


UNITED STEEL DECK, INC. DECK DESIGN DATA SHEET 

No. 16 
CUSTOM DECKS 

THESE SECTIONS ARE ALL DIFFERENT. NOT ONE IS A " STANDARD " DECK SHAPE. BUT, 
THEY DO HAVE ONE THING IN COMMON - THEY WERE ALL MADE AT UNITED STEEL DECK, 
INC. TO SERVE A NEED FOR A PROJECT THAT REQUIRED A CUSTOM DESIGN. CALL IF YOU 
HAVE AN APPLICATION THAT REQUIRES CUSTOM BENDING. YOU MIGHT BE PLEASANTLY 
SURPRISED AT THE SAVINGS A SPECIFICALLY ENGINEERED PRODUCT CAN PROVIDE. 

M ~~" 
~J L 

1
3
"1 

9" 

1
3

" , • • • 
--' 

• • • 

.sJ1 
9" 

I ~ 12 GAGE 20 ' LONG DECK WAS USED TO ROOF 
AN EXISTING TANK . 15" SLAB; 6" WIDE RIBS 

16 GAGE FORM DECK - USED TO BUILD A PIER USED AS REINFORCED CONCRETE JOISTS AT 
WITH AN 10" SLAB. 15" CENTERS. 
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12 GAGE TOP AND 16 GAGE BOTTOM CELLULAR I' 
DECK USED TO SPAN BETWEEN BOTTOM BEAM 
FLANGES IN A POWERPLANT. VERY THICK SLAB 16 GAGE LONG SPAN CANOPY DECK MADE 
- FLAT UNDERSIDE LEFT EXPOSED. FROM PREPAINTED STEEL. 

CUSTOM DECK SECTIONS ARE AVAILABLE IN LENGTHS UP TO 34 ' IN A WIDE VARIETY OF FIN-
ISHES. QUOTES CAN ALSO BE PROVIDED FOR STAINLESS, ALUMINUM , AND FOR BENT 
PLATE UP TO 112" THICK. 
A COMPLETE LINE OF ROOF DECK, FORM DECK, LONG SPAN DECK, AND COMPOSITE 
FLOOR DECK IS ALSO OFFERED - WRITE FOR OUR CATALOG . 
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A revolutionary 
advance in 
computer-aided 
detailing from Structural Software 
The new graphical , mouse-driven version of our 

automated detailing system generates E-plans, an
chor bolt plans, elevation views , template sheets, ver
tical bracing , beam-to-column and beam-to-beam de
tails with a variety of connections. The program is fast 
and accurate down to the last detai l. You can complete 
two or three times as many sheets per day using the 
same personnel. That means you can start realizing a 
return on your investment as soon as you Install the 
prog ram. Our customers agree that FabriCAD Six is 
easy to learn and simple to use. 

"We believe the new input system to be 100% 
bener and faster than FabriCAD II, which was already a 
good system." 

Fred Keaton 
Triad Steel Company 

"The new version makes entering steel easy and 
logical. You don't have to do a lot of preliminary work. 
You Just open up the drawings, turn on the computer 
and go to work." 

Larry West 
West Detailing Services 

Call (800) 776·9118 for details on FabnCAD Six and other Structural 
Software programs, including . 

"Structural Software's FabriCAD Is the best soft· 
ware for the structural steel industry I have used I found 
the organized database with on·screen prompts and 
helps very user-friendly. well worth the investment " 

Dave Newell 
J C TruiH Steel Constructors 

"You can see the whole erectIon plan on screen. 
The menu structure has prompts to tell you what to do 
next. I don't have to SIt down and prep the job , Actually , 
the bigger the job, the more time yOU'll save, because the 
input is so fast and easy " 

Bob Hili 
Jam es A McBrady Inc. 

" Irs almos t self-explanatory to learn how to use It 
It took me about a half a day to learn." 

John Teeter 
Herb Teoter & AssocIates 

-Estimating· Generates more accurate estimates for higher profit margins STRUCTURAL SOFTWARE CO. 
SOFTwARE FOR THE sTEEL INDUsTRY 

(800) 776-9118 

- Inventory Control, Production Control and Purchase Orders - Material 
AllocatIon programs that link purchasing with production to cut waste and boost 
profits Structural Software Co o, 5012 Plantation Road, Roanoke, VA 24019. 
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Nt''W mez.zn//j"t's added "early 25% 
add,tiOllal SIJflCf for tile Nt!W York State 
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FEATURES 
16 UPGRADING STEEL TRUSS BRIDGES 

Usiltg iltllovative tecillliqlles to rehabilitate alld Itpgrade the 
existil1g illvellton) of steel truss bridges cOltld save billions 
of dollars compared to replacemellt costs 

24 HISTORIC EXPANSIO 
COllvertillg a forlller museum to office space reqllired ti,e 
additioll of mezzQllilles to ill crease the occupiable space alld 
illlprove accollstics 

30 UPDATING A SPORTS INSTITUTIO 
The $200 millioll rellovatioll of Madisolt Sqllare Gardell 
had to be completed without disruptiltg the scheduled evellts 

36 RENOVA nON WITHOUT DISRUPTION 
A cOll ltectiolt betweelt the ninth floor of all existiltg 
buildillg alld two lIew buildiltgs Iteeded to be bltilt with 
lIlillilllal worker distltrbance 

40 ADVANCES IN WELDING TECHNOLOGY 
New power sllpplies al1d the illcreased use of plasma arc 
cllttillg are redllcillg steel fabricatioll costs al1d iltcreasil1g 
efficiellcy 
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HISTAR® 
A new generation 

of rolled beams 
and column shapes 

for economical 
steel construction. 

Once again. ARBEO leads the 
Industry by featuring a trendsetting 
combination of mechanical. 
chemical and technolog ical 
propert ies 

Inc. 

DBlOVUOU or ITDL CWi.RUCI'IOil PRODUCTS. 

• HIGH YIELD STRENGTHS lup 10 
65 1(51) . even lor uUra-heavy 
sections 

• OUTSTANDING TOUGHNESS 
PROPERTIES 

• EXTREMELY lOW CARBON 
EOUIVALENT - ensures axcei · 
tent weidability. 

A NEW PROCESS ... OST. 

The secret Is In AABED's revolu
tionary new In-line OST process 

OTHER RECENT ARBED 
INNOVATIONS, 

ARBED-ROLLED 40·. C. ·, and 
"TAILOR·MADE" (WTM) series -
I.moo. 'or high section moduli, 
or •• t lelerat buckling resistance, 
and big savings In fabric. lion 
costs and welghlS. These products 
are allO ..... U.ble In the new 
HISTAR quallty.s Is our standard 
WF •• ,Ies .nd H BEARING PILES 

NEW LITERATURE AVAILABLE 

Send now for complete data on all 
Ihese AABED products, contact 
Trade ARB ED, INC., 825 Third 
Ave, New York, NY 10022. (212) 
486-9890, FAX 212-355-2159/2421 
In Canada: TradeAABED Canada, 
Inc., 3340 Malnway, Burlington. 
Ontario. Canada l7M 1A7 
1.,61335·57,0, FAX 416·3351292 
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D T o R A L 

Idea Exchange 
This issue inaugurates a new monthly column titled: "Steel 

Interchange." Its purpose is to serve as a dialogue between 
structural engineers, fabricators, erectors, academics, and others 

in the steel construction industry. 
Each month we'll print one or more questions with answers from a 

variety of sources, such as practicing professionals, university profes
sors and AISC staff. We'll also end each column with a list of questions 
that will be answered in future columns. 

And that's where the column's title comes in: We want to create an in
terchange of ideas about steel design and construction. 

If you have any thoughts concerning any of the questions that appear 
at the end of the column, jot them down (actually, we'd prefer if you 
typed them double-spaced) and send them to: Steel Interchange, Mod
ern Steel Construction, One East Wacker Dr., Suite 3100, Chicago, IL 
60601-2001. And if you have any comments on answers appearing in the 
column, send them along too. 

Also, we're looking for questions to pose. If there areas of steel con
struction about which you have questions, send them to the address 
listed above. 

Of course MSC will still run a "Correspondence" column. If you have 
any comments on anything appearing in the magazine or on subjects of 
intere t to the steel design and construction community, please send 
them. 

Steel Renovation 
Flexibility has always been touted as one of the advantages of steel 

and part of flexibility is the ready adaptability of steel to change, even 
years after the building is completed. In this issue we examine four ex
amples of steel renovation. 

On the glamorous side is the addition of a mezzanine to a historic 
structure in Upstate New York (page 24). The addition was made possi
ble by the combination of the engineers design for extending some exist
ing steel columns and the lightweight of the new steel construction that 
didn't overload the load bearing capacity of the existing members. In a 
similar vein is the addition of skyboxes and a sky lobby, as well as a 
major expansion of an existing theater in the Madison Square Garden 
Complex (page 30). 

A much smaller project was the cutting and reinforcing of an perime
ter opening at the ninth level of a steel-framed building in Indianapolis 
(page 36) to accommodate a passageway to two newly constructed 
buildings. 

And on page 16 we present a proposal by three practicing engineers 
for how the nation's inventory of existing truss bridges can be economi-

• 

• 

cally upgraded. • 
More than 60% of the construction dollars spent in the U.s. are for 

renovation. And steel's flexibility makes it a prim component for every 
structural renovation project. SM 
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STAAD-IWISDS - Ranks #1 
in America. 

Simple to use, yet 
sophisticated in application, 
STAAD-lII/ISDS olTers the 
most comprehensive solution 

A recent ENR/McGraw 
HiII survey of the Archi
tectural/ EngineeringJ 
Construction industry has 
ranked STAAD-lIl/ISDS, 
from Research Engineers, as 
the # 1 structural engineering 
software in the market today. 

J.~~~~~~~~ to your structural engineering 
needs. Today, Research 
Engineers, with six offices in 

~~~~!!~;~ four continents, is setting the a structural engineering 
standard worldwide. The choice of engineers 

since 1978, STAAD-lIl/ISDS is 
being used worldwide as an 
everyday companion in the 
design office. The first truly 
integrated structural engineer
ing software, STAAD-lIl/ISDS 
combines geometric layout, 
analysis, design and drafting in 
a single software system. 

STAAD-lIl/ISDS - #1 For a Reason. 

.. !l1 (R [;'; (il t;) fl (e] /lJ I11III-- (ff{j){il/J{j)(Z}{&lfl~-;p O{j)(c}u 

RESEARCH ENGINEERS WORLDWIOE 
UK : AeMtrcn Engw1eet"s rEuropel lid 19 Lansdowne Cour1 &1gMOn Road 
~ Suney CAS 2BO Phone f081 ) 763-1393 Fall (081 ) 763-1379 TeielI 929181 
Fr.nce ReeNrch E~. 111 rue de Mofes",.. 
28100 F1ACEY Phone 37 475163 Fa. 37 41 44 53 

-- A reputation you can build on . 
For Information Call : 1-8()O.FOR-RESE 

1-800.367-7373 

1570 N. Batavia 51. Orange. CA 92667 
Phone: (714) 974·2500 Fax : (7 14) 974·4771 

w a.nn.ny ~ ResearCh Ef'I9I"I88'S ~8uKh·Str2J 
6140 BENSHEIM 3 AUERBACH Phone 06251 79sn Fa.- 06251 7!t0431 
Indle' Aetewch E.ngIneerI ~ Lid 40 B o.oa !Wed 
CM:una 700 017 Phone «891. r .... 2'4 '02 
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Steel Interchange 

This is the start of a new monthly column to 
cliscuss questions regarding structural steel 
design, fabrication and erection. Steel Inter

change is an open forum for Modern Steel Construction 
readers to exchange useful and practical professional 
ideas and information on all phases of steel building 
and bridge construction. Opinions and suggestions 
are welcome on any subject covered in this magazine. 
If you have a question or problem that your fellow 
readers might help to solve, please forward it to Mod
em Steel Construction. At the same time feel free to re
spond to any of the questions that you have read here. 
Please send them to: Steel Interchange, Modem Steel 
Construction, One East Wacker Dr., Suite 3100, Chi
cago, I L 60601-2001. 

Answers and / or questions should be typewritten 
and double spaced. Submittals that have been pre
pared by word-processing are appreciated on com
puter diskette (either as a wordperfect file or in ASCll 
format) . 

The opinions expressed in Steel Interchallge do not 
necessarily represent an official position of the Ameri
can Institute of Steel Construction, Inc. It is recog
nized that the design of structures is within the scope 
and expertise of a competent licensed structural engi
neer, architect or other licensed professional for the 
application of principles to a particular structure. 

Information on ordering AISC publications men
tioned in this article can be obtained by calling AISC 
at 312/ 670-2400 ext. 433. 

How can one get the out-of-date design specifica
tions and properties and dimensions of structural 
steel shapes that are not currently being produced? 

When A1SC prepares a new edition of the 
Manual of Steel Construction we survey the 
producers of structural shapes. The Mall 

ual of Steel Cons/ruc/ioll includes the properties and di
mensions of the structural steel shapes currently 
rolled . The structural steel shapes are defined in the 
ASTM Specification A6/ A6M, Standard Specification for 
Rolled Steel Plates, Shapes, Sheet Piling, And Bars For 
Structural Use. Surveying the producers and using the 
steel sections in the latest ASTM Specification A6 in
sures that the A1SC Manual provides up-to-date infor
mation. 

However, as the infrastructure ages and our build
ings and bridges need renovation or retrofitting, they 
often have to be evaluated and, if necessary, strength
ened to meet the current needs. And many of these 
structures were built with steel shapes and grades that 

are not produced today. The A1SC book Iron and Steel 
Beams 1873 - 1952 (AISC Publication No. M003) aims 
at helping engineers and architects to solve the prob
lems that this question raises. 

This book includes all of the properties and dimen
sions required for design of shapes that were pro
duced in the U.s. between 1873 and 1952. In addition 
to providing design properties of the shapes, the book 
also contains a section that summarizes the history of 
the materials standards that were used. The data in
cludes the tensile and yield strength requirements for 
the steels that were commonly used for bridges and 
buildings. 

Iron and Steel Beams 1873 - 1952 does not contain 
any of the structural steel design specifications that 
were in effect throughout this period. Part of the rca
son for this is the lack of standardization prior to the 
organization of AISC in 1921. A great many different 
specifications were in use in the early 20th century: 
some of these had been developed by various munici
palities or cities; others had been prepared by steel or 
construction companies. There are even instances 
where designers developed individual, unique design 
standards for major structures. However, appropriate 
working stress recommendations that were utilized at 
the time are shown in this book. 

There is consequently no need to find , much less 
purchase a specification that is out of print. You 
must, though, take into account the properties of the 
actual steel that was used, including the very impor
tant chemical and meta llurgical characteristics, as well 
as the production method itself. For example, if the 
structure in question is a bridge that was originally 
built in 1918, the steel is most likely ASTM A7. This 
material had a tensile strength between 55 and 75 ksi, 
and a specified minimum yield stress of 30 ksi. In ad
dition, a laboratory evaluation of a coupon specimen 
from the steel is desirable, if possible. The loading 
and design criteria of the present-day building code 
can then be used along with the identified material 
properties to assess the adequacy of the structure. 

However, it is also essential to consider the chemi
cal composition of the steel; it is not uncommon to 
find that some of the older materials had relatively 
large amounts of agents such as sulphur and phos
phorus. This composition may result in a relatively 
high carbon equivalent, which could make welding 
difficult. 

(Recent AlSC Engineering Journal's have incillded 
several articles all reillforcing existing structures that are of 
great use to engineers workillg on TellOuations. ) 
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Steel Interchange 

The Research Council on Structural Connections' 
Specificatioll for Sin/ctural !oillts Usillg ASTM A325 
or A490 Bolts states lhat reuse of non-galvanized 
A325 bolts is permitted if approved by the Engineer 
responsible. When should the Engineer approve 
reuse of A325 bolts? 

Research has shown that non-galvanized A325 
bolts can be reused in some applications. In 
order to make an appropriate choice the engi

neer should have some background knowledge of the 
research on bolted joints. 

The AISC document Quality Criteria alld [llspectioll 
Stalldards (AISC publication no. 5323) has the follow
ing recommendation: "A325 Bolts (except if galva
nized) shall be considered satisfactory for reuse, re
gardless of previous use, if the nuts can be placed on 
the threads and run down the full length of the thread 
by hand." (Chapter 2, Section III. E.) n,is is a good, 
simple rule based on prevention of plastic deforma
tion of the bolt that an engineer can follow when reus
ing bolts. 

The GlIide to Desigll Criteria for Bolted alld Riveted 
loillts (AISC publication no. P633) written by Kulak, 
Fisher, and Struik also includes a section On reuse of 
high-strength bolts. This book recommends that A325 
bolts can be reused once or twice, provided that 
proper control on the number of reuses can be estab
lished. They state that A325 bolts have adequate nut 
rotatioll capacity as long as there is some lubricant on 
the bolt . This lubricant can be the original lubrication 
or oil, grease, wax or a lubricant that is added later. 

There has only been limited testing on repetitive 
tightening of bolts but some good information can be 
obtained from the results. A detailed reference on this 
testing is a recent article in the AISC Ellgilleerillg !ollr
lIa/: Bowman, Mark D. and Miguel Betancourt, "Reuse 
of A325 and A490 lligh-Strength Bolts," Ellgilleerillg 
101lrual, AISC, Vol. 28, o. 3, 3rd Quarter 1991, pp. 
110-118. This paper reviews the work that has been 
completed and presents their own research program. 

The conclusions that are reached in this paper are 
as follows: 

On the basis of the limited number of tests con
ducted in this study using 7AJ··-diameter A325, A490, 
and galvanized A325 bolts, the following conclusions 
regarding bolt behavior can be stated: 

1. Bolts lubricated with either wax or grease per
form much better, or at worst only equal to, that 
of similar bolts in the "as-received" condition. 
Thread lubrication resulted in improvements in 
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the ultimate load, elongation, and rotational ca
pacity of the structural fasteners tested, espe
cially for the galvanized bolts. 
2. The load-elongation characteristics of the bolts 
loaded in repetitive torque do not differ signifi
cantly from that of similar bolts in continuous 
torque. For most bolt types observed, there was 
a similar pattern of torque-tension behavior be
tween the two loading methods. 
3. The performance of 21,.2··-long bolts was found 
to be superior to that of 51,.2··-long bolts when the 
bolts were repetitively tightened until the bolts 
failed. The shorter bolts sustained an average of 
nine complete cycles prior to failure for all bolt 
types tested, whereas the longer bolts averaged 
four complete cycles prior to failure. A differ
ence of one or two tightenings was observed be
tween the black A325 and the galvani7ed A325 
high-strength bolts. 
4. Thread lubrication was observed to increase 
the number of cycles to failure of the repetitively 
tightened test bolts by one to three cycles. More
over, thread lubrication was found to be more 
effective in improving the repetitive torque be
havior of the galvanized bolts than of the black 
bolts. 

New Questions 

Listed below are some questions that we would 
like the readers to answer or discuss. If you 
have an answer or suggestion please send it to 

the Steel Interchange Editor. The question and re
sponses will be printed in future editions of Steel In
terchange. 

Also if you have a question or problem that readers 
might help solve, send these to the Steel Interchange 
Editor. 

1. What procedures should be followed when as
sessing steel that has been exposed to a fire? 

2. How has the recent allowance of snug-tight 
high-strength bolting for certain types of shearlbear
ing connections affected your projects? 

3. How do you decide when to use doubler plates 
and when to increase the size of the column? 

4. What is a good "wind" connection for the top of 
a column? 

• 

• 

• 



AISC's 1992 National Steel Construction Conference is the only ·all
... steel· conference and trade show produced in the U.S. The 1992 Conference 
WWili be held June 3-5 at the Las Vegas Hilton Hotel. Don't miss the opportunity 
. ~ to experience Las Vegas and attend this outstanding event! To request 

information, simply fill out and mail this postage paid card. 
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S TEE L CAL END A R 

NSCC Scheduled 
For June 3-5 

More tha n 45 seminars and 
meetings a re scheduled for 

this year's National Steel Con
struction Conference in Las Vegas 
from June 3-5. Also, more than 
100 exhibitors will showcase 
products for the design, fabri ca
tion and cons truction community. 

Sessions focus on the specific 
needs of s tructural steel fabri ca
tors, engineers, architects, contrac
tors, owners, public officia Is, erec
tors, dctailers, researchers and 
educators. Topics include: codes 
a nd specifications; computerized 
design; research; project and shop 
management; inspection and 
safety; a nd fabrication and erec
tion proced ures. Workshop ses
s ions get down to basics: the nuts
and-bolts d etai ls of designing, 
fabricating and erecting steel 
s tructures. 

Contact: David G. Wiley, AISC, 
One East Wacke r Dr., Suite 3100, 
C hicago, IL 60601-2001 (312) 670-
5422. 

March 6. CONXPRT and Moment 
Connections in Denver with Thomas 
M. Murray, Prof., VA. Tech. Contact: 
Jim Anders (214) 369-0664 . 

March 11. Texas Structural Steel Insti
tute in Houston. Contact: Ken Teel, 
Am. Steel & Aluminum (21 4) 264-1533. 

March 11-12. SSPC tutorial on lead 
paint removal in Minneapolis . Contact: 
Rose Mary Surgent, SSPC, 4400 Fifth 
Ave., Pittsburgh, PA 15213-2683 (41 2) 
268-2980. 

March 12. Northeast Steel Bridge 
Forum, Boston. Contact: Ca mille 
Rubeiz, Steel Bridge Forum, c/ o AISI, 
11 01 17th St., . W., Suite 1300, Wash
ington, IX 20036 (202) 452-7190. 

March 18. Earthquake Design (break
fast meeting), SI. Louis. Sponsored by 
AISC Regional Advisory Mis
souri / Southern Ill inois Committee. 
Contact: Phil Stupp, Stupp Bros. Bridge 
& Iron Co., 3800 Webber Road, SI. 
Louis, MO 63125 (314) 638-5000. 

March 18. Construction Economics in 
the Southwest, Little Rock hapter of 
ASCE dinner meeting, Little Rock, AR. 
Contact: Joe Hilliard (501) 372-2900. 

March 24. Tubular Sections in Build
ing Construction (co-.sponsored by 
AISC and VCSSFA) breakfast meeting 
in Greenville, SC. Will include design 
criteria , Type 2 COimections, tube-to
tube connections, design guides, practi
ca l recommendations and application 
exan1ples. 

March 24-26. American Welding Soci
ety Show and Exposition, Chicago. 
Contact: AWS, 550 N.W. Lejeune Road, 
P.O. Box 351040, Miami, FL 33135 (800) 
443-9353. 

March 25. Tubular Sections in Build
ing Construction (co-sponsored by 
AISC and VCSSFA) breakfast meeting 
in Columbia, SC (see March 24 listing). 

March 26. Tubular Sections in Build
ing Construction (co-sponsored by 
AISC and VCSSFA) breakfast meeting 
in Charlotte, NC (see March 24 listing). 

March 27. Tubular Sections in Build
ing Construction (co-sponsored by 
AISC and VCSSFA) breakfast meeting 
in Greensboro, NC (see March 24 list
ing). 

March 31. Bolting Update (co-spon
sored by AISC and SASF) breakfast 
meeting in Jacksonville, FL 45 minute 
description of changes s ince the issu
ance of the 1985 High-Strength Bolt 
Spec. Also includes a review of installa
tion methods for high-strength A325 
and A490 bolts. 

April l. Structural Vibrations, Lehigh 
University, Bethlehem, PA . Full-<lay 
course includes presentations on vibra
tions in bridges as well as Thomas 
Murray's T.R. Higgins Lecture on floor 
vibrations. Contact : Ind ra Ghosh, BASE 

Engineering Inc. , 1044 N. Quebec St., 
Allentown, PA 1 013 (215) 437-0978. 

April I. Bolting Update (co-sponsored 
by AISC and SASF) breakfast meeting 
in Orlando (see March 31 listing). 

April 2. Bolting Update (co-sponsored 
by AISC and SASF) breakfast meeting 
in Tampa (see March 31 listing). 

April 6-7. Welding Structural Design 
two-day seminar, Detroit . ontact: 
AWS, 550 . w. Lejeune Road, P.O. Box 
351040, Miami, FL 33135 (BOO) 443-
9353. 

April 6-8. Structural Stability Re
search Council (S5RC) Annual Meet
ing, Pittsburgh. Sessions will revolve 
around earthquake stability problems 
in Eastern orth America. Contact: 
Lesleigh G. Federinic, SSRC, Fri tz Engi
neering I..,bora tory #13, Lehigh Uni
versity, Bethlehem, PA 18015 (215) 758-
3522 or Prof. Reidar Bjorhovde (41 2) 
624-9876. 

Apri l 8. Tubular Sections in Building 
Construction (co-sponsored by AISC 
and VCSSFA) breakfast meeting in 
Norfolk, VA (see March 24 listing). 

April 9. Tubular Sections in Building 
Construction (co-sponsored by AlSC 
and VCSSFA) breakfast meeting in 
Richmond, VA (see March 24 lis ting). 

April 9. Southeast Steel Bridge Forum, 
New Orleans. Contact: ami lle Rubeiz, 
Steel Bridge Forum, c/ o AISI, 1101 
17th 51., N.W., Suite 1300, Washington, 
IX 20036 (202) 452-7190. 

April 12-16. ASCE Structures Con
gress, Sa n Antonio, TX. Four plenary 
sessions and more than 70 technical 
sess ions. Contact: American Society of 
Civil Engineers, 345 East 47th SI. , New 
York, NY 1001 7 (BOO) 548-ASCE; Prof. 
James R. Morgan (409) 845-4394. 

People I n The News 
Peter Sand erson has been 

named the new president of 
AISC-member American Bridge 
Co., Pittsburgh. Sa nderson, a pro
fessional engineer in Ca nada, for
me rly was vice preSident a nd gen
eral manager of the Heavy Civil 
Construction Divis ion, PC L Civil 

Contractors and P L C ivil Con
structors (PCL Group of ompa
nies in Edmonton, anada). 

Ca rl Pete Watson, past presi
dent of AISC-member Louis

ville Bridge & Iron, Inc., passed 
away la te las t year. 
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Ste e I - -::- News 

Metric Gains Momentum 
The move towards metrication 

within the construction indus
try is expected to gain ground this 
year when several federal agencies 
institute metric pilot programs. 
Each federal agency has been in
structed to begin pilot programs 
during the next two years 

is si mply repesenting U.S. Custom
ary Units in its exact metric equiva
lent. Hard metric is when the phys
ical size has been changed to 
produce a nice round number for 
ease of discussion and to make re
membering the size easier. For ex-

morc useful, while for manufactur
ers matching an existing U.s. prod
uct line, soft metric is important. 

The General Services Adminis
tration leads the pack and has al
ready selected several pilot pro
jects, including the Southeast 

as the first step in a five-
year plan to convert the 
design of all new federal 
facilities to metric. 

And if all goes accord 
ing to plan, the move by 
the federal government 
towards metric for con-

The General Services 
Administration leads the pack 

and has already selected 
several pilot projects 

Federal Center in Wash
ington, OC. Also, all new 
major projects in the Phil
adelphia region will be 
designed in metric. 

To facilitate the use of 
fabricated structural steel, 
AISC has prepared drafts 
of two documents based 
on the 51 (Systcm In terna-struction will provide an 

impetus for the private sector to 
also convert. 

Initially, federal agencies are ex
pected to use a "soft" metric sys
tem before eventually moving to a 
"hard" metric system. Soft metric 

ample, with soft metric, a 4' x 8' 
wall panel would be 1219 mm x 
2438 mm; in hard metric, it would 
be 1200 mm x 2400 mm. For manu
facturers wanting to sell products 
overseas, the hard metric size is far 

tional) units of measurement: Met
ric Properties of Structural Shapes 
with DilllellsiDlls AccDrdillg to ASTM 
A6M and a metric conversion of the 
1986 LRFD SpecificatiDII for Struc
tural Steel Buildings. For more infor-

THIS IS WHAT IT TAKES TO BE 
A BOLT MANUFACTURER IN THE 19905: 

~ 
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A..:I25 A..J25 .... 1 ........ 
Type 1 r". s 

Registered Head Markings on all structural and machine bolts 
trom %" to 3" diameter, all lengths 

COUlll.IIUllk 

Special Products from 'h" to 3" diameter 

• U.S. made steel 

• Wide-range manufacturing 
capabilities 

• Weathering steel: CORTEN X 

• Guaranteed full traceability 

• In-house lab testing 

• Certification 

ST. LOUIS SCREW & BOLT COMPANY SINCE 
1887 

6901 N. Broadway/St. Louis, MO 63147/(314) 389-7500 

FAX, (314) 389-7510 
Toll Free, 1-800-237-7059 

• 



(:!) ,-
.o,J 

• 
mation, call AlSC at (312) 670-2400 
ext. 433. 

Also, AlSC is offering a metric 
software package: AISC Metric 
Database lor Structllral Shapes. The 
$60 software package contains 
properties and dimensions of struc
tural shapes corresponding to data 
published in Part 1 of the 1st Edi
tion, AISC LRFD Manllal of Steel 
Constructioll as well as the 9th Edi
tion, AlSC Manllal of Steel COllstrllc
tion. Included is a data 

through the state grant programs. 
The agency will begin publishing 
documents in metric and procur
ing projects in soft metric in Octo
ber 1992, procuring projects in 
hard metric in October 1994, and 
complete metric implementation 
in October 1996. 

• Forest Service. Document conver
sion process began in January and 
FHWA conversion timetables will 
be followed for the metrication of 

• Department of State, Foreign 
Buildings Office. Officially "went 
metric" last October, and all new 
work is being designed in metric. 

• National Science Foundation. 
Since January 1991, all research 
and education proposals have 
been required to use metric units. 
Metric modifications of SF's 
Grallt Policy Mallllal and Grallt 
Gelleral Conditiolls have recently 
been published. 

base in ASCIJ format, 
an explanation of the 
variables specified in 
each of the data fields, 
and a listing of a 
BASIC read / write pro
gram and sample 
search routine. For in-

A new AISC software package 
contains properties and 

dimensions of structural shapes 
for both ASD and LRFD 

• Tennessee Valley Author
ity. Much of TVA's equip
ment is already metric and 
suppliers are now being 
notified of procedures for 
implementation of metric 
by October. Also, pilot 
projects using pre-engi
neered buildings are be
ginning. formation, call AISC 

Software at (312) 670-5434. 
Other federal agenCies involved 

in metric design include: 
• Federal Hjghway Administration. 

FHWA will work closely with 
AASHTO in implementing metric 

ECOM SES™ 
Structural Expert 

+ Written by PractiCing 
Engineers 

+ Over 1 ,800 Installations 
+ 18 Years Experience 

20 and 3D Frame Analysis 
Steel Beam/Column 

Composite Steel Design 
Concrete Design 
Now available on UNIX 
for Sun and IBM AS/6000 

For a FAEE DOS Demo 
call 414-365-2100 

roads, bridges and recreation 
areas . 

• Department of Agriculture. Docu
ment conversion process began in 
January and one $400,000 pilot 
project is now in design. 

• Public Health Service. Six sma ll 
pilot projects are in the planning 
stage. 

• Coast Guard. A station was de
signed in metric in 1989 and its 
design is being exported. om-

YES, rinse ~nd Ill! ,"fonNIuon for Tile sn:CL DCSI GNeR 
YES, P1e_ ~nd Ill! r,,, ST[CLBM (519 10 cover maieNIl 'lid h;t.lIdl,"s.) 

(OI ... ,,1IDd ",III. US""" .-d c .. -s.QfOIy • .... ~,. .. yl'. '9In.I 

~MN· __________ __ I 
I 
I 

ECOM Associates, Inc. 
8324 N. Steven Rd. 
Milwaukee, WI 53223 '-;-:========:-;; 0 MASTfIlCAID 0 VJS.o. 'Kl UP o.o.TI __ OOIBCKENCI.05lD I 

~~ _________ ~T ____ __ =.J 
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plete metrica tion of the Coast 
Guard is expected by October 
1997. 

• NASA. It's expected that the 
agency will set a goal of January 
1994 for the design of a II con
struction in metric. 

• Secretary of Defense, Washington 
Services. Currently setting up 
pilot projects. 

• Corps of Engineers. Currently se
lecting metric pilot projects. 

Metric Conversions 
Although there are seven metric 

base units in the 51 system, only 
four are cu rrently using in AISC 
publications. The base units being 
used by AI5C and their symbols 
are lis ted in Table 1. ote tha t 
proper upper and lower case is im
portant in the metric system. For 
example, a lower case "m" denotes 
"meter" , while an upper case "M" 
denotes IImega". 

Of the numerous decimal pre
fixes included in the 51 system, 
only three are used by AISC and 
these are lis ted in Table 2. 

Although specified in SI, the 
pascal is not universally adopted as 
the unit o f s tress. Because section 
properties are ex pressed in milli
meters, it is more convenient to ex
press s tress in newto~ per square 
millimeter (1 N/mm : 1 MPa). 
This is the practice followed in re
cent international structural design 
standards, including the Interna
tional Standard s Organiza tion 
(ISO) Drafl IlIlemaliollal Sialldard for 
Sleel Desigll as well as the draft of 
Eurocotie 3, Desigll of Sleel Siruc
lures, Pari J-Gmeral Rules alld 
Rules for BI/ildillgs. It should be 
noted that the joule, as the unit of 
energy, is used to express energy 
absorption requirements for impact 
tests. Moments a re expressed in 
terms of N-mm. 

The derived metric units for 
force, stress and energy are given 
in Table 3. 

Table 4 contains the conversion 
fa ctors to re late traditional U.s. 
units of measurement to the corre
sponding 51 units. Note tha t fra c
tions resulting from metric conver
sion should be rounded to whole 
millimeters (Table 5). 

Bolt diameters are taken directly 
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Table 1: Metric Base Units 

Quantity Unit Symbol - . 
length meter m 

mass I kilogram kg -
time second s 

I.... 
tem pera tu re t celsius C -

Table 2: SI System Decimal Prefixes 

J-.,:P...;r.:e~fi::x __ S::.y!,;m~b.:o.;.1 ....,;O;,;.rder of Mag n itude Expressi on 

M 10
6 

11,000,000 (one milliOn)J mega 

kilo 

milli 

3 k 10 1,000 (one thousand) 
-3 ~ 

___ --.:.10=--_ 0.001 (one thousandth) m 

Table 3: Derived Metric Units 

Quantity Name 

force newton 
---f--

stress 

energy 

pascal 

jou le 

Symbol 

Pa 

J 

-l....;E;;;.;xpression 
2 

N:kg-m/s 

Pa : 1m2 

J : N - m 

Table 4: Conversion Of Traditional U.s. Units To Metric 

Multiply: 

inch (in) 

foot (ft) 

pound-mass (lb) 

pound-force (lbf) 

ksi 

ft-Ibf f 

By: To Obtain : 

25 . .4~ ___ ~_+---::m:.:i:.:lh::.· m::.e::t.:.ers=(:::m.:.:m~) 

305 -1 millimeters (mm) 

0.454 =l kilo ram (kg) 

4.448 newton (N) 

6.895 N / mm 

1.356 1 joule (J) 

Table 5: Common Fractions And Their Metric Equivalent 

Fraction tIl]) Exact Conversion !!!'1m) Rounded Conversion (mm) 

\It 6 1.6 2 
ItS 3.175 3 - -:)16 4.7625 5 
14 6.35 6 

~6 7.9375 8 

f- :J:8 9.525 10 .. 
7116 11.1125 11 
1,-2 12.7 13 
.}fl 15.875 16 

I--- ¥I 1- 19.05 - I- 19 
7.11 22.225 22 
1 25.4 25 

• 

• 
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AISC Metric J)AT A 8 \SF ror 
from the ASTM Specifications should be noted tha t the yield Structural Shape, 
A325M and A490M rathe r than points a re s lightly different from (Version 1.0) 

converting the diameters of bolts the traditional va lues, and these a re 
Are you ready for the dimensioned in inches. Table 6 shown in Table 7. 

contains the bolt designations and More complete informa tion is METRIC CONVERSION:' 

the ir tradi tional U.S. and metric available in the Metric Guide for Fed-
Introducing the AISC Metric Data 

sizes. eral COllstructioll , First Editioll. For Base-now available in 51 units. The 
The yield strengths of structural more information ca ll the Nationa l t MeLric Dala Base contains propenie", and 

s teels covered in the metric LRFD Institute of Building Sciences at dimensions o f slruclUral shapes, corres· 

Specification are taken from the (202) 289-7800. ponding 10 data published in the AISC 

metric ASTM Specifications. It publication. Metrir Propemes of SlruC-
lllral Shapes with Dimensions ACfordlllg 

Table 6: Metric Bo lt Designations to AS7M 116M. In addition to the LRFD 
related properties inc luded in that publi -

~esignation Diameter, mm Diameter, in 
calion. such as XI and X2. the Metric Data 
Base al so contains tors ional proper- li es 

M1 6 16 0.63 and ASD re lated value~ . 

.-
M20 20 0.79 n\1 A liAS •. PAC".\G. 

f---
M24 24 0.94 • Computer Data Base in ASC II fonnat 

fo r ASD and LRFD propcnie"l and 
M27 27 1.06 dimensions o f the following structural 

shapes on a 5 Vi' or 311.( diskette for 
M30 30 1.18 IBM-P Compatibles: 

M36 36 1.42 - W. S. M and HP Shapes 
- Amcri c~ln Standard Channeh (e) 

Table 7: Bolt Yield Points - Miscellaneou ... hannel, (MC) 
- Structural Tee ... cut from W. M and 

Yield Stress, I S shapes (WT. MT. ST) 
ASTM DeSignation 

N/mm2 
Yield Stress, ksi - Single & Double Angle ... 

- - 5trucIUrai Tubing 

A36M 250 36.26 - Pipe 

A572M Gr. 345, A588M 345 50.04 • Explanation of the variables spec ified 
in each of the data fields . 

A852M 485 70.34 • Listing of a BASIC read/write pro-

A514M 690 100.07 
gram. ~ampl e '>carch routine and a 
rou tine to convert the file 10 LOlus - 1-2-3 fonnat. 

• Text file that croS\ references the 

New Software For Connections 
ASTM designations in 51 Uni l1> 10 U.S. 
Customary Units. 

D eSigning s trong axis, bea m- with o r without eleva tion offsets, I AISC Metric Computer Data Base 
to-column moment connec- and the required sizes o f any col- (SI Units) $60 

tions is s implified with a new soft- umn web s tiffener plate, doubler 
wa re program marketed by AlSC. pla te, and weld are d etermined . Name 

CO XPRT Module II- Moment All CONXPRT Mod ule Il d e- Company 

Connections, a follow-up to Mod- s igns satisfy AISC speCification, Slrcettp.O . Box 

ule I-Simple Connection s, pro- clearance and traditional fabricator City 
vides suggested designs for four requirements. Default tables allow Stale Zip 
types of moment connections to a the u ser to cus tom ize d esigns for Phone 
column flange: direct welded; individual shop practice or for a 
flange welded web bolted ; flange- pa rticular job. A full report is Diskcnc size: 5V4'O or 3 th" 0 
plate and web bolted; and flange- ava ilable for each connection. 1 

N. Y.,Cal..1I1. rt"'ldenl~ plealot: mcludc sale\ lax 
plate welded. Both the flange and Whe n a d esig n cannot be com-
web parts of the connection are d e- pleted, a detailed explanation, in- I 

Foreign order.. add IOCt for , hlppmg 

s igned in accorda nce with the 1989 cluding refe rences, is provided . VISA 0 MaslerCard 0 Ch<ck Eneto,"", 0 
Allowable Stress Desig n A1SC Module LI costs $400, and in- Card Exp. Dale __ 
Specification for Structural Stee l cludes a one to three use r copy of I 

o. 

Buildings. DESIGN ADVISOR, a n expert sys- 1 

Signature 

Connectio n s on the column side, te rn for the s tructural e n g ineer, Mail prepaid order to : 

including column tops, can be de- while Mod ule I costs $300. For fur- I AISC 
P.O. Bo, 806276 

Signed using this software. One or ther in forma tion, call AISC 5oft- Chicago. IL 60680-4124 
two-sided joints can be specified, ware at (312) 670-5434. 

PHONE: 312/670-5434 
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Renovation 

Upgrading Steel 
Truss Bridges 

Using innovative techniques to rehabilitate and upgrade 
the existing inventory of steel truss bridges could save 

billions of dollars compared to replacement costs 
By Nils Olsson, P.E., and Hannskarl Bandel, Dr. lng., P.E. 

A mong the existing inven
tory of 550,000 bridges in 
the U.S. are 28,000 major, 

steel truss bridges. The National 
Steel Bridge I nventory Service 
(NBIS) currently lists 173 structur
ally deficient and another 141 func
tionally obsolete structures of this 
type with spans in excess of 300' all 
built prior to 1972. 

An educated guess is that the re
placement cost of each major span 
would cost at least $30 million-or 
a total of $9.4 billion for all 314 
bridges. Juxtapose these 314 brid
ges described with the total num
ber of 28,000 major steel truss brid-

16 / Modern Steel Construction I March 1992 

ges and the figure becomes astro
nomical. But billions of dollars 
could be saved by encouraging de
Signers to develop innovative solu
tions for extending the life and ca
pacity of existing steel bridges 
instead of relying on replacement. 

Demonstration Project 
A study is now underway to 

upgrade, rather than replace, the 
40-year-old Mathews Bridge (Ar
lington Bridge) in Jacksonville, FL. 

Currently operating at nearly 
60,000 vehicles per day, this four
lane steel cantilever thru truss 
bridge over the St. Johns River is a 

prime candidate for replacement. 
The 7,375' -long bridge has high 
level approaches to the 810' main 
span providing a minimum verti
cal clearance of 149.5' above the 
navigable channel and retu rning to 
normal grade over a spoil island 
and connecting with a causeway 
leading to the riverbank. 

Further impacting this overbur
dened urban structure are new 
traffic patterns created by the re
cently opened six-lane Dames 
Point Bridge to the near northeast 
and the new six-lane Acosta 
Bridge, currently under construc
tion, just three miles to the west. 
These factors, among others, are 
dictating an eight-lane replacement 
program for the Mathews Bridge. 

Estimates were for a ten-year 
program costing as much as $200 
million. But in searching for a less 
costly solution, the Florida DOT 
commissioned a study by DRC 
Consultants (New York/ Tampa) to 
explore the possibility of increas
ing the existing four-lane traffic ca
pacity to eight lanes, maintain traf
fic on the existing alignment, and 
utilize the existing substructure 
and foundations. 

Innovative Solutions 
To double the main span capac

ity, the engineers proposed an ex
ternal arch and the utilization of a 
new four-way lightweight open 
grid steel deck system. 

The new arch would rise above 
the 810' main span truss and return 
to bear on the tops of reinforced 
kingposts at each main pier. With 

• 

• 
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hangers spaced at alternate panel 
points within the two planes of the 
existing trusses, weight can be 
lifted into the arch and delivered 
to the modified kingposts. Re
straining the horizontal thrust of 
the arch is a tie that follows the top 
chords of the trusses. 

The existing 810' main span 
deck is the "traditional egg-crate" 
open grid deck. The side spans 
have 8"-thlck, normal weight, non
composite concrete decks that 
when replaced with all new four
way open grid steel deck will im
pose a dead load of only one-fifth 
that of the original deck. The new 
outboard 11k1in span roadways will 
either be suspended or cantile
vered from the existing deck gird
ers. 

The plan is to replace a ll con
crete roadway on the trusses with 
new, four-way lightweight open 

grid decks. These decks are the re
sult of years of research and devel
opment and are a far cry from the 
egg-crate systems so many of us 
have grown up with and com
monly have developed a negative 
bias towards. Nevertheless, these 
new decks match friction va lues 
for both concrete and asphalt 
while eliminating dangerous plan
ing. have minimized tracking char
acteristics, and noise levels are 
comparable to solid decks. In addi
tion, fatigue life has been extended 
manifold. All of these factors result 
in a superior roadway system 
compared with a traditional deck. 

Proposed Construction 
The existing 7,375' -long struc

ture is composed of three basic 
construction types: 2,600' of thru
trusses, 3,700' of steel girders, and 
the balance of length utilizing a 
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trestle design. The proposed solu
tion will widen the trestle by paral
leling the existing bridge in-kind, 
while the wid ning of the high 
level approa hes will be accom
plished by strappi ng steel bra kets 
to the existing piers thereby ex
tending the caps to carry the addi
tional steel-framed roadway. The 
exi ting piers and foundations 
have available reserve capc.lcity to 
carry the concrete decks and 
added steel framing without addi
tional foundation modificatjon. 

Because the existing heavy con
crete deck will be replaced with 
the lightweight four-way open 
grid system, the existing stt'Cl 
trusses can support the two em
bracing cantilevers carrying the 
added four lanes of roadway. 
Il owever, the 810' main span al
ready has the lightweight open 
grid deck, and therefore other 
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measures are required to support 
the additional lanes in this span. 

The proposed construction will 
enhance the load carrying capacity 
of the main span by the superpo
sition of a rches from kingpost-to
kingpost (Figure I ). The attach
ment of ca ntilevers to the truss 
floor beams present two cases: one 
for the replacement of the concrete 
decks and the other for keeping 

the lightweight steel deck. 
Figu re 2 shows the attachment 

of these members at the main span. 
To avoid the existing gusset plate 
connections between truss d iago
nals, vertica ls and bottom chords, 
the new fla nge plates of the floor 
beams-which carry the cantilever 
moments-are extended to the 
center of the existing floor beams. 
These center connections are onl y 

STRUCTURAL MATERIAL SORTER Ver. 4.0 

A series of programs 

designed to help 

steel fabricators 

manage material. 

• Reduces labor • Increases accuracy. 
• Automatically computes weights, surface areas, paint/primer requirements, 
bolt counts and tineat totals. 

• QuIckly sorts lists Into proper order. 
• Produces optimum tength-cuttlng lists Irom In· house stock, vendor's stock 
or the best combInation 01 each. 

• Provides shipping lists based on piece mark sequence, Including "master" 
shipping lists. 

• Tallies material costs, shop hours and field hours for easy eSlimating. 
• Uses simplified item entry so non·tech personnel can operate with ease. 
• Externat Data tnterface can Import eXisting computer·based material lists. 
• lAS-DOS and Novell Netwo'" versions ava"able. 
• Ca ll today tor a FREE demo kit, Including the tull system's operator's 
manual. 

E. J. E. INDUSTRIES, INC. 
287 Dewey Avenue • Washington, PA 15301· (412) 228-8841 
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active for non-symmetric, trans
verse, traffic Io.lds that create, in 
tillS case, a positive and negati ve 
moment in the near and far floor 
bea m ha I ves. 

The stepped floor beam flange 
plates are able to take these addi
tional loads if the symmetric move
ment of the existing floor beams is 
red uced by the addition of uniform 
post-tensioning of the bottom 
flange. This arrangement requires a 
minirnul11 attach ment to the r iveted 
fl oor bea ms and does not affect any 
existing floor beam connections. 

All connections to the existing 
bridge try to avoid the removal of 
rivets by providing clamped con
nection, (Figure 3) and using exist
ing rivet holes for bolts. The four
way, lightweight open grid decks 
bea r on the stringer bea ms of the 
outboa rd roadways and on the ex
isting stringers between the exis t
ing trusses. 

The ca ntilever beam connections 
at the truss floor beams, which 
originally carried concrete d eck 

For a demo, call: 1 (800) 332-7472 
FAX: (714) 863-0244 

11900 Sky Park c.cle, Su"e 106 
Irvine. CA 92714 RISA 
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slabs, have excessive depth when 
the light steel deck replaces the 
concrete. Consequently, the deeper 
beams' excess moment capacity 
obviates the necessity of post-ten
sioning in these areas. The arches 
are completely independent of the 
trusses, resting on separate sliding 
bearings. The compression arch is 
a box section. Vertical hangers are 
suspended from the arch and at
tached to the truss at alternate 
panel points (Figure 4). These 
hangers are adjustable permitting 
the controlled transfer of loads act
ing on the existing trusses thru the 
hangers to the arch. The horizontal 
ties consist of four S"-diameter 
strands having a ca tenary that 
closely follows the top chords of 
the existing major main span 
trusses. 

Shown earlier in this article is 
the computer model of the com
bined system, superimposing the 
arch upon the cantilever main 
span truss. The transfer of load 
from the truss to the arch is limited 
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IT'S HERE! 
A Brand NEW 
Publication For 
Safe Construction 
Practice in 
Steel Floor and 
Roof Deck Installation 

"SOl MAMUAL OF CONSTRUCTION WITH STEfL DECK" 
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because the lifting introduces a 
new vertical moment into the side 
spans, which increases Ihe stresses • 
in these areas, Ilowever, by simul
taneously activating the arch, new 
forces are created at the main pier 
truss elements that are reinforced, 
but additionally, necessitate the in-
crease in capacity of the main bear-
ings, which have been working 
very close to their original design 
limit (Figure 5). The vertical ele-
ments that now carry the cantile-
ver dead and live load are rein
forced. 

Estimates are that this design 
will cost $67 million, rather than 
the $200 million estimated for re
placing the bridge, If a Similar sav
ings is applied to the other 213 
truss bridges needing replacement, 
the savings would exceed $2.3 bil
lion. And that doesn't even con
sider the other 28,000 existing steel 
truss bridges. 

Needed Innovations 
And steel truss bridges repre

sent only a fraction of the total in
ventory of 550,000 bridges. Savings 
are there for the taking if available • 
intellectual resources are unleased 
and encouraged by the govern-
ment. But first, the design commu-
nity must be freed from the need to 
practice business as usual: the en
gineering-construction dichotomy; 
claims litigation; ad versa rial client 
relations; and the typical owner's 
attitude of "first show me one that 
has already been done," 

Designers must be encouraged 
to develop new methods of saving 
money on infrastructure rcpair
and clients cannot turn down these 
innovations solely on the basis of 
their newness, 

The steel truss bridge solution 
discussed above is being enter
tained by an enlightened state 
DOT. If the FHWA will buy into 
the concept, our economy will 
quickly realize an improvement in 
infrastructure costs. 

Nils 0 , 0155011 , P.E" alld 
HnllIIskarl Balldel, Dr, IIIg" P.E., are 
willI DRC COIIsllllallls, iIlC" ill 
Tampa, FI, alld in New York Cily, rc- • 
speclively. • 
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Before We Ship Our Structural Bolts And Nuts, 
They Have To Earn Their Stripes. 

When bolts and nuts rome from Nuror 
Fastener, )QU can have absolute rooo
denee in their performance.lnat's be
cause they're American made - and 
made to meet the toughest standards. 

For starters, all the steel used in our 
structural bolts and nuts romes from 

uror Steel and other domestic steel 
mills. Plus, we provide raw material 
origin on all our certifications, and \ve 
can supply original steel certification 
ror traceability requirements. 

Our product line includes A325, 
A490 and A307 structural bolts and 
A563 grade C and heat treated grade 

DH structural nuts. And weve recently 
added mechanically galvanized struc
rural nuts, bolts and \vashers along with 
ASTM Type 3 rorrosion resistant! 
weathering products. 

Our fully equipped laboratory lets 
us meet all ASTM quality smndards. 
We provide proof teStS and wedge ten
sile teStS for all structural bolt products. 
And we can full-size tensile test our en
tire product size range instead of using 
machined samples. 

What's more, \ve can meet special 
federal and state highway resting and 
certification requirements including 

rotational capacity testing. 
All our fusteners are identified with 

a lot number on each rontainer which 
allows traceability to materials, dimen
sions, processing and testing. 

And because we maintain a 7 ,(xx). 
ton inventory of fusrcners we can always 
supply what you need. call us at 
8001955-6826, FAX 219/337-5394 or 
write us at PO Box 6100, St. Joe, IN 
46785 for more infom1300n. And give 
us the chance to earn )Qur business. 
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At THE FRANKLIN COUNTY COURTHOUSE. 
Getting the most fOr the taxpayers' n10ney was a dear imrerative 

• in erecting a 27 --story county governn1ent building in (})lunmus, 
Ohio. So from the outset, the structure was designed to offer 
great flexibility - allowing office space to te chang:xi as needed 
through the years. To make this fDssible, a ~ HVAC supply 
duct \\Quld loop around each floor from a central core. And to 
n1ake room for passage of the duct, the original drawings called 
for custom-fabricated steel trusses with a Vterendeel panel at the 
n1idfDint of each truss. 

But Wlcraft offered the alten1ative of using steel joists n1anu
fuctured wid1 Vterendeel panels - a ~ d1at \\Quld save hun
dreds of thousands of tax dollars. We can provide such savings 
l:ecause, unlike traditional sources fOr fubricated trusses, our 

• plants are dedicated to d1e construction of oren \\eb n1ernters so 
\\e can n1ake then1 fuster and n10re effici ndy. Furthem1ore, \\e 

incur less n1aterial costs so d1e savings are comfDunded. 
Our joists not only met d1e srecial design needs of d1e FrankUn 

(})unty (})UlthOuse, but had the advantage of teing strong, 
lighrneight and easy to erect They can te the ans\\er to n1any 
other projects, too.We're the larsest supplier 
of steel joists in the country and \\e provide 
n10re than a dozen non--standard designs, 
the n10st in the industry. So Bnd out how 
our joists can help with your jobs while 
~L d ake 1 ~L Th.! \ 'it'n:ndu.1 OfA111f1g HI rJw JOCSllll~n('Ij uLS'l 
U l!ey save \lou money an m \lour llle I,""'-"~'If wiJ """'''I: oj "'1JOf ",,,:hm,,,,,1 . , . J ' JuClUork 

l~ taxing. (})ntact any ~f the plants WLCRAFT 
listed 1:elowor see Sweets 05100NUL A 1A, .. " o/N,.",0nJ"'"",' 

• PO &XbJ7, Ilngham Cit) UT84.J02 V7J4.9433, PO &x 10052], Florma. SC 29501 00JI662-0J81, PO &x 169, lim. AL35%7X15/845-2460: PO 
&x 186, Gmpeland. TX 753444(]}1687-4665; PO &x 59, Na#I<. NE687024OY644-lllO:< PO &x I())), 51 Joe, IN 467852191337·}4J1 Aodu",:vEngm"", 
URS Consuha"" Corutruawn Mo""8"': R...,/h/lAqpn & M'l'-'" COllStn<£tion Co, BwUimg SheU Conln'JaOT Frank M""", & Sons Corutruawn Co, S<a:/ 
lilbncaror Soudlml 0Iu0 lilbncaum. Irx: 



Renovation 

Historic Expansion 
The conversion of a former museum to office space 
required the addition of mezzanines to increase the 

occupiable space and improve acoustics 

D''';''8 'he 
COfl'l'ersioll from 
",Uselllll to office 
space, n meZZillli"e 
was ",.serted to 
proVIde an 
addiliol/al20,000 
sq. fl. of offier 
Splice. Pllolo above 
by,eff 
Goldbt'rg/ESTO 
Pllolograpllics, 
Mamaroneck, NY; 
"Sill 1'11010 
courti'!iy of EUmo", 
Y affee Prescol I, 
P.c. 

24 1 Modern Steel Construchon I March 1992 

A voluminous, vacant mu
seum might seem an odd 

choice for modern offices, but the 
successful conversion of the 
structure's fifth floor into the ew 
York State Education 
Department's new headquarters 
proved otherwise. 

The landmark Albany, Y, 
building, which for most of its life 
housed the State Library on its sec
ond floor and the State Museum 
on its fifth floor, as well as State 
education offices on its other 
floors, dates back to 1908. The five
story, steel-framed, marble-clad 
structure is distinguished by a 
520' -long, load-bearing Corinthian 
colonnade-reportedly the world's 
largest . 

In the mid-1970s, the Library 
and Museum were relocated to the 
a new Cultural Education Center, 
leaving much of the building 
empty. More than a decade later, it 
was decided to transform the im
posing spacc into additional of
fices for the State Education De
partment. 

ow complete is the renovation 
of the fifth floor- which was com
pleted while the rest of the build
ing was still occupied. 

The existing building construc
tion is a steel frame with concrete 
floor slabs. Interior wall and ceil
ing finishes are plaster with orna
mental trim-some of which was 
treated to look like stonc. The east 
and west wings are similar in char
acter, featuring plaster walls of 
blind arches with exposed steel 
trusses and a continuous 560' -long 
skylight. The north wing is more 
elaborate, with highly decorated 
columns and ribs supporting pias
ter vaults, surmounted by skylit 

• 

• 

• 
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A: Tize exisling slruclure did 1I01izave Ihe capacity 10 
supporllize new mezzallines. Reillforcing Ilze exisling 
slructure was prolzibilively expellsive. Tize solulioll was 10 
remove Izeavy, lIon-slruclllral concrele floor lopping alld 
replace il willz a liglzl weight, raised floor syslem. Tizis 
saved Ilze mezuwine desigll cOllcepl and cui cosls by $1.1 
III ill ion. 

B: Tize large cOl,lilevered floors of Ilze curved 
mL'ZzOI,illes posed OIlOllzer problem-llze lelldellcy 10 
vibrale. Tl,e lradiliollal solulion of Ihicker floors was 
eliminaled due 10 weight limilalious, Pullillg Ilze compuler 
10 work, Ihe slruclural engilleer "dy"alllically limed" Ihe 
lIIezzanines by addillg weiglzl ollly ill crilicallocaliolls. 

C: Because Ihe lIIezzallilles exlelld over areas wil/lOul 
co/umlls ill Ihe floor be/ow, supporl was provided by a 
series of slzorl oulriggers exlellding frollllize lIIezzallines 10 
Ilze buildillg's colulllns below. These slellder ,wbraced 
oulriggers evolved frolll a purely slruclural funlioll inlo a 
sigllificalll arc/,ileciurai fealure. 

D: Allaclzillg lIew sleel collsirucliollia exislillg sleel 
colwmls, while mn;'llai"ill8 cautile-tlered mezwni"e 
frallling alld respecl illg Ilze hisloric lIalure of Ilze 
IIIO/lIllllelllal slruclure, was solved by usillg a cOlllbillalioll 
conlleclioll collsiSlillg of Izigl,-slm'gllz bolts alld weldillg 
colllpolible willz bollz lire old .IId new sleel. 

E: Tize IIecessily 10 collcealllleclzm,ical alld eleclrical 
services was a c/rnllenge sillce Ilzere was illsufficielll deplh 
belweell Ilze lIIezzall;"e fralllillg alld ceilillg for Ilze 
lradiliollal approach. IlIslend, overlzead Irouglzs were 
desiglled usillg liglzl -gage sleellrusses cm,lilet'ered allize 
ends, keepillg weigh I 10 a lIIillillllllll , 

F: Olher c/rnllellges illcluded: 
1. Shallow liglzl weighlllleclrnllical floors illliglzi areas 

wilh 'lIliled siruclllrni capacily; 
2. All illiricale alld exlellsive enlwalk syslelllllzreaded 

Illrouglzo'"llze cOl'gL'S/ed allic; 
3. IIICOIISpicuOIIS, fUllc/ional slidillg scaffoldillg /0 

service Ihe reclaillled skylight; 
4. Ilis/orienily sellsi/ive lill/els for willdows. 
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TJt~ "ew 1nezzm,j"es are cantilevered 
off of tube COIIl1nllS that were nttac/Jed to 
the stTllcture's origmal steel coillmns. 
Extendi"g from till! steel tllbes are short 
outriggers. PllOtoabove by ,eft 
Goldberg/ESTO Pllotograp"ics, 
Mamarolleck, NY; rig"t p"oto courtesy of 
EiJllIOm Yaftee Prescott, P.c. 
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oculi. 
But after many years of neglect, 

the space was seriously in need of • 
repair. "Decorative plaster walls, 
moldings, and trim had badly de
teriorated due to years of neglect 
and moisture penetration and were 
further damaged during the re-
moval of the extensive museum 
displays," explained Steven Einh-
orn, AlA, principal with Einhorn 
Yaffee Prescott, Albany, the 
project's renovation architects and 
M/ E/ P engineers. "Sections of the 
continuous skylight in the 
east/ west galleries had been re
moved, painted or roofed over to 
reduce the destructive effects of 
sunlight on the museum displays, 
to lower the heat load, and to elim-
inate moisture problems resulting 
from the deteriorated condition of 
the skylight." 

The renovation plan developed 
jointly by the ew York State Of
fice of General Services and the 
State Education Department in
cluded not only restoring the space 
to its former glory, but also install-
ing modern utilities and expanding • 
the size of the space by nearly 25%. 

"The decision to insert mezza
nines into each of the three exhibit 
wings made it possible to meet the 
client's space program needs, in
creasing usable space from 75,000 
sq. ft. to 95,000 sq. ft .," Einhorn 
said . Great care was needed, how
ever, to ensure that the new mez
zanines allowed adequate natural 
light to penetrate to the spaces 
below as well as had a minimal im
pact on the original architectural 
space. The resulting design for the 
mezzanine is gracefully curved 
and was derived from the numer
ous curvilinear forms and arches 
existing throughout the building. 
While contemporary in form, the 
mezzanines work to complement 
and respond to the building's orig
inal architectural features. The 
mezzanines also act to break up 
the scale of the cavernous space 
and improve acoustics. 

Structural Considerations 
While the mezzanines were 

needed to meet the client's space • 
needs, they presented an engineer-
ing problem since the existing 



• 

• 

• 

structure did not have adequate ca
pacity to support the new mezza
nines. 

"Reinforcing the existing struc
ture was prohibitively expensive," 
explained Tom Ryan, P.E., presi
dent of Ryan-Biggs Associates, 
P.c., Troy, NY. However, after ex
ploring several options, the struc
tural engineers developed a work
able, practical solution. "By 
removing portions of the non
structural 5" concrete floor topping 
equivalent to the mezzanine loads, 
the mezzanines could be added." A 
new, l ' -high lightweight raised 
floor was installed to replace the 
concrete topping, and it also served 
to carry mechanical and electrical 
systems. General contractor on the 
project was Sweet Associates, Inc., 
Schenectady, NY. 

Because the mezzanines extend 
over column-free areas, it was nec
essary to devise a means of sup
port. Even if a column line from the 
floor below was extended up to the 
fifth floor, it still wouldn't be in p0-
sition to support the mezzanines. 
The solution was a series of short 
W18 x 50 outriggers extending 
from the mezzanines to the newly 
extended columns. For architec
tural considerations, the size of the 
new columns needed to be mini
mized, so 4" x 4" tubes were used. 

"Getting the aproximate 300 tons 
of steel to the fifth floor posed an 
interesting challenge," explained 
James A. Stori, P.E., president of 
AISC-member STS Steel, Inc., Sche
nectady, the project's fabricator. 
"Some small items came up the ma
terial hoist. However, the bulk of 
the steel (though beams about 40' 
long, weighing two tons) was 
hoisted over the roof and down 
through an opening in the existing 
skylight." Erector was Brownell 
Steel, Schecetad y, Y. 

The connections of the new col
umns in the east and west wings to 
the existing columns was accom
plished with a combination connec
tion employing both bolts and 
welding. In the north wing, the out
riggers were attached directly to 
existing columns in the same fash
ion. "Extensive coupon testing was 
done to ensure adequate weld 
strengths with the existing steel," 

111 file /lorth willS. tilt' 1II1.'::Jltlifll' was 
ca"tiletlf!red directly from t'X;stm8 
columns (aoope ami top). The ml'filalUent 
trollS" (Jeft) is supported (HI a box colli 11111 

{o'IIlf.'fi with II/lit'S ill each coma 
emlllectcd will, web members to /on" a 
truss assembly. Medtatliml and electrical 
services rim lip tile eellter of file co/w,lII . 
Photos cOllrtt'sy of Ryml·BIggs Associates. 
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Ryan stated. 
Since weight was such a crucia I 

consideration, the mezzanines 
were framed in steel with a com
posite steel deck with lightweight 
con rete topping. The mezzanine 
framing consists of W18 x 50 gird
ers and W12 x 26 beams. 
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"The large cantilevered noors of 
the curved mezzanines posed an
other problem, the tendency to vi
brate," he added. The traditional 
solution of thicker noors couldn't 
be employed due to the weight re
strictions. Instead, working with a 
computer analysis, the mezzanines 
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were "dynamica lly tuned" through 
the addition of weight in critical lo
cations, primarily at the ends of the 
cantilevers. 

The location and necessity to 
conceal ductwork and other me
chanical/electrical servi es for the 
mezzanine space posed another 
problem. "There was insufficient 
depth between the mezzanine 
framing and ceiling for the tradi
tional approach," Ryan said. "The 
architectural design ca lled for me
chanical troughs to rise from the 
mezz.1nine noor to house air distri
bution and lighting systems. How
ever, the additional weight seemed 
to be a problem. The solution was 
to design the troughs using light 
gage steel trusses cantilevered at 
the ends, thus keeping the addi
tional weight to a minimum." Sup
porting the troughs, which have a 
substantia l cantilever, are new col
umns extending up from the exist
ing noor structure. The 3' x 3' box 
columns are formed with 4" x 4" 
tubes in each corner connected with 

DESCON 
DESIGNS AND DETAILS 
STEEL CONNECTIONS 
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FOR A FREE DEMO DISK 
CALL OR WRITE TO 

OMNITECH ASSOCIATES 
P.O. BOX 7581 
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(510) 658-8328 
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web members to form a trusswork. 
"The tubes provide better sectiona l 
properties and allowed ductwork 
to be run up the center of the col
umns," Rya n explained. 

atural light is admitted to the 
largely windowless space through 
rehabilitated skylights, as well as 
new windows constructed in the 
north, non-principal elevation. In 
the east and west wings, several of 
the blind arches arc opened to fa
cilitate access and views to adjacent 
spaces, while in the north wing, the 
original windows in the west and 
north walls were enlarged and the 
skylights above the vaulted ceil
ings rea tivated. 

Financial Success 
Based on the cost of leases in 

privately owned space, it is esti
mated that the $16.5 million cost of 
the renovation, which includes a 
new central mechanical and electri
cal plant and vertical distribution 
system for the entire building, will 
be amortized in 10 years. And the 

SAVE TIME AND MONEY 
CALCULATE CONNECTIONS 

with CONNECT version 3.5 
Software and Data Base 

for IBM PCs and Compatibles 
Proven, easy to-use, moderate price 

DETAllERS, STRUCTURAL ENGINEERS 
design, document, check: 

Framed Beam Connections 
Seated Beam Connections 

Eccentric Connections 
Connections in Tension 
Moment Connections 
Hip and Valley Details 

Oblique bracing with Setbacks 
Web Stiffeners 
Triangulation 

and more. 
Print a hard copy of calculations 

and/or save on disk. 
Updated to AISC 9th Ed . 

Demo package availabte. 

Write or call today: 

Hess Technical Services 
2389 Mill Grove Road 
Pittsburgh. PA 15241 

(412) 831-2010 or (412) 833-7525 

project met the State's desire to re
tain the historic character of the 
building, as well as increase its usc
fulness. 

Based on the success of the proj
ect, the State is now renovating two 
other major areas within the build
ing. • 

Ti,,, I'xtrrior of tilt Stall' £dumlloll 
BuildUlS III AILItlIlY, NY, feature'!'> a 
520' -follg, food-bro''''g Co,,,,tlllall 
coJotJlladt>-rrputedl'y tire world's lar~w~t . 

TUBE DETAILS In minutes 

using 'PLANS & ELEVATIONS' 

with AutoCAD ~J 

CALL NOI( I 

1A 12 

DETAIL 0 

OTHER PROGRAMS AVAILABLE FOR 
DETAILING 

BEAMS. COILJlNS. STAIRS. 
PLANS AND ELt'VATIONS. 
BRACING. GUSSt·TS. 
MATERIAL MANAGEMENT 

For /nftn.,.nahon. about sQ.'lI\ng hm41 
wdh prod.uch't/ttll programs from. 

COMPUTER DETAILING CORPORATION 
1310 Indullrlll Blvd. 
Soulhlmplon, PA 18966 215-355-6003 
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Updating A 
Sports 

Institution 
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The $200 million 
renovation of 

Madison Square 
Garden had to be 

completed 
without 

disrupting the • 
scheduled events 



• 

• 

DOUBLE LEVEL 
SKYBOXES 

Sports facilities-even the most 
famous-are constantly 
changing. And as with other 

public buildings, the renova tions 
are usually com plica ted by the 
need or d esire to keep the facility 
operational during construction. 

Madison Squa re Garden's re
cently completed $200 million ren
ovation included adding 88 new 
skyboxes and a new skylobby, con
structing a mezzanine over a taxi 
plaza, and enlarging the old Felt 
Forum (now called the Paramount 
Theater)- all wi thout interrupting 
the Knicks, Rangers, or a variety of 
specia l even ts such as concerts and 

-- --------- -----

2 PENN 
PLAZA 

HANGING 
SKY LOBBY 

MALL 
TAXI WAY 

LEGENp 
EXISTING FRAMING 

-------- EXISTING FRAMING REMOVED 
NEW FRAMING 

circuses. Fortunately, sched uling 
did allow the Garden to be closed 
for two summers during the three 
year construction process. 

Skyboxes 
The toughest part of the renova

tion was the demolition of 29 exist
ing skyboxes and their replace
ment with 88 new ones. Support 
columns, obviously, couldn' t be 
used since they would interfere 
wi th the sightlines from o ther 
seats. And innovative construction 
techniques were needed that noth
ing wou ld interfere with perfor
mances or customers views of 

them. 
"The Garden's design features a 

425' -d iameter cable-,upported 
roof," explained Tibor Vari, P.E., 
an associate partner with struc
hlfal engi neer Severud Associatcs, 
New York City, which also was 
the original design engineeri ng 
firm for the structure. "Sin e this 
was a new technology at the time 
of construction, it was designed 
with a higher safety factor on the 
cab les than is required by today's 
codes. urrent code allows a more 
realistic sa fety factof, so a reserve 
capacity existed in the cables a nd 
their supports. In add ition, the dc-

I 
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sign live load of the mechanical 
room was 75 psf, while the actual • 
load was less than 50 psf, so that 
gave us an additional load," he 
added. 

Illn order to provide column
free space for the new sky boxes, 
they were hung from the existing 
cable structure for the roof and 
suspended mechanical rooms, 
which were located above the roof 
cables," Vari said. The hangers 
were connected either to the roof 
girdersl or, in some cases, to new 
cross beams that were installed be
tween the roof girders. 

The roof girders were reinforced 
with plates welded to the existing 
girders to take the addihonalload. 
Steel fabricator and erector on the 
project was AISC-member Canron 
Construction Corp. (Eastern Divi
sion). 

Just as complicated as the de-
sign of the new skyboxes was their 
installation. Because work sup-
ports couldn't be left in the seating 
area during performances, the con
struction team designed a sus
pended work platform. The plat- • 
form was suspended at four points 
from the roof structur , and as 
many as 17 of these platforms 
could be joined together as needed. 
During working hours, the plat-
forms could be lowered into posi-
tion, and during performances 
they could be hoisted up to the 
ceiling and out of view. When con
struction was complete on one 
group of skyboxes, the platform 
was lowered to the floor, wheeled 
to another location, and hoisted up 
into place. 

Construction managers on the 
project were H RH Construction 
Corp. and Ilerbert Construction 
Co., both headquartered in Man
hattan. Project architect was 
Ellerbe Becket Sports, Kansas City. 

With the addition of the sky-

Piclured al lefl (from lap 10 bottom): 
Au illside view of Madiso" Square Garden 
as tire 1".,..1,...,1 skyboxes are beillg 
installed; a perimeter view of tile • 
illslallaliall of Ihe ,kylabby; and Ihe cabl. 
connection at tile sky/abby roof. 
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boxes, the Garden required a new 
sky lobby for arriving suite specta
tors. "There was no available space 
inside the existing Garden, so new 
space was created outside the 
building, " Vari said . And as with 
the skyboxes themselves, the lobby 
was hung from the existing struc
ture. 

The garden is clad with precast 
concrete panels, and the removal 
of these panels from the effected 
area created sufficient capacity in 
the structure's columns to carry 
the new loads. "Since the new lob
bies were too wide to cantilever di
rectly from the existing structure, a 
cable system was devised, hanging 
the outside columns and using the 
roof beams as compression struts," 
Vari explained. 

Since the existing structure aJ
ready employed a cable support 
system, this solution had the 
added benefit of matching the ex
isting construction in both style 
and system. 

Mezzanine 
The new mezzanine was built 

above a taxi pickup area between 
the Garden and the adjacent 2 
Penn Plaza building. Because new 
columns in the taxi area would 
have hampered Amtrak's opera
tions beneath the taxi area, as well 
as interfering with taxi traffic, the 
new mezzanine was hung from 
the existing roof girders, which 
were reinforced with plates to take 
the additional load . 

Connecting the mezzanine with 
the skylobbies are two new eleva
tor banks of three elevators each, 
with the elevator banks serving ar
chitecturally to define the ends of 
the skylobbies. " ew columns 
supporting these elevators land at 
the taxi roadway level, which is 
the roof of the computer nerve 
center of the East Coast corridor of 
Amtrak," Vari said. 

"Running these columns 
through this area would have re
quired major reinforcement and 
transfer construction as well as a 
major disruption of Amtrak's op
erations. To prevent this, a "pile 
cap" was built at the taxi street 
level using three existing Penn Sta-
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I" order to create a full-size stage for tlte Paramou"t Theater, an additio" was added 
on tile Eighth Ave. side (top). Because 'he creatio" of the W!to stage required ti,e removal 
of two columlls, large trusses were required to pick lip tile blli/dillg load. However, tlte 
Dilly Quailable 1000IiOll for tllese trusses was bet",e," the liftll mId sixtll floors (above). 

tion columns as the "piles."" These 
columns date back to the original 
Penn Station that was demolished 
in the early 1960s and therefore 
had plenty of reserve capacity. The 
cap-a 2' -thick concrete mat
could support the four new eleva
tor columns and serve as the bot
tom of the elevator pit. 

Paramount Theater 
The old Felt Forum was located 

under the Garden floor, on the 
western portion of the building, 
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with seating stepping down con
centrically from the outside to
wards a low stage at the center of 
the garden. 

"Because the Garden floor was 
above the stage, it was impossible 
to create a full-size stage with fly
space, support space and other ne
cessities for a legitimate theater in 
the original location," said Fred 
Severud, P.E., of Severud Associ
ates. The only logical location for 
the new stage was outside the Gar
den, on the Eighth Ave. side. How-

ever, this required turning the seat- • 
ing 180 degrees. But to make an 
opening big enough for a 68'-wide 
stage required the removal of two 
of the 48 existing main perimeter 
columns supporting the roof and 
all of the levels above the street. 

"Two trusses were bu il t to ca rry 
the 2,600 kips load each column 
supported," Severud !K1id. One of 
the B3'-long trusses is 14' deep, 
while the other is 11' deep. They 
were installed inside the building 
perimeter, straddling the columns 
to be removed. "The adjacent col
umns, which carry the loads of the 
trusses, were reinforced with 
welded plates." 

Further complicating the project 
was that the only location available 
for the trusses was between the 
fifth and sixth floor, some IS' 
above the head of the proscenium. 
As a result, the portions of the ex-
isting columns that remained 
below the trusses remain as the 
hangers to support the story-high 
plate girders that carry the main 
Garden floor. "The trusses were • 
built and shipped in their final 
form and attached to the adjacent 
columns at each end," Severud 
added . The l.soo kips of dead load 
from the columns were jacked onto 
the trusses before the hangers were 
cut. 

"The placing of the fly-space on 
the Eighth A venue side had the 
additional benefit of providing 
much needed space on both sides 
of the new Stage House for offices 
and su pport spaces for the stage," 
Severud said. olumns for these 
additiona I spaces were placed on 
top of existing Penn Station col
umns in the sidewalk area west of 
the existing Garden. "This mini
mized the amount of work below 
street level in Penn Station." 

The entire existing sloping seat-
ing frames and concrete steps were 
demolished and new seating was 
built using the existing Penn Sta-
tion columns and girders for sup-
port. A new flo<1ting concrete floor 
was placed on vibration isolators, 
lifting the new floor above the old • 
floor, to attenuate the noise pro
duced by the subway below the 
new stage. • 
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Renovation 

Renovation Without 
Disruption 

A connection between the ninth floor of an existing 
building and two new buildings needed to be building 

with minimal worker disturbance 

When Eli Lilly And Com
pany outgrew its 13-story 
headquarters building in 

Indianapol is, the management 
opted to build two new additions 
rather than relocate. The additions 
took the form of two 10-story 
buildings, structurally indepen
dent, though abutting either side of 
the existing structure. 

• 

The existing building was a 
steel-framed building built in two • 
stages. The first three floors, which 

S/IOWII at top are workme" brmSI1I8 steel mID tile eXlstillX bllildillg Ihrollgh n /lIfl/ll 
fllJ(Jr wi"dow. Bottom photo ~"ows tlte bulkhead fram;III~ ' Photos courtesy of Eli Lilly. 
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were built in the 1950s, are simple
framed, while a ten story addition 
in the 1960s is moment framed. 
The end walls of the existing build-
ing are clad with a solid sheathing 
of limestone, which while not de-
signed as a structural element es
sentially acts as a shear wall. 

New Passageway 
To facilitate pedestrian traffic 

between the old building and the 
new structures, the owner required 
that a passageway be added at the 
ninth level in addition to connec
tions at other levels of the build
ings. While the renovation project's 
design engineers, Fink Roberts & 
Petrie, Indianapolis, determined 
that an opening could be punched 
into the end walls of the existing 
building, they also concluded that 
vertical bracing was necessary to 
make up for the reduced shear ca
pacity of the walls and increased 
lateral deflection of the structure. 
In addition, bracing was needed to • 
reach the owner's desire for a Seis-
mic Zone 2 compliant structure. 
This included adding diagonal 
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Figure One: Original Welded Design 
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Figure Two: Alternate Vierendeel (Bolted) Design 
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bracing between the ninth and 
tenth Ooor to form two "hat" 
trusses the width of the building to 
increase the resistance to overturn
ing. 

While making the ninth level 
connections was clearly possible, 
the project's construction manager, 
Geupel Demars, Indianapolis, ini
tially felt that it would be very 
complex, time-consuming and ex
pensive due to the tight working 
conditions, which required cutting 
the reinforcing members into small 

pieces, transporting them in the 
building's main elevators, and then 
welding them back together. 

In addition to its complexity and 
cost, the original construction plan 
did not meet the owner's other re
quirements, which included mini
mal or no welding by requiring 
very restrictive and costly smoke 
and fire protection controls (due to 
smoke contamination of existing 
office environment and the possi
bility of fire) and no interruption or 
disruption of employee operations. 

A NEW DIMENSION 
in Structural Steel 
Actual SDS/2 

Drawing 

I 
'" 

, " 

, "I ' " , " . . . . . . . . 

IntrodUCing the Third Dimension
a new way to look at your future. 

SDSJ2- Your Single Source Software Solution: 
• Engineering, Analysis, Design • Detailing • GNG Interface 
• Estimating • ProduCllOn Control • DeslgnLiNK 

For information about solutions to expand your horizons, call Design Data today. 

800·443·0782 402·476·8278 

" First in ... Software, Service, Solutions." 
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Geupel Demars called in AISC
member Broad Vogt & onant, 
Inc., a Detroit-based structural 
steel renovation specialist, to as
sess the situation and recommend 
construction solutions that would 
meet all of the owners require
ments while also reducing project 
costs through value engineering. 
Broad, in turn, retained Ruby & 
Associates, P.c., Detroit, as a value 
engineering structural consultant. 

Bolted Vierendeel Truss 
"The original scheme was gen

erated with diagonal bracing, 
which delivered large axial forces 
into the existing Ooor beams," ac
cording to David Ruby, P.E., of 
Ruby & Associates. "In order for 
the existing Ooor beams to sustain 
these axial forces, the original 
scheme added significant reinforc
ing to the beams, whi h required 
overhead full penetration welds of 
reinforcing to the existing column 
webs; as well as top Oange plates 
weld;<l to the column Oange and 
web. 

After a brainstorming session 
between the entire project team, a 
consensus was reached that some 
redesign work was necessary and 
a new construction plan was 
needed. The redesign spearheaded 
by Ruby and Robert Piro, general 
manager and vice president of pro
posals with Broad, had two main 
elements. 

First, the alternate design raised 
the lower work point of the braces 
at the column centerline to a point 
above the concrete slab. This elimi
nated the costly and time-consum
ing task of removing concrete and 
relocating the slab embedded elec
trical and mechanical chases tha t 
interfered with the installation of 
the welded gusset plate to beam 
nange connection called for in the 
original design. A computer analy
sis using the Structural Expert Se
ries from ECOM ASSOCiates, Inc., 
confirmed the additional eccentric 
moment could betaken by the ex
isting noor beams and columns. 
Another advantage of this revision 
was to allow the use of a single 
wide nange diagonal, instead of 
four angles, and allow the connec-

• 

• 

• 
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tions to be made with gusset plates 
bolted to the flanges of both the 
columns and diagonals. 

Second, the original design 
ca lled for the installation of an 1 "
deep reinforcing beam to be fit be
neath the existing ninth and tenth 
floor beams at each bay with web 
penetrations required for existing 
ducts and pipes to pass. This re
quired temporary removal and re
placement of portions of the duct 
work and several other utilities, in
cluding fire protecti n. As an alter
nate, Ruby devised a plan using a 
Viercndeel truss (see Figures One 
and Two). 

"This alternative provides a so
lution that allows the existing 
structural steel framing to sustain 
the wind and seismic design loads 
without direct modifications to the 
end existing connections," Ruby 
explained. "We introduced a 
Vierendeel truss-effectively intro
ducing a 42"·deep beam, to distrib
ute the load. Instead of stability oc
curring from just column bending 
and braCing, we introduced frame 
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bending. This also reduced the col· 474 East 105th Street. Cleveland, OH 44108 

umn length, which reduced story l::~===:;:;;;:;:;::;;=;=========~=::=::=::::::::::=::::::====~-_, drift and allowed the connections I, 
to be primarily bolted instead of CO:SXPRT -.5H-EAR &MQM~'I'r CQ~'\I},:<,"n()"'S 
welded." 

Eliminating Field Welds 
The revised construction plan 

devised by Mark Douglas, an engi
neer and senior project manager 
with Broad, Vogt & Conant
which was also chosen as the 
project's fabricator and erector
made use of a flying jib and con
veyor (see photo>. allowing for the 
outside transport of the material in 
whole pieces, thus eliminating 
field welded splices. 

The Vierendeel truss bottom 
chord, as well as the 25' · long diag
onals, were hoisted, using a flying 
jib, through windows on the 
eighth and ninth floors and onto a 
gravity conveyor system located 
inside the building. The pieces 
were then rolled into place and 
hoisted with chain falls-all of 
which created little interference to 
the building's occupants. 
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Advances In Welding 
Technology 

By David G. Howden, PhD 

During the pa;t few years, in
novations and advances in 
welding technology have 

helped fabricators and erectors cut 
costs and increase productivity. 

New Power Sources 
By their nature, conventional 

power sources have always been 
heavy and awkward, as well as 
somewhat inconsistent in terms of 
their performance. Ask construc
tion professionals what they want 
in respect to their welding opera-

mystery still surrounds them. 
While they appea r very compli

cated, they actually are fairly easy 
to understand. Inverters are basi
ca lly electronic equipment that con
vert raw primary power into man
ageable power specifically suited to 
the requirements of the welding 
arc. They take advantage of the lat
est im10vations in solid state and 
control electronics-as well as ad
vances in electromagnetic materi
als-to offer a welding power 
source unprecedented in the indus
try. 

The major benefits include por-

I"uerters offa portabIlity, ''''prol'C'd per[o,,,,mlcen,,d fltxibtllty . 

Ii ns, and you' ll undoubtedly hear 
a desire for smaller, lighter power 
supplies with better arc perfor
mance with more interface fea
tures. 

The introduction of inverter 
technology about six years ago de
li vers on 1110sl of these requests. Al
though inverter power sources are 
becoming more cummon, some 
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tability, performance and flexibil
ity. 

Inverter machines are drastically 
sma ller and lighter than conven
tional ma hines of comp.1rable out
put, allowing easy movement and 
minimizing floor space require
ments. A 6OO-amp machjne typi
cally can be carried by two people 
from loca tion to location. And 

some 3OO-amp machines can be car
ried by one person. With conven
tional power sources, a forklift 
truck or cra ne is need ed to move 
both 600- and 3OO-amp machines. 

Performance is enhanced by 
ultra-fast electric circuitry and vari
able inductance features, which 
provide good, clean blast-free 
starts. The quality of arc initiation 
are greatly affected by the initial 
rate of rise of current in the elec
trode, the amount of inductance in 
the stabilizer, and the response 
time of the power source. With an 
inverter, starting is enhanced by 
rapid but controlled current rise, a 
minimum of inductance, and cir· 
cuitry that responds quickly to the 
drastically and rapidly changing 
conditions at the output of the ma
chjne during starting. 

Inverters also provide a large de
gree of flexibility in that they can 
be modified to suit essentially all 
welding processes-including flux 
cored welding, shielded metal arc 
welding, plasma cutting, and 
plasma gouging (however, for stud 
welding, inverter use is limited to 
450 amps). Also, inverters can 
read ily be used on either three
phase or single-phase input power 
at either 50 or 60 Hz. Because the 
input is immediately rectified and 
converted from AC to DC, the type 
and qualjty of input power is less 
critical than with conventional 
power sources. 

The fast response time of invert
ers operating in the 25 Khz range 
and the ease with which they can 
be made to respond makes them 
ideal for multiprocess machines 
that ordinarily may compromise 
performance in or more areas. 

Plasma Arc Cutting 
While much of the news lately 

has concerned innovations of laser 

• 

• 

• 



• 

• 

• 

By replacing 
the tungsten 
electrode wIth 
mit made with 
hafnium, the 
plasma arc 
cutting torch 
can be operated 
efficiently and 
effect iuely 0 11 

structural steel 
without !Ising 
expensive ;'Iert 
gases. 

welding and cutting, more impor
tant for the construction industry 
are the improvements in plasma 
arc cutting. While laser cutting is 
only practical for very thin materi
als, plasma arc cutting has far 
fewer restrictions. 

An outgrowth of the gas tung
sten arc welding process and the 
plasma arc welding process, 
plasma arc cutting has been popu
lar for the last 20 years for non-fer
rous materials, such as copper al
loys, nickel alloys, and aluminum 
and stainless steel. 

Previously, however, the pro
cess was limited by a significant 
disadvantage: a relatively inert gas 
had to be used for the plasma gas 
to avoid rapid deterioration of the 
tungsten electrode and the copper 
orifice contained within the weld
ing torch. This is particularly true 
for the addition of oxidizing gases 
such as oxygen. 

In the past five years, though, 
the plasma arc cutting process has 
been improved for both shop and 
field operations-mainly by re
placing the tungsten electrode with 
one made with hafnium. Essen
tially fu lfilling the same job re
quirements as tungsten, hafnium 
does not react as rapidly with air. 
The bottom line then is that the 
plasma arc cutting torch can be op
erated efficiently and effectively on 
structural steel without the use of 
the more expensive inert or special 
gases. Further, the process does not 
use fuel gas (such as acetylene), 
and therefore the poSSibility for ex
plosion is reduced . 

Advantages of plasma arc cutt
ing include: can cut any metal; 

cutting speeds are faster than other 
processes, particularly for thinner 
sections; dross is easy to remove; 
sa fety is improved; use is simpli
fied ; and cost per cut is lowered. 

The process does have some 
disadvantages, however, includ
ing: higher equipment costs than 
for other processes; limited metal 
thickness (up to 11,2"); wider kerf 
(or width of cut); and bo th sides of 
kerf are not square, which may ne
cessitate grinding after the plasma 
cutting process. 

David G. lIowdell , PhD. , is associ
ate professor, Departlllellt of Weld illS 
ElIsilleerillS, at The Ohio Slate Ulli
versity ill COllllllbllS, OH, alld vice 
presidellt of the Alllericall WeldillS 
Society. Also cOl1triblltills to this arti
cle was Marv Schiederlllayer fTOIII the 
Miller Electric MallllfactllrillS Co., 
Appletoll , WI. 

Welding 
Products 

Inverters 

Powcon's inverter welding 
power sources allows up to 

75% reductions in the size and 
weight of the transformer and up 
to 45% energy savings as com
pared to SMAW or GTAW power 
supplies. When combined with an 
engineered plastic housing, the re
sult is a power source that weights 

only one-third that of a conven
tional transformer and takes up sig
nificantly less noor space, yet pro
vides the sa me power output. 

PowCon, which also sells pla;,ma 
cutting tools, has entered into a 
marketing agreement with Kemppi 
to sell their product line of inverters 
in the U.s. 

For morc information, contact: 
Wad e Chase, Pow on Inc., 8123 
Miralani Dr., 5.1 n Diego, A 92 126 
(800) 833-9353. 

Inverters 

A free bulletin from The Lincoln 
Electric company describe 

the features, benefits and appli a
tions of the newly introou ed In
vertec V300-PRO, a multi-process 
300 amp arc welding inverter 
power source that operates on ~in 
gle- or three-phase inpu t power. 
The inverter features : an efficient, 
lightweight, compact design and 
quick disconnect for portability; a 
process mode selector to modify the 
arc for five onstant voltage or con
stant current welding proce;ses; arc 
force and pinch control for fine tun
ing arc characteristics; a thermm.tat 
to prevent overhea ting and extend 
life; built-in voltage compensation 
for weld consistency; and "cold 
electrod e" circui try for added 
safety. 

Lincoln also 1llJ.nufacturcrs a line 
of plasma arc wtting and welding 
tools. 

For more information on invert
ers, request Bulletin E930 from: The 
Lincoln Electric 0 ., 22801 51. lair 
Ave., Cleveland, 011 44117-1199 
(216) 481-81 00. 

Stud Welding 

T RW elson Stud Welding Di
vision offers a wide range of 

stud welded shear connectors, con
crete anchors and threadl'Cl fasten
ers for bridge, building and indus
trial structures connection 
requiremen ts. omplete stud weld
ing systems and power generators 
are ava ilable for sa les or lea&c. 

For more information, conta t: 
TRW, 7900 West Ridge Road, P.O. 
Box 4019, Elyria, 011 44036-2019 
(216) 329-0400. 
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Everybody 
knows what you 
can build with 

steel joists. 
~ 

,;:;2 --

Don't stop with the first 
picture that comes Into your 
mind Instead, ",ke a look all 
O\'eT town 

For Instance, that nC\\' corpo
rate headquarters do\\'nwwn 
Ma)'be that dmm.luc suburban 
condo complex e\'el)'body's 
been talking about Or a \'el)' 

interesting new grouping In 

that west side office park 

Thafs the steel Joist picture 
lOda)'. Beautiful stores, audi
wriums, hospitals, churches, 
motels-because uSing steel 
JOist construction is an idea 
thal's catching on everywhere 

You gct complete deSign flexl
billt),- the freedom to do 

exactly what you wanl. And 
steel jOiSt construction IS a 
great lime S,1\'CT, too, with the 
economics all in your favor 

BUI then all you have [Q do 
is SL.1.rI bulldmg your own 
beautiful ideas with steel joist 
construction And you'll gel 
the piClure 

STANDARD 

Ill" "Hrh :~\"'ILI' .\'",lIr 
')wl/( .~ 

,\hl"" Eku.h, 
St·tdn C (lr../rf'kl 2~Sn 




