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Introduction

The structural de e ilgi

R historyv;?zz;:u;z{tﬂcit}a}% b.ull.dmgs has be.en a continuousty evolving process. There is a distinct

e mieht b interesting 11 5-5 ssmi']ar fo the history of their architectural styles.[1] In this structural

el hserupen m;: Olil.io nn{est‘:gate how ane oAf the most popular system used nowadays to build

b ot Strw;mz o fge,l Su;lclure. was designed for the first time. The paper focuses on how

enaineers seho srorked a,{er - v\éas irst developed. trying to link the experience of two outstanding
o edashiAmerican Fazhut Rab ef:cmd World War, the lahian Pierluigi Nervi (1891--1979) and the
_ man Khan (1929-]1982),

in the outrigger struc o laters .
' puilding peé:‘b ttruu;xres, 4 lateral load-resisting system is extended from the conventional to t
ling perimeter columns through th i core to the
; zh the outriggers that connect "his basi .
them. This basic configuration often

g ires pe nnete bupt:s columns C @ 0 tivy el il ﬂ’) 9

3 or other structural com S { g (4] 54
) ’ - . pOl"lE!]'ltS at the ()th]'lgé er levels . o

elellltﬂib of this %y&f€ N are sometimes lﬂl.(:.gl ﬂl@d i]'lt{) thb 3@3{}13[".. Oi‘[llc bulidlng ' ’

A very early example of outri i

very 3 igger structure is the Place Victori 1

B ey e o i s th ictoria Office Tower of 1965 in M

- N?cibour_ne ;?1 Lu;g,z Nc.\ru and Luigi Moretti (Fig.1). [t was also used by Fazlur Khan in BHP‘;'{"“?‘

———. .t‘u)mp eted in the 1972 and in the First Wisconsin Center of 1973 in Milwaukee. H e

applic [ thi : wch

M i ;.)p. a %x)n:q of this structural system can be seen in the contemporary skyscrapers Owew{rv

ap Building in Shanghai and the Taipei 141 Tower in Taipet | viempers such s he Jin

Skyseraperis a t Cbuildi ‘here

:équiru;)ems ﬂee};})eed Ofliﬁdu‘;:;ni v\;he: 1}1-6 structure has to efficiently match all the severe economical
mum amotnt of';naleriai ,in ofg? St]L.lCt-ur%] scheme for a high-rise building has to employ the
omsttuction. conts. The sbilits 0 fbr o maximize the lr?arketable space at each level and to contain the
cural ystem, This mﬂuezce beirm and shape.a high-rise building is strongly influenced by the
reases, Buildings i 1 20 stoness ?mzs progressw.ely more significant as the height of the building
i 40 storeys. ome ml_m om0 i{;ii & shapt.:(vi without undue influence of the struciure. Between 20
tre Tenibties for shaping off n ‘li);a specific strucfurai system, its composition and iis efficiency
e specitio restietions re a:j i ere v the sysﬁerrt. Structures that are 40-60 storeys tali will hav;
dedly affocted by the Simu:,i d;ym:netry of profile and plan. Towers beyond 60 storeys are more
categorios the. gravitations] l. rds‘ every common structure, skyscrapers are subject to two main
ding and ive loas sueh o (J; sf((ie‘ad loads .such as self weight of the structure, walls and
¢ two main sets of loads caﬂ'ifgl . ‘limlture, Vchw].es} and lateral loads (wind, earthquakes). How
e structare. Indeod. (e im;e. .13 ‘strfsctural behawor of a skyscraper is extremely difl ferem. than a
dditional St;'engthem;lg < Sti;;e m structural matertal required for a tall building is largely due to

] comcon & g and sts ef;mgj necessazy to resist lateral forces. In other words, the prim
n for a high-rise building is to develop sufficient lateral stiffness , i




Pier Luigi Nervi vs Fazlur Khan- the developing of the outrigger sysiem for

skyscrapers

Fazlur R. Khan, father of the modern skyscrapers

In the early 1960s, the Bangle-American engineer,
strueture, developed a method for assessing the differential between the material quantity associated with
support of gravity loads only and the one required by actual load conditien (gravity pius laterai loads).
He named this differential with the expression “premium for height™. Taller buildings could not compete
gconomicaily with shorter buildings if engineers did not find a way to control, or most of ail to reduce,
this structural premivm without increasing the size of structural corponents”[2]. Thus, in a skyscraper
structure the main difficulty is 10 support the vertical foad with a minimuny increase of the structural
clement necessary to support the gravitational load. The research made by Khan in the early 196G0s was
oriented towards the shaping of tall buildings in order to make them act as pure cantilevers against
{ateral load. In the process he developed several new structural systems, most of them distinguishable by

a full integration between stracture and fagade.

Stock Exchange Tower, Montredal,
1965, (Photo by the author)

1ost predominant steet system of the 1950s and €
tane Trames (rigidiy connected columns and beam
onstituting a bay arrangement. The frame resist
Khan understood this frame behavior thor

the bay dimensions increased or the structure

Refore that, the n
which consisted of p
arranged in two directions ¢
the bending of member depths.
inefficiency and limitations. As
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Fig. | Luigi Moretti, Pier Luigi Nervi,

arly 1960s was the plenc frame system,
s all in essentialfy one plang;
s laterai loads primarily b
oughly, especially 1t
grew taile
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fl.\p‘z opsmmll.atcly heavier members were required, which reduced the potential offered by this system
for suc f\app lf:thOI‘JS. Khan considered this system to be the weakest and placed it at the beginning of a
. T3 (] o 3 3 3

range o posslble s.ystums. At the other end of the range, he put a pure cantilever, which utilized the
entire three-dimensional form, as the strongest. o ) N

Tn 1?69, Fazim‘ Kkan classified structural systems for tall buoildings relating to their heights wit
c(mﬂde.rau_ons for efficiency in the form of “Heighis for Structural Systems™ diagrams [3] “;;'gs S' ‘Z:ﬂd]
the beginning of a new era of skyscraper revolution in terms of muitiple structural s -st-e'mq .ILntlfir Ic
upgraded these diagrams by way of modifications[4]. He developed these schemes Fzr b thhl a'cira ¥
c.oﬂ.c;‘eAte. He introduced this chart in order to define a sequence of systems, each of éhem w(i)tl Slt:’ &Td
hmua.tsons. This set the stage for the “system approach” in the design (}}' tall buildings \v;lpa‘rblcu!:lT
seltﬁct{on -()f an appropriate System was a significant design event. e argued thﬁtg;'lzle e y't tl;
optimization of the siructure rested with the appropriate system selection; memberLo timii?cess .
Sfmnda?' New systems were placed into the chart as they were develo;;ed. During Ft)hat p:_lll(:)l; ‘:;‘:
structural emergence in high-rise architectur: imarily aimi ,
. almgi feetr Sl;l]l]ggliler;ictiit;.hﬁwiural expression was primarily aiming at integrating Tagade and

Today, the substantial passing of pure stereometry in contenrporary skyscrapers and the development of
nfe}v and complex figurative solutions in terms of design, usnally demand a hybrid approach 'pmt:'nt'o

chfi“c.rent structural solutions, which can be adapted case by case te maitch better the rep uirer ot l? Tlg
architectural form. Therefore, today the classification of structural solutions in rglatiom?tsk? 't .
Prescnted by Khan. offering a clear diversification between different types of stmcturen ‘: mgt?t
.mtegraltcd and updated. A quick and rough analysis shows that the recent high-rise strlll::rnm}: .
em‘bu‘dxed morf: structural solutions previously associated to separate c%assiﬁcat:'ons\: for exalrlncsic El:e
S?irai Tower in Nagoya, fapan (170 meters) has a structure consisting of an inner trusses ‘t'Lib-‘p\K"'ﬂ f:
triangular grid on the outside; the Swiss Re Tower of London (180 meters) by Sit T\’(;r;;mn ; l '} d
supp()-r{ed by a Rigid Frame steel inside and a triangular grid on the outside; th;z Ai Sharg T o 'ls
Pubai (367’ meters} of Skidmore Owings & Meerill should have provided a st;ucture C(;m (fscd(](:\;er ']j]
stressed pipe system arranged in a Bundled Tube, braced by cables on the outside and cgncrete qli}:;;

_walls on the inside; the Shanghai World Financial Center (492 meters) has a Embedded Core, stabilized

by four - a-die i

tge L1 Zlegascoiumns and mega-diagonals on the ocutside, connected to the core with outrigger clements;
O . . . . ’

me i 0;1 hard has at least three inner systems {Vierendeel Trusses, an “hat” truss and several
geer elements) to increase the stiffiess against lateral loads while producing the sharp cutline

Am . . . .
ong all these hybrid systems in use, the outrigger structure has become one of the most popular

solutions o
utions for super-tall buildings of more than one hundred storeys. Quirigger systems have been

istorically ifing ships i i
mastgmal;}] used by saifing ships to heip resist the wind forces in their sails, making the tall and slender
e and strong. The core in a tall building is analogous to the mast of the ship, with outriggers

acting as the 3 2% teri i
g 45 the spreaders and the exterior columns like the stays. As for the sailing ships, ouiriggers reduce

e Dveriy i > S £2r, 4 (E fra erie e £
h o ™m N H - {l d
ing mornent in the core that wO\lld Ot]'lhTWLe act as pure Caﬁiiie\‘ » ] Sf ] ¥ ¢

Homent {o i i
the outer columns through the cutriggers connecting the core to the columns. These elements

._e Coﬂhﬁu i ¥ ~l i of T W 8

z ! ed as Cantlie t‘red structures thﬂ.t pmtruée from the core, m&ée Llp ] shea atls, toward t%‘le

xernal structure ig £ 3 [= i Ay 1”3 \
ire. Ol.ltfl{;ger COmpOnentS are gene aliy allocated inside service floors an}oﬂ& !DI'OHPS of

Fegular 11c i er 1 i 3
4 0ors 1n order to reduce the cornmercial loss of viabie space. This system is able to stabilize the

e in the horiz irecti i i
e e l;on.zontal direction, reducing greatly the bending moment at the bottom of the vertical shear
> ransterring a part to the elements in the facade that, depending on the motion of bending wili be

Compressad ced i i inci
B or placed in tension. The structural principle can be detailed in several sub-systems, such as

¢ Outrig i i i i
.pe th;gerﬁusses, as in the Shanghai World Financial Center where four super columns at perimeter
e pro ildi SUC i
profile of the building, or such as Outrigger shear walls in reinforced concrete as in the Burj
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Pier Luigi Nervi vs Fazlur Khan: the developing of the outrigger system Jor

skvscrapers

Hest building (2013}, Although loss of marketable

K halifa in Dubai (828 meters), the currently world’s ta
involves substantial

igger clements are inserted, the structure
nitectural vocabulary. Indeed, the use of this system
{except the ones that have 10 be connected

urface ocours in the levels where the outr
benefits in the floor plan layouts and n the are
releases the facade cladding from load bearing components
with the outriggers), so that the overlapping parts can have bulges, convexity, concavity, depression, and
tapers. The visionary and expressive power of this structural scheme was brought to iife for the first time
by Pier Luigi Nervi in the Stock Exchange Tower (190 meters) in Montreal designed by Luigi Moretti.

hange Tower with its 190 meters was the
y the type of structure which clearly
el of the American steel frame

When completed, on May 11965, the Montreal Stock Excl
taltest reinforced concrete building in the world. But it is not onl
distinguishes the work of Moretti and Nervi from the original mod
skyscraper: there arc far more significant differences. It is the architect bimself who highlights the main
differences in one of the reports compiled during the long designing process. [ndeged, he does not even
hesitate to indicate as sources of inspiration of the project a few flaws of the Seagram Building,
universally regarded as the archetype of skyscraper perfection. For Moretti, however, the "shape of the
W and “uncatchable image of the structuse and his hehavier" are deficiencies which

prism without taper
jy sized"[5]. Indeed, in the main symbals of modernity

cannot be countered by the "glass walls beautiful
for a high-rise building, which are the undifferentiated and indefinite stereometry and the texwwre of the
curtain wali, Moretti sees the mechanical translation of the logic of industrial production. For him, that is
a radical depersonalization of what is jncompatible with the conception of architecture as an artistic
creation of the individual: architecture must be unigue and unrepeatable. | is not simply the preference
that we are interested in investigating in this paper. but most

for the reinforced concrete struchure, then,
ngthen the identity

of all how the pasticular structural conformation, tailored in the design process (o stre
and originality of one building, tas been developed from a customized enginecring approach to a
standard and popular structural scheme for high-rise building. The tower in Montreal is supported by a
teton, the efficiency of which is entrusted to a static system caltled
. This system is three-dimensional, and allocated inside and -
. a central cove of two

complex and innovative seructural ske
by Pier Luigi Nervi the "main-resistant”[ 6}
outside of the squared floor plans of ahout forty meters per each side. In fact
baffles of reinforced concrete crossing diagonaily ts connected by trusses (only in cerespondence of :
three ugits} to the four pilasters arranged at the edges of the volume of the building, The structoral;
intuition relies on the role of crutches on the cerner posts, in otder to swbilize the core cross agains
horizontal forces. As we said the main internal siress that the structure of a tower needs (o reduce, i
order to increase the efficiency of the structure without increasing the number of structural components;
is the bending moment al the core base, Here the stiffness of the core is guaranteed by connecting th
main core of the building with the four mega-columns at the building edges through four deep diagona
trusses (which Nervi had built in reinforced concrete to ensure a mouolithic stuctural behavior). 1
detail, the angular pylons, almost iree from bending stiffness due to their slenderness, behave lik
pendulums (either compressed or tensed}, depending on the tower horizontal motion under vertical {oad
increasing effectively the bending inertia of the care and censequently reducing the moment at the bas
of the tower. Regarding the gravity loads they are carried out to the foundation through an ordinar
concrete frame system which is made up by the four angular columns completed with two intermediate,
pillars on each side of the squared floor pian. Therefore it is possible to assume that the conformatic
and the static behavior of the entire structure are quile standard when supporting just the crossed
floor slabs. Although the structural solution was taifored on the tower in order o accomptish the will-gf
the designer, not all the parts of the super structure collaborate with the image of the building. Indee
the elevation of the tower shows only some coraponents of the mega bracing system, This aspect is quil
important in understanding the relationship between structure and architecture in this building. Fh
balance between the structural elements exposed and the bracing components which are fidden and ak
the glazed cladding ol the facades is quite sophisticated. The four corner pilasters, tapered

50
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:ggzz:"clzzzslzﬁif}tachnd z‘l‘mn.l the glazing skin with a deep shadow gap, are crucial to the building
e Concea};ﬁﬁn}s ;;;ﬁozi;:;m e1v1'1_lpha§1ze the image of the piliars. the other eight imcrmediatﬁ
o (e st oy e ﬁ;m ?v:i .l.“Lonseq.uem!y, to avoid separate deformation, the external
el e by e e palfez?;? h;z;ﬁt da:ly t:mpere;’mrc changes of Montreal, are protected
SR Y white concrete pg (7.1 ‘= o er&.; ape of angular pylons visible is independe
deach l(dazjlmthcm;n::cf s-t;;“fuml s‘ectfon of 'pllljﬁrs. Significantly bigger in terms of dimeniions,n::;i
oxternal d g ‘IL El ars provides a cavity tor the passage of conditiening pipes and increases the
imzﬂr&”;‘uOf1 of t‘!w static effort as the will of the architect. According to Moretii :thep‘; ¢ l'!'m”'u%w‘ e
i:oadi:jlllust. Lfiew e’lemenis of the sfructure” to give a "high sa:ase of stiliness” L:Q“t;‘;:";‘;‘s;‘ist{i‘_f
Essentially with ilar figurative strate ‘ - e
Fesent aid ;n;il;rur;;l;r:ziiat:;ist:éggy the three ﬂfjors,.where the rigid connections between tl{e
pusteus g sosalar il s ar g ua‘a _,.mu.sl Ineﬂ perceived in negative, as net horizontal cuts in the
rolume of mterrupiing the continuity of exiernal surface. Therefore in order to release
pr:t:ﬁ; ::rf::r: ;isihe sjrugtmra'l c.:(?mponents designated in them, the large trusses are not vzssb?::en;]f;z
B b;(:jnfw.te.’ zm.tia!ly ;eso?ved by exposed structural wall-beams, is eventualiy reduced
oo smal e b ms, |;1;})t:rudmg only slightly more than a meter from the slab soffit, carefully hidden
m;d e cun imen.l ! -a(t; z-tlon_.‘ Eoﬂ bettcir understand the deficate balance between architccmrz]l image
NP Orderlz.s;, \ e three "cuts Flo not all have the same height: the amplitude is reduced fram
O o op n o ( EL‘.r.clizltm a perspectwc effect. This device is strikingly in contrast with the effects
. , : ad, which are higher on the beams at the highest fevel, as confirmed in the caleulati
{e;)(arliQI. "lherefoye, although structural expression seems to be a focal point of the L‘Ld' “Ui“_tm“]
’impon’an‘t to lng}?hghl that the structure is exposed not to show off its efficiency but ¢ . b‘”_ldmg o
gjigi;; Li;;‘ btl‘uicling in an unpredictable way. The great achievement of 111;’ s:ste(ljnc?s;m;:zu;;s zlhL
erful effectiveness of the F ool C . ‘ e
o z:::is”:t[ ;!;Z !z::; g()lal.lttLOY’I;lliﬂS al the cg;ﬂefs but alse the way it releases the glass
i Can;ize\,ered bz ,]2‘:,?0? .cl;;l:‘i,gj::in\ihlie‘]«az,lur Khan was researching the way to
hieve e pure o gnmg a systermn where a dense grid of structural
- (Lh;r:; ui{mctcly .emb()dy (and almost blended) the facade, Nervi and Moretti were workin inilhl'
Sta};dm! 2;:;2 zzd (;l-%,lg;u.ng f(?w i}mea;f super-structure parts (exposed and recognizable) andga mn:
& ing free by the main structural constraints, The priotity of the overall figurative

. perception of the architecture ¢ uncti
_ r architecture compared to the functional and structural requirements is confirmed in 2

series of tiny and invisi ‘ } i
y isible deformations impressed on the architectural components as optical

ons, [ﬂdced.‘ the most 118 I optic 1()“” CLIO! the yscrapey C inly the ¢a <
correciion ar1gina; p a ection fof t sk I 1S ceria 3’ he ¢ bGU[ tl

aper and the convexity of the pri : .
itially with Lh;“pi:z;;::: ;3::5111. ;Fo f:lC.h‘leve that, Moretti, not happy with the compromise achieved
shots concentrated at the techlﬁzlribg ‘ Whith agreed o have the sets back of the facades in just three
962{10], the gradual reductior e Tl fnally oblained, in a crucial meeting in Montreal May 19,
floor {about 15 cin thick) wh'c]hoh the floor slab i‘romﬂ plan to plan. In fact, the cantilever portion of the
acades. is set back (g :ab{)lm h;;ﬁfa pol.ygoual profile that roughly outlines the slight curvature of the
transfigurations are managed by M ﬂﬂAmch on e.a.ch floor of the building. As mentioned, these
'6mplmeness, uniquenessg d ;hi oretti ?nd Nervi not to show the structure but to emphasize the
ferazive solutions of f\m;rli:a ?kﬁglimtwe nature of the object. This approach, in contrast to the
o™ 1], which has i;e archetn i .yS:L’l}.Je'l'S, ‘leads the design strategy being named as “the unique
ont, and st surprjsn;ci Wizpepfn-lLe .P]}'el.h sl?yscraper in Milan designed a few years earlier by Gio
his itating interpretatiég 3)/; {he} 'cjlel -..L,”g% Nervi as structural engineer in charge. However, although
ed 1o the Stock Exchange tO\vel-l}?h1:r.J > l.)%uldmg F)ase.d on a substantial customsization of the structare
Litding. indeed the strucm.r'll . jhf intu;tlon of Nervi had an impact well beyond the success of that
Otltrigger” systern fﬁpres(—:m( scheme has been developed over the years and nowadays what we call
efore being used in super—ljlioze':;f' e mosE popular :?Ohm(ms for super-tall skyscrapers, However,
eatly 19705 involved the %tandardl;-l l.ngs the first steps' in the development during the late [960s and
wildings of about 40 51 -. vz?tlon of the system Im order to make it replicable and adjustable for

storeys. fronically, the depersonalization of the architectural product so disliked by
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Pier Luigi Nervi vs Fazlur Khan: the developing of the outrigger system for
skyscrapers

Moretti has turned the original structural scheme created for the Stock Exchange Tower into a
paradigmatic solution that could be replicated for skyscrapers with identical architectural features.
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Pier Luigi Nervi vs Fazlur Khan: the developing of the outrigger system for

skyscrapers

Pier Luigi Nervi developed the scheme for the Stock Exchange Tower collaborating with two Canadian
engineering firm, Greenspooi, Freedlander & Dunne and ¥ Allemagre & Barbacki. The structural
gysiem was patented o Canada by Jacek M.K. Barbacki[12] in 1963 under the title *Wind and Frame
Earthquake T-Frame systein for buildings™. In order to understand how the system wds modified and
consequently applied to other buildings over the following years it is necessary 10 analyze carefully the
Canadian patent {Fig.2-3). The documents submisted for the patent showed a structural system made by

components extrapolated from the Seock Exchange Tewer, combined with different and more flexible
posal consists of' a description where the main advantages of the

and adjustable solutions. The patent pro

sysiem are highlighted and two pages of drawings showing how the same structural compenents can be

assembled for different fumctional solusions, Aceording 1o the description, the funcdamental parts of the
jumns and the “horizontal frame™ (the outrigger

scheme are the vertical shear walls, the outer o
elements). {137 In addition, going beyond the Montreal experience, the report stressed that the T-Frame
£ any well known type of construction such as structural steel, teinforced coscrete oF

al or any combination of these types. For instance, ihe shear walis may be of
ion and the horizontal frames may be of steel, either solid beam or open
awings are two sections, six floor plans and two detailed enlarged
ion between inner and outer structires. The fioor plans describe SiX
fear watls, according o different architectural core tayouts. In
er of shear walls to be incorporated within the building will
tding. For instance, in a building that is square in plan, only
may normaily be required, whereas, in 2 suilding with a tong face in plan, two or more
nstalled” as it is shown in the figure number 2 of the drawings {Fig.2). In detail, the
s paratle! (o the edges of the building. The figure number & (Fig.3)
side of the building with the
all, The figure cumber 9 {Fig.
m of a cross and with

system “‘may be o
other structural materi
reinforced concrete construct
sruss construction.”[ 14}, The dr
vertical sections showing the connect
diffcrent ways of arranging the vertical 8
fact, “it is to be understood that the numb
depend upon the size and shape of the bui
one shear wall
shear wails may be i
First two floor plans display shear wall
describes how to modify the system allocating the vertical walls at one
horizontal frame spanning the floor to a column at the opposite exterior v
3) displays the original Stock Pxchange Tower solution with the shear walls in for
the horizontal components disposed diaganally towards columns at the corners of the building. Among
{he others, the most interesting show! layout is the ene with the outrigger elements paratlel o the side of
{he building. Indeed, there is no ndication about how shis system could be integrated in the building
lly because the outer main structure showld be allocated in the middie portion of the

elevation especia

fagades, 1t is a significant change from the Nervi and Moreiti approach who had put the outer supe

structare af the corners in order to combine structural improvement and architectural expression. Tndeed
at independency of the fagad

it should be noted how the system conceived in order to increase the form
from bearing load parts in Montreal, has been developed in the patent with options altuding to differin
architectural outcomes. However it is clear that any other external column sllocation except the on
with the columng at the comer would be weaker in terms of bending and torsional inertial ! 5]. From thi
asswmption we can understand the develepment that Khan brought io this systerm, starting from i
layout with the parailel outrigger ribs. Indeed, although the structural system: was patented in Canada i
the 1963, apparently Khan did not mention it in the chart of 1868 with the name of “outrigger” systet.
is clear that Nervi and Barbacks came up with that svstem to improve the lateral stiffness of a framin
“regular” building structure, while Khan’s approach has always ween oriented towards the “pur
orking on the stiffness of the building envelope. In fact, according to his resears
on of outrigger system for two buildings around 44 storeys cadl
tinking inner shear walls with external structural components wi
hecame the belt truss structure, employed for the BH
972, and for the First Wisconsin Center in Milwauk
ral component invented by Khan to reinforce.
ger elements are provided. The main &

cantifever” behavior w
path, he developed his own versi
integrating the efficiency provided by
the experienced fube structure. That system
House in Melbourne (Fig4), completed in the 1
(Fig.5), completed in 1974. The belt-truss is a structu

| structure at the specific levels where the outrig
oad was transferred to the foundations of the buitdinl
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external wal
was to improve the way in which the wind !

Luciano Cardellicchio

Acting as & rigid belt around the buildi i
e building the orientation { i i
‘ X . in plan of the outrigger i
e [ | the buildi itriggers was no longer an is
Ny hnd;)ng and torsional inertia occurs from pointing the horizontal ribs to a cenm;cf td Srsie
. e onal : ! & s raf fleld of the
e r;ua ;m.]}e:i]ccd with the belt-truss which is able to absorb the vertical 1oad all along Ihb
oy fey alls of the building and transter it to ‘ Ch
he core at the outrigger level i

et I ang ¢ anste A gger levels. In more detail, “K

b; " :z; least two levels of horizontal outrigger trusses were needed o engage the peri "
wall; ong arou id-hei 3 > at idi s o -
e thn mid-height and one at the building top. Equally important, he su%ptctedp leilet
atiffe of the exterior frame at these s ; - ) was
ourten %\/mm 1 :;\tm xi}j frame at these same levels to increase their participation in the interacti N
VEIRI. ut the stiffening, only a few col i oy the

. g, olumns of the frames would be direct

i (Hening, only a 1 | e directly engaged by th
s, e g the potential restraining influence of the exterior frames largely untapped: i’lﬁ%e th yF ,
{16E - Limn W anc L . | ;
m_;;i,u ol nst . ould work to anchor the core, the large majority of columns, further removed fi e;‘nw
WiTIgger connc i ; is i 1 e
fmm;to o ‘c 1<tm ‘pomts_ would not”[16]. His idea, therefore, was to foree the full width of Oh

. rticipa ‘acicfi : . - J o
frae 10 ;Zhe ep:.ne tm- resisting thc? bending of the core structure by introducing storey-high “b;h”
W.t}; o in e tp imeter at each outrigger truss level. The two buildings structurall; designed by Kb

, alt-triuss systet ; : ‘ y
i the be alllss S}SLCHIE have development path extremely different.[17] However, when cen):pﬂr' ]

I tural expression of both it is eag : : iont

S y to underst X imilar 1 i

. and how the result led to a similar identical

Yun don Free . .
Hinm ‘5‘,;;;?‘/ ]f reamlanBArchnecls with Fazlur Khan and Hal Iyengar (Engineers, S.O.M.), 140
: wireet (formerly BHP Housel, Melbourne, 1972 e
ot availai s : 2, model of the tower. (Pict
S, available on:<heip./infa gov.au/nla pic-vnd902728>) (Picture by Wolfeans
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Pier Luigi Nervi vs Faziur Khan- the developing of the outrigger
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Conclusion

odified and developed by Khan is more replicabl

Starting from the first experimentation, the system m 2

i ngi

and adjustable for buildings with a boxy silhoueite. According fo Hal Iyeng‘ai,}on;v;): :hzrz;é, -
jated with Fazlur Kban on many projects, “the systems must be a.pp.hcav e _t_
eeton o ¢ to particular sotutions to particuiar buildings. The systems must
N bulary for visual expression”. [18] In th
1 is the structural system that
shaped as 2 non-standard sup

section of structures and nat j
architecturally relevant, providing a basis and often a.voca s
words is possible to recognize the outling of tf?e {Amerlcan apprcl};icf i
to provide the architectural Janguage of the bt.llld‘mg rather than being
for the figurative artistic expression, as it was n the Montreal.
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