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celik artik yukseklerde!

Cok uzun yillardir sanayi yapilarinda glvenle kullanilan, daha sonra kopriler ve st gecitlerde
ideal malzeme oldugu kesfedilen, ardindan aligveris merkezi, terminal, hastane, okul gibi genis
aciklikli kamusal yapilarda yaygin olarak tercih edilen ¢elik tasiyici sistemler, artik Tarkiye nin
en ylksek binalarinda... Celigin avantajlarini betonarmeyle birlegtiren kompozit yapi teknikleri
Tlrkiye'nin ylksek yapilarinda her gin daha fazla tercih ediliyor ve kullaniliyor. Yilda 1 milyon
tonun Ozerine gelik profil kullanan ingaat sektérimdzd, genis Avrupa kesit Urdn yelpazemiz,
lojistik olanaklanmiz ve know-how'imizla sonuna kadar desteklemekten blylk mutiuluk duyuyoruz.

ArcelorMittal Turkey A
Long Carbon Steel Europe

Tel: 0212 317 49 80 Fax: 0212 317 49 81 :
www.arcelormittal.com ArcelorMitial
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CELIK YAPILAR HAFTASI 2010 ISTANBUL’A DOGRU

Heyecammiz arnik doruklara dogru tirmaniyor. Celik Yapilar Haftas: 2010
Istanbul hazirhiklar bu kavurucu sicaklara ragmen devam edivor. Bagra Tiirk
Yamsal Celik Dernegi Yinetim Kurulu Bagkant Prof. Dr. Nesrin Yardimer
olmak dizere tiim Dernek Yinetimi, biitiin profesyonel ekip, digaridan destek
aldifirmiz kuruluglar, hepimiz bir koldan en ufak ayrintilary bile ditgiinerek
Evliil'e hazirlaniyoruz. 20-24 Eylil Thrkive'nin Yapisal Celik Sektdri’ niin
kendini ortaya kovacag: ginler olacak. Etkinlik programim dergimizin
sayfalarinda ayrinnih olarak bulacaksiniz zaten ama gimdiden ajandaniza not
etmeniz icin bir kez daha hatirlatalim istedik.

Diger yandan sektdr firmalarimin gerceklegtirdigi vanrimlar dergimizin
sayfalarindan ragiyor ve bagarlardan dzel ek dergiler haznirliyoruz. Gegen
sayimizda killlerinden yeniden dogan KARDEMIR’ deki gelismeleri aktarchgimiz
KARDEMIR Ozel Sayisi ile karsimiza gukmugnik, gimdi de iilkenin dogusundan
gelen gy sizlere yansitmak istedik ve TOSYALI HOLDING Ozel Sayisi
hazirladik.,

Bu dergi sayimizin bir difer dzellii de arada bir vayinladifimiz, sekiirde
boglugu hissedilen Teknik Makalelere kapsamly bir gekilde yer ayirmanuz.
Celik Yapilar Hafras: 2010 Istanbul iginde gergeklestirilecek “Celik Yamilar:
Kiiltiir ve Sirdiirilebilirlik” konuly Uluslararasi Sempozyuma verli ve yabanct
cok savida bildiri kanldi. Almanya’da 3 ayda bir vayimlanan “Steel Construction
— Design and Research” Dergisi, Uluslararasi Sempozyumuyla ilgili bir dzel
sayr yayimlamaya karar verdi. Uluslararas: tammirligi olan derginin Eyliil
sayisinda, sempozyumun en iyi sekiz sunumuna yer verilecek. Derginin bu
savisinin Editdrler Kurulu; Prof, Dr. Nesrin YARDIMCI, Prof. Dr. Luis da
SILVA, Prof. Dr. Milan VELIKOVIC, Prof. Dr. Harun BATIRBAYGIL, Prof.
Dr. Cavidan YORGUN dan olugtu ve kurul sempozyuma gelen bildirilerden
& adet makaleyi titizlikle secip dergive gdnderdi, Biz de Jiirimizden iki adet
Bildiriyi de Celik Yapilar Dergisi’ nde yayinlamak lizere segmelerini rica ettik
ve dergimizin sayfa sayisini artirmay gize alarak bu iki zel makaleyi sizlere
noktasing bile dokunmadan tamarmivla sunduk,

Doyurucu bir icerikle hazirladiginuz dergimize sektériimiiziin merakhlarinin
kavitsiz kalmavacaf diginiivoruz. Yeni saylarimizda bulusmak fizere. ..

Saygilarimizla

ICINDEKILER

Editdrden

Haberler

Celik Yapilar Haftas: 2010 Istanbul
Hasan Caliglar Raportaj

Sudan Al Halfaia Kopriisii

Teknik Makale 1

Tekmk Makale 2

Ingilizce Ozet



HABERLER

* Prof. Dr. Nesrin YARDIMCI yeniden TUCSA Yénetim Kurulu
TUCSA GENEL KURULU Bagkanhgi'na secildi... )
BU YIL TAKSIM’DE YAPILDI ¥ Dermnek Yonetimine Yem Isimler Katlda....
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* Dernek Bagkam YARDIMCI 2009 ve 2010 Dénemi Faaliyetlerini
aktardl, TUCSA'min 2011 Program’'m agikladh.

* Genel Kurul Kanlimeilan TUCSA Bagkam Y ARDIMCI 'nin ECCS
Baskanhgi'm kutladi.

* Dermnek ve YACEM 2009 Finansal Raporlan degerlendinldi, 2010

TUCSA BASKANI PROF. DR.
YARDIMCI:

“BIZ DEGISTIK, LOGOMUZ
DA DEGISTI”

1992 wvilinda Dernegin ilk
kurulugunda olugturulan Tiirk Y apisal
Celik Demnegi Logosu, zaman icinde
dogan ihtiyag¢larla yenilendi.
Profesyonel tasarim ekiplerine
yaptirilan ¢ahismalan degerlendiren
TUCSA Yonetimi, ortaya konan
tasanmlar igmnden demegin kurumsal
kimlifini yansitan tasarim secerek,
yeni logoyu belirledi. Tiirk Yapisal
Celik Demegi yeni logosu kullamma
alindi. Tiirk Yapisal Celik Demegi
Yonetim Kurulu Bagkani Prof. Dr.
Nesrin YARDIMCI bu de@isimi “Biz
degigtik, Logomuz da defisti”
sizleriyle dzetliyor.
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ve 2011 Raporlan onaylandi...

* Dernek Uyelik Aidatlari ve Katks Pay1 Odemeleri'ni yeniden belirleyen
Biitge Uygulama Y nergesi kabul edildi.

* 20-23 Eyliil 2010 tarihlerinde gerceklestirilecek S5CS2010
Uluslararas: Sempozyum hazirliklan iliyelerle paylasilda.
Tiirk Yamsal Celik Dernefi'nin Olagan Genel Kurul Toplantisi, 24
Haziran 2010 Persembe giinii saat 14.00-18.00"da, Taksim The Marmara
Oteli Opera Salonu’nda gergeklestirildi. Oylanyla Dernegin yeni
yonetimini belirleyen TUCSA Uyeleri, Bu yil ECCS Basgkam da olan
ve 10 yildir TUCSA 'min Yonetim Kurulu Bagkanh 'ni listlenen Prof.
Dr. Nesrin YARDIMCI y1 yeniden Baskan sectiler. 9 kigilik Demek
Ytmetimine gelen diger isimler Yasar MARULY ALL Selguk OZDIL,
Yener GUR’ES, Prof. Dr. Cavidan YORGUN, Melih $IMSEK, Danig
EKIM, Mustafa DORALP ve Selguk IZ olarak belirlendi.

® &
500 Biiyiik Sanayi Kurulusu Siralamasinda G A RA N TI L I

TUCSA Uyeleri De Var

L2 L1 e
Istanbul Sanayi Odasi — ISO tarafindan hazirlanan Tiirkiyenin 500 Biiyiik Sanayi Kurulusu
siralamasinda bu vil yine cok sayida TUCSA Uyesi yer aldi. ISO tarafindan 2009 yih
verilerine gire dilzenlenen siralamada yer alan TUCSA kureluglan ve siralamadaki yeri:

7  Eregli Demir ve Celik Fabrikalan T.A.S.
23 Kroman Celik Sanayii A.S.

28 Borgelik Celik Sanayii Ticaret A.S.

45 Tmrgglik Emﬁ] ve Say:.l Endiistrisi i.& BOYA LA R
46 KARDEMIR Karabiik Demir Celik San. ve Tic. A.S.
48 Borusan Mannesmann Boru Sanayi ve Ticaret A.S5.
151 Tosyah Demir Celik San. A.S.

274 CIMTAS Celik Imalat Montaj ve Tesisat A.$

Tiirkiye 'deki sanayicilenin yakindan takip ettikleri bu ¢ahsma iginde yer alan TUCSA
Uyesi kuruluglanmiz kutluyor ve basanlanmin 2010°da da katlanarak devam etmesini
dilivoruz.

VAKKQ MODA MERKEZI
ELIK OLDU

stanbul'un Anadolu yakasinda
Nakkastepe'deki hizmete agilan
Vakke Moda Merkezi, Amerikal
Mimar Joshua Prince-Ramus
bagkanlifinda New York'lu Rex
firmasinin tasarimi. 1.300
metrekarelik seffaf ofis alamna sahip
olan binada toplam 200 kisinin
galisabilecegl 56 oda bulunuyor.
Yapinun igerisinde kullamilan gelik

‘_‘ miktan 400 ton.
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Eylul® Taksim The Marmara Ofell

20* Balo Salonu
10:

AVRUPA’NIN 2010 KULTUR BASKENTI iSTANBUL'DA
DUNYANIN CELIKGILERI
“KULTUR VE SURDURLEBILIRLIK” iCIN TOPLANIYOR

Uzun ve hummah galisma temposu ile gecen bir siireg
sonunda, 20-24 Eyliil 2010 tarihleri arasinda Taksim
The Marmara Oteli'nde gergeklestirilecek “Celik Yapilar
Haftas: 2010 Istanbul™ Sergi — Sempozyum - ECCS
Kopri Yanigmas: - Yapisal Celik Giinii - ECCS znln

Toplantilan ¢ahigmalannin sonuna dofru hizla ilerliyoruz. s l|l E [ l s '[ “ " E'I' ll H E s w [ [ K
Iste adim adim galigmalanmzdan notlar:

* Etkinlik Program: www.sscs2010 sitesinde yaymnlandi.
Siirekli olarak yeni haber ve duyurularla giincellenen
siteden gelismeler takip edilebiliyor.

ISTANBUL Pro gram

09.00 09.55 KAYIT
* 20 Eylill 2010 akgaminda, Mimarlar Odas: istanbul

foel e g £ g s 09.55 10.25 Acilis Kanusmasi h -
si"nin ‘ nde Ttalyanlarm Unli Mim
i“l:ﬂ*:an dll_f;’“é‘z;g?ﬁ“hr;:ﬂf qph;“"‘ﬂkmfﬂ | Prof. Dr. Nesrin YARDIMCI, TUCSA Yénetim Kuruly Baskan :

gerceklestirilecek, Dilnya mimarlarinin yakindan takip

e e AR LR T g 10,25 10.35 Giris Konusmasi
%ﬁuﬁfbﬁﬁn ntlﬂcgqg:i mﬁﬁ ;&Zﬁ;ﬁ%ﬁfﬂ:ﬂ | . ; Bertrand Lemonie, Avrupa Yapisal Celik Birligi Tantim Kerulu Baskani
Sempozyumda yapacagi sunumla da Tirkiye'deki | - 10.35 11.00 Ekonomik Celik Konut Projelari
meslektaglanyla bulugacak. Zoppini sergisi mekanda 15 - | | ; Giorgia C;AE'DLI, ArcelorMittal Proje Midiiri
giin boyunca agik kalacak. '
; : i i 1.00 11.10 Sonuc Kenusmasi
* Celik Yapilar Haftasi 2010 Istanbulun diEET konuk ] i Luis Da Sil\fﬁ., Avrupa Yapisal Celik Birligi Teknik Kurul Bagkan:
konusmacisi “Yangin Miihendisligi, Mimarhk ve -
Siirdiiriilebilirlik™ konulu sunumuyla Tiirkiyve'de olacak . it 11.10° 11.40 Ara
Prof. Dr. Jean Baptiste Schieich. _ .
- 1130 12.00 CIDECT- Uluslaroras: Boru Kutu Prafil 'r"ﬂpi.fun Gelistirme Komitesi
* “Celik Yapilar: Kiiltiir ve Siirdiiriilebilirlik™ konulu Ale ss a " n H u - Juergen Krampen, CIDECT Tantim Komitesi Baskani
Uluslararas: Sempozyum bildirileri Bilim Kurulu
tarafindan degerlendirildi. 21-23 Eyliil 2010 tarihlerinde . 12,00 12.20 Celik Yapr Sektoriiniin TEr'n!r_r'yE :d'Elrr' Gelisimi Elﬂﬂﬂ-.?ﬂl ]
gET;EHEEE.CE!k Sempnz‘_l.n.unda, ]:rﬂralel oturumlarla, ].-'E.ﬂ.i i Selculk OZDIL, TUCSA Yonetim Kurulu Lhyesi
ve yabanci 70'in idzerinde bildiri sunulacak. . N - a0 vk
* Sempozyum Bildirileri Kitaba baskiya hazirlaniyor, 10 : 13300 13.50 Iic Metrosu Gegis Koprasi

Alper UZMAN - Teknik Miidiir- Astaldi Giilermak

| 13.50 14.10 KARDEMIR Yeni Celikhane ve Dékim Tesisleri
| ] Serdar. YAVUZ - Proje Bolimo — KARDEMIR

béliimden olugan ve 22 farkh iilkeden 73 bildiriyi iceren
kitap 750 sayfalik titiz bir ¢alismamin firiing.

* Kanlhimeilar Sempozyum sitesi izerinden kayitlarnn
yaptirirken, otellerde de rezervasyonlar basladi. Bu dev
organizasyona ev sahiplifi yapacak Taksim The Marmara 14.10 14.30 ANKAVILLE

Oteli, tiim hazirhklanm tamamliyor. \ 5 Melih SIMSEK SAKSAN Genel Miidir

* Almanya'da 3 ayda bir yayimlanan WS ENART 14.30 14.50 Al Halfaia Képriisi
SIEEI- STRU(THRES “Steel Construction — Design and Omer GUZEL - Yapi Merkezi
Research™ dergisi; 21-23 Eylil 2010 Organised by: |
tarihlerinde Istanbul’da yapilacak olan Turkish Constructional Steelwork Assodiation S0 15.15 g
“Steel Structures: Culture &
Sustainability 2010" Uluslararas: Dae: ISeiS) 18.00 FﬂRUM % : A
fUlTUHE & Sempozyumuyla ilgili bir tzel say 20 September - 2 October 2010 “Turkiye ve Kemsu Ulkelerde Celik Yapilar lcin Firsafar®

SUSTﬁluﬁn"‘lTT Fa}l“mma}ra karar verdi. Uluslararas: Moderatgr; Prof: Dr. Gﬂl“‘f ALTAY - Bogazici Universitesi
tammirhi olan derginin Eyliil sayisinda, Locafion

sempozyumun en iyi sekiz sunumuna Chamber of Architects-Karakiy, Istanbul

yver verilecek. Steel Construction
dergisinin bu say1simn Editérler Korulu; Prof. Dr. Nesrin www_sses2010.org 4 &b TRISH CONSTRUCTIONAL
Y ARDIMCTI, Prof, Dr. Luis da SILVA, Prof. Dr. Milan e ettt
VELIKOVIC, Prof, Dr. Harun BATIRBAYGIL, Prof.

18.088 20.00 Koktey!

www.sscs2010.org EEI.IK YAI’".AH “AFTASI 20'0 ‘@’ TURK YAPISAL

www, f LOr ; : )
. UCsd. Org 20 - 3 VLl ISTANBUL CELIK DERNEGI

V
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Dr. Cavidan YORGUN"dan olustu ve kurul sempozyuma gelen bildirilerden 8 adet
makaleyi titizlikle secip dergiye ginderdi.

* 21 Eyliil 2010 aksaminda sempozyum kanhimcilanyla egsiz istanbul Bogazi'na
agilacak Keyif Teknesi tiim hazirhiklarim tamamladi, geriye havalanin bir azizlik
yapmamas! igin dua etmek kalds.

* ECCS Celhik Koprii Yansmas: sonuglandi. Yansma Jiinsi degerlendirmesi sonucu
li¢ ayn kategoride verilen ddillleri Almanya, italya ve Romanya ekiplerinin projeleri
aldi. Odiiller 22 Eyliil’de Istanbul’da venlecek.

* Ortakdy sahilinin bilyiilil mekam Esma Sultan Yalisi, 22 Eyliil 2010 aksaminda
kapilanm Yamsal Celik Scktoriiniin yerli ve yabanc: temsileilerine agiyor. Siiprizlerle
dolu bir geceye hazirlanan tarihi yal, artik konuklarimi bekliyor.

® 23 Eyliil 2010 giinii gerceklesecek 11. Yamsal Celik Giinii program netlesti. Yamsal
Celik Sekitriinde Tiirkiye'de faaliyet gisteren kuruluglar tarafindan gergeklestirilmisg
girkemli celik yap projelerinin detaylanmin katithmeilarla paylagilacag 11. Yapisal
Celik Giinil, sektdriin panoramasinin giindeme taginacag: “Tiirkiye ve Komgu Ulkelerde
Celik Yapilar Igin Firsatlar™ konulu Forum ile taglandinlacak. Kapamginda diizenlenecek
kokteyl siiresince etkisini koruyacak degerli bilgilerin paylasilacag 11. Yamsal Celik
Giinii, etkinhkler haltasinin en yogun giinil olmaya aday.

* Sempozyum sliresince The Marmara Oteli Balo Salonu fuayesinde olugturulan Firma
Tamtim Alanlan 'nda kathmeilarla bulugsmay: bekleyecek sektor firmalanmiz, stand
verlerini sectiler.

* 2009-2010 Dénemi Avrupa Yamsal Celik Birligi ~<ECCS Baskanhgi'm iistlenen
Tiirk Yamsal Celik Demegi Yinetim Kurulu Bagkam Prof. Dr. Nesrin YARDIMCI,
24 Eyliil 2010 tarihinde gergeklestirilecek ECCS Toplantilan'm Istanbul da hazrhyor
olmanin hakh gururunu yasiyor. Prof, Dr. YARDIMCI bu toplanti sonunda ECCS
Baskanligi'ni Almanya Yapisal Celik Birligi Bagkani'na devredecek.

* Yapisal Celik Haftasa 2010 Istanbul etkinliklerine ciddi destek veren sekiir firmalan
Etkinlik Sponsorlan arasinda yver almak igin adeta yanstilar. Sektire ve sektiriin
Tiirkiye'deki tek adresi Tiirk Yapisal Celik Demefi’ne verdikleri desteii kamtladilar.

B D e o | A [

/
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SPONSORLUKLAR

Ana Sponsor
ASTALDI-GULERMAK Ortaklif

Platin Sponsor
KARDEMIR
TOSYALI HOLDING-TOSCELIK

Altin Sponsorluklar
ArcelorMittal
As Kaynak Sanayi
Borusan Mannesmann Boru Sanayi
Cimtas Celik Imalat ve Montaj Sanayi

Giimiis Sponsorluklar
Akkon Celik
Arcelor Rozak Demir Profil Sanayi

TMLInsaat

Bronz Sponsorluklar
Corus Celik Ticaret
IMMIB
(Istanbul Maden ve Metaller Thracatg
Birlikleri)
Kanat Boya Sanayi

Temel Sponsorluklar
Altinyaldiz Uzay Sistem Konstriilksiyon
Berdan Civata Sanayi
Celik & Celik Insaat Sanayi
Doralp Teknolojik Montaj Sanayi

Hempel Tiirkiye
Jotun Boya Sanayi
PEDDINGHAUS
Promer Miisavirlik Miihendislik
Temsan Yapm ve Makine Sanayi

Yap Merkezi

(Organizasyon Sponsorluk Kosularim
www.sscs2(110.0rg adresinde bulabilirsiniz)
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yvapida bilim ve ileri teknoloji

Four Saasons |stanbul at the Bospharus Hotel
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Genel Miiteahhitlik

= Toplu Tagima Sistemleri

» Sehir Planlama ve Toplu Konut
» Genel Hizmet Yapilan

» Restorasyon ve Glglendirme

Kentler Arasi Demiryolu igleri

2004
m LIGHT RAIL
WORLD AWARD

ARAYLS

Dubai Meiro

Gayrimenkul Geligtirme

Ardgerme

Prefabrikasyon

» Beton Yap Sistemleri

s Celik Yap Sistemleri

Cam Takviyeli Plastik (CTP) Boru Uretimi

Yapi Merkezi
Gamlica 34676
|stanbul / Torkiye

T: +90 216 321 9000
F:+90 216 321 9013
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Mimar Hasan CALISLAR:

“Bu Yonetmeliklerle Narin Celik Yap1 Yapmak Zor”

Erginoglu & Caliglar Mimarlik, kateldi g
varigmalar ve gerceklegtirdifi projeler
ile bircok Gdil kazanmis bir ofis. Sadece
2010 yilinda Turkcell Ar-Ge Binasi ile
Ulusal Mimarhk Odiilleri-Yap: Dali
Bagar: Odiilii, DDB Tuz Ambari ile
Ulusal Mimarlik Odiilleri- Yap: Dali
Koruma& Yagatma Odiilii, Tarsus Sev
Hkdgretim Kampisi projesivle, agilan
davetli yarigmada 1.lik ddilii ve ayni
projeyle Ulusal Mimarlik ﬂduﬂfr:-Pm_;f
Dal Bagar édiilii aldilar. Odiil alan
projelerden biri olan DDB Tuz Ambari,
vapisal gelik sektdrii agisindan da dnemli,
cinki bina eskiden de tay ve gcelifin
birlegiminden olugan bir vapi imis, sonra
Erginoglu & Caliglar Mimarlik bu yapiyi
ele alip celik malzemeyle girkemli bir
hale getirip yeniden kullanima
kazandirmuy. Celik Yapilar Dergisi olarak
biz de Erginoglu & Caliglar Mimarlik
ortaklarindan mimar Hasan Caliglar ile
hem bu Ulusal Mimarlik Odilii alan
vapiyi hem de buradan hareketle gelik
vapilar fizerine diigincelerini konusmak
amacivla bir sdvlegi gerceklestirdik. ..

Oncelikle sizleri kutluyoruz, bol adiillii
bir yul oldu, tebrikler. Size Gdil getiren
bu ¢elik projeden, Tuz Ambari’ndan
baglayalim dilerseniz... Nasiul geldi bu
proje size, neler gerceklestirdiniz
burada?

Hasan CALISLAR: Tuz ambarim ben

Tasarum Ekibi:
[. Kerem Erginoglu, Hasan IL;!::'ull*-.l.a.r

zaten biliyordum. Tamiyorduk o yapiy:
daha evvelden. Bizden dnce ufak tefek
bir takim tamiratlara baglanmisti burada,
bana da “gelip bakar misin?” demiglerds,
ben de bakip, “ne kadar giizel bir bina
buras1” dive digiinmiistiim. Hatta
igimden “burayi kegke biz yapsaydik™
diye gecirmistim. Ama 2-3 sene bir ey

Fatih P-...mpld; Emre Erenler, Elmon Pekmez,

Tiirkan Yilmaz o
Igveren: DDB Er
Adres: Kasimpasa / Istanbul
Proje Tariki: 2008

Yapim Tarihiz 2008

Kapalr alan: 300 m2

l'ﬂplm I firii: l.' EI|L
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yapilmadi, bina dyle kaldi. Bizim hem
dostumuz, hem de gok degerli igverenimiz
Medina Turgul Reklam Ajansi bir yere
lasinmaya karar verince, yer bakmaya
baslandi. Daha dncesinde Levent'te bir
ofis binalan vard: daha karekterli ve hos
bir mekana gegmeyi arzuluyorlardi.
Buray:1 dnerdik, gidip baktik, ¢ok

GELIK YAFILAR 1D

begendiler, ama cok is vardi. Ciddi hir
maceraya atillmak gerektifini bilivorduk
hele de Tiirkiye'deki restorasyon
prosediiriinii ve biirokrasisini de
dilstinilrseniz, tahmin edebilirsiniz. Fakat
buranin ¢ok giizel bir yer olabilecegine
inandifimiz igin zorladik kendimizi, mal
sahiplerine ulastik ve binay: ¢caligmaya
bagladik.

Tuz Amban, sonugta tag duvarlardan
yapilmis bir ambar. {lk énce balikhane
olarak yapilmig. Onun igin kocaman
duvarlan var. Sonra tuz amban olmus,
Tekel hububat deposu olarak kullanmis.
Burada vapinin karakterini anlayip,
okuyup nerde tutup, nereye kadar
gidilecegini, yeni yapilan mimari nereye
kadar kendisini gbstersin, nerede
gostermesin karanni vermek gerekiyor.
Tasanm iyl yapan sey ikisi arasindaki o
dengeyi nasil kurdugun.

Binanin ¢atisinda ¢ehk bir strilktilr vardi
ama son derece yetersiz. Bunu biz
statikgimize analiz ettirdik, bir takim
konsolidasyonlar gerekiyordu gelik
gatida, bu gelik gatinin konsolidasyonlan
dizayn edildi. Bu arada tabii bir reklam
ajansinin karmasik bir ic iliskiler a1 var,
bizim de bunu plana yvansitmamiz
gerekiyordu, tas duvarlar arasindaki
mevcut kemer bogluklanimin yerlerini
tayin ederek, bloklar arasinda kopriiler
olugturarak, binay: yatayda da birbirine
baglamay: hedefledik. 4 tane tas duvardan
olugan galeriyi ist kottan birbirine
bagladik. Bunu da nasil yapaniz diye
diisiiniirken, dedik ki iste tag duvarlarn

temizleyecegiz, icindeki eksiklikleri
yveniden tamamlayacafiz, o zaman bozuk
olan, tamir edilemeyecek durumda olan
kemerleri ve tag duvarlan ¢elikle dondiik.
Bu sekilde kemerleri saglamlagtirmig
olduk. Onun disinda mekanin
karekteristigini bozmamak i¢in, mimari
tercih olarak iki kata citkmamiz gereken
biltiin dégemeleri, asma katlarimizi,
binanin duvarlarindan kopuk ikinei bir
strilktiir olarak saglamay1 uygun gbrdiik
ve her tarafta buna uygun temeller

GELIK YAPILAR
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olugturduk ve bunun lizerinde gelik bir
gergeve sistemi kurduk. Igte zaman
zaman kullanilan platformlar, kiitiiphane,
girig galerisinde gdriinen tamamen cam
kapli olan toplanti odas: bloklan, bu
sekilde ortaya gikti. Celigin hafifligi,
zarif bir malzeme olmasi bu tir
restorasyon iglerinde bizim bir takim

L (I
i*;. \

yonetmeliklerde daha serbestge
kullanabilmemiz, arzu ettigimiz narinlikte
bir yap: orta ¢ikariti. Tasin masifligi ile
celifin hafiflii ve camin birlikteligi,
mimari olarak binanin farkh
katmanlarinin farkl: sekilde
okunabilmesini sagladi.

Planlamay: bitirdikien sonra atdlyede
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gelik imalatn yapilirken bizler tag yapiyla
ilgili iglerimizle ilgilendik. Iki gelik
tasaronumuz vardi, biri tasiyiciy1 yapiyl
olusturdu, makaslan falan vapti diferi de
korkuluklar, kemer kaplamalan gibi ince
15ler ile ugrast.

Bu tir yapilar basta Istanbul olmak
fizere Tiirkiye'nin hemen her yerinde
cok var, umariz sizin bu Gdiliiniz dikkat
ceker de sonrasinda diger yapilarda da
biiyle giizel drnekler girmemizi saglar.
Peki sizin begendifiniz celik yapilar var
mi? Tiirkiye'den ya da digaridan
verebileceginiz drnekler var mudir?
Hasan CALISLAR: Elbette, bir defa ¢cok
kaliteli sanayi tesisleri oluyor, mimari
dzelligi olan gelik sanayi tesisleri var,
begenivoruz. Cat olarak mesela Emre
Arolat ve Bilnyamin Derman’in Dalaman
Havaalam projesindeki o ¢gelik ¢atiyr gok
begenirim. Eskiden Tatilya cok giizel bir
yvapi idi ama yiktilar. Mimaride tabii
konunun dzellifine gore malzeme segimi
yapilhiyor. Luzern'deki Jean Nouvel'in
Kongre Merkezi sagagi, hakkaten son
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derece etkili buluyorum. Norman Foster
yillardir gelikle yiiksek binalar yapti, bu
konuda ¢igir agip celifi ¢ok iyi tamitt.
Onun disinda serbest formlar yaratma
agisindan bir takim ¢elik binalar yapalda
onlan begeniyorum. Bir de ¢elik ve camun
birlikte kullanildif1, daha organik yapilar
olugturulabilivor, onlar begeniyorum.
Son Frankfurt'taki ahigveriy merkezi,
Milano'daki fuarda Massimiliano
Fuksas'in yaptiklari karma sistem hoguma
gidiyor. Celigi neyle birlikte kullandifimz
¢ok Gnemli. Celik striiktiiriin {izerine
koydufunuz cam, membran, pnomatik,
her neyse ¢elifin etkisini son derece
artinyor. Iste Cin Olimpiyat Stad, Grtiisii
anlaminda celifin ne kadar ileri ugta
sofistikasyonlarda kullanilabilecegini
gosteriyor. Bunlar hakikaten ¢ifir asan
projeler, hepsini takdirle takip ediyornz.

Sizin ilk ¢elik yapimiz hangisidir?
Hasan CALISLAR: Biz ilk olarak
Rusya’da tamam g¢elik bir yapa, kiiltiir
merkezi yapmigtik. Sibirya'min en
uzaginda, Berring Bofazi'nda. Burada
ingaat yapmak o kadar zordu ki siirekli -
30 derecelerdesiniz, kar, tipi, don falan
iste kazikli bir temel sistemi iizerine
biitlin yapiy1 ¢elikle cozdilk biz. Dev bir
salonumuz vardi. Aym zamanda bu salon
14 metrelik bir konsolla binamn digina
da ¢cikivordu, Binay: bir kafes olarak
olugturduk. Biitlin malzemeler Gebze'de
atdlyede hazirlandi. Yapma kiriglerle
olugturuldu, delikleri agild, paketlendi
oraya yollandi ve gok kisa bir siire iginde
yvapr olusturuldu. Oramin yaz sezonu
iginde bina distan kapandi, kigin da igi
hazirlandi. Daha sonra yvine Rusya’da bir
konser salonu projenmiz oldu, onun da
yvarisini ¢elik olarak yaptik. Salon kismi
celik yapilda, geri kismi betonarme oldu.
Biz de bu ige ilk basladifimizda her geng
mimar gibi ¢cok hevesliydik ve her sey
neden c¢elik vapilmiyor diye
diigiiniiyorduk. Sonrasinda bina yapmavya
basladikga ve sektdriin iginde oldukga
¢elik olarak diigiindiigiimiiz projelerin
nasil betonarmeye kaydigini takip etuk.
Simdi beton ayn avantajlan olan, gelik
de ayr avantajlari olan malzeme, Bu iki
malzemeyi asla birbiriyle
kargilastirmiyorum. Ikisinin de ¢ok hos
taraflarn var. Birincisi ¢elik bir bina
yvapacafiniz zaman temeli, bodrumu
derken illa ki betonarme ekipleri oraya
giriyvor. Bu ekip girdigi zaman da
milteahhitlerin, vyapimcilarin,
yvatinimeilann aym ekiple devam etmek
iglerine geliyor. Ama betonarme ile
vapilamayacak igler oldugu zaman, gerek

ekonomisi, gerek teknolojisi itibariyle
betonarme fizibl olmaktan giktig: andan
itibaren c¢elik bir alternatif olmaya
bagliyor. Ya da binayi belonarme
yapryoruz iist katlardaki genig agcikhklan,
catilari, kapatmalar: falan gelikle
yvapiyoruz. Genellikle de sekttrde egilim
bu yiénde. 3imdi eskiden geliin
betonarmeye gire pahall: oldugu gorigii
vardi sonra kaba ingaat biltgesinin genel
ingaat biitgesindeki payinin ingaat
kalitelerinin artmasiyla gitgide azaltmasa,
bu fark: gok ihmal edilebilir kildi. Kalda
ki bir takim insaat yapmanin zor oldugu
egimli arazilerde, iste yolu olmayan
bilgelerde, kamyon gdtir, kalip gak,
beton getir gitiir gibi lojistik zorluklar
oldugu zamanda gelik imdadimiza
vetisivor oldu. Aym evden 5-10 tane ya
da daha ¢ok yapilacag: zaman da bunlar
hakikaten istedifiniz yerde imal ettirip
yiikle, getir, monte et, vidala, striktiiri
bir anda ortaya ¢ikar, hiz agisindan
sezonluk ingaat yapma son derece pratik
olmaya ve ¢elik daha fazla hayatimiza
girmeye bagladi. Bir aligveris merkezi
yaptik, bina betonarme idi ama dev bir
celik catimiz vardi. Catiy: toplayan gelik
bir makas olugturduk ortada. Binam igine
ikinei bir striiktiir oturttuk, gelik
tagiyicilar organik formunda idi &zel bir
imalat ile vapildi. Ama ¢elifin en bilyik
sorunu halihazirda, mimarlar olarak ¢elik
yap: yaptigimiz zaman biltiin striiktiiri
de gbstermeyi tercih ediyoruz, ¢ogu

mimar biyle seviyoruz ama tabii bu bize
151 kdpriisii sorunlarim da beraberinde
getiriyor. Biz son olarak Azerbaycan'da
bir ¢elik binayi yeni bitirdik. Bir
restorand, arkada tas bir duvara oturmus
dev bir celik sacak yaptik, uzun konsolu
var, yine basit gelik ayaklar tizerinde
tagimiyordu yapi, 1s1 kdpriisi yiiziinden
bin bir tirli nomara yapmak zorunda
kaldik, binay: da diganidan da gelik olarak
algilattirmak istedik, ciddi detay
zorluklarn ortaya ikt Mimarlarin celigi
tercih etmede dilginmelerinin ana
nedenlerinden birisi bu detay zorluklan.
Bu aslinda bir proje ynetimi sorunu.
Giirev paylasimmi iyi tamimlamak gerekir.
Striktiird ag¢ikta birakacaksam
betonarmedekine gire ekstra bir yiik.
Diger taraftan yvangin koruma isi,
striiktiirdi agikta gosterecekseniz,
kaplamiyorsaniz, boya ile koruma gok
pahali, ¢elik {ireticilerinin boya grubunun
bu 15e ¢ozlim Uretmesi lazim. Kapatici
dnlemler almiyorsamz durum bu. Yangin
danmismanlari bu konuda bazen paranoyak
olabiliyorlar. Bizim yangin
yinetmeligimiz ¢elik acisindan gok
sitkintiln. Tiirkive'deki statik
yinetmehkler de, yangin yénetmelhiklen
de paranoyakg¢a hazirlanmig
vonetmelikler. Her vyaptuigimiz
milhendislik igi bir over dizayn bana gore.
Tamam bizde deprem gergegi var ama
deprem olan baska iilkelere bakiyoruz,
bivle bir sagma sapanlik yok. Son derece
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narin binalar yapilabiliyorlar. Bizdeki
yinetmelikler uygulamaci kitil yapar,
geligin karbon degeri yanhstir, dbiirid
oradan galar, bu buradan garpar diye
emniyet kat sayilanimi falan Syle tuhaf
rakamlara getirmigler ki, narin bir ¢elik
bina yapmak nerdeyse imkansiz hale
gelmis durumda, Halbuki bunun ¢bziimi
var, siz dersiniz ki ben A simfi bir ruhsat
i1stiyorum ya da B sumih, C simifi ruhsat,
bunlarin fiyatlari, 6dediginiz harglar
hirbirinden farklidir, hepsi ayn denetime
tabidir, malzemesini aldigimz iireticiler
sertifikalhidir, biitiin hepsini onaylatirsimz
bir denetim merciine, narin bir bina
yapmak istiyorsamz bunun ruhsat, proje
ve harglanm giiz dniine alarak narin bir

bina yaparsimiz. Her geye aym ruhsat
sistemi uygulandif: icin biz her seyi en
kiitiiye giire yapiyoruz. En kitil tasaronu
kullandifimz, en kétii iireticiden mal
aldifimiz, en feci santiye sefleriyle
galistifimizi dilgliniilerek olugturulan
yinetmeliklerimiz var. Yanginda da her
ne kadar Gnlemlerinizi almigsamz da,
gatida bile gelik kullansaniz yarim saatten
fazla dayanamaz ¢elik ¢oker diisiincesine
gore hazirlanmis. Yani halbuki yarim
saafte o bina 10 kere bogaltilir. Kald: ki
O yangini oraya gitmesi zaten 5 saat siirer.
Nerde alev alma riski var. O alev alma
riski o kilo kaloride 151 yayabiliyor mu,
bunlar1 hakikaten oturup tek tek
diisiinmemiz lazim.

ANADYR KULTUR MERKEZI
Tasarim Ekibi: . Kerem Erginoglu,
Hasan C. Caliglar, Elvan Caligkan,
R.Mete Sonmez, Emin Balkis, Esra
Kahveci, Burcu Giilmen, Armagan Ekiz,
Bagak Colakoglu, Berke Hatipoglu, Fatih
Kariptas, Elmon Pekmez

Isveren: Sibneft

Yapim Tariki: 2004

Yapim Tiird: Celik kKonstriksiyon
Lokasyon: Chukotka Ozerk Bilgesi [
Rusya

Anadry, elips seklindeki dinya
haritasinda diinyanin bittigl nokta,
haritanin en ucudur. Rusya'nin en
dogusunda Chukotka Szerk bblgesinde
yer alan ve Bearing Bogazina ulagan
nehrin hali¢ olusturan bélimiinde
bulunmaktadir. Topografyanin kar ve
rilzgarla sekillendigi iklim sartlarinin
oldukca sert oldugu bu bdlgede bina
meydam denizden gelen sert ve soguk
rilzgara kars: Koruyacak sekilde
konumlamir.Program 4 ana bloktan
olusmaktadir: Miize, diskotek, konser
salonu ve efitim merkezi. Binanin
agirhkh olarak ofislerin bulundugu, halice
dogru bakan kism miimkiin oldugu kadar
safir tutularak hakim riizgara karsi
korunma amaglanmigtir. Bina da aym
kentin topografyas: gibi aerodinamik
form ve yumusatilmus hatlarla tasarlanmsg
v binada riizgar yoluyla kar binnkmesine
yol agabilecek noktalar yok edilmistir.
Binanin hakim kiitlesi islevinden dolay:
yvine kKonser salonu bélUimil olarak
kalmasgtar.

ACI ILKOGRETIM OKULU
Tasarim Ekibi: 1. Kerem Erginoglu, Hasan C. Caliglar, Emin
Balkis, Elvan Caliskan, Hande Pusat
Igveren: Agi ilkogretim Okulu
Yapim Tarihi: 1998

Yapum Tiirii: Betonarme - gelik
Lokasyon: Etiler / istanbul / Tirkiye

Ag1 Ilkdgretim Okulu Etiler, Akatlar 'da
apartman bloklar: ve iki katli sira evler
arasinda kalmig dar bir parselde ver
almaktadir. Yap1 farkl bir program igin
inga edilmeye basglanmig ve belediye
ekiplerince kagaklar sebebiyle yikalmastar.
Meveut sistem iginde yeraltinda spor salonu
yaratacak kolonsuz alanlan olusturabilmek
igin 22 metreye varan dev bir gelik kirig
kullanilarak katlar bu kirige asilmigtir.Bu
hakim mimari elemanin, icerde hissedildigi
gibi bina disindan da hissedilebilmesi igin,
cepheler profilit cam panellerle kaplanmsg,
béylelikle kat hollerinin giin 15181 ihtiyac:
da kargilanmigtir. Milli Egitim ‘in program

diginda kalan kiitlphane, tiyatro, kapal spor salonu , sanat
odasi, bale salonu, atélye ve laboratuarlar binanmin programina
dahil edilmistir. Bu maksatla bodrum katindaki genig aciklikh
mekanlar yemekhane , spor salonu, bale, gok amagh salon gibi
fonksiyonlarla degerlendinnlmigtir.
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PENDORYA AVM

Tasarim Ekibi: {. Kerem Erginoglu, Hasan C. Caliglar, Romain
Cadoux, Bang Yiiksel, Isik Siingii, Ozlem Unkap, Tiirkan
Yilmaz, Osman Ozmen, Sezen Bilge

Igveren: TSKB

Yapim Tarihi: 2009

Yapim Tiirfi: Betonarme

Lokasyon: Pendik / Istanbul / Tiirkiye

Pendorya Aligveris Merkezi, Pendik'te E5 Karayclu iizerinde,
konut ve ofis islevlerine sahip olmasi beklenen geligme
bilgesinde yer almaktadir. Tasanim ve formu belirleyen ana
kriterler bu konumdan yola ¢ikilarak olusturulmugtur. Giiriltiili
ve iglek ES karayoluna kapanan bina, yeni yerlesimle toplanma
alami olmay: hedefleyen korunakli agik meydamiyla diga
agilmaktadir. Bu agik meydana, otoparktan direkt ulasilabilmesi

ve i¢ mekam digsa tasimasiyla gelecekte 6n goriilen yaya
ulasiminin ana merkezi olmas: dilsiiniilmiistiir, Meydamn degisik
aktivitelere olanak veren planlamasiyla siirekli yagayan bir alan
olmas1 hedeflenmistir.

Mekanin zenginlifi ortadaki di¢ boyutlu bedesten striiktiirii ve
ziyaretgilerin mekan iginde kolayca dolagmalarim saglayan
sirkiillasyon sistemiyle saglanmigtir. Bu sayede agik meydan,
kapali meydan, teras alani, galeriler gibi farkl: ortak sosyal
mekanlar aras: dolagim mzhica saglanabilmektedir. Bina dig
cephesi, arag trafiginin yogunlugu ve hiz1 gz dniine alindiginda
kolay algilamay saglayacak yatay logo bandiyla cevrelenmistir.
Ihg cephe zemin katta cam panellerle, list katlarda ise desenli
beton prekast panellerle kaplanmigtir. Boylece hem uzun siireli
bakim kolaylig: saglamirken hem de girsel biitiinlik elde
edilmektedir.

BAKU CHINAR RESTAURANT

Tasarim Ekibi: 1. Kerem Erginoglu, Hasan C. Caliglar, Sezen
Bilge, Isik Siingi

Isveren: Pasa Ingaat

Yapim Tariki: 2010

Yapim Tiirfi: Celik konstriiksiyon ve betonarme
Lokasyon: Bakii [ Azerbaycan

Azerbeycan'in baskenti Bakii'niin &nemli noktalarindan biri
icin yapilan seffaf restaurant binasi tasanimadir. Yap: kent duvar
gibi algilanmasi istenen rijit kabuga takilmg gelik ¢at ve binaya
asili asma kattan olugur. Delikli ve 151k gecirgen cath kaplamasi
ile genig dis mekanlar gblgede kalir, tamamen seffaf cephe
mekam kenl mekanina lagir.
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1. PROJE BILGILERI www.ym.com.t

Proje Adi ve Yeri: Al Halfaia Kopriisii, Nil nehri fizerinde Omdurman
ve Halfaia arasinda, Hartum — SUDAN

iauren: Khartoum State Ministry of Physical Planning and Public
Utilities {MPPPU) - SUDAN

Yiklenici: Yapi Merkezi Ins. ve San. A.S.

Tasarim: Yap Merkezi — TURKIYE, Schiiler-Plan Ing. mbH —
ALMANYA

Celik Uretim Tesisi: Kargel A.S.

Tasarim Yénetmeligi: EUROCODE

Kiprid Simf / Tasarim Hizi: Ana Otoyol [ 80km/saat

Toplam Kopri Uzunlugu: 910 m

Kipra Genisligi: 2x13.50m=27Tm (fzdeg ¢ifr tablive)

Serit Adedi (her bir yonde): “3 Serit (10.80m)+0Orta refiij
(0.70m)+Yaya kaldirim (2.00m)"

Navigasyon Kanalinda Temiz Yiikseklik: 8.60m

(En vilksek su sevivesinden)

Maks. Oyulma (Scour) Derinligi : 8m

(Igveren rarafindan verilen deger)

Maks. Yer Ivmesi / Yapi Onem Katsaysi: a,=0.1g (PGA) / T1=1.2
Kontratsal Siire: 28 ay

Kontrat Tarihi: 02.07.2007

Yer Teslimi: 15.11.2007

Imalat Baslangici: 02.04.2008

Kipra Teslimi: 28.02,2010

Ana Malzemeler

Beton: 28.0x10°m*

Insaat Demiri: 5.1x10%

Yapisal Celik: 4.2x10% (165kg/m?, 235 kgim?)

Kazik @120cm: 3 350 m

Kazik 9150cm: 1 100 m

Afrika'min en biiyiik iilkesi Sudan'in bagkenti Hartum'da sekiz
milyondan fazla kisi yasamaktadir. Niifus artisi yaklasik %5 olan
Hartum iilkedeki en yiiksek ekonomik aktivite yofunlufuna sahiptir,
[1].

Diinyamin en uzun nehri (6.670 km) Nil nehridir, Giineyden kuzeye
dogru akan Nil nehrinin iki ana kolu Beyaz Nil ve Mavi Nil Nehirleri
Hartum bélgesinde birlegirler. Nil nehri Hartum sehrini ii¢ énemli
hilgeye ayirmaktadir: Giineyde idari ve ticari birimlerin yogun oldugu
Hartum, kuzey doguda yerlegim birimlerinin yofun oldufu Kuzey
Hartum (veya Bahri) ve kuzey babda Omdurman bilgelen, (bkz. Sekil
). Hartum, Kuzey Hartum ve Omdurman bilgeler Nil nehri dizerinde
vapilan ¢ok sayida koprii ile birbirine baflanmaktadir.
Hartum'un hzh gehgimine paralel olarak artan trafik yogunlugunu
kente girmeden ¢evre yollanna aktarmak amaciyla Al Halfaia
Kdpriisii'niin yapilmas: planlanmistir. Kent merkezinin 15 km
kuzeyinde ver alacak olan képril, Nil nehn tizerinde iki dnemli yerlesim

AL HALFAIA
BRIDGE
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Sekil 1. Hartum, Kuzey Hartum, Omdurman bélgeleri
ve Nil nehri kiiprilleri

Figure 1. Khartoum, North Khartowm and Omdurman
regions and Bridges over the river Nile
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Sekil 2, Koprii 1, 2, 3 ve 4"iin boykesiti, geotcknik profili Figure 2. Longitudinal section, geotechnical profile of Bridge 1,2.3 and 4
merkezi olan Omdurman ve Halfaia (Kuzey Hartum) bilgelerim
birbirine baglayacak sekilde tasarlanmishr.

Al Halfaia K6prilsii*niln tasarim ve yapim isi Mavi Nil nehri tizerinde
29.Ekim.2007 tarihinde trafife agilan El Mek Nimir Kopriisii'nii
bagan ile inga eden Yam Merkezi'ne gitiini bedel sizlesme tipi ile
verilmistir.

kompozit ¢elik koprii (Kdprii 1, 2 ve 3) diizenlenmistir. Ayrnica
navigasyon kanalimin bulundugu “23" ve “26" Akslan arasindaki iig
agiklikta ise sifrekli kompozit gelik bir kiprii {Kdprii 4 ) dngGriilmiigtiir,
(bkz. §ekil 2). Nil nehri, Al Halfaia Koprii Projesi kapsaminda 238.6
+ 284.8 + 239.2 + 147 4m vzunlugundaki dirt kipriiniin ard arda
siralanmasiyla gecilmigtir.

2. KOPRU YAPISAL SISTEMI 2.1. Kiprii 1, Koprii 2 ve Koprii 3 (Yari-Integral Kopriiler)
Al Halfaia Kéipriisii'niin bulundugu bilgede Nil nehrinin genigligi

900m've ulagmaktadir. Toplam képril uzunlugunun 910m, kipril Ustyapi

genigliginin ise 27m olmas: igveren tarafindan yaptinlan bir dn etiit Ustyap her biri 13.50m genigliginde (bkz. Sekil 3) olan birbiri ile
ile tespit edilmis ve kabul edilmistir. Nehir genislifinin ortasinda bzdes “A" ve “B" tablivelerinden olusmaktadir (roplam geniglik
bulunan ada dikkate alinarak gemi trafifinin saglanacaf Navigasyon 27m"dir).

Kanal'mn nehirin dogu kiyisina kaydinlmasina karar verilmagtir. Kaprii 1, Koprii 2 ve Kipril 3"iin tagiyic sisterm sirasiyla 7 agikhkh
Al Halfaia Koprisiiniin tagiyici sistemi iki ayn yam tipinden (25m+6x35.6m), B agikhkh (8x35.6m) ve 7 agikhkh (6x35.6m+25m)
olugmaktadir. “1" ve “23" Akslan arasinda ii¢ adet yari-infegral  siirekli kompozit gelik tistyapidan olugmaktadir. Kopriilerin fistyapisi

W “ ®
| 700 I
1-1143 :ﬁ 200
360 380 ; 360 . 360 | | 380
- Asfalt Msphalt
J:L J} | ﬁ ‘ ﬁ Su yalitimi/ insulation
il ke gy
Tabliye / Deck "A /F | 1 Tabliye / Deck"B" | = 7 Tropez cellk

(7

e
|

I
| .-'

s ] Frs |_ 224 J 114 ]_ 4 l 224 |_ 1S !_ 115 [ 224 J 4 l 24 l 124

Sekil 3. Kbpril 1, 2 ve 3'e ait tipik listyap enkesiti (Aks “1~23")
Figure 3. Typical superstructure cross sections of Bridge 1.2 and 3 (Axes "1~23" )
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ara akslardaki ayaklar ile rijit olarak baglanarak integral bir tagiyici
sistemn olusturulmusiur,

Yan-integral olarak isimlendirilen tasiyic: sisteme sahip kpriilerde,
iistyapimin sadece kenar ayaklar iizerinde ve gecis ayaklan (komgu
iki kdiprilniin arasinda bulunan avaklar ) izerinde serbest hareketlerine
ve donmelerine izin verilmektedir. Buna bagh olarak her bir kispriiniin
sadece baglangigc ve bitis noktalanna genlesme derzi ve elastomer
mesnetler yerlestirilmigtir. Genlesme derzi ve elastomer mesnet
dzellikleri Tablo 1 ve 2'de verilmigtir.

Her bar tabliyede toplam 140cm yiikseklige, alt baghkta 60 cm ve iist
baghkta 40 cm geniglige sahip S355J2G3 kalitesinde 6 adet celik

Tablol. Genlesme derzi dzellikleri

yag beton agirlign ana kirigler tarafindan giivenle taginmagtir.
(elik kirigler ile betonarme diiseme arasindaki kompozit etki $23512G3
kalitesinde, @19mm ¢apinda, 175mm vzunlugunda, kesme kuvveti
biiyiikliigiine uygun olarak kirg boyunca arahklan degisen kesme
givileri ile saglanmstir.

Celik kirigler ile orta ayaklann betonarme baghk kingleri arasindaki
birlegim (rijir birlesim), Gzerinde 175mm uzunlugunda 32 adet 319
kesme givisi bulunan 700x1570x35mm boyutlarindaki alin plakas:
ile gergeklegtinilmigtir. Kompozit kinglerin mesnet bilgeleninde
olugan egilme momentleri bu birlesim sayesinde kuvvet giftlerine

déiniigerek betonarme baghik

kiriglerine aktanhrlar. Cekme

ddkiimii sirasinda yas beton agirhgindan olugacak
etkiler bir ¢erceve sisteminin silrekli kiriglerine
etkir, (bkz. Sekil 6).

Ana tasiyici gelik kiriglerin alt baghklan gecis
ayaklari ve kenar ayaklar dzernnde 40cm
yiikseklifinde $35512G3 kalitesinde gelik I kirisler
ile baglanmistir. Enine ydnde diizenlenen bu
kirigler sayesinde mesnet degigimleri sirasinda
kidprii tabliyesinin askiya ahnmas: ve emine yindeki
yatay yiikler altinda ana kiriglerin birlikte
davranmalar1 salanmagiir, (bkz. Sekil 8).
Tipik

— kuvvetleri kompozit disemeye
Aks | Genlegme Derzi Tipi | A(mm) | Adet |F verlestirilen donatilar ile Tipik orta ayaklar
1 Multiflex §250 +125 1 = b o kargilamrken basing kuvvetleri (Aks “2 ~77, “9 ~15" ve “I7 ~22")
8-16 CIPEC WP400 +200 2 - ¥ 3 ise ahnp]a]mmnm alt billgesine Koprii 1, ,l.m 3'te her bar tnh]i:,lre:}in altinda ara
23 Multiflex S350 +175 I yerlestirilen 650x300x35mm akslarda tipik ayaklar diizenlenmigtir. Yol kotuna
- boyutlarindaki ilave kismi baglh olarak yiiksekligi degigen C30/37 beton
26 Multiflex 5200 £100 1 plaka yardimiyla betonarme kalitesindeki ayaklar konsollu baghk kirigi, estetik
bashk kirisine aktarlr. giriinimlii kolon wve kazik bashgindan
L e et Ana lik kirigleri Dltji.ijl?;l :jﬂgll'li Feﬁmﬁknlﬂlmﬂn{;#j; fiekil 6. Celik kirilller ile ball:k kiril laki birle 1
¥ B IR T - tagiyicl ge iriglerin e & esiti a Y0cm, kenarlarda ise ekil 6. Celik kirilller ile ball:k kirili aras-ndaki birlellimin imalat:
1 31#? 13 4 ;?[TJ 2 gg;ﬂ ki;;"] IPE" d;ﬂ ‘;Eﬁ'} ekonomik olarak tasarlanmas 150cm kalinhgmdadir. 150cm kalmhgindaki kazmk  Figure 6. Construction of the connection between the steel girders and the capping beam
: 8 ’lﬁ‘ 200 400 42' 5 1100 g 37 2 amaciyla tabliye betonunun baghklan nehrin en diigiik su seviyesinin fizerinde
- : : diikiimii sirasinda gelik kirigler kalacak sekilde tasarlanmuglardir. Her bir kazik baglifa ortalama 20m  {bkz. Sekil 7).
23,26 400 | 500 104 | 3865 | 4 | 832 arasinda siireklilik saglanacag uzunluklu ve tasyic: kumtas: tabakasina 8m soketlenen C25/30 beton
23,26 400 500 122 | 3865 | 4 97.6 ongoriilmiigtir. Bunun icin kalitesine sahip @1.20m capindaki 4 adet fore kazifia oturmaktadur,
24,25 600 700 04 112920 8 315.8 150cm genigligindeki baglik Gecis ayaklar: (Aks “8", “16 ve “23")

e s Gregly ayaklan bir kipriiniin distyapisimin battigl diger
yapma [ kirig bulunmaktadir. Bu kirigler ile birlikte kompozit olarak (2} Asama ] képriiniin iistyapisimin ise bagladigl noktalarda, Kopri
calisan betonarme digeme ise C30/37 kalitesinde olup toplam 29cm T/ asomm) 1'den Kopril 2've gecerken 8 Aksinda, Kopril 2"den Kopnil
yiiksekhgindedir. Kompozit tabliyenin toplam yiiksekligi, ara = i, 0 %) Agama 3'e gegerken 16 Aksinda ve Koprii 3'den Koprii 4'¢
acikhiklarda 1/21 nannligini {tablive vidksekiigi/acikik) saglayacak BT et T ' Stage gecerken 23 Aksinda diizenlenmistir.
sekilde, 1.69m olarak her iig kiprii boyunca sabit tutulmugtur. Tabliye et 5 - HBE* fﬁﬂﬂ] Tipik orta ayaklardan farkh olarak komsu iki kéipriiye
digeme kalibi igin 5350GD kalitesindeki trapez gelik saclardan . L ait gelik kirigler gecis ayaklarinin baghk kirigleri izerinde
{h=70mm) faydalamlmgtir, (bkz. Sekil 4). Buna bagh olarak ana e o diizenlenen mesnetlere oturtulmustur. Aynica tablivelerin
tagiyict celik kiriglerin enine yGndeki ara mesafeleri 2.24m olarak ey arasinda yatay hareketlere uyumlu genlesme derzleri
belirlenmistir. Montaj kolayhi dikkate alinarak ¢ift sayida dilzenlenen <=7 ~3) Agama diizenlenmistir. Betonarme kolonlann gekig seklindeki

ana kingler 4.25m’de bir 5235J2G3 kalitesindeki 21.70.7mm kesitindeka

A —

enkesiti ortada 140cm, kenarlarda ise 200cm

caprazlar ile birbirlerine ciftler halinde baglanmighr. Bu sayede . (Capping Beam 2 part) kalmhgmdadir. Kazik baghklan 8 ve 16 Akslannda
miontaj sirasinda etkiven hem rilzgfir viikleri hem de tablive disemesinin A 31.20m capinda, 23 Aksinda ise £1.50m ¢apinda 4 adet
1)) Agama fore kanifa (Lori=20m) oturmaktadir, (bkz. Jekil 8).
d Slage
Mﬂ'llﬂ.-’zﬁ | (Beslik Kirigi 1. kism) 2.2. Kivprii 4 . e
(2 ] . iprii 4 (Sdrekli kompozit kirisli kdpril,
SHE .} [Capmng Beam 1° parf) Aks 23 ~ ﬁ"lj

| - :
."Prﬁk-u:sl. Kenar Elernani
Precast Edge Ciament
#100mm+ 28 70m :
Celk Ana Taogieor Kirig
Stesl Main Girder —

Trapez Celik Kaip
=, Tropezoida Stesl
© Formwork

Sekil 4. Kaprii 1, 2 ve 3% ait iistvam bilesenlen (Aks “1~23")
Figure 4. Superstructure components of Bridge I, 2 and 3 (Axes “1~23")

Sekil 5. Celik kirigler ile baghk kirigi arasindaki birlesimin tegkili
Figure 5. Details of the connection between the steel girders and the
capping beam

kiriginin ilk asamasmn dékiilmesinin ardindan komsu agikhklardaki
gelik kirigler basit kirig olarak verlestirilirler. Ardisik gelik kirigler
list bagliklan hizasinda S500/550 kalitesindeki 4 adet 340, alt baghklar
hizasinda ise aym kalitedeki 4 adet @20 disli ankraj gubugu ile
betonarme bashk kirisi Gstiinde karsihikh olarak baglamir, Bu iglemin
ardindan gelik kiriglerin arasinda kalan bolgede ¢elik kiriglerin Ust
kotuna kadar beton dikiilerek baghk kinglerinin ikinei agama betonlan
tamamlamr (bkz. Sekil 5) ve ingaat safhasindaki ilave yiikler alhinda
celik kirislerin silreklilifi saglanmg olur. Bu sayede tabliye betonunun
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Sekil 7. Koprii 1, 2 ve 3'e ait tipik orta ayaklar (Aks “2~77, “9~15" ve “17-22")
Figure 7. Regular Piers of Bridge I, 2, and 3 ar Axes "2~7", "9~15" and “17~22"

Kopriiniin bulundugu yerde nehrin ortasinda bulunan ada
dikkate alinarak gemi trafiginin dogu kiyisinda yapilmasi
planlanmaktadir. Buna bagh olarak Képril 4 Al Halfaia
Kipriisii 'niin dogu ucunda konumlandmlmstir, (bkz. Sekil
2).

Ustyap

23~26 Akslan arasinda 147.4m vzunlugundaki Koprii
4'iin tasiyicy sistemi igin, orta agikhkhg 64 m olan 3
agikhikh slirekli (42m+64dm+4] 4m) kompozit gelik kirigli
tabliye segilmigtir, (bkz. Sekil 2).

Ustyap: ayaklar iizerinde ve kenarayakta diizenlenen
elastomer mesnetlere oturmaktadir. 23 Aksindaki gecis
avafi ve 26 Aksindaki kenarayak ilizerinde yatay
harcketlere uyumlu genlesme derzleri diizenlenmigtir,
{bkz. Tabio 1).

Tipik iistyap enkesiti 150cm geniglige, 180cm yiikseklife
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Sekil 8. Gegis ayaklan, Aks “8", “16™ ve “(23)"
Figure 8. Transition Piers at Aves “8", "16" and "(23)"

sahip 9.80m aralikla yerlestirilmig $355J2G3 kalitesinde 2 adet ana tagryic
kutu king ve toplam 29cm yiikseklikli C30/37 kalitesinde betonarme
digemeden olugmaktadir, Ana kirigler enine yinde 2.46m aralikla 55cm
yilkseklikli S355J2G3 kalitesinde vapma 1 kirigler ile birbirlerine
baglanmmiglardir. Enine kiriglerin ara mesafesi digeme kalib olarak
S5350GD kalitesindeki trapez gelik saclann (h=70mm) kullanimina uygun
olarak nispeten dar secilmistir, (bkz. Sekil 9).

Tagiyici kutu kiriglerimin 24 ve 25 Akslanindak: mesnet bilgelerinde
guseler diizenlenmistir. Bu guseler yardimiyla sadece 12m uzunlogunca

30 . 3
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Sekil 9. Kopril 47 ait tipik Ustyapi enkesiti (Aks “23~26")
Figure 9. Typical supersiructure cross sections of Bridge 4
(Axes “23~26" )

king yilksekligi lineer olarak 1.80m’den 3.60m"ye arttinlarak képrii
listyapsinda ekonomi saglanmistir,. Buna bagh olarak ana acikhikta
kompozit tabliyenin narinliffi (tabliye yilksekligi/agiklik) agiklik
bilgesinde L/30, ayaklar iistiinde ise L/16 olmaktadir, {bkz. Sekil
i0).

(elik kirisler ile betonarme diseme arasindaki kompozit etki
S235J2G3 kalitesindeki, ©319mm ¢apindaki, 175mm weunlufundaki,
kesme kuvveti bilyiikliigiine uygun olarak kirig boyunca araliklan
degizen kesme givileri ile safilanmugtir,

Ana ayaklar (Aks “24 ve “25")

Koprii 4'te her bir tabliyenin altinda 24 ve 25 akslannda bulunan
ana ayaklar C3(/37 beton kalitesine sahip olup girsel olarak Képril
1, 2 ve 3'e benzemektedir. Navigasyon kanahmin iki yamnda bulunan
Koprii 4'iin ana ayaklan gemi ¢arpmasi riskine kars: diger koprii
ayaklarindan daha giiclii olacak sekilde 2.40 m genislifinde
tasarlanmigiir. 2 m kalinhgindaki kazik bagliklari C25/30 beton
kalitesine sahip @1.50m c¢apmnda, 19.5 m uzunluklu 12 adet fore
kazifia oturmaktadir, (bkz. Sekil 10).

3. YAPIM YONTEMI

3.1. Altyapilarin ( Kaziklar, Kazk bashklar, Kolonlar ve Bashk
kirigleri) imalat

Kanklar

Temel imalatlar Nisan 2008 de baglamig ve Képrii 1°e ait temeller
Temmuz 2008 de tamamlanmagtir, Su yilkseklifi Temmuez ile Kasim
aylan arasindaki 5 ayhk taskin déneminde ortalama 7m yiikselmis
ve bu diinemde kazik imalati miimkiin olmamigtir. Geriye kalan

temeller tagkin dineminden sonraki dilsiik su seviyesi déneminde
bitirilmistir.
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Sekil 10, Kopril 4’e ait ana ayaklar (Aks “24~25")
Figure 10. Main Piers of Bridge 4 (Axes “24~25")
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Sekil 11. Prekast kalip elemantar: yardimuyla kazik baghiklanmn imalat
Figure 11. Construction of pile caps by using precast formwork elements

MNehirde kazik imalat igin kahe gelik kabflar titregimli gekic yardum
ile kumtas: tabakasina kadar cakilms ve daha sonra foraj makineleri
ile kaniklarin delgileri vapilmigtir. Kazik makineleri bir mavna (yiizer
platform) iizerine gikartilarak nehir iizerinde istenilen noktalarda
caligma imkam saglanmigtir. Beton iletimi sabit pompalar ve yiizer
bir duba sistemi iizerindeki sabit boru hatt: ile saflanarak kazik
imalatlan tamamlanmagtir.

Prekast kahip elemanlan ve Kazik bashklarm

Nehir iginde kazik baghklanmn imalath Yap: Merkezi taralindan
gelistirilen bir yontem ile yaplmigtir. Bu yintemde alt kahn olugturan
prekast elemanlar sayesinde kazik baghg beton diskiim iglemi verimli
ve ckonomik bir sekilde tamamlanabilmistir. Aynica prekast kalip
elemanlanmin yan eteklen sayesinde diigiik su seviyesi donemlerinde
bile kaziklarnin disanindan g&riillmeleri miimkiin olabildigince
tnlenmistir.

Kaziklarn kaher ¢elik kiliflarnmin dirt tarafima gelik kisa konsollar
kaynak ile birlegtirilmistir. Bu kisa konsollann fizerine oturan prekast
kalip elemanlar1 yardimayla kazik bagshfimn ahsap yan kaliplan
kurulmug ve kazik baghg imalat tamamlanmagtar, (bRz. Sekil 11).
Kazik bashklanmn imalat tamamlandiktan sonra kolonlar ve bashk
kiriglerine ait imalatlar geleneksel yintemler ile gerceklestirilmistir,
(bkz. Sekil 12).

3.2. Celik kirislerin iiretimi ve montaj

Tiim gelik elemanlarin firetimi Tirkiye'de KARCEL A.5.'de
gergeklegtirilmigtir. Uretilen pargalar Port Sudan limaruna gemi ile
ulagtinldiktan sonra kamyonlar fizerinde Hartum'a (yaklagim 1000
ki mesafede ) tasinmaglardir. Tasima mesafesinin uzun olmasi sebebiyle
gelik elemanlann boylan 12 m civannda tutulmustur. Buna bagh
olarak képri kirisleri kaynak agz acilan pargalarn birbirlerine kiit
kaynakla birlegtirilmesiyle tegkil edilmiglerdir. Daha sonra Nil nehri
izerinde kiriglerin montaji mavnalara gikariilan mobil vinglerin
yardimiyla gergeklestirilmistir, (bkz. 3Sekil 13, 3ekil 15).

s

Kiprii 1, Koprii 2 ve Koprii 3 gelik montajlar: Sekil 12. imalatagamasindan gencl goriinis
Ug kopriide toplam 264 adet kirigin yerlerine montajlanimin seri ve Figure 12. L'M‘TE‘?"L_P.“’W of CoRSHEREtion stage
sorunsuz olarak gerceklestirilebilmesi amaciyla Kopri 1, 2 ve 3%e ait =
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ana gelik kirigler tiplestirilmistir. En agin 13 ton olan toplam 4 adet
kirig tipi ile her ii¢ kopriiniin tiim ana tasiyic1 gelik kiriglen
tiretilebilmistir. Celik kiriglerin orta ayaklar iizerine yerlestirilmesi
ve bu ayaklar ile birlegimlerinin tegkil edilmesinde izlenen yapim
metodu agagida venldigl gibidir, (bkz. Sekil 5, Sekil 14):
1. Baglik kirisi ilk asama betonu ditkiildiikten sonra komsu agikhiklara
ait ¢elik kirisler ardisik olarak yerlestirilirler. Ana tagiyic: gelik
kinglerin monta) asamasinda basing bashklarimn yanal burkulmas:
kiris ciftleri arasinda diizenlenen enine caprazlar yardim ile dnlenir.

Sekil 14. Kopril 1, 2 ve 3"te listyap: ile altyapr arasindaki

birlegimin yapium asamalari

Figure 14. Construction stages of connection between superstructure
and substructure ar Bridges 1,2 and 3

2, Ardipk gelik kirigler iist baghklan hizasinda 4 adet @40, alt baghklan
hizasinda ise 4 adet @20 disli ankraj cubugu ile betonarme baghk
kirigi Ustiinde kargilikls olarak baglanirlar,

3. Baghk kinsi ikinci asamasina ait donatilar yerlegtinlir ve gelik
kiriglerin iist kotuna kadar beton dikiiliir.

4, Tablive dbsemesine ait donatilar yerlestirilir ve diéseme betonu
dikiiliiliirek birlegim tamamlamr.

Kipri 4 gelik montajlary

Kiprii 4 ana gelik kiriglerinin her biri 5 kirig pargasindan olugmaktadir,
Enﬂglrpar;asldd ton olan pargalann montaj mavna fizerine gikarhlan
mobil bir ving yardim ile gerceklestirilmigtir, (bkz. Sekil 15). 11k
olarak her bir ana ayak ilizerindeki 2 adet guseli kirig pargasi, daha
sonra kenar agikliklardaki king pargalan yerlegtinlmigtir. Kenar
acikhklardaki elemanlarin yerlestirilmesi sirasinda guoseli kirig
parcalarim dengede tutabilmek icin kazik baghgina sabitlenmis gecici
kolonlardan [aydamlmsgtr, (bkz, Sekil 15). Aynca aym ayak iizerinde
bulunan guseli kins pargalan arasmda gelik capraz diizenlenerek enine
ybndeki kararlihk saglanmmistir, Son olarak ana agikhk ortasindaki
bogluga 40m’lik kirig pargasmin yerlestirilmesinin ardindan gerekli
kaynaklar yapilarak iist yap tamamlanmogtr.

3.3 Tabliye dosemesinin imalat:

Nehir iizerinde digeme mmalatimn hizh bir gekilde yaplabilmesi
amaciyla digseme kalibn olarak ¢elik trapez saclann kuollamlmasina
karar verilmistir. Bu amacla Ktprii 1,2 ve 3’te ana kiriglerin arasinda
Koprii 4"te 1se enleme kiriglen arasinda ¢ehk trapez sac diizenlenerek
digeme kalib olusturulmustur, Yaklagik 90cm genislifinde ve 2.30m
(maks.) uzunlugunda olan trapez paneller kolaylikla tek kigi tarafindan
tagmabilmekiedir. Diseme tasarrmunda trapez sac elemanlar yapisal
tagiyic: olarak dikkate alinmamg sadece diseme kahibr olarak

.i!

Sekil 15, Koprit 4'te c¢elik kiris montaji
Figure 15. Assembly of steel girders at Bridge 4

kullanilacagi dngtriilmilgtilr. Ddseme kalibi tamamlandiktan sonra
Koprii 1, 2 ve 3"te 35%er metrelik anolar halinde Koprii 4'te ise 30%ar
metrelik anolar halinde tablive digemesinin imalat yapilmigtir.
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3.4. Malzeme, kaynak ve kaznik testleri

Beton, ingaat demiri ve yapisal gelik malzemelerinin ilgili
yinetmeliklere uygunluklar ve talep edilen mekanik tzelliklerini
safladiklan sartnamelere uygun olarak gerekli testlerle dogrulanmogtr.
Yamsal celik elemanlann birlesimlerinde kullamlan kaynaklar ilgili
sartnameler geregi titizlikle muayene edilmis ve gerekli tlim testleri
yapilarak kontrol edilmigtir.

Kaziklann yiik tasima — deplasman karakteristiklerini belirlemek
amaciyla ©1.2m ve @1.5m ¢aph kazklar iizerinde iki adet diisey
statik yilikleme (maks. 12000kN ve 14400 kN) testi bagan ile
gergeklestirilmigtir. Aynca @1.2m gaph deney kang iizerinde ilave
olarak yatay statik yikleme (maks. 370 &N testi de gerceklestirilmistir.

4. YAPISAL ANALIZLER

Al Halfaia Kopriisiiniin yapisal analizleri Sofistik isimli bilgisayar
programuyla (sonlu elemanlar programi) vapilmusor, Yapisal tasanmda
ilgilh Eurocode’lara uygun olarak tiim elverigsiz yiikler dikkate
ahnmughr. En elvenigsiz yiik birlesimleri alinda gerekli giivenlik
seviyeleri saflanarak boyutlandirma yapilmagtr,

Integral yapilann tasariminda dzellikle sicaklik ve deprem etkileri
biiyiik émem tasimaktadir. Geneksel kiprii tasanmindan farkh olarak,
integral kispriilerin iistyapilanmin hareket imkanlan ayaklar tarafindan
simrlandirildifi igin sicaklik, ritre ve siinme etkileri altinda tagiyici
sistemlerinde biiyiik kesit tesirleri olusur. Ustyap hareketlerinin
kisitlanma derecesi alt yapinin (kolonlar, kaziklar) deformasyon
yapabilme kapasitesine baghdir. Nehir tabaninda olusan oyulmanin
(raks. 8m) 1se yapisal rijitlikler izerinde biiyilk etkisi vardir, Tiim
bu etkenler ve yerel sartlar titizlikle yapisal analizlerde dikkate
alinmugtir,

Sismik yiikleme durumu gibi yapinin boyuna yénde zorlandig
durumlarda, yapisal sistemin yeniden dagihim imkanlan fazla olan
bir cerceve seklinde olmasi ghreceli olarak integral kipriilere avantaj
saflamaktadir,

Ayak kesitlerinde beton ¢ekme genlmelerinin yiiksek oldugu
durumlarda, hesaplarda elverigsiz sonug vermesi durumunda, ayaklarm
catlamis kesit ataletleri dikkate alinmistir. Depremli durumda ise
giivenl tarafta kalmak tizere tiim ayaklann ¢atlamarmmg kesit ataletlen
de esas alinarak yapisal analizler pgergeklestirilmistir.

Zemin-Yap Etkilegimi
Al Halfaia Képriisii'niin ana ckseni boyunca 28 adet aragtirma sondaj
yapilmigir. Zemin profili {istten alta dogro Killi Silt = Siltli Kil
tabakasi, Siltli Kum tabakasi ve Yumusgak Kaya (Nubian Formasyonu)
tagiyicr tabakadan olugmaktadir. Tasiyvic tabaka igindeki hakim htolop
diigiik dayamiml kumtasidir. Kamklar, nehir tabanindan yaklagik
5.7m asafidaki Nubian Formasyonuna 8m oyulma derinlifi dikkate
ahnarak min. 8m soketlenmigtir,
Kipril yapisal sisteminin modellenmesinde kazik-zemin etkilesimi
icin alt ve iist limit degerlerin dikkate alinmasi gerekli ghrillmiistiir.
Bu amagla hem nehir tabamndaki oyulma etkisinin hem de zemin
yatay vataklanma katsayisimn alt ve iist simrlanmn dikkate alindiga
déirt ayn model lizerinde yapisal analizler gerceklestirilmistir. Bu
modellerde dikkate alinan zemin yataklanma katsayisi sinar deferleri
geoteknik degerlendirmelerden elde edilen ortalama (200 MN/m?)
degerin %50 oraminda azalhilmas: ve %2(0) craminda arthmimas: ile
elde edilmigtir:
« Sistem IA: “Yumusak sistem™ {8m oyulma derinligi, % 50 yatay
vataklanma — maks. 100 MN/m?)
« Sistem IB: Oyulma yok, % 50 yatay yataklanma — maks. 100 MN/m?

» Sistem ITA: “Rijit Sistem”, (oyulma yok, % 200 vatay yataklanma
— maks 400 MN/m*)

= Sistem IIB: 8m ovulma derinlii, % 200 yatay yataklanma — maks.
400 MN/m?

Sekil 16"da yumusak ve rijit sisternlere ait yatay yataklanma katsayismin
kazik yiiksekligi boyunca degisimi verilmistir. Ayrica Sekil 16°da
sicakhik ve deprem yiiklemelen alunda zemin-yapi etkilesiminin ig
kuvvetlere etkisi gdsterilmistir. Stzkonusu iki model dizerinde Képrii
1"in ikinci ayaginda {Aks 2) olugan egilme momentleri incelendiginde
rijit sistemdeki degerlerin yumusak sisteme gore sicaklik etkileri
altinda 1.6-1.8 kat, deprem etkilen altinda 1se 1.4-1.5 kat daha biiyiik

oldugu giriilebilir.

5. PROJENIN ZORLUKLARI

Estetik ilkelerinin uygulanabilir ve fonksiyonel bir yam ile
birlegtirilmesiyle form ve iglevsellifin biitiinlestifi Al Halfaia Kopriisil,
Hartum un siirekli biiyiiyen all yam ihtiyacimn karsilanmasina hizmel
etmektedir. Bulundugu bilgede benzeri olmayan kiipriiniin tasarm
ve yapim sirasinda pek ¢ok zorlugun iistesinden gelinmigtir.

Siglem | Sisbam ||
LWL #3735 Symem | Systam
,
|
: gjﬂ.s
O
H LY 1 1 A mﬂ m
' el el §
i Bl
5 i [ ; | Eﬂﬂ%ﬁlﬂ# 5
| 4 |
g {Ii [ f
o 1 o | oo
UzunlukiLength HEq:uﬁ."Bm[gE A, L=2386m
Sislem/ System Il
2158 350
Tsmm 43? _1 -”-3 _E_m 'EDCTI'
(kN.m) -378
=&
TEIS 0854
Deprem . i
1616 1528 -t P
(kN.m) W77
1374
Efilme Momentleri Kargilaghirmas: | Bending Momenis Comparison

Al Haurner, W, Gehert G.; and Schilie, J, The uher dovr M in iarfoem Sudan”,
Oresdiver Brivwertay 5 pmposim, Germagy, T6Mar 2010 (2]

Sekil 16. Zemin-yap etkilesiminin yapisal analiz sonuglarima etkileri
Figure 16. Effects of soil structure interaction on structural design
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» Agint Iklim Kogullar:

Sudan’'da iklim kosullan ingaat isleri igin ¢ok olumsuzdur ve yilda
5~8 adet kum firtinasi giritlebilir.

1907 den 2007 yilma kadar Hartum"da élgiilen en yilksek ve en diigiik
hava sicakhklan 46.8 9 C ve 6 " C dir.

Direk giines 1smlarina maruz alanlarda hava sicakhifn (Maks~65 " C)
siirekli beton dokiim yapilan imalatlarda kritik parametre olarak
dikkate almmaldar.

Koprii tasanminda EN1991'e uygun olarak Temin=+10" C ve
Temax=+51 v C (ghvenli tarafta kalinarak bu deger 60 " O ye
arttrrilmigtir) almrmsgtr,

» Yerel Piyasada Yetersiz Ingaat Malzemeleri

Tiirkiye pazanna giire Sudan’da ingaat malzemelerinin cegitliligi az
ve fiyatlan ise yilksektir. Bu yilzden malzemelerin %86 s1 Tiirkiyve den
tedarik edilmig, sadece %1470 15e yerel piyasadan temin edilrmstir,

» Ulagim Zorluklarn

Tiim malzemeler Port Sudan’a deniz yolu ile taginmig ve buradan
kamyonlarla 1000 km’den fazla bir mesafe gegilerek Hartum®a
ulastinlmstir. Malzemeler Hartum'a Tiirkiye'den gemive yiiklendikien
6 hafta sonra ancak ulagmaktadir ve bunun yani sira bu gemilere ait
diizenli bir sefer program meveut degildir.

= Nil Nehri Taskinlarimin getirdigi Kisitlamalar
Etiyopya daghik bilgelerine yagan Muson yagmurlan Temmuz
bagindan Kasim sonuna kadar Nil Nehrinde taskanlara sebep olmaktadir.
Nil nehrinin su seviyesi 6-8m’'ye kadar yiikselmekte, akig hiz1 ise
yaklagik olarak 10 kat artmaktadir, Bu durum nehir lizerinde tagkin
déneminde ingaat islerinin yapilmasina engel olmaktadir.
K&pril tasanmunda;

En diigiik su seviyesi (LWL)=+373.0m

En yiiksek su seviyesi (HWL }=+380.0m

Nehir akig iz V=1.53m/s

olarak alinmustir.

* Yavas ilf]eyeu Biirokrasi

» Yerel Piyasada Yetersiz Kalifiye Isgiici

6. CELIGIN ONE CIKAN AVANTAJLARI
Celik bu projede sadece yapisal sistemne ait ana tagiyicilann
malzemesi degil, proje zorluklanmn asilmasinda da katk
saflayan en bilyiik etken olmustur;

= Hafil ¢ehik elemanlarin tasinmasi (naklive masraflar:
azaltlrugiir).

= Kipril vapisal sistemine ait ana tasiyicilann Tiirkiye'de
kalite kontrol altinda liretilmesi (proje sahasindaki kaliteli
iggilik thtivact azalmigtr).

= Kipril elemanlarnimin hassas bir gekilde basit ve agik
prosediirler ile montaji (artan kalite ile ingaat hatalar:
azalmighir).

+ Ingaatin huzla yapilmasina imkan tamimas, (zamana bagh
kisitlamalar azalmigtir).

= S1stem kolayhkla estetik ve siirdiiriilebihir tasanm ilkelerim
saglamgtr.

= Ustyap kiitlesi gireceli olarak hafifletilebilmig bu sayede
deprem kuvvetleri ve buna bagh olarak da aliyap elemanlarinin
boyutlann azaltilmistir (aliyapida ekonomi saglanmigtir).
= Kazik imalatlan i3 programinda en kritik aktivite oldugu icin kazk
ihtiyacinin (kazik sayisi, gapi ve upunlugu) azalmasi ingaat is programim
gok olumlu yinde etkilemigtir

7. ISVERENIN TALEPLERININ ve PROJE KISITLARININ
SAGLANMASI

= Nil Nehri iizerinde kompozit celik ve yan-integral kiprii sistemlerinin
birlesimi, Navigasyon Kanalim ologturmak amaciyla bityiik acikhkh
siirekli kompozit gelik kirigli sistemden yararlaniimasi Isveren’in
taleplerinin karsilanmas: konusunda en dogru ¢ziim olarak ortaya
cikmaktadur:

- Dilsilk ilk vatirim, onarim ve bakim maliyetleri,

- Trahik giiriiltiisiiniin azalblmas: ve siiriiy konforunun yiikseltilmesi.
- Hizh imalat ve kisa ingaat siiresi.

- Cevreye uyumlu estetik képril tasarima.

= Nil nehri lizerinde yapirmi 4~3 yilda tamamlanan diger kiprii (El
Mek Nimir Kopriisii harig) projeleninden farkh olarak imalat isleri 2
yildan az bir siirede bitirilmigtir,

= Al Halfaia Képrilsii proje olarak yapisal gelifin sagladii avantajlar
iizerine oturtulmusgtur. Bu sayede proje biitgesi gok simirh limitlere
ve insaat programi kisith siirelere diigiiriilebilmisgtir.

8. SONUC
Subat 2010 tarihinde Al Halfaia Képriisii resmi olarak igverene teslim
edilmistir. Kopril agin zor sartlar altinda 23 ay gibi kisa bir slire
iginde tamamlanmigtir,. Kazik bagliklanmn pratik olarak yapimim
miimkiin kilan prekast kaliplar, tabliye désemesinin lizla yapimim
saglayan trapez celik sac kahiplar ve celik iist yapimin yenilikgi tasarim
sayesinde ingaat stiresi dnemli miktarda kisaltlabilmigtir. Nil Nehri
izenndeki diger kdpri ingaatlannn 4~5 yil siirmesi dikkat gekicidir.
Sudan ekonomisine faydalan da dikkate alinarak yan-integral kiprii
tipi segilmigtir. Integral kéipriiler son 50 wildir dilnya capinda bilinmekte
vie her gegen giin daha fazla kullamimaktadirlar.

Y an-integral kiprii tipinin en biiyiik avantaji, bakim masraflan pahah
olan elastomer mesnetlerin ve genlesme derzlerinin azaltilmasina
imkan vermesidir. Ozellikle gelismekie olan ve bazen geligmig
iilkelerde integral kipriilerin ingas:, diizenli balkom yaplmas: zor
oldugu igin avantaj saglamaktadir,
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Sudan’a hafif, gelik iist vap elemanlanmn nakledilmesi ve bu elemanlann
kolayhikla montaj sayvesinde bu proje diigiik biligesi ve kisa ingaat siiresi
wginde tamamlanabilmistir. Tim yerel zorluklann asilmasinda ¢eligin
kullanimi en biiyilk avantaj olmugtur. Sonug olarak Nil Nehrinin
glizellifini tarnamlayan estetik bir Kopril ortaya cikmustir, Yam Merkezi
Al Halfaia Kopriisii 'niin kompozit ¢elik kopriilerde yenilik¢l yapim
metotlannin avantajlanm vorguladigini ve ingaat maliyetlen ile
siirelerinin azaltilabildifini gbsterdiine inanmaktadir, Ayrica bu
projede Avrupa Birligi standartlan (Eurocode) bagariyla saglanmisg,
yan-integral kompozit gelik kpriilerin yiiksek kaliteye sahip ve uzun
Omilirlii olmalarinin alt cizilmisgtir.
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ABSTRACT

The construction of light gauge cold-formed steel framed shear walls with wood structural panel sheathing is
gaining in popularity due to the ease and speed of construction, high shear capacity and efficient choices.
However, the design of these walls 1s limited to what is available through research testing. There is currently
no generally accepted design method that uses principles of mechanics to calculate the shear strength of cold-
formed steel framed shear walls.

In this paper, an overview discussion regarding the development of a semi-analytical model is provided. This
method 15 used to determine the shear strength of shear walls that are constructed with structural wood panel
sheathing attached to cold-formed steel members with power-actuated lasteners.

This method was developed through a full-scale research test program including seismic testing of pre-
constructed shear walls, and lateral connection tests of fasteners used for attachment of structural wood
panels to light-gauge cold-formed steel framing members. Parameters atfecting the shear performance of
shear walls are discussed including the spacing and thickness of framing members, wood panel type and size,
fastener type and spacing. The paper discusses the use of the analvtical approach with other means of
connections including building code-defined (IBC®) screws and power-actuated fasteners.

Keywords: Plywood, Seismic, Shear Wall, Cold-Formed Steel, Power-Actuated Fasteners

INTRODUCTION

The typical cold-formed steel (CFS) framed shear wall consists of evenly spaced steel studs for
framing, steel tracks at the top and bottom of the walls, hold-down anchors at the end of the walls,
and wood structural panel sheathing attached to cold-formed steel framing with a building code
compliant or recognized fastener. A typical wall construction is shown in Figure 1. The wood
structural panel may be required to be covered with a building code approved or recognized paper
or a weather resistive barrier to provide corrosion resistance. A typical shear wall assembly is
shown in Figure 2.

Design guidelines for shear walls constructed with cold-formed steel framing and wood structural
panel sheathing are available in AISI 5213-07, also known as AlSI-Lateral, for some common shear
wall configurations. However, AISI Lateral does not capture all possible shear wall configurations,
nor does it provide guidance for variances in the shear wall construction. The 2009 International
Building Code (IBC®) also does not address the use of proprietary fastening systems that can be
used to attach wood structural panels to CFS framing members. There i1s no widely known
analytical method of calculating the lateral performance of CFS tramed shear walls with wood
structural panel sheathing. Both AlSI-Lateral and the 2009 IBC® allow the development of a design
method based on testing and the principles of mechanics by using the strength and stiffness of the
fastener connections.

The purpose of this paper is to describe the development of a semi-analytical model that is based on
test data and mathematical calculations for the design of various shear wall assembly combinations
with a proprietary power-actuated fastening system. Power-actuated fasteners have been used for
attaching wood structural panels to cold-formed steel elements since 1986 (Nolan, 1998). Typical
power-actuated fasteners have knurled shanks with diameters ranging from 0.100 inch (2.54 mm) to
0.120 inch (3.05 mm), shank length ranging from 1-1/2 inch (37 mm) to 2-1/2 inch (62 mm) and 1/4
inch (6 mm) head diameter, although these features may vary for different manufacturers. Power-
actuated fasteners develop their holding mechanism through friction, generated between the
fasteners

and base steel during installation, keying, mechanical interlock with knurling of the shank of the
fastener, and micro-brazing, zinc coating on the fastener is consumed due to the heat generated
during the driving process in the base material to create a bond (Beck & Reuter, 2005). A typical
power-actuated fastener is shown in Figure 3.

— E e -l ol

Figure 1. Typical wall construction with cold-formed steel framing and wood panel sheathing
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Figure 3. Typical power-actuated fastener for attachment of wood panels to cold-formed steel
elements
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The American Plywood Association (APA) provides a mathematical design guide for shear walls
constructed with structural wood framing and wood panel sheathing based on the lateral (shear)
capacity of building code prescribed nails (APA-154). However, this design guide and the other
analytical models which are available as technical papers do not capture the unique performance
characteristics of proprietary fastening systems, Proprietary power-actuated fastening systems
generally provide improved load capacity, and quicker installation than building code [IBCEJ]
defined attachment methods such as screws in addition to clean fastenings, and easy inspection
advantages.

SMALL ELEMENT SHEAR TEST PROGRAM FOR POWER-ACTUATED FASTENERS

The first step in development of a semi-analytical model was to confirm the static shear load
performance of the proprietary power-actuated fasteners when installed into cold-formed steel
members through wood structural panels test pads. The tests were performed in accordance with
ASTM D 1761-88(2000), Standard Test Methods for Mechanical Fasteners in Wood and ASTM E
1190-95 (2007), Standard Test Methods for Strength of Power-Actuated Fasteners Installed in
Structural Members.

The single fastener static lateral load resistance (shear) tests were performed by attaching 12 .,
(305 mm) long by 2 in. (50 mm) wide piece of structural plywood to a 12 in. (305 mm) long by 2
in. (50 mm) wide coupon cut from the light gauge cold-formed steel elements. The plywood and
sheet steel coupons were configured with a lap-joint of 4 in. (100 mm). A single fastener was
installed at the center line of the lap joint. Figure 4 shows the test configuration for the lateral load
tests.

Figure 4. Lateral load test configuration

Table 1 shows the test scope and the sample size for the single fastener connection tests for lateral
loads. The tests were conducted, progressing towards thicker structural panel wood members and
thicker cold-formed steel base materials until a consistent failure mode of fastener pull-out from the
cold-formed steel framing was achieved. The required numbers of test series was determined in
accordance with Table 1 of ASTM D 2915-03, Standard Practice for Evaluating Allowable
Properties for Grades of Structural Lumber, with a minimum of 15 tests. Additional tests were
carried out until the resulting data complied with Table-1 of ASTM D 2915-03.

Table 1. Test Scope for Lateral Resistance of Power-Actuated Fasteners

Nominal Wood Minimum Thickness of Cold-Formed Steel Framing, gauge (mm)

Structural Panel
Thickness, inch 22(0.719) 20 (0.879) 18 (1.146) 16 (1.438) 14 (1.811)
(mm}
38 (9.5) 15 15 15 15 15
15/32 (12) 15 | 5 |5 15 |5
19/32 (15) 15 15 15 15 15

FULL SCALE SHEAR WALL TESTS

A total of 12 full scale shear wall configurations were tested at Specialized Testing, Inc., an
International Accreditation Service (IAS) certified third party test laboratory located in Santa Fe
Springs, California. The tests parameters were chosen to capture a wide variety of common shear
wall configurations by selecting the boundary conditions and representative shear walls that would
reflect the actual field conditions. Table 2 shows the test matrix for the full-scale shear wall test
program.

The tests were performed in accordance with ASTM E 2126-07a (2007), starting with a monotonic
test protocol to develop reference parameters and followed by two CUREE (Consortium ol
Universities for Research in Earthquake Engineering) cyclic load tests. The CUREE test was
repeated if the results of the first two tests were not within 10% of each other, as required by
International Code Council Evaluation Services (1CC-ES), Acceptance Criteria for Power-Driven
Pins for Shear Wall Assemblies with Cold-Formed Steel Framing and Wood Structural Panels
(AC230), October 2008, ICC-ES 1s an independent evaluation agency which evaluates building
products for compliance with the International Building Code. The average of the three tests was
then used as the ultimate shear wall capacity. A total of 39 tests were performed.

Table 2. Test Scope for Full-Scale Shear Wall Tests

Cold-Formed Steel Wood Frame Spacing, F“E'E“E" Spacing,
- Structural Panel : inch (mm)
Thickness, gauge Thickness, inch inch (mm)
{mm) P on center 6(152) 2 (50)
3/8 (9.5) 24 (610) 3 3
20 (0.879)
15/32(12) 16 (406) 4 3
1/% (9.5) 24 (610) 4 3
18 (1.146)
19/32(15) 16 (406) 4 3
15/32(12) 24 (610) 3 3
16 (1.438)
23/32 (18.3) 16 (406) 3 3
Total Tests 39

The test walls were built as 8 ft (2438 mm) long by & ft (2438 mm) wide assemblies in accordance
with ICC-ES AC230. The aspect ratio of 1:1 for tested shear wall assemblies helped determine the
available shear strength of the walls with an aspect ratio equal to 2:1 or less (Brenston et al, 2006,
ICC-ES AC230). The walls were composed of light-gauge, cold-formed steel C-studs with
minimum flange width of 1-5/8 inches (41.3 mm), a minimum web depth of 3-1/2 inches (89 mm)
and a minimum edge stiffener length of 3/8 inches (9.5 mm). The studs were spaced 16 inches (406
mm}) or 24 inches (610 mm) on center. The steel tracks had a flange width of 1-1/4 inches (31.8
mm}), with the same web depth as studs and were located at the top and bottom of the wall test
specimens. The stud and track sections were fabricated from steel conforming to ASTM A 1003-05
standard to the designated thickness with a minimum yield strength of 33 ksi (227.5 MPa) for 20
and 18 gauge and 50 ksi (344.7 MPa) for 16 gauge sections. The steel sections are the most
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common shapes used in the construction of light-gauge steel framed wood structural panel sheathed
shear wall assemblies. Structural 1 plywood was installed on each side of each test wall assembly
with the Hilti X-GPN 37 MX proprietary power-actuated fasteners. These fasteners were placed at a
distance of 3/8 inch (9.5 mm) from the edge of each plywood panel using Hilti GX-120 gas-
actuated tool. The spacing of the fasteners around the wall perimeter was 2 or 6 inches (51 or 152
mm) on center. Fastener spacing in the field was 12 inches (305 mm) on center. The fastener
installation was done in accordance with the manufacturer’s installation instructions to eliminate
underdriven and overdriven fasteners. Improperly attached fasteners can reduce the strength,
stiftness and ductility of the shear wall assemblies and may result in wood panels not attaching to
cold-formed steel framing or significant damage on the wood panels. Four 5/8 inch (16 mm) sill
anchors (ASTM A307-07b Hex Bolts) and two hold-down connectors were used to attach the shear
wall test specimens to the test frame. The hold-down connector rods were 7/8 inch (22 mm)
diameter ASTM A 193-07 Grade B7 threaded rods which are attached to steel studs with 33 each
No. 10-16x1-1/4" HWH #3 self-drilling screws. The shear wall assembly was attached to the test
frame with a load cap on the top of the wall (Figure 5). The load cap member was an aluminum
WE&x13 member with a total weight of 133 Ibs (592 N). The end tracks composed of back-to-back C
studs were put 1in place to prevent failure of the end studs due to compression forces developed by
lateral loads. A typical failure of plywood pull-over is shown in Figure 6.

Figure 5. Shear wall test set-up
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CONCEPTS FOR DEVELOPMENT OF AN ANALYTICAL MODEL

The mechanical model represented in Figure 7 i1s a linear approach developed for structural wood
framed, wood structural panel sheathed shear walls in American Plywood Association Research
Report 154 (Tissell, 1993). The resulting shear resistance 15 calculated as the sum of individual
fastener resistance as shown in Equation 1.

fastener spacing f

shear load §
/
' ' ' y P fastener (N = number of fasteners)
= =

...

. Q, fastener resistance
(lateral performance)

width w

Figure 7. Analytical model for power-actuated fasteners

Som=N:Q,, N=w/f (1)

In this equation, Qy is defined as the individual fastener shear strength and N is the number of
fasteners in a given width (w; width: f; fastener spacing along the wall perimeter). The other factors
taken into consideration are the frame spacing, type of wood panel, type and thickness of the base
material and the type of attachment.

Equation 1 alone does not predict the actual behavior of the shear wall diaphragm system as the
fasteners, sheathing material and cold-formed steel framing members act as a structural system. An
evaluation concept based on statistics was introduced to correlate Equation 1 with the actual test
results obtained from the full scale shear wall test program. A linear fitting function shown in
Equation 2 was introduced to align the individual fastener performance with the actual shear wall
test data.

fiN)=a'N + B+ y ls 2)

where N is the number of fasteners per unit length and s is the stud spacing. Therefore, the
predictive function Sp.. was calculated by multiplying the nominal shear S,., with the fitting
function f{N):

Swe=(a' N+ 8+ ¥ 1/8) " Spom (3)

The parameters «, f and y were calculated using a least squares curve fitting for the respective test
data. After determination of the free parameters, «, f and y the coeflicient of correlation between
the shear wall test data, 5, and the calculated shear wall strength S, was checked in accordance
with ICC-ES AC230, Section 4.3.5. The coefficient of correlation must be greater than or equal to
0.85, for the fitting function to be considered as providing a sufficient degree of accuracy with
respect to mathematical modelling.

In addition, the predictive data was further limited to have no calculated shear capacity higher than
what was obtained in the actual test results to be conservative. Therefore, another adjustment factor
was Introduced for the configurations where the calculated capacity exceeded the tested capacity.
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ANALYSIS OF SINGLE FASTENER SHEAR CONNECTION TESTS

The analysis of the test results for small element single fastener shear connection tests were
conducted in accordance with AISI S100-2007, North American Specification for the Design of
Cold Formed Steel Structural Members. The results were then adjusted to reflect the specified cold-
formed steel tensile strength and the specified thickness by multiplying the test results with an
adjustment factor, R,, the ratios of specified tensile strength, Fyispecified), t0 tested tensile strength,
Fugiesieays and specified base steel thickness, tyecines, to tested base steel thickness, tiegeq. using the
following formula:

F {
R_.,. = w speeifled ) 5 specified [ 4)
FJ:II rexheid ) "ra'x-red

Based on the results of the single fastener shear tests, a linear regression function was applied to the
final test results after the base steel strength and thickness adjustments. Plywood thicknesses greater
than 19/32 inch (15 mm) showed similar behavior to 19/32 inch (15 mm) plywood as the fasteners
pulled out of the base steel at similar load levels,

Linear regression of the single fastener shear connection tests resulted in the following predictive
equations for the strength, Qy, of fastener connections in various plywood attachments to different
cold-formed steel thicknesses:

= 3/8inch plywood :Qis=7716.141—4.00 (3)
* 15/32 inch plywood : Q532 = 971841 t - 67.32 (6)
= 19/32 inch plywood : Qg2 = 9776.87 1 — 53.98 (7)

ANALYSIS OF FULL SCALE TEST RESULTS

The first-cycle envelope curve, also called backbone curve, is constructed for the positive and
negative sides of the load versus deflection graph developed from CUREE tests. The first-cycle
envelope curve is representative of the boundary load values and deflections for the first load cycles
in the cyclic-shear wall test protocol plotted by linearly connecting the peak loads and deflections in
each cycle as shown in Figure 8. The Load and Resistance Factor Design, (LRFD) nominal shear
wall capacity is calculated based on strength and deflection (drift) limits. The nominal load is taken
as either the average peak load from the first cycle envelope curve or determined from drift
limitations. The wind drift limit is a maximum deflection of h/1 80, with h as the height of the test
wall specimen. The seismic drift 1s determined in accordance with ASCE/SEI 7-2005, Minimum
Design Loads for Buildings and Other Structures, Section 12.8.6 with the following equation;

a:nt1:= (Ex*ﬂf{:d [8]
where

0y = The maximum inelastic response displacement taken as the lesser of code specified
allowable story drift and the displacement at the peak load level from tests

e = Design level response displacement (in.)
I = Importance factor determined in accordance with Section 11.5.1 of ASCE/SEL 7
Cy= Deflection amplification factor, AISI S213-07

SHEAS WAl l TEST SFECIWET CONSTRLCTION
BN x SR Sheer vl J0gs Shesl Frasming, Daoukbie Beck bo Beck
IEFSIEZ Posts, 36T 2S5 Top and Bolbom Tracks, 625152 Shuds ol
2an, g, Tyed Shasts o 160 Tinss | Plywrond Shaalhirg, H-(Era?
Faaterars 8l B2, SHDH D Holokeaines: on inskde of Poals, 458 S0
Bolls

Top Force - s,

Felcing o Plyveood Pansi o Joint, Fagbene: Pubul, Biivse

Opzeyvationys and Falbure Mode

&l Breakout

Top Displacement - in,

Figure 8. Typical first cycle envelope curve

The resulting nominal loads of the full-scale tests are presented in Table 3. The load results for the
intermediate fastener spacings were calculated via linear interpolation as described in Section 4.2.1

of ICC-ES AC230.

Table 3. Nominal Loads, plf (kN/m) for Shear Wall Configurations with Various Fastener Spacing
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C’I?;I'I.Furmd Steel Struc::r::ldl’anel Frame Spacing, Fastener Spacing, inch (mm)
ickness, gauge Tl e ok inch (mm)
{mm) 2 on center b 4 3 -
(mm) (152) | (102) | 76) | (50
| 440 | 746 | 900 | 1053
somsaa HA () £ i) 64 | 109 | a3 | (154
' ,. 512 | 869 | 1048 | 1226
CETAL) Lo LA (7.5 | 127 | 053 | (17.9
518 | 832 | 968 | 1145
RS ¥8(2.3) 24 (610} (7.6) | (2.3 | 4.0 | (16.7)
' 730 | 1203 | 1440 | 1676
Iy
Ealnl gl bl (10.6) | (17.6) | 21.0y | (24.4)
| 844 | 1351 | 1604 | 1857
15/32 (12) 24 (610)
12.3) | (19.7 4 i
IRAde) {I t}ﬁ{]} [| ?24} {;]35 ﬁ} {;T:;:’ HL}
' 2
ZITTE) 16306) | (155) | (25.2) | (30.0) | (34.9)

LEAST SQUARES FITTING AND CALCULATION OF PARAMETERS

The adjusted shear strength of the fasteners and the known parameters allowed the use of a
statistical function, LINEST. LINEST function helps to solve the following equation by using the
least squares method to best fit the test data:

y=mp Xx;Tm; Xt M Xz

(9)

In this equation, the target values, y, are the nominal loads from the full-scale test program and
fithng parameters my = 3, m>: = Fand m; = & n Equation 2, In this statistical equation, all y and x
values are known since they can be calculated based on the available test data. Thus, the LINEST
function was employed through Microsoft® Excel to solve for the unknown parameters. A load
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reduction factor was determined based on the test values and the linear regression model values to
ensure the predicted shear load values did not exceed the tested wall shear load capacity. The
LINEST function helped determine the first part of Equation 3. Equation 3 can be re-written as:

Sore =f(N)* N+ Q, (10)

where
N ={a' N+ g+ y 1) (11)

N is the number of fasteners along the edge of the shear wall assembly and was calculated by
dividing the width of the shear wall test specimen by the fastener spacing. The comparison of the
test results and the predicted load data based on the linear regression model is presented in Figure 9.
The correlation between the test data and the predicted data was within the 10% of each other
showing a strong correlation.

comparison of test and final prediction data
2500
B |
2000
e .
ii -
1500 ;
: .
1000 Y 3
-
-
-
500 -
0
0 500 1000 1500 2000 2500
test [plf]

Figure 9. Comparison of predicted load data versus test data

The resulting design equation, based on comprehensive testing, AISI 8213-07 (AlSI-Lateral), APA-
154 and utilizing statistical functions can be used to calculate the shear capacity shear wall
configurations within the tested boundaries with the tested proprietary fastening system. This
statistical model 15 an innovative method ol calculating shear wall capacity. Based on the testing to
date, it 1s also a conservative approach to analysis of full-scale shear wall test data, as no predictive
load exceeds the test data. This data evaluation might provide a means for similar evaluations. The
predicted data heavily depends on the test results for proprietary fasteners, therefore depending on
the type of fastening system used, different results might be obtained.

CONCLUSION

Shear wall assemblies with cold-formed steel framing and wood structural panel sheathing are
gaming more popularity due to ease of construction, economical advantage, speed and high lateral
load capacity for resisting wind and seismic forces. The design of such shear walls can be made
through AISI S213-07, which only lists a limited number of shear wall configurations or the
published results from fastener manufacturers which are solely based on empirical results. Full-
scale shear wall assembly testing provides a more accurate representation of the shear wall

performance in an actual building than small element connection tests alone. However, the full-
scale assembly tests also are also more expensive and time consuming. Since there is no industry
wide accepted design guide for the design of shear walls an alternative model of semi-analytical
design method has been developed based on testing of a significant number of full-scale shear wall
assemblies and also testing the shear load performance of individual fasteners when used in
connections of plywood to cold-formed steel members. Statistical methods have been used to
understand the behavior of cold-formed steel framed shear wall assemblies and the shear strength of
individual fasteners in the development of a semi-analytical design model for proprietary power-
actuated fasteners. Additional adjustment factors were developed to ensure that calculated shear
capacities did not exceed tested shear capacities. The results of the analysis shows a strong
correlation between the predictive model based on single fastener testing, with results obtained from
actual full-scale testing, supporting consideration of using predictive modeling in the design of
shear wall assemblies.
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ABSTRACT

This document describes design, production and assembly works of *“The Space Frame of A380 Aircrafi
Hangar™ having a clear span of 96m and “The New Amiry Terminal Building™ in Kuwait International
Airport. These two buildings were in the same contract and they were constructed in Kuwait.

Keywords: A380-Planes, Design, Hangar, Large-Span, Space Frame, Terminal-Building

INTRODUCTION

The Kuwait International Airport is located in Farwaniya, Kuwait. It can currently handle six
million passengers per year after a massive renovation and expansion project. In 2007, a new
aircraft hangar for Airbus A380 planes and a new terminal building for VIP passengers were
planned to build. Starting date for Ahmediah Trading and Constructing Co, Main Contractor, was
15th of September 2007. Airbus A380 Aircraft Hangar and The New Amiry Terminal Building
were built in the same contract. Both structures are made of prefabricated steel USKON space
frame system and all materials of the space frame have been supplied from Turkey.

SPACE FRAME OF A380 HANGAR HAVING A CLEAR SPAN OF 96m

The outer dimensions of The A380 Aircraft Hangar are 86.50m x 177.00m. The Hangar 1s divided
into two bays for different types of planes. The larger bay has a dimension of 96.00m x 86.50m and
it has been designed for Airbus A380 plane which is one of the largest planes in the world. The
second area adjacent to the larger one has a dimension of 81.00m x 86.50m. This part is designed to
lodge smaller planes comparing to A380, like a B747 or equivalent. There are two large doors in
front of the hangar. The clear spans of the bays along these doors are 96.00m and 81.00m,
respectively. The height of the Hangar from ground level to the bottom chord of the space frame 1s
28.20 m. Grid size of the space frame i1s 5.053mx5.125m.

A slope of 2% was provided from front side towards the rear side of the hangar. Depending on this
slope, construction height of the space frame is variable. Minimum height of the space frame in
aggregate of two layers is 7.50m on the rear side and the max. height 1s 9.04m on the door’s side.
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There are 8163 no’s of pipe members, 1823 no’s of nodes and 65 no’s of supports in the space
[rame system. The sell weight of the space frame except the purlins 15 only 62.7 E;gfm2 despite such

a clear span of 96m.
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Figure 1. Plan View and Sections of The A380 Hangar

GENERAL INFORMATION ABOUT THE PARTICIPANTS OF THE PROJECT

Employer : Ministry of Public Works , Special Projects Administration
Contractor : Ahmadiah Contracting & Trading Company - Kuwait
Architectural Design Concept : Meinhardt UK Ltd. - England

Consultant / Supervisor : Ministry of Public Works

Structural Design Consultant : Farooqn Engineering Consultants - Kuwail
Designer and Supplier of Steel Roof Structure @ Uskon Space Frames - Turkey
Supplier of Composite Roof Cladding System : Arabian Profiles-UAE & Kalzip Roofing Sys.-UAE
Supplier of Wall Cladding and Framing : Arabian Profiles - UAE

Supplier of Steel Sub-Structure : Khalid Kharafi - Kuwait

Supplier of Main Hangar Doors : Jewers and Sons - UK.

Heavy Lift Contractor : VSL — Switzerland

DESIGN PROPERTIES OF THE PROJECT

Design calculations are as per Eurocodel and Eurocode3 using Load and Resistance Factor Design
Method. In all phases of structural design, the most unfavorable conditions have been taken into
account including erection phases and open or closed door combinations. 212 numbers of loading
combinations have been used in design calculations to satisfy the requirements of open or closed
door conditions. The loading criteria in the project are as follows:

- Space Frame Self Weight = 62.7 kgfmE

- Cladding + Purlins = 25.0 kg/m’
- Service Load = 18.0 kg/m’
- Live Load on Roof = 60.0 kg/m’
- Wind Load = 168.0 kg/m* (V=80 m/h)
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- Temperature Differences = At==+35°C
- Seismic Loads = as per UBC 97 (Zone=1 , Importance Factor=1.5 , R=4.5)

The Hangar is a steel structure as a whole but also there are 6 no’s of reinforced concrete shear
walls in the structure. There are 65 supports on the sub-structure. 26 of these supports are on
reinforced concrete shear walls. Remaining 39 supports are on steel columns braced by steel
elements along the perimeter. SAP2000 software has been used in structural design.

Some information about the space frame structure is as given below:

- Area of Space Frame = 15310 m’
- Number of Members = 8163 no’s
- Number of Nodes = 1823 no’s
- Number of Supports = 65 no’s

- Span of the Space Frame = 96.0 m.

- Minimum Diameter of Pipes : D= 889 mm,t= 3.0 mm (S235)
- Maximum Diameter of Pipes : D=323.9 mm, t = 10.0 mm (5355)
- Minimum Bolt Diameter = M20-10.9

- Maximum Bolt Diameter = M72-10.9

- Minimum Node Diameter : D=¢ 110 mm

- Maximum Node Diameter : D= ¢ 380 mm

ASSEMBLY WORKS OF THE SPACE FRAME AND LIFTING OPERATIONS

Assembly work is a part of the design of the structure. First, whole system except for a few nodes
and members which prevent lifting of system has been assembled on the ground level including
purlins and other required equipments on the system. There are 8 no’s of openings in the space
frame for Lifting Towers. 8 no’s of temporary Lifting Towers were constructed passing through the
space frame. These towers have been used to lift up the space frame onto its original position,

Case 1: - the Space Frame structure as assembled on the ground.
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Figure 2. Sketch for assembly on the ground and then lifting by 1m above the level of supports

4
.

The lifting of the space frame was carried out by VSL, Switzerland. The roof is assembled at 40cm
above of ground level on temporary soldier supports without camber and be hifted simultaneously
using 16 no’s of VSL strand lifting jacks on these 8 no’s of temporary Lifting Towers. Elevation of
the original supports is 28.00m. Total lifting height from ground to bottom chord member’s level is
approximately 29m. The VSL strand lifting jacks are installed on temporary lifting towers inside the
roof frame (openings).

Lifting principle and sequence of the job were planned and coordinated by VSL and USKON. For
lifting operations, reactions as per 16 no’s of holding nodes and displacements of some critical
nodes were calculated from computer model. They were measured on site and compared with the
ones in the model results for a safe lifting. Wind and other meteorological conditions were defined
for planned lifting days. The emergency conditions like displacements, reactions, wind velocities
etc. have defined for unwanted cases. The hifting from ground level to the final level was divided
mto the following distinct operations:

- Stage A: Erection of temporary lifting structure (During roof assembly)

- Stage B: Erection and commissioning of strand lifting equipment

- Stage C: Lift-ofT operation and controls.

- Stage D: Main lifting operation to the final height.

- Stage E: Lifting the roof structure 1m above the final height.

- Stage F: Interruption for connection after completing of missing side space frame members
and insertion of definitive columns.

- Stage G: Lowering of the whole roof to final level

- Stage H: Load-transfer from the lifting jacks to the definitive columns and connection,

For the lift-off, lifting and load transfer operations, forces (lifting pressures) and wvertical
displacements on these 8 jacking groups have been constantly monitored and compared with the
theoretical values provided by the structural analysis,

Figure 4. Lifted space frame with hydraulic jacks

Figure 3. Lifting connection elements
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Schematic Arrangement of VSL Lifti

Layout of Lifting Points
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Figure 5. Layout of lifting connection points

Figure 8. View of the airbus a38(0 hangar during installation after lifting process
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Figure 6. Connection detail of system
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Platform details:

Figure 9. Plan view of platform and lifting points Figure 10. Detail of connection element

After lifting process was completed, steel sub-structure and columns were placed under suspended
space frame system and some missing elements which prevent lifting process were added to system.
Then, space frame was lowered onto the original permanent supports by VSL. A special purlin
system was used on the space frame in diagonal direction to reduce the span of the cladding.
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Figure 11. Inside view of the completed airbus a380 aircraft hangar and large doors
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THE NEW AMIRY TERMINAL BUILDING

The Amiry Terminal (VVIP Terminal) will be exclusively used by the Emir of Kuwait and his
guests as well as other countries representatives while visiting the country. The main contractor of
the project, Ahmediah Trading and Constructing Co., insisted on having a new interesting design
and this was required extra internal width and height and the latest state of technology but without
losing the highest aesthetical concern. Construction works of The New Amiry Terminal Building
are in the same contract with The A380 Hangar.

Figure 12. General view of the terminal

Figure 13. Taking passengers to the plane

GENERAL INFORMATION ABOUT THE PARTICIPANTS OF THE PROJECT

Employer : Minister of Public Works - Special Projects Adminmistration

Contractor : Ahmadiah Contracting and Trading Company - Kuwait

Architectural Design Concept : Paul Andreu - France

Architectural Consultant : Associated Engineering Partnership - Kuwait

Structural Consultant : Farooqi Engineering Consultants - Kuwait

Designer, Supplier of Steel Structure : Uskon Space Frames - Turkey

Supplier of Composite Rool Cladding System : Arabian Profiles-UAE & Kalzip Roofing Sys-UAE
Supplier of Aluminium Cladding : Wuhan Lingyun Building Decoration Engineering Co. - China

The outer dimensions of the structure are 69m x 69m in plan. Distance from the highest point of the
space frame to the lowest level is 35.523m. Modulation of the space structure varies depending on
the complex geometry but, it 1s around 2.167m x 2.167m. There 1s a lateral space frame connection
system on the top middle region to improve the structural behavior since this upper volume is not
used for architectural purpose. Construction thickness between lower and upper layer of the space
frame is 2.212 m. for this part.

DESIGN PROPERTIES OF THE PROJECT

Design calculations are as per Eurocodel and Eurocode3 using Load and Resistance Factor Design
Method. The loading criteria in the project are as follows:

- Space Frame Self Weight = 46.2 Icga’m:

- Cladding + Purlins = 41.0 kg/m’

- Service Load = 25,0 kg/m’

- Suspended Ceiling Load = 15.0 kgﬂ’m2

- Live Load on Roof = 60.0 kg/m’

- Wind Load = 168.0 kg/m* (V=80 mp/h)

- Temperature Differences = At=+22°C (for H<13m) ; At=+ 35°C (for H=13m) ;

- Seismic Loads = as per UBC'97 (Zone=I , Importance Factor=1.5 , R=3.5)
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Figure 14. Plan view and sections of the Amiry Terminal Building (VVIP Terminal Building)

The space frame structure has been supported on the reinforced sub-structure using 32 no’s of steel
supports. Clear span of flat-sided and dome-shaped space frame structure 1s 59.70m. on both x and
y directions. There are additional space frame layers in the structure integrated to the model. The
system has been modelled together with these leaf shaped parts. SAP2000 software has been used in
structural design calculations. Some information about the space frame structure are as given below.

- Area of Space Frame = 4368 m"
- Number of Members = 15234 no’s
- Number of Nodes = 3657 no's
- Number of Supports = 32 no’s

- Span of the Space Frame = 59.7 m.

- Minimum Diameter of Pipes : D= 48.3 mm, t = 2.5 mm (5235)
- Maximum Diameter of Pipes : D =219.1 mm, t = 8.0 mm (5235)
- Minimum Bolt Diameter = MI12-10.9

- Maximum Bolt Diameter = M56 - 10.9

- Minimum Node Diameter :D=¢ 75 mm

- Maximum Node Diameter : D =¢ 280 mm
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ASSEMBLY WORKS OF THE SPACE FRAME AND PURLIN SYSTEM

Assembly Work 1is a part of the design of the structure. Erection of the space frame has been carmed
out on the site by using advantages of dome-shaped geometry. Depending on this property,
installation process has been completed in a very short time. Another reason of completing
assembly works in a short time was the advantage of the steel prefabricated space frame system.

A Secondary steel purlin system has been designed on the main space frame structure to cover
structure by a special cladding system. Details of the purlins and cladding system were too complex
especially for leafl parts and their connections to the main structure.,

Figure 15. General view before cladding works Figure 16. The main space frame structure

Figure 20. Inside view of the Amiry Terminal Building when completed

CONCLUSION

Figurel7.General view after first layer of cladding Figurel8.General view after cladding works These two buildings were in the same contract and carried out by USKON Space Frame Company.
These structures are made of prefabricated steel space frame system by using local materials
supplied from Turkey. They had been completed at the beginning of the year of 2010.
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Figure 19. General outside view of the amiry terminal after completion of cladding works Figure 21. General outside view of the space frames constructed in Kuwait International Airport
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WORLD STEEL MEETS IN ISTANBIUL,
EUROPEAN CULTURE CAPITAL 2010
FOR “CULTURE AND
SUSTAINABILITY™

After a long and feverish tempo of

organizational process we are fast approaching
the last few days towards the “Steel Structures

Week 2010 Istanbul” Exhibition -
Symposium - ECCS Bridge Competition -
Constructional Steel Day - ECCS Meetings
which will be held between the dates of 20
and 24 September, 2010 at Taksim The
Marmara Onel.

Here are some notes on our travails:

STEEL STRUCTURES Week 2010

& j’
L
Bavs

ALESSANDR0
10PPI -
EXHIBITION

Lo vl By
wkish Comiruclionsl $leabaook Asmodoion
=

20 Seplamber - T Difabar 2000

[Frud
Chombsr of Sachitects-Karakéy, Binshel

The program of events can be found at
www.sscs2010 . The latest information and
news can be followed at the promtly updated
web site,

The evening of 20 September 2010, at the
Chamber of Architects, Istanbul, Karakdy
Branch the coctail reception for the famous
Italian architect Alessandro Zoppini
Exhibition will take place.

Steel Structures Week 2010 Istanbul's other
invited guest speaker Prof. Dr. Jean Baptiste
Schleich will be in Turkey delivering his
presentation on “Fire Engineering,
Architecture and Sustainability™
International Symposium titled “Steel
Structures: Culture & Sustainability 2010”

papers have been deliberated by the Science
Committee. At the sympoius which will be
held on the 21-23 September 2010, over 70
national and international presentations will
be made in parallel sessions.

The Book of Symposium Papers is ready for
publication. It 18 a culmination of careful
study in 10 sections comprising 73 reports
from 22 countries.

Reservations at hotels are being made as
participants apply to the Symposium web
site, This gigantic organization’s host Taksim
The Marmara Hotel is getting ready.
The German “Steel Construction — Design
and Research” quarterly has decided to publish
a special issue for the International
Symposium “Steel Structures: Culture &
Sustainability 2010" which will be held on
21-23 September 2010.

Preparations for the Pleasure Boat are
completed for the magnificent Bosphorous
sailing the Symposium participants will be
doing on the 21 September 2010 evening and
there to do is only the praying for the weather
to behave,

ECSS Stee]l Bndge Competition 18 concluded.
German, Italian and Romanian projects are
named for the three seperate categories of
awards asssessed by the competition jurors.
They will be receiving their awards on 22
September in Istanbul.

Ortakéiy’s magical venue Esma Sultan Yalis,
on the evening of 22 Septembebr 2010 will
be welcoming the national and international
representatives of the Constructional Steel
Sector. The historical seaside venue 1s
anticipating its guests for an evening full of
surprises,

The program for the Eleventh Constructional
Steel Day which will be held on 23 September
2010 has been decided. Details of splendid
steel works done by firms operating in the
constructional steel sector in Turkey will be
shared with the attendants of the 11th
Constructional Steel Day which will be
crowned by the forum titled “Future
Opportunities for Steel Structures in Turkey
and Neighnouring Countries™ where the
panoramic view of the sector will be put on
the agenda. The coctail reception at the end
will be a continuum of the day sharing the
valuable information and making it the
contender for the busiest day of the week.
During the symposium The Marmara Hotel's
Ball Room foyer at the Company Publicity
stands the sector firms, which have
determined their corers, will be waiting for
the participants.

TUCSA Executive Board President Prof. Dr.
Nesrin YARDIMCI who has taken on the
ECCS Presidency for the 2009-2010 Period,
is deservedly proud with organizing the ECCS
Meetings on 24 September 2010 in Istanbul.

Prof. Dr. Nesrin Y ARDIMCI will be handing
over her ECCS office to the German President
of Constructional Steel Association.
The serious contributors to the Constructional
Steel Week 2010, istanbul have almost
competed to be among the sponsors of the
event as the sector companies.

ANNUAL TUCSA GM WAS HELD IN
TAKSIM

TUCSA Ordinary General Meeting was held
on Thursday, the 24 June, 2010 at 14:00-
18:00 at The Marmara Hotel Opera Hall.
TCSA members appoimnted the new executives
with their votes and chose for the Executive
Board Presidency once again Prof, Dr, Nesrin
YARDIMCI who has been at this post for
the last decade. The 9 members of the
executive board are: Yagar MARULYALL
Selguk OZDIL, Yener GUR'ES, Prof. Dr.
Cavidan YORGUN, Melih SIMSEK, Danis
EKIM, Mustafa DORALP, and Selcuk 1Z.

Hasan CALISLAR, Architect:

“By these regulations no dainty steel builds
are possible™

The biggest problem for steel today as we
architects use steel in construction, we prefer
showing all the structure, many of us do,
however, this presents also the heat bridge
issues. For architects who prefer steel the
main considerations are these diflicult details.
Baut it is also a project management issue.
Task allocation must be defined perfectly. If
the structure 1s to be bare then there is exira
load compared to reinforced concrete. On the
other hand there is the fire protection; if you
want to show off the steel structure then
comes the expensive job of using protective
paint and this has to be solved by the paint
manufacturers for the steel industry. When
casing 15 not employed as a measure, this is
the case. Fire consultants can sometimes be
rather paranoid about this issue. Our fire
regulations on steel 18 very problematic. In
Turkey the statics guides and the fire guides
also are quite paranoiacally prepared. We
have to reconsider each one separately.
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DDB Salt Depot

Design Team: I. Kerem Erginoglu, Hasan
Caliglar, Fatih Kariptag, Emre Erenler, Elmon
Pekmez, Tiirkan Yilmaz

Employer: DDB

Construction Date: 2008

Covered Area: 3000 m

Construction type: Stecl

With four seperate galleries over 10 meters
and thick stone walls Tuzamban is a fortified
space and here mezzanie floors are designed
as needed, and working volumes are
connected thus. Agency’s various departments
and service areas are divided mto sections
accordingly with these galleries. Regarding
the existing empty-full relationships stone
walls are saved and a second separate strocture
is designed with steel and glass.

In order to keep the original structure of the
building all the stone wall joints were washed
and then they have been enforced by solutions
made as a result of chemical analysis. Any
stones damaged or displaced have been
restored. All the eloctro-mechanical
installations were taken openly through the
enforced roof girders.

The mechanical hardware was taken to the
narrow yard in the back of the building over
the roof by one of the largest cranes in Turkey.
Spaces that have been put into steel frames
can be clearly seen from the sectional view
of the building. The steel roof that have been
constructed by Tekel and the newly added
steel frames are accentuated by being painted
in different colors. The overall result
appropriate for a creative work space, giving
individual working areas for its personnel is

a modern architectural solution with a
conservationist approach.

SPANNING THE CHALLENGE OF THE
NILE WITH STEEL

AL HALHAIA BRIDGE, KHARTOUM
= SUDAN

Yap: Merkezi Cons. and Ind. Inc.
Ersin ARIOGLU, MSc, CE, Dr.h.c.
Omer GUZEL, MSc, CE

Cem OZAYDIN, MSc, CE

1. BRIEF INFORMATION OF THE
PROJECT

Project Owner: Khartoum State Ministry of
Physical Planning and Public Utilities
(MPPPL) - SUDAN

General Contractor: Yap Merkezi Cons.
and Ind. Inc.

Steel Fabrication Plant: Kargel Steel
Fabrication Ind. and Trd. Inc.

Design Code: EUROCODE
Consiruction Period: 02.04.2008 ~
28.02.2010

Structural Steel: 4,2x103t (165kg/m?, 235
kg/m?)

2, STRUCTURAL SYSTEM OF THE
BRIDGE

The width of River Nile reaches 900m at Al
Halfaia Bridge region, (see Figure 1). The
navigation channel for the ship traffic is
located at the eastern end of the bridge because
of the river island at the middle of the river,
isee Figure 2).

The structural system of the Al Halfaia Bridge
consists of two structural types. Three semi-

integral composite steel bridges (Bridges 1,
2 and 3) were arranged between the Axes
1~23 and a continuous composite steel bndge
(Bridge 4) of three spans at the navigation
channel was utilized between the Axes 23~26
(see Figure 2). Four consecutive partial
bridges with lengths of: 238.6 +284.8 + 239.2
+ 147.4 m were used to span the Nile in the
Al Halfaia Bridge Project.

2.1. Bridge 1, 2 and 3 (Semi Integral
Bridges Axes “1~23")

Superstructure

The superstructure consists of two identical
double deck (see Figure 3}, Deck A and B,
each with a width of 13.50m (total width
27m).

The structural system between Axes 1~23
continuous composite beam along 7 spans
{25m + 6x35.6m) for Bridge 1 and Bridge 3,
and B spans (8x35.6m) for Bridge 2. The
superstructure is integrated with the inner
piers rigidly and forms an integral structural
System.

The semi-integral structure permits a free
movement and rotation of the superstructure
only at the abutments or over the transition
piers. According to this approach the
expansion joints and bearings are placed only
at the ends of each particular bridge, (see
Table 1, Table 2).

The superstructure consists of 6 numbers of
140 cm steel — 1 — girders with a 60cm width
of bottom flange, 40cm width of top flange
with 5355J2G3 steel quality and a reinforced
concrete deck slab with a total thickness of
29 em. The distance between the steel girders
was chosen according to the use of rapezoidal
steel sheets (h=70mm} with S350GD steel
quality as formwork elements for the deck
slab, and fixed at 2.24 m distance, (sec
Figured).

The connection between the steel girders and
the concrete capping beams of the piers (rigid
connection) are realized by a head plate. The
bending momenis at supports of composite
beams will converl into coupling forces by
this connection and transfer the loads to
reinforced concrete capping beam, (see Figure
3, Figure 6).

Regular Piers at Axes “2~7", “9~15" and
[ 17.,,211!

The regular prers undemeath each deck consist
of a cantilevered capping beam, an elegant
column and a pile cap with a concrete quality
of C30/37. The pile caps are designed above
the water level of the low water period with
a thickness of 1.5m. Each pile cap consist
ol Tour bored piles (L=~20m), sockeled 8
meters to the sandstone with a diameter of
@1.20m which are used as the foundation,
(see Figure7).

2.2, Bridge 4 (Continuous composite steel
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girder, Axes #23~26™)

Superstructure

For the structural system of the 147 4m long
Bridge 4, it is preferred to use a continuous
steel composite beam system with a 64 m
main span of 3 spans (42m+64m+41.4m)
between Axes 23~26, (see Figure 2),
The cross secthon consists of two box girders
with a 150cm width, and 180cm height
mounted at a distance of 9.80 m and a
reinforced concrete deck slab with C30/37
concrete quality and, with a total thickness
of 29 cm, (see Figure 9).

The main box girders form haunches over
the main piers at Axes 24 and 25 with a length
of 12,00 m and the steel girder height increases
from 1.80m to 3.60m, (see Figure 10).
Main Piers (Axes “24 and “25™)

Main piers are located under each deck at
main Axes 24 and 25 designed visually similar
to the piers of the Bridges 1, 2 and 3. The
2.0m thick pile cap is resting on 19.5m long
12 numbers of bored piles with a diameter of
@1.50 m and C25/30 concrete quality, (see
Figure 10).

2.3, Fabrication and Erection of the Steel
Girders

The whole steel elements were manufactured
in steel mill Kargel A.S. in Turkey. The
elements were shipped to Port Sudan. Then
they were carried on trucks to Khartoum
(approximately 1000 kilometers away). Due
to the long transportation, the steel parts are
limited to 12m length. The installations of
steel beams were carried out using a mobile
crane which was placed on a barge over the
Nile, (see Figure 13, Figure 15).

3. CHALLENGES OF THE PROJECT
Al Halfaia Bridge is a blend of form and
function, thereby combining the aesthetic
principles with a practical, functional structure
that serves Khartoum's ever growing infra-
structure needs. Several challenges are

| A Addie
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handled during the design and construction
stages;

Extreme Climate Conditions

Insufficiency of Construction Materials in
Local Market

Difficulties in Transportation

Constrains of Floods in River Niles (The
water level of the Nile nises by up to 6-8m)
Slow Bureaucracy

Insufficient Workmanship in Local Market

4. THE PROMINENT ADVANTAGES
OF STEEL

The noticeable advantages of sieel were the
most important factor to overcome the
challenges of the project, not just as a
structural system main component’s material;
Transportation of light steel elements (reduced
transportation costs).

Fabrication of main bridge structural elements
under quality control in Turkey (reduced the
qualified workmanship need at project site).
Assembling the bridge elements with simple
and clear procedures precisely (reduced
construction errors with increased quality).

Allowing rapid construction (reduced time
constrains).

The system easily satisfied the demands of
acsthetic and sustainable design principles.
Reducing the superstructure mass, reducing
the seismic forces as well as the dimensions
of substructure elements accordingly (all
means economy).

Reduction of the pile requirement (pile
number, diameter, and length) influences the
construction schedule positively, since the
pile works are the most critical activities in
construction schedule.

The Al Halfaia Bridge 1s mainly based on the
use of advantages of the structural steel, hence
the project budget could be reduced to very
tight limits with a very limited construction
schedule.

5. CONCLUDING REMARKS
In February 2010, the Al Halfaia Bridge was
officially handed over to the Owner. The
bridge was completed under exceptionally
difficult conditions in 23 months.
The precast formwaorks that allow the practical
production of pile caps, use of trapezoidal
steel sheet formworks hat provide a fast track
slab construction, innovative design of steel
superstructure, reduced the duration of the
construction reasonably. It's notable that
other concrete bridge constructions on the
Nile are taking 4 to 5 years to complete
(except El Mek Nimir Bridge).

In taking into consideration the benefits to
Sudan economy, the integral type bridge has
been chosen. Integral type bridges has been
recognized and therefore used increasingly
for the last 50 years all around the world.
The advantage of choosing a semi-integral
bridge 18 minimizing expansion joinls and
expensive bearings which need higher
maintenance costs. In especially developing
countries and also sometimes in developed
countries construction of integral bridges is
a great advantage since regular maintenance
is difficult to implement.

Transportation of the light steel superstructure
to Sudan and easy assembly of steel elements,
were the key strategies to realize low budget
and challenging project on schedule. Steel
was the greatest advantage with which to
overcome the local constraints. The result is
an aesthetic bridge complementing the beauty
of River Nile.

Yap Merkezi believes that the Bridge of the
Al Halfaia; emphasizes innovative
construction methods in steel composite
bridge by reducing construction cost and time.
Also this project successfully satisfies EU
standards (Eurocodes), highlights abilities of
semi-integral steel composite bridges in terms
of quality and robustness.
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kapalh profil
kullanmak...

Daha az maliyetle daha yuksek
dayanim i¢in Borusan-Pro...

Konut ve sanayi tipi yapilarda ilk tercihiniz kapal profiller olmah. Avrupa’nin
onde gelen gelik boru Greticilerinden biri olarak, Borusan-Pro gelik yvam
profillerimizin size birgok yinden avantaj saglayacadin géndl rahathgnia
sivlevebiliriz:

® Dapram ydnetmealidi, depremea kargs sinek yap tasanminda 5t 52 veya
daha yiksek kaliteli gelik kullarmini dnermektedir. Bu nedenle sahip
oldufju yiksek ¢elik kalitesi (St 52) sayesinde Borusan-Pro Urlinleri, daha
az malzema ile daha fazla yik tasimaya olanak sadlarken ayn zamanda
da deprame karg daha gdvenilirdir,
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Sinirsiz secenek 6zgorlugu!

200 bin fona varan stok hacmi ve olagandsti Orin ¢esitliligi ile TOrkiye'nin en biyok
demir-celik satis ve servis merkezi AMD Rozak, mUsteri degerine odaklanmis, hizl,
yenilikci ve teknolojiyle birlesen hizmet anlayisiyla yapi sekiérinden gemi sanayiine,

makine imalatindan, demir-celik Orinlerine ihtiyag duyulan her alanda hizmet vermektedir.

= 400 cesit sicak haddelenmis = ve diger yUzlerce cesit Uriin
Avrupa kesit profil Silme demir
HEA - HEB - HL- HD - HEM - HP - IPE - W-SFBUPN- PN 9™
Palplans K:Enre demir
Kreyn Eay haxent S .
Insaat demiri ([diz ve nervirlo)
=10 ana grup ve 500'0 askin T gemir
boyutta boru ve profil

= YUzlerce Cesit Yassi Mamul

Sicak haddelenmis saclar

Soguk haddelenmis rulolar

Ozel imalat saclan (kazan, gemi, 6zel alasimli]
Yapisal saclar

Kutu profiller (kare, dikdartgen, oval)
Dogalgaz borulan

Galvanizli borular

Siyah diz uclu borular

Siyah disli mansonlu borular

I
Spiral kaynakl borular Eﬂﬁj:;ﬁ;ndm
Celik cekme dikissiz borular DKP saclar
Kazan borulan HRP saclar

Sanayi borular

Konstriksiyon borular = F

L]
Hisbotel b ArcelorMittal

e-mail: info@razakdermir com Distribution - ROZAK
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