
EI'POPPOFfl

High-Rise Buildings
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Shear Frame
Moment resistant beam to column connections
create shear frames or Vierendeel frames which
provide lateral stiffness in both orthogonal
directions. The efficiency towards lateral stiffness
is controlled by the individual stiffness of the
members depending on the section and
the length of girders and columns. The resistance
to sway deflection is mainly governed by the
bending of beams and columns due to wind for-
ces and less from column shortening or cantile-
ver action. The figure below shows the theore-
tical sway deflection of this framing system under
the action of wind forces. Common bay dimen-
sions range between 6 m to 9 m.

The shear frames can be located only in the
exterior facade or, for more efficiency, in all verti-
cal sections according to the column grid.
This frame system has the advantage of large

Sway deflection under wind pressure

rectangular openings in the facade. However,
the fabrication of moment resistant connections
is expensive compared to other systems.
Additionally, steel consumption is rather high
and reduces the range of application to
lowrise buildings,

Shear truss-frame
Vertical shear trusses located around the inner
core in one or both directions can be combined
with perimeter shear frames in the facade of a
bu i ld i n g, These f rame-shear truss i nteracti n g
systems are considered to be the most economi-
cal steel systems for buildings up to 40 storeys.
ln some cases the inner core can be executed
using concrete shear walls, thus substituting the
steel trusses in K, X or single brace form which
may interfere with openings that provide access
to, for example, elevators. The K-form is prefer-
red for trusses since in the case of X and single
brace form bracings the influence of gravity
loads is very important. ln seismic areas, eccen-
trical bracing is used in order to enhance
the damping behaviour of the overall structure.
The interaction of shear frames and vertical
trusses produces a combination of two deflec-
tion curves with the effect of more efficient
stiffness.

Outrigger and Belt Trusses
Another significant improvement of lateral stiff-
ness can be obtained if the vertical truss and the
perimeter shear frame are connected on one or
more levels by a system of outrigger and belt
trusses. The outrigger truss leads the wind forces
of the core truss to the exterior columns provid-
ing cantilever behaviour of the total frame

Frame-shear truss interaction

Free frame Free truss

Systems Evolution

Combrnation
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The framed tube system calls for heavy beam
and column sections with moment resistant
joints. ln order to avoid welding on site and to
faci I itate erection, col u m n-trees are p refabricated
in the workshop.

The spandrel beams are bolted on site at mid-
span. This columntree system is very efficient for
structures ranging between 30 and 100 storeys.
The erection of 3 to 4 storeys a week is com-
monly achieved.
The framed tube, due to the close spacing of
the columns, has a determinative influence on
the architectural treatment of the facade. lf wider
column spacings are required and in case of
a rectangular plan configuration the diagonalized
tube system is often more suitable. This system

Column-tree system 4 welded connection
I column section 5 continuity plate
2 beam section 6 penetrations for
3 bolted connection mechanical services

introduced in the John Hancock building in
Chicago provides the tube action by an exterior
diagonalized truss.
The trussed tube with diagonals on all four buil-
ding facades emphasizes space frame action.
The overall efficiency i. e. fabrication, erection and
steel consumption advantages have to struggle
with the need for a uniform and regular exterior
architecture.

John Hancock Center, Chicago, lllinois, 1970
Skidmore, Owings & Merrill, Chicago
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Architects
and Structural Engineers :

Skidmore, Owings & Merrill,
San Francisco

Developer:
Honorway lnvestment
Corporation

Site Description
The Building is shaped in plan like a tear drop. lt rises from a
triangular base that covers nearly the entire 2.100 m'?site, and
includes 15 floors of offices and 63 condominiums. Excavation of
the bay mud site and the installation of a heavy internal shoring
system was a kicky operation. The shape of the site created a
prominent building where the centre of rigidity and mass are
eccentrically placed.

Framing System
To create a structural system that could provide the building with
enough stiffness to minimize its natural tendency toward wild
lateral and torsional displacement under seismic and wind loads,
the engineers developed a multiple tube framing system.

Computer simulation of lateral and torsional
displacements under seismic and wind loads

ln this project a perimeter ductile mo-
ment-resisting space frame is connected
to a heavy central frame along the axis
where the triangular and circular portions
of the building meet.To strengthen the
connection between triangular and circu-
lar portions, a 9,50 m long tangential beam
was added, spanning the columns be-
tween the circular and triangular portions
on f loors 3,18,19, 20,25 and 26.The
central frame is the most important part of
the structure, taking most of the shear
forces. ln fact, the building is designed to
withstand seismic base shear forces
500/o greater than those specified in the
San Francisco building code, and to
deflect only 230 mm each way. On each floor,
the central frame has a row of six co-
lumns.The two interior rolled columns are
flanked by two 1000 mm deep box columns,
which are flanked in turn by two 640 mm
deep box columns. Deep rolled girders
span between the columns.

388 Market Street, San Francisco
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Architect:
John Burgee Architects
with Philip Johnson,
NewYork, N.Y.

Structural Engineer:
The Office of
lrwin G. Cantor P. C.
NewYork, N.Y.

Developer:
Gerald D. Hines lnterests,
Houston, Texas, and
Sterling Equities, lnc.,
NewYork, N.Y.

34th floor

27lh floot

1gth f loor

1

2
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7

8

I

ground lloor

W920x201 -
W 920 x 446
W 840 x 193
W 360 x 382

'/,W 360 x 147 -
,lztN 36Ox287
W6l0x92-
W610x113
W 690 x 125

W 760 x147
W 760 x 257

'/, W 360 x 448 -
1/,W360x134

'/,W360x 179

53rd atThird, NewYork
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Architects
and Structural Engineers:
Skidmore, Owings & Merrill,
NewYork, N.Y.

Developer:
NewYork Communications
Center Associates,
NewYork, N.Y.
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A new landmark for NYC-skyline
The 53-storey commercial tower is separated from the 41-storey
residential tower by a multi-level plaza.The commercial building
has four elliptical entrance lobbies, each set off by 10,60 m high
granite-clad columns.The spandrels in the glazed brick exterror
are set back to def ine the verticality of the shaft.

Exterior tube with tree-columns
The two-slorey high columns were fabricated with four and
sometimes two half-span spandrel beams welded to them to
form "trees'lThese tree sections were shop-fabricated with
1,50 m stubs extending out either on both sides or on one side,
depending on where the columns were to be placed. One
advantage of the tower's framing being a perimeter tube framing
system was that its stiffness facilitated some of the column

lBth floor

16th floor

13th floor

6th floor

g rou nd
f loor

Structural f rame elevation
1 exterior tube, moment connected columns and

spandrel beams
2 braced frame, f rames terminate as elevalors

drop off
tube transfers at ground lloor arcade
braced rooilrame supported on core
space frame supporting skylight

.I

3
4
5

Worldwide Plaza, New York
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Architects:
Johnson Fain and Pereira Associates

Structural Engineer:
Albert C. Martin &Associates,
Los Angeles

Developer:
JBM/Urban Development Co.,
Los Angeles

A highly articulated facade
The 39-storey office tower with its dramatic
curve and highly articulated facade in
Venetian Gold and Verde Fountain granite,
with saphire tinted glass creates a unique
profile on the Los Angeles skyline while
providing over 72.000 rentable square
metres of efficient interior office space
and spectacular views.
One of the main features of the building is
the 26 m wide elliptic curved facade at the
south-east corner. This facade spans un-
interrupted with columns at the first storey.
The exterior columns at ground level form
an arcade with an unbraced height of
12,20 m. There is a setback at the 36th
storey. The floor plate is column-free
between the core and the exterior glass
line. However, due to the L-shaped core
only one column was allowed to be used
at the south-east quarter of the building to
carry the gravity loads. This column stops
above the lobby area to accommodate the
main corner entrance. The column gravity
loads are delivered to a 14,00 m long,
3,25 m deep, tapered plate girder above
the entrance ceiling.

A dual framing system
The floor framing of the building consists
of partial composite steel beams 3,00 m on
centre with 51 mm metal deck and 83 mm
lightweight concrete fill. Below grade
framing system is reinforced concrete
beams and slabs. Located in a highly
seismic area, the tower had to be designed
to withstand the maximum ground
shaking predicted in the site, as well as
provide for wind induced accelerations,
which may adversely affect occupant
comfort. Accordingly, a structural steel
dual system was selected for final design.
This system consists of a perimeter tube
integrated with six interior core eccentric
bracing f rames.The perimeter tube con-
sists of a ductile steel moment f rame up to
the 36th storey. Above this level the tube
is divided into separate frames.

:g:r. ::

är

ry

1999 Avenue of the Stars, Los Angeles
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Architects:
Lee Harris Pomeroy Associates/
Abramovitz Kingsland Schiff,
Manhattan, N.Y.

Structural Engineer;
The Off ice of lrwin G. Cantor P. C.,
Manhattan, N.Y.

Developer:
The Swiss Bank Corporation
and Saks&Company,
Manhattan, N.Y.

West elevation

Two-buildings-in-one
The Swiss Bank tower was placed to the rear of the historic
department slore, and designed to respect the classical architec-
ture of the Saks'building while allowing the tower to rise above
the new 9-storey store extension to Saks'Fifth Avenue on axis
with Rockefeller Center. Extraordinary construction efforts were
necessary to satisfy two owners with radically different require-
ments.The different column locations in the two-buildings-in-one
required an innovative columnlransfer system.While Saks
wanted exceptionally long 18 60 m spans on its retail floors,
in the Swiss Bank above, in contrast, in the same east-west
orientation of the Saks' spans, the spans are only 14,00 m.

lE&EEtgtlllr
g&x&E&

Swiss Bank- Saks, NewYork
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Architects:
Cesar Pelli & Associates,
New Haven, Connecticut

Structural Engineer:
Thornton-Tomasetti, P. C.
NewYork, N.Y.

Developer:
Olympia&York
Equity Corporation,
Toronto, Canada

Arch itectu ral versatility
The World Financial Center at Battery Park
City is a group of architecturally coordi-
nated skyscrapers, landscaped plazas
and winter garden.The four reflective
glass and granite office towers rise from
a continuous granite-sheathed base
and make a transition towards entirely
reflective glass.
The tops of the towers are designed as
sculptured forms-spheres, pyramids and
prisms.What has become to be called the
Building B is unique in that it is the only
one to feature a 45,72 m diameter copper
dome supported by a series of steel trus-
ses. Building B has a ten-storey podium
stretching f rom the tower to the nine-
storey octagonal structure of the gate-
house located to the south and forming
the main entry at Liberty Street.

A case for steel
Structural steel was selected for Building B
because of several programme require-
ments, including electrified floor system
flexibility to accommodate tenant require-
ments and a transfer girder that had to be
accommodated in the 91 cm ceiling sand-
wich. The 4s-storey tower has a 4,57 m
setback at the 26th storey. lnstead of
carrying columns all the way down and
having a column spacing of 4,57 m, the
upper perimeter columns were picked up
on transfer girders allowing a 9,14 m by
9,14 m grid to be employed below the
26th storey.
The dome framing consists of 48 arch-
trusses spanning between a tension ring
and a compression hub.The archlrusses
are spaced approximately 2,74 mon
centre at the tension ring and converge
at the compression hub. Eight rows of
concentric bridging provide bracing for
the archtruss bottoms chords. Simple
field connection details connect the arch-
truss to the tension ring and the compres-
sion hub.

Layout World Frnancial Center
at Battery Park
A, B, C, D office towers
E winter garden

World Financial Center, NewYork
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Extraord i nary di mensions
The big building, not only in height, but in plan, measuring
81 x 50 m is located on Manhattan's Hudson River shore
near the World Trade Center.There are entrances on the east,
west and north sides, and the three lobbies are interconnected.
These lobbies and interconnections have about 213 running metres
marble wall, necessitating an extraordinary extensive substruc-
ture of miscellaneous iron framing to support the marble.Thanks
to the use of steel, accommodating changes late in the design
was far easier, faster and at lower cost than would have been
possible with concrete. Some of the major changes were the ad-
dition of one complete f loor at the mid-height of the building, an
auditorium at the 26th f loor with transfer girders above the clear
span space, a reinforced floor for an aerobic area, new openings
for connecting stairs, framed pits at the kitchen, and reframing

35th floor

26lh floor

17th floor

8th floor

ground floor

Wrnd bracing north-south: a-bracing over 9jloors
with columns on the apex to reduce the span
of the horizontal girder.Vertical and lateral loads
are picked u p at each floor by the truss and trans-
ferred through the Ajrame diagonals to mega-
columns at the outer edges oJ the'Al

Architects:
Kohn Pedersen Fox Associates,
Manhattan, N.Y.

Structural Engnieer:
Severud Associates,
Manhattan, N.Y.

Developer:
Shearson Lehman Hutton,
Manhattan, N.Y.
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Shearson Lehman Hutt on Plaza, New York
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Architects:
Kevin Roche John Dinkeloo
&Associates, Hamden, Connecticut

Structural Engnieer:
Weiskopf & Pickworth,
Consulting Engineers, Manhattan, N.Y.

Developer:
Solomon Equities, lnc.,
NewYork, N.Y
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Design Architect:
l.M. Pei&Partners, NewYork, N.Y.

Executive Architect:
Welton Becket Associates, Los Angeles

Structural Engineer:
CBM Engineers, lnc., Houston

Developer:
Maguire Thomas Partners
and Pacific Enterprises, Los Angeles

The tallest tower in LA

Roughly circular in plan at the base, the

building changes shape five times as it

steps back at the 47th, 56th, 60th' 69th

and 73th floor. A three level difference ln

elevalions between streets on north and

south sides is made up with beautifully
landscaped Spanish style steps, which

are seismically isolated from the main

tower structure, and fountains. Called a

signature building for the city of Los

Angeles, the granite clad building with

its faceted exteriorwill contain about
1.4 million square feet of office space.

Conflicting structural demands
To arrive at the most economical design
for the steel structure, due consideration
had to be given to both seismic and wind-
loading factors.The conflicting demands
of optimal seismic vs optimal high-rise
design resulted in a structure that is really

two structures interacting with each other,

with enough ductility to accommodate
the randomlyvariable jerks of an earth-
quake yet stiff enough to ensure occupant
comfort during high winds.The dual sys-

tem that was selected consists of steel

columns ringing the building's perimeter

creating a ductile, moment-resisting tube.

It is the 6,80 m'core, formed bY four
massive 1,2O x 1,20 m steel core columns
connected by chevron bracing that provi-

des sttff ness up to the 54th f loor" At the

54th floor, the chevron bracing drops out

of the core. At this point, there are no co-

lumns between the core and the perime-

ter tube, and the perimeter columns act

as the main lateral bracing mechanism.
The core structure is supported on a con-
crete mat foundation.The perimeler f rame

columns are supported on circumferential
strip footings thal tie into the core mat.

Curtain walls were designed to sustain
practically no damage during earth-
quakes.The trusses that support the

cladding were designed to move with the

maximum interstorey drift.
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EAPOPROFIT

ARBED's and USINOR - SACILOR's new sales
organization EUROPROFIL is in charge of the
commercialisation of a most comprehensive programme
of beams, channels and angles.

The new joint sales organization offers its customers a
considerably improved service :

' the world's largest programme of steel sections
' increased flexibility, yielding quicker delivery
' improved customer service
' technical advisory by our team of consultant engr-

neers

lnformation Brochures :

' EUROPROFIL - Sales Programme
' HISTAR - The new generatron of rolled sections

' Car Parks ln Structural Steel
' Truss Girders
' Short Span Composlte Bridges
' Composite Beams
' Composite Columns
' Multi-Storey lndustrial Buildings
' Refurbishment
' High-Rise Buildings
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