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Our Tribute. ...

Thf'-' structural engineering community
has lost a greal lalent—and a warm
hearted fnend

Dr. Faziur Khan, a world-renowned en
gineer
attack in Saudi Arabia. He was 52. He had
been traveling in Korea and the Middle East

died March 27 of a massive heart

when he suflered the attack
Born in Dacca, Bang
cewved his bachelor of engineering degree

ladesh, Khan re

from the University of Dacca. After he came
to the U.S,, he studied at the University ot
llinois, Champaign-Urbana, where he eamed
degrees of masle

3r ol th

pf structural engineering

yetical ar

tructural en

Jjoine g in

Dr I":-hr‘]"
Skidmi

became a

re

genera [m.'"h-' n :_?:-1r:;:: 0

structura! engineenng |

His accomplishments and awards read
like a Guinness Book of Records. He achieved
international distinction for the innovative
bundled-tube and long-span struCtural sys
tems he designed for a wide range of
award-winning buidings

He engineered the giants—the worid s
tallest building, Sears hicago, the
John Hancock Center, also in
Spectrum Philadelphia
Terminal in Saudi
opened Hubert H. Humphrey Metroc
Minneapolis just a tew

To his design accomplishments, add

Tower in(

Arena In

Arabia and the newly

ome in

{0 name

myriad professional memberships and awaros

I hie ¢ ~tandin Al
) nis gutsianaing contrniou

In recognition

tions, Dr. Khan was elected a rellow by the
American Society of

was a member of the Na

Civil Engineers. He

tional Academy of

Engineering, and chairman o
tional Council on Tall Bu

Habitat. He lectured civic
groups throughout the world, and was hon

and Urban

and educational

ored by Engineering News Record as Con
struction "Man of the Year,  and three more
Marksme

In addition 1o his many membershins Iir
1 alil | L") - any 18 s

limes as

engineernng associations, Khan was aiso a
o -}

wrofessional member of AISC. He served or
the AISC

LFRD, the AISC Co

Task Committee on

Beta Fac

mmitiee or

tions, and he aisc

Institu Buillding Study Commillee

He received the AISC Special Citation
Award in 1971, and was the most recent
recipient of the coveted J l_lny:.l Kimbrough
Award in AISC's highest trib

professional acme vemenl

s Ta

1973 ute 10

his award, es
tablished in memaory of the first AISC presi

dent, honors advances in the "arl of de

or cons 1, Or both, of structural st
Up ving his Kimbrougt

Khan responded, | have always |
r a building

is not an end in itself, but is a step torware

every new project, or a system

the continuing process of evolution of i

s which should respon

ana conc

man needs, should reflect new te:

nomic realte

duce exciting fresh torms and a
expressions. The Kimbrough Medal makes

e aware ,:-1 the b-'-'*:"‘t oul ever ore il w

remain

new answers o challenges of the {
One
as ne i

r__;a'j.‘-"n!lt'_-.__uanr He

arred 1o 'F

ibered

; affectionately remem

was that—in his relat

ships with his peers, his Inends Vel
his students al lllinois Institute of Tec gy
HeE Wi :_-, IMISSE ‘: t"' r r 1é Sf e a

Martin' a

and byt

Yasmin, a8 siepsor

brother. a sister and his mother
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thousands
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Knoxville:
A Fair-
and a Facelift!

A oout thus ime, | e } O Knoxvilie
Tenn. mi e expenencing a trauma

of sorts. For the 1982 Worlt

1

s Fair—Enerqgy

1982 —has

EXpOs e 10 town, witr
an estimated 11 million people from all over

ular. Tha! divides out

lors per day—a

Two weeks |

dailly allengance

1ered records for the number o

lending any world s fair

Who would have guessed the Knoxville

area could host such masses Yel il he

been pointed out, almost nine million come

each year to the nearby Smoky Mour

» nearby entertainment capital

non 8, an authonae g
Fair, took Ineme Energy Turns the
World from s preser the energy
apital of the world, birthplace of TVA and
iclear power al Oak Ridge
What is more exciting 1o the people of
Knoxville are the benelits to the v itself
Qver $22 i5
erpass at
atives reter 10 as tion Ju
the maagaagening N of thre

interstate highways

Then, take 70 acres of downtown abar

ijoned rallyards ta D€
aind la 19 -00WTr na Inal t JINQS ]
vilness these ru 0 ! MO a mile

ymmercial land a
insphere and dozer pa
I oOr nent of wi histhe & [ r
U.S Pawvilion
¥ i T tiire i 1 f
'] i [l ¥ 1 3 H
1 L " |'r< r § ¥ 4 t
1 ee the pr F: the ust f stael lor
| g ; icalions mevth N F n
all type applications—Dbot ew cor
truction and renovatior Wi e mosl
T minent and talked bout r thi
pr 11K 1 and lgained abuul it LSRRl
structure—Sunsphere, and the unique U S
P \
ray on

Sunsphere First Framed for Occupancy

The Suns theme structure for Expo
B2, 15 the first sphencal bullding ever buill
tor occupancy, according to the structura
engineers whi gned it The sphere
opped tower, representing the sun as the
source of energy. pr fair's thems
It will remain as a pern jtter
the lair is over. From ftir
diameter, the hexagor 1951
lo a 34-ft diameter, which supporis a stet
Iramed sphere /41 liameler Nearly
lons of steal went into the hive-level S
sphere and its pedesta
Al rding 1 yocrate oa 1€ i
JCtural engineenng fir
the [ ble g é ' 1 1hi - or
WETE tructural as we ds € Wi
were charged with the job of devising ar
aflordable method of truct e sad
To get the project within died
varnou 1 ipport Wi
nd that arranging the steel in a ge
melnc repetitior jave the structure 1he
needed strengtn ana kept fat al I
ata f
f the sphere, the structur engineet
useda hignhly specialized mathemalicaltec!
NI U ind a large nputer el ul
nod n threa o ' el
3 w1at fod 1 ’ od 1
3 NkNOW rding 1 i
Te years ago, Ir na been next
| I ole. r ! pute
was er nai L |
the alferct il peralture svind i and
1 ing loaad
| sin 1owe { the S pt
hexagonal shape with a bl
ne Inside and one outside. at each point of
the hexaagon. TI e are Lhe o 11
10 which te ne
Fif ransfi ads | the sk i
phere -a {3 i Ihe hexagl K
braced. A ; ver thirg ne lower, ea
1 1he | I flare > d
vertica ! i ! : )
| i d € té € i 1
i vhere 1owe nd sphert eel, the
nexan ] 3 t i i
Te NI n nou e il f "
bracing i not be used. Here je the
SPN iteral r INCE 3 eved Dy
end-plated beam-t I ‘
The Sunsphere sk fagnd of



steel loadbearing tubes inside an aluminum
gutter system into which silver refiective
glass fits as a part of the skin itself. Usually
one set of structural supports—beams and
columns—are used with a separale curtain
wall. In this case, the skin is loadbearing
Each vertical tube member acts ke a
curved column to support the weight of the
skin, plus loads from the framed levels
inside. The tube columns terminate at a
tension ring at the 1op and a compression
ring at the bottom of the sphere. These rings
help transter loads from the spherical skin
back to six main columns at the core
Honzontal hoops divide the sphere into
13 sections. The hoops, which support the
skin structurally, also act as stabilizing mem
bers tor the vertical curved lube columns
As a result, hoops in the top half are in
tension. and those in the bottom half in

ipression, restraining the vertical tube
columns from excessive deflection

The sphere has five levels, two for res
taurants, one for a kilchen and two for ob
servation. Its circumierence is divided into
30 sections, and at each of the 30 dividing

d tube column

paints there IS a vertical cu
Beams radiate from the central core to the

oulside loadbearing skin al each floor level

- « mmam.
AL ] |
. T o

U.S. Pavilion a Structural Challenge
The design of the U.S. Pavilion provided an
exciting experience and challenge for the
structural engineer, according to Cecil
Chan, project director. “This structure. in
essence, 1s an architectural dream come
lrue
In essence, the U.S. Pavilion is a state
ol-the-art electronic, computerized cornu
copia of energy information. America's role
in the world of energy is depicled by falk-
back computers, electronic maps and single
exhibits, such as a transparent house
says Willlam Morris, U.S. assistant secretary
of commerce
One of the main concepls in organizing
=11

the building as a linear structure was 1o le

the pedestrian flow actually pas
pbullding in some way thal people could
interact with the bullding and see into it as

ing from one side of the

they were passing

ding to Archi-
cled 1ow-

avilion ac

fairground 1o the other, acc

tect Marvin Housworth. Interconne

ers on either side of the U.S
this eftect, as do the canlilevered sec

ol the structure

We wanted visitors to walk through the
bullding or unaer it, so we thought oftasa

concourse or sort of a superhighway that

TR e b

i

|

|
|
|

} L
i
g
]

runs right through the building. It's a way to
have a free pedestnan space without having
to force people to go in and out of the
bullding, Visitors can proceed 10 a point

where they 100k Inlo a giant show window .
into the main exhibit hall, Housworth says

A primary challenge was design of the

cantilevered sections. The upright

was designed to be erected shghtly
plumb” by as much as 1% in. toward the
south end The sloping northside steel was
then built down from the verucal cage

and the cantilevered sections at the south
end were supported by lemporary shoring
camber -

with 3/-in while concrele was

poured to anchor the hanging steel Post-

lensioned slabs at the top and the ba

1or the entire

the “cage provided stftening

structure, and minimi

2Clion and ro-

tation when the shoring was removed. The

building settled into place in plumb, or abso-

utely veruical

The main building Is a triangular-shaped

structure, 327 ft long by 133 ft wide by 112 ft
nigh, with its longituginal axis running east

west. Eight pairs of steel spine

lrusses support the roofl, ¢

nies and concrele floors. Four of the

lrusses are located in the migdle of the

bullding, supported by a concrete butiress

al the north en

nd an upright steel cage at

the south d. The other lour are canti

levered trusses located at the east and Wes
U -
end, wnich range or

gth and are suspended from the stee

76 1t 1o 106 f1 in

The "cage’ is the perpendicular. st

side sec f tha L) &

on
The sSuspension of thes

particularly

secltions the three stepy

cantilievers over a lakeside terraced

L‘1
provides a breathlaking vista for visitors at

the middle of the World's Fair site. This

northwe plaza, which 18 prolecled fromn
Ing way 1o beal WIS, rONWOIKE o

Lagle and . 0x gine in golaen
unsphere during construction. Steel

framed giobe now / (5 s for 8als

ind serve iservahion lower. Uver ol

lons of struclural steel wenl into infricately

[}

amed theme siruciure

Sunsphere Team

Architect Steel Fabricator

mmunity Tec n wille, Steel Company
Structural Engineer Owner

Stanley D. Lindsey

Nashville, Tennessesa

Sunsphere. Inc
Knoxville, Tennesss

General Contractor
Rentenbach Engineering C

Knoxville Tennessee
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the elements by the cantilevers, will be the
staging area for many U.S. Pavilion events
during the course of the exposition
The vertical south wall, from which the
.nurths.de sloping seclions hang, fronts an
east-wesl concourse by which visitors enter
the main exhibit hall. Escalators transport
visitors 1O the top exhibit level, from which
they will descend through stages to the
ground level
The sloping shape was conceived out of
concerns about residual use of the building
We sloped the north wallto capture daylight
and kept the south wall vertical and relatively
unfimished to adapt to a future use,” accord
ing to Architect Marvin Housworth, who
headed the architectural team who con
ceived the Pavilion. “There 1s a lot of ex
posed sleel structure on the vertical side
which will give the eventual owners the
capability of putting things in or taking them
out
It the structure had been designed con-

J1Sing the steel «

ventionally—i

je 1o sup

port all the cantilever floor loads—uplift
forces at the foundation would have required
a resistance of 850,000 Ibs., with a downward
deflection of up to 18 in. at the tip of the 108-
ft cantilever floor. In addition, the longi-
tudinal steel cage would have deflected as
much as 12 in. horizontally. The result would

have been cracks in the floors and window

.;m']-::s and buckling of metal roof panels

Space Frame by Computer
The structure was analyzed by a GTSTRUDL
computéer program. It solved both the space
frame—972 joints and 1,985 members-
and finite elements on the concrete dia
phragms simultaneously

All spine trusses (eight pairs) are 12-in
square steel tubes. Major columns of the
steel cage are W14 and W12 members with

ts of Dept of Commerce

Over 1 tons of structural steel frames

unusual bulding

U.S. Pavilion Team

Architect
FABRAP
Atlania, Georgia

Steel Fabricator
Tallman Iron Works, Inc
Maryville, Tennessee

Owner
S Dept of Commerce
Washington, D.C

Structural Engineer
C n & Company
a Georgia

General Contractor
Rentenbach Engineering
Knoxville. Tennessee
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i+-in. steel side plates al each side of the
columns. Major steel beams at the steel
cage are W18 members. According to Cecil
K. Chan, project director for the structural
engineers, a steel frame was "the only
possible way to construct it; steel is the only
etficient matenal that can carry such huge
forces resulting from 120-ft long cantilevered
trusses

The pavilion represents a breakthrough
in steel design. It is one of the first U.S
structures lo be designed with the concepls
of "FS3"—fire-safe sltructural steel—a
rational fire protection design method for
steel-framed structures. The concepl opens
a new era in using bare structural steel for
buildings. The FS3 concept came out of a
study by a British design firm and AISI. They
collected a worldwide base of knowledge
on exposed steel construction, and from
this developed a mathematical theory of

combustion engineering and heat iransler
applicable to exposed steel structural
members

The Fair is on until October 31. And all
sorts of energy expended promise to make
it a successful event. The revitalization
program means much to Knoxville. Its ancient
rallway station has been renovated into
shops, offices, restaurants and boutiques
An old candy factory and foundry buildings
have taken on new lile. New offices, holels
and convention facilities have burgeoned
as the city bursts into bloom

The tair generated 37,000 new jobs
17.000 of which are expected to be per
manent. A government official recently com
Among the modern exposition
halls erected are structures preserved be
cause of their architectural and historical
significance. In Energy Expo '82, energy
and preservation go hand-in-hand 0O

mented




w ith much fanfare
lions, weathering

the construction
initial archited

& Company headquarters

npleted in 1964, was so successful the n lwo major advantages ol
same material was chosen for Deere West! g sleel, First, in the bare na
1 e qQif a n IrrQSIOr

Since then, steel producers, engineers for any coating pre

architects and contraclors have amassed

ng, fabr

extensive experiend

cating and handling weathering

maternial has tound its niche in a number of

Deere & Co. headquarters, Moline

Deere W

ss| addition (below) to 1964 well-suited applications—from bridges and
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Weathering Steel? L o e o e
Material Poised for Growth— e
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of Correct Usage . thinner | '
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steel, which has 0.20% munimum copper

The materials attain their properties
through a combination of alloying elements
not copper alone, but also
include and silicon. In
fact, A588 will differ by supplier in both
alloying ingredients and percentages

Weathering steel plate is made primarily
in widths up to 144 in, and In lengths to
about 720 in, with the upper ranges of
width and length dependent upon gage
the thinner the plate, the longer and wider it
can be. Yield-strength is 50,000 psi, com
pared to 36,000 psi for structural carbon
steel, with the yield diminishing slightly for
A5BB steel over 4-in. thick

All structural shapes are available in
weathering steel—W, M and S shapes. an-
gles, channels and tees. These are pro
duced mainly to the AS588 specification
Exposed structural shapes for bridges and
buildings are among the growing applica-
tions for weathering steel

which could

chromium. nickel

Some Do's and Don'ts

To achieve all the benefits of weathering
steels, especially in the bare condition, it is
imporiant thal proper design, tabrication
and handling praclices be observed. A few
key rules are presented here

* Locations: Use of bare weathering steel
IS suited to most atmospheric environ
suburban, rural, moderate
industrial and moderate marine. There are
special areas, however, where usage in an
uncoated condition is nol recommended
because the protective oxide will not form
properly. For example: almospheres con-
taining concentrated, corrosive industrial
fumes; marine locations subject to salt-
waler spray or salt-laden fog, and applica-
lions where the steel Is continuously sub

ments—urban

2nd Quarter/1982

merged in water (sall or fresh), or buried in
soil

* Drying: A constantly wet weathering sleel
surface will corrode al an unacceplably
rapid rate. Therefore detailing of beams
columns, sunscreens, extenor wall systems
etc. should avoid crealing sources of water
retention—pockets, crevices and faying sur-
faces. Where such collection spots cannot
be avoided
drainage and ventilation to permit the steel
1o dry

* Stain prevention: Moisture dripping from
the steel, especially during its early years
of exposure, will contain particles of insol-

there must be allowance tor

which can stain or sireak
adjacent materials. Permanent provisions
should be made through design, detailing
and selection of proper adjoining malerials
and colors to accommodate this run-off
waler, or divert it from vulnerable surfaces
Successlul solutions include sealants, gul-
ler and downspout systems. overhangs. drip
plates and special flashings

* Adjacent materials: Compatible con-
struction materials subject to minimal stain-
ing, and which generally can be cleaned
inciude
neoprene, glass, glazed brick, organic coal
ings (washable, air-drying and thermoset
ling). porcelain enamel coatings (semigloss
and glossy) and stainless steels. Some
matenais thal may undergo severe slain-
ing, and are difficult or impossible to clean
are concrete and stucco, galvanized steel
(unpainted), matte porcelain enamels, stone
wood and unglazed brick

* Glass: Windows in weathering steel struc-
tures require frequent cleaning during the
period when the oxide coating is forming
Cleaning frequency will decrease once the
oxide has matured, but will be higher than

uble iron oxide

aluminum. ceramic tile. extruded

s etriich irae il nthar arrhitac
in structures oi other architectural malenais

lass

s not attected by the corrosive drain
age products. but staining will become ap
paren! once the

surtace has dried. The re

sulting Tim

ron oxige

airborne airt in agdiion to the

T A
] 8 ()

S generally aimcu remove

by rinsing and may require a mild abrasive
cleaner

¢ Interiors: All interior and other unexposed
weathering steel surfaces. including faying
surfaces not held tightly together, where
weathering and proper ox

de formalion i1s

prevented, must be protected as it the
material were carbon steel. Flat, horizontal
surfaces are particularly vulnerable to mois
ture or congensation, as are those

overed
by slruclural or cuntain wall gaskets, and
the intenors of window lrames. door Irames
and wall panels. A good rust-inhibitive prirr

er, applied on cleaned maternal, 1s usually
adequate

e Bending: Weathering steels can be cold
formed using conventional equipment and
good shop practices. Slightly greater form

INg pressures, as well as more liberal bend
ing radu are needed than for carbon steel
Hot Tmfr'nr‘L_J I8 recommended for bending
ot plate over in. thick

* Fasteners: [or
high-strength bolts are required, the ASTM

1
A325

siructiural joints where

Type 3 bolls must be used Lower

9



strength fasteners—stangard machine bolts
self-driling/ sell-lapping screws, nuls and
hardened washers are all available in
weathering steel. Galvanized steel fasteners
are not suitable for use in weathernng steel
structures. when the zinc coating erodes, il
leaves an exposed plain carbon steel unit
that is not resistant to atmospheric cor

rosion

* Welding: While any of the low-hydrogen
welding processes used 10 join carbon sleel

plate ordinanly can pe useq, (the alloy con
tent of weathenng steels requires that weld
INg procedures be tailored 10 the thicknesses
and types ol joints being made. The low
hydrogen, arc-welding processes are com
monly used 1o mimmize the need for pre
neating and to permit use of lower preheatl
ing and interpass temperatures Where the
weld metal mus! exhibit corrosion resistance
wealhered colgr and lexiure comparapie

o the base metal, certain alloying elements

should be present in the weld metal
e Cutting: Weathering steel plale can be

:.:l.".":_}f_‘." or plasma-arc « ut In accorgance
with prac lices s 1 r car
Welding Society H K 5

sleel does nol require pre-healing
o Bar: Steel bar is also produced in specifi
cations A242 and A588, and i1s employed

frequently as a reinforcing component to

plate in heavy construction. For these pur
poses, only shearing and bénding lo shape
are usually necessary 1o ulilize the bar

» Surface preparation: For most archi
tectural applications, a uniform weathering
process 1S desirable, necessitating a uni
form surface lor the even formation
prolective oxide. Therefore, all exposed
plate and structural shapes to be left un
paint should be blast-cleaned or pickled
to remove mill scale. When blasl cleaning
1s required, it shouid be performed in ac

cordance with the Steel Structures Painting
Council surface preparation specitication
SSPC—SF
usually adequate for most exposed appli-
cations. Specily that any necessary mark
INgs bé made in chalk or waler-solubie ink

and not in paint or crayon, and that they do

63 No. 6 Commercial (

Cleaning

nol appear on surfaces which will be ex
posed

* Avallability: Although a wider size vanety
of weathering steels is available from the

producing mills, steel service centers Qo

slock weathering steel plate, angles and
wide ‘d'iL."“ L ;.(__\L_, n the most o] ar
Ti p vercome any problem o sma g 2 !
quantity availability, design details should i e e S
aim at consolidation of sizes and thick [ Availlable mechanical lasteners
S0 that mill quantiies can be provide both corrosion resistance and
VEaITE ! i

Torque and tension are not the
same thing. Engineers calculate to
tension. Erectors use lorque to get
there. To be sure that engineers
and erectors gel the same results,
specify Coronet Load Indicators
The engineer gets permanent,
positive proof that 100% of the

Specify Coronet Load Indicators
and know the bolts have been properly tensioned.

torque wrench, "break-off” bolts
—produces true proof of tension
With Coronet Load Indicators
assuring bolt tension, there are
many economies possible in steel
erection and inspection. Structural
rigidity is assured so the owner is
spared the after-cost of loose bolts

bolts are in tension. The erector
can prove the validity of his work
and can avoid call-backs, disrup-
tion of his schedule and loss of
productivity,

No other system—"turn-of-nut"”,

Cooper-+{Turner Inc.

522 Parkway View Drive
Parkway West Industrial Park - Pittsburgh, PA 15205
Telephone (412) 787-2253 - Telex 812381

GLYNWED
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St. Louise de Marillac Church:
An Architectural Expression in Steel

by Lucian Caste
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High on a Boston Bridge:
Reconstructed Toll
Headquarters
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STRUCTURAL
PRODUCTS

HEAVY HEAD
HIGH STRENGTH
BOLT
ASTM-A325 Types | & Il
ASTM - A490
%" dia. through 1'%2" dia.
All Lengths
Pictured below are the head
markings shown on our Type 1
Heavy High Strength Bolts,
And on our Type Il (Weather-
ing Steel) Heavy High Strength

Bolts.
TYPE 1 TYPE 111

E I 'ﬁ‘l f" ;:i” :;

HEX & HEX Mch. Bolts.

1/4° thru 3" dia Sq Mch. Bolt
L—-l [~
STUD Slotted CTSK. &
l BOLT CTSK. Mch. Bolt
h s -
ANCHOR BOLTY

Other fastener products com-
monly used in the structural
field include machine bolts,
anchor bolts, ctsk. bolts, stud
bolts. We furnish these in the
grade of material required for
the job.

ST.LOUIS SCREW & BOLT CO.
6902 NORTH BROADWAY
ST.LOUIS, MISSOURI 63147-9990
PHONE (314) 389-7500

i ?,\3 ]

S

2—:..,_5-'!..
Simas 'HIT

I_I;din Lakes
Resort Hotel:

Space-Frames
for a Pyramid



The ball was in the architect's court

design a 330-room resort hotel for a
40-acre site in Chicago’'s west suburban
countryside. Connect it with banquet

.ooms restaurants and pool/tennis
facilities and an existing clubhouse and
golf course. And design a building that
caters 1o convention and weekend family
vacationers

The result is a dazzling pyramid-shaped
hotel, with an equally spectacular dia-
mond-shaped atrium that opens a tropical
environment (o interior guest rooms
One of the most unusual structural de-

lails in the building 1s the skylight construc-
tion. The pyramidal-shaped atrium permits
small plexiglas skylights to provide intense
natural light to a large base area. The effect
18 simulated in each guest room where a
skylight created of bronze mirror adds a
special inimacy to the wood-beamed ceil-
ings. Zig-zag corridors eliminate the mo-
notony of the usual long ones

Unusual Skylight Construction
Two structural frames were required for the
unusual roof project — one over the atrium
The atrium roof is approximately 77 ft x 120
ft. supported on 16 columns, The framing
consists of 16 hexagonal gnds fabricated
of rolled steel W16 wide-flange grids. The
side dimension of each hexagon measures
.11“0" The framing supports 5 -ft deep
precast concrete liners and is covered with
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hexagon plexiglas skylights. The second
frame, for the carport. consists of a similar
pattern of hexagon units. This frame. sup-
ported on eight main columns and wo
secondary bearing points, measures
57'-0"x 87'-9" out to out

The structural grids for both frames are
space-frames insofar as their girders can-
not be reduced o planar supporting ele-
ments Unlike most space-frames, how-
ever, which are generally highly statically
ingeterminate. this structure is statically
determinate throughout. Moreover, in
some areas, it was found that the original
layout, as onginally conceived, was un-
stable. Only by introducing torsionally stiff
members was it possible 1o maintain the
structural integrity of the framing system

The two frames were analyzed as space-
frames using a STRUDL computer pro-
gram. In making the initial layout. the fol
lowing rules were followed

1) In the construction of hexagon
space-frames, each interior joint will
be formed by the intersection of three
members. These mus! be fastened to
each other with moment-rasistant
connections

2) It the grid is composed of regular
hexagons, the three end-moments are
exactly equal at any one joint

3) Exterior joints may consist of two or
three intersecting members

Dazziing skylignt (1ar left) at luxurous

Indian Lakes Resort {lop lelt)
Bloomingdale. Il features unusual
Structur
shaped a

ghting |

teel framing details. Pyramid

provides intense natura

Je51 rooms and dining Greas

hex aQon

chamn supporis

4) A three-member exterior joint may
be unsupportied. It is then trealed as a
regular interior joint

5) It a three-member exterior joint is
supported by a column, two of the in-
lersecting members may be cantilevers
The moments al the joint, however, are
equal for all three members. In this case
they are all negative

6) Exterior, two-member joints may be
supported by a column. In this case the
member end-moments at this joint must
both be zero (simple support)

7) Extenor, two-member joints unsup-
ported must be formed by the intersec-
tion of two cantilevers extending from
three-member joints

Where these rules could not be com-
plied with, torsion members were intro
duced to maintain the structural integrity of
the hexagon gnd

The rool span developed moments that
exceeded the bending capacity of the W16
framing members. so it was necessary 10
Increase support near the center Two
massive chains were dropped from the
adjacent elevator towers down 0 two cen-
trally located points on the gnd in two
V-shaped suspension lines. The chains
salvaged from a World War |l Victory ship
with a working strength of better than
120.000 ibs., perform similar to cables in a
cable-stayed bndge

Architect
Enckson and Slevens, Inc
Des Plaines. lllinois

Steel Erector
General Ereclors
Mokena. llinois

Structural Engineer Owner

Kolbjorn Saether Associates Carson

Intermatonal

Chicago. linois
George A Fuller Company

Chicago, lllinois

Bloomingdale, lingis
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Design of

Cladding Attachments

for High-Rise

Steel Buildings

by Thomas Limperis

We approach the design of cladding
attachments from the structural con-
sulting design engineer’ s viewpaoint

The outer skin, or exterior wall ol a
building, to owner and architect, is one of
the most important features of a building. It
provides the structure with its visual identity,
it protects, encloses and shellers contents
and inhabitants from the elements. Facades
constitute a great portion of the total con-
struction cost and effort of a bullding program

Just as the strength of a chainrelies on its
weakest link, the design of exterior walls
relies heavily on the correct design of its
attachments,

Design of cladding attachments follows
@stablished engineering principles. In itself,
the design of the attachmenls requires a
simple structural solution, provided attention
1S given 10 the design parameters involved
To arrive at the design solution, one must
understand the lacades being developed
and in use today

Development of a facade is acComplished
by the combined efforts of a number of
parties. Each has a very special role lo play.
and a unique responsibility for the success
of the final product

The Design/Build Team

The architect, as the forerunner, carries the
responsibility to establish, on contract docu-
ments, characteristics required for the ex-
terior wall to perform functionally, as wellas
to be attractive and give the building a

Thomas Limpens, PE. FASCE, 1s associale
partner in the firm of Weiskop! & Pickworth
consulting engineers, New York, New York
His paper was presented al the 1982 National
Engineering Conference, Chicago, Illinois
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visual identity. He applies his artistic skills
and knowledge lowards this end. Bul he
must also enlist the aid of other disciplines
in this endeavor, such as structural and
mechanical consultants

With this outlook, the structural design
parameters lake on very special and signifi-
cant meaning. Performance criteria are
eslablished in project specifications by the
architect, based on the combined effort of
the design team.

The structural engineer mus! participate
with the architect in the facade design fram
the beginning, He must make certain that
the facade components can perform struc-
turally within prescribed limits. He must also
consider the influence imposed by the

Figure 1 Telephone company building
faced with granite

facade support requirements on the struc-
tural framing, usually the spandrel beams
and exlerior columns. He must recognize,
delegate, and clearly show on confract
drawings the acceplable points of support
on the structure. He must design spandrel
sections with deflection limits to prevent
undue movemen! onlo sash or glass. He
must provide for torsional movement re-
straints of the spandrel.

The final facade design is almost always
a custom design, either of a proprietary
system, or a system design developed by.
the contractor, suitable for the project and
executed by a licensed professional en-
gineer employed by and responsible to the
facade contractor. Thus the architect and

MODERN STEEL CONSTRUCTION
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the engineer develop the character of the
facade. but the design and details of the
actual product are usually developed by the
facade contractor based on the perform-

Qﬁce criteria specitied by the architect/

ngineer

Details for supports on the struclure
developed by the facade contractor, are
provided 1o the structural steel contractor,
who then must develop and provide con-
nections on the steel frame that receive the
facade support. al the poinis established by
the structural engineer

The general contractor must coordinate
the subconlractors work and plan the con-
siruction schedule for the proper sequencing
of the erection of the facade. The structure
must bé ready for this phase of installation,
so that the matenal will not be affected or
damaged by construction aclivities

Many Facade Variations
To understand the connection of the facade
to the structure, one must consider the type
of facade structure, and its material
There are many varnations of facade
types—solid walls, or walls with partial or
full windows. There may be vertical con-
tinuous fenestration, or horizontal continu-
ous fenestration, or punched openings
Each wall requires a different possible
structural solution

.A type of curtain wall used at exterior

alls such as mechanical room penthouses
IS a windowless wall. Solid architectural
panels, metal or masonry, spanning ver-
tically, perhaps between girts. is the usual
system for this type. The girts, of course, are
the structural elements, and as such are
usually part of the steel contract. They
support vertical and horizontal load and
may be channels with webs horizontal and
with sag rods at intermediate points, or the
wide-flange beam-channel combination
section. For this system, columns or inter-
mediate vertical elements are used as part
of the support frame, which must be checked
for flexure. The girts are located off the
column face and bracket connections lo
the celumn must be used.

For solid-taced windowless walls. masonry
and precast panels can also be used,
spanning from floor to floor

Figure 1 is an exterior view of a 30-story
New York lelephone company building faced
with granite stone on precast concrete
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panels. This building. located in downtown
Manhattan, was designed by John Carl
Warnecke, N. Y. office
Figure 2. an elevation of a typical panel
7-ft wide by 18-ft high. shows the relation of
panel to floor support beams and support
points
Figure 3 shows final attachments. Note:
® Spandrel is adjusted into final position,
using adjustable slots. by facade erector
e Attachment hardware for precast plece
is provided by facade contractor

® Attachment at bottom of panel (top of
beam) I1s ngid

* Slotted holes for attachment at top of
panel allow for thermal movement

Bolts in slotted holes allotted for move-
ment must be placed at center of slot or
movement will not be possible. Slot may
have 10 be enlarged. if necessary

To avoid placing load on steel spandrels,
precas! panels spanning honzontally can
be used effeclively as girders supporting
vertically spanning panels above

For example, the mechanical room for
the new childrens medical/surgical build-
ing of the Long Island Jewish Hospital in
New York City, needed a much greater
story height than the other floors, in addition
to requiring a solid wall. The building was
designed by The Architects Collaborative,
Cambridge, Mass.

One other building features a solid wall of
precast architectural concrete. The wall
consists of a precast panel acting as a
girder, spanning 30 ft between gravity sup-
ports. Panel is 6 11-8in. deep, 2 ft-6in. above
the floor, and 4 ft-2 in. below. Gravity
supporis are actually at the end of 10-ft
cantilevered structural steel girders, which
were designed with delleclion limitations
The horizontal panel girder supports ver-
tically spanning panels which are attached
to the roof framing at the top and the girder
panel

On the flip side of the wall, the horizontal
girder panel at the flocor spanning between
vertical struts 1s used only for lateral support
Steel-tube stubs were also placed al inter-
mediate span points for lateral bracing ol
the girder panel. The stubs extended below
the floor and were secured to the steel
spandrel top and bottom flange. Steel
spandrel in turn was braced agains! for-
sional movement by framing beams

An all-glazed type curtain wall will require

mullions, or vertical dividing elements be-
tween the glazed panels

This type of wall was selected for the new
Visla International Hotel, designed by Skid-
more, Owings and Merrill's New York office
The structure is on the World Trade Center
site in downtown Manhattan. The panel
selection was deliberate for limiting reasons
of restricting the total weight of the structure
on its base supports. The base supports,
huge transfer girders over occupied space
below, were provided for in the original
plans, withoul a precanception of what would
be actually built. Restricting the wall weight
increased the floor area possible—and the
revenue of the hotel

The mullions were selected for architec-
tural appearance, among other reasons.

-



They may be extruded aluminum, or formed
of gauge steel, or bronze or other metal.
Mullions have structural properties, of course,
but these may be limited, and additional re-
inforcing may be required. They are special,
in that they have glazing slots and can be
supplied in different finishes.

Mullions span from floor to floor with
either end connected to the top or bottom
flange ol steel spandrel beams, or to the
slab with concrete inserts. Mullions must be
connected with vertical slotted holes at one
end with a small space between sections to
allow for thermal expansion, and to prevent
floor live load from being imposed thereon.
Other means of connecling the movable
end are also possible

Figure 4 is an elevation of a typical panel
The panel hangs from the structure at upper
points. The bottom of the panel nests into
the top of the lower panel

Figure 5, a section, shows support of
lower panel at upper point by a connection
angle. provided by facade contractor, on
top flange of spandrel beam. Angle sits ina
pocket in concrete, and after panel is infinal
position, the angle is secured and pockel
filled with concrete. Panel above nesls at
lop of lower panel. This part of detail was
simplitied for clarity, to show lateral restraint
while providing for vertical movement.

Longitudinal, transverse and vertical slotted
holes in beam flange, angle and mullion are
provided for complete adjustment. The angle
is serraled faced and bolls with serrated
washers are used for final connection after
adjustment is completed. Angle is aluminum
and 1s painted with bitumastic where it 1s in
contact with steel

Figure 6 is a section of a wall for a cor-
porale headguarters bullding now under
construction in Rye, N.Y

Horizontal tenestration, continuous or
otherwise, can be accomplished by pro-
viding a stiffened metal plale cladding ex-
lending between the head of the lower
window and the sill of the upper window

The stilfeners are attached lo the top and
bottom flanges of the spandrel, and thus are
cantilevered members. The size of the
stifftener must be selected for moment re-
sistance due to this cantilever effect and
the wind load on the window supported by
the panel must be included in the design
The spandrel beam must be restrained from
rotation, or the bottom flange must be
capable of spanning horizontally between
supports restrictively

A structurally reinforced metal panel, with
truss or girder characleristics, is another
type of curtain wall panel used in horizontal
tenestration. The solid, full panel is a gauge
slteel plate with reinforced backing that
forms a truss or a girder member, and
supported at two locations, The exposed
facing is finished to visually acceptable
requirements. The gauge thickness selec-
tion Is important not only for economy, but

Figure 8

Figure 7—Canadian Imperial Bank, Toronto

also, it must not be so thin as to "oil can” or
bulge between intermediate backing ele-
ments, nor to “ghost” where the plate is
attached to the backing.

A unigue example of this is the Canadia
Imperial Bank of Commerce Tower in Toronto?
Canada, designed by Architects |. M. Pei
and Partners, New York, and Page and Steel,
Executive Architect, Toronto (Figure 7). This
57-story building has a wall with an architec-
tural design calling for an uninterrupted
spandrel cladding to express the significance
of a 56-ft span. The facade was executed
by Kawneer of Canada.

A 1/8-in. thick stainless steel spandrel
fascia and half-column cover forming the
exterior skin was fabricated and mounted
on a back-up frame in one U-shaped piece
to cover a 56-ft x 13-t area.

The fascia assembly is supported by two
suspenders of leaf spring steel localed near
the quarter points (Figure B).

With a horizontal anchor at midspan,
temperature movement is unrestrained hori-
zontally, Clips to beam at top and bottom of
panel resist lateral loads from panel (Figure 9)

The exterior skin has to accommodate
movements resulting from;

s Temperature differential between itself
and the structural frame

® Deflection of the spandrel beams due to
gravity and wind loading, the latter also

producing column shortening. .
® Horizontal displacement of one floor reld

tive 1o the other, due 1o lateral loads

Stone and precast architectural concrete
are also used to clad buildings. The stone
can be backed by precast concrefe to
creale structural panels economically, They
can be quite large in size, extending be-
tween column lines and deep enough to
become the head of the window below the
floor and the sill of the window above.

Figure 10 shows the new corporate head-
quarters for Philip Morris, designed by Ulrich
Franzen of New York, located in midtown
Manhattan at Park Avenue and 42nd Street.

Figure 9—Clips lo beam resis! laleral loads
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Figure 10— Philip Morris Building. New York

The Park Avenue side wall is accentuated
by vertical column covers, real and false
Horizontal panels between are one-piece,
individual panels

The 42nd Street side is a flush wall. The
precast pieces were too large to handle
q;)anmng from column-to-column and were

esigned with a joint at midspan of a bay

Support for these elements may be on the
columns directly, or as close o the column
as possible, so as not to affect the spandrel
beam size. Panels also are connected at
each end to the structure for lateral loads
and stability or, a supplementary moment-
resisting connection may be devised by the
cladding contractor's engineer. Since the
panel length is such that the joint is on the
spandrel beam, the beam was designed for
the imposed loads

The new corporale headquariers for Arco
in Dallas, Tex., designed by |. M. Pei of New
York, is shown in Figure 11.

Stone, precast concrete panels as well
as masonry are sometimes unitized by pre-
assembling the stone elements on a truss,
or other steel framework (Figure 12),

This framework must be designed with
respec! to suppor! points acceptable on the
structural frame. The unitized assemblies
span to support columns. The lateral re-
straint conneclions at the intermediate points
must be flexible, so that vertical loads and
movements are not transferred from panel
to spandrel, or vice versa (Figure 13)

Figure 11—New Arco headgquarters, Dallas
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The beam must be braced to prevent
rotation, and if the connection of the panel
10 the bottom flange of the beam is between
braced points. the beam must be checked
for bending and torsion belween the sup-
port points. Compression diagonal braces
at the bottom of the beams, or to the bottom
of the facade assembly, may be needed
where the cost of providing torsional re-
sistance becomes uneconomical, or even
prohibitive

Individual masonry units or panelized
units are also used to clad exteriors (Figure
14). Supports for this type are usually lintels
hung from spandrel beams. The bottom of
the panel may extend below the botiom of
the beam, and hangers are provided at 2 ft-
6 in. to 4 ft-0 in. spacing, depending on
realistic capacities and calculated deflec-
tions, Diagonal braces must be provided to
prevent the panel from displacing horizon-
tally more than allowed, or the vertical
hanger must be sufficiently rigid and con-
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nected al the top for moment resistance

In many cases, however, diagonal braces
are not provided at each hanger, and the
lintel must span from brace-to-brace when
lateral loads are applied. Moreover, hangers
transmitting the gravity load to the beam are
also eccentric to the beam center line,
inducing torsion on the beam belween
supports. The beams must be checked for
this, or additional floor beams framing into
the spandrel mus! be added as needed 1o
prevent rotation

Design Load Considerations
The design of the attachment musl con-
sider all the loading parameters possible
There is the grawity load. which must
include the weight of the panel, window
sash and glass. insulation. attached interior
finishes. window washing equipment loads
at parapets, etc. If the facade is sloping, add
snow load or other type of live load The
attachment must be rigid




Figure 14— individual brick panel unit

The gravity load discussed may be in a
different plane from the point of support of
the attachment at the structure. Thus, con-
sider the effect of eccentricity when design-
ing the attachment. This can be resolved by
having the connection rigidly connected to
the panel and supported on the structural
frame as a direct load. The panel, then,
mus! be capable of resisting the moment
induced in it from this condition, If the
structure has the capability of resisting the
eccentric load, the attachment could be a
bracket from the building member.

Wind loads to be resisted are established
by the architect and engineer. They usually
are not the same as the wind load used in
the design of the structural frame. The wind
loads may be as established by local gov-
erning codes, by wind-tunnel study recom-
mendations. if any have been made, and by
experience or judgment on the part of the
engineer, They must be included in the
specification or on the design drawings.

In addition to wind loads thus established,
special considerations should be made for
suction, wind effect at corners, reentrant
reveals, height and any other peculiar build-
Ing geometry that can be affected ad-
versely by resulting wind forces.

In seismic zones, acceleration effect in
any direction is possible during an earth-
quake. In designing the attachment, con-
sider the zone, building use and public safety,

Another important loading parameter that
must be considered is thermal effect. Panels
should be designed with expansion joints to
enable them 1o prevent thermally induced
stresses with changes in temperature. This
relief is deteated if all the supports are fixed.
For larger panels especially, it would be

very difficult to provide for the load that
results from fixity. However, the attachment
at the expansion joint must be detailed 1o
permit movement in the line of expansion
only, while providing support for other modes
of loading.

Erection and Tolerances

The most critical and difficult aspect of
cladding attachments is the erection phase—
the actual marriage of the exterior facade to
the structural frame. The architect and the
engineer have designed the basic structure
and the cladding to their satisfaction. The
contractor s shop drawings have been pre-
pared and all technical requirements have
been mel. The steel structure is in place,
waiting for application of the facade. The
facade contractor has fabricated the ele-
ments needed to build the wall, and has
delivered them to the job site. The facade
erector proceeds to build the wall, and
although the drawings establish the dis-
tance from the center line of column to the
face of building wall. the erector soon
discovers he cannot hold that figure without
adjustments

We now enter the world of tolerances

What happens next depends on the archi-
tect's specifications as to what is accept-
able for facade position; true laser straight
vertical plane, or otherwise, and was the
structural frame erected within the pre-
scribed limits of the AISC Code of Standard
Practice, or other specification provisions?

The criteria for column erection plumb-
ness are stated in the Code of Standard
Practice, paragraph 7.11.31. The com-
mentary explains, "The limiations described
in section 7,11.3.1, and illustrated in Figures
2 and 3, make it possible to maintain built-
in-place or prefabricated facades in a true
vertical plane up to the 20th story if the
connections which provide for 3-in. adjust-
ment are used. Above the 20th story, the
facade may be maintained within 1/16 in
per story, with a maximum total deviation of
1-in. from a true vertical plane, if the 3-in.
adjustment is provided."

Furthermore, “"Connections permitting
adjustment of plus 2 in. to minus 3 in, (5in.
total) will be necessary where the architect
or owner insists upon attempting to con-
struct the facade to a true vertical plane
above the 20th story.”

These criteria are only for plumbness
away from and toward the building. Toler-
ance displacements in other directions are
also provided for in the code.

Some designers feel these values for the
structural frame are too liberal. Project
specifications are sometimes written in a
manner that additionally restricts AISC al-

lowances. This tends 1o increase the sleel
tonnage price.

Sometimes, designers specify connec-
tions with adjustment limits less than per-
mitted by AISC, feeling (or hoping) t
frame will be erected more plumb than
AISC requires. This is speculative, and if the
frame does move out of position more than
can be accommodated by connection de-
tails, redesign of the connections, at the
minimum, and redesign of frame members
possibly, will have to be done. Ensuing
delays and exira costs will result, not to
speak of controversies, and even entangle-
ments with insurance companies and lawyers.

At present, tolerances set forth in the
Code of Standard Practice, when dealing
with buildings below 20 stories, present little
attachment design difficulty and no serious
cos! penalties. However, above 20 stories.
tolerances set forth must be dealt withon a
special and individual basis.

In high-rise buildings, the practice in our
office is to call attention to the facade
attachment system at the earliest possible
time. Depending on the architectural treat-
ment under consideration, several evalua-
tions are made:
® Facade position—tirue laser straight or

otherwise
® Connection—number and types; material,

welding or bolting, shims; slotted holes

installation and adjustment limitation .
* Erection tolerances—column plumbness.

spandrel straightness
® Coslt penalties—cost of steel fabrication
and erection to meet tighter than AISC
tolerances versus cosl of special facade
attachments and spandrel beam provisions,

We do not recommend indiscriminate
modification of standard AISC tolerances,
but intelligent planning and design to deter-
mine the least costly method of achieving
facade position in the completed structure

Inspection & Conclusion

It is prudent, and definitely good praclice,
for the architect/engineer to insist that the
owner provide for inspection of connections
during the erection phase by an inspection
agency hired by the owner, in addition to the
architect and structural engineer’s full-time
field inspection.

The owner, the design team and the
builders must understand each other's prob-
lems. Their goals are the same, and they
must work together, rather than at cross
purposes. Experience is a great teacher,
but also it may lull the practitioner into rote
There is no substitute for intelligent plan-
ning, and exercising the credo that continu
ous vigilance in what we do must be the
watchword. (]
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