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DataBase 
FOR 
STRUCTURAL 
SHAPES 

Ina continuing effort to provide design aids 
to structural steel designers, the American 

Institute of Steel Construction has 
developed a new Computer Data Base for 
properties and dimensions of structural steel 
shapes, corresponding to data published in 
Part 1 of the 8th Edition, AISC Manual of 
Steel Construction. 

AVAILABLE ON 
DISKETTES FOR: 
PERSONAL COMPUTERS: 

1. IBM-PC (& Compatibles) 
2. HP-150 
3. Wang PC 
4. DEC Rainbow PC 
5. Tandy/Radio Shack Models 3 & 4 

PROGRAM PACKAGE 
1 . Computer Data Base for the properties and 

dimensions of the following structural 
shapes: 
a. W Shapes 
b. S Shapes 
c. M Shapes 
d. HP Shapes 
e. American Standard Channels (C) 
f. Miscellaneous Channels (MC) 
g. Structural Tees Cut from W Shapes 

(WT) 

2. Data Base Formats. 
3. Explanation of the variables specified in 

each of the data ftelds. 
4. Listing of a read write program and 

complete data base images. 

~ 
--------------- ----------------------------------------------------------- -----------~ 

ORDER FORM 

I enclose payment 0' $ for qly of ===_ 
COMPUTER DATA BASE-DIMENSIONS AND PROPERTIES 
OF STRUCTURAL SHAPES al $40 00 each (Member price 
$3000 ) 

PERSONAL COMPUTER DISKETTES 

IBM· PC (& Compatibles) 
HP·150 
Wang PC 

DEC Rainbow PC 
Tandy Radta Shack 

Name _ ________ Tltle 

Company _ _ ____ _ 

Addross _____________ _ 

Clly _ ___ __________ _ 

Slalo _ ________ Z,p ___ _ 

Pleau enclose payment with order. No. CO.D. orde". ln New VOrit 
UhrlOlS and Cahlanta add sales lax ShiPPIng Charges prepaJCIIfl U 5 

MAIL TO AMERICAN INSTITUTE OF STEEL CONSTRUCTION. INC. P.O Bo, 4588. Chicago. IL 60680 



The new bridg~ 
spans up to 15 feet 

Bowman LSM deck forms­
a cost-effective alternative. 
You're no longer restricted to 8-foot unshored 
spans. Or having to resort to shored construction 
with wider spans. Bowman LSM bridge deck forms 
let you construct bridges with girder spacings of 
up to 15 feet. Without shoring. These deck forms 
have the strength and rigidity to support standard 
poured slabs without the shoring required with 
conventional steel forms. 

Fewer girders, less concrete, 
and no shoring reduce overall 
construction costs. 
With LSM deck forms, you can reduce bridge con­
struction costs by using fewer girders. A bridge 
that required five girders to keep the spacing short 
might now require only three girders. The tradeoff 
is deeper girders, of course, but you gain simpler 
construction at lower costs. 

With conventional fluted 
forms, concrete in the flutes 
adds to the dead weight. And 
in some construction, flute 
spacing must be matched to 
re-bar spacing. Not with 
Bowman LSM deck forms. 
Their exclusive flat soffit 
means no additional concrete. 
All the concrete contributes to 
the support of the live load. 
The flat soffit also eliminates 
the concern for re-bar spacing. 

Light-weight LSM decking 
conforms to present design 
and construction methods and 
meets Federal specifications. 
A major concern is the dead load of the additional 
concrete and deck forms. Here again, you save 
with Bowman LSM. Instead of the conventional 15 
pounds per square foot, you need only allow an 
average of 5 pounds per square foot. 

The underside appearance of the bridge causes 
no concern with LSM deck forms. The unique 
enclosed cellular construction prevents wet con­
crete seepage. And soffit venting insures against 
moisture entrapment. Both of these add up to 
longer life and prolonged strength . 

All Bowman deck forms meet the speci fications 
for Federal aid projects. The material , load design, 
and corrosion resistance surpass all standards. 

Choose Bowman 
LSM long-span, 
flat-soffit forms 
for your next 
project. 
Simplify construction and 
reduce costs. Get the advan­
tage of unshored long spans 
with Bowman LSM deck forms 
... and get the state of the art in 
bridge construction. 

Because there's no shoring 
with LSM deck forms, there's 
no guessing at construction 
costs. Deck construction is the 
same whether the span is 

To reduce bridge construction costs on a 
12-foot span, Bowman LSM deck forms 

have been used on the 1-95 overpass 
For more information, 

write Bowman Metal Deck 
Division or call Ferd Testoni 
at 4121429-7507. 

in Broward County Florida. 
near Ft. Lauderdale. 

6 feet or 15 feet. 

• 

• 



eck form that 
without shoring . 

• IWUill1 BOWMAN METAL DECK DIVISION 
, __ ,... P.O. Box 260. Pittsburgh, PA 15230-0260, 412/429-7507 
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THREE 1986 AISC SCHOLARSHIP WINNERS ANNOUNCED 

AISC named winners oj three undergraduale scholarships offered thiS year 
The scholarships. funded by Ihree different organIZations Ihrough AISC's 
Education Foundallon. were offered to full-time. fourlh-year cIvil or arch,-

• 

lectural engineering students In different areas of the U S Philip Johnson • 
of Michigan technological University won a $2,000 scholarship. which was 
lunded by the Great Lakes Fabricators & Erectors ASSOCiation. Stupp Bros 
Bridge & Iron Company sponsored a $5.000 award 10 Phltlp J IIoegtle Jr 
Irom Colorado State University And Gary T Kowatch of the University of 
Plllsburgh was awarded a $5.000 scholarship prOVided by U 5 Steel Cor­
pOration 

The scholarships. granted on Ihe baSIS of academiC achievement and 
faculty recommendallon. are Intended to encourage grealer Interest In 
structural steel deSign at the undergraduate level 

EIGHT SCHOLARSHIPS TO BE AWARDED IN 1987 

Eight $5.000 graduate fellowships Will again be awa'ded by AISC In t987 
10 graduate CIVil or architectural engineering students who study towards an 
advanced degree related to structural steel deSign The Fellowship Awards 
are granted on the baSIS of the candidates proposed course 01 study. 
scholasllc achievement and faculty recommendallon Applications Will be 
available thiS fall al college c'VlI or arch/teclural englneerlOg departments. 
Or from the AISC Education foundation. 400 N Michigan. Chicago. IL 
60611 

NOMINATIONS INVITED FOR 1987 T.R. HIGGINS 
LECTURESHIP AWARD 

Applications Will again be accepted thiS fall for the 1987 Theodore R 
Higgins lectureship Award. which recognIZes the author of the most Signifi­
cant engineering paper related to steel In the five-year period from Jan 1, 
1981 to Jan. 1 1986 

The Winner, who receives a $4.000 cash award , presents hiS paperon SIX 
occasions dUring 1987 A Juryof SIX distinguished engineers from the fields • 
of deSign. education and the fabricated structural steel Industry selects the 
winning author Nominations. which should be directed to the Commillee 
on Education, AISC, 400 N Michigan. Chicago. IL 606 11 , must be received 
by mid-November 1986 

MODERN STEEL CONSTRUCTION 



Northwestern Atrium : 
. Steel Adapts to Complex Geometry 

• 

• 

by Charles Thornton, Udom Hungspruke, Joseph Lieber, Robert DeScenza and Rainer Schildknecht 

Charles Thornton , Ph 0 , PE,s president, 
Udom Hungspruke IS vice president Joseph 
ueber, P E and Robert DeScenza, P E are 
project engineers In the structural engineering 
firm of Lev letlln AssocIates, Inc , New York 
New York 

Ramer Schlldknechl , AlA, IS vice president of 
the architectural firm of Murphy'Jahn. Chlca 
go. 1111005 

The architectural design of buildings 
dunng the last decade has evolved 

from box-type bUildings to more exciting 
shapes With different geometnes, contours 
and shapes The Northwestern Atnum 
Center IS a bUilding which has benefited 
from the evolution It has an Indentation, a 
projection and roll backs (curves) In ItS 
glass facade, which create a visually excit­
Ing structure In spite of the unique and 
unusual extenor appearance, the structure 
remained qUite simple and effiCient. 

Architectural Concepts 
The Center, located at the old site of the 
Northweslern Railroad Terminal just out­
Side the Loop In Chicago, serves commut­
ers from Chlcago's myriad suburbs. One of 
Ihe archllectural challenges was 10 design 
an attracllve bUilding that. While It serves 
both as a commuter lermlnal and commer­
Cial office complex, would enloy a con­
struction melhod 10 aVOid Interruption to 
any railroad service. To maintain commut­
er services dunng the construction penod 
a lemporary starr and bndge connecting 
Into Ihe eXisting commuter brrdge and by­
passing the old terminal were bUilt prror to 
demolishing Ihe old terminal 

The 40-story bUIlding bUIll over the new 
railroad terminal contains about 1 7 million 
sq fl 01 gross floor space. Floor plales 
range from 50.040 sq It (180 It by 280 It) at 
lower floors to 28,000 sq It (100 It by 280 It) 
at upper floors At the lower levels, several 
atna provide large, public areas. The floor 
plan. With lis Indentation al Ihe norlh face 
and lIS prolectlon on the south face. affords 
IWlce as many corner offices as the tYPical 
rectangular building could offer, 

Third Quarter 1986 

On our cover: Chicago's strlkmg new Northwestern Atrium Center 
nears complellon Cove, photo by JIm Slemkamp 
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Structural Concepts Explored 
Structural steel framing was chosen for the 
prolect because of Its adaptability and Its 
ability to handle the complexities of the 
bUilding and Its long atrium trusses. The 
malorlty of the oHlce space IS framed on a 
3O-ft x 3O-h grid uSing composite Gr 50 
W21 girders and composite Gr 50 W16 
filler beams The structural slab IS com­
posed of 2-," galvanized composite deck­
Ing with 2V .... ,n of stone concrete topping 
Only the lowest office floor above the retail 
spaces employs cellular electrified deck 
for access convenience 

Several wlnd-reslstmg systems were 
studied A braced-core system was not 
feasible because the architectural reqUire­
ments would not tolerate any diagonal 
braCing at the center of the public spaces 
within the atria at the base. A framed-tube 
system was ruled out because of the eHect 
the Indentation and prolectlon of the plan 
shape of the facade had on ItS efficiency 
Moment frames were proven uneconomi­
cal because of the height of the bUilding 
which required heavy beams and large 
cross-sectional area columns to develop 
the required sllffness and to resist bending 
stresses 

A major exterior braCing (superdlagon­
als) scheme on lour faces supplemented 
by Interior minor secondary braCing be­
tween vertical superdlagonallntersectlons 
(panel points) was finally selectee (Figs 1 
& 2) Unlike most exterior braced-frame 
approaches. the planar elements In each 
face could not meet at the four corners 
because of their positioning In plan This 
requlree special attention to uplift forces 
on corner columns This scheme was prov­
en to be the most economical: the bUilding 
has an average of 17.5 Ibs of steel per sq 
h of floor area This scheme permitted the 
architect total freedom In deSigning all,nte­
rlor spaces 

All malor braCing IS located along exten­
or walls from the lower levels up. At the 
lower levels. continuations of these brac­
Ings are then Incorporated Into the Interior 
curtain walls All minor Interior secondary 
braCing IS located between elevator banks 
and terminated before reaching the publiC 
spaces below As a result of Ingenious de­
sign and close collaboration With the struc­
tural engineer. not only the Wind braCing 
but also all tower columns are brought 
down to the foundations This eliminates 
all pick-ups or transfers of majOr columns 
and achieves further economies In the 
steel weight for the total profect. 

Cost Savings of Foundation Design 
Based on site conditions and characteris­
tiCS of the structural framing. a drilled cals-
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Figures J & 2. Wmd bracmg 
at east and west elevattons 
Major exteflor bracmg. 8 

super diagonal scheme. IS 
supplemented by mleTlor 
secondary bracmg • 

son foundation was determined to be the 
most economically feaSible approach 
Some of the 170 caissons remaining from 
the eXisting terminal bUilding are Incorpo­
rated Into the new foundation system The 
bottom of new caissons are situated In ei­
ther hard pan material or dense Silt With a 
bearing capacity of 25 kips per sq hand 35 
kips per sq ft respectively Rather than us­
mg a Single. large caisson at heavy column 
locations which reqUires large machinery 
and additional cost. deSigners chose to 
use clusters of two or three caissons The 
cluster caissons were not only proven to be 
more economical. but also they allowed 
fleXibility In locating the new caJssons at 
strategic locations to aVOid Interference 
With eXisting abandoned caissons which 
could not be removed To achieve further • 
economies. the eXisting foundation walls 
of the old terminal are also reused. result-
Ing In the elimination of the earth retention 
system. 
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Figure 3 Wind bracing connection derails 

Wind Bracing System 
The wind bracing system conSists of major 
extenor ·X· bracing (superdlagonals) and 
minor Intenor bracing between malar panel 
points (see Fig 3 for connection details) 
The north-south direction of the major 
bracing has panel points every two stones . 
while the east-west direction has panel 
points every three stones The minor Interi­
or bracing IS then Introduced to transfer 
wind loads from the Intermediate floors to 
the malor panel points of the exterior brac­
Ing system and to reduce the unsupported 
length of the typical columns. The major 
extenor bracing system was analyzed as a 
planar structure Since thiS type of bracing 
tends to share significant amounts of grav­
Ity loads with the vertical columns. a sepa­
rate loading cond,llon was considered to 
determine the gravity loads In the bracing 
members The two loading conditions. 
wind and gravity. were then combined In 
designing the malor bracing members 

The minor interior bracing system was 
analyzed as a vertical truss spanning be­
tween majOr panel POints of the exterior 
braCing Since one of the purposes of the 
minor braCing IS to laterally brace the grav­
Ity columns at the Intermediate floors a 
study was made to determine the optimum 
Orientation of the web of the columns In 
order to reduce the stiffness reqUired from 
the vertical truss As a result. all gravity 
columns are oriented with their webs In the 
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Figures 4 & 5 Angulated truss· 
es In north atrium supported by 

vertical W36 columns 

e .... ," ..... '... ~t!1\ -,,,.'., .. 
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east-west directIon. The minor bracIng was 
then anatyzed and designed for both re­
qUIred stiffness and for Wind toad stresses 

tn both the north-south and east-west d i­
rections a panel point of the malor braCing 
was Init ially located at the t8th floor How­
ever. the 18th lloor IS a part ial mechanical 
mezzanine and the floor diaphragm does 
not reach the exterior braCing In ellher di­
rection . The pattern 01 lhe braCing was al­
tered 10 shl~ the panel point 10 lhe 17th 
and 19th lloors A similar situation oc­
curred at the 2nd and 3rd lloors Allhese 
floors. one bay (across the entire width 01 
bUild Ing) 01 the slab at the south side was 
eliminated to create the south atrium. A 
hOrizontal truss was Introduced across the 
open space at the 3rd lloor to transfer 
loads to the malor exterior braCing from the 
floor system 

Atrium Structures 
There are two large atria one on the north 
Side and the south Side Both run across 
the entire length (280 It) of the bUilding 
Seventy-five planar steel trusses were as­
sembled In the atria to create the deSired 
architectural deSign features The north 
atrium starts at the second floor and con­
IInues vertically up to the ninth lloor. It en­
compasses over 18.000 sq It of floor area 

From the second floor up to the sixth 
lloor. the north atrium. bUilt as an appen­
dage to the bUilding IS enclosed on all 
Sides by glass curtain waiL At thiS loca­
tion, the atrium cascades out from the 
bUilding Between the sixth and ninth lloors 
IllS Inset Into a 9O-ft Wide Indentation In the 
bUilding ThiS Indentation. 30-ft deep. con­
tinues up to the 30th floor 

The south atrium contains arch trusses 
which are the main entrance to the bUild­
Ing It starts at the 1 st floor and continues 
vertically up to the sixth floor The south 
atrium varies In Width from 20 to 78 ft The 
enllre support structure. bUilt as an appen­
dage to the bUilding structure. IS enclosed 
on all Sides With glass curtain wall The 
curtain wall IS connected to the 8-ln d,a 
pipe purllns. These purl,ns span 15 ft be­
tween trusses and are connected to outer 
chords of the trusses 

North Atrium Support Structure 
The support structure for the north atrium 
may be considered as two separate sec­
tions The lower sect ion. which runs from 
the second through sixth floors of the bUlld-

10 

W,nd bracmg Ime at 17th floor 
m buddmg's north lace 

Ing. IS supported by a series of angulated 
("broken-back") trusses 15 ft 0 c. The an­
gulated trusses are 6-ft deep With a total 
overall length of approximately 65 ft (Figs 
4 5) These trusses are supported at their 
base by a series of vertical W36 columns 
tied together across the bUilding and later­
ally braced al ends by horizontal trusses 

The angulated trusses are supported on 
the Sixth lloor by either cantilevered beams 

or at the 90-ft Wide Indenlatlon. a 13 ft-5ln 
deep truss which spans lhe 90-ft Wide In­
dentation To resist Wind loading on the 
surface. the end walls of lhe lower part of • 
the north atrium have 3-ft deep vert ical 
trusses spaced 10 ft 0 c These verllcal 
trusses are hung from the end angulaled 
truss The lower support of these vertical 
trusses IS prOVided by the third floor Ihe 
hOrizontal trusses which were used to 

MODERN STEEL CONSTRUCTION 
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brace the vertical W36 support columns 
also lateralty support the vertical end wall 
trusses 

The upper part of the north atnum sup­
port structure. bUilt Into the 90-11 Wide In­
dentation In the bUilding. extends from the 
sixth to the ninth floors ThiS part IS com­
pnsed of 6-ft deep angulated trusses that 
span from the ninth floor down to the 90-11 
long truss at the sixth floor. These trusses 
are spaced 15 ft 0 c. as well Lateral sup­
port IS provided to the angulated and verti­
cal end wall truss chords bycross bndglng 
at every other panel pOint A senes of hon­
zontal trusses that follow the planes of the 
top chords of the angulated trusses are 
provided for stability 

South Atrium Support Structure 
The main support of the south atnum con­
SiStS of two trusses spaced t 7 ft-4 In. apart 
(Figs 6. 7) The main trusses have an 
arched section over the main entrance 
with a flat section on either Side of the arch 
The outer truss has an arch With a 46-11 
radiUS while the Inner truss has an arch 
With a 29-11 radiUS and both trusses have 
supports on the flat section every 30 II 

Lateral support IS provided to the main 
truss by perpendicular trusses at 15-11 In­
tervals (Fig 8) These perpendicular truss­
es. which stope and connect Into the bUild­
Ing at the second fourth and sixth floors. 
are In turn stabilized With cross bridging 
Eight radial trusses connect the two main 
trusses at the arch at 20" Increments A 
truss. also provided for stability purposes. 
follows the ptanes of the outer chords of 
the sloping trusses These range In depth 
from 4 II to 5 II A gndwork of 8-ln dla 
pipeS and 6' x 3' tubes supports the cur­
talnwall at the east and west ends In addi­
tion. five curved 8-ln. dla pipes support 
the facade under the arched entranceway 

Atrium/Superstructure tnteraction 
Due to anticipated movements In the build­
Ing caused by column shortening. Wind 
loads and thermal vanallons. special con­
Sideration was given In both supporting the 
trusses and curtain wall and In allOWing for 
expansion JOints 

The north atnum IS particularly prone to 
these problems because the shape of the 
angulated trusses causes It to act as an 
outnggeroH the bUilding and pick up lateral 
and vertical forces due to bUilding move­
ment The ninth floor of the structure has 
an anticipated vertical movement of ¥4 In. 

• 
due to column shortening under full dead 
and live load. and a honzontal movement 
of t 'f> In In each direction due to deflec-
tions In the Wind braCing system. An analy­
SIS Imposed these displacements on the 
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angulated trusses The forces from thiS 
analysis were combined With forces 
caused by supenmposed toads on the 
trusses and those procuced by differential 
thermal changes The results of these 
forces were used to deSign the members 

AntiCipated rotations at the top and bot­
tom of the angutated trusses were handled 
by detailing these connect ions as pin con­
nections Lubnte bushing beanngs With 1m· 

pregnated lubricant and solid stainless 
steel pins were employed to allow for these 
rotations (Fig 9). 

Deflections 01 the end angulated truss 
on the north atrium support structure was 
also a major concern. A slip connection 
was detailed to allow for vertical deflection 
and rotallon at the bottom connections of 
the end wall trusses ThiS reqUIred place­
ment of an expansion JOlnl In the curtain· 
wall along the base of the end walls Be­
cause of the slip connection reqUIred at the 
base. these trusses are hung from the end 
angulated truss 

To deal With the differential thermal 
changes over the 280-ft length of the struc­
ture. four expansion 10lnts were Introcuced 
Into the north atnum support struclure and 
curtalnwall. Cross bndglngwas Interrupted 
at the expansion 10lnts and the curtain wall 
support purl Ins were fitted With a sleeve 
and Lubnte bushing connection to allow for 
movement . 

In the south atnum the fleXibility of the 
arch trusses was analyzed and It was de­
termined that no expansion 10lnts were 
necessary In the east·west direction. 0 

Architect 
MurphylJahn 
Chicago. il linoiS 

Structural Engineer 
Lev Zetlln ASSOCiates , Inc 
New York. New York 

Construction Consultant 
M E Oppenheim ASSOCiates 
Chicago, illinOIS 

General Contractor (Joint venture) 
GUSI K Newberg Construction Company. and 
Paschen Contractors. Inc 
Chicago. illinOIS 

Steel Erector 

FIgure 7 Mam support of south at(lum 

, 

. . ... -
FIgure 8 Lateral support to mam truss 

r":f~ 
: : j'L --.I>.---J 

''' '1'' "" 0._"'''' 

Amencan Bridge DIVISion, U S Steel Corp FIgure 9 Detail at top 01 trusses 
Chicago IlII000s 

Owner 
Northwestern. Atrium Cenler ASSOCiates 
Chicago. illinOIS 

Developer 
Tlshman Midwest Management Corp 
Chicago. illinOIS 
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Composite photos of Bradley Airport show extenSive addition to congested airport facilities Steel frammg accommodated design sped construction 

Bradley International: 
A Unique Design Experience 

by Chan K. Lin and Robert Lie 

Chan K Lm IS presIdent, and Robert Lie a pro­
Ject engineer, for the consult ing englneerrng 
firm of lin ASSOCIates, Inc., Boston, Massa 
chusetts 

In 1980, the State of Connecticut conclud· 
ed the eXisting Murphy Terminal at Brad­

ley Airport needed expansion to relieve the 
congesllon and bring the airport up to the 
International standards The state retained 
an architectural team to design a newaddl­
tion However, prior to the actual design of 
the structure, the team requested Involve­
ment In the update of the master plan. 
Their Involvement resulted In a new devel­
opment concept which Included a strategy 
to expand the faci lity and remove exist ing, 
outdated structures The concept then 
went to the state for review 

Architectural Concept 
The architectural concept of the new addi­
tion was to create an Image of a structure 
to reflect the state-of-the-art Iransportatlon 
mode It would serve. The structure em­
ployed metal skin and Windows to create 
an appearance that blends well With sur­
roundings and creates a system adaptable 

to change Its Interior layout followed a Cir­
culat ion pattern to minimize travel d,s­
tance for the passengers both Within the 
building or to adjacent terminals and con­
courses. 

The new two-story bUilding serves four 
airlines , plus offices and concession 
shops The terminal IS dominated by a spa­
CIOUS ticket lobby and restaurant areas 
The openness of the lobby IS accentuated 
bya very light and open air deSign contrib­
uted by a large linear skylight and the all­
glass exterior wall The main stairway and 
escalator IS also very brightly lit by the clus­
ter skylight at the roof The terminal boasts 
all the modern amenities such as a cano­
pied enplaning area by the cantilevering 
roof and curb-side baggage check-In fa­
CIlIties 

Beyond the ticket lobby, the terminal 
houses various concessions In an area 
which serves as the focal pOint for passen­
ger circulatIon. This area is also made very 
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Rendertng of new airport faclhtles details added faCIlitieS 

bnght by a cluster sky tight above The tran­
sition area between the wide termlnat and 
the narrower concourse, descnbed dunng 
the design phase as the ·saw-tooth area," 
will be mainly occupied by a 4,300-sq ft 
restaurant and a 3 ,700-sq It lounge 
Curved glass windows maintain the airy 
feeling throughout. The concourse area IS 
designed for maximum airline pesltlons 
and plenty of space for boarding passen­
gers 

Structuraf Steel Framing for Flexibility 
From early design stage, structural steel 
was chosen as framing for the superstruc­
ture, mainly for reasons of architectural 
need shorter erection time and ItS Inher­
ent fleXibility for future honzontal expan­
Sion First, the versatility of the structural 
steel accommodated the reqUIrements of 
the metal skin extenors In creating a mod­
ern Image of the structure. The complex 
system of curved exterior glass walls and 
metal skin is easily supported by the steel 
framing 

Approval of the conceptual design man­
dated a tight construction schedule which 
the architect had to Implement A fast-track 
construction for the foundation was cha.. 
sen to shorten the time reqUired to con­
struct the bUilding Structural steel scored 
very well In terms of short erection time In 
companson with other modes of framing 
Finally. the new master plan for the airport 
called for provIsions to faCilitate future ex­
pansions. Structural steel was a logical 
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chace for thiS conceptual cntena 
The overall framing system was com­

pnsed of reinforced concrete foundation , 
slab on grade and In the mechanical base­
ment area, and structural steel framing lor 
the superstructure. To meet the occupancy 
date, the entire final deSign and producliOn 
of structural contract draWings for the su­
perstructure were completed In less than 
four months Fabncatlon of the structural 
steel commenced Immediately 

The superstructure IS a combination of a 
truss system at the front terminal roof, ngld 
frames for the concourse area and com­
peslte steel beams and columns for the 
remainder of the bUilding. For the main 
floor and roof slab, 3V,- ln and 2 Vz-ln thick 
structural lightweight concrete were used 
respectively over 2-ln deep, 20 ga com­
peslte metal deck to meet both strength 
and fire-rating reqUIrements TYPical floor 
and roof beams were full compeslte mem­
bers with the metal deck and :Y.-In. dla 
headed-sheer studs welded on The full 
compeslte system was chosen to gain a 
higher effiCiency In steel usage and ItS n­
gldity against deflection over the noncom­
peslte or partial compeslte deSign 

Terminal Area Meets 
Architectural Demands 
The front entrance and lobby pert Ion of the 
terminal roof was framed uSing steel 
trusses spaced 25 ft o.c. as main members 
with 20-ln deep open-web JOiSts between 
The framing was chosen to meet an archl-

J 

tectural feature requiring a long cantilever 
canopy at the front entrance to protect pas­
sengers dunng Inclement weather The de­
sign also called for a 20-ft cantilever cano­
py on either Side of the terminal TYPical 
main trusses were approximately 7-1t 
deep, with structural tees used for top and 
bottom chord and double-angle members 
for web elements These trusses were on­
ented longitudinally to the bUilding with a 
3t -1I cantilever at the front and span over 
two bays about 75-ft long at the back The 
tips of the cantilevers were braced hon­
zontally by trusses at the bottom Chord 
level made of 12-ln channels and angles 
To achieve the cantilever at each Side of 
the terminal, two transverse trusses were 
used to pick up the edge truss at their over­
hanging end, thus creating a double canti­
lever effect for the edge truss Since two 
end columns were offset about 5-ft away 
from column gnd to clear a way for the 
entrance, the two transverse trusses are 
also suppertlng the first Intenor longitudi­
nal truss at their Intenor span Inverted K­
braclngs between the transverse trusses 
provide for lateral ngldlty 

Connections for the structure. In gener­
al , were welded for shop connections and 
bolted In the field End-plate connections 
were used between trusses and columns 
to better transfer the moment at the 
trusses On the roof level . columns were 
braced at the top by vertical Inverted K­
braclngs to provide tor ngldlty and to trans­
fer lateral forces to the reinforced concrete 
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stair shaft on both sides of the terminal. 
The shafts were designed as the primary 
shear-resisting elements for the terminal 
area In Its transverse direction. 

A two-dimensional computer analysIs 
was used for the preliminary design of the 
roof truss system. DUring the final deSign 
stage. a comprehensive. three-dimension­
al truss computer analysIs predicted how 
the trusses Interact with each other and 
with the bracing system. The analysIs pro­
vided valuable Information not only In de­
termining the stresses on the ,nd,v,dual 
elements and ascertaining their compli­
ance With the BUilding Code . but also 
about the critical deflection of the truss 
system. parlicularlyat the tip of the double­
canlilever trusses. With computer In hand. 
deSigners were able to determine the 
amount of camber that needed 10 be Incor­
porated In the truss fabrication to over­
come defleclions under service load 

The restaurant. or saw-tooth area. IS an­
other challenging space that reqUired 
close coordination between architect. en­
gineer and Window manufacturer The de­
sign of the building called for a transition 
between the Wide-bod led terminal area 
and a narrower concourse In the form of 
lO-ft square module steps; thus the saw­
tooth name These step surfaces received 
a curved extenor Window system to pro­
Vide maximum natural light penetration as 
well as a pleasant viewing area. 

The baSIC roof framing systems were a 
series of transverse beams supported al 
one end by an interior longitudinal beam 
extending to the next module. Flve-by-fJve­
In. tubular columns from the second floor 
served as the other supports for beams. 
The exterior end of the beams cantilever 5 
It from the tubular column to proVide sup­
port for the longitudinal edge beams The 
framing system for the roof was repeated 
at the floor level. except that steel posts 
were replaced by deep Wide-flange trans­
fer girders spanning diagonally between 
first-floor columns The second-floor fram­
Ing was offset from the roof framing to ac­
count for the curved window syslem it re­
ceived. The slightly overhanging Window 
modutes lend a pleaSing. functional transI­
tion to the concourse area. 

Concourse Rigid Frame 
The new concourse IS a 430-11 long and 75-
II Wide structure. TYPical framing was a 55-
II span rigid frame at the roof level with a 5-
ft cantilever on each end. At the second­
floor level . framing was a two span 27'-6" 
rigid frame With a 10-11 long cantilever on 
each end. The frames were spaced at tYPI­
cal 25-11 intervals. with W33 beam ele­
ments at the roof and W21 's at the second 
floor. The difference in cantilever length 
between the roof and floor framing was to 
provide support for the 5-11 radius curva-

ture at the top of the exterior window wall 
system. The windows were then supported 
by beams and outriggers spanning the rig­
Id frames 

The rigid-frame modules at the con­
course were interrupted halfway by a 95-ft 
long stair system and mechanical pent­
house. In thiS area. the basic framing at the 
second floor was used. except around the 
stair openings. In the roof. however. two 
floor-height parallel chord trusses serve as 
a main support system for the mechanical 
penthouse floor and roof. Beams framed 
into these trusses pick up the slabs. Ex­
pansion loints on both ends of thiS struc­
ture free It from thermal movements of the 
concourse. 

Construction 
Construction of thiS $20-mililon project 
proceeded very well In part icular. very few 
structural problems were encountered . As 
mentioned earlier, to save time , as well as 
to eliminate pouring concrete during cold 
weather. a fast-track construction was cho­
sen for the foundations. The method was 
used In spite of the obVIOUS deSign risks 
Inherent with fast tracking . 

Steel fabrication was performed under a 
very tight schedule to meet the targeted 
erection date. An experienced erection 
crew. working closely With the general con­
tractor and the construction manager. 
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• 
made It possible to erect the total 1.060 
tons of steel In only 2Y, months dUfing fng­
Id mid-winter weather Erection of the truss 
system for the roof of the terminal area 
proved a challenge for all. Much effort went 
Into hne-tunlng the trusses. especially at 
the two-way or double-canti lever areas. to 
bnng the system to the hnal camber SpeCI­
hed 

Torque Controt Bofts 
To facilitate construction. the contractor 
opted to use high-strength ASTM A325 
torque-control or load-ind icating bolts to 
field-erect conneclions and standard A325 
hex-head bolts for shop connections Us­
Ing these bolts provides a speedier con­
neclion Inspection. provided their limita­
tions are recognized The round-headed 
configuration of these bolts negated uSing 
standard torque-test Instruments To over­
come thiS. field engineers came up With a 
testing system that used a tensioning de­
Vice on bolts at random for every batch In 
the fletd . In combination With on-site. spot 
torque testing of bolts In place The torque-

control bolts were also found not very SUit­
able for connections that reqUired gradual 
tightening ThiS occurred pnmanly at the 
trusses. where. to achieve the final erec­
tion cambers specified. gradual tightening 
and proper ad,ustments were reqUired for 
the colu mn connections and between 
trusses. Therefore, for the truss connec­
tions. standard A325 hex-head bolts were 
used 

Concfuston 
DeSign of the new terminal and concourse 
C add ilion Incorporated a carefully 
planned strategy that allows for future ex­
pansion as well as meets current transpor­
tation needs. Structural steel was used as 
framing elements to satisfy functional re­
qUirements and the aesthetiCS defined by 
the architectural features Incorporated In 
the deSign. The innovative use of the var­
IOUS structural steel framing systems In ful -
1IIIIng the deSign reqUirements made the 
bUilding a unique deSign and construction 
expenence 0 

Architects 
CE MagUire. Inc 
New BrItaIn. Connecticut and 

Reynolds. Smllh and Hills 
Jacksonville. Flonda 

Structural Engineer 
Lin ASSOCiates , Inc 
Boston , Massachusetts 

General Contractors 
Shamrock ConSlructlon (toundallon) 
New London. Connecticut 
WE O'Neil Construction Company (superstruc­
ture) 
Hartford Connectlcul 

OWner 
Connecticut Dept 01 Transportation. 
Bureau of Aeronautics 

• MICROCOMPUTER STRUCTURAL ANALYSIS SOFTWARE 

• 

BEAMS AND FRAMES 

BEAMS AND FRAMES is an interactive computer program that 
operates on IBM Personal Computers. It perlorms structural 
analyses of continuous beams and two-dimensional frame 
structures for a variety of loading and support conditions. It is 
user friendly . requi res a minimum of input data. prOVides accu­
rate results and executes In several seconds. 

CapabIIlU •• and Limitation. 

• Interactive Beam and 2-D Frame Analysis Program . 

• Continuous Beams-Twenty Spans Maximum. 

• Planar Frames- Multi-Bay/ Multi-Story. 

• Moment Releases for Members. 

• Concentrated Nodal Loads. 

• Member Loads-Concentrated . Distributed and Thermal. 

• Projected Loads on Sloping Members. 

• Enforced Displacements at Supports 

• Spring Supports. 

• Display Menus of Program Options. 

• Output Displayed on Monitor and/or Printer. 

• Hardware Requirements: IBM-PC or Compatible With 256K 
Ram, Floppy Drive, Monitor and Printer. 

BEAMS AND FRAMES Cost...$295 .oo 
Trial Offar (1 Month) . .. $ 25.00 

FRAME3D 

FRAME3D is a general purpose computer program that oper­
ates on IBM Personal Computers. It performs structural ana­
lyses of three dimenSional frames and trusses for a variety of 
loading and support conditions Input data files consisting of 
line data In free field format must be created as input 10 
FRAME3D. 

Capabilitle. and Limitation. 

• General Purpose 3-D Frame Analysis Program. 

• Input by Means of Input Data Files. 

• Beam, Truss and Spring Elements, 

• 2000 Elements Maximum. 2000 Nodes MaXimum. 

• 50 Load Cases and 10 Load Combinations. 

• Arbitrary Numbering of Nodes and Elements. 

• NOde and Element Generation. 

• Concentrated Nodal Loads and Member Loads 

• Gravity (Seismic) Loads in Three Directions. 

• Enforced Displacements at any Node 

• Plaiting of Model Geometry and Distorted Shapes 

• Hardware Requirements: IBM PC or Compatible with 512K 
Ram. Floppy Drive. Hard Disk (Recommended). 8087 Copro­
cessor (Recommended). Monitor and Printer 

FRAME3D Cost ... $495.00 
T".1 Offer (t Month) ... $ 40.00 

For Mo re Information Call or Write: 
Compu-tec Eng ineer ing . 300 Chesterfield Center Suite 205 . C hesterfield , M O 63017 . (314) 532-4062 
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Ticor Title: 
Tlcor Title 's new office /fl downtown San Diego Designers 

~cut corne(s ~ to achieve stokmg architectural effect 

"Bracing" for a New Look 

When Tlcor Title Insurance Co origin­
ally selected a3-acre corner sile at 

Tenth Ave and B SI In downtown San 
Diego. they Intended to construct a 30.000 
sq ft office bUilding with a traditional. "old 
law-Ilrm" design-the brick veneer con­
cept But when Tlcor entered a JOint ven-

16 

ture development on the low-rise bUilding 
with WW Investments. a contemporary 
concept was commissioned and square 
foot requirements doubled to create In­
come-producing space-but the lot sIZe 
was the same. 

The project architect. Dennis Hyndman, 

chose steel to solve the problem And the 
$S-million, SiX-StOry bUilding has become 
the only local downtown bUilding to ex­
press a steel braced-frame structure , 
cloaked In an expandable. stucco-like ex­
tenor wall Insulation 

"The challenge was to maximize use of 
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the available space, double the bUilding 
size from the onglnal concept. create a 
large landscaped area and an Intnguing 
visible appearance for one of the most traf· 
flcked Intersections in the city," Hyndman 
said. The final product gave Ihe joint ven· 
ture 67,000 sq ft of office space and 30,000 
sq ft of subterranean parking for 90 cars. 

The architect overcame the site size 
limitations by uSing diagonal support 
braces to Increase floor areas above 
ground level, forming a distinctive "X" de· 
Sign on the vIsible Sides of the extenor. The 
braced·frame system uses less steel than 
most office bUildings, frees up the corners 
and reqUires more concrete In the foollngs 

Cutting Corners-Architecturally 
All four extenor Sides of the building are 
load·beanng, but the publicly vIsible Tenth 
and B street Sides have aesthellc conflgu· 
rations which reqUIred slgnlfican! amounts 
of "tuning " to Insure consistent stiffness in 
the braced·frame system The architectur· 
al concept also resulted in a Rubik 's Cube 
Inverted enlryway, Incorporat ing Ihe steel 
diagonals With honzontal floor beams to 
form trusses. which cantilever from two 
cenlered columns on each Side out to the 
corners. 

"The diagonals are 10ad·carrYlng, so the 
use of steel enabled us to eliminate corner 
columns and use mOre floor space for Ti· 
cor to occupy or lease." said Hyndman. TI' 
cor occupies 40,000 sq ft , and the JOint 

Thlfd Quarter 1986 

venture plans to lease the balance 
The challenge of the space·consclous 

design affecled construction. Bolted erec· 
tion connections required for the compll' 
cated bracing systems were constructed to 
allow for on· site assembly Without shoring, 
and to avoid Inlerference with the exposed 
bracing . The column and bracing assem· 
bi,es were detailed and prefabncated to 
demanding lolerances, Ihen trucked to the 
site. 

Hlgh·strength (ASTM A449) sleel·em· 
bedded anchors were used at the base of 
the Tenth Avenue and B Streel frames, 
however, the south and west Sides Incorpo· 
rated No. 18 rebar Into the base of Ihe wall 
columns Standard (ASTM A36) steel was 
used for the braCing and tension members 
A total of 690 tons of steel went Into the 
structure. 

The stnklng, Inverted entryway IS framed 
with the upper lloors stepped back from the 
exterior wall lines to create Interior space 
at the ground lloor. ThiS unique look reo 
quired the corners of the bUild ing to lilerally 
be erected from the top down. Since much 
of the structure was constructed In pieces 
to result In a fleXible. limber unit. parts 
were assembled on Ihe ground then lifted 
Into place by crane. But getting Ihe crane 
on site posed another challenge. 

Access to erect the bUilding was avail· 
able only by Tenth and B streets While one 
street was Within the limits of the construe· 
tlon barricades, the other reqUired street-

Site limItations on T,cor but/dmg were 
overcome by archltecl In uSing dIagonal 
braces to Increase floor areas and Im­
prove Visual appearance (I) Durmg early 
construction. crane dropped eqUipment 
mto hole to work. 

use permits from the city Because the 
streets are so heaVily traveled, only deslg' 
nated blocks of time were available for use 
of the 100·ton truck crane In the city traffiC 
lanes. 

Comptex Steet Framing 
Complex steel framing was reqUired at 
ground level to accommodate the exten· 
slve landscaping deSired, build the ground 
lloor three feet abeve grade and address 
encroachment of below grade parking onto 
public property The foundation work, spe· 
clflcally the need to move trucks In and out 
of the deep Site, was challenging Dunng 
the early stages of construcllon. earth· 
moving eqUipment had to be placed In the 
hole by crane. 

To achieve gravity load support and cre· 
ate an earthquake· resistant honzontal dla· 
phragm, double framing was used on near· 
Iy 50% of the ground levef floor. the 
structurailioor at grourd level slopes from 
a point about 30 It InSide the walls to a level 
3·6 ft below the sldewa k on Tenth and B A 
level floor constructed above thiS sloping 
frame extends to the planter walls The 
composite deck system used was stan· 
dard 4Y, 'ln . concrete over 3'ln metal 

The live load for the maJontyof the struc· 
ture ranged from 20 to 70 psf However. 
unusual loading cond tlons for the third , 
fourth and fifth floors, where Tlcor keeps 
records and maps, reqUired a l00·lb live 
load 
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First is Arbed's new rolled 40" beam ... available in 16 
sections from 149 to 328 Ibs. It gives high section moduli , 
great lateral buckling resistance, and competes economically 
with both fabricated sections, as well as reinforced precast 
and prestressed concrete. 

Then there's Arbed's rolled ' 'tailor-made'' series (up to 
42.45" x 18.13" x 848Ibs.) .. . that lets you specify the beam 
weight you need , other than what is normally available. 
Result? Big savings: in fabrication costs and weight. 

Why not get all the facts? Send the coupon now for 
information including complete specifications. 

IDa~~~~rn~~~~~~~~~~n 
I (212) 486·9890. Domestic Telex: (W.U.) 125159, Int' l Telex (ITT) 421180. 
I In Canada: TradeARBED Canada, Inc., 1176 Blair Road, Burlington, I I Ontario, Canada L7M 1K9. (416) 335·5710, Telex 0618258 I 
I Please send complete information on TradeARBED's 40 ' beams and I 

"TAILOR·MADE" beams. 

I Name Title I 
I Firm I 

Address __________________________________________ _ 

~~ ________ s.!!!.e __ 2e..... __ J 

i iEl-~i- Inc. 
18 INNOVATORS OF STEEL CONSTRUCTION PRODUCTS 

Besides the X brace, the Ticor bUilding 
features Dryvlt and blue tnm on the exten­
or, and boasts two 20x20-sq ft balconies on 
the fifth and sixth floors which provide 
views of City and harbor Hyndman be­
lieves more downtown office prolects 
should feature such amenities "It 's a fea­
ture more bUildings In San Diego should 
conSider haVing to respond to the climate 
we enJoy." he said 

The architect Incorporated Dryvlt With 
gray, non-reflective glass and blue mul­
lions and tnm to create a "light, fresh look­
Ing bUilding " It offers economical Insula­
tion and made It pOSSible to Install Wide 
floor -to-ceiling Windows which are tinted 
but more transparent than most In modern 
office bUildings It IS a highly energy-effi­
Cient, patented extenor wall Insulation and 
finish system. which can be applied to new 
and restored bUild ings The system con­
SiStS of 1 - 2'1> In. of expanded polystyrene 
(EPS) With a natural sandblast finish "The 
Tlcor bUilding IS Ihe only structure In the 
city of San Diego to use thiS system." said 
Hyndman. "When we deSigned Tlcor, we 
took all the elements of San Diego's cli­
mate Into conSideration. In addition to the 
onentatlon and pOSition of the structure." 
he explained. "We added an extra layer of 
Insulation on the exterior southwestern 
Side to prOVide a more energy-effiCient 
structure 

"The braced-frame concept has to be 
something the client IS Willing to live wI1h 
because of the Inherent blocked views for 
tenants With offices behind the "X" of the 
braced frame." Hyndman said "But I'm 
very pleased With the project It does what 
we wanted It to do. Its a light airy structure 
at the corner of Tenth ar,j B The area IS 
fairly undeveloped at thiS point. but we 
hope thiS bUild Ing Will aUract other devel­
opers: 0 

Architect 
Deemsi Lewls & Partners 
San Diego. California 

Structural Engineer 
Atkinson. Johnson & Spurner 
San Diego, California 

General Contractors (JOint venture) 
Fred Walls Construct ion Co and 
Fletcher Company 
San DiegO, California 

Steel Fabricator 
Junior Steel Co 
City of Industry, California 

Owners (Iolnt venture) 
Tlcor Title Insurance Co , and 
WW Investments 
San Diego. California 
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Hartford's Umon Station Center. a landmark reSlorBflon (south wmg) 
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Rendermgs courtesy HalCyon Ltd Commetoal De 
velopmenr Consul/ani 

• Hartford Union Station: 
Diversity of Steel is the Key 
by Karen J . Heroy 

KaTen J Heroy IS communlcahons director for 
Tal Soo Kim ASSOCiates, Hartford Connecticut 

HartlordS Union Station Transportation 
Center IS a tandmark restoration pro· 

lect full of compleXities II IS diverse In ItS 
mixed uses as a transit and a commercial 
center Rehabil itattng the brownstone 
bUtldlng according to hlstonc gUidelines 
made recreating and matching matenals a 
pnonty 

Steel IS used throughout the bUilding In 
variOUS ways -and Its Importance IS an un· 
derslalemenl Steel provides the structure 
for Ihe new addition supports the eXisting 
railroad tracks and IS functional and deco· 
ratlve throughout the brownstone bUilding 

The stat,on's prominent location on the 
western edge of downtown Hartford IS slg· 
OIflcant Since It provides an Image for this 
part of the city essenltal to revltaltzlng this 
areas economic growth and development 
Key to making this happen IS an unusual 
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ownership structure and a compltcated 
funding package. The Greater Hartford 
TranSit Dlstnct owns the eXisting bUilding 
and the new addition. while Amtrak owns 
the abutting railroad tracks. trestles and 
platforms The dlstnct IS developing Ihe 
bUilding's IranSIl secllons and a local de· 
velopment consultant Ihe commercial 
space. The profecl ftnanclng Includes 
funds from federal and slale sources and 
from a consortium of local,nveslors Union 
Sial Ion Assoclales 

History 01 the Brownstone 
The eXlsllng bUilding IS construcled of 
brownslone brought from Ihe Portland. 
Conn quames and cut Into large. rough. 
faced blocks The Romanesque slyle 
bUilding seen loday was nol Ihe onglnal 
structure 

In 1849 a railroad slat Ion was bUilt With 
Ihe tracks al streel level. Because of nu· 
merous Irafflc accldenls. Ihe sial Ion was 
rebUilt In t 889 In liS eXlsllng form. Wllh a 
gabled roof and wllh elevaled tracks In 
1914 a fife gutted Ihe cenler portion and 
damaged olher parts of Ihe bUilding ThiS 
reconstruction gave us :he eXisting bUild· 
Ing Wllh liS currenl flal root deSign In Ihe 
cenler For years Union Sial Ion thnved as 
a bustling center owned by Ihe New York, 

Hartford and New Haven RR As rail pas· 
senger Iraff,c decreased In the 60s. Ihe 
sial Ion started ItS decltne By Ihe early 
70's. detenorallon was fully apparent 

Desfgn Program 
In t 976 Ihe arch,lect was commissioned 
by Ihe Grealer Hartford Transll District to 
sludy Ihe slalton for liS pOlenllal use as a 
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North wmg wIth greenhouse cafe lookmg toward state capItal Cutaway rendermg details facl/llieS 

transportation center Through that study, 
an overall concept dividing the bUilding 
Into two parts developed 

TranSIt services will be located In the 
new addition, accommodating local and 
regional passengers for rail. bus, taxI 
and airport limOUSine service; 

2 The brownstone bUilding Will function as 
the main lobby and as a commerCial 
center With ofllces on the upper floors 
and mezzanines, With retail slores and 
restaurants on the ground level. 

Phase 1. Dunng this phase of deSign, the 
architect renovated and made adjustments 
to the rail-related parts of the prolect. the 
railroad tracks , treslles and platforms The 
fundamental role steel plays In the project 
IS apparent here To provide clearance for 
the addition and for buses, the eXist ing 
knee braces were removed and newequlv­
alent braces Installed at higher locations 
Cross braCing was eliminated where It In­
terfered With clearance, and added In more 
SUitable areas A large new plate girder 
was Installed and the eXisting girder cut to 
make room for the new stair from the bus 
level to the railroad platform above 
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Of the four onglnal passenger platforms, 
the western-most was not being used. nor 
did Amtrak Intend to use It In the future To 
maintain Visual continUity throughout the 
project and to use as many of the onglnal 
parts as poSSible, this platform was diS­
mantled and the canopy Installed on the 
ground (see section) Located along the 
proJect's western boundary, the canopy Will 
serve as a waiting and drop-off area for 
local buses , taxIs and limOUSines outSide 
the faCIlity 
Phase 2. ThiS phase entailed two malor 
tasks: repairing the roof and cleaning the 
exterior brownstone. The lerra cotta tiles 
were removed to repair the gypcrete roof 
deck In the north and south wings, and 
then beth wings were completely reroofed 
To maintain the roofs weathered texture, 
as much onglnal lIIe as pOSSible was 
reused and matched With new ti le made by 
the onglnal manufacturer Install ing sky­
lights In the flat portions of each wing roof 
bnngs much needed light Into the newof­
fice areas Painting the exposed decora· 
live trusses Will highlight the Intenor reha­
bilitation 
Phase 3, Currently underway, In th iS 

'''''''''' ~ 
j¢::l~ 

phase the renovations to the brownstone 
bUild ing are being completed, adhenng to 
hlstonc preservation guidelines and the 
new addition constructerf 
Roof. Within the roof structure, eXist ing 
steel angle hangers support the third floor, 
rather than columns from below ThiS 
leaves the second floor Virtually column­
free On the third floor, the ceiling has been 
cut to receive new steel for the mechanical 
platforms The new steel Will span the en­
tire space, beanng on the extenor masonry 
walls, Without putting additional load on 
trusses or floor New clear-span beams 
also were Installed throughout the second 
floor south wing, result ing In a column-free 
first floor 

Throughout the brownstone bUilding , the 
versat ility of steel IS apparent Such quali­
ties as strength, durability and fleXibility 
make steel a major Ingred ient In the pro­
Ject The brownstone bUilding also exem­
plifies an Integration of the building 's hiS­
tonc features With the new 
The Great Hall, In the center area of the 
bUilding , the Great Hall IS being modified 
to serve both halves of the proJect , func­
tioning as a transit waiting room and a 
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commerCial space Th 
nines. which will not to e two new mezza­
Ing. will provide off uch the eXisting cell-
vators wilt connect ~~ space. Two new ele-

• providing access for t~hree levels, with one 
waiting room to ticket I e~andlcappedfrom 
and Itscanopywlll be 0 by The front entry 
mate onglnal d recreated to approxl­
steel canopy an~Slgns of the ornamental 
the bUilding the stans which led Into 

• 

South Wing. A I taurant IS being ~ a~sed-In pavilion res-
Wing S extenor shed UI t where the South 
The onglnal metal ~ructure was located 
sured carefully to rackets were mea­
new pavilion cano recreate them for the 
rant IS vIsible fro py Because thiS restau-
al b m a malor local so ecause It off artery and 
the Capital , It ShO~I~ ~ spectacular VI~W of 
to the new Center e a Significant draw 

North Wing A . new gr 
ture Wilt be bUilt eenhouse struc-
Wing facing U adjacent to the North 

nlon Place Th 
combines wood d e design 

po 
ecklng g la 

sed steel stucture . ss and ex­
onglnal shed roof h s Reminiscent of the 

w Ich once sheltered the pports trestle of remod eled depot New plate girder su 

I.C.B.O. and S.B.C.C. approved 
Full range of A325 and A490 grade 
bOlts, and complete complement of 

toolS for installation. Call or write for the 
location of the nearest distributor or 

warehouse, and start saving up to 50% 
in bOlt installation costs noW. 

BRlSTOf MACHINE COMPANY 

• NEWEST OF 
FULL LINE 
OF LIGHT 
WEIGHT 
TOOLS 
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t 
630 E L 

Construction Fastener 
Systems Division 

ambert Road B rea CA 92622 . 714 ·990 6555 
WATS 1-800·en6587 
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Steel trusses In 3rd floor (I), and floor hangar supports (c) over 
wafting room. Modd,catlon to eXlstmg trestle support (r) 

EKISTING TRESTlE COlUMN 

I W STEEL ilfAM 

l r 8 CONCRETE Pl.ANIC 

2Y2 NEOf'fIENE PAD 

TS 6.,4 

W6~2.s 

Sketches of trestle remodelmg detaf/s 

W STEEL BEAM 

~----'!'~-~A- CONCRETE PLANK 

1--- "I", NEOPRENE PAD 
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baggage handling area, this design en­
hances the build ing's histollc context. The 
greenhouse will contain a cafe area with 
potential sidewalk seating. In conjunction 
With a proposed new sidewalk, and prohibi­
tion of parking along the building, the addi­
tion will greatly improve appearance of the 
area. 
New Addition. The floor plan illustrates 
how critical space IS between the roof of 
the new building and the eXisting railroad 
platforms. The structural concept grew out 
of a need to minimize the structural depth 
and to minimize nOise transmission from 
overhead trains. Consequently, a precast 
concrete plank was selected as a suitable 
roof structure, supported by new steel 
beams and columns. Neoprene bearing 
pads minimize vibration from above (see 
plan). 

One of Amtrak·s structural requrrements 
was that the eXisting rail-related steel 
structures not be touched . It will continue 
to be examined. maintained and owned by 
Amtrak. Because of these requrrements. 
the resuttant design specIfies heavier steet 
than normally used In such areas. Be­
cause of the sloping tracks above. depth of 
construction In this area vanes from 18 to 
36 In. To achieve thiS tight construction. 8-
In. concrete plank IS supported on the bot­
tom flanges of new W14 X 61 beams. 

Future of the Project 
Completion of the Transportation Center 
will have a significant Impact on revitaliz­
ing the western edge of downtown Hart­
ford . It serves as a gateway from the Asy­
lum Hili neighborhood and is visible from 

184. With the station rehab underway. de­
velopment actiVity has increased along the 
immediate and surrounding streets with 
newly renovated shops and restaurants It 
is expected the continuing work at Union 
Station Will stimulate development of the 
remainder of the area. 

The complicated ownership structure 
creates an economically fruitful venture. 
bearing benefits to all involved. Amtrak 
maintains Its rail service in a more sophisti­
cated environment. the Transit DIStllCt gets 
a multi-modal transportation center. and 
the Investors get a new and active com­
mercial center. 

After 10 years of study. deSign. mOdify­
Ing and accommodaling the concerns of 
vallous owners. the deSign concept IS final· 
Iy transformed Into steel and stone The 
dream of a revitalized Union Station IS rea· 
lized! 0 

Architect 
Tal Sao Kim ASSOCiates 
Hartford Connecllcut 

Structural Engineer 
R A Goodell & ASSOCiates 
Glastonbury. Connecticut 

General Contractor 
Northington BUilders. Inc 
Simsbury. Connecticut 

Steel Fabricator/Erector 
Topper & GII99S. Inc 
PlainVille, Connecticut 

Owner 
Greater Hartlord TranSit District 
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First Place-Su Thahn Nguyen 

1986 "Bridges of Steel" Competition: 
All Bridges Lead to Pittsburgh 

The flood-swollen waters of the rampag­
Ing Monongaheta River destroyed 

Pittsburgh's h,stonc Smlthfletd Street 
Bndge Concern over the loss 01 such an 
h,stonc landmark compelled a number of 

Ttllrd Ouar!er 1986 

citIZens' groups to petition the city to re­
bUild the bndge 

No--it didn 't happen-anly In the prob­
lem statement proposed In thiS year 's stu­
dent "Bridges of Steel " competition. The 

contest IS conducted by the American In­
stitute of Archltect~re Students and spon­
sored by AISC And the "plot" lust stated 
was given to each student as a recently 
hired "deSigner" to plan a new bridge to 
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Second Place-Michael Patton and Mahesh Shrestha 

Third Place--Charles Stetson and Thomas Hareas 

take the mythical place of the one de, 
strayed 

Over tOO archllectural and englnee"ng 
students from 70 schools submitted en, 
t"es They were to use the latest advances 
In theory and lechnology to both preserve 
the memory of the o"glnal b"dge and de, 
sign the new one aesthetically with steel 
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The great number of b"dges Ihat span 
Pittsburgh's Ihree fivers IS a source of CIVIC 
p"de It was Important the student design­
er capture that Sp",t as he planned a new 
structure for the "S"dge Capital of the 
World" 

The enl"es were ludged-on Ap,,1 25 In 
Pittsburgh-on the basIs of the structural 

r ' 
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Honorable Mention-John H Martin 

• 

• 

I 

and archllectural use of fab"cated structur­
a� steel The" ent"es were to be expres­
sive of steel construction and reflect many 
of the design choices made possible by • 
uSing steel The" Iinal concept should en-
hance the Important link between the city's 
Station Square and downtown, and serve 
as a focal pOint for CIVIC discussion for 
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years to come. First. second and third 
prtzes were $5.000. $3000 and $1 .000 re­
specllvety. ptus IwO $600 honorabte men­
tion awards This competition was the Ilrst 

• 
time Since 1928 that brtdge design was the 
sublect 01 the student design contes!. And 
the winners are 

1st Place Su Thanh Nguyen. College 
01 Architecture. University 01 
Houston 

2nd Place Michael C. Patton and Ma­
hesh Shrestha, Dept. 01 Ar­
chitecture. IllinoIs Institute 
01 Technology, Chicago 

3rd Place Charles Stetson and Thom­
as Hareas, Dep!. 01 Archi­
tecture. IIltnols Institute 01 
Technology Chicago 

Honorable John H. Martin, Graduale 
Mentions School 01 DeSign. Harvard 

University. Cambrtdge. 
Massachusells 
and 
Marshall Straba/a, Grad­
uate School 01 DeSign. Har­
vard UniverSity 
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Honorable Mention-J Marshall Suabala 

At last - a heavy­
duty grating clip 
that's easy to 
install (without 
drilling or 
weld ing) secure, 
adjustable and 
relocatable - to fit 
all standard bar 
grating. 

A distinguished panel 01 lurors Included 
• Stanley Allen, FAIA. Harry Weese & As­

sociates. Chicago 
• Sylvester Damlanos, FAtA. Damlanos 

& ASSOCiates. Pills burgh 
• Clellon Loveall , deSign director. Tennes­

see DOT 
• Joseph Passonneau, FAIA. Architect 

Washington DC 

THREE SIMPLE STEPS 
TO FOLLOW ... 
1 Position pre-assembled 
Grate-Fast between grating 
bars 
2 Slide Grate-Fast towards 
steelwork until nose fits 
under flange 
3 Tighten capscrew w ith 
Allen wrench 

~~~~J ONE MAN, WITH ONE WRENCH, 
L FROM ABOVE 
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New Marquette UmverSlty College of Busmess Admtnlstrallon addition. Milwaukee, Wise 

Marquette University: 
New Addition a Lesson 
in Adaptability 

Marquette University. a renowned edu­
cational Institution. takes pflde In ItS 

sprawling . urban campus with ItS many di­
verse structures In an effort to keep ItS 
facilities In step with ItS program. the 
school maintains a conscientious con· 
structlon and renovation schedule. HOlNev· 
er. to maintain the status of a pflvate col­
lege not pflvy to public funds IS an arduous 
task at best 

The oflglnal planners of the College of 
Business constructed In t 949. never an­
ticipated the growth of what was then a 
small Jesuit University By the early 80s. 
the school had outgrown ItS faCilities and 
lacked effiCient Clfculatlon patterns The 
present architect. working With an eng 1-

neeflng consultant flfm. took on the task of 
alleViating the problems A 30.ooO-sq ft 
space for offices and classrooms was add­
ed and 50.000 sq ft of eXisting space re-
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modeled entlfely The new five-story steel­
framed add Ilion abuts the six-story 
concrete frame of the eXisting structure 

Having made the decIsion to expand. 
Marquette presented the archltect/engl­
neeflng team With a number of challenges 

• The administrators wanted to prOject a 
profeSSional Image The school offers a 
prestigious MBA program. along With nu­
merous other programs In conjunction 
With Mllwaukee's business community 
The fight Image and faCIlities would 
strengthen that relationship 

• Expansive. state-of-the-art lecture halls. 
conference and business Simulation 
areas reqUIre long spans of column-free 
space 

• Extensive Involvement With the business 
community. In addition to regular 
classes. kept the school open around the 
clock. Construclton had to be accom-

pllshed Without Interrupting operations 

"We created an addition that conSists of 
a 2oo·person lecture hall and a 50-person 
executive classroom. plus the normal com­
plement of classrooms and faculty offices' • 
DaVid StrOik. the architect s prolect man-
ager. stated He adds. "The remodeled part 
prOVides a computer lab and an organiza-
tional behaVior lab. which accommodates 
realistiC business situations-stock trans~ 

actions through computers. audiO-Visual 
or group dynamic techniques ' 

A difficult design task was Integration of 
the new With the old By replaCing some of 
the limestone exteflor With precast. and all 
the eXisting glaZing It was poSSible to 
match simultaneously the new to the old 
and to update a substantial but no longer 
stylish older bUilding The HVAC system 
also needed much updating A new pent­
house mechanical area was bUilt and 
eqUipped With an energy-efficient central 
system 

The Chotce was Steet 
StrOik further adds that since the oflglnal 
bUilding was concrete. It was first consld · 
ered as the likely chOice However. as de­
sign reqUired an extensive amount of Irreg­
ulaflty In the framing It became less Viable 
And a lack of repetition cut seflously Into 
the economy of concrete Plus. the depth 
of a concrete floor framing system In· • 
creased as the Ifregulaflty Increased 

When asked about the deCISion to use 
steel. John Komp. a structural engineer 
With the consulting firm commented . "Oflg­
Inally we felt a flat-plate design would work 
best. But as design progressed column 
spacing became increasingly Ifregular. 
and we were forced to add concrete beams 
at many locations At thiS point. I deCided 
to reconSider a steel structure The rela· 
tlvely small bay Sizes enabled us to use a 
12-ln Wide-flange beam composite With 
the 5V,-ln deck In all cfltlcal headroom 
areas The result was a steel structure Just 
as shallow as concrete. but at conSiderably 
less cost. 

"Another conSideration In the chOice of 
steel. " Komp adds.·was the transfer glfd-
ers at the second floor These members 
had limitations to prOVide headroom In the 
lecture halls beJow The shallow depth re­
qUifement wouJd have needed a very Wide 
concrete transfer glfder In turn thiS would 
have requlfed staged post tensIoning to 
properly control stresses and deflections. 
Since It was partly exposed The steel 
transfer glfder alternative afforded a far • 
narrower beam In addition to supeflor de­
flection characteflstlcs-and was far more 
aesthetically appealing' 

An Important conslderalton In selecting 
the structural steel system was the proJ-
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ExpansIve. state-of·the-art lecture halls reqUIred long spans that steel can deliver 

Steel-framed construct/on occurred WIthout 
dlsruptmg buildmg use and regardless of 
weather cond/lions 

ecl's schedule and the need for continuous 
bUilding operation Stroik said, 'When a 
campus IS already cramped for space. the 
last thing It needs IS the loss of a whole 
bUilding dUring remodeling" Even off-hour 
construction was restricted because of the 
very active evening hours The solution 
was to maIntain classroom operation In the 
eXisting bUilding dUring the regular school 
year Then move the active programs Into 

Third Quarter 1986 

the new addition to permit remodeling dur­
Ing the summer This timetable reqUIred 
every phase of construcllon, Including the 
new steel-framed eXit stair and addition su­
perstructure be completed on time-re­
gardless of weather 

The person-to-person, person-to-com­
puter and computer-to-computer commu­
nication was another Important factor In 

the bUilding deSign. So much so that empty 
condUIt and buss systems Criss-cross the 
bUilding In anticipation of future construc­
tion needs The structural steel framing 
system also permits future changes or 
penetrations Without the fear of breaking 
through Critical reinforcement or striking 
bUried condUit With steel construction. the 
structure and other bUilding systems are 
VISible, hence more adaptable 

Overall. because of the irregularities 
steel framing kept costs In check- they 
were one-half of one percent under bud­
get l 

Architect 
The Zimmerman Design Group 
Milwaukee. WisconSin 

Structurat Engineer 
Har'NOOd Engineering Consultants 
Milwaukee. WisconSin 

Steel Fabricator/Erector 
River Steel. Inc 
LaCrosse. WisconSin 

Owner 
Marquette UniverSity 

STRUCTURAL 
PRODUCTS 

What % of your needs 
require ST. LOUIS 
SCREW & BOLT HIGH 
STRENGTH Bolts? 

Consider this -

.American Made 
• Tested & Certified 
• Full Range of 

Type I & ill Products 
• Fast Delivery 
.95 Years of 

Dependable Service 

We wantto be involved. 

CALL US COLLECT! 
Todayat314·389-7500 

S T, LOUI S SCREW & BOLT CO 
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E~ocJe'fnlc deck panel 1$ mstalle(J on Dascoli 
Bodge one 01 564 panels replaced 

by Vincent N. Campisi 

Vincent N CamPISI, PE,s the executive 
dfector of the recentty formed Exodermlc 
Bridge Deck Institute Inc Westwood New 
Jersey 
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Exodermic Deck Systems: 
A Recent Development In 
Replacement Bridge Decks 

Recently a major development In pre­
fabricated deck systems has become 

available for bridge deck replacement pro­
Jects The three major manufacturers of 
steel grating have recently added to theor 
product line a new system referred to as 
exodermlc deck systems ThiS type of deck 
system conSists of a thin. reinforced con­
crete overlay placed on a conventional 

steel grid and made compoSite with the 
grid 

The composite properties ot thiS system 
are such that a bridge deck capable of car • 
rylng maximum wheel loads for spans up 
to 16 It and weighing 50 psf uSing conven-
tional materials IS available The system 
which can be fabricated entorely In the 
shop. has been used on several structures 
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10 dale. ranging In lenglh from 80 fl 10 
4400 fl . Mosl recenlly, an exodermlc sys­
lem was chosen for a four·span structure 
carrying a local road over Ihe New York 
Siale Thruway The slructure, originally 
eonslrueled In Ihe early 50's, consists of 
rolled beam stringers spaced 8'- 10' 0 c , 
With an overhang of 2'·3' on each side. 
Fascia 10 fascia dimension 01 Ihe s!ruclure 
IS 31 fI oul 10 OUI, well wllh,n Ihe available 
lenglh of a prefabflcaled module. which IS 
aboul 45 ft. 

The melhod chosen for Ihe deck re­
placemenl on Ihls prOJecl was 10 close Ihe 
Slruclure 10 !ralflc and remove Ihe enllre 
eXisting deck Once removed II was eSIl­
maled Ihe exodermlc deck could be placed 
In three days over the entire structure In 
Ihls parl lcular case. a delour was avail­
able In cases. however, where a delour IS 
nOI feasible, Ihe replacemenl deck can be 
placed In sections dUring off-peak periods, 
wllh normal !rafflc reslored dUring peak 
peflods 
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Expan5/on Anchors-

Fill willi 
Asphalt 

Several Advantages 

Exodermlc deck systems have proven ad­
vanlageous for several reasons In addi­
tion to ease and speed of erection because 
It does not reqUIre any slaglng Irom belOW 
Ihe slructure, Ihe syslem is a high qualily 
product labrlcaled In a shopcondilion wllh 
dependable lolerances, and a degree of 
qua lily conlrol not eaSily achieved In the 
field The resufl IS a product which does 
not vary In slrength, quality or appearance 
Ihroughoul Ihe enllfe Inslallallon The 
decks are composlle w,lh,n Ihemselves 
The concrele overlay generally 3-In Ihlck 
and relnlorced Wllh a lwo-way layer of ep­
oxy coaled reinforCing bars, IS caSI onto 
Ihe Sleel grid and allached by shorl verllcal 
dowels welded to the sleel grid HOrlzonlal 
shear capacity IS developed Ihrough Ihese 
dowels and by embedding par! of the nor­
mally serraled d,slrlbullOn bars of Ihe sleel 
grid assembly 

The neu!ral aXIs of the composite as-

TYP'cal connectIOn to strInger (J IOIJ). Sys­
tem for peak-hour traffiC maintenance (I). 
FaSCIa detail (above) 

1 

sembly IS deSigned 10 be localed near lhe 
bollom of the concrele overlay so Ihal Ihe 
concrete aCls In compression and Ihe sleel 
grid carnes all lenslle forces Where Ihe 
deck IS Over a sUPPOr! (I e. a winger or 
floarbeam) Ihe deck IS deSigned assuming 
a cracked concrete section and all tensile 
stresses In Ihe concrele zone are camed 
by the layer of reinforCing steel ThiS enllre 
syslem IS Ihen made composite Wllh sup­
porllng members by allachlng Ihe deck 10 
the member With stud shear connectors 
placed Ihrough openings In the precasl 
The area belween the lOp 01 Ihe stringer 
and Ihe deck module IS Ihen filled Wllh a 
grout mixture The deck modules are sellO 
proper line and grade uSing a syslem of 
leveling bolls 10 Ih corners of each panel 
AdJacenl panels are connecled by bolls or 
dowels placed Ihrough slolled holes In Ihe 
overlapping grid bars. and by spliCing Ihe 
relnforcemenl In Ihe concrete overlay 

All JOints are filled Wllh the same grout 
mlxlure used for atlachlng Ihe deck 10 Ihe 
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JOint between modules, perpendicular to mam bearing bars (above). parslfel to bearing bars (below) 

structural support system. The steel grid 
can be epoxy coated or galvanized. so 
maintenance or painting of the grid IS VIrtu­
ally eliminated Wearing courses of hlgh­
denSity concrete. latex modified concrete 
or bituminous wearing sufaces With mem­
brane waterprooflna systems can all be 
used In conJunction With thiS system. The 
system can also employ lightweight or 
polymer concrete where further weight re­
ductions are advantageous 

Light Weight Important 

modifying the structural support system 
where for one reason or another the struc· 
ture does not rate properly Overall cost 
savings over other methods of strengthen­
Ing an eXisting structure can therefore be 
realized In new Installations the 
lightweight deck can achieve savings In the 
weight of the stringers or girders 01 ap­
proximately 15% or more, depending on 
stringer spacings and span lengths ThiS 
represents a Significant advantage to the 
steel Industry In making steel bridges more 
competitive With concrete structures 

floors for Industrial bUildings or mechanical 
rooms In high-rise bUildings, Other uses 
Include piers or docks. relieVing platforms. 
airfield runway construction, tunnel floor­
Ing, parking decks, dams, promenades 
and utility vaull covers Availability of nu­
merous configurations 01 steel grid makes 
posSible a Wide select Ion 01 chOices 10 In­
sure the mosl economical deSign for each 
specifiC Inslallatlon 

• 

• 

The principle of exodermlc deck systems IS 
particularly SUited to bridge rehabilitation 
proJects because of ItS light weight Reduc­
lion In the deck's dead load can Increase 
the live-load capacity of a structure. or 
bring a structure to ItS proper rating Without 

Myriad Uses 
Exodermlc systems can be used for other 
appllcallons. Including short-span bridges 
where the entire floor system IS an exoder­
mlC deck spanning abutment to abutment, 

The Exodermlc Bridge Deck Institute 
has recently been formed to prOVide tech­
nical Informal Ion for deSign consultants, 
state or local governmenls or those In Prl -
vale Induslry who Wish to conSider an exo- • 
dermiC syslem for their prolects Technical 
literalure, deSign manuals and speclflca-
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lions are being prepared and should be 
available In August 0 
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E750-SPANS TO 32 Ft 
E600-SPANS TO 26 Ft 
E450-SPANS TO 23 F1 
E300-SPANS TO 15 Ft 

AVAILABLE FOR DEUVERY-NOW 
Galvanized G60-G90 

Lengths to 50 ft . 

Plated Decks-Plain or perforated 
Most complete line of deck products 
in 5/8" to 7Y{' depths 
OUR SERVICE WILL SAVE YOU ME MONEY 
Epic has these profiles available for shipment 
on an A.SAP. Basis! 
Your order will be processed in One Week 
in most cases . Ask about our A.SAP. Service. 

Manufacturing PI nts: 
• Pitlsburgh, Pa 
• Chicago. III. 
• Lakeland, Fla 

• Call (412) 351 -3913 today for price and 
delivery information and for product advice 
on a ll types of Form Decks, Composite 
Decks, Long-Span and Roof Decks. 

E Ie 
Eleven Talbol Avenue. Rankin. PA 15104 

PHONE 412/351 -3913 
TWX: 710-664-4424 

EPICMETAL BRDK 



AMERICAN INSTITUTE OF STEEL CONSTRUCTION 
The Wrigley Building, 400 North Michigan Avenue 
Chicago, IL 60611 

Address CorrectIon Requested 

When you make an investment in 
material handling equipment that 

your entire operation revolves around. 
you wanl that investment to be there. 

fully operational. whenever you need it. 
We ca ll it being there for the long haul! 

MI·JACK TRAVELIFTS have been making 
the long haul fOf over 25 years. In industrial 

and construction applications throughout the world, 
TRAVEUFTS have improved production efficiencies as much as 400% : 
reduced manpower requirements by 50% and increased lift capacities in the bargain. 

TRAVEUFTS outlift other types of erline, with less crew, 8nd transport their loads 
virtually anywhere in a production area or yard, WITHOUT FEAR OF TIPPING! If you 
think that's a tall statement. we'll be happy to demonstrate the effiCiency and ability of the 
MI·JACK TRAVEUFT. We can arrange a demonstration on a similar application, or bring in a 
movie of the TRAVEUFT making the long haul. 

BULK RATE 
US POSTAGE 

PAID 
PERMIT NO 15 

KENT OHK) 

10' TO 60 ' ICW 
10' TO 40' HOOK HEIGHT 

15', 19',24 ' OR 30' 
WHEElBASE 

.!. 
mol - m ... 'ACH 

PRODUCTS 
3 11 I We.t 1 67th Street 
Haze l Crest, IL 60429 

1·312·596·5200 
TELEX: 27·0117 
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