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Stepped surface locks automaCically 
under flange. 

The Floor-Fast is for fastening soUd or 
checkered plate flOOring to steelwork. It is 
faster. safer. and more economical than 
any other fastening method. 

With Floor-Fast. one man working from 
one side. can fasten without scaffolding. 
weldIng and drilling of structural steeL One 
unit fits all flange sizes. and Is removable. 

2 Fits all flange sizes 
3 All galvanized finish 

NO WELDING . NO DRILLING · ONE MAN . ONE SIDE 

Stepped tail fits £langes from 
~" to ~" 

2 Profiled nose fits flat or 
sloping £langes 

3 14 gauge bracket with one 
offset side fits all standard 

bar graCing and may 
allow Simultaneous 
fastening of adjacent 
grating sections. 

I Grate-Fast™I 

4 JO" diameter bolt 
5 2" bolt length fits all 

standard bar grating 
depths. 

6 All galvanized finish. 

Grate-Fast makes the labor
intensive methods of fastening 
bar grating obsolete. 

NO WELDING· NO DRILLING 
ONE MAN . ONE SIDE 

---- -----------------1 

2 

please send me details on Floor-Fast 0 Grate-Fast 0 I 
I Name _________________________________________ 
1 

Position ______________________ 1 
Sfrucf-'asf™ 

I 
Company _______________________________________ 1 

I Address ________________________________________ I 

__________________________ Tel _____________ ,~ 

Struct-Fas[ Inc 20 Walnut Street Suite 101 Wellesley Hills MA 02 181 

Struct-Fast Inc_ 20 Walnut Street, 
Suite 101, Wellesley Hills, MA 02181 

Tel : (617) 235 6734 
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LeJeune Tension 
Control A-32S & 
A-490 Bolts and 
Wrenches 

Proven in the field to 
be the lowest cost 
method for properly 
installing high
strength fasteners . 

HIGH STRENGTH 
FASTENING SYSTEMS 
FROM THE LEADER 
IN THE INDUSTRY! 
We Serve Our Customers With 

• Systems Responsibility (Bolt." Wrenche., 

• On Time Deliveries 

• Sequence Shipping to Jobsite 

• Engineering & Inspection 
Assistance 

I~:a LE JEUNE 
~ BOLT COMPANY 

8330 West 220th Street ~ lakevllle_ MN 55044 (612' 469-5521 
1-800-872-2658 FAX 612-469-5893 

Hex Head A-307. 
A-32S & A-490 
Bolts - Black or 
Galvanized . 

In House mechanical 
galvanizing eliminates 
costly field problems 
such as stickers, cold
welding and jammed 
threads - we ship to 
your requirements, 
not ours. 

Spanning Ihcr gap In blldgcr con/l.ucllon 
A single Mi-Jack TRAVELIFT 

crane replaced two hydraulic boom 
cranes and numerous hydraulic jacks on 
the Ben Franklin Bridge renovation 
project, reducing equipment and 
maintenance costs, personnel 
requirements and extending the hours 
worked per day. 

lns tallation of new orthotropic 
bridge panels took just half the time 
required previously. Traffic flow on 
the bridge was maintained in both 
direc ti ons for the duration of the 
construction project. 

A spokes man for the construction 
firm sa id, "The TRA VELlFT crane has 
met a ll our needs." And no wonder! 
Backed by 30 years of experience and 
over $7,000,000 in spare parts 
inventories nationwide, Mi-Jack's 
Service and Part s departments 
specialize in keeping machine 
downtime to a min imum 

• 

• 

Let a Mi-Jack representative show 
you how a TRA VELlFT cra ne ca n span 
the gap in yo ur next bridge 
construction project. • 

Mi-Jack TRAVELlFT, 3111 West 
167th Street, Haze l Crest, IL 60429. 
(3 12) 596-5200. 
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Architectural Statement 

ONE LIBERTY PLACE 
Efficiency and Elegance 
in the Cradle of History 
by Charles H. Thornton, Udom 
Hungspruke, Thomas Z. Searangello 
and Scott Pratt 

As One lIberly Place rises. Ihe golden 
age of the skyscraper era 01 the 20s 

and 30s re-emerges on the Philadelphia 
skyline. Indeed. the bulldlng's facade bor
rows inspiration Irom the Art Deco Influ
ence of that period Yet. despite similarities 
In form and appearance of such claSSICS 
as the Chrysler BUilding In Manhattan. 
One Liberty Place can hardly be catego
rized as either an architectural or a struc
tural tWIn 

The slructure makes an elegant and op
tlmlSllC slatement about Philadelphia and 
ItS future Consequently. It IS a unique, dy
namic deslgn- Inlluenced by the past but 
Without duplication of all the lorms. malerl
als or structural systems A bUilding 01 thiS 
size designed In the 20s or 30s would 
have had between 40 to 50 Ibs. of structur
al steel per square loot: not 23 psi as con
structed. 

Streamlined and powerlul . the bUilding's 
profile and structure represent a combina
tion of boldness and refinement. It soars 
Irom bedrock along a slender shaft. utilIZ
Ing a superdlagonal outrigger system cul
minating In a gracelully gabled top to do 
much to redellne the eXisting skyline. 

Controversial from Its start. One Liberty 
Place towers monumentally above Phila
delphia s City Hall. previously the tallest 
bUild Ing In Philadelphia and once (1880) 
the worlds tallesl bUilding A gentlemen's 
agreement between developers and the 
City, not backed by any law, had kept the 
top of all prevIous bUildings below the ele
vation of William Penn's head on the stat
ue atop City Hall. By proposing taller and 
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more slender buildings which let more light 
and air into the city. city planners con
vinced the city these bUildings would. in the 
long run. improve the quality of light and air 
at street level within the city. • 

One Liberty Place. at 945 n. the ninth 
tallest building in the world. is sited on a 
pnme downtown block on Market Street 
between 16th and 17th Streets. Office 
floors range from 24 .000 sq. ft in the lower 
areas to 1.300 sq. n at the peak. The 61-
story tower contains over 1.3 mill ion sq. It 
of office and retail space. 

Sefectlon of Steel 
Structural steel framing was chosen for its Figure 1 
flexibility and high strength; and in particu-
lar. its ability to transmit large tensile and 
compressive forces efficiently and yet keep 
the size of members to a minimum Built-
up wide-flange sections were used for all 
outrigger diagonals and core and outngger 
columns because of the large forces and 
required thickness of plates. Thel( use also 
facilitated fabrication and erection. (See 
Figs. 1 and 2.) 

Ftoor System 
The typical floor framing (Fig. 3) is com
pOSite W21 ASTM A-572 Gr. 50 steel 
beams spanning 44 It from the build ing 
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core 10 exterior face. As a result . the entire • 
lease space within the tower is column
free. The structural slab IS 3-in. composite 
decking with 2Y,-in. stone concrete top
ping . Floor beams were cambered to com
pensatefor dead-load deflection under wet 
concrete placement. 

Figure 2 
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Figure 3. Typical floor framing plan 

Structural Concepts Explored 
In selecling the final structural system. 
several alternate lateral (wind) load resist
ing systems were evaluated fully by the de
sign and construction management leam: 

• A tube system with column spaced 10 ft 
o.c. around the perimeter was stud ied. 
With this approach. columns approxi
mately 40-in. wide and spandrels as 
deep as 72 in. were required . The steel 
weight with this approach was approxi
mately 24 psf. excluding required trans
fer trusses at the base. The tube system 
was ruled out for the following reasons: 

a. Higher cost 

b. Thedeveloperwanted large windows 
with small columns along the perim
eter and at corner offices. 

c. The 72-in. deep spandrels required 
an upset flange extending 30 in . 
above the floor slab which ,nlerlered 
with leaseability of space and acces
sibility to windows. 

-
I" I 

I" I 
r - - - -

II 
I 

d. With the parking. retail . entrance lob
by and other architectural require
ments at the base. many of the tube 
columns would have to be picked up 
or transferred above the ground floor . 
The added cost of these transfers to
lally prohibited the tube approach. 

e. The desire for corner offices resulted 
in the use of re-entrant corners, 
which structurally reduce the stiff
ness and. therefore. efficiency of the 
tube structure. 

• An extenor d iagonally braced frame was 
considered and deemed undesirable 
from an aesthetic and marketing point of 
view because of the multitude of diagon-
als interrupting windows. In addition. it 
was difficult to resolve the diagonal 
bracing at the enlrance lobby, relail lev- • 
els and parking levels. The steel weight 
and cost of the diagonally braced frame 
scheme amounted to 22 psf of structural 
steet. 

MODERN STEEL CONSTRUCTION 
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• A centrally braced core was studied. but 
determined uneconomical because of 
the extremely high steel weight caused 
by the slenderness of the core at a 
helght-to-wldth ratiO over 12. Drift and 
accelerallon would have been extremely 
dlHicult. If not Impossible. to control. In 
addition. large uplift forces on the foun
dation would have dictated extensive tle
down systems Within the drilled pier 
foundation 

• A superdlagonal outrigger system which 
couples diagonal outriggers and exterior 
outrigger columns With a braced core 
(Figs 1 and 2) proved the most eco
nomical (23 psf) structural system. ThiS 
outrigger system met all the functional 
and architectural requirements of the 
proJect. It permitted small (WI4x257) 
columns at all corners. eliminated the 
need for transfers at the base and pro
vided almost unlimited flexibility at en
trances and lower levels It was the se
lected system 

Foundation Evaluation 
After review of vanous foundation ap
proaches. the deSign and construction 
team concluded that dnlled caiSSons ex
tended to and Into rock would be the most 
economical foundation. ThiS deCISion was 
reached after completion of borings and 
geotechnical studies by the si te engineers 
established the close prOXimity of compe
tent bedrock to the lowest building base
ment Alternate studies uSing 1. 2. 3 and 4 

,'-.- 0"', ea.IUON 

10'-0- '''101 eN'-

• 
5' s· s··s· 

Fig. 4. Cluster CIJJSSOII plan 

basements were undertaken. It was decid
ed to use two basements. With drilled cais
sons to rock. To achieve an economical 
deSign. the team deSigned the caissons for 
a 4- to 8-tons per sq ft (tsf) skin friction 
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value In addition to 40 tsf of bearing . ThiS 
enabled deSign of the length of rock sock
ets with a maximum allowable stress in the 
caisson shaft of 90 tsf. 

To achieve further cost savings. clus
tered caissons were used under the heav
Ily loaded corner core columns In lieu of 
uSing one large caisson (Fig 4) The maxi
mum total compressive load on these cais
sons was 17.340 kips. ThiS approach 
eliminated the need for speCial oversized 
drilling equipment which was not readily 

available In the Philadelphia area By 
maintaining a maximum caiSson size of 8 
ft In diameter. a more competitive bidding 
process and qUicker foundation construc
tion was poSSible. With reduced overall 
foundat ion cost The foundat ions were 
completed In SIX weeks 

Lateraf load Resfstlng System 
The selected lateral load reslsling system 
IS a superdlagonal outrigger scheme com
prised of a 70-ft x 70-ft braced core coup-

TWO-MILLION USERS 
AN D GROWl NG ... 

... That's how many professionals worldwide have 
chosen LOTUS 1-2-3 as their premier spread sheet 
program. Put this industry standard to work on all your 
structural design tasks using ENERCALC software. 

• A complete library of 40 programs in steel. concrete, 
timber, masonry and retaining wall design & analysis. 

• Dramatic ability to automate virtually all your everyday 
calculations using this " intelligent calcpad." 

• Software including graphics, source code, free '800' 
support line and no copy protection. 

• 60 day money back guarantee. 

• Call today: 1-800-424-2252 or 1·714·720·1865. 

\ I / \ / //II::: II'I,IIIE~RCAl!: 
160 Newport Center Drive. SUite t25 • Newport Beach. CA 92660 ' (7t 4) 720-1B65 
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Fig 5 Outrigger elevatIon Fig, 6. Dutngger connectlOfl to exterIOr column Fig. 7 Dutf/gger connection to core column 

led wllh SIX four-slory diagonal oUlriggers 
al each lace of Ihe core (Fig 5) localed al 
Ihree po,nls over Ihe helghl of Ihe bUilding 
The syslem works In a similar manner 10 
Ihe mast of a sallboal, Wllh Ihe braced core 
acllng as Ihe masl and Iheoulrlgger super
diagonals and verllcals forming Ihe 
spreader and shroud syslem. Aller various 
sludles emploYing In-house opllmllallon 
com puler programs Ihree sels of elghl 
oUlriggers were found 10 be Ihe mosl effl
Clenl solulion Allhough simplified models 

showed Ihey would be Ihe mOSI effecllve If 
spaced al equal Inlervals, opllmlzallon 
programs showed these outriggers could 
further reduce Wind-Induced drill Wilhoui 
add Ing a single point of sleel by simply 
modifying Ihelr spacing over Ihe height of 
Ihe bUilding Ultlmalely. the deSign was 
compleled Wllh Ihe oulslde end of Ihe su
perdlagonals placed al the 201h. 371h and 
51st floors The oulrlgger superdlagonals 
are connected al Ihe exlerlor of Ihe bUild
Ing 10 verllcal oulrlgger columns as shown 
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I am Jeff Davies, and as president of SAI,I 
am offering you a FREE·::· program to 
solve your frame problems! 

That 's right, for just a nominal charge to cover materials and handling 
[$19J, we will send you our POWERFUL PLANE program. How can we do 
this? Because we know that once you try our softw are, you w ill be back 
for more. -
Your order includes all required instructions foroperation, - hTT1 

disks and documentation PLUS a copy of our latest -- --brochure describing our 60+ programs for concrete, - ..,-
steel. timber and post-tensioned concrete design. - --including design and graphics modules for PLANE. - ._--PLANE, like all SAl programs. IS very user friendly - f-and runs on IBM - PC, - XT and - AT and most - l-
compatibles. - I--- I--
This incredible offer is val id only until MAY 30, -
19B7, so CALL ME NOW on our toll free number: - I ....... "-- : ....... "-

1-BOO-635-6366 [dial tone B14J - '7 "'" [305J 392-6597 [FL or CanadaJ - / "" -[VISA, Mastercard welcomeJ -
THE MOST PRODUCTIVE STRUCTURAL DESIGN SOFTWARE SINCE 1966 

I I I I STRUCTURAL 
ANAL VBIB, INC. 

30 S.E. Seventh St .. SUIte 02. Dept. A3 • Boca Raton, FL 33432 

~ 

I--
I-
I--
I--

* 519 charge for metenals WId Ntndkng. Offer valid In the USA WId c.wtda onty: a_pres Mey 30. 1987 

In Figs 6, 7 and 8 
To reduce uplill forces on corner core 

columns and Ihe oulrlgger columns, Ihe 
deSign leam found II deSirable 10 concen-
Irale most of the bUilding 's dead load on 
the corner core columns and the outrigger 
columns ThiS was accomplished by Intro
dUCing exterior transfer trusses al the 61h 
21 st and 37th lIoors, which span between 
the outrigger columns Within the exlerlor 
face and Ihus funnel dead load Inlo Ihe 
outrigger columns to compensate for uplift 
due to Wind pressure (Fig 9) . Uplift In Ihe 
exterior outrigger columns was lotally 
eliminated With thiS approach The uplift on 
the corner core columns was reduced 10 
t .3OO kips 

In developing the superdlagonal outrig
ger system. an Inlensive effort between 
archltecls . Inlerlor planners and developer 
was underlaken to determine that the 
presence of diagonal outriggers penetral
Ing down through certain lease space at 
eight locallons on 12 floors would not Inter
fere With effiCient layout Interior planners 
made various layouts for full-floor and par
Iial-fioor lenants and concluded the In
clined superdlagonal columns would not 
hinder the real est ale leaseabil,ty 

Wind forces were generated uSing pre
vailing codes and also utiliZing a force bal
ance Wind tunnel test underlaken by Cer
makiPelerka of Fort Collins, Colo It was 
determined that average Wind pressures 
on the bUilding varied belween 5 psf at Ihe 
bottom to 58 psf al the top Both planar and 
three-dimensional slatlc and dynamiC 
analyses were performed for combinations 
of gravlly and lateral loads. The period of 
the building was determined to be 55 sec
onds 

• 

The laleral load resisting system was 
deSigned Inilially uSing a purely allowable • 
stress criteria DUring the optlmlzallon ef-
fort. members were Increased In Size, 
which contnbuted to Increasing the bUild-
Ing's lateral sllffness Stiffness was In-

MODERN STEEL CONSTRUCTION 
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Fig. 8. OutrIgger superdlsgonals connected to vertICal columns Figure 9 

creased and the acceptable limits of bUild
Ing drl~ (H/450) and acceleration (15 mill I 
gs) were me! In addition . because of the 
verllcal compatibility between the outrig
ger columns and core columns created by 
the outriggers, analyses had to be per
formed for gravity loads to determine the 
gravity load magnitude In Ihe lateral load 
reslsling system. This analYSIS was per
formed In steps to properly modellhe actu
al building erection and loading se 
quences. 

Use of the optimization program 
tnmmed an estimated 2 psf from Ihe wind 
resisting system, a savings of some 15% 
by weight More Important were savings 
gained by eliminating entire components 
such as two Intenor braCing lines above the 
20th floor, which greatly Simplified deSign 
and construction 

Erection of the Structure Efficient 
Ereclion of the structure was undertaken 
by two cranes An FMC-1900 supported off 
the braced core and a FAVCO 1000 sup
ported outSide the bUllldng on an Indepen
dent tower. This allowed the lob to get done 
more qUickly and effiCiently. The larger 
crane, which operated from the core of the 
bUilding, erected most of the structural 
steel It IS eqUipped With a hydrauliC Jack 
which Jumps the mast about 50 It at a time 
whenever more heIght IS reqUired A sec
ond outboard crane opera ling along the 
northeast corner of the bUilding stocked 
each deck With small steel members and 
light matenals The erection, started In 
February 1986 on thiS 17,326-ton struc
ture, was completed In only 11 months . 

To II~ the 120-ft spire 10 Ihe roof of the 
bUilding , the FAVCO crane IS moved In
board to allaln maximum capacity. The ta
pered crUCiform spire IS four separate steel 
sections, each 25 10 35 ~ long and welgh-
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Ing 20 to 25 tons The spire's steel, ex
posed to high Winds and low temperature, 
was speCified as fine-grained, Silicon killed 
steel With Charpy V-Notch reqUirement of 
25 ft-Ibs. at 20· F Before the spire can be 
lifted Into position . hOIsting equIpment 
must be moved 10 the top of the structure. 
Current plans call for the larger core crane 
to lift the smaller outboard crane onto the 
bUilding at the 58th floor. Once Installed 
Inboard the smaller crane Will lift the larger 
crane off the bUilding, The smaller crane 
Will then complete the spire erection and 
Will be lifted off the bUilding by a small der
nck which In turn will later be removed by 
an even smaller boom hOist ThiS proce
dUre IS scheduled for completion by Febru
ary f987 

Outrigger and Cofumn DetailS 
Because of the large column sIZes-I ,852 
Ibs per linear foot (pll) for the outngger 
columns, 947 plf for the dlagonats and 
1,852 plf for the corner columns- the team 
deCided to use bUill-up Wide-flange sec
tions rather than lumbo sections With cover 
plates. Not only did thiS Simplify the con
nections, but also it permitted partial pene
tration of welded splices (Fig . 10). If Jumbo 
column sec lions With cover plates had 
been used, bolted splices of extremely 
large sIZe would have been dictated 
These splices would have been very costly 
and wuld also Interfere With architecturat 
finishes and elevators. 
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(continued) One Liberty Place. an elegant statement about Its City 
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OPT IONAL TO PLATE & BO 
PROVIOE MIN. WEB PER NO 

NOTE CI) rOR CORE COL. 
ANO CORE OUTRIGGER COL . 
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~ TENSION COLUMN 

r " tEA.SIDE 
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6 - I" 0 A490 HIGH 
STRENGTH BOLTS EA. 
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Rg. 1 O. Typical splice detail of tension and 
outrigger columns. Note-provide weld to 
develop grearest of following: (a) 200 kips 
tension minimum; (b) min. SIze - tfl6 + '/8 -; 
1/3 of column capacily IS tension. 
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Scott Pratt IS vice president of the architectural 
firm 01 Murphy/Jahn. Chicago. IIhnols 

MICROCOMPUTER STRUCTURAL ANALYSIS SOFTWARE 
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BEAMS AND FRAMES 

BEAMS AND FRAMES is an interactive computer program that 
operates on IBM Personal Computers. It performs structural 
analyses of continuous beams and two-dimensional frame 
structures tor a variety ot loading and support conditions. It is 
user friendly, requires a minimum of input data. provides accu
rate results and executes in several seconds. 

Cllpobllltl •• end Llmllatlon. 

• Interactive Beam and 2-0 Frame Analysis Program . 

• Continuous Beams-Twenty Spans Maximum. 

• Planar Frames-Multl-BayI 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 andlor Printer. 

• Hardware Requirements: IBM-PC or Compatib le with 256K 
Ram, Floppy Drive. Monitor and Printer. 

BEAMS AND FRAMES Cost ... $29S.oo 
Trial Olfer (1 Monlhl ... $ 25.00 

FRAME3D 

FRAME3D is a general pu rpose 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 tormat must be created as input to 
FRAME3D. 

Capobllltl •• end 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. 

• Plotting 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. 

FRAME3 D Cost .. . $495.00 
Trial Ofter (1 Monlh) ... $ 40.00 

For More Information Call or Write: 
Compu-tec Engineering . 300 Chesterfield Center Suite 205 . Chesterfield, MO 63017 . (31 4) 532-4062 
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Innovative Structure Systems 

ALLIED BANK TOWER 
A Landmark Stands Tall-with Steel 
by P. V. Banavalkar, 
D. Parikh and W. Ling 

Allied Bank Tower stands 60 stories 
(726 ft) tall. like a giant rocket. above a 

plaza full of bubbling fountains and bald 
cypress trees In Dallas' central business 
district. According to critiC Paul Gold
berger. It IS "the most compelling building 
In the city" and "likely to become as sym
boliC 01 Dallas as the gates 01 Southlork 
Ranch: Engmeermg News Record, in a 
cover story, declared, NUnconventional 
Shape Creates Instant Landmark. " 

Unconventional Building Shape 
The unconventional geometrical shape 01 
Allied Bank Tower, that makes It "compel
ling" or an "Instant landmark." IS no doubt 
Indescribable ,n simple terms The geo
metrical compos Ilion 01 the complex 
shape, however, demonstrated In Fig. 1. 
can be described thus: First, a rectangular 
block 192 It square In plan and two and a 
half times In height (2.5 x 192 = 480 It) IS 
carved out 01 two 384-lt (2 x , 92) high 
tetrahedron shaped wedges lrom two op
posite Sides above 96 It (V. x 192) height. 
The removal 01 such wedges gradually 
changes the square plan at the bottom to a 
rhombus-shaped plan (96 ft x 192 It) at 
the top The rhombus-shaped plan IS then 
capped by a 16-story (192-ft) high skewed 
triangular prism pOinting upward The com· 
blned 672-ft high block IS pedestalled off a 
4-story (54-ft) high rhomboidal block that 
matches the rhombus shape at the top 
The overhanging corners at the base are 
supported on 30-ft Wide pylons. The resul
tant unconventional shape (Fig. 2) pro
Vides large. 4-story high tnangular open 
entry spaces to the rhombus-shaped bUild
Ing lobby. vertical and sloping exterior la
cade and a distinctive top, 
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EVOLUTION OF STRUCTURAL 
SYSTEM 

Factors Affecting Selection 
The choice of the most economical struc
lUral system was not only dictated by the 
geometrical form of the bUilding but also by 
the need to contend With other archllectur
at constraints 

The cotumn-free. right-angled trlangutar 
areas on either Side of the baSIC rhombus
like floor plan had to be supported only at 
their corners Forty stories of office space 
In these triangular areas demanded 156 ft 
and 95 II of free spans Interspaced by 30-11 
Wide corner pytons Above the 13th ftoor, 
one Side each of these areas start stoplng 
In opposite direction With 2 to 1 vertlcat to 
horizontal slope It was therefore apparent 
at the outset that thiS bUltdlng , when sub
Jected to lateral Wind loads, Will not only 
demonstrate the unsymmetrical bending 
mode but also Will be prone to tWisting The 
cotumn-free, long-span space at the base, 
the deSired torslonat st iffness against the 
taterat toads and the architectural profile of 
the bUilding Itsell were deCISive In deter
mining the structurat system 

Various Options Considered 
Because of reduction In the floor area and 
the changing core ptans With helghl. coup
ted With poSSible d lSConltnUlty at the base 
due to three basement levels, an etllclent 
core braCing either In the form of braced 
frames or concrete shear walls, was not 
SUited to the effiCient tease space reqUIre
ments 

A pertmeter modified steettubular struc
ture With ctosety spaced cotumns was also 
conSidered. However, the economiCS and 
aesthetiCS of such a system With the trans
fer girders at the base either In the form of 
4-story high trusses or vertical Vlerendeel 
girders made the sotutlon unattainable 
Needless to say the profile of the structure 

16 

With transfers at the base rendered all con
crete or a pertmeter composite concrete 
structure totally Impractical 

Major Features 01 Final Choice 
Finally, an Innovative economical structur
al system evolved A perimeter "trussed 
frame" capable of performing dual function 
of free span at the base With a deSired 
lateral load resistance prOVided the Opti
mum solution ThiS system gave 40-story 
deep "mega trusses" on two Sides (Fig . 3) 
to economically bridge 156-fl spans on two 
opposite Sides and 8-story deep trusses to 
brtdge 96-11 spans on the other two oppo
site Sides 

But the archllectural constraints needed 
further Innovations to the system Trussed 
extertor frames were to be set back 3 ft 
from the skin of the bUilding to clear the 
curtain wall And, In order to be In harmony 
With the overall governing geometry of the 
bUilding , the truss diagonals had to be 

.... 1IIl.ClUl -- , 

Fig. 3 SchematIC 01 structural systems 

sloped at the same slope as the ridge of 
the tower- namely 2 vertical to 1 hOrizon
tal With the restriction of the slope and 12-
ft floor height dictated by reqUired lease 
space, the layout of the trussed diagonals 
resulted In the Intetseclton With the col
umns at mid-height of a floor. As opposed 
to the conventional truss action, It was not 
poSSible to transfer the unbalanced hOri
zontal components of aXial forces tn the 
diagonals directly to hOrizontal floor mem
bers Therefore. a full story-deep V,eren
deel girder (Fig 3) deSigned to resist the 
moments caused by unbalanced hOrizon
tal components of the diagonals was Intro
duced at every eighth floor The mega truss 
then got subdiVided Into 7V, stories high 
"sub-trusses" between V,erendeel girders 

Also, to fulfill the func!lon of spanning 

large distances for gravity loads, trussed 
exterior frames were deSigned to provide 
lateral Wind resistance also However, 
these frames, located only In the vertical 
sides of the building, were not forming into • 
a closed exterior tube, Only a pair of 
trussed frames, angle-shaped In plan In 
two diagonally opPOsite bUilding corners, 
were available to resist Wind loads from 
ground to 45th level One leg of each such 
angle-shaped frame reduced gradually 
above 13th level, due to the bUilding slope, 
and vanished completely at the 45th level , 
leaVing only a pair of parallel trussed 
frames on two oPPOsite Sides Such paral-
lel frames near the 45th level could resist 
Wind from one direction only, and If not 
properly Interconnected the pair of angles 
below would twiSt and warp To satiSfy thiS 
dual function of prOViding Wind resistance 
In both directions and minimize warping of 
angle frames, the moment frames were In
troduced all around the triangular prism 
above the 45th level. named "welded trian-
gular hat-truss " The transition zone be-
tween the triangular hat-truss and the 
trussed frame was prOVided by extending 
moment resisting welded frame nine floors 
below to the 36th floor The hat-truss suc
cessfully Interconnected the angle shaped 
frames and prevented them from warping 
In addition, It allowed Simpler framing In • 
upper floors which kept redUCing to almost 
nothing at the 59th level 

Response to Construction Needs 
Forty-story deep mega trusses or 7V.- story 
deep sub-trusses were able to span large 
distances In completed form, but the ques
tion of ereclton stili remained To start out 
the construction above open spaces With
out 4-story high temporary shOring, the 
floor directly above the open spaces (Ie 
5th floor) was converted Into a mechanical 
floor dUring planning stages and full story
deep trusses (named "launching trusses" 
In Fig. 3) were prOVided all around the pe
rimeter of thiS floor (Fig 4) These launch
Ing trusses were deSigned to support the 
erection loads of eight floors above: so 
when the Vlrendeel girders at the 12th floor 
were erected, the 8-story deep sub-trusses 
were formed . The sub-trusses along With 
the launching truss would then carry erec
lion loads of the next eight floors above 
until the second set of Vlrendeel girders 
were completed and the process of bUild
Ing up mega truss In stages continued The 
structural analYSIS explained later, thus 
had to take Into account the staged con-
struction and sequential loading effect • 

Other Structural Etements 
Within the fifth floor, story-deep transfer 
trusses were also proVided, spanning be-
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tween interior columns along rhombus and 
extenor launching trusses. to support col
umns within 40-story high triangular areas 
directly above open entry spaces The col
umn spacing In these areas was reduced 
to about 24 ft . permitting simple floor fram
Ing. 

Below the 5th level. the 30-ft wide pylons 
on two opposite corners were the only ele
ments available to transfer entire north
south wind shear from above Heavy bUIIt 
up columns and W14 X-braces were 
required 10 transfer this shear The gravity 
load from 156-ft span mega truss was suffi 
cient to balance the uplift caused by the 
overturning moment due to wind loads 
Practically no net uphll was found at foun
dation level. 

STRUCTURAL ANALYSIS 

Computer Model 
A three-dimenSional computer model of 
the bUilding was analyzed In McAuto 
STRUDL program It reqUired 2.038 )Olnls. 
3.724 members and 250 finite elements In 
add Il ion to ailihe extenor members shown 
In Fig. 3. In-plane Iruss members were In
cluded at the 45th level. where sloping 
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rafters of hat-truss Intersect Virendeel gIrd
ers. Finite elements represented the In
plane diaphragms at this level and at alt 
ftoors with Virendeel girders (i .e atl2. 13. 
20. 21 . 29, 36. 37. 44 and 45) as well. 

Wind Loads 
II was apparent at the outset that the main 
structural frame design for lateral wind 
loads based upon the prevailing building 
codes needed to be further substant iated 
by wind tunnel studies The Initial sIzing of 
the structural members resisting lateral 
loads was done by uSing Wind loads from 
ANSI BUilding Code with Exposure B 

The dynamic properties. such as two lat
eral sway and torsional mode shapes. 
along with three fundamenta l period s 
about the orthogonal axes. were used in a 
force balance model tested at the UniversI
ty of Western Ontario. The laterat shears. 
overturning moments and torque deter
mined from the force balance model were 
used to optimize the structure. Apart from 
assuring the strength and stability of the 
bUilding. efforts were made to Increase the 
effective mass of the bUilding by adjusting 
the Vibrational mode shapes. so as to Im
prove the acceleration at the top occupied 
floor. The final building analYSIS for Wind 
was done for both ANSI Building Code With 
Exposure B and loads determined by force 
balance model 

Gravity Loads 
As explained earlier. the structure had to 
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be analyzed for sequenlial loading to cor
rectly represent the staged construction of 
mega trusses. Gravity loads were there
fore broken down Into variOus compo
nents, VIZ. weight of steel and metal deck. 
concrete floor slab. curtain wall . partitions, 
ceiling and mechanical and live load, Se
quentlalload analysis for gravity loads was 
then performed for 13-story. 21 -story. 29-
story, 37 -story, 45-story and 50-story high 
models with the help of INACTIVE com
mands. Appropriate amount of loads (steel 
structure. concrete floor slab, etc,) based 
on anticipated construction sequence 
were applied to each model. 

Loading Combfnations 
To determine the worst deSign condition 
for each member of the structure, 35 Indi
vidual loading condit ions and 76 loading 
combinations were reqUIred Each mem· 
ber was then checked for strength adequa
cy by uSing STRUDL code check. 

SALIENT DESIGN FEATURES 
AND DISCUSSION 

Shape, Construction and Design 
The Impact of shape on deSign lor ease of 
construction manifested Itself in three 
areas; the launching truss, temporary verti 
cal braCing and In-plane braclngs above 
Ihe 45th floor 

DUring the ereclion of the structure. the 
compression chord of the launching truss 
reqUired pOSit II e braCing Two opt ions 
were conslderec An In-ptane truss around 
the perimeter With required strength and 
stiffness was de,,'gned to olfer the braCing 
The other option was to pour concrete slab 
at the 6th levet, tVlng the adlolnlng Sides for 
in-plane stiffne~ s After the cost evalua
tion. the contractor opted to pour the con
crete stab. 

Unlike reguler symmetrlcat bUltdlngs , 
the structure showed a tendency to tWiSt 

about the vertical axiS under gravity toad
Ing due to the presence of stop,ng railers 
on two opposite sides. The resistance to 
this twisting was provided by the sub-truss
es In the completed form . However, dUring 
construction, two temporary rows of verti
cat bracing were proVided normal to slop
ing Sides to prevent the tWisting (Fig. 5). 

The sloping top of the structure starts at 
the 45th leveL Above thiS level, In-plane 
floor trusses between two opposite ends of 
welded hat-trusses were designed to re
strain the structural frame from unwarrant
ed sway. The noted speCial behaVior of the 
structure dunng construction was antici
pated and catered for dUring the deSign 
phase of the bUilding . The satisfactory per
formance of the bUilding dUring construc
tion further substantiated the predicted be
haVior. 

Function of Sub-trusses 
A sub-truss etement between the intersec
lion of diagonals consists of moment re
Sisting welded frame, which prOVided three 
major funclions (Fig 6a) 
1. II acted as a frame between the dlag

onallntersectlon to transmit wind loads 
applied at each levet to the panet points 
of mega truss. 

2. Through the interaction With the floor 
diaphragm, the welded frame In the 
sub-trusses provided lateral restraint in 
the final form to the tendency of struc
ture to twist above the 13th floor (see 
section on "Shape, Construct ion , and 
DeSign"). 

3. The entire sub-truss moment-resisting 
frame prOVided a braCing sandWich to 
prevent the buckling of the compres
sion diagonats of the mega trusses. A 
buckling analYSIS of the diagonal 
braced by the shear resistance of the 
frame element was performed (Fig 6b) 
Details of thiS analYSIS are beyond the 
scope of this article. 
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FI{} 7 Results 01 seqU6f1l"" analysis 
for sustained dead load 

Sequential Load Analysis 
The sequential load analysIs was very es
sential for this structure The principal 

FI{} 8 _Con_ details 

be eVident that the forces In the launching 
truss, found from proper sequential load 
application, will be higher than those de
termined from a full-height model The 
same conclusion IS true for lower level dia
gonals as well However. the reverse IS true 
for upper level diagonals (Fig 7) The error 
without sequential load analysIs could be 
as much as 20% The load redistribution 
capacity of triangular hat truss would have 
been overestimated without sequential 
load analysIs 

The prediction of In-plane vertical de
flection 01 the mega truss IS very crUCial 
Irom the standpoint of performance 01 the 
curtain wa", as the unwarranted camber
Ing of the mega truss would be detrimental 
The satisfactory Installation of the curtain 
wall further slgnllies the value 01 the se
Quential load analYSIS of the bUilding The 
sequential load analYSIS also helped In the 
proper aXial shortening adlustment be
fV.Ieen Intenor and exterior columns 

Connection and Fabrication 
Both A36 and SO-ksl material were used lor 

truss members carrying mainly aXial forces the prolect All diagonals In the mega truss 
and haVing Inslgnllicant capacity of red IS- were W1 4 rolled shaped The maximum 
trlbutlonof loads requlfed accurate predlc- weight of the trapezoidal column at lhe 
lion Of deSign connection forces 11 should corner of 15&-11 span uSing 8-1n lhlck 

• BEAM-FAST BOLT ADAPTERS SAVE TIME ... 
... AND THAT SAVES MONEY 
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When adding conveyors, monorail systems, 
catwalks. etc_ to steel frames 
ELIMINATE WELDING - ELIMINATE DRILLING 
by clamping with Beam-Fast bolt adapters, 
An innovative fastening system from Struct-Fast. 

-------_____ AI NlSSan '. new UK car plant 
- the most modem and 
sophlshcated In Europe -
thousands of Beam-Fast boll 
adapters have been used to 
fasten producliOn conveyors, 
f1"IOrlOf8l1s. utIhlles and 
plaHorms 10 the structural 
steel work 

llndaptat System of A"ngs 

1~";';;';~"'-fuH~~~t;'t;.;;';';";';~ --
I 
I~ -----------------------------
I Posmon ______________ _ 
I I Company _ ____________ ___ 
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19 



IN DETROI VULe 
T AN ' 



t!) 

~ A DIFFERENCE 
~ THE BOTTOM LINE. 

After carefully evaluating the costs of tradition
al systems including composite design structural 
steel and reinforced concrete, the d igners and 
builders of the Riverfront Apartments in Detroit 
chose an innova tive alternative in high-rise struc
tural design. By using Vulcraft steel joi ts, the 
construction of the 29- tory twin towers stayed on 
time and on budget. 

Since Vulcraft steel joists are easier to handle 
and erect, we were able to h Ip expedite cons truc
tion on a tight schedule that went s tra ight th rough 
the Detroit winter. Vulcraft jOists also p rovided 
significant savings within the building design itself 
through their lightw ight, open web configura tion . 

By also supplying teel deck in addition to our 
steel joists, Vulcraft was able to facilitate the 
progress of the Riverfront job with weU-coordinated 
delivery scI,edules. Deliverie were ca refuUy main
tained and controUed over a 6-month time frame 
by using our own fleet of trucks. In short, Vulcraft 
delivered what was needed when it wa needed. 

So, by providing steel jo ists and teel deck for 
these 29-story twin Riverfront apartment towers, 
Vulcraft contributed to an exciting new addition 
to the Detroit skyline while red ucing the job's 
bottom line. 

For more information concerning Vulcraft steel 
jo ists, jois t girders and teel deck, o r copies of our 
jois t and s teel deck ca talogs, contact the nearest 
Vulcraft plant listed below. O r see Sweet's 
OSlOO1VULand OS3OOIVUL. 

A DIv ision of NUlC'lr Corporal Ion 

P.O, Box 637, Brigham Cily, UT 8·1302 801 /734 -0 433 
P,O. Box F·2, Florenc(', 5 20502803/ 002-0381 
ro. Box "160. Fort Pa yne, AL 3.5067 20S/ 8.aS-U60 
1',0. Box 186, Grapeland. TX 758 11 ,,)0/6874605 
P.O. Box 50, NorfolL. NE 08701 402/04 1-8500 
PO . Box 1000. 5. J"". IN '0785210/ 337·5-111 

Owner - Riverfront A~!ttX.I,)IC!t , BUilder : Barton ~1alow/Arthltecl The 
Cruzen Parlncr~hlp/Slrultural Engtnl"l'r ' The Office 01 IrWin G (anh,')r, 
r C./Stl"t'1 Fabricator ReV 5 Jl"unl Venture (Ross Slrut:tur~ Stt't'llnc. 
Corvo Iron Wor\...:s. Int:.. Vultdn Ir(m \Vor\...s Inc. No rl'a"t En"<tor~ tnc .. .. nd 
Structural Stct'llnc.1 



plates was 2,450 Ibslft Two-sided gusset 
plate details were used at the Intersection 
of diagonals with the box columns, where
as single-gusset plate with stiffeners 
matching Wide-flange shape diagonals 
and columns were provided at the Intersec
tion of diagonals (Figs . 8 & 9). 

The connections at the Intersection of 
diagonals were analyzed by finite element 
method. with the octahedral stresses re
maining below the allowable stress level 
Connections were designed both for 
strength and stiffness 

Discussion 01 Wind loads 
and Stillness 
Consldeflng only Unidirectional wind, the 
wind loads emploYing dynamic properties 
of the bUilding were found to be slightly 
higher than those given by the ANSI BUild
Ing Code However, the combined re-

Ag. 9. Connections 
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sponse to the ort 1ogonal axes of the bUild
ing coupled W th the torsional loads 
controlled the d"slgn of members. Insig
nificant tWisting motion with :!: 1 ,n dis
placement norm31 to the direction of load 
at 45th floor substantiates the effective
ness of hat-truss In Increasing the torsional 
flgldlty of the stuctural frame The lateral 
sway of the bUlle Ing for the ANSI Building 
Code wind load IS shown In Figs. lOa and 
lOb, 

Apart from the structural wind loads, the 
occupant's com ort at the top floor of the 
bUilding was of major concern, Also, be
cause of the orthogonally coupled Vibra
tional mode shaDes of the building (Figs. 
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11 a & 11 b), It was felt the force balance 
study results have to be substantiated by 
dynamically precise aeroelastlc model A 
six-lumped mass model with appropflate 
dynamic properties was therefore tested In 
the wind tunnel. Because of the large 
shear distortion of 3D-It wide pylon at the 
base and diminishing slope at the top due 
to large stiffness of tflangular welded hat
truss, the mode shape In Y direction was 
found to be benefiCial In increasing effec
tive resisting mass of the bUilding against 
dynamic Wind loads For 1 % structural 
damping, a conservative assumption for 
thiS structure, the peak acceleration at 40-
1\ radiUS at the 58th floor (the last occupied 
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lloor) was found to be In the tower 20's for 
once In 10-year wind occurrence. 

Miscellaneous 
The lloor construction conSists of compos
Ite 50-ksl strength steel beams supporting 
5\1,..10. thick normal weight concrete slab 
inclusive 013-In. deep metal deck In lieu 01 
welded wire tabrlc, mesh fiber reinforced 
concrete was used to speed up ffoor place
ment. Additional reinforcement was used 
at Vlrendeel floors along With floors 13 and 
45, where the structural profile changed 
the shape of the exterior facade. 

The plaza With bubbling fountains was 
supported off a composite metal deck and 
concrete slab on steel beams 

With three basements below plaza level, 
SO-ton capacity rock was available to sup
port the tower columns Just below the third 
basement level The maXimum deSign col
umn load was In the range of 14,000 kips. 
Shallow drilled piers bearing on the rock 
were used. Even for the most severe direc
tion 01 Wind there was practically Insignifi
cant uplltt at the base of the columns due 
to the deSign dead load transferred from 
large spans 

The Innovative structural system, locat
ed primarily on the exterior faces of the 
bUilding, was found to be very economical 
for thIS height and shape of the building . 
With only 22 psf steel weight, It satisfied 
the owners ' need for an economical struc
ture- and stili lulfilled the asthetic and 
functional requirements remarkably well A 
conventionally deSigned perimeter tubular 
structure With equal stiffness and service
ability performance would have reqUired 6 
psf of additional structural steel. The pre
sent structural system saved nearly 3,500 
tons of steel over a conventional deSIgn 
The Interior of the bUilding IS free of any 
majOr structural elements and gave the ar
chitects freedom In laYing out varying core 
plans for floor areas. A floor-to-lloor height 
of 12 ft only (as against 13 It generally 
used for thiS type of olflce building) was 
thus made poSSible Architects I M. Pel & 
Parlners also studied the presence of dia
gonals near the bUilding exterior, along 
With Ihe alternate tubular scheme of close
ly spaced columns, and found the trussed 
scheme presented the least obstruction to 
tenanls ' exterior view. ThiS can be apprecI
ated by the fact thai only one diagonal was 
present between columns spaced at 48 ft , 
resulting In an average of 24 It of column 
spacing compared to to It 10 15 ft spacing 
generally found In a tubular scheme 

The successful complet Ion of the project 
In record time speaks for the coordinated 
efforts of the owner, contractor and the de
sign team members. 0 
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WE 
PUT 
100 
YEARS 
OF 
EXPERIENCE 
IN 
EVERY 
BOLT WE MAKE 

We operate the largest facility in the country for making 
big and special bolts. Just as important, we're big on dependable 
service and reliable delivery. 

We're SI. Louis Screw & Bolt and we make a full range of 
heavy structural bolts. Our entire manufactured product line, in
cluding Types I and III, is made from domestic materials and tested 
in our St. Louis plant. We're big on quality, \00. 

After 100 years, we know big bolts in a big way. 

ST. LOUIS SCREW & BOLT COMPANY 
6901 N. Broadway/Sl Louis, MO 63147/(314) 389-7500 SI NCE 11.7 
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Fast-track Design 

GALLERIA OFFICENTRE 
A Study in Gothic- and Steel 
by Ken Neumann and Robert Cooper 

The tremendous success of the onglnat 
Galleria Officentre in Southfield , Mich. 

led to expansion plans that will nearly 
quadruple its size. The opening phase, 
constructed In 1981 , was 250,000 sq . ft of 
four-story office space. Before this space 
could be completed , another 250,000 sq. ft 
was under construction. Now, construction 
is underway for another 350,000 sq. ft , part 

of an expansio ', plan that will total 
1,350,000 sq. ft. S'eel framing has contrib
uted to the success of each phase. 

The architectural challenge of the ongi
nal4-story project was to create a modern 
office building on a long , narrow site 
bounded on one ",de by a malar highway 
and on the other Side by a planned 50-acre 
residential campi ax . The solution was to 

Handsome. Gothic-styled "spline" (above) connects new and 
existing bUlldmgs. Photos (r.) show spline's steel· framed construction. 
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use a multi-faceted reflective glass cur
tainwall on the expressway side and a 
brick facade on the residential Side, where 
bnck was planned as the key element. 
With the demise of the residential plans, 
the developer of the Galleria was able to 
purchase the site and convert It to a 
planned office complex expansion. A new 
architectural challenge arose- how to in-
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tegrate the bnck facade Into the expansion 
area. 

The result IS a comptex uSing a combi
nation of the two matenals, glass and bnck, 
that provide the uniformity and vanety of a 
village where each structure has a distinct 
look and yet has a common fabnc 

Each bUilding features double-glazed, 
silver reflective glass accented with areas 
of copper metallic reflect ive glass that 
Yields a reddish-pink hue. Clear glass IS 
used In the atnum areas, A narrow band of 
dark blue glazed bnck creates an accent. 
one not noticeable from a d istance but 
used for visual Interest up close The brick 
IS medium to dark brown. 

Steel Framing Throughout 
Steel framing has been used throughout 
the prolect because of ItS speed of con
structIOn and economy as opposed to oth
er framing materials It IS difficult to 
achieve the attractive open and long floor 
spans with any other material. Steel fram
Ing was best SUited to hand Ie the numer-
0us corners throughout the prolect, used 
to provide premium corner offices, and the 
complex variety of curtalOwall attach
ments 

The onglnal lour-story Galleria em
ployed a typical 24-ft Wide by 32-ft deep 
bay, three bays from front to rear of the 
bUilding In Ihe direction parallel to the ex
pressway, the building was 28 bays long , 
diVided Into three offset sections The ad
dition was attached to the Original bUilding 
by a high, open atrium of glass that fea
tures open walkways covered with pot
Ished stainless steel stnps The addition 
repeated the same offset bays and deep 
spaces. 

The current expansion of the Offlcentre 
is detached Irom the Original bUilding , but 
tied together with a tree-lined walkway that 
features arches of 8-10. dla pipe every 20 
ft . These 8-ft high, 20-ft Wide rectilinear 
arches provide not only a visual link be
tween the buildings, but also frame the 
view of either end for the pedestrian . 

The new structure, With 350,000 sq ft on 
five levels, features a full -height atrium 
through the middle and across the north 
end The central atrium aligns With the 
arched walkway to the onglnal complex, 
and lends the appearance to some of a 
gothiC cathedral. High, long and narrow, 
the atnum features light roof framing of 
pipes, rods and tubes The atrium floor 
uses bnck pavers accented With secllons 
of polished graOlte and marble In three col
ors Bnck planters and trees are spaced 
throughout. 

The east section of the building reflects 
the glass curtainwall of the eXisting bUlld-
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ing , along with numerous facets, The west 
section of the bUilding uses the brick cur
talnwall of the rear of the existing building 
ThiS integrates the new structure with the 
old and sets the architectural theme for the 
entire complex 

Typical bays are 20-ft wide and 36-ft 
deep, and each side of the building is three 
bays deep, Beams spaced at 10-ft centers 
are supported by columns and 20-ft beams 
serving as girders, Framing in thiS direc
tion minimized deflections and concrete 
stab cracking In the negative moment re
gions, Floor-to-floor height IS 12 ft-8 in" 
With ductwork running below the beam 
framing , The floor slab IS 18-ga" 2-in, com
poSite metal deck used in the three-span 
condition, supporting a slabof 4-in , normal 
weight concrete, Beams and columns re
ceived spray-on fire protection, 

Lateral loads are taken by a series of 
narrow vertical trusses placed at stair 
towers and elevator cores in the E-W direc
tion and moment frame In the N-S direc
tIOn. The systems did not Interrupt any of 
the floor spaces or extenor views, Angle 
braCing was adequate because of the limit
ed building height. 

AbcM\ existing building from new paIking lot, 

The Atrium-Gothic and Steel 
The atnum roof, pari glass and part stand
Ing seam metal panels, is supported by a 
series of pipe and rod cross-Irames on a 
tubular ndge beam and mullion system 
The pipe frames, spaced 20-ft 0 c , span 
20 ft across Ihe atrium. A horizontal and 
verlical pipe 8 in, In dia. forms a cross, and 
a 2-ft radius of plate helps form the Inter
section of the cross, Rods 1 ,Sin. In d,a run 
from the ends of the honzontal pipe at the 
supports to the bottom of the vertical pipe, 
forming a counter-statement to the roof It
self. The stiffness of the vertical pipe pro
Vides stability to the rod/pipe connection 
point, which IS not laterally braced A rec
tangular tube lorms the ridge beam, which 
In turn supports Ihe glass mullions and 
roof panel framing, Pipe and rod members 
were over-SIZed for visual effect 

Because of shipping size limitat ions, the 
steel fabncator shop-assembled the hon
zontal pipe With the lower pipe verllcal, 
and used mechanical tubing of the proper 
outside diameter to make a sleeve fltllng 
InSide the 8-ln, pipe for the upper vertical 
pipe sectIOn. A Similar sleeve detail was 
used for the end support conditions at 

BUlldmgs complement each other In both form and function 
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each end of the p pe. Rods were attached 
uSing a threaded rod ctevls detail. 

Metal Another dlfflCU,t framing area was the Stargazer support Of the end curtalnwall at the north 
atrium. This atnurn will serve as a joining Symbol for Park • Building 
part for a future bUilding slill In planning 
Therefore, It was 1ecessary to provide In- " Stargazer," a 30-ton steet creaoon by 

dependent support of the five stones of MIChael Hall, IS believed to be the largest 

glass. This was jone with a Vlerendeel outdoor sculpture In Michigan. About 30 

Bolts truss system made of pairs of 6- in, dla. by 40 It in area and 45 It high, it deals 

Pipe . These pipe trusses, With the chords with a senes of ideas which evolved from 

spaced 12 ft-8 In. apart and connected at Hall's work over the last 20 years. Hall, 

4-ft centers using 4-in. dla, pipes, span 36 sculpture depanment head of Cranbrook 

salVing the natIOn with ft column to column. A vertical grid of simi- Academy of Art, sees the work relating to 

the world'sl.gest 
lar pipe trusses" spaced 12 It o.c , The its site and to the state in general. 

Vierendeel resists not only the lateral Wind Tim Hill , owner of Hill Gallery, who ar-

stock of A-325 Bolts 
load applied throlgh the 4-ft square grid of ranged placement of Stargazer, suggests 

glass mUllions, bet also the outermost pipe the sculptor sees the structure of wide-

...... 0118 roof. picks up the vertical loading from the glass flange beams as similar to building sup-

curtalnwall Itself, IndUCing torSion Into the ports or shipbuilding frames which hold 

Vierendeel. The c )Iumns are unsupported up flat , tnangular plates representing a 

laterally for the full five-story height in the building's skin or a ship's hull 

direction parallel to the curtalnwall , and The plates, arranged In patterns start-

are braced uSing struts tying back to the ing In pure mathematICal order. evolve Into 

main structure at the third and fifth floor random relationships, The change In pat-

We carry a 
levels, Because f1e pipe trusses support tern represents both order and abstract 

hne only the curtalnwHII, no fire-protection was thinking, The gaps in the steel plate 

of bolts and nuls reqUired. The col 'Jmns and struts are fire- screen suggest patterns In the sky, trade 

for the bUIlding trade proofed to the required height, and are routes or quilt patterns, 

METAL BUILDING BOLTS CORPORATION concealed with a white pre-fabricated Fi- Sited near a main walkway, Stargazer, 

10934 HAZELHURST, HOUSTON TEXAS 77043 berglass cover Tile pipe trusses are paint - with its grey-blue color suggestive of a 
TELEPHONE 11 13) 461-()505 

ed a malchlng wl1i1e. Michigan sky, is poSItioned 10 the sun's 

On the north Woll of Ihe north-soulh cen- movement. It has become a symbol of • SALES 
tral atnum, a prec3st concrete arch IS sup- Galiena Officentre. 

ported 60 ft in thn air by the steel framing 

REPRESENTATIVE above The arch prOVides a high focal point 

Steel Indust ry 
to the atnum, and also adds to ItS gothiC 
appearance . Trolley beams were also 
placed InSide at the atnum near the Inter-

Today's steel Industry has fully recog- section of roof and wall to support a travel-
olzed the need to keep pace with ling Window-washing unit. These beams 
technological advancements. Theyare 
constanlly seeking out new ways to were curved at all atrium corners to allow 
analyze information that is critical to for uninterrupted movement of the Unit 
profitable decIsion makIng. We have For the balance of the bUilding , the glass 
rallied to prOVIde the SOPHISTICATED curtamwall was attached to the steel 
COMPUTER SYSTEMS designed 10 
meet their needs by being a single 

framework uSing conventional means. The 

source of supply for aU their requlre- bnck facade was 'lUpported by a hOrizontal 
men Is angle attached to 4-ln. structural channels 

at 2 ft D.C., which In turn were attached to 
We are the PREMIER SUPPLIER of 
ha:dware and software designed spe-

the floor beams and a hOrizontal channel 

cl'lcaHy for use In the steel industry. We sub-girt system suspended uSing sag rods 

now Invlle aggressive self-starters to from the beams above. Lateral bnck wall 
get up to speed With our hard driVIng loads were taken by these channels, which 
sales team INere connected to extenor columns on 20-

Your background should demonstrate 
ft centers, and tbe floor diaphragm. The 

expenence In the estlmatmg and fabri- close column spcCtng In thiS direction fa-
cation of structural steel; a basic under- clhtates the use of thiS method, which 
standing of computers would be a eliminates the torsion on the extenor floor 
definite plus WE OFFER full traming, beam from the bllck support angles, and 
support and an unhmited earnings 
potential for motivated Individuals. also minimizes the effect of floor beam de-

flectlons on the movement of the facade 
From prompt conSideration please In the north at lum, open elevator lob-
forward your resume in strict confi- bies at each floor level are faced With a 
dence to Sales Department, Post Office 

l Box 1263. Roanoke. Virginia 24006 serpentine brick wall spannlnq some 30 ft. 
A straight beam was used to span the dls-
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tance, with the brick supported by a ptate 
burned to the proper curvature. This ptate 
tied back to the beam using two angle 
struts and a vertical 4-ln. structural chan
nel, 2 ft O.c 

Connected to the north atrium is a Sin

gle-level area which serves as a service 
commons for both commercial and food 
service functions This area is also steel
framed with beams and a 1.5-in. steel roof 
deck. All steel framing and the decking re
ceived spray-on fireproofing in this area, 
eliminating the need for a fire-rated ceiling. 
Because of the lightweight steel framing 
and a good bearing strata, It was pOSSible 
to use simple spread footings to support 
the entire structure. 

Project Schedule 
The project was designed and constructed 
on a fast-track basis, Design began in early 
1985, wllh the steel contract let In March. 
Steel erection began With the completion 
of the foundations In early August. One 
quarter of one side of the bUi lding was 
erected. then a second raising crew was 
added to work simultaneously on the other 
side Two thousand tons of structural steel 
were erected, substantially complete by 
the end of October, fnfilling of the atrium 
framing followed and the building opened 
to ItS first tenants In November 1986, 

Next in the prolect will be a twin flve
story bUilding , constructed oPPOsite hand 
and kitty-cornered to thiS bUilding They 
Will be connected by a central steel-framed 
rotunda at the west end of the north atrium, 
ThiS rotunda Will serve as a focal point for 
all three future bUildings and the eXisting 
bUilding, and as the center for all commons 
service facilities Future plans for the proJ
ect call for two towers eight to 12 stones 
high, connecting to the open ends of the 
atna In the lower five-story bUildings. The 
facades of these bUildings will also feature 
the pattern of alternating brick and glass, 

As now planned, future buildings will be 
framed in steel. The economy and open 
spaces of steel have helped make 850,000 
sq. ft of space successful , and the same 
should hold true for the remaining 
t ,000,000 sq ft of the profect. 0 

Ken Neumann IS a partner In the architectural 
firm of Neumann/Greager and Associates, 
Southfield. Michigan 

Robert Cooper 15 preSident of the structural en
glneenng firm of McClurg Associates, PontiaC, 
Michigan 
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SOFTWARE PACKAGE 

ADSTEELTM 
AUTOMATED STRUCTURAL STEEL 

DETAILING SYSTEM 
ADSTEEL Is a problem-solving tool forthe steel fabricat
Ing Industry. It Is a comprehensive software package 
capable of creating , jn a batch environment, structural 
steel fabrication drawings. Addltionally, It produces 
various time-saving summary reports. 

• Prociuces 24" x 36" drawings 

• Produces accurate. timely reports, 
-Piecemark summaries 
- Beam and column cut length reports 
- Shop and field bolt summaries 
- Total weight summaries 

• Enhancements are available for customized applications. 

• ADSTEEL Is efficient, It increases the productMtyand efficiency 
of inexperienced detai/ers and frees veteran to 
work on more Intricate and complex detailing 
problems, 

• ADSTEEL saves money, It lowers operating costs by IncreaSing 
the detallef's productivity, reducing engineering 
costs. and minimizing error, 

SEE SOFTWARE IN OPERATION ATTHEAISC SHOW! 
ADSTEEL, INC. 55. Bala'" Ave, I Batavia, IL 60510 I Ph: 312-879-1711 
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Structural 
Optimization 
Design and 
Analysis 

and take 
a break 
Introducing SODA, the Structural Optimization, 
Design and Analysis software that offers struc
tural engineers a unique and revolutionary steel 
design capability. 

Using state-of-the-art optimization techniques, 
SODA will automatically size a least-weight 
(optimal) structure from a database of standard 
commercial steel sections in complete confor
mance with all design code requirements for 
both strength and deflections. 

Design is quick, efficient and complete: 
• no designer intervention required 
• complete design documentation 
• tabulated member section designations 

means fast design implementation 

Input of structure, load and design data is easy: 
• Microsoft® Windows environment 
• mouse or keyboard interaction 
• spreadsheet input format 
• unique load generation capability 
• graphics capability permits viewing of the 

structure to ensure accuracy. 

Design codes supported: 
• AISC Working Stress Design (1978 

Specification) 
• AISC Load and Resistance Factor Design (LRFD) 

• Canadian Limit States Design 
(CAN3-S16.1-M84) 

Microsoft IS a registered trademark of Microsoft Corporation 

SODA is a truly practical optimization program 
that permits you to design a more economical 
structure, more economically than ever before. 

SODA means: 
• reduced costs for designer and client 
• faster turnaround and greater profit 
• increased reliability 
all at a price lower than other software that does 
less. 

Runs on IBM PC XT/AT and compatibles. 

For a demonstration diskette showing how 
SODA can give you a break 

CALL TOLL FREE 
1-800-265-2766 (in cont. U.S.) 
or 
(519) 885-2450 COLLECT 
or write: 

WATERLOO ENGINEERING SOFTWARE 
a member of the NEXA Group 

Park Avenue Atnum 
237 Paf1( Ave . Suite 2143 
New York. N Y 10017 

180 Columbia Street, W 
Waterloo, Ontario 
Canada N2l 3L3 
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YOUR BRAINS 
OUR GUTS! 

STAAD·III Gets Your Engineers Out Of The Trenches 

Every day you 're faced with more and more STAAD-III is available for super micros, 
complex structural analysis and design problems. minicomputers, and mainframes, with complete 
But you don't need more software, you need the capabilities on all systems. 
one software package that does more, and does it But you don't need a large computer. You can 
faster - STAAD-III from Research Engineer_s_,,======;;:::;r=u=n~STAAD-1i1 on your IBM PC XT and AT or com· 

STAAD-III is rated number one for ,. patible PC systems. 
static, dynamic and P·Delta structural Best of all, it won't hurt your balance 
analysis as well as design because it sheet. The complete package, including 
gets your engineers out of the trenches graphics, is available on the PC for $3,000. 
and back to engineering design . We've Separate licensing is available for VAX, 
even included AISC, ACI, AASHTO and PRIME, IBM 43XX, HP, SPERRY, and 
British codes as an integral part of the SUN computers. 
program. 111111111111111111111111111111111 For detailed information on how 

STAAD·III won' t box you in to a ~ STAAD·III outperforms anything else 
rigid program that can 't be changed . you can get, write or call : 
The first thing you 'll discover is its exceptional Research Engineers, Inc., 303 Pavilions 
flexibility and user friendliness . Another plus is at Greentree, Marlton, NJ 08053, (609) 983·5050, 
its graphics capabilities. You can create your own Tlx·499·4385. 
customized applications ... design your own _ m[:I{.'I(:lr.Jfllcl/1/ 
reports . .. change design criteria to fit different 
applications. It lets you use the program in a way c.c. fl(n]{fjn(n](tl(~I[j"<:il' l/fiI/(i}u 
that best fits your design needs. A reputation you can build on. 
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Technical 

ADVANCES IN 
BRIDGE DESIGN AND 
CONSTRUCTION 
by Clellon Loveall 

During the 50s and 60s structural steel 
enjoyed a very favorable position in 

the bridge market. The per-ton price of 
steel was low. Steel beams were able to 
compete with concrete. both prestressed 
and cast in place, in the short- to medium
span range. And for spans over 100 ft . 
steel knew no competitor in most states. 

With the interstate program fostering an 
expanding bridge market. things looked 
rosy for the steel industry. But cond itions 
were not destined to remain the same. Just 
as in all fields in a free economy. if the 
potential for profit is available. manufactur
ers will compete for It. In many states. the 
precast, prestressed concrete industry 
grew to compete both for short- to medi
um-span bridges as well as for build ings. 
Reinforced concrete had been an estab
lished build ing product for many years. but 
it had limitations on span length. And its 
need for false work limited its use over traf
fic and streams. By the mid 70s. escalating 
labor costs and aging production facilities 
had combined to raise the cost of steel to a 
point where it had lost virtually all the 
short- to medium-span range market to 
concrete. This. coupled with problems 
cropping up with fatigue of cover-plated. 
rolled beams and some details on welded 
girders. served to depress the short-span 
market for steel girders. 

For a long time. steel had a virtual lock 
on spans over 100 ft. But this market also 
came under attack. After World War II. 
steel was very scarce in Europe. Since al
most all major bridges were destroyed or 
damaged. there was a need for rapid and 
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economical long-span bridge construc
tion. To meet this need, the prestressed 
concrete segmental bridge was devel
oped. Since this type of construction dem
onstrated considerable success in Europe. 
it was natural it would Gome to America. 
With some very aggressive marketing on 
the part of certain consulting engineers 
and a requirement by the FHWA that alter
nate designs be considered for all major 
bridges, prestressed concrete segmental 
bridges grabbed a significant share of the 
long-span market also. 

This IS not to say the steel industry was 
stagnant. Constant research by the indus
try. the states and the federal government 
sought ways to improve the steel bridge. 

Load Factor Desfgn 
Prior to 1971 . steel bridges had been de
signed primarily by the working stress 
method. The method was easy to use and 
served the industry well. In the 1971 inter
im specifications of the AASHTO Standard 
Specifications for Highway Bridges, an al 
ternate method for the design of simple 
and continuous beam and girder steel 
bridges of moderate length was intro
duced. This. called the Load Factor Design 
Method. made use of two techniques to 
improve the economy of steel bridges. 
Plastic stress distribution could be em
ployed when calculating the strength of a 
compact section and the live load safety 
factor was more of a constant for all span 
lengths. This method. while accepted by a 
large majority of the states by ballot. was 
slow to catch on. but it has been gradually 

gaining more widespread use. At the pres
ent time. two thirds of the states design 
some or all of thelf steel bridges by Load 
Factor Design. In Tennessee. five major 
river crossings have been designed and let 
to contract with alternate designs since 
1981 with steel welded plate girders com
peting against prestressed segmental con
crete. In all five cases, the contractor se
lected the steel alternate as his low bid . All 
five bridges were designed by the Load 
Factor Method. which contributed greatly 
to their competitiveness. 

Autostress Design ' 
In addition to the two previously mentioned 
items. the AASHTO load factor design 
method also permits moment redistribu
tion in compact sections by allowing the 
negative moments over supports deter
mined by elastic analysis to be reduced by 
a maximum of 10%. if accompanied by a 
comparable increase in positive moments. 
In 1985, AASHTO approved the use of a 
Guide Specification for Alternate Load 
Factor Design Procedures for Steel Beam 
Bridges Using Braced Compact Sections. 
This is commonly referred to as the Auto
stress Design Method and is another step 
towards making steel bridges more eco
nomical. 

Autostress design can be considered an 
extension of the 10% redistribution allowed 
for load factor design. The method itself 
has been formulated over the last decade 
and started with a paper presented at the 
ASCE National Structural Engineering 
meeting in San Francisco. April 1973. The 
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paper proposed the shakedown theory be 
considered as a practical method of plastic 
analysIs for steel struclUres SUbjected to 
repeated loads ClaSSical shakedown 
analysIs ,ndicates permanent deflections 
eventually stabilize for loads below the 
shakedown limit After several cycles of 
loading the structure begins to behave 
elastically again ThiS comes about be
cause of some local Yielding of over
stressed parts 

In continuous steel structures deSigned 
by Autostress. thiS local Yielding occurs In 
the negallve moment regions as soon as 
the structure IS subjected to heavy loads 
ThiS automatically creates moments and 
forces which act as prestressing moments 
and forces. thus the term Autostress At 
the present time. the methoc IS only appli
cable to rolled beam bridges. but research 
IS underway to extend the method to plate 
girders 

Fig 3 Whltechuck River Bfldge. a 1986 winner In AISC Bfldge Awards competition 

New York State and Tennessee have re- plated rolled shapes In economical sizes. 
cently let to contract structures deSigned Significant savings were achieved 

Autostress deslgn·s major advantage IS 
In the Simplification of continuous beams 
Cover plates can be eliminated from the 
negative moment region which reduces 
cost It also does away With the cover plate 
termination detail which has been the 
source of faugue problems on older 
bridges and additional costs on newer 
bridges When applted to welded sections 
It Will result In fewer spltces and thinner 
flange plates The first structure bUill uSing 
Autostress DeSign methods was the 
Whtlechuck River Bridge In the Mount 
Baker National Forest near Darrington. 
Wash After Ihe bridge was completed the 
University of Washing/on conducted load 
tests In late t 982 The bridge performed as 
expected and showed no signs of distress 
dUring and after the tests (Fig t) 
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by Autos/ress methods . Tennessee 5 

structure IS an 8·span continuous structure 
872 ft long II carries the Great River Road 
over the Obion RIver In West Tennessee 
near Dyersburg (Fig 2). The spans were 
100 ft -112 11-112 11-112 II -112 11-112 11-112 
ft-loo II The Autostress Method permitted 
use of W36 x 170 (A572) rolled beams full 
length Without any cover plates Total 
structural steel weight for the bridge was 
956.1531bs and was bid at $ 61 11b The 
total cost of the girders was 17% less than 
the estimated cost of a comparable pre
stressed concrete bridge 

Since Autostress shills moments from 
the negative moment region to the poSitive 
moment regiOn. the welghls were aboullhe 
same as With regular Load Faclor DeSign 
Resuiling deflections did not Increase 
Since II was poSSible to use non-cover 
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Fig 2 Elev (lop) and cross section 

Bonners Ferry Bridge' 
As previously Indicated. the concrete In
dustry enlered the med,um- 10 long-span 
bridge market by uSing prestressing ThiS 
prinCiple IS clear cut and well known Nor
mally. a compressive prestress IS applied 
to the area where load would produce ten
Sion stresses An amount of prestressing IS 
applied so Ihe section stays In compres
Sion, thereby eliminating the cracking as
sociated With reinforced concrete 

However. preslresslng IS a procedure 
which can be applied to steel as well as 
concrete Recently a bridge proposed to 
cross the Kootenai River at Bonners Ferry, 
Idaho (Fig 3) was deSigned Inl/lally uSing 
cast-In-place, posl-lensloned concrete In 
keeping wllh the general FHWA poltcy. an 
allernate bridge deSign was prepared us-
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~igure 4 

Fig. 5. Elevation 

Ing steel T. Y. Lin tnternatlonal was em
ployed by the tdaho DOT to study alterna
tive steel st ructures that would be 
competitive With concrete. ThiS study Indi
cated Innovative concepts uSing prestress
ing not only would be competitive but also 
preliminarily would be less expensive . 

With thiS In mind, T. Y. Un prepared plans 
for a steel structure that could be let In 
competition With concrete. Despite the in

novative features of the deSign , the first 
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steel bridge of ItS kind, the steel bridge was 
the low bid. In fact , all eight bidders chose 
the steel alternate. 

The features Included transverse pre
slresslng of the deck slab and two-stage 
longlludlnal preslresslng of the deck slab 
and sleel girders. By uSing shear connec
tors throughout and applying prestressing 
so Ihe deck slab IS always In compression. 
full composite action was achieved both In 
the negative mompnt regions over the pier 

as well as In the poSitive moment regions 
ThiS placed material where It was needed 
and reduced the weight of steel Without 
saCrifiCing performance. The transverse 
prestressing allowed Wide girder spacings 
With large overhangs. ThiS reduced the 
number of girders, ellmlnaled the need for 
stringers and thereby saved steel and fab
rication costs 

Improved Lateral Live-load Distribution 
Recently, many malor bridge prolects have 
employed techniques that Yield more real
IStiC live-load distribution factors The 
AASHTO live-load dlslrlbutlon can be as 
much as 40% conservative By uSing flnlte
element models, more exact distributive 
factors can be determined which reduces 
the weight of steel reqUired While thiS ap
plies to concrete also. It has more effect on 
steel. Since segmenlal concrete IS often 
controlled by construction load ings 

The Melrose Interchange 
On April 30, t 982 the Tennessee DOT let 
to contract one of the largest steel box
girder jobs in the U S. In one four-level In
terchange with SIX bridges, a total of 4,427 
ft In length (Fig . 4) A total of 3.800 tons of 
A36, 1,000 tons of A572 and 231 .000 
pounds of A588 were used The longest 
bridge was 1,026 It . With a maximum span 
of 281 It Roadways. which vaned from 42 
ft to 48 It. were supported by Single shalt, 
concrete-filled steel shell piers (Fig 5) All 
bridges were continuous-curved trapezoI
dal steel boxes Two Significant details 
were used at the piers to Simplify deSign 
and constructIOn . To get around a biaXial 

33 



Agure 6 

Figure 7 

34 

7Qe A I'IN€F ;'PLICF Er AZE 1'6"06Ait.'S" ~ 
~'¢ .. t1'5' &:qJ' r6 ( I(/It',. &.-6" cLAITOM€R1C Rqr;> . • <.. !oCt ~ A 

gE ~,4' ~_~.(8ONG' 7D CAP 8 ."'''1) ," --'-.......l--' SpC..IC. puna 

I'~--- I I --~ I 
~ ~ 

SeCTlpot T!inJ 71~.ct.AMFF:e CAP t3AM 

-I-+-==!'-IH--- .... --++4"-I-+-~"- 9-0~ 
0, ~~PlN 
~ 

~RA" 

bending problem in the integral pier caps, 
designers used a detail as shown in Fig. 6. 
This allowed the forces to be transferred to 
the bent without creating biaxial bending. To 
provide for rotation and erection tolerances, 
they used a detail as shown in Fig. 7, which 
allowed erection to proceed smoothly. 

Alternate Bridge Designs 
As mentioned, the FHWA requirement on 
all major bridges is that an alternate must 
be considered- normally, steel against 
concrete. Having an alternate does not 
necessarily mean competitiveness. If the 

• 

owner chooses, he can impose restrictions • 
on one material or the other, thereby d Ictat-
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ing which Will win. In Tennessee, one rea-
son steel has been competitive is the lack 
of restraint We always allow the steel to be 
redeSigned In alternate bidding With the 
only provIsion being that It IS In accord With 
the AASHTO Siandard Specifications for 
Highway Bridges. ThiS permits Innovation 
on the part of the contractor and fabricator, 
optimizing their best pOints. 

In summary, steel has laken a few lumps 
recently But It has demonstrated, that giv
en a fair and equal opportunity, It can be 
very cost-effective 0 
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QUAKER TOWER 
Chicago's Newest Waterfront 
by Clark Saurer and John Zlis 

Soaring 35 stories above the Chicago 
River, the blue-green glass and pol

Ished-stainless, steel-clad , t ,OSO,OOO-sq. 
It Quaker Tower is the first phase of the 
Riverfront Park Development. On the north 
edge of the Chicago River, Riverfront Park 
Will Include a hotel, Phase IB and a con
necting link between the Tower and the ho
tel. All are now under construction, With 
two additional office buildings north of 
Phase I planned for the future. The strate
gic Siting of Quaker Tower grants it high 
visibility as well, and, affords tenants a 
panoramic vlewof both Loop and lakefront. 

As its name indicates, Quaker Tower IS 
the new international headquarters for 
Quaker Oats, who will occupy about half 
the bUilding. In addition to their office 
lloors, Quaker will have a private cafeteria 
and conference center in one of the four 
levels below the lobby. The cafeteria and 
conference center are adjacent to a private 
outdoor terrace along the river edge Also 
at river's edge, one level below Quaker's 
outdoor terrace, a brazier restaurant open
ing onto a public riverfront terrace will be 
accessible from the development's land
scaped walkway. 

The lobby area will contain the main re
ception area for Quaker Oats at the south 
end and a banking faCIlity at the north end . 
The central elevator core is clad in marble, 
and arched openings leading to the eleva
tor lobbies are sheathed In travertine The 
exterior of the 25-ft high lobby IS lull height, 
clear glass, to give the lobby an expanSive, 
open, spaCIOUS, light-filled ambience. 

Structural System 
In keeping With the concept of an open and 
light-filled lobby and office space to Opti
mize views to the outSide, It was essential 
the structural system at the perimeter of 
the bUilding be as light as poSSible. This 
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was accomplished by providing the lateral 
Wind-reSistant system entirely Within the 
central core area of the building . Several 
structural systems were evaluated and the 
one chosen, for the reasons already noted, 
as well as for economic reasons, was a 
composite system comprised of a concrete 
interior shear wall forming the central core, 
exterior steel gravity columns and Simple 
composite, steel floor framing . 

Lateral System 
Lateral stability for the bUilding IS prOVided 
by a reinforced concrete shear wall which 
forms the central building core. The shear 
walliS cantilevered from a mat foundation 
which rests on reinforced concrete belled 
caissons that extend to hardpan strata 70 It 
below river level. 

The elevators have three banks-Iow-

rise, mid-rise and high-rise At the termina
tion of the low- and mid -rise elevator 
banks, the bUilding core size IS reduced 
Since lateral stiffness reqUIrements reduce 
higher In the bUilding . the concrete shear 
walls can be dropped off or stepped back 
at the termination of the low- and mid-rise 
elevator banks The lateral loads are trans
ferred to the shear wall from the exterior of 
the bUilding through the rigid composite 
metal deck and lightweight concrete floor 
slab diaphragm. The floor slab IS engaged 
to the concrete core with reinforcement an
chored In COil loop Inserts set In a keyway 
at the perimeter of the shear wall 

The three bay frames at the north and 
south ends of the building were moment 
connected to prOVide additional torsional 
stlflness 

Gravity Framing 
With the lateral system established and lo
cated at the Interior of the bUilding, floor 
framing could be deSigned to optimize 
cost, floor-to-floor height and lease span 
reqUirements The core size and bUldllng 
dimensions were previously determined, 
resulting In a lease span of 45 ft from core 
to exterior wall Since It was essential thiS 
space be column-free, the floor framing 
system was reqUired to span thiS distance. 
A series of studies determined the most 
economical system. The lightest floor 
framing member for thiS span was deter
mined to be a bUilt-up steel truss Trusses 
have higher fabrication costs However, 
trusses were conSIdered In thiS profect be
cause the regular shape of the floor plan 
permitted a great deal of repetitIOn of Iruss 
members. thereby Simplifying fabrlcallon 

In addition to economic conSiderations . 
the trusses have other advantages 

1. Since mechanical systems can pass 
through the truss, a greater part of the 

35 



ceiling sandwich depth can be used for 
structural framing without Increasing 
floor-to-floor height Furthermore. 
trusses may be designed to accommo
date speCIfic opening sizes and loca
tions. giving them flexibility and adapt
ability to various mechanical systems 

2. Since the truss uses the entire depth of 
the ceiling sandwich. It forms a very stiff 
floor system. thereby minimizing de
flection and floor Vibrations 

The final design for this prOject was a 
system of 37-in deep. bUilt-up composite 
steel trusses (A36. 36 ks!) spaced 15 ft 
o c spanning from exterior gravity columns 
(A572, 50 kSI) and spandrels (A36 36 kSI) 
to corbels at the concrete shear wall (see 
Figs 1 and 2) At lhe north and south ends 
of the bUilding the trusses span Irom exte
rior gravity columns and spandrels to 37 -In 
deep, bUilt-up composite truss girders 
(A36. 36 kSI) A 3-in composite metal deck 
slab with 2V, In. of lightweight concrete 
spans the 15 ft between floor trusses 
Welded steel studs on the top flange of 
trusses transfer shear between slab and 
truss to prOVide the reqUIred composite ac
tion 

The floor truss girders and trusses at 
plaza and mechanical floors are bUilt-up of 
WT top and bottom chords and double
angle diagonals For the typical office floor. 
trusses were bUilt-up of single-angie top 
and bottom chords and single-angie diag
onals The single-angie trusses are slightly 
heaVier than a truss of the same span bUIIt
up 01 WT's and double angles because of 
the Inherent eccentnclty In the connection 
of two single angles However, Since angle 
sections are less expenSive and more 
readily available than WT sections. thiS 
weight premium was offset. resulting In a 
more economical system. An additional. 
potential economy In the Slngle 
angle trusses compared to trusses bUilt-up 
of WT's and double angles IS In fabrication 
Since all the web members are applied to 
one Side of the chord It IS possible to weld 
the entire truss without turning the truss 
over, thus saving shop fabrication time, 

The trusses proved to be the most eco
nomical system since the savings In ton
nage. compared to a Wide-flange system 
(approximately V, psf) , offset the higher 
cost of fabrication. The floor trusses were 
customized to Integrate the mechanical 
system used In the proJect. The mechani
cal system reqUired a continuous supply 
air duct approximately 28 in Wide and 16 
In deep to circle Ihe floor al midspan of the 
floor framing Since a duct of thiS Size 
could nol be accommodated In the tnangu
lar openings between truss diagonals, a 
rectangular opening was prOVided at mld-
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Fig 2. Floor trusses 
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Fig 3. Cellmg sandWich detail at truss 

span of the truss by orienting two web 
members vertically (see Figs 3 and 4) 
ThiS rectangular opening was pOSSible In 
the truss member because It was located 
at midspan where shear IS low The small 
amount of shear present was carned by 
V,erendeel action. employing the stiffness 
of the web members and the fiXity of the 
welded connections of the web members 
to the lap and bottom chord ThiS customl
zallon allowed the mechanical and struc
tural systems to be Integrated within a 4-ft 
ceiling sandwich , so an 8 ft-6 In ceiling 
height could be prOVided uSing a 12 ft-6ln 
floor-to-floor height 

In addition . the trusses prOVided greater 
stiffness than a Wide-flange framing sys
tem. The floor trusses used were more 
than SIX times stiffer than the reqUired 
Wide-flange beam, yet V, psf lighter ThiS 
demonstrates a very effiCient use of mate
nal 

Differential Shortening 
As on any high-rise construction, the un
predictability of loading patterns and tem
perature changes combine to make differ
ential shortening of vertical elements 
difficult to prediCt. ThiS problem IS compli
cated further by the use of two different 

materials. such as a concrete shear wall 
and steel gravity columns 

A preliminary study addressed thiS prob
lem A speCifiC construction sequence was 
prOVided by Ihe general contractor which 
formed ItS baSIS BUilding dead loads were 
determined and construction live loads es
timated Given the strength, stress and vol 
ume-la-surface ratio of the concrele, cer
tain predictions were made regarding the 
anticipated elastiC shortening creep and 
shrinkage of the shear core A computer 
model was bUilt according to the given 
construction sequence floor by floor 
through the completion and occupancy of 
the bUilding , to study the cumulative elastiC 
shortening of the steel columns the cumu
lative elastiC shortening. creep and shrink
age shortening of Ihe concrete, and how 
the two related 

From thiS study came the conclUSion the 
concrete lNUuld cumulatively shorten more 
than the steel, and that to achieve level 
floors at the completion of the bUilding the 
concrete core would need to be over
lenglhened Given thiS, a computer pro
gram was developed In which the contrac· 
tor would prOVide the engineer Information 
as to the completion of certain Critical 
Items (pouring of deck slab of a certain 
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floor. for example). then the computer mod
el would be updated. given the amount of 
load on the structure at that point In time. A 
shear wall over length would then be given 
to the contractor. and he would establish 
the benchmark for that particular floor at 
the theoretical elevation plus the suggest
ed overlength. 

This procedure was carned out. The only 
test thus far of the process was at the 16th 
floor. which was predetermined as a level
Ing off floor At the 16th floor. the actual 
benchmark on the concrete core was com
pared to the top of steel elevation of extefl
or columns at the core. The results of this 
survey compared favorably with the pre
dicted behaVior 

Conclusion 
By prOViding the lateral stability entirely 
wllhln the central bUilding core. thereby 
minImIzIng the size of structure at the ex· 
teflor. the deSign Intentions of a IIghl-fllled. 
expansive lobby with optimal views to the 
outside were realIZed By uSing bUilt-up 
steel floor trusses. the 45-ft clear lease 
span was possible Because of the Integra
tion of the mechanical system with the floor 
trusses, thiS clear span was prOVided While 
maintaining a standard floor-to-floor 
height And the effiCient use of structural 
steel prOVided thiS span with a compara
tively light. and very stiff. floor system. 

Quaker Tower forms a dramatic flfst in
stallment In Riverfront Park. a very exciting 
and dynamiC North Loop development. In 

Number 2 /1987 

addition to the high quality of the develop
ment Itself. the project prOVides a signifi
cant link across the river, connecting the 
Loop with the North Loop development. 
With public terraces at river level , an open 
and spacious lobby. and office space with 
clear lease spans and panoramic Views 
of the fiver and Loop. Quaker Tower signi
fies a renewed interest In developing the 
North Loop and the fiver as an amenity lor 
Chicago. 0 

Architect/Structural Engineer 
Skidmore, Owings & Merrill 
Chicago, illinoiS 

General Contractor 
PCL Construction, Inc 
Chicago. IlItnOIS 

Steel Fabricator 
Zalk Josephs Fabricators. Inc 
Stoughton, WisconSin 

Steel Erector 
Amencan Bridge D,VISion, USX Corp 
Chicago. illinoiS 

Owner 
BCE Development 
Chicago. illinOIS 

Clark T Saurer IS a project structural engIneer 
With Skidmore. OWings & Memll, Chicago 

John Z//s IS an associate panner and senior 
structural engineer With SOM 

Ouai<8r Towe~ ChlCago's newest 
"waterlront." DocksJde amenities, below 
Truss girders P.) frame well· known Maflna Cny' 
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STEEL BRIDGE SYMPOSIUM SET 
FOR SEPTEMBER 

The National Symposium on Steel 
I Bridge Construction-co-spon

sored by AISC, the Federal High
way Administration (FHWA) and the 
American Association of State High
way and Transportation Officials 
(AASHlO)-wili be held Sept. 14 & 
15, 1987 at The Shoreham Hotel, 
Washington, D.C. The day-and-a-half 
program offers eminently qualified 
speakers presenting current practices 
and directions for future advances in 
steel bridge construction . The Sym
posium's theme is: " To create a 
dialogue between owners, designers 
and builders to enhance the 
economy, quality and reliability of 
steel bridges." 

The first day of the Symposium, 
Sept. 14, offers presentations on 
quality assurance and control, use of 
weathering steel and standardized 
bridge details. Following the evening 
banquet, Ray H. Barnhart, admini
strator of FHWA, will address at
tendees. Autostress application, frac
ture critical members, erection con
siderations and how to get the project 
built are the topics for the Sept. 15 
presentations. 

The Symposium was designed to 
meet the need for a first-class, hands
on national symposium dealing with 
the specifics of bridge construction . 
Fabricators, erectors, designers, 
owners and bridge constructors will 
benefit by attending this premier 
event. 

Many FHWA, AASHlO, State DOT 
representatives and consulting en
gineers involved in the development 
of the program will be present. 

For more information, contact AISC 
Research/Engineering Department, 
400 N. Michigan Ave., Chicago, III. 
60611-4185; 3121670-5413. 
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ATLSS SPONSORSHIP INVITED 

Lehigh University, the designated Na
tional Engineering Research Center 
on Advanced Technology of Large 
Structural Systems (ATLSS), is look
ing for financial support and member
ship for the program. 

The center, under the direction of 
Dr. John Fisher, concentrates on 
various topics relevant to steel 
buildings and bridges, including con
nection design and construction. It is 
expected the technological advances 
developed will help reduce costs and 
make steel a more competitive con
struction material. 

For more information on the center, 
or how to participate in the program, 
contact Ruth Grimes, ATLSS, Fritz 
Engineering Laboratory, Building 13, 
Lehigh University, Bethlehem, Pa. 
18015; or call 2151758-3535. 

PRELIMINARY WORK STARTED 
ON REVISED ALLOWABLE 
STRESS DESIGN SPECIFICATION 

The AISC Committee on Specifica
tions is considering several revision 
proposals for updating the Allowable 
Stress Design (ASD) Specification. 
Although the AISC Long Range 
StrategiC Plan calls for maximum 
utilization of Load and Resistance 
Factor Design (LRFD), continued 
reliability of ASD must also be 
ensured. 

LRFD LECTURES 
CONTINUE TO DRAW 

In the first four months of 1987, the 
Load and Resistance Factor Design 
(LRFD) lecture program visited 26 
cities with a total attendance of over 
4,500 design professionals. The five
lecture educational package covers 
the essential procedures in the LRFD 
Manual, which Introduces more uni-

form reliability in structural steel 
design. 

Upcoming lectures scheduled are: 
May 7 in Phoenix, Ariz.; May 12 & 13 
in Troy/Albany, N.V. and in Irvine, cal.; 
May 20 in Syracuse, N.Y. ; May 20 & 
21 in Kansas City, Mo; June 2 & 3 in 
Miami; June 17 & 18 in San Antonio, 
Tex.; and June 30 & July 1 in Birm
ingham, Ala. 

Twenty-eight additional cities 
across the U.S. are targeted for pro
grams. Information will be sent to 
local design professionals once a 
program date and location are 
scheduled. For further information, 
call Janet Manning, AISC head
quarters, 3121670-5431 . 

LRFD CODE STATUS 

As the new AISC Load and Resis
tance Factor Design (LRFD) Specifi
cation has become available, ques
tions have been raised about its ac
ceptance by the model and local 
building codes. 

AISC is recommending that the ap
propriate code change language 
recognizes LRFD as an alternate 
steel building design method to the 
current AISC Allowable Stress Design 
rules. Such provisions are already 
contained in the 1987 BOCA National 
Building Code and have been ap
proved in principle by the Southern 
Building Code (SBCCI) and Uniform 
Building Code (ICBO), but due to pro
cedural delays, will not be formally 
included in these latter two model 
codes until 1988 or so. Hence, there 
may be a lag time before some local 
building authorities take formal action 

• 

in implementing these changes. • 
Any questions on the subject? Con

tact David Jeanes, AISI, 2021452-7178 
or Nestor Iwankiw, AISC, 3121670-
5415. 
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Plated Decks-Plain or perforated 
Most complete line of deck products 
in 5/S" to 71f{' depths 
OUR SERVICE WILL SAVE YOU TIME & 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 ASAP. Service. 

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

Manufacturing Plants: 
• Pittsburgh. Po. 
• Chicago, III. 
• Lakeland, Fla. 

EPIC 
~ 1[ A 
Eleven Talbot Avenue, Rankin, PA 15104 

PHONE: 412/351 -3913 
nNX , 710-664-4424 

EPICMETAL BOOK 



CONTINUING 
A TRADITION OF 
RELIABILITY 
... Lau11ching A New Era 
in Steel Design! 

1927 ... 

1986 ... 
It's Here! The Book We've 
All Been Waiting For ... 

• based on the 1986 AISC "LRFO" Specification for 
Sb'uctural Steel Buildings. 

• grounded in the tradition of the AISC "bible" - the 
MDnual ofSletl Cons/ruc/ion, introduced in 1927 and 
now in its 8th Edition. 

• meshing the familiar and accepted basics with the 
very latest approaches to steel design, derived from 
current research and technological advances. 

• helping you design more reliable, more economical 
steel-framed buildings. 

• •••••••••••••••••• 
• ORDER YOUR COPY NOW! 
• AMERICAN INSmUTE OF STEEL CONSTRUCTION-DEPT B II P O BOX 4588, CHICAGO. IL 60680-4588 

_ I enclose payment of $ __ fo' __ COPies of the First Edition Load and Resis tance 

Factor Design Manual of Steel Construcbon at $56 00 each 

- N.me.nde • • Com!>!ny 

• Add_ 
-----,z,,,,-p _ _ 

• "'City'-'-_________ ""s.. .. 
Please enclose remittance. Noc.nO_ orders. In New York. Ca hfornla and mulOis add II sales lax. Shlpprngcharges prepaid In the U.S. On shlpmcntsoutsldc the US., add 10'\ of 
total purchase for postage and handling. Viy and MasterC.ard acapted. 

• CharseMy C.trd No. ______________ _ 


