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ONSOZ

LT.U. Fen Bilimleri Enstitiisii, Ingaat Boliimii Yap: Programu gercevesinde
gergeklestirilen bu yiiksek lisans tez galismasinda, betonarme karkas olan Sabanei
Center Akbank Kulesi, celik konstritksiyon olarak ¢ farklh gekilde dizayn
edilerek biribirleri arasinda ve Akbank kulesiyle statik, maliyet, imalat, montaj ve
yapim siireleri bakimindan kargilagtinlmig ve bir sistem analizi yapilmigtir,

Turkiye’de simdiye kadar yapilan g¢ok kath binalar ( endiistri yapilari harig )
betonarme olarak yapilmigtr. Bunun en 6nemli nedenleri arasinda; Mal
sahiplerinin ve yapimci firmalann, gelik konstritksiyon yapilara aligkanhklannin
olmamasi, gelifin ilk yapim sirasindaki maliyetinin betonarmeye gore fazla olmast,
Turkiye de 6rnek bir gelik yapinin olmamasi, yapimer firmalann gelik kontriiksiyon
yap: i¢in (ofis,otel,ig merkezi vb..) gerekli bilgi tecriibe kadro ve donanima sahip
olmamalart ve betonarme bina yapiminda ¢alian Kkalifiye elemanlarin gelik
konstriiksiyon bina igin gerekli kalifiye eleman sayisina gore daha fazla olmasi ve
kolay temini olarak sayilabilir.

Fakat ¢ok yakin gelecekte, diinyadaki teknolojik gelismenin hizli olmasi, buna
bagh ¢ogu geyin bu hiza paralel olarak degisme zorunlulugu olmasi ve bu degisime
en hizli ayak uydurabilecek, depreme kars1 dayanikli, temel yiikleri bakimindan hafif,
yapim siiresi kisa, fonksiyonel gelik yiiksek yapilarin artik Tiirkiye’de de yapilmasi
gerektigi inanciyla bu tez hazirlanmugtir,

Cabgmalanm  siiresince degerli fikirlerinden ve tecriibelerinden
yararlandigim, sayin hocam Prof Dr. Erdogan UZGIDER’e, egitim hayatim
boyunca maddi, manevi her tiirli destegi fazlasiyla saflayan ¢ok sevdigim aileme, tez
yaziminda bana yardimci olan sevgili arkadaglarima tegekkiirlerimi bir borg bilirim.

17.1.1997 Osman SALICI
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OZET

Giiniimiizde niiffusun blyik bir bolimi blyik sehirlerin merkezlerinde
toplanmugtir. Tirkiye’de biyiikgehir diye tammlanan yerlerde arazi fiyatlan yer
darhindan ve merkeze yakin olmak i¢in yerlesmek isteyen insanlarin taleplerinden
dolay1 oldukga biiyiik rakamlara ulagmigtir. Biiyilk gehirlerde yatay geniglemenin
yaninda dikey genigleme gerekliligi ortaya qikmustir. Bu da gok kath yapilanin yapilma
zorunlulugunu ortaya ¢ikarmgtir.

Biiyiik bir boliimii deprem kugag: iginde bulunan iilkemizde yapilacak yiiksek
yapilarin tagtyici sistemlerinin segimi kullanilacak malzeme, yapim siiresi, maliyeti
ilkemizin i¢inde bulundufu ekonomik durumu ve ingaat sektoriiniimiiziin imkanlan
ve yapilabilecekleri goziiniinde tutularak bu tez hazirlanmigtir. Tez konusuna 6rnek
olarak son zamanlarda yapilmig mimari ve teknolojik agidan onemli bir yap: olan
Sabanci Center Akbank kulesi ainmighr. Bu yap: yatay yiiklerin B.A. g¢ekirdek ile
aktanldig: gevredeki kolonlarinda sadece diigey yiik tagidif tamami B.A. bir yapidir.
(B.A. =betonarme)

Tezde Akbank kulesi, mimari boyutlarina ve goriintiisiine sadik kalinarak
belirlenen tamam gelik konstriiksiyon olan iki ayt1 sistem ve B.A. ¢ekirdegin oldugu
fakat diger tagtyici elemanlanin gelik konstriiksiyon olarak tasarlandif: 3. bir sistemle
hem statik agindan hem yapim siiresi agisindan hem de maliyet agisindan kargilikh
olarak kiyaslanmgtir, .

Tagiyict sistemler SAP. 90 (Yapisal Analiz Programu) ile statik ve dinamik
olarak diigeyde ve yatayda yiiklenerek ¢oziilmiig ve bilinen boyutlardirma yontemleri
ile kesitler boyutlandinimistir. Sonugta sistemlerin yatay deplasmanlan, periyodlan,
¢ubuk kuvvetlei ve . digim  nokta deplasmanlan bulunarak birbirleriyle
kiyaslanmigtir. Celik konstriiksiyon yapilar deprem sirasinda daha siinek bir davranig
gosterdiklerinden (malzemeden dolay1) ve temele gelen yiikler agisindan daha hafif
olduklarindan, kisa siirede inga edilebildiklerinden tamir edilebilme ve ilave
yapiabilme ozelliginden, santiye giderlerinin azhifindan, temel maliyetin
dusikluginden ve kesitler kiigiikk olmasindan dolayr daha fazla kullanma alanina sahip
olmasindan dolayr B.A. yaptya gore daha avantajli oldugu goriilmigtir. Maliyet
olarak ¢elik malzeme B.A. yapmin malzemesinden ve ig¢ili§inin daha pahah
olmasindan dolayr tamami ¢elik konstriiksiyon yap: daha pahaliya gelmektedir. Fakat
yapilarin kendini kira geliriyle amorti etmesi siiresi hesaplandifinda tamamu gelik
konstriiksiyon yap1 ile tamami B.A. Karkas yap: arasinda zaman agisindan fazla bir
fark olmadig1 fakat B.A. gekirdekli gelik konstriissiyon kompozit yapimin amorti
stresinin difer yap: sistemlerine gére daha kisa olduu segilmesi gereken yapi
sisteminin B.A. gekirdekli gelik konstriiksiyon kompozit yap1 oldugu goriilmisgtiir.



THE SYSTEM ANALYSIS FOR AKBANK TOWER

OF SABANCI CENTER

SUMMARY

Today, in the big city centers, where lots of people live and trading is increased
by the population, to find an area for building business centers, hotels, trade centers,
etc.. nearly impossible. On the other hand to provide continuity during the managing
of the companies, workers, business, large and big building shuld be built. So that
multistory buildings should be designed, calculated and constructed specially with
economical, easy, usuable method. Also such constructions are being build mostly in
Istanbul in Turkey. Because Istanbul is the biggest city with respect to its population,
trading etc..

Istanbul is in the second earthquake zone according to the old Turkish

standarts but now it is in first zone according to the latest turkish standarts that is
published by Ministry of Public Works.
As the height of the building increases, more suitable materials should be choosen for
elastic behaviour against the earthquake ; as well as architectural functions should
not be interrupted ; besides the costruction become easier, economic, strong and
long lasting. In addition to these it is needed more equipment ( in limited site) and
causes minimum pollution during the construction for the environment. Also it is
controlable easily and in shorthest time it uses money. All these items can be provided
in Turkey. First of all, the developing countries which have got multistory buildings
in the world, such as U.S.A, JAPAN, CANADA and are especially under the
earthquake threat should be examined. At the same time economic situation and
existing position of the construction sector has to be followed and investigated very
carfuly to reach the most suitable desition beforewhen beginning of the construction
planning.

In this thesis, to define the most suitable construction system from the point of
wiev of statics, time and cost, to compare with three different construction systems
of steel and composite materials. The Akbank tower of Sabanci Center in Istanbul
has ben selected as a sample Two of them are designed as steel construction and the
third one has got reinforced concrete core and around of it there is steel structure
which is carried with vertical loads. In the steel structure, girders and slabs are
composite system, beams, columns and vertical diagonal members are steel
construction. The three structural systems have the same architectural functions
height and width and floors. For the statical calculation ,loads are taken from from
the Akbank Tower statical caculation.

General information about Sabanc: Tower ;

Whole building area is 107000 m®> and site area is 18171 m®. The Akbank
tower has got 5 basements, ground floor and 33 normal floors.The Holding tower



has got the same underground structure and 28 normal floors. At the Akbank tower
there are 4 more floors over the 33th floor. These floors consist of plumbing,
instrument, lifting shaft. Ofice floors has got 875 m® area.In the similar highrise
building the ratio between ofis and core is % 30 - % 35, but Sabanci Center has got
224 m” core area that is % 28. Tower core consists of lifting holes, 8 lifting shafts,
wet spaces, staircase, tea office and plumbing, heating, ventilating, equipment shafts.

As a statical system ;  Building is of reinforced concrete. According to the floors,
the core thickness is changing. Numbers of columns are 5 on both sides. These
columns are connected with continuous beams which are parallel to the sides of the
building. The thickness o the slab has been defined according to the TS 500 and the
thickness was found as 20 cm . Thickness of the shear wall of the core is changing
between 50 and 20 cm.

Loads ; Dead load and live load have been defined according to TS 498 and DIN
1055.For the office floors live load has been taken as 5 kN/ m? but for the vertical
memezbers, it was taken as 2 kN/ m”* and in addition for light partition walls 0.75
kN/m

Foundation ; The dimentions of the foundation is aproximately 100*100 m for all
building and is made of mat foundation which has got 1 m thickness, but under the
towers, the thickness of the mat foundation is 3m.

Materials ; Concrete is of BS 35 ; Reinforcement is of BC II1

For designing of the steel structure system, all items mention above have been
taken exactly the same and the height of the floors is 3.5 m from top of the slab to the
top of the other slab above

Design of the first steel structure system ;

Lateral loads are carried by the steel core consisting of truss system members.
Side columns are carrying just vertical loads. Beams and girders are connected to the
columns as a hinge. Beams and slab are of composite sections.

Design of the second steel structure system ;

It is the same system with the first system, but the different part is that girders
are fix connected to the columns at every two floors.

Design of the third steel structure system ;

Lateral loads are carried by the reinforeced concrete core which isin the middle
of the building and made of the space truss system but the other members are steel
and composite materials. They are carrying vertical loads

For multistory building, lateral loads are important as much as vertical loads. So
wind pressure or earthquake loads are getting important much more than the ordinary
buildings that are not so importantly high structures. the people who live in the
multistory buildings, can be effected from the lateral deflections. This means that



limits at lateral deflections is a very important design criteria. In these buildings it is
assumed that floors has rigid behaviour. Their displacement is same as the vertical
members.

It is obvious that high-rise structures have to cope with enormous gravity loads
compared to other structures. On the other hand, the overall stiffness of high-rise
buildings under the action of lateral forces, such as wind and earthquakes, is
governed by the stiffness of the individual components of the steel structure.

Stiffness depending on the geometrical section and its influence on deflection and
buckling behavior on the one hand and the steel strength controlling the load bearing
capacity of strength controlling the load bearing capacity of beams and columns on
the other hand. Further more, the mechanical properties as, for example, the
weldability have a determinative influence on fabrication costs.

In the steel structures,the slab and most of the beams have been calculated as
composite section. These sections’ calculation consist of all necessary verifications.
All connections have been designed with bolt connections on the site because of the
welding on the site and during the erection is both too difficult and control is not
possible. In this connection high quality bolts have been used.

For the dimensioning of the columns and vertical diagonal space truss members.
Computer programs called as sap 90 ( structural analaysis program) has been
used. In this program the structure can be calculated against the statical and dynamic
loads. All sections of members have been found according to these program outputs.
It is mentioned below.

For the steel sections ARBED profiles have been used ( these are W, HD, HE-B )
Concrete is BS 35 like Akbank Tower . Reinforcement is BC III . But the slab
thickness is 15 cm since composite section is calculated. For this structural analysis
program, ideal statical system as a data file must be prepared. It means buildings must
be defined with coordinates, section properties, weights, loads, masses if it is
necessary , restraints and members. Three type of steel structures have been solved
with this sap90 against the statical wind loads as well as dynamic earthquake loads as
a result of , forces on the members , reactions and deflections on the joints was
found. Steel sections can be dimensioned according to the steel structures with using
the sap 90 outputs.

Capacity of the sap 90 ;

For the statical analysis : max. equation numbers are 10000
max joint numbers are 4000

For the dynamic analysis : max. equation numbers are 6000
max joint numbers are 2500

In the data file which has been solved : max. equation numbers are 5073
max joint numbers are 1611
max member numbers 3450

For the other systems all steel dimensions are taken like the first system. For the
section verifications of the three steel structure. Just the first system members have
been dimensioned



After the statical and dynamic analysis, material list had been prapered for the
first, third and existing structure, then not only Turkish construction markets pricess
but also Ministry of Public Work’s pricess had been taken to calculate the cost of the
strutural systems. At the end of the cost analysis ,the steel structure system is the most
expensive among the three systems. But when we calculated the redemption of a
band of all structural system , the composite system ( third system) is the most
economical. There are no differences between the steel structure system and the real
system ( R.C. structure)from the point of the view of amortization of time and price.

General Results Of The Steel Structures ;
Steel construction is characterized by the following features.

1. Large spans can be achieved with comparatively small expenditure. Thus in
multistory building, the number of supports is reduced and plan flexibility in creased.

2. The loadbearing parts of steel construction have small section; a particularly
important point for the section of vertical members. The stanchions of steel
construction can be merged with the exterior walls, without encroaching on usable
space.

3. The light weight of steel skeleton-frames is of great importance for high-rise
buildings and in difficult foundation conditions, and can produce appreciable cost
savings;

4. Steel multistory buildings can take daring structural form, as in suspended and
bridged structures and extended cantilevers.

5. Adaptability of the load-bearing structure is easily achieved with steel structures
and in the case of certain systems, complete demountability and replication.

6. Requirements of the building inspectorate, e.g., fire regulations are requirements
applying to materials, such as anti-corrosion, have for long been quite economically
met and no longer add any appreciable costburdens to steel skeleton-frames.

7. The basic product for the steel skeleton consists of steel sections with a limited
type-range, which when combined nevertheless allow an unlimited number of
possibilities.

8. Steel structures, particularly the simpler forms of multistory building, lend
themselves to the use of cheap, partly or wholly-automated production lines. This
illuminates the necessity for keeping to standard series, since re-jigging in the steel
shop can be easily done.

9. The high degree of accuracy possible in the fabrication of steel building
components, ensures narrow tolerances in erection, which in turn speeds up assembly
and favors the use of prefabricated components.



10. Structural steel components are relatively light and can therefore be moved over
long distances without high transport costs.

11. Modern mobile cranes or tower cranes provide hoisting apparatus, which allow
short assembly time with small labor outlay.

12. Steel erection takes up little site space. Space only for hoisting apparatus and
delivery vehicles suffices, for as a rule, erection can be done without other
interceding apparatus.

13. Necessary erection periods need to be very exactly calculated in advance, to allow
rapid erection to meet completion dates.

14. Steel erection is not dependent on season and weather conditions. Short total
completion periods will follow if the foundations are ready prepared before winter,
and erection, unaffected by weather conditions, proceeds during winter months.

15. Moreover the reduced thickness of the flooring makes it possible to obtain one or
several additional levels in height, depending on the size of the buildings. When land
is expensive. as is usually the case in townsor cities, this saving of building area can
have a significant effect on the profitability of the investment in matters of land
purchase.

16. Using steel for construction means in this connection taking the minimum of
risks.

17. During the “concealed time”, supplies are prepared and machining takes place at
the workshop. The work is carried out under protection from the elements and in
accordance with methods of industrial production which permit production costs to
be reduced accordingly.

18. The materials which will then be delivered to the site only to be assembled there
in accordance with a rigorous work schedule drawn up from the beginning will
therefore offer a all the guarantees of a reliable and precisely made product.

19. The frequent occurrence of difficult work sites, in urban and suburban araes.
Steel construction is not affected by work areas being confined or difficult to reach.
The framework can be assembled on a small site which is even enclosed between
existing structures and, where the site is in a central position, without interfering with
traffic.

20. In steel construction the work site does not cause any pollution. Assembly and
dismantlying take place without producing dust, med. noise or any other nuisances
detrimental to the builder who almost certainly would have to bear to costs of
preventing disturances to adjacent propertys owners by taking precautions and
providing costly extra equipment.

21. Time is its principal parameter. Building means in fact investing substantial capital
which will only produce a profit when the structure is completed and brought into
operation.



22. There is no doubt that much earlier access to the structure is obtained by using
steel.

23. In a steel structure the repair work is greatly facilitated when the need arieses, as
it must at some time or other. In the event of a local accident, for example, the
damaged parts can be very rapidly replaced without attecting adjountign sections or
causing the stop page of utilisation, which would occur particularly if scaffolding and
cumbersome pollution-producing machinery and equipment were used.

24. Dynamic competition the growing damends of users ant the invreasingly rapid
rate of technical and technological progress are all bringing about more rapid changes
in people’s way of life as well as in production techniques.

25. For these tall and heavy buildings the usual spread footings may not be sufficient
to support the loads. If the bearing strength of the soil is hight, steel grillage footings
may be sufficient, but for poor soil conditions pile ir pier foundations may be

necessary.
26. High wind pressures on the sides of tall buildings produce overturning moments.

27. A building must not only be braced sufficiently laterally to prevent failure but
also prevented from deflecting so much as to injure its various parts. Another item of
importance is the provision of sufficient bracing to give the occupants a feeling of
safety. They might not have this feeling in tall buildings which have a great deal of
lateral movement in times of high winds. There have actually been tales of occupants
of the upper floors ot tall buildings complaining of scasickness on very windly days.
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Figure 1. 3D Statical system of the steel structure
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BOLUM 1. GIRIS

1.1 KONUNUN TANIMI

Turkiye’de nifusun gogunlufunun biiyiik sehirlerin merkezlerinde
toplanmasindan ve insanlarin merkezlere yakin yerlerde yagama ve galigma isteginin
artmasinda sehir merkezlerinde ve ticaretin yogun oldugu yerlerde genis araziler
bulmak hemen hemen imkansiz hale gelmigtir. Bir yandan da firmalar, otellerin, i
merkezlerinin gehir merkezlerinde yapilmasi gerekhilifinden ve kesintisiz bir
caligmanin saglanabilmesi i¢in biitiin bolimlerin (firmalar ve iy merkezleri igin) bir
arada bulunmasinin gerekli olmasindan oteller igin ise daha ¢ok yatak kapasitesine
sahip olmas1 gerektiginden dar arazilerde yatayda genislemenin zorlugu ve isteklere
cevap verememesi yiiziinden bu tip yapilarda dikey genisleme diigiiniilmesi ve
yapilann buna gore dizayn edilmesi zorunlulugu ortaya ¢ikmugtir. Durum boyle
olunca ve ozellikle Istanbul’da bu tip yapilann gogalmasi ve Istanbul’'un deprem
bolgesinde bulunmasindan dolay1 tagiyict sistem segimi kat sayis1 arttikca énem
kazanmaya baglamigtir.

Yap: yitksekligi arttik¢a yiikseklie uygun, deprem bolgelerinde siinek davranig
gosteren, yapiin mimari fonksiyonlanni aksatmayan, imalati kolay, ekonomik, uzun
omurli, fazla ekipman gerektirmeyen (ingaat sahasinin darhfindan dolay1) ¢evreye
ingaat sirasinda en az zarar veren, kontrolii kolay, kisa siirede gelir getirmeye
baglayan en uygun malzeme ile yapim sekli ve tasarimi gerekmektedir. Bunun iginde
diinyadaki geligmis tlkelerdeki bu tiir yapilann incelenmesi ve nasil yapildiklarinin
aragtirilmas: bunun yanminda da Tiirkiye’deki ekonomik durum ve ingaat sektoriindeki
teknolojinin géz 6niinde bulundurularak en dogru kararin bagtan ¢ok iyi ve isabetli bir
sekilde verilmesi gerekmektedir. Yatinma baglandiktan sonra geri doniigler oldukga
zor, zahmetli ve ekonomik agidan yikici olur boyle bir karardan da geriye donmek
imkansiz gibi birgeydir.

Hazirlanan bu tezde Tiirkiye sartlanna uygun, giivenli, ekonomik, yapimi kolay

yapi tasgtyict sistemi ve tagiyici sistem malzemesi segimi igin statik maliyet ve siire



bakimindan karsilaghrma yapilabilecek yapilmis ve kullamilmakta olan Istanbul
sehrinin 4. Levent semtindeki 37 kath tamami B.A. SABANCI CENTER AKBANK
kulesi 6mek olarak segilmigtir Aym1 mimari fonksiyonlara bagh kalinarak segilen
tagtyict sistemden ilk ikisinde tamami gelik konstriiksiyon olan , iigiinciisiide B.A.
cekirdekli gelik kolon ve kirigli kompozit yap: sistemleri statik, yapim siiresi,
ekonomiklik, maliyet agisindan AKBANK kulesi ile kiyaslanmigtir.

Analizi yapilan SABANCI CENTER icin genel bir bilgi vermek gerkirse;

AKBANK kulesi ISTANBUL sehrinin 4. Levent semtinde bulunmaktadir.
Bolge 2. Derece deprem bolgesidir. Yapinin ingaat alam 107.000 m? olup, arsa alam
18.171 m?dir.5 Bodrum, zemin kat ,33 normal kath Akbank Kulesi , 28 kath
Holding kulesi ve 2 kath sube blogundan olusan yapida, 9300 m? olan 5. bodrum
katta havalandirma, sprinkler, sogutma santralleri, kalorifer dairesi ve 10 otoluk
otopark mevcuttur. 9200 m? olan 4. bodrum katta 160 otoluk otopark, arsiv ve olepo
mabhalleri bulunmaktadir.9200 m? olan 3. bodrum katta 110 otoluk otopark, fitness
center, PTT dagitim, depo ve matbaa bulunmaktadir.9300 m? olan 2. bodrum Aknet
ve Bimsa computer merkez ve ofisleri ile jenerator mahallerine ayrnimigtir 9900 m?
olan 1. bodrum katta 1000 kisiye hizmet veren Akbank kafeterya ve 800 kigiye
hizmet veren Holding kafeterya, genel midiirliik kasa daireleri sube kasa dairesi ve
eklentileri ile tatil kasa dairesi ve trafo mahallerine ayrilmigtir. 4900 m? olan girig
katinda Akbank ve Holding girig holler 1900 m?’lik ¢ok amagh boliinebilir toplant: ve
sergi salonu ve 1200 m?'lik banka subesi bulunmaktadir.Zemin kat girisinde her iki
kule 22 mt. yiikseklifinde ¢elik konstriiksiyon girig sagag ile birlestirilmis ve 12 mt.
yuksekligindeki kule giris holleri ile harmonik bir birlegtirici unsur olarak
distintlmistiir.

Giris sagaf merkezinde bulunan 8 mt. ¢apindaki granit siis havuzu ve giris
sacaginda bulunan 8 mt. gapindaki paslanmaz gelik avize girige estetik bur unsur
kazandirmigtir Kule katlanmin projeledirilmesinde yapilan incelemelerden ofis
katlarinda 30 ile 40 kisinin ¢aligacag ve her katta idareci ve toplantt odalarnina ihtiyag
duyulacag: not edilerek yapimn cephe etkisinin getirdigi kademelerin ve yapimn 4
kademede geri gekilmesi sonucu gerekli kullanima gore ideal biiro alanlarinin 800 m2
civarinda bir alan olmasi saptanmigtir Bu konumda 875 m? ile baglayan biiro alami



kademeler sonucu 835 m?ye kadar azalarak diizenlenmigtir. Emsal yapilarda % 30 -
%35 olan biiro - gekirdek oram Sabanci Center’de 224 m? g¢ekirdek alami ile % 28
mertebesinde ¢dzilmiigtiir. Kule gekirdekleri, baglica fonksiyonlar itiban ile asansér
holii, 8 adet asansor gafti, islak mahaller, ¢ekirdek merdiveni, ¢ay ofisi ve tesisat
saftlanindan olugmaktadir.

Yapmnn yiiksek yapilar sinifina girmesi dolayisi ile 6nem kazanan yangin
emniyet, kulelerde ¢ekirdek merdiveni haricinde iki adet yangin merdiveninin
Ongoriilmesini zaruri hale getirmigtir. Yangin ile miicadele ve korunma prensiplerinde
yap1 belirli yangin zonlarna boliinerek her kesimden maximal 30 mt.’de duman
hiicresi bulunan yangina 1.5 saat dayanikl: malzeme ile emniyete alinmig yangin kagig
merdivenleri diizenlemigtir. [ 1]

Statik sistem olarak ;

Yap1 betonarme karkas olup diigey tagtyic1 sistem merkezdeki katlara gore
degisken kalinhkh gekirdek perdeleriyle cephe kolonlarindan olugmaktadir. Kolon
sayist heriki cephede 5 adettir. Bu kolonlar cepheye paralel olan bir miitemadi kirigle
baglanmigtir. Kolon boyutlari mimari miilahazalarla, biiro katlarinda sabit tutulmug
olup g¢evre kirig boyutlan da tesisat kanallanina, asma tavan iginde gecis saglamak
amactyle by / h = 120/45 cm. olarak sinrlandinlmigtir. Dogeme kalinh@ TS 500
12.5.3’e gore tayin edilmis olup m. biiro katlannnda 20 cm. kalinhgindadir. 45
derecelik dénme bolgelerinde ise, yine aym kalinlikda gizli kirigler tertip edilmigtir.
Cekirdek perde kalinhklarn 50-20 cm. arasinda ve temelden yukanya dogru
incelmekte olup gekirdek i¢ yiizii, mimari yonden sabit tululmugtur. [ 1 ]

Perde kalinliklarinin degisimi agagidaki gibidir:

Temel - 11.500 kotu arasi 50 cm.
11.500 - 58.375 kotu arasi 40 cm.
58.375 - 89.375 kotu arasi 30 cm.
89.375 - tepe noktasi arasi 20 cm.

Max. dogeme agiklifs 7.55 m. olup, yine max. 3.00 agikhkh konsollara sahiptirler.
Cevre kirig agikliklan ise 6.00 + 6.00 + 7.56 + 7.56 + 6.00 + 6.00 m.’dir. [ 1 ]



Yiikler ;

Yapinn 6lii ve servis yiikleri TS 498 (1987) ile DIN 1055’e gore saptanmugtir.
Ancak biiro katlarindaki servis yiikleri, bu tip binalarda edinilen tecriibelere gore,
sadece yatay tagtyic1 elemanlan igin, p= 500 kg/m? ahnmg, diisey tastyict elemanlar
icin ise TS 498’de verilen p= 200 kg/m? deferi 6ngérilmigtiir. Muhtemel hafif
boliimii duvarlan igin ise, bu yiik, 75 kg/m? arttinimgtir. [ 1 ]

Temeller ;

Yaklagik 100 x 100 m boyutlanindaki ve tiim kompleksi kapsayan radye plag:
derzsiz olarak tertip edilmigtir. Bundaki gaye gerek radye gerekse bodrum dig
perdelerinde, genellikle yalitim sorunlarnina neden olan yatay ve diisey derzlere devre
dig1 birakmak olmugtur. Radye plak kalinli, kuleler altinda 3.00 diger bolgelerde ise
1.50 m’dir. Radye, 1014 kare eleman (1116 diigiim noktast) igeren elastik mesnetli
plak olarak hesaplanmi ve yatak katsayisi, zemin raporu geregince k= 50.000 t/m?
ahinmgtir. Rotre ve siinme tesirlerini kargilamak igin gerek radye gerekse bodrum dig
perdeleri igin 6zel teghizat hesaplanmigtir. Difer taraftan, santiyenin giinliikk beton
kapasitesi gozoniine alinarak, radyeden beton dokim anolan teptiplenerek
numaralandinlmiy ve anolar miinavebeli olarak betonlanmigtir. Temelin yiiksekligi
nedeniyle, Ust teghizat, profil demirinden olugan bir iskele yardimiyle tutulmus,
anolann diigey i derzleri igin gerekli 6nlemler alinmigtir. Ayrica hidratasyon 1silar1 da
devaml olarak takip edilmistir.ingaat boyunca yapilan gozlemlerde, temel plaginda
higbir gatlak g6zlenmemigtir. [ 1 ]

Malzeme;
Kulelerde, temel dahil, BS 35 BC. III kullaniimigtir. Beton yapiminda sadece
katkisiz portland ¢imentosu dngoriilmiigtiir,

Ornek alinan AKBANK KULESININ mimari galisma fonksiyonlarina aynen
bagh kalinarak ve yukanda anlatilan hergey aynen kullanilarak gelik konstriiksiyon
sistemler dizayn edilmistir. Ofis katlan, tesisat katlan, asansor tesisati kati ,
yangin merdivenlerinin yerleri ,havalandirma bosluklari, 1slak hacimler aynen
ahnmigtir. Kat yisekligi ofis katlarinda alt kat dogemesi ustiinden st kat



dosemesi istine 3.5 m olarak alnmgtir Kargilagtirmas: yapilacak sistemlerin
agiklamasi agagida yapilmigtir.

Coziilen 1. Sistem ; Yatay yiklerin, binanin g¢ekirdek boliimii diye adlandinlan
asansorlerin bulundugu merkez etrafinda tegkil edilen diigey ¢apraz sistemi ile
temele aktanldifn ve kolonlarin sadece eksenel yikk tamjdigi sistemdir. Bu
sistemde elemanlar birbirlerine basit olarak , sadece kesme kuvveti veye sadece
cksenel yiik aktaracak gekilde baglanmigtir. Kat kiriglerinden, uzun agiklia sahip olan
ve ara kiriglerin yiklerini kolonlara tagiyan ana kirigler kompozit olarak
hesaplanmgtir.

Coziilen 2. Sistem ; Yatay yiiklerin, ¢ekirdek bolgesindeki diigey ¢aprazlarla
birlikte , her iki katta bir olugturulan ii¢ agikhikhi gercevelerle tagindifn sistemdir.
Kat kiriglerinden ana tagiyic1 kirigler 1. sistemdeki gibi kompozittir. Bu sistemde
kolonlar ve kirigler her iki kata bir gergeve olusturacak sekilde yani kesme ve normal
kuvvetin yaninda moment aktaracak gekilde baglanmigtir.

Coziilen 3. Sistem ; Yatay yiiklerin,, ayni AKBANK kulesindeki gibi betonarme
bosluklu perde sistemi ile aktanldif, orta kisimda gelik kolon ve g¢apraz sisteminin
bulunmadis, kenar kolonlarin ve diger elemanlann ¢elik oldugu ve kenar kolonlarin
sadece eksenel yiik tapdifn kompozit bir sistemdir. Bu sistemde de ana tagiyici kat
kirisleri kompozit olarak hesaplanmgtir,

Yiksek binalar igin yatay kuvvetler, yergekimi kuvvetleri kadar énemlidir. Celik
konstriikksiyon yapilarda yapt B.A. yapilara oranla daha hafif oldugundan riizgar
basinci biiyiik etkilere yol agmaktadir ve dizaynda 6énemli yiikler diisiiniilmesine ve
yatay deplasmadaki simirlamalara gore rijitliin artiilmasina sebep olmaktadir. Yatay
deprem yiikii ise, daha dogrusu dinamik olarak etkiyen deprem yiikii yapinin agirhg
ile dogru orantih oldugundan B.A. yapilarda riizgardan daha fazla 6nemli rol
oynamaktadir. Yiksek yapilarda kesit hesaplarinda 6nemli rol oyanayan faktér yatay
deplasman sinirlamasidir. Genellikle yiiksek yapilarda yapinin yaptifx yatay deplasman
insanlar lizerinde psikolojik ve saghk agisindan etkili olmaktadir insanlarda deniz
tutmasim1 andiran etkilere sebep olmaktadir. Yatay yiiklerin temele aktaniimas: iside bu



tip yiiksek yapilarda gergeve sistemleri ile veya gekirdek sistemleri ile yapilmaktadir.
Cekirdek sistemleri B.A. veya gelik ¢apraz sistemler olabilir. Yiiksek yapilarda kat
dosemesinin ve kiriglerinin yatay diizlemde yeter rjitlikte oldugu kabul edilip yatay
yikleri kat seviyesinde karsilayip diisey elemanlarla birlikte ayn1 deplasman yaptif
dustinilmektedir.

Kesit boyutlandirimasi yapilirken, Akbank kulesinin hesaplarinda kabul edilen
yiikler aynen alinip ilk 6nce kompozit kiriglerin hesabi yapilmigtir. Yapilan kompozit
kiris hesaplarinda betondan kaynaklanan ve ilave gerilmelere sebep olan ritre ve
siinme etkilerde dikkate alinarak hesaplanmigtir. Kompozit kirislerin disindaki ara
tastyict kiriglerde gelik kiris olarak hesaplanmstir. Kiriylerin kolonlara olan baglantist
montaj kolayh@ agisindan kiriglerin ayn1 kesitinden yaklagik 1’er metre uzunlugunda
kisimlan kolonlara kayanklamig olarak fabrikada montaj yapihp kirigler bu kirig
kesitlerine bulonlu baglanmasi saglanmigtir bunlar igin yitksek mukavemetli bulonlar
kullanitmigtir. Sadece  diigey yitk tastyarn kenar kolon kesitleri ile ¢ekirdek
bolimiindeki ¢apraz elemanlarla birlikte yatay yiikleri temele aktaran orta kolonlar
statik ve dinamik ¢oziim yapabilen bilgisayar programi yardimiyla kesit tesirleri
bularak ¢oziulmigtir Bu programdan alinan temel yiiklerine gére kolon taban tipi
secilip elemanlanin kesitleri hesaplanmigtir. Bu programin agiklamasi asagida
yapilmugtir.

Celik konstriiksiyon yapilar igin tahkik edilecek kolon kesitleri ARBED
katalogundan segilmis geniy baghkh W ve HD profillerinden bilesik simetrik
kesit olarak olugturulmugtur. Kirigler HE-B profillerinden , diigey diyagonal
elemanlar HD profillerinden segilmigtir.

Malzeme AKBANK kulesinde kullanilan, beton BS 350 , ¢elik St 37.2
olarak hesaplar yapilmigtir. Betonarme doégeme kalinh@ gerekli konstriiksiyonlar
uygulanarak AKBANK kulesindeki gibi 20 cm degil, 15 cm olarak
hesaplanmgtir.

Her ii¢ sistemde SAP 90 ( STRUCTURAL ANALYSIS PROGRAM) diye
bilinen yap: analizi programi kullanilarak , statik sistemi ideallestirilmis bir data
dosyas1 hazirlamp, diisey yiiklere ve yatay yiiklere ( riizgar yiikleri, deprem
yiikleri ) gore ¢oziilerek gerekli kesit tesirleri bulunduktan sonra boyutlandirma
yapilmigtir. Yap: diisey yiklere ve riizgar yiikiine kargt statik olarak , deprem
yiklerine karsg MODAL ANALIZ YONTEMI kullamlarak ¢oziilmiistiir.



Kullamlan sap90 program sistemleri gubuk sistem ve varsa kabuk elemanlar olarak
tanimlayip , sonug olarak elemanlardaki kesit tesirlerini ( moment , kesme kuvveti ve
normal kuvvet ) ve aym zamanda digim nokta kuvvetlerini , sistemin diigiim
noktalarinda yaptif1 yatay , diisey deplasmanlarla dénmeleri vermektedir. Bu etkileri
gene sap90 programina ilave yazilan saplot programi ile goriintiilii olarak ister iig
boyutlu , ister iki boyutlu gdérmekteyiz. Sap90 programi aymi zamanda ikinci mertebe
etkisine gorede hesap yapabildiinden sistemler bu etkide goz 6niine ahinarak statik
ve dinamik olarak ¢oziilmiigtiir. Programin kapasitesi , denklem sayist , diigiim nokta

sayisi ve eleman sayisina gore belirlenmektedir.

Sap90 programinin kapasitesi ;

Statik analiz i¢in :  Max. denklem sayisi 10000
Max digim nokta sayiss 4000
Dinamik analiz igin :  Max. denklem sayisi 6000

Max diigim nokta sayist 2500

Tezde ¢oziilen sistemin : Max denklem sayist 5085 ( dinamik analizde )
Max diigiim nokta sayist 1611
Max eleman sayisi 3450

Bilgisayar sonuglaria gore her ii¢ sistem iginde gelik konstriiksiyon elemanlarin
boyutlandiriimasmna esas olarak 1. sistemin (yatay yiklerin gekirdek bolgesindeki
disey caprazlarla tasindifi, kolonlarin sadece eksenel yiik tasidign sistem) sonuglar
almmugtir. Diger iki sisteminde ¢bziimii yapilmig ve bunlarla ilgili ¢iktilarin
degerlendirilmesi (statik, maliyet, zaman agisindan) sonug¢ boliimiinde yapiimis ve
¢iktilan ek bolimine konmustur. Betonarme gekirdeklli ¢elik konstriksiyon
kompozit sistemdeki betonarme gekirdek perdenin kalinhidi aynen gergek sistemdeki
gibi kullanilmigtir,

Yapilan statik hesaplar ve kesit boyutlandirmasi kesin hesap gibi yapilmg ve idael
boyutlar elde edilmigtir. Hesaplarda kullamlan biitiin hesap yontemleri standardlara
uygun, giincel olarak kullanilan pratik hesaplardan 1. sistem igin kesit boyutlandirmasi
kesin olarak yapildiktan sonra tamam gelik konstriiksiyon 1. sistemin, B.A. gekirdekli

gelik konstritksiyon kompozit sistemin ve mevcut tamam B.A. sistemin malzeme



miktarlan hesaplanmig, yapim siireleri kargilagtirmas1 igin zaman planlamas: yapilmig
ve maliyet analizi ile birlikte yapilan yatinm planlamasi sonucunda sadece kira geliri
ile kendi kendilerini amorti etme siireleri bulunmugtur. Maliyet analizine esas alinan
malzeme fiyatlan Baymndihk Bakanlifinin yaymladii 1996 yih birim fiyatlan ve
Biuytik ingaat firmalannin ihalelere girerken verdikleri fiyatlan baz alinarak
belirlenmigtir.

Zaman planlamas: ise glinimiizdeki ingaat teknolojisi ve imkanlan aragtirilip
birebir yiiksek yap: santiyeleri gezilip ve yetkilelerle goriigiilerek yapilmigtir, Yatirim
planlamis igin bir insaat firmasimn PROKON Miihendislik Ing. Tic. Ltd. Sti. yetkili
mali misaviri ve kurucu ortaklanyla ve diger yatinmci firmalarla gorisiilerek

Tirkiye’nin durumuda goéz 6niinde bulundurularak hazirlanmugtir.



136070

34000

Sekil 1.1 3 boyutlu statik sistem



§3¢6u70

+ 13607
26 + 13167
AN =2
34 £12297
/\ 23 snzaz
N =+ u377
30
1=
28
26
24
/\ 23
\ 22
| 21
) /7 20
19 + 6827
\ 18 y 6477
17 & 6030
16 .3 8700

DD

12

/\ 1
/ 10
ANE K
AN
N s
AN 3

\ 2 : 8.00

+ 450

N
>

<
Z

10.000
- SEREE

- o

Sekil 1.2 K gapraz sistemi



136070

11

Sekil 1.3 X capraz sistemi

= 13607
3% .87
3 .iee57
24 +12297
kY +117.22
33 nze
32 + 11377
=2
2
30
29
28
27
26
25
24
23
22
21
20
19 5 6827
18 & 64.77
17 + 6030
16 & S7.00
15
14
13
12
1
10
8
7
8
5
4
3
2 ; 8.00
1 « 450
2
/\ £0.000
A B
l 34000



12

PSSy -,
KOLE TURM- I o /
MR
LELNETD M 7\
5. 5RuP (3 Kir) [
5 P (5K =
4. 2EuP (: Ka‘[') s =
. b [
& 1
f i ]
TENE 17 iESISAT |-}
% |
3. GREP (7 KAT) L L %
N [
1 hrd
. - =
p i
1 !
- —
5 {
: |
7 J
2. GRUP (10 KAT) d 2
5 b=
! {
450 2
35 P b
1, GRUP (2 K&T) l w30 !
tO30 . depngestwoss ) ZEMiR EAT 03
YNTERGES 1. GO0RIM 1200
ERGES CHOS = .
L = 1200
3 1200
1 1 * Ilm
: 5 #

Sekil 1.4 Akbank kulesi boy kesiti



13

Kutt 1

Kbl

Y]

S

92

|

KATL AR

R

[ cums ¢ i oavss [ vy

' RN l -
: ﬁ LhL e E :
I . ( : v pubd et
[ : —_— —
| AR el | | osu/s)
{
i v :
, ; SERN '
i 1 { P i l | I I
[ { !
' 3U/55 I

¢ . : R
TR E NIRRRRREY
S © 7 eiow uzmb zumics| 1w an| astoDL
e
SREERE L T © 051/
[T s ] o RN !J =
T T e
?J:—}sxg?te.‘éé:ciuzlnzﬁiaﬂ':Eﬁ-‘-'-"”"’s‘. 1= ﬁ—{a—mm" !
=t L2055 R
- z
N S P
= d
/ Y,
by ///
N N\ ]
N )
1 Lal \\\.
‘\\ N ~
\‘:‘\ - ) I
Y
4
{s\
N
i
: i
(S 15

Sekil 1.5 Akbank kulesi kat plam



BOLUM 2. YUKLER

Yap: yiikii olarak iki ana kaynak vardir; DOGA ve INSAN

DOGA ; Jeofizik kuvvetler
Yergekimi
Meteorolojik ve sismik kuvvetler

Yergekimi; Yapimn kendi agirh@ yapmin tiim 6mrii boyunca sabit kalir.
Siirekli degisen yaprt dolulugu da yergekimi etkisi altindadir.

Meteorolojik; Riizgar, 1s1, nem , yagmur , kar , buz

Sismolojik; Depremler

INSAN ; Araba, asansor ve makine v.b. goklarla yada insanlarin ve aletlerin

hareketi ile veya patlama ve ¢arpma sonucu olugan yiiklerdir.

DOGA & INSAN; Yapmnn kiitlesi, boyutu , sekli ve malzemeleri , jeofizik
kuvvet davramsg etkileri.

2.1 SABIT YOKLER
Yap: igindeki tiim elemanlarn agiliklannin olusturdugu statik kuvvetler
olarak tammlanabilir.
Tastyict elemanlar ; Dogemeler
Kirigler
Kolonlar
Caprazlar
Doseme ve tavan kaplamasi

Sabit boliicii duvarlar
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Cephe kaplamasi
Depolama tanklan
Mekanik dagitim sistemlerinin agirhigi

2.2 HAREKETLI YUKLER

Yap: igindeki yada iizerindeki nesnelerin afirhgindan dogan yikler .
insan

mobilya

hareketli bolmeler

kitaplar

mekanik aletler

arabalar

endiistri makinalan



BOLUM 3. SISTEMIN YUK ANALizi

3.1 SABIT YUKLER

15 cm kalinhginda betonarme doseme : 25kN/m® * 0.15m = 3.75kN/m’
4 cm siva+kaplama : 22kN/m’ * 0.04m = 0.90 kN /m?

Kat kirigleri : 1.20 kN / m*

Tesisat yiikleri : 0.15 kN / m?

Cam cephe kaplamasi : 25kN/m® * 0.02m = 0.50 kN /m®

Bolme duvar yikleri : 0.75 kN / m?

3.2 HAREKETLi YUKLER

Yatay tastyici elemanlar igin : 5.00 kN /m®
Diisey tastyic1 elemanlar igin :  2.00 kN / m®

3.3 YATAY TASIYICI ELEMANLAR iCIN TOPLAM YAYILI YUK

Ara kirigler igin ;

Yayil yik : 5.00 kN /m®
B.A. Doseme : 3.75kN/m’
Siva + Kaplama : 0.90 kN /m’

Celik kirig : 1.20kN/m®
Tesisat - 0.15 kN / m?
¥ 11.00 kKN / m?

Kenar kirigler i¢in ;
Y 11.00 kN /m® + 0.50kN / m? (cam cephe) = 11.50 kN / m®
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3.4 DUSEY TASIYICI ELEMANLAR iCIN TOPLAM YAYILI YUK

Yayih yik : 2.7SkN /m?
B.A. Doseme : 3.75 kN /m?
Stva + Kaplama : 0.90 kN / m?

Celik kiris : 1.20 kN / m®
Cam cephe : 0.50kN / m®
Tesisat : 0.15kN/m’

T 9.25kN/m? = 9.50 kN / m?

3.5 RUZGAR YUKLEMESI

Riizgar yiklemesi KANADA sgartnamesine gore yapimustir

p=q*Ce*Cg*Cp

p = riizgar basmnct

q= C* V?*(ortalama hizdan meydana gelen riizgar yiikleri )

C= 50*10° (eger V km/h )
650 * 10 (eger V. m/h )

V=90 km/h (=25 m/h)
q = 0.41 kN/m’

Ce = Bolge faktorii

Ce
0-6 m arasi 0.9 30-44
6-12 m arast 1.0 44 - 64
12-20 m arasi 1.1 64 - 85
20-30 m arast 1.2 85 - 140

Cg =Firtina faktéri ; 2.0 (bitin yap1 elemanlan igin aym )

m
m
m
m

arast

arasi

arasi

arasi

(.1)

(3.2)

1.3
1.4
1.5
1.6
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Cp =Dng basing katsayis:
Cp = 0.8 (rizgann basing yaptigi dik cephede )
Cp=-0.5 (rizgarin emme yapuif dik cephede )
Cp = 0.45 (riizgarin emme ve basing yaptif1 egik cephede )
Cp=0.03a-0.9; a=45"°

Riizgann dik etkidigi yiizeylerdeki emme ve g¢ekme kuvvetinin toplam ;

P (KN/m?)
0-6 m arasi 0.96
6-12 m arasi 1.08
12 - 20 m arasl 1.18
20-30 m arasi 1.30
30-44 m arasi 1.40
44 - 64 m arasi 1.51
64 - 85 m arasi 1.61
85-140 m arasi 1.72

Riizgann egik etkidifi yiizeylerdeki emme ve ¢ekme kuvvetinin toplami ;

P (WN/m?)
0-6 m arasi 0.68
6-12 m arasi 0.74
12-20 m arast 0.82
20-30 m arasi 0.90
30-44 m aras 0.96
44 - 64 m arasi 1.04
64 - 85 m  arasi 1.12
85 - 140 m arast 1.18

KANADA sartnamesine gore SABANCI CENTER yapist C bolgesine girdiginden
0-30 metre arasindaki riizgar basincini 30 metredeki riizgar basinci baz alinarak
uniform bir yiikleme yapilmugtir.
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Yayih yik olarak riizgar yiiki ;
Dik kisimlarda ;

(m) (m)
q: = 1.30*6+09*%55 =12.75 kN/m
qz= 140*6+0.96*55=13.68 kN/m
qs = 1.51*6+1.04*55=1478 kN/m
qse=161*6+1.12*55=1582 kN/m
qs=1.72*6+1.18*55=16.81 kN/m

Egik kisimlarda ;

(m)
qs = 09*55 =500kN/m
q7 = 096*55=528 kN/m
qs =1.04%55=572 kN/m
qe =1.12*55=6.16 kN/m
quo =1.18*55=650 kN/m
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3.6 DEPREM YUKLEMESI

(TEMMUZ 94 Taslak Deprem Sartnamesine Gore )

Biitiin deprem bolgelerinde, temel iist kotundan itibaren olgilen toplam
yiiksekliin 75 metreyi ve kat sayisinin 25’ i agh@ tiim binalar igin Modal Analiz
Yonteminin kullamlmas: zorunludur. [ 2 ]

A=A *I*S*1/R (3.3)
A= spectral ivme

Ao : Max yer ivmesi

I : Bina 6nem katsayist

S . Spekctrum katsayisi

A= Max yer ivmesi I STANBUL 2. derece deprem bolgesine girdiginden
0.30 g dir

g=9.81 m/sn’

I=1

R = Tastyic1 sistem davranig katsayisi

R= 45 ; Yatay yiklerin tamamimin ¢aprazh ¢elik perdeler tarafindan tagindig
binalar

R= 6.0 ; Yatay yiklerin tamamimin siineklifi arttinlmig betonarme perdeler
tarafindan tagindii binalar

R= 5.0 ; Yatay yiklerin siineklifi arttinlmg cergeveler ile birlikte ¢aprazh
gelik perdeler tarafindan rjitlikleri oraninda tagindifi binalar.

Spectrum Katsayisi ;
0<T<T/4 igin  S=1+(6T/Tk)

Te/4 < T < Ty u;m S=25
T >Ty igin  S=25(T,/T)"®
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T« = 030 ; Saniye cinsinden spectrum kose periyodu . Zemin sinifina gore
degismektedir.

Hesaba katlmasi gerekli titresim modu sayisi, her bir deprem
dogrultusunda her mod igin hesaplanan ETKIN KUTLELERIN toplaminmn ,
hi¢ bir zaman bina toplam kiitlesinin % 90 ‘ indan az olmamasi1 kuralina gore
belirlenecektir. Ancak ii¢ ve daha fazla serbestlik dereceli binalarda , herbir
dogrultuda en az ilk ig¢ titregim
modu mutlaka g6zoniine alinacaktir.

Titresim modlanmin birbirine yakin oldugu durumlarda daha giivenilir
sonuglar veren Tam Karesel Birlestirme Kuralimin uygulanmasinda , modal
séniim oranlan , biitin modlarda birbirine egit olmak iizere % 5 ‘e esit
alinacaktir.

SISTEMIN SPECTRUM DEGERLERI VE SAP 90 DATA VERILERI

Ag ; A= 0° Depremin binaya etkime agisi
Olgek ; S= Ao * (1/R) (3.4)

R=45 igin S=03*981/4 = 0.654
R=60 igin S=03*981/6 = 0.490
R=50 igin S=03*981/5 = 0.588

0<T < 03/4=0.075sn icin = 1+(6T/Tk)
peniyod (T) 1 yonii 2 yonii

0.000 1.000 1.000

0.025 1.500 1.500

0.050 2.000 2.000
03/4=0075 < T <03 i¢in S= 2.500
perivod (T) 1 yonii 2 yonii

0.075 2.500 2.500
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0.100 2.500 2.500
0.150 2.500 2.500
0.200 2.500 2.500
0.250 2.500 2.500
0.300 2.500 2.500
T >03 icin  $=25(03/T)"®
periyod (T) 1 y6ni 2 yonii
0.350 2.210 2.210
0.400 1.986 1.986
0.500 1.661 1.661
0.600 1.436 1.436
0.700 1.269 1.269
0.800 1.141 1.141
0.900 1.038 1038
1.000 0.954 0.954
1.500 0.690 0.690
2.000 0.548 0.548
2.500 0.458 0.458
3.000 0.396 0.396
3.500 0.350 0.350
4.000 0.315 0.315
4.500 0.286 0.286



24

§ &

g

SPEKTRAL IVME (4)
g 8

g

§

0000 0500 1000 1500 2000 250 3000 3500 4.000
PER'YOD(T)

Sekil 3.2 Spektrum degerleri

KAT KUTLELERININ HESABI ;

Deprem hesabinda diigey tagtyict elemanlar igin kullamlacak yayih yiik ;
9.50 kN / m?

Kat alanlan ;

1. tip = girig kat1 + 1. - 30, katlar (31 kat); 914 m®
2.tip = 31.-33. katlar (3 kat) ; 661 m*

3.tip = 34.-36. katlar (3 kat ) ; 408 m®

Yayili yiikkten dolay: kat agirliklan ;
1.tip = 914 m” * 9.50 kN/ m* = 8683 kN
2. tip = 661 m”> * 9.50 kN/ m® = 6280 kN

4500
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3.tip = 408 m®> * 9.50 kN/ m” = 3876 kN

Kolon agirliklan ( kenar + orta kolonlar ve yangin korumast malzemesi )

KENAR + ORTA
1.tip=> (8*18.92 + 4*3439)*1.5=43338kN/m
2.tip=> (8*16.39 + 4*2826)*1.5=366.24kN/m
3.tip=> (8*13.57 + 4*22.57)*1.5=29826 kN /m
4.tip=> (8*10.58 + 4*18.00)*1.5=23496kN/m
5.tp=> (8%*8.02 + 4*1229)*1.5=169.98kN/m
5.6p= (6*8.02 + 4*1229)*1.5=14592kN/m
5.p=> (4*802 + 4*1229)*1.5=121.86kN/m

Caprazlann agirhklan ( Yangindan korunma malzemesi dahil )

K X
l.tip=> 288*15=432kN/m ; 330*15=495kN/m
2.tip=> 252*15=378kN/m ; 252*1.5=378kN/m
3.tip=> 219*15=328kN/m ; 219*15=329kN/m
4.tip=> 191*15=287kN/m ; 166*1.5=249kN/m
5ip=> 149*15=224kN/m ; 131*15=197kN/m

Yergekimi ivmesi g =9.81 m / sn®
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Tablo 3.1 Kat Agirliklar: ve Kiitleleri

KAT | YAYILI | KOLONLAR | CAPRAZLAR KAT TOP. KUTLELER
NO YUK &N) kN) ADEDi | AGIR. (Ton)
(kN) (kN)
432*20 10647 /9.81
1 8683 43338 %4 = 230 1 10647
= 1734 4.95* 29 1085
432+%18 10416 /9.81
2-5 8683 43338 *3.5 = 216 4 10416
= 1517 4.95*28 1062
3.78*18 10139 /9.81
6-10 8683 366.24 * 3.5 = 174 5 10139
= 1282 3.78 * 28 1034
3.28*18 9878 /9.81
11-15 | 8683 298.26 * 3.5 = 151 5 9878
= 1044 3.29 * 28 1007
3.28*18 9656 /9.81
16-20 | 8683 23496 *3.5 = 151 5 9656
=822 3.29 * 28 984
287 *18 9399 /9.81
21-25 | 8683 169.98 * 3.5 = 121 5 9399
=595 2.49 * 28 958
224 %18 9373 /9.81
26-30 | 8683 169.98 * 3.5 =95 5 9373
=595 1.97 * 28 955
224*18 9289 /9.81
31 8683 14592 *3.5 =95 1 9289
=511 1.97 * 28 947
224 *18 6886 /9.81
32 6280 145.92 *3.5 = 95 1 6886
=511 1.97 * 28 702
224*%22 7064 /9.81
33 6280 14592 * 4.63 = 108 1 7064
=676 1.97 * 30 720
224 %22 7064 /9.81
34 6280 145.92 * 4.63 = 108 1 7064
=676 1.97 * 30 720
2.24%20 4502 /9.81
35 3876 121.86 * 4.3 = 102 1 4502
=524 1.97 * 29 459
224%18 4550 /9.81
36 3876 121.86 * 4.75 =95 1 4550
=579 1.97 * 28 464
224%15 4191 /9.81
37 3876 121.86 * 2.2 = 47 1 4191
=268 1.97*15 427




BOLUM 4. YAPI ELEMANLARININ BOYUTLANDIRILMASI

4.1 KOMPOZIT KAT DOSEMESI

Celik konstriiksiyon yapmin , yerinde dokiilen betonarme bir dégeme plaginda
kalip 6nemli bir sorun yarattifindan , fazla bir tagtyic1 destek gerekmeksizin kendini
tagtyabilen katlanmig gelik sagin donati gibide gahigarak kompozit ve ekonomik bir
sistem olugturmasi saglanabiimektedir. Bu tezde de kat dogsemeleri kompozit olarak
distiniilmiis ve buna gore hesaplanmustir. [ 3, s 72-92 ] '

Z.

bo= 130 ) 1150
avaravai ZD
/'.//? {//,
|</\1£%gégw_,

' 100 ]Lnl 100 i tsim

3

260

Sekil 4.1 Kompozit Kat Dégemesi

Dogeme tek dogrultuda ¢aligan bir plak gibidir.

Ix=200 cm

l,= 600 cm = L/ k=600/200=3>2

kompozit doseme kalinhifi olarak 15 cm segilmigtir . Dogeme her 2 metrede bir
mesnetlenen siirekli bir dogeme gibi hesaplanmigtir.
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Sekil 4.2 Déseme Statik Yiiklemesi

b, =130 mm
b, = 100 mm
Malzeme BS 350 = B 400 (4kN/cm®)
or=22kN/cm® gelik sagin akma mukavemeti

Hareketli yiik 5 kN /m?
n=1.7 =1 ap=0.74

a ) Karma galisma 6n kosullarinin irdelenmesi ;

t =1mm>mnt=07mm
d, =60 mm < maxd,=80 mm
do =90 mm > min d, = 50 mm

di= 150 mm > min d; = 90 mm

Celik sag levha , simetrik dalgali olup agirhk merkezi 60 mm yiiksekligin ortasindan
geger.

b,=100+2*(30/2)=130 mm > munb,= 50 mm
r=5mm < maxr=8mm(t<2mm igin )

d;=90+60/2=120 mm

b) Yiiklerin belirlenmesi ;
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Katlanmig ¢elik sag ;

A=2%(10+(32+6%)"7)*(100/26)* 0.1 =12.85cm’/ m
2 =0.001285m’>/m*1.0m*785kN/m® = 0.1kN/m? = gelik sagin agirh

Beton ;
2=(10*0.09+(1/026)*0.13*0.06)*1.0 *25.0kN/m* =3 kN / m’

I=2m

I’=1 m segilerek ( 1/ 2 agiklikta gegici ara mesnet )
P,=2 kN /m? ('<2m)

=g +g=01+30 =31kN/m?

kaplama + siva 4 cm ;

g =0.04*22.0=0.88 kN/m’

g=3.1+088=3.98=4kN/m’

p=5kN/m’

¢ ) Katlanmig gelik sagin kalip siirecinde hesab1 ; ( 1 m genislik i¢in )
g=g=31kN/m=0.031kN/cm

P=pPo =20kN/m=0.02 kN/cm

L=(100/26)*2*((0.1*6’ /12)+0.1*10*2.95%)=280.79 cm*

max f=(0.00677 * 3.10 + 0.0099 * 2)*100** (1/(2.1 * 10° *80.79))
max f=0.024 cm < fmin=200/150 =1.33 cm
max f < 10 mm oldugundan g ek yiikii hesab1 gerektirmez.

Suirekli kirig hesaba ile ;

max M=(0.08 *g, +0.117 *p, g) * I’ (4.1)



30

(41) max M= (0.08*3.1+0.117 *2) 12=0.482 kNm = 48.2 kNem

max Q=(0.6*3.g +0.617*2) *g, (4.2)
(42) maxQ=(0.6*3.1+0.617*2)*1=3.09kN

“
b

{

i 5

) W T B W O 4 W

1 dn
N
T T
A

be/‘é

Sekil 4.3 Katlanmig Celik Sag

t < 2mm icin r< 8mm

t 2 2 mm igin  r< 4t

b/t > 45*(2.35/c¢)" (43)
(43) 6"/t =10/0.1=100 >=45%(235/22 t/cm®)=46.51

sonug olarak kalin cidarh hesap yapilamaz ince cidarh hesap yapilabilmesi igin ;

b/t < 500 dy’ /t<150 olmahdir.
b’=10-2*0.5=9cm

b’ /t=9/0.1=90 <500

dg =(6°+3%)12.2%05=5.71

dg /t=571/0.1=57.1<150 olup ince cidarh hesap yapilabilir.

6 =0Cem =066 =0.6%*22=132kN/cm?

on kabulii ile,
b/t <164*(E/c) ise b.=1"b (44)
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b/t >1.64*(E/c) ise b= 1.64*t*(E/c) (4.5)
(45) b /t=90>1.64*(21000/13.2)"?=654cm

oldugundan etkin geniglik

be=1.64 * 0.1 * (21000/13.2)"?=6.54 cm alinmstrr.
b” - b, =10 - 6.54 =3.46 cm

olagan agirhk merkezinden sapma ;
( 1 m genislikte 4 nerviir oldugu gézoniinde tutularak )

y=(-346*01*%4%295)/(1285-3.46*0.1*4)=4.083/11.466=-0.356
cm
(-) igareti agagiya dogru kaymay belirtmektedir.

Yo =3 +0.356 = 3.356 cm
Yo =3 - 0.356 = 2.644 cm

I.=80.79-(4*3.46* 0.1 *2.95%)-(12.85-4*3.46*0.1) * 0.356”
I.=67.3 cm*

min W, = 67.3 /3.356 = 20.05 ¢cm®

max ¢ =M /W, =482/20.05=2.40 kN/cm® < 13.2Kn/ cm’>= Oen
1=(3.09/(2*(6-2*0.1)*0.1*4) ) = 0.67 kN / cm?
o.=(24°+3*%0.67*)"?=2.1kN/cm’® < 0.75 * of = 16.50 kN / cm®

Fazlasiyla giivenlidir. Dolayisiyla ile 13.2 kN / cm® yerine 2.58 kN / cm?® alarak
hesabin tekran gereksiz goriillmusgtiir.

Karma plakta tagima giicii kontrollan ( 1 m geniglik igin )

q=4+5=9kN/m
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g =17%9=153kN/m

max M =15.3*22/8 = 7.65 kNm =765 kNcm
max Q=153 *2/2=153kN

Z=o,* op*As ( pozitif momentier bélgesinde egilme hesab: )
(46) Z=1.0*22 * 12.85 =282.7 kN

y=Z/ (* 0o, *100cm ) < (d, veya ds/2)

(4.6)

(47)

47) y=2827/(074*4*100) =096 cm < ( d,=9cm , d;/2=6cm)

Kesitge taginabilecek en biiyiik moment degeri

M.=Z*(ds-y/2)
(48) M,=282.7*(12-0.96/2)= 3257 kNem

max M= q*1?/8 = 765 kNem < 3257 kNcm

Moment yoniinden yeterlidir.

Qu=bo*ds* e + 2*t*d, *0.52 *oF
(49) Qu=13*12%0.038+2%0.1*6*0.52*22
= 5.94+13.73 =19.67 kN / nerviir

Q.=100/26 (19.67)="75.65 kN
max Q=15.43 kN <75.65kN kesme ydniinden yeterlidir.
sehim kontrolii ;

BS35 = E,=3320kN/cm’
n=633

Esdeger kesit ;

100/2n = 100/(2*6.33) = 7.899cm=79cm

(48)

(4.9)
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A,=79*9=71.1cm’
A, = 12.85 cm?

Vo= (71.7*45+1285%3)/(71.1+12.85) = 476.85/83.95 =5.68 cm
Va=9+6-568=932cm

L=(7.9%9%)/12 + 71.1 %(9.32-4.5)> +80.79+ 12.85* (9.32-3 )’
I,=2726 cm*

£=(5/384) * (0.09 * 200*/ 21000 * 2726 ) = 0.03 cm < 200 / 500 = 0.4 cm
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4.2 KAT KIiRIiSLERi

Yatay tasiyici elemanlar olan kat kiriglerinin bir kismu KOMPOZIT KIRIiS,
bir kissmda CELIK KIRIS olarak hesaplanmistir. Kompozit olarak hesaplananiar
K harfi ile, ¢elik olarak hesaplananlar C harfi ile markalanmistir. Kirig kesiti
olarak hadde profilleri segilmigtir. Ana tagiyic1 kiriglerde HE - B , tali kiriglerde
IPE profilleri kullamlmigtir. Kirigler yatay yiiklerin sadece gelik perdeler veya
bosluklu betonarme g¢ekirdek sistemle tagindifs yapilarda sadece digey yiikler
dikkate alinarak boyutlandinlmugtir. [ 4 ]

Kiriglerin montajimin kolay yapilabilmesi i¢in kirgilerin her iki ucundan belli
mesafede ( moment sifir noktasina yakin ve baglandifi kolondan veye kirigten,
civatalh eke izin verecek uzaklikta bir yerde ) ek levhali ve civatali bir birlesim
diisiniilmiis ve buna gore her ki i¢in ek ve baglanti hesab1 tasarlanmigtir. Montaj
sirasinda montaji yapilacak kirigler, kolonlara ve kiriglere imalat sirasinda
kaynaklanmig pargalarina rahat bir gekilde baglanacaklardir. Boyle olunca kiriglerin
boylarindan dolay1 herhangi bir yerlestirme sorunu gikmayacaktir.

Kiriglerin moment sifir noktalarina yakin yerde ek hesabina esas olarak ,
kesitlerin tagtyabilecegi moment degerinin yarist esas ainmigtir. Kiriglerin boylarn tam
boy olarak max 12 metre uzunlugunda oldugundan ve piyasadaki kiriglerin standard
boylarinda 12 metre oldugu yaklagimiyla, montaj sxrasihda artacak parcalardan da
kirig ortasinda ek yaparak bir kirig olugturulmayacagindan max yiike gore ek hesabi
yapilmamigtir. Sadece diyagonal kenar kiri§ olan ve uzunlugu 15.56 metre olan kirig
icin max yitke gore ek hesabi yapilmistir giinkii bu kirigten artan parcalardanda bir
kirig olusturulabilir ve yapilacak ekte kirig ortasinda olabilir.
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Sekil 4.5 Statik Kat Plam
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4.2.1 KOMPOZIT KAT KIiRISLERI

Betonarme dogeme plaklariyla ¢elik doseme kirislerinin ortak galigtinlmasiyla
ortaya ¢ikan kompozit kirigler, Uzerlerine serbestge oturan celik kiriglere gére ¢ok
ekonomiktirler.Ciinkii bir karma kirigte egilmeden ileri gelen kuvvet ¢iftinin gekme
bilegeni gelik profilce , basing bilegeni ise ya yalniz betonarme plak¢a yada betonarme
plak ve gelik profilin bir béliimiince ortak olarak taginmaktadir.Dolayistyla da ¢elik
profil, egilmenin basing bilesenini tagimaktan ya bitiiniyle yada biyik élgide
kurtulmaktadir. Betonarme tablanin bir 6lii yiikk olamaktan ¢ikip basing bilegenini
tagtyan yararl bir elemana doniigmesinin yam sira bdyle ortak bir ¢alismada kuvvet
¢iftinin manivela kolunun da biiyiimesi ikinci bir ekonomik etken olusturmaktadir.
Kompozit kiriglerin hesab1 elastik yontem kullamlarak KESIT ETKILERININ
DAGITIMI YONTEMINE gore hesaplanmigtir. Bu hesap kesin bir hesap.
yontemidir. Karma kirig enkesitine etki eden M, egilme momenti , kesiti olusturan
celik profil ve betonarme plaga atalet momentlerinin ideal kesitin atalet momentine
oranlanna gore dagithr. Betonarme plak ile gelik profilin igletme ve sabit yiiklerin
tamaminda ortak ¢aligmasimin saglanmasi igin gelik profil plak betonu dékiiimeden
once agikhifin tgte bir ara noktalardan mesnetlendgi ve beton hesaplarda 6ngoriilen
mukavemetini kazandiktan sonra sokiildiigi diginiilmiistiir. [ 5, s 91-135 ]

Kinglerin sehim sinin olarak 1/480 degeri kullanilmaktadir. [ 6, s 145-189 ]
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Sekil 4.6 Kompozit Kirig Kesiti
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bor = Etkili tabla geniglifi assafidaki degerlerin min alinacaktir .

[ 1 ; Kirigler aras1 aks aralif
ber=1{ 1/ 4 ; Kins agklig

|l 16d+b, ; d: tabla kanh@ , by, : celik profil st bashk

(4.10)
Fo=d * bexr ( beton en kesit alam )
F'v=F, / n ( etkili beton enkesit alam )

genigligi

4.11)
(4.12)

n=E;,/ E.(gelik elastisite modiiliiniin, beton elastisite modiiliine oram1) (4.13)

Fi= F,+ F'y( karma kesitin enkesit alani )

x=((Fs* d/2)+(F.* h,))/F
(karma kiriy enkesitinin agirhk merkezi )

Betonarme plaga ve gelik kirise etkiyen kesit etkileri ;

My=(Is/(n ) ) * M,

M=(L/L *M

N=Ny=N,=((Fa*a)/ L)*M,

M,= My+ M, +N*a (Karma kesitte moment denge deklemi )
L=L+F,*a’+I,/n +(F,/n)*a,?>

(Karma kesitin ideal atalet momenti )

Gerilmeler ;

Obo = - (No/Fp)-((Mp*d)/(I,*2)) < Ob,em (Beton)
Ow = (Ni/Fo)-((Mi*e)/ L) < Gs,em (Celik)

Sehim kontrolu ;

b*<ber / (2*n)
foa= (5/48)* (M ms*L2)/(E*1))

4.19)

(4.15)

(4.16)
4.17)
(4.18)
(4.19)
(4.20)

(4.21)
(4.22)

(4.23)
(4.24)
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Roétre dolayr gerilme hesabs |

Betonun kurumadan dolay1 kisalmasina rétre denir. Rotreden dolay: kisalmak
isteyen betonarme plak, kamalarda gelik kirige bagh oldugundan onu zorlayacak ve
dolayisiyla kendinde ve gelik kirigte i¢ gerilmelerin dogmasina sebep olacaktir. bu

gerilmeler su gekilde hesaplanmaktadir. [ §, s 91-135 ]

1. Betonarme plagin €4 rotresinden dolayi serbest olarak kisaldif: , baglangigtaki
uzunluBuna

Z=gc4*Ep* F, (425)

kuvvetiyle getirildigi diigiiniiliir. Betonarme plakta

0‘1»,0,1=Z/Fb (4.26)

gerilmesi meydana gelir.

2. Z kuvvetyle gekilen betonarme plak , beton rotresini tamamladiktan sonra gelik
kirige kamalarla tesbit edilir.

3. Karma kirige, betonarme plagin afirik merkezinden D = - Z kuvveti etki
ettirilir. Bu kuvvetten meydana gelen gerilmeler

obo,2=-D/(nv*ng) (4.27)
Gm,1=-D/Fiv (4.28)

olur. D kuvvetinin a, digmerkezlifinden

AMp =D * a, (4.29)

momenti dogar. Bu momentten meydana gelen gerilmeler



Cbo,3 = -~ AMp*x /(n* Iy )
AMp *(he-x) / Iy

Gau, 2
bagintilarina gore hesaplanir. Nihai gerilmeler

Obo,s= Obo, 1T Obo,2 + Obo, 3

Ca,s = Oam1l + Om,2

n,=14%*n

Fo=(/n)+F,
Lv=L+F,*a’+Iy/n, +(Fp/n,)*as>
Ew=(n/ng)*Es
np=0,* (1+ ¥ * )

05= (0 1 * (ka- kao)/ 1.4

Os*ty=05 * (Fa*L )/(Fy* L) = tablo

Es~Bs0 ™ (Kut- Ko )

Stinmeden dolay1 gerilme hesab ;

(4.30)
(431)

(432)
(433)
(4.34)
(4.35)
(4.36)
(4.37)
(438)
(4.39)
(4.40)
(4.41)

Betonun siirekli etki eden yiikler altinda kalici deformasyonlarinin zamana baglh

olarak artmasidir. [ § ]

Once karma kirigin sinmeden dolay degisen agirlik merkezinin yeri , betonun

elastisite modiilii

Ew=(n/nm)*E, olarak hesaplanir
nep=ny(1+yes * Qg )

L= L+ Fo*ay” + 1y / npp+( Foo/ np) * a1 ¢
Mio=( L/ (nss * Lig)) * Mo

Mio=( L/ Lg)*M,

No=Nyy= Noy =((Fa*ay) / L) *M,

M,= My, + Myo+N, *a (Karma kesitte moment denge deklemi )

(4.42)
(4.43)
(4.44)
(4.45)
(4.46)
(4.47)
(4.48)
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Gerilmeler ;

Go=N/F+M/W

toplam gerilmeler

Ob =Obo + Obo,s T Obo, 9

Ca= O t Cu,s + Ouo,e

4.2.1.1 K1 KiRiSi

11m

] s o
X

//

A
AN
£

Sekil 4.7 K1 Kirigi Yiiklenmesi

Mpo= q*1%/8
= 66*11.00%2/8
= 998.25 kNm = 99825.00 kNcm

Quax =66 * 11 /2 =363 kN

3320.00 kN/ em®* [7]
21000.00 kN/ cm?

Malzeme ; BS 350 Es
St37.2 E,

(45) n= 21000/3320 = 6.33

Secilen kesit HE 700 B

(4.49)

(4.50)
(4.51)

q= 66 kN/m

(4.52)
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Kesit ozellikleri; F, =306 cm’ I, = 256900 cm* W, =7340 cm’
b= 30 cm h,= 70cm [4]
[, = 550cm
(410) bg=14 1/4=1100/4 =275m =275¢cm
|l 16d+b, = 16*15 + 30 = 270 cm — min

(411) F, =15 * 270 = 4050 cm?

1,=270* 153 / 12= 75937.5cm*
(4.12) F,= 4050/ 6.33 = 640 cm’
(4.14) F;= 306+640 = 946cm>

(415) x = (640*7.5 + 306*50)/ 946 = 21.25 cm
a;= 50- 21.25= 28.75 cm
ap= 2125-75= 13.75 cm

(420) I, = 256900+ 306 *28.752+ 75937.5/ 633 + 640 * 13.752
= 642824 cm*

(4.16) M= (119964 / 642824 ) * 99825 = 1863 kNcm

(4.17) M,= (256900 /642834 ) * 99825 = 39894 kNcm

(4.18) N= (306*28.75/ 642824 ) * 99825 = 1366 kN
(4.19) M,= 1863 + 39894 + 1366 * 42.50 = 99825 kNcm

(421) op = -(1366/4050)-((1863*15)/ (75937.5%2)) =
=1-0524|kN/cm? < 1.40 kN/cm?

(4.22) 0. = (1366 / 306)+ (39894 / 256900 ) *35
= 990 kN/cm? < 14.0 kN/cm?

Sehim kontrolu ;
(424) foux = (5/48) * ((99825 * 11002%) /(21000 * 642824 ))
= 093 cm < 1100/480 = 2.30 cm
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Rotreden dolayr gerilme hesabr ;

n=6.33

(434) n,=14*633=886

(4.35) Fi\=(4050/8.86)+306=763.11 cm”

(436) I, = 256900 + 75937.5 / 8.86 + (4050 / 8.86 ) * 13.75> + 306 * 28.75>
Iy = 604821 cm*

Pr=2.7 ]
ke = 1.65 |
kgo = 0.50 |
€0 =46 * 107 l
ke = 0.98 I
keo =0.15 J

= DIN 4227 kisim 1 (Beton Kalender 1982 Kisim 2 )

(439) @f =27*(1.65-05)/14 =222
(441) £4=-46*107(0.98-0.15)=-38.18 * 107

(440) o* g =2.22 * (306 * 256900 / 763.11 * 604821 ) = 0.38

Tablo 5.1 = F; = W5=0.5315 (tatonmanla ) (ekler tablo a.1)
(438) ng=8.86*(1+0.5315*2.22)=19.31

(4.37) Ey=1(6.33/19.31)*3320=1088.33 cm*

(425) Z=-38.18* 10" * 1088.33 * 4050 = 1682.87kN (=-D)
(4.26) Ow,1 = 1682.87/4050 =0.42 kN /cm?

(4.27) O,z = -(1682.87 /(6.33* 946 ))=-0.28 kN / cm®

(428) Ou1 =-1682.87/946=-1.78 kKN / cm?

(4.29) AMp = 1682.87 * 13.75 = 23139.46 kNem
(4.30) GOp,3 =-(23139.46*21.25/6.33 * 642824 ) =-0.12 kN / cm’

(4.35) Om2 =-(23139.46 * (85-21.25 ) / 642824 ) =229 kN / cm?
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Nihai gerilmeler ;

(4.32) Gho,» = 0.42-0.28-0.12=0.02 kN/ cm?

(433) Om, =-1.78+229=0.51kN/cm’

Siinmeden dolay: gerilme hesabs ;

M,=42*11%>/ 8 =635.25 kNm = 63525 kNcm

(439) o@s=27%(165-05)/14 =222

Tablo 5.1 = F, = Y5 =1.2161 (tatonmanla )

(4.43) np=8.86*(1+1.2161*2.22)=32.78
Fpo= 4050 / 32.78 = 123.55 cm?

Fip = 123.55 +306 = 429.55 cm®
sinmeden dolay degigen afirhik merkezinin yeri ;

x= (123.55*%7.5+306*50)/429.55 =37.78 cm
8 = 50-37.78 = 12.22 cm

ape= 37.78 -7.5=30.28 cm

(4.44) T, = 256900 + 306 * 12.22% + 75937.5 / 32.78 + 123.55 * 30.28>

L, = 418191 cm*

(4.45) Myy=(75937.5/32.78 * 418191 ) * 63525 = 351.89 kNcm
(4.46) M= (256900 /418191 ) * 63525 = 39024.2 kNcm
(4.47) Ng=(306* 12.22 /418191 ) * 63525 = 568.02 kN

(4.48) M,=351.89+39024.2 + 568.02 * 42.5 = 63525 kNcm
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(421) Goq =-(568.02/4050)-(351.89 * 15/75937.5 *2) =-0.18 KN/ cm’

(4.22) Gao =(568.02/306)+(39024.2 * 35/256900 ) =7.17 kN / cm®

kompozit kirigteki toplam geriime ;

(4.50) oy = -0.524+0.02-0.18=|-0.684 |KN/em® < 1.40 KN/ cm®

(451) 6, =9.90+0.51+7.1= 17.58 kN/cm® < 18.00 kN/cm®

Kayma elemanlan ; [ 3,5]

At

S+

h, > 50mm
h=120 [ 23 mm
d1 d1S<
| 2*t,=30mm

D B S
} 1“‘“ to = 30mm.

d 2 15*d; =1.5*23=345=35mm

Kayma elemam olarak , ¢ift sirad; = 23 mm ve h=12 mm olan baghkh saplama
(otew = 35 kN / em’ ) kullamilmistur.

h/dy=12/23=5.127 = o«o=1.00 givenlik derecesi

ngy = H/ (og*Hy) kayma kamasi sayist (4.52)
Hp, =032 * o * di’* (Ow* Ey)'? < 0.55* d* * om (4.53)
Hy igin yukandaki degerlerden kiigiik olan kuilanilacak.

on = genellikle 0.85 degerinde alinan bir giivenlik katsaysidir.

H = plakla gelik profil arasindaki kayma kuvveti.

Ow= beton anma mukavemeti (kiip) BS 350 => 4 kN/cm’



[ 0.32*1.00 *2.32 * (4 *3320)'? =195.08 kN
Hlu < {
| 0.55*2.3% *35=101.83 kN

[z ) Z=a,*or*F,=1* 14kN/cm’ * 306 cm” = 4284 kN
H= | | =

| Dy Jmin D=0s*0w*ber*d=0.74*4*306 cm’ * 15 =13586.4 kN
H=Z=4284 kN

(4.52) ny = 4284 / (0.85*101.83 )= 49.49 = 50 adet kayma kamas

Kayma kamalan araliklan ;
enine dogrultuda e> 4*d; = 4*23=92cm secilen 15 cm
5*23 =11.5cm

2
< 3%15=45cm
< 60cm

boyuna dogrultuda e, =24 cm

Hesaplanan kayma kamasi sayisi, kirigin moment sifir noktast ile max momentin
oldugu noktaya kadar olan béliim igindir.

Montaj eki hesab: ; [ 8, s 19-20,199 ]

Quax = 363 kN
M =0.5*14kN/cm® * W,= 0.5 * 14 * 7340 = 51380 kNcm

Ek levhalarinin kontolu; Baslik eklevhalannmin alam ve govde ek levhalarinin
alam profilin baghk ve govde alanlarindan biiyiik veya esitse ek levhalan igin herhangi
bir hesaba gerek yoktur.Ek levhalan boyle segilince sadece baglanti elemanlan igin
hesap yapilmgtir.

Foex ( Baglik ek levhasinin faydali enkesit alani )
Fy, (Profil baghiinin faydali enkesitalani )
Fgex ( GOvde ek levhasinin faydali enkesit alam )
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F, (Profil govdesinin faydali enkesit alam )
Ine ( Baglik ek levhalarinin toplam atalet momenti )

L ( Govde ek levhasinin atalet momenti )

=N 14015 . . L .. 734
HE 800 8 200,200, HE 800 B
—— Ap fo.s) fexgz
' - I} IIL b 1 L4 ﬁl1 ‘
s i T S
= —
8 o~ o
e o~ ~
HE 700 8 |3 o % 3
) Ny = 8 = é
g [T & &
o™ it g g
(10.9) ExMz2
i Jod b Jo Ap r |
| 53 Vo0 10 ;
840 |
| 1000 9000 1000 J

HE 700 B

—F3 t0d2 . . .. 550

A-A KESITI

Sekil 4.8 HE 700 B Kiriginin eki

T Fex =2 * Foox + Faex
% Lo = Took + Ik
For =3.5*35-(4.15*2)=1142cm*>F,=32*30-(4.15*2)=87.7 cm’
Feu=2 *1.2 *55 - 2 *(4.52% 5) =86.8 cm? > Fy = 1.73 * 58 - (4.52 * 5 ) = 77.74cm’
T = 2*35*%3.5*(35+1.5)*=330888 cm*
I = 2%*1.2%*55°/12=33275 cm’
T Ls = 330888 + 33275 = 364163 cm*

Baghk bulonlan sadece momentten gelen kuvvete gore, gévde bulonlanda
moment ile birlikte kesme kuvvetinden gelen kuvvetlere gore hesaplanmigtir. Baghk ek
levhalarinca aktanlan , ek levhalarninin atalet momentleriyle belirlenmektedir.
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M. = 51380 * ( 330888 / 364163 ) = 46685 kNcm

Govde ek levhalaninca aktanlan, ek levhalanmin atalet momentleriyle

belirlenmektedir.

M.® = 51380 * (33275 / 364163 ) = 4695 kNcm

Basiik bulonlarimin irdelenmesi

Nb ( bashik bulonlanna gelen kuvvet ) = 46685 / 70 = 667 kN

Bir baslik igin ekin bir tarafinda kullamlacak bulon ; 10.9 kalitesinde ( SL) 8 adet M
22 yiksek mukavemetli bulondur. 1 adet M 22 bulon 91.0 kN kesme kuvveti.

tagimaktadir.
Ny =667/8=83kN < 91.0kN

82 kN bir tane M22 bulona gelen kesme kuvvetidir ve bulon bu yiki
tagryabilmektedir.

Gdovde bulonlarimn irdelenmesi ;

Ma®® =Muf+ Qu® *a= 4695 + 363 * 10 = 8325 kNcm
a = ekin bir tarafindaki bulonlann adirhk merkezinin eke olan mesafesi

4 Ir=4*(202+52)+4*(10°+5*)+2* 52

v M

+NM) M

-+ ﬂ -+ j 100 2 2
1 100

+ + T100 x1=5cm

+ |4+

yS0 LS50,

7 71

Sekil 4.9 HE 700 B i¢in Bulon Yerlegimi y1=20cm
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Niy" : Dbulonlarin agirhk merkezine en uzak mesafedeki bulonda y ekseni
dogrultusunda momentten dolay: olusan kesme kuvveti.

Nic' : bulonlanin agirhk merkezine en uzak mesafedeki bulonda x ekseni
dogrultusunda momentten dolayr olusan kesme kuvveti

N, : kesitteki keme kuvvetinin bir bulon iizerindeki y dorultusunda olusturdugu
kesme kuvvetidir.

Ny, = 8325 * 5 /2250 = 18.50 kN
Ni,™ = 8325 * 20 /2250 = 74 kN
N;,2=363/10=36.30kN

EN=((18.50+36.30) +74*)'*=92.08 kN

Segilen 10.9 kalitesinde M 24 —> 92.08 kN > 98.60 kN

Delik ezilmesine gore kontrol |,

oL=24%*17*28kN/cm>=11424kN > 108.5 kN

42.1.2 K2 KIRIiSI

@z 55 kN/m,

b4 '

11m

I

Sekil 4.10 K2 Kirgi Yiiklemesi

Mmx = q*1%/8
55*%11.00%2/ 8
831.88 kNm = 83188.00 kNcm

Q=55*11/2=302.5kN
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Malzeme ; BS 350 E, = 3320.00 kN / cm’
St 37.2 E, = 21000.00 kN / cm®
(4.5) n= 21000/3320 = 6.33

Secilen kesit HE 600 B

Kesit ozellikleri; F, = 270 cm? I, = 171000cm* W,=5701 cm’®
b= 30 cm h,= 60 cm
[ L, = 550cm
(410) beg=1{ 1/4=11.00/4=275m =270 cm
| 16d+bs, = 16*15 + 30 = 270 cm — min

(411) Fp,= 15 * 270 = 4050 cm?
I, =270* 15% /12 = 75937.5cm*
(4.12) F',= 4050/ 633 = 640 cm’
(4.14) F;= 270+ 640 = 910 cm?
x = (640*7.5 + 270*45)/ 910 = 18.63 cm
a,= 45- 18.63 = 26.37 cm
a,= 18.63-7.5= 11.13 cm

(420) L; = 171000+ 270 *26.37>+ 759375/ 6.33 + 640 *11.13>
= 450029 cm *

(4.16) M,= (11996.4 / 450029) * 83188 = 2217.5kNcm
(4.17) M,= (171000 /450029 ) * 83188 = 31609 kNcm

(4.18) N= (270*26.37/ 450029 ) * 83188 = 1316 kN
(4.19) M,= 2217.5+ 31609 + 1316 * 37.5 = 83188 kNcm

(421) op = -(1316/4050)-((2217*15)/ (75937.5*2)) =
=-054 kN/cm? < 140 kKN/cm?

(422) o, = (1316 / 270)+ (31609/ 171000 ) * 30

1042kN/ecm? < 14.0 kN/cm?

I
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Sehim kontrolu ;
(4.24) fouex = (5/48)* ((83188 * 11002) /(21000 * 450029 ))
= 1.11 cm < 1100/480 = 2.30 cm

Rétreden dolayr gerilme hesabn

n=633
(434) n,=14*633=886

(435) Fy=(4050/8.86)+270="727.11 cm?

(436) T, = 171000 + 75937.5 / 8.86 + (4050 / 8.86 ) * 11.13%+ 270 * 2637

I, = 423947 cm *

kg = 1.65

kgo = 0.50

€0 = -46 * 10°

ke =0.98 I
keo =0.15 J

Pp=2.7 ]
|
| = DIN4227 kissm 1 (Beton Kalender 1982 Kisim 2)
l

(439) ox =27*(165-05)/14 =222
(4.41) e4=-46*107(0.98-0.15)=-38.18 * 10°

(440) on* Qs =222*(270* 171000/ 727.11 * 423947 ) = 0.33
Tablo 5.1 = F3 = Wg=0.5274 (tatonmanla )

(438) ngy=8.86* (1+0.5274 * 222 ) =19.23

(4.37) Ew=(6.33/19.23) * 3320 =1092.85 cm*

(425) Z=-38.18 * 10™ * 1092.85 * 4050 =1689.86 kN (=-D)
(4.26) Ow,1 = 1689.86 / 4050 = 0.42 kN / cm®

(4.27) O,z = -(1689.86 /(6.33*910))=-0.29 kN / cm?
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(4.28) 6,1 =-1689.86/910=-1.86 kN / cm’
(4.29) AMp = 1689.86 * 11.13 = 18808.14 kNcm
(4.30) Obo,3 =- (18808.14 * 18.63 / 6.33 * 450029 ) =-0.12 kN / cm?

(4.31) Ou,> =-(18808.14 * (75-18.63 ) / 450029 ) =2.36 kN / cm?
Nihai gerilmeler ;

(4.32) Gp,s = 0.42-0.29-0.12=0.08 kN/ cm®

(4.33 ) Guys =-1.86+2.36=0.50 kN / cm?

Siinmeden dolay: gerilme hesab ;

M,=35* 11>/ 8 =529.40 kNm = 52940 kNcm

(4.39) 0r =27*(1.65-05)/1.4 =222
(440) o *oxn =033 = Tablo5.1 F, > Ws=1.1848 ( tatonmanla )
(443) np=8.86* (1+1.1848 * 222 )=32.16

Fpo= 4050/ 32.16 = 125.93 cm®

Fip = 125.93 + 270 =395.93 cm®
sinmeden dolay: degisen agirhik merkezinin yeri ;

x= (12593 *7.5+270*45)/395.93 =33.07cm

ap = 45-33.07=11.93 cm

app= 33.07-7.5=2557cm

(4.44) T, = 171000 + 270 * 11.932 + 75937.5 / 32.16 + 125.93 * 25.57
Ly = 294125 cm*

(4.45) My,=(75937.5/32.16 * 294125 ) * 52940 = 425.00 kNcm
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(4.46) M,y= (171000 /294125 ) * 52940 = 30778.5 kNcm
(4.47) N, = (270 * 11.93 / 294125 ) * 52940 = 579.77 kN

(4.48) M,=425.00+30778.5 + 579.77 * 37.5 = 52940 kNcm

(4.21) G, =~ (579.77 /4050 ) - (425.00 * 15/ 75937.5 *2) =-0.185kN / cm®

(422) Gumo =(579.77/270 ) + (30778.5 * 30/ 171000 ) = 7.55kN / cm’

kompozit kirigteki toplam gerilme ;

(4.50) op = -0.54 +0.02-0.185 = |-0.705 | kN /cm® < 1.40 kN / cm®

(4.51) 0, =10.42+0.50 + 7.55 = 18.47 kKN /cm® =18.00 kN/cm®

Kayma elemanlarn ;

h, > 50 mm

[ 23 mm
d1$<
L 2 *t,=30 mm

d 2 1.5%d;, =1.5*23=34.5=35mm

Kayma elemam olarak , ¢ift sira d; = 23 mm ve h= 12 mm olan baglikh saplama
(orr = 35 KN / cm? ) kullamilmugtir.

h/d;=12/23=5.127 = a=1.00 giivenlik derecesi

ng = H/ (og*Hy) kayma kamasi sayisi (4.50)

Hi =032 * o * di** (ou* Ep)"” < 0.55 *d,® * om 4.51)

Hi. igin yukandaki degerlerden kiigiik olan kullanilacak.
oy = genellikle 0.85 degerinde alinan bir giivenlik katsayisidir.

H = plakla gelik profil arasindaki kayma kuvveti.
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o= beton anma mukavemeti (kiip) BS 350 = 4 kN/cm®
[ 0.32*1.00 *2.3% * (4 *3320)'2 = 195.08 kN
Hw < 1
L 0.55*2.32 *35=101.83 kN

A Z=0,*cg*F,=1*14kN/cm® * 270 cm? = 3780 kN
| Dy Jmin D=op*0,*beg*d=0.74*4 *270 cm® * 15 =11988.4 kN
H=Z=3780 kN

(4.50) ng = 3780 / (0.85*101.83 )= 43.67 = 44 adet kayma kamasi
Kayma kamalan araliklan ;

eninedogrultuda e2>24*d; = 4*23=92cm segilen 15 cm

boyuna dogrultuda (e, =25cm > 5*2.3 =11.5cm)

(< 3*15=45cm), (< 60cm)

Hesaplanan kayma kamasi sayisi, kirigin moment sifir noktas: ile max momentin

oldugu noktaya kadar olan boliim igindir.

Montaj eki hesab ; [ 8, s 19-20, 199 ]
Quax = 302.5kN ; M =0.5* 14 kN/cm®* W,= 0.5 * 14 * 5701 = 39907 kNcm

1—'14 14045, . . . . 538

80g

8a0 A l 200 200 ]
' 2 E!o.s;l 1sxqzz
ottt ettty

. o o T
U N -0 S SR Bt T 1Tt

it

10.9) 10xM22
[ (18.9] 10xM22 1

g

10

HE 60D B

75 10

1[
|
;

{10.9}f 18xM22 |

1000 J

A-A KESIT Sekil 4.11 HE 600 B Kirisinin Eki
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Ek levhalarinin kontolu;
Frx=3*35-(4.15%2)=967cm*>F,=3*30-(4.15*2)=81.7 cm®
Fge =2 *1.2* 45 - (2*4.15%5 ) = 66.5 cm® > F; = 1.55 * 48.6 - (4.15%5) = 54.58 cm’
Ik = 2%35%3*(30+1.5)*=208372 cm*

L = 2% 1.2*45%/12 = 18225 cm*

T I =208372 + 18225 = 226597 cm*

Baglik ek levhalannca aktanlan ;

M.’ = 39907 * (208372 / 226597 ) = 36697 kNcm

Govde ek levhalarinca aktanlan ;

Ma® =39907 * (18225 /226597 ) = 3210 kNcm

Baslik bulonlarmnin irdelenmesi ;

N ( baslik bulonlarina gelen kuvvet ) = 36697 / 60 = 611.6 kN

Bir baglik igin ekin bir tarafinda kullanilacak bulon ; 10.9 kalitesinde ( SL ) 8 adet M
22 yiiksek mukavemetli bulondur.

1 adet M 22 bulon 91.0 kN kesme kuvveti tagimaktadi

Np1=611.6/8=76.45kN < 91.0kN

82 kN bir tane M 22 bulona gelen kesme kuvvetidir ve bulon bu yiikii
tagtyabilmektedir.

Govde bulonlarmin irdelenmesi ;

Ma® = M8+ Qu® *a= 3210+302.5 * 10 = 6235 kNcm
Iri=4*(16°+52)+4* (8 +5%)+2*5?
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+ y14 j‘so
T 2= 1580 cm®
+ L+ Tt
80
__—._l,..___.: —_— _
x1 80 X1 =35 cm
+ + ¥
+ 80 y1 =16 cm
y S0 S0 4; il

Sekil 4.12 HE 600 B I¢in Bulon Yerlegimi

Ny, = 6235 * 5/ 1580 = 19.73 kN

N, = 6235 * 16 /1580 = 63.14 kKN
N;,2=302.5/10=3025 kN

IN=((19.73 +30.25 )’ + 63.14*) "> =80.53 kN
Segilen 10.9 kalitesinde M 22 = 91.0 kN > 80.53 kN

Delik ezilmesine gore kontrol |

oL=22%155*28kN/cm’>=9548 kN > 91.0kN

4.2.1.3 K3 KiRisi

P = 152.7 kN
l s BkNim
R i
7], 1M m N
Sekil 4.13 K3 Kirigi Yiiklemesi
Mue = q*17/8 4.17)

= 33*11.00%2/8+1527*11/4
= 919.06 kNm = 91906.00 kNcm
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Q=(33*11/2 )+ (152.7/2)=25785kN

3320.00 kN / ¢cm?
21000.00 kN / cm?

]

Malzeme ; BS 350 Es
St37.2 E.

]

(4.5) n= 21000/3320 = 633

Secilen kesit HE 600 B
Kesit ozellikleri; F, = 270 cm? I, = 171000 cm*
b = 30 cm h,= 60 cm

[ 1, = 550cm
(410) beg=1{ 1/4=11.00/4=275m =275cm
| 16d+by, = 16*15 + 30 = 270 cm —> min

(411) F, = 15 * 270 = 4050 cm?

I, =270* 15% /12 = 759375cm*
(4.12) Fp= 4050/ 633 = 640 cm®
(4.14) F;= 270+ 640 = 910 cm’

x = (640*75 + 270*45)/ 910 = 18.63 cm

a,= 45- 18.63 = 2637 cm
ap= 18.63-75=11.13 cm

(420) L = 171000+ 270 * 26.37%+ 75937.5/ 6.33 + 640 * 11.13*
= 450029 cm *

(4.16) M= (11996.4 / 450029) * 91906 = 2450 kNcm

(4.17) M,= (171000 / 450029) * 91906 = 34922 kNem

(4.18) N= (270 *26.37/ 450029 )* 91906 = 1454 kN

(4.19) M, = 2450 + 34922 + 1454 * 37.50 = 91906 kNecm

(421) Op = - (1454/4050)-( (2450 * 15)/ (75937.5%2))
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-060 kN/cm? < 140 kN/cm?

(422) O

1049kN/cm? < 14.0 kN/cm?

Sehim kontrolu ;

(424) fnx
1.23 ¢cm < 1100/480 = 2.30 cm

i

4.2.2 CELIK KAT KIRISLERI

4.22.1 C1 KIiRiSi
P=758 kN
A AN
P 3m i 3m %
A 7 Ve

Sekil 4.14 C1 Kirigi Yiiklemesi

P=(66*11+66*12)/2=759.00 kN
Mux = P*L/4

= 759 *6/4=1138.5kNm =113850.00 kNcm
Q=759/2=379.5kN

<

0 = Mmax / Wx

Ca,em
secilen Kkesit; HE 800 B
F, = 334 cm® 359100 cm *

Kesit ozellikler ; I=

(4.55)

(1454 / 270)+ (34922/ 171000 ) * 25

(5/48)* ((91906 * 11002) / ( 21000 * 450029 ) )

(4.54)

(4.55)

W,=8977cm?

c=113850 / 8977 =12.68 kN/cm® < 14.00 kN / cm?
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Sehim kontrolu ;
(424) frmax = (5/48)* ((113850 * 6002)/(21000 *359100))

= 0.57cm < 600/480 = 1.25 cm
Montaj eki hesabs ;

Qmax = 379.5 kN
M =0.5* 14 * 8977 = 62839 kNcm

200, 200

+h
( r » 10.9) 15:121. T
el U FUY PO T
a’_;#.ﬁ.:ﬁ’ A
1=
g~ g g
HE 800 B "rg- Ly § g)< é
g o 5 @
E 134 H g
34.&_ P P R —
St 1
) juq_gdgr_ﬂqr_p A’ {10.9) 16xM2L
100 100 | 100 10 “
T 800
1000 10000 1000 l
L -

HE 800 B
l m 350.35 . . . .800

X 40044 . . . . 800

Lil.‘!(’)t;

A-A KESITI

Sekil 4.15 HE 800 B Kiriginin Eki

Ek levhalarinin kontolu;

Foek = 3.5% 35-(4.91*2) = 112.68 cm®>>F,=3.3 *30- (2 *4.91)=89.18 cm’
Fek =2 *1.4 * 60 - (4.91*2*6) = 109.1 cm® > F, = 1.75%67.5- (4.91*6) = 88.66cm>
Ik = 2*35*3.5*(41.5)"=421951 cm*



I = 2 * 1.4 * 60°/ 12 = 50400 cm*
T I, =421951 + 50400 = 472351 cm*

Baglik ek levhalannca aktanlan ;

Ma® = 62839 * (421951 /472351 ) = 56134 kKNcm

Govde ek levhalaninca aktanlan ;

Mqa® = 62839 * (50400 / 472351 ) = 6705 kNcm

Bagslik bulonlarmnin irdelenmesi ;

Nb ( baghik bulonlarina gelen kuvvet ) = 55134 /80 = 701.7 kN

Bir baghk i¢in ekin bir tarafinda kullamlacak bulon ; 10.9 kalitesinde ( SL ) 8 adet M
24 yiksek mukavemetli bulondur.

1 adet M 24 bulon 108.5 kN kesme kuvveti tasimaktadir

N1 =701.7/8=87.7kN < 108.5 kN
82 kN bir tane M24 bulona gelen kesme kuvvetidir ve bulon bu yiki
tagryabilmektedir.

Govde bulonlarinin irdelenmesi ;

M2 =MyE + Quf *a= 6705 +379.5 * 10 = 10500kNcm
Dr2=4*(252+5%)+4* (152 + 52) + 4 *(5%45?)
T r2 = 3800 cm?

X;=5cm

y1=16cm
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N1
+ Y &
100
+ +
n 100
-+ +
100
+ X1 4
100
+ + A
+ -+ X0
. 80 50 1
Ve A

Sekil 4.16 HE 800 B Kiriginin Bulon Yerlegimi

N;,™ = 10500 * 5 /3800 = 13.82 kN
Nyi™ = 10500 * 25 / 3800 = 69.08 kN
Niy¢=379.5/12=31.63 kN

T N=((13.82+31.63)*+69.082) ?=88.15 kN
Segilen 10.9 kalitesinde M 24 = 108.5 kN > 88.82 kN
Delik ezilmesine gore kontrol ;

oL=24*175*28kN/cm?>=117.6 kN > 91.0kN

4222 C2 KiRiSi

P=121kN P121kN
¥ im ¥ Lm /’1, Lm "

Sekil 4.17 C2 Kiriginin Yiiklenmesi



62

P= (44*55)/2= 121 kN
M= P *1"
= 121 * 4 =484 kKNm = 48400.00 kNcm

secilen kesit ; HE 600 B
Kesit ozellikleri; F, = 270ecm®* I.= 171000 cm*

(4.55) ©=48400/ 5701
=8.49 kKN/cm® < 14.00 kN / cm?®

Sehim kontrolu ;

W, =5701 cm?

(424) fux = (5/48)* ((48400 * 12002) /(21000 * 171000 ) )

i

2.02cm < 1200/480 = 2.50 cm

4.2.2.3 C3 KiRiSi

] 83« 183", 1.83™

Zal

/IV
i IP: 51.6 kN

! IH Jrﬂrlz}—/q 9kN/m

Sekil 4.18 C3 Kiniginin Yiiklenmesi
M= 764%275-(9*2.75 2/2 + 51.6*0.915 )
= 128.85 kNm = 12885 kNcm
Q=7635kN

secilen kesit ; IPE 400

Kesit 6zellikleri; F, =84.5cm®> I, 23130c¢m*

W,=1156cm? [7]
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(4.55) o=12885/ 1156
=11.15 KN/cm?® < 14.00 kN / cm?

Sehim kontrolu ;
(424) fomux = (5/48) * ((12885 * 550%) /(21000 * 23130))

= (.83cm < 550/480 = 1.15 cm

Montaj eki hesabi ;
Quax = 76.35 kN
M =0.5*14 * 1156 = 8092 kNcm
I O T e O o i
v - T 171 T 1 1 =t T 1 1 T 7 s
T 0 JTIHE ,
“ﬁ\ > Trlié H g —-—t“%s:zs: /Aj'
;> PE 400 o (1- + ?-’H— l I L ,%ﬁ? it IPE 400 4‘
' SR I =
HE 600 B I I ! ! ' HE 500 B
q8an|aa 80| 80 L4 150 150 :
mm 240 240 .
750 4000 750
{10.9) M1§ _
. L
3
Sekil 4.19 IPE 400 Kiriginin Eki
Ek levhalarinin kontolu;

Foae = 1.4 * 20 - (2 * 2.27 ) =23.46cm* > F, = 243 - (2 * 2.27) = 19.76 cm?

Foex =2 *0.7 * 26 -( 2*3*2.27) = 22.78 cm” > F; = 0.86 * 33.1- (3*2.27) = 21.66cm’
L = 2 %20 * 1.4 *(20.7 Y = 23995 cm*

L = 2*0.7*26°/12=2050 cm*



% Ly = 23995 + 2050 = 26045 cm*

Bagslik ek levhalarinca aktanlan ;

Mo’ = 8092 * (23995 / 26045) = 7455 kNem

Govde ek levhalaninca aktanlan ;

Ma® =8092 * (2050 /26045 ) =637 kNcm

Bagslik bulonlarimn irdelenmesi ;

Nb ( baghk bulonlarina gelen kuvvet ) = 7555/ 40 = 186.38 kN .
Bir baslik i¢in ekin bir tarafinda kullamlacak bulon ; 10.9 kalitesinde ( SL ) 6 adet M
16 yiikksek mukavemetli bulondur. 1 adet M 16 bulon 48.5 kN kesme kuvvet

tagimaktadir

Nuyy =186.38/6=31.06 kN < 48.5kN
31.06 kN bir tane M 16 bulona gelen kesme kuvvetidir ve bulon bu yiki
tagtyabilmektedir.

Govde bulonlarinin irdelenmesi ;

Ma® = Ma®+ Qu® *a= 637+ 76.35 * 8 = 1248kNcm
Tri=4*(47+8%)+2*4?

N
y 1
+ T ri= 352 cm?
L LA 80
Xq
+ + T 80 X1 =4 cm

y1=8cm

Sekil 4.20 IPE 400 Kirirsinin Bulon Yelegimi
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Nj,™ =1248 * 4/352=14.18 kN

Np™ = 1248 * 8 /352 =28.36 kN

Ny, 2=7635/6=12.73 kN

TN =((1274+12.73 )* + 25.48%) * =36.03 kN
Segilen 10.9 kalitesinde M 16 —> 48.5 kN > 38.06 kN
Delik ezilmesine gére kontrol ;

oL=1.6*0.86*28 kN/cm®=238.53 kN > 36.03 kN

4.22.4 C4 KiRiSi

q= 20 kN/m

Sekil 4.21 IPE 360 Kiriginin Yiiklenmesi

P=(66*11+66*12)/2=759.00 kN

Mux = q*1%/8
=20%6%/8 = 90kNm = 9000 kNcm
Q =60 kN

secilen kesit ; IPE 360

Kesit ozellikleri; F, = 72.7cm®* I~ 16270cm*® W,=904cm’

(4.55) ©=9000/ 904

=996 kN/cm® < 14.00 kN / cm?



Sehim kontrolu ;
(4.24) fox = (5/48)*((9000 * 600%) /(21000 * 16270))
= 0.99cm < 600/480 = 1.25 cm

Montaj eki hesabn ;

Qmax = 60 kN
M =0.5*14 * 904 = 6328 kNcm

N

HE 700 B

ot

P S - My ]
23 ” 1 : . ——t .
| L l:l 1 “ 1 T ~ AN
.. ¢
_‘, LN
SEEoN Hel 11 ¢ HNE
[=] ..
Sl edms] | (S b me] |2 ~
IPE 36D I ! ¥* PE 36D < s
| 111 d
Jp i T
0]70]60{70{708D HE B00 B
s
120 120
200 200 2 m

750

750

3970,7039

Sekil 4.22 TPE 360 Kiriginin Eki

Ek levhalaninin kontolu;

Fpex = 1.4 * 18 - (2*2.27) =20.66 cm® > F, = 21.6- (2*2.27) = 17.06 cm®

Far =2 * 0.7 * 24- (2*3*2.27) = 19.98 cm” > F, = 0.8 * 29.86-(3*2.27) = 17.08 cm’
Iec = 2 * 18 * 1.4 *(18.7 > = 17624 cm*
T = 2%0.7*24°/12=1613 cm*
T Iq = 17624 + 1613 = 19237 cm*
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Bagslik ek levhalaninca aktarilan ;

My® = 6328 * (17624 /19237 ) =5797 kNecm

Govde ek levhalannca aktanlan ;

My® =6328 * (1613 /19237 ) = 530.6 kNem

Bagslik bulonlarnin irdelenmesi ;

Ns ( baghk bulonlanna gelen kuvvet ) = 6010 /36 = 167 kN

Bir baslik i¢in ekin bir tarafinda kullamlacak bulon ; 10.9 kalitesinde ( SL ) 6 adet M.
16 yiksek mukavemetli bulondur. 1 adet M 16 bulon 48.5 kN kesme kuvveti
tagimaktadir

Ny =161/6=26.8 kN < 485 kN

26.8 kN bir tane M 26 bulona gelen kesme kuvvetidir ve bulon bu yiiki
tagtyabilmektedir.

Govde bulonlarinn irdelenmesi ;

Mo = MoE+ Qu® *a= 530.6 + 60 * 7 = 980.6kNem

Tr2=4*(352+72)+2%35%

¥ Nq
+ i+
tg n 312 = 269.Scm’
+ et
1 70
4 4 — x1=35cm
,Ig_lo___* y1=7cm

Sekil 4.23 IPE 360 Kiriginin Bulon Yerlegimi
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Ny,™ 0=980.6 * 3.5/269.5= 12.74 kN

Ni" =980.6 * 7/269.5=2547 kN
N;,2=60/6=10kN
IN=((1274+10)*+2547%)?=3414kN
Secilen 10.9 kalitesinde M 16 = 48.5 kN > 27.77 kN
Delik ezilmesine gore kontrol ;

oL=1.6*0.86*28kN/cm>’=38.53 kN > 25.87kN

42.2.5 C5 KIiRiSI

9= 35kN/m

/ .
o s s -
_/Iz 15. 56m. ¥

Sekil 4.24 C5 Kiriginin Yuklenmesi

Mmx = q*1%/8 [8,s102-136 ]
= 35*1556%/8 = 1059.25 kNm = 105925.00 kNcm

secilen kesit ; HE 900 B
Kesit ozellikleri; F, =371cm® I.= 494100cm*® W,=10980cm’[4]

(4.55) o =105925/10980 =9.65 kN/cm® < 14.00 kN /cm®
Sehim kontrolu ;
(4.24) Fmex = (5/48)* ((105925* 15567 ) /(21000 * 494100 ) )

= 257cm < 1556/480 = 3.24 cm

kesitin tastyabilecegi maximum momenti momente gore ek hesab ;
M= 14 * 10980 = 153720 kNcm
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A-A KESITI

Sekil 4.25 HE 900 B Kiriginin Eki

Ek levhalarinin kontolu;

Fo = 3.5 * 35 -(2%6.16)= 110.18 cm® > F, = 3.5 * 30- (2*6.16) = 92.68 cm?

Fgu =2 * 1.4 * 75-(2%7%6.16) = 123.76 cm” > F, = 1.85 * 77-(7%6.16) = 99.33 cm?
Iae = 2*35%3.5%(46.75)" = 535463 cm*

L = 2*1.4*%75°/12=98438 cm*

T I = 535463 + 98438 = 633901 cm*

Baslik ek levhalannca aktanlan ;

M.’ = 153720 * (535463 / 633901 ) = 129849 kNcm
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Govde ek levhalarinca aktanlan ;

Ma® = 153720 * (98438 / 633901 ) = 23871 kNcm

Baslik bulonlarimn irdelenmesi ;

Np ( baslik bulonlarina gelen kuvvet ) = 129849 / 90 = 1443 kN

Bir baslik igin ekin bir tarafinda kullamlacak bulon ; 10.9 kalitesinde ( SL ) 12 adet
M 27 yitksek mukavemetli bulondur. 1 adet M 27 bulon 137.5 kN kesme kuvveti
tagimaktadir

Np1 = 1443 /12=12025kN < 137.5kN

120.25 kN bir tane M 27 bulona gelen kesme kuvvetidir ve bulon bu yiki
tastyabilmektedir.

Govde bulonlarinin irdelenmesi ; [ 8, s 19-20, 199 ]

M2 = M2+ Quf *a= 23871. U =23871kNcm

Sri=4%(30%+5%)+4*(20%4+5%)+ 4 *(10%+57 )+ 2 * §°

+ %4 L2 = 5950 cm®
M 100
+ +
) " 100 X1 = S5cm
4+ -+
4 100
+ y1 =30 cm
. X’] m
—+ +
100
+ + -
' 100
+- -+
150 50
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N;,™ = 23871 * 5/ 5950 = 20.06 kN
Ni™ = 23871* 30 / 5950 = 120.36 kN
TN =((20.06>+120.36%) * = 122.02 kN

Secilen 10.9 kalitesinde M 27 => 137.5 kN > 122.02 kN

Delik ezilmesine gore kontrol ;

oL =1.85%27*28kN/cm?=139.86 kN > 137.5 kN

42.2.6 C6 KIiRiSi

P=66x11/2 = 363 kN

LA AN
/!/ 6 m /l\'/ 6m /,I/
Sekil 4.26 C6 Kiriginin Yiiklenmesi
Mux = P*1 /4

= (66*11/2)*12/4 = 1089.00 kNm = 108900.00 kNcm

secilen kesit; HE 800 B

Kesit ozellikleri; F, = 334cm® I,= 359100cm* W,=8977cm’

(4.55) o©=108900/8977 [8, 5102-136]
=12.13 kN/em? < 14.00 kN /cm®

Sehim kontrolu ;

(4.24) fmax = (5/48)* (108900 * 12002) /(21000 * 359100 ) )

2.16cm < 1556/480 = 2.50 cm
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4.2.2.7 C7 KiRisi

P =121kN P =121 kN
A AN
1, Lm I im v im e
2 71 7! 7]
Sekil 4.27 C7 Kiriginin Yiiklenmesi
Mox = P*4
= 121*4
= 484 kNm = 48400.00 kNcm
secilen kesit ; HE 600 B
Kesit 6zellikleri; F, = 270cm®> I,= 171000 cm* W, =5701¢m?

(4.55) o =48400/5701 [8,5102-136]
=849 kKN/cm® < 14.00 kN / cm®

Sehim kontrolu |

(424 ) fme = (5/48) * ((48400 *12002) /(21000 * 171000 ) )

= 2.02cm <1200/480 = 2.50 cm
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Sekil 4.28 Kat Kiriglerinin Kesitleri
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43 KOLONLAR

Kolon kesiti olarak hadde profilleri segilmigtir. Imalatn ve iggiligin
getirecegi ilave maliyetler ve zaman kaybi dolayis1 ile yapma kesitlerden
kagindmugtir. Hadde profilleri birbirlerine kaynakla bilegtirilerek 1. grup basing
cubuklan olarak kullamlmigtir. Kolon kesitleri genis baghkh W ve iki adet HD
profillerinden her iki eksende de simetrik bilegik bir kesit olarak olusturulmugtur.
Kolon burkulma boyu olarak kat yiikseklifi esas alinmgtir. [ 8 ]

Kolon profilleri yatay yiiklerin, gelik perdelerle veya bosluklu betonarme
cekirdek perde sistemleri ile tagindifi yapilarda basing yiikiine gore hesaplanmus,
hem g¢elik perdelerle hem de her iki katta bir olugturulan gergeve sistemi ile
tasindif1 yapida basing yiikii ile birlikte etkiyen moment’e gore , yukandaki ilk
iki sisteme gore bulunan kesitler kontrol edilmis defigmesi gereken kesitler
hesap sirasinda belirtilmigtir. Kolon kesitleri her beg katta bir alan ve agirlhk
olarak azaltilarak bes tipte dizayn edilmigtir.

Katlarin birbirlerine goére rolatif yer degistirmesi siun olarak CELIK
YUKSEK YAPILAR kitabindan ; [ 9, s 205-401 ]

da= 0.0015*h s =0.0025 * h h= kat yiksekligi

degerleri ahinarak kargilagtirma yapilmgtir

43.1 KENAR KOLONLAR KESITLERI

c=(w*P)/F < Cas,em [8,559-78] (4.56)
Ga em= 14.00kN/cm? ; Hz yiiklemesi
16.00 kN/cm? ; Hz yiiklemesi
14.00 *1.33=18.62 kN/cm? ; Deprem Yiiklemesi
Ax= Sc/ie )
' Amsx —» W tablosundan ; w degeri bulunur (4.57)

Ay =S/ )
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43.1.1 1. TIP (0.- 4. Katlar aras1)

P = 25000.00 kKN ( H yiiklemesi )
Sx = Sy, = 450 *2 =900 cm

in

secilen kesit ; W 1000 *400*790 [4]
2 * HD 400 * 400 * 551

Bilegik kesitin ozellikleri ;

F=2410 cm?

I,= 2006960 cm* 1,=(2006960/2410)"'/?= 28.86 cm

I,= 1270048 cm®  1,=(1270048/2410)'?= 22.96 cm = 1 in
((4.57) A= 900 / 22.96= 3920 > w = 1.16

(4.56) o=(1.16*25000) /2410 = 12.03kN/cm’> < 14.00kN/cm?

4.3.1.2 2. TiP (5.-9. Katlar arasi)

Poax = 21000.00 kKN ( H yiiklemesi )
Sy =S, = 350 *2 = 700 cm

nm

secilen kesit ; W 1000 * 400 * 714
2 * HD 400 * 400 * 551

Bilesik kesitin ozellikleri ;
F=2088 cm?
I,= 1780900 cm* 1,=(1780900/2088)"''>= 29.20 cm

I,= 998828 cm*  1,=(998828/2088) /%= 21.89cm = tman

( 457) A= 700 / 21.82= 32,08 = w = 1.11

(4.56) o=(1.11*21000) /2088 = 11.16kN/cm> < 14.00kN/cm?
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4.3.1.3 3.TipP ( 10. - 14. Katlar arasi )

Pmax = 17250.00 kKN ( H yiiklemesi )
S; = S, = 350 * 2 =700 cm

secilen kesit ; W 1000 * 400 *591 [4]
2 * HD 400 * 400 * 383

Bilesik kesitin ozellikleri ;

F=1729 cm?

L= 1438240 cm* 1,=(1438240/1729)!'2= 28.84cm

I,= 769067 cm*  1,=(769067/1729)" %= 21.09cm = 1
(4.57) Amx= 700 / 21.09= 33.19=> w = 1.11

(4.56) o=(1.11*17250 /1729 = 11.07kN/cm? < 14.00kN/cm?

43.1.4 4.TiP (15.-19. Katlar aras1)

i

P = 13600.00 kN ( H yiiklemesi )
Sx =Sy = 350*2= 700 cm

secilen kesit ; W 1000 * 400 * 483
2 * HD 400 * 400 * 288

Bilegik kesitin 6zellikleri ;

F=1349 cm?

I,= 1144860cm* 1,=(1144860/1349)"?= 29.13 cm

I,= 533364 cm*  1,=(533364/1349)'"%2= 1988 cm = 1mn

(457) Amx= 700 / 19.88= 3521 => w = 1.13

(4.56) o=(1.13*13600) /1349 = 1139kN/cm? < 14.00kN/cm?
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4.3.1.5 5.TiP ( 20. - 36. Katlar arasi)
Pumx = 10000.00 kN ( H yiiklemesi )
S; = S, = 350 *2=700cm

secilen kesit ; W 1000 * 400 * 371
2*HD 400 * 400 * 216 [4]

Bilegik kesitin Ozellikleri ;

F=1022cm?

L= 868200 cm* 1,=(868200/1022)'>= 29.15cm

I,= 373459 cm*  1,=(373459/1022) '"2= 19.12cm = 1 in

(457) A= 700 / 19.12= 3661 = w = 1.15

(4.56) o=(1.15*10000) /1022 = 1125kN/cm? < 14.00kN/cm?>
Kolon Ek Hesab: ;

Tam ek hesabinda kolonun tam yiikii esas alimr. Kolon profillerinin uglan temas etse
dahi temas yoluyla kuvvet aktanldif kabul edilmez govde ek levhalaninin enkesit
alanlan st kolon profilinin gévde ve baglik alanlarindan az olmayacak gekilde segilir.
(8]

Govde ve baghk eki bulonlan :

P;=P*F; / F : govdebulonlarina gelen kuvvet
Pr=P*F,/ F : baslk bulonlarina gelen kuvvet

P = uist kolon profilindeki merkezi basing kuvveti
F = iist kolon profilinin enkesit alan

F, = st kolon profilinin gévde enkesit alam

Fy = st kolon profilinin baglik en kesit alan
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1. tip ile 2. tip kolonun eki :

P =21000 kN P, =21000 * (413.45 /2088 ) = 4158 kN
F, = 1122.58 cm® F, = 413 .45 cm®
F = 2088 cm? P, = 21000 * ( 1122.58 / 2088 ) = 11290 kN

Baslik bulonu olarak tek tesirli 10.9 kalitesinde M 30 seg¢ilmigtir.
Bir tane M 30 169.5 kN yiik tagimaktadir.

gerekli bulon sayisi1 11290/ 169.5 =67 adet M 30

kullanilan konstriiktif olarak 5 * 16 = 80 adet M 30

Baghik bulonu olarak ¢ift tesirli 10.9 kalitesinde M 24 segilmigtir.
Bir tane M 24 217 kN yik tasimaktadir.

gerekli bulon sayis1 4158 /217 =19 adet M 24

kullanilan konstriiktif olarak 3 * 8 =24 adet M 24

LTIP - W 1000%400%790

2TIP - W 1000%400%714
3.TIP - W 1000%400%591
4.TIP - W 1000%400%483 vy
S5.TIP - W 1000%400%371

33713

3

1L

418

1.TIP - HD 400%400%551

2.TIP - HD 400%400%463
3.TIP - HD 400%400%383

4.TIP - HD 400x400%288 {
S.TIP - HD 400%400%216 \
| s
1
9509

" NI
]
~
& l
o -
4T3

Sekil 4.29 Kenar Kolon Kesitleri

1.TIP -~ HD 400%400%351

2.TIP - HD 400%x400%463
3.TIP - HD 400x40D%383
4.TIP - HD 400m400%288
S.TIP - HD 400%400%216
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4.3.2 ORTA KOLON KESITLERI
4.3.2.1 1. TiP (0. - 4. Katlar aras1)

Py = 37000.00 kN ( H yiiklemesi )

Py, = 54550.00 kN ( Hz yiiklemesi )

Py, = 57770.00 kN (Hz deprem yiiklemesi )
Sx =Sy = 450 cm

secilen kesit ; W 920 * 420 * 1262
2*HD 400 * 400 * 1086 [ 4]

Bilegik kesitin 6zellikleri ;
F=4381 cm?

L= 3197600 cm* 1,=(3197600/4381)'?= 27.02 cm
I,= 3139322 cm*  1,=(3139322/4381)'"?= 26.77cm = 1 mn

(457) Amx= 450/ 26.77= 1681 = w = 1.00

(4.56) ou = (1.00 *37000) /4381 = 844kN/cm? < 14.00kN/cm?

(4.56) ou, = (1.00 * 54550) /4381 = 12.45kN/cm?>
(4.56) o, = (1.00 * 57770) /4381 = 13.18 kN/cm?
4.3.2.2 2. TipP (5.-9. Katlar arasi )

Pu = 31360.00 kN ( H yiiklemesi )

Py, = 45450.00 kN ( Hz yiiklemesi )

Py, = 48250.00 kN (Hz deprem yiiklemesi )
Sx =8y = 350 cm

I

secilen kesit ; W 920 * 420 * 1188
2 * HD 400 * 400 * 818
Bilesik kesitin ozellikleni ;

<

<

16.00 kN / cm 2
18.62 kN /cm 2
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F =3600 cm >
I,= 2878000 cm* 1,=(2878000/3600)'?= 28.27 cm
I,= 2337182 cm*  1,=(2337182/3600)'/*= 25.48 cm = 1min

(457) A= 350 / 2548= 1374 = w = 1.00

(4.56) on = (1.00*31360) /3600 = 8.71kN/cm? < 14.00kN/cm’
(4.56) ou, = (1.00 * 45450) /3600
(4.56) ou, = (1.00 * 48250) /3600

1263kN/cm? < 16.00kN/cm?
13.40kN/cm? < 18.62kN/cm?

[

4.3.2.3 3. TipP (10. - 14. Katlar arasi)

Py 25920.00 kN ( H yiiklemesi )
Py, = 35500.00 kN ( Hz yiiklemesi )

Py, = 38160.00 kN (Hz deprem yiiklemesi )
Sx =Sy = 350cm

secilen kesit ; W 920 * 420 * 1072
2*HD 400 *400*593 [4]

Bilesik kesitin ozellikleri ;

F =2875 cm?

.= 2479820 cm*  1,=(2479820/2875)''>=29.37cm
,= 1469749 cm* 1,= (1469749 /2875)'/>=22.61cm =

1 min

(457) A= 350 / 22.61= 1548 => w = 1.00

(456) ou = (1.00*25920) /2875 = 9.02kN/cm? < 14.00kN/cm>
(4.56) ou, = (1.00 *35500) /2875 = 1235kN/cm?’ < 16.00kN/cm?

(4.56) ouz = (1.00*38160) /2875 = 1327kN/cm’ < 18.62kN/cm’
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4.3.2.4 4.TiP (15.- 19. Katlar arasi )

Pxu 20670.00 kN ( H yiiklemesi )

Py, = 27600.00 kN ( Hz yiiklemesi )

Py, = 30160.00 kN (Hz deprem yiiklemesi )
Sx =S = 350 cm

Il

secilen kesit ; W 920 * 420 * 876
2 * HD 400 * 400 * 463

Bilegik kesitin 6zellikleri ;
F =2294 c¢m?

I,= 1945600 cm* 1,=(1945600/2294) "= 29.12 cm
I,= 1036568cm*  1,=(1036568/2294)''*= 21.26 cm

(4.57) Amax= 350 / 21.26= 1649 > w = 1.00

1 min

(4.56) og = (1.00 *20670) /2294 = 901kN/cm? < 14.00kN/cm?

(4.56) on, = (1.00 *27600) /2294 = 12.03 kN/cm?
(4.56) on, = (1.00 *30160) /2294 = 13.15kN/cm>

A

IA

4.3.2.5 5. TiP (20. - 36. Katlar arasi)

Py = 15400.00 kN ( H yiiklemesi)
Py, = 19030.00 kN ( Hz yiiklemesi )

Py, = 21250.00 kN (Hz deprem yiiklemesi )
Sx =S, = 350 cm

il

I

secilen Kkesit ; W 920* 400 * 653
2 * HD 400 * 400 * 288
Bilegik kesitin ozellikleri
F=1566 cm?
L= 1369460 cm* 1,=(1369460/1566)'%= 29.57 cm

16.00 kKN / ¢cm 2
18.62 kN / cm 2
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I,= 565704 cm*  1,=(565704/1566)'2= 19.00cm = 1
(4.57) A= 350 / 19.00= 1842 = w = 1.00
(4.56) ouy = (1.00 * 15400) /1566 = 9.83kN/cm? < 14.00kN/cm?

(4.56) ou,= (1.00 * 19030) /1566 = 12.15kN/cm?* < 16.00kN/cm?
(4.56) ou, = (1.00*21250) /1566 = 13.57kN/cm? < 18.62kN/cm?

Kolon Ek Hesabi ;

Tam ek hesabinda kolonun tam yiikii esas alinir. Kolon profillerinin uglan temas
etse dahi temas yoluyla kuvvet aktanildif: kabul edilmez gévde ek levhalarinin enkesit
alanlan (st kolon profilinin gévde ve baglk alanlarindan az olmayacak gekilde segilir.

[8]
Govde ve baghk eki bulonlar :

P,=P*F, / F : govde bulonlanna gelen kuvvet
P=P*F,/ F : baghk bulonlarina gelen kuvvet

P = iist kolon profilindeki merkezi basing kuvveti
F = iist kolon profilinin enkesit alan1

Fg = tist kolon profilinin gévde enkesit alam

Fy = tst kolon profilinin baglik en kesit alani

1. tip ile 2. tip kolonun eki :
P =31500 kN

Fp = 1844.04 cm?

Fg =790.13 cm®

F = 3600 cm?

P, =31500 * ( 790.13 / 3600 ) = 6913.6 kN
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P, =31500 * ( 1844.04 /3600 ) = 1613535 kN
Baglik bulonu olarak tek tesirli 10.9 kalitesinde M 36 segilmigtir.
Bir tane M 30 244.5 kN yiik tagimaktadir.
gerekli bulon sayist 16135.35/244.5 =66 adet M 30
kullanilan konstriiktif olarak 5 * 16 = 80 adet M 36
Govde bulonu olarak ¢ift tesirli  10.9 kalitesinde M 24 segilmistir.
Bir tane M 24 217 kN yiik tagimaktadir.
gerekli bulon sayis1 6913.6/217 =32 adet M 24
kullanilan konstriiktif olarak 3 * 12 =36 adet M 24
Birlesik kolon kesitinde metod kaynag: hesabi; [ 8 ]
Metod kaynag ile birlegen kolon kesitinin 6zellikleri
Sp= 45.4* 12.5 * 22.2 = 12598.5 cm®
b=125cm
Ix = 595700 cm*

Q=2220kN

Metod kaynagi 80 cm ara ile 120 cm boyunda kolon boyunca yapilacaktir. Buna gére
hesap yaptifimizda.

Birim boya gelen kuvvet T, =Q * S/1=2220 * 12598.5 / 595700 = 46.95 kN / cm

kayma gerilmesi T=(2/1.2)*46.95/ (2*4)=9.78 kN /cm® <10.5 kN / cm®



LTIP - W 920%420%1262

&TIP - W 920%420x%1188
3TIP - W 920%420%1072
4TIP - W 920%420%876
S.TIP - W 1000%400%653

434
2ar

a27

24

LTIP — HD 400%400%1086 /]
ZTIP - HD 400%400%818
3TIP - HD 400%400%593
4TIP - HD ADD®400%463
S.TIP - HD 400%400%288

84

20,9

539

1878

539

Sekil 4.30 Orta Kolon Kesitleri

\ 1.TIP - HD 400%400%1086
2.TIP - HD 400%400%818
3.TIP - HD 400%400%593
4.TIP - HD 400%400%463
S.TIP - HD 400%400%288
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4.4 DUSEY CAPRAZILAR

Diigey caprazlar , yapinin ortasinda bulunan gekirdek sisteminin elemanlandir.
Diigey caprazlar kolonlarla birlikte , bir kafes kiriy gibi caligarak . yapiya gelen
yatay yiikleri kesit alanlan ile simirh olarak tagidiklan eksenel kuvvetlerle temele
aktarmaktadirlar. Kolonlar ve ¢aprazlarla olugturulan gekirdek sistem , tipki bir
ucu ankastre konsol king gibi caligarak yatay yiikleri temele aktarmektadir.
Yapldéki diisey caprazlann boyutlandinlmasindaki ilk  diiginiilen etken,
elemanlann {izerlerine gelen ¢ekme ve basing kuvvetleridir. Ancak yapi
yikseklii arttik¢a, yapmin yapacafi yatay deplasmanin da artacagi gergegiyle,
yatay deplasmanin azalmasinda biyik faktérii olan ¢apraz elemanlarnin
rijitliklerininde bu oranda artmasi gerekmektedir. Capraz elemanlann agirhFinin,
yapinun toplam airh@: distiniiliince fazla bir toplam tutmadifi goriilmektedir. Bu
yizden bu sistemde ¢apraz elemenlanin boyutlandinlmas: yatay deplasman
siirlann dikkate alinarak yaptmugtir.

Diisey caprazlar X ve K c¢aprazlan olmak iizere iki sekilde dizayn
edilmigtir. K ¢aprazlan , ofis katlanna girig yerlerinde , kapi boglugunun olugmasi
ve binanin ¢aliyma fonksiyonunun bozulmamasi igin yerlestirilmigtir. X gaprazlan
K c¢aprazlan diizlemine dik diizlemde asansorlerin arka tarafina , c¢aligma
fonksiyonuna engel olmayacak sekilde yerlestiriimiglerdir. Her iki tipteki c¢apraz
kesitleri HD hadde profillerinden segilmigtir. [ 4, 8, s 59-78, 9, s 205-401 ]

4.4.1 K CAPRAZILARI

4.4.1.1 1.TipP (0. -5.Katlar arasi )
Py = -450.00 kN (H yiklemesi )

Py, = -2880.00 kN ( Hz yiiklemesi )

Py, = -2915 .00 kN (Hz deprem yiiklemesi)

Sx = Sy = 500 cm

secilen kesit ; HD 260 * 260 * 288
Kesitin ozellikleri ;



F= 367 cm?
I,= 60630 cm* 1,= 1290cm
I,= 18840 cm* 1,= 7.16cm = 1

(4.57) A= 500 / 7.16= 69.83 => w = 141
(4.56) oy = (1.41*450) /367 = 1.73kN/cm? < 1400kN/cm’?

(4.56) ou, = (1.41*2880) /367
(4.56) ou, = (1.41 *2915) /367

11.06 kKN/cm? < 16.00kN/cm?
1120kN/cm? < 18.62kN/cm?

44.1.2 2.TIP (6.-11. Katlar aras1)

Py = -460.00 kN ( H yiiklemesi )
Py, = -2350.00 kN ( Hz yiiklemesi )
Py, = -2425 .00 kN (Hz deprem yiiklemesi )

Sx =8, = 46l cm
Secilen kesit ; HD 260 *260*252 [4]
Kesitin 6zellikleri ;

F= 321 cm?
I,= 50770cm* 1= 12.60 cm
I,= 15980 cm* 1,= 7.06cm =

1 min

(4.57) Amax= 461 / 7.06= 6529 > w = 135

(4.56) oy = (1.35*460) /321 = 1.93kN/cm? < 14.00kN/cm?
(4.56) ou.= (1.35*2350) /321
(4.56) ou, = (1.35*2425) /321

Il

988kN/cm? < 16.00kN/cm?

1020kN/cm? < 18.62kN/cm?
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4.4.1.3 3.Tip (12.-17. Katlar aras)
Py = -460.00 kN (H yiiklemesi )

P, = -2050.00 kN ( Hz yiiklemesi )

Py, = -2095.00 kN (Hz deprem yiiklemesi )

S, = Sy = 461 cm

secilen kesit ; HD 260 * 260 * 219

Kesitin 6zelliklen ;

F= 279 cm?

L= 42020cm* 1,= 1230cm

L= 13480 cm* 1= 6.95cm = 1

(4.57) A= 461 / 6.95= 6633 => w = 1.36

(4.56) og = (1.36*460) /279 = 224kN/cm? < 1400kN/cm?
(4.56) on, = (1.36*2050) /279 = 9.99kN/cm? < 16.00kN/cm?
(4.56) ou, = (1.36*2095) /279 = 1021kN/cm? < 18.62kN/cm?

4.4.1.4 4.TiP (18. - 23. Katlar arasi)
Py = -460.00 kN (H yiiklemesi )

Py, = -1680.00 kN ( Hz yiiklemesi )

Py, = - 1850.00 kN (Hz deprem yiiklemesi )

Sx =Sy = 46l cm

secilen kesit ; HD 260 * 260 * 191

Kesitin 6zellikleri ;
F= 243 cm?
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L= 35210cm* 1,= 12.00cm
I,= 11440 cm* 1,= 6.86cm = 1y

(4.57) Amx= 461 / 6.86= 6720 => w = 1.37

(4.56) og = (1.37*460) /243 = 259kN/cm? < 14.00kN/cm?
(4.56) ou, = (1.37*1680) /243 = 9.47kN/cm? < 16.00kN/cm?
(4.56) on, = (1.37*1850) /243 = 1043kN/cm? < 18.62kN/cm?

I
|

4.4.1.5 5.TiP ( 24. - 36. Katlar aras )

Py = -450.00 kN (H yiklemesi)
Py, = -1260.00 kN ( Hz yiiklemesi )
- 1520 .00 kN (Hz deprem yiiklemesi )

5]
o=
N

]

Sx =Sy = 461 cm

secilen kesit ; HD 260 * 260 * 149
Kesitin 6zellikleri ;

F= 190 cm?

L= 25970cm*® 1,= 11.70cm

I,= 8652cm*  1,= 6.76cm = 1mn

(4.57) Amax= 461 / 676 = 68.19 > w = 139

(4.56) og = (1.39*450) /190 = 329kN/cm? < 14.00kN/cm?
(4.56) ou,= (1.39*1260) /190 = 921kN/cm?* < 16.00kN/cm?
(4.56) ou, = (1.39*1520) /190 = 11.12kN/cm? < 18.62kN/cm?

i
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Sekil 4.31 K ¢apraz Kesitleri




4.42 X CAPRAZLARI
4.4.2.1 1.TipP (0. - 5. Katlar aras1)
Py = -1060.00 kN ( H yiiklemesi )

Py, = -2950.00 kN ( Hz yiiklemesi )
Pu, = -2900 .00 kN (Hz deprem yiiklemesi )

Sy = Sy = 750 cm

secilen kesit ; HD 260 * 260 * 329

Kesitin 6zellikleri ;

F= 420 cm?

L= 73080 cm®* 1,= 13.20cm

I,= 22280 cm*  1,= 7.29cm = 1y
(423) A= 750 / 7.29 = 102.80 => w=1.96

6=P/F £ Gs em (4.58)

(4.58) o = 1.96*1060/420 = 495kN/cm? < 14.00kN/cm?
(4.58) on, = 1.96*2950/420 = 13.77kN/cm? < 16.00kN/cm?
(4.58) ou, = 1.96*2900/420 = 13.53kN/cm? < 18.62kN/cm?

i

4422 2. TiP (6. - 1. Katlar aras1)

Py = -660.00 kN ( H yiiklemesi )
Py, = -2180.00 kN ( Hz yiiklemesi )
Pu, = -2150.00 kN (Hz deprem yiiklemesi )

Sx = Sy = 700 cm
secilen kesit ; HD 260 *260*252 [4]
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Kesitin 6zellikleri ;

F= 321 cm?

I,= 50770 cm* 1,= 12.60 cm

I,= 15980 cm*  1,= 7.06cm = 1

(4.57) Amsx= 700 / 7.06 = 99.15 = w=1.88
(458) o = 1.88*660/321 = 3.86kN/cm?> < 14.00kN/cm?

(4.58) ou, = 1.88*2180/321 = 12.77kN/cm? < 16.00kN/cm’
(4.58) ou, = 1.88*2150/321

il
Il

1259kN/cm? < 18.62kN/cm?

4423 3.TipP (12.-17. Katlar aras)

Py =-560.00 kN ( H yiiklemesi )
Py, = -1880.00 kN ( Hz yiiklemesi )
Py, = -1810.00 kN (Hz deprem yiiklemesi )

Sx = Sy =700 cm

secilen kesit ; HD 260 * 260 * 219
Kesitin 6zellikleri ;

F= 279 cm’

L= 42020cm* 1,= 12.30cm
I,= 13480 cm®  1,= 6.95cm = 1un

(4.57) A max= 700 / 6.95= 100.72 => w=1.92

(458) oy = 1.92*560 /279 = 3.85kN/cm? < 14.00kN/cm?
(4.58) ou,= 1.92*1880/279

(4.58) ou, = 1.92*1810/279

1294kN/ecm? < 16.00 kN /cm?

Il

1246kN/cm? < 18.62kN/cm?
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4.4.2.4 4.TiP (18. -23. Katlar aras1)

Py = -390.00 kN ( H yiiklemesi )

Py, = -1410.00 kN ( Hz yiiklemesi )

Py, =-1422 .00 kN (Hz deprem yiiklemest )
Sx =S, = 700 cm

secilen kesit ; HD 260 * 260 * 167

Kesitin 6zellikleri ;
F= 212 ¢m?
L= 29620cm* 1,= 11.80cm

L= 9786 cm*  1,= 6.79cm = 1

(4.57) A= 700 / 679 = 103.09 => w=1.96

(458) og = 196*390 /212 = 3.61kN/cm?* < 14.00kN/cm?
(4.58) ou,= 1.96*1410/212 = 13.04kN/cm? < 16.00kN/cm?
(4.58) ou, = 1.96%1422/212 = 13.15kN/cm? < 18.62kN/cm?

4.42.5 5. Tip (24. -36. Katlar arasi )

Py = -280.00 kN ( H yiiklemesi )

Py, = -1010.00 kN ( Hz yiiklemesi )

Py, =-1090 .00 kN (Hz deprem yiiklemesi)
Sx = 8y = 700 cm

secilen kesit ; HD 260 * 260 * 131

Kesitin ozellikleri ;
F= 167 cm?
L= 22100cm* 1,= 11.50cm

L= 7417cm*  1y= 6.67cm = 1mn
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(4.57) Amex= 700 / 6.67= 10495 = w=2.00

(458) on = 2.00*280 /167 = 335kN/cm? < 14.00 kKN /cm 2
(4.58) ou,= 2.00%*1010/167 = 12.09kN/cm? < 16.00kN/cm 2
(4.58) ou, = 2.00*1090/167 = 13.05kN/cm? < 18.62 kN/cm 2

it

Sekil 4.32 X Capraz Kesitleri

HE 600 B
—
N ”/
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K ve X capraz elemanlarimin montaj ekleri;

K ve X caprazlarma drnek olarak 1. tip kesitlerinin ek hesaplan yapilmustir,
diger tipteki kesitler iginde ayni ekler degerler degistirilerek tekrarlanabilir. Ekler ek
levhalarinin alanlan ile orantih olarak aktariimaktadir. [ 8 ]

HD 260 * 260 * 288 K CAPRAZ KESITI EKI ;

Kesitin tasidigs kuvvet Pux=2880kN (Hz)

200 200

300

50,100 , 50
(10.9) M],s/ri:laoo.ss....aoo

-
v va v |
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(555540
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T

50| 1001001100 |100} 100 | 100 | 100 {30
400 400

160 b8.
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Sekil 4.33 HD 260*260*288 Eki

F=367cm® ( profilin enkesit alan )
F,=(27.7*5.3)*2=293.62 cm’
F,=19.9 *3.2=63.68 cm’

F, +F, = 293.62 +63.68 = 357.3 cm’

Ek levhalannin kontroli ;

Fou = 5.5% 30 <(2%6.16)= 152.68 cm’ > F, = 5.3 * 27.7- (2%6.16) = 134.49 cm”
Foa=2 * 2.5 * 19-(2*3*2.27) = 81.38 em” > Fy = 3.2 * 19.9-(3*2.27) = 56.87cm’
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2 Fa =2 * 152.68+ 81.38 = 386.74cm2

Bir baghktaki yiikk P, =10.5 * 2880 * 293.62 /357.3 =1183.36 kN

segilen bulon 10.9 kalitesinde M27 kullamiirsa Hz. yiiklemesinde 154.5 kN yiik
tagimaktadir

n=1183.36/154.5=7.66 = 8 adet ekin bir tarafinda kullamlacak bulon say1s1

Baglikta ekin bir tarafi icin kullamlacak 8 adet 10.9 kalitesinde M27 bulondur.

Govdedeki yiikk P, =2880 * 63.68 /357.3 =513.29 kN

secilen bulon 10.9 kalitesinde M16 kullamihirsa Hz. yiiklemesinde 54.5 kN yiik
tagimaktadir. Govdede civatalar ¢ift kesmeye galigmaktadir.

n=513.29/(2 *54.5)=4.7 = 6 adet ekin bir tarafinda kullamlacak bulon sayst
Govde de ekin bir tarafi igin kullanilacak 6 adet 10.9 kalitesinde M16 bulondur.

HD 260 *260 * 329 X CAPRAZ KESITI EKI ;
Kesitin tagidi kuvvet Pua = 2960 kN (Hz)

200 200

b0, 100 50 30 300.60...800
l [ | 1 1 M6
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~; — -—
| pt _ e I
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I g |
‘ 1 .
E =] w .. =29 190.28..400
] |
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i 5.4, 160
450 400

Sekil 4.34 HD 260*260*329 Eki



F=420cm® ( profilin enkesit alam )
Fo=(28.1*6)*2=3372cm’
F,=19.9 * 3.6 =71.64 cm’

Fy, +F, = 337.2 + 71.64 = 408 84 cm’

Ek levhalarinin kontrolii ;

Fpe = 6* 30 -(2*6.16)= 167.68 cm” > F, = 6 * 28.1- (2%6.16) = 156.28 cm’

Fooe =2 * 2.8 * 19-(2*3*2.27) =92.78 cm® > F; = 3.2 * 19.9-(3%2.27) = 56.87 cm®
T Fu =2 * 167.68+ 92.78 = 428.14 cm2

Bir baghktaki yiik Py =0.5 * 2960 * 337.22 / 408.84 = 1220.66 kN

secilen bulon 10.9 kalitesinde M27 kullanilirsa Hz. yiikklemesinde 154.5 kN yiik
tagimaktadir

n=1220.66/154.5=7.90 = 8 adet ekin bir tarafinda kullanilacak bulon sayis1
Baglikta ekin bir tarafi icin kullanilacak 8 adet 10.9 kalitesinde M27 bulondur.
Govdedeki yilk Py =2960 * 71.64 / 408.84 = 518.67 kN

secilen bulon 10.9 kalitesinde M16 kullamlhrsa Hz. yiiklemesinde 54.5 kN yiik
tagimaktadir. Govdede civatalar ¢ift kesmeye galigmaktadir.

n=518.67 /(2 *54.5 ) =4.75 = 6 adet ekin bir tarafinda kullanilacak bulon saysi
Govde de ekin bir tarafi igin kullamlacak 6 adet 10.9 kalitesinde M16 bulondur.
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45 KOLON TABAN DETAYLARI

Kolonlar tabanlan mafsalli olarak statik hesap yapildigi i¢in temele
moment aktarmayacak gekilde baglanmigtir. Kolon tabanlari kenar kolon tabanlan
ve orta kolon tabanlan olmak iizere iki tiptedir. Kenar kolon tabanlari sadece
merkezi basing yiikiine maruz oldugu halde orta kolon tabanlan merkezi basing
yikinin yaninda yatay yiikede maruzdur.

Kenar kolon taban plakasi 1zgara ayak iizerine dogrudan oturtulmuglardir.
Orta kolon taban plakasi 1zgara ayak iizerinde bulunan merkezlik pargasi iizerine
oturtulmaktadir. Izgara ayaklann boyutlan beton basing gerilmesine gore
belirlenmis ve tizerlerindeki yiiklere gore Prof. Dr. Hilmi DEREN ° in CELIK
YAPILAR kitabindaki hesap yontemlerine gére gerekli tahkikleri yapilmgtir.
[8,s290-314 ]

Kenar kolon tabanlarinda yatay yilkk bulunmadifindan kayma kamasi
konulmamigtir. Orta kolonlarda yatay yiikk oldufundan kayma kamasi gerekli
hesaplar yapilarak konulmustur. Kolon tabanlannda yatay yiikler sonucu
herhangi bir ¢ekme kuvveti olusmadifindan ankrajlar konstiriktif olarak
secilmiglerdir.

4.5.1 KENAR KOLON TABANI
Beton malzemesi BS 350 G »,om= 0.80 KN/ cm?
Pa=Pmx / A < Gu,em= 0.80 KN/ cm? (4.59)

p .= Beton ezilme gerilmesi
A = Taban plakasi alam

Prax = 25000.00 kN ( H yiiklemesi )

A = 38093.75 cm?

(4.59) p.=25000.00/38093.75=0.656kN/ cm? < G 4, emn= 0.80kN/ cm?
Taban plakasi kalinhgimin hesabi plak hesabi gibi yapilmugtir. Taban plakasi iig
kenarindan ankastre , bir kenan bogta bir plak gibi digiiniliip ¢ozilmiigtiir.
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- ly= 52.5cm

g_em 2 B 1= 47.75 cm
4 K= q*L*l (4.60)
Z + e=ly /k = m (4.61)
. ' M=K /m (4.62)

(4.60) K= 0.656*52.5* 47.75 = 1644.51 kN
(4.61) €=525/4775 =109 = me=11.6
(462) M= 1644.51/11.6=141.77 kNem

W=b*h?/6 (4.63)
Taban plakast kalmh@ 9 cm olarak segilirse ;

(463)W=9**1/ 6= 13.5cm’
(4.55) 6=141.77/13.5 =10.50 t/cm*> < 14.00 t/ cm?

Izgara taban profiline oturan kolonun taban levhasi ve baglanti elemanlan igin gerekli
hesaplar ve tahkikler.

Taban levhasi alant; F = 145 * 145 = 21025 cm’

p=25000/ 21025=1.19 kN/cm® <1.28 kN /cm’

Taban levhasinda egilme genlmesi tahkiki ;

Muax = 1.19 * 197 /2 =214.80 kNcm

Taban plakasi kalinli§ olarak 10 cm segilirse

W=1%*10*/6=16.67cm’
c=2148/1667=1288 kN /cm?® < 14kN/cm®
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Nerviir levhalarim profile baglayan kiit kaynak dikislerinin tahkiki ;

— - — I
300
50 60 60
=
@ .
100
1Y 1450 v

Sekil 4.35 Nerviir Levhas: Kiit Kaynak Sekli
Bu kesit taban levhasinin enkesit ile kiit kaynak dikiglerinin kesitinden olugur.
yg =3*6*90*50/(3%*6*90+145%10) = 26.38 cm
L,=3 *6*90 * (50-26.38)>+3 *6*90°/12 + 145 * 10 * 26.38% + 145 * 10° / 12

I, = 3018449 cm*

Wi = 3018449 / 68.62 = 43988 cm’
Q =25000 * (( 145-41.8)/2)/145=8897 kN
M = 8897 * 51.6 /2 = 229543 kNcm

ust kenarda ;

O = 229543 / 43988 = 5.22 kN / cm® < 14 kN / cm?
X - X hizzasinda makaslama gerilmesi ;
S=3*6*68.62°/2=42378 cm’

max % =Q*S/(Ix*Ta) = 8897 * 42378 /(3018449 * 3 * 6 ) = 6.94 kKN / cm®
max T, = 6.94 kKN / cm® <9 kN / cm®
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Nerviir levhalarim taban levhasina baglayan koge kaynak dikislerinin tahkiki ;

S=10* 145 * 26.38 = 38251 cm’
T = 8897 * 38251 /(3018449 * 42 *3)=895kN/cm® <9 kN/cm?

1zgara profillerinin tahkiki ;

/] /b P

A

Mux= P/2*((1/4)-(c/4)) (4.64)

PI2 L

K

(4.64) Mux= 25000/2* ((220/4 ) (150/4))
= 25000/8 * (220-150) = 218750 kNcm

L 1500 mm a
’| I
y v
7 L ] ‘1 90
)
40 40 40 820mm.
y1 /
l ] %0
525 Ly 415 L0 U5 L L0 525 "
K| AA 7TA
2000mm
Sekil 4.36 1zgara Profili
200*9*45+150*%9*955+3*%82*%4 %50
yi= = 45.053 cm

200*9+150*9+3*82*4
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y2 = 54.95 cm

I,=200*9*4055% +150*9* 50452 +3*(82%*4/12)+82%4*3 %495
I,= 6971246 cm*

W, = 6971246 / 54.95 =126865 cm *

(4.19) o =218750/126865 =1.72 t/cm®> < 14.00 t/ cm®
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Sekil 4.37 Kenar Kolon Taban Plakas:
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4.5.2 ORTA KOLON TABANI

Beton malzemesi BS 350 G . emn= 0.80 KN/ cm?

Pa=Pux / A < Ga,emn= 0.80 KN/ cm?
p .= Beton ezilme gerilmesi

A = Taban plakas: alam

Pmax = 57560.00 kN ( HZ yiiklemesi )
Hpmax = 2220 kN

A = 80200 cm?

Yatay yiikten olusan moment ;
M =2220 kN * 127.5 cm = 283050 kNcm
Taban basing gerilmesi hesabi ;

Wb = 300% * 300 / 6 = 4500000 ¢cm®
p = 57500/ 80200 + 283050 / 4500000 = 0.78 kN / cm® < 0.80 kN / cm?

Taban plakas: kalinhginin hesabi plak hesabi gibi yapilmugtir. Taban plakasi ii¢
kenanindan ankastre , bir kenant bogta bir plak gibi digiinilip ¢ozillmiigtir.

s ]

€y l,= 96 cm

ly Ix= 104 cm
K=q*k*|
4 e=l /L > m
l M=K /m

(4.60) K= 0.78 * 96 * 104 = 7787.52
(461) €=96/104 = 092 = mq=104
(462) M= 7787.52/10.4 = 748.80 kNcm
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W=b*h?/ 6
Taban plakasi kalinligi 18 cm olarak segilirse ;

(463)W=18*1/ 6= 54cm’
(4.55) 6=74880/54 =13.87 t/cm> < 16.00 t/ cm®

merkezlik parcasi hesabi ; [ ekler tablo A2]

P
a = Dairesel temas alam1 yangapi
____,,/ —
Tr, ka P=57500 kN

—
E1=E2=E ve V1=V2 =0.3 ise
a=0.881*( P*Kd/E)'"? (4.64)
Max c.= 0.616 * (P *E*/K?) '? (4.65)
y=155*@*/(E**Kd)'"? (4.66)
Max o; = 0.133 max o, (4.67)
max ;= 65.00 kN /cm? (4.34)

(4.66) Max o, = 488.72 kN /cn?

(4.65) 488.72= 0.616 * ( 57500 * 21000% Ks*) '?

K4 = 225 cm ; kiirenin ¢ap1

(4.30) a= 0.881 * (57500 * 225/21000)"'® = 7.49 cm
2a= 2*749= 1498 cm temas ylizeyi genigligi .

100
100
P 1000 L

1 4
Sekil 4.38 Merkezlik Pargasi
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Kolon taban plakasinda basing gerilmesi tahkiki ;

Taban plakasi kalmlii olarak 30 cm segildi. Kullamilacak malzeme St 52
kolon ucunda temas eden alan ;

fi=2*60*12.5+60 * 6.4+ 6 * 143 * 6 =2399 cm’

P = 57500 kN

©=57500/2399 =23.97 kN /cm® < 24.62 kN /cm® (St52)

Kolon profili ucunda bir gévde takviye lamasina gelen kuvvet ;

14.3 * 6 * 23.97 = 2056 kN

Bu kuvveti kolon gévdesine aktaran dikigin tahkiki ;

©=2056/100*4 = 5.14kN/cm’< 9kN/cm’

Ayak profili govdesi iist tarafinda gerilme ;

f, =76 * 76 = 5776 cm®
oy = 57500/ 5776 = 9.95 kN / cm® < 16 kN / cm?

Ayak profilinde bir takiye lamasina gelen kuvvet ;
(104-8/2)*8*9.95=3820.8 kN

Bu kuvveti ayak profili govdesine aktaran dikiglerin tahkiki ;
1=3820.8/ 94*5.6 = 726 kN/cm’ < 9 kN/ cm?
Kayma kamasinin hesabi ;

H=2220 kN yatay kuvvet vardir
segilen profil 2 adet HE 600 B ( hag seklinde )
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Betonun temas ettigi profil alam F, =30 * 40 + 60 * 40 = 3600 cm’
Kayma kamas: ile beton arasindaki basing gerilmesi ;
p=2220/3600=0.61 kN /cm®> < 0.80 kN /cm®

Kayma kamasinda egilme gerilmesi tahkiki ;

M = 2220 * 30 = 66600 kNcm ( taban plakasina baglandi kesitte)
W = 5701 + 902 = 6603 cm® ( bilegik kesitin mukavemet momenti )
© = 66600 / 6603 = 10.08 kN / cm® < 14 kN / cm®

Kayma kamasi profilini taban levhasina balayan kaynak dikislerinin tahkiki ;

F,=8*30%2+4*50*1=0680 cm’
Je=4*(2%30°/12)+2*(50°*1/12)+4 *30 * 2 * 28> = 227000 cm*
Wi = 227000 / 30 = 7567 cm®

o =2220 * 30/ 7567 =8.80 kN / cm®

T =2220/ 680=3.26 kN/ cm’

kiyaslama gerilmesi o, =1/2* (8.72 + (8.72> + 4 * 3.24*)'”
= 9.79 kN/ cm®< 10.40 kN / cm?
Tirnak pagasim taban levhasina baglayan kaynaklarin hesab: ; [ 8 ]

Q=2220kN

M =2220 * 15 cm = 33300 kN cm
Kaynak kalinlii ax =S5 cm
Kaynak boyu Iy =200 cm

F,. =200 * 5 = 1000 cm?

Wy = 27083 cm®

1=2200/1000 = 2.2 kN /cm?
o =33300/27083 = 1.23 kKN / cm®

Gerilmeler kiigiik oldugundan kiyaslama gerilmesi tahkikine gerek yoktur.
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Sekil 4.39 Orta Kolon Taban Plakas:



BOLUM 5. MALIYET ANALIZi

5.1 ZAMAN PLANLAMASI

Yap: sistemlerinin yapim siireleri igin zaman planlamasi yapilirken, Tiirkiye’deki
ingaat yapim gartlan gézoniinde tutulmus ve Tirkiye’deki buyik ingaat firmalan
(GAMA AS., GULERMAK A.S., MNG Ingaat A.S., PROKON Miih.Ltd.Sti.,
TEKFEN A.$.) ile goriigiilmiig, gerekli islerin nasil yapilacag, imkanlarin neler
oldugu ve su anda Tiirkiye’deki ingaat sektorii hakkinda bilgi edinilmigtir. Tirkiye de
bilindigi gibi bu biiyiikliikkte bir gelik yap1 6rnegi olmadi® icin firmalardan ahinan
bilgiler endiistri yapilanindan elde edilen tecriibelere dayanarak verilmistir. Fakat
betonarme yap1 igin Tirkiyede oOrnekler oldugundan daha genig bilgiler elde
edilmigtir. Bu konuda en yakin 6rnek olarak ig bankasimin 4. leventte yapimina
baglamlan 2 tane 30 kath, 1 tane 50 kath betonarme karkas yap: igin ihaleye giren
sirketlerin ihale tekliflerinden bazi bilgiler edinilmiy aynca MNG Holding’in
Ankara’da yapimina devam ettifi Halk Bankas: binasina ait 30 katli (1700 m?) alana
sahip betonarme yonetim binasi gezilmis ve yetkililerden bilgiler alinmugtir.

Yapilan aragtirmalar sonucu, boyle bir ¢ok katli ¢elik konstriiksiyon yapt igin
gereken yapim siiresi hesabina esas olacak hafta da 200 ton ayda 800 ton imalat
yapilabilecefi ve montajinda aym siirede aym tonajda olabilecegi diigiiniilmektedir.
Celik konstriikksiyon yapida 6nemli olan malzeme temini, gekli ve yapim sirasindaki
detaylanin  boyutlan ve tipleri siireyi etkileyen faktorlerdir. B.A. dogseme igin
kompozit sistem segildigi i¢in haftada bir kat yapilabilmektedir. [10, 11, s 364-373 ]

B.A. karkas yapi iginde B.A. gekirdek imalatinin 1 haftada, B.A. katlann ise 2 haftada
da yapilabilecegi  gorilmiigtir. Bu bilgiler isifinda tablolarla gosterilen yapi

sistemlerine ait zaman planlamasi hazirlanmgtir.
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5.2 MALIYET ANALIizZi :

BETONARME KARKAS, UST YAPI MALIYET UNSURLARI ;

MALZEME :

Betonarme Betonu BS 35
Ingaat Demiri BC III

Siiper akigkanlagtinic1 katkilar
EKIPMAN :
Kalip sistemi ( iskele dahil )
Demir kesme ve biikkme makinalan
Beton dokme makinalar
. Beton pompas: , vibratorler .
. Transmikserler , Placing-boom
. Beton perdah bigag ve perdah makinasi
Kule vingler
Mobil vingler
Kompresorler
ISCILIK :

Kalip yapim ve sokiimii ( iskele dahil )
B.A. Demiri bukiilmesi ve yerlegtirilmesi
Beton dokiilme ve kiirii

CELIK YAPI, UST YAPI MALIYET UNSURLARI ;
MALZEME :

Celik yap1 elemanlart ( Bulonlar dahil )
Kalic1 gelik trapez sag ( kalip olarak )
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Beton
Betonarme demiri

Yangna kary1 koruma malzemesi
EKIPMAN :

Kule ving

Beton pompasi , vibrator , perdah makinasi
Demir kesme , bikkme

Mobil vingler

Kompresorler
ISCILIK :

Celik montaj1

Ingaat demiri iggiligi

Beton iggiligi

Yangina karg1 koruma iggiligi

Hesaplanan malzeme miktarlan projelerdeki olgiiler baz alinarak bulunmugtur.
Beton hazir beton oldugundan ve kalip sistemide bagtan mimari projeye gore segildigi
i¢in kayip olmayacag diistiniilmiigtiir Demir miktarinda kesmeden ve projeden dolay
% 10 kayip olacag, g¢elik miktanda ; katlardaki yatay stabilite baglantilan, bag
levhalari, baglanti elemanlan, bayrak levhalar, kayma kamalan, kompozit déseme
levhasi, berkitmeler, kesim ve imalat kayiplan dugiinilerek %15 artinlarak
hesaplanmigtir. Demir miktarlan beton hacmine oranla bulunmustur. Betonarme
yapida 1 m® betonda kolon, perde ve kirigler igin 120 kg , parapet ve doseme igin
100 kg , bodrum katlar ve temeller i¢in 140 kg demir kullamlmigtir diye
disinilmugtir. Celik konstriikksiyon ve betonarme gekirdekli gelik konstriiksiyon
yapilarda 1 m® betonda dégemeler igin 80 kg , perdeler igin 100 kg , bodrum katlarve
temeller igin 120 kg diglinilmigtiir. [ 1,10 ]

Betonarme karkas yapi ile gelik yapiin maliyetlerini etkileyen bodrum
katlardaki ve temeldeki malzeme miktarlari , temel kesitleri diigey yiiklere gore
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kabaca boyutlandirilmis ve buna goére beton, demir, kalip miktarlan hesaplanmgtir.
Betonarme yap: ile gelik yapinin bodrum kat ve temel boyutlan agistndan , yazil
kaynaklardan alinan bilgilere dayanarak % 17.5 gibi bir fark bulunmaktadir. Yani
¢elik yapimin betonarme yapiya gore malzeme miktarlan % 17.5 daha azdir. Hesaplar
betonarme yapiya gore yapilmiy ve bu oran kullanilarak gelik yap1 malzeme
miktarlarida bulunmugtur.Maliyet analizi yapilirken B.A. yapmnin maliyetinin , gelik
kontriiksiyon yap1 maliyetine oranla ve baz1 degerler 1974 basimu ACLER-STAHL-
STEEL dergisinin ‘ Selecting a constructional material financial aproach to the
advantages of steel construction boliimiinden yararlamlmigtir. Birim sistemi olarak
MKS birim sistemi kullanilmigtir. Ciinkii Tiirkiyede demir miktarlan kN olarak degil
TON cinsinden fiyatlandinimaktadir.

(1lton-10kN dir)

52.1 BETONARME KARKAS YAPININ TASIYICI SiSTEMININ
MALZEME MiKTARLARI

BS 35 Betonarme betonu ;

Kolon betonu = 825.49 m®
Kirig betonu = 1298.70 m*
Perde betonu = 6533.24 m*

Parepet betonu = 880.44 m®
Doseme betonu =4114.57 m®
Bodrum katlarin betonu = 3427.5 m?

Temel betonu = 6075 m®

Toplam kolon , kirig , perde betonu = 8657.43 m*
Toplam parapet ve doseme betonu = 4995 m*

Toplam bodrum ve temel betonu = 9502.5 m*

TOPLAM BETON MIKTARI = 23154.93 M°

BC III Betonarme demiri ;
Kolon demiri = 99 ton
Kiris demini = 156 ton
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Perde demiri = 784 ton

Parapet demiri = 88 ton

Dogeme demiﬁ =411 ton

Bodrum katlanin demiri = 479.85 ton
Temel demiri = 851 ton

Toplam kolon , perde demiri= 883 * 1.1 = 971.3 ton
Toplam kirig, parapet ve dégeme demiri = 655 * 1.1 = 720.5 ton
Toplam bodrum katlar ve temel demiri = 1330.85 * 1.1 = 1463.94 ton

TOPLAM DEMIR MIKTARI = 3155.74 TON

Kahp miktan ( iskele dahil ) ;
Kolonlar = 4186.78 m*
Kirigler = 4088.5 m?
Perdeler = 41034.9 m®
Parapetler = 8692.2 m*
Dosemeler = 20572.87 m®
Borum katlar = 17500 m?
Temel = 540 m?9
TOPLAM KALIP MIKTARI = 96615.25 M*

52.2 CELIK KONSTRUKSIYON YAPININ TASIYICI SiSTEMININ
MALZEME MIKTARLARI

St 37.2 celik malzeme ;
Celik kirigler =2919 ton
Celik kolonlar = 2262 ton
Celik gaprazlar = 358 ton
Taban plakasi ve ankrajlar = 235 ton
TOPLAM CELIK MIKTARI = 5774 * 1.15 = 6646.8 TON

BS 35 Betonarme betonu ;



114

Toplam dégeme betonu = 3100 m’
Toplam bodrum katlann betonu = 2827.69 m’
Toplam temel betonu = 5011.87 m’

TOPLAM BETON MIKTARI = 10939.56 M*
BC III Betonarme demiri ;
Toplam doseme demiri = 248 * 1.1 =272.8 ton
Toplam bodrum katlarin demiri =339 * 1.1 =372.9 ton
Toplam temel demiri = 601.4 * 1.1 = 661.54 ton
TOPLAM DEMIR MIKTARI = 1307.24 TON
Kahp miktan ( iskele dahil ) ;

Borum katlar = 14437.5 m®

Temel = 445.5m?

TOPLAM KALIP MIKTARI = 14883 M*

52.3 BETONARME CEKIRDEKLi CELIK KONSTRUKSIYON
KOMPOZIT YAPININ TASIYICI SiSTEMININ MALZEME MIKTARLARI

St 37.2 ¢elik malzeme ;
Celik kirigler = 2498 ton
Celik kolonlar = 1204 ton
Taban plakasi ve ankrajlar = 100 ton

TOPLAM CELIK MIKTARI = 3802 * 1.17 = 4442.4 TON

BS 35 Betonarme betonu ;

Toplam perde betonu = 2250 m’
Toplam déseme betonu = 3100 m®

Toplam bodrum katlarin betonu = 2827.69 m’
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Toplam temel betonu = 5011.87 m’
TOPLAM BETON MIKTARI = 13189.56 M*

BC III Betonarme demiri ;

Toplam perde demiri =270 * 1.1 =297 ton

Toplam dégeme demiri = 248 * 1.1 =272.8 ton
Toplam bodrum katlarin demiri = 339 * 1.1 =372.9 ton
Toplam temel demiri =601.1 * 1.1 = 661.1 ton

TOPLAM DEMIR MIKTARI = 1603.8 TON

Kalip miktan ( iskele dahil ) ;
Perdeler = 13000 m*
Borum katlar = 14437.5 m’
Temel = 445.5m”

TOPLAM KALIP MIKTARI = 27883 M?
5.2.4 BIRIM FiYATLAR VE TARIFLERI ;

Birim fiyatlar hem 1996 YILI YAPI ISLERI BIRIM FIYAT TARIFLERINDEN ,
hem de Istanbulda yapilacak olan i$ BANKASI binalarina teklif veren GAMA A.S.
ve GULERMAK AS. insaat firmalanndan alinmistir. Piyasadan alinan fiyatlar
olduk¢a gergekgi , teknolojik ve giinceldir. Yap: igleri birim fiyat tarifleri kitabindan
alian ﬁyatlarda OCAK 96 fiyatlan oldugundan EKIM 96’ ya gére % 80 oraninda
enflasyon digiintilerek artinlmigtir Maliyet hesabi dolar lizerinden yapimigtir.Zaten
piyasadan alinan fiyatlar dolar olarak alinmustir, [ 12 ]

Birim Fiyat Tarifleri ; ( 1996 yili yap isleri birim fiyat tarifleri )

Not : 1 EKIM 1996° ‘daki merkez bankasi dolar kuru 1 $=91328 TL dir.



116

1 m® beton ; (sirano: 104, poz no: 16.059)

Satin alinan ve beton pompasiyla basilan fabrikasyon ( hazir beton ) BS 35
3124918 * 1.80 = 5624852 TL / 91328 TL=61.59 $

1 ton demir ; ( sira no: 554, poz no : 23.015)

0-28 mm nervirli beton gelik gubuklarin kesilmesi , biikiilmesi ve yerine konmasi

( nerviirli)
28711950 * 1.80 =51681510 TL / 91328 TL =566 $
1 m? kalip ; (sira no : 435, poz no : 21.015)
Rendeli ve lamba zivanal diiz yiizeyli ¢iplak beton ve betonarme kalibinin alinmasi ve
yerine yerlestirilmesi, yerlegtirilirken gerekli diigey ve yatay elemanlarin,desteklerin ,
kilitlerin kullanimas:.
1140288 * 1.80 = 20525184 TL/ 91328 TL=22.5§%
1 m’ iskele ; (sira no : 454 , poz no: 21.067)
Is iskelesi ( duvar igin ) 12.51 metreden fazla yiikseklik igin
112678 * 1.80 =202820.4 TL /91328 TL=2.22 §
1 ton celik konstriiksiyon :( sira no: 559 , pozno:23.101)

Her gesit profil gelik gubuk ve celik saglara karkas ingaat yapilmasi, yertne tespiti

59060981 * 1.80 = 106309765.8 TL /91328 TL = 1164 $
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5.2.5 PIYASADAN ALINAN FiYATLAR ;

1 m® déseme, kirig betonu BS 35 : 788

1 m® kolon , perde, temel betonu BS35 : 738

1 ton déseme, kirig demiri BC III 14508

1 ton kolon, perde, temel demiri BCIII : 400 $

1 m® kalip : 258

1 ton gelik konstritkksiyon St 37.2 : 15008

5.2.6 BIRIM FIYATLARA VE PiYASA FiYATLARINA GORE YAPILARIN
MALIYETLERI

CELIK KONSTRUKSIYON YAPI

Baymdirhik fiyatlarina gore;

iist yapmin maliyeti ;

Celik = 6646.8ton * 1164 $/ton = 77368753 $

Beton = 3100 m* * 61.59 $/ m® = 190929 $

Demir = 272.8 ton * 566 $/ton = 154404.8 $

2 saatlik yangina kars1 korunma maliyeti : 7736875.3 * 0.08 = 618950 $

alt yapmmn maliyeti;

Beton = 7839.5m® * 61.59 §/m® = 4828385 $
Demir = 1034.4 ton * 566 $/ ton = 585493.04 $
Kalip = 14883 m” * 24.72 $ / m*> = 367907.8 §

Toplam maliyet = 10137398.44 $
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Piyasa fiyatlarina gore ;
iist yapmin maliyeti;

Celik = 6646.8 ton * 1500 $ / ton = 9970200 $

Beton ( dégeme ) = 3100 m® * 78 $/m® =241800 $

Demir ( dégeme ) = 272.8 ton * 450 $/ ton = 122760 $

2 saatlik yangina karsi korunma maliyeti : 9970200 * 0.08 = 797616 $

alt yapimin maliyeti;

Beton (temel ) = 7839.56 m® * 73 $/ m® =572287.88 $
Demir ( temel ) = 1034 ton * 400 $/ ton = 413600 $
Kalip = 14883 m”> * 25 $ / m>=372075 $

Toplam maliyet = 12490514.88 $

B.A CEKIRDEKLI CELIK KONSTRUKSIYON YAPI
Baymdirhik fiyatlarina gore;

iist yapmin maliyeti;

Celik = 4442 4ton* 1164 $/ton =5170953.6 $
Beton = 5350 m® * 61.59 $/ m® = 329506.5 $

Demir => 569.8 ton * 566 $/ ton = 322506.8 $
Kalip = 13000 m* * 24.72 $ / m* = 321360 $

2 saatlik yangina kars1 korunma maliyeti : 5170953.6 * 0.08 = 413676.3 $
alt yapmn maliyeti;

Beton = 7839.56 m® * 61.59 $ / m® = 4828385 $
Demir = 1034 ton * 566 $/ ton = 585244 $
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Kalip = 14883 m* * 24.72 $ / m* =367907.76 $
Toplam maliyet = 7993993.46 $
Piyasa fiyatlarina gore ;

uist yapmnin maliyeti ;

Celik = 4442.4 ton * 1500 $ / ton = 6663600 $
Beton ( dégeme ) = 3100 m® * 78 $ / m® = 241800 $
Beton ( perde ) = 2250 m* * 73 $ / m® = 164250.88 §
Demir ( déseme ) = 272.8 ton * 450 $/ ton = 122760 $
Demir ( perde ) = 297 ton * 400 $/ ton = 118800 $
Kalip = 13000 m* * 25 § / m* = 325000 $

2 saatlik yangina kars1 korunma maliyeti : 6663600 * 0.08 = 533088 $
alt yapmin maliyeti ;
Beton ( temel ) = 7839.56 m*> * 73 $/ m® =572287.88 $

Demir ( temel ) = 1034 ton * 400 $/ ton = 413600 $
Kalip = 14883 m”> * 25 $/ m*=372075 $

Toplam maliyet = 9527436.88 $

B.A. KARKAS YAPI
Baymdirlik fiyatlarina gore;

iist yapinin maliyeti;

Beton => 13652.43 m® * 61.59 $ / m® =840853.16 $
Demir = 1691.8 ton * 566 $/ ton = 957588.8 $
Kalip = 7857525 m*> * 24.72 $ / m”> = 1942380.18 $
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alt yapinin maliyeti;

Beton = 9502.5m’ * 61.59 $ / m® = 585258.97 $
Demir = 1463.94 ton * 566 $/ ton = 828590.04 $
Kahp = 18040 m* * 24.72 $ / m* = 445948 8 $

Toplam maliyet = 5600619.95 $
Piyasa fiyatlarina gore ;

iist yapinin maliyeti ;

Beton ( déseme, kirig ) = 6293.71 m’ * 78 $ /m® = 490909.38 $
Beton ( kolon, perde ) => 7358.73 m* * 73 $ /m® = 537187.29.$
Demir ( dogeme, kirig ) = 720.5 ton * 450 $/ ton = 324225 $
Demir ( kolon, perde ) = 971.3 ton * 400 $/ ton = 388520 $
Kalip = 78575.25 m> * 25 $ / m* = 1964381.25 §

alt yapmiin maliyeti ;

Beton (temel ) = 9502.5m®* 73 $/m® =693682.5 $
Demir ( temel ) = 1463.94 ton * 400 $/ ton = 585576 $
Kalip => 18040 m*> * 25 $ / m* = 451000 $

Toplam maliyet = 5435480.92 $

5.2.7 SANTIYE ELEMANLARININ VE DONANIMIN GENEL MALIYETI

KATKISI

Santiye ekipmanlarinin maliyetinin genel maliyete oram1 B.A. karkas yapi i¢in %
8.5°dir. Celik Konstriiksiyon yapi igin gerekli ekipman maliyeti B.A. karkas’a gerekli
maliyetten % 1.5 daha ucuzdur. B.A. yapi i¢in yapilan hesap %1.5 daha azaltilip gelik
konstriiksiyin yapinin maliyetine eklenmistir. Hesaplar piyasa fiyatlann baz alinarak

yapilmugtir. [ 11 ]
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B.A. Karkas Yapimin Ekipman Maliyeti; [ 11, s 264-373 ]

Toplam Maliyet 5.435.48162 %
Ekipman Maliyeti 5.435.481,62 x 0.085 =462.016 $

Celik Konstriiksiyon Yapmin Ekipman Maliyeti;

462.016 $ - 5.435.481,62 x 0.015=380.483,8

B.A. gekirdekli gelik konstriiksiyon yap: igin gelik konstritksiyon maliyetin aynisi
alinacak

5.2.8 PROJE MALIYETi

Proje maliyeti olarak toplam maliyetin % 2’si olarak alinirsa; (Piyasa fiyatlarina gore)

B.A. KARKAS 5.435.481,62 $x 0.02=108.709,6 $
B.A. CEKIRDEKLI CELIK KONS. 9.527.260,88 $ x 0.02 = 190.545,22 $
CELIK KONSTRUKSIYON 12.490.338,88 $ x 0.02 = 249.806,78 $

5.2.9 YAPILARIN TOPLAM YAPIM MALIYETLERi

Piyasa fiyatlarina gore;

B.A. KARKAS YAPI ICIN;

Ust yapt malzeme ve iggilik 3.705.222,92 $
Alt yap1 malzeme ve ig¢ilik 1.730.258,50 $
Santiye ekipmanlan 462.016,00 $
Proje maliyeti 108.709,60 $

6.006.207,02 $
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CELIK KONSTRUKSIYON YAPI ICIN;

Ust yapt malzeme ve iggilik 11.132.376,00 $
Alt yap1 malzeme ve ig¢ilik 1.358.138,88 $
Santiye ekipmanlan 380.483,80 $
Proje maliyeti 249.806,78 $

13.120.805,46 $

B.A. CEKIRDEKLI CELIK KONSTRUKSIYON YAPI ICIN:

Ust yap1 malzeme ve iscilik 8.169.298 $
Alt yap1 malzeme ve ig¢ilik 1.358.138,88 $
Santiye ekipmanlan 380.483,8 $
Proje maliyeti 249.806,78 $

10.157.727,46 $

5.2.10 YAPI SISTEMLERININ KiRA GELIRLERi

Bu tiir plazalardaki kiralar 1m? bagina aylhk 22 $’dir ve senelik pesin alinmaktadir.
Bundan dolayr yap: sistemlerinin net kullanim alanlanmin hesabi gerekmektedir.
Asagida bu hesap yapiumigtirBu fiyatlar Besiktay ilgesinin dikilitag semtinde
kullamlmakta olan Barbaros Plaza yoneticilifinden alinmustir.

Celik Konstriiksiyon Yapinin Net Kullamum Alani;

cekirdek
Briit kat alam 914 m?  —
Net kullanim 914 m? - (144 + 11 x 2 x 4) = 682 m?
“— ~
tam katlar merdivenle ve havalandirma

Yanm Katlar = 682 - (34x11-11x11) = 429 m?
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Normal Katlar —> 682 m?x 31 kat = 21.142 m? _]
Yarim Katlar ——> 429 m?x 3 kat = 1287 m? _ 22429 m?

1 senelik kira bedeli 22.429 m?x 22 $/ay x 12 ay = 5.921.256 §

B.A. Karkas Yapmnin Net Kullanim Alani;

Briit kat alami 850 m?
Net kullanim alam 850 - 224 = 626 m?
~
¢ekirdek alani
Normal katlar ___, 626 m?x 31 kat = 19.406 m? 20.585 m?
Yarnm katlar ____ | 393 m?x 3 kat = 1179 m? — Toplam Kullanim Alam

1 senelik kira bedeli —> 20.585x22 $/gx 12 ay=5.434.440 §
Zaman Planlamasma Gore 3’er Aylik Dénemlerde Gerekli Para Miktarlan

5.2.11 YAPI SISTEMLERININ YATIRIMI

Iyi bir yatinmei, kendi 6z sermayesinin kullanmadan baska kaynaklar kullanarak
bdyle bir yatinma girmelidir. Boyle bir ige girecek yatrnmcinin banka kredisi
kullanarak bu igi yaptirdifim diisiinerek ve bu kredilerin bir kismininda yapim siiresi
sonunda kira geliri ile geri 6dendigi diisiincesi ile agafida gosterilen yatinm tablolan
hazirlanmigtir, Yatinm hesab:r yapilirken PROKON Miih. Ltd. Sti’nin mali
mugavirinden bilgi alinmigtir. Maliyet analizi sonucunda bulunan fiyatlar dolar bazinda
hesaplanmugtir. Ancak Tiirkiye’de banka kredileri TL olarak ve min. 3’er aylik
donemlerde geri 6demeli olarak senelik % 100 faizle verilmektedir. Yapilarin yatirim
hesab1 Tirkiye’deki ekonomik durum olarak su anda i¢inde bulundugumuz durum
g6z oniinde tutularak ve gelecek yillarda da aym olabilecegi diigiincesiyle yapimigtir.
Senelik kira artinmininda % 80 oldugu diginilmistir. Bu artinm miigteri ve
yatinnmcr arasindaki anlagmayada baghdir. Béyle bir yapida yatinmci miigteri
kargisinda avantajhdir. Istedifi artimi yaptirabilmektedir. Maliyet analizi sonunda yap
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sistemlerinin 3’er aylilk dénemlerde gerekli para miktarlari hesaplanmig ve yatirnm
hesabinda da TL bazinda hesap yapildif: i¢in enflasyona dayal maliyet artiglan (yilik
% 100 enflasyon kabul edilerek) yapilmigtir. Amerikan Dolanm Turk Lirasina
gevirirken 1 Amerikan Dolarimin 100.000 Tiirk liras1 oldugu distiniilmigtiir. Ingaata
baglangg siiresi olarak 01 Ocak 1997 olarak disiinalmigtiir.

Celik Konstriiksiyon Yapi; (16 ay)

Santiye Ekipmanlan —+» 380483808
Proje —_ 249.806,78 $
Temeller ve Zemin Katlar ____, 1.358.138,88 $
(Celik) Malzeme+imalat ___ , 6.646.800,00 $
Montaj + B.A. Dégseme — , 4485576008
(Yangindan Korunma) 13.120.805,46 $

(1) 3AY —— 505.387,19 $
(2) 3AY ——+  3.43233672$
() 3AY ————  3.596.502,55 $
(4) 3AY —— & 3.343.791,00 $
(5) 3AY — & 1.682.091,00
(6) 1AY — 560.697.00 $

16 AY 13.120.805,46 $

B.A. Cekirdekli Celik Konstriiksiyon Yapy; (18 ay)

Santiye Ekipmanlan —— 3  380.483,80%
Proje —  249.806,78 $
Temeller ve Zemin Katlar _—__, 1.358.138,88 §
B.A. Cekirdek —__, 608.050,008%

(Celik) Malzeme+imalat ___, 4.442.400,00 $
Montaj + B.A. Doseme  ___, 3.118.84800%
(Yangindan Korunma) 10.157.727,46 $




(1) 3AY —

2) 3AY —

(G) 3AY —

4) 3A Y —»

(5) 3AY ——

6) 3AY ———
18 AY
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505.387,19°$
2.605.686,72 $
2.269.960,55 $
2.072.727,00 $
1.351.983,00 $
1.351.983.00 $
10.157.727,46 $

B.A. Karkas Yapi; (28 ay)

Santiye Ekipmanlan
Proje

Temeller ve Zemin Katlar
B.A. Karkas

(1) 3AY —
2) 3AY —»
(B) 3AY —»
“4) 3AY ———»
5) 3AY ——
6.) 3AY —
(7.) 3AY ——»
B) 3AY ——»
) 3AY ——»
(10) 1AY —
28 AY

———»  462.016,00 $
—_— 108.709,60 $
— 1.730.258,50 §

> 3.705.222.92
6.006.207,02 $

516.370,80 $
919.484,05 $
865.129,25 $
585.035,20 $
585.035.20 $
585.035.20 $
585.035.20 $
585.035.20 $
585.035.20 $
195.011.73 §
6.006.207,02 $
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CELIK KONSTRUKSIYON YAPININ (16 AY) YATIRIMI;

Tablo 5.2 Celik Konstriiksiyon Yapimn Kredili Yatirnim

Bir Onceki | Bir Onceki 3’er Aylik Bankadan

Doénemler | Donemde | Doénemde Yapim Alinan Kredi
Alinan Alinan Maliyetleri Kredi Faizi

Kredi faizi Kredi (milyar TL) Miktan (milyar

(milyar | (milyar TL) (milyar TL)
TL) TL)
(1) 3 AY - - 50,54 50,54 12,64
Ocak 97
(2)3 AY 12,64 50,54 34323x 125 | 492,22 123,05
Nisan 97
(3)3 AY 123,05 49222 | 359,65x1,50 | 115475 | 288,69
Temmuz 97

(4)3AY 288,69 1154,75 33438x 1,75 2028,61 507,15
Ekim 97
(5)3AY 507,15 2028,61 168,21 x 2872,18 718,05
Ocak 98 : 2,0

(6)1AY 718,05 2872,18 56,07 x 2,083 3707,04 308,92
Nisan 98

10305,34

Yapinin 16 ay sonundaki toplam maliyeti;

10.305,34 + 308,92 = 10.614,24 Milyar TL
Yap: biter bitmez kiraya veriyoruz. Senelik kira artirimi olarak %80 diigiiniirsek ve
yapim suresinin bagindaki kira de@irini yapim siiresi sonuna tagidifimzda;

592,13 x 18 x 1,27 =1353,61 milyar TL senelik kira geliri olmaktadir.

Toplam maliyetten ilk kira gelirini diigtiigtimiiz zaman,;
10.614,26 - 1353,61 = 9260,65 milyar. TL

Bu parayr 6demek igin yine bankadan %100 faizle kredi almak gerekmektedir ve bu
kredi geri 6demesinin kira gelini ile yapildigim diigiiniirsek yapinin kendini amorti
etme siiresi agagidaki hesapla belirlenmigtir.  9260,65 milyar TL banka borucu igin
9260,65 milyar TL kredi alirsak bir sene sonra 18521,3 milyar TL borcumuz
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oluyor, bu borcun bir kismin: kira geliri ile kapatip geri kalan borg i¢in yine senelik %
100 faizle kredi alindif ve kira gelirinin yilhik % 80 arttif diigtiniilerek agagidaki tablo

hazirlanmigtir.

Tablo 5.3 Celik Konstriiksiyon Yapinin Yatiim Borcunun Kapatilmas:

Bir Sonraki
Odeme Kredi Borcu Kira Geliri Doénemi Devreden
Doénemleri (Milyar TL) (Milyar TL) Kredi Borcu
(milyar TL)
(1) 12AY | (9260,65 x2) (-1353,61 x 1,8) 16084.8
Mayis 1999 18521,30 -2436,50
(2)12AY | (160848x2) | (-2436,50x L8) 27783,9
Mayis 2000 32169,6 -4385,70
(G)12AY | (277839x2) (-4385,70 x 1,8) 47673,5
Mayis 2001 55567.8 -7894.3
@) 12AY | (47673,5x2) (-7894,3 x 1,8) 811373
Mayis 2002 95347 -14209,7
(5)12AY | (811373x2) (-14209,7 x 1,8) 136697,1
Mayis 2003 162274,6 -25571,5
(6.) 12 AY (136697,1 x 2) (-25577,5x 1.8) 227354,7
Mayis 2004 273394,2 -46039,5
(7)12AY | (227354,7x2) | (46039,5x 1.8) 371838,3
Mayis 2005 454709.4 -82871,1
(8) 12 AY (371838,3x 2) (-82871,1x 1,8) 594508,62
Mayis 2006 743676,6 -149167,98
(9)12AY | (594508,62x2) | (-149167,98 x 1.8) 920514,636
Mayis 2007 1189017,24 -268502,36
(10)12AY | (920514,64x2) | (-268502,36 x 1,8) 1357725,03
Mayis 2008 1841029,28 -483304,25
(11)12 AY | (1357725,03x2) | (-483304,25x 1,8) 1845502,41
Mayis 2009 2715450,06 -869947,65
(12.)12 AY | (1845502,41x2) | (-869947,65 x 1,8) 2125099,05
Mayis 2010 3691004,82 -1565905,77
(13)12 AY | (2125099,05 x 2) | (-1565905,77 x 1,8) 1431567.71
Mayis 2011 4250198,10 -2818630,39
(14)12 AY | (1431567,71x2) | (-2818630,39 x 1.,8) | (-2210399,28 Kar)
Mayis 2012 2863135,42 -5073534,7

Yapim stiresi 1 sene 4 ay, amorti siiresi 14 sene toplam 15 sene 4 ayda yap1 kendini

amorti etmektedir.
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B.A. KARKAS YAPININ (28 AY) YATIRIMI;

Tablo 5.4 Betonarme Karkas Yapim Kredili Yatirimi

Bir Onceki | Bir Onceki | 3’er Aylk | Bankadan
Dénemler Donemde | Dénemde Yapim Alinan Kredi
Alinan Alinan Maliyetleri Kredi Faizi
Kredi faizi Kredi (milyar TL) Miktan (milyar
(milyar TL) | (milyar (milyar TL) |  TL)
TL)
(1)3 AY - - 51,64 51,64 12,91
Ocak 97
(2)3AY 12,91 51,64 91,95 x 179,49 44 87
Nisan 97 1,25
(3)3AY 44,87 179,49 86,51 x 354,13 88,53
Temmuz 97 1,50
(4)3 AY 88,53 354,13 58,50 x 545,04 136,26
Ekim 97 1,75
(5)3AY 136,26 545,04 58,50 x 798,30 199,57
Ocak 98 2,00
(6)3 AY 199,57 798,30 58,50 x 1129,50 282,37
Nisan 98 2,25
7)3 AY 282,37 1129,50 58,50 x 1558,12 389,53
Temmuz98 2,50
(8)3 AY 389,53 1558,12 58,50 x 2108,53 527,13
Ekim 98 2,75
(9.)3 AY 527,13 2108,53 | 58,50x3,0 2811,16 702,79
Ocak 99
(1001 AY 702,79 2811,16 19,50 3574,07 297,84
Nisan 99 x3,083
13109,95

Yapimnin 28 ay sonundaki toplam maliyeti;
13109,95 + 297,84 = 13407,79 Milyar TL

Yapim stiresin sonurdaki kira bedeli;
543,44 x 1,8 x 1,8 x 1,27 =2236,15 milyar TL

Toplam maliyetten ilk kira gelirini diigtiifiimiiz zaman;
13407,79 - 2236,15 = 11171,65 milyar TL
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B.A. karkas yapmn kira geliri ile kendi kendini amorti etme siiresi hesabi;

Tablo 5.5 Betonarme Karkas Yapinin Yatinm Borcunun Kapatilmas:

Bir Sonraki

Odeme Kredi Borcu Kira Geliri Donemi

Doénemleri (Milyar TL) (Milyar TL) Devreden Kredi
Borcu (milyar
TL)
(1)12AY | (11171,64x2) | (-2236,15x 1,8) 18318,21
Mayis 2000 22343,28 -4025,07
(2)12AY | (1831821x2) | (-4025,07x 1,8) 29391,29
Mayis 2001 36636,42 -7245,13
(3) 12 AY (29391,29x 2) (-7245,13x 1,8) 45741,36
Mays 2002 58782,59 -13041,23
(4)12AY | (45741,36x2) | (-13041,23x 1,8) 6800851
May1s 2003 91482,72 2347421
(5)12AY | (68008,51x2) | (-23474,21x 1,8) 93763,43
Mayis 2004 136017,01 -42253,58
(6.) 12 AY (93763,43 x 2) (-42253,58 x 1.8) 111470,42
May1s 2005 187526,86 -76056,44
(7) 12 AY (111470,42 x 2) | (~76056,44 x 1.8) 86039,25
Mayis 2006 222940,84 -136901,59
(8)12AY | (86039,25x2) (-136901,59 x 7434436
Mays 2007 172078,50 1,8)
-246422,86

Yapim siiresi 2 sene 4 ay, amorti siiresi 8 senedir. Toplam 10 sene 4 ayda

kendini amorti etmektedir.

yapi
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B.A. CEKIRDEKLI CELIK KONSTRUKSIiYON YAPININ (18 AY)
YATIRIMI;

Tablo 5.6 B.A. Cekirdekli Celik Konstritksiyon Yapimn Yatinm Kredili Yatinm

Bir Onceki | Bir Onceki | 3’er Aylik Bankadan

Donemler | Donemde | Dénemde Yapim Almnan Kredi

Alinan Alinan Maliyetleri Kredi Faizi
Kredi faizi Kredi (milyar TL) Miktan (milyar
(milyar (milyar (milyar TL)
TL) TL) TL)

(1.)3 AY - - 50,54 50,54 12,64

Ocak 97

(2)3AY 12,64 50,54 260,57 x 1,25 388,89 97,22

Nisan 97

(3)3AY 97,22 388,89 226,99 x 1,50 826,60 206,65

Temmuz 97

(4)3 AY 206,65 826,60 | 207,27x 1,75 1375,97 348,99
Ekim 97
(5)3AY 348,99 1395,97 135,19x2,0 2015,34 503,84
Ocak 98
(6.)1AY 503,84 2015,34 | 135,19x2,25 | 2823,35 705,84
Nisan 98

7500,69

(01 Temmuz 1998’de bitiyor)

Yapinin 16 ay sonundaki toplam maliyeti;

7500,69 + 705,84 = 8206,53 Milyar TL

Yapim siiresin sonurdaki kira bedeli,

592,13 x 1,8 x 1,4 = 1492,17 milyar TL

Toplam maliyetten ilk kira gelirini diigtiiimiiz zaman;,
8206,53 - 1492,17 = 6714,36 milyar TL

B.A. ¢ekirdekli gelik kontritksiyon yapinin kira geliri ile kendi kendini amorti etme
siiresi hesabu.
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Tablo 5.7 B.A. Cekirdekli Celik Konstritkksiyon Yapmin Yattnm Borcunun
Kapatilmasi
Bir Sonraki Dénemi
Odeme Kredi Borcu Kira Geliri Devreden Kredi
Dénemleri (Milyar TL) (Milyar TL) Borcu (milyar TL)
(1) 12 AY (671436x2) | (-1492,17x 1,8) 10742,81
Temmuz 1999 1342872 -2685,91
(2)12AY | (10742,81x2) | (-2685,91 x 1,8) 16650,98
Temmuz 2000 21485,62 -4834,64
3)12AY (16650,98 x 2) | (-4834,64x 1,8) 24599,61
Temmuz 2001 33301,96 -8702,35
(4) 12 AY (24599,61 x 2) | (-8702,35x 1,8) 33534,99
Temmuz 2002 49199,22 -15664,23
(5) 12 AY (33534,99 x 2) | (-15664,23 x 1,8) 38874,37
Temmuz 2003 67069,98 -28195,61
(6.)12 AY (38874,37x2) | (-28195,61 x 1.8) 21357,51
Temmuz 2004 77748,73 -56391,22
(7) 12 AY (21357,51x2) | (-56391,22x 1.8) -58789,15
Temmuz 2005 42715,05 -101504,20

Yapim stiresi 1 sene 6 ay, amorti siiresi 7 sene. Toplam 8 sene 6 ayda yapt kendini

amorti etmektedir.




BOLUM 6. SONUCLAR VE ONERILER

Tirkiye’de yapilabilecek, yiiksek yapilar igin gerekli statik, yapim, maliyet ve
yatinm bilgilerinin alinabilecedi bu tezde 6mek olarak statik ve dinamik hesabi
yapilan t¢ ayn gelik konstriksilon sistemi birbiri iginde kargilagtrdigimizda su

sonuglar gérmekteyiz.

Ik 6nce analizi yapilan sistemleri tammladigimizda,

1. sistem : Tamam gelik konstriiksiyon ve baglantilarin hepsi mafsalh (gelik
uzay
kafes gekirdekli)
2. sistem : Tamamu gelik konstriiksiyon ve her iki katta bir kiriglerin kolonlara
moment alacak gekilde baglandif sistem (gelik uzay kafes gekirdekli)
3. sistem : B.A ¢ekirdekli, diger tasiyici elemanlann gelik oldugu kompozit
sistem.

1. Celik yapilar B.A. karkas yapilara gore daha hafif oldugundan, riizgar deprem
etkisinden daha fazla olmaktadir, bu yiizden kesit boyutlandirmasinda yatay yiik
olarak riizgar yuki dikkate alinmugtir.

2. l.sistem diger iki sisteme gore riizgar yiiklemesi altinda daha fazla deplasman
yapmaktadir.

3. 2.sistemin 1.dogal periyodu diger 2 sisteme gore daha azdir. Bu da demek oluyor
ki ti¢ sistem arasinda en rijit olam 2 sistemdir. Fakat B.A. ¢ekirdekli sistemin duvar
kalinhig artinlirsa rijitlifi 2.sistemden daha fazla olacaktir. Bu da temele gelen
yiikleri artirmaktadir.

4. 2. sistemin diger li¢ sisteme gore diigiim nokta detaylari daha zor ve fazladir buda
montaj zorlagtirmaktadir.

5. 3. sistemin temelde yarattifi diisey etki (yiik) diger iki sisteminkine goére daha
fazladir.
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6. 3. sistemin temel detaylarin diger iki sisteme gore daha azdir.

7. Zaman planlamasindan ¢ikan sonuca goére tatamu gelik konstriiksiyon yap: 16 ayda,
B.A ¢ekirdekli gelik konstriiksilon yap1 18 ayda, tamami B.A. mevcut yap: 28 ayda
tamamlanacaktir. Siire bakimindan tamamu gelik konstritksiyon yap1 en uygun
olamidir. Cok kolay ve cabuk montaj yapilabilmektedir.

8. Maliyet bakimindan, tamamu ¢elik konstritksiyon yapr 13.120.805,46 3, B.A
cekirdekli yap1 10.157.727,46 $ ve mevcut B.Amevcut yap1 6.006.207,02 $’a mal
olmaktadir. Burada da baslangigta, maliyet agisindan en uygun olanin tamami B.A.
mevcut yapt oldugu bunun anlaminda Tirkiye’de gelik malzemenin beton
malzemeden daha pahal oldugudur.

9. Kira geliri bakimindan, gelik konstriiksiyon sistemler, B.A. mevcut sisteme gore
daha erken gelir getirmektedir. Ayrica daha fazla alana sahiptir.

10.Yatinm planlamas: ve amorti siiresi bakimindan, tamamu gelik konstriiksiyon yapi
toplam 15 sene 4 ayda, B.A. gekirdekli gelik konstriiksiyon yap: 8 sene 6 ayda
tamam B.A. mevcut yap1 10 sene 4 ayda kendilerini amorti etmektedir. Burada da
en uygun yapi tipi B.A. gekirdekli gelik konstriiksiyon yap: en ekonomik olamdir.

Biitiin bu kargilagtirmalar toplandifinda ve kendi i¢inde kargilagrildiginda bu tip
yiiksek yapilar igin Tiirkiye sartlarina en uygun, deprem bélgelerinde siinek ve saglam
davranig gosteren, siire bakimindan elverigli, maliyet ve amorti siiresi bakimindan en
ekonomik sistem olarak B.A gekirdekli gelik konstriiksiyon sistemi gérmekteyiz.

Genel olarak da , ¢elik yiiksek yapilar i¢in su sonuclan yazabiliriz;
[ 9, s 205-401, 11, s 256-266, 13, s 63-66, 14, s 1-23 ]

1. Yiksek ¢ok kath yapilarin gergekiestiriimesi hava ve santiye kosullarindan
etkilenmedigi igin realize edilmeleri betonarme olanlara nazaran ¢ok daha ¢abuk olur.
Imalat daha ziyade atelye kogullaninda gerceklestirdigi igin koétii hava kogullarindan
hem zamanlama ve hem de kalite agisindan etkilenmez. Yapimn siiratle tamamlanip
kullamlabilir hale gelmeside ozellikle faiz hadlerinni yiiksek oldugu hallerde toplam
proje maliyetini etkileyen bir faktordiir.

2. Bazen, ¢ok kath yiiksek yapilarin projelendirilmesinde yapt agirlifini minimize
etmek igin betonarme yerine gelik tercih edilir.
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3. Celik yapt elemanlan kullandiginda betonarmeye goére kolon kesitleri 6nemli
oranda kiigiilmekte ve bir kattaki kullamlir alan miktarimi arttirmaktadar.

4. Tesisatin asma tavan sistemi ile B.A. dogeme arasindaki bogluktan gegirilebilir ve
yerlestirilebilir olmasi.

5. Celik yapida tadilatlar hem ucuz hemde kolaydur.

6. Celik malzemenin yiiksek diiktilite 6zellii deprem etkisi halinde yapiya giren
enerjinin olugan plastik mafsallardaki plastik deformasyonlarla yutulmasi nedeniyle
yapinin depremde betonarme yapiya oranla daha az etkilenmesine neden olur

7. Celik yap1 elemanlaninin imal yontemlerinin daha hassas olmasi, imal kogullarinin
santiye kosullarina oranla ¢ok daha miisait olmasi nedeni ile ortaya g¢ikan yapi
kalitesinin kontrolu betonarme yapiya oranla olduk¢a kolaylagtirmaktadir.

8. Projelendirilmig bir ¢ok kath yiksek yapimin imalati ve montaj, yani
gergeklestirilmesi betonarme yapiya oranla, hava ve santiye kosullarindan ¢ok az
etkilenmektedir.

9. Cok kath yiiksek yap1 konusunda betonarme malzemenin gelik malzemeye kars1
en 6nemli dezavantajlanindan biri diigiik diiktllik 6zelligi ve yapiya kazandirdin biiyiik
kiitle nedeniyle, sismik yonden aktif bolgelerde bu malzemenin yiiksek yapi
imalatinda tercih edilmemesine neden olmaktadir.

10. Deprem agisindan aktif bolgelerde celifin betonarmeye kargt istiinligi
tartigiimaz seviyede iken, 50 katin iistiindeki yapilarda ¢ok 6nemli olan riizgann
dinamik etkisi, betonarme yapiya oranla daha hafif ve deformasyon kabiliyetinin daha
¢ok olmasi nedeniyle celik yapida ¢ok daha fazla sorun yaratmaktadir.

11. Arazinin fiyati toplam maliyette 6nemli bir yer tutmaktadir. Hafif gelik gergeve
kullanmak genis temeller kullanmasi engellemektedir. Katlarin kahnlifim aziltmak
ilave kat veya katlar kazanmaya yol agmaktadir. Bu da arazinin ¢ok degerli oldugu
biiyiik gehirlerde ilave gelirler ve alanlarin kazamimasim saglamaktadir.

12. Celik kullanmak farkh iglerin bir arada ¢alipmasindan dogan riskleri minimum’a
indirmektedir.

13. Finansal dengeyi etkileyen iki ana faktoér disiniilmelidir. Birincisi yerlegim
bolgelerinde islerin zor olmasidir, fakat gelik yap: bu zorluklardan etkelenmemektedir.
Cunkii ¢aligma alam i¢in difer yapilar igin gerekli alandan daha kiigilk bir alana
ihtiyag vardir. Ikinci diigiiniilecek faktor gevre problemidir. Celik konstriiksiyon yapi
herhangi bir gevre kirlilifine yol agmamaktadir. Herhangi bir toz, ¢amur, giiriiltii
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yoktur. Fakat gelik konstriiksiyondan farkl yapilarda, ¢evrenin ingaatta etkilenmemesi
i¢in extra ekipmanlara ihtiya¢ vardir buda extra maliyet demektir.
14. Ginimiizde rekabetin dinamikligi, geligen arzular, teknolojik gelismelere orania
artan gereklilikler hizh degisimlere yolagmaktadir. Bu yiizden ¢elik konstriiksiyon
yap: bu degisimlere gerekli giivenlik altinda, fleksible bir gekilde normal yagami
etkilemeden cevap verebilecek gekilde degistirilebilmektedir.
15. Beton gok ahgiimig bir malzeme, fakat 6zellikle gekme bakimindan mukavemeti
dugik, 6z agirhi@ fazla, kalip problemi var. Yiiksek binalarda, kulelerin altinda dért,
bes metre gibi kalin temeller gikiyor. Binaya gidecek betonarme donatisinin yaklagik
tigte biri temellere sarf ediliyor.Kayic1 kalp bile kullanilsa ingaat siiresi uzun.Kahptan
alma siireleri fazla.Beton santrali, afir vingler, santiye laboratuan ve digerleri bityiik
yatirim ve her an iyi siirveyan istiyor.Deprem perdeleri bir problem. Genelde mimari
ihtiyaglarla uyumlu degiller, temel zemini, tasiyacag agirlik sebebi ile, iyi olmali. Pas
paylari yeterli ise betonun yangina mukavemeti iyi .Bakim masrafi az. Ingaat maliyeti,
belirli bina yiikseklikleri igin, ¢elikten daha az olabilir. Fakat rantabilitesi gecikmeli.
Faizler ve nemalanma baglangicta ters galigtyor.
16. Celik yiiksek mukavemetli, hafif ve ideal bir ingaat malzemesi. Fakat pahali. Iyi
bakim istiyor. Yangmna mukavemeti diisik ve korozyana dayaniksiz. Yorulmaya
miisait. Betondan daha ¢ok fazla oranda flambaj gibi stabilite problemleri var.
Birlesimler zor.Daha ustiin kaliteli ig¢ilik istiyor Mimari detaylan degisik ve
tilkemizde ahgiimislardan farkh olabiliyor. Temel problemi iyilegtirilmis Ingaat siiresi
kisa. Kaynak, yiksek mukavemetli bulon gibi birlesim vasitalarinin iyi kontrolu
gerekli.Ulkemizde profil ve sa¢ olarak gelik eleman iiretimi diisiik ve belki de en
Onemlisi ingaat sektoriinde gelige yatkinlik ve egilim az.

17. Tastyic1 sistemin bedeli toplam maliyetin % 20 sinden fazladir. Karkas genellikle
gelik veya betondur.Sadece geligin kendisi, maliyetinin ancak % 40 ‘idir. Ozellikle iyi
kaynakgilar yoksa santiye kaynafi miimkiin mertebe azaltilmahidir.  Yiiksek
mukavemetli bulonlar kolaylik saglamaktadir.Celik dogemeler 6ngoriililyorsa destek
ve iskele kullanmaktan kaginmali veya en aza indirilmelidir. Beton karkas secilmigse
nihai yerindeki betonun m® maliyeti minimuma indirilmeye galisimalidir. Bugiin hazir
beton kullammi yayginlagmistir. Tagtyict olmayan betonda donati minimumda
tutulmalidir. ( DIZAYN KONSTRUKSIYON 1996 AGUSTOS SAYI : 130
YIL:12)
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18. Yap1 , ¢elik malzeme mafif oldugundan uzun mesafelerde yiiksek | nakliye
maliyeti olugmamaktadir.

19. Celik yapida yap1 agirh@i betonarme yapiya oranla daha hafif oldugundan temel
boyutlan daha kiigiik ¢ikmaktadir, buda maliyetleri diigiirmektedir.

20. Celik malzeme yangina kars1 dayaniksiz oldugundan korunmasi gerekmektedir,
buda betonarmeye gore ilave maliyet ve iggilik gerektirmektedir.

21. Celik konstriiksiyon imalatta kullanilacak ig¢i betonarmeye oranla daha kalifiye
olmak zorundadir.
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EKLER

SAP 90 DATA DOSYASI VE CIKTILARI
MALIYET ANALIZI ORNEGI

PLAZA KIRA FIYATLARI

SAPLOT SEKILLERI

SUNME VE ROTRE ICIN TABLO

TABAN PLAKASI MERKEZLIK PARCASI HESAP YONTEMI
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EKA

1. SISTEME AiT SAP90 DATA DOSYASL F3F, SOL, EIG CIKTILARI

2. VE 3. SISTEMLERE AiT SOL, EIG CIKTILARI
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ITO CELH( YAPILAR BOLUMU YUKSEK LISANS TEZi AKBANK KULESI
CELIK KONSTRUKSIYON TASARIMI “ 1. SISTEMIN DATA DOSYASTI”
BIRIMLER ( kN;m)

SYSTEM

V=6 L=5

JOINTS

C POZ 0

1 X0 Y=11 Z=0
3 Y=23

5 X=11 Y=34

7 X=23

9 X=34 Y=23

11 , Y=11

13 X=23 Y=0

15 X=11

17 X=11 Y=23

18 X=23

19 Y=11

20 X=l1

C POZ 100

101 X=0 Y=11 Z=45
103 Y=23

104 X=55 Y=285
105 X=11 Y=34
106 X=17

107 X=23

108 X=285 Y=285
109 X=34 Y=23
111 Y=11
112 X=285 Y=535
113 X=23 Y=0
114 X=17

115 X=11

116 X=55 Y=55
117 X=11 Y=23

118 X=23

119 Y=11
120 X=11

127 X=55 Y=11
129 Y=23
130 X=11 Y=285
131 X=17

132 X=23

133 X=285 Y=23
135 Y=11
136 X=23 Y=5.5
137 X=17

138 X=11

139 X=17 Y=17
140 X=17 Y=23
141 Y=11
142 X=0 Y=19
143 X=5.5

144 X=11

145 X=17

146 X=23

147 X=285

148 X=34



149
150
151
152
153
154
155

X=0
X=5.5
X=11
X=17
X=23
X=28.5
X=34

C POZ 1700

1701
1703
1704
1705
1706
1707
1708
1709
1711
1712
1713
1714
1715
1716
1717
1718
1719
1720
1727
1729
1730
1731
1732
1733
1735
1736
1737
1738
1739
1740
1741
1742
1743
1744
1745
1746
1747
1748
1749
1750
1751
1752
1753
1754
1755

X=0

X=5.5
X=11
X=17
X=23
X=28.5
X=34

X=28.5
X=23
X=17
X=11
X=5.5
X=11
X=23

X=11
X=5.5

X=11
X=17
X=23
X=28.5

X=23
X=17
X=11
X=17
X=17

X=0
X=5.5
X=11
X=17
X=23
X=28.5
X=34
X=0
X=5.5
X=11
X=17
X=23
X=28.5
X=34

C POZ 1800

1801
1803
1804
1805
1806

X=0

X=5.5
X=11
X=17

Y=15

Y=11
Y=23
Y=28.5
Y=34

Y=28.5
Y=23
Y=11
Y=5.5
Y=0

Y=5.5
Y=23

Y=11

Y=11
Y=23
Y=28.5

Y=23
Y=11
Y=5.5

Y=17
Y=23
Y=11
Y=19

Y=15

Y=11
Y=23
Y=28.5
Y=34

Z=60.5

Z2=64.71
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G=101,1701,100
G=103,1703,100
G=104,1704,100
G=105,1705,100
G=106,1706,100
G=107,1707,100
G=108,1708,100
G=109,1709,100
G=111,1711,100
G=112,1712,100
G=113,1713,100
G=114,1714,100
G=115,1715,100
G=116,1716,100
G=117,1717,100
G=118,1718,100
G=119,1719,100
G=120,1720,100
G=127,1727,100
G=129,1729,100
G=130,1730,100
G=131,1731,100
G=132,1732,100
G=133,1733,100
G=135,1735,100
G=136,1736,100
G=137,1737,100
G=138,1738,100
G=139,1739,100
G=140,1740,100
G=141,1741,100
G=142,1742,100
G=143,1743,100
G=144,1744,100
G=145,1745,100
G=146,1746,100
G=147,1747,100
G=148,1748,100
G=149,1749,100
G=150,1750,100
G=151,1751,100
G=152,1752,100
G=153,1753,100
G=154,1754,100
G=155,1755,100



1807
1808
1809
1811
1812
1813
1814
1815
1816
1817
1818
1819
1820
1827
1829
1830
1831
1832
1833
1835
1836
1837
1838
1839
1840
1841
1842
1843
1844
1845
1846
1847
1848
1849
1850
1851
1852
1853
1854
1855

X=23
X=28.5
X=34

X=28.5
X=23
X=17
X=11
X=5.5
X=11
X=23

X=11
X=5.5

X=11
X=17
X=23
X=28.5

X=23
X=17
X=11
X=17

X=0
X=5.5
X=11
X=17
X=23
X=28.5
X=34
X=0
X=5.5
X=11
X=17
X=23
X=28.5
X=34

C POZ 3100

3101
3103
3104
3105
3106
3107
3108
3109
3111
3112
3113
3114
3115
3116
3117
3118
3119
3120

X=0

X=5.5
X=11
X=17
X=23
X=28.5
X=34

X=28.5
X=23
X=17
X=11
X=5.5
X=11
X=23

X=11

Y=28.5
Y=23
Y=11
Y=5.5
Y=0

Y=5.5
Y=23

Y=11

Y=11
Y=23
Y=28.5

Y=23
Y=11
Y=5.5

Y=17
Y=23
Y=11
Y=19

Y=15

Y=11
Y=23
Y=28.5
Y=34

Y=28.5
Y=23
Y=11
Y=5.5
Y=0

Y=5.5
Y=23

Y=11
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Z=110.27 G=1801,3101,100

G=1803,3103,100
G=1804,3104,100
G=1805,3105,100
G=1806,3106,100
G=1807,3107,100
G=1808,3108,100
G=1809,3109,100
G=1811,3111,100
G=1812,3112,100
G=1813,3113,100
G=1814,3114,100
G=1815,3115,100
G=1816,3116,100
G=1817,3117,100
G=1818,3118,100
G=1819,3119,100
G=1820,3120,100



3127
3129
3130
3131
3132
3133
3135
3136
3137
3138
3139
3140
3141
3142
3143
3144
3145
3146
3147
3148
3149
3150
3151
3152
3153
3154
3155

X=5.5

X=11
X=17
X=23
X=28.5

X=23
X=17
X=11
X=17

X=0
X=5.5
X=11
X=17
X=23
X=28.5
X=34
X=0
X=5.5
X=11
X=17
X=23
X=28.5
X=34

C POZ 3200

3201
3203
3204
3205
3206
3207
3208
3209
3211
3217
3218
3219
3220
3227
3229
3230
3231
3232
3233
3235
3239
3240
3241
3242
3243
3244
3245
3246
3247
3248
3249

X=0

X=35.5
X=11
X=17
X=23
X=28.5
X=34

X=11
X=23

X=11
X=5.5

X=11
X=17
X=23
X=28.5

X=17

X=0
X=5.5
X=11
X=17
X=23
X=285
X=34
X=0

Y=11
Y=23
Y=28.5

Y=23
Y=11
Y=5.5

Y=17
Y=23
Y=11
Y=19

Y=15

Y=11 Z=113.77
Y=23

Y=28.5

Y=34

Y=28.5
Y=23
Y=11
Y=23

Y=11

Y=23
Y=28.35

Y=23
Y=11
Y=17
Y=23
Y=11
Y=19

Y=15
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G=1827,3127,100
G=1829,3129,100
G=1830,3130,100
G=1831,3131,100
G=1832,3132,100
G=1833,3133,100
G=1835,3135,100
G=1836,3136,100
G=1837,3137,100
G=1838,3138,100
G=1839,3139,100
G=1840,3140,100
G=1841,3141,100
G=1842,3142,100
G=1843,3143,100
G=1844,3144,100
G=1845,3145,100
G=1846,3146,100
G=1847,3147,100
G=1848,3148,100
G =1849,3149,100
G=1850,3150,100
G=1851,3151,100
G=18 2,3152,100
G=1853,3153,100
G=1854,3154,100
G=1855,3155,100



3250
3251
3252
3253
3254
3255

X=5.5
X=11
X=17
X=23
X=28.5
X=34

C POZ 3300

3301
3303
3304
3305
3306
3307
3308
3309
3311
3317
3318
3319
3320
3321
3322
3327
3329
3330
3331
3332
3333
3334
3335
3339
3340
3341
3342
3343
3344
3345
3346
3347
3348
3349
3350
3351
3352
3353
3354
3355

X=0

X=5.5
X=11
X=17
X=23
X=28.5
X=34

X=11
X=23

X=11

X=23
X=5.5

X=11
X=17
X=23
X=28.5

X=17
X=17

X=0
X=5.5
X=11
X=17
X=23
X=28.5
X=34
X=0
X=5.5
X=11
X=17
X=23
X=28.5
X=34

C POZ 3400

3401
3403
3404
3405
3406
3407
3408
3409
3411
3417
3418

X=0

X=5.5
X=11
X=17
X=23
X=28.5
X=34

X=11
X=23

Y=11
Y=23
Y=28.5
Y=34

Y=28.5
Y=23
Y=11
Y=23

Y=11
Y=17

Y=11
Y=23
Y=28.5

Y=23
Y=17
Y=11
Y=17
Y=23
Y=11
Y=19

Y=15

Y=11
Y=23
Y=285
Y=34

Y=28.5
Y=23
Y=11
Y=23

Z=117.27

7=122.97
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3419
3420
3421
3422
3427
3429
3430
3431
3432
3433
3434
3435
3439
3440
3441
3442
3443
3444
3445
3446
3447
3448
3449
3450
3451
3452
3453
3454
3455

X=11

X=23
X=3.5

X=11
X=17
X=23
X=28.5

X=17
X=17

X=0
X=5.5
X=11
X=17
X=23
X=28.5
X=34
X=0
X=5.5
X=11
X=17
X=23
X=28.5
X=34

C POZ 3500

3501
3503
3509
3511
3517
3518
3519
3520
3527
3529
3533
3535
3539
3540
3541
3542
3543
3544
3545
3546
3547
3548
3549
3550
3551
3552
3553
3554
3555

X=0
X=34

X=11
X=23

X=11
X=5.5

X=28.5

X=17
X=17

X=0
X=5.5
X=11
X=17
X=23
X=28.5
X=34
X=0
X=5.5
X=11
X=17
X=23
X=28.5
X=34

Y=11
Y=17

Y=11
Y=23
Y=28.5

Y=23
Y=17
Y=11

Y=17

Y=23

Y=11
Y=19

Y=15

Y=11
Y=23

Y=11
Y=23

Y=11

Y=11
Y=23

Y=11
Y=17
Y=23
Y=11
Y=19

Y=15

Z=126.67
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C POZ 3600

3601
3603
3609
3611
3617
3618
3619
3620
3627
3629
3633
3635
3639
3640
3641
3642
3643
3644
3645
3646
3647
3648
3649
3650
3651
3652
3653
3654
3655

X=0
X=34

X=11
X=23

X=11
X=5.5

X=28.5

X=17
X=17

X=0
X=5.5
X=11
X=17
X=23
X=28.5
X=34
X=0
X=5.5
X=11
X=17
X=23
X=28.5
X=34

C POZ 3700

3701
3703
3709
3711
37117
3718
3719
3720
3721
3722
3727
3729
3733
3735
3739
3740
3741
3742
3743
3744
3745
3746
3747
3748
3749
3750
3751
3752

X=0
X=34

X=11
X=23

X=11

X=23
X=5.5

X=2835

X=17
X=17

X=0
X=5.5
X=11
X=17
X=23
X=28.5
X=34
X=0
X=5.5
X=11
X=17

Y=11
Y=23

Y=11
Y=23

Y=11

Y=11
Y=23

Y=11
Y=17
Y=23
Y=11
Y=19

Y=15

Y=11
Y=23

Y=11
Y=23

Y=11

Y=17

Y=11
Y=23

Y=11
Y=17
Y=23
Y=11
Y=19

Y=15

Z=131.67

Z=136.07
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3753 X=23

3754
3755

X=28.5
X=34

RESTRAINTS
115 2 R=LL1,00,
17 20 1 R=1,1,1,00,

MASSES
139

239 539
639 1039
1139 1539
1639 2039
2139 2539
2639 3039
3139

3239

3339 3439
3539

3639

3739

CONSTRAINTS

101
103
104
105
106
107
108
109
111
112
113
114
115
116
117
118
119
120
127
129
130
131
132
133
134
135
136
137
138
140
141
142
143
144
145
146
147
148

3101
3103
3104
3705
3706
3707
3408
3409
3411
3412
3713
3714
3715
3116
3717
3718
3719
3720
3127
3129
3730
3731
3732
3433
3434
3435
3736
3737
3738
3740
3741
3742
3743
3744
3745
3746
3747
3748

100

100
100
100
100
100

100

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

M=1085,1085
M=1062,1062
M=1034,1034
M=1007,1007
M=984,984
M=958,958
M=955,955
M=947,947
M=702,702
M=720,720
M=459,459
M=464,464
M=427,427

C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
C=139,139,0,0,0,139
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:MASTER JOINTS

"MASTER JOINTS
‘MASTER JOINTS

:MASTER JOINTS

:MASTER JOINTS
:MASTER JOINTS
:MASTER JOINTS
:MASTER JOINTS

:MASTER JOINTS

‘MASTER JOINTS
:MASTER JOINTS
‘MASTER JOINTS
:MASTER JOINTS

1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,160
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
1=100,100,0,0,0,100
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149 3749 100 C=139,139,0,0,0,13% 1=100,100,0,0,0,100
150 3750 100 (C=139,139,0,0,0,139 I=100,100,0,0,0,100
151 3751 100 C=139,139,0,0,0,139 1=100,100,0,0,0,100
152 3752 100 C=139,139,0,0,0,139 1=100,100,0,0,0,100
153 3753 100 C=139,139,0,0,0,139 I=100,100,0,0,0,100
154 3754 100 C=139,139,0,0,0,139 1=100,100,0,0,0,100
155 3755 100 C=139,139,0,0,0,139 1=100,100,0,0,0,100
FRAME

NM=30 NL=26 Z=1.5
C EDGE COLUMN SECTION PROPERTIES

1 A=0.2410 I=0.02006960,0.01270048 W=18.92 E=21000E4 J=0.033
2 A=02088 1=0.01780900,0.00998828 W=16.39 E=21000E4 J=0.027
3 A=0.1729 1=0.01438240,0.00769067 W=13.57 E=21000E4 J=0.021
4 A=0.1349 1=0.01144860,0.00533364 W=10.59 E=21000E4 ]=0.016

‘W+2HD
‘W+2HD
‘W+2HD
‘W+2HD

5 A=0.1022 1=0.00868200,0.00373459 W=8.02 E=21000E4 J=0.012 :W+2HD

C CENTRAL COLUMN SECTION PROPERTIES

6 A=0.4381 1=0.03197600,0.03139322 W=34.39 E=21000E4 J=0.063
7 A=0.3600 1=0.02878000,0.02337182 W=28.26 E=21000E4 J=0.051
8 A=0.2875 1=0.02479820,0.01469749 W=22.57 E=21000E4 J=0.040
9 A=0.2294 1=0.01945600,0.01036568 W=18.00 E=21000E4 J=0.030

‘W+2HD
‘W+2HD
‘W+2HD
‘W+2HD

10 A=0.1566 1=0.01369460,0.00565704 W=12.20 E<21000E4 J=0.019 :W-+2HD

C STEEL BEAM SECTION PROPERTIES
11 A=0.0371 I=494100E-8,15820E-8
12 A=0.0334 I=359100E-8,14900E-8

C COMPOSITE BEAM SECTION PROPERTIES

13 A=0.0946 I=642824E-8,3901288E-8 E=21000E4 J=0.043
14 A=0.0910 I=450029E-8,3900378E-8 E=21000E4 J=0.044
C STEEL BEAM SECTION PROPERTIES
15 A=0.0270 I=171000E-8,13530E-8

C COMPOSITE BEAM SECTION PROPERTIES

16 A=0.0910 I=450029E-8,3900378E-8 E=21000E4 J=0.044
C STEEL BEAM SECTION PROPERTIES
17 A=0.0334 1=359100E-8,14900E-8

18 A=0.0270 I=171000E-8,13530E-8
19 A=0.0073 I=16270E-8,1043E-8

20 A=0.0085 I=23130E-8,1318E-8

C VERTICAL K BRACING SECTION PROPERTIES

21 A=0.0367 E=21000E4 J=0.00079 :HD 260*260*288
22 A=0.0321 E=21000E4 J=0.00067 :HD 260*260%*252
23 A=0.0279 E=21000E4 J=0.00056 :HD 260%260%*219
24 A=0.0243 E=21000E4 J=0.00047 :HD 260*260*191
25 A=0.0190 E=21000E4 J=0.00035 :HD 260*260*149

C VERTICAL X BRACING SECTION PROPE:'RTIES

26 A=0.0420 E=21000E4 J=0.00095 :HD 260*260*329
27 A=0.0321 E=21000E4 J=0.00067 :HD 260*260*252
28 A=0.0279 E=21000E4 J=0.00056 :HD 260*260*219
29 A=0.0212 E=21000E4 J=0.00038 :HD 260*260*167
30 A=0.0167 E=21000E4 J=0.00029 :HD 260*260*131

C VERTICAL DISTRIBUTION LOADS ON THE BEAMS
1 WL=0,-57.00,0 :Q1

2 WL=0,-52.250 :Q2
3 WL=0,4+33.250 :Q2
4 WL=0,428.50,0 :Q3
5 WL=0,+19.00,0 :Q4
6 WL=0,+38.00,0 :Q5
7 WG=13.03,0,0 :W1
8 WG=14.01,0,0 :W2
9 WG=15.11,0,0 :W3
10 WG=16.15,0,0 :W4

E=21000E4 ]=0.0051
E=21000E4 J=0.0037

E=21000E4 1]=0.0018

:HE 900 B
:HE 800 B

:HE 700 B
:HE 600 B

:HE 600 B

:HE 600 B

E=21000E4 J=0.0037 :HE 800 B
E=21000E4 J=0.0018 :HE 600 B
E=21000E4 J=0.00017 :IPE 360
E=21000E4 J=0.00024 :IPE 400
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11 WG=17.20,0,0 W5

12 WG=5.23,0,0 :Wé6

13 WG=5.61,0,0 :W7

14 WG=6.05,0,0 W8

15 WG=6.49,00 W9

16 WG=6.88,0,0 W10

17 WG=0,13.03,0 Wil

18 WG=0,14.01,0 :W12

19 WG=0,15.11,0 :W13

20 WG=0,16.15,0 ‘W14

21 WG=0,17.20,0 :W15

22 WG=0,5.23,0 :W16

23 WG=0,5.61,0 W17

24 WG=0,6.050 W18

25 WG=0,6.49,0 W19

26 WG=0,6.880 :W20

C COLUMNS

1 1 101 M=1 LP=2,0 NSL=0,7,22
6 501 601 M=2 NSL=0,7,22
7 601 701 NSL=0,7,22
10 901 1001 NSL=0,8,23
11 1001 1101 M=3 NSL=0,8,23
13 1201 1301 NSL=0,9,24
16 1501 1601 M=4 NSL=0,9,24
19 1801 1901 NSL=0,10,25
21 2001 2101 M=5 NSL=0,10,25
25 2401 2501 NSL=0,11,26
26 2501 2601 NSL=0,11,26
31 3001 3101 NSL=0,11,26
35 3401 3501 NSL=0,11,26
63 3 103 =1 NSL=0,7,0
68 503 603 M= NSL=0,7,0
69 603 703 NSL=0,7,0
72 903 1003 NSL=0,8,0
73 1003 1103 M= NSL=0,8,0
75 1203 1303 NSL=0,9,0
78 1503 1603 M=4 NSL=0,9,0
81 1803 1903 NSL=0,10,0
83 2003 2103 M=5 NSL=0,10,0
87 2403 2503 NSL=0,11,0
88 2503 2603 NSL=0,11,0
93 3003 3103 NSL=0,11,0
97 3403 3503 NSL=0,11,0
125 5 105 =1 LP=3,0 NSL=0,12,0
130 505 605 M= NSL=0,12,0
131 605 705 NSL=0,12,0
134 905 1005 NSL=0,13,0
135 1005 1105 M=3 NSL=0,13,0
137 1205 1305 NSL=0,14,0
140 1505 1605 M=4 NSL=0,14,0
143 1805 1905 NSL=0,15,0
145 2005 2105 M=5 NSL=0,15,0
149 2405 2505 NSL=0,16,0
150 2505 2605 NSL=0,16,0
155 3005 3105 NSL=0,16,0
199 7 107 =1

204 507 607 M=2

209 1007 1107 M=

214 1507 1607 M=4

G=4,1,100,100
G=2,1,100,100

G=1,1,100,100
G=2,1,100,100
G=2,1,100,100
G=1,1,100,100
G=3,1,100,100

G=4,1,100,100
G=3,1,100,100
G=2,1,100,100
G=4,1,100,100

G=2,1,100,100

G=1,1,100,100
G=2,1,100,100
G=2,1,100,100
G=1,1,100,100
G=3,1,100,100

G=4,1,100,100

G=3,1,100,100

G=2,1,100,100
G=4,1,100,100

G=2,1,100,100

G=1,1,100,100
G=2,1,100,100
G=2,1,100,100
G=1,1,100,100
G=3,1,100,100

G=4,1,100,100
G=3,1,100,100
G=4,1,100,100
G=4,1,100,100
G=4,1,100,100
G=4,1,100,100



219
224
229
270
275
280
285
290
295
300
304
338
343
344
347
348
350
353
356
358
362
363
368
372
406
411
412
415
416
418
421
424
426
430
431
436
480
485
486
439
490
492
495
498
500
504
505
510
548
553
558
563
568
573
578
585
590
595
600

2007
2507
3007

2107
2607
3107

9 109
509 609

1009
1509
2009
2509
3009
3409

1109
1609
2109
2609
3109
3509

11 111

511 611
611 711
911 1011

1011
1211
1511
1811
2011
2411
2511
3011
3411
13

1111
1311
1611
1911
2111
2511
2611
3111
3511

113

513 613
613 713
913 1013

1013
1213
1513
1813
2013
2413
2513
3013

1113
1313
1613
1913
2113
2513
2613
3113

15 115
515 615
615 715
915 1015

1015
1215
1515
1815
2015
2415
2515
3015

1115
1315
1615
1915
2115
2515
2615
3115

17 117
517 617
1017 1117
1517 1617
2017 2117
2517 2617
3017 3117
18 118
518 618
1018 1118
1518 1618

M=

M=3
M=4

M=5

=1
M=2

M=3

M=4

M=

M=6
M=
M=8
M=9
M=10

LP=3,0

LP=2,0

NSL=0,0,22
NSL=0,0,22
NSL=0,0,22
NSL=0,0,23
NSL=0,0,23
NSL=0,0,24
NSL=0,0,24
NSL=0,0,25
NSL=0,0,25
NSL=0,0,26
NSL=0,0,26
NSL=0,0,26
NSL=0,0,26

NSL=0,0,17
NSL=0,0,17
NSL=0,0,18
NSL=0,0,18
NSL=0,0,19
NSL=0,0,19
NSL=0,0,20
NSL=0,0,20
NSL~=0,0,21
NSL=0,0,21
NSL=0,0,21
NSL=0,12,17
NSL=0,12,17
NSL=0,12,17
NSL=0,13,18
NSL=0,13,18
NSL=0,14,19
NSL=0,14,19
NSL=0,15,20
NSL=0,15,20
NSL=0,16,21
NSL=0,16,21
NSL=0,16,21

NSL=0,0,17
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G=4,1,100,100
G=4,1,100,100
G=3,1,100,100
G=4,1,100,100
G=4,1,100,100
G=4,1,100,100
G=4,1,100,100
G=4,1,100,100
G=4,1,100,100
G=3,1,100,100
G=2,1,100,100
G=4,1,100,100

G=2,1,100,100

G=1,1,100,100
G=2,1,100,100
G=2,1,100,100
G=1,1,100,100
G=3,1,100,100

G=4,1,100,100
G=3,1,100,100
G=2,1,100,100

G=2,1,100,100

G=1,1,100,100
G=2,1,100,100
G=2,1,100,100
G=1,1,100,100
G=3,1,100,100

G=4,1,100,100
G=4,1,100,100
G=2,1,100,100
G=1,1,100,100
G=2,1,100,100
G=2,1,100,100
G=1,1,100,100
G=3,1,100,100

G=4,1,100,100

G=4,1,100,100

G=4,1,100,100
G=4,1,100,100
G=4,1,100,100
G=4,1,100,100
G=4,1,100,100
G=4,1,100,100
G=6,1,100,100
G=4,1,100,100
G=4,1,100,100
G=4,1,100,100
G=4,1,100,100



605 2018 2118 M=10 G=4,1,100,100

610 2518 2618 G=4,1,100,100

615 3018 3118 G=6,1,100,100

622 19 119 M=6 G=4,1,100,100

627 519 619 M= G=4,1,100,100

632 1019 1119 M= G=4,1,100,100

637 1519 1619 M=9 G=4,1,100,100

642 2019 2119 M=10 G=4,1,100,100

647 2519 2619 G=4,1,100,100

652 3019 3119 NSL=0,0,21 G=6,1,100,100

659 20 120 M=6 G=4,1,100,100

664 520 620 M=7 G=4,1,100,100

669 1020 1120 M=8 G=4,1,100,100

674 1520 1620 M=9 G=4,1,100,100

679 2020 2120 M=10 G=4,1,100,100

684 2520 2620 G=4,1,100,100

689 3020 3120 NSL=0,0,21 G=6,1,100,100

C COPMPOSITE & STEEL BEAMS

1101 101 149 M=15LP=3,0 G=36,100,100,100 LR=1,0,0,1,0,0
1102 142 103 G=36,100,100,100 LR=0,1,0,0,1,0
1103 103 104 M=11LP=139,104 NSL=4 G=33,100,100,100 LR=1,0,0,1,0,0
1104 104 105 NSL=4 G=33,100,100,100 LR=0,1,0,0,1,0
1105 105 106 M=12 LP=2,0 G=33,100,100,100 LR=1,0,0,1,0,0
1106 106 107 G=33,100,100,100 LR=0,1,0,0,1,0
1107 107 108 M=11LP=139,108 NSL=4 G=33,100,100,100 LR=1,0,0,1,0,0
1108 108 109 NSL=4 G=33,100,100,100 LR=0,1,0,0,1,0
1109 109 148 M=15LP=3,0 G=36,100,100,100 LR=1,0,0,1,0,0
1110 155 111 G=36,100,100,100 LR=0,1,0,0,1,0
1111 111 112 M=11LP=139,112 NSL=4 G=30,100,100,100 LR=1,0,0,1,0,0
1112 112 113 NSL=4 G=30,100,100,100 LR=0,1,0,0,1,0
1113 113 114 M=12LP=20 G=30,100,100,100 LR=1,0,0,1,0,0
1114 114 115 G=30,100,100,100 LR=0,1,0,0,1,0
1115 115 116 M=11LP=139,116 NSL=4 G=30,100,100,100 LR=1,0,0,1,0,0
1116 116 101 NSL=4  G=30,100,100,100 LR=0,1,0,0,1,0
1117 116 138 M=19LP=2,0 G=30,100,100,100 LR=1,1,0,1,1,0
1118 138 137 G=30,100,100,100 LR=1,1,0,1,1,0
1119 137 136 G=30,100,100,100 LR=1,1,0,1,1,0
1120 136 112 G=30,100,100,100 LR=1,1,0,1,1,0
1121 101 127 M=16 NSL=4 G=30,100,100,100 LR=1,0,0,1,0,0
1122 127 120 NSL=4  G=30,100,100,100 LR=0,1,0,0,1,0
1123 119 135 NSL=4 =30,100,100,100 LR=1,0,0,1,0,0
1124 135 111 NSL=4 G=30,100,100,100 LR=0,1,0,0,1,0
1129 103 129 NSL=4 G=33,100,100,100 LR=1,0,0,1,0,0
1130 129 117 NSL=4 G=33,100,100,100 LR=0,1,0,0,1,0
1131 118 133 NSL=4 G=33,100,100,100 LR=1,0,0,1,0,0
1132 133 109 NSL=4 G=33,100,100,100 LR=0,1,0,0,1,0
1133 104 130 M=19 G=33,100,100,100 LR=1,1,0,1,1,0
1134 130 131 G=33,100,100,100 LR=1,1,0,1,1,0
1135 131 132 =33,100,100,100 LR=1,1,0,1,1,0
1136 132 108 G=33,100,100,100 LR=1,1,0,1,1,0
1137 116 127 M=20LP=3,0 G=30,100,100,100 LR=1,1,0,1,1,0
1138 127 150 M=14 G=36,100,100,100 LR=1,0,0,1,0,0
1139 143 129 G=36,100,100,100 LR=0,1,0,0,1,0
1140 129 104 M=20 G=33,100,100,100 LR=1,1,0,1,1,0
1141 115 138 M=14 NSL=2  G=30,100,100,100 LR=1,0,0,1,0,0
1142 138 120 NSL=2  G=30,100,100,100 LR=0,1,0,0,1,0
1143 120 151 M=18 G=36,100,100,100 LR=1,0,0,1,0,0
1144 144 117 G=36,100,100,100 LR=0,1,0,0,1,0
1145 117 130 M=14 NSL=2  G=33,100,100,100 LR=1,0,0,1,0,0
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1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160
1161
1164
1165
1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188
1189
1190
4221
4222
4223
4224
4529
4530
4531
4532
4577
4578
4581
4582
4583
4584
4587
4588

130
114
137
140
131
113
136
119
146
118
132
112
135
147
133
117
140
120
141
149
150
151
152
139
153
154
155
142
143
144
145
146
147
149
150
151
152
153
154
141
145
3201
3227
3219
3235
3503
3529
3518
3533
3542
3543
3546
3547
3549
3550
3553
3554

105
137
141
131
106
136
119
153
118
132
107
135
154
133
108
140
118
141
119
142
143
144
139
145
146
147
148
143
144
145
146
147
148
150
151
152
153
154
155
152
140

NSL=2  G=33,100,100,100 LR=0,1,0,0,1,0
M=13 NSL=1 G=30,100,100,100 LR=1,0,0,1,0,0
NSL=1 G=30,100,100,100 LR=0,1,0,0,1,0
NSL=1 G=33,100,100,100 LR=1,0,0,1,0,0
NSL=1 G=33,100,100,100 LR=0,1,0,0,1,0
M=14 NSL=2  G=30,100,100,100 LR=1,0,0,1,0,0
NSL=2  G=30,100,100,100 LR=0,1,0,0,1,0
M=18 G=36,100,100,100 LR=1,0,0,1,0,0
G=36,100,100,100 LR=0,1,0,0,1,0
M=14 NSL=2  G=33,100,100,100 LR=1,0,0,1,0,0
NSL=2  G=33,100,100,100 LR=0,1,0,0,1,0
M=20 G=30,100,100,100 LR=1,1,0,1,1,0
M=14 G=36,100,100,100 LR=1,0,0,1,0,0
G=36,100,100,100 LR=0,1,0,0,1,0
M=20 G=33,100,100,100 LR=1,1,0,1,1,0
M=17LP=2,0 G=36,100,100,100 LR=1,0,0,1,0,0
G=36,100,100,100 LR=0,1,0,0,1,0
G=36,100,100,100 LR=1,0,0,1,0,0
G=36,100,100,100 LR=0,1,0,0,1,0
M=15LP=30 G=36,100,100,100
M=14 G=36,100,100,100
M=18 G=36,100,100,100
M=13 NSL=1 G=36,100,100,100
NSL=1 G=36,100,100,100
M=18 G=36,100,100,100
M=14 G=36,100,100,100
M=15 G=36,100,100,100
M=20LP=2,0 NSL=3 G=33,100,100,100 LR=1,1,0,1,1,0
NSL=3  G=33,100,100,100 LR=1,1,0,1,1,0
M=19 G=36,100,100,100 LR=1,1,0,1,1,0
G=36,100,100,100 LR=1,1,0,1,1,0
M=20 NSL=3 G=33,100,100,100 LR=1,1,0,1,1,0
NSL=3 G=33,100,100,100 LR=1,1,0,1,1,0
NSL=3 G=33,100,100,100 LR=1,1,0,1,1,0
NSL=3 G=33,100,100,100 LR=1,1,0,1,1,0
M=19 G=36,100,100,100 LR=1,1,0,1,1,0
G=36,100,100,100 LR=1,1,0,1,1,0
M=20 NSL=3 G=33,100,100,100 LR=1,1,0,1,1,0
NSL=3 G=33,100,100,100 LR=1,1,0,1,1,0
M=13LP=30 NSL=1 G=36,100,100,100 LR=1,0,0,1,0,0
NSL=1 G=36,100,100,100 LR=0,1,0,0,1,0

3227 M=16 LP=2,0 NSL=5

3220 NSL=5
3235 NSL=5
3211 NSL=3
3529 NSL=5
3517 NSL=5
3533 NSL=5
3509 NSL=5
3543 M=20 LP=2,0 NSL=6
3544 NSL=6
3547 NSL=6
3548 NSL=6
3550 NSL=6
3551 NSL=6
3554 NSL=6
3555 NSL=6

152

G=5,100,100,100 LR=1,0,0,1,0,0
G=5,100,100,100 LR=0,1,0,0,1,0
G=5,100,100,100 LR=1,0,0,1,0,0
G=5,100,100,100 LR=0,1,0,0,1,0
G=2,100,100,100 LR=1,0,0,1,0,0
G=2,100,100,100 LR=0,1,0,0,1,0
G=2,100,100,100 LR=1,0,0,1,0,0
G=2,100,100,100 LR=0,1,0,0,1,0
G=2,100,100,100 LR=1,1,0,1,1,0
G=2,100,100,100 LR=1,1,0,1,1,0
G=2,100,100,100 LR=1,1,0,1,1,0
G=2,100,100,100 LR=1,1,0,1,1,0
G=2,100,100,100 LR=1,1,0,1,1,0
G=2,100,100,100 LR=1,1,0,1,1,0
G=2,100,100,100 LR=1,1,0,1,1,0
G=2,100,100,100 LR=1,1,0,1,1,0
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C VERTICAL K BRACINGS ON AXIS C

5001
5004
5007
5010
5013
5016
5018
5019
5101
5104
5107
5110
5113
5116
5118
5119

20 241
620 841 M=22
1220 1441 M=23
1820 2041 M=24
2420 2641 M=25
3020 3241
3420 3641
3620 3741
19 241 M=21
619 841 M=22
1219 1441 M=23
1819 2041 M=24
2419 2641 M=25
3019 3241
3419 3641
3619 3741

M=21LP=20

G=2,1,200,200
G=2,1,200,200
G=2,1,200,200
G=2,1,200,200
G=2,1,200,200
G=1,1,200,200

G=2,1,200,200
G=2,1,200,200
G=2,1,200,200
G=2,1,200,200
G=2,1,200,200
G=1,1,200,200

LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR~1,1,0,1,1,0

LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0

LR=1,1,0,1,1,0

C VERTICAL K BRACINGS ONAXIS E

5201
5204
5207
5210
5213
5216
5218
5219
5301
5304
5307
5310
5313
5316
5318
5319

17 240
617 840 M=22
1217 1440 M=23
1817 2040 M=24
2417 2640 M=25
3017 3240
3417 3640
3617 3740
18 240 M=21
618 840 M=22
1218 1440 M=23
1818 2040 M=24
2418 2640 M=25
3018 3240
3418 3640
3618 3740

M=21LP=2,0 G=2,1,200,200

G=2,1,200,200
G=2,1,200,200
G=2,1,200,200
G=2,1,200,200
G=1,1,200,200

G=2,1,200,200
G=2,1,200,200
G=2,1,200,200
G=2,1,200,200
G=2,1,200,200
G=1,1,200,200

C VERTICAL X BRACINGS ON AXIS 3

5401
5407
5413
5419
5425
5431
5437
5438
5444
5450
5456
5462
5468
5474

17 220
617 820 M=27
1217 1420 M=28
1817 2020 M=29
2417 2620 M=30
3017 3220

3617 3721

20 217 M=26
620 817 M=27
1220 1417 M=28
1820 2017 M=29
2420 2617 M=30
3020 3217

3620 3721

G=2,2,200,200
G=2,2,200,200
G=2,2,200,200
G=2,2,200,200
G=2,2,200,200

G=2,2,200,200
G=2,2,200,200
G=2,2,200,200
G=2,2,200,200
G=2,2,200,200
G=2,2,200,200

C VERTICAL X BRACINGS ON AXIS 5

5501
5507
5513
5519
5525
5531
5537
5538
5544

18 219
618 819 M=27
1218 1419 M=28
1818 2019 M=29
2418 2619 M=30
3018 3219
3618 3722
19 218

619 818

M=26
M=27

M=26 LP=3,0 G=2,2,200,200

G=2,2,200,200
G=2,2,200,200
G=2,2,200,200
G=2,2,200,200
G=2,2,200,200

G=2,2,200,200
G=2,2,200,200

LR=1,1,0,1,1,0
LR=1,1,0,1,1,0

LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0

M=26 LP=3,0 G=22,200,200 LR=1,1,0,1,1,0

LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0

LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR=1,1,0,1,1,0
LR:

1
1
1,1,0,1,1,0
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5550 1219 1418 M=28 G=2,2,200,200 LR=1,1,0,1,1,0
5556 1819 2018 M=29 G=2,2,200,200 LR=1,1,0,1,1,0
5562 2419 2618 M=30 G=2,2,200,200 LR=1,1,0,1,1,0
5568 3019 3218 G=2,2,200,200 LR=1,1,0,1,1,0
5574 3619 3722 LR=1,1,0,1,1,0
PDELTA

M=5 TOLD=0.0001

L=1 SF=1.0

SPEC :SEISMIC RESPONSE SPECTRUM IN LATERAL (X) AND VERTICAL DIRECTIONS
A=0 S5=.654 D=0.05
C PERIOD DIRECTIONI DIRECTION2
C ACCELERATION ACCELERATION

0.000 1.000 1.000

0.025 1.500 1.500

0.050 2.000 2.000

0.075 2.500 2.500

0.100 2.500 2.500

0.150 2.500 2.500

0.200 2.500 2.500

0.250 2.500 2.500

0.300 2.500 2.500

0.350 2210 2210

0.400 1.986 1.986

0.500 1.661 1.661

0.600 1.436 1.436

0.700 1.269 1.269

0.800 1.141 1.141

0.900 1.038 1.038

1.000 0.954 0.954

1.500 0.690 0.650

2.000 0.548 0.548

2.500 0.458 0.458

3.000 0.396 0.396

3.500 0.350 0.350

4.000 0.315 0.315

4.500 0.286 0.286

1 C=1,0,0 :DL+LL

2 C=1,1,0 :DL+LL+WLX

3 C=1,0,1 :DL+LL+WLY

4 C=1 D=1 :DL+LL+EQd

5 C=1 D=1 DL+LL+EQd
SELECT

NT=1 ID=139,3739,100 SW=1
NT=2 ID=1,15,2

ID=17,20,1

=5 ID=125,145,5 :EDGE COLUMN
ID=548,568,5 :CENTRAL COLUMN
ID=5301,5314,3 K BRACINGS

ID=5401,5425,6 :X BRACINGS
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SAP90

FILE

SB.F3F

STEEL STR DEP MASTER THESIS AKBANK TOWER BIRIM kN,M

FRAME LEMEN FORCES

ELT LOAD DIST I-I PLANE AXIAL I PLANE AXIAL
D COMB ENDI SHEAR MOME. FORCE SHEAR MOME. TORQ
125 — ——
ACTING P-DELTA AXIAL FORCE -24790.1
1 0 -24854 0
0 -1.037 0 -0.002 0
4.5 -1.037 -4 -0.002  -0.007
4.5 -24726.2 0
2 0 -24307.8 0
0 -1.077 0 9.406 0
4.5 -1.077 -4.2 32,941 23.232
4.5 -24180.1 0
3 0 -24867.8 0
0 -28.772 0 0.031 0
4.5 -28.772 -65.7 0.031 0.138
4.5 -24740.1 0
4 0 -24278.5 0
0 27.065 0 21.103 0
4.5 27.065 177.2 21.103  37.019
45 -24150.7 0
5 0 -25429.5 0
0 -29.139 0 -21.106 0
43 -29.139  -1854 -21.106 -37.034
4.5 -25301.7 0
130 — —_
ACTING P-DELTA AXIAL FORCE -20957
1 0 ~21000 0
0 -0.674 -6.5 -0.036 0.059
35 -0.674 -6.5 -0.036 -0.066
35 -20913.9 0
2 0 -20474.6 0
0 -0.973 -6 15.567 61.225
35 -0.973 <11 33.872 77.696
3.5 -20388.6 0
3 0 -21013.1 0
0 -38.504 -136.8 0.262 -0.44
35 -38.504 -1925 0.262 0.477
35 -20927 0
4 0 -20443.6 0
0 33.663 121.6 24508  70.381
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35 33.663 291.5 24508 72.052
35 -20357.6 0
5 0 -21556.3
0 -35011 -134.6 -24.579 -70.263
35 -35.011  -304.7 -24.579 -72.184
35 -21470.3
135 — —
ACTING P-DELTA AXIAL FORCE -17205.3
1 0 -17240.9
0 -1.175 ~6.4 -0.051 0.086
33 -1.175 6.7 -0.051 -0.09
3.5 -17169.6
2 0 -16764.4
0 -1.621 -5.6 12.581 37.149
35 -1.621 <1.5 32216  35.654
35 -16693.1
3 0 -17252.6
0 -26.332 -83.9 0.404 -0.681
35 -26.332 ~79.2 0.404 0.735
3.5 -17181.4
4 0 -16731.1
0 25.628 69 25.039  36.732
35 25.628 235.8 25.039  60.03
35 -16659.9
5 0 -17750.7
0 -27.978 -81.9 -25.14  -36.559
35 -27978  -2493 -25.14  -60.21
35 -17679.4
140 — —

ACTING P-DELTA AXIALL. FORCE -13528

1 0 -13555.8
0 -1.338 -6.4 -0.054 0.09
35 -1.338 -6.2 -0.054  -0.099
35 -13500.3
2 0 -13152
0 -1.907 -5.4 15.631 18.043
35 -1.907 -7.2 36.806 31.472
35 -13096.4
3 0 -13565.7
0 -30.298 -34.5 0.506 -0.855
35 -30.298 -44 0.506 0.917
35 -13510.1
4 0 -13118.1
0 26.165 73.5 26.265 444
35 26.165 191.5 26265 27.435

35 -13062.5

(=]



145 —

548 —
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ACTING P-DELTA AXIAL

1

ACTING P-DELTA

1

0 -13993.6 0
0 -28.84 -86.4 -26.374 -44.22

35 -28.84 -204 -26.374 -27.634

35 -13938 0

FORCE -9915.78

0 -9936.84 0
0 -1.674 6.5 -0.06 0.103

35 -1.674 -7 -0.06 -0.106

35 -9894.73 0
0 -9624.71 0
0 -2.337 -5.4 1.973 18.803

3.5 -2.337 -8.2 24688  0.567

35 -9582.6 0
0 -9944.43 0
0 -16.223 -35.8 0.607 -1.021

335 -16.223 6.9 0.607 1.102

35 -9902.32 0
0 -9593.71 0
0 16.955 343 17.487 15.595

35 16.955 161.8 17.487  32.187

35 ~9551.61 0
0 -10280 0
0 -20.303 -47.5 -17.607 -15.39

35 -20.303 -176 -17.607  -32.4

35 -10237.9 0

AXTALL. FORCE -36883.9

0 -37000 0.02
0 -1.641 0 0 0

45 -1.641 -6.4 0 0

45 -36767.8 0.02
0 -222919 0.155
0 -1.643 0 31.049 -0.203

4.5 -1.643 -6.5 31.049 32318

435 -22065.8 0.155
0 -54549.3 0.379
0 -44.486 0.2 0.002 0.001

4.5 -44.486 -105 0.002 0.009

4.5 -54317.2 0.379
0 ~16233 0.457
0 42.005 0.2 37.836  0.354

4.5 42.005 2n 37836 92228

4.5 -16000.8 0.457
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5 0 -37767 -0.417
0 -45.287 -0.2 -37.836 -0.354
45 -45.287 -284 -37.836 -92.229
4.5 -57534.9 -0.417
§53 — -
ACTING P-DELTA AXIAL FORCE -31357.8
1 0 -31432 0
0 -0.974 -10.5 -0.002 0.002
35 -0.974 -10.5 -0.002  -0.003
35 -31283.6 0
2 0 -19748.9 0
0 -0.986 -10.5 40.605 132.955
35 -0.986 -10.5 40605 170.26
35 -19600.6 0
3 0 -45448.4 0
0 -60.387 -219.3 0.011 -0.018
35 -60.387 -312.4 0.011 0.021
35 -45300 0
4 0 -14461.7 0
0 53.006 194.8 41619 16791
35 53.006 456.2 41.619 169.353
35 -14313.3 0
5 0 -48402.3 0
0 -54.953 2159 -41.622 -167.905
35 -54.953  -477.3 -41.622 -169.36
35 -48253.9 0
558 — e
ACTING P-DELTA AXIAL FORCE -259162
1 0 -259754 0
0 -1.816 -10.9 -0.003 0.004
35 -1.816 -11.6 <0.003  -0.005
35 -25856.9 0
2 0 -18313 0
0 -1.84 -10.9 32861 63.032
3.5 -1.84 -11.6 32.861 57.706
35 -18194.5 0
3 0 -35468.2 0
0 -41.584  -139.6 0.022 -0.034
35 -41.584  -139.2 0.022 0.042
35 -35349.7 0
4 0 -13795.2 0
0 42011 114.6 38463 74.264
35 42.011 375.7 38463 114.606
35 -13676.7 0

5 0 -38155.6 0



563 —

568 —

—————
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ACTING P-DELTA AXIAL

1

ACTING P-DELTA AXIAL

1

0 -45.644  -136.5 -38.468 -74.255
35 -45.644  -398.9 -38.468 -114.616
35 -38037.1

FORCE -20622.7

0 -20669.9

0 -1.901 -11.2 -0.004 0.006
3.5 -1.901 -10.4 -0.004  -0.008
35 -20575.4

0 -15232.8

0 -1.942 -11.1 42,965 20.972
35 -1.942 -10.5 42,965 51.934
35 -15138.3

0 -27599.3

0 -47.434 -57.5 0.038 -0.063
35 -47.434 -76.4 0.038 0.071
35 -27504.8

0 -11182.4

0 4231 125.1 43.235 84.96
35 4231 298.8 43.235  55.502
35 -11087.9

0 -30157.4

0 -46.113  -147.5 -43.244 -84.947
35 -46.113  -319.8 -43.244 -55.518
35 -30062.9

FORCE -15390.0

0 -15422.1

0 -2.38 -10.8 -0.006 0.01
3.5 -2.38 -10.9 -0.006 -0.012
35 -15358

0 -12772

0 -2.448 -10.7 21326  18.135
3.5 -2.448 -11 21326  -7.941
35 -12708

0 -19028.2

0 -25.314 -56.6 0.063 -0.099
3.5 -25.314 -12.2 0.063 0.122
35 -18964.1

0 -9607.42

0 26.623 544 27382 23.774
35 26.623 253.2 27.382  48.707
35 -9543.37

0 -21236.7

0 -31.383 -76.2 -27.394 -23.753
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3.5 -31.383  -275 -27.394 -48.73
35 =21172.7 0
5301 —
ACTING P-DELTA AXIAL FORCE -442.139
1 0 -442.139 0.025
0 -0.019 0 0.002 0
0 -0.019 0 0.002 0
0 -442.139 0.025
2 0 -2871.98 0.025
0 0.167 0 0.002 0
0 0.167 0 0.002 0
0 -2871.98 0.025
3 0 -461.854 0.474
0 -0.02 0 0.212 0
0 -0.02 0 0.212 0
0 -461.854 0.474
4 0 2030.451 0.486
0 0.17 0 0.192 0
0 0.17 3.7 0.192 0
0 2030.451 0.486
5 0 -2914.73 -0.436
0 -0.208 0 -0.187 0
0 -0.208 -3.7 -0.187 0
0 -2914.73 -0.436
5304 —  ~—-
ACTING P-DELTA AXIAL FORCE -458.772
1 0 -458.772 0.045
0 -0.027 0 0.014 0
9.22 -0.027 0 0.014 0
9.22 -458.772 0.045
2 0 -2339.54 0.045
0 0.372 0 0.014 0
9.22 0.372 0 0.014 0
9.22 -2339.54 0.045
3 0 -474.382 0.922
0 -0.028 0 0.454 0
9.22 -0.028 0 0.454 0
9.22 -474.382 0.922
4 0 1503.941 0.864
0 0.362 0 0.4 0
9.22 0.362 7.1 0.4 0
9.22 1503.941 0.864
5 0 -2421.49 -0.773
0 -0.416 0 -0.372 0
9.22 -0.416 1.1 -0.372 0
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9.22 -2421.49 -0.773
$307 — -
ACTING P-DELTA AXIAL FORCE -456.344
1 0 -456.344 0.048
0 -0.03 0 0.029 0
9.22 -0.03 0 0.029 0
9.22 -456.344 0.048
2 0 -2031.81 0.048
0 0.565 0 0.029 0
9.22 0.565 0 0.029 0
9.22 -2031.81 0.048
3 0 -469.124 0.566
0 -0.031 0 0.648 0
9.22 -0.031 0 0.648 0
9.22 -469.124 0.566
4 0 1182.384 0.664
0 0.567 0 0.575 0
922 0.567 11 0.575 0
9.22 1182.384 0.664
5 0 -2095.07 -0.568
0 -0.628 0 -0.518 0
9.22 -0.628 -11 -0.518 0
9.22 -2095.07 -0.568
5310 — —-
ACTING P-DELTA AXIAL FORCE -451.402
1 0 -451.402 0.05
0 -0.034 0 0.047 0
9.22 -0.034 0 0.047 0
922 -451.402 0.05
2 0 -1671.65 0.05
0 0.701 0 0.047 0
9.22 0.701 0 0.047 0
9.22 -1671.65 0.05
3 0 -460.316 0.444
0 -0.035 0 0.814 0
922 -0.035 0 0.814 0
9.22 -460.316 0.444
4 0 940.857 0.566
0 0.742 0 0.746 0
9.22 0.742 14.3 0.746 0
922 940.857 0.566
5 0 -1843.66 -0.466
0 -0.81 0 -0.651 0
9.22 -0.81 -14.3 -0.651 0
9.22 -1843.66 -0.466
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5313 —  —
ACTING P-DELTA AXIAL FORCE -445.455
1 0 -445.455 0.052
0 -0.043 0 0.073 0
9.22 -0.043 0 0.073 0
9.22 -445.455 0.052
2 0 -1255.3 0.052
0 0.775 0 0.073 0
9.22 0.775 0 0.073 0
9.22 -1255.3 0.052
3 0 -451.202 0.182
0 -0.043 0 0.92 0
9.22 -0.043 0 0.92 0
9.22 -451.202 0.182
4 0 629.494 0.427
0 0.865 0 0.872 0
9.22 0.865 16.7 0.872 0
9.22 629.494 0.427
5 0 -1520.41 -0.323
0 -0.95 0 <0.727 0
9.22 -0.95 -16.7 ~0.727 0
9.22 -1520.41 -0.323
5401 —  —-

ACTING P-DELTA AXIAL FORCE -1053.35

1 0 -1053.35 0
0 0.182 0 0 0
4.422 0.182 0 0 0
4.422 -1053.35 0
2 0 -619.646 -0.244
0 0.104 0 0.384 0
4422 0.104 0 0.384 0
4.422 -619.646 -0.244
3 0 -2949.57 0.001
0 -0.103 0 0 0
4422 -0.103 0 0 0
4422 -2949.57 0.001
4 0 788.42 0.425
0 0.441 0 0.391 0
4.422 0.441 74 0.391 0
4422 788.42 0.425
5 0 -2895.12 -0.425
0 -0.078 0 -0.391 0
4.422 -0.078 -7.4 -0.391 0
4422 ~2895.12 -0.425

5407 —  —




5413 —

5419 —

1
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ACTING P-DELTA AXJAL

1

ACTING P-DELTA AXIAL FORCE -659.504
0 ~659.504 0
0 0.084 0 0 0
3.892 0.084 0 0 0
3.892 -659.504 0
0 -426.138 -0.601
0 0.045 0 0.369 0
3.892 0.045 0 0.369 0
3.892 -426.138 -0.601
0 -2172.52 0
0 -0.494 0 0 0
3.892 -0.494 0 0 0
3.892 -2172.52 0
0 828.534 0.701
0 0.586 0 0.361 0
3.892 0.586 13.9 0.361 (]
3.892 828.534 0.701
0 -2147.54 -0.701
0 -0.417 0 -0.361 0
3.892 -0.417 -13.9 -0.361 0
3.892 -2147.54 -0.701
FORCE -559.751
0 -559.75 0
0 0.046 0 0 0
3.892 0.046 0 0 0
3.892 -559.75 0
0 -398.853 -0.39
0 0.019 0 0.433 0
3.892 0.019 0 0.433 0
3.892 -398.853 -0.39
0 -1873.03 0
0 -0.74 0 0 0
3.892 -0.74 0 0 0
3.892 -1873.03 0
0 690.555 0.578
0 0.735 0 0.434 0
3.892 0.735 19.1 0.434 0
3.892 690.555 0.578
0 -1810.06 -0.578
0 -0.644 0 -0.434 0
3.892 -0.644 -19.1 -0.434 0
3.892 -1810.06 -0.578
ACTING P-DELTA AXIAL FORCE -386.923



5425 — -
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ACTING P-DELTA AXIAL

1

0 ~386.922 0
0 0.004 0 0 0

3.892 0.004 0 0 0

3.892 ~386.922 0
0 -305.558 -0.106
0 -0.008 0 0.358 0

3.892 -0.008 0 0.358 0

3.892 -305.558 -0.106
0 -1406.97 0
0 -0.709 0 0 0

3.892 -0.709 0 0 0

3.892 -1406.97 0
0 648.474 0.295
0 0.646 0 0.379 0

3.892 0.646 17.8 0.379 0

3.892 648.474 0.295
0 -1422.32 -0.295
0 -0.637 0 -0.379 0

3.892 -0.637 -17.8 -0.379 0

3.892 ~1422.32 -0.295

FORCE -280.538

0 -280.538 0
0 -0.022 0 0 0

3.892 -0.022 0 0 0

3.892 -280.538 0
0 -241.769 -0.069
0 -0.027 0 0.284 0

3.892 -0.027 0 0.284 0

3.892 -241.769 -0.069
0 -1007.41 0
0 -0.625 0 0 0

3.892 -0.625 0 0 0

3.892 -1007.41 0
0 528.981 0.282
0 0.535 0 0.32 0

3.892 0.535 154 0.32 0

3.892 528.981 0.282
0 ~1090.06 -0.282
0 -0.578 0 -0.32 0

3.892 -0.578 -15.4 -0.32 0

3.892 -1090.06 -0.282
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PROGR SAP90 FILE :SBSOL
ITU STE STR.DE MASTER THESIS AKBANKTOWER BIRIML kN ; M

JOINT DISPLACEMENT
LOAD COM.1 DISP.'U.

JOINT UX) U(y)

139 0.0000 0.0000

239 0.0000 0.0001
339 0.0000 0.0001
439 0.0000 0.0002
539 0.0000 0.0003
639 0.0000 0.0004

739 0.0000 0.0005
839 0.0000 0.0007
939 0.0000 0.0008
1039 0.0000 0.0010
1139 0.0000 0.0012
1239 0.0000 0.0015
1339 0.0000 0.0018
1439 0.0000 0.0021
1539 0.0000 0.0024
1639 0.0000 0.0028
1739 0.0000 0.0031
1839 0.0000 0.0037
1939 0.0000 0.0041
2039 0.0000 0.0046
2139 0.0000 0.0052
2239 0.0000 0.0058
2339 0.0000 0.0064
2439 0.0000 0.0071
2539 0.0000 0.0078
2639 0.0000 0.0086
2739 0.0000 0.0094
2839 0.0000 0.0103
2939 0.0000 0.0112
3039 0.0000 0.0121
3139 0.0000 0.0131
3239 0.0000 0.0142
3339 0.0000 0.0152
3439 0.0000 0.0170
3539 0.0000 0.0182
3639 0.0000 0.0197
3739 0.0000 0.0211

LOAD COM.2 DISP.'U'.

JOINT Ux) U(Y)
139 0.0029 0.0000
239 0.0053 0.0001
339 0.0078 0.0001
439 0.0106 0.0002



539 0.0136 0.0003
639 0.0170 0.0004

739 0.0207 0.0005
839 0.0247 0.0007
939 0.0290 0.0008
1039 0.0335 0.0010
1139 0.0381 0.0012
1239 0.0430 0.0015
1339 0.0483 0.0018
1439 0.0537 0.0021
1539 0.0594 0.0024
1639 0.0652 0.0028
1739 0.0712 0.0031
1839 0.0787 0.0037
1939 0.0851 0.0041
2039 0.0916 0.0046
2139 0.0981 0.0052
2239 0.1047 0.0058
2339 0.1113 0.0064
2439 0.1181 0.0071
2539 0.1251 0.0078
2639 0.1322 0.0086
2739 0.1392 0.0094
2839 0.1462 0.0103
2939 0.1531 0.0112
3039 0.1599 0.0121
3139 0.1666 0.0131
3239 0.1732 0.0142
3339 0.1800 0.0152
3439 0.1905 0.0170
3539 0.1973 0.0182
3639 0.2061 0.0197
3739 0.2138 0.0211

LOAD COM.3 DISP.'U".

JOINT X uy)
139 0.0000 0.0026
239 0.0000 0.0048
339 0.0000 0.0074
439 0.0000 0.0104
539 0.0000 0.0138
639 0.0000 0.0175
739 0.0000 0.0219
839 0.0000 0.0266
939 0.0000 0.0317
1039 0.0000 0.0371
1139 0.0000 0.0427
1239 0.0000 0.0487
1339 0.0000 0.0551
1439 0.0000 0.0618
1539 0.0000 0.0687
1639 0.0000 0.0758
1739 0.0000 0.0832
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1839 0.0000 0.0926
1939 0.0000 0.1007
2039 0.0000 0.1092
2139 0.0000 0.1178
2239 0.0000 0.1266
2339 0.0000 0.1355
2439 0.0000 0.1447
2539 0.0000 0.1541
2639 0.0000 0.1637
2739 0.0000 0.1733
2839 0.0000 0.1829
2939 0.0000 0.1926
3039 0.0000 0.2021
3139 0.0000 0.2117
3239 0.0000 0.2211
3339 0.0000 0.2305
3439 0.0000 0.2454
3539 0.0000 0.2550
3639 0.0000 0.2678
3739 0.0000 0.2794

LOAD COM .4 DISP. 'U'.

JOINT URX) U(Y)
139 0.0030 0.0023
239 0.0053 0.0043
339 0.0079 0.0067
439 0.0106 0.0093
539 0.0136 0.0123
639 0.0168 0.0156
739 0.0204 0.0194
839 0.0243 0.0235 -
939 0.0283 0.0279
1039  0.0326 0.0325
1139  0.0370 0.0374
1239 0.0417 0.0426
1339 0.0467 0.0481
1439 0.0520 0.0539
1539 0.0575 0.0599
1639  0.0632 0.0661
1739 0.0691 0.0725
1839  0.0766 0.0806
1939  0.0830 0.0878
2039  0.0895 0.0953
2139  0.0961 0.1030
2239  0.1029 0.1107
2339 0.1097 0.1187
2439 0.1168 0.1269
2539  0.1241 0.1354
2639  0.1316 0.1441
2739 0.1391 0.1528
2839  0.1466 0.1615
2939  0.1540 0.1703
3039  0.1614 0.1790
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3139 0.1687 0.1877
3239 0.1759 0.1963
3339 0.1832 0.2049
3439 0.1948 0.2186
3539 0.2023 0.2274
3639 0.2120 0.2395
3739 0.2204 0.2508

LOAD COM.5 DISP.'U'.

JOINT UX) UY)
139 -0.0030 -0.0023
239 ~0.0053 -0.0042

339 -0.0079 -0.0065
439 -0.0106 -0.0090
539 -0.0136 -0.0117
639 -0.0168 -0.0148
739 -0.0204 -0.0184
839 -0.0243 -0.0222
939 -0.0283 -0.0263
1039 -0.0326 -0.0305
1139 -0.0370 -0.0349
1239 -0.0417 -0.0396
1339 -0.0467 -0.0446
1439 -0.0520 -0.0497
1539 -0.0575 -0.0551
1639 -0.0632 -0.0606
1739 -0.0691 -0.0662
1839 -0.0766 -0.0733
1939 -0.0830 -0.0796
2039 -0.0895 -0.0860
2139 -0.0961 -0.0926
2239 -0.1029 -0.0992
2339 -0.1097 -0.1059
2439 -0.1168 -0.1127
2539 -0.1241 -0.1198
2639 -0.1316 -0.1269
2739 -0.1391 -0.1340
2839 -0.1466 -0.1410
2939 -0.1540 -0.1479
3039 -0.1614 -0.1547
3139 -0.1687 -0.1614
3239 -0.1759 -0.1680
3339 <0.1832 -0.1745
3439 -0.1948 -0.1846
3539 -0.2023 -0.1911
3639 -0.2120 -0.2000
3739 -0.2204 -0.2086



REACT.

LOAD

JOINT

—t
gl R R

15 -

LOAD

17 -.
18 -.
19 -
20 -,

LOAD

LOAD

JOINT
1.

AND

COM. 1

F(X)
1.89E+01
1.72E+01
1.65E+01
1.65E+01
1.73E+01
1.89E+01
1.81E+01
1.81E+01
2.65E+06
2.65E+06
2.64E+06
2.64E+06

COM. 2

F(X)
5.26E+04
4.71E+04
9.41E+04
1.89E+05
1.90E+0S
1.85E+05
1.75E+05
8.02E+04
1.16E+H07
1.69E+07
1.69E+07
1.16E+07

COM. 3

F(X)
3.74E+02
3.25E+02
3.07E+02
3.07E+02
3.25E+02
3.74E+02
3.27E+02
3.27E+02
2.77TE+06
2.77TE+06
2.52E+06
2.52E+06

COM. 4

FX)
2.29E+05

APPLIED
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FORCES

FORCES 'F' AND

F(Y)
6.82E-01
6.90E-01
1.04E+00
1.04E+00
6.90E-01
6.82E-01
1.02E+00
1.02E+00

-8.75E+02
-8.75E+02
8.72E+02
8.72E+02

F(Z)
2.16E+04
2.24E+04
2.49E+H04
2.49E+04
2.24E+04
2.16E+04
2.2TE+04
2.27TE+04
3.79E+04
3.79E+04
3.63E+04
3.63E+04

FORCES 'F' AND

F(Y)
6.47E-01
7.25E-01
1.08E+00
9.99E-01
6.54E-01
7.18E-01
1.06E+00
9.83E-01

-5.14E+02
-1.24E+03
1.23E+03
5.11E+02

F(Z)
2.16E+04
2.24E+04
2.43E+04
2.54E+04
2.24E+04
2.16E+04
2.32E+04
2.22E+04
2.11E+04
5.48E+04
5.32E+04
1.94E+04

FORCES 'F' AND

F(Y)
1.20E+01
2.20E+01
2.88E+01
2.88E+01
2.20E+01
1.20E+01
3.82E+00
3.82E+00

-2.41E+03
-2.41E+03
-6.64E+02
-6.64E+02

¥2)
2.07E+04
2.33E+04
2.49E+04
2.49E+04
2.33E+04
2.07E+H04
2.27E+04
2.2TE+H04
5656E+05
5.66E+04
1.77E+04
1770E+05

FORCES 'F' AND

F(Y)
2.13E+01

F(Z)
2.24E+04

MOMENTS 'M'

MX)
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

M(Y)
0.00E+00
0.00E+00
0.00E+00
0.060E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.060E+00

MOMENTS 'M'

M(X)
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

M(Y)
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
-1.16E-12
-2.78E-12

1.30E-12
0.00E+00

MOMENTS 'M'

MEX)
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E-+00
0.00E+00
0.00E+00
0.00E+00

1.44E-12
1.63E-12
0.00E+00
2.80E-12

M(Y)
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

MOMENTS 'M'

MX)
0.00E+00

M(Y)
0.00E+00

M(2)
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

1.99E-02
-1.99E-02
-1.99E-02
1.99E-02

M(Z)
-3.36E-10
-3.36E-10
-3.36E-10
-3.36E-10
-3.36E-10
-3.36E-10
~3.36E-10
~3.36E-10

1.56E-01
1.16E-01
-1.56E-01
-1.16E-01

M(2)
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.81E-01
-3.81E-01
-3.81E-01
3.81E-01

M@)
1.21E-09



LOAD

JOINT
1-

‘.

[y
2Evaunw
)

-
th W
1

17 -.
18 -.
19 -
20 -.

2.34E+05
2.11E+05
2.11E+05
2.34E+05
2.29EH05
1.98E+05
1.98E+05
1.72E+07
1.18E+H07
1.19E+07
1.72E+07

COM. 5

F(X)
2.29E+05
2.34E+05
2.11E+05
2.11E+05
2.34E+05
2.29E+05
1.98E+05
1.98E+05
1.18E+07
1.72E+07
1.72E+07
1.19E+07

2.17E+01
2.91EH01
291E+01
2.17E+01
2.13E+01
2.81E+01
2.81E+01
6.19E+02
6.19E+02
2.37E+H03
2.37E+03
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2.32E+04
2.54E+04
2.54E+04
2.32E+H04
2.24E+04
2.32E+04
2.32E+04
6.07E+04
6.07E+04
5.91E+04
5.91E+04

FORCES 'F' AND

F(Y)
-1.99E+01
-2.03E+01
-2.71E+01
-2.71E+01
-2.03E+01
-1.99E+01
-2.61E+01
-2.61E+01
-2.37E+03
-2.37E+03
-6.23E+02
-6.23E+02

F@)
2.08E+04
2.16E+04
2.43E+04
2.43E+04
2.16E+04
2.08E+04
2.22E+04
2.22E+04
1.52E+04
1.52E+04

1360E+05
1.36E+04

0.00E+00
0.00E+00
0.00E+00
0.00E+H00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

1.37E-12
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.78E-12
2.22E-12
1.99E-12
1.66E-12

MOMENTS 'M'

MX)
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.38E-12
0.00E+00

M(Y)
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
-1.78E-12
-2.22E-12
~1.99E-12
-1.66E-12

1.21E-09
1.21E-09
1.21E-09
1.21E-09
1.21E-09
1.21E-09
1.21E-09
4.59E-01
4.19E-01
4.19E-01
4.59E-01

M@)
-1.21E-09
-1.21E-09
-1.21E-09
-1.21E-09
-1.21E-09
-1.21E-09
-1.21E-09
-1.21E-09
-4.19E-01
-4.59E-01
-4.59E-01
-4.19E-01



171

PROGR. SAP90 FILE:SBF.SOL
ITU STEEL STR.DE. MASTE THESIS AKBAN TOWER BIRIM

JOINT  DISPLACEMENT
LOAD COM3 DIP.'U

JOINT UX) U(Y)
139 0.0000 0.0024
239 0.0000 0.0043
339 0.0000 0.0065
439 0.0000 0.0088
539 0.0000 0.0114
639 0.0000 0.0142
739 0.0000 0.0175
839 0.0000 0.0209
939 0.0000 0.0246
1039 0.0000 0.0283
1139 0.0000 0.0322
1239 0.0000 0.0362
1339 0.0000 0.0405
1439 0.0000 0.0449
1539 0.0000 0.0495
1639 0.0000 0.0540
1739 0.0000 0.0587
1839 0.0000 0.0645
1939 0.0000 0.0696
2039 0.0000 0.0747
2139 0.0000 0.0799
2239 0.0000 0.0851
2339 0.0000 0.0903
2439 0.0000 0.0956
2539 0.0000 0.1010
2639 0.0000 0.1064
2739 0.0000 0.1118
2839 0.0000 0.1171
2939 0.0000 0.1223
3039 0.0000 0.1275
3139 0.0000 0.1325
3239 0.0000 0.1378
3339 0.0000 0.1432
3439 0.0000 0.1513
3539 0.0000 0.156¢€
3639 0.0000 0.163¢
3739 0.0000 0.170¢

LOAD COM4 DIP'U

JOINT Ux) u(y)
139 0.0024 0.001¢
239 0.0041 0.003:
339 0.0059 0.004"
439 0.0078 0.006!
539 0.0097 0.008:



639

739

839

939

1039
1139
1239
1339
1439
1539
1639
1739
1839
1939
2039
2139
2239
2339

2539
2639
2739
2839
2939
3039
3139
3239
3339
3439
3539
3639
3739

0.0118
0.0141
0.0165
0.0190
0.0215
0.0241
0.0268
0.0296
0.0325
0.0355
0.0385
0.0416
0.0455
0.0487
0.0519
0.0552
0.0584
0.0616
0.0648
0.0681
0.0714
0.0746
0.0778
0.0808
0.0838
0.0866
0.0894
0.0921
0.0965
0.0991
0.1026
0.1051

0.0104
0.0128
0.0153
0.0179
0.0206
0.0234
0.0263
0.0293
0.0325
0.0358
0.0390
0.0424
0.0467
0.0504
0.0541
0.0580
0.0619
0.0658
0.0697
0.0738
0.0779
0.0820
0.0861
0.0902
0.0942
0.0981
0.1023
0.1065
0.1129
0.1171
0.1230
0.1289
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ROGR

JOINT
LOAD

JOINT
139
239
339
439
539
639
739
839
939
1039
1139
1239
1339
1439
1539
1639
1739
1839
1939
2039
2139
2239
2339
2439
2539
2639
2739
2839
2939
3039
3139
3239
3339
3439
3539
3639
3739

LOAD

JOINT
139
239
339

SAP90

DISPLACE

COoOM.3

UX)
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.6000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

COM.4

UX)
0.0004
0.0011
0.0021

DIS.'U’

Uy
0.0008
0.0022
0.0040
0.0062
0.0087
0.0115
0.0146
0.0180
0.0216
0.0254
0.0294
0.0336
0.0379
0.0423
0.0469
0.0515
0.0563
0.0622
0.0673
0.0724
0.0777
0.0830
0.0883
0.0937
0.0990
0.1044
0.1097
0.1151
0.1204
0.1258
0.1311
0.1366
0.1420
0.1507
0.1562
0.1635
0.1699

DIS.'U’

Uy
0.0008
0.0021
0.0039

SS.SOL
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439
539
639
739
839
939
1039
1139
1239
1339
1439
1539
1639
1739
1839
1939
2039
2139
2239
2339
2439
2539
2639
2739
2839
2939
3039
3139
3239
3339

3539
3639
3739

0.0033
0.0048
0.0065
0.0085
0.0107
0.0131
0.0158
0.0187
0.0218
0.0250
0.0285
0.0320
0.0357
0.0396
0.0445
0.0486
0.0529
0.0574
0.0619
0.0665
0.0712
0.0760
0.0809
0.0858
0.0908
0.0958
0.1009
0.1060
0.1112
0.1164
0.1249
0.1304
0.1379
0.1445

0.0060
0.0083
0.0109
0.0137
0.0168
0.0201
0.0236
0.0272
0.0309
0.0348
0.0388
0.0429
0.0471
0.0514
0.0568
0.0614
0.0661
0.0710
0.0759
0.0808
0.0858
0.0908
0.0958
0.1009
0.1059
0.1110
0.1160
0.1212
0.1263
0.1315
0.1398
0.1451
0.1522
0.1584
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PROGRAM:SAP90/FILE:SB.EIG
ITU STEEL STR.DEP.MASTER THESIS AKBANK TOWER
" BRACED SYS." UNITS (kN;M)

EIGEN SYSTEM PARAMETERS

NUMBER OF EQUATIONS = 5073
NUMBER OF MASSES = 74
NUMBER OF VALUES TO BE EVALUATED = 6
SIZE OF SUBSPACE = 3

EIGENVALUES AND FREQUENCIES

MODE EIGENVALUE CIRCULARFREQ FREQUENCY PERIOD
NUMBER (RAD/SEC)**2 (RAD/SEC) (CYCLES/SEC) (SEC)

1 139703E+01  .118196E+01 188115 5.315906
2 .144900E+01 .120374E+01 .191582 5.219708
3 .166942E+02  .408586E+01 650285 1.537788
4 .184463E+H02  .429492E+01 .683558 1.462934
5 .613112E+02  .783015E+01 1.246206 .802435
6 .701836E+02 .837756E+01 1.333331 750002

BASE FORCE REACTION FACTORS

MODE PERIOD X Y Z X Y Z
# (sec) DIR DIR DIR MOMENT MOME MOME
1 5316 -.180E-02  .146E+03 .000E+00 -.133E+05 -671E-01 .395E+03
2 5.220 - 147E+03  .238E-02 .000E+00 -319E-01 -.133E+05 .227E+04
3 1.538 -.881E+02 -216E-01 .000E+00 .288E+01 -.197E+04 460E+03
4 1.463 375E-01  861E+02 .000E+00 -207E+04 487E+01 -325E+03
5 802 A88E+02  .988E-02 .000E+00 .308E+00 .S74E+03 -.920E+03
6 .750 -960E-01 .486E+02 .000EH00 -663E+03 .265E+01 .256E+03

PARTICIPATING MASS - ((percent)

MODE X-DIR Y-DIR Z-DIR X-SUM Y-SUM Z-SUM
000 61.871 00.000 000 61.871 00.000
62.736 000 00.000 62.736 61.871 00.000
22.527 000 00.000 85.263 61.871 00.000
000 21520 00.000 85263 83.392 00.000
6.923 000 00.000 92.187 83.392 00.000
.000 6.862 00.000 92.187 90254 00.000

N bW N =



PROGRAM:SAP90/FILE:SBF.EIG
ITU STEEL STR.DEP.MASTER THESIS SABANCI TOWER
" BRACED FRAME SYS." UNITS (kN;M)

176

EIGEN SYSTEM PARAMETERS

NUMBER OF EQUATIONS

NUMBER OF MASSES

NUMBER OF VALUES TO BE EVALUATED

SIZE OF SUBSPACE

5073
74
6

3

gouwono

EIGENVALUES AND FREQUENCIES

MODE EIGENVALUE CIRCULARFREQ FREQUENCY
(CYCLES/SEC)

NUMBER (RAD/SEC)**2

(RAD/SEC)

N WD

.224096E+01
.228108E+01
.215902E+02
.228741E+02
.710637E+02
.779860E+02

.149698E+01
.151033E+01
A464652E+01
478269E+01
.842993E+01
.883097E+01

.238253
.240376
739517
.761189
1.341665
1.405492

BASE FORCE REACTION FACTORS

z
DIR

.000E+00
.000E+00

000E+00

.000E+00

MODE PERIOD X Y
# (sec) DIR DIR
1 4197 -103E-02 .151E+03 .000E+00
2 4160 -153E+03 .438E-02
3 1.352 -.802E+02 -.173E-01
4 1314 .211E-01 .797E+02 .
5 745 457E+02 .658E-01
6 711 906E-01 .462E+02 .

000E+00

PARTICIPATING MASS - (percent)

MODE X-DIR Y-DIR Z-DIR

1 .000 66.048 00.000
2 68.043 .000  00.000
3 18.656 .000  00.000
4 .000 18416 00.000
5 6.070 000  00.000
6 .000 6204 00.000

X

MOMENT MOME
-.134E+05 .408E-01

Y

PERIOD
(SEC)
4.197227
4.160152
1.352233
1.313734
745342
711495

z
MOME
376E+03

-.122E+00 -.134E+05 .230E+04
369E+01 -.101E+H04 .355E+03
A80E+01 -.338E+03
S583E+03 -.921E+03

-.132E+04
.390E+01
-.615E+03

X-SUM Y-SUM

.000
68.043
86.698
86.698
92.768
92.768

66.048
66.048
66.048
84.464
84.464
90.667

.723E+01

Z-SUM
00.000
00.000
00.000
00.000
00.000
00.000

.265E+03



PROGRAM:SAPI0/FILE:SS.EIG

ITU STEEL STR.DEP.MASTER THESIS SABANCI TOWER " C SHELL

CORE" UNITS(kN,M)

177

EIGEN SYSTEM PARAMETERS

NUMBER OF EQUATIONS = 5065
NUMBER OF MASSES = 74
NUMBER OF VALUES TO BE EVALUATED = 10

SIZE OF SUBSPACE

EIGENVALUES AND FREQUENCIES

3

MODE EIGENVALUE CIRCULARFREQ FREQUENCY PERIOD

NUMBER (RAD/SEC)**2 (RAD/SEC) (CYCLES/SEC) (SEO)
1 .192275E+01  .138663E+01 .220689 4.531259
2 .210334E+01  .145029E+01 230821 4.332367
3 257730E+02  .507671E+01 .807984 1.237648
4 526475E+02  .725586E+01 1.154806 .865946
5 J986956E+02  .993457E+01 1.581136 632457
6 .232581E+03  .152506E+02 2.427209 411996
7 294469E+03  .171601E+02 2.731115 .366151
8 461913E+03  .214922E+02 3.420582 292348
9 .832555E+03  .288540E-+02 4.592261 217758
10 854285E+03  .292282E+02 4.651805 214970
BASE FORCE REACTION FACTORS
MODE PERIOD X Y VA X Y Z
#  (sec) DIR DIR DIR MOMENT MOME MOME
1 4.531 -664E-03 .157E+03 .000E+00 -.141E+05 -.183E-01 .404E+03
2 4332  |151E+03 -325E-03 .000E+00 .632E-02 .140E+05 -237E+04
3 1.238  -772E-02 -859E+02 .000E+H00 .174E+04 -449E+00 .352E+03
4 866  -888E+02 -216E-01 .000E+00 .270E+01 -251E+04 .425E+03
5 632 -.637E-01 -467E+02 .000E+00 .707E+03 -.293E+01 -285E+03
6 412 962E-01 -360E+02 .000E+00 .330E+03 .254E+01 .138E+03
7 366  5S8E+02 .695E-02 .000E+00 .363E+00 .946E+03 -.945E+03
8 292 814E-01 .286E+02 .000E+00 -228E+03 .188E+01 .168E+02
9 218 -254E-01 -229E+02 .000E+00 .146E+03 -.661E+00 -783E+02
10 215 -405E+02 .105E+00 .C00E+00 -.653E+00 -.465E+03  .367E+03

PARTICIPATING MASS - (percent)

MODE X-DIR Y-DIR Z-DIR X-SUM Y-SUM Z-SUM
1 000 63.379 00.000 .000 63.379  00.000
2 58.850 .000 00.000 58.850 63.379  00.000
3 000 19.053 00.000 58850 82.432  00.000
4 20.367 .000 00.000 79.217 82.432  00.000
5 000 5636 00.000 79.217 88.068 00.000
6 000  3.347 00.000 79217 91.415 00.000
7 8.041 000 00000  87.258 91.415  00.000
8 000  2.115 00000  87.258 93.529  00.000
9 000 1.355 00.000 87.258 94.885  00.000
10 4.242 .000 00.000 91.500 94.885  00.000
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An example of an overall balance

We are obliged to the Technical
Office for the Use of Steel (OTUA),
for the following Information which
relates to a “steel/concrete” price
comparison made by the Canadian
Institute of Steej Construction and
the Canadian Steel Industries Con-
struction Council In Toronto.

The bullding under survey was a
26-storeyed office block having a
total floor area of 324,000 sq.ft, i.e.,
30,200 m2, Its dimensions were as
follows:—

- Length, 120 ft == 36 m;
~ Width, 100 ft = 30 m;
- Helght, 347 ft = 114 m.

The comparison relates to the
following  constructional solu-
tions:—

- Reinforced concrete;
-~ Steelwork.

All the prices submitted are in
Canadian Dollars and have been
rounded off in thousands of dollars,
Data: November, 1973.

Analysis of the components
of the total price

1. Cost of the framework
{structure and foundations)

It wiil be noted that, aithough
7.7 % more expensive at the begin-
ning it only the framework is con-
sidered, steel proves cheaper by
1.42 %, in terms of a total balance
for “structure and foundations” -+
finishing.

2. Cost price of the building

This is the remainder of the build-
ing, once the framework Is assem-
bled. This section applies to both
concrete and steel.

3. Indirect expenses on site
for the entire building

In a steel structure the cost of
fitting and hoisting equipment is
included in the assembly price,
whareas with concrete construc-
tion this cost Is usually added on.

Indirect expenses on site are
1.5 % lower in steel construction
than in reinforced concrete. They
represent 8.5 % of the total direct
cost in the case of reinforced con-
crete and 7 % in the case of steel.

4. General expenses and profits
of the enterprise

These are identical for reinforc-
ed concrete and steel and repre-

sent 3 % of the direct and indirect
costs.

5. Amount of short-term interest

It is estimated that hailf of the
cost of construction (C) will be
invested during building and that
the cost of the land (T) will be
Invested throughout the entire life
of the building.

The rate of interest is 9.5 %.

Interest to be paid is:—

T C 95 17 rncf':{h‘_s

+3) * 150 * 12mo “hs

in the case of reinforce:! concrete;
4 9.5 15 montns

(” f) * 700 * TZmonths

in the case of steel frar..owork.

6. Saving due to reduc: !

_building time

50 % of the habitabi~ area is let
2 months erlier at a prica of 1.5 dok
lars per sq.ft.

Table 1. Cost of framework (structure and foundations).

Ditterence
Reinforced Staeiframe between Ratio
Concrete Concrote/
Solution Concrelo/
cSolution | Gan.Dollars | Stasi Stael
an. Dollars Can. Dolt: -«
Flooring and walls. . . . . . 1,403,000 | 1,511,000 + 108,01 + 77
Fireproofing (2 hours) . . . . — - 96,000 + 860771 +100
Underfloor pi; S e e e . 181000} . — - 181,007 | ~ 100
Finishing of posts . . . . . . 27,000 4,000 - 230V | ~ 85
Flooring for ground floor 131,000 131,000 —_ —
Foundations . . . . . . . . 154,000 127,000 - 270 Y} — 175
Total structure . . . . . . . 1.896,000 1,869,000 - 270 ] - 142
Table 2. Duration of works.
Reinlorced Steel .
Concrete Framework itforence
Erection of structure . ., . . 5 months 3 months 2ri.rths = 40 %
Complete building . . . . . 17 montns 15 months 2maths=118 %

Table 3. Overall Balance.

itferance
Reinforced Concrete § Steel Construction ‘ainforced
C :crote/Steel
" Stools orand
o eg Stee and
cgz;l::n Concrete/ cg;z:;:n Concrete {Ditfe--nce |reinforced
Stao! (Re- Conerete/ .
inforced) Concrets |
" 1. Cost of framework
{structure and foun- N
dations) . . . .} 1.897.000 18.5 ]1.870.000 | 18.2 2/.700 148
2, Direct cost of ¢ N
struction . . . .| 6.480.000 63.3 1€.480000 | 633 - -
3. Indirect expenditure .
onsite. . . . . 712,000 6.95 | 584.000 57 12 00 18
4. General expendi-
ture and profits of
enterprise .o 273.000 2.66 | 268.000 161 0o 1.83
S. Amount of short.
term interest . . . 850.000 8.3 741.000 7.23 1. .00 128 -
6. Saving due to re- N
duced building time 29,000 0.28 - — b 100 ~
T:tal Cost . . 110,341,000 100 3.943.000 | 97 2. 6 29
R. M.

acler-gtahl-steel
372 9/1974
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Tablo Al. Rétre ve Siinme hesabinda kullamilacak tablo

ao | F1 F2 FI figw .| F? F2 F3 flag, | P F2 F3
.02 L0198 | 1.0100 .5016 1.02 8396 | 1,738 L3635 2,02 8673 | 3.2367 6378
.04 L0392 | 1.0202 5033 1.04 L6465 | 1.7388 .5851 2.04 L8699 | 3.2197 8592
.06 L0382 | 1.0306 L5049 1,04 8535 | 1.7793 5867 2,06 8725 | 3.3232 6606
.08 L0768 | 1.0410 5066 1.08 6604 | 1,8008 .3882 2.08 .07%0 | 3.2678 6619
.1 L0981 | 1.,0517 .3083 L 8671 | 1.8219 3898 2.10 8778 | 34124 6633
a2 L1130 | 1.0624 .5099 1.12 6737 | 1.8436 L5914 1.12 8799 | 3.43m0 6647
14 21306 | 1,073 L3116 1.1 L8801 | 1.8653 5930 2.14 8823 | 35064 6660
.16 L1478 | 1.0848 L5133 1,16 5865 | 1.8878 5943 2.16 L8886 | 3.3514 +6673
.18 L1067 | 1.0936 L3149 1.8 5927 | 1.9104 5961 2.18 8869 | 3.3992 6687
.20 (1812 | 1.1070 5166 j.20 6988 | 1.933¢ .3976 2.20 .8n91 | 1672 .6700
.21 L1976 | 11183 .3183 1.22 L7047 | 1.9%67 .3992 .22 8913 3.6969 4113
.2 L2333 | 11302 L3199 .24 L7106 | 1.9803 L6007 2.28 8918 | 32670 6727
.26 e boalisan 3216 1.26 L7183 | 2.004) .502) 2.26 L2936 | 3,798 6740
.26 L2682 4 1,130 5233 .28 .7219 | 2.0286 .&n38 2,28 L8977 | 3,894 6731
.30 L1595 | 1,186 L3269 1.%0 g | 2,080) L6053 2,30 L8997 | 39018 (8766
.32 L2738 1 ot,17ms L5266 1.32 L7328 | 2.078) L4069 .32 KLTERN % TXY 6779
Jda LB 1.1910 5282 1.3 L7381 | 2.109? 5084 2.34 036 | 4.00% €792
W3 . .3623 | 1.2036 5299 1,36 L1613 | 2.529% .6099 .36 908y | 4.n6%0 L6808
.18 + 3161 1.2165 508 1.38 IRLY TN 2.155%7 L6115 1.34 L9074 4.3197 4818
o0 L3296 ] 1,229% S5In 1.40 L15% | 2.1822 L6130 2,40 9092 | a.1763 .6831
42 L3629 ) 1,282 3368 1,42 L1582 | 2,2002 L6145 2.82 9110 | a2 6843
N L3559 L2361 5365 108 L1630 | 2.238% 6160 2,48 9128 | a.2922 6836
.48 .187 | 1.2087 .3381 1.4 L7677 | 2.266) L8173 2.8 L9143 | 4.331% 6889
o8 812 o8 5398 1.48 1123 | 2.2928 ,6190 2.48 9162 | 44118 L6881
.50 Y% 11,2974 RS 1.%0 168 | 2.3211 .6208 2,50 L9179 | 4.4729 | .6894
.52 L4086 | 1,311 5431 1.52 L7812 | 2,3501 L6220 2,52 L9195 | 4.3351 6908
.56 L6172 113250 5447 1.34 .78%6 | 2,379 L6233 2.5 ol | oa.ses 8919
.56 (4287 | 1,404 3466 1.54 .7898 | 2,409% .8250 2,56 29226 | 4.6624 6931
.53 L6201 | 1.3552 3480 1.38 L7940 | 2,4398 L6264 2.58 9242 | 4.727% 6943
.60 asil | o130 5497 1.60 L7981 | 2.4706 .6279 .60 9231 | 20w 6936
.62 L6620 | 1.38%) L3313 1.62 .802 2,5059 L6294 2,62 8271 | 4.8609 6968
.84 L6127 | 1.4007 L3529 1.64 .8060 | 2,533 6309 2,84 9286 | 4.9292 6980
.86 L5831 | 1.4183 L3548 1.66 .8098 | 2.5638 6321 2,68 .9300 | 4,998 6992
.58 L4933 | 1.on 3562 1.68 8136 | 2,598 .6338 .68 L9314 | 5.0699 L7004
.70 L5036 | 1,4482 5578 1.70 L8173 | 2,6317 5382 2.10 .9327 | s.1406 7016
.72 L8132 | 1.a6eb L5394 1.72 .8209 | 2.6854 6367 .12 a3l s.213) .1028
2 .5228 | 1.480% 561 1.6 8266 | 2.6996 5381 2.7 .9358 | s.28n2 . 7040
.18 L5323 | 1.4977 L3821 1.76 .8279 | 2,733 639 2,76 9187 | s.3822 L1082
2 LS41S | 1,514 5663 1.78 L8313 | 2.769% 6410 2,8 9319 | S.edme L7064
.80 3306 | 1.5019 5659 .80 837 | 2.808) 6426 .80 9301 | s5.5159 1078
.82 L5598 | 21,3493 L3678 1.82 8379 | 2,846 16433 2.82 29603 | 5,398 L1087
.84 .5682 | 1.360 L5691 1.84 8411 | 2.878% 6433 2.8 L9418 | s.6743 7099
.86 L5768 | 1.5850 3707 1.86 L8683 | 2,919 6467 2.86 29427 | $.7557 L7110
.88 L5852 | 1.6012 5724 1.88 L8474 | 2,9539 8481 2,88 L9038 | s.83M2 1122
.90 L5934 | 1.6217 L5740 L.90 8306 | 2,993 6495 2.90 L9449 | S92 M
.92 L8014 | 1.640% ,$756 1.92 .8533 | 3.0n7 6309 2.92 9460 | s.00m2 L7143
.96 6093 | 1.6593 5172 1.9¢ 8362 | 3.071% .6523 2.94 .9471 | 6.0938 L7156
KT 6171 | 1.6788 L5187 1.9 L8591 | 3.1119 .6337 2.96 L9481 | 6.1817 L716R
.98 5248 | 1.6984 .5203 1.98 8619 | 3.1529 L6351 2.98 9492 | 6.2710 179
i.00 8321 | 1182 L5819 2,00 L8666 | 3.196% L6363 3.00 9502 | 6.3618 L7190
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