


DECK DESIGN DATA SHEET. 
No. 9 

SP L SHAPES 
SPECIAL DECKS OR SPECIAL SHAPES ARE SOMETIMES REQUIRED 
FOR SPECIAL JOBS. WITH OUR BENDING EQUIPMENT AT UNITED 
STEEL DECK. INC. WE HAVE PRODUCED THE SHAPES SHOWN BELOW: 
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IF YOU NEED A UNIQUE SECTION. OR IF YOU SIMPLY REQUlRE A SOURCE FOR BENT 
PLATE. CALL US. THE FOLLOWING TABLE 15 A ROUGH GUIDE. 
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If an $1 ,800 base price seems too low for advanced 
finite element analysIs and deSign software, you can 
always spend ten times more on a competitive pro
gram But look what you 'll be missing 
• The world's most powertul and versatile 2-D and 

3-D desktop fiMe element analYSIS system. 
• GraphiCS capabilitieS only available In far more 

expensive programs 
• SEDII A state-of-the-art, interactive and menu

driven preprocessor oHered by SCAIlA at no extra 
charge, and unlike anything attempted by any 
other FEA developer 

• Plus the ability to add, for $1 ,000 more, either 
concrete or steel deSign capabilities including 
AISCs latest Load ReSistance Factor DeSign 
(lRFD) Code 

AMf HIC,ANI 
If _, 

E [ 

AMERICAN COMPUTERS & ENGINEERS 
11726 San 'keote Blvd., Sulle 212, 

Los Angeles, CA 90049 
Tei 1213) 820-8998 Telex. '93-0363 N;E 1.1 

A GRAPHIC 
EXAMPLE 
OF WHAT 
SEPARATES 

JFROM 
PROGRAMS 
COSIING 
'JENnE 
ASMUOL 

Taken as a whole, SCAIlA represents the finest 
integrated design and analysis software available 
today SCAIlA s Integrated modular configuration 
makes It the only program that can grow WIthout any 
change to its architecture Add flat -slab or shear-wall 
deSign - even buckling and nonlinear capabilities 
Whether you 're a big organlZalion deSigning some of 
today's largest structures, or a smaller firm With sim
pler requirements, you'll find SCAIlA adapts easily to 
the projects at hand 

SCAIlA is available exclUSively through American 
Computers & Engineers For a brochure detailing the 
full scope of its capablillies, Simply contact us at the 
address below, And prove to yourself that a powertul 
engineerrng program needn't come With an over
powering price. 
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Hambrd' ... the most cost efficient floor system you can use . 
• JI ' • -~ 

• 

"The Hambro composite 
floor system saved us 

over 33 tons of steel and 
one month's erection time:' 

Peter Rizzuto, Project Manager, Perini Corp., 
contractor for Bostonian Hotel 

See us at the AlA Show 
Booth #625 
June 19-22 

Perini Corporation estimates that the Hambro system 
for the Bostonian cost 20% less than ordinary joist con
struction. Savings were in labor as well as material. 
Erection was faster because they could "cast loday and 
strip tomorrow." Entire bays were gang formed in the 
atrium and flown into place. 

Hambro's UL fire ratings are achieved without apply
ing the 22/30 factor for reduction of capacity required for 
conventional "H" series joists. This, together with Ham
bra's superior sound rating of STC 57, make it the ideal 
floor construction system for high or low rise commercial 
and residential buildings. Call or write for brochure . 

P.O. Box 223, Needham Heights. MA 02194 (617) 444-5504 
Regional Offices and Distributors throughout the US 

In NYC, NJ, Eastern Ao\, MD. VA and DE: Mld·Atlanlic Hambro, Inc. 
114 East 25th St. . Baltimore, MO 21218 (301) 338-11 22 Telex: 87938 

~ 
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II; The Levinson Letter 

Don't Play 
Test-report Roulette 

It was just one piece of steel, out of thousands we 
handle every day. This one was an I-beam, S12 X 50, 60-0. It was shipped 
to Levinson by another service center-not by the mill. 

The mill test report said it came from Bethlehem Steel in Bethlehem, PA. 
But when we checked the mill markings on the beam-as we always 
do at Levinson-the heat number didn't match. 

So we called the service center. Eventually, they sent us a test report 
that did match our beam: it said heat number 34.005, from JMA in 
Madrid. That's Madrid, Spain. 

It's the old game of test report roulette. The order calls for test reports? 
Grab one that's close, and send it. Add a disclaimer. What's the 
difference? Steel is steel, right? 

Well. Let us ask you this: Where is the original, A-36 Bethlehem beam 
that goes with the Bethlehem test report we got? By now it's probably 
in use somewhere. Maybe you're sitting under it. Maybe you drive over it. 
And what kind of test report did IT come with? 

At Levinson, we have a saying: "The difference between 'pretty sure' 
and 'sure' isn't always pretty." 

That's why we also have a 
guarantee: When you buy 
Levinson Registered Steels, 
you get test reports that match 
your steel. Right down to the 
heat number. 

1-800-LEVINSON 
The Levinson Steel Company 
799 Castle Shannon Boulevard 
Pittsburgh, PA 15234 

Other Levinson locations: 
Atlanta: 
1-800-554-6633 (In GA: 1-800-282-2036) 
Birmingham: 
1-800-633-6584 (In AL: 1-800-292-8115) 
Mobile: 
1-800-633-1290 (in AL: 1-800-672-3094) 

L15 
STEELS 

Orlando: 
1-305-851-2881 (in FL: 1-800-432-1157) 
York, PA (Borger Steel Division): 
1-800-445-4548 (In PA: 1-800-632-9064) 
Bethlehem, PA (Borger Steel Division): 
1-800-537-1110 (in PA: 1-800-852-1110) 

Steel 
Sculpture 
Revisited 

In the NO 1-1987 Issue of Modern Steel 
Cons/ruction a UnlverSlty of FlOrida-Gaines

Ville sculpture was shown. In beautiful , liVing 
black and white, It didn't come oft so well 
So we thought you would like to see It In full 
color. 

Prof. Duane EllifriH taught the beginning 
Steel DeSign class, which was always fol
lowed by frustration because students could 
not visualize a Simple web-angle shear con
nection . Contractors who would permit 
students on a jobslte were becoming fewer 
because of liabilities for Injuries. 

So, the next best thing was to take samples 
of construction details to the students. These 
det",ls were deSlgned and fabricated In Steel 
Fabricators' Ft. Lauderdale shop and moved 
to the site. The sculpture-yet to be named 
-was painted In the school colors, With the 
bots painted black so they would stand out. 
Much attenllon has been drawn from pas
sersby- and the minds of future designers 
have been Impressed With some of the ad 
vantages of steel-framed construction. 0 
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• Remodeling with Steel 
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RENSSELAER RINK 
Steel Beams and Steel Blades
a Winning Combination 

The Houston Field House al Rensselaer 
Polytechnic Institute In Troy NY IS the 

major atilletlc facIlity for RPI s 6 000 slu
dents. RPI prides Itself on being a good 
neighbor and makes the lacility available 
to the community for travelling perf 01 mers 
But back In t 981 Ihe Field House was be
coming an embarrassmenl lo RPI the old-

est degree-granllng engineering Inst Ilulion 
In Ihe English-speaking world 

T he old battleship as one consuiling 
archllect called II. was never a great faclli 
ty havlIlg begun IIle as a navy warehouse 
In WWII RPf acquired It In 1949 and 
trucked It to Troy where It was rell l ted for 
hockey. RPI s only major sport Since col-

A championship nnk-Rensselaer PolytechniC'S remodeled 
hockey rink, Troy, N.Y, Now home 10 hockey and Circuses. 

Number J 1 1987 

umns were posted at Intervals of 36 It 
around Ihe perimeter of the rink only 25 10 
30% of the spectalors had an unobstructed 
view Also Troy·s location In the snowbel t 
meanl Ihe Old roof was overloaded and 
had 10 be cleared with every snowfall 

Time was even more unkind to the fink 
Over the years poor sOil condilions and 

9 
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"Old Battleship' needed major repairs . or lotaf replacement Old roof came off of 
Houston Field House Steel came to rescue by prov1chng column· free VieWing areas 

MODERN STEEL CONSTRUCTION 
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the old refrigeration system created frost 
heaves under the floor which caused an 
uneven freeZing pattern Referees penal
IZed the RPI team at home games by mak
Ing them take the bad end of the Ice-the 
slush Bouncing pucks and catching 
skates frustrated both teams 

The hockey players were not the only 
ones haVing a difficult time Ringling 
Brothers Barnum and Bailey CirCUS would 
not bring ItS prime acts to Troy because the 
roof was too weak and too low to handle 
the speCial loads The Ice Capades group 
needed equipment and a stronger roof for 
curtain drops and lighting rigs Announc
ers and musIcians declined to perform In a 
place with such notoriously bad acoustics 

Steel to the Rescue! 
In the Fall of 1982. RPI contacted several 
architectural and engineering firms to see 
what could be done Most wondered why 
the bUi lding had nOI been condemned
and recommended demolition as the first 
step But Carlson Group of Boston had a 
better Idea Their engineers assened they 
could renovate -the old battleship' by uSing 
advanced structural steel techniques The 
group would deliver a facility with much 
Improved sightlines good acoustics a 
safe strong roof that could take the point 
loads a good floor surface and smooth Ice 
Even better the renovation would save RPI 
at least 50·'. over Ihe cost of a brand new 
bUilding Interesling ' RPI responded "but 
can you get It off the draWing boards before 
thiS season s end and use the SIX and a 
half months between sporting seasons to 
put It In place?' 

The group equipped With up-to-date 
computer systems and accustomed to 
working together under a practiced plan of 
action was able to meet both the tight 
deadlines and every other requirement 

In three months from late December to 
mid-March when construction began , the 
team developed project plans architectur
al and engineering deSigns. a highly accu
rate cost estimate and a life-cycle energy 
cost analYSIS Immed,alely after the last 
hockey game bulldozers were at work 

USing hOrizontal steel trusses each 
240-ft long and weighing In at 21 tons, It 
was possible to redistribute the subslantlal 
bUild ing loads from both the spectator bay 
and maIO roots to four large columns at the 
corners of the nnk These. In lurn . were 
supported by a sleel pile foundation, ThiS 
marks a substantial Improvement over the 
16 smaller columns previously surrounding 
the rink Now 95 to 98% of the seats have 
unobstructed views and the seating ca
pacity has Increased by 10% 

The architect also deSigned and bUilt a 

Number 3/1987 
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Fabncators assemble 240-ft trusses (above). 
Each weighing in at 21 tons trusses were 

key to field house renewal. Three cranes. 
lifted each truss in place (r.). 

• 
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• 
new center roof which will withstand the 
heaviest winter storms. It was fitted with 
customIZed reinforcements for the ngglng 
for Rlngltng Brothers and the fce Capades 
And the Albany Symphony Orchestra per
formed In the FIeld House. now Ihat an 
acoustical deck Inconspicuously lines Ihe 
roof between jOiStS Increased use of the 
faclltty by outSiders helps support RPrs 
hockey program 

Home to Champions-and Elephants 
In t 985 the rink was horne to champions 
RPI won 30 of 32 games. tied one and lost 
one for Ihe Eastern College Athletic Con
ference· then went on to win the N C A A 
championships To rebUild the rink surface. 
contractors removed 2'/, It of poor top SOil 
and redistributed the remaining matenal to 
better support Ihe floor which was lowered 
by 2') ft ThiS move made the center arena 
even more vIsible from the stands and 
gave trapeze artists more room to per
form 

Since the rink also had to sustain stress
es from fum ping elephants pipes for the 
refngeratlon system had to be laid 1 V, In 
Instead of I -In below the surface and lhe 
concrete floor poured In a single slab 

Deadline Met! 
And yes the leam met lIS deadllnes l By 

• October. the RPI hockey team was practic
Ing happily on the new Ice According 10 
coach Michael Adessa "Not only did the 
Improvemenl In the hockey nnk radically 
Improve our training program . but also It 
gave us a conSiderable edge In recrUiting 
promising young players · 

• 

Indeed the new Field House meets 
nearly everyone's standards Ringling 
Brothers CirCUS brought ItS best acts to 
RPI There are profeSSional wrestling 
events a performance by the Royal Llplz
zaner Stalltons. a VISit from the Sesame 
Street gang an Increased number of rock 
concerts and an appearance by a sym
phony orchestra who previously refused to 
perform In the old faCility J 

Archltect/Engfneer/Contractor 
The Carlson Group 
Cochlluale Massachusetts 

Owner 
Rensselaer PolytechnIC Inslllute 
Troy. New York 

Number 3/1987 



Alternate Design ------__________ ~ ______________ ~a 

ALTERNATE DESIGN 
BIDDING LOWERS 
BRIDGE COSTS 
by Stephen R. Simco 

Pennsylvania. Since 1980. has permit· 
ted contractors to submit their own al· 

ternate designs In bidding on new bridge 
construction 

This policy has proven effective In reo 
duclng bridge costs Without sacrillcing 
safety. load capacity or durability An analy· 
SIS by the FHWA-Reglon 3 office of all 
bridge projects let to contract Since adop
tion of the procedure ,nd,cates 32% of ma
jor bridges (those over $5 million) are be
Ing built With contractor-designed 
alternates Non-majOr bridges are also be
Ing erected With contractor deSigns. but to 
a lesser extent (only 12%) 

This feature explains how Ihe procedure 
works. some key results. ItS advantages. 
drawbacks and other pertinent facts Other 
stales may Wish to Investigate and consid
er adoption of alternate deSign bidding. 
Since It has worked well for Pennsylvania. 

Cost savings are the primary objective 
On the average. a 10% reduction was real
ized on malor bridges. 7 2% on non-major 
bridges Additionally. once contractors 
gained experience With the procedure. 
they became adept at obtaining bridge 
contracts by uSing Innovative fabrication! 
erection techniques and refined deSigns 
The program also permits the two materl-

AJternate deSIgn bkkhng on 1·78 bndge over Delaware River cut costs 
for Pennsylvania DOT. Average of 10010 was reahzed on majOr bndges. 

als Industries-steel and concrete-to 
work closely With contractors In developing 
low-bid deSigns Steel and concrete suppli-
ers strive to Improve the as-deSigned plan 
by adopting methods such as flnlle ele-
ment analYSIS and redeSign to take full ad
vantage of the capabilities of their fabrlcat- • 
Ing plants 

The precursor to the concept came from 
the FHWA which. In 1979 recommended 
alternate deSigns (now mandatory)-one 
steel and one concrete- for malor federal
aid bridges The goal was to foster compe
tilion between contractors and perhaps re
sult,n savings which exceed the add It lonal 

• 
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engineering fees In 1980, Pennsylvania, 
under the leadership of Dr Thomas 0 Lar
son secretary of Transportation, adopted 
a contractor alternate policy for all bridges 

Today Pennsylvania with more than 
21 .000 bridges on Its state and local sys
tems IS In the midst of a $1 6-blllion bridge 
replacemenVrehabllitatlon program The 
program. commenced In 1983. culminating 
In t 991 covers 979 bridges most of which 
are or were defiCient major river crossIngs 
PennDOT IS also In the process of Imple
menting a succeeding $1 7-bllllon , elght
year program. to cover about 3.000 small
er bridges 

However. In 1980, the financial picture 
was bleak. due primarily to severe cut
backs In gas tax-dependent revenues 
Desperate for cost savings. Penn DOT 
Secretary Larson believed the alternate 
desrgn program would be the best opportu
nity to reduce costs and develop non-tradi 
tional Innovallve Ideas for bridge deSign 
and construction 

Space constraints lImit mentIoning the 
numerous details but. essentially the pro
cedure works thiS way On maiOr bridges 
PennDOT provides plans for an as-de
signed steel bridge structure and an as
deSigned prestressed concrete bridge 
With deSigns created by consultants or 
PennDOT stall Only one deSign IS pre
pared for non-malar bridges Prospective 
contractors can bid on these deSigns or 
present their own alternate deSign In steel 
or concrete or a combination of both We 
are obligated to select the lowest bid 

The only exceptions and they are 
mentioned In bid documents- are cases 
where public commitments site restrlc
lions. aesthetiCS or environmental reasons 
dictate a particular structural type Bridges 
With spans exceeding 150 ft are being bUilt 
from steel deSigns and those under t 50 fl 
from precast, prestressed concrete de
signs Our contractor-designed alternate 
poliCY has yet to produce a long-span, seg
mental. prestressed concrete bridge 

If the successful bidder uses an alter
nate, he must submit a conceptual deSign 
of It to Penn DOT for approval Within SIX 
calendar days of contract award Penn
DOT reserves the right to reject It and re
quest a resubmlsslon of another, accept· 
able alternate If an acceptable alternate IS 
not presented Within 30 calendar days
SIX days for the submiSSion and 24 days for 
PennDOT's review- the contractor must 
bUild the as-deSigned structure at no addl
lIonal cost The contractor must also pay a 
share of PennDOT's deSign review ex
pense, up to $5,000, depending on the 
bJldge's cost After a conceptual deSign IS 
approved, PennDOT permits construction 

Number 31 19B7 

to proceed as soon as plans can be ap
proved for part of the structure 

Now SIX years of experience leads us to 
these findings 
• At flrsl. there was concern among engi

neers that owners would lose control 
over bridge appearance andlor the safe
ty factor The truth IS Ihat bridges bUilt 
With contractor alternate deSigns stili 
look like other bridges and they all meet 
the demanded load-carrying capacity 
With the reqUired factor of safety 

• The number of low-bid COniractor-de
Signed bridges has Increased over the 
poliCY'S first years In 1980, there were 
none In 1981 - 6; t982 - 7, t983 - t4 , 

WE 
PUT 
100 
YEARS 
OF 
EXPERIENCE 
IN 
EVERY 
BOLT WE MAKE 

t984 20 985 - 22. 1986 - t3 As con
tractors become more familiar With what 
Will be allowed they bid more of thelf 
own less expensive deSigns They also 
develop working relat ionships With con
sultants who know a contractor s capa 
bil ities and can prepare alternate plans 
qUickly 

• Computer-aided deSigns are assuming 
greater Importance because of the time 
IImllatlon In present ing the Initial con 
ceptual deSign In most cases . alternate 
bids came In below our as-deSigned cost 
estimates As a consequence we be· 
lIeve the program has brought us to the 
leading edge of the state of the art In 

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 SI. Louis planl. We're big on Quality, too, 

Aher 100 yealS, we know big bolts in B big way. 

ST. LOUIS SCREW & BOLT COMPANY 
6901 N, Broadway/Sl Louis, MO 63147/(314) 389-7500 SINe. 1117 

t5 



Two views of 1-78 steel bndge. 

bridge engineering and done It much 
faster than possible without the pro
gram It forced us to do more new things 
In the last five years than In the prevIous 
25 years 

• Among the most common contractor de
sign changes IS elimination alone or 
more lines of girders by Increasing the 
spacing between girders. One winning 
steel bridge design for example cut SIX 
girders back to four spaced the girders 
14 ft-3ln apart ralher than the nine It on 
the orlglnat design. and reduced the 
steet weight from 472 to 35 psf 

• The relatively low percentage of non
malar bridges bid as contractor alternate 
deSigns may be due to the fact that 
many short-span bridges are deSigned 
uSing Pennsylvania's Standards for 
Low-Cost Bridges which have at ready 
opt ImlZed many deSign parameters 
Therelore . there woutd be Ilttte room lor 
Significant cost-saving alreratlons Also 
because small bridges Invotve a retatlve
Iy small cost. there IS less Incentive for 
contractors to expend the time and costs 
necessary to produce another deSign 

• Nothing In the program prevents us from 
trying other Ideas For example. In De-

t6 

cember t 986. we let a deslgnlconstruct 
contract for a major fiver crossing Here 
we prepared a steel and a concrete can· 
ceptual deSign. not a complete set of 
ptans We Included att necessary restric
tions span length limitations. Widths. 
ftood ctearance loundalion bearing 
pressures pile sIZes and loads. etc The 
contractor then advanced the concept 
Into a completely fmlshed deSign and 
submitted a bid for the construction 
work The winning bid was In steel 

As With any program there are some 
drawbacks On malar bridges. the state 
may pay for three deSigns our two as
deSigned plans plus a contractor s alter
nate. whose cost Will be Incorporated In 
hiS bid Despite thiS. Our lind Ings show 
we still save money With lower bids 
Also. the previously mentioned deslgnl 
construct concept Will Significantly re
duce such redundant deSign costs 

If the bid period IS too short the con
tractor may not have suffiCient time to 
complete all of the details from which he 
can develop refined cost estimates 
There must be a commitment of agency 
or consultant personnel at award time to 
expedlle the review of contractor con-

ceptual deSigns. The contractor also 
takes a risk In not knOWing whether or 
not hiS deSign Will be approved Without 
material changes . which may have an 
Impact on hiS costs 

The benefits 01 the contractor de
Signed-alternate program. however far 
outweigh any disadvantages We contin
ually update our deSign manuals and 
standards to relleclthe cost savmgs and 
concepts brought out by our policy 
Eventually. our as-deSigned bridges 
should produce a low bid lor the majOrity 
of the cases which are now being bid as 
contractor-deSigned alternates 

However. allOWing contractor alter
nates Will always be advantageous If 
only to Initiate and unleash the lullest 
creativity We believe whoteheartedly 
any program which encourages use of 
the latest In design and construction 
technology. to produce more cost-effec
tive and Innovative deSigns. IS well worth 
pursuing 0 

Stephen R Simco IS chief bridge engineer. Bu
reau of DeSign, Pennsylvania Dept of Transpor
tation 
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AMERICAN INSTITUTE OF STEEL CONSTRUCTION, INC. • Callfor Papers 

This combined National Engineering Conference and Conference of Operating Personnel will be held in Miami 
Beach, Florida, June 8-11 , 1988 (Hilton Fontainebleau Hotel). 

Participants will include structural engineers, fabricators, erectors, educators, and researchers. Potential authors 
are requested to submit abstracts of papers on deSign, fabrication, and erection of steel structures for buildings and 
bridges. 

Guidelines for Abstract Proposals 

• Abstracts for Papers to be considered for presenta
tion at the Conference must be submitted to AISC 
before August 31, 1987. 

Abstracts should be approximately 250 words in 
length, and may be typed directly on the lower por
tion of the reverse side of this application, or submit
ted on a separate sheet of 8''<' x 11" white paper at
tached to this submission form. 

Authors will be Informed of the Organizing Commit
tee's decisions by September 30, 1987. Successful 
authors must submit their final manuscripts for pub
lication In the official 1988 Conference Proceedings 
by February 15, 1988. 

• Registration fees for the Conference will be waived 
for the Primary Author presenting a paper at the 
Conference. 

Poster Session 

Papers not accepted for presentation at the Con
ference may, at the author's expense, be presented 
at the Conference Poster Session. Guidelines for the 
Poster Session will be provided upon request after 
September 30, 1987. 

Call for Papers 

Miami Beach, Florida 
June 8-11,1988 

Topics of Particular Interest 

• Practical application of research results 

• Advances in steel building and bridge design and 
construction 

Composite members and frames 

• Buildings designed by LRFD 

Heavy framing connections 

• Steel framed high rise residential buildings 

• Partially restrained connections and frames 

• Economical fabrication and erection practice 

• Quality assurance and control 

• Case studies of unique projects 

• Computer aided design and detailing 

Material considerations 

Preparation of Final Paper • 
Final manuscripts for publication in the official 1988 
Conference Proceedings are expected to be approxi
mately 20 pages in length, copy (Including photo
graphs) must be camera-ready. Complete instruc
tions for preparation of final manuscripts will be 
forwarded to authors upon acceptance of Abstract 
Proposals. 
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Architectural Showcase 

INFOMART 
A Modern Crystal Palace 

The archlteclural design lor Inlomarl a 
markel cenler which showcases Ihe 

wares ollhe compuler rellOlullOn IS based 
on Ihal 01 Ihe Crysla l Palace which was 
bUilt In London for [he Great Exposition of 
1851 and showcased the Induslrlal RellO
lullon Inlomart 4921 x 540 It In ptan cur
renl'y has seven lloors (Fig t) but II has 

been designed lor a vert Ical expansion 10 a 
maximum 01 161100rs The design Includes 
a central alrlum 60 It wide 252 It long and 
108 It high which IS crowned bya 60 It dla 
exposed sleel cylindrical skylighl exlend 
Ing Ihe 540 It lenglh 01 Ihe bUild Ing The 
alrlum IS highlighted by exposed sleel ele
valor towers and escalator trusses al either 

Fig 1 Modern-day Crystal Palace-Infomart market cenler, Dallas, Tex 
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end (Fig 2) 
The deSign prOVides 300 000 sq II 01 

exhibition space on the two lower levels 
wllh a lIVe lood capacity 01 250 psI one 
million SQ It of lease space 'h'llh;:) capacity 
0180 psi live load .lnd 20 psi partilion load 
Ihe capacllv 10 expand upward 10 add an
other two million SQ It of S mllar lease 

t7 



space In the future; and extensive and 
flexible electrical distribution capacities 
The design and construction of the prolect 
was "fast-tracked " 

A Vafue-engfneered Center 
The structural scheme was devised after 
conSiderable value-engineering was ac
complished Involving Ihe developer. struc
tural engineer and contractor Typical bays. 
36 II x 36 ft . were chosen to prOVide suffi 
cient open area for the exhibition space. 
fleXible space layouts for the lease space, 
repetilion of construction for ease of fabri
cation and speed of erection of structural 
steel and consistency With the 6-ft module 
of the exterior facade The lowest two 
floors (the exhibition levels) are of concrele 
and all floors above them are steel con
struction The lower exhibition level IS a 7-
m slab-on-grade at 15 II below the eXisting 
exterior grade The upper exhibition level 
IS a 15-m. thiCk, two-way reinforced con
crete slab With 10 ft-4 In d la Circular ta
pered column capitals (Fig 3) Both exhibi
tion levels have direct street access for 
arriving delegates and can accommodate 
truck traffiC for unloading and erecting dls-
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Metal 
Building 

Bolts 
selVlng the nation with 
the world's largest 
stock of A·325 Bolts 
III11er ana roof. 

METAL BUILOING BOLTS CORPORATION 
10934 HAZELHURST HOUSTON TEXAS 17043 

TELEPHONE 17131 461-0505 

FIQ. 3. Upper exhibitIOn level showII'9 tapered column capitals 

Fig. 2. Spectacular In
te"or hl9hlighted by ex
posed steel elevatOf 
towers and escalator 
trusses. 

• 

• 

plays The floor-to-floor heights for these 
two levels are 16 II and 24 ft These two 
concrete floors were constructed while the 
steel structure above was being deSigned, 
bid , mill-ordered and fabricated ThiS re
moved from the construction schedule any 
waiting time for the mill-order and fabrica
tion of the structural steel. 

mart lease space ThiS steel scheme cost 
less. had Significantly lower foundation 
costs and a shorter construction schedule 
than the concrete schemes evaluated dur
Ing the value engineering phase It also 
prOVided the ease of vertical expansion de- • 
Sired The 36-11 x 36-ft bays are framed by 
composite steel beams at 12 II 0 c. span-

The steel structure bUilt on top of the 
exhibition levels (Fig 4) supports the Info-

ning to composite steel girders which In 
turn span between columns Each column 
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IS supported by a single pier drilled through 
60 h Of weak overburden down Into shale 
The weight saved by uSing steel construc
tion Instead of concrete reduces the col
umn toads and resultant reqUIred pier ca
pacities by 25% The slab IS 3 '1.-In 
lightweight concrete over a 3-ln. composite 
metal deck The metal deck Incorporates a 
blended cellular electrical raceway system 
for flexible electrical distribution (an impor
tant deSign consideration for the facIlity) 
The beams, girders and columns are tyPI
cally 50 kSI steel ThiS reduces the steel 
tonnage by 30% while Increasing the mate
rial cost of the steel by only 15%. 

Several Stability Plans 
Several schemes for providing lateral sta
bility were studied The most Interesting, 
In keeping With the Crystal Palace's ar
chitectural theme Incorporated exposed 
steel braCing In the full-height atrium. 
ThiS scheme was abandoned primarily be
cause of fireproofing requirements Ironi
cally, London's Crystal Palace was de
stroyed by fire In 1936 The lateral system 
used IS steel braCing at the four exterior 
corners of the bUi lding (Fig 5). These Wind 
braclngs (as well as all building columns) 
are deSigned to be extended vertically to 
support the future expansion The brac
Ings eliminate the need for any welded 
frames and thus accelerated erection time 
and Increased the number of typical bays 
The total erect ion time for the structural 
steel. which framed 1.3 million sq. h, was 
only 13 weeks 

Construction lime was also compressed 
by borrOWing from high-rise construction 
pract Ices the Idea of staggering the work of 
variOUS trades The staggering for thiS 6-
story, above grade prolect (which has as 
many sq. ft as some 50-story projects) was 
accomplished hOrizontally The bUilding 
was completed In lour quadrants, with con
struction trades fOllOWing In sequence from 
one quadrant to the next. The Infomart 
opened 16 months after construction be
gan, and only 12 months aher the founda
tion piers were completed 

Some elements of the project which 
saved construction time reqUIred special 
deSign considerations. BUilding the lower 
two levels of concrete while the steel Jor 
the upper five levels was .belng mill-or
dered and fabricated required the trans
miSSion of loads from steel columns to con
crete columns A 12-ln. deep depression 
was cast In the top of each concrete COl 
umn capital to conceal a steel column base 
plate. The steel column base plate was set 
and grouted Into the depression and then It 
was filled wllh concrete flush WIth the rest 
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Fig. 4. Sleel-framed structure (top) above exhibition levels supports 
leased space. Fig. 5. (bott.). Lateral system 01 steel "'a"'"9 shown 

Construction Services: 

I 11/1111111 II 

• Geotechnical Engineering • Preliminary Soils Investigations 
• Geology • Fault Hazard Studies 

• Concrete Mix Design • Curtain and Window W all Services 

• Construction Inspection and Materials Testing 
w~ have provided this service continuously since the 1906 San FranclSCo Earthquake. 

• Hazardous Waste 
Asbestos · Petrochemical . UndCf'ground Tank MOnitoring (QD) SmTII-BM.'RY COMP""" 

Th. Full s.."lCtlndep.nckn, Tallng Laboratory, fu,abJuheJ 11}O4 

Los Angeles Anaheim San Francisco 
2131749-3411 714 /630-4910 415 / 822-8880 
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STEEL 
BAR 
JOISTS 

• Outstanding Performance 
and Service 

• Quick Orawings 
• Fast Oelivery Time 

i 

Figure 7 

For over 32 years. Riopelle has been pro· 
vldlng customers with high quality. SJ I 
SpecificatIOn steel bar JOists 

We serve all fabrrcators and structural 
engineers Our large volume assures both 
fast delivery and hlghly·compelltlve quotes 
No Job IS too big or too small. 

For unbeatable prices and favorable 
credit terms. give us a call today. 

~ RIO PELLE 

8817 West Lynx Avenue 
Milwaukee. Wisconsin 
53225-1833 
14141353-8080 

01 Ihe lloor (Figs 6 & 7) Add/lional rein-
forcing sleel was placed In Ihe concrele 
column capllal 10 accommodale Ihe de
pression In Ihe cap/lal and Ihe bursllng 
slresses due 10 Ihe sleel column load 

The huge floor plan which per milled 
honzomal slaggenng of conslrucl/on was 
bUilt w/lhoul expansion 10lnls (whIch can 
be unsightly and reQwe ma/nlenance) 
The shrinkage slresses in Ihe 15'/n con-
crele hrSI-floor slab and In Ihe 6".-in slabs 
on melaf deck above were Vlrlually ef/m/-
naled by uSing pour SlrlPS A pour slnp IS a 
narrow slnp of slab separaling IWO large 
sec lions which IS nol caSI unlil mosl of Ihe 
shrinkage of Ihe larger secllons has oc-
cUffed The stresses In the structure due 10 
Ihe reslralm of Ihe Ihermal expanSion and 
conlracl/on of Ihe larqe floor plales by Ihe 
braCing at the four corners were computer
analYled The roof sial> wh,ch was Insu-
laled on lOp was checked lor Ihe change 
In average slab lemperalure Irom Ihe coid-
esl 10 Ihe hOllesl day The lloor slabs were 
checked for a nomlnallemperalure d,ffer 
enllal of one slab 10 anOlher S,nce Ihese 
In-plane slab stresses and the combIned 
bracmg forces Yv'ere wrnun allowable limits 
expansion 10lnls were elim/naled from Ihe 
lloors 

~ 

I 
I 

Structural analysIs techniques and con~ 
slrucllon planning melhods have been rev-
olullonlled by Ihe fllsl !'Jeneral/on of enClI • 
neers and contractors to have computers 
The creal Ion of Infoman uSing Ihese lools 
has provIded a cenler for Ihe propagallon 
of computers to future generations who Will 
ensure thai steel construction continues to 
be modern 

Architect 
GrrlNald AI;h lect' 

Structural Engineer 
CBW' E nq lccr In 

Mechanical Engineer 
Olum ConsultlnQ fnqlnc('fS 

Contractor 
OnOf' Cor !ruel r 

Fabricator 
Hirschfeld Sleel Compar y 

Erector 
Regional ContractlnQ Corporation 

Devefoper 
Tramrr Crow (kSlqn and ConstruClion 

Dr Jos~ph Cofaco S preSident 01 CBM E,1g' 
neerS Houston Texas 

Wally Ford IS a senior associate of CBM Engl' 
neers 
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GARDEN STATE PARK 
PAVILION 
Walking Ring for a Running Track 
by Pradeep R. Patel 

Ahexagonal-shaped auditorium . the 
Garden State Park Sales Pavilion IS 

bUilt adjacent to the Crystal Paddock at 
Garden State Park . Cherry HIli. N J ThiS 
racetrack. destroyed by fife In 1977, was 
rebUilt and expanded by a Phlladelphla
based architectural 'englneenng Interior 
design flfm lor a grand re-openlng In 
1985 

Phase 2 expansion Included the 53.000-
sq II Sales Pavilion . completed In the 
spring of 1986 ThiS clear-span auditOrium, 
150 II In diameter and about 70 II high. has 
a seating capacIty of 1500 Its two large 
teleVISion screens allow patrons to watch 
live Garden Slale races. Simulcast races 
Irom other tracks and other sporting 
events The auditOrium also functIons sev
eral times a year as a sales facility for both 
Ihoroughbred and standardbred horses. 
which are brought on stage Irom "back
stage" stalls and a walking ring 

The structurat system for thiS bUltdlng IS 
a three-way, rigId frame which spans 150 
II. The three Irames at the crest are con
nected to a hexagonal compression ring 
box, consisting of top and bottom ptates, 
as wetl as Side pi ales and stIffeners The 
design concept was to allow stresses to 
Ilow from each hall of the rigid frame 
through the central compression ring box 
to the other half of the rigid frame. The 
depth of the rigid frame at the knee IS 9 II, 
and 5 It at the compressIon ring The hOrl
zontallorces at the base of the rigid frame 
are resisted by Ire rods 3 in. In diameter 
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Exterior of new Garden State Sales Pavilion, Cherry HIli , N.J 
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Clear-span (150-11) audllonum sealing 1.500 permits Indoor race viewing and serves as 
walking ring and sales faCIlity for thoroughbreds Below (I.) shows Intenor seating arrange
ments Below (r.) details steel framing of large pavlhon 

The compression nng elements were 
given careful conslderallon In detailing the 
welded 10lnts Involving thicker plate materl
alit was essential to maintain continuity of 
frames within the compression ring How
ever. thiS meant the stresses at the top and 
bottom flanges had to be transferred by 

22 

welding each rigid frame to the compres
Sion ring KnOWing that welding must be 
avoided In tensile stress zones Involving 
thicker plate material , our goal was to solve 
lamellar tearing-prone details on paper 

After explOring several Ideas suggested 
by the fabricator and the archltecUengl-

neer. the engineer developed a practical 
approach uSing bolted connections atten
slle zones and welded connections In 

compression zones ThiS IS a good exam
ple of the shop draWing design, detail pro
cess. where complex and critical detailing 
problems can be solved With teamwork be· 
tween fabricator and deSign profeSSionals 
working In the best Interest of a project 

The foundation for the structure was 
constructed by plaCing pllecapson cast-In
place concrete piles The erection proce
dure was kept In mind while deSigning the 
foundations, Since an erection tower would 
be used at the center of the compression 
ring A speCial pile cap on the pile founda
tion was deSigned to hold the erection 
tower 

ThiS tower was Critical for controfling 
alignment and erection of ali components 
of the structure The frames were also de
Signed and detailed to accommodate the 
splice at the knee area of the rigid frames 
ThiS splice would be made at the top of the 
column sec lion, rather than at the hOrizon
tal beam section. 

A three-dimenSional computer study 
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helped analyze the behavior of this unusu
al structure with hybrid design elements 
(i e., three-way rigid frames. hexagonal 
compression ring, and spandrel framing 
elements at hexagonal perimeter acting as 
parllal tension ring). This analysIs included 
several symmetrical as well as asymmetri
cal loading condilions The connections 
were then designed for cntlcalload condi
tions 

The data for theoretical frame deforma
tions were also given to the structural steel 
contractor, who. In turn, made pracHcal ad
iustments for erection of the structural ele
ments In alignment. These adlustments 
took Into account the desired final align
ment with complete dead load on the struc
tural frame upon removal of the erection 
tower. 

Strain gauges were used to monitor Sl· 
multaneously the tension at the lie rods 
connecting the three rigid frames A Uni

form minimUm tension of 20 kips was re
corded In all tie rods by tightening the turn
buckles and accurately mOnitoring the 
sequence prior to removal of the tower. The 
tension was applied In 5-klp Increments 
The tower was removed gradually, after all 
the dead load was In place All secondary 
framing connections for the structures out
side the main auditorium framing were 
bolted later. to avoid stressing those con
nections through rigid frame dellectlon 
upon release of the tower. 

The deSign and construction of thiS 
structure proved that a complex deSign can 
be bUilt with success If cooperation eXists 
among the general contractor, Ihe fabrica
tor and the deSign professionals. 0 

Archltects/Structural Engineer 
EWing Cole Krause 
The sports facilities diVISion of 
EWing Cole Cherry Parsky 
Philadelphia. Pennsylvania 

Construction Managers 
Torcon. Inc 
Westfield, New Jersey 
Costanza Contracllng Co 
Pennsauken, New Jersey 

Steel Fabricator 
Lehigh Slructural Steel Company 
Allentown, Pennsylvanid 

Owner 
International Thoroughbred Breeders, Inc 
East Windsor New Jersey 

Pradeep R Patel is a principal and director of 
structural engineering at EWing Cole Cherry 
Parsky. architects, engineers and Inlenor de
signers, With offices In Philadelphia, Pennsyl\la~ 
nla and Haddonfield, New Jersey 
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First is Arbed's new rolled 40" beam . .. available in 16 
sections from 149 to 328 Ibs. It gives high section moduli, 
great lateral buckling resistance, and competes economically 
with both fabricated sections, as well as reinforced precast 
and prestressed concrete. 

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

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

r~;~~~rn~~~~~~~~~~n 
I (212) 486-9890. Domestic Telex: (W.U.) 125159, Int' l Telex (ITT) 421180. 

I In Canada: TradeARBED Canada, Inc., 1176 Blair Road, Burlington, I I Ontario, Canada L7M 1 K9. (416) 335·5710, Telex 0618258 I 
I Please send complete Information on TradeARBED's 40 ' beams and I 

" TAILOR-MADE" beams. 

I Name Title I 
I Firm I 

Address' ________________________________________ _ 

~~ ________ s.!:!.e __ .....:.i~ __ J 
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The Levi Strauss & Co. Jeanswear Distribution Center 
is big: 720,000 square fuet at a cost of $19 million and 
capable of shipping 50 million units a year. 

What's more, it had to go up fast. In time for 
Levi Strauss & Co. to use it to fill summer orders. So 
a job that typically would be scheduled for 15 months 
had to be completed in 11 months or less from the 
time design work started. 

The Haskell Company, which designed and 
constructed the building at Gluckstadt, MiSSissippi, 
relished the challenge. And they knew who to tum to 
for steel joists and joist girders. In their words, "Only 
Vulcraft could handle a job this big this fast:' 

Because Haskell used fast track methods, they 
specified a precisely timed sequence of deliveries. 
Vulcraft followed through to perfection. Which didn't 
surprise Haskell . They had worked with Vulcraft for 
15 years, including 20 projects in the previous 30 
months. 

For more information concerning Vulcraft steel 
joists and joist girders; or, for copies of our joist and 
girder catalog. contact the nearest Vulcraft plant listed 
below. Or see Sweet's 05100!VUL. 

You11 find we can meet your schedule, even if 
nobody else can . 

Ti't' ~"lIp"crlll 11/11/1,.-.:111 u~I,'(llt p( \.1,km/, /I)t)'" "t,d 
,,:J/.-.I ~lfd('rs Hklkt> CflYtiOf/ hI""" IlIh/l'rb '/ 

Owner: u..'V1 trauss & o. 
Archltect~ and Engm('{',...,: 1nc II.J~II Company 
General Contracto r: Thl' Iitbl d l Comp.1ny 
Structural StL'l'1 FJbncJtnr: D. ... lta Steel Co. Inc. 
Steel En.oor· Ea;tem 51,,,1. Inc 

VULCRAFT 
po.n ... ,-o37 n~h.mllll)·.tn ~nO~801"" 1 ~1" 
1'0 Bo.,\ ,. 1.Il"rcno.t-'. S<. ~tJ~~ t'CIl ('I('>~.o;\s1 

po. H •• , toQ h.," r.J\'nl' AI _'~<)c." :!.I,)!'o S I" .:! 100 
PO Bel\ 180. (;rJPt:i.antl. I \ 7~811 100> (>87 1005 
PO. 80...\ SQ. "'ric>!.!.. 'l «.>8"01 10" tIclt i'~ 
ro.lJ.;.,IOOl1. SI lot· I:'\; Ito;''''!'.:!!\) "7~111 

Vtdcmft ~11.,'lu .. 1 ),JOO Itll'b ,,, "'~"IIII,I :!O- fall'l:> Ill,ot\ol grnk"" "-"" lirA L'I.·' 
StnmS6 f. C.i.l. f>N"I,"t" .. , c..""., dl G/1.-l~t'ldl, ,\t/SStiiSlJ'J1l. 



Soda ... designs your 
least-weight steel structure 
fast ... and automatically 
Finally, a practical structural 

engineering software package 
that not only analyses but 

automatically designs a least
weight (optimal) steel 

structure. 

SODA represents the perfect 
blending of state of the art 
structural engineering and 

modern optimization research. 
SODA is a truly practical steel 

design optimization package 
that permits the designer to con

centrate on engineering instead of routine calcu
lations, thereby reducing design time and costs. 

• Design codes supported: 
- AISC WSD 1978 Specification 
- AISC LRFD 
- Canadian CAN3 - S16.1 - M84 Limit States Design 

• Microsoft" Windows environment 
• Mouse or keyboard interaction 

_. 
, ! Hi 

--
InpUi and editing 
is quick and ealy. 

--
I ... . 

U~r interface j:, 
:lccompJishcd with mow-,e 

and drop down menus. 

SODA automatically and 
completely designs a least
weight planar steel frame or 
truss from section databases in 
complete conformance with 
design code requirements. The 
design by SODA is complete, 
constructable and ready to 
implement. There is no need 
to re-analyse and re-size as is 
the case with other steel design 
programs. The software 
designs not only member by 
member, but by considering 

the entire structure as a system. The design 
satisfies both strength and deflection requirements. 

• Members selected from A1SC or CISC database or from 
user's custom data base 

• Comprehensive yet concise user's manual 
• 30 day evaluation period, refund if not satisfied 
• Runs on IBM PC XT/AT or compatible 
• Minimum 512 KB and hard disk required 

-.. -- ........... ... 
~ H.: ." · . · . . : : · . - • 

, -----

1 

Gmphics displays arc 
accc.\sible at any time. 

~--.~" The opllmal design b 
presclllcd in a logical 
and concise manner. 

To get more information on SODA and to receive your free demonstration diskette: 

CALL TOLL FREE tm conlinenl,,1 u.s.) 
1-800-265-2766 
or COLLECf (519) 885-2450 

orWRlTE 
WATERLOO ENGINEERING SOFTWARE 
A Mcmb.:r or the NEXA Group 

Park Avenue Atrium 
2:r7 Park Ave .. Suite 2143 
New York. NY 10017 

180 Columbia Street West 
Waterloo, OntHrio 
Canada N2L 3L3 

STRUCTURAL 
OPTIMIZATION 

DESIGN AND A ALYSIS 

• 

• 
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Limited Site Design 

CALIFORNIA CENTER 
Big, Bold, Ambitious
and Last of Its Kind 
by David Moulton and Navin Amin 

When the California Center project be
gan John Hams from the develop

er s firm went to the mayor and asked 
What would you like to see here?" She 

responded she would like to see a mixed
use bUilding a combination of residential 
or hotel use retail and ollice space When 
the architect got Involved soon aiter that 
meeting they were Instructed to develop 
thrs project on the basrs 01 mixed use It 
turned out that the Inner Planning Code at 
that trme permrlted oilice space to be bUilt 
al a ceria In floor area rat to The code also 
permllted a bonus system which would 
permrt development of more area rn a 
bUilding as compensation lor dOIng cerlaln 
thrngs such as creating plazas setbacks 
etc But the Increased area could be devot
ed to reSidential uses eIther hotels or reSt+ 

dences 
The problem was to develop as much 

//oor area on the site as possible devoting 
that portion generated by bonuses to cOn
dominiums As the prolect progressed 
through the planning stage. the condomin
Iums became hotel rooms The final result 
IS a burldlng with 47 storres divided up Into 
35 //oors of ollrce. plus the lobby t 1 hotel 
floors and one mechanical floor In addi
tion there are two basement parking lev
els Total square footage In the bUilding IS 
885.000 sq it The center located In the 
heart of downtown San FranciSCO. touches 
four streets - but fronts on none of them 
The bUilding IS a fairly long. thin hexagonal 
shape In the center of the site 

A SJte-an Opportunity 
ThiS. along with the mixed use 01 the bUild
Ing function. was the greatest challenge 
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Steel-framed Cahfornla Center was challenge In both design and site conditions. 

28 

and opportunity of the site It makes the 
bUilding unique Many design studies were 
done to discover the potential of the site 
and to tie the various functions of the bUlld- • 
Ing together under one roof Some of these 
design studies were so unusual the engi-
neers started to get nervous But they 
stayed on that track. and found forms 
which chamfer Ihe end of the bUilding 
worked very well They opened up areas at 
the bottom of the tower where It IS sur
rounded by bUildings on all four corners 
The engineer found that splottlng the top of 
the bUilding Into two segments or towers 
expressed the fact the residential areas reo 
duced the bulk Impact of the structure A lot 
of detailed study went IntO chOOSing the 
final confoguratlon In dOing the studies a 
lot of lillie white models boxes and boxes 
of them. were bUilt 

AI Ihls pOint In the process two things 
happened Flfst the developer of the bUild 
Ing sold the prolect. essentially to thelf own 
management people A new group was 
formed with outside Investors Thus many 
of the same people cont,nued to be ,no 
volved In the ptannlng The other thing that 
happened the new client In evaluating 
the scheme and looking at the lease 
spaces and the efloclency of the bUilding 
determined the spill towers and the very • 
small retail or rental floors (only about 
t5000 sq II) worked aga,nstthe prolect s 
economiCS Two Instructions to the englo 
neer resulled One was to find a way to 
make the spilt upper floors In the bu,ldlng 
work as one floor with one elevator system 
and one stalf system and to I,nd a way to 
Increase the square footage on the main 
tower floors So back to the draWing boards 
and the models aga,n The ma,n problem 
was the bulk Ilmiis of the s,te had been 
reached as had also the city s maXimum 
2O(}1I diagonal d,mens,on measuring from 
tiP to tiP The arch,tecttooked at a number 
of schemes which woutd not go beyond the 
Iomlts The final determination was the best 
approach which would be to Simply extend 
the bUilding or spread It out laterally Then. 
the two towers were qUite far apart But by 
pulling the cores In toward each other and 
connecung them by glazed bridges. the 
architect could malnta,n the baSIC theme 
Ideas of the bUilding 

II had already been decided the struc
ture was to be clad With monoloth,c green. 
partially reflective glass to stress as 
strongly as possible the lorm of the bUild· 
Ing But the city decided they did not want • 
any more reflective glass In San FranCISco 
So the final deCISion was to clad the bUild 
Ing In polished stone and clear glass Also. 
they proceeded to develop the bUlldong 
with a three bank elevator system plus a 
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Spectacular aenal shows light SlUng and geometry of structure 

separate bank for the residential part The 
bUilding plan IS a chamfered hexagonal . 
shaped bUild Ing with floor plans that work 
qUite 'Nell and permit spectacular views 
irom the upper floors The bUilding IS very 
thin In one direction actually only 100 It 
wide which was dictated by the code reo 
qUillng exactly 20 It irom the Intellor prop· 
erty lines 

Architectural Interest with Steel 
The part of the bUilding which was of temf· 
IC Interest to the deSign group was the 
base It musl be mare than fusl an office 
bUilding to be used by the people leaSing 
space It musl have something for the city 
The main entrance IS through an opening 
from California Street Into the lobby A sys· 
tem was developed to direct the public 
Sidewalk access straight through the block 
as well as to connect to California Street 
The main lobby accommodates retail 
spaces as well as the hotel lobby The ar· 
chitect would have to develop a podium lor 
the bUilding An enormous amount of study 
went Into II to determine the character of It 
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And there was much negotlallng with the 
city about color finishes and the actual de
sign Oul of the meetings came Ihe 
scheme of a bUilding entirely clad In stone 
except for the structural steel decoration 
Part of the architectural treatment was to 
use exposed painted structurat steel In the 
shape of Wide-flange beams above Ihe 
four entrances 10 Ihe building These 
beams have no structural funcllon onlyar 
chltectural but they are qUite ImpreSSive 

In addition to uSing structural steel over 
the entrances the deSign team used It In a 
decoratrve lash Ion In the lobby such as 
lor columns to support light fixtures and as 
supports for the bUilding directory 

Real Challenge in Structure 
The real challenge was to come up With a 
structural system to Incorporaie the re
qUIrements of the hotel. office retail and 
parking and one that woul':! be economical 
In terms 01 the least struct"ral steel weight 
to resist seismic and Wind loads lor thiS 
narrow slender tower configuration One 
01 the Important clltella 01 the deSign also 

Included the aspects of human perception 
ude to Wind Induced accelerations 

Several structural Ideas and concepts 
were evaluated The selected concepl was 
muillple tube frames With an eccentTic 
braCing at the bUilding core ThiS was the 
most effective system to reslsllhe seismiC 
and Wind loads With the least amount 01 
steel weight The analYSIS and deSign 01 
the main frame was done uSing three 
dimensional modelling techniques The 
complete Irame analySIS and deSign was 
done With In-house Compulers nle frame 
was a~alyled and deSigned to reSist grav
Ity loads In combination With code seismiC 
loads and Wind loads It was also analYled 
and deSigned to leslst forces due to maxI
mum probable and maximum cred,ble 
seismiC response spectra The response 
spectrum analySIS was done With dynamiC 
analySIS techniques 

The floor Sy~tem IS a composite metal 
deck slab supported compos tely on stan
dard rolled beams The blldges at the hotel 
levels are deSigned so that In a seismiC 
event there IS no relative movement be· 
tween each of the hoteitowers The blldge 
floor structure IS a horizontal truss in plan 
The slenderness 01 the lower and the hotel 
type occupancy led to a complete Wind 
study lor the prOlect The Wind tunnel sfud
les were performed to predict the Wind 
pressure and suction for the deSign 01 the 
external wall and Ihe glass as well as the 
structulal loads for the Irame- and Wind
Induced accelerallons 

One very Important conSideration was 
the behaVior of the moment connected 36-
In Wide column and 36-In deep beam un
der a seismiC event A detatled test pro
gram was undertaken at U C Berkeley 
under Prot E Popov to study the behaVior 
of a large column-beam JOlnl under cyclic 
loading The results of Ihe tests confirmed 
the connection detatls used on the prolect 
YvOuld perform satisfactorily under a seis
mic load 

Caillornia Center big bold amb, · 
tlOUS and the last of Its kind In San Fran 
CISCO Never again Will the Downtown Plan 
per mit another skyscraper so ta I and bold 
to rise In so crowded and histone a city
scape 

Architect Engineer 
SKidmore OWlnQ~ df"ld Me" 
San FranCI~co Ca Ilnrn d 

General Contractor 
Olnwlddle COr !rue' )(I ;0 
San FraN .co Callfl)rnla 

Nav n Amrn IS an aSSOCiate partner With Skid 
more. Owlnqs and MerrI ll 
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Steel Notes ---------------------------------. 

OOPS, SORRY DEPT. 

I n the last issue of Modern Steel 
Construction (No. 2-1987) in Clel

Ion Loveall's feature, "Advances in 
Bridge Design and Construction," we 
incorrectly pictured the Whitechuck 
River Bridge. Here's the correct 
photo. 

AISC-KLINGELHOFER 
SCHOLARSHIP ANNOUNCED 

The first AISG/Klingelhofer Scholar
ship Award will be available to under
graduates in civil or architectural 
engineering in the Pacific Northwest 
states of Washington, Oregon, Idaho 
and Alaska. 

This award, in the amount of $5,000 
for the school year, commencing in 
the fall 1987, brings to three the 
number of annual scholarships being 
offered by the AISC Education Foun
dation. For 1987, the Stupp Brothers 
Scholarship will be available in Texas 
and New Mexico, while the USS Steel 
Award is offered in Upstate New York 
schools. 
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1987 NEC/COP 
PROCEEDINGS AVAILABLE 

The Proceedings for the 1987 Na
tional Engineering Conference/Con
ference of Operating Personnel 
(NEG/COP) is now available for pur
chase. the 820-pg. book contains 47 
complete technical papers presented 
by recognized authorities at the 1987 
conference held in New Orleans April 
29-May 2. Papers cover a broad 
range of the latest developments in 
building and bridge design, fabrica
tion and construction. Illustrations, 
tables and photographs are also 
included. 

The cost for the Proceedings 
(G448) is $26.25 for members, $35 for 
non-members. To order, send a 
check, money order or Visa/Master
Card information (state type of card , 
number and expiration date) to AISC 
Publications Dept., P.O. Box 4588, 
Chicago, IL 60680-4588. 

LIMITED NUMBER OF 6TH 
EDITION MANUALS AVAILABLE 

A number of copies of the Manual of 
Steel Construction, 6th Ed. (1967) are 
now available for $10 each (no dis
count). This 768-page manual is 
based on the provisions of the April 
1963 AISC Specification. To order the 
Manual (M009), send check, money 
order, Visa/MasterCard information 
(state type of card , number and ex-

pi ration date) to AISC Publications 
Dept. , P.O. Box 4588, Chicago, IL 
60680-4588. 

1987 FELLOWSHIP 
AWARD WINNERS NAMED 

Eight winners of AISC's 1987 Fellow
ship Award competition have recent
ly been named. Each winner receives 
a $4,250 study fellowship, with 
another $750 going to the academic 
department heads for admiistering 
the awards. Students ae judged by an 
outstanding award jury on the basis 
of grade point averages, faculty 
recommendations and contributions 
their expected programs will make to 
the engineering profession and the 
structural steel industry as a whole. 

The 1987 winners are: 
Douglas J. Ammerman, University 
of Minnesota 
Gus Bergsma, University of Cali
fornia-Berkeley 
Christopher M. Foley, Marquette 
University 
Galal A. Korayem, Georgia Institute 
of Technology 
Brian D. Peck, Syracuse University 
Carl D. Petty, University of Maryland
College Park 
Gregory P. Schleusner, Marquette 
University 
Gregory l. Tucker, University of 
Tennessee 
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June 8-11,1988 
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1988 NATIONAL ENGINEERING CONFERENCE! 
CONFERENCE OF OPERATING PERSONNEL 

Hilton Fontainebleau 

Miami Beach, Florida 

June 8-11, 1988 
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Architectural Solution 

WASHINGTON-BATTERY 
BUILDING 
Steel Solves a Tight Site Problem 
by John D. Meyer and Deborah Michels 

Number 311987 

The southwest corner of Washington 
and Battery Streets In San Franclscos 

Financial D,stnct was once a small embay· 
ment of San FrancIsco Bay called Verba 
Buena Cove Today. thiS narrow. problem· 
ndden lot IS Ihe home of the Washing lon
Battery Office BUilding , a tobute to the 
merlls of modern steel constructIon and a 
winner of an CCAIA Honor Award 

PrevIous attempts to develop an office 
bUilding on the site succumbed to the 
harsh rules of economiCS The location 
was pnme, but the 25 x 97 ·ft lot Size had 
always proven uneconomical The sIte 
shares common property lines on two 
Sides with h,stonc 3-story bock bUildings 
with full basements One of these, the Bur 
roughs BUilding, houses highly senSitive 
equipment EXisting concrete penmeter 
basement walls, buned slabs and founda
lions and wood piles from a prevIOUS slruc
ture would have 10 be removed Wllh ex 
treme care because of the zero property 
line The architecture of any proposed 
bUilding would have to be In keeping With 
liS prestigious neighbors most nOlably 
the TransAmeoca Pyramid Embarcadero 
Center and One Manllme Plaza (the Alcoa 
BUilding) Directly across the slreet IS the 
US Customs BUilding With ItS rusticated 
granite facade ThiS then, was the architec
tural challenge to be met to conceive on 
thiS small. bUI highly VISible . site a major 
olJlce bUilding that would complement but 
not distract Irom the Impressive neighbors 

Architectural Solution 
The architects deSigned a 7-story 22 .000 
sl office bUilding With full basement After 
consul ling the San FranCISco Planning 
Code for reqUIrements of bay Windows 
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TyptCal floor framing plan (above) PholO shows 
framing wllh large beam penetrauons for ductlng 
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cant ilevered industrial, sash-bay windows 
were used to add space. The corner loca
tion required fire walls at property lines 
and fire-rated to'Ners For the stair lowers 
on each end, precast concrete panels were 
massed and rusticated to relate to the U.S. 
Customs Building reflected in the Wash
Ington-Battery's glass front. The floor plan 
was designed to accommodate a presti
gious Single user. 

Structural Solution 
The structural engineer was challenged by 
the many difficulties of the site. The sub
surtace consists of Bay mud over a sand 
lens 50 ft thick, 25 ft below grade, with 
older clay-like Bay mud beneath and then 
weathered bedrock. The most economical 
and practical foundation system would be 
piles driven into the sand lens, but the sub
surtace conditions created problems here 
too: 

• USing the sand lens for pile support re
sulted In limited capacity 

• Precise location of piles was difficult to 
achieve . EXlsllng wood piles were en
countered which could not be removed 

• It was necessary to drive 2Y2 ft inSide of 
the property to aVOid disturbing the Bur
roughs Building footings . 

All of these factors made placement 
complicated and expensive. The structure 
would need to resist San FranCISco's se
vere seismiC forces . ThiS fact , In addition to 
the limited pile capacity, indicated the need 
for the lightest, most fleXible structural so
lution. With thiS In mind, the engineer used 
a structural steel moment frame With a con
crete grade beam system over the 50-ton 
capacity, 12-in. x 12-ln prestressed con
crete piles. At the property line, the grade 
beams were cantilevered over the piles to 
pick up the steel columns. The advantages 
of uSing the steel moment frame as op
posed to shear walls and/or braces are 
many. The steel moment frame offers prov
en reliable resistance to seismic forces 
without the architectural constraints im
posed by shear walls and braces Moment 
frames have lower overturning forces than 
shear walls or braces. This, In turn , was In 
keeping With the need to minimize the load 
imposed on the piles. Also, the moment 
frames allowed a symmetric lateral force 
res isting system, Symmetnc systems 
avoid torsion problems and are therefore 
very deSirable for earthquake resistance. 
The deSign of the ductile, moment-resist
Ing space frame was controlled principally 
by drift limitations. Limiting building drift 
during moderate earthquakes minimizes 
the non-structural damage to the building . 
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Six of the eight transverse lines are mo
ment resisting . Transverse moment frames 
were required on both sides of the stair 
towers because of the lack of hOrizontal 
d iaphragm Within the towers. The trans
verse moment frame girders range from 
W24x62's at the first floor to W18 x 35's at 
the roof. The non-moment transverse floor 
girders are W18 x 40's. Bay framing In the 
longitudinal direction IS about 15-ft col
umn-to-column. The three middle bays of 

the extenor longitudinal column lines are 
designed as moment frames. Girder sizes 
range from W24 x 55 at the first floor to 
W18 x 35 at the roof , In the transverse di
rection, the bUilding IS one bay Wide The 
bay Width IS 21 ft-9In. The floor deck spans 
transversely over a W1 2x 15 filler beam 
and cantilevers 4 ft-3 In at the bay win
dows Maximum deck span IS slightly less 
than 11 ft. The non-moment frame floor 
beams are deslqned for composite aCllon 

TWO-MILLION USERS 
AND GROWING ... 

. . . That's how many professional s 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 1-71 4-720-1865. 

\ I / \ / //":::"'lllIlIi~RCAI£ 
160 Newport Center Drive, Suite 125 . Newport Beach, CA 92660 · (714) 720 · 1665 
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Open steel frame highlIghts challenge of erecllng major office bUlldmg on 25-ft 101. 
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wllh Ihe 3-ln deep melal deck and 2V, In 
3.000 PSI lighlwelghl concrele 1111 

Savings In the COSI ollhe bUildings lire 
salely syslem were possible by limiling Ihe 
helghl Irom Ihe IlrSI 10 sevenlh lloors 10 75 
fI To meel the helghilimiialions. mechani
cal dUCIS penelrale Ihe Iransverse floor 
girders Typical floor 10 floor helghls are II 
fI-8 In Penelrallons were coord Ina led and 
shown on Ihe contraci documenls This al
lowed shop fabflcallons ollhe penelrallons 
and resulted In bOlh a COSI savings 10 Ihe 
owner and betler quailly conlrol 

The girders have belh relnlorced and un
relnlorced penelrallons Relnlorclng Ihe 
penelrallons was done where reqUired be
cause of Ihelr large size andior high beam 
shear Round penelrallon sizes ranged up 
10 14 In In Ihe 18-ln deep girders Rein
lorced and unrelnforced penetrallons were 
deSigned uSing Ihe procedures published 
In Ihe AISC Engmeeflng Journal 

Moment frame connections are made by 
lUll penelrallon welds ollhe girder flanges 
10 Ihe columns and Wllh A325F belted web 
conneClions lor Ihe girder gravlly and seis
miC shear lorces The Irame was deSigned 
In accordance wllh Ihe ducille provlslonsol 
Ihe Unllorm BUilding Coce and Ihe San 
FranCISco BUlldmg Code 

• 

Summary • 
The sleel syslem proved simple and elfl 
clenl Erecllon look only 16 days Sleel 
solved Ihe dllflcult loundallons problems 
Wllh a minimal amount 01 dlsrupllon and 
Inconvenience 10 Ihe nelghbeflng bUild-
Ings And Ihe bUilding helghllimllallon was 
mel by coordlnallng Ihe HVAC syslem Wllh 
Ihe SlruClure dUflng Ihe deSign phase 0 

Architect 
Fee & Munson, In association with 
Sid Hoover 

Structural Engineer 
\bgcl & Meyer Partnership 

General Contractor 
Herrero Brothers 

Owner 
Washington/Battery ASSOCiates 

John 0 Meyer IS a partner In the structural engl· 
neenng firm of \bgel & Meyer. Walnut Creek, 
California 
Deborah Michels was the markellng coordinator 
lor lAogel & Meyer 
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L.R.F.D. OR A.S.D. ??? 
IT 'S YOUR CHOICE WITH THE 

ECOM STRUCTURAL ENGINEERING SERIES 

Confused about which design method is best for your project? ECOM can end the confusion 
as both methods are built-into our Steel Design " C" Package. With just a few key strokes 
YOU CAN DESIGN a series of beams or columns BOTH WAYS. SAVE TIME 
ELIMINATE ERRORS. 

ECOM STRUCTURAL ENGINEERING SERIES IS: 

• COMPREHENSIVE • INTEGRA TED TO AUTOCAD™ 

• INTEGRA TED STEEL DESIGN • ALLOWS LRFD OR ASD DESIGN 

• EFFICIENT • EASY TO USE 

• STATE-OF-THE-ART • QUICK RERUNS 

• LINKED TO AISC'S NEW SECTION DATA BASE 

Push your productivity to new heights. Join over 1,500 firms who for over 14 years have 
looked to ECOM for excellent engineering software backed by a staff of professional 
engineers ready to assist you. 

8634 W. Brown Deer Rd ., Milwaukee, WI 53224 
(414) 354-0243 

CALL TODAY 
FOR A FREE BROCHURE 

AND SPECIAL OFFER ON THE 
ECOM S.E. SERIES 
CALL 800-558-5137 

TOLL FREE 

ADVANCING THE STATE OF STRUCTURAL SOFTWARE .. . AGAIN 

ECOM is an authorized dealer of IBM and COMPAQ. AUTOCAD is a registered trademark of Autodesk, Inc. 



NEW LRFD/ASD 

Computer Data Base 
FOR 
STRUCTURAL 
SHAPES 

Ina continuing effort to provide steel 
design aids to structural engineers, the 

American I nstitute of Steel Construction 
has improved and expanded its Com
puter Data Base for properties and 
dimensions of structural steel shapes, 
corresponding to data published in Part 
1 of the 1st Edition, AISC LRFO Manual 
of Steel Construction, as well as 
properties needed for Allowable Stress 
Design according to the 8th Edition , 
AISC Manual of Steel Construction. 

PROGRAM PACKAGE 
1. Computer Data Base in binary format for the 

properties and dimensions of the following 
st ructural shapes: 
a. W Shapes (many new sections) 
b. S Shapes 
c. M Shapes 
d. HP Shapes 
e. American Standard Channels (C) 
f. Miscellaneous Channels (MC) 
g Struclural Tees cut from W, M and S 

shapes (WT. MT. ST) 
h. Single & Double Angles 
i. Structural Tubing 

2. Explanation of the variables specified in 
each of the data fields. 

3. Listing of a BASIC read/write program and 
sample search routine. 

4. Utility program to convert data file to ASCII 
format for FORTRAN applications. 

ORDER FORM 
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I enclose payment 01 S lor qly 01 __ 
NEW LRFDIASD COMPUTER DATA BASE·DIMENSIONS AND 
PROPERTIES OF STRUCTURAL SHAPES AT $60 each 
(Member price $45 Members & non·members With trade-In" $35) 

PERSONAL COMPUTER DISKETTE FOR: 
IBM·PC (& Compatib les) LJOEC RainbOw PC 

o Hp· '50 0 Wang PC 

' For discounted Irade ,n proCe the Of/g,na} copy cJ Ihe 
pr~ous AISC snape data base must be retl,jrned .... ,m 
your remittance Ot1er good on doskettes only 

V,sa & MasterCard accepted 

Name T.1I8 _____ _ 

Company 

Address 

Clly 

State z,p ____ _ 

Please enclose remittence. No C.O.O. orders. InNew York, GalikH'· 
nla and Ulinols, add sales tax Shipping charges prepaid In the U S 
On shipments outSide Ihe US . add 10% of lotal purchase lor 
postage and handling VIsa and MaslerCard accePled 

s,gnature ________________ _ 

________________ hp Date ________________ _ 

MAIL TO NEW LRFDIASD COMPUTER DATA BASE 
AMERICAN INSTITUTE OF STEEL CONSTRUCTION . INC 
PO Box 4588. Chicago. IL 60680·4588 
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Stepped surface locks automatically 
under flange. 

The Floor-Fast is for fastening solid 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 

1 Stepped tail fits flanges From 
~N ro ~ .... 

2 Profiled nose fits flat or 
sloping flanges 

3 J 4 gauge bracket with one 
offset side fits all standard 

bar grating and may 
allow simultaneous 
Fastening of adjacent 
grating sections. 

\ Grate-Fast1 

4 W 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 
Com~ny------------------------------------ 1 

I 
Address --------------------------------------- 1 

______________ Tel ________ y 

Struct fast Inc 20 Walnut Street Swte 101 Wellesley Hills MA 02181 

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

Tel : (617) 235 6734 



Landmark Restoration ----------------------------------. 

SAN ANTONIO MUNICIPAL 
AUDITORIUM 
New Era for a Fire-ravaged Landmark 
by J. David Mack 

New dome under conSlructlOO, with stage
ouse framing and temporary shoring on let1. 

Dedicated to those from Bexar County 
Tex who gave their lives In WWI the 

San Antonio Munlclp.1 Auditorium opened 
on Sept 3 t926 The bUilding received the 
gold medal awald from the AlA and qUickly 
became a well known landmark un the 
edge of the city s central business district 
The bUlldrng conceived as a multl·pur· 
pose faCility served the city well for over 50 
years of housrng CIVIC events ranging from 
opera perlormances to high school gradu
ations But Its present restoration was not 
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brought about by economiC factors or even 
by a growing cltys needs as might be ex· 
pected for a bUilding of thiS age Instead It 
was the result of a catastrophic !rre on Jan 
6 t 979 The memOries of many of the 
cltys citizens appeared to rise wrth the 
smoke and flames that severely damaged 
the bwldrng 

The Spanish-s tyled bUilding With Moor
Ish Influences IS clad With Indiana lime
stone and ornate cast stone accents. The 
main roof IS covered With slandlno seam 

metal panels while the towers on ellher 
side of the entrance are topped With domes 
linlshed With brightly-colored Ille work In
Side the bUilding contains much detailed 
plaster work as was the style of thiS period 
wrth the local point being the Intricate pias-
ter ornamentation outlining one althe taro- • 
est proscenium arches or stage openings 
eXisting In thiS country The bUlldlnq 111-
cludes a kitchen . meeflng rooms and base· 
ment exhibition space A unique leature IS 
Ihe tilting lloor at Ihe center of the main 
auditOrium seallnq euea II can be sct U1 a 
sloped poSition for audlloflum SeallnQ or 10 
a lIat posllion wrth Ihe seat Inq removed for 
a Wide variety 01 events 

The audrtorlum .s oval shaped Along 
one long Side are Ihe lobby ",,,eling rooms 
and the main entrance With the staqe 
house along the other Connecting these 
elements to each olller at the ends 01 the 
oval are covered arcades The Slaqe lIoor 
IS very large 90 ft Wide and 40 fI deep Tile 
193 x t42· 11 domed roof over the audlto
num IS formed by two halves of a Circular 
dome t 42 fI,n diameter Wllh a rise of t 4 ft 
separaled by a 5 t -fI long barrel vaulted 
sec lion The two hall domes conSist of 
four-ft deep trusses spaced radially at 30 
angles The center barrel vault IS formed 
by two 4·ft pinned arch trusses spaced 25 
feet apart The radial and vault trusses 
support 3-ft deep cross trusses and I beam 
purllns The compresSIon ring sectIons at 
the top of the hall domes are 28 ft rn dlame- • 
ler and connecled to each olher by Ihree 
trusses running Ihrough the top of the 
vault The half compression rings are pre
vented from collapSing Inwardly by another 
truss between the end of each half dome. 
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Inryco NRG FIor'l' for steel frame construction 
prCNides a oost-efflCient distributIOn system 
for your building's wiring management. And 
nON It'S better than ever, supported by the 
largest family of PLEC (power, lighting, elec
troniCS and communications) distribution 
systems in the industry. 

Nationwide distribution. Inryco NRG 
Flor IS nON available all CNer the country 
through the Walker agent network. Your 
IocaJ Walker agent is an experienoed PLEC 
systems professional, ready to work with 
you in designing an NRG Flor system to 
meet the specific needs of your building. 
And he'll be there to prCNide whatever 
servICe you need In the future 

Backed by the top name in PLEC 
distribution. All of the Inryco organization's 
structural expertise and experience-CNer 
30 years of it-IS still built into NRG Flor. But 
nON It'S also available through Walker, the 

leader in design and development of PLEC 
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The entire compression oval IS topped by a 
steel-framed gabled cupola that originally 
provided ventilation and lighting at the 
center of the auditorium ceiling The Origi
nal rocf deck was a 2-ln concrete slab 
cast-In-place on a heavy duty T -ribbed lath 
that served as a form as well as reinforce
ment 

The radial trusses are supported on 
steel columns at the perimeter of the 
dome while the vault trusses are support
ed by additional trusses spanning across 
the 89-ft Wide proscenium opening and the 
opposing rear balcony seating area 
Twelve-I! deep vertical trusses carry the 
load of the barrel vault and 12-ft deep hOri
zontal trusses carry the thrust At the 
stage Side. the vertical proscenium truss 
also supperts the 40-1! high clay tile stage 
house wall. ItS rocf and the attendant grid 
system below that supports the stage 
backdrop rlggrng The thrust from the bar
rel vault IS transmitted through the hOri
zontal trusses to two extremely large flat 
C-shaped trusses that also suppert the 
roofs over the arcades at the ends of the 
oval The InSide chords of these trusses 
also serve as the tenSion ring for the dome 

The balcony InSide the auditOrium IS 
steel-framed and consists of tnangular
shaped trusses supportrng concrete tread 
slabs and channels forming the risers The 
first flocr IS framed In concrete . except for 
the tilting section that measures 80 x 100 
ft The tilting flocr onglnally had a hard
wooc flocr supported on purlins spanning 
between trusses at 20 I! 0 c The trusses 
were Inverted tnangles In shape. 80 I! long 
across the top and 12 I! deep They are 
supperted on a Single Pivot pelnt at therr 
bottoms The stage house IS a ngld steet 
frame that nses to a height of 88 It above 
the stage On either Side of the stage are 
the dreSSing rocm areas which are framed 
In concrete The lobby rocf IS framed with 
steel purllns and beams while the main en
trance and adfacent towers are cast-In
place concrete 

Fire Damage 
The frre started In a storage area beneath 
the tilting flocr adlacentto the stage. From 
there. It spread to the wood flocnng on the 
tilting trusses and IntO the main audito
rium Consequently the tilting flocr struc
ture was completely destroyed Since the 
bUilding was not sprlnklered and the steel 
was not protected with frreprocling the 
heat of the fife caused Ihe dome 10 buckle 
and deflect. The worst damage occurred 
prlmanly In the section adlacent to the 
stage house The extreme heat also affect
ed the vertical and honzontal proscenium 
trusses. causing large InelastiC deflections 
In Ihem The movements 01 the dome also 
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caused stress reversals In Ihe rad lal truss
es on the entry Side of the dome resulting 
In buckled chord members In several of the 
radial trusses The ends of the flat C
shaped trusses over the arcades were 
tWisted and warped where they connect to 
the bUilt-up columns supporting Ihe pro
scenium truss. The clay Iile wall of the 
stage house supported by the proscenium 
truss was also severely cracked 

Fortunately. Ihe roof did not collapse be
fore the frre was extinguished Its surVival 
can be attnbuted to two factors Frrst the 

Devastating damage (r.) to stagehouse wall. 
Below, exterior of completed mosque-like 
auditOrium. 

Inherent stability of the dome and the duc
tilityof the steel members allowed It to con
tinue to carry loads even when flattened 
and buckled Secondly Ihevertlcal prosce
nium truss. which also acted as the penm
eter tenSion nng did not fall. Its surVival 
can be attnbuted to the plaster arch of the 
stage opening that acted as frreprocllng A 
large ventilating duct In front of the truss 
also shielded It from the heat 

The stage house VIrtually surVived Intact 
since there were minimal amounts of com
bustible matenal at the stage level . Also 
the rocl structure was high enough above 
Ihe maIO flocr so as nol 10 be alfecled by 
the heal The balcony also suffered VIrtual
ly no damage Since ItS structure was pro
tected by a I-In plaster soffit. Unfortunate
ly all of the Intenor finishes and furnishing 
were lost either 10 fire smoke or water 
damage. But extenor damage was mini
mal. prlmanly cracked faCing stone and 
smoke damage 

Design Sequence 
Two days after the fire. the structural engi
neers made an Inillal VISit to the building 
At thiS time. only a partial set of plans had 
been located and no one fully understocd 

Ihe framing system yet or knew the extent 
of the damage Therefore. It was deCided 
that scaffolding towers should be Installed 
al each end of the top oval compression 
nng to support the roof from pesslble col· 
lapse On gOing architectural and engl ' 
neenng assessments and cost estlmafes 
were begun for the restoration at the re-
quest of the City, whose citizens later au 
thonzed a bond Issue to finance restora 
tlon of thiS histone structure The deSign 
team then produced plans to restore the 
bUilding based on a program that Included 
restonng the tacility In ItS onglnal style 
while upgrading It to comply With present 
bUilding and safety codes Completely new 
electncal plumbing and mechanrcal sys· 
tems were also to be Instal ted The City 
also requested that a new tilting flocr sys· 
tem be deSigned so that Instead of hOUSing 
flocr trusses, the space betow could be 

• 

• 

used to expand the basement exhibition 
space ThiS would enable Ihe faCility to 
house small conventions as well as the • 
functions lor which It was onglnally Intend 
ed 

The deSign team chose 10 complete the 
restoration In two phases Phase One 
WOuld Include all demolition work rocf reo 
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pair, extenor repair work and other 'WOrk 
necessary to put the bUilding in a weather
proof condition . Phase Two would then In
clude all of the mechanical. electncal and 
plumbing Installations. the new tilling floor 
structure. new stalfs. elevators and all Inte
nor finish 'IJOrk 

Fortunately. at the beginning of the de
sign work. a complete set of structural 
plans was located at the architectural ar
chives of the University of Texas. Austin. 
These plans Included roof deSign loads 
and truss elevations showing member 
stresses. ThiS deSign Information allowed 
the structural engineers to fully understand 
the onglnal deSign. Ihereby redUCing Ihe 
unknowns that would have otherWise been 
present In the restoration. When the de
ta iled Investigation of the structure was 
completed. It was found that the plans and 
as-bUilt conditions generally agreed. ex
cept that some braCing trusses InSide the 
compression nng were found that had not 
been shown on the plans Even though the 
plans did not contain many framing or con
nection details. they proved to be of Im
measurable value dunng Ihe restoration. 
The deSign live load shown on the plans 
was 25 psf which IS about twice what IS 
requlfed by today's codes. espeCially in a 
region where snow loadings are nol a fac
tor . 

Preliminary Investigation 
When work began on Phase I documents. 
It qUickly became apparent that some de
molit ion work needed to be done pnor 10 liS 
completion Many structural members 
were obstructed . and those that were not 
could not be seen clearly In the dark cav
erns 01 the audltonum. It was deCided Ihat 
one-thlfd of the concrete roof deck should 
be removed from Ihe stage house Side of 
the dome. ThiS would allow enough natural 
light to enter to permll investigations of 
malar connections and steel framing de
tails. and sill I leave the remainder of the 
bUilding With some proleclion Irom the 
weather. It would also allow the design 
team to determine how easily thiS roof 
deck coutd be removed Irom the original 
framing. an Issue that had raised some 
concern. It had the added benefit. as well . 
of removing a Significant portion of the 
dead load from the most severely da
maged section of the roof. This work was 
completed successfully and a detailed 
structural Investigation of the entlfe roof 
structure. member by member. pertormed. 

The Investigation venfled that the maJor
Ity of the damage was to the stage house 
Side of Ihe dome. except for the buckled 
rad ial truss chord members previousJy 
mentioned. It also revealed that the top 
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Interior (above) of restored auditOrium. Vertical 12-in. deep proscenium truss 
(beklw). Two barrel vault trusses also erected. 

New tIlting 
floor framing 
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compression oval ring survived with only 
minor damage due to the stllf bracing 
trusses at each end The ring though was 
t 2 to t 4 In lower than Ihe plan elevations 
and had shifted 2 to 4 In toward the slage 
house In a hOrizontal direction The col
umns supporting the proscenium Irusses 
were twisted at their lOpS as were ty,Q ad,a
cent columns supporting the dome The 
verllcal proscenium truss Itsell was bowed 
about t 8 In out 01 line hOrlzonlally The 
ends 01 the flat rool C-shaped trusses at
tached to the proscenium columns had 
been twisted and warped 

Steel samples from both Ihe damaged 
areas and the remainder 01 the Slructure 
were taken and used to delermlne Yield 
strengths Since welded connections were 
essential to the repair of the structure. weld 
tests were perlormed 10 verily the weldabll
lity 01 the steel The Original connections 
were made With rlvels. but It would be Im
practical to detail new boiled connections 
to replace the rivets without numerous field 
fit-up problems The Yield Slrenglh was de
termined to be 30 000 kSI and Ihe steel 
was lound to be weldable With current tech
niques 

Phase I 
Alter the detailed structural Invesllgatlon 
had been completed several malor deSign 
deciSions had to be made It was decided 
the entire concrete rool deck should be re
moved and replaced Wllh a metal deck and 
rigid Insulation board system The con
crete deck had been badly cracked dUring 
the fire Also the rib lath on which It was 
cast was beginning to rust and II was Im
pracllcal to clean and paint II An added 
benefit of removing the concrete deck was 
that the rool dead load would be reduced 
Significantly thereby decreaSing Ihe work
Ing stresses In the original structure that 
would remain 

The next deCISion 10 be made was 
whether or nOI to replace the entire domed 
rool or only replace the damaged mem
bers The argument lor a lotal replacement 
01 the rool was thai there would be no 
alignment or connection problems be
tween new and eXisting members to con
tend With There would also be no risk Ihat 
some undiscovered damage had weak
ened an eXisting member sllilin place The 
argument lor a partial rool replacement 
was based primarily on the results of COSI 
estimates that showed It would cost less 
than a lull replacement In countering the 
questions concerning connection align. 
ment It was argued there was enough 
lIexlbllity In the steel Iramlng to allow It to 
be lacked from the supporting scal/oldlng 
back to ItS proper position In ItS proper 
POSition Ihe alignment 01 the connections 

44 

to the new steel could then be made Since 
the Original steel was weldable. It was 
maintained new members CQuid be con 
nected to eXisting members With welded 
connections thai 'IoJOuld not reqUIre ex 
tremely close tolerances Since the dead 
load was being reduced and the live load 
was overly conservative. any risk of prob
lems due 10 uncovered damage would be 
minimal 

W,lh Ihese lactors In mind II was deCid
ed 10 produce plans lor Ihe partial replace
menl 01 the domed rool It was recognized 
actual COSIS would be delermlned by Ihe 
successful compelilive bidder and thai due 
10 Ihe unusual nalure 01 thiS prolecl and Ihe 
accompanying risks Involved the deSign 
leam's eSllmales may nol be enllrely reli
able Therefore. a bid alternale 01 replac
Ing the enille roof slruclure was Included In 
Ihe documenls When the bids were re
ceived Ihe low bidder delermlned Ihe par. 
Iial replacemenl scheme 10 be less COStly 

In developing Ihe parllal replacement 
plan II was deCided Ihal approximately two 
thllds 01 the roof slruclure should be re
placed The enllre compression oval was 
also replaced Since It was lelt a new one 
erecled In Ihe proper position would be es
senllal 10 properly align both old and new 
members Addilional shOring towers wllh 
screw Jacks were 10 be Inslalled 10 support 
and raise Ihe ends of Ihe remaining Irusses 
10 the II proper position Also, a speCifiC se· 
quence for Ihe removal 01 ma,or damaged 
members was given so the remaining 
struclure would nol sul/er further damage 
willie II slood In a parllally completed slale 

The new dead loads. which were some
whalless Ihan Ihe Original dead load were 
used lor Ihe deSign 01 the new members 
The Original live load 01 25 psI was used 
agalO even though II was overly conserva 
live It was deCided the Original live load 
should be used to restore Ihe bUilding to liS 
Original load carrying condilion In dOing 
so. working stresses In the members would 
also be kept al a low giving an added mea 
sure of safely In the remaining onglnal 
Iramlng Also. Ihe final ceiling and rool me
chanical loads lor Ihe main auditOrium 
were nol known at the lime ollhe Phase I 
construction It was felt the conservative 
live load would acl as a bul/er In case Ihe 
final Phase It loads were higher Ihan anilCI 
paled 

In deSigning the replacement Iramlng II 
was deCided 10 use ASTM A-36 steel and 
the currenl AISC code All new Irusses and 
beams were deSigned 10 essentially Ihe 
same dimenSions and configurations of 
the Original ones The members of Ihe new 
radial trusses. as well as vertical and hor 
zontal proscenium trusses wefe rede
Signed Since a slgnilicani welghl savings 

could be acqurred The members 01 Ihe 
cross trusses were left Vlrlually unchanged 
since low slress levels caused their sizes 
10 be governed by stab,llly criteria which 
resulted In pracllcally no welghl savings 
Ail new Irusses were 01 welded sleel con
slructlon 

Sections 01 fhe C-shaped trusses re
placed were also redeSigned 10 save 
welghl Even Ihough these C-shaped 
Irusses were deSigned to reSlsllhrusllrom 
Ihe vault It IS doubled the enille slructural 
syslem performed In Ihls manner IIlhe C· 
shaped trusses did Indeed reSISI Ihe 
thrusls the dellecllons In Ihese large Iruss· 
es would have been slgnllrcanl Since no 
eVidence 01 such dellectlons was found 
Ihe Ihrusls were Inslead translerred InlO 
Ihe Stll/ Iramlng of Ihe stage house and 
opposing enlry area It was eVldenllhough 
(hal dUring (he file these trusses contrlbul 
eO slgnrlrcantly In braCing Ihe proscenium 
columns and Irusses With Ihls In mind 
and 10 reslore Ihe Slructure to ItS Original 
deSign Ihe Original assumpllons were 
used In sIzing members o( Ihese truss re
placement seCllons 

Connecllons belween eXlsllng trusses 
and new Irusses were generally made With 
shear plates weldeO 10 eXisting verllcals 
and gussel plales Wllh care being laken 10 
aVOid Ihe rlvelS on Ihe Original trusses 
There were lour eXlsllng bUilt-up columns 
conslsllng of angles and plales rlveleO to 
gel her thai had 10 be replaced because 01 
IWISllng dUring Ihe file These columns 
were cui 011 al a level below Ihe damage A 
plale was Ihen welded onto Ihe eXisting 
stub aM a new column section welded 10 
Ihe plate ThiS lechnlque also allowed Ihe 
connecllon 01 Ihe hOrlzonlal and vertical 
proscenium Irusses to be made 10 Ihe new 
slub Instead 01 haVing to work around Ihe 
numerous rivets In these heavy bUIll-Up 
COlumns 

The remaining Significant problem faCing 
deSigners was how to replace Ihe vertical 
proscenium truss supporting both Ihe 
dome and Ihe s(age house rool It was con
Sidered 100 costly 10 complelely disassem
ble Ihe undamaged slage house rool so a 
system of shoring columns one row on CI 
Iher Side 01 the eXisting Iruss was deVised 
With screw lacks and needle beams across 
Ihe lOP 01 Ihls Iruss 10 supporl Ihe stage 
house columns The domed roof and Ihe 
ollglnallruss were Ihen disassembled and 
removed The new proscenium Iruss 
which weighed 36 Ions was shop-fabrlcat 
ed In three paris and lifted up between Ihe 
two rowS of shOring columns and welded In 
place The slage house columns were Ihen 
lacked up 10 thell proper local Ion and weld 
ed to Ihe proscenium Iruss Phase One 
construCllon proceeded smoothly ana Ihe 
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designers decisions were Justified In that 
no major alignment problems dUring re
construction occurred 

Phase II 
The unique structurat leature Inctuded In 
Phase II was the new tilting floor design. 
To utilIZe the space occupied by the Origi
nal 80-1t x tOO-ft floor trusses . Ihe new 
lloor would be supported on nine new con-
crete columns placed In a three-by-three 
grid The lloor was d ivided Into two 40-lt x 
tOO-It sections with a Pivot point at the mid
dle row 01 columns Screw lacks were lo
cated at the other column rows to either 
raise or lower the floor. The columns also 
housed alf conditioning ducts running Irom 
chases below the floor to the attic space 
above Besides a new floor system. a sep
arate structural frame was requlfed below 
the floor to support a II xed plaster ceiling to 
act as a fife barrier between basement and 
auditorium. Since thiS frame was a 11re bar
rier. It could not be connected to the lloor 
above 

The floor was deSigned for a live load 01 
tOO psf to accommodate a wide variety 01 
loading conditions Since the movable 
lloor needed to be as light as poSSible and 
because a limited atllc cavity restricted the 
structural depth 01 thiS system. a steel 
framing system was deemed the only lea
sible solution . Each section 01 floor con
SiStS of open-web bar fOists resting on 
wide-liange beams supported on the lacks 

• 
and PivotS on top 01 new concrete columns 
The entlfe floor received a 2';' In. concrete 
slab on metal deck Close attention was 
paid to deflection and vibration parameters 
In the deSign of thiS floor Since the audito
rium floor space was an open area with 
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Detail of new column stub 
wekied to eXisting column, 
which supports proscenium 
trusses to be attached on 
leU side. 

heavy foot trallic In the aisles . vibration 
could be a potential problem ThiS problem 
was aggravated by the requlfement to 
keep the dead loads to a minimum. The 
ceiling structure below consisted 01 light 
wide-flange purlins supported by wlde
flange beams attached to the columns 

As part of the upgrading of the structure , 
new elevators and starrs were Installed In 
the auditOrium to serve the balconies 
Since the balconies INere framed In sleel. It 
was a Simple matter to rework the tramlng 
and add additional members as requlfed to 
lorm the openings for the elevators and 
stalfs Other new features added dUring 
Phase II Included a steel gondola on screw 
lacks hung from the center of the roof This 
gondola houses cerllng lights on the bot
tom of a catwalk which also supports spot
lights above It can be lowered to a position 
so the spotlights may be used lor stage 
productions New platlorms and catwalks 
In the stage house requlfed lor the new 
modern stage rigging equipment were also 
added 

A unrque construction technique used by 
the contractor on the Phase II project was 
a working platlorm out of scalloldlng sec
tions suspended from the domed roof ThiS 
eliminated floor scalloldlng and allowed 
work on the ceiling to be done concurrently 
With the Installation 01 the tilting lloor and 
finish work done at the main floor and bal
cony levels The engineers reviewed the 
contractors plans and deCided that With 
the 25 psI deSign live-load capacity, the 
platlorm could be used salely dUring con
struction. ThiS scheme reduced slgnrll
cantly construction time, and therefore 
cost. by permitting the contractor to work In 
two areas at once. 

Summary 
Two factors contributed to the successful 
restoration of thiS faCility The flfst was the 
manner In which the deSign team ad
dressed Its unrque problems. The search 
lor and location 01 the original structural 
plans, along With the thorough early Inves
tlgallon In the deSign phase. enabled engi
neers to produce complete and detailed 
plans ThiS was followed by Irequent site 
VISitS dUring construction , allOWing the de
sign team to work closely With the contrac
tors on thiS unusual prolect The end result 
was a restoration prOject moving smoothly 
With no majOr unforeseen CondltronS arising 

Secondly, the qualities of structural 
steel, the primary bUilding material In thiS 
proJect, were a slgnllicant factor The duc
tility 01 the steel dome enabled the struc
ture to survive the fife. leaVing enough of 
the structure undamaged so as to make 
restoration feaSible Since It IS relatively 
easy to repalf structurat steel members ei
ther by replacement or strengthening the 
cost 01 the restoration were allordable 
Also, for the same reasons . It was relative
ly easy to modify Ihe structure dUring re
modeling and upgrading processes a slg
nlhcant part 01 Phase It 

The grand-reopening of the San AntoniO 
MuniCipal AuditOrium was held on Feb 24 , 
1985 The faCility was open to the Cllizens 
01 the city With CIVIC and cultural programs 
being held Within the hall ThiS opening 
marked the end of a successful restoration 
project and the beginning of a new era for 
thiS treasured hlstonc landmark 0 
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