x10°_829x10° _ )¢5 Njem? = 42.81 KN/em?

ey )\, 2 442
y
C
Geb + Cn(;xxcbx + ijxcby (4.60)
Opem (1_ eb‘)GBx (1_ eb')GBy
ex ey

8.48 0.85x1.66 N 0.85x0.39

+
2036 848 \rr g5 (1-548 10484
575.72 4281

0.416 +0.064 +0.017=0.497 < 1.000 - Kesit giivenli

O 4 Om  Ow (4.71)
1.I5x0.6x0, o Oy

8.48 . 1.66 N 0.39
24.84 22.85 24.84
0.341 +0.073 +0.016 =0.430 < 1.000 - Kesit giivenli

4.1.6.1.2. Kat 6 HE1000X393 Kolonlar1 icin Hesap :

4.1.6.1.2.1. Kesit Ozellikleri :

HE1000X393 :
d,=101.60cm h=9282cm t,=244cm b, =3030cm t,=4.39cm

A=5002cm>  W,=15900 cm’ W, = 1353 cm’ I =807700 cm* 1,=20500 cm*
r, =40.18cm r =6.40cm L =450 cm
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Ust birlesim noktas1 igin iist kolon : HE1000X393 :
I.=87700 cm* L =450 cm

Alt birlesim noktasi i¢in alt kolon : HE1000X393 :
I,=87700 cm* L =450 cm

Ust birlesim noktas1 i¢in sol ve sag kiris : HEB60O :
[ .=171000 cm* L =350 cm

Alt birlesim noktas1 i¢in sol ve sag kiris : HEB600 :
I,=171000 cm* L =350 cm

ZLC 807700
s, 2X 450
G=G,=— = 1000 =3.674 (4.45)

Z:Sig 2x 350

K =G, ve G, yebagl olarak iterasyonla bulunan kolon burkulma boyu katsayisi
K=1.970

L=Kolon temizboyu
L=Kolon boyu-Kiris yiiksekligi = 450 - 60 = 390 cm

S,, =Diizlemigine burkulma boyu

S,,=KxL=1.970x 390 =768 cm (4.46)
S,, = Diizlem digina burkulma boyu
Si,=L =390 cm
A, =x yoniinarinligi = XXZSﬁ _ 708 _ 19
r, 40.18 aa
A=y yoniinarinligi = :i_ﬁ_m o
R BTN a0
@ =Burkulma say1s1
w =141
E, = Burkulma basligialan
lh 1 92.82x2.44
F=byxt, 43 thw =30.30x439 + 3 % = 170.8 cm’ (4.48)

1,=Burkulma baglig1atalet momenti
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| = Laxby’ _ 439x3030°

b =10177 cm*
g 12 12

r,,=Burkulma baglig1atalet yaricap1

| /
r,= b L M =772 cm
E 170.8

M., = Burkulma baghgi narinligi

A= S, /1,=390/7.72 =51

4.1.6.1.2.2. G + Q Yiiklemesi icin Kesit Hesab :

M,, =5670kNem M, =6790 kNem N=4385kN M, =1352kNcm

M M
C.=1.75+1.05x (—L)+0.30x (—L)?
b (M ) (M )

x2 x2
cb=1.75+1.05x(567O)+0.30x(@)2= 2.84
6790 6790

C, ..=2.30
C,=0.85 — Cubuk uglarinda yanaldeplasman s6zkonusu

C,, & M,;M moment diyagramlarini ve hesap yapilan diizleme dik

dogrultuda ¢ubugu tutulma diizenini gézoniinde tutan katsayilar

A, = Narinlik sinir1

8 8
xmak:\/3x10 xC, :\/3)(10 x230 _ o

c 36000

a

G,., = Basin¢cemniyet gerilmesi
6= — = ——=8.77 kN/cm’

Gy =0 /@ = 21.60/ 1.41 = 15.32 kN/cm’

0,0y, = Yalmz (M, ,M, ) egilme momentleri altinda hesaplanan

egilme-basing baglig1 gerilmeleri

6, =M,/ W,= 6790/ 15900 = 0.43 kN/cm’
6, =M,/ W,=1352/1353 = 1.00 kN/cm’
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Oy 05, — Yalniz (M ;M ) egilme momentleri altinda uygulanacak

egilme-basing basgligi icin emniyet gerilmeleri
X 2 c,X X 2
O =| T | X0,
3 9x10°x C,

2
2 M x 36000 = 22371 N/em® = 22.37 kN/cm®
3 9x10°x2.30

4
84x10°xC, _ 84X107°X2.30 _ o302 033 |on/em’

o s, 4 390 1016
YF 170.8

=Mak (o, ';0,,°) = 22.37 kN/cm®
0.6 6,= 0.6 x 36.00 = 21.60 kN/cm’> — o, =21.60 kN/cm’

(4.57)

2:

GBx mak

0y, =0.60, =21 .60kN/cm’

G, ;0. —)(x x)ve (y - y) asal eksenleri etrafindaki burkulmalar i¢in hesaplanan

ve Euler gerilmelerinden tiiretilen gerilmeler

5 5
829x10° _ 829x10° _ 519639 Niem? = 229.64 kN/em?

o = =
e Az 19?

829x10° 829x10° (4.58)
Oy =7 = 22279 N/em’ = 22.28 kN/cm’

y
Geb + meXGbx + CmyXGby (4.60)
Obm  (1-2) g, (1-2%)q,,
ex Gey

8.77 0.85x0.43 N 0.85x1.00

+
1532 1. 877 51 60 (1-877 )21.60

229.64 222
0.572 +0.018 +0.065=0.655 < 1.000 —

Kesit giivenli

Ow | Oux | Oby (4.61)

0.6x0, oy Oy

877 0.43 1.00
+ +
21.60 21.60 21.60
0.406 +0.020 + 0.046=0.472 < 1.000 -

Kesit giivenli
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4.1.6.1.2.3. G+ Q + Emak Yiiklemesi icin Kesit Hesab1 :

M, = 84870 kNecm M, = 139933 kNem N = 5592 kN
V. =576 kN V, =6 kN M, = 1733 kNem

M M
C,=1.75+1.05x (—21)+0.30x (L) 4.62
b SYER ST (4.62)

x2 x2

84870 84870

)+0.30% (
139933 139933

C,=1.75+1.05x( )?=2.50

Cy e =230
C_=0.85 — Cubuk uglarinda yanaldeplasman s6zkonusu

A = Narinlik sinirt

c 36000

a

8 8
xmak:\/sxm xC, :\/3x1o x230 _ 0 (453)

Oy — Basing emniyet gerilmesi

6, = N_592_ 11.18 kN/cm? (4.54)
A 5002
Gy =0,/ ®=(133x21.60)/1.41=20.37 kN/cm” (4.63)

6, =M,/ W, = 139933 / 15900 = 8.80 kN/cm®

) (4.56)
6,,=M,/W,= 1733/ 1353 = 1.28 kN/em

T LU
™13 9x10%xC, :

2 36000x51°
3 9x10°x2.30

5 , 84x10*xC, 84x10%x2.30
Bx =
Skyi 300 1016
F, 170.8
6, =Mak (6, ';0,.°) = 22.37 kN/cm®
Op ma=1.33(0.6 6,)=1.33x0.6x36.00=28.73 kN/cm’ —o, =22.37 kN/cm’

oy, =1.33x(0.60,)=28.73 kN/cm?

} x 36000 = 22371 N/cm?* = 22.37 kN/cm?

= 8328 N/cm? = 8.33 kN/cm” (4.64)
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5 5
_829x10°_8x10°_ 59639 N/em? = 229.64 kN/em’

O = N B
829;105 829x10° (*39)
6, =————=———— =22279 N/em’ = 22.28 kN/cm’
Y A 61
C
Oy + Crr(lsxxcbx + r;yXGby (4.60)
Opem (1_ eb, )GBx (1_ eb' )GBy
ex ey
11'18+ 0.85 x 8.80 N 0.85x1.28
20.37 (1- 11.18 LIS S or 37 (- 11. 18
229.64
0.549 + 0.351 +0.076=0.976 < 1.000 - Kesit giivenli
O 4 Om  Ou (4.65)
1.33x0.6x0, oy Oy
11.18 880  1.28
+ +
28.73 2237 28.73
0.389+0.393 +0.044 =0.826 < 1.000 - Kesit giivenli
4.1.6.1.2.4. Kesme Kapasitesi Kontrolii :
A, =x yonii kesmealan1
A, =d xt,=101.60 x 2.44 = 247.9 cm’
A,, =y yoniikesmealani (4.60)
Akyzgx(szcf xt,)= % x(2x30.30x4.39) = 221.7 cm®
V.= X yonii kesme kuvveti kapasitesi
V,=0.6x0,xA, =0.6x36.00x247.9 = 5355 kN
(4.67)

V,,= y yonii kesme kuvveti kapasitesi
V,=0.6x0,xA,,=0.6x36.00x221.7 = 4789 kN

V/V,,=576/5355=0.108 < 1.000 - Kesit giivenli
V,/V,,=6/4789 =0.001 < 1.000 - Kesit giivenli
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4.1.6.1.2.5. Arttirilmis Deprem Yiiklemelerine Gore Normal Kuvvet Kapasitesi

Kontrolii :

N
NG+Qi2.5Ey
N

N

0.9G+25E,

= 5866 kN
=6702 kN
=4376 kN
=4381 kN

G+Q+2.5E,

N_. =6702kN

0.9G+2.5E,

N, = Eksenel ¢ekme kapasitesi

N, =0, xA=36.00x 500.2 = 18007 kN

N,, = Eksenelbasing kapasitesi

N,,=l.7x0,,, x A=1.7x20.37 x 500.2 = 17321 kN

<

1.000
1.000

N/N,, =6702/18007 = 0.372 -

N/N,, =6702/17321=0.387 < -

(4.68)

Kesit giivenli

Kesit giivenli

4.1.6.1.2.6. G + Q + Wmak Yiiklemesi icin Kesit Hesaba :

M,, =10637kNem M, =20526 kNem N=4544kN M, =2378 kNem

Mxl

C,=1.75+1.05x( )+0.30x(%)2

x2 x2

10637

cb=1.75+1.05x(—)+o.30x(M
20526

)y=237
20526

C, . =230

(4.62)

C,=0.85 — Cubuk uglarinda yanal deplasman s6zkonusu

A, = Narinlik sinirt
x’mak :\/ \/

G,., = Basin¢gemniyet gerilmesi

3x10°xC,
c

a

8
3x10°x2.30 _138
36000

N

N_ 4544
A

500.2
Gy =0,/ @ =(1.15x21.60 )/ 1.41 = 17.62 kN/cm’

9.08 kN/cm?

Geb =
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G, =M,/ W, = 20526 / 15900 = 1.29 kN/em’ 456
c,, =M,/ W, =2378/1353 = 1.76 kN/em’ '

T LU
™13 9x10%xC, :

2
= g-w x 36000 = 22371 N/em” = 22.37 kN/cm’
3 9x10°x2.30

4 4
ALLL dxcb = 84"101 0"126'30 — 8328 N/cm® = 8.33 kN/cm? (4.70)
S, == 390 —
F, 170.8
6, =Mak (6, ';0,,°) = 22.37 kN/cm®
6, - =1.15x(0.6 5,)=1.15x0.6x36.00=24.84 kN/em® —, =22.37 kN/cm’
oy, =1.15 X (0.6 0, ) = 24.84kN/cm’
. 829x10°  829x10°
. 9;‘2 0.3 ?;‘2 0 229639 N/em? = 229.64 KN/em?
829;105 829x10° (455
6, =——5—=——7— = 22279 N/em® = 22.28 kN/cm’
A, 61
Oup Cn(;xxcsbX N Cl;yxcby (4.60)
Gbcm (1_ eb')GBx (1_ eb')GBy
ch ey
908 085x129 0.85x176
1762 (1. 908 y5r 37 (1- 298 12484
229.64 2228
0.515+0.052 +0.102=0.669 < 1.000 —  Kesit giivenli
@.71)

Geb + Gbx + Gby
1.I15x0.6x0, oy Oy

9.08 N 1.29 N 1.76
2484 2237 2484
0.366 +0.058 +0.071 =0.495 < 1.000 -

Kesit gilivenli
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4.1.6.1.3. Kat 11 HE1000X393 Kolonlari i¢cin Hesap :

4.1.6.1.3.1. Kesit Ozellikleri :

HE1000X393 :

d,=101.60cm h=9282cm t =244cm b, ,=3030cm t,=439cm
A=5002cm> W, =15900 cm’ W, =1353 cm’ I .=807700 cm* 1,=20500 cm*
r, =40.18cm r =6.40cm L =480 cm

Ust birlesim noktas1 igin iist kolon : HEM550 :

I .= 198000 cm* L =370 cm

Alt birlesim noktasi i¢in alt kolon : HE1000X393 :
I.=807700 cm* L =400 cm

Ust birlesim noktasi sol ve sag kiris : HEB60O :
[ .=171000 cm* L =350 cm

Alt birlesim noktasi sol ve sag kiris : HEB60O :
I.=171000 cm* L =350 cm

ZLC 198000 +807700

_TS. _ 370 480 _
G, : 1000 2.269 (4.45)

2 X35

ZLC 807700 +807700

_ TS, _ 480 400 _
G=— 000 3.789 (4.45)

2s XT3

K =G, ve G, yebagl olarak iterasyonla bulunan kolon burkulma boyu katsay1si
K=1.814

L=Kolon temizboyu

L=Kolon boyu-Kiris yliksekligi = 480 - 60 = 420 cm
S, = Diizlemigine burkulma boyu

S, =KxL=1.814x420=762 cm

S, = Diizlem digina burkulma boyu

S,,=L =420 cm

(4.46)
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A, =xyoOniinarinligi = A =—* = ——=

r. 40.18

S.. 420
A =vyyoniinarinligi =\ =—2 = =~ _
i B T T 640

@ =Burkulma say1s1
o =1.51

F, = Burkulma bashigi alam

I hxt 1 92.82x2.44
F=byxt, o ! =3o.30x4.39+§% = 170.8 cm’

1, =Burkulma baglig1atalet momenti

[ Laxby’ _439x3030°

" =10177 cm*
12 12

r,,=Burkulma baslig1atalet yarigap1

I /
ry= v _ [10177 =7.72 cm
E, 170.8

M., = Burkulma baghginarinligi

A= Sy, /1, =420/ 7.72 = 55

4.1.6.1.3.2. G + Q Yiiklemesi icin Kesit Hesab :

(4.47)

(4.48)

(4.49)

(4.50)

(4.51)

M, =12751 kNem M, =12798kNem N=3674kN M, =1108 kNcm

M M
C.=1.75+1.05x (—L)+0.30x (—L)?
’ (M ) (M )

x2 x2

Cb=1.75+1.05x(@)+0.30x(@)2= 3.09
12798 12798

Cy ma =2-30
C,=0.85 — Cubuk uglarinda yanal deplasman s6zkonusu

C,, = M,;M  moment diyagramlarini ve hesap yapilan diizleme dik

dogrultuda ¢cubugu tutulma diizenini gézoniinde tutan katsayilar

A, = Narinlik sinirt
8 8

- [xI0xC, :\/3x10 x230 _ .o
o, 36000

&5

(4.62)

(4.53)



O — Basing emniyet gerilmesi

4
G.W= N_ 3674 7.35 kN/cm? (4.54)

A 500.2

Gy =0,/ ®=21.60/1.51=1430kN/cm’ (4.55)
OOy, —> Yalmz (M, ,M, ) egilme momentleri altinda hesaplanan

egilme-basing basligi gerilmeleri

6, =M,/ W, = 12798 / 15900 = 0.81 kN/cm’ .
c,, =M,/ W = 1108/ 1353 = 0.82 kN/cm’ '

O, ;0p, = Yalniz (M ;M) egilme momentleri altinda uygulanacak

egilme-basing baglig1 i¢cin emniyet gerilmeleri
12 o, xkybz
On ~| 3 aoiiucs | X0
3 9x10°xC,

2
_ | 2. 30000%55° 1 36000 — 22106 Niem? = 22.11 kN/em?
3 9x10°x2.30

84x10* x2.
2 84x10 xC, _ 84x10 x2.30 _ -3 \y/on? = 7.73 kN/em?

T 400 1016
YF 170.8

6, =Mak (o, ';0,.7) =22.11 kN/cm?
Op = 0.6 6,=0.6x36.00=21.60 kN/cm’ — o, =21.60 kN/cm’

(4.57)

0y, =0.60, =21 .60kN/cm’

' Gey' —(x -x)ve (y -y) asal eksenleri etrafindaki burkulmalar i¢in hesaplanan

ex 2

ve Euler gerilmelerinden tiiretilen gerilmeler

O

5 5
SN0 _8BXI0_ 559639 Njem® = 229.64 kN/em?

O 2 192
829;105 829x10° (4.58)

6, =——5—=—"7—=19031 N/ecm’ = 19.03 kN/cm’

A 66

y
Geb + meXGbx + CmyXGby (4.60)
Obm  (1-2%)5,  (1-2%)a,

Gex Gey
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735 085x081 . 085x082
1430 (- 735 1)) ¢ (1_735
229.64 19.0

0.513 +0.033 +0.054 =0.600 < 1.000 - Kesit giivenli

)21.60

Geb + Gbx + Gby

0.6xo, o5 Oy

X y

7.35  0.81  0.82
+ +
21.60 21.60 21.60
0.341 +0.038 +0.038=0.417 < 1.000 - Kesit giivenli

4.1.6.1.3.3. G+ Q + Emak Yiiklemesi icin Kesit Hesab :

M, = 156688 kNem M, = 173873 kNem N =4840 kN
V. =816 kN V, =5kN M, =970 kNem

C,=1.75+1. osx(MX‘)+o30 My

x2 x2
C,=1.75+1.05x (156688) 0'30X(156688)2:
73873 173873
Cb mak=2‘30

C,_=0.85 — Cubuk uglarinda yanaldeplasman sézkonusu

A, = Narinlik sinir1

L [3x10°xC, _\/3x108x2.30_
e G 36000

a

G,., = Basin¢cemniyet gerilmesi

N = ﬂ= 9.67 kN/cm?

A 5002
o= O/ @ = (1.33x21.60)/1.51 =19.03 kN/cm’

Geb =

6, =M.,/ W, = 173873 /15900 = 10.93 kN/cm’
6y, =M,/ W,=970/1353 =0.71 kN/cm”
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L2 csaxkyb2
Op, =| —-—————— | XO
13 9x10°xC, :

3 9x10°x2.30

4 4
5, 2= ax10 xC, _ 84x10 X230 _ 73, Njom? = 7.73 kNJem?
x d 400 1016

S _c
YR 170.8

b
6, =Mak (o, ';0,°) =22.11 kN/cm®
6h nu=1.33(0.60,)=1.33x0.6x36.00=28.73 kN/cm” —> o, =22.11 kN/cm’

2
_ [2 36000x55 } x 36000 = 22106 N/cm® = 22.11 kN/em”

(4.64)

o, =1.33 x (0.60, ) = 28.73 kN/em”

5 5
5. 82?"}" _ 82?;‘210 — 229639 N/cm? = 229.64 kN/cm?
i (4.58)

5 5
- 829x10°_8x10° _ 19031 Nfem? = 19.03 KN/em?
x 6
y

C
meXGbx + myXGbY (4.60)

+
(9 (9
Opem (1_ eb' )GBx (1_ Eb, )GBy
) oy

ex

9.67 0.85x10.93 N 0.85x0.71

+
1903 (1. 967 oo 11 (1-27 2873
229.64 19.03

0.508 + 0.439 +0.043=0.990 < 1.000 -

Geb

Kesit giivenli

O 4 O 1 O (4.65)

1.33x0.6x0, oy Oy

9.67 N 10.93 N 0.71
2873 2211 28.73
0.337+0.494 +0.024 =0.855 < 1.000 -

Kesit glivenli
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4.1.6.1.3.4. Kesme Kapasitesi Kontrolii :

A, =x yonii kesmealan

A, =d_xt = 101.60 x 2.44 = 247.9 cm’
A, =y yoniikesmealani (4.66)

Aky=%X(2XbCf Xty)= % x(2x30.30x4.39) =221.7 cm’

V,,= X yoni kesme kuvveti kapasitesi
V,,=0.6x0, xA,=0.6x36.00x247.9 = 5355 kN
V,, = y yonii kesme kuvveti kapasitesi
V,,=0.6x0,xA, ,=0.6x36.00x221.7 = 4789 kN

(4.67)

V,/V, =816/5355=0.152 < 1.000 —  Kesitgivenli
V,/V =5/4789=0.001 < 1000 —  Kesit givenli

4.1.6.1.3.5. Arttirillmis Deprem Yiiklemelerine Gore Normal Kuvvet Kapasitesi

Kontrolii :

N = 4430 kN

G+Q+2.5E,

N =4821 kN

G+Q+2.5E,

N =2689 kN

0.9G+2.5E,

N =3080 kN

0.9G+2.5E,

N, =4821 kN

N, = Eksenel ¢ekme kapasitesi
N,=0,xA=36.00x 500.2 = 18007 kN

N,, = Eksenelbasing kapasitesi

N,,=1.7x0,,, xA=1.7 x 18.78 x 500.2 = 15969 kN

(4.68)

N/N,, =4821/18007=0.268 < 1.000 - Kesit giivenli
N/N,, =4821/15969=0.302 < 1.000 - Kesit giivenli

4.1.6.1.3.6. G + Q + Wmak Yiiklemesi icin Kesit Hesaba :

M,, = 15123 kNem M, =17942kNem N =3445kN M, =2049 kNem

M M
C,=1.75+1.05x (—21)+0.30x (—2L)’ 4.62
b Sva Svag (4.62)

x2 x2

&9



15123 15123

C,=1.75+1.05x (——=)+0.30x( )’=3.86
17942 17942

C, =230
C_=0.85 — Cubuk uglarinda yanaldeplasman s6zkonusu

A, = Narinlik sinirt

8 8
xmak:\/sxm xC, :\/3x1o x230 _ 0 (453)

c 36000

a

O — Basing emniyet gerilmesi

6, = N_348_ 6.89 kN/cm’ (4.54)
A 5002
Gy =0,/ ®=(1.15x21.60)/1.51=16.45 kN/cm” (4.69)

6, =M,/ W, = 17942 / 15900 = 1.13 kN/cm?
0, =M /W, =2049 / 1353 = 1.51 kN/cm’

2
L2 o XAy,
Op, =| —-————— | X 0,

(4.56)

3 9x10°xC,

2 36000x 55
3 9x10°x2.30

5 , 84x10*xC, 84x10%x2.30
Bx =
Skyi 420 1016
F, 170.8
6, =Mak (o, ';0,.°) =22.11 kN/cm®
Op mu=1.15(0.66,)=1.15x0.6x36.00=24.84 kN/cm” — o, =22.11 kN/cm”

Gy, =115 X (0.6 5, ) = 24.84kN/cm’

} x 36000 = 22106 N/em? = 22.11 kN/cm?

=7732 N/cm® = 7.73 kN/cm? (4.70)

5 5
o, =220 _8DXI0 _ 519639 Niem:? = 229.64 kN/em?
A 19
_829x10° _829x10’

Ge 2 2
Y 66

(4.58)
=19031 N/cm?*= 19.03 kN/cm?

C
Geb + meXGbx + myXGby (4.60)

Opem (1_ Geb' )GBx (1_ Geby )GBy

ex ey
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6.89 N 0.85x1.13 N 0.85x1.51
16.45 (1- 6.89 y22.11 (1- 6.89
229.64 19.03

0.419 + 0.045 +0.081= 0.545 < 1.000 - Kesit giivenli

)24.84

Ou, 4 Oox | Ovy 4.71)
1.15x0.6x0, o5 Oy

X y

6.89 1.13  1.51
+ +
2484 22,11 24.84
0.277 +0.051 +0.061 =0.389 < 1.000 - Kesit giivenli

4.1.6.2. Kolon Kesit Hesabi Tip 2 :

Tip 2 ( HEMS550 ) kolon kesiti 12~21 katlarinda bulunmaktadir.
4.1.6.2.1. Kat 12 HEMS550 Kolonlari icin Hesap :

4.1.6.2.1.1. Kesit Ozellikleri :

HEMS550 :
d=5720cm h=4920cm t,=2.10cm b, =30.60cm t =4.00cm

A=3544cm’ W,=6923cm’ W ,=1252cm’  1,=198000cm® I,=19160 cm

r, =23.64cm 1 =7.35cm L=370 cm
Ust birlesim noktasi icin iist kolon : HEM550 :
I = 198000 cm* L =370 cm

Alt birlesim noktasi i¢in alt kolon : HE1000X393 :
I,=807700 cm* L =480 cm

Ust birlesim noktas1 sol ve sag kiris : HEB550 :
[,=136700 cm* L=350cm

Alt birlesim noktasi sol ve sag kirig : HEB60O :
I.=171000 cm® L =350 cm

ZLC 198000 N 198000

_7S, _ 370 370 _
G, : 36700 1.370 (4.45)

25 T

91



ZLC 198000+807700
G=— - 370 480 _, 49

Z:Iig % 171000
S 350

g

(4.45)

K = G, ve G, yebagl olarak iterasyonla bulunan kolon burkulma boyu katsay1si

K=1.535

L=Kolon temizboyu

L=Kolon boyu-Kiris yliksekligi = 370 - 55 =315 cm
S,, =Diizlemigine burkulma boyu

S, =KxL=1.535x315=483 cm

S, = Diizlem digina burkulma boyu

Sy,=L=315cm
A, =x yoniinarinligi = X)ﬁsﬂ _ 48 21
r, 23.64
S 315
A, =y yonii narinligi = A, =—% = —— =43
e S r, 735
@ =Burkulma sayis1
=121
E, = Burkulma basligialam
E=bxt, +thtW =30.60 x4.00 + 149.20x2.10 _ 139.6 cm’
3 2 3 2
I,,=Burkulma baslig1atalet momenti
3 3
1= tyXby” _4.00x30.60° _ 9551 om*
g 12 12

r,,=Burkulma baslig1 atalet yarigap:

I /
r,= b L E —827 cm
E, 139.6

A, = Burkulma baghgi narinligi

A= S, /1,=315/8.27 =138
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4.1.6.2.1.2. G + Q Yiiklemesi icin Kesit Hesab1 :

M,, =5916 kNem M, =6828 kNem N=3549kN M, =836 kNcm

cb=1.75+1.05x(%)+0.30x(&)2 (4.62)
MXZ Mx2
5

916 5916
6828

+030x(2210y2— 5 g8
)+0.30x (g

C,=1.75+1.05x(

C, =230
C,=0.85 — Cubuk uglarinda yanal deplasman s6zkonusu

C,, & M,;M moment diyagramlarini ve hesap yapilan diizleme dik

dogrultuda ¢ubugu tutulma diizenini gézoniinde tutan katsayilar

A, = Narinlik sinir1

8 8
xmak:\/sxlo xC, :\/3){10 x230 _ .o 453)

c 36000

a

G,., = Basin¢cemniyet gerilmesi

Cup™ N_39_ 10.01 kN/cm?® 4.54)
A 3544
GCpon= Oor/ @ =21.60/1.21 = 17.85 kN/cm’ (4.55)

OOy, —> Yalmz (M, ,M, ) egilme momentleri altinda hesaplanan

egilme-basing basligi gerilmeleri

6, =M,/ W_= 6828 / 6923 = 0.99 kN/cm’

i (4.56)
Gy, =M,/ W, =836/ 1252 = 0.67 kN/cm
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O, ;0p, — Yalniz (M ;M) egilme momentleri altinda uygulanacak
egilme-basing basgligi icin emniyet gerilmeleri

o 1o 2 GaX)\.ybz ‘s
13 9x10°xC, :

3 9x10°x2.30

2 84x10*xC, B 84x10%x2.30

O T A 5 5120
YR 139.6

b
6, =Mak (o, ';0,.7) = 23.10 kN/cm®
Op mu= 0.6 6,=0.6x36.00=21.60 kN/cm® — o, =21.60 kN/cm’
oy, =0.66, =21.60kN/cm’

2
=[2 36000x 38 }x36000=23095 N/em? = 23.10 kN/em?

4.57)
=14969 N/cm?*= 14.97 kN/cm®

c Gey' —(x -x)ve (y -y) asal eksenleri etrafindaki burkulmalar i¢in hesaplanan

ex 2

ve Euler gerilmelerinden tiiretilen gerilmeler

_829x10° _ 829x10’
Gex: =
2, 21°
_829x10° _829x10°

Ge 2 2
Y 43

= 187982 N/cm’ = 187.98 kN/cm’

(4.58)

= 44835 N/cm® = 44.84 kN/cm’

Geb + meXGbx + CmyXGby

Oem (1_ Geb' )GBx (1_ GEb, )GBy
ex ey
10.01 0.85x0.99 N 0.85x0.67

+
1785 (1 1000151 60 (1190051 60
187.98 44.84
0.561 +0.041 +0.034=0.636 < 1.000 —  Kesit giivenli

(4.60)

(¢}

& o Obx Oy (4.61)
0.6xc, o Oy

X y

10.01 N 0.99 N 0.67
21.60 21.60 21.60
0.463 +0.046 +0.031 =0.540 < 1.000 - Kesit giivenli
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4.1.6.2.1.3. G+ Q + Emak Yiiklemesi icin Kesit Hesab1 :

M, =66534kNecm M, = 81223 kNem N = 4287 kN

V, =515kN V, =4kN M, =586 kNem
M M
C,=1.75+1.05x (—L)+0.30x (—=L)? (4.62)
Mx2 Mx2
4 4
cb=1.75+1.05x(@)+0.30x(@)2= 2.81
81223 81223
C, .. =2.30

C,=0.85 — Cubuk uglarinda yanal deplasman s6zkonusu

A, = Narinlik sinirt

8 8
xmak:\/sxm xC, :\/3x1o x230 _ 0 (453)

c 36000

a

G,., = Basin¢gemniyet gerilmesi

N _ 4287 12.09 kN/cm? (4.54)

Geb N
A 3544
6y =0,/ @=(1.33x21.60)/1.21 = 23.75 kN/cm® (4.63)

0, =M,,/ W, = 81223 / 6923 = 11.73 kN/cm”
6y, =M,/ W, =586 /1252 = 0.48 kN/cm”

2
2 Gaxkyb
Op, = ———=—1Xo0,

(4.56)

3 9x10°xC,

2 36000x 38’
3 9x10°x2.30

5 , 84x10*xC, 84x10%x2.30
Bx =
s, & 315 5720
F, 139.6
6, =Mak (6, ';0,,°) = 23.10 kN/cm®
Op mu=1.33(0.66,)=1.33x0.6x36.00=28.73 kN/cm”* —o, =23.10 kN/cm”

0y, =1.33x(0.60,)=28.73 kN/cm?

} x 36000 = 23095 N/cm” = 23.10 kN/cm’

=14969 N/cm? = 14.97 kN/cm? (4.64)
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_829x10° _ 829x10’
GCX: =
2, 21°
_829x10° _829x10°

GC 2 2
Y 43

= 187982 N/cm?* = 187.98 kN/cm?
(4.58)
= 44835 N/cm* = 44.84 kN/cm?

Geb

C
+ Crr(;xxcbx + r::XGby (4-60)
Opem (1_ eb' )GBX (1_ eb' )GBy
(o)

ex ey

12.09 N 0.85x11.73 N 0.85x0.48
23.75 (1- 12.09 )23.10 (1_12.09
187.98 44.84

0.509 + 0.462 +0.019=0.990 < 1.000 - Kesit giivenli

)28.73

O 4 O 1 O (4.65)
1.33x0.6x0, o5 ©

By
12.09 11.73 0.48
+ +

28.73 23.10 28.73
0.421 +0.507+0.017=0.945 < 1.000 - Kesit giivenli

4.1.6.2.1.4. Kesme Kapasitesi Kontrolii :

A, =x yonii kesmealani
A, =d xt,=57.20x 2.10=120.1 cm’
A,, =y yonii kesmealani (4.60)

Aky=%X(2xbcf Xty)= % x(2x30.60% 4.00) = 204.0 cm’

V.= x yonii kesme kuvveti kapasitesi
V,=0.6x0,xA, =0.6x36.00x120.1 = 2594 kN
. : o (4.67)
V,, =y yonii kesme kuvveti kapasitesi

V, =0.6x0, xA,,=0.6x36.00x 204.0 = 4406 kN

V/V,,=515/2594=0.198 < 1.000 — Kesit giivenli
V,/V,,=4/4406 = 0.001 < 1.000 - Kesit giivenli
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4.1.6.2.1.5. Arttirilmis Deprem Yiiklemelerine Gore Normal Kuvvet Kapasitesi

Kontrolii :

Ngigiase, = 4291 kN
Ne.qurse, = 4650 kN
Nyogaase, = 2605 kN
Noogerse, = 2965 kN

N_. =4650 kN

N, = Eksenel ¢ekme kapasitesi
N,,=0,xA=36.00x 354.4= 12758 kN

N,, = Eksenelbasing kapasitesi

N,,=l.7x0,,, x A=1.7 x 23.75 x 354.4 = 14309 kN

(4.68)

N/N_, =4650/12758 =0.364 < 1.000 - Kesit giivenli
N/N,, =4650/14309=0.325 < 1.000 - Kesit giivenli

4.1.6.2.1.6. G + Q + Wmak Yiiklemesi icin Kesit Hesaba :

M, =6422kNem M, =8080kNem N=3325kN M, =827 kNem

M M
C,=1.75+1.05x (—21)+0.30x (—2L) 4.62
b v YR (4.62)

x2 x2

6422)+0.3Ox(@)2= 2.77
8080 8080

C,=1.75+1.05x(

C, o =2.30

C,=0.85 — Cubuk uglarinda yanal deplasman s6zkonusu

A = Narinlik sinir1

mak

8 8
- [BxI0xC, :\/3){10 x230 _ .o 453)
o 36000

a

,., = Basin¢cemniyet gerilmesi

6, = N 3325 g 35 1N/em? (4.54)
A 3544

Gy =0,/ ®=(1.15x21.60)/1.21 = 20.53 kN/cm’ (4.69)

6, =M,/ W_= 8080/ 6923 = 1.17 kN/cm’

i (4.56)
Gy, =M,/ W, = 827/ 1252 = 0.66 kN/em
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(_ 2 c, XX :
(0) ——— | X O
By 9x108xC !
2
B 936(1)00:)—"2%30} x 36000 = 23095 N/em? = 23.10 kN/cm’
X X

4
Opy = 34x10°xC, _ 84x10°x2.30 =14967 N/em® = 14.97 kN/cm’ (4.70)
x d 57.20
S,, —< 315 —
' F, 139.6

b
=Mak (6, ';0,,°) = 23.10 kN/cm®
oy . =1.15(0.60,)=1.15x0.6x36.00=24.84 KN/cm® =6, =23.10 kN/cm®

0g, =1.15x (0.6 6,) = 24.84kN/cm’

5 5
o= 821"}" _ 8292’1‘210 — 187982 N/cm® = 187.98 kN/cm?

5 5
Geyzszileo :829;10 — 44835 N/em® = 44.84 IN/em
y

(4.58)

C
Geb + meX GbX + myX Gby (4-60)

9 9
Opem (1_ eb' )GBX (1_ eb' )GBy
(9

ex ey

9.38 0.85x1.17 0.85x0.66

+ +
2053 (1. 938 1531 (1-938 )24.84
187.98 44.8

0.406 + 0.045 +0.029= 0.480 < 1.000 -

Kesit giivenli

O 4 O 1 O (4.71)

1.I5x0.6x0, oy Oy

9.38 N 1.17 N 0.66
24.84 23.10 24.84
0.377+0.051 +0.026 =0.454 < 1.000 -

Kesit giivenli

4.1.6.3. Kolon Kesit Hesabi Tip 3 :
Tip 3 (HEM450 ) kolon kesiti 22~31 katlarinda bulunmaktadir.
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4.1.6.3.1. Kat 22 HEM450 Kolonlari i¢cin Hesap :

4.1.6.3.1.1. Kesit Ozellikleri :

HEM450 :

d=4780cm h=3980cm t,=2.10cm b, =30.70cm t=4.00cm
A=3354cm’> W, _=5501 cm’ W, =1260 cm’ [.=131500 cm® [,=19340 cm*
r,=1980cm 1 =7.59cm L =370 cm

Ust birlesim noktas1 igin iist kolon : HEM450 :

I.=131500 cm* L =370 cm

Alt birlesim noktasi i¢in alt kolon : HEMS550 :
I .= 198000 cm* L =370 cm

Ust birlesim noktas1 sol ve sag kiris : HEB500 :
[ .=107200 cm* L =350 cm

Alt birlesim noktasi sol ve sag kiris : HEB550 :
I .=136700 cm* L =350 cm

ZLC 131500 +131500

_ TS, _ 370 370 _
G, : 07300 1.160 (4.45)

2s X35

ZLC 131500 +198000

— c—_370 370 _
G, I 36700 1.140 (4.45)

2 X35

K = G, ve G, yebagl olarak iterasyonla bulunan kolon burkulma boyu katsay1si
K=1.361

L=Kolon temizboyu

L=Kolon boyu-Kiris yliksekligi = 370 - 50 = 320 cm
S, = Diizlemigine burkulma boyu

S, =KxL=1.361x320=435cm

S,,=Diizlem digina burkulma boyu

S,=L =320 cm

(4.46)
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S, 435

A, =x yOniinarinligi = A, =

r. 19.80

S 320
L. =vyyoniinarinligi= A =—2 = == =43
v 8 Y or 7.59

y

@ =Burkulma sayis1
o =121

E, = Burkulma basligialam

E=bxt, +§hX2tW =30.70 x4.00 + % M =136.7 cm?

I,,=Burkulma baglig1atalet momenti

| = Laxby’ _ 4.00x30.70°

=9645 ¢m*
¥ 12 12

r,,=Burkulma baslig1atalet yarigap1

I /
r,= b L % =840 cm
E, 136.7

A, = Burkulma baghgi narinligi

A= S, /1,= 320/ 8.40 = 38

4.1.6.3.1.2. G + Q Yiiklemesi i¢cin Kesit Hesaba :

M, =4779kNem M, =6486 kNem N=2365kN M, =396 kNem

M M
C.=1.75+1.05x (—L)+0.30x (—L)?
’ (M ) (M )

x2 x2

4779 4779

C,=1.75+1.05x( )+0.30x (——=)*=2.65
6486 6486

Cy ma =2-30
C,=0.85 — Cubuk uglarinda yanal deplasman s6zkonusu

C, > M ;M moment diyagramlarini ve hesap yapilan diizleme dik

dogrultuda ¢cubugu tutulma diizenini gézoniinde tutan katsayilar

A, = Narinlik sinir1
8 8

- [BxI0xC, :\/3){10 x230 _ .o
o, 36000

G,., = Basin¢cemniyet gerilmesi
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Cy™= N_ 2365 7.05 kN/cm? 4.54)
A 3354
Gy =0,/ ®=21.60/1.21=17.85kN/cm’ (4.55)

O,,;0,, = Yalmz (M ,M ) egilme momentleri altinda hesaplanan

egilme-basing basligi gerilmeleri

6, =M,/ W_= 6486 /5501 = 1.18 kN/cm’

5 (4.56)
6, =M,/ W, =396/1260 = 0.31 kN/cm
O, 305, —> Yalmz (M ;M) egilme momentleri altinda uygulanacak
egilme-basing baslig1 icin emniyet gerilmeleri
1 _ 2 Ga X Xsz
O T T aviniuc | X0
3 9x10°xC,
2 2
= [5_936?88—)(2%30} x 36000 = 23095 N/cm” = 23.10 kN/cm’
xRS (4.57)

,_ 84x10"xC, _ 84x10'x2.30
) Skyi 320 4780
F, 136.7

6, =Mak (6, ';0,,7) = 23.10 kN/cm®

Gp = 0.6 6,=0.6x36.00 =21.60 kN/cm’ — o, =21.60 kN/cm”

oy, =0.60, = 21.60kN/cm’

=17266 N/cm?*= 17.27 kN/cm?

Op

c Gey' —(x - x)ve (y -y) asal eksenleri etrafindaki burkulmalar i¢in hesaplanan

ex 2

ve Euler gerilmelerinden tiiretilen gerilmeler

5 5
_82X10°_BOXI0_ 191081 Njem? = 171.28 KN/er?

o — =
o AC 222
.:829X105 :829x105

GC 2 2
Y 43

(4.58)

= 44835 N/cm’ = 44.84 kN/cm®

Geb + meXGbx + Cm}’XGbY

(4.60)

(¢ (¢
Gbem (1- eb' )GBX (1- eb' )GBy

ex ey
7.05 0.85x1.18 0.85x0.31
+ +

17.85 (1- 7.05 12160 (1- 7.05
171.28 44.84
0.395 +0.048 +0.015 = 0.458 < 1.000 - Kesit giivenli

)21.60
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Ow | Oux | Oby (4.61)
0.6xo, o©p O

y

7.05  1.18 = 0.31
+ +
21.60 21.60 21.60
0.326 +0.055+0.014=0.395 < 1.000 - Kesit giivenli

4.1.6.3.1.3. G+ Q + Emak Yiiklemesi icin Kesit Hesab1 :

M, =53351kNem M, =74715kNem N =3320 kN

V, =469 kN V, =3 kN M, =624 kNem
cb=1.75+1.05x(&)+0.30x(&)2 (4.62)
Mx2 Mx2
cb=1.75+1.05x(ﬁ)+0.30x(@)2= 2.65
74715 74715

C, o =2.30

C,=0.85 — Cubuk uglarinda yanal deplasman s6zkonusu

A, = Narinlik sinir1

8 8
- [BXI0'xC, :\/3){10 x230 _ .o 453)
o 36000

a

G,., = Basin¢cemniyet gerilmesi

Cy™= N _ 3320 9.90 kN/cm? (4.54)

> |
(8}
@
N
~

Gy =0,/ ®=(1.33x21.60)/1.21 =23.75 kN/cm’ (4.63)

6, =M /W =74715/5501 = 13.58 kN/cm®

) (4.56)
Gy =M,/ W, = 624 / 1260 = 0.49 kN/em
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(_ 2 c, XX :
(0) ——— | X O
By 9x108xC !
2
B 936(1)00:)—"2%30} x 36000 = 23095 N/em? = 23.10 kN/cm’
X X

4
Opy = 34x10°xC, _ 84x10 x2.30 =17266 N/cm’=17.27 kN/cm® (4.64)
x d 47.80
S,, —< 320 ——
' F, 136.7

b
=Mak (6, ';0,,°) = 23.10 kN/cm®
o . =1.33(0.60,)=1.33x0.6x36.00=28.73 KN/cm® =5, =23.10 kN/cm®

o, =1.33 x (0.60, ) = 28.73 kN/em’

5 5
_829x10°_BDx10°_ 151581 Niem? = 171.28 kN/em’

G =
. Az 22?
829x10° 829x10° (4:58)
6, =———5—=——7— = 44835 N/cm’ = 44.84 kN/cm’
A 43
Oy + meXGbx + CmyXGby (4.60)

9 9
Opem (1_ eb' )GBX (1_ eb' )GBy
(9

ex ey
9.90 0.85 x 13.58 N 0.85 x0.49

+
2375 (1290 yr3 10 (1-990 )28.73

171.28 44.8
0.416 +0.530 +0.018=0.964 < 1.000 -  Kesit giivenli

e Opx | Oby (4.65)
1.33x0.6x0, oy Oy

9.90 N 13.58 N 0.49
28.73 23.10 28.73
0.344+0.588 +0.017=0.949 < 1.000 - Kesit giivenli

4.1.6.3.1.4. Kesme Kapasitesi Kontrolii :

A, =x yonii kesmealan1
A, =d xt,=49.80x2.10 = 104.6 cm’

A,, =y yobnii kesmealani (4.60)

Akyzgx(szcf xt,)= % x(2x30.70x4.00) = 204.7 cm’

103



V.= X yonii kesme kuvveti kapasitesi
V,,=0.6x0, xA,=0.6x36.00x104.6 = 2259 kN
V,, =y yonii kesme kuvveti kapasitesi
V,,=0.6x0,xA, =0.6x36.00x204.7 = 4422 kN

(4.67)

V/V,,=469/2259=0.208 < 1.000 — Kesit giivenli
V,/V,,=3/4422 =0.001 < 1.000 —  Kesit giivenli

4.1.6.3.1.5. Arttirllmis Deprem Yiiklemelerine Gore Normal Kuvvet Kapasitesi

Kontrolii :

Ni.qiase, = 3066 kN
N =3043 kN

G+Q+2.5E,

No.ocizSEx =2023 kN
N = 1996 kN

0.9G+2.5E,

N_, =3066 kN

N_,=Eksenel gekmekapasitesi
N,=0,xA=36.00x 335.4 = 12074 kN

o (4.68)
N,, = Eksenelbasing kapasitesi
N,,=l.7x0,,, X A=1.7x 23.75 x 335.4 = 13542 kN
N/N_, =3066/12074=0.254 < 1.000 —  Kesit giivenli
N/N,, =3066/13542=0.226 < 1.000 —  Kesit giivenli
4.1.6.3.1.6. G + Q + Wmak Yiiklemesi icin Kesit Hesab1 :
M,, =4172kNem M, = 6000 kNem N=2184kN M, =376 kNcm
M M
C,=1.75+1.05x (—)+0.30x (—=2L)? (4.62)
Mx2 Mx2
4172 4172
C,=1.75+1.05x( ! )+0.30x(—7)2= 2.62
6000 6000
Cp o =2.30
C,=0.85 — Cubuk uglarinda yanal deplasman s6zkonusu
A, = Narinlik siniri
8 8
- [3x10'xC, :\/3x10 x230 _ oo 453)
G, 36000
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O — Basing emniyet gerilmesi

2184
G.= N_ 2184 6.51 kN/cm”® (4.54)
A 3354

Gy = 0.,/ ®=(1.15x21.60)/1.21 = 20.53 kN/cm’ (4.69)

6 =M,,/ W, = 6000 /5501 = 1.09 kN/cm®
(4.56)
6, =M,/ W, =376 /1260 = 0.30 kN/cm”

L2 csaxkyb2
Oyp, =| ———————| XO
13 9x10°xC, ‘
2
= [5-936(1)00?—"2%30} x 36000 = 23095 N/cm” = 23.10 kN/cm?
X X Z.

4 4
» 84x10 xC, _ 84x10 x2.30 _ )77 46 Njem?® = 17.27 kN/em? (4.70)

T 120 4780
YF 136.7

6, =Mak (o, ';0,.7) = 23.10 kN/cm®
Op ma=1.15(0.65,)=1.15x0.6x36.00=24.84 kN/cm’ — o, =23.10 kN/cm’

0g, =1.15x (0.6 5,) = 24.84kN/cm’

5 5
Gex.:829x210 _ 829x210 171281 N/em? = 171.28 KN/em®
A, 22
829x10° 829x10° @
Gy = TR 44835 N/cm® = 44.84 kN/cm®
y

C
Geb + meX GbX + myX Gby (4-60)

(9 (9
Opem (1_ eb' )GBx (1_ Eb, )GBy
(9)

ex ey
6.51 0.85x 1.09 N 0.85x0.30

+
2053 (1. 651 yo3 10 (12931 12484
171.28 44.84

0.317+0.042 +0.012=0.391 <

1.000 - Kesit giivenli

O 4 Obx | Ovy 4.71)

1.I5x0.6x0, oy Oy

6.51 4 1.09 4 0.30
2484 23.10 24.84
0.262 +0.047 +0.012 =0.321 <

1.000 - Kesit giivenli
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4.1.6.4. Kolon Kesit Hesab1 Tip 4 :

Tip 4 ( HEM400 ) kolon kesiti 32~41 katlarinda bulunmaktadir.
4.1.6.4.1. Kat 32 HEM400 Kolonlari icin Hesap :

4.1.6.4.1.1. Kesit Ozellikleri :

HEM400 :
d=4370cm h=3570cm t,=2.10cm b, =30.70cm t ,=4.00cm
A=3258cm’ W, =4820cm’ W,=1260cm’ [ =104100cm" I =19340 cm®

r, =17.88cm 1, =7.70 cm L=370cm
Ust birlesim noktas1 i¢in iist kolon : HEM400 :
I,=104100 cm* L =370 cm

Alt birlesim noktasi i¢in alt kolon : HEM450 :
[,= 131500 cm* L =370 cm

Ust birlesim noktas1 sol ve sag kiris : HEB450 :
I,=79890 cm* L =350 cm

Alt birlesim noktasi sol ve sag kiris : HEB500 :
I,=107200 cm* L =350 cm

ZLC 104100 +104100

_'S. 370 370 _
G=— 5800 1.233 (4.45)

2 X35

ZLC 104100 +131500

_“'S. 370 370 _
G=— 7500 1.039 (4.45)

2 X35

K =G, ve G, yebagl olarak iterasyonla bulunan kolon burkulma boyu katsay1si
K=1.356

L=Kolon temizboyu

L=Kolon boyu-Kiris yliksekligi = 370 - 45 = 325 cm
S, =Diizlemigine burkulma boyu

S, =KxL=1.356x325=441 cm

S, = Diizlem digina burkulma boyu

S,,=L=325cm

(4.46)
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A, =x yoninarinligi = =—*=——=125
S BT T 788

S 325
A=y yoniinarinligi = A =—% = ==~ —
7Y S T

@ =Burkulma sayis1
o =121

F, = Burkulma bashigi alam

1 hxt 1 35.70x2.1
F,=bgxty+3 = v 230,70 x4.00 + S W = 135.5cm’

1,,=Burkulma baglig1atalet momenti

[ Laxby’ _ 4.00x30.70°

=9645 cm*
w 12 12

r,,=Burkulma baslig1atalet yarigap1

I f
ry= Do _ [9645 =8.44 cm
F, 135.3

A, = Burkulma baghginarinligi

A= S/t = 325/ 8.44 =39

4.1.6.4.1.2. G + Q Yiiklemesi icin Kesit Hesab :

M,, =5411kNem M, =7677kNem N=1643kN M =469 kNcm

M M
C.=1.75+1.05x (—L)+0.30 x (—2L)?
b (M ) (M )

x2 x2

411 411
Cb=l.75+1.05x(5—)+0.30x(5—)2= 2.64
7677 7677

C, =230
C_=0.85 — Cubuk uglarinda yanaldeplasman s6zkonusu
C,, = M,;M moment diyagramlarini ve hesap yapilan diizleme dik

dogrultuda ¢ubugu tutulma diizenini gézoniinde tutan katsayilar

A, = Narinlik sinirt
8 8

- [BxI0xC, :\/3x10 x230 _ .o
o, 36000
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O — Basing emniyet gerilmesi

164
o= N 18 _ ot iNiem? (4.54)
A 3258
Gpo= 0,/ ®=21.60/1.21=17.85kN/cm’ (4.55)
OOy, —> Yalmz (M, ,M, ) egilme momentleri altinda hesaplanan
egilme-basing basligi gerilmeleri
6, =M,/ W, =7677 /4820 = 1.59 kN/cm’ .
6, =M,/ W, =469 /1260 = 0.37 kN/cm’ '
O, ;0p, — Yalniz (M ;M) egilme momentleri altinda uygulanacak
egilme-basing bagligi i¢cin emniyet gerilmeleri
|2 o,x Xybz
On | T oo~ | XOa
3 9x10°xC,
2 2
= [3%} x 36000 = 23047 N/em’ = 23.05 kN/cm’
xR (4.57)

84x10* ‘x2.
2 84x10 xC, _ 84x10 x230 _,¢)05 Njem? = 18.41 kN/em®

T 105 810
YF 135.3

6, =Mak (6, ';0,.°) = 23.05 kN/cm?
Op = 0.6 6,= 0.6 x36.00 =21.60 kN/cm’ -0, =21.60 kN/cm®

oy, =0.65, = 21.60kN/em’

' Gey' —(x -x)ve (y -y) asal eksenleri etrafindaki burkulmalar i¢in hesaplanan

ex 2

ve Euler gerilmelerinden tiiretilen gerilmeler

o

5 5
_SDXI0_8BXI0_ 139640 Njem® = 132.64 kN/em?

O™y 2 252
829;105 829x10° (4.58)

6, =——5—=——7— = 44835 N/cm’ = 44.84 kN/cm’

A 43

y
Geb + meXGbx + Cm}’XGbY (4.60)
Chem (1-22) 5, (1-22)ay,

Gex GE:y
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504 085x1.59  0.85x037
17.85 (1. 39% 151 60 (1-504 )21.60
132.64 44.8

0.282 +0.065 +0.016 = 0.363 < 1.000 - Kesit giivenli

Geb + Gbx + Gby

0.6x0, oy Oy

5.04 N 1.59 N 0.37
21.60 21.60 21.60
0.233+0.074 +0.017=0.324 < 1.000 - Kesit giivenli

4.1.6.4.1.3. G+ Q + Emak Yiiklemesi icin Kesit Hesab1 :

M, =49347kNem M, =70741 kNem N =2206 kN
V., =369 kN V, =3 kN M, =998 kNem

C,=1.75+1. osx(MX‘)+o30 My

x2 x2

C,=1.75+1.05x (w) +0.3 (49347)2=
70741

C, =230
C,_=0.85 — Cubuk uglarinda yanal deplasman sézkonusu

A = Narinlik sinir1

mak

8 8
. \/3)(10 xC, \/3x10 x230 _ oo

c 36000

a

G,., = Basin¢cemniyet gerilmesi

N 2206
6,= — = ——=6.77 kN/cm’

A 3258
o= 0./ @ = (1.33x21.60)/1.21 =23.75 kN/cm’

6, =M,,/ W, = 70741 / 4820 = 14.67 kN/cm®
6y, =M,/ W, =998 / 1260 = 0.79 kN/cm”
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L2 csaxkyb2
Op, =| —-—————— | XO
13 9x10°xC, :

2
_ | 2. 30000%39" 1\ 36000 — 23047 Niem? = 23.05 kN/em?
3 9x10° x2.30

4 4

o, =o2x10 xC,  84x10 x2.30 _ 0405 Njem? = 18.41 kN/em? (4.57)
x d 43.70
S, e 325 217
' F 135.3

b
6, =Mak (o, ';0,.°) = 23.05 kN/cm®
o . =1.33(0.60,)=1.33x0.6x36.00=28.73 KN/cm® =5, =23.05 kN/cm®

o, =1.33 x (0.60, ) = 28.73 kN/em’

35 5
_829x10° _B29X10° 0o e

Gex )\. 2 252 o
$20x10° §29x10° (#39)

o, == =X — 44835 N/em’® = 44.84 kKN/em?

A 43

y
Op . CuXoy . CinXOy (4.60)
Cben  (1-20 )5, (1-2% g,

ex Gey

6.77 0.85 x 14.67 0.85x0.79
- +

2375 (1,577 o305 (1-077 y28.73
44.84

132.64
0.285+0.570 +0.028=0.883 < 1.000 —  Kesit giivenli

O 4 Obx | Ovy (4.61)
1.33x0.6x0, oy Oy

6.77 N 14.67 n 0.79
2873 23.05 28.73
0.238 +0.636 +0.027=0.901 < 1.000 - Kesit giivenli

4.1.6.4.1.4. Kesme Kapasitesi Kontrolii :

A, =x yonii kesmealan1
A, =d xt,=43.70x2.10=91.8 cm’

A,, =y yobnii kesmealani (4.60)

Akyzgx(szcf xt,)= % x(2x30.70x4.00) = 204.7 cm’

110



V,,= X yoni kesme kuvveti kapasitesi
V,.=0.6x0, xA,,=0.6x36.00x91.8 = 1983 kN
V,, = y yonii kesme kuvveti kapasitesi
V,,=0.6x0,xA, ,=0.6x36.00x204.7 = 4422 kN

(4.67)

V,/V, =369/1983=0.186 < 1.000 —  Kesitgivenli
V,/V, =3/4422 =0.001 < 1.000 -  Kesit givenli

4.1.6.4.1.5. Arttirilmis Deprem Yiiklemelerine Gore Normal Kuvvet Kapasitesi

Kontrolii :
NG+QJ_r2.5EX = 1982 kN
NG+Q12,5E = 1836 kN
y Nmak = 1982 kN
Nyogease, = 1236 kN
N049Gi2.SEy =1080 kN

N, = Eksenel ¢ekme kapasitesi
N,=0,xA=36.00x325.8 = 11728 kN

o (4.68)
N,, = Eksenelbasing kapasitesi
N,,=1.7x0,,, xA=1.7x23.75 x 325.8 = 13154 kN
N/N_, =1982/11728 =0.169 < 1.000 - Kesit giivenli
N/N,, =1982/13154=0.151 < 1.000 - Kesit giivenli
4.1.6.4.1.6. G + Q + Wmak Yiiklemesi icin Kesit Hesabu :
M,, =9203 kNem M, =14096 kNem N=1687kN M, =633 kNcm
M M
C,=1.75+1.05x (—L)+0.30x (—=L)? (4.62)
Mx2 Mx2
Cb=1.75+1.05x(%)+0.30x(ﬂ)2= 2.56
14096 14096
Cp e =2.30
C,=0.85 — Cubuk uglarinda yanaldeplasman s6zkonusu
A, = Narinlik sinirt
8 8
- [PXI0°xC, :\/3x1o x230 _ 0 (453)
o, 36000
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O — Basing emniyet gerilmesi

=N 1687 _ 5 18 kN/em? (4.54)

A 3258

6, =0,/ @=(1.15x21.60)/1.21 = 20.53 kN/cm’ (4.69)

G, =M,/ W, = 14096 / 4820 = 2.92 kN/cm’ 456
c,, =M,/ W, =633 /1260 = 0.50 kN/cm’ '

i 2 c, xk 2
(0) —— | X O
By 9x108xC ¢
2
= Z-M x 36000 = 23047 N/cm?= 23.05 kN/cm?
3 9x10°x2.30

4 4
2 84x107xC, _ 84x10 x2.30 0/ 0s Njem? = 18.41 kN/em?

Cm T T B0
YF, 135.3

=Mak (6,,';6,,°) = 23.05 kN/cm®
o, =1.15(0.60,)=1.15x0.6x36.00=24.84 KN/em’® -5, =23.05 kN/em®

(4.70)

Gy, =115 X (0.6 5, ) = 24.84kN/cm’

5 5
.= 82?"210 = 822’5‘210 = 132640 N/em® = 132.64 kN/cm?
. (4.58)

5 5
G, = 821X210 — )3(210 = 44835 N/cm” = 44.84 kN/cm®
y

% 1 St CuXy (4.60)
Gbem (1- eb')GBX (1- eby)GBy
(&)

ex ey

5.18 0.85x2.92 N 0.85x0.50

+
2053 (1. 318 yo305 (1218 ;)24.84

132.64 44.8
0252+0.112+0.019=0.385 < 1.000 -

Kesit giivenli

Oe 4 Oox | Ovy 4.71)

1.I5x0.6x0, oy Oy
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5.18 N 2.92 N 0.50
24.84 23.05 24.84
0.209 +0.127 +0.020=0.356 < 1.000 - Kesit giivenli

4.1.6.5. Kolon Kesit Hesab1 Tip 5 :

Tip 5 (HEM300 ) kolon kesiti 42~51 katlarinda bulunmaktadir.
4.1.6.5.1. Kat 42 HEM300 Kolonlari i¢cin Hesap :

4.1.6.5.1.1. Kesit Ozellikleri :

HEM300 :

d=3400cm h=2620cm t,=210cm b,=31.00cm ¢t ,=3.90cm
A=3031cm’ W=3482cm’ W,=1252cm’ [ =59200cm® I =19400cm*
r, =1398cm 1, =8.00 cm L=370cm

Ust birlesim noktasi i¢in iist kolon : HEM300 :

I.=59200 cm* L =370 cm

Alt birlesim noktasi i¢in alt kolon : HEM400 :
I =104100 cm® L =370 cm

Ust birlesim noktas1 sol ve sag kiris : HEB400 :
I,=57680 cm* L =350 cm

Alt birlesim noktasi sol ve sag kiris : HEB450 :
I,=79890 cm* L =350 cm

ZLC 59200 +59200

_TS._ 370 " 370 _
G=—r ey~ 0971 (4.45)

Zsi 2X 7350

ZLC 59200 +104100

_TS._ 370 " 370 _
G=— 5590 0.967 (4.45)

25 X35

K =G, ve G, yebagl olarak iterasyonla bulunan kolon burkulma boyu katsayis1
K =1.308
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L=Kolon temizboyu

L=Kolon boyu-Kiris yiiksekligi = 370 - 40 = 330 cm
S,, =Diizlemig¢ine burkulma boyu
S,.=KxL=1.308x330=432cm

Sy, =Diizlem disina burkulma boyu

S,,=L =330 cm
A, =x yoniinarinligi = A, = S 432 _ 31
r, 13.98
S 330

A, =y yoniinarinligi = =—Y=—"—=

Y 8 1, 8.00
@ =Burkulma sayisi
=120
E, = Burkulma basligi alan1

lh 1 26.20x2.1
F=bxt, = Xt 31,00 x3.90 + L 2020X210 _ 155 6 oy
3 2 3 2
I,,=Burkulma baglig1atalet momenti
3 3

I,= t xb, _3.90x31.00° _ 9682 e’

Y 12 12
r,,=Burkulma baslig1atalet yarigap1

I /
r,= b (0082 =8.63 cm
E, 130.0

A, = Burkulma baghginarinligi
A= S, /r,=330/8.63 =39
4.1.6.5.1.2. G+ Q Yiiklemesi icin Kesit Hesab1 :

M, =4715kNem M, =6052kNem N =671 kN

M M
C.=1.75+1.05x (—L)+0.30x (—L)?
b (M ) (M )

x2 x2
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My =406 kNcm

(4.46)

(4.47)

(4.48)

(4.49)

(4.50)

(4.51)

(4.62)



4715 0.30x (1325 75
6052 6052

C,=L1.75+1.05x(

Cy i =230
C,=0.85 — Cubuk uglarinda yanaldeplasman s6zkonusu

C,, > M,;M moment diyagramlarini ve hesap yapilan diizleme dik

dogrultuda ¢cubugu tutulma diizenini gézéniinde tutan katsayilar

A, = Narinlik sinir1

8 8
xmak:\/sxlo xC, :\/3){10 x230 _ .o

c 36000

a

,., = Basin¢cemniyet gerilmesi

N = ﬂ= 2.21 kN/em?

Geb= _
A 303.1

Gy =0,/ ®=21.60/1.20=18.00 kN/cm’

OOy, —> Yalmz (M, ,M, ) egilme momentleri altinda hesaplanan

egilme-basing basligi gerilmeleri

6, =M,,/ W, = 6052 /3482 = 1.74 kN/cm’
6y, =M,/ W, =406 /1252 = 0.33 kN/cm’

Oy ;0p, — Yalmz (M ;M, ) egilme momentleri altinda uygulanacak
egilme-basing baslig1 icin emniyet gerilmeleri
|2 o,x Xybz
GBX - __—8 X Ga
3 9x10°xC,
_ |2 36000x 39°
3 9x10°x2.30

5 2o 84x10*xC, 84x10%x2.30
Bx -

s, d, 330 3400
"F, 130.0

0y, =Mak (0, ;0,,°) = 23.05 kN/cm’®

} x 36000 = 23047 N/em” = 23.05 kN/cm?

6y .= 0.6 6,=0.6 x36.00 = 21.60 kN/em®> — o, =21.60 kN/cm’

0y, =0.60, = 21.60kN/cm”
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= 22385 N/cm?* = 22.39 kN/cm?

(4.53)

(4.54)

(4.55)

(4.56)

(4.57)



G, ;0. —>(x x)ve (y -y) asal eksenleri etrafindaki burkulmalar i¢in hesaplanan

ex’

ve Euler gerilmelerinden tiiretilen gerilmeler

5 5
_829x10° _ 829"10 = 86264 N/cm® = 86.26 kN/cm”

Oux = N B
829;105 829x10° (4.55)
6, =——5—=——"— =46995 N/em’ = 47.00 kN/cm’
A 42
y
Geb + Cn(lsxxcbx + Clzsyxcby (4.60)
Gbem (1_ eb' )GBX (l_cebv )GBy
ex ey
221, 085x1.74 , 085x0.33
18.00 (221 o pg)2160 (1 2.21 o) 2160
86.2
0.123 +0.070 +0.050 = 0.243 < 1000 —  Kesit giivenli
O | Obx | Oy (4.61)
0.6x0, oy Oy
221 174 033
+ +
21.60 21.60 21.60
0.102+0.081 +0.015=0218 < 1.000 —  Kesit giivenli
4.1.6.5.1.3. G + Q + Emak Yiiklemesi i¢cin Kesit Hesaba :
M =50501 kNem M, =64341 kNem N=1010kN
V, =348 kN V, =5kN M, =658 kNem
C,=1.75+1.05x (==L M, )+0.30x ( xl)? (4.62)
Mx2 x2
1 1.,
C.—175+1.05x (5050 )40 (5050 o2,
C, =230

C,_=0.85 — Cubuk uglarinda yanal deplasman sdézkonusu

A = Narinlik sinir1

mak
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8 8
_ 3x10°xC, \/3x10 x230 _ oo 453)
. 36000

a
G,., = Basin¢cemniyet gerilmesi

N_ 1010 3.33 kN/cm? (4.54)

Geb= _
A 303.1

G =0,/ @ =(1.33x21.60 ) / 1.20 = 23.94 kN/cm’ (4.63)

Op=M,,/ W, = 64341 / 3482 = 18.47 kN/cm”
=M,/ W, =658 /1252 = 0.52 kN/cm’

c, X)\. 2
X G
3 9X108XC ¢

[2 36000x 39>

(4.56)

3 9x10°x2.30
5, 2= 84x10dxcb _ 84x10;:§030
Sy = 330 =
F, 130.0
=Mak (o, ';0,,°) = 23.05 kN/em®
Op na=1.33(0.65,)=1.33x0.6x36.00=28.73 kN/cm” -6, =23.05 kN/cm’

oy, =1.33x(0.60,) =28.73 kN/cm’

} 36000 = 23047 N/cm” = 23.05 kN/cm’

=22385 N/cm?* = 22.39 kN/cm? (4.64)

829x10° 829x105
Gex: )\’ 2
829x10°  829x10°

0T T 4

= 86264 N/cm’ = 86.26 kN/cm”

(4.58)
= 46995 N/cm? = 47.00 kN/cm?

o meXGbx + CmyXGby

eb +

9 9
Ohem (1_ eb' )GBx (1_ eb' )GBy
) (9)

ex ey

(4.60)

333 085x1847 . 085x0.52
2394 (1333 5005 (1333
86.26

0.139+ 0.708 +0.017= 0.864 < 1.000 - Kesit giivenli
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Oe 4 Oox | Ovy (4.65)
1.33x0.6x0, o5 Oy

y

3.33 N 18.47 N 0.52
28.73 23.05 28.73
0.116 +0.801 +0.018 =0.935 < 1.000 - Kesit giivenli

4.1.6.5.1.4. Kesme Kapasitesi Kontrolii :

A, =x yonii kesmealani
A, =d xt,=34.00x2.10=71.4 cm’
A,, =y yonii kesmealani (4.60)

Aky=%X(2xbcf Xty)= % x(2x31.00x3.90) =201.5 cm’

V.= x yonii kesme kuvveti kapasitesi
V,,=0.6x0,xA, =0.6x36.00x71.4=1542 kN
o . o (4.67)
V,, =y yonii kesme kuvveti kapasitesi

V, =0.6x0,xA, =0.6x36.00x 201.5 = 4352 kN

V/V,,=348/1542=0.226 < 1.000 — Kesit giivenli
V,/V,,=5/4352=0.001 < 1.000 - Kesit giivenli

4.1.6.5.1.5. Arttirilmis Deprem Yiiklemelerine Gore Normal Kuvvet Kapasitesi

Kontrolii :
Niigsase, = 1154 kN
Ng.gsase, = 1030 kN
' N, = 1154 kN
No‘9(}¢2.515x =682 kN
NO.9Gi2.5Ey =562 kN

N, = Eksenel ¢ekme kapasitesi
N,,=0,xA=36.00x303.1=10911 kN

N,, =Eksenelbasing kapasitesi

N,,=l.7x0,,, x A=1.7 x 23.94 x 303.1 = 12355 kN

(4.68)

N/N,, =1154/10911=0.105 < 1.000 - Kesit giivenli
N/N,, =1154/12355=0.093 < 1.000 - Kesit giivenli
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4.1.6.5.1.6. G + Q + Wmak Yiiklemesi icin Kesit Hesaba :

M,, =5428 kNem M, =7084 kNem N=817kN M, =493 kNem

M M
C,=1.75+1.05x (—L)+0.30 x (—=L )’
i Y Y

x2 x2

4281 030x (2328125 73
7084 7084

C,=1.75+1.05x(

C, .. =230

C,_=0.85 — Cubuk uglarinda yanal deplasman sézkonusu

A, = Narinlik sinir1

8 8
- [BxI0'xC, :\/3){10 x230 _ .o
o 36000

a

,., = Basin¢cemniyet gerilmesi

N 817

> |
(8]
S
(98]
—

Gy =06,/ ®=(1.15x21.60)/1.20 = 20.70 kN/cm’

6, =M,/ W, = 7084 / 3482 = 2.03 kN/cm’
6, =M,/ W, =493 /1252 = 0.39 kN/cm”

T LU
13 9x10°xC, :

[2 36000x 39>

3 9x10°x2.30

5 2= 84x10*xC, 84x10%x2.30
Bx -
Skyi 330 3400
F, 130.0

6, =Mak (6, ';0,,°) = 23.05 kN/cm®

6y .. =1.15(0.60,) =1.15x0.6x36.00=24.84 kN/cm’ —> 6, =23.05 kN/cm’

Gy, =115 X (0.6 5, ) = 24.84kN/cm’
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} x 36000 = 23047 N/ecm” = 23.05 kN/cm’

=22385 N/cm?* = 22.39 kN/cm?

(4.62)

(4.53)

(4.54)

(4.69)

(4.56)

(4.70)



~829x10° 829)(105

= 86264 N/cm’ = 86.26 kN/cm”

Oux = N B
829;105 829x10° (4.58)
6, =——5—=——"— =46995 N/em’ = 47.00 kN/cm’
A 42
G + meXGbx + CmyXGby (4.60)
Opem (1_ Geb' )GBx (1_ GEb, )GBy
ex ey
2.690 . 0.85x2.03 0.85x039
2070 269 15305 (1. 20 ;)24.84
86.26 47.0
0.130 + 0.077 +0.014=0221 < 1.000 —  Kesit giivenli
Geb + Gbx + Gby (4.71)

1.I5x0.6x0, o©p Oy

2.69 N 2.03 N 0.39
24.84 23.05 24.84
0.108 +0.088 +0.016 =0.212 < 1.000 — Kesit giivenli

4.1.6.6. Kolon Kesit Hesab1 Tip 6 :

Tip 6 ( TUBO400X400X30 ) kolon kesiti 48~53 katlarinda bulunmaktadir.

1
}

+~

b

Sekil 4.17 : Kutu Kolon Kesit Boyutlari
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4.1.6.6.1. Kat 50-51-52 TUBO400X400X30 Kolonlar icin Hesap :

4.1.6.6.1.1. Kesit Ozellikleri :

TUBO400X400X30 :

b=40.00cm h=40.00cm t =3.00cm t=3.00cm

A=4440cm> W, =5100 cm’ W,=5100 cm’ I = 102000 cm* I,=102000 cm*
r,=1516cm 1 =15.16cm L =1050 cm

Ust birlesim noktas1 igin iist kolon : TUBO400X400X30 :

I .= 102000 cm* L =360 cm

Alt birlesim noktas1 i¢in alt kolon : TUBO400X400X30 :
I .= 102000 cm* L=475cm

Ust birlesim noktas1 sol ve sag kiris : IPN500 :
I = 68740 cm* L=495cm

Alt birlesim noktasi sol ve sag kiris : IPN500 :
I = 68740 cm* L=495cm

ZLC 102000 . 102000

_ TS, _ 360 1050 _
G, ) 5740 1.370 (4.45)
zf 2X
S, 495
ZLC 102000+102000
_ 'S, _ 1050 475 _
G, : 5710 1.123 (4.45)

2 s

K = G, ve G, yebagl olarak iterasyonla bulunan kolon burkulma boyu katsay1si
K=1.355

L=Kolon temizboyu

L=Kolon boyu-Kiris yiliksekligi = 1050 - 50 = 1000 cm

S, = Diizlemigine burkulma boyu

S, =KxL=1.355x1000= 1355 cm (4.46)
S,,=Diizlem digina burkulma boyu

S,,=L =1000 cm
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S _ 1355 90
r, 15.16

S, 1000
L. =yyoniinarinligi =\ =—L = —— =66
Y PR TT:

A, =x yOniinarinlii = A, =

(4.47)

@ =Burkulma sayis1
@ =2.05

4.1.6.6.1.2. G + Q Yiiklemesi icin Kesit Hesab :

M, =1562kNem M, =1670 kNem N=686kN M, =653 kNem

M M
C.=1.75+1.05x (—L)+0.30 x (—L)? 4.62
b (M ) (M ) (4.62)

x2 x2

15621 1 030x (2922303
1670 1670

C,=L1.75+1.05x(

Cp e =2.30
C,=0.85 — Cubuk uglarinda yanaldeplasman s6zkonusu
C,, > M,;M moment diyagramlarini ve hesap yapilan diizleme dik

dogrultuda ¢cubugu tutulma diizenini gézoniinde tutan katsayilar

A =Narinlik sinir1

mak

8 8
- [BxI0xC, :\/3x10 x230 _ .o 453)
o 36000

a

O — Basing emniyet gerilmesi

N._ 686 _ 1.54 kN/cm® (4.54)

Gy = O,/ @ =21.60/2.05=10.54 kN/cm’ (4.55)
OOy, —> Yalmz (M, ,M, ) egilme momentleri altinda hesaplanan
egilme-basing basligi gerilmeleri

6, =M_/W, =1670/5100 = 0.33 kN/cm’

i (4.56)
6, =M,/ W,= 653 /5100 = 0.13 kN/cm

O, ;0p, —> Yalmz (M ;M) egilme momentleri altinda uygulanacak

egilme-basing baslig1 icin emniyet gerilmeleri

122



6, = 0.60, =21.60 kN/cm’

5 4.72)
oy, = 0.66, =21.60kN/cm

c. ; Gey' —(x -x)ve (y -y) asal eksenleri etrafindaki burkulmalar i¢in hesaplanan

ex 2

ve Euler gerilmelerinden tiiretilen gerilmeler

. 829x10°  829x10°
o, = =
SV 90°

. 829x10° 829x10°
9T 66

y

= 10234 N/cm?*= 10.23 kN/cm?
(4.58)
=19031 N/cm?* = 19.03 kN/cm?

Geb + meXGbX + CmyXGby

9 9
Ohem (1_ eb‘ )GBx (1_ eb' )GBy
(9)

ex ey

(4.60)

1.54 0.85x0.33 0.85x0.13
- -

10.54 (1- 1.54 )21.60 (1- 1.54
10.23 19.03
0.146 +0.014 +0.006 = 0.166 < 1.000 - Kesit giivenli

)21.60

O 4 Obe 4 O (4.61)

0.6xo, o5 Oy

X y

1.54 033 0.13
+ +
21.60 21.60 21.60
0.071 + 0.015 +0.006 =0.092 < 1.000 - Kesit giivenli

4.1.6.6.1.3. G+ Q + Emak Yiiklemesi icin Kesit Hesab1 :

M, =23575kNem M, =37495kNem N =889 kN
V. =12kN V, =83 kN M, =9170 kNem

M M
C,=1.75+1.05x (—21)+0.30x (—2L)’ 4.62
b v v (4.62)

x2 x2

Cb=1.75+1.05x(@)+0.30x(@)2= 3.55
37495 37495

C, =230

C,=0.85 — Cubuk uglarinda yanal deplasman s6zkonusu
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A, = Narinlik sinirt

8 8
xmak:\/sxm xC, :\/3x1o x230 _ .o

c 36000

a

O — Basing emniyet gerilmesi

N_ 889 2.00 kN/cm?

A 4440
6,..=6,/®=(133x21.60)/2.05=14.01 kN/cm’

Geb =

6, =M,,/ W, =37495 /5100 = 7.35 kN/cm®
6, =M,/ W,=9170 /5100 = 1.80 kN/cm’

6,.=1.33x (0.6 5,)=1.33x 0.6 x 36.00 = 28.73 kN/cm’
o, =1.33 x (0.6 5,) = 28.73 kN/em”

35 5
829107 _ 829x10° _ 5534 Niem® = 10.23 kN/em®

CaTT T o
. 829x10° 829x10°
o, =310 _SBXI0_ 10031 Niem? = 19.03 KN/em?
» 66
y
Geb + meXGbX + CmyXGby
Oem (I_GEb')GBx (I_GEb')GBy
(e}
ex ey
200 085x735 _ 085x1.80
1401 (1 200 15693 (1-290 )55 73
10.23 19.03

0.143 +0.270 +0.060= 0.463 < 1.000 - Kesit giivenli

Geb + Gbx + Gby
1.33x0.6x0, o5 Oy

X y

2.00 N 7.35 N 1.80
28.73 28.73 28.73
0.070 + 0.256 + 0.063 = 0.389 < 1.000 - Kesit giivenli
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(4.54)

(4.63)

(4.56)

4.73)

(4.58)

(4.60)

(4.65)



4.1.6.6.1.4. Kesme Kapasitesi Kontrolii :

A, =x yonii kesmealan1
A, =2xhxt, =2x40.00 x 3.00 = 240.0 cm’

A,, =y yonii kesmealani @.74)
A,,=2xbxt= 2x40.00 x 3.00 =240.0 cm’
V,,= X yoni kesme kuvveti kapasitesi
V,,=0.6x0, xA, = 0.6x36.00x240.0 = 5184 kN
(4.67)

V,, = y yonii kesme kuvveti kapasitesi
V,,=0.6x0,xA, ,=0.6x36.00x240.0 = 5184 kN

V/V =12/5184=0002 < 1.000 —  Kesit givenli
V,/V, =83/5184=0.016 < 1.000 -  Kesit givenli

4.1.6.6.1.5. Arttirillmis Deprem Yiiklemelerine Gore Normal Kuvvet Kapasitesi

Kontrolii :
Ngigsase, =816 kN
NG+Qi2.5E =749 kN
g N_ . =816 kN
N049Gt2.5Ex =527kN
Noogiase, =460 kN

N, = Eksenel ¢ekme kapasitesi
N,=0,xA=36.00 x 444.0 = 15984 kN

o (4.68)
N,, = Eksenelbasing kapasitesi
N,,=1.7x0,,, xA=1.7x 14.01 x 444.0 = 10575 kN
N/N_, =816/15984=0.051 < 1.000 - Kesit giivenli
N/N,, =816/10575=0.077 < 1.000 - Kesit giivenli
4.1.6.6.1.6. G + Q + Wmak Yiiklemesi icin Kesit Hesabu :
M,, =1132kNem M, =1664 kNem N=6389kN M, =631 kNem
Cb:1.75+1.05X(%)-FOSOX(&)Z (4.62)
MXZ Mx2
1132 1132

C,=1.75+1.05x(

)+0.30x (——)>=2.60
1664 1664

C, =230

C,=0.85 — Cubuk uglarinda yanaldeplasman s6zkonusu
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A, = Narinlik sinirt

8 8
xmak:\/sxm xC, :\/3x1o x230 _ .o

c 36000

a

G,., = Basin¢gemniyet gerilmesi

Cy= N_ 68 _ 1.55 kN/cm?
A 4440

Gy =0,/ ®=(1.15x21.60)/2.05=12.12 kN/cm’

6, =M,/ W, = 1664 /5100 = 0.33 kN/cm’
6, =M,/ W, =631/5100=0.12 kN/cm”

6, =1.15x (0.6 5,) = 1.15 x 0.6 x 36.00 = 24.84 kN/cm’
oy, =1.15 x (0.6 6, ) = 24.84kN/cm’

35 5
829107 _ 829x10° _ 5534 Niem® = 10.23 kN/em®

CaTT T o
. 829x10° 829x10°
o, =310 _SBXI0_ 10031 Niem? = 19.03 KN/em?
» 66
y
Geb + meXGbX + CmyXGby
Ohem (I_GEb')GBx (I_GEb')GBy
(e}
ex ey
155 085x033 _ 085x0.12
1212 135 504 (1-19° Y2484
10.23 19.03

0.128 +0.011 +0.004=0.143 < 1.000 - Kesit giivenli

Oy +Gbx +Gby
1.15x0.6x0, o5 ©

Bx By

1.55 033 0.12
+ +

24.84 2484 24.84
0.062 +0.013 +0.005=0.080 < 1.000 - Kesit giivenli
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(4.69)

(4.56)

(4.75)

(4.58)

(4.60)

4.71)



4.1.6.7. Kolon Kesit Hesab1 Tip 7 :

Tip 7 ( TUBO300X300X20 ) kolon kesiti 54 katinda bulunmaktadir.

4.1.6.7.1. Kat 54 TUBO300X300X20 Kolonlar: icin Hesap :

4.1.6.7.1.1. Kesit Ozellikleri :

TUBO300X300X20 :
b=30.00cm h=30.00cm t =2.00cm t=2.00cm

A=2240cm’ W,=2356cm’ W ,=2356cm’ [ =29420cm’ I,=29420 cm’
r,=1146cm r, =11.46 cm L=210cm

Ust birlesim noktas1 sol ve sag kiris : IPN320 :
[ .=12510 cm® L=495cm

ZLC 29420
_=S._ 210 _
G,= : 510 2.77 (4.45)
Yoeo2x =
S, 495

G,=1.00 ( Ankastre ayak )

K =G, ve G, yebagl olarak iterasyonla bulunan kolon burkulma boyu katsayisi
K=1.5I15

L=Kolon temizboyu
L=Kolon boyu-Kiris yliksekligi = 210 - 32 = 178 cm
S,, =Diizlemigine burkulma boyu

S, =KxL=1.515x 178 =270 cm (4.46)
S, = Diizlem digina burkulma boyu
S,,=L =178 ¢cm
A, =X yonii narinligi = A _= S = ﬂ =24
r, 11.46 @4
A, =y yoni narinligi = yzh = 178 =16
11.46
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@ =Burkulma sayisi
o =1.08

4.1.6.7.1.2. G + Q Yiiklemesi icin Kesit Hesab1 :

M,, =4859kNem M, =31889kNem N=20kN M, =345kNcm

M M
C.=1.75-1.05x (—L)+0.30x (—=2L)?
b (M ) (M )

x2 x2

4859 4859

C,=1.75-1.05x (———)+0.30x( )*=1.60
31889 31889

C, =230
C,.=0.85 — Cubuk uglarinda yanaldeplasman sdézkonusu

C,, & M,;M moment diyagramlarini ve hesap yapilan diizleme dik

dogrultuda ¢ubugu tutulma diizenini gézoniinde tutan katsayilar

A, = Narinlik sinir
8 8

- [3x10'xC, =\/3x10 x1.60 _
o, 36000

G,., = Basin¢cemniyet gerilmesi

N = A: 0.09 kN/cm?

Geb: ~
A 2240

o= O/ @ =21.60/1.08 = 20.00 kN/cm’
Op,;0,, —> Yalmz (M, ,M, ) egilme momentleri altinda hesaplanan
egilme-basing baglig1 gerilmeleri

6, =M,,/ W, =31889 /2356 = 13.54 kN/cm’
6y, =M,/ W, =345 /2356 = 0.15 kN/cm”

O, ;0p, — Yalniz (M ;M) egilme momentleri altinda uygulanacak
egilme-basing bashigi icin emniyet gerilmeleri

6, = 0.60, =21.60 kN/cm’

oy, = 0.60, = 21.60kN/cm?

(4.52)

(4.53)

(4.54)

(4.55)

(4.56)

4.72)

c. ; Gey' —(x -x)ve (y -y) asal eksenleri etrafindaki burkulmalar i¢in hesaplanan

ex 2

ve Euler gerilmelerinden tiiretilen gerilmeler
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. 829x10°  829x10°
O ™ = =
e 24
. 829x10° 829x10°
T 1§
y

143923 N/cm?® = 143.92 kN/cm?
(4.58)
= 323828 N/cm?” = 323.83 kN/cm?

Geb + meXGbX + CmyXGby

9 9
Ohem (1_ eb‘ )GBx (1_ eb' )GBy
) (9)

ex ey

(4.60)

0.09 0.85x13.54 0.85x0.15

+ +
2000 999 15160 (122 )21 60
143.92 323.83

0.005 + 0.533 +0.006 = 0.544 < 1.000 - Kesit giivenli

O | Obx | Oty (4.61)

0.6xo, o Oy

X y

0.09 N 13.54 N 0.15
21.60 21.60 21.60
0.004 +0.627 +0.007 = 0.638 < 1.000 - Kesit giivenli

4.1.6.7.1.3. G + Q + Emak Yiiklemesi i¢cin Kesit Hesaba :

M, =7904kNecm M, =51870kNecm N =32kN
V, =247kN V, =32kN M, =5615 kNcm

M M
C,=1.75-1.05x (—21)+0.30x (—2L )’ 4.52
b Sva Svag (4.52)

x2 x2

7904 7904

C,=1.75-1.05x (———)+0.30x( )>=1.60
51870 51870

C, =230
C,_=0.85 — Cubuk uglarinda yanaldeplasman sézkonusu

A, = Narinlik sinir1

8 8
xmak:\/sxlo xC, :\/3)(10 x1.60 _ | 453)

c 36000

a

,., = Basin¢cemniyet gerilmesi
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Cy= N_ 2 _ 0.14 kN/cm®
A 2240

Gy = 0.,/ ®=(1.33x21.60)/1.08 = 26.60 kN/cm®

6, =M,/ W, =51870/2356 = 22.01 kN/cm’

G, =M,/ W, = 5615 / 2356 = 2.38 kN/cm®

6, =1.33x(0.66,)=1.33x0.6 x 36.00 = 28.73 kN/cm”

o, =1.33 x (0.6 ,) = 28.73 kN/em”

. 829x10°  829x10°
Gex = =
Az 242
_829x10° _829x10°

GC 2 2
S 16

Geb meXGbx + CmyXGby

+
Opem (1_

Geb eb

(¢
')GBX (1-6 ')GBy

ex ey

0.14 0.85x22.01
+

)

0.85x2.38

2660 (014 yog03 (1. 014 og 73

143.927 323.83

0.005 + 0.652 +0.070= 0.727 < 1.000

O + Oy + Gby
1.33x0.6x0, o5 O©

Bx By

0.14 N 22.01 N 2.38
28.73 28.73 28.73

0.005 +0.766 + 0.083 = 0.854 < 1.000

4.1.6.7.1.4. Kesme Kapasitesi Kontrolii :

A, =x yonii kesmealan1

A,=2xhxt =2x30.00x2.00=120.0 cm’

A,, =y yonii kesmealani

A,,=2xbxt=2x30.00x 2.00=120.0 cm’

130

-

(4.54)

(4.55)

(4.65)

4.73)

= 143923 N/cm?* = 143.92 kN/cm?

(4.58)

= 323828 N/cm’ = 323.83 kN/cm’

(4.60)

Kesit giivenli

(4.61)

Kesit giivenli

(4.74)



V,,= X yoni kesme kuvveti kapasitesi
V,.=0.6x0, xA,,=0.6x36.00x120.0 = 2592 kN
V,, = y yonii kesme kuvveti kapasitesi
V,,=0.6x0,xA, ,=0.6x36.00x120.0 = 2592 kN

(4.67)

V,/V, =247/2592=0.096 < 1.000 —  Kesit givenli
V,/V, =32/2592=0.013 < 1.000 -  Kesit givenli

4.1.6.7.1.5. Arttirilmis Deprem Yiiklemelerine Gore Normal Kuvvet Kapasitesi

Kontrolii :
Ng.qizse, =37kN
Ngigizse, =29 kN
’ N_. =38kN
N049Gt2.5Ex =38 kN
N049Gi2.5Ey =30kN

N, = Eksenel ¢ekme kapasitesi
N,=0,xA=36.00 x 224.0 = 8064 kN

o (4.68)
N,, = Eksenelbasing kapasitesi
N,,=1.7x0,,, xA=1.7x26.60 x 224.0 = 10129 kN
N/N_, =38/8064 =0.004 < 1.000 - Kesit giivenli
N/N,, =38/10129=0.003 < 1.000 — Kesit giivenli
4.1.6.7.1.6. G + Q + Wmak Yiiklemesi icin Kesit Hesabu :
M,, =5134kNem M, =33694kNem N=20kN M, =647 kNem
M M
C,=1.75-1.05x (—L)+0.30x (—=L) (4.52)
MXZ MxZ
Cb=1.75—1.05x(&)+0.30x(ﬂ)2= 1.60
33694 33694

C, . =230

C,=0.85 — Cubuk uglarinda yanaldeplasman s6zkonusu

A, = Narinlik sinirt

8 8
xmak:\/sxm xC, :\/3x10 x1.60 _ 453)

c 36000

a
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O — Basing emniyet gerilmesi

2
G, = N_ 290 _ 09 kN/fem?
A 2240

Gy = 0./ ®=(1.15x21.60)/1.08 = 23.00 kN/cm’

6, =M,,/ W, = 33694 /2356 = 14.30 kN/cm”
6, =M,/ W, = 647 / 2356 = 0.28 kN/cm’

6, =1.15x (0.6 5,) = 1.15 x 0.6 x 36.00 = 24.84 kN/cm’
oy, =1.15 x (0.6 6, ) = 24.84kN/cm’

829x10° 829)(105

0= = 143923 N/cm® = 143.92 kN/cm’
. 829x10° 829x10°
o, ~S2XI0 _BBXI0 _ 553858 Niem? = 323.83 kN/em’
A 16
y
Geb + meXGbx + CmyXGby

(¢ (¢
Gbem (1- eb' )GBX (1- eb' )GBy
(¢ (¢}

ex ey

0.09 0.85x 14.30 0.85x0.28
+ +

2300 (1. 099 5484 (120 ;2484
143.92 3238
0.004+0490 +0.010=0.504 < 1000 -  Kesit givenli
Oep + Oy +Gby

1.I5x0.6x0, o Oy

0.09 N 14.30 N 0.28
24.84 2484 24.84
0.004 +0.576 + 0.011 = 0.591 < 1.000 - Kesit giivenli
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(4.56)

(4.75)

(4.58)

(4.60)

@.71)



4.1.7. Radye Temel Boyutlandirmasi :

Cekirdek altinda radye temel derinligi 3.00 m, nispeten daha hafif olan, cephede
yeralan ¢elik kolonlar altinda 1.50 m dir. Temel kademelerini gdsteren plan

asagidadir.

S
N
> —— i) M /z <

o Swlw L. .1 Ll

S 7
S 7
S 7
S 2 2 7
¥ ¥

Sekil 4.18 : Temel Kademeleri

Radye temel hesabi ETABS 8.5.4. programi ile yapilmistir. Bu programda radye
temel yaklasitk 1 x 1 m boyutlarinda sonlu elemanlara bdliindii, ve bu sonlu

elemanlara diisey yay katsayis1 40000 kN/m’ olarak verildi.
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Sekil 4.19 : X Yonii Donat1 Hesab1 Igin M11 Moment Diyagrami
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Sekil 4.20 : Y Yo6nii Donat1 Hesab1 I¢in M22 Moment Diyagram
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4.1.7.1. Donat1 Hesab1

Donati1 hesabi en biiyiik kesit tesirlerine gore yapilmistir.

Cekirdek perdeleri altindaki donati diizeni aynen muhafaza edilmistir.
Celik kolonlar altindaki en biiyiilk moment = 2500 kNm

Celik kolonlar altindaki en kii¢lik moment = - 800 kNm

Alt donatt i¢cin A _=0.035 % =0.035 % =60.3 cm’/m (4.76)

Secilen donati :
®26/20 iki sira tizerine ® 20/20 tek sira kolon altlarina ilave

Ust donati igin A = 0.035 % =0.035 % =19.3 cm’/m (4.76)

Secilen donat :
®26/20 tek sira

4.1.7.2. Zimbalama Hesabi

Kolonun egilme diizlemindeki dismerkezligi = e

e=04Mi_04 190 074 m @.77)
N, 9134

HE1000X393 kolon i¢in h =1.016 m dir.
e..=0.0015+0.03x1.016=0.032m <0.074 m (4.78)

e=0.074 m

Paspay1 =5 cm

Temel faydal yiiksekligi = d
d=150-0.05=1.45m

Kolon altindaki taban levhasi boyutlar1 A =200 cm ve B = 60 cm dir.

Zimbalama gevresi boyutlar1 =b ;b

b =2.00+1.45=3.45m

4.79
b,=0.60 +1.45=2.05m “.79)
Egilme etkisi katsayis1 =y

1 1
y= = =0.545 (4.80)

te, +
s Ste 45007470074

b, xb, V3.45x2.05

C35igin f,, = 1350 kN/m’
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Zimbalama gevresi = U

U,=2x(b,+b,)=2x(3.45+2.05)=11.00 m (4.81)
Zimbalama alan1 = A |

A =bxb =3.45x2.05=7.073m’ (4.82)
Zimbalama dayanimi =V
V,=yxf,xU xd=0.545x1350x 11.00 x 1.45 = 11735 kN (4.83)
Tasarim zimbalama kuvveti =V 4

V,=N;-0, X A = 9134 - 800 x 7.073 = 3504 kN (4.84)

V,=11735kN > V_ =3504 kN (Kesitte zzmbalama riski yoktur)

4.2. Yap1 Elemanlarinin Birlesim Hesaplar

4.2.1. Kompozit Déseme Kirisleri Birlesim Hesaplar:

4.2.1.1. IPN450 Kompozit Doseme Kirisleri Birlesim Hesaplar :
4.2.1.1.1. Malzeme Ozellikleri

SL Tipi 5.6 Kalitede Bulon :

Ezilme Emniyet Gerilmesi = Gjem = 42.00 kN/cm®
Makaslama Emniyet Gerilmesi = Tgep = 24.00 kN/cm?

Kaynak Emniyet Gerilmesi = Txem = 17.00 kN/ cm?

Kesme Kuvveti=Q=qxL/2=2490x 11.59/2=144.3 kN (4.85)

4.2.1.1.2. Betonarmeye Baglant1 Hesab :

Ankraj Boyutlar1 =40 x 10 mm

Bir Ankraj Kayma Alam = 40 x 10 = 400 mm* = 4.0 cm”
Ankraj Adedi=2x3=6

Toplam Kayma Alani = 6 x 4 = 24 cm®
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T=Q/ 2 Fankrj = 144.3/24.00 = 6.01 kN/cm® < Tep = 12.47 kN/ecm® (4.86)

4.2.1.1.2.1. Baglant1 Levhas1 Kaynak Hesaba :

Levha Kalinlig1 = 15 mm segildi.

Kaynak Kalinligt = 3 mm <a < 0.7 tyi, = 0.7 x 15=10.5 mm = a =5 mm segildi.
Kaynak Uzunlugu=Ly= 2x(L-2a)=2x(32-2x0.5)=62.0cm

Kaynak Alan1=F,=ax Ly = 0.5 x 62.0 =31.00 cm’

1=Q/Fy=1443/31.00 =4.65 kN/cm® < Tem= 17.00 kN/cm® (4.87)

4.2.1.1.2.2. Govde Bulonlar:1 Hesaba :

Kullanilabilecek maksimum bulon ¢ap1=d=/5xt_. -02=+5x1.5-0.2=2.53 cm
3M24 segildi. ( Tek Tesirli ) ( 5.6 Kalite )

a;=10.0 cm

b=18.0cm

f=1.0 ( Bir sirada 3 adet bulon i¢in ) [17]
pu=0.351 ( Bir sirada 3 adet bulon igin ) [17]

| -
\% E -
O o .
O b O T, -
al ‘ al v: v
O O
betéﬁqrmé»

Sekil 4.21 : IPN450 Kirisleri Birlesim Detay1

H=Qxa; xf/b=1443x10.0x 1.0/18.0 =80.16 kN (4.88)
V=Qxp=1443x0.351 =50.64 kN (4.89)
R=(H*+V?)*=(80.16>+50.647 )% =94.82 kN (4.90)
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N=dxt, x06,,=24x1.5x42.00=151.2kN

> > 4.91)
L ’;d xr, =X 24 5400 =108.5kN

Nkapasite: min ( Nl; Ngi ) =108.5 kN

Nsl =

R=94.82kN < Niapasie = 108.5kN = 3M24 uygundur.

Kompozit kirisin ¢elik kiris ya da kolona baglant1 hesabinda, betonarmeye baglanti
hesabinda verilen, baglant1 levhasi kaynak hesab1 ve govde bulonlar1 hesab1 aynen
gegcerlidir.

4.2.1.2. IPN360 Kompozit Doseme Kirisleri Birlesim Hesaplar :

Kesme Kuvveti=Q=qxL/2=2452x9.19/2=112.7kN (4.85)

4.2.1.2.1. Betonarmeye Baglanti Hesaba :

Ankraj Boyutlar1 = 30 x 10 mm

Bir Ankraj Kayma Alam = 30 x 10 = 300 mm* = 3.0 cm’
Ankraj Adedi=2x3=6

Toplam Kayma Alani =6 x 3 = 18 cm®

1=Q/ X Fanigj = 112.7/18.00 = 626 kN/em® < Tem = 12.47 kN/om’ (4.86)

4.2.1.2.1.1. Baglant1 Levhas1 Kaynak Hesabi :

Levha Kalinlig1 = 12 mm segildi.

Kaynak Kalinligi = 3 mm <a < 0.7 tyi, = 0.7 x 12 = 8.4 mm = a = 5 mm segildi.
Kaynak Uzunlugu=1Lx= 2x(L-2a)=2x(25-2x0.5)=48.0cm

Kaynak Alan1i =Fy=ax L= 0.5 x48.0 =24.00 cm’

1=Q/Fy=112.7/24.00 = 4.70 KkN/em® < Txem= 17.00 kN/cm® (4.87)

4.2.1.2.1.2. Govde Bulonlar:1 Hesaba :

Kullanilabilecek maksimum bulon ¢ap1=d=/5xt_. -02=+5x12-0.2=225cm
3M20 segildi. ( Tek Tesirli ) ( 5.6 Kalite )

a; = 8.0 cm
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b=15.0cm
f=1.0 ( Bir sirada 3 adet bulon i¢in ) [17]
p=0.351 ( Bir sirada 3 adet bulon igin ) [17]

| -
\% 3 -
O o .
O b| © L
a; S
O O
betéﬁqrmé»

Sekil 4.22 : IPN360 Kirisleri Birlesim Detay1

H=Qxa xf/b=1127x8.0x1.0/15.0=60.11 kN (4.88)
V=Qxp=112.7x0.351 =39.56 kN (4.89)
R=(H?+V?)*=(60.11%2+39.56%)%=71.96 kN (4.90)

N=dxt,  x0,,=20x12x42.00=100.8 kN

) 2 (4.91)
I ’;d xr, =TXZ0 4 00=7541N

Nkapasite: min ( Ni; N ) =754 kN

Nsl

R=7196kN < Niapasie = 75.4kN = 3M20 uygundur.

Kompozit kirisin ¢elik kiris ya da kolona baglanti hesabinda, betonarmeye baglanti
hesabinda verilen, baglant1 levhasi kaynak hesab1 ve gévde bulonlar1 hesab1 aynen
gegcerlidir.

4.2.1.3. IPN400 Kompozit Doseme Kirisleri Birlesim Hesaplar :

Kesme Kuvveti=Q=qxL/2=17.18x11.79/2=101.3 kN (4.85)

4.2.1.3.1. Betonarmeye Baglanti Hesaba :

Ankraj Boyutlar1 =40 x 10 mm
Bir Ankraj Kayma Alam = 40 x 10 = 400 mm* = 4.0 cm”
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Ankraj Adedi=2x3=6
Toplam Kayma Alani = 6 x 4 = 24 cm®

1=Q/ X Fanirgj = 101.3/24.00 = 422 kN/em® < Tem = 12.47 kKN/om’ (4.86)

4.2.1.3.1.1. Baglant1 Levhas1 Kaynak Hesab1 :

Levha Kalinlig1 = 15 mm segildi.

Kaynak Kalinligt = 3 mm < a < 0.7 tyi, = 0.7 x 15 =10.5 mm = a = 5 mm segildi.
Kaynak Uzunlugu=1Lx= 2x(L-2a)=2x(32-2x0.5)=62.0cm

Kaynak Alani=F,=ax L= 0.5x62.0=31.00 cm’

1=Q/F=101.3/31.00 =327 kN/em® < Tyem= 17.00 kN/cm’ (4.87)

4.2.1.3.1.2. Govde Bulonlar:1 Hesaba :

Kullanilabilecek maksimum bulon ¢ap1=d=/5xt_. -02=+5x1.5-0.2=2.53 cm
3M24 segqildi. ( Tek Tesirli ) ( 5.6 Kalite )

a;=10.0cm

b=18.0cm

f=1.0 ( Bir sirada 3 adet bulon i¢in ) [17]
p=0.351 ( Bir sirada 3 adet bulon igin ) [17]

\ -
Vv R o
O g o .
O b| © Ly
a S
O O
betéﬁqrmév

| \
Sekil 4.23 : IPN400 Kirisleri Birlesim Detay1

140



H=Qxa; xf/b=101.3x10.0x 1.0/18.0 =56.28 kN (4.88)
V=Qxp=101.3x0.351 =3556kN (4.89)
R=(H?+V?)*=(5628%+3556%)% =66.57 kN (4.90)

N=dxt, x06,,=24x1.5x42.00=151.2kN

) ) 4.91)
L ’;d xr, =X 24 5400=108.5kN

Nkapasite: min ( Nl; Ngi ) =108.5 kN

Nsl =

R=66.57kN < Niapasie = 108.5kN = 3M24 uygundur.
Kompozit kirisin ¢elik kiris ya da kolona baglant1 hesabinda, betonarmeye baglanti
hesabinda verilen, baglant1 levhasi kaynak hesab1 ve gévde bulonlar1 hesab1 aynen

gegcerlidir.

4.2.1.4. IPN320 Kompozit Doseme Kirisleri Birlesim Hesaplar :

Kesme Kuvveti=Q=qxL/2=16.86x9.59/2=280.5 kN (4.85)

4.2.1.4.1. Betonarmeye Baglant1 Hesab :

Ankraj Boyutlar1 = 30 x 10 mm

Bir Ankraj Kayma Alan1 = 30 x 10 = 300 mm® = 3.0 cm’
Ankraj Adedi=2x3=6

Toplam Kayma Alani = 6 x 3 = 18 cm®

T=Q/ 2 Fankrsj = 80.5/ 18.00 =4.49 kKN/em®> < Tep = 12.47 kN/cm® (4.86)

4.2.1.4.1.1. Baglant1 Levhas1 Kaynak Hesaba :

Levha Kalinlig1 = 12 mm segildi.

Kaynak Kalinligt = 3 mm <a < 0.7 tyin = 0.7 x 11.5 = 8.05 mm = a = 5 mm segildi.
Kaynak Uzunlugu=Ly= 2x(L-2a)=2x(25-2x0.5)=48.0cm

Kaynak Alan1=F,=ax Ly = 0.5 x 48.0 = 24.00 cm’

1=Q/F=280.5/24.00=335kN/cm’ < Tem= 17.00 kN/cm’ (4.87)
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4.2.1.4.1.2. Govde Bulonlar:1 Hesaba :

Kullanilabilecek maksimum bulon ¢ap1=d=/5xt_. -02=+5x12-0.2=225cm
3M20 segildi. ( Tek Tesirli ) ( 5.6 Kalite )

a;=8.0cm

b=15.0cm

f=1.0 ( Bir sirada 3 adet bulon i¢in ) [17]
p=0.351 ( Bir sirada 3 adet bulon igin ) [17]

\ -
V e
O b O Ly
Ca; —a,
O O
beté{;qrﬁnév

Sekil 4.24 : [PN320 Kirisleri Birlesim Detay1

H=Qxa xf/b=805x80x1.0/150=42.93kN (4.88)
V=Qxpu=280.5x0.351=2826kN (4.89)
R=(H?+V?)*=(42932+2826%)%=51.40kN (4.90)

N=dxt, xo,=20x1.15x42.00=096.6 kN

2 2 4.91)
I ’;d xr, =IX207 5400=754 kN

Nkapasite: min ( Ni; Ngi ) =754 kN

Nsl =

R=5140kN < Niapasie = 75.4kN = 3M20 uygundur.
Kompozit kirisin ¢elik kiris ya da kolona baglanti hesabinda, betonarmeye baglanti
hesabinda verilen, baglant1 levhasi kaynak hesab1 ve gévde bulonlar1 hesab1 aynen

gegcerlidir.
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4.2.1.5. IPN200 Kompozit Doseme Kirisleri Birlesim Hesaplar :

Kesme Kuvveti=Q=qxL/2=16.52x4.31/2=36.6 kN (4.85)

4.2.1.5.1. Betonarmeye Baglant1 Hesab :

Ankraj Boyutlar1 = 30 x 10 mm

Bir Ankraj Kayma Alan1 = 30 x 10 = 300 mm® = 3.0 cm’
Ankraj Adedi=2x2=4

Toplam Kayma Alani =4 x 3 = 12 cm?

1=Q/ % Faniagj = 36.6/ 12.00 = 3.05 kKN/em® < Tem = 12.47 kN/om’ (4.86)

4.2.1.5.1.1. Baglant1 Levhas1 Kaynak Hesaba :

Levha Kalinligi = 10 mm segildi.

Kaynak Kalinligt = 3 mm <a < 0.7 tyi, = 0.7 x 7.5 = 5.25 mm = a = 3 mm segildi.
Kaynak Uzunlugu=1Lx= 2x(L-2a)=2x(15-2x0.3)=28.8cm

Kaynak Alani=Fy=ax L= 0.3 x 28.8 =8.64 cm’

1=Q/Fy=36.6/8.64=424kN/cm® < Tgem= 17.00 kN/cm® (4.87)

4.2.1.5.1.2. Govde Bulonlar:1 Hesaba :

Kullanilabilecek maksimum bulon ¢ap1=d=/5xt_. -02=+5x1.0-0.2=2.03 cm
2M16 segcildi. ( Tek Tesirli ) ( 5.6 Kalite )

a;=7.0 cm

b=7.0cm

f=1.0 ( Bir sirada 2 adet bulon i¢in ) [17]
p=0.500 ( Bir sirada 2 adet bulon igin ) [17]
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Sekil 4.25 : IPN200 Kirisleri Birlesim Detay1

H=Qxa xf/b=36.6x7.0x1.0/7.0=36.60 kN (4.88)
V=Qxpu=36.6x0.500=18.30 kN (4.89)
R=(H?+V?)*=(36.602+1830%)% =41.15kN (4.90)

N=dxt,  x0,,=16x0.75x42.00=50.4kN

) 2 (4.91)
1 ’;d xr, =X L0 54 00=4821N

Nkapasite = min ( Ni; Ny ) =48.2 kN

Nsl

R=41.15kN < Niapasie = 48.2kN = 2M16 uygundur.

Kompozit kirisin ¢elik kiris ya da kolona baglanti hesabinda, betonarmeye baglanti
hesabinda verilen, baglant1 levhasi kaynak hesab1 ve gévde bulonlar1 hesab1 aynen
gegcerlidir.

4.2.1.6. IPN500 Kompozit Doseme Kirisleri Birlesim Hesaplar :

Kesme Kuvveti=Q=qxL/2+773=17.67x1540/2+77.3=2134kN (4.85)
4.2.1.6.1. Ana Kirise Baglanti1 Hesaba :

4.2.1.6.1.1. Baglant1 Levhas1 Kaynak Hesab1 :

Levha Kalinlig1 = 15 mm segildi.

Kaynak Kalinligt = 3 mm < a < 0.7 tyin = 0.7 x 15 =10.5 mm = a = 5 mm segildi.
Kaynak Uzunlugu=Lx= 2x(L-2a)=2x(38-2x0.5)=74.0cm

Kaynak Alani=Fy=ax L= 0.5x 74.0=37.00 cm’
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1=Q/Fc=213.4/37.00=5.77 kN/em® < Tem= 17.00 kN/cm? (4.87)

4.2.1.6.1.2. Govde Bulonlar:1 Hesaba :

Kullanilabilecek maksimum bulon ¢ap1=d = /5xt_, -02=+5x15-02=253cm
4M24 secildi. ( Tek Tesirli ) ( 5.6 Kalite )

a;=10.0 cm

b=24.0 cm

f=0.9 ( Bir sirada 4 adet bulon i¢in ) [17]
pu=10.279 ( Bir sirada 4 adet bulon i¢in ) [17]

O O

Lk 211 b b 211 Lk
O O
o |t o

Sekil 4.26 : IPN500 Kirisleri Birlesim Detay1

H=Qxa; xf/b=213.4x10.0x 0.9 /24.0 =80.03 kN (4.88)
V=Qxp=213.4x0279 =59.54 kN (4.89)
R=(H*+V?)%=(80.032+59.547)%=99.75kN (4.90)

N,=dxt  x0.,=24x1.5x42.00=151.2kN

) ) 4.91)
1 ’;d xr, =X24  5400=108.5 kN

Nkapasite: min ( Nl; Nsl ) =108.5 kN

Ns1:

R=99.75kN < Nigpasie = 108.5kN = 4M24 uygundur.
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4.2.2. Kolon-Kiris Birlesim Hesaplar: (Kiris Eki Hesaplar)

4.2.2.1. Kirislerin Ek Hesab1 Tip 1

Tip 1 kiris ekinin bulundugu kat numaralar1 =1~ 11
4.2.2.1.1. Malzeme Ozellikleri :

St52

Akma Sinir1 Mukavemeti = ¢, = 36.00 kN/cm?
Birlesimlerin Hesaplarinda Akma Sinir1 Mukavemeti = D,G, = 39.60 kN/cm?

SLP Tipi 10.9 Kalitede Bulon :

Ezilme Emniyet Gerilmesi = Gjep, = 48.00 kN/cm?
Ezilme Emniyet Gerilmesi = Gy = 63.00 kN/cm? ( Ongerme > 0.5 Py)

Makaslama Emniyet Gerilmesi = Tgep, = 28.00 kN/cm?

4.2.2.1.2. Kesit Ozellikleri :

HEB600 :

d,=60.0cm h=540cm t =155cm b,;=300cm t ,=3.00cm
A=270.0cm® W, = 6425 cm’

Baslik alani =F, =2 x b, x t,, =2 x 30.0 x 3.00 = 180.0 cm’ (4.92)
Govde alan1 = F, = A - F,=270.0 - 180.0 = 90.0 cm’ 4.93)
Baslik levhastalam=F , =2 x (b, xt,+2x b, xt,) (4.94)

F, =2x(30x2+2x11.2x2)-8x2.8=187.2cm’ >F, =180.0 cm’

Govde levhast alam =F, =2 xh , xt, -5d (4.95)
F,, =2x47.5x1.2-6x2.5=99.0 cm’ > F,=90.0 cm’

Groease, — 10681 kNem
GHQ+25E, 67299 kNcm
09G+2se, — 09171 kNem
09G£2.5E, 65116 kNcm

M
M
M M, .. = 75681 kNcm
M
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Birlesimin egilme momenti kapasitesi kirisin egilme momenti kapasitesinin
0.8 x 1.1 D, = 0.968 katindan az olmayacaktir.

Kesitin plastik moment tagima kapasitesi = M|

M,=0.968 x W, x06,=0.968 x 6425x39.60 = 246288 kNcm

M, ., ile hesapta emniyet gerilmesi — o,

M, ile hesapta emniyet gerilmesi — 1.70,,

M M . .
" *— > —m% oldugundan M, ile hesaba devam edilecektir.
Jo, O©

em

(4.96)

Bulonun gevrek bir malzeme olmasi dolayistyla 1.7 katsayisi kullanilmayacaktir.

g . L (M. +M.)
Kesitin kesme kuvveti kapasitesi = V, =V, + 1.1 xD, x ———"~

(246288 + 248288)
248.8

= 2481 kN

V=85t LIx1lx

Ekin baghk atalet momenti =1, "
[,"’=2x(30.0x2.0x62>+2x11.2x2.0x52%)=703558 cm®
Ekin govde atalet momenti =1 *®

3
Le—ax XY )
12

3
x L2X475 91434 om?

Ekin toplam atalet momenti =1,

I, =1," +1,°%=703558 + 21434 = 724992 cm*

" 703558

M," =M, % =246288 = 239006 kNcm
N 724992
g
M, f =M, s = 246088 214 _ 7185 kNem
P 724992

ek

4.2.2.1.3. Bashk Bulonlar1 Hesab :

N=dxt,  x0,,=2.8x3.0x48.00=403.2 kN

ITx d* ITx 2.8
XT. =2X ——

sem

N,=2x x 28.00 = 344.8 kN

N =min (N, ; N, ) =344.8 kN

kapasite
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_M," _ 239006

Vb
ek 1

= 4426 kN (4.103)

I-min
Bulon hesabi  V,"=4426 kN kuvvetine gére yapilmalidir.

V" 4426

= =12.84
N 344.8

Gerekli bulon sayis1 =n, =

kapasite

14 M27 kullanilacaktir.

4.2.2.1.4. Govde Bulonlar1 Hesaba :

d=5xt_ -02=+5x155-02=2.58cm

30M24 secilmistir.

N=dxt_ . xo,=2.5x1.55x63.00=244.1kN (Ongermeli)

2 2
No=2x X4 o IIX25 5800 =274.9 kN (4.102)
Nkapasite = min ( N1 > st ) = 2441 kN
IM,* =M, +V, x1,=7182+ 2481 x 20.00 = 56802 kNem (4.104)
r,=3.75 cm
,=11.25 cm
r,=18.75 cm

r,=y/7.5*+3.75" =8.38 cm

r,=y7.5°+11.25" =13.52 cm ¢ 2> =2( 41, +r,7 )+ () 4 4 4 g P )=8295 em?
r,=\/7.5°+18.75> =20.19 cm
r,=4/15.00+3.75% =15.46 cm

r,=/15.00>+11.25% =18.75 cm

r,=y/15.00*+18.75> =24.01 cm

_IME 56802

N M sy 18.75 =128.4kN
r 8295
IM_ ¢ 56802 (4.109)
N M= Zd y= 15.00 =102.7kN
y r 8295
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V, _ 2481

v,V =—Lt="— =827kN 4.106
ly ng 30 ( )
Nowe = (N (N V1)
VN Y Y (4.107)
= J(128.4) +(102.7 +82.7 )?
Now=2255kN < N g =244.1kN 30M24 vyeterlidir.
I
\
prizniiiil
DIl
HE1000X393 " ‘e& ‘i& ?& i‘& a&\a& «f i&‘ i&‘ i&‘ " HE1000X393
| | |
‘E IR RS SRS R R R RN \
- - - = o }é *;4:‘2;%*%}%%%%]142;% } - -
N |
Sekil 4.27 : HEB600 Kiris Eki Detay1
4.2.2.1.5. Kolon Kayma Bolgesi Kalinhig1 Kontrolii :
Kayma bolgesinin gerekli kesme kuvveti dayanimi =V,
1 1
Vie=08x > M (— - —) (4.108)
db Hort
Kayma bolgesinin kesme kuvveti kapasitesi =V,
2
V. =06x0, xd, xt, | 1+2 2 Xl (4.109)
d, xd, xt,
V2V, (4.110)
t.=min(t;t) t,., = u/180 4.111)
u=2(d, +d,) (4.112)
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Sekil 4.28 : Kayma Bolgesi Takviye Levhalar1 Detay1

HE1000X393 — d =101.6 cm b, =303cm t,=439cm t=244cm
HEB600 — d,=60.0cm b,=300cm t,=3.00cm W, =6425 cm’

M,= W x0,=6425x39.60 = 254430 kNem

Hoi =400 cm

V= 0.8 x2 | 254430 (= - ——) | =5767kN
60 400

3x439°
Vp=0.6x39.60x101.6x2.44[1+ Ix303x439 | _gs84kN

60.0 x 101.6 x 2.44

V,=6584kN > V, =5767kN  kosulu saglanmaktadir.

Takviye levhasina ihtiyag¢ yoktur.
u=2(d,+d,)=2(101.6+60) = 323.2 cm

t., =2.44cm > u/180=323.2/180=1.80cm kosulu saglanmaktadir.

t,=4.39cm > 0.54+/ 30.0 x 3.00=5.12 cm

kosulu saglanmamaktadir.
t,=4.39m > 30.0/6=5.00 cm

Kullanilmasi gereken siireklilik levhasi kalinligi 3.00 cm > tps = 3.00 cm

4.2.2.2. Kirislerin Ek Hesabi Tip 2

Tip 2 kiris ekinin bulundugu kat numaralar1 = 12 ~ 21
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4.2.2.2.1. Kesit Ozellikleri :

HEBS550 :

d,=550cm h=492cm t,=150cm b,;=300cm t,=290cm
A=2541cm’> W, _=5591 cm’

Baglik alani =F, =2 x b, x t,, =2 x 30.0 x 2.90 = 174.0 cm’ (4.92)
Govde alam =F, = A - F,=254.1 - 174.0 = 80.1 cm’ (4.93)
Baslhk levhasialam=F , =2 x (b, xt,+2x b, xt,) (4.94)

F,=2x(300x2+2x11.2x2)-8x2.8=1872cm’ >F, =174.0 cm’
Govde levhasi alanm1 = F,=2x h o Xty - 5d (4.95)
F,=2x40.0x1.2-5x2.5=283.5 cm® >F,= 80.1 cm’

GHQE25E, 73128 kNcm
GHQ=25E, 60416 kNcm
09G2se, — 08297 kNem
09G2.5E, 58317 kNem

M, .. = 73128 kNcm

< £ XK

Birlesimin egilme momenti kapasitesi kirisin egilme momenti kapasitesinin
0.8 x 1.1 D, = 0.968 katindan az olmayacaktir.

Kesitin plastik moment tagima kapasitesi = M|

M,=0.968 x W, x06,=0.968 x 5591x39.60 = 214319 kNem (4.96)

M_ ., ile hesapta emniyet gerilmesi — o

M, ile hesapta emniyet gerilmesi — 1.70,,

M
T P> Mo oldugundan M ile hesaba devam edilecektir.
16, ©

em

Bulonun gevrek bir malzeme olmasi dolayisiyla 1.7 katsayisi kullanilmayacaktir.

. . o M, + M)
Kesitin kesme kuvveti kapasitesi = V, =V, + 1.1xD, x —* 1 o 4.97)
+
V =52+ 11x1.1x (214319 214319):1822kN
P 292.8

Ekin baghk atalet momenti =1, "
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I,’=2x(30x2.0x57" +2x11.2x2.0x47.2%) = 589494 cm"*
Ekin govde atalet momenti = *®

txy’ . 1.2 x 40.0°

=2 = 12800 cm®*
12

[,*=2x

Ekin toplam atalet momenti = I,

I, =1,"+1,°%=2589494 + 12800 = 602294 cm*

ek

b
M," =M Lo 514319 28994
602294

p
ek

=209764 kNcm

g
M, f =M o 514319 1280
Pl 602294

ek

= 4555 kNcm

4.2.2.2.2. Bashk Bulonlar1 Hesab :

N=dxt, xo,=2.8x29x48.00=389.8 kN

I x d? IMx2.8°
XT._ =2X ——

sem

N,=2x X 28.00 = 344.8 kKN

N =min (N, ; N, ) =344.8 kN

kapasite

v M," _ 209764
I 49.2

v, = 4264 kN

I-min
Bulon hesabt  V,"=4264 kN kuvvetine gére yapilmalidir.

V" 4264

= =12.37
N 344.8

Gerekli bulon sayis1 =n, =

kapasite

14 M27 kullanilacaktir.

4.2.2.2.3. Govde Bulonlar1 Hesaba :

d=5xt_. -02=+5x150-02=2.54cm

25M24 segilmistir.

N=dxt_ xo..=2.5x1.50x63.00=2363kN (Ongermeli)

ITx d* Mx2.5
XT. . =2X ——

sem

x 28.00 =274.9 kN

N,=2x

N =min (N, ; N, )=236.3 kN

kapasite
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IM,* =M, +V, xr1,=4555+ 1822 x 20.00 = 40995 kNem (4.104)

r,=0.00 cm
r,=7.50 cm
r,= 15.00 cm
r,=7.50 cm

r,=y/7.50*+7.50° =10.61 cm  + ¥ t’=r1>+2(r,> 41,241, +1, S HA(+r 4 4 4, )= 5624 cm?

r,=/7.50°+15.00> =16.77 cm

r,= 15.00 cm

1,=4/15.00°+7.50% =16.77 cm

r,=/15.00°+15.00° =21.21 cm

_ M 40995

N, M o 15.00 =109.3kN
> 5624
C 400 (4.105)
M
N M= Sk y= 3 15.00 =109.3kN
Y > 5624
\Y
v, == 1822 J20KkN (4.106)
n, 25
Now =4/ (N? + (NS + VY )2
AN Y Y (4.107)
= J(109.3)> +(109.3 +72.9 )
N =2125kN < Ny g =2363 kN 25M24  yeterlidir.
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\
Sekil 4.29 : HEB550 Kiris Eki Detay1
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4.2.2.2.4. Kolon Kayma Bolgesi Kalinhig1 Kontrolii :

HEMS50 — d.=572cm b,=30.6cm t,=400cm t=2.10cm

HEB550 — d,=550cm by,=300cm t,=290cm W, _=5591cm’

M,= W, x6,=5591x39.60 = 221404 kNem

Hoi =370 cm

1 1
V,.=0.8x2|221404 (— - ——) |=5483kN
55 370

3 x 30.6 x 4.007
55.0x57.2x2.10

V, =0.6x39.60x57.2x2.10 {lJr }:34881(N

V,=3488kN > V,,=5483 kN  kosulu saglanmamaktadur.

Takviye levhasina ihtiyag¢ vardir. Levha kalinligi = t; =1.50 cm se¢ilmistir.

t,=2.10+2x1.50=5.10 cm

3 x 30.6 x 4.00?
55.0x57.2x5.10

\A :0.6X39.60X57.2X5.10|:1+ }:7566kN

V,=7566kN > V, =5483 kN  kosulu saglanmaktadir.

u=2(d, +d,) =2 (57.2+55)=2244 cm

t. =150cm > u/180=224.4/180=1.25cm kosulu saglanmaktadir.

t,=4.00cm > 0.54+ 30.0 x 2.90=5.04 cm

kosulu saglanmamaktadir.
t,=4.00cm > 30.0/6=5.00 cm

Kullanilmasi gereken siireklilik levhasi kalinligi 3.00 cm >ty =2.90 cm

4.2.2.3. Kirislerin Ek Hesab1 Tip 3

Tip 3 kiris ekinin bulundugu kat numaralar1 = 22 ~ 31

4.2.2.3.1. Kesit Ozellikleri :

HEBS500 :
d,=500cm h=444cm t =145cm b,=300cm t,=2.80cm
A=238.6cm® W, =4815cm’

Baslik alam=F, =2 x b, x t, =2 x 30.0 x 2.80 = 168.0 cm’

Govde alan1 =F, = A - F, =238.6 - 168.0 =70.6 cm’
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Baslik levhasialani=F =2 x (b, xt,+2xb, xt,) (4.94)
F,=2x(300x2+2x11.2x2)-8x2.8=1872cm’ >F, =168.0 cm’
Govde levhast alam=F, =2 xh, xt, - 6d (4.95)

F,=2x38.0x1.2-6x2.1=78.6cm’>F,=70.6 cm’

M. gs255, = 56386 kNem
MG+Qi2.5E = 61435 kNCIIl
y M. = 61435 kNem
M ggs255, = 52838 kNem
M0'9Gi2.5Ey = 58494 kNCl’l’l

Birlesimin egilme momenti kapasitesi kirisin egilme momenti kapasitesinin
0.8 x 1.1 D, = 0.968 katindan az olmayacaktir.

Kesitin plastik moment tagima kapasitesi = M|

M,=0.968 x W  x06,=0.968 x 4815x39.60 = 184572 kNcm (4.96)

M_ . ile hesapta emniyet gerilmesi — o,

M, ile hesapta emniyet gerilmesi — 1.70,,

M M
" ’— > —m& oldugundan M ile hesaba devam edilecektir.
Jo,, ©

em

Bulonun gevrek bir malzeme olmasi dolayistyla 1.7 katsayis1 kullanilmayacaktir.

» . . M, + M)
Kesitin kesme kuvveti kapasitesi = V, =V, + 1.1 xD, x H 4.97)
+
V =40+ 1.1x1.1x (184572 + 184572) =1518 kN
b 302.2
Ekin baghk atalet momenti =1_,"
[,"’=2x(30x2.0x52* +2x11.2x2.0x42.4%) =485559 cm* (4.98)
Ekin govde atalet momenti =1 *
3 3
I°=2x ”1‘—23' _ox 12X380 16074 o (4.99)

Ekin toplam atalet momenti = I,
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I, =1,°+1,°%=485559 + 10974 = 496533 cm*

b
M, " = M, To _ 184572 483559 _ 180492 kNcm
o 496533
g
M,k = M, IL = 184572 10974 =4080 kNcm
496533

ek

4.2.2.3.2. Bashk Bulonlar1 Hesab :

N=dxt, xo,=2.8x28x48.00=3763kN

ITxd? Mx2.8
XT. =2X ——

sem

N,=2x X 28.00 = 344.8 kKN

N =min (N, ; N, ) =344.8 kN

kapasite

_M," _ 180492
I 44.4

= 4065 kN

b
Vek

I-min
Bulon hesabi  V, ”=4065 kN kuvvetine gére yapilmalidir.

V" 4068

= =11.79
N 344.8

Gerekli bulon sayis1 =n, =

kapasite

12M27 kullanilacaktir.

4.2.2.3.3. Govde Bulonlar1 Hesaba :

d=5xt_. -02=+5x145-02=249cm

30M20 secilmistir.

N=dxt, , xo0,,=21x145x48.00=146.2 kN

IT x d? IMx2.1°
XT. =2X

sem

N,=2x x 28.00 = 193.9 kN

N =min (N, ; N, )=146.2 kN

kapasite

S M, =M, +V, x1,=4080 + 1518 x 17.00 = 29886 kNem

156

(4.100)

(4.101)

(4.102)

(4.103)

(4.102)

(4.104)



r,=3.00 cm
,= 9.00 cm
r,= 15.00 cm

r,=4/6.00°+3.00* =6.71 cm

r,=4/6.00°+9.00° =10.82 cm ¢ X 1>=2(x’+r, 41, ) H4(r, +r,” +r, >+, 41, 41,7 )= 5311 cm’

r,=4/6.00°+15.00° =6.16 cm
r,=4/12.00°+3.00> =12.37 cm
r,=4/12.00°+9.00° =15.00 cm

r,=/12.00°+15.00° =19.21 cm

v IMyE 29886

N, : 15.00 =84.4kN
s 5311
g
N = EM;k x= 22980 15 00 = 67.5kN
’ s 5311
v, 151
v, =—Lt= DI8 506k
n, 30

N = \/( N1xM)2 +( leM + Vlyv )2

= J(84.4) +(67.5+50.6 )

N _ =1451kN < N, . =1462kN

kapasite

30M20 yeterlidir.

T

(4.105)

(4.106)

(4.107)
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4.2.2.3.4. Kolon Kayma Bolgesi Kalinhig1 Kontrolii :

HEM450 — d,=478 cm b,=30.7cm t,=4.00cm t =2.10cm

HEB500 —» d,=50.0cm b,=300cm t,=280cm W, =4315 cm’

M,= W, xc,=4815x39.60 = 190674 kNem

Hoi =370 cm

1 1
V,.=08x2|190674 (— - —) |=5277kN
50 370

3 x 30.7 x 4.00°
50.0x47.8x2.10

V, =0.6x39.60x47.8x2.10 {1+ }:30851(N

V,=3085kN > V,, =5277kN  kosulu saglanmamaktadur.

Takviye levhasina ihtiyag¢ vardir. Levha kalinligi = t; =1.20 cm sec¢ilmistir.

t, =2.10+2x1.20=4.50 cm

3x30.7 x 4.00°
50.0x47.8 x4.50

V, =0.6x39.60 x 47.8 x 4.50 {1+ }:5811 kN

V,=5811kN >V, =5277kN  kosulu saglanmaktadir.

u=2(d, +d,) =2 (47.8 + 50) = 195.6 cm

t. =120cm > u/180=195.6/180=1.08 cm kosulu saglanmaktadir.

t,=4.00cm > 0.54v 30.0 x 2.80=4.95 cm

kosulu saglanmamaktadir.
t,=4.00cm > 30.0/6=5.00 cm

Kullanilmasi gereken siireklilik levhasi kalinligi 3.00 cm >ty = 2.80 cm

4.2.2.4. Kirislerin Ek Hesabi Tip 4

Tip 4 kiris ekinin bulundugu kat numaralar1 = 32 ~ 41

4.2.2.4.1. Kesit Ozellikleri :

HEB450 :

d,=450cm h=398cm t ,=140cm b,=300cm t =2.60cm
A=218.0cm®> W, =3982cm’

Baslik alam=F, =2 x b, x t, =2 x 30.0 x 2.60 = 156.0 cm’

Govde alam =F, = A - F, =218.0 - 156.0 = 62.0 cm’
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Baslik levhasialani=F , =2x (b, xt,+2xb, xt,) (4.94)
F,=2x(300x2+2x11.2x2)-8x2.8=1872cm’ >F, =156.0 cm’
Govde levhast alam =F, =2 xh, xt, -5d (4.95)

F,=2x32.0x1.2-5x2.1=66.3 cm® > F,= 62.0 cm’

MG“‘QiZ.SEX = 46668 kNCIIl
MGJrQiZ.SEy = 69039 kNCm
M, .. = 69039 kNcm
Myogirss, = 43057 kNem
M0.9Gi2.5Ey = 65382 kNcm

Birlesimin egilme momenti kapasitesi kirisin egilme momenti kapasitesinin
0.8x 1.1 D, =0.968 katindan az olmayacaktur.

Kesitin plastik moment tagima kapasitesi = M|

M,=0.968 x W  x06,=0.968 x 3982x39.60 = 152641 kNcm (4.96)

M_ . ile hesapta emniyet gerilmesi — o

M, ile hesapta emniyet gerilmesi — 1.70,,

M M
T *— > —m% oldugundan M, ile hesaba devam edilecektir.
16, ©

em

Bulonun gevrek bir malzeme olmasi dolayistyla 1.7 katsayis1 kullanilmayacaktir.

. : L (M., + M)
Kesitin kesme kuvveti kapasitesi = V, =V, + 1.1 xD, x H 4.97)
+
V. =25+ 11x1.1x U201 0152641 1500 1
P 306.8
Ekin baghk atalet momenti =1_,"
[,’=2x(30x2.0x47" +2x11.2x2.0x37.8°)=393104 cm* (4.98)
Ekin govde atalet momenti =1 *®
3 3
[°=2x ”l‘zy oy 12X 320 sy ot (4.99)
Ekin toplam atalet momenti = I
I, =1,"+1,°%=393104 + 6553 = 399657 cm* (4.100)
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b
M, =M Lo _ 152641 39312‘;: 150138 kNem

p
ek

. (4.101)

M,* =M, la” _ 152641 393104 _ 2503 kNcm
o 399657

4.2.2.4.2. Bashk Bulonlar1 Hesab :
N=dxt  x0,,=2.8x2.8x48.00=376.3kN

2 2
N,=2x fMxd XT, =2X Mx28 x 28.00 = 344.8 kKN (4.102)
Nkapasite =min (N, ; N, )=344.8 kN

b
Vv, "= M~ _ 150138 3772 kN (4.103)
|, 39.8
Bulon hesabi  V,°=3772 kN kuvvetine gére yapiimalidir.
b
Gerekli bulon sayisi =n, = Vo _ 3772 _ 3
Nkapasite 3 44 . 8

12M27 kullanilacaktir.
4.2.2.4.3. Govde Bulonlar1 Hesab :
d=5xt,, -02=+5x145-02=249cm
25M20 segilmistir.
N=dxt_ . xo_=2.1x140x63.00=1852kN ( Ongermeli)

2 2
No=2x XDy X2 800=193.9 kN (4.102)
Nkapasite =min (N, ; N, )=146.2 kN
IM,* =M, +V, xr1,=2503+1229 x 17.00 = 23396 kNcm (4.104)
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;= 0.00 cm
r,= 6.00 cm
r,= 12.00 cm
r,= 6.00 cm

r,=4/6.00°+6.00° =848 cm X r’=r1 +2(r, 1, +r, 41, ) H4(+r +r, 4 Y )= 3600 cm”

r,=4/6.00°+12.00° =13.42 cm

r,= 12.00 cm

1,=¢/12.00°+6.00> =13.42 cm

r,=y/12.00°+12.00° =16.97 cm

_EM® 23396

N M == 12.00 = 78.0kN
S 3600
1306 (4.105)
M
N = 2 x= 12.00 = 78.0kN
St 3600
\Y
v, == 1229 _ 492kN (4.106)
n, 5
Nowe = (N + (N +VY )2
AN Y Y (4.107)
= J(78.0 ) +(78.0 +49.2 )
N,.=1492kN < N .. =1852kN 25M20 yeterlidir.
|
|
T TErrriziier
DL
- ‘111111;111111‘
| | |
\r:n o e e | M M M M M |
- }g ;2:@2;%#*}#*‘##132&; } -
s |

\
Sekil 4.31 : HEB450 Kiris Eki Detay1
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4.2.2.4.4. Kolon Kayma Bolgesi Kalinhig1 Kontrolii :

HEM400 — d=432cm b,=307cm t,=4.00cm t=2.10cm

HEB450 — d,=450cm b,=300cm t,=2.60cm W, =3982 cm’

M,= W, x0,=3982x39.60 = 157687 kNem

Hoi =370 cm

1 1
V,.=08x2|157687 (— - —) |=4925kN
45 370

3 x 30.7 x 4.007
45.0x43.2x2.10

V,=0.6x39.60x43.2x2.10 {1+ }:2934kN

V,=2934 kN > V,,=4925kN  kosulu saglanmamaktadir.

Takviye levhasina ihtiya¢ vardir. Levha kalinligi = t; =1.00 cm sec¢ilmistir.

t,=2.10+2x 1.00=4.10 cm

3x30.7 x 4.00°
45.0x43.2x4.10

V,=0.6x39.60x43.2x4.10 {1+ }:4986 kN

V,=4986 kN > V, =4925kN  kosulu saglanmaktadir.

u=2(d, +d,)=2 (43.2+45)=176.4 cm

t. =1.00cm > u/180=176.4/180=0.98 cm kosulu saglanmaktadir.

t,=4.00cm > 0.54y/30.0 x 2.60=4.77 cm

kosulu saglanmamaktadir.
t,=4.00cm > 30.0/6=5.00 cm

Kullanilmasi gereken siireklilik levhasi kalinligi 3.00 cm >ty = 2.60 cm

4.2.2.5. Kirislerin Ek Hesab1 Tip 5

Tip 5 kiris ekinin bulundugu kat numaralar1 =42 ~ 51

4.2.2.5.1. Kesit Ozellikleri :

HEB400 :
d,=400cm h=352cm t,=135cm b,=300cm t, =240cm
A=1978cm® W, =3232cm’

Baslik alam=F, =2 x b, x t, =2 x 30.0 x 2.40 = 144.0 cm’

Govde alam =F, = A - F, =197.8 - 144.0 = 53.8 cm’
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Baslik levhasialanmi=F =2 x (b, xt,+2xb, xt,) (4.94)
F,=2x(300x2+2x11.2x2)-8x2.8=1872cm’ >F, =144.0 cm’
Govde levhast alam =F, =2 xh, xt, -4d (4.95)

F,=2x26.0x1.2-4x2.1=54.0 cm’ >F,=53.8 cm’

Mgigiass, = 28109 kNem
M. gs2s5, = 55569 kNem
M, .. = 55569 kNcm
Mgggiass, = 22985 kNem
Mogiase, =951302 kNem

Birlesimin egilme momenti kapasitesi kirisin egilme momenti kapasitesinin
0.8x 1.1 D, =0.968 katindan az olmayacaktir.

Kesitin plastik moment tagima kapasitesi = M|

M,=0.968 x W  x06,=0.968 x 3232x39.60 = 123892 kNcm (4.96)

M, ile hesapta emniyet gerilmesi — o,

M, ile hesapta emniyet gerilmesi — 1.70,,

M M
T P > —mk oldugundan M, ile hesaba devam edilecektir.
16, ©

em

Bulonun gevrek bir malzeme olmasi dolayistyla 1.7 katsayis1 kullanilmayacaktir.

. : . (M., + M)
Kesitin kesme kuvveti kapasitesi = V, =V, + 1.1 xD, x H 4.97)
+
V,=20% L1x1.1x (123892 + 123892) _ 969 kN
316.0
Ekin baghk atalet momenti =1_,"
I,’=2x(30x2.0x42> +2x11.2x2.0x33.2%)=310441 cm* (4.98)
Ekin govde atalet momenti =1 *®
3 3
ooy XY o 12X2000_ y5s s (4.99)
12 12
Ekin toplam atalet momenti = I
I, =1,"+1,°%=310441+3515=313956 cm* (4.100)
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" 310441

M," =M, % = 123892 = 122505 kNem
I, 313956
(4.101)
I8 3515
Mt =M, —% = 123892 = 1387 kNem
I 313956

ek

4.2.2.5.2. Bashk Bulonlar1 Hesab :

N=dxt, xo,=2.8x28x48.00=3763kN

2 2
N,=2x Ixd y Tem= 2 X X 28 28.00=344.8 kN (4.102)
Nkapasite = min ( N] 5 st ) = 3448 kN
b
\/ekb = MCk = 122505 = 3480 kN (4.103)

1 35.2

I-min

Bulon hesabi  V,"=23480 kN kuvvetine gére yapiimalidir.

v, _ 3480
N 344.8

Gerekli bulon sayis1 =n, = =10.09

kapasite

12M27 kullanilacaktir.

4.2.2.5.3. Govde Bulonlar1 Hesaba :

d=5xt_. -02=+5x135-02=239cm

20M20 segilmistir.

N=dxt_. xo..=21x140x63.00=1852kN ( Ongermeli)

2 2
N,=2x Hxd X T =2 X Mx2l x 28.00 = 193.9 kN (4.102)
Nkapasite = min ( N] > st ) = 1462 kN
IM, =M 2+ V, x1,,= 1387+ 969 x 17.00 = 17860 kNcm (4.104)
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= 3.00 cm
r,= 9.00 cm

r,=4/6.00°+3.00° =6.71 cm

¢ = J6.00749.00 =10.82 cm T 1= 2(r 41 )4 4 4 Y )= 2340 om?
2=/ 0. . .

r,=4/12.00>+3.00> =12.37 cm
r,=/12.00>+9.00> =15.00 cm

_IM,* 17860

N M == 9.00 = 68.7kN
2, 2340
N, = EM," = 17860 1) 00 —91.6kN
Y ot 2340
\Y%
v¥=20-29 _4esin
Y n 20

g

N = (NS (N M+ Y )2

= J(68.7) +(91.6+48.5 )
N_=1561kN < N

kapasite

=185.2kN 20M20

yeterlidir.

(4.105)

(4.106)

(4.107)
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4.2.2.5.4. Kolon Kayma Bolgesi Kalinhig1 Kontrolii :

HEM300 — d,=340cm b,=31.0cm t,=3.90cm ¢t =2.10cm

HEB400 — d,=40.0cm b,=300cm t,=240cm W, =3232 cm’

M,= W, x6,=3232x39.60 = 127987 kNem

Hoi =370 cm

1 1
V,.=08x2|127987 (— - ——) | =4566kN
40 370

3 x31.0 x 3.90°
40.0x34.0x2.10

V, =0.6x39.60x 34.0x2.10 {1+ }:25361(N

V,=2536 kN > V,,=4566 kKN kosulu saglanmamaktadir.

Takviye levhasina ihtiyag¢ vardir. Levha kalinligi = t; =1.50 cm se¢ilmistir.

t,=2.10+2x1.50=5.10 cm

3x31.0x3.90°
40.0x34.0x 5.10

V, =0.6x39.60x34.0x5.10 {1+ }:4960 kN

V,=4960 kN > V, =4566 kN kosulu saglanmaktadir.

u=2(d,+d,) =2 (34.0 + 40) = 148.0 cm

t. =150cm > u/180=148.0/180=0.82 cm kosulu saglanmaktadir.

t;=3.90cm > 0.54+/ 30.0 x 2.40=4.58 cm
t,=3.90cm > 30.0/6=5.00 cm

Kullanilmasi gereken siireklilik levhasi kalinligi 3.00 cm >ty =3.00 cm

166

kosulu saglanmamaktadir.

(4.114)

(4.108)

(4.109)

(4.110)

(4.109)

(4.110)
4.111)
4.112)

(4.113)



Govde Takviye Levhalart

‘\

\

| \
| \
\ |
[ FoF T FF T }
| o+ 2%+ + o+ 4 |
+ + o+ o+
\ %+ + + + + 4 \
| + o+ o+ o+ o+ o+ o+ |
ireklili oo+ sttt
| Siireklilik Levhalart ﬁyxjﬁ Bofggm N | N,
| \
| \
| \
| |
; 1
| \
| \
| \

Sekil 4.33 : Tipik Kolon-Kirig Birlesim Detay1

Tipik kolon-kirig birlesim detayr Sekil 4.33’de, bu detayin ayrintilar1 detay
paftasinda verilmistir. GoOriildiigli lizere kolon-kiris birlesim bdlgelerinde kiris
basgliklar1 arasinda uzanan siireklilik levhalart kullanilmistir. Ayrica hesaplari
yukarida gosterilen kayma bolgelerinde gereken birlesimlerde govde takviye
levhalar1 kullanilarak kayma bdolgesi giliglendirilmistir.

Kirislerin kolonlara atolye kosullarinda gévde ve basliklarindan tam penetrasyonlu
kiit kaynak ile birlestirilmesi prensibi ile bu detay olusturulmustur. Bu detay 0.04
radyan donme kapasitesine sahip olacak sekilde gelistirilmelidir. Kaynak [19], 2002
yilinda 4 bilimadami tarafindan yapilan, kaynakli kolon-kiris birlesimlerinin
detaylar1 ve bu detaylarin birlesimin déonme kapasitesini nasil etkiledigini ortaya
cikarmak i¢in yapilmis bir dizi testi iceren bir makaledir. Bu makalede 0.04
radyandan daha biiyiik donme kapasitesine sahip oldugu testlerle kanitlanan birlesim
detaylart mevcuttur. Projeci tarafindan proje asamasinda kolon-kiris birlesim
bolgeleri detaylar makaledeki ayrintilar gézoniinde tutularak gelistirilip 0.04 radyan
donme kapasitesine sahip olmasi saglanmalidir ya da baska detaylar uygulanmak
istenirse, o detayin 0.04 radyan donme kapasitesine sahip oldugu testler ile

gosterilmelidir.
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4.2.3. Kolon Ayagi Hesaplari

4.2.3.1. Kolon Ayag Hesabi Tip 1

Tip 1 kolon ayag1 hesabt HE1000X393 kolonlar1 i¢in gegerlidir.
4.2.3.1.1. Malzeme Ozellikleri :

St52

Akma Sinir1 Mukavemeti = ¢, = 36.00 kN/cm?

Birlesimlerin Hesaplarinda Akma Sinir1 Mukavemeti = D,G, = 39.60 kN/cm?

Kaynak :

Kaynak Emniyet Gerilmesi = Gyem = 17.00 kN/cm?
Sinir Emniyet Gerilmesi = Ggep = 12.00 kN/cm?
Kaynak Emniyet Gerilmesi = Tyem = 17.00 kN/cm?

4.2.3.1.2. Kesit Ozellikleri :

HE1000X393 :

d=101.6cm h=9282cm t =244cm b,=3030cm t,=439cm
A =500.2 cm’

En biiyiik normal kuvvete gore i¢ kuvvet degerleri :

Ngio = 5836 kN Mg, =118 kNem Vi = 1 KN
Ng geose, = 6880 kN Mg gsase, = 92926 kNem

Ngigsase, = 7861 kN M. qurse, = 85639 kNem

Niogiase, = 5240 kN Msgese, = 92858 kNem

Niogsase, =4986 kN M o625, = 85667 kNem

En kiigiik normal kuvvete gore i¢ kuvvet degerleri :

Ngio =3701 kN Mg.q =299 kNem Voo = 1 kN
Groease, — D400 kN Mg gerse, = 96015 kNem

GrQE25E, 4217 kN Mg, = 110784 kNcm

09Gs255, — 3301 kN M ogsasp, = 96183 kNem
M

N
N
N
Nyogerse, = 2398 kN vsgease, = 110679 kNem — Vygou,q =394 kN
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Hesaba esas olan kesit tesirleri : N=2398 kN M =110679 kNcm V =394 kN

Taban levhasi boyu = A =200 cm
Taban levhasi genisligi = B = 60 cm

BO
& 7
N ’f L % o ‘ 4 44, .
’ o LY IPN500 o ‘a
. Terrel
4 L ﬂ /- . Lo
4 . 4 a / / q a 4
. 4 . oo/ a .
4 s 4 ) 49 4 < . 4
vV A
i | L
e e, (N A8
1335 @ 3 ¥ . #
i - 6306 [
&»g I L pap) u J %
B=600| 330 s f
T 215 ( N 1 ¥
1335 % \/ % %
| e
AZ2000 s 8

Sekil 4.34 : Tip 1 Kolon Ayagi Serbest Cisim Diyagrami
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€, A=§200=75cm
8

(4.115)

-6=¥-6=94cm

€

3

8

A
© 2
D = Kolon ayaginda olusan basing kuvveti

Z = Kolon ayaginda olusan ¢ekme kuvveti.

_ M+Nxe, 110679 +2398 x 94
e, te, 94 +75

_ M-Nxe;, 110679 -2398x75 _ _ 409 kN
e,te, 94+ 75

D = 1989 kN

(4.116)
zZ

Z < 0 — Kesitin tamami basing durumundadir.

Cekme kuvveti olusmadigi i¢in konstriiktif olarak 4M30 bulon kullanilacaktir

4.2.3.1.3. Beton Basin¢ Gerilmesi Kontrolii :

p = Beton yliziinde olusan basing gerilmesi

p= D _ 198 _ 0.663 kN/cm®> < 1.000 kN/cm®  (C35) 4.117)
A 200
Z x B T X 60

4.2.3.1.4. Taban Levhas1 Kalinhg1 Kontrolii :

B-c _ 60-33.30

b,=303cm t=10cm ¢=3330cm ¢,= 5 =13.35cm
2 1 . 2
M, =p%=0.663 335 _59.08 kNem

M, =59.08kNem (4.118)

B B 60 60
M, =p—(—-c,) =0.663—(—-13.35)=32.81 kNcm
2 p2(4 ") 5 ( 4 )

t=10cm > 245 |Mume _g45 [0 _y 050 (4.119)
Coum 21.60
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4.2.3.1.5. Guse Levhasim Profil Bashgina Baglayan Kaynaklarin Kontrolii :

2398 N 1 110679
4 2 101.6

= 1144 kN (4.120)

p- N, 1M
4 h

1
2

Kaynak kalinligi=a, =2 cm
Kaynak alan1 =F, = (h, -2xa,)xa, =(50-2x2)x2=92 cm’

1= —=——=1243kN/em’ < 71, =17.00 kN/cm’ (4.121)

4.2.3.1.6. Guse Levhalarimin U¢ Kesitinde Gerilme Kontrolii :

M, =D( A-d, _é) 1989 200-101.6 _200) 48134 KNem
A2 d ° 200-101.6 8 M = 48134 kNem (4.122)
M, =Z(— 0'61)2409(+-6)=17669 kNem

2

2xt xh, x(};1 +t)+thx;

= 4.123
Y 2xt, xh+Bxt ( )

2x3x50x(520+10)+60x10x10

y= 2 —15cm
2x3x50+60x 10

3

3
I zzxtlx?_lz+2xtlxhlx(% +t-y)® + Bxt

+Bxtx(y- %)2 (4.124)

50° 60 x 10°

Ix=2x3xE+2x3x50x(%+10-15)2+ +60x10x(15-%)2

I,= 62500 + 120000 + 5000 + 60000
I ,=247500 cm*

y,=y=15cm

4.125
y, =h, +t-y=50+10-15=45cm ( )
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W=t %200 = 5500 cm’ (4.126)

o= _ &10304 =8.75kN/em® < o, =21.60 kN/cm’ (4.42)

4.2.3.1.7. Guse Levhalarinmi1 Taban Levhasina Baglayan Kaynaklarin Kontrolii :

Taban levhasinin statik momenti = S_

Sx=thx(y—%)2607410)4(15—%)260000m3 4.127)

Guse levhasimin i¢ tarafina kaynak ¢ekilmesinin zor olacag diisiiniilerek hesaplarda
levhanin sadece dis yliziindeki kaynaklar gbz oniinde tutulacaktir.
Q = D alinacaktir.

= QxS, _  1989x6000
I x(2xa,) 247500x(2x1.5)

=16.06 kN/cm® < 1, =17.00 kN/cm®  (4.128)

4.2.3.1.8. Kolon Govdesini Taban Levhasina Baglayan Kaynaklarin Kontrolii :

Kaynak kalinhigi=a, =2.0 cm
Kaynak boyu=1,=40-2xa, =40-2x2=34cm
Kaynak Alam=F =2x1, xa,=2x34x2=136 cm’

e T Ta 2.90 kN/em®> < 1, =17.00 kN/cm® (4.129)

4.2.3.1.9. Kama Elemaninda Kontroller :

IPN500 :

b,=18.55 cm W, =2770 cm’

4.2.3.1.9.1. Beton Gerilmesi Kontrolii :

Beton gerilmesi = p'
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p' v 39 _().608 kN/em” < 1.000 KN/em® (C35) (4.130)

“b,x(40-5)  18.5x(40-5)

4.2.3.1.9.2. Profil Kesit Kontrolii :

2 2
M=pxb, 0 _ 608185 % = 6889 kNem (4.131)
o= M _ O ) 4okNem® < o, =21.60 kN/cm? (4.42)
W, 2770

4.2.3.1.9.3. Kama Elemanini1 Taban Levhasina Baglayan Kaynaklarin Kontrolii:

_ 1k43 d,  a,
I= 2xa4xg+2xa4x 1 s ?4'7) (4.132)
3
I, = 2x0.9x wg x0.9x18.5x(5—;+0—;)2 =24932 cm*

Ff=2xa, xl, =2x09x(30-2x0.9)=50.8 cm’
40 -5 35

M=V x =394 x B 6895 kNem (4.133)
6. = M (ﬂ+a4) _ 0895 (ﬂ+o.9) =5.78 kN/cm’ < o =12.00 kN/cm® (4.134)
I 2 24932 2

o, =5.78 <o, =12.00 kN/cm’ — /1,’+0,” <o, =17.00 kN/cm® kontroliine gerek yoktur

sem

V3 76 1 N/em? < 1= 17.00 kN/cm® (4.135)

0.

s
uq
[,
o2¢]

4.2.3.2. Kolon Ayagi Hesabi Tip 2

Tip 2 kolon ayag1 hesabt HACHE700M kolonlar1 i¢in gegerlidir.
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4.2.3.2.1. Kesit Ozellikleri :

HE700M :

d=7160cm h=63.60cm t =2.10cm b, =3040cm t ,=4.00cm
A =383 cm’

En biiyiik normal kuvvete gore i¢ kuvvet degerleri :
Ng.o = 11152 kN Mg =907 kNcem Voo = kN

Niigease, = 12385 kN Mg gasp, = 61571 kNem
Neigease, = 13545 kN Mg.qurse, = 35896 kNem
Noogease, = 0766 kN M o656, = 61437 kNem
Niogease, = 9465 kN M55, = 35340 kNem

En kiigiik normal kuvvete gore i¢c kuvvet degerleri :

Ngio =8317 kN Mg, =839 kNem Viio = 1 kN
Ngguose, = 9125 kN Mg gerse. = 45987 kNem

Neigease, = 13224 kN Mg s, = 28022 kNem

Noggerse, = 5044 kN Mysgirse, =44571kNem  Vyu,5 =233 kN
Nosgezse, = 7609 kN Mo 55, = 28665 kNem

Hesaba esas olan kesit tesirleri : N = 5044 kN M =44571 kNecm V =233kN

Taban levhasi boyu = A = 140 cm
Taban levhasi genisligi = B = 140 cm
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Sekil 4.35 : Tip 2 Kolon Ayag1 Serbest Cisim Diyagrami

h=500

T T

=120
} 50
4
4 M .
.
.
4 a
PR)
.
4 a
|
! el‘ C, €4
120,
# # #*
36 & @
a
- R [T A ——
=
*3
338 = i
i
&
ol
=+ 55 Pl —
B
B=1400 X
338 Ko
#
=+ Yl E—
362
*
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A=2140=525cm
8 4.115)

-el=7-12=58.00m

3
8
A 140
2
D = Kolon ayaginda olusan basing kuvveti

Z = Kolon ayaginda olusan ¢cekme kuvveti

_ M+Nxe, 44571 +5044 x 58.0
e,te, 52.5+58.0

_ M-Nxe, _ 44571 -5044x52.5 1993 kN
e,te, 52.5+58.0

D =3051 kN

(4.116)
Z

Z < 0 — Kesitin tamami basin¢g durumundadir.

Cekme kuvveti olusmadigi icin konstriiktif olarak her yonde 4M30 bulon kullanilacaktir

4.2.3.2.2. Beton Basin¢ Gerilmesi Kontrolii :

p = Beton yiiziinde olusan basing gerilmesi

D _ 3051
140

p = 0.623 kN/cm® < 1.000 kN/em®  (C35) (4.117)

éXB x 140
4

4.2.3.2.3. Taban Levhas1 Kalinhg1 kontrolii :

B -2c _ 140-2x33.80
2

b,=3040cm t=12cm c¢=3380cm c¢= =36.20 cm

36.20°

C2
M=p ~=- <0623

t=12cm > 245 | _o4s /408'20 =10.65 cm (4.119)
Oeen 21.60

4.2.3.2.4. Guse Levhasini Profil Bashgina Baglayan Kaynaklarin Kontrolii :

=408.20 kNcm (4.118)

5044
+

1 1 44571
4 4 4

— =471N (4.136)

N
4
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Kaynak kalinligi=a, =2 cm
Kaynak kalinligi=a, =2 cm
Kaynak alan1=F = (h, -2xa,)xa, =(50-2x2)x2=92cm’
Kaynak alan1 = F, = (h, -2x a,)xa, =(50-2x2)x2=92 cm’

1= —=——=512kNem’ < 1, =17.00 kN/cm’ (4.121)

4.2.3.2.5. Guse Levhalarimin U¢ Kesitinde Gerilme Kontrolii :

A-d, _%) 4051(%-%) =50952 kNcm

M =50952 kNcm (4.122)

M, = D(

M, =Z( A'2d° -¢,) =1993(%-12) =44245 kNem

3xt xh, x(g Jr‘[)+thx£
2 2

= 4.123
Y 2xt, xh+Bxt ( )

3);4)(50);(520+12)+140xl2x12

y= 2 —142cm
3x4x50+140x 12

3 3
I :3thxlll—12+3xtlxhlx(% +t-y)? + Bxt

+Bxtx(y- %)2 (4.124)

50° 140x10°
12

I =3x4x ET) +3X4X50X(% +12-14.2)° + +140 x12x(14.2 -%)2

I.=125000 + 235224 + 11666 + 112963
I = 484853 cm*

y,=y=142cm
(4.125)
y,=h, +t-y=50+12-142=47.8 cm
I 484
W, . =-x= B8 10143 em’ (4.126)
Y, 47.8
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o= M _ 3092 _ 4 oe iNjem? < 6,,= 21.60 kN/cm® (4.42)
W, 10143

4.2.3.2.6. Guse Levhalarim1 Taban Levhasina Baglayan Kaynaklarin Kontrolii :

Taban levhasinin statik momenti = S_

S =Bxtx(y- %) =140x 12x (14.2 - %) = 13776 cm’ (4.127)

Guse levhasinin i¢ tarafina kaynak ¢ekilmesinin zor olacag diisiiniilerek hesaplarda
levhanin sadece dis yiiziindeki kaynaklar g6z ontinde tutulacaktir.

Q =D alinacaktir.

_ QxS _ 3501x13776
I x(6xa;) 484853x(6x1)

=16.57 kN/cm® < 1, = 17.00 kN/cm®  (4.138)

4.2.3.2.7. Kolon Govdesini Taban Levhasina Baglayan Kaynak Dikislerinin
Hesabn :

Kaynak kalinligi=a, =1.0 cm
Kaynak boyu=1,=25-2xa, =25-2x1=23cm
Kaynak Alam=F =4x1, xa,=4x23x1=92cm’

1= —="-=253kN/em’ < 1, =17.00 kN/cm’ (4.129)

4.2.3.2.8. Kama Elemaninda Kontroller :

IPNS00 :

b,=18.55cm W, =2770 cm’

4.2.3.2.8.1. Beton Gerilmesi Kontrolii :

Beton gerilmesi = p'

_ V. 233
b, x(40-5)  18.5x(40-5)

p = 0.360 kN/em®< 1.000 kN/em®  (C35) (4.130)
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4.2.3.2.8.2. Profil Kesit Kontrolii :

2 2
M=p'xb, @0-5) 360185 3% = 4077 kNem (4.131)
o= M _ 2077 1.47 kN/em® < o =21.60 kN/cm® (4.42)
W, 2770

4.2.3.2.8.3. Kama Elemanim1 Taban Levhasina Baglayan Kaynaklarin Kontrolii:

1} 1
1= 4xaxota (5 2xax (%+%) (4.139)
3
I, =4x0.9x %JMXO.%HXTSZH x0.9x18.5x(5—20+%)2 =25434 cm*

Ff=4xa,x1,=4x09x(15-2x0.9)=47.5cm’

M=vx 25 o33y 3—25 = 4077 kNem (4.133)
c, = M (ﬂ+a4) = ﬂ(ﬂ4r0.9) =3.35kN/cm® < o = 12.00 kN/cm® (4.134)
I 2 25434 2

o, =3.35 <o, =12.00 kN/cm* — \/1,’+0,” <o, = 17.00 kN/cm® kontroliine gerek yoktur.

rkzl - B3 4otkNem® < Tyew= 17.00 kN/cm® (4.135)
E® 475
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4.2.4. Kolon EKi Birlesim Hesaplar

Tip 1-2 kolon eki 12 ~ 21 katlar1 arasindadir.
4.2.4.1. Malzeme Ozellikleri :

St52 .

Akma Sinirt Mukavemeti = o, = 36.00 kN/cm?

Birlesimlerin Hesaplarinda Akma Sinir1 Mukavemeti = D,G, = 39.60 kN/cm?

SLP Tipi 10.9 Kalitede Bulon :

Ezilme Emniyet Gerilmesi = Gjen, = 48.00 kN/cm?
Ezilme Emniyet Gerilmesi = Gjep, = 63.00 kN/em? ( Ongerme > 0.5 P,)
Makaslama Emniyet Gerilmesi = Tgey = 28.00 kN/cm?

4.2.4.2. Kesit Ozellikleri :

HEMS550 :

d=572cm h=492cm t =210cm b, =30.6cm t,=4.00cm
A=354cm’ W _=7933 cm’

Baslik alam=F, =2 x b x t, =2 x 30.6 x 4 = 244.8 cm’ (4.92)
Govde alan1 =F, = A—- F, =354.0 - 244.8 = 109.2 cm’ 4.93)
Baslik levhastalam=F , =2 x (b, xt,+2x b, xt,) (4.94)

F,=2x(30.6x3+2x11.6x2)-8x2.8=254cm’>F, =244.8 cm’

Govde levhasi alam=F,, =2 xh,, xt, -5d (4.95)
F,=2x41x1.5-5x2.5=110.5 cm® >F,=109.2 cm’

grosase, = 4699 kN
Grgease, = 5234 kN
vs6s2se, = 3277 kN
psease, = 3430 kN

N
N
N N_, =5234kN
N
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Bir bashiga gelen normal kuvvet = N, :leak LY =15234w=1 810 kN
2 A 2 354.0
F 1092 (4.140)
Govdeye gelen normal kuvvet =N =N _ =% =5234——=1614 kN
¢ A 354.0
Ngio= 380 kN
Bir bashiga gelen normal kuvvet =N, = leak E_1 380 2448 _ 132 kN
2 A 2 354.0
. 1092 (4.140)
Govdeye gelen normal kuvvet=N_=N_, —= =380 —— =116 kN
¢ A 354.0
Mg.qiase, = 59689 kNem
Mg.gsase, = 53901 kNem
’ M, .. =59689 kNcm
Mg6ase, = 53253 kNem
M o6i0s: = 52147 kNem
Kesitin plastik moment tagima kapasitesi = M|
M,=0.968 x W  x06,=0.968 x 7933x39.60 = 304094 kNem (4.96)

M_ . ile hesapta emniyet gerilmesi — o,

M, ile hesapta emniyet gerilmesi — 1.70,,

M M
" ’— > —m& oldugundan M ile hesaba devam edilecektir.
Jo,, ©

em

Bulonun gevrek bir malzeme olmasi dolayistyla 1.7 katsayis1 kullanilmayacaktir.

. . . (M, + M)
Kesitin kesme kuvveti kapasitesi = V, =V, + 1.1 xD, x H 4.97)
_l’_
V, =42+ 1.1x1.1x (304094 + 304094) _ 2031 kN
370
Ekin baghk atalet momenti =1,
[,"’=2x(30.6x3.0x602>+2x11.6x2.0x47.2%°)=872117 cm’ (4.98)

Ekin govde atalet momenti =1 *®
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txy3
12

3
ILf=2x —ox XA 1930 em?

Ekin toplam atalet momenti = I
I, =1,°+1,%=872117 + 17230 = 889347 cm*

b
M, =M, L~ 304004 ST
889347

p
ek

= 298202 kNcm

g
M, =M, L — 304094 1720
"1 889347

ek

= 5891 kNcm

4.2.4.3. Bashk Bulonlar: Hesabi :

N=dxt_ xo,,=2.8x4.0x48.00=537.6 kN

IT x d? XHXZ.82

N,=2x X T =2 x 28.00 = 344.8 kN

Nkapasite = min ( Ni; st) =344 .8 kN

_M," _ 298202

v, = 6061 kN
| P, 49.2
Vol op= Vet Ny gq = 6061 +132=6193 kN
V" o= 6193 kN >N, =1810kN
Bulon hesabi V. wp— 0193 KN kuvvetine gére yapilmalidir
b
Gerekli bulon sayist =n, = Voo _ 0193 _ 17.96
Nkapasite 3 44 : 8

18 M27 kullanilacaktir.

4.2.4.4. Govde Bulonlar:1 Hesabu1 :

d=5xt_. -02=+5x2.1-02=3.04cm

25M24 segilmistir.

N=dxt, x0,,=25x2.1x48.00=252.0kN

IT x d? Xsz.s2

XT, =2 x 28.00 =274.9 kN

N,=2x

Nkapasite = min ( Ni 5 st) =252.0kN
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IM, =M+ V, x1,=5891+2031 x 20 =46511 kNem (4.104)

;= 0.00 cm
,=1,=7.50 cm
L,=1,=15.00 cm
t= 7.5 17,5 =10.61cm Tri=0 (g ) (g, )=5625 em?
=1, =v7.5+15°=16.77cm

r,=V15°+15* =21.21 cm

g
N M= ZM;k x= 2011 15 60 124.0kN
Y > 5625
C aest (4.105)
M
N M=% y= 111500 = 124.0kN
> 5625
N
NV == o 46k
n, 20
v 031 (4.142)
N, ' =-Lt= 2031 g1 3N
n, 25
Now =4/ (NS N Y)Y+ (N M+ N Y )?
N, v : : (4.143)
= J(124.0+4.6) + (1240 +813)
N, =2422kN < N .. =2520kN 25M24  yeterlidir.
1] memsso [ |

[130-306-1584

NI
=3.0

=4.0 '
=2.0

VAN
[120-116-1584,
[115-410-800

18M27

# wlH % ¥
R H H
SRR

# oK oW
LT S I

492

# 3k
# 3k
# 3k
# Ok
# 3k

#
#
3
#
#

25M24

792

L
L
L
E
E

18M27

BB B OB OB E | R R N RO R R % B
|

BB B OB OB E | R R ¥ RO R R % B
|

HEMS550

Sekil 4.36 : HEM550 Kolon Eki Detay
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4.2.5. Kolonlarin Kesit Degistirdigi Noktalarin Birlesim Hesaplar:

Tip 1-2 kolon kesit degisimi 21 ~ 22 katlar1 gecisindedir.
4.2.5.1. Malzeme Otzellikleri :

St52 .

Akma Sinirt Mukavemeti = o, = 36.00 kN/cm?

Birlesimlerin Hesaplarinda Akma Sinir1 Mukavemeti = D,G, = 39.60 kN/cm?
Cekme Emniyet Gerilmesi (H Yiiklemesi) = Ggem = 21.60 kN/cm®

Kayma Emniyet Gerilmesi (H Yiiklemesi) = tem = 12.47 kN/cm?

Kaynak :

Kaynak Emniyet Gerilmesi = Gyem = 17.00 kN/cm®
Sinir Emniyet Gerilmesi = Ggemy = 12.00 kN/ cm?

Kaynak Emniyet Gerilmesi = Txem = 17.00 kN/ cm?

4.2.5.2. Kesit Ozellikleri :

Alt Kolon : HEMS550 :
d=572cm h=492cm t =2.10cm b, =30.6cm t,=4.00cm
Ust Kolon : HEM450 :

d=478cm h=398cm t =2.10cm b, =30.7cm t,=4.00cm
A=335cm* W, =6331 cm’

Ust kolon baslik alam =F, =2 x b, x t, =2 x 30.7 x 4 = 245.6 cm’ 4.92)
Ust kolon gévde alan1 = F,= A—F, =335.0-245.6=89.4 om? .
NG+Qi2.5EX =3076 kN
NG+Qi2A5E =3298 kN

y N, =3298 kN
Noogeose, =2155kN
NO.‘)GiZASEy =2108 kN
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1 E 1 245.6

Bir basliga gelen normal kuvvet =N, =—N_ —>=—3298———= 1209 kN
2 A 2 335.0
F, 204 (4.140)
Govdeye gelen normal kuvvet=N =N__ —£ =3298——= 880 kN
¢ A 335.0
Ngio= 254 kN
Bir bashiga gelen normal kuvvet =N, = leak E_1 254 2456 _ 93 kN
2 A 2 335.0
. 204 (4.140)
Govdeye gelen normal kuvvet =N, =N _, — =254 —— =68 kN
A 335.0
Migiass, = 61746 kKNem
M. qsse, = 64384 kNem
M, .. = 64384 kNcm
Mggiass, = 56385 kNem
M ogs2se, = 61341 kNem
Kesitin plastik moment tagima kapasitesi = M|
M,=0.968 x W, x5,=0.968 x 6331x39.60 = 242685 kNcm (4.96)

M_ . ile hesapta emniyet gerilmesi — o,

M, ile hesapta emniyet gerilmesi — 1.70,,

M M
" ’— > —m& oldugundan M ile hesaba devam edilecektir.
Jo,, ©

Kaynagin gevrek bir malzeme olmasi dolayisiyla 1.7 katsayis1 kullanilmayacaktir.

(Mpi + ij)

em

Kesitin kesme kuvveti kapasitesi = V, =V, + 1.1 xD, x (4.97)

(242685 + 242685)

V. =42+ 1.1x1.1x
P 370

=1629 kN
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HEMA450

N40 25
has ﬁ +59200

=60 Jﬁfﬂ — j
500
HEMSS0 +58700
- iE
400
| 650 -

Sekil 4.37 : HEM550-HEM450 Kolon Kesit Degisimi Detay1

4.2.5.3. Bashg1 Enine Levhaya Baglayan Kaynaklarin Hesab :

Kaynak kalinligi =a, =4.0 cm
Kaynak kalinligi=a, =2.5 cm

Basliktaki kaynaklar1 atalet momenti = I,°

[.°=2((axb,xh*)+2 (2xa,xb,x h,*)+2 (2 x a,xb,x h.;*)) (4.144)

[°=2((4.0x357x2597)+2(2x25x9.68x18.65 )+2(2x25x4x21.9%))
1.°=2 (95792 + 33669 + 19184 )
[,°=425562 cm*

I, 297290
W, = =
(h/2) (39.8/2)

= 14939 cm’ (4.145)
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o = My _ 242085 _ o4 iNlem® < o, = 17.00 KN/em? (4.146)

4.2.5.4. Bashg1 Enine Levhaya Baglayan Kaynaklarin Arttirillmis Deprem

Etkilerinden Gelen Normal Kuvvete Gore Kontrol :

Bir bashik kaynak alan1=a, xb,,+2xa, xb,+2xa, xb,

(4.147)
=4.0 x 35.7 + 2x2.5x9.68+2x2.5x4=211.2 cm’
12
c= N—g - 1209 5o iviem? < 6., = 17.00 kN/cm® (4.148)
E, 211.2
4.2.5.5. Govdeyi Enine Levhaya Baglayan Kaynaklarin Kontrolii :
Kaynak kalinligi =a=2.5 cm
Kaynak boyu=1=(d-2c¢)-2a=344-2x25=294cm
Kaynak alani=F, =2 xax1,=2x2.5x29.4=147 cm’
\Y
r= 0 =199 g iniem? < T = 17.00 kN/cm’ (4.149)
E 147

4.2.5.6. Govdeyi Enine Levhaya Baglayan Kaynaklarin Arttirilmis Deprem

Etkilerinden Gelen Normal Kuvvete Gore Kontrol :

6,=—=—=599 kN/cm? < O, 17.00 kN/cm? (4.148)
47

4.2.5.7. EK Levhasinda Gerilme Kontrolii :

N, = 1209 kN
M =N, x e= 1209 x 4.70 = 5682 kNcm (4.150)
hZ 2
W, = bx6 = 05X6 390 em’ (4.151)
6, = M _2082 57 iNem? < O, on=21.60 kN/cm’ (4.152)
W 390
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5. BETONARME VE CELIK YAPI MALIYET VE SURE ANALIZLERIi

Bu bélimde DBYBHY-2007’ye gore statik ve betonarme hesaplari yapilan BA bina
ile yine ayni yonetmelige gore tasarimi yapilan ¢elik binanin maliyet ve siire
analizleri yapilacaktir.

Analizler yapilirken, insaat asamasinda imalatin gecikmesine neden olacak dis
etkenlerin ortaya ¢ikmadigi kabul edilmistir.

Her iki yap1 i¢in kaba yapr maliyetleri hesaplanmustir. insaat dncesi proje bedelleri,
projelendirme siireleri, anlagsmalar, harfiyat siireleri gibi is kalemleri her iki yap1 igin
esit kabul edilmistir.

Metrajlar, beton, donati, kalip, yapisal ¢elik, yapisal ¢elik yangin yalitimi yiizey alanm
seklinde kalemler icermektedir. Metrajlar tablolar halinde BA ve ¢elik yapi i¢in ayri
ayr1 verilmistir. Metrajlar sirasinda ¢ekirdek perdeleri arasinda kalan plak dosemeler
icin diger kisimlardaki kaset dosemeler ile karismamasi adina ‘doseme’ tabiri

kullanilacaktir.

5.1. Mevcut Betonarme Yapi1 Metraji :

Tablo 5.1 : Temel; Beton, Donat1 ve Kalip Metraj1

TEMEL ALANI TOPLAM BIRIM TOPLAM
TOPLAM | d=100cm | d=300cm | HACIM DONATI DONATI
m? m? m? m® N/m® N
1877.55 68.00 1809.55 5496.65 1288 7076937
KALIP UZUNLUGU
TOPLAM | d=300 cm | d=340 cm | d=420 cm KALIP ALANI
m m m m m?
206.53 159.67 24.57 22.29 656.2

188




Tablo 5.2 : Perde; Beton, Donat1 ve Kalip Metraji

BIRIM TOPLAM
KAT KOT | KAT YUKSEKLIGi | PERDE ALANI| BETON HACMi| DONATI DONATI KALIP UZUNLUGU | KALIP ALANI
m m m’ m® N/im® N m m’
54| +173.30 2.10 0.00 0.00 0 0 0.00 0.0
53] +171.20 3.60 0.00 0.00 0 0 0.00 0.0
52| +167.60 3.55 14.45 51.30 2126 109033 88.19 313.1
51| +164.05 3.90 14.45 56.36 1860 104843 88.19 343.9
50| +160.15 3.05 14.45 44.07 1860 81992 88.19 269.0
49| +157.10 2.36 14.45 34.10 2146 73193 88.19 208.1
48| +154.74 2.39 14.45 34.54 2146 74124 88.19 210.8
47] +152.35 2.50 32.79 81.98 1947 159638 221.07 552.7
46| +149.85 2.25 32.79 73.78 4918 362830 221.07 4974
45| +147.60 3.70 32.79 121.32 3014 365619 221.07 818.0
44| +143.90 3.70 32.79 121.32 2901 351994 221.07 818.0
43| +140.20 3.70 32.79 121.32 2854 346195 221.07 818.0
42| +136.50 3.70 37.06 137.12 3394 465324 223.36 826.4
41] +132.80 3.70 37.06 137.12 3089 423625 223.36 826.4
40| +129.10 3.70 37.06 137.12 3089 423625 223.36 826.4
39| +125.40 3.70 37.06 137.12 3089 423625 223.36 826.4
38| +121.70 3.70 37.06 137.12 3089 423625 223.36 826.4
37| +118.00 3.70 37.06 137.12 3089 423625 223.36 826.4
36| +114.30 3.70 37.06 137.12 3089 423625 223.36 826.4
35| +110.60 3.70 37.06 137.12 3089 423625 223.36 826.4
34| +106.90 3.70 37.06 137.12 3089 423625 223.36 826.4
33| +103.20 3.70 37.06 137.12 3089 423625 223.36 826.4
32| +99.50 3.70 41.37 153.07 3097 473993 225.67 835.0
31| +95.80 3.70 55.03 203.61 2702 550218 257.58 953.0
30] +92.10 3.70 55.03 203.61 2608 531099 257.58 953.0
29] +88.40 3.70 55.03 203.61 2608 531099 257.58 953.0
28] +84.70 3.70 55.03 203.61 2608 531099 257.58 953.0
27] +81.00 3.70 55.03 203.61 2608 531099 257.58 953.0
26| +77.30 3.70 55.03 203.61 2608 531099 257.58 953.0
25| +73.60 3.70 55.03 203.61 2608 531099 257.58 953.0
24| +69.90 3.70 55.03 203.61 2608 531099 257.58 953.0
23| +66.20 3.70 55.03 203.61 2608 531099 257.58 953.0
22| +62.50 3.70 55.03 203.61 2930 596519 257.58 953.0
21| +58.80 3.70 58.23 215.45 3222 694097 260.84 965.1
20| +55.10 3.70 58.23 215.45 2832 610093 260.84 965.1
19 +51.40 3.70 58.23 215.45 2936 632543 260.84 965.1
18] +47.70 3.70 58.23 215.45 2936 632543 260.84 965.1
17{ +44.00 3.70 58.23 215.45 2936 632543 260.84 965.1
16] +40.30 3.70 58.23 215.45 2936 632543 260.84 965.1
15| +36.60 3.70 58.23 215.45 2934 632047 260.84 965.1
14]  +32.90 3.70 58.23 215.45 2934 632047 260.84 965.1
13]  +29.20 3.70 58.23 215.45 2934 632047 260.84 965.1
12|  +25.50 3.70 58.23 215.45 3802 819123 260.84 965.1
11]  +21.80 4.80 64.50 309.60 3097 958769 261.30 1254.2
10| +17.00 4.00 64.50 258.00 3185 821678 261.30 1045.2
9] +13.00 4.00 64.50 258.00 3137 809294 261.30 1045.2
8 +9.00 4.00 64.50 258.00 3330 859217 261.30 1045.2
7 +5.00 4.50 64.50 290.25 3149 913881 261.30 1175.9
6 +0.50 4.50 64.50 290.25 3249 942964 261.30 1175.9
5 -4.00 4.50 66.61 299.75 3192 956846 263.38 1185.2
4 -8.50 3.10 66.61 206.49 3192 659161 263.38 816.5
3 -11.60 3.10 66.61 206.49 3442 710680 263.38 816.5
2 -14.70 3.10 69.82 216.44 4305 931761 263.78 817.7
1 -17.80 3.40 69.82 237.39 5590 1326928 263.78 896.9
TEMEL -21.20

[ TOPLAM ] 9285.65] 28617734 44404.0
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Tablo 5.3 : Kolon; Beton, Donat1 ve Kalip Metraji

KOLON BIRIM | TOPLAM
KAT KOT KAT YUKSEKLIGI [BOYUT ALAN |ADET [TOPLAM ALAN |BETON HACMIi | DONATI| DONATI [KALIP UZUNLUGU |TOPLAM UZUNLUK [KALIP ALANI
m m m? m? m’ N/m® N m m m?
54 +173.30 2.1 C50/50 0.250] 40 10.00) 21.00 74 6582 2.00 0.00 168.0
53 +171.20 36 C50/40 0.200] 1 2.40 64 74 505 .80 1.60 77.8]
52 +167.60 3.55 C50/45 0.225 1.80 39 74 113 .90 5.20 54.0
C60/90 0540 1 .00
51 +164.05 3.90 C50/45 0.225] 14.28 55.69| 2395 133382 90| 80.80) 315.1
C60/42/118 | 0.960) 4 4.40)
C60/90 0.540] 16 3.00
50 +160.15 3.05 C50/45 0.225] 14.28 4355  2395) 104312 1.90 80.80) 246.4)
C60/42/118 | 0.960] 4 4.40
C60/90 0540 2 .00
C50/50 0.250 .00
49 +157.10 2.36 SaoeosoTosro 7 21.50 50.74| 1895 96152 70 136.80 322.85
C60/42/118 | 0.960) 4 4.40)
C60/90 0540 20 .00
C50/50 0.250 8| - .00
48 +154.74 2.39 Sao080 T o708l 21.50) 51.39|  1895| 9737 n 136.80 326.95
C60/42/118 | 0.960) 4 4.40)
C60/90 0540 20 .00
47 +152.35 2.50 C60/60 0.360 8 17.52 4380 2119| 92812 2.40) 96.80) 242.00
C60/42/118 | 0.960) 4 4.40)
C60/90 054020 .00
46 +149.85 225 C60/60 0360 18 21.12) 47.52|  2119| 100695 40| 120.80 271.80
C60/42/118__| 0.960) 4 4.40)
C60/90 054020 .00
45 +147.60 3.70 C60/60 0.360 8| 17.52 64.82|  2490| 161412 40 96.80 358.16)
C60/42/118 | 0.960) 4 4.40
C60/90 0.540] 24 3.00
44 +143.90 3.70 C60/60 0.360] 14 21.84 80.81|  2374| 191838) 2.40) 123.20 455.84]
C60/42/118 | 0.960) 4 4.40)
C60/90 0540 28 3.00
43 +140.20 3.70 C60/60 0.360] 10 22.56) 8347  3046| 254256 2.40) 125.60 464.72
C60/42/118 | 0.960) 4 4.40)
C60/90 0540 32 3.00
C60/60 0.360 2] 2.40
42 +136.50 3.70 Soorao720 1080 5 26.16 96.79| 3312 32057 0 137.60 509.12)
C60/42/118 | 0.960) 4 4.40)
C60/90 0540 32 3.00
C60/60 0.360 2] 2.40
33-41 +103.20 ~ +132.80 3.70 Seor207a0 T 1080 4 26.16 87113  2231| 1943487, 50 137.60 509.12
C60/42/118 | 0.960) 4 4.40)
C60/90 0540 3 .00
C60/60 0.360) 40
32 +99.50 3.70 Cooraorizo T 1080 - 26.16 96.79|  2257| 218460 50 137.60 509.12)
C60/42/118__| 0.960 4 4.40)
C60/90 0540 32 3.00
C60/60 0.360 2 2.40
22-31| +62.50 ~ +95.80 3.70 Coor2o7i20 T T 080 n 26.16| 967.92|  2724| 2636614 o 137.60 509.12)
C60/42/118 | 0.960) 4 4.40)
C70/90 0.630] 32 3.20)
C70/70 0.490 2] 2.80
12-21[ +25.50 ~ +58.80 3.70 Soraoiao Tia0 4 31.50 1165.50|  3913| 4560602 = 148.80 550.56
C70/42/118 120 4 4.60)
C76/150 140 4 452
C76/210 596 5.72
C140/140 4 5.60
1 +21.80 4.80 o o v 41.05 197.06] 2590 510 = 144.96 695.81
C90/90-76/90 | 1.494 4 512
C76/118/118 | 1.794 4 6.24
C76/150 140 4 452
C76/210 596 5.72
C140/140 960 4 5.60
10 +17.00 4.00 S o6ad ) 41.05 164.22 2590 425324 33 144.96 579.84,
C90/90-76/90 | 1.494] 4 512
C76/118/118 | 1.794 4 6.24]
C76/150 140 4 452
C76/210 596, 7_2|
C145/0 650 4 4.55]
8-9 | +9.00~+13.00 4.00 G600 o v 30.82 31853 2208 703314 o 140.77 563.09
C90/90-76/90 | 1.494] 4 5.12]
C76/118/118 | 1.794] 4 24
C76/150 1.140 4 4.52
C76/210 1.596) 5.72
C145/0 1.650) 4 4.55]
5-7 -4.00 ~ +5.00 4.50 S50 oead 7 39.82 537.52|  2807| 1508817, o 140.77 633.47
C90/90-76/90 | 1.494] 4 12
C76/118/118 | 1.794 4 24
C76/150 140 4 452
C76/210 1596, 7_2|
C145/0 650 4 4.55]
3-4 [ -11.60~-850 3.10 600 o v 30.82 246.86| 2807 6929 > 140.77 436.39
C90/90-76/90 | 1.494] 4 5.12]
C76/118/118 | 1.794] 4 6.24
C76/150 140 4 4.52
C76/210 596 72
C150/150 250 4 .00
2 -14.70 3.10 a0 o= v 42.21 130.86| 2807 367337 = 146.56 454.34
C90/90-76/90 | 1.494] 4 12
C76/118/118 | 1.794 4 6.24]
C76/150 1.140) 4 4.52]
C76/210 1.596) 8| 5.72
C150/150 2.250 4 6.00
1 -17.80 3.40 o0 e 4 42.21 14353  2807| 40 5 146.56 498.30)
C90/90-76/90 | 1.494] 4 512
C76/118/118 | 1.794] 4 6.24
TEMEL -21.20
TOPLAM 5494.54]
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Tablo 5.4 : Kiris; Beton, Donat1 ve Kalip Metraji

KiRig BiRIM | TOPLAM KIRIS
KAT KOT BOYUT ALAN [UZUNLUK| HACIM |BETON HACMi | DONATI [ DONATI CEVRESI | KALIP ALANI |[KAT KALIP ALANI
m m’ m m’ 3 N/m* N m m’ m’
54 +173.30 B50/80 0.400 147.50 59.00 59.00 1654 97586 2.10 309.75 309.8
B80/80 0.640 128.46 82.21 2.40 308.30
53 +171.20 B60/80 0.480 57.36 27.53 163.89 1380 226164 2.20 126.19 718.7
B50/80 0.400 135.35 54.14 2.10 284.24
B20/80 0.160 10.21 1.63 1.80 18.38
52 +167.60 B60/80 0.480 48.86 23.45 98.73 2945 290773 2.20 107.49 512.5
B50/80 0.400 184.12 73.65 2.10 386.65
B20/80 0.160 10.21 1.63 1.80 18.38
B60/80 0.480 14.32 6.87 2.20 31.50
B50/80 0.400 43.53 17.41 2.10 91.41
51 +164.05 B60/50 0300 1872 562 61.92 2998 185634 160 2995 338.6
B40/50 0.200 54.72 10.94 1.40 76.61
B60/75 0.450 43.20 19.44 2.10 90.72
B20/80 0.160 10.21 1.63 1.80 18.38
B60/50 0.300 18.72 5.62 1.60 29.95
50 +160.15 B40/50 0200 8268 1654 36.21 28995 1049781 140 11575 222.0
B60/75 0.450 27.60 12.42 2.10 57.96
B20/80 0.160 10.21 1.63 1.80 18.38
B80/50 0.400 18.72 7.49 1.80 33.70
B40/50 0.200 37.28 7.46 1.40 52.19
B67/50 0.335 59.40 19.90 1.67 99.20
49 +157.10 B100/50 0.500 51.54, 25.77 147.22 3898 573862 2.00 103.08 807.1
B50/50 0.250 174.14 43.54 1.50 261.21
B50/80 0.400 10.67 4.27 2.10 22.41
B30/75 0.225 58.00 13.05 1.80 104.40
B60/75 0.450 53.60 24.12 2.10 112.56
48 +154.74 B20/80 0.160 7.46 1.19 1.19 1303 1555 1.80 13.43 13.4
B40/80 0.320 15.84 5.07 2.00 31.68
B20/80 0.160 40.64 6.50 1.80 73.15
B30/50 0.150 13.20 1.98 1.30 17.16
B60/75 0.450 111.60]| 50.22 2.10 234.36
47 +152.35 B155/50 0775 59.40 2604 135.78 4205 570960 180 106.92 574.3
B150/37 0.555 10.76) 5.97 2.55 27.44
B195/37 0.722 11.34 8.18 2.24 25.40
B90/37 0.333 35.50 11.82 1.64 58.22
46 +149.85 B20/80 0.160 7.46 1.19 1.19 1303 1555 1.80 13.43 13.4
B40/80 0.320 15.84 5.07 2.00 31.68
B20/80 0.160 40.64 6.50 1.80 73.15
B30/50 0.150 13.20 1.98 1.30 17.16
B60/75 0.450 111.60 50.22 " 2.10 234.36
45 +147.60 B155/50 0.775 59.40 46.04 13578 4292 58277 1.80 106.92 574.3
B150/37 0.555 10.76 5.97 2.55 27.44
B195/37 0.722 11.34 8.18 2.24 25.40
B90/37 0.333 35.50 11.82 1.64 58.22
B40/80 0.320 15.84, 5.07 2.00 31.68
B20/80 0.160 40.64 6.50 1.80 73.15
B30/50 0.150 13.20, 1.98 1.30 17.16
B60/75 0.450 53.60 24.12 2.10 112.56
B106/37 0.392 49.50 19.41 1.80 89.10
B155/50 0.775 59.40 46.04 2.55 151.47
44 +143.90 B150/37 0555 1076 597 21417 3690 790292 > 24 2410 939.9
B195/37 0.722 11.34, 8.18 2.69 30.50
B60/110 0.660 58.00 38.28 2.80 162.40
B60/135 0.810 56.80 46.01 3.30 187.44
B90/37 0.333 21.30 7.09 1.64 34.93
B105/37 0.389 14.20 5.52 1.79 25.42
B40/80 0.320 15.84 5.07 2.00 31.68
B20/80 0.160 40.64 6.50 1.80 73.15
B30/50 0.150 13.20 1.98 1.30 17.16
B60/75 0.450 64.00 28.80 2.10 134.40
B106/37 0.392 89.10 34.95 1.80 160.38
43 +140.20 B150/37 0555 10.76 597 185.61 4280 794396 224 2410 860.9
B195/37 0.722 11.34 8.18 2.69 30.50
B60/110 0.660 46.40 30.62 2.80 129.92
B60/135 0.810 45.20 36.61 3.30 149.16
B143/37 0.529 50.88, 26.92 217 110.41
B50/80 0.400 15.84 6.34 2.10 33.26
B20/80 0.160 40.64 6.50 1.80 73.15
B30/50 0.150 13.20 1.98 1.30 17.16
B60/75 0.450 74.40 33.48 2.10 156.24
B106/37 0.392 69.30 27.18 1.80 124.74
B150/37 0.555 10.76 5.97 2.24 24.10
42 +136.50 B195/37 0.722 11.34 8.18 181.82 4192 762208 2.69 30.50 837.9
B60/110 0.660 34.80 22.97 2.80 97.44
B60/135 0.810 28.80 23.33 3.30 95.04
B105/50 0.525 13.60 7.14 2.05 27.88
B105/37 0.389 31.64 12.29 1.79 56.64
B143/50 0.715 13.60, 9.72 2.43 33.05
B143/37 0.529 31.64 16.74 217 68.66
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Tablo 5.5 : Kiris; Beton, Donat1 ve Kalip Metraji1 (Devami)

B50/80 0.400 15.84 6.34 2.10 33.26
B20/80 0.160 40.64 6.50 1.80 73.15
B30/50 0.150 13.20 1.98 1.30 17.16
33-41| +103.20 ~ +132.80 [B60/75 0.450 102.40 46.08] 806.02 4581 3692366 2.10 215.04 528.1
B132/37 0.488] 29.70 14.51 4.54 134.84
B150/37 0.555] 10.76 5.97| 2.24 24.10
B195/37 0.722 11.34 8.18 2.69 30.50
B60/80 0.480 15.84 7.60 2.20 34.85
B20/80 0.160 40.64 6.50 1.80 73.15
B30/50 0.150 13.20 1.98] 1.30 17.16
32 +99.50 B60/75 0.450 102.40 46.08 90.82 4581| 416068 2.10 215.04 529.6
B132/37 0.488| 29.70 14.51 4.54 134.84
B150/37 0.555] 10.76 5.97] 2.24 24.10
B195/37 0.722 11.34 8.18] 2.69 30.50
B60/80 0.480 15.84 7.60 2.20 34.85
B20/80 0.160 40.64 6.50 1.80 73.15
22-31| +62.50 ~+95.80 [B30/50 0.150 13.20 1.98] 766.71 4619| 3541437 1.30 17.16 475.0
B60/75 0.450 102.40 46.08 2.10 215.04
B132/37 0.488 29.70 14.51 4.54 134.84
B70/80 0.560 15.84 8.87] 2.30 36.43
B20/80 0.160 40.64 6.50 1.80 73.15
12-21| +2550~+58.80 [B30/50 0.150 13.20 1.98] 851.98] 4360| 3714645 1.30 17.16 485.1
B70/75 0.525] 101.60 53.34 2.20 223.52
B132/37 0.488 29.70 14.51 4.54 134.84
B80/80 0.640 15.84 10.14 2.40 38.02
B20/80 0.160 40.64 6.50 1.80 73.15
B B30/50 0.150 13.20 1.98 , 1.30 17.16
10-11[ +17.00~+21.80 [==aes 7276 5056 5756 340.19 6116 208058 75 2535 491.6
B90/160 1.440 18.20 26.21 2.90 52.78
B380/37 1.406 19.42 27.30 4.54 88.17
B80/80 0.640 15.84 10.14 2.40 38.02
B20/80 0.160 40.64 6.50 1.80 73.15
B30/50 0.150 13.20 1.98] 1.30 17.16
6-9 [ +050~+13.00 [c=oee 0564 50.56 =10 463.08 2778| 1286431 25 2538 491.6
B90/90 0.810 18.20 14.74 2.90 52.78
B380/37 1.406 19.42 27.30 4.54 88.17
B80/80 0.640 13.20 8.45) 2.45 32.34
B20/80 0.160 40.64 6.50 1.80 73.15
- B30/50 0.150 13.20 1.98] - 1.30 17.16
3-5 -11.60~-4.00 F==2en 0564 5056 =10 342.24 2962 101371 25 2538 485.9
B90/90 0.810 18.20 14.74 2.90 52.78
B380/37 1.406 19.42 27.30 4.54 88.17
B85/80 0.680 13.20 8.98] 245 32.34
B20/80 0.160 40.64 6.50 1.80 73.15
B30/50 0.150 13.20 1.98 1.30 17.16
1-2 | 17.80~-1470 f==crs 0760 5056 123 244.74 2268| 555064 25 2538 485.9
B90/100 0.900 18.20 16.38 2.90 52.78
B380/37 1.406 19.42 27.30 4.54 88.17
TEMEL -21.20
[ TOPLAM] 5328.30| [ 22227849]

BA yap1 kaset dosemelerinde iki modiil kullanilmistir. Bunlara ait esdeger plak

kalinlig1 hesab1 asagidaki gibidir.

15/37 KASET MODUL HESABI

Plak Hacmi = 1.20 x 0.90 x 0.90 =0.0972 m’
Nerviir Hacmi=  0.0875 x 0.25 x 0.8125 x 4 =0.0711 m®
Modiil Hacmi =0.1683 m’
Beton Agirhigr = 0.1683 x 2.50 =4.2070 kN
Kaset Yuki = 0.4207 /(0.90 x 0.90) =5.1940 kN/m?
Kaset Yikine Esdeger Plak Kalinhgi = 0.208 m
15/50 KASET MODUL HESABI

Plak Hacmi = 1.20x0.90 x 0.90 =0.0972 m°
Nervir Hacmi = 0.0875x 0.38 x 0.8125x 4 =0.1081 m°
Modiil Hacmi =0.2053 m®
Beton Agirhgi=  0.1683 x 2.50 =5.1330 kN
Kaset Yuki = 0.4207 /(0.90 x 0.90) =6.3370 kN/m?
Kaset Yikine Esdeger Plak Kalinhgi = 0.253 m
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Tablo 5.6 : Kaset Dosemeler; Beton, Donat1 ve Kalip Metraji

193

KAT TOPLAM 15/37 15/50 KASET BiRiM | TOPLAM
KAT | KOT |KASET ALANI|KASET ALANI| KASET ALANI| BETON HACMi| DONATI | DONATI [KALIP ALANI
m m? m? m?2 m® N/m? N m?
54| +173.30 0.00 0.00 0.00 0.00 0 0 0.0
53] +171.20 0.00 0.00 0.00 0.00 0 0 0.0
52| +167.60 0.00 0.00 0.00 0.00 0 0 0.0
51| +164.05 0.00 0.00 0.00 0.00 0 0 0.0
50| +160.15 0.00 0.00 0.00 0.00 0 0 0.0
49 +157.10 0.00 0.00 0.00 0.00 0 0 0.0
48] +154.74 0.00 0.00 0.00 0.00 0 0 0.0
47| +152.35 530.04 530.04 0.00 110.25 394 208730 530.0
46] +149.85 0.00 0.00 0.00 0.00 0 0 0.0
45 +147.60 530.04 530.04 0.00 110.25 394 208677 530.0
44] +143.90 530.04 530.04 0.00 110.25 394 208730 530.0
43 +140.20 696.82 696.82 0.00 144.94 394 274408 696.8
42 +136.50 809.17 809.17 0.00 168.31 394 318651 809.2
41| +132.80 889.51 764.97 124.54 190.62 394 350289 889.5
40| +129.10 889.51 764.97 124.54 190.62 394 350289 889.5
39] +125.40 889.51 764.97 124.54 190.62 394 350289 889.5
38] +121.70 889.51 764.97 124.54 190.62 394 350289 889.5
37[ +118.00 889.51 764.97 124.54 190.62 394 350289 889.5
36| +114.30 889.51 764.97 124.54 190.62 394 350289 889.5
35 +110.60 889.51 764.97 124.54 190.62 394 350289 889.5
34| +106.90 889.51 764.97 124 54 190.62 394 350289 889.5
33| +103.20 889.51 764.97 124 54 190.62 394 350289 889.5
32| +99.50 877.94 757.52 120.42 188.03 394 345733 877.9
31 +95.80 877.94 757.52 120.42 188.03 394 345733 877.9
30 +92.10 877.94 757.52 120.42 188.03 394 345733 877.9
29|  +88.40 877.94 757.52 120.42 188.03 394 345733 877.9
28] +84.70 877.94 757.52 120.42 188.03 394 345733 877.9
27 +81.00 877.94 757.52 120.42 188.03 394 345733 877.9
26| +77.30 877.94 757.52 120.42 188.03 394 345733 877.9
25 +73.60 877.94 757.52 120.42 188.03 394 345733 877.9
24| +69.90 877.94 757.52 120.42 188.03 394 345733 877.9
23| +66.20 877.94 75752 120.42 188.03 394 345733 877.9
22|  +62.50 877.94 757.52 120.42 188.03 394 345733 877.9
21| +58.80 857.97 74115 116.82 183.71 394 337869 858.0
20 +55.10 857.97 741.15 116.82 183.71 394 337869 858.0
19]  +51.40 857.97 741.15 116.82 183.71 394 337869 858.0
18] +47.70 857.97 74115 116.82 183.71 394 337869 858.0
17|  +44.00 857.97 741.15 116.82 183.71 394 337869 858.0
16] +40.30 857.97 74115 116.82 183.71 394 337869 858.0
15| +36.60 857.97 74115 116.82 183.71 394 337869 858.0
14| +32.90 857.97 741.15 116.82 183.71 394 337869 858.0
13| +29.20 857.97 741.15 116.82 183.71 394 337869 858.0
12| +2550 857.97 74115 116.82 183.71 394 337869 858.0
11| +21.80 836.37 72315 113.22 179.06 394 329363 836.4
10] +17.00 836.37 72315 113.22 179.06 394 329279 836.4
9] +13.00 836.37 723.15 113.22 179.06 394 329195 836.4
8] +9.00 836.37 723.15 113.22 179.06 394 329112 836.4
7| +5.00 836.37 723.15 113.22 179.06 394 329279 836.4
6/ +0.50 836.37 723.15 113.22 179.06 394 329279 836.4
5 -4.00 836.37 72315 113.22 179.06 394 329279 836.4
4 -8.50 836.37 723.15 113.22 179.06 394 329279 836.4
3] -11.60 836.37 723.15 113.22 179.06 394 329279 836.4
2| -14.70 834.39 722.07 112.32 178.61 394 328499 834.4
1| -17.80 834.39 722.07 112.32 178.61 393.7] 3284993 834.4
TEMEL| -21.20

[ ToPLAM ] 8233.83] [ 15173884] 38534.9]




Tablo 5.7 : Doseme; Beton, Donat1 ve Kalip Metraji
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DOSEME ALANI DOSEME BiRiM | TOPLAM
KAT KOT |TOPLAM | d=15 cm | d=20 cm | d=37 cm | d=50 cm | BETON HACMi| DONATI| DONATI |KALIP ALANI
m m? m? m? m? m? m® N/m? N m?
54| +173.30] 182.50] 182.50 0.00 0.00 0.00 27.38 151 27466 182.50
53] +171.20] 591.20 0.00]  591.20 0.00 0.00 118.24 151 88976 591.20
52| +167.60] 405.19 86.41] 318.78 0.00 0.00 76.72 151 60981 405.19
51| +164.05] 372.89] 372.89 0.00 0.00 0.00 55.93 151 56120 372.89
50| +160.15] 231.07 56.11]  174.96 0.00 0.00 43.41 151 34776 231.07
49] +157.10] 1027.40] 1027.40 0.00 0.00 0.00 154.11 151 154624 1027.40
48] +154.74 56.11 56.11 0.00 0.00 0.00 8.42 151 8445 56.11
47] +152.35] 326.48] 252.98 0.00 0.00 73.50 74.70 151 49135 326.48
46] +149.85 56.11 56.11 0.00 0.00 0.00 8.42 151 8445 56.11
45] +147.60] 326.48] 252.98 0.00 0.00 73.50 74.70 151 49135 326.48
44] +143.90] 448.98] 252.98 0.00 0.00]  196.00 135.95 151 67571 448.98
43] +140.20] 412.23] 252.98 0.00 0.00] 159.25 117.57 151 62041 412.23
42| +136.50] 375.48] 252.98 0.00 0.00] 12250 99.20 151 56510 375.48
41] +132.80] 289.98] 252.98 0.00 37.00 0.00 51.64 151 43642 289.98
40| +129.10] 289.98]  252.98 0.00 37.00 0.00 51.64 151 43642 289.98
39] +125.40] 289.98] 252.98 0.00 37.00 0.00 51.64 151 43642 289.98
38| +121.70] 289.98]  252.98 0.00 37.00 0.00 51.64 151 43642 289.98
37] +118.00] 289.98] 252.98 0.00 37.00 0.00 51.64 151 43642 289.98
36| +114.30] 289.98] 252.98 0.00 37.00 0.00 51.64 151 43642 289.98
35] +110.60] 289.98] 252.98 0.00 37.00 0.00 51.64 151 43642 289.98
34| +106.90] 289.98]  252.98 0.00 37.00 0.00 51.64 151 43642 289.98
33] +103.20] 289.98] 252.98 0.00 37.00 0.00 51.64 151 43642 289.98
32| +99.50] 289.98] 252.98 0.00 37.00 0.00 51.64 151 43642 289.98
31] +95.80] 285.17] 248.17 0.00 37.00 0.00 50.92 151 42918 285.17
30| +92.10] 285.17] 24817 0.00 37.00 0.00 50.92 151 42918 285.17
29|  +88.40] 285.17] 248.17 0.00 37.00 0.00 50.92 151 42918 285.17
28] +84.70] 285.17] 24817 0.00 37.00 0.00 50.92 151 42918 285.17
27 +81.00] 285.17] 248.17 0.00 37.00 0.00 50.92 151 42918 285.17
26| +77.30] 285.17] 24817 0.00 37.00 0.00 50.92 151 42918 285.17
25|  +73.60] 285.17] 248.17 0.00 37.00 0.00 50.92 151 42918 285.17
24|  +69.90] 285.17] 24817 0.00 37.00 0.00 50.92 151 42918 285.17
23] +66.20] 285.17] 248.17 0.00 37.00 0.00 50.92 151 42918 285.17
22| +62.50] 285.17] 24817 0.00 37.00 0.00 50.92 151 42918 285.17
21| +58.80] 285.17] 248.17 0.00 37.00 0.00 50.92 151 42918 285.17
20| +55.10] 285.17] 248.17 0.00 37.00 0.00 50.92 151 42918 285.17
19]  +51.40[ 285.17] 248.17 0.00 37.00 0.00 50.92 151 42918 285.17
18] +47.70] 285.17] 248.17 0.00 37.00 0.00 50.92 151 42918 285.17
17| +44.00] 285.17] 248.17 0.00 37.00 0.00 50.92 151 42918 285.17
16] +40.30] 285.17| 248.17 0.00 37.00 0.00 50.92 151 42918 285.17
15]  +36.60] 285.17] 248.17 0.00 37.00 0.00 50.92 151 42918 285.17
14|  +32.90] 285.17] 248.17 0.00 37.00 0.00 50.92 151 42918 285.17
13|  +29.20] 285.17] 248.17 0.00 37.00 0.00 50.92 151 42918 285.17
12] +25.50[ 285.17] 248.17 0.00 37.00 0.00 50.92 151 42918 285.17
11]  +21.80] 309.89] 248.17 0.00 61.72 0.00 60.06 151 46638 309.89
10]  +17.00] 309.89] 248.17 0.00 61.72 0.00 60.06 151 46638 309.89
9| +13.00] 309.89] 248.17 0.00 61.72 0.00 60.06 151 46638 309.89
8 +9.00]  300.89] 248.17 0.00 61.72 0.00 60.06 151 46638 309.89
7 +5.00]  309.89] 248.17 0.00 61.72 0.00 60.06 151 46638 309.89
6 +0.50]  309.89] 248.17 0.00 61.72 0.00 60.06 151 46638 309.89
5 -4.00]  309.89] 248.17 0.00 61.72 0.00 60.06 151 46638 309.89
4 -8.50[  309.89] 248.17 0.00 61.72 0.00 60.06 151 46638 309.89
3] 1160 300.89] 24817 0.00 61.72 0.00 60.06 151 46638 309.89
2] -14.70] 308.03] 246.31 0.00 61.72 0.00 50.78 151 46359 308.03
1] -17.80] 308.03] 246.31 0.00 61.72 0.00 59.78 151 46359 308.03
TEMEL| -21.20
| TOPLAM| 3189.53| [ 2531469] 16820.4]




Tablo 5.8 : Egim Betonu; Beton Metraji

195

KAT TOPLAM | EGiM BETONU | KAT TOPLAM | EGIM BETONU | EGiM BETONU
KAT | KOT |[DOSEME ALANI| KALINLIGI |KASET ALANI| KALINLIGI HACMI
m m2 m mZ m m3
54| +173.30 182.50 0.05 0.00 0.00 9.13
53] +171.20 591.20 0.05 0.00 0.00 29.56
52] +167.60 405.19 0.05 0.00 0.00 20.26
51| +164.05 372.89 0.05 0.00 0.00 18.64
50| +160.15 231.07 0.05 0.00 0.00 11.55
49[ +157.10 1027.40 0.05 0.00 0.00 51.37
48] +154.74 56.11 0.05 0.00 0.00 2.81
47| +152.35 326.48 0.05 530.04 0.00 16.32
46| +149.85 56.11 0.05 0.00 0.00 2.81
45 +147.60 326.48 0.05 530.04 0.00 16.32
44] +143.90 448.98 0.05 530.04 0.00 22.45
43| +140.20 412.23 0.05 696.82 0.00 20.61
42| +136.50 375.48 0.05 809.17 0.00 18.77
41| +132.80 289.98 0.05 889.51 0.00 14.50
40[ +129.10 289.98 0.05 889.51 0.00 14.50
39] +125.40 289.98 0.05 889.51 0.00 14.50
38] +121.70 289.98 0.05 889.51 0.00 14.50
37[ +118.00 289.98 0.05 889.51 0.00 14.50
36| +114.30 289.98 0.05 889.51 0.00 14.50
35| +110.60 289.98 0.05 889.51 0.00 14.50
34| +106.90 289.98 0.05 889.51 0.00 14.50
33 +103.20 289.98 0.05 889.51 0.00 14.50
32[  +99.50 289.98 0.05 877.94 0.00 14.50
31| +95.80 285.17 0.05 877.94 0.00 14.26
30  +92.10 285.17 0.05 877.94 0.00 14.26
29]  +88.40 285.17 0.05 877.94 0.00 14.26
28] +84.70 285.17 0.05 877.94 0.00 14.26
27]  +81.00 285.17 0.05 877.94 0.00 14.26
26] +77.30 285.17 0.05 877.94 0.00 14.26
25| +73.60 285.17 0.05 877.94 0.00 14.26
24  +69.90 285.17 0.05 877.94 0.00 14.26
23] +66.20 285.17 0.05 877.94 0.00 14.26
22[  +62.50 285.17 0.05 877.94 0.00 14.26
21|  +58.80 285.17 0.05 857.97 0.00 14.26
20]  +55.10 285.17 0.05 857.97 0.00 14.26
19]  +51.40 285.17 0.05 857.97 0.00 14.26
18] +47.70 285.17 0.05 857.97 0.00 14.26
17]  +44.00 285.17 0.05 857.97 0.00 14.26
16]  +40.30 285.17 0.05 857.97 0.00 14.26
15  +36.60 285.17 0.05 857.97 0.00 14.26
14]  +32.90 285.17 0.05 857.97 0.00 14.26
13  +29.20 285.17 0.05 857.97 0.00 14.26
12[  +25.50 285.17 0.05 857.97 0.00 14.26
1] +21.80 309.89 0.05 836.37 0.00 15.49
10  +17.00 309.89 0.05 836.37 0.00 15.49
9] +13.00 309.89 0.05 836.37 0.00 15.49
8[  +9.00 309.89 0.05 836.37 0.00 15.49
7] +5.00 309.89 0.05 836.37 0.05 57.31
6]  +0.50 309.89 0.05 836.37 0.05 57.31
5 -4.00 309.89 0.05 836.37 0.05 57.31
4 -8.50 309.89 0.05 836.37 0.05 57.31
3 -11.60 309.89 0.05 836.37 0.05 57.31
2] -14.70 308.03 0.05 834.39 0.05 57.12
1 -17.80 308.03 0.05 834.39 0.05 57.12
TEMEL [ -21.20

[ ToPLAM | 1133.55|




5.2. Celik Yap1 Metraj :

Tablo 5.9 : Temel; Beton, Donat1 ve Kalip Metraj1

TEMEL ALANI TOPLAM BiRIM TOPLAM

TOPLAM d=100 cm d=150 cm d=300cm | HACIM DONATI DONATI

m? m? m? m? m® N/m® N

1658.78 68.00 1002.73 588.05] 3336.245 1288| 4295415

KALIP UZUNLUGU

TOPLAM [ d=150 cm (ig) [ d=150 cm (dis) | d=340 cm | d=420 cm KALIP ALANI

m m m m m m2

197.05 96.58 150.19 24.57 22.29 547.3

Tablo 5.10 : Perde; Beton, Donat1 ve Kalip Metraji
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BiRIM TOPLAM
KAT KOT | KAT YUKSEKLIGIi | PERDE ALANI| BETON HACMi| DONATI DONATI | KALIP UZUNLUGU | KALIP ALANI
m m m? m® N/m® N m m?
54| +173.30 2.10 0.00 0.00 0 0 0.00 0.0
53] +171.20 3.60 0.00 0.00 0 0 0.00 0.0
52| +167.60 3.55 14.45 51.30 2126 109033 88.19 313.1
51| +164.05 3.90 14.45 56.36 1860 104843 88.19 343.9
50] +160.15 3.05 14.45 44.07 1860 81992 88.19 269.0
49| +157.10 2.36 14.45 34.10 2146 73193 88.19 208.1
48] +154.74 2.39 14.45 34.54 2146 74124 88.19 210.8
47| +152.35 2.50 29.79 74.48 1947 145033 206.15 515.4
46| +149.85 2.25 29.79 67.03 4918 329635 206.15 463.8
45| +147.60 3.70 29.79 110.22 3014 332168 206.15 762.8
44| +143.90 3.70 29.79 110.22 2901 319790 206.15 762.8
43| +140.20 3.70 29.79 110.22 2854 314521 206.15 762.8
42| +136.50 3.70 33.32 123.28 3394 418364 208.44 771.2
41] +132.80 3.70 33.32 123.28 3089 380874 208.44 771.2
40| +129.10 3.70 33.32 123.28 3089 380874 208.44 771.2
39| +125.40 3.70 33.32 123.28 3089 380874 208.44 771.2
38| +121.70 3.70 33.32 123.28 3089 380874 208.44 771.2
37| +118.00 3.70 33.32 123.28 3089 380874 208.44 771.2
36| +114.30 3.70 33.32 123.28 3089 380874 208.44 771.2
35| +110.60 3.70 33.32 123.28 3089 380874 208.44 771.2
34| +106.90 3.70 33.32 123.28 3089 380874 208.44 771.2
33| +103.20 3.70 33.32 123.28 3089 380874 208.44 771.2
32|  +99.50 3.70 36.89 136.49 3097 422664 210.75 779.8
31  +95.80 3.70 47.54 175.90 2702 475329 242.66 897.8
30]  +92.10 3.70 47.54 175.90 2608 458812 242.66 897.8
29| +88.40 3.70 47.54 175.90 2608 458812 242.66 897.8
28]  +84.70 3.70 47.54 175.90 2608 458812 242.66 897.8
27]  +81.00 3.70 47.54 175.90 2608 458812 242.66 897.8
26|  +77.30 3.70 47.54 175.90 2608 458812 242.66 897.8
25|  +73.60 3.70 47.54 175.90 2608 458812 242.66 897.8
24| +69.90 3.70 47.54 175.90 2608 458812 242.66 897.8
23] +66.20 3.70 47.54 175.90 2608 458812 242.66 897.8
22|  +62.50 3.70 47.54 175.90 2930 515328 242.66 897.8
21]  +58.80 3.70 53.04 196.25 3222 632233 245.92 909.9
20]  +55.10 3.70 53.04 196.25 2832 555715 245.92 909.9
19]  +51.40 3.70 53.04 196.25 2936 576165 245.92 909.9
18] +47.70 3.70 53.04 196.25 2936 576165 245.92 909.9
17| +44.00 3.70 53.04 196.25 2936 576165 245.92 909.9
16] +40.30 3.70 53.04 196.25 2936 576165 245.92 909.9
15|  +36.60 3.70 53.04 196.25 2934 575713 245.92 909.9
14 +32.90 3.70 53.04 196.25 2934 575713 245.92 909.9
13| +29.20 3.70 53.04 196.25 2934 575713 245.92 909.9
12| +2550 3.70 53.04 196.25 3802 746115 245.92 909.9
11| +21.80 4.80 53.04 254.59 3097 788421 245.92 1180.4
10| +17.00 4.00 53.04 212.16 3185 675687 245.92 983.7
9] +13.00 4.00 53.04 212.16 3137 665503 245.92 983.7
8 +9.00 4.00 53.04 212.16 3330 706556 245.92 983.7
7 +5.00 4.50 53.04 238.68 3149 751508 245.92 1106.6
6 +0.50 4.50 53.04 238.68 3249 775424 245.92 1106.6
5 -4.00 4.50 53.04 238.68 3192 761914 245.92 1106.6
4 -8.50 3.10 53.04 164.42 3192 524874 245.92 762.4
3] -11.60 3.10 53.04 164.42 3442 565898 245.92 762.4
2| 1470 3.10 53.04 164.42 4305 707829 245.92 762.4
1 -17.80 3.40 53.04 180.34 5590 1008024 245.92 836.1
TEMEL -21.20
[_ToPLAM ] 8064.05]



Tablo 5.11 : Kiris; Beton, Donat1 ve Kalip Metraji

KIRIS BiRIM | TOPLAM KIRIS
KAT KoT BOYUT |ALAN|UZUNLUK| HACIM |BETON HACMI | DONATI| DONATI | GEVRESI| KALIP ALANI|KAT KALIP ALANI
m m* m m® m® N/m* N m m m’
54 +173.30 - - - - - - - - - -
53 +171.20 - - - - - - - - - -
52 +167.60 B20/80_| 0.160 10.21 1.63 1.63] 2945 4810 1.80 18.38 18.4
51 +164.05 B20/80_| 0.160 10.21 1.63 1.63] 2998 4898 1.80 18.38 184
50 +160.15 B20/80_| 0.160 10.21 1.63 1.63] 2895 4729 1.80 18.38 18.4
49 +157.10 B20/80_| 0.160 13.43 215 215 3898 8376 1.80 2417 242
48 +154.74 B20/80_| 0.160 10.68 1.71 1711303 2227 1.80 19.22 19.2
B40/80 | 0.320]  40.67] 13.01 2.00 81.34
47 +152.35 B20/80_| 0.160] _ 46.09 7.37 2237|4205 94052 1.80 82.96 181.5
B30/50_| 0.150 13.20 1.98 1.30 17.16
46 +149.85 B20/80_| 0.160 10.68 1.71 171 1303 2227 1.80 19.22 19.2
B40/80 | 0.320]  40.67|  13.01 2.00 81.34
45 +147.60 B20/80 | 0.160] _ 46.09 7.37 2237|4201 95985 1.80 82.96 181.5
B30/50_| 0.150 13.20 1.98 1.30 17.16
B40/80 | 0.320]  40.67]  13.01 2.00 81.34
44 +143.90 B20/80 | 0.160]  46.09 7.37 2237 3689 82519 1.80 82.96 181.5
B30/50_| 0.150 13.20 1.98 1.30 17.16
B40/80 | 0.320]  40.67]  13.01 2.00 81.34
43 +140.20 B20/80 | 0.160] _ 46.09 7.37 2237 4280 95738 1.80 82.96 181.5
B30/50_| 0.150 13.20 1.98 1.30 17.16
B50/80 | 0400]  40.67| 16.27 2.10 85.41
42 +136.50 B20/80 | 0.160] _ 46.09 7.37 2562 4192] 107409 1.80 82.96 185.5
B30/50_| 0.150 13.20 1.98 1.30 17.16
B50/80 | 0400]  40.67| 16.27 2.10 85.41
33-41| +103.20 ~ +132.80 [B20/80_| 0.160] _ 46.09 7.37 230.60[  4581| 1056386 1.80 82.96 185.5
B30/50_| 0.150 13.20 1.98 1.30 17.16
B60/80 | 0480  40.67| 19.52 2.20 89.47
32 +99.50 B20/80_| 0.160]  46.09 7.37 2888 4581 132281 1.80 82.96 189.6
B30/50_| 0.150 13.20 1.98 1.30 17.16
B60/80 | 0480 2330  11.18 2.20 51.26
22-31| +6250~+95.80 [B20/80 | 0.160]  46.09 7.37 205.38]  4619| 948669 1.80 82.96 151.4
B30/50_| 0.150 13.20 1.98 1.30 17.16
B70/80 | 0560  23.30]  13.05 2.30 53.59
12-21| +25.50~+58.80 |B20/80 | 0.160]  46.09 7.37 22402  4360| 976745 1.80 82.96 153.7
B30/50_| 0.150 13.20 1.98 1.30 17.16
B70/80 | 0560]  2330]  13.05 2.30 53.59
10-11[ +17.00~+21.80 |B20/80 | 0.160]  46.09 7.37 4480 6116 274026 1.80 82.96 153.7)
B30/50_| 0.150 13.20 1.98 1.30 17.16
B70/80 | 0560  2330] 13.05 2.30 53.59
6-9 | +0.50~+13.00 [B20/80 | 0.160]  46.09 7.37 89.61| 2778 248935 1.80 82.96 153.7
B30/50_| 0.150 13.20 1.98 1.30 17.16
B70/80 | 0560  2330]  13.05 2.30 53.59
3-5 | -11.60~-4.00 [B20/80 | 0.160] _ 46.09 7.37 67.21| 2962 199068 1.80 82.96 153.7
B30/50_| 0.150 13.20 1.98 1.30 17.16
B70/80 | 0560  2330]  13.05 2.30 53.59
1-2 | -17.80~-1470 [B20/80 | 0.160] _ 46.09 7.37 44.80] 2268 101617 1.80 82.96 153.7
B30/50_| 0.150 13.20 1.98 1.30 17.16
TEMEL 2120
[TopLAM] 1060.88] (4440696

BA yapidaki kaset dosemelerin yerini ¢elik yapida trapez paneller almistir. Trapez

panelden kastimiz; altinda trapez seklinde katlanmis c¢elik sac, lizerinde betonun

birlikte calistirllmasindan olusan kompozit yapidir.
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Tablo 5.12 : Trapez Panel; Beton ve Donat1 Metraji
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KAT TOPLAM TRAPEZ PANEL| BIRIM TOPLAM
KAT KOT TRAPEZ PANEL ALANI| BETON HACMi | DONATI DONATI
m m? m® N/m? N
54| +173.30 0.00 0.00 0 0
53] +171.20 0.00 0.00 0 0
52| +167.60 0.00 0.00 0 0
51| +164.05 0.00 0.00 0 0
50| +160.15 0.00 0.00 0 0
49| +157.10 0.00 0.00 0 0
48| +154.74 0.00 0.00 0 0
47| +152.35 530.04 53.00 123 65407
46| +149.85 0.00 0.00 0 0
45| +147.60 530.04 53.00 123 65407
44| +143.90 530.04 53.00 123 65407
43| +140.20 696.82 69.68 123 85988
42| +136.50 809.17 80.92 123 99852
41| +132.80 889.51 88.95 123 109766
40| +129.10 889.51 88.95 123 109766
39| +125.40 889.51 88.95 123 109766
38| +121.70 889.51 88.95 123 109766
37| +118.00 889.51 88.95 123 109766
36| +114.30 889.51 88.95 123 109766
35| +110.60 889.51 88.95 123 109766
34| +106.90 889.51 88.95 123 109766
33| +103.20 889.51 88.95 123 109766
32 +99.50 877.94 87.79 123 108338
31 +95.80 877.94 87.79 123 108338
30 +92.10 877.94 87.79 123 108338
29 +88.40 877.94 87.79 123 108338
28 +84.70 877.94 87.79 123 108338
27 +81.00 877.94 87.79 123 108338
26 +77.30 877.94 87.79 123 108338
25 +73.60 877.94 87.79 123 108338
24 +69.90 877.94 87.79 123 108338
23 +66.20 877.94 87.79 123 108338
22 +62.50 877.94 87.79 123 108338
21 +58.80 857.97 85.80 123 105873
20 +55.10 857.97 85.80 123 105873
19 +51.40 857.97 85.80 123 105873
18 +47.70 857.97 85.80 123 105873
17 +44.00 857.97 85.80 123 105873
16 +40.30 857.97 85.80 123 105873
15 +36.60 857.97 85.80 123 105873
14 +32.90 857.97 85.80 123 105873
13 +29.20 857.97 85.80 123 105873
12 +25.50 857.97 85.80 123 105873
11 +21.80 836.37 83.64 123 103208
10 +17.00 836.37 83.64 123 103208
9 +13.00 836.37 83.64 123 103208
8 +9.00 836.37 83.64 123 103208
7 +5.00 836.37 83.64 123 103208
6 +0.50 836.37 83.64 123 103208
5 -4.00 836.37 83.64 123 103208
4 -8.50 836.37 83.64 123 103208
3 -11.60 836.37 83.64 123 103208
2 -14.70 834.39 83.44 123 102964
1 -17.80 834.39 83.44 123 102964
TEMEL -21.20

| 3853.49|



Tablo 5.13 : Déseme; Beton, Donat1 ve Kalip Metraji
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DOSEME ALANI  pBSEME BiRIM | TOPLAM
KAT | KoOT d=15cm BETON HACMi| DONATI| DONATI | KALIP ALANI
m m? m® N/m? N m?
54| +173.30 0.00 0.00 151 0 0.00
53] +171.20 0.00 0.00 151 0 0.00
52| +167.60 39.82 5.97 151 5993 39.82
51| +164.05 39.82 5.97 151 5993 39.82
50/ +160.15 39.82 5.97 151 5993 39.82
49| +157.10 39.82 5.97 151 5993 39.82
48| +154.74 39.82 5.97 151 5993 39.82
47| +152.35 201.00 30.15 151 30251 201.00
46| +149.85 39.82 5.97 151 5993 39.82
45 +147.60 201.00 30.15 151 30251 201.00
44| +143.90 201.00 30.15 151 30251 201.00
43 +140.20 201.00 30.15 151 30251 201.00
42| +136.50 201.00 30.15 151 30251 201.00
41| +132.80 201.00 30.15 151 30251 201.00
40| +129.10 201.00 30.15 151 30251 201.00
39| +125.40 201.00 30.15 151 30251 201.00
38| +121.70 201.00 30.15 151 30251 201.00
37| +118.00 201.00 30.15 151 30251 201.00
36] +114.30 201.00 30.15 151 30251 201.00
35| +110.60 201.00 30.15 151 30251 201.00
34| +106.90 201.00 30.15 151 30251 201.00
33| +103.20 201.00 30.15 151 30251 201.00
32| +99.50 201.00 30.15 151 30251 201.00
31| +95.80 196.19 29.43 151 29527 196.19
30/ +92.10 196.19 29.43 151 29527 196.19
29| +88.40 196.19 29.43 151 29527 196.19
28] +84.70 196.19 29.43 151 29527 196.19
27|  +81.00 196.19 29.43 151 29527 196.19
26| +77.30 196.19 29.43 151 29527 196.19
25| +73.60 196.19 29.43 151 29527 196.19
24|  +69.90 196.19 29.43 151 29527 196.19
23] +66.20 196.19 29.43 151 29527 196.19
22| +62.50 196.19 29.43 151 29527 196.19
21| +58.80 196.19 29.43 151 29527 196.19
20]  +55.10 196.19 29.43 151 29527 196.19
19| +51.40 196.19 29.43 151 29527 196.19
18] +47.70 196.19 29.43 151 29527 196.19
17| +44.00 196.19 29.43 151 29527 196.19
16] +40.30 196.19 2943 151 29527 196.19
15/ +36.60 196.19 29.43 151 29527 196.19
14| +32.90 196.19 29.43 151 29527 196.19
13 +29.20 196.19 29.43 151 29527 196.19
12| +25.50 196.19 2943 151 29527 196.19
11| +21.80 196.19 2943 151 29527 196.19
10 +17.00 196.19 2943 151 29527 196.19
9] +13.00 196.19 2943 151 29527 196.19
8| +9.00 196.19 29.43 151 29527 196.19
7| +5.00 196.19 29.43 151 29527 196.19
6|  +0.50 196.19 29.43 151 29527 196.19
5 -4.00 196.19 29.43 151 29527 196.19
4 -8.50 196.19 29.43 151 29527 196.19
3] -11.60 196.19 29.43 151 29527 196.19
2| -14.70 194.33 29.15 151 29247 194.33
1| -17.80 194.33 29.15 151 29247 194.33
TEMEL| -21.20

| 1404480] 9332.1|




Tablo 5.14 : Egim Betonu; Beton, Donat1 ve Kalip Metraji

KAT TOPLAM | EGIM BETONU KAT TOPLAM EGIiM BETONU | EGIM BETONU
KAT [ KOT |DOSEME ALANI| KALINLIGI | TRAPEZ PANEL ALANI| KALINLIGI HACMI
m m? m m? m m?

54| +173.30 182.50 0.05 0.00 0.00 9.13
53] +171.20 591.20 0.05 0.00 0.00 29.56
52| +167.60 405.19 0.05 0.00 0.00 20.26
51| +164.05 372.89 0.05 0.00 0.00 18.64
50| +160.15 231.07 0.05 0.00 0.00 11.55
49[ +157.10 1027.40 0.05 0.00 0.00 51.37
48| +154.74 56.11 0.05 0.00 0.00 2.81
47] +152.35 326.48 0.05 530.04 0.00 16.32
46| +149.85 56.11 0.05 0.00 0.00 2.81
45 +147.60 326.48 0.05 530.04 0.00 16.32
44] +143.90 448.98 0.05 530.04 0.00 22.45
43[ +140.20 412.23 0.05 696.82 0.00 20.61
42 +136.50 375.48 0.05 809.17 0.00 18.77
41| +132.80 289.98 0.05 889.51 0.00 14.50
40[ +129.10 289.98 0.05 889.51 0.00 14.50
39] +125.40 289.98 0.05 889.51 0.00 14.50
38] +121.70 289.98 0.05 889.51 0.00 14.50
37[ +118.00 289.98 0.05 889.51 0.00 14.50
36| +114.30 289.98 0.05 889.51 0.00 14.50
35| +110.60 289.98 0.05 889.51 0.00 14.50
34| +106.90 289.98 0.05 889.51 0.00 14.50
33| +103.20 289.98 0.05 889.51 0.00 14.50
32|  +99.50 289.98 0.05 877.94 0.00 14.50
31| +95.80 28517 0.05 877.94 0.00 14.26
30 +92.10 28517 0.05 877.94 0.00 14.26
29[ +88.40 285.17 0.05 877.94 0.00 14.26
28] +84.70 28517 0.05 877.94 0.00 14.26
27[ +81.00 28517 0.05 877.94 0.00 14.26
26]  +77.30 28517 0.05 877.94 0.00 14.26
25| +73.60 28517 0.05 877.94 0.00 14.26
24| +69.90 28517 0.05 877.94 0.00 14.26
23] +66.20 28517 0.05 877.94 0.00 14.26
22|  +62.50 285.17 0.05 877.94 0.00 14.26
21| +58.80 285.17 0.05 857.97 0.00 14.26
20]  +55.10 285.17 0.05 857.97 0.00 14.26
19| +51.40 285.17 0.05 857.97 0.00 14.26
18] +47.70 285.17 0.05 857.97 0.00 14.26
17| +44.00 285.17 0.05 857.97 0.00 14.26
16]  +40.30 285.17 0.05 857.97 0.00 14.26
15  +36.60 285.17 0.05 857.97 0.00 14.26
14 +32.90 285.17 0.05 857.97 0.00 14.26
13]  +29.20 285.17 0.05 857.97 0.00 14.26
12| +25.50 285.17 0.05 857.97 0.00 14.26
11| +21.80 309.89 0.05 836.37 0.00 15.49
10| +17.00 309.89 0.05 836.37 0.00 15.49
9] +13.00 309.89 0.05 836.37 0.00 15.49
+9.00 309.89 0.05 836.37 0.00 15.49

7 +5.00 309.89 0.05 836.37 0.05 57.31
6 +0.50 309.89 0.05 836.37 0.05 57.31
5 -4.00 309.89 0.05 836.37 0.05 57.31
4 -8.50 309.89 0.05 836.37 0.05 57.31
3 -11.60 309.89 0.05 836.37 0.05 57.31
2| 1470 308.03 0.05 834.39 0.05 57.12
1| -17.80 308.03 0.05 834.39 0.05 57.12

TEMEL|[ -21.20

[ ToPLAM | 1133.55|
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Tablo 5.15 : Yangin Yalitimi; Boya Yiizey Alan1 Metraji
BOYA YUZEYI|BOYA YUZEYI| YANGIN DAYANIM
KESIT TASIYICI OZELLIK [UZUNLUK| UzZUNLUGU ALANI SURESI
m m?/m m? saat
HE1000X393 KOLON 1548.0 3.130 4845.240 2
HES550-M KOLON 1332.0 2.280 3036.960 2
HE450-M KOLON 1332.0 2.096 2791.872 2
HE400-M KOLON 1332.0 2.004 2669.328 2
HE300-M KOLON 921.2 1.832 1687.638 2
HACHE700M KOLON 714.0 5.036 3595.704 2
HACHEG600M KOLON 865.8 4.660 4034.628 2
HACHES500B KOLON 237.6 4.166 989.842 2
TUBO400X400 KOLON 165.2 1.600 264.320 2
TUBO300X300 KOLON 84.0 1.200 100.800 2
HE900-B KIRIS 220.0 2.911 640.306 2
HEG600-B KiRiS 1581.1 2.323 3672.942 2
HE550-B KiRi$ 1450.7 2.224 3226.461 2
HE500-B KiRi$ 1450.7 2.125 3082.837 2
HE450-B KiRiS 1450.7 2.026 2939.213 2
HE400-B KiRi$ 1072.3 1.927 2066.249 2
HE300-B KiRi$ 2104 1.732 364.449 2
IPN500 D(")SEME KiRiSi 2040.4 1.630 3325.880 2
INP450 DO$EME KiRi$i 1503.5 1.480 2225.193 2
IPN400 DOSEME KiRi$i 5363.4 1.330 7133.331 2
IPN360 D(")SEME KiRi$i 2224.2 1.210 2691.271 2
IPN320 D(")SEME KiRiSi 8506.3 1.090 9271.867 2
IPN200 DOSEME KiRiSi 367.5 0.709 260.534 2
TOPLAM = 64916.867|m?
TOPLAM = 5742]ton

Yukaridaki tabloda ¢elik yapida kullanilan profillerin boya ylizey alan1 metrajlar1 yer

almaktadir. Bu metraj tablosu Jotun Miihendislik’e sunulmus ve 2 saat yangin

dayanimi icin fiyat teklifi istenmistir. Soner Caner tarafindan hazirlanan teklif

asagidadir.

Bu ¢alisma kapsaminda yangin dayanimina gore hesap yapilmamis, bunun yerine her

bir yapisal elemanin 2 saat siire ile yangina dayanmasi, bu prensibe uygun

yalitiminin saglanmas1 6ngoriilmiistiir. Hazirlanan teklif de bu yondedir. Eger yangin

dayanimina gore hesap yapilsaydi, daha diigiik maliyetlerle karsilagilabilirdi. Ciinkii

0 zaman binanin ana tasiyici elemanlar1 disinda kalan elemanlarina koruma

yapilmayacakti.
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Tablo 5.16 : Yangin Yalitimi Birim Fiyat Analizi ve Fiyat Teklifi

120 Dakika Yangin Dayanimi Teklifi

PROFIL HACMEN KALINLIGI YAYILMA YAYILMA ALAN  HARCAMASI FiYATI FiYAT MALIYETi
CiNSi BOYA ADI BOYA TANIMI (%), () (m/it) (m?/it) (m?) (1t) (uss/it) (uss), (US$/m?)
Tamii Penguard Express Hizh kurumali Epoksi Astar 74 80 9.25 6.48 64,916 10,026 6.90 69,177 1.07
HE1000X393 STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 750 0.91 0.63 4,845 7,634 16.00 122,143  25.21
HE1000X393 STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 750 0.91 0.63 4,845 7,634 16.00 122,143 2521
HE550M STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 700 0.97 0.68 3,036 4,465 16.00 71,435 23.53
HE550M STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 700 0.97 0.68 3,036 4,465 16.00 71,435 23.53
HE450M STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 700 0.97 0.68 2,791 4,104 16.00 65,671 23.53
HE450M STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 700 0.97 0.68 2,791 4,104 16.00 65,671 23.53
HE400M STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 675 1.01 071 2,669 3,785 16.00 60,557 22.69
HE400M STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 675 1.01 071 2,669 3,785 16.00 60,557 22.69
HE300M STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 650 1.05 073 1,687 2,304 16.00 36,859 21.85
HE300M STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 650 1.05 073 1,687 2,304 16.00 36,859 21.85
HE900B STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 800 0.85 0.60 640 1,076 16.00 17,210 26.89
HE900B STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 800 0.85 0.60 640 1,076 16.00 17,210 26.89
HE600B STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 800 0.85 0.60 3,672 6,171 16.00 98,743 26.89
HE600B STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 800 0.85 0.60 3,672 6,171 16.00 98,743 26.89
HE550B STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 800 0.85 0.60 3,226 5,422 16.00 86,750 26.89
HE550B STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 800 0.85 0.60 3,226 5,422 16.00 86,750 26.89
HE500B STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 800 0.85 0.60 3,082 5,180 16.00 82,877 26.89
HE500B STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 800 0.85 0.60 3,082 5,180 16.00 82,877 26.89
HE450B STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 800 0.85 0.60 2,939 4,939 16.00 79,032 26.89
HE450B STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 800 0.85 0.60 2,939 4,939 16.00 79,032 26.89
HE400B STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 800 0.85 0.60 2,066 3,472 16.00 55,556 26.89
HE400B STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 800 0.85 0.60 2,066 3,472 16.00 55,556 26.89
HE300B STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 825 0.82 0.58 364 631 16.00 10,094 27.73
HE300B STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 825 0.82 0.58 364 631 16.00 10,094 27.73
IPN500 STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 825 0.82 0.58 3,325 5,763 16.00 92,206 27.73
IPN500 STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 825 0.82 0.58 3,325 5,763 16.00 92,206 27.73
IPN450 STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 850 0.80 0.56 2,225 3,973 16.00 63,571 28.57
IPN450 STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 850 0.80 0.56 2,225 3,973 16.00 63,571 28.57
IPN400 STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 925 0.74 051 7,133 13,861 16.00 221,782  31.09
IPN400 STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 925 0.74 051 7,133 13,861 16.00 221,782  31.09
IPN360 STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 1000 0.68 0.48 2,691 5,653 16.00 90,454 33.61
IPN360 STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 1000 0.68 048 2,691 5,653 16.00 90,454 33.61
IPN320 STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 1100 0.62 043 9,27 21,425 16.00 342,793  36.97
IPN320 STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 1100 0.62 043 9,27 21,425 16.00 342,793  36.97
IPN200 STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 1000 0.68 0.48 260 546 16.00 8,739 33.61
IPN200 STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 1000 0.68 0.48 260 546 16.00 8,739 33.61
IPN200 STEELMASTER 60/120 IG Yangin Geciktirici Boya 68 600 1.13 0.79 260 328 16.00 5,244 20.17
Tamii Pioner Topcoat White Akrilik Sonkat 34 60 5.67 3.97 64,916 16,365 5.52 90,337 1.39
Toplam= 3,377,704 $
Toplam = 4,053,244 YTL
m? i pratik igin boya bagimsiz hava sartlari, yiizey durumu,uygulama

teknigi gibi etkenlere bagh olarak ortaya gikacak kayip faktorii dikkate alinmalidir.

YUKARIDAKI TABLODA KAYIP FAKTORU 30% OLARAK KABUL EDILMISTIR.
Soner Caner
Sales Representative
Jotun Protective Coatings
Turkey
02/05/2008
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5.3. Birim Fiyatlar ve Tarifleri :

Birim fiyatlar ve tarifleri Bayindirlik Bakanlig: tarafindan yayinlanan cetvellerden

alimmistir. Fiyatlar 2007 yilina aittir.

1- C35 Hazir Beton : Poz No = 16.059/2

Yikanmig, elenmis ve/veya kirilmis graniilometrik agrega ile TS’ye uygun,
projesinde Ongoriilen mukavemeti saglayacak sekilde hazirlanmis B.... evsafindaki
hazir beton harcinin satin alinmasi, transmiksere yiiklenmesi, dokiim yerine beton
pompasi ile basilmasi, serilmesi, vibrator ile sikigtirilmasi, gerektiginde sulanmasi,
soguktan, sicaktan ve diger dis tesirlerden korunmasi, gerekli ve yeter sayida deney
numune alinmasi ve gerekli deneylerin yapilmasi, her tiirlii is¢ilik, malzeme ve
zayiati, makina, arag, gere¢ ve laboratuvar giderleri, isyerindeki her tiirlii yatay ve
diisey tagimalar, ylikleme ve bosaltmalar ile miiteahhitin kar1 ve genel giderler dahil

yerinde dokiilmiis 1 m’ beton fiyat1 = 111.29 YTL

2- C25 Hazir Beton : Poz No = 16.059
1 m’ beton fiyat1 = 98.79 YTL

3- @ 14-28 mm Kalin Nerviirlii Celigin Biikiiliip Désenmesi : Poz No = 23.015
Beton ¢elik ¢gubugunun (nerviirlii) biikiiliip, detay projesine gore (23.001) pozdaki
sartlar dahilinde yerine konmasi 1 ton fiyati = 1373.75 YTL

4- Plywood (Film Kapli) ile Yapilan Diiz Yiizeyli Ciplak Beton ve Betonarme Kalib1
PozNo=21.017/1

Ciplak beton betonarme kalibi yapim isleri i¢in idarece gerekli goriildiigiinden
onaylanmis projelerine gore TS 46’ya uygun 21 mm kalinliginda plywood film kaph
suni tahtalarla betonun suyunu sizdirmayacak sekilde kalip yiizeyi teskili, betona
gelecek ylizeyin yaglanmasi, dakikada 800-1200 devirli vibratore dayanacak sekilde
takviye edilmesi, kalibin sokiilmesi, tekrar kullanilmak iizere kalip yiizeyinin
temizlenmesi, bu isler i¢in her tiirlii malzeme ve baglanti1 malzemesi ve zayiati ile

is¢ilik, miiteahhit kar1 ve genel giderler dahil 1 m? fiyat: = 18.59 YTL
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5- Demir Karkas (Cerceve) insaat Yapilip Yerine Tesbiti : Poz No = 23.101

Her ¢esit profil, ¢elik ¢ubuk, celik saclarla projesine gore her yiikseklik ve aciklikta
karkas ingaat yapilmasi, pargalarin percin, bulon ve kaynakla eklenmesi, biitlin
aksamin yerine monte edilmesi, her tiirlii zayiat, ingaat yerindeki yiikleme, yatay ve
diisey tasima, tastyici iskele veya kaldirma tertibati, bosaltma, is¢ilik, miiteahhit kar1

ve genel giderler dahil 1 ton fiyat1 = 2883.75 YTL

5.4. Siire Analizleri :

BA yapida toplam 38162 m’ beton, 9121 ton gelik, 120863 m? kalip kullanilacaktir.
Her bir kat igin ortalama 706.7 m’ beton, 168.9 ton celik, 2238 m* kalip
kullanilacaktir. Santiye sahasina kurulacak bir beton santrali ve kalifiye celik ve
kalip iscileri ile santiyenin giinliik kapasitesi ortalama 100 m® beton, 40 ton gelik,
550 m* kalip olarak tasarlanmustir. Buna gore bir kat 15.4 giinde, 54 katl BA

yapimizin tamami ise 831 giinde tamamlanacaktir.

Celik yapida toplam 18848 m’ beton, 1961 ton ¢elik, 53960 m* kalip, 5742 ton yap1
celigi kullanilacaktir. Her bir kat i¢in ortalama 349.0 m® beton, 36.3 ton ¢elik, 999.2
m® kalip, 106.3 ton yap: ¢eligi kullanilacaktir. Santiyenin beton, gelik ve kalip
kapasiteleri yukarda belirtilmisti. Bunun yaninda, bir kule ving kullanilarak bir giinde
ortalama 22 ton yapi ¢eligi montaj1 yapilabilecektir. Buna gore bir kat 11.1 giinde, 54

katl ¢elik yapimizin tamamu ise 596 giinde tamamlanacaktir.

5.5. Kira Kayb1 Analizleri :

Toplam kiralanabilir alan1 55355 m? olan BA ve celik yapilarin 6ngoriildiigii tarihten
gec silirede biten her imalati bir kira kayb1 kalemi olarak ele alinir. 831 giinliik ingaat
stiresi olan BA yapinin, 596 giinliik ingaat siiresi olan ¢elik yapiya nazaran 235 giin =
7 ay 25 glin daha ge¢ bitecek olmasi, BA yapiya, aylik ortalama kira geliri,
kazanilamayan bir gelir, dolayis1 ile bir gider olarak eklendiginde, aylik ortalama 50

YTL/m? iizerinden 21680708 YTL ek maliyet getirmektedir.
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5.6. Toplam Maliyet Analizleri :

Kaba yap1 metrajlar1 ve ingaat silire analizleri yukarida yapilan BA ve celik yapi

toplam maliyetleri su sekilde gergeklesmistir. ($/YTL=1.20)

Tablo 5.17 : BA Yapi1 Toplam Maliyet Analizi

BETON
HACIM _|BiRiM FiYAT TOPLAM MALIYET
m° YTL/m® YTL $
TEMEL 5496.65 111.29 611722 509768
PERDE 9285.65 111.29 1033400 861167
KOLON 5494.54 111.29 611487 509573
KiRIiS 5328.30 111.29 592986 494155
KASET 8233.83 111.29 916343 763619
DOSEME 3189.53 111.29 354963 295802
EGIM BETONU 1133.55 50.00 56678 47231
[ ToPLAM | 4177579| 3481315|
DONATI
AGIRLIK [BiRIM FiYAT TOPLAM MALIYET
kN YTL/KN YTL $
TEMEL 7076.94 137.375 972194 810162
PERDE 28617.73 137.375 3931361 3276134
KOLON 15585.74 137.375 2141091 1784242
KiRIiS 22227.85 137.375 3053551 2544626
KASET 15173.88 137.375 2084512 1737094
DOSEME 2531.47 137.375 347761 289800
[ ToPLAM |  12530470]  10442058|
KALIP
ALAN [BIRIM FiYAT TOPLAM MALIYET
m? YTL/m? YTL $
TEMEL 656.2 18.29 12001 10001
PERDE 44404.0 18.29 812149 676791
KOLON 9751.9 18.29 178362 148635
KiRiS 10695.9 18.29 195628 163023
KASET 38534.9 36.58 1409605 1174671
DOSEME 16820.4 18.29 307645 256371
[ ToPLAM | 2915389| 2429491/
TOPLAM MALIYET
YTL $
BETON 4177579 3481315
DONATI 12530470 10442058
KALIP 2915389 2429491
KiRA KAYBI 21680708] 18067257
[ToPLAM | 41304146  34420122|
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Tablo 5.18 : Celik Yap1 Toplam Maliyet Analizi

BETON
HACIM  [BIRIM FiYAT TOPLAM MALIYET
m® YTL/m® YTL $
TEMEL 3336.25 111.29 371291 309409
PERDE 8064.05 111.29 897448 747873
KIiRIS 1060.88 111.29 118065 98387
TRAPEZ PANEL 3853.49 98.79 380686 317238
DOSEME 1399.81 111.29 155785 129821
EGIM BETONU 1133.55 50.00 56678 47231
[ ToPLAM | 1979952] 1649960|
DONATI
AGIRLIK [BIRIM FiYAT TOPLAM MALIYET
kN YTL/KN YTL $
TEMEL 4295.42 137.375 590083 491736
PERDE 24711.88 137.375 3394794 2828995
KIiRiS 4440.70 137.375 610041 508367
TRAPEZ PANEL 4755.20 137.375 653246 544371
DOSEME 1404.48 137.375 192940 160784
[ ToPLAM | 5441104/ 4534253|
KALIP
ALAN  |BIRIM FIYAT TOPLAM MALIYET
m? YTL/m? YTL $
TEMEL 547.3 18.59 10175 8479
PERDE 41756.5 18.59 776252 646877
KIiRIS 2324.2 18.59 43207 36006
DOSEME 9332.1 18.59 173484 144570
[ ToPLAM | 1003117] 835931|
YAPI GELIGI
AGIRLIK _[BIRIM FiYAT TOPLAM MALIYET
kN YTL/KN YTL $
57420.8 288.375 16558723 13798936
YAPI CELiGi YANGIN YALITIMI
ALAN BiRIM FIYAT TOPLAM MALIYET
m? YTL/m? YTL $
64916.9 62.44 4053244 3377703
TOPLAM MALIYET
YTL $
BETON 1979952 1649960
DONATI 5441104 4534253
KALIP 1003117 835931
YAPI GELIGi 16558723 13798936
YANGIN YALITIMI 4053244 3377703
[ToPLAM 29036140  24196784|

Yukaridaki BA ve ¢elik yapiya ait toplam maliyet analizi tablolarina baktigimizda;
BA yapinin yaklasik 41.3 milyon YTL’ye, ¢elik yapinin ise 29.0 milyon YTL’ye
malolacagi goriilmektedir. Celik yap1 12.3 milyon YTL daha ucuza maledilecektir.
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6. SONUCLAR VE TARTISMA

Bu bolimde DBYBHY-2007’ye gore statik ve betonarme kontrolleri yapilan BA
bina ile ¢elik olarak tasarimi yapilan binanin sistem davranigi, maliyet ve siire
analizi, ¢cevresel faktorler, yapim kolaylig1 bakimlarindan karsilastirmasi, daha sonra

da ¢elik yapinin DBYBHY-2007’ye gore kontrolleri yapilmistir.

1. Bina Agirhklan :

Mevcut BA yapi toplam agirligi = 112796 ton, 1 m* agirligi 2.04 ton dur.

Tasarimi yapilan celik yap1 toplam agirligi = 68970 ton, 1 m* agirlig1 1.24 ton dur.
Bu sayilara bakildiginda tasarimi yapilan yeni yapiin mevcut yapidan %39 daha
hafif oldugu goriilmektedir. Bu sonug, zemin gerilmeleri agisindan ¢ok onemlidir.
Soyleki, ¢elik ¢oziimii ile %39 daha az zorlanmaya maruz kalacak olan bir zeminde

istenirse daha yiiksek yapilar yapilabilir.

112796 tonluk BA yapimnin agirligmin tamami beton+gelik agirhigidir, celik yapida
ise 68970 tonluk agirligin iginde 63288 tonluk kisim beton+gelik, 5742 tonluk kisim
yapisal celiktir. Sonug olarak 5742 ton yapisal ¢elik ile 112796-63288=49568 ton

BA yapidan elde edilecek sistem performansi elde edilmistir.

DBYBHY-2007ye gore tasarimi yapilan ¢elik yapida 5742 ton ¢elik kullanilmistir,
m” ye diisen celik miktar1 103.7 kg dur.

2. Mod SeKkilleri :
Asagidaki tabloda DBYBHY-2007"ye gore kontrolleri yapilan BA bina ile yine ayn1
yonetmelige gore tasarimi yapilan c¢elik binaya ait mod sekilleri ve kiitle katilim

oranlart verilmektedir. Tablodan da anlasilacagi gibi hesaplarda 51 mod dikkate

alimmistir ve sonugta dinamik hesap BA yap1 i¢in %98, celik yap1 icin %99 kiitle
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katilim oraniyla tamamlanmistir. Bu %98~99 lik oranlar, DBYBHY-2007 madde
2.8.3.1°de belirtilen %90 lik alt sinir1 saglamaktadir. Her iki yapida da ilk peryod Y
yoniindedir ve BA vyapida %62.42, c¢elik yapida %59.96 kiitle katilimi
saglanmaktadir, ikinci peryodlar ise X yoniindedir ve BA yapida %66.74, celik
yapida %67.83 kiitle katilimi saglanmaktadir. Tablodan cikarilabilecek en onemli

sonug; her iki yapinin da birbirleri ile rtlisen sistem davranisi gdstermesidir.

| BETONARME YAPI | | CELIK YAPI
TOPLAM TOPLAM
MOD [ PERYOD| X YONU|Y YONU|X YONU|Y YONU| [MOD|PERYOD|X YONU|Y YONU|X YONU|[Y YONU
1 3.920 0.00] 62.42 0.00] 62.42 1 4.249 0.01] 59.96 0.01]  59.96
2 3.720 66.74 0.00] 66.74| 62.42 2 3.830 67.83 0.01] 67.84] 59.97
3 2.213 0.00 0.00] 66.74| 62.42 3 2177 0.05 0.05| 67.89] 60.02
4 1.194 14.88 0.00] 81.61] 62.43 4 1.233 13.95 0.01] 81.83] 60.02
5 1.121 0.01] 1522 81.62] 77.64 5 1.081 0.02] 16.36] 81.85] 76.39
6 0.791 0.00 1.26] 81.62] 78.90 6 0.767 0.03 2.11] 81.88] 78.50
7 0.705 0.01 2.71] 81.63] 81.62 7 0.658 4.90 0.08] 86.78] 78.58
8 0.670 4.91 0.00] 86.53] 81.62 8 0.639 0.20 2.51] 86.98] 81.09
9 0.500 0.01 5.71] 86.54| 87.33 9 0.443 0.10 4.92] 87.08] 86.01
10 [ 0.490 2.35 0.02] 88.89] 87.35 10 [ 0.440 2.57 0.16] 89.66] 86.17
11 [ 0.482 0.00 0.05] 88.90] 87.40 11 [ 0.403 0.00 1.79] 89.66] 87.97
12 | 0.404 0.00 0.74] 88.90] 88.14 12 [ 0.335 0.02 0.17[ 89.68] 88.14
13 [ 0.369 2.06 0.00] 90.95| 88.14 13 [ 0.322 2.25 0.00f 91.92[ 88.14
14 [ 0.343 0.00 1.74]  90.95] 89.89 14 | 0.294 0.00 1.67] 91.93] 89.81
15 [ 0.292 1.22 0.00] 92.17] 89.89 15 [ 0.2711 0.00 0.03] 91.93] 89.84
16 | 0.288 0.00 1.03] 92.17] 90.93 16 [ 0.270 0.00 0.00] 91.93] 89.84
17 | 0.272 0.00 0.90] 92.17| 91.82 17 [ 0.259 0.02 0.29] 91.95] 90.13
18 | 0.242 0.83 0.00] 93.01] 91.82 18 [ 0.255 0.00 0.16] 91.95] 90.29
19 | 0.241 0.00 0.53] 93.01] 92.35 19 | 0.254 0.00 0.00] 91.95] 90.29
20 | 0.217 0.00 0.90] 93.01] 93.26 20 | 0.253 1.04 0.02] 92.99] 90.31
21 | 0.213 0.70 0.00] 93.71] 93.26 21 | 0.243 0.00 145 9299 91.76
22 | 0.212 0.00 0.36] 93.71] 93.62 22 [ 0.230 0.50 0.00] 93.49] 91.76
23 | 0.193 0.00 0.06] 93.71] 93.68 23 [ 0.206 0.01 1.21] 93.50] 92.97
24 | 0.188 0.81 0.00] 94.53] 93.68 24 | 0.198 1.07 0.01] 94.57] 92.98
25 | 0.170 0.00 1.22]  94.53] 94.90 25 | 0.184 0.00 1.00 94.57] 93.98
26 | 0.166 0.00 0.02] 94.53] 94.92 26 | 0.169 0.65 0.02] 95.22] 94.00
27 | 0.162 0.87 0.00] 95.40| 94.92 27 | o0.167 0.05 0.06] 95.27] 94.06
28 | 0.148 0.00 0.35] 95.41| 9526 28 | 0.164 0.01 0.35] 95.28] 94.41
29 | 0.141 0.04 0.54] 95.44| 95.80 29 | 0.146 0.11 0.00] 95.39] 94.41
30 | 0.140 0.62 0.02] 96.06] 95.82 30 [ 0.145 0.64 0.02] 96.03] 94.42
31 [ 0.129 0.00 0.29] 96.07] 96.11 31 | 0142 0.01 1.18] 96.04] 95.60
32 | 0122 0.58 0.00] 96.65| 96.12 32 | 0.133 0.00 0.08] 96.04] 95.68
33 | 0.120 0.00 0.42] 96.65| 96.53 33 | 0.125 0.63 0.00] 96.67] 95.68
34 | 0.115 0.00 0.26] 96.65| 96.80 34 | 0.120 0.00 0.48| 96.67| 96.16
35 | 0.107 0.42 0.00] 97.07] 96.80 35 [ 0.116 0.00 0.28] 96.67] 96.44
36 | 0.104 0.00 0.23] 97.07] 97.03 36 | 0.109 0.64 0.00] 97.31] 96.44
37 | 0.101 0.00 0.27] 97.07] 97.30 37 | 0.104 0.00 0.28] 97.31] 96.72
38 | 0.095 0.42 0.00] 97.50] 97.30 38 [ 0.099 0.00 0.44] 97.31] 97.16
39 | 0.092 0.00 0.01] 9750 97.32 39 [ 0.096 0.38 0.00] 97.68] 97.16
40 | 0.092 0.00 0.33] 97.50] 97.64 40 | 0.094 0.01 0.09] 97.69] 97.25
41 | 0.086 0.32 0.00] 97.82] 97.65 41 [ 0.001 0.05 0.00] 97.74] 97.25
42 | 0.083 0.00 0.00] 97.82] 97.65 42 | 0.086 0.00 0.43] 97.74] 97.69
43 | 0.082 0.00 0.33] 97.82| 97.98 43 | 0.085 0.33 0.00] 98.06] 97.69
44 | 0.078 0.25 0.00] 98.07| 97.98 44 | 0.082 0.00 0.10] 98.07] 97.78
45 | 0.077 0.00 0.00] 98.07| 97.98 45 | 0.077 0.00 0.31] 98.07] 98.10
46 | 0.076 0.00 0.04] 98.07] 98.02 46 [ 0.076 0.23 0.00] 98.30] 98.10
47 | 0.076 0.00 0.00] 98.07] 98.02 47 | 0.075 0.01 0.01] 98.31] 98.11
48 | 0.076 0.00 0.00] 98.07] 98.02 48 | 0.069 0.19 0.02] 98.51] 98.13
49 | 0.075 0.00 0.21] 98.07| 98.23 49 | 0.069 0.01 0.25] 98.52] 98.38
50 | 0.074 0.00 0.00] 98.07| 98.24 50 | 0.067 0.00 0.03] 98.52] 98.40
51 [ 0.073 0.00 0.00] 98.07| 98.24 51 | 0.064 0.17 0.00] 98.69] 98.41
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3. Taban Kesme Kuvvetleri :

le Tlx
BETONARME 3.92 3.72
CELIK 4.25 3.83

BA ve celik yap1 dogal titresim peryodlari yukaridaki tabloda verilmistir. Bu tabloya

gore;
BA yapi i¢in :
Depremde etkin bina agirhigi = W W =980950 kN
Taban kesme kuvveti = F F=cxW
T,,=3.92 saniye S;,=2.5x(0.4/3.92 )'¥=0.403
o= A, xIxS;  04x 1.0)(0.40320.0403
R
Coin=0.10x A;= 0.1 x 0.4 =0.0400
¢, = 0.0403 F,=c, x W=0.0403 x 980950 = 39532 kN
T, = 3.72 saniye S, ,=2.5x(0.4/3.72)**=0.420
o Ay xIxS;  04x 1.0)(0.420:0'0420
R 4
c..=0.10xA,=0.1x0.4=0.0400
c = 0.0420 F =c x W=0.0420 x 980950 = 41120 kN
Celik yapi icin :
Depremde etkin bina agirligi = W W =596576 kN
Taban kesme kuvveti = F F=cxW
T,,=4.25 saniye S;,=2.5x(0.4/4.25 )**=0.378
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- AyxIxS; _ 04x1.0x0378

=0.0252

R
¢, =0.10x A,=0.1x0.4=0.0400
¢, = 0.0400 E,=c, x W =0.0400 x 596576 = 23863 kN
T,,= 3.83 saniye S, =25x(0.4/3.83)"=0.410
LAy xIxS; 04x1.0x0410_ 0 .

R 6
¢,.,=0.10x A,= 0.1 x 0.4 =0.0400
¢, =0.0400 F.=c, x W=0.0400 x 596576 = 23863 kN

Yukaridaki sonucglara bakildiginda c¢elik yapiya etkiyen deprem kuvvetlerinin
F,=23863 kN ve F,=23863 kN, BA yapiya etkiyen deprem kuvvetlerinin ise
F,=41120 kN ve F,=39532 kN oldugu goriilmektedir. Celik yapiya etkiyen deprem

kuvvetleri %40~42 daha azdir. Bu durum c¢elik yapinin daha hafif olmasmin ve

tastyici sistem davranis katsayist R nin BA yapida 4 iken ¢elik yapida 6 olmasinin bir

sonucudur.

4. Deplasmanlar ve Goreli Kat Otelemeleri :

Asagidaki birinci tablo BA ve c¢elik yapinin deprem kuvvetleri etkisindeki, ikinci

tablo ise riizgar kuvvetleri etkisindeki yatay deplasmanlarini ve goreli kat

otelemelerini gostermektedir.

BA yapida :

Deprem etkisi altinda en biiyiik tepe deplasmani Y yoniinde ve 28.7cm=0.287m dir.

0.287 <H /500 =194.5/ 500 = 0.389 kosulunu saglamaktadir.

Riizgar etkisi altinda en biiylik tepe deplasmani Y yoniinde ve 15.7cm=0.157m dir.

0.157 <H/500=194.5 /500 = 0.389 kosulunu saglamaktadir.
Celik yapida :

Deprem etkisi altinda en biiyiik tepe deplasman1 Y yoniinde ve 33.4cm=0.334m dir.

0.334 <H /500 =194.5/ 500 = 0.389 kosulunu saglamaktadir.

Riizgar etkisi altinda en biiyiik tepe deplasman1 Y yoniinde ve 33.7cm=0.337m dir.

0.337 <H/500=194.5/500 = 0.389 kosulunu saglamaktadir.
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BETONARME YAPI CELIK YAPI
DEPLASMAN |GORELI KAT OTELEMESI| DEPLASMAN |GORELI KAT OTELEMESI
KAT X Y X Y X Y X Y

54 0.000] 0.000 0.0000 0.0000] 0.000] 0.000 0.0000 0.0000
53 0.000]  0.000 0.0000 0.0000] 0.000] 0.000 0.0000 0.0000
52 0.277] 0.287 0.0018 0.0023] 0.274] 0.334 0.0018 0.0025
51 0.272] 0.281 0.0018 0.0023]  0.269] 0.325 0.0018 0.0025
50 0.266] 0.273 0.0017 0.0021] 0.263] 0.316 0.0017 0.0025
49 0.262] 0.267 0.0016 0.0017] 0.258] 0.309 0.0017 0.0024
48 0.259] 0.264 0.0015 0.0016] 0.255] 0.303 0.0016 0.0024
47 0.256] 0.260 0.0015 0.0018] 0.251] 0.298 0.0015 0.0024
46 0.252] 0.256 0.0015 0.0018] 0.248] 0.292 0.0015 0.0024
45 0.249] 0.252 0.0015 0.0018] 0.245] 0.287 0.0015 0.0024
44 0.244] 0.246 0.0015 0.0017] 0.240] 0.278 0.0015 0.0024
43 0.239] 0.240 0.0016 0.0018] 0.235] 0.270 0.0015 0.0024
42 0.234] 0.234 0.0016 0.0018] 0.231] 0.261 0.0016 0.0024
41 0.229] 0.227 0.0017 0.0019] 0.225] 0.253 0.0016 0.0024
40 0.224] 0.221 0.0017 0.0019] 0.220] 0.244 0.0016 0.0024
39 0.218] 0.214 0.0017 0.0019] 0.215] 0.236 0.0017 0.0024
38 0.212] 0.207 0.0018 0.0020] 0.209] 0.228 0.0017 0.0023
37 0.206] 0.201 0.0018 0.0020] 0.204] 0.219 0.0017 0.0023
36 0.200] 0.194 0.0018 0.0020] 0.198] 0.211 0.0017 0.0023
35 0.194] 0.187 0.0019 0.0020] 0.192] 0.202 0.0018 0.0023
34 0.188] 0.180 0.0019 0.0020] 0.186] 0.194 0.0018 0.0023
33 0.182] 0.173 0.0019 0.0020] 0.180] 0.186 0.0018 0.0023
32 0.175] 0.166 0.0018 0.0019] 0.174] 0.178 0.0017 0.0022
31 0.169] 0.159 0.0017 0.0019] 0.168] 0.170 0.0017 0.0022
30 0.163] 0.152 0.0018 0.0019] 0.162] o0.162 0.0017 0.0021
29 0.157] 0.145 0.0018 0.0019] 0.157] 0.154 0.0017 0.0021
28 0.151] 0.139 0.0018 0.0019] 0.151] 0.147 0.0017 0.0021
27 0.145] 0.132 0.0018 0.0019] 0.145] 0.139 0.0017 0.0021
26 0.139] 0.125 0.0018 0.0019] 0.139] 0.131 0.0017 0.0020
25 0.132] 0.119 0.0018 0.0018] 0.133] 0.124 0.0017 0.0020
24 0.126] 0.112 0.0018 0.0018] 0.127] 0.117 0.0017 0.0020
23 0.120] 0.105 0.0018 0.0018] 0.120] 0.110 0.0017 0.0019
22 0.113]  0.099 0.0018 0.0018] 0.114] 0.102 0.0017 0.0019
21 0.107] 0.092 0.0017 0.0017] 0.108] 0.096 0.0017 0.0018
20 0.101] 0.086 0.0017 0.0017] 0.102] 0.089 0.0017 0.0018
19 0.095] 0.080 0.0017 0.0017] 0.096] 0.082 0.0017 0.0018
18 0.089] 0.074 0.0017 0.0016] 0.090] 0.076 0.0017 0.0017
17 0.083] 0.068 0.0017 0.0016] 0.084] 0.070 0.0017 0.0017
16 0.077] 0.063 0.0017 0.0015] 0.078] 0.063 0.0017 0.0016
15 0.071] 0.057 0.0017 0.0015] 0.072] 0.058 0.0016 0.0016
14 0.065] 0.051 0.0016 0.0015] 0.066] 0.052 0.0016 0.0015
13 0.059] 0.046 0.0016 0.0014] 0.060] 0.046 0.0016 0.0014
12 0.053]  0.041 0.0015 0.0013]  0.054] 0.041 0.0016 0.0014
11 0.047] 0.036 0.0014 0.0012]  0.049] 0.036 0.0016 0.0013
10 0.041] 0.031 0.0014 0.0011] 0.041] 0.030 0.0015 0.0012
9 0.035] 0.026 0.0014 0.0011] 0.035] 0.025 0.0014 0.0011
8 0.030] 0.022 0.0014 0.0010] 0.030] 0.021 0.0014 0.0010
7 0.024] 0.018 0.0013 0.0010] 0.024] 0.017 0.0013 0.0009
6 0.018] 0.013 0.0012 0.0009] 0.018] 0.012 0.0012 0.0008
5 0.013] 0.009 0.0011 0.0008] 0.013] 0.009 0.0011 0.0007
4 0.008] 0.006 0.0009 0.0007] 0.008] 0.006 0.0009 0.0006
3 0.005]  0.004 0.0008 0.0006] 0.005] 0.004 0.0007 0.0005
2 0.003] 0.002 0.0006 0.0004] 0.003] 0.002 0.0006 0.0004
1 0.001] 0.001 0.0003 0.0003] 0.001] 0.001 0.0003 0.0003
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BETONARME YAPI CELIK YAPI
DEPLASMAN |GORELI KAT OTELEMESi| DEPLASMAN |GORELI KAT OTELEMESI
KAT X Y X Y X Y X Y

54 0.000]  0.000 0.0000 0.0000]  0.000[ 0.000 0.0000 0.0000
53 0.000]  0.000 0.0000 0.0000]  0.000[ 0.000 0.0000 0.0000
52 0.117] 0.157 0.0005 0.0010] 0.212[ 0.337 0.0010 0.0024
51 0.115] 0.154 0.0005 0.0010] 0.208] 0.329 0.0010 0.0024
50 0.113] 0.150 0.0005 0.0009] 0.204] 0.320 0.0010 0.0024
49 0.112] 0.147 0.0005 0.0008] 0.201] 0.312 0.0010 0.0023
48 0.111] 0.146 0.0005 0.0008] 0.199] 0.307 0.0010 0.0023
47 0.109] 0.144 0.0005 0.0009] 0.197[ 0.302 0.0009 0.0023
46 0.108] 0.142 0.0005 0.0009] 0.195[ 0.296 0.0009 0.0023
45 0.107] 0.140 0.0005 0.0009] 0.192] 0.291 0.0009 0.0023
44 0.105] 0.136 0.0005 0.0008] 0.189[ 0.282 0.0009 0.0023
43 0.103]  0.133 0.0005 0.0009] 0.186] 0.274 0.0009 0.0023
42 0.102] 0.130 0.0005 0.0009] 0.182] 0.266 0.0010 0.0023
41 0.100] 0.127 0.0006 0.0009] 0.179] 0.257 0.0010 0.0023
40 0.098] 0.123 0.0006 0.0009] 0.175] 0.249 0.0010 0.0023
39 0.095] 0.120 0.0006 0.0010] 0.171] 0.240 0.0011 0.0023
38 0.093] 0.116 0.0006 0.0010] 0.167[ 0.232 0.0011 0.0023
37 0.091] 0.113 0.0006 0.0010] 0.163[ 0.223 0.0011 0.0023
36 0.089] 0.109 0.0007 0.0010] 0.159] 0.215 0.0012 0.0023
35 0.086] 0.105 0.0007 0.0010] 0.155] 0.206 0.0012 0.0023
34 0.084] 0.101 0.0007 0.0010] 0.150] 0.198 0.0012 0.0023
33 0.081] 0.098 0.0007 0.0010] 0.146] 0.190 0.0012 0.0022
32 0.079]  0.094 0.0007 0.0010] 0.141] 0.181 0.0012 0.0022
31 0.076]  0.090 0.0007 0.0010] 0.137[ 0.173 0.0012 0.0022
30 0.073] 0.086 0.0007 0.0010] 0.133[ 0.165 0.0012 0.0021
29 0.071]  0.083 0.0007 0.0010] 0.128] 0.157 0.0012 0.0021
28 0.068] 0.079 0.0007 0.0010] 0.123] 0.149 0.0013 0.0021
27 0.066] 0.075 0.0007 0.0010] 0.119] 0.142 0.0013 0.0021
26 0.063] 0.071 0.0007 0.0010] 0.114] 0.134 0.0013 0.0021
25 0.060] 0.068 0.0007 0.0010] 0.109] 0.126 0.0013 0.0020
24 0.058] 0.064 0.0008 0.0010] 0.104] 0.119 0.0013 0.0020
23 0.055]  0.060 0.0008 0.0010] 0.100] 0.111 0.0013 0.0020
22 0.052] 0.056 0.0008 0.0010] 0.095] 0.104 0.0013 0.0019
21 0.049]  0.053 0.0007 0.0010]  0.090[ 0.097 0.0013 0.0019
20 0.046]  0.049 0.0007 0.0009] 0.085[ 0.090 0.0013 0.0018
19 0.044] 0.046 0.0007 0.0009] 0.080] 0.083 0.0013 0.0018
18 0.041] 0.042 0.0007 0.0009] 0.075] 0.077 0.0013 0.0017
17 0.038] 0.039 0.0007 0.0009] 0.070[ 0.070 0.0013 0.0017
16 0.035] 0.036 0.0007 0.0009] 0.065] 0.064 0.0013 0.0016
15 0.033]  0.033 0.0007 0.0008] 0.060[ 0.058 0.0013 0.0016
14 0.030] 0.029 0.0007 0.0008] 0.055] 0.052 0.0013 0.0015
13 0.027] 0.026 0.0007 0.0008] 0.050[ 0.046 0.0013 0.0015
12 0.025]  0.023 0.0007 0.0007] 0.046] 0.041 0.0013 0.0014
11 0.022] 0.021 0.0006 0.0007] 0.041] 0.036 0.0013 0.0013
10 0.019] 0.017 0.0006 0.0007] 0.035] 0.030 0.0012 0.0012
9 0.016] 0.015 0.0007 0.0006] 0.030[ 0.025 0.0012 0.0011
8 0.014] 0.012 0.0006 0.0006] 0.025] 0.020 0.0012 0.0010
7 0.011] 0.010 0.0006 0.0005] 0.020] 0.016 0.0011 0.0009
6 0.008] 0.007 0.0006 0.0005] 0.015] 0.012 0.0010 0.0008
5 0.006] 0.005 0.0005 0.0004] 0.011f 0.008 0.0009 0.0007
4 0.004]  0.003 0.0004 0.0004] 0.007[ 0.005 0.0007 0.0006
3 0.002] 0.002 0.0004 0.0003] 0.004] 0.003 0.0006 0.0005
2 0.001]  0.001 0.0003 0.0002]  0.002] 0.002 0.0005 0.0004
1 0.001]  0.000 0.0001 0.0001] 0.001] 0.001 0.0003 0.0002

BA yapida en biiyiik goreli kat 6telemesi 0.023 diir. Deprem kuvvetleri altinda Y
yoniinde 51. katta goriilmektedir. DBYBHY-2007 madde 2.10.1°de verilen kosula
gore herhangibir kattaki etkin goreli kat 6telemesi 0.02 / R den kii¢lik olmalidir. Bu
kosul 0.023 < 0.02 / 4 = 0.050 bagintisinda goriildiigii izere saglanmaktadir.
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Celik yapida ise en biiyiik goreli kat 6telemesi 0.025 dir. Deprem kuvvetleri altinda
Y yoniinde 50. katta goriilmektedir. DBYBHY-2007 madde 2.10.1°de verilen kosula
gore herhangibir kattaki etkin goreli kat 6telemesi 0.02 / R den kii¢lik olmalidir. Bu
kosul 0.025 < 0.02 / 6 = 0.033 bagintisinda goriildiigii izere saglanmaktadir.

5. Insaat Siiresi :

BA yapida toplam 38162 m’ beton, 9121 ton ¢elik, 120863 m? kalip kullanilacaktir.
Her bir kat igin ortalama 706.7 m’ beton, 168.9 ton celik, 2238 m* kalip
kullanilacaktir. Santiye sahasina kurulacak bir beton santrali ve kalifiye celik ve
kalip iscileri ile santiyenin giinliik kapasitesi ortalama 100 m® beton, 40 ton celik,
550 m* kalip olarak tasarlanmustir. Buna gore bir kat 15.4 giinde, 54 kath BA

yapimizin tamami ise 831 giinde tamamlanacaktir.

Celik yapida toplam 18848 m® beton, 1961 ton ¢elik, 53960 m* kalip, 5742 ton yap1
celigi kullanilacaktir. Her bir kat i¢in ortalama 349.0 m® beton, 36.3 ton ¢elik, 999.2
m® kalip, 106.3 ton yapt ¢eligi kullanilacaktir. Santiyenin beton, gelik ve kalip
kapasiteleri yukarda belirtilmisti. Bunun yaninda, bir kule ving kullanilarak bir giinde
ortalama 22 ton yap1 ¢eligi montaj1 yapilabilecektir. Buna gore bir kat 11.1 giinde, 54

katl ¢elik yapimizin tamami ise 596 giinde tamamlanacaktir.
6. Kira Kaybi :

Toplam kiralanabilir alan1 55355 m? olan BA ve celik yapilarmn ongoriildiigii tarihten
geg siirede biten her imalati bir kira kayb1 kalemi olarak ele alinir. 831 giinliik insaat
siiresi olan BA yapinin, 596 giinliik insaat stiresi olan ¢elik yapiya nazaran 235 giin =
7 ay 25 gilin daha ge¢ bitecek olmasi, BA yapiya, aylik ortalama kira geliri,
kazanilamayan bir gelir, dolayisi ile bir gider olarak eklendiginde, aylik ortalama 50

YTL/m” tizerinden 21680708 YTL ek maliyet getirmektedir.
7. Toplam Maliyet :

Ayrintilart 5. boliimde verilen BA ve ¢elik yapi toplam maliyetleri su sekilde
gerceklesmistir.
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BA Yap1 Toplam Maliyet Analizi Tablosu

TOPLAM MALIYET

YTL $
BETON 4177579 3481315
DONATI 12530470( 10442058
KALIP 2915389 2429491
KiRA KAYBI 21680708 18067257
|[TOPLAM | 41304146] 34420122

Celik Yap1 Toplam Maliyet Analizi Tablosu

TOPLAM MALIYET

YTL $
BETON 1979952 1649960
DONATI 5441104 4534253
KALIP 1003117 835931
YAPI CELIGI 16558723 13798936
YANGIN YALITIMI 4053244 3377703
[TOPLAM | 29036140]  24196784|

Yukaridaki BA ve ¢elik yapiya ait toplam maliyet analizi tablolarina baktigimizda;
BA yapmin yaklasik 41.3 milyon YTL’ye, ¢elik yapinin ise 29.0 milyon YTL’ye
malolacagi goriilmektedir. Celik yap1 12.3 milyon YTL daha ucuza maledilecektir.

8. Yapim Kolayhg :

Celik yap1 ingaatinin 6nemli bir kismi olan yap1 elemanlarinin projesine gore imalati
atolye kosullarinda gerceklesecektir. Bu durum ¢elik yapiya, her tiirlii imalati agik
havada gerceklesmek zorunda olan, riizgar, soguk hava, asir1 sicak hava, kar, yagmur
gibi etmenlerden ¢ok fazla etkilenen BA yapiya gore biiyiik avantaj getirmektedir.
Bunun disinda, BA yap1 imalati sirasinda olusan toz ve giiriiltii sehirde biiyiik bir
kirlilik dogurmaktadir. Celik yapida atdlyede yapilan imalatlar sonrast sahada montaj

ile giirtiltiisiiz bir siire¢ izlenecektir.
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9. Celik Yapi Diizensizlik Kontrolleri :
Bu bolimde DBYBHY-2007 Tablo 2.1°de verilen dizensizlikler kontrol edilecektir.

Al - Burulma Diizensizligi :

Birbirine dik iki deprem dogrultusunun herhangi biri i¢in, herhangi bir katta en
biiyiik goreli kat otelemesinin o katta ayni dogrultudaki ortalama goreli 6telemeye
oranint ifade eden burulma diizensizligi katsayist

My = (A e 7 (Ao < 1.20 olmahidir.

M = A ek 7 (Ao
() =5 (A HB)0)

Ny = (Ao = 0.0025 =1.04 <1.20 Kosul saglaniyor.

A HA) ) 5 (0:002540.0023)

A2 - Doseme Siireksizlikleri :

I- Merdiven ve asansor bosluklar1 dahil, bogluk alanlar1 toplaminin kat briit alaninin
1/3 iinden fazla olmas1 durumu yapida bulunmamaktadir.

Kat briit alan1 = 1400 m’

Bosluk alan1 = 124 m?

124 /1400 = 0.09 < 0.33

II- Deprem yiiklerinin diisey tasiyici sistem elemanlarina giivenle aktarilabilmesini
giiclestiren yerel doseme bosluklar1 yapida bulunmamaktadir. Yapinin ana tastyicisi
olan ¢ekirdek perdeleri etrafinda hi¢bir désemede yirtik dahi yoktur.

II1- Désemenin diizlem i¢i rijitlik ve dayaniminda ani azalmalarin olmasi durumu so6z

konusu degildir.

A3 — Planda Cikintilar Bulunmasi :

Bina kat planinda ¢ikint1 yapan kisimlarin birbirine dik iki dogrultudaki boyutlarinin
her ikisinin de, binanin o katinin ayni dogrultulardaki toplam boyutlarinin %20
sinden daha biiylik olmasi durumu s6z konusu degildir. Ciinkii binada konsol dahi

yoktur.
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B2 — Komsu Katlar Arasi Rijitlik Diizensizligi (Yumusak Kat) :

Birbirine dik iki deprem dogrultusunun herhangi biri i¢in bir 1’inci kattaki ortalama
goreli kat 6telemesi oraninin bir iist veya bir alt kattaki ortalama goreli kat 6telemesi
oranina  boliinmesi ile  tanmimlanan  rijitlik  dlizensizligi  katsayisi

M= (A/h) g / (Ai/his)ge > 2.00 veya m=(A/hy),, /(A /hy,),, > 2.00 olmasi

durumu yapida bulunmamaktadir.

X dogrultusu i¢in 2. katta n,,= 0.006 / 0.003 =2.00 < 2.00
X dogrultusu i¢in 3. katta n,,= 0.007 /0.006 = 1.17 < 2.00
X dogrultusu i¢in 4. katta n,,= 0.009 /0.007 = 1.28 < 2.00
Y dogrultusu i¢in 2. katta n,,= 0.004/0.002 =2.00 < 2.00
Y dogrultusu i¢in 3. katta n,,= 0.005/0.004 =1.25 < 2.00
Y dogrultusu i¢in 4. katta n,,= 0.006 / 0.005=1.20 < 2.00

B3 — Tasiyici Sistemin Diisey Elemanlarinin Siireksizligi :

Tastyict sistemin diisey elemanlarinin (kolon veya perdelerin) bazi katlarda
kaldirilarak kirislerin veya guseli kolonlarin iistiine veya ucuna oturtulmasi ya da tist
kattaki perdelerin altta kolonlara oturtulmasi durumu yapida bulunmamaktadir. BA
yapida 12. kat kolonlarindan her iki tanesinden biri yiiksek kiriglere oturmakta ve bu
kirigler yardimi ile kuvvetlerini yandaki kolonlara aktarmakta idi. Celik yap1 tasarimi
sirasinda bu kolonlar temele kadar indirilmistir. Yapmin bu bolgesinde boyle bir
kritik nokta olusturmaktan kagimilmistir. Fakat 41. kattan 46. kata kadar cephe ice
dogru ¢ekilmektedir. Bu geri ¢ekilme virendel kirisi olusturularak saglanmistir. Bu
kattan itibaren kirislerin tizerine oturan kolonlar vardir. Bu kolonlarin oturduklari

kirigler iki kat1 tasimaktadir.

10. Celik Yap1 DBYBHY-2007’ye gore Kontrolleri :

BA ve celik yapiin karsilastirilmasi sirasinda ¢elik yapinin sistem performansi,
taban kesme kuvvetleri, mod sekilleri, tepe deplasmanlari, goreli kat dtelemeleri gibi

DBYBHY-2007°de varolan genel konstriiksiyon esaslarin1 sagladigi goriilmektedir.

Celik yap1 diizensizlik kontrolleri de yapilmistir. Yonetmelige uygun olmayan bir
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durum s6z konusu degildir. Bu boliimde ¢elik yapi hesaplamalar1 sirasinda goz

Oniinde tutulan esaslar ve bunlarin sonuglarindan bahsedilecektir.

I — Tastyici sistem davranis katsayist R=6 alimmustir. Ciinkii ¢elik yap1 i¢cin Tablo
2.5’de verilen ‘3.4 Deprem yiiklerinin tamaminin ¢aprazli perdeler veya yerinde
dokme BA perdeler tarafindan tasindigi binalar, ‘c’ BA perdelerin kullanilmasi

durumu’ siineklik diizeyi yiiksek sistem segenegi gecerlidir.

II — Hesaplamalar emniyet gerilmeleri yontemine gore yapilmistir.

IIT — Moment aktaran birlesimlerde St52 ile uyumlu kaynak veya ISO 10.9
ongerilmeli veya Ongerilmesiz (ihtiyaca gore) kalitede bulon, mafsalli birlesimlerde

ISO 5.6 kalitede bulon kullanilmustir.

IV — Madde 4.2.3.4 uyarinca deprem ylikleri etkisindeki elemanlarda ayni birlesim

noktasinda kaynakli ve bulonlu birlesimler birarada kullanilmamustir.

V — Madde 4.2.3.6 uyarinca c¢elik yapi elemanlarinin ve birlesim detaylarinin

hesabinda ¢, akma gerilmesi yerine D, o, arttirilmis akma gerilmesi kullanilmustir.

VI — Madde 4.2.4 uyarinca yapida Qg = 2.5 (siineklik diizeyi yiiksek g¢erceveler)
olarak arttirilmis deprem etkileri altinda kontroller yapilmistir. Yapi, arttirilmis

deprem etkilerini giivenle temele aktarabilecek yeterlikte dayanima sahiptir.

VII — Tablo 4.3°de verilen enkesit kosullar1 sinir kontrolleri yapida kullanilan biitiin

profiller i¢in yapilmistir ve bu kosullar saglanmaktadir.

VIII — Madde 4.3.2 uyarinca kolonlarin kirislerden daha giiclii olmas1 kosulu herbir
diigiim noktasinda her iki deprem dogrultusu i¢in de saglanmaktadir. Kontrollere

iliskin tablolar ilgili boliimde verilmistir.

IX — Kiriglerin kolona baglantilar1 atdlyede tam penetrasyonlu kiit kaynak ile
yapilacak, santiyede montajlar kiris ve kolon eki seklinde olacaktir. Buna ait tipik bir

imalat ¢izimi asagidadir. Kiris ekleri kirislerin tam orta noktalarindan yapilacaktir.
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Bu durum ilk bakista sakincali gibi goziikse de bu kirisler tlip sisteme aittir ve biiyiik
acikliklar gecen kirigler degildir. Dolayisiyla diisey yiik kaynakli biiyiik agiklik
momentleri degil deprem kaynakli mesnet momentleri etkindir. Kiris eklerine ait
hesaplamalar Kolon-Kiris Birlesim Hesaplart (Kiris Eki Hesaplar1) bashigr altinda,

detay ¢izimleri ise detay paftasinda verilmistir.
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X — Madde 4.3.4.1.c uyarinca birlesimlerin boyutlandirilmasinda kullanilan kesme

M_ +M
kuvveti V.=V, +1L.1D, (%) formiilii ile hesaplanmustir. Biitiin

n

birlesimlerde kapasiteye gore hesap yapilmustir.

XI — Madde 4.3.4.3 uyarinca herbir kolon-kiris birlesim noktasinda kayma bolgesi
kalinlig1 kontrolii yapilmis, gerekli yerlerde kayma bolgesi besleme levhalar

kullanilmustir.

XII — Madde 4.3.4.4 uyarinca kolon-kiris birlesim noktalarinda kiris basliklari

arasinda uzanan siireklilik levhalar1 kullanilmistir.

XIII — Madde 4.3.5.1 uyarinca bulonlu olarak yapilan kolon ekleri kolon-kirig

birlesim yerinden en az net kat yiiksekliginin 1/3’{i kadar uzakta tasarlanmistir.

11. Tesbitler :

Yapilan tiim hesaplamalar neticesinde goriildii ki Istanbul gibi 1. derece deprem
bolgesinde bulunan ve su anda Tiirkiye nin en yiiksek yapist olma iinvanini elinde
bulunduran is Kule adiyla bilinen Tiirkiye Is Bankas1 Genel Miidiirliigii Binas1 icin
giiniimiiz kosullarinda ¢elik yap1 se¢imi daha uygun olacaktir. Binanmn yapildigi
yillarda c¢elik olarak tasarlanmama nedeni olarak; ¢elik yapilarin heniiz
yayginlasmamis olmasi, celik insaat iscisinin ve is¢iliginin pahali ve zor bulunur
olmasi, biiylik 6zen ve dikkat gerektirmesi ve sektdrdeki biiylik kuruluslarin celige
kars1 bilgi eksikliginden kaynakli Onyargilarinin bulunmasi gosterilebilir. Yeni
yonetmelik ile bir¢gok soruya cevap saglanmasi ve hizla gelisen c¢elik endiistrisi,
ilerleyen yillarda celik yiiksek yapilarin yayginlagsmasi konusundaki temennilerimizi

karsilayacak niteliktedir.
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EK A. MEVCUT BETONARME YAPI TiPiK KAT PLANLARI
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OZGECMIS

Ozcan Kegelioglu, 1983 yilinda Ankara’da dogdu. IIk, orta ve lise &grenimini
Ankara’da tamamladi. 2001 yilinda I.T.U. Insaat Miihendisligi BSliimii’nii kazandh.
Bir yili ingilizce hazirlik olmak iizere 5 yillik lisans Ogrenimini 2006 yilinda
béliimiinde ikinci olarak iyi derece ile tamamladi. 2006-2007 Giiz Yariyili’'nda I.T.U.
Fen Bilimleri Enstitiisii Insaat Miihendisli§i Anabilim Dali Yap: Miihendisligi
Programi’na girmeye hak kazandi. Yiiksek lisans ders programini 2006-2007 Bahar

Yariyilt sonunda tamamladi.

Yazar, 2006 yilinda basladigi yiiksek lisans Ogrenimini siirdiirmekte ve 6zel bir
miihendislik biirosu olan Balkar Insaat Miihendislik ve Miisavirlik LTD. STI. de

Insaat Miihendisi olarak gérev yapmaktadir.
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