


Celik Yapilar
Tasiyici Sistem Diizenleme Ilkeleri

Birlesik Devletlerde yuksek binalarin diger deyisle
gbkdelenlerin (Skyscraper) en dustk yiksekligi 153 m
olarak kabul edilmektedir.

Gokdelen kelimesi gemicilikte geminin en uzun diregine
verilen isimdir.

305 m ‘den daha vyiksek binalara Ingilizce'de

“Supertall” isminin verildigini gériyoruz.

YUksek binalar genellikle buro, konut, otel, hastane
amacli olarak kullaniimaktadir.

Yiksek binalarin cevre ile iletisimleri 6nemlidir.

Yliksek binalarin analiz ve tasariminda 6zel yontemler
kullanilmasi gerekmektedir.
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Celik Yapilar
Tasiyici Sistem Diizenleme Ilkeleri

YUuksek Binalarin Yapilmalarinin

Nedenler
TEKNOLOJIK NEDENLER SOSYAL NEDENLER
* Geligin yapilarda tasiyici  Sehir arazilerinin degerlerinin
sistem malzemesi olarak it
kullanimi 5 R
« Yiiksek dayanimli beton * Ekonomik buyume
teknolojisindeki ilerlemeler « Buyuk sirketlerin gucunu
e Asansorin ve hidroforun simgeleyen anitsal yapilar
gelistiriimesi yapma ihtiyaci
 Havalandirma sistemlerinin * YUksek yapilarin politik bir
gelistiriimesi yatirim amaci olarak gérilmesi
« Kalip teknolojisindeki
gelisimler

* Yatay yuklere gore analiz ve
tasarim yontemlerinin gelisimi
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Celik Yapilar
Tasiyici Sistem Diizenleme Ilkeleri

YUksek Binalara Etkiyen Yukler

« Ddusey Yukler  Binanin agirhigi ve maliyeti

-Sabit Yukler artan yukseklige etkiyen yatay

-Hareketli Yiikler yuklerden dolayi lineer

* Yatay Yukler olmayan bir sekilde artar.

-Ruizgar Yiukleri * Optimum malzeme ve tasiyici

_Deprem Yiikleri sistem Segimi e aglrllk ve

« Ozel Yukleme Halleri maliyet azaltilabilir.

-Patlama Yiikleri * Ruzgar Yukleri:

-Carpma Yikleri Celik binalarda 150 m

Betonarme binalarda 250 m

Yliksek binalarda Yangin den sonra birinci dereceden
onemli bir sorundur. etkilidir.
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Celik Yapilar
Tasiyici Sistem Diizenleme Ilkeleri

Ruzgar YUukleri
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Deprem Yukleri

Spektral Davranis
Ivmesi (g)

Yapi yukseldikce Periyot artar

VIW AZALIRKEN
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Celik Yapilar
Tasiyici Sistem Diizenleme Ilkeleri

Cerceve Sistemler

» Yatay yer degistirmelere
digum noktalarinin
doénmesi ile kargi koyar.

« Kolon ve kirig
elemanlarinin yuksek
egilme rijitligine sahip
olmalar gerekir.

* Rijit dugim noktalari
stabilite icin gereklidir.

« 30 kattan sonra etkin
degildir.
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Celik Yapilar
Tasiyici Sistem Diizenleme Ilkeleri

Dosemeler

 Doésemeler dusey yukleri tagiyan en 6nemli sistem elemanlaridir.

 Doéseme sisteminin secimi binanin davranigini ve dayanimini
onemli 6lctde etkiler.

* Binanin kullanim amaci déseme sisteminin se¢ciminde 6nemli rol
oynar.

- Buro binalarinda buyuk aciklikli basit Kiriglerin kullanimi
yaygindir.

- Otel ve konut tipi yliksek binalarda ise kucuk aciklikli strekli
Kirigslerin kullanimi yaygindir.

 Déseme Tipleri:
- Betonarme (plak, kirigli, diiz, kaset)
- Ongerilmeli Beton
- Kompozit
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KOMPOZIT DOSEMELER

- wedl Figure 3-41 composite floor

Figure 3-40 composite floor

Ogr. Gor. Dr. Haluk Sesigiir



Celik Yapilar

Tasiyici Sistem Diizenleme Ilkeleri

(a,) Gergeve (a,) Gergeve (b) Perdeli (c,) Gekirdek+ (c,) Gekirdek+
(kirigli) (kirigsiz) cerceve konsol

dosemeli
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Celik Yapilar

Tasiyici Sistem Diizenleme Ilkeleri

. :
| rrp T
I I | o
(c5) Cekirdek (c,) Gekirdek+ (cg) Cekirdek+yatay  (d,) Icice (d,) Cekirdek
(Vierendeel perde kafes kiris tlp +dis tip

Kirisli)
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Celik Yapilar

Tasiyici Sistem Diizenleme Ilkeleri

Cergeve Sistemler I I

(a) Eksen araliklar esit (b) Eksen araliklari farkli

(c) Dairesel ve 1ginsal eksenli

(d) i¢ cekirdek+ dis zarfh (e) ic ve dis zarfl
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Celik Yapilar
Tasiyici Sistem Diizenleme Ilkeleri

| ]
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(a) (b) (c)
Sekil 1. Cerceve sistemlerin yatay yukler altindaki davranisi

Kiris ve kolonlarin vyerdegistirmeleri, kayma oOtelemesi olarak isimlendirilir
(Sekil 1.b))

Bu elemanlar egildiginde butln cercevede yerdegistirmeler olusur;

yverdegistirmeler, yaklasik olarak, binanin yatay 6telemesinin

% 80’i mertebesindedir; bunun % 65’i kiris, % 15’i ise kolon egilmelerindendir.
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Celik Yapilar

Tasiyici Sistem Diizenleme Ilkeleri

Perdeli Sistemler

HEEN
wl 1111 o

| (©)

Paralel perdeli sistemlere bazi 6rnekler
(a) Enine dogrultuda perdeli sistem
(b) Boyuna dogrultuda perdeli sistem
(c) iki dogrultuda perdeli sistem
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Celik Yapilar

Tasiyici Sistem Diizenleme Ilkeleri

Cekirdek Sistemler
(a) Boyuna perde (b) Enine perde+kose
merkezi ¢ekirdek cekirdekleri
(c) Kapali kdse (d) Acik kose (e) Acik ve kapali
cekirdekleri+ cekirdekler cevre cekirdekler

merkezi ¢cekirdek
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Celik Yapilar

Tasiyici Sistem Diizenleme Ilkeleri

(c, ) Gekirdek+
gerceve

Cekirdek+Cergeve Sistemler

Yalin rijit cerceve sistemler 20 kattan ylksek betonarme binalarda
ekonomik degildir; 150 m’den yiiksek binalarda yatay yuklerin
tasinmasi icin yalniz perde ya da ¢ekirdek kullanilmasi uygun olmaz.
Cekirdeklerin yeterli glicte olmalari icin boyutlarinin bliylik olmasi
gerekir; bu ise bunlarin asansor ve tesisat boslugu olarak kullanilabilme
islevleri ile bagdasmaz. Ayrica yerdegistirmeler, bolme duvarlarinin ve
pencerelerin ¢catlamasina neden olabilecek, hatta bina kullanicilarinda
psikolojik etkiler dogurabilecek kadar blyUk olabilir. Bu nedenlerle
yatay rijitligin, cekirdek/perde ile birlikte cerceve kullanilarak bilyuk
Olctide arttirilmasi, diger bir deyisle, cerceveler ve
cekirdekler/perdeler uygun bicimde diizenlenerek olusturulan
cekirdek+gercgeve tiri tastyici sistemlerin kullanilmasi yoluna gidilir.
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Celik Yapilar

Tasiyici Sistem Diizenleme Ilkeleri

——1 . . .
(a,) Kapal ¢ekirdek
+ic cerceve (a,) Kapali gekirdekler
*gergeve (b,) Kapal ¢ekirdek

+ gevre cerceve

O [
0 [

(b,) Kapali ¢ekirdekler (b;) Kapah ¢ekirdek (b,) Kapal ¢ekirdek
+ gevre gergeve + gevre gergeve + gevre gergeve

(c) Kapal i¢ cephe (d) Acik dis cekirdek (b;) Kapali cekirdek
cekirdek+ic cerceve +cevre cergeve + gevre gergeve

istanbul Teknik Universitesi Mimarlik Fakiiltesi
Yapi ve Deprem Mihendisligi Calisma Grubu



Celik Yapilar

Tasiyici Sistem Diizenleme Ilkeleri

|

A

Vvv+¢¢¢
st

A

=———
(a) (b)
Sekil 2. Perde/ gekirdek + rijit cerceve sistemlerin yatay yikler etkisindeki
davranigi

(a) RIijit cerceve davranisi

(b) Perde/cekirdek davranisi

(c) Perde/cekirdek + rijit cercevede
karsilikl etkilesim

istanbul Teknik Universitesi Mimarlik Fakiiltesi
Yapi ve Deprem Mihendisligi Calisma Grubu



Celik Yapilar
Tasiyici Sistem Diizenleme Ilkeleri

Rijit cerceve yerdegistirme durumunda (Sekil 2.a), tasiyici sistem
tabaninda en buyik kesme kuvveti ve donme olusur. Perde
yerdegistirme durumunda ise (Sekil 2.b), sistem bir diisey konsol
kiris gibi davranir; binanin en Ustlinde perde/cekirdek sisteminin
tum tasiyici sisteme rijitlik katkisi minimumdur ve burada en buyuk

donme olur.

Perde/cekirdek ve rijit cerceve sistemlerinin farkli yerdegistirme
ozellikleri nedeniyle, bina Ust kisminda perde/cekirdek rijit cerceve
tarafindan cekilir; bina alt kisminda ise ileri itilir (Sekil c). Bu nedenle
yatay yikler bina Ust kisimlarinda daha cok cerceve, alt kisimlarinda ise
perde/cekirdek tarafindan tasinir.
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Celik Yapilar

Tastyici Sistem Diizenleme ilkeleri

Cekirdek+Konsol Désemeli Sistemler.

Kolonsuz bir kullanim hacmi elde edilir, bina boyutu sinirini
déseme dayanimi belirler. Ongerilme tekniklerinden

------

sifirdan baslayarak tabanda maksimum degerine ulasir. Merkezi
cekirdek yatay yuk etkisi altinda bir konsol kiris gibi davranir.
Genelde ¢ok kullanilan bir yiksek bina tasiyici sistemi degildir;
cunku negatif plak momentlerini karsilamak icin cok miktarda
celik donati kullanmak gerekir ve konsollarda buytk disey
yerdegistirmeler ve duvarlarda c¢atlaklar olusabilir.

(c,) Gekirdek+
konsol
doésemeli



Celik Yapilar

Tasiyici Sistem Diizenleme Ilkeleri

Cekirdek/Perde+Kirissiz D6seme Sistemler.

Betonarme tasiyici sistemin monolitik 6zelliginden 6tlrd tim yapi yatay yuklere
bir butln olarak karsi koyar. Yatay yuklerin yalniz rijit cekirdek ya da perdelerce
karsilandigi, doseme ve kolonlarin higcbir katkisi bulunmadigini varsaymak
gercekei degildir. Sistemin Ust kisminda yatay ylkler cerceve etkisi ile, alt
kisminda ise perde ya da ¢ekirdek sistemi ile karsilanir.

™ PR
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Celik Yapilar

Tasiyici Sistem Diizenleme Ilkeleri

i

(c,) Gekirdek+
perde

Cekirdek+Vierendeel Kirisli Sistemler.

Kat yUksekligince konsollu cerceve tasiyici sistemler birer
kat atlayarak kullanilir, boylece cerceve icinde ve Uzerinde
kullanilabilir hacim vyaratilir. Cerceveli ddéseme icindeki
hacimler sabit eylemler icin kullanilir; cerceve Ustindeki
tamamen serbest hacim ise her tir eylem icin uygundur.

Cekirdek+Dis Perde Sistemler.

Bu tasiyici sistem bir merkezi cekirdek etrafinda yer alan
dusey dis perde elemanlarindan olusur. Bu duzen,
doseme sisteminin aciklik sinirlarina bagh olan, ic acik
hacimler saglar. Cekirdek binanin rijitligine katkida
bulunur; buraya binanin tesisat ve disey ulasim
sistemleri yerlestirilebilir.
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(c5) Cekirdek
(Vierendeel
Kirisli)



Celik Yapilar

Tasiyici Sistem Diizenleme Ilkeleri

Cekirdek + Yatay Kafes Kiris Sistemler. (Core + outrigger)

Cerceve + perde sistemleri 40 kat yuksekliginden sonra yetersiz kalir. Bina tasiyici
sisteminin etkinligi, rijit cerceveyi cekirdege baglamak icin, ardisik iki kat
kirislerinin alt ve Ust basliklarini olusturdugu yatay kafes kirisler kullanilarak
yaklasik %30 arttirilabilir. Kafes kirisler cekirdege rijit, dis kolonlara ise basit

mafsalli baglanir.
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(a,) (b,) (b,) (c,) (c,)
Cekirdek + yatay kafes kiris sistemlerin yatay yuk altinda davranislari
(a) Cekirdek+cekirdege mafsalli bagl rijit cerceve

(b) Cekirdek+bir yatay kafes sistem durumu

(c) Cekirdek+iki yatay kafes sistem durumu

{




Celik Yapilar

Tasiyici Sistem Diizenleme Ilkeleri

Yaklasik 60 kat yukseklige kadar bina tepesinde ve ortasinda yatay kafes sistem

kullanmak ekonomik olmaktadir. Kafes kirisler yerine betonarme perdeler de
diizenlenebilir.

Tasliyici sistemin yatay yuklere karsi dayanim ve rijitligi araya ek yatay kafes
sistemler koyarak daha da arttirillabilir (Sekil c,). Her yatay kafes kiris dizeyinde

tasiyici sistemde donmeler olmaz; egilme momenti diyagraminda, azalma olacak
bicimde, stireksizlikler olur.
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Celik Yapilar

Tasiyici Sistem Diizenleme Ilkeleri

Racking
deformation

RARAREREARERRE

(a) (b) © ()
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Celik Yapilar

Tasiyici Sistem Diizenleme Ilkeleri

Deflected core
without outrigger

Outrigger | — - Qutrigger I /M\g\: =
e J III

-
[
1
b
—t )
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|
i

Qutrigger = Qutrigger ; - Racking
column ~ column iy W~ deformation
- =3 L= == see(g)
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Celik Yapilar

Tasiyici Sistem Diizenleme Ilkeleri

Tlp Sistemler T ;; AP R I
:. . . . : (b) Dis tip+paralel p-erde

(c) igice tiip (d) Uglii ic ice tiip

istanbul Teknik Universitesi Mimarhk Fakiiltesi (e) Dis tip+cekirdek+gerceve
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GUANGZHOU KK100 WILLIS TOWER ZIFENG PETROMNAS INTERNATIOMAL SHAMGHAI TAIPEI 101 BURJ

INTERMATIONAL DEVELOPMENT (FORMERLY SEARS TOWER TOWER 1 AND 2 COMMERCE WORLD KHALIFA
FINAMNCE CEMTER TOWER) CEMNTRE FINAMCIAL
CENTER
Location Guangzhou Shenzhen Chicago Manjing Kuala Lumpur Hong Kong Shanghai Taipei Dubai
Year Built 2010 2011 1974 2010 1998 2010 2008 2004 2010
Height 439 m 442 i *442 m 450 m 452 m 484 m 492 m S508m 828 m
STEEL B CONCRETE COMPOSITE

* BUILDING HEIGHT DOES MOT INCLUDE BROADCAST ANTENNAS

17.6 Structural materials of the world's tallest buildings
Graphic: Skidmare, Owings & Merrill LLP
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GUANGZHOL KK100 WILLIS TOWER ZIFENG PETRONAS INTERNATIOMAL  SHANGHAI TAIFEI TN BLRI

INTERMATIONAL DEVELOPMENT (FORMERLY SEARS TOWER TOWER 1 AND 2 COMMERCE WORLD KHALIFA
FINAMCE CENTER TOMWER) CEMTRE FINANCIAL
CENTER
Location Guangzhou shenzhen Chicago Manjing Kuala Lumpur Hong Kong Shanghai Taipei Dubai
‘fear Built 2010 2011 1974 2010 1998 2010 2008 2004 2010
Height 439 m 442 m =447 m 450m 452 m 484 m 4592 m 508 m 828 m
B FRAME - OUTRIGGER CORE - OUTRIGGER B BUTTRESSED CORE * BUILDING HEIGHT DOES NOT INCLUDE BROADCAST ANTENNAS
CORE PLUS PERIMETER ** BUNDLED TUBE *¢ MAY ALSO INCLUDE OUTRIGGER

17.8 Structural systems of the world’s tallest buildings
Graphic: Skidmare, Qwings & Merrill LLP
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Figure 3-8 Interior structures [8]
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jure 3-9 Exterior structure [8]
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International
Finance
Centre

Taipei 101  Petronas Towers Jin Mao
Tower
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Taipei 101 Tower Petronas Towers 1 and 2

Figure 3-25 Core outrigger cross-sections of supertall buildings
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Belt Truss Braced Tube Diagrid

Braced Rigid Frame

This drawing shows the use of diagonal bracing systems in the high-rise building type.
Where the braced rigid frame and the belt truss diagonals are often integrated into

The diagonal braces of the John Hancock Center in

Chicago, IL, USA, designed by SOM and completed
in 1969, clearly express the lateral bracing system

as part of the aesthetic of the facade.

a traditional curtain wall framing pattern, both the braced tube system and the diagrid

use their scale to transform the design to acknowledge their presence.



P, ELONGATION AND COMPRESSION
P OF CONCENTRIC BRACING
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Figure 3-14 John Hancock

JOHN HANCOCK BUILDING (BRACED TUBE)
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— BENDING IN COLUMNS
/ AND IN SPANDRELS
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Figure 3-23 Bundled tube concept

Figure 3-22 Sears Towers
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Figure 3-11 Megacolumn (top left) and structural system Shanghai World Financial (down left)
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Perspective of Mode Gakuen Spiral Tower
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Figure 2. Conceptual system of framing
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5th floor 15th floor 30th floor 35th floor

Figure 1. Floor plans of Mode Gakuen Spiral Tower
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Figure 3-14 John Hancock

Figure 3-19 Braced module( left) , diagrid module (right)
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Basic terminology for structural
diagrids as applied to regular
geometries, typically for tower
structures of varying height.
The module height for this
example would be six storeys.

Many diagrid buildings, such

as the Addition to the Royal
Ontaric Museum in Toronto, ON,
Canada, designed by Daniel
Libeskind, use non-regular
modules. Here the faces of the
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omall Modules: Two to Four Storeys

Smaller-sized modules of two to four storeys of height tend to be applied either
to buildings with a small height or those with very unusual geometries or load
eccentricities.
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In the Swiss Re Tower (30 5t. Mary Axe) in London, England, designed
by Foster + Partners with Arup, the different functions of the mem-
bers are reflected in the structural sections. The diagonal diagrid
members are fabricated from round tubular steel as these need to

be heavier in order to resist compression and tension. The diagonals
span two storeys node-to-node so that some are braced by the floors
at the mid-point. The diagonals that cross the ventilation shaft are
unbraced yet have been kept to the same exterior dimensions as the
braced members in order to permit the use of the same details for the
cladding and create a more uniform set of connections to the node.
The “hoops” that create the tension bracing system around the cir-
cumference of the tower are formed by connecting the more slender
edge pieces to the nodes. These are connected in a different manner
than the primary diagonals to the node.
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Midrange Modules: Six to Eight Stareys

The middle range of module size is suitable for larger buildings and those whose
geometry is more uniform. As the length of the diagrid member will range from
three to four storeys, transportation and erection is usually not a great issue.
This length is often assembled in the staging area, with the node to create an
assembly in the shape of aninverted V for erection. This minimizes the connection
work of the ironworkers high on the building, saving time and cost.

I.T.0. Mimarlik Fakiiltesi
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An eight-storey module has been
used on the Aldar Headquarters.
Although this is a comparatively
large module for a 23-storey
building, and the angle that the
diagonals make with the floor is
steep, the very thin floor plates
minimize the load on the diagrid
structure. The horizontal ring
beamns that occur at the level of
the floor slabs have been down-
played in the fagade, leaving

a diamond pattern.
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arge Modules: 10+ Storeys

Modules that measure 10 storeys or higher are only appropriate for use on very tall
buildings out of considerations of scale. As the support points for the connection
of the nodes to the floor edge beams (horizontal rings) cannot be excessively large,
having to relate to the spanning capabilities of the floor beam and slab system,
this naturally creates a diagrid module that is proportionately much taller than
it is wide. The height of tall buildings is thereby accentuated, making them look
even more slender than they may be. The overall length of the diagonal members
will require special coordination regarding shipping-related issues. It is always
desirable to minimize on-site welded connections; if these members are oversized
due to their module length, one may incur extra costs on site for assembling.

The use of concrete-filled steel tubes that is becoming common in China and
parts of the Middle East will always require significant site welding as the con-
nections must be sealed. This system is becoming a common choice for large
module diagrids constructed in these regions as can be seen in the Guangzhou
IFC and the Doha Tower.
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The selection of the module

on The Leadenhall Building in
Lendon, England, designed by
Rogers Stirk Harbour + Partners
with engineering by Arup, had
to work with the “cheesegrater”
shape of the building that was
created to maintain the required
visual sightlines to 5t. Paul's
Cathedral. The 14-storey module
has been incorporated into the
design, based on its seven-
storey coordination with the
overall building form. The diag-
onals are braced at each floor
level. The ring beam betwean
the nodes has been brought
forward and accentuated as it
plays a role in the design of the
double facade system.
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Capital Gate made the Guinness Book of World Records for being the furthest
leaning man-made tower for its 18° lean. The design team for the 165m/541.4ft,
35-storey tower undertook an innovative and exploratory approach to tackling
a number of issues associated with the iconic design that was desired by the
client. In the words of Jeff Schofield, formerly of RMJM and one of the designers
of the building: “It was the right time in history and we had the right technology
to make this project happen.” The use of a steel diagrid was critical to the success
of the structural stability of the building as well as to its visual appearance.
18 diagrid triangles encircle each level of the building. With its shell-like behavior,
the diagrid provides a perimeter structure that is adept at conforming to the
varying vertical geometry. This has eliminated the need for columns that would
otherwise have had to change positions and intrude in the interior spaces. Con-
ventional framing would not have been suitable.
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This detail of one of the base
nodes indicates the method of
attaching the node to the diagrid
member. Temporary plates are
used to secure the members with
bolts. These must be removed

as well as the weld marks, if the
structure is to be exposed as
AESS. If the splice welds remain
visible, they will be ground
smooth. The diagrid structure

is ultimately coated with an
intumescent material for fire
protection, which can also help
to mask some imperfections.

Custom-fabricated metal covers are used to hide the bolted connec-
tion between the horizontal tension hoops and the nodes. The covers
will be filled and sanded and when finished will blend in with the
appearance of the node. Not all of the diagrid members are fabri-
cated purely “square”. As can be seen here, some of the diagonals
that must resist high loads have been reinforced with additional
material. The use of plates to connect the incoming members assists
greatly in solving the varying geometries of the connections as well
as making an attractive detail.

The diagrid elements were fabricated by Eversendai at plants in Sharjah and
Dubai with steel mainly from Europe. The actual cut-to-length measures of the
members were taken from the preliminary model developed at the initial stage
of the project to procure the material. This helped in reducing material wastage.
To maintain the required curved surface profile, every panel surface is slightly
deviating with respect to the adjacent panel surfaces. External diagrid mem-
bers are fabricated as hollow sections that measure 600mm x 600mm/2ft x 2ft.
The steel thickness of the diagrids varies from 80mm/3.2in at the base of the

tower to 40mm/1.6in at the top where the loads are lighter. Custom-welded sec- —

tions are used at the base of the building where the loads are high and thickness
requirements exceed standard material. Standard HSS tubes are used toward the
top where the loads are lighter and the section requirements can be met more
economically with standard material.
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The diagrid that frames the dou-
ble-height lobby at the ground
floor clearly expresses the
differentiation in the member
shape of the horizontal hoop,

or tension tie, that is used to tri-
angulate the diagonal grid.



The most severely leaning
diagrid is located on the 18"
floor at the restaurant level.
The diagonal members are
visibly reinforced. The facade
cladding system has already
been installed and work is pro-
ceeding to clean up the welded
connections.

Wide flange or Universal mem-
bers frame into the beams that
tie the diagrid to the core. This
system will be fire-protected
using spray fireproofing as it will
be concealed.

Custom-fabricated beams are
used to tie the diagrid back to
the concrete core. The ends of
the beams employ a pin con-
nection.
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The hotel atrium uses a different
structural language for its
diagrid. Round H5S material

is joined using cruciform steel
plates to create the geomet-

ric transition. This detail adds
interest as well as alleviates the
difficulty of joining four tubes
of varying angles at one con-
nection. The grey zones visible
on the tubes denote the splice
zone for the X-shaped diagrid
elements. Using a system of
¥-shaped elements comprised
of nodes and diagonals signifi-
cantly reduced the number of
on-site welds.
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On a highly complex project,
construction sequencing is
carefully staged to allow the
construction to progress at a
reasohable pace. Here, the clad-
ding installation is several levels
behind the finish welding on

the diagrid, which in turn is
several floors behind the pour-
ing of the concrete core.

Each node for the building was unique as it had
to accommodate ever-changing geometries. Here
a node is still attached to the crane after a lift.
Such extensive welded connections required the
construction of scaffolding at each connection to
provide a safe condition for working at height.
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