


Assuring a uniform high quality family of products 
and services ... ONTIME. .. ANYTIME ... ALLTHE TIME in the 
Construction Industry 
Nicholas .I. Bouras, Inc . .. IJ uras 
Industries -- is made up of United Steel 
Deck, Inc., New Columbia Joist Com­
pany, Inc., Prior Coated Metals. Inc. and 
ABA Trucking . These four separate but 
related companies enable Bouras Indus­
tries 10 provide a nexible sct of options 
to the construction industry. United 
Steel Deck can provide a full line of 

deck and siding products and can also 
do custom designs. When combined 
with the many coating options available 
from Prior Coated metals a staggering 
number o f combinations is possible. 
Deck combined with bar joists has 
always provided an economical mcthCKI 
of construction bUi with the possibilities 
provided by combining the capabilities 
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NICHOLAS J, BOURAS. INC, 
Executive Offices. fngmeenng and Sales 

475 Springfield Ave .. Summit, NJ 07902·0662 
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of United Steel Deck, Inc. and New 
Columbia Joist Co. many interes ting 
design options arc possible along with 
economy. On lime delivery and expedi­
tious material handling is provided by 
AIJA Trucking. This synergism result­
ing from combining these four compa­
nies defines Dounts Indus tries. Please 
call if we can help with your jobs. 
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• HIS;r ® 'truss girders 

Lighten your Overhead with ASTM A 913 / A 913M 
Grad e 65. 

Assembly Building for the New Boeing 777 Airc ra ft. 
3,000 tons of ARBED HISTAR® Grade 65 in the trusses-Span 354', Depth 28'. 

Slructural Engineer: The Au,lin Compan). Seanlc. WA. 
Slee1 FabricalOrlEreclOr : The Herrid. Corp .. Ple,arHtm. CA. 

CorHraClOr: The Au,lin Compan). Seanle. WA. 
0" ncr : The Boerng. Compan}. Seank. WA. 

Seven Good Reasons to Use HISTAR® on Your Next Project! 
1. ASTM A 913/A 913M. 
2. High Strength: HISTAR® Grades 50 and 65. 

Available in most sizes in Groups 1 through 5 (ASTM A6 Table A). 
3. Weldable Without Preheating - AWl Welding Report 91-002, 1992. 
4. Excellent Toughness. 
5. Good Ductility. 
6. Reduction of Weight / Cross Section - Less Steel to Buy and Weld. 
7. Savings in Transportation, Handling, Fabricating and Erection Costs. 

HI ST -\R "a regl'lcrcd tmde ·mMl. 01 ·\ RBEO. 

For complete information, availability and literature. contact I,., I \ . , Inc., 825 Third Ave., 
ew York, Y 10022. (212) 486-9890, FAX (212) 355-2159. In Canada: I II Canada, 

Inc.,390 Brant Street, Suite 300, Burlington, Ontario L7R 4J4. (416) 634-1400, FAX (416) 634-3536 
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Users have a more intimate rela­
tionship with pedes trian bridges 
than they do with other types of 
bridges_ MSC offers two s tories 
(beginning on pages 30 and 42) this 
month featuring wide va riety of 
these fascinating structures. 

Modern 51eel Construction (Volume 34, 
umb.(6). ISS 0026-6445. PublIShed 

monthly by the American Institute or Sleel 
Construc tion, Inc., (A lSO, One East Wacker 
Dr., SUitt' HOO, Chicago, Il60601·2001. 

Advertl!.mg office: The Ramage Croup. 
O'Hare lake Office Plaza. 2400 E. Devon 
Ave., D<" PI.,nes, IL 6(6)6 (706) 699-6049 

SubSCription price: 
Within the U.S 'li ngle Issues S3; 

J ye." S6S 
Outside the U.S. single issues 55; 

1 year S 36; 1 years S 1 00. 

Postma!.ll'r: Please send address changes to 
Modern 5>l<'el ConslrUC lion, One Easl 
Wacker Dr Suite 3100. Chicago,lL &0601· 
2001 

Second class JX>Slage paid .11 Chicago, Il and 
at addillonal mailing OffKes. 
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building performance 
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Extremely low fabrication tolerances were 
required to ensure the success of a 350-ft.-long 
pedestrian bridge at the Denver international Airport 
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Pedestrian bridges come in all sizes and shapes, 
from the most modern designs to the most 
traditional 
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STAAD - III / ISDS Release 19.0 

• Introducing Concurrent Engineering to Structural Software 

~--- What's New? ---­
• Concurrent Graphics User Interface: 

BUild the model, Pertorm AnalyslsIOeslgn, Review results, 
and Generate Reports concurrently 

• State-ol-the-art Report Generator 

• New Advanced Analysis/Design Facilities: 
T enSK)(l Onty Members 
Finite Element Release Specs 
InchnedSupports 

Harmomc Time History Load Generator 

• Advanced Automatic Element Mesh Generator 

• On-screen error display with on-line editing 

• Live on-screen analysis/design status display 

• Full-scale PC and Workstation version Including: 
SUN. HP. DEC. SGI. IBM RISC ,mplemenlaloon 

A Milestone in Computerized 
Structural Engineering 

STAAD-IIIIISDS Release 19.0, from Research 
Engineers, Inc. represents a milestone in 
Computerized tructural Engineering. Built around 
a new Concurrent Graphics ser I nterface, the new 
release allows you simultaneous on-screen access 
to all facilities. 

Build your model, verify it graphically, perform 
analysis/design, review the result s, sort! earch the 
data to create a report - all within the same 
graphics based environment. This "concurrent 
engineering" approach coupled with a live 
relational database, enhances the productivity of 
your design office to a level never witnessed before. 

STAAD-lilil DS - from Research Engineers - is an acknowledged world leader in structural 
soOware. Whether it is finite element technology or sophisticated dynamic analysis or AD 
'"tegrallon. Research Engineers had always been at the rorerront or innovation. STAAD-1I1 ISDS 
has been consistently ranked #1 by all major industry surveys including E RlMcGRAW-ll ili survey. 

With over 10,000 installations. more lhan 30.000 engineers worldwide rely on TAAD-IiIIISDS as 
their everyday companion in the design office. 

R h E · l 22700 Sav; Ranch Pkwy .. Yorba Linda. CA 92687-46t3 
esearc nglneers, nco Tel (714) 974-2500 Fax: (714) 974-477t Toll Free: (800) FOR-RESE 

• USA • UK • GERMANY • FRANCE • CANADA • NORWAY • INDIA • JAPAN • KOREA 
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DIGITAL REVOLUTION • 

W
Il~;N I WAS GROWING UP, I SPE :1' LONG HOURS IN Til E LIBRARY 

R~:ADlNG EVERYTH INC; I could get my hands on. I was particu­
larly taken with encyclopedias and coul d spend hours on 

end paging through first one volume and then another. I often start­
ed one article, came across someth ing of intel' st, skipped to that sub­
ject, and then was distracted by a thi rd item. 

As much as I loved Funk & Wagnalls, I was always frustrated by 
the tedium involved in searching for the specific information that 
struck my fancy. Fortunate ly, modern technology has so lved that 
problem. r can now tuck a single CD-ROM disk (the equivalent of all 
those volumes on one disk!! in a personal computer and voila! All the 
information is at my fingertips. If I want to read about DeQuervains 
tenosynovitis, I can find the information in a few seconds with j ust 
the press of a few buttons. 

I've been crowing for the past few months about exciting things 
happening at A1SC, and now I can even say that A1S has joined the 
digital revolution . The new 2,163-page, two-volume LRFD Manual of 
Steel Construction is now available on a single CD-ROM. But it's not 
just a book on a disk. The CD version offers some amazing advan­
tages. On each page, some of the text is highl ighted in red. If you 
want mOl'e information on that subject, just click and the information 
appears. Other information is highlighted in green. This represents a 
circul a r pathway leading to other places in the man ua l dealing with 
the same subject. Click once and you find a new reference. Click 
again to find more references. Keep clicking and eventually you circle 
back to the first point. 

LRFD on CD runs under Adobe Acrobat (included with the disk) 
and it runs fast. If you're a designer and need to look something up 
quickly, using the CD will be no problem. Access is almost instanta­
neous. As an added bonus, the CD includes two years worth of 
Engineering Journal issues- a ll with the same quick search features 
as the Manual. As I've said before, everyone interested in keeping 
abreast of the latest information on steel design shou ld be readi ng EJ 
(to simply buy a one-year subscription to EJ, send $15 to: A1SC, P.O. 
Box 806276, Chicago, IL 60680-4124.) 

Of course, cutting edge technology doesn't come cheap, and a lot of 
people are going to ba lk at the $1,000 price tag for LRFD on CD. For 
engineers worried about the price , I have a sim pl e s uggestion. 
Become a professional member of A1SC. It costs $150 to sign up (only 
$100 to renew ), and that includes one free book (choose the manual­
it's one of our most expensive publications at $72), a year's subscrip­
tion to EJ (a $15 value ), AND $250 off the price of LRFD on CD 
(a long with 25'K off every other purchase from A1SC ). In addition, 
you get subs tantial discounts on attending the National Steel 
Construction Conference and all of A1SC's education seminars. 

To purchase a copy of LRFD on 0 , call 3121670-2400 ext. 433. To 
join A1SC, call LeAnn Schmidt, A1SC's new director of membership, 
at 3121670-5432. SM 
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How to get 
from here 

Estimating Module 

to here. 

-

t:ngineering. Anal)'sis 
and Design Module 

j 

Oetailing Module 

- -
Production Control 

)Iodule 

~ I 
I I 

I· 1, j !J 

.:W 
c~c Interface 

Module 

Design Data's SDS/2 Steel Fabrication System. 
SDS '2 gives you the flexibility to integrate all aspects of your business with one 

software system. That concept is called Information Management. Each module by 
itself will save you time and money and by combining products to implement 
Information Management you receive more than twice the benefit in savings and 
productivity. So whether you need one SDS/2 software module or all these tools 
working together. Design Data can provide the most productive system ~ r you. 

DESIGN 
DATA II 

For more information about SDS/ 2, 
information management in the steel 
industry or future product demon­
strations call 800-443-0782. 

"First in ... software. solutions, service-
402-476-8278 or 1-800-443-0782 



LRFD 
STEEL DESIGN FOR NOW AND INTO THE 21 ST CENTURY 

Volume I 
• New 1993 AISC 

Specification 
• Essentials of 

LRFD for 
Simplified 
Design 

• Uniform Load 
Tables 

• Latest 
Information 
on Member 
Design 

2-VOLUME 
SET 

ONLY $132 
(AISC 

MEMBERS: $99) 

Volume II 
• Simple Shear 

Connections 
• PR and FR Moment 

Connections 
• Shear and Moment 

Splices 
• Diagonal Bracing 

Connections 
• Column Base Plates 
• Beam Bearing Plates 

INDIVIDUAL VOLUMES· $72 
(AISC MEMBERS: $ 5 4) 

Yes! Send me the new 2nd Edition LRFD Manual of Steel Construction 

FIRST NAME LAST NAME (Please pnnt) 

COMPANY 

STREET ADDRESS 

CITY/STATE/ZIP 

=-~-----~,----~~-----
COUNTRY DAYTIME PHONE 

_ Copies of Volume I and" 
_ Copies of Volume I only 
_ Copies of Volume" only 

Check enclosed 

PHONE ORDERS 

(312) 670-2400 EXT. 433 
FAX ORDERS 

(312) 670-5403 

_ Charge to __ Visa Mastercard 
Card#, ____________ _ 

Expires' ___ _ 
Signature ___ 

Add $5.00 UPS Shipping for each set: add $2.50 for each 
additional set. CA. IL. NY add sales tax. Foreign orders 
add 10% of order or $10.00 minimum. 

RETURN TO: AISC LRFD MANUAL, PO BOX 806276, CHICAGO, IL 60680-4124 
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Steel Interchange 
leel Interchange is an open forum for Modern Stul 

ConstructIon readers to exchange useful and practical profes­
lonal ideas atld informatIon on all phases of steel bUilding nnd 

bndge conslruelton. Opinions and suggestions are welcome on 
any subject covered in this magaz.ine. If you have a question or 
problem that your fellow readers might help you LO solve. please 
forward It to Modern Stetfi Construellon . At the same time, feel 
free to respond to any of the questions that you have read here. 
Please send them to: 

Steel Interchange 
Mode rn Steel Construction 

One East Wacker Dr., Suite 3100 
Chicago, IL 60601-200 1 

The {ollowing responses from previous teel 
Interchange columns have been received: 

Is there any testing or research to demon­
strate that metal deck , paralle l to the girder, 
does indeed provide adequate restraint or 
s hould the beam be ch ecke d for the tempo­
rary construction condition? 

The Al C specification (for both ASD and 
LRFD ) states, "Steel deck with a dequate 
attachment to the compression na nge ... will 

usually provide the necessary lateral support." The 
key words are "adequate attachment". 

Professor Larry Luttrell of West Virginia 
University performed hundreds of horizontally 
loaded tests with steel deck attached to perpendic­
ular and parallel members. These tests were part 
of a program to determine the diaphragm strength 
and stiffness provided by steel deck . Bracing the 
frame (by diaphragm resistance ) is somewhat dif­
ferent from bracing the compression nange of a 
girder. However, the diaphragm tests showed that 
the attachments to parallel members were used 
and were significant in developing the diaphragm, 
and, by the same reasoning, could be used to brace 
the compression n ange. As an exam pl e, a 5/8" 
diameter weld through 20 gage deck into a struc­
tural steel member will provide a des ign shea r 
strength of 760 pounds . The Steel Deck Institute 
(SDI ) specifies, "Floor deck units sha ll be anchored 
to ... perimeter support stee l ... Deck units with 
s pans greater than five feet sha ll have s ide la ps 
and perimeter edges (at perimeter support steel> 
fastened at midspan or 36 inch interva ls - whichev­
er distance is smaller." The Commentary points 
out, "This anchorage may be required to provide 
lateral stability to the top nange of the supporting 
members." Certainly if the deck is not attached to 
the girder then the unbraced length would be the 
spacing of the beams supported by the girder. If 
the deck , as it is installed , does not cover to the 
girder and a closure piece is needed, then the clo­
sure should be attached to the girder and the deck 

Answers andior questions should be typewntten and double­
spaced. Submittals that hove been prepared by word-processing 
are apprectnted on computer diskette (either 88 0 Wordperfect 
file or in A ell formal). 

The opinions expressed 10 SIl!f!1 Interc:hange do not necessar­
Ily represent an official poSition of the Amencan Inslllu~ of 
Steel Construction, Inc. nnd have not been reviewed It IS recog­
nized that the design of structures i8 Within the scope nnd 
expertise of u competent licensed slruclurul engineer, orchlll'Cl 
or other licensed professionn) for t.hc npplicnlion of prmclplt18 to 
a particular structure. 

InformatIOn on ordenng AISC pubhctlllOnS mentioned in 
this article can be obt.mncd by cullmg AIS(, at 3 121670-2400 ext 
433. 

at the spacing given by the S DI specification. 
Richard B. Heagier, P.E. 
Steel Deck Institute 
Canton,OH 

Under what circumstan ces does the design­
e r have to consider torsion in the design of a 
beam? 

Tors ion occurs in beams when the line of 
action of any transverse force appli d to the 
beam does not pass th rough the shea r center 

of the beam. The shea r center location for various 
sections vary depending on the s ction. 

The response to torsion in st c l members can be 
divided into two groups. The first consists of beams 
of closed sections, such as pipes and tubes, which 
resist torsion by shear stresses. The other grou p 
consists of open sections, such as wide nanges and 
channels, which resist torsion by combined shear 
and warping. Usually, the primary stress of inter­
est in typical open sections is the normal warping 
stress component. This stress adds to the bending 
stress in the beam, hence, reducing its "available" 
capacity for bending. 

It is a usual practice to repair existing members 
by providing side plates that wou ld "box" the wide 
nange beam, and then it would act as a tube and 
normal warping stresses would be e liminated. In 
new construction, the engineer should account for 
the torsion directly, a nd eithe r use tubes for the 
des ign or provide adeq uate sect ion in the wide 
n ange beam to resist both bending and normal 
warping stresses. 

As for references on the s ubject, teel 
Structures , 2nd Edition, by almon and J oh nson 
provide a basic background on theory and presents 
a simple method for accounti ng for torsion in chap­
ter 8. AlSC publishes Torsional Analysis of Steel 
Structures with extensive tables and charts for the 
solution of the tors ion problem . For those more 
incli ned to eq uations, Roark's Formulas for Stress 
and Strai n 6th Edition presents comprehensive 
solutions in the form of equations for many bound-
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Steel Interchange 
ary condit ions a nd sections in chapter 9. 

Hussain S hana a, Ph.D ., P .E . 
AE Engineering, 
Minneapolis, MN 

Ser viceabili ty is a p a r t ic ular con cern fo r 
c r a n e systems in industr ia l buildings bu t is 
n ot covered in s t anda rd cod e literatu re. What 
are d efl ection limi ts for c r a n e r un way sys­
tems? 

One is referred to t he Guide for the Design 
an d Co nst ru ction of Mill Bu ildin gs: 
Assoc iation of Iron a nd Steel Engi nee rs 

Tech n ica l Report No . 13. Sect ion 5 .8.8 of t h is 
report limi ts crane ru nway live load defl ections 
without impact to 1/1000. 

AISE Techn.ical Report No. 13 a lso offers very 
specific design information for crane runway sys­
te ms. 

A1SE is located at Three Gateway Center, Sui te 
2350, Pittsburgh, PA 15222-1097 (412) 281-6323. 
FAX: 4121281-4657. 

Dennis T. Pay 
Genem Steel 
Provo, UT 

The use of channe l sections or othe r light 
w e ight narro w flange sections as girts s up­
porting non-bearing exte rio r wa H assemblies 
a ga inst win d load is common practice. How is 
la t e r a l ins t a bility of t h e uns upporte d com­
pressio n flange accounted fo r whe n the waH 
is s ubject to o u tward pressure due to s u c tion 
at the leew a rd face of the b uild i n g? These 
outward fo r ces are equal to or greater t h a n 
t h e inward forces. 

Latera l stabili ty of the compression fl ange of a 
gir t s ubject to s uction loadin g is a n impor ta n t 
design considera tion. The lateral fore needed to 
stabili ze t he compression fl a nge is ge nera lly con­
sid red to be somethi ng less t ha n two percent of 
the strong axis load, provided that the gi rt is prop­
erly a ligned without sag or twist. Common sag rods 
can provide adequate lateral support for girts up to 
8" deep even t hough they attach on ly to the gi r t 
webs. For deeper gir ts lateral su pport for the com­
pression fl ange can b attained by means of a con­
t inuous vertica l ba r stock me mber (used in con­
junct ion wi th sag rods), say 3x1l4, a ttached to the 
eaves beam, to the inside fl anges of a ll the gi rts, 
a nd anchored to the si ll or fl oor s lab. If there is an 
inside wall fini sh such as plywood (check your local 
fire cod ) or corrugated steel, it too can support the 
inside fl a nge of the girt (ifad quately a t tached ). As 
mentioned above, the proper girt a lignment is nec­
essary for predicted performance, The a ttachment 
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of the girt to the column must be adequate to pre- • 
vent the gi rt end from ",·olli ng." 

David T. Riche,., P.E. 
Payson, AZ 

New Questions 

Listed below a re questions that we would like 
the readers to a nswer or di scuss. 

If you have an answer or suggesti on please send 
it to t he Steel Intercha nge Edi tor, Modern Steel 
Construct ion, One East Wacker Dr., Suite 3100, 
Chicago, lL 6060 1-2001. 

Quest ions a nd r es ponses wil l be printed in 
future editi ons of Steel In terchange. Also, if you 
have a ques ti on or problem tha t readers might 
he lp solve, send these to the S t ee l Inte rcha nge 
Edi tor. 

I h ave sea r che d fo r sta nd ard s t o use whe n 
designi ng hot-rolled or extruded sta inless steel 
s ha pes ma de of A1S1 Type 304 or 3 16 (y ie ld 

strength = 35 k i; tensile strength = 80 ksi) wi th­
out success. Cold-formed stainl ess stee l design is 
cove red by ASCE 8-90, but does not include the 
thicker wa ll ed extruded sections or hot rolled beam • ' 
sections. The AISC Specifi catio ns do not include 
t hi s mate ri a l (Section A3 ) since the mecha ni ca l 
prope rti es of s t a inl ess s t ee l (a n in c la s ti c, 
ani sotropic materi a l) differ from thosc of st ructura l 
ca rbon stee ls. Are t he re a ny des ign sta nda rds 
avai lable? Or must the design engi neer , with the 
help of avail able techn ical data and steel producer 
information, sel t he factors of sa fe ty a nd a pply 
strength of ma teri a ls a nd stabili ty princi ples in 
design ing thcse scctions? 

J ohn M. K,·opp, P.E . 
Morrison Knudsen Corp. 
Cleueland, OH 

What type of framing is considered bracing 
the compression fl ange? Does the member 
bracing the fl ange have lo be a ttached lo 

the fl ange? If a 4 inch deep member frames in to 
mid-depth of a 10 inch deep beam is that consid­
ered bracing the compression fl angc (cenler lines of 
each member a t same point)? My interpreta tion is 
t hat it would not beca u se I wo uld think th e 
weblflange could s till twist and buckle. I have not 
witne ed any full y loaded testing to scc how the 
beam reacts and the A1SC specifica lion is not very 
descripti ve of what t hey consider braci ng of the 
comp'·c s ion fl ange. • 

Joseph Cooh 
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LRFD on CD is more than just the 
entire two-volume, 2,OOO-page LRFD 
Manual of Steel Construction , 2nd 
Edition, on a compact disk. 
This electronic manual makes extensive use of the 
latest hypertext technology to automallcally link 
related sections of the manual together. Click on 
"connections" in one part of the manual and quick­
ly and easily find other sections dealing with that 
same topic. Or click on any of the more than one 
thousand items that are electronically cross-refer­
enced throughout the manual. The Manual 

The CD also includes: 

LOAD & 
RESISTANCE 

FACTOR 
DESIGN 

--
Engtneer1no 
Journal 

• Complete copies of every issue of Engineering 
Journal published in 1992 & 1993 

• Nearly 1 00 drawings (.dxf files) taken right 
from the manual that can be quickly copied to 
your AutoCAD or other CAD program 

And best of all, LRFD on CD follows the exact for­
mat, page-by-page, as the Manual. If you 're look­
ing at nominal strength parameters on page 6-115 
of the Manual, the identical page is reproduced on 
the CD. 

includes a 45-page introduction to LRFD electroni- LRFD on CD is available for $1 ,000 (or $750 for 
. callY linked to the Specification and Commentary. AISC members) . 

To order or for more Information: 
Phone: 312-67()"2400 or Information Fax Line: 800-644-2400 



very easy 10 learn and use, become a productive user in just one day 
• extremely fost, shortens the concept through design cycle 
• most powerful on PC platform -3D FEM, buckling, nonlinear, P-delta dynamic, 

3D moving loads, porametric strudures, phose constructions, US and foreign codes 
• buy the power you need, starts from 5495 ve~ion -150 node/3D plus plale elements 
• easy poyment plans for 1500 and 32500 node versions 

metrosofi • no risk, 30 day money bock guarantee 
.ff2 PaterwIIIAn", 

E. Rw"~ifc,rd. 1I/J 07lJ73 See for yourseH. Have fun. Any questions? ( .. us. 1·800-60-ROBOT 

DEMO AVAIlABLE (WORKING VERSION Of PflOGIIAM ANO Pflf.RfCORDED EXAMftf5) OVER 1200 USERS WORLDWIDE. FOR MORE INFORMATION (All 20 1-438-4915 OR FAX TO 201-438-10 

r--------------------------------------------------------------------0 Home: > Company: 
Addr~s: Stole Zip 

b ;~~: ..J structural engineer, .J architect, .J educator, ~a~~aler, .J other: 
1:1 ::J Please have a product specialist call me .J Please send more information 

O ::J Please send working demo version (limited to 20 elements and 30 nodes), with recorded macros of real design e,amples. Endosed is a check for S251plus 
.. applicable Tax in NJ and NY). I have a system eIi"alto or bener than 3865X with moth COpr()(~lOr, .J 4 M8 .J 8 M8 RAM, 25 M8 of free d~k spDfe,VGA monitor. 
... Melrosolt, 332 Paterson Avenue, E. Rutherford. NJ 07073. Tel 201 438-491 S, Fax 201 438-70S8. L _________________________________________________ _ 

1994 Metrosoft Inc AI brand.net producl names are ~ Of ~t~ trademarks 01 the" respectIve holder!; DeveIooer Tested Only Novell make. no warrantJ8S With (espect 10 this prcxtl.lct 

UK • G&rmany • Iialy • Belgium • Spain • Portugal • France • BraIn • luxembourg • Poland • Jordan • Moro«o 



VI 
, ,J 

• 

• 

• 

s T E E L 

Tlu. I. th~ ",oURuml Mllio" of a bf-mon,h1." ('(J/umn 

dftJJ"YlIt ,t}, 1~80J matl~"' 0( Inlen' t to delilSflr,.., fabrlrn 

Ion ond ronlroO...,.... We MXI~ltYOUr romn~,.,3. l'(lliartl •• 

8ulUll"lftilmll and qUt'Jdlonlf, both 0 .. to wdwu/ual IIJIJ UU 

and uhjt'f,ts that w." u ould blr.e to Bfi! treated HI th,. rot 
urn" 8"171" of the , .. Ut. that wr. plan Ott (Ot't'nnR HI th .. 

{uturr .nt:iudr: t"or/lroN prot'lllion.: OSHA .UHldardlf; 

empltlJ"lI'nt Inu: a/tanatlt'f' d, .• pul r ,...HQ/ut lOn, alld drof 

IfIR u Itlt th" EPA Commt'nt., .I(hould be tWllt to. Mod""" 
S't.-t'l CmutrurtlOn, Oru' Eatlt WocA:er Dr_. Suite 3 100. 
Ch'('Qjlfl. n 606012()()1 

READERS OF THiS MAC. AZINE (' ERTAlNLY 
ARf: NOT STRANGERS TO THE CONTROVER­
:'1' of connection deSign responsibility. 

Contract. clauses and specification provisions 
require structural stee l fabricat.ors to for­
ward connection design data to a project 
engineer by way of cont.ract submittals that 
are prepared and certified by a professional 
engineer licensed in the state of the con­
structJOn project. Onentimes. these clauses 
are coupled with other contract provisions 
that. require the fabricator to assume 
responsibility for connection design ; indem­
nify the engineer of record from any liability 
for connection design; andlor delete or modi­
fy section 4.2.1 of the AlSC Code of Standard 
Practice. 

AlS is currently involved in an interdis­
ciplinary . national task force on des ign 
respons,bility with the goal of resolving the 
sometimes connicting interests of owners, 
engineers-of-record , general contractors and 
steel fabricators . Thi s task force is making 
substantial progress and its results will 
undoubtedly be the subject of future 
columns. 

In the IOterim, however, there are many 
practical questions that structural steel fab­
ncators are asking about how to deal with 
clauses added to s tandard co ntracts and 
whether these clauses will effect insurance 
coverage 10 the event of a structural failure . 

Virtually all commerctal general liability 
insurance policies issued to structural steel 
fabricators contai n a standard form exclu­
sion similar to the following: 

.. rhllo m!tur,ln<l' does not apply to 'bodily 
IlIlury ', ' property dam'lgc ', ' persona l 
inlury' . or 'ad\Ol'rII'illlg inJUry' arising out of 
Int' rt:'n<k.'nnK or failure 10 render any pro­
Il'\\lonal ~·rvlC.(· by or for you, indudmg, 
II' Ih<' pr<,paflng • .tpprO\lIlg or tatilng 10 
prl'pdrt' or JIJpro\oe map .. , drawings. 01'111· 
Ion, . reporle" !ourveys. change order), 
de-.Ign!l., (H" \pt"(llItdtlOO); and (2) WIX"f\'I!ioO­

ry, 1O'pt'(;llofl Of engmeerlng sen-ice\." 

What does all that lega lese mean? It 
depends on who you ask. 

Popular wisdom III some circles is that 
conm.'Ction desib'11 andlor development is the 
traditional work of steel fabricators. Some 
feel it is an incidental "means or method" of 
performance of the traditional fabricator 
subcontract and, as such, is not technically 

c o u N s 
professional engineeri ng work . These indi­
viduals believe that only the engineer-of­
record for the project is capable of providing 
professional des ign services relative to the 
primary structural system. Others take the 
opposite viewpoint, pointing out that any 
function that requires an engineering educa­
tion a nd engineering judgement should be 
considered professional engi neering work . 

Another popularly held beltef is that so 
long as a licensed professional engineer 10 

the state of a particular project docs not affix 
his or he r seal to a submittal , profesHional 
liability does not attach to work performed 
under a fabricator's contract. The converMC of 
this view, held by many project design engi. 
neers, is that it is necessary to rcquire a fab­
ricator to affix the sea l of a professio nal 
engi neer licensed in the stale of a particular 
project to all submitta ls in order to assure 
the engi neer-of-record that the fabricator 
will bear responsibility for any errors an the 
fabricator's work. 

Unfortunately, none of these viewpoints 
is necessarily true in a ll cases. 

\Vhile we are unaware of any casc law 
that specifically interprets the professional 
negligence exclusion of the standard form 
commercia l genera l liability (COL) insur­
ance policy to the work of structural stcel 
fabricators , there is extremely analogous 
case law that nies in the face of severnl of 
the common ly held assumptions previous ly 
mcntioncd . 

The most analogous case on point is that 
of Harbor In su rance Company v. mni 

onstruction , Inc. 
In this case, a foundation subcontractor 

agreed to "detail the specifics" of a tempo­
rary shoring and bracing system m keeping 
with the design intent of the "arch,tect's 
plans and specifications." 

One of the two engineers employed by the 
foundation contractor explained his work as 
follows : 

"jAIIC'fj ilcquinnj.t 'tOme basI(. (QnMru(llun 
documents, ellh('r provided Ihrough Ihl' 
OWllt'r or from Iht, c.'ontr.lt.!orw('gu 
Ihrough an evalu.l!ion of whal IS rl(~l ("\ • 

sJry ... lo hilve a working <,y\Il'm ... ,Fur«('\ 
would 1)(> compu l('d Jnd .lOy rl'.l(IIOn~ 10 
dplermine what kind 01 11 (> lo.ld .. afl~ 
requllt>d ." 

After completing the drawings of the sys­
tem the subcontractor's engineer certified 
them as a professional engineer licensed In 
the state of the project. 

The temporary shoring system thus sub­
mitted an d constructed foiled and caused 
approximately $1 million in damages to a 
structure adjacent to the construction s ite. 
Th e CO L insurance carrier for the project 
general contractor denied coverage based 
upon the standard professional exclu s ion 
quoted earlier in this article. 

The general contractor arb'Ucd that in the 
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custom of the construction industry, "profes­
Sional services" performed by the subcon­
tract.or Incidental to its construction work 
should be considered "means and methods of 
construction" and nol be subject to the pro­
fessional negligence exclusion. Among other 
witnesses, the general contractor pul an 
employee of its insurance agent on the stand 
who testified that such was the understand­
ing of the insurance industry. i.e., that the 
exclusion did not apply to "incidental" pro­
fessional services performed by the subcon­
tractors and that general liabi lity policies 
were commonly understood in the industry 
to cover incidental professional services. An 
insurance expert employed by the general 
contractor testified that he had been assured 
by representatives of the insurance agency 
(presumably prior to executing the construc­
tion contract) that sheeting and shoring 
design work performed under the construc­
tion contract would be a general liability 
risk rather than a professional negligence 
risk . 

The general contractor made all of these 
arguments to try to prove to the court that 
actual industry practice created an ambigui­
ty In the insurance policy that should be con­
strued against the carrier. Unfortunately, 
the court did not buy any of these argu­
ments. It held that the work performed by 
the foundation subcontractor was design 
work and that the language of the insurance 
policy. quoted above. clearly and unambigu­
ously excluded coverage for these services. 

The court relied upon two other analo­
gous federal cases rNatural Gas Pipeline v. 
Odorn Off Shores urveys, Inc .. and Noyes 
Supervision , Inc. v. Canadian Indemnity 
Company ) to define the concept of profes­
sional service. These cases are of particular 
interest in that they hold that a court must 
look "to the character of the services per­
formed, such as whether special knowledge 
and technical expertise ar required, rather 
than the title or character of the party per­
forming the services." In neither of these two 
cases were the individuals who actually per­
formed the services necessarily professional 
engineers and In neither case did documents 
produced by these individuals bear the seal 
of a professional licensed in the particular 
jurisdiction. 

J n each case, the key issue addressed by 
the court did not appear to be the presence 
or absence of an engineering seal but, 
rather, whether the work involved discretion 
acquired by special traming and the exercise 
of professional judgement. 

Therefore, under this series of cases, con­
nection development services could be 
excluded from many comprehensive general 
liability policies irrespective of whether the 
fabricator submits documents under the seal 
of a licensed professional engineer. On the 
other hand, a carte blanche requirement 
that submittals be sealed by a fabricator's 
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professional enbrlnCer would not necessarily 
insulate an engineer-of-record from profes­
sional liability if he or she errs in the exer-
cise of professional )udg ment on overall pro- • 
ject design or in the review of fabricator 
submittals. 

One of the objectives of the interdiscipli­
nary design responsibility task force is to 
reach a nationally recognized definition of 
which connections require professional 
design input (e.g., complex moment conncc~ 
lions on a seismic structure) and which con­
nections do not (e .g., simple shear connec­
tions laken directly from AI C publications). 

In lhe interim, fortunately, structures arc 
not being built by lawyers and judges and 
life does not have to be this complicated . 
Insurance coverage is available to protect 
owners, designers, general contractors and 
fabricators in these circumstances. 

The current Al C group CGL insurance 
policy will provide coverage for fabricators 
who perform connectIon design incidental to 
steel fabrication contracts so long as the 
AISC Code of Standard Practice is incorpo-
rated into the contract documents and 
Section 4.2.1 of the odo has not been modi-
fied or excluded from the contract (inciden-
tally. unauthorized modification of the Code 
may violate AIS 's copyright). If ectoon 
4.2.1 of the Code has been excluded or modi-
fied. coverage will likely be denied 111 the 
event of a connection failure. Ilowever, if the 
foregoing conditions have been met, coverage • 
will be provided even if the contract requires 
that submittnls boar the seal of a profession-
al engineer licensed III the state of the pro-
ject. Owners, design professional~ and gen-
eral contractors need to be made aware of 
these facts during the course of contrnct 
negotiations. 

Many design engineers are concerned 
because they believe that Section 4.2. 1 of the 
Code requires the engineer-of-record or the 
Owner to indemnify the fabricator for any 
errors that the fabricntor may have made in 
the process of preparing submittals. 

The interdisciplinary task force is cur­
rently also working on language that would 
alleviate these concerns. In th interim, it 
may be possible to sculpt language in indi­
vidual construction contracts that would pro­
tect the interests or both the fabricatoJ" And 
the engineer-of-record, and provide insur­
ance coverage for all concerned , without 
emasculating Section 4.2 . 1 of the ode. 
However, such language can only be evaluat­
ed on a case-by-case basis. 

Competent counsel should be employed in 
drafting such language and the particular 
insurance carrier must be involved in the 
review process. Specific questions in the 
area of insurance coverage should be direct­
ed to the insurance consultant for AI C: 
Norman-Spencer, Inc .. 377 East Butterfield • 
Road, Suite 260. Lombard, IL 60148 1800) 
842-3653. 
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~~ Djd Tim win 
the lottery?" 

\ 

~~He just got his 
Safety Group 
frograrn dividend 
check from eNA." 

/ 

Recently, CNA distributed $2,087,893 to participating 
AISC members in the Safety Group Dividend Program. 

Through the combined safety efforts of the 
American Institute of Steel Construction, CNA and 
plan participants. losses have been kept low. This 
resulted in a dividend· which was shared by partic~ 
pants in AlSO; Saf ty Group Dividend Program for the 
1991-1992 policy year. 

If your insurance carri r isn't paying you a di\idend, 
take advantage of our comprehensive plan designed 
especially for structural steel fabri ators. Call C at 
1-800- NA-6241. 

's...~~ "' .. lpdl\'Idl'Olh..I!I\.illIlhlo, In mo.~"""'M'dt ... ·IdIt..ib\ C\A,eo.dl,j 
OIn. ... ·t'>I'>1I111I (,\IInCJI bt> gu.u-anl. ,,,1 

CNA INSURANCE WORKING HARDER FOR YOU.'" 

ENDO~ED~1 
BY. ~ 

CNA 
For Alltbe Commitments You Make-

Avalible r1 !he ConbnIntaI U S only ThIs ~am _ underwnnen by one Of more 01 the CNA Insurance CorrowIIes. eN" " a ~ MI'YIC8 I1'I8ItI oj .. 
eN" F.nanoaI Corpofallon. !he parent c:ornpany of !he CNA InlUfal"lCe Compan.es.CNA Plaza.Chcago. IL 60685 
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COMPOSITE D ESIGN 

W ORK H ONORED 

PIONEEIlING WORK ON THE PRAC­
TICAL APPLICATION of compos­

ite construction has earned 
Lawrence G. Griffis, P.E., this 
year's T.R. Higgins Award. 
Griffis and his Houston-based 
firm, Walter P. Moore and 
Associates, Inc., have built a 
number of high-rise buildings 
utilizing composite design, 
including the 53-story Gulf 
Tower in Houston, the 49-story 
First City Tower in Houston and 
the 35-story 312 Walnut building 
in Cincinnati (which also utilized 
LRFDJ. Griffis' work on compos­
ite design is continuing and it is 
expected that in the future com­
posite design will also be shown 
to have a pplicabi li ty for low-rise 
construction. 

AISC's prestigious T.R. 
Higg in s Award recognizes an 
outstanding lecturer and author 
whose technical papers have 
made a n outstanding contribu­
tion to the engi neering literature 
on fabricated structural steel. 
Recent winners have included 
Roberto Leon, a professor at 
University of Minnesota who 
was recognized for his work on 
partially restrained connections, 
and William McGuire, a profes­
sor emeritus at Cornell 
University who was honored for 
his work on computers and steel 
design. 

Griffis, who received the 
award along with a $5,000 cash 
honorarium at this year's 
National Steel Construction 
Conference, will lecture on com­
posite construction in six loca­
tions throughout the country 
during the next 12 months. 

STABILITY OF 
STEEL STRUCTURES 

THE STRUCTURAL STABILITY 
RESEARCII COUNCI L HAS PUB­

LISHED "Stabi lity of Metal 
Structures-A World View", a 
940-page book containing com­
prehensive world-wide studies of 
more than 100 specifications and 
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codes on stability design of metal 
structures. It evaluates different 
specifications and codes , com­
pares and contrasts them, and 
explores some of the major rea­
sons for their differences. 

Divided into 14 topics, the 
book condenses the specification 
provisions and then gives region­
al and international comparisons 
and comments. Topics include 
compression members, built-up 
members, beams, plate and box 
girders, beam-columns, frames, 
arches, triangulated structures, 
tubular structures, shells, cold­
formed members , composite 
members, earthquakes, and gen­
eral provisions and design 
requirements. 

The book is available for $85 
from: SSRC, Fritz Engineering 
Laboratory, 13 E. Packer Ave., 
Lehigh University, Bethlehem, 
PA 18015; phone: 610/758-3522; 
fax: 610/758-4522. 

SEISMIC LOAD PROVISIONS 

THE AMERICAN SOCIETY OF 
CIVIL ENGINEERS HAS MADE 

SWEEPING CHANGES to the seismic 
load provisions of its latest 
"Minimum Design Loads for 
Buildings and Other Structures 
Standard (ASCE 7-93)." 

The new standard features 
revised earthquake load criteria 
and associated load combina­
tions for the design and con­
struction of buildings and other 
structures subject to earthquake 
ground movement. Designed to 
provide a more reliable and con­
sistent level of seismic safety in 
new building construction, the 
new standard replaces the seis­
mic portion of the previous edi­
tion, ASCE 7-88. 

Representing a new methodol­
ogy, ASCE 7-93 seismic load pro­
visions are based on a strength­
level-limit state and contain a 
much larger set of non-load pro­
visions for seismic safety. The 
revisions are based on the 1991 
edition ofNEHRP Recommended 
Provisions for the Development 
of Seismic Regulations for New 
Buildings. The seismic load pro-

visions of ASCE 7-93, however, 
permit the use of allowable 
stress design sta nd ards. Th e 
new standard provides require­
ments for dead, live, soil , wind, 
snow and rain loads and their 
combinations that can be includ­
ed in building codes and other 
design documents. 

The standard is avai lable for 
$44 ($33 for ASCE members). To 
order the 150 page document, 
call ASCE Centra l at 800/548-
ASCE. 

BRIDGE CONFERENCE 

THE BUSINESS OF BIlIDGES" IS 
THE THEME for the 11th 

Annual Internationa l Bridge 
Conference and Exhibition, to be 
held June 13-15 in Pittsburgh. 
Sponsored by the Engineers' 
Society of Western Pe nn ­
sylvania, the three-day confer­
ence will include more than 60 
paper presentations as we ll as 
more than 100 exh ibitors. 

Topics include: des ign ; inspec­
tion and rehabilitation; instru ­
mentation and testing; seis mic 
design; and construction. A full 
afternoo n will be devoted to the 
developments a nd a dv a nces 
made in the state of Virginia (the 
IBC 1994 featured state). 

In addition to the technical 
sessions, four h a lf-day semi­
nars-ali offering con tin uin g 
educational credits-wi ll be held . 
Subjects include: An overview of 
AASHTO's LRFD (two separate 
seminars); A specifier's guide to 
overcoming lead paint; and 
implementation of seismic isola­
tion design for bridges. 

For more information, call the 
Engineers' Society of Western 
Pennsylvania at 4121261-0710. 

PAINTING STEEL STRUCTURES 

T IlE TIlIHD EDITION O~' "GOOD 
PAINTING PHACTICE," Volume 

One of the Steel Stru ctures 
Painting Manual, is now avail­
able . The two-volume manual is 
a comprehensive encyclopedia on 
painting methods, equipment, 
and paint systems for structural 
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steel. 
Two new chapters have been 

added to Volume One. 
"Environmental Concerns and 
Regulations" describes how the 
application and removal of coat­
ings affects the environment and 
covers the regulations and regu­
latory agencies that control the 
usc and removal of coatings. Air 
quality , waste disposal , water 
quality and hazardous materials 
are discussed in this new chap­
ter. 

"Safety and Health in the 
Protective Coatings Industry" 
touches on some of the previous 
safety issues introduced in earli­
e r editions of Volume One, but 
the new ectition addresses proper 
safety and hea lth practices for 
the entire coatings industry. It 
also includes information on the 
role of regulatory agencies such 
as NlOSH and OSHA. 

Volume One is available for 
$90 from SSPC, phone 412/687-
1113. 

CAll FOR PAPERS 

A BSTRACTS ARE BEING ACCEPTED 
UNTIL AUGUST I, 1994, for the 

Nordic Steel Construction 
Conference '95. Sessions include: 
New Materials & Products (high 
strength steel, stainless steel, 
thin-walled structures, tubular 
s tructures, and welded and bolt­
ed connections), New Bridge 
Developments , Steel in Hybrid 
Construction, and Integrated 
Des ign and Construction 
Technology. 

Abstracts shou Id not exceed 
250 words and can be sent to: 
Nordic Steel Construction 
Conference '95 , Lulea University 
of Technology, Division of Steel 
Structures , S-971 87, Lulea, 
Sweden. 

EARTHQUAKE 

GROUND M OTIONS 

THE ApPLIED TECHNOLOGY 
COUN IL flAS PUBLISHED 

"Proceedings of ATC-35 Seminar 
on Ne w Developments in 

Earthquake Ground Motion 
Estimation and Implications for 
Engineering Design Practice." 

This 478-page report, written 
for practicing structural and 
geotechnical engineers, docu­
ments s tate-of-the-art informa­
tion pertaining to regional earth­
quake risk, estimation of ground 
s haking, and implications for 
engineering design practice in 
five seismic prone regions of the 
country <Southern California, 
Northern California, Pacific 
Northwest, Central U.S., and 
Northeastern North America ). 

The report costs $45 and is 
available from ATC, 555 Twin 
Dolphin Dr. , Suite 550, Redwood 
City, CA 94065; phone: 415/595-
1542; fax : 415/593-2320. 

BEAUTIFUL STRUCTURES 

ANEW BOOK ON SANTIAGO 
CALATRAVA'S RECENT WORK 

has been published to coincide 
with an exhibition in London of 
the famous Spanish architect! 
engineer. "Santiago Calatrava-
2nd Edition" is illustrated with 
photographs of many projects, as 
well as Calatrava's own sketches 
and drawings . Projects included 
since the publication of the first 
edition include: the Reichstag 
Conversion in Berlin ; S1. John 
the Divine in New York; London 
Underground Stations; and 
Trinity Bridge, Salford, England. 

Copies are available from 
E&FN Spon, 2-6 Boundary Row, 
London , England SEl 8HN; 
phone: 071-865-0066; fax : 071-
522-9623. 

INNOVATIVE P RACTICES 

IN STRUCTURAL STEel 
A N INTRODUCTION TO THE 1993 

fiL RFD SPECIFICATION and 
new Manual of Steel Con ­
struction, 2nd Edition highlights 
AISC Marketing's popular four­
part semjnar series, "Innovative 
Practices In Structural Steel." 
The lecture will include a discus­
sion and e xplanation of the 
changes, including such items as 

the stability of unbraced frames, 
web crippling equations, and slip 
critical joints at factored loads. 

The seminar also includes a 
ession on state-of-the-art steel 

design software, the latest 
NEHRP Seismic Regulation s, 
and a review of semi-rigid com­
posite connections. 

The seven-hour seminar costs 
$90 ($75 for AIS members) , 
including dinner and a variety of 
handouts. The I cture has a 
CEU value of 0 .4. For more 
information, call 3121670-2400. 

1994 Seminar 
Dates & Locations 

WEST 
Sacramenlo 
San francisco 
Lo~ Angeles 
Los Angeles 
eattle 

Sail Lake Cily 
PhoeniX 
Portland, OR 
Las Vegas 

June 15 
june 16 
JunE' 22 
june 23 
june 27 
june 29 

t.20 
ov.15 

Nov. 17 

MIDWEST 
Minneapolis june 2 
DetrOit Oct. 11 
Indianapolis Oct. 13 
Cleveland Oct. 25 
Columbus Oct. 26 
Cincinnati Oct. 27 

NORTHEAST 
Albany cpt. 13 
RochestN Sept. 14 

SOUTHWEST 
Houston June 21 
Oklahoma City Sept. 8 

SOUTH 
Atlanta 
Richmond 
MemphIS 
Miami 
Orlando 

Sept. 20 
Sept. 22 
Oct. 18 

ov.1 
Nov. 3 

MIDATLANTIC 
Edison, NI Ott. 4 
PhdadE'lphia Oct. 6 
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STEEL DAMAGE IN LA: 
WHAT WENT WRONG 

Case studies on localized steel problems in buildings 
affected by the Northridge Earthquake 

I N MARCH, A TASK FORCE OF 
SOME OF THE LEADING SEISMIC 
RESEARCHERS AND DESIGNERS 

MET to assess the impact of the 
January 17, 1994 Northridge 
earthquake on structural steel 
buildings. What follows are con­
densed versions of case studies 
presented by task force mem­
bers. A complete report is avail­
able from AISC (se nd $5 to 
AISC-Earthquake Report, One 
East Wacker Dr., Suite 3100, 
Chicago, IL 60601-2001). 

The number of affected build­
ings is now reported as in excess 
of 50. Note, however, that in no 
case did the connection problems 
result in the collapse of any 
structure or in any injuries. 
Current seismic codes are 
designed for life safety, and in 
that respect steel buildings per­
formed adequately. 

Bolted Web-We lded Flange 
Mome nt Connections 

(This section is adopted from a 
paper presented by Thoma s A. 
Sabol, Ph.D., S .E. , president of 
Englekirk & Sabol Consulting 
Engineers, Inc., Los Angeles! 

BASED UPON A REVIEW OF 
AVAILABLE INFORMATI N, it 
appears that joint failures 

in bolted web-welded nange 
moment connections possess one 
or more of the following general 
attributes: 

1. Failures of the frame girder 
bottom flange welds; 

2. Failures of the frame girder 
top flange welds; 

Steel Properties Of A Selected Building 

A36 Beams Gr. 50 Columns 
Yield Strength F (ksi) 

Minimu'rm 4 1.07 
Mean 48.44 
Maximum 63.28 

Tensile Strength F, (ksi) 
Minimum 60.68 
Mean 71.63 
Maximum 76.63 

5. Di vots of stee l removed 
from the face of the co lumn 
flange. 

58.15 
64.80 
73.70 

72.73 
79.93 
86. 13 

and , in many instances, across 
the colu mn web. I n se lected 
instances, the crack appears to 
have resulted in divots of steel 
being pulled from the co lumn 
flange at the girder flange weld 
on each side of the girder web 
rather than propagating as a 
horizontal crack across the col-

• 

• 

3. Cracks in the shear tab or 
shearing of web bolts; 

4. Cracks in the frame col­
umn; and 

By far the most common prob­
lem was failure of the frame 
girder bottom nange weld. 
Examination of the failed welds 
indicated the presence of a thin 
line of slag along the root of the 
weld. The next most common 
failure attribute is the horizontal 
crack across the column flange 

umn . Failures of the shear tab • 
have included vertical cracking 
of the tab leaving the bolts intact 
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as well as shear tab connections 
that have lost more than 50'« of 
the bolts in shear. The least com­
mon problem is the failure of the 
frame girder top nange weld . It 
is interesting to note that there 
were no reported failures of col­
umn splices. 

The range of building charac­
teristics in buildings with con­
nection problems is extremely 
broad , as is building location. 
Problems were reported in build­
ings from one story to as many 
as 22 stories. though evidence 
suggests that in taller buildings 
most problems occurred in the 
upper half to two-thirds of the 
building. The extent of the prob­
lem has ranged from less than 
10'1r to as much as nearly 100'1r 
in specific noors and/or specific 
compass directions . Problems 
have been reported in connec­
tions with and without column 
nange stifTeners as well as con­
nections with and without return 
welds on the shear tabs. Both 
wide nange columns and built­
up box sections appear to have 
been afTected. 

From a materials standpoint, 
it appears that most, if not all, of 
these frames were welded based 
on AWS D1.1. Steel for beams 
has been both A36 and A572 
Grade 50, while most, but not 
all, of the columns appear to 
have been of Grade 50 stock. 
Based on mill certifications 
taken from one building, it 
appears that the mean column 
yield and tensile strengths 
exceed those of the beams for 
combinations involving A36 
beams and Grade 50 columns. 
Selected toughness testing of 
steel from one building suggests 
that Charpy V-Notch toughness, 
though not a requirement for the 
sections examined, exceeded val­
ues considered the lower limits 
of acceptable toughness. 
Toughness testing of the weld 
metal obtained similar findings , 
though selected samples were at 
the lower end of the acceptable 
toughnes range. 

Recent tests of bolted web 
ductile frame connections 
(Engelhardt, 1993l and a reex-

ami nation of 
similar tests 
stretch i ng back 
as far as 1972 
(Popov, 1972; 
Popov, 1986; 
Tsai, 19 8; and 
Anderson, 
1991> suggest 
that these 
welded connec­
tions show a 
large variabili­
ty in perfor­
mance, maxi­
mum 
attainable plas­
tic rotation, 
and weld fail-
ure rates . The 
observed post-
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earthquake 
condition of the 
failed connec­
tions appears to 
mirror the 
results of the 
least reliable 
connections in 
almost every 
aspect except 
for the damage 
to the columns, 
which does not 
appear to have 
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been r ported 
in the litera-
ture. 

Since it is 
generally 
assumed that 
beam flanges 
transfer the 
majority of the 

HORIZONTAL 
CRAO< IN 
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moment to the 
column, 
although M is 
based on the 
full plastic sec­
tion modulus 
including the 
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beam web, 
developing the full value of M 

. h' can generate stresses 1 n t. e 
flange welds that approach or 
exceed their ultimate strength. 
As a result, even if welds are 
perfectly executed, the level of 
stress in the weld is quite high . 

As previously discussed , the 
examination of several failed 

welds revealed the presence of 
slag inclusions all along the root 
of the weld. The inclusions in the 
weld increased in size at the web 
cope, possibly due to the relative 
degree of difficulty the welder 
experienced in continuing the 
weld to the other side of the 
member. These welds are highly 
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stressed a nd demand particular 
care to ens ure that the welds 
have no material naws. pecial 
inspection of the welds using 
ultrasonic testing was common· 
place on most, if not a ll , of the 
projects ex pe riencing connection 
failures . ince weld failures were 
reported on projects that were 
known to have been constructed 
in accordance with general stan­
dards of practice, wide s pread , 
faulty fabrication does not 
appear to be th e primary cause 
of connection problems. 

Another suggested contribut­
ing factor may be the difficu lty 
in executi ng the bottom nang 
weld while main tai ning proper 
weld in le rpass temperatures and 
evenly distributed cooling. The 
bottom nange welds were usual­
ly executed on one si de of the 
web and then the other, giving 
rise to the possibility that difTer­
entia l cooling may lock in stress­
es . Examination of a few dam­
aged welds revea ls that only ha lf 
the bottom nange weld ha s 
cracked, and. in addition , some 
welds, judging by the presence of 
rust in the crack, appear to have 
cracked prior to the ea rthquake. 

An emerging consensus s ug­
gests that these highly stressed 
joints are extremely sensitive to 
even minor imperfections in the 
welds. At least at the bottom 
nange, the presence of the back­
ing bar in the fin a l connection 
appears to permit the initiation 
of a crack at levels of stress and 
strain that, taken for the section 
as a whole, a re less than leve ls 
required to develop significant 
plastic "otation in the beam. 

Repair is already underway 
on the known prob le ms and in 
many ins tances has a lready been 
completed. 

Case Studies 

(Th is section is taken from a 
paper presented by R.H.R. Tide, 
Ph .D., P.E. , of Wiss, J anney, 
Elstner Associates, Inc. , 
Northbrook, IL) 

C
ONNECTION t'AI WHES WERE 
DISC'OVEHED in two adjacent 
and nearly identica l 18-
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• 
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story structures. The column 
sizes were W 14x311 to W14x730 
and the beam sizes were 
W36x135 to W36x300. Column 
web stiffener plates were not 
pres nl. 

All of the 42 fractures 
occurred in the bottom nange of 
the north-south moment frames 
located on the east and west 
s ides of each building. A large 
proportion of fractures occurred 
in the west frame of each build­
ing. In the east building, many 
fractures occurred in four noors 
near the upper levels of the 
building. In the west building, 
fractures occurred throughout 
the height of the south column of 
the west frame. 

Because the buildings were 
occupied, access to each location 
was restricted . As a resu lt, the 
repair consisted of removing a 
small length of beam bottom 
nange to provide access to the 
face of the column nange. The 
column face was dressed up by 
buttering layers of weld metal , 
g round smooth and inspected 
using u ltrasonic testing CUT) 
procedures. 

A nange plate with an area 
approximately equal to the beam 
nange plus one-sixth of the web 
area was then welded in place. 
The complete joint p netration 
weld was UT inspected after the 
welding was completed and 
again the following day. The fil­
let welding was intermittently 
inspected during the process. 

ATHREE-STORY STEEL-FRAMED 
STRUCTURE UNDER CON­
STHU(71'ION on top of a fi ve­

story concrete structure experi­
enced numerous fractures . 
Because of two north-south 
expansion joints, the structure 
probably behaved as three inde­
pendent structures. 

The column sizes were W24x 
192 to W24x335 a nd the beam 
sizes were W36x135 to W36x21O. 
The top and bottom corners of 
the web shear plates were weld­
ed to the beam web to reinforce 
the bolted connection. The con­
crete noor and roof deck pouring 
had not been completed at the 

lEJEUNE SMARr BOIlS KNOW "PROPER TENSION!" 
A-325 or A-490 high strength bolts, 

Factory mill certification-traceable to each k g, 
Black or mechanica lly galvanized , 

Full domestic or open to k. 

"THE LOWEST COST SYSTEM FOR PROPERLY 
I STALLED HIGH STRENGTH BOLTS!" 

LEJEUNE BOLT COMI'A Y 
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A Quick Quiz 
For Structural Engineers 

The more 0 computer program costs, the 
beHer it is. 

TRUE FALSE 

A program that solves complex, difficult 
problems must be complex and difficult 
to use. 

TRUE FALSE 

Structural engineering software can never 
be fun to use. 

TRUE FALSE 

If you answered TRUE to any of the above, or you would like to know more 
oboul a truly innovative softwore program, coli usl 

RISA 
, f S 
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RISA-2D 
Your complete solution for 
frames, trusses, beams, 
shear walls and much more! 

26212 Dimension Drive, Suite 200 
Lake Forest, CA 92630 
1-800-332-7472 

time of the earthquake. 
Fractures originating in the 

backing bar notch area propagat­
ed in some cases through the col­
umn nange and into the beam 
web. Extensive visual and UT 
inspection located 10 complete 
flange fractures, 65 cracks 
greater than 'I, in . and up to 1'/, 
in. into the column flange. In 
addition, nine cracks were a lso 
found opposite the top flange 
with four of these cracks occur­
ring in columns with nange frac­
tures adjacent to the beam bot­
tom flange . 

Samples were removed from 
three locations and sent to 
ATLSS laboratories at Lehigh 
University for metallurgical 
evaluation. Unfortunately, the 
backing bars had been removed 
before the sampl s could be 
obtained. The column flange 
material conformed to ASTM 
A572 with excellent Charpy V­
notch (CVN) toughness . The 
weld metal contained high car­
bon and aluminum content com­
mon for AWS A5.20 grade of 
Flux Cored Arc Welding (FCAW) 
used on this project. However, 
the weld metal CVN toughness 
results were low as would be 
expected with the quantity of 
aluminum present. 

Because the structure was 
under construction, unrestricted 
access was available to all beam­
column connections. 

Hidden Da mage 

(This section was taken from a 
paper by EQE Engineering's Los 
Angeles office) 

O
NE OF TfIE DIFFICULTIES IN 

DETERMINING THE EXTENT 

OF THE DAMAGE caused by 
the Northridge Earthquake is 
that much of the damage was 
not apparent at first glance. An 
xample of this difficulty is a 

complex north of the epicenter 
that included a four-story steel 
SMRF building and a one-story, 
irregularly shaped SMRF build­
ing. 

When the buildings were ini­
tially inspected on January 19, 
the four-story building had no 

• 

• 

• 



" 

• 

• 

• 

appa rent structura l da mage. It 
was not noticeably out of plumb, 
interior da mage was not exces­
sive (some ceiling tiles fell , there 
was some cracking of gy pboa rd 
walls), and exterior damage was 
limi ted to chipping at corners of 
some precas t pa nels a nd some 
broken glass. 

However, the one-story build­
ing had some obvious structura l 
damage. 

Obse rvable da mage included: 
t h e roof di ap hrag m cra cke d 
ac r oss th e wi d t h a nd ope n ed 
a bout 2 in. a t th e buildin g 
peri me t e r ; t he roo f droppe d 
about 4 in . w here the c r ac k 
intersected the perimeter wall ; a 
bea m conn ect ion fa il ed due to 
high collector loads; a roof beam 
dropped and the web landed on 
the bottom fl ange of a perpendi c­
ula r beam, and the building was 
noticeably out of plumb (about 4 
in . in each direction at. one cor­
n e r ). Wh e n fire proofing was 
removed from some moment con­
necti ons, some cracked column 
fl a nges a nd we bs were di scov­
ered. 

After t he ini t ia l cl ea nup , 
minor separation of the fireproof­
ing was noted at th e botto m 
fl ange of one bea m-t o-co lumn 
conn ect io n of th e four -s t or y 
build ing. When the fi re proofing 
was removed, a connection fail ­
ure was found . Adjacent columns 
were checked , and more fa ilures 
were found . 

The building's ove ra ll dimen­
s ions are 217 ft . in the north­
south direction and 113 fl . in the 
east-west direction. The bui lding 
has two moment frames in each 
direction and there a re four bays 
in t he N-S direct ion a nd t hree 
bays in the E-W direction. 

In vestigations revealed sever­
a l fa ilure modes, a ll of whi ch 
were brittle fai lu res, a nd t he 
da mage was limi ted to the bot­
tom fl anges. 

Fa ilures includ ed : crack s 
across the width of the column 
fl a nge (both extending into the 
we b a nd n ot ex t e ndin g); U­
shaped cracks across the column 
fl a nge (not fu ll fl a nge wi dt h ) 
sometimes extending in to t he 

web; we ld meta l fractures ; and 
fractu res at t he weld meta l-col­
umn fl ange inte rface . A survey of 
the interi or co lumns found t hat 
the build ing is out of plumb (at 
the roof, 2'/, in . to south and 1'/, 
in . to th e west; a t th e second 
fl oo r, about 1"/, in . to th e south 
and 1 in. to the west ). 

Sections of three fa iled beam 
fl a nges- to-column connections 
were sen t to a la b for a na lys is 
a nd the materi a ls conformed to 
A572 with good Charpy tests a nd 
t he ha rdn ess increased a t the 
welds. 

Factors t hat mi ght have con­
t ributed to the damage included: 
run -off ta bs we re or iented the 
wrong way a nd ma y have 
trapped slag, which could result 
in the lack of fusion detected a t 
the ends of the fl anges; the conti­
nuity pla te thi ckness was equa l 
t o one- h a lf th e fl a nge, whi ch 
could promote s tress concentra­
ti on; the continuity pla te welds 
cha nged to fill ets from complete 
j oin t pe ne tra ti on durin g con­
struction, which a lso could pro­
mote s tress concentrati ons; the 
bottom continuity plate wa in 
line with the bottom of the beam 
fl ange, whi ch crea tes eccent.rici­
ty, and some stress was trans­
ferred by direct tens ion ac ross 
th e co lumn fl a nge with th e 
rema inder by shea r (i f the ten­
s ion is a lready present in the 
fl ange, th e principal tension ori -

ented across t he crack ); during 
ori gina l we lding, preheat may 
not h a ve bee n a dequ a t e a nd 
welds may have cooled too rapid­
ly; a nd higher s tresses in th e 
welds that in the beam fl a nges 
could have co mbined with weld 
de ~ cts. 

The re pa ir of t he four-sto ry 
building consisted of: 

1. Re mov in g th e da maged 
beam flange welds and the beam 
fl a n ge we ld s with a lac k o f 
fusion. 

2. Air-a rc da maged co lumn 
fl a nge to sound meta l a nd weld 
repair. Where the crack extends 
through t he fl a nge, sections of 
fl ange were replaced. 

3. Replaci ng continu ity plates 
a t mome nt co nn ec ti on s with 
pla tes wi th a thickness matching 
th a t of th e b eam fl a nge a nd 
weldi ng to the fl a nges with cjp 
welds. 

4. Re-welding beam fl anges to 
columns. 

5. Welding tri a ngul a r pl a tes 
t o th e t op a nd bottom of th e 
beam (see M April 1994 ). The 
plates were s ized so tha t the sec­
ti o n co mpri se d of pl a t e a nd 
fl ange provides 1.5 M of beam. 

6. All we ldin g of co lumn s , 
bea m fl a nges a nd co ntinui ty 
pl a t es utili zed pre hea t , s low 
cooling and pee ning. 

Th e re pa ir of the one-story 
building consisted of: 

1. Bottom mome n t co nn ec-
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2D and 3D Finite Element 
Structural Analysis Program 

,- ._0. _ ,_. _. ...... r-- the data and solve again 
without ever leaving the 
Avsnsse program. 
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forlfrom CAD systems. 

Aequest you ~ Avsnsse demo 
diskette plus brochure by calling a toll­
free number: 800-200-6565 and test 
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For program information call techni­
cal support at 805-259-6902 or FAX 
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tions were cut (even those not 
damaged), shear tab welds were 
cut, and a ll beam-Lo-column con­
n ction bolts were loosened , and 
top and bottom bolts were 
removed to facilitate pulling the 
building back Lo plumb. 

2. Wire ropes were used to 
pull the building to less than 1 
in. out-of-plumb in each direc­
tion. 

3. Moment connections were 
reinstated to pre-earthquake 
conditions. 

4. Diaphragm was repaired 
and the capacity of the beams Lo 
act as collectars was increased. 

5. Chevron bracing was 
installed in moment frame bays 
to serve as the primary lateral 
load resisting system. 

Ongoing Research 

D
URING MAY, MICHAEL D. 
ENGELHARDT, KARL H. 
FRANK, AND JOSEPH A. 

YURA, all of the University of 
Texas at Austin, were scheduled 
to begin a testing program on 
moment connections. Results are 
expected someti me during this 
summer. 

The goal of the research is Lo 
provide short-term answers to 
the moment connection problems 
experienced by some buildings as 
a result of the Northridge 
Earthquake. The testing pro­
gram will provide experimental 
verification of improved moment 
connection details for use on 
buildings currently under design 
or construction and for the retro­
fit of existing connections. 

The testing will subject large 
sca le subassemblages to cyclic 
loading. Cantilever type test 
specimens will consist of a por­
tion of a column and of a beam, 
with cyclic loads app lied at the 
end of the beam. This setup will 
provide a reasonable representa­
tion of the loading environment 
of the beam-to-column connec­
tion. It's anticipated that the 
specimens will be very large 
scale, with beams in the range of 
W30s Lo W3Gs, at about 150 lbs . 
per ft. 

• 
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F or more than 20 years. many state DOTs and consu l­
tants have utilized U.S. Steel's S IMO mainframe program 
for the de ign of stra ight steel plate-girder bridges. Now. 
the American Insti tute of Steel Construction is offering this 
powerful program on a PC platfonn. 

S IMON designs I-shaped and multiple single-cell box­
shaped. girders. with up to 12 continuous spans. SIMON 
produces complete designs in accordance with the latest 
AASHTO Standard Specification for Highway Bridges. 
This enhanced and updated ve rsion of S IMON has under­
gone extensive verification by several state DOTs and con­
sultants. 

SIMON is easy to use because the engineer follows the 
same logic and process as when designing a bridge manual­
ly. The entire system runs in MS-DOS and occupies less 
than 1MB of hard-disk space. 
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Output from the SIM ON program includes: 

Dead-IO<ld and maximum and minimum live-load 
moments and shears for variable-aAle H or HS truck 
loading or for variable-wheel loading with up to 20 
axles. 
An optimum design of the girder clements based on 
control parameters selected by the user. 
Perfonnancc ratios computed for each limit state at 
the critical cross sections of the girder along wi th a 
completc printou t of all AAS HTO .,pecification 
checks. 
A complete bill of materials inc luding locations. yield 
strengths. weight,. lengths. width., and thicknessc,> of 
all webs. nanges and stiffeners. 

Licensing of S IMO Systems for use on a personal com­
puter is avai labl e for an annual subscription fee of $300. 
During the subscription period. AISC wi ll furnish program 
updates and enhancements along with telephone suppon on 
the usc of the software at no additional charge. 

To order or for more information: 
Phone: 312-670-2400 or Information fax line: 800-644-2400 
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DEFLECTION CRITERIA FOR 

SPANDREL CONSTRUCTION 
By Mich ael A. West, P.E. 

SPANDREL BEAMS AND GmDERS 
ARE CRITICAL EU:MENTS in 
building frames because 

they support a major component 
of the building envelope, namely, 
the curtain wall. Careful coordi· 
nation of the design of the span­
drels and the design of the cur­
tain wall and attention to detail 
is essential for successful bu;ld­
ing performance. 

COLUMN 

In 1990, AISC published 
Design Guide No.3; "Service­
ability Design Considerations for 
Low-Rise Buildings." One por­
tion of this guide covered the 
issue of the interaction of the 
building frame with the design 
and performance of cladding. 
The discussion and recommenda­
tions presented in this article are 
largely taken from Design Guide 
No.3. (Copies of this Design 
Guide can be purchased from 
A1SC for $16 + $5 S&H by call­
ing 3121670-2400 ext. 433.) 

In considering th;s topic, two 
principal distinctions must be 
made: 

L Is the curtainwall supported 
by the spandrel or is it supported 
by the foundation and the build­
ing columns? 

2. If the curtainwall is sup­
ported by the spandrel, is the 
load from the curtain wall a 
major or minor component of the 
total load? 

ot Supported 

IN THE CASE WHERt: THE CUR­
TAINWALL IS NOT SUPPORTED by 
the spandrel, the primary con­
cern for deliection is the control 
of cracking and distress in the 
joint between the wall finish and 
the lioor finish. Since the wall 
and lioor (or rooO are supported 
independently, they are loaded 
and deliect independently. The 
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range of movement depends on 
the finishes, but, for example, 
typical office occupancy finishes 
can tolerate vertical ditTerential 
movement on the order of one 
quarter to one half of an inch. 
The appropriate load to use in 
calculating this deflection is 50'« 
of the design live load. This 
reduction is reasonable provided 
the occupancy is such that full 
live load is not expected along 
the spandrel. For example, 
extensive files would not likely 
be placed along a window wall. 
Lastly, the curtain wall tie back 
connections must be detailed to 
accommodate th range of verti­
cal movement at the building 
perimeter. 

upported 

WHEN THE SLAB PERIMETER AND 
PANDREL S PPORT the gravity 

load of the curtainwall, the con­
cern for deflection shifts from the 
floor wall joint to the perfor­
mance and integrity of the cur­
tain wall itself. Additionally, 
when the curtainwall represents 
a major portion of the spandrel 
total load, there is concern for 
deflections which occur as the 
pieces of curtainwall are erected. 
Lastly, the deflected curve of the 
spandrel prior to setting the cur­
tain wall represents a field con­
dition which should not differ 
markedly from the elevations 
portrayed on the construction 
documents and the curtain wall 
hop drawings. The magnitude 

of movements of the building 
perimeter and spandrel before, 
during and after the curtain wall 
installation has a major impact 
on the detailing of joints, connec­
tions and the provisions for field 
adjustment of the curtainwall 
system. 

In the case of relatively light 
cladding, i.e. when the load from 
the curtain wall is less than or 
equal to 25 percent of the total 
spandrel load, the following lim­
its apply. The recommended 
limit on spandrel deflection prior 
to erecting the curtain wall are 
span over 480 with a absolute 
limit of 3/. in . The loads appro­
priate to this calculation are 

those in place prior to cladding. 
The deflection due to all dead 
loads including the curtain wall , 
should be limited to span over 
4 0 with an absolute limit of 'I. 
in. 

The deflection limits for live 
load are based on the movement 
allowed by the detailing of the 
completed curtainwall. 

Although large movements 
could theoretically be accommo­
dated , commOn detailing practice 
would allow for movements in 
the range of 'I, in. to 'I, in . 
These deflections would be the 
net allowable movement after 
accounting for the dead load 
placed after the curtain wall is 
completed. In relative te,-ms the 
live load deflection should be 
limited to span over 360. The 
portion of design live load used 
depends On the expcct..~tion of its 
presence and could vary between 
50 and 100 percenl. 

When the curtainwall weight 
exceeds 25 percent of the total 
dead load on the spandrel, ditTer­
ent limits apply. In this case, 
the critical dead load deflection 
is that due to the dead load in 
plnce at the time of cladding plus 
the dead weight of the curtain 
wall itself. The deflection due to 
these loads should be limited to 
span over 600 with an absolute 
limit of 'I. in. 

The deflection limit for dead 
loads imposed after cladding and 
live loads are the same as for the 
case of relatively light cladding. 
They are: 

a. Additional dead load: span 
over 480 with an absolute limit 
of'/. in. 

b. Live load: span over 360 
with an absolute limit in the 
range of 'I in . to 'I, in. 

It should be noted that these 
limits are set by the allowable 
movements in the joints and con­
nections. Thus, for the most part 
camber is not a means to address 
these concerns. The only excep­
tion wou ld be deflection prior to 
cladding. However, these loads 
and deflections are relatively low 
in magnitude and probably 
would not justify cambering the 
beams. 

Other Considerations 

AUIHTIONALLY, TIJEIlE ARE 
TIJREE OTIJER important consider­
ations. First, allhough it is com­
mon to design spandrels for a 
uniform load to account for the 
curtainwall weight, it should be 
recognized that in fact lhe cur­
tainwall weight is applied ot dis­
crete points as concentrated 
loads. When the concentrated 
loads are closely spaced, the uni­
form load is reasonably accurate. 
However, when the curlainwall 
elements can span horizontally, 
such as large precast elements, 
then the con centra led loads can 
become quite significant and a 
uniform load design would likely 
be inaccurate . 

econd, it is common for some 
types of curtainwalls to make 
gravity load connections on 
alternate floors , which could 
invalidate a design applied the 
load to every floor. Thus the 
structural construction docu­
ments should describe the 
assumptions made On curtain 
wall loading and set limits On 
the magnitude and /ocol;oll of 
curtainwall reactions . If it is 
advantageous for the curlainwall 
supplier to depart from these 
limils, revisions should be pro­
posed so that the structure can 
be red signed to accommodate 
them. 

Third, the structural con­
struction documents should list 
the magnitude of anticipated 
dead and live load den ctions so 
that the movement can be 
accounted for in the detailing of 
the curtain wall. 

Since many aspects of the cur­
tain wall detailing take place 
after the structure is designed, 
drawn and bid, clear communica­
tion among all the parties 
involved in the structure and lhe 
curtain wall is essenlial for good 
performance of both systems. 

MICIIAEL A. WEST, P.E., IS VICc' 
I' RESI/)ENT Of' COMI'UTEIIIZEIJ 
STRIICTURAL DESIGN, INC. , 
MnIVAuKEli. 
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PRECISE 
MOVEMENT 

Extremely low fabrication tolerances were required to 
ensure the success of a 350-ft. long pedestrian bridge at 

the new Denver International Airport 
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By Geoff Moses 

• P Sl;T' HEy, Bt:DDY! YA WA. ... ~A 
At:ILD A 1,400-TON Swiss watch? 
Okay, that's not exactly how the 
conversation started between the 
tructural engineers at LONCO, 

Inc. and the steel fabricators at 
AISC-member Zimmerman 
Metals. But it could have . 
Because the s ucce ss of a 
Passenger Bridge at the new 
Denver International Airport 
depended on the same accuracy 
for which Swiss watches have 
long been known. 

Engineering is all about solv­
ing problems and meeting chal­
le nges . Usually, the problems 
are as straightforward as "how 
do we get from here to there?" At 
the Denver Airport, the "here" 
and "there" were two buildings, 
designed by difTerent architects 
and already under construction. 
The floor elevations did not 
match , and there was no plan for 
a connecting bridge, though link­
ing tunnels were already con-

I • structed. Plus, the bridge had to 
pass over traffic consisting not of 
cars and trucks, but of large jets. 

• 

E CONOMle AND POLITICAL 
CO~IPLEXITIES CAUSED constant 
changes in almost all phases of 
the des ign and construction of 
the Denver International 
Airport. The change that necessi­
tated the pedestrian bridge was 
the decision that international 
arrivals would no longer be 
delivered to the U.S . customs 
facilities in the main terminal by 
planes taxiing directly to gates 
located there. In the revised con­
figuration, the international 
gates were placed in Concourse 
A, where Continental Airlines 
has its domestic arrivals and 
departures. The problem was 
how to keep customs-bound 
international arrivals separate 
from the domestic traffic. The 
underground a utomated people­
mover wasn't designed for the 
job and it, the concourse and the 
terminal were all already under 
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const.ruction. 
The task of bridgi ng the con­

ceptual chasm was undertaken 
by the structural department of 
LONCO in concert with the fab­
ricators at Zimmerman and gen­
eral contractor M.A. Mortenson, 
all of Denver. 

"The geometry on this one was 
essentia lly dictated from the 
beginning," said Randy 
DeLancey, P.E., LONCO princi­
pal and project manager. The 
space envelope was restricted 
side-to-side by the configuration 
of the concourse and terminal , 
and by the need to avoid collaps­
ing the tunnels during construc­
tion. Below, the structure had to 
clear two taxiways by a mini­
mum of 44 ft. while ramping no 
more than 12'k at any place in 
order to be accessib le to carts 
and wheelchairs. "We looked at 
severa l alternative designs. A 
concrete Vierendeel truss looked 

hown is a 
typical gusset 
plate connection 
a"d a computer 
rendering of a 
gusset plate . 

promising, but its nat bottom 
wouldn't clear the taxiways 
unless it was raised, and then it 
would need stairs on at least one 
end. Also, it really had to much 
mass for seismic lateral load 
requirements. So steel appeared 
as the obvious choice. We consid­
ered several possibilities, includ­
ing a cable-tensioned structure 
(a suspension bridge), but the 
project management team at 
D.LA. wasn't wild about the idea 
of having the cables anchored 
inside their buildings." 

Instead, the engineers started 
designing a simple, though enor­
mously heavy , Warren truss 
structure supported by two mas­
sive cast-in-place concrete abut­
ments 350 ft. apart-making it 
one of the longest free-span 
pedestrian bridges in the world. 

In order to provide the 
required 44 ft. of vertical clear­
ance, the truss incorporates a 

• 
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The success of 
the project was 
largely depen ­
dent on the pre­
cision of fabrica­
tion . Pictured is 
the computer­
ized mlilLng of 
the shIm plates 
and a VLew of 
the milled shim 
plates at the 
tru ss member 
ends. 

parabolic curve that results in 
maximum floor slopes of 7"1< at 
the terminal complex and 8.3"1< 
at the concourse-a rise of 6 fl.. 
from the former and 9 ft. from 
the latter-which meets ADA 
guidelines. 

Because planes rarely pass 
under fixed structures, special 
training is required for the pilots 
who must accommodate nar­
rowed wingtip tolerance. This 
unique feature drove many of 
the design considerations for the 
bridge. LO CO and architectur­
al consu ltant Louis O. Acosta 
Architects preferred the drama 
of an external, exposed truss, but 
airport and FAA officials decided 
that accumulated ice and snow 
could present a hazard to air­
craft passing below. Instead, the 
plans were redrawn with a 
smooth curtainwall of laminated 
glass on the outside to remove 
the threat of falling ice . The 

resultant glass-enclosed struc­
ture affords deplaning passen­
gers with a dramatic view of the 
city and the Rocky Mountains all 
the way to the Continental 
Divide. 

The structure itself is actually 
a tulie truss comprised of four 
mutually stiffening trusses. The 
design began with a preliminary 
geometry survey and continued 
through the final phase of deter­
mining a ll movements of the 
interlocking steel. The design 
team spent long midnight hours 
becoming intimately acquainted 
with the vertica l deflection char­
acteristics of the structure under 
all anticipated loads. The resul­
tant design handles thermal 
movement through large pot 
bearings, which rotate under 
gravity loads to maintain unified 
bearing pressure on compress­
i ble neoprene pads. Other forces 
are transmitted along the tube 



in a spiral pattern resembling a 
double helix , which provides 
exceptional stabi li ty. All told , the 
project required 1,400 ton s of 
structural steel. 

T IIF. "SWISS WATCH" ASPECT OF 

TIlE PHOJECT AROSE at the junc­
ture between design and execu­
tion . The problem was in getting 
the more than 30 joints in each 
truss to line up smoothly over 
the 350-ft. length of the bridge 
given that the fabricator and 
erector were working with struc­
tural elements of widely varying 
web and nange widths-all of 
which may be warped up to ", in . 
out of alignment due to the steel 
mill process. Further, many of 
the members are jumbo shapes 
up to 42 ft . in length and 655 Ibs. 
per linear ft, making them ncar­
Iy the largest available from 
domestic producers. 

The complexity of the connec-

tions was further increased by 
the designe,"s desire to minimize 
their size and weight by making 
the connections being bearing­
type instead of slip critical. Each 
member had to be matched to its 
connecting members by means of 
gusset plates , backer bars and 
shims, and each piece had to be 
bored precisely to within "16 in . 
to fit the bolts snugly. And Imal­
Iy, the whole thing had to be 
assembled in the air, an opera­
tion not unlike staging a Busby 
Berkely chorus number with tap 
dancing elephants. 

It was in teaching the pachy­
derms their steps that the coll ab­
oration between engineer and 
fabricator became most appar­
ent. J .P. Illes, P.E., senior design 
engineer on the project, c"edits 
longtime Denver fabricator and 
AISC-member George Zimmer­
man with achieving almost 
impossibly tight to lerances in 
the bolt holes at the truss con­
nections and with a highly inno-

vative solution for ach ieving the 
a lm ost impossibly tight toler­
ances in the bolt holes at the 
truss connections and with a 
highly innovative solution for 
compensating for mill warp and 
size differential in the ends of 
individual structural elements. 

U SlIALLY, THE MEMBERS, GUS­
SET PLATES AND RA( ' KING BARS 

WOUL!) BE shop drilled with pilot 
holes and then field reamed to 
fit. Th e bolts would be forced 
through, where necessary, and 
loose shims would be used to 
wrestle the surfaces that don't 
quite fit into alignment. 
Zimmerman's idea, however, was 
to weld shim blank s onto the 
member's ends, mill them to 
standardize their widths, 
machine the backer bars to 
match exactly, and then bore 
each piece with standard size 
holes only "'6 in . larger than the 

Get your detailers in sbape(s)! 
Save time doing detail drawings and have AISC shapes drawn at your command. 

A ISC for AutoCAD will draw the end, elevation , and plan views 
of W, S, M, and HP shapes, American Standard Channels (C), 
Miscellaneous Channels (MC), Structural Tees cut from W, M, 
and S shapes (WT, MT , ST) , Single and Double Angles , 
Structural Tubing, and Pipe. Shapes are drawn to lull scale cor­
responding 10 dala published in Pall 1 of Ihe AISC Manuals of 
Steel Construction. US or Melric units may be selected. 

AISC for AulO CAD Version 2.0 runs in AuloCAD Release 12 
only, Version 1.0 runs in AuloCAD Release 10 and 11, $120,00 

To order or for more information: 

Phone: 312·670-2400 

Information Fax line: 800-644-2400 

American Institute of Steel Construction 
One East Wacker Drive, SUite 3100 
Chicago, Illinois 60601·2001 

AtrIoCAD IS • fBglSt8l'ed uademartllf1 the us Patent and Trademaril. OffICe by Aulodesj(. Inc 
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diameter of the bolts and with a 
horizontal tolerance of a mere 
three thousandths of an inch 
over 40 ft . 

Zimmerman credits this 
remarkable accuracy to his shops 
very advanced C C machining 
operation. "We had never done 
this before, and I'm not aware of 

DESCON 
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STEEL CONNECTIONS 

t 

FOR A FREE DEMO DISK 
CAll OR WRITE TO 

OMNITECH ASSOCIATES 
P.O. BOX 7581 

BERKELEY, CA 94707 
658-8328 

anyone else who has," explained 
Zimmerman. "LO CO provided 
us with a precise and complete 
design, which enabled me to 
write th program for our com­
puterized milling machinery on 
my home computer. Our biggest 
problem was that our working 
drawings were more accurate 
than what could be field v rifi d 
(better than one hundredth of a 
fl.). We had to trust our design 
completely. We knew that the 
holes would line up to create the 
exact shape called for. The erec­
tor didn't know it. The contractor 
didn't know it. Even the designer 
didn 't quite believe it. But we 
knew it." 

The laborious process of bor­
ing more than 15,000 holes and 
making some 400 welds took 
roughly three months. Marc 
Langlee , Zimmerman's project 
manager, r ported that their car­
bide bits drilled through the 2.5-
in. plate in only 20 seconds. The 
welds , however, were another 

(205) 791 -20 II 

matter. Between 2 ft. and 4'/1 ft. in length, they presented d,ffi­
culties both in the surface area 
involved and in the amount of 
preheating required. "There's a 
lot of mass in the larger e le­
ments," said Langlee . "We had to 
constantly fight the 'heat-sink' 
e/Tect"' of the sheer volume in the 
big steel. After getting the ele­
ments bored and milled, it look 
two men a full week 10 assemble 
the first third of lhe truss 
(approximately 120 ft.) . After 
leveling and lining up all the 
members, the bolts literally 
dropped into place. 

Obtaining suitable bolts 
proved to be another difficulty . 
"You 'd think that getting the 
bolts would be the simplest 
part," said Zimmerman. But 
there are approximately 6 ,000 
1'/ ,-in. boils in the bridge and 
their availability became so 
problematic that it threatened to 
shut down the pl'oject, 
Fortunately, Langlee and Mike 
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Breider, project superintendent 
for Mortenson, managed to 
locate enough bolts. • 

"We knew it would work. The 
erector (Derr and Gruenwald> 
was so surprised he wrote us a 
'congratulations' letter," Langlee 
reported. The most important 
part was making sure everything 
was level. "The air-sp li ce was 
tricky, and the arc and camber 
built into the truss complicated 
matching the elevations, but as 
long as the shoring was right, we 
knew it would work." 

When the day arrived for the 
removal of the shoring, everyone 
was understandably a bit anx-
ious. For two weeks prior, 
LONCO and Derr Gruenwald 
had been going back-and-forth 
refining their plan. "It was a dif­
ficult ana lysis , exp lained Dan 
Bechtold, structural analyst with 
LONCO. "It involved an itera-
tion of changing support condi­
tions. The ana lytica l model 
developed from our first order 
ana lys is ha d to be modified to 
reflect the support of the shoring 
towers. Then we had to further • 
modify it to reflect the difference 
in stiffness between the towers 
and the abutments. Then, we 
had to simulate the lowering of 
the towers." The engineer's rec­
ommendations were adapted to 
the erector's field conditions, 
defined largely by the dimen-
sions in the shim stack. Quarter 
inch by quarter inch , the towers 
came down . Every effort was 
made to lower them simultane­
ously, so as not to overburden 
anyone of them. 

When the towers were clear of 
the span, a hasty field survey 
was made-and the res ults 
almost caused a panic. It 
appeared that the structure had 
come down two or three times as 
much as anticipated. A more for­
mal re-survey , however, reas­
sured the project team. The mea­
surements were within fractions 
of an inch of their predicted 
deflection. 

Geoff Moses is with LONCO, • 
J nc. , a Denuer-based ciuil and 
slru.cl u.ral engineering firm. 
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• B ECAUSE OF THEIR 

RAPID SPEED" pa engers 
in cars rarely have the 
time to pay more than 
cursory attention to the 
many mal1 bridges and 
overpasses they u e con­
stantly. A a result , 
de igners are usually 
more cone rned with a 
clean appearance than 
with intricate aesthetic 
details. One exception to 
this are pedestrian 
bridges, where strollers 
always have the time­
and often the inclina-

• tion-to admire even a 
small walkway as a 
potential piece of art. 

• 

HOWEVER , THE FORM 

THAT THI ART can take 
varies greatly, from tra­
ditional to modern, 
ornate to simple, and 
everything in between. 

AT O.·E EXTREME I~ THE LIFE 
CIENn; s D - WI:-IG BRill .E at 

Ari zo n a Sta te Unive r s ity in 
Tempe. It purpose was to con­
nect the new a nd ex isting Life 
Sciences Buildings at two sepa­
rate le ve ls . Compli ca ting th e 
des ign wa tha t t he buildings' 
floors did not a lign-and sta irs 
were not permissible to bridge 
the he ight d isc repa ncy due t o 
ADA requirements. 

The designer's sculptural soJu-

DeSIgner of Ihe LI fe clence.' 
D· Wing Bridge 0 1 Arizona late 
University in Tempe utas 
Anderson DeBarlolo Pan . IlI c., 
Phoe11lx and general conirador 
was McCarthy. also of Ph oellix. 
All elaborate, a,.li .. lic ramping 
system was used ta bridge Ihe 
non·aligned levels of the two 
structures while ma;ntollling 
wheelchair access. 
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Designer of 
the renouation 
of the 19th 
Street Truss 
Bridge was 
LONCO 
Engineers, 
lnc., Denver, 
andgneeral 
contractor was 
Edward 
Krcuner& 
Sons, Plain, 
WI.The lead 
paint remoual 
was accom­
plished by L & 
M Enterprises, 
Berthoud, CO, 
which also was 
the steel erec­
tor on the pro­
ject. 

tion was conceived as symboliz­
ing a scale of balance, with the 
arms of the scale at different lev­
el s to accommodate the non­
aligning floors with a sloping 
ramp. 

Be cau se the walkway was 
constructed on a plaza sitting 
above a double basement, weight 
was a crucial concel'n and made 
the decision to build in steel an 
easy one. The vertica l element 
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was constructed of steel box sec­
tions for structural rigidity over 
its more than 64-ft. height. The 
horizontal component is a can­
tilevered steel plate bridge sys­
tem. A colorist was employed to 
choose the paint scheme, which 
featured multiple colors to rein­
force the bridge's i mage as a 
piece of sculpture and not just 
utilitarian connection. 

AT Tm: OPPOSITE END OF TilE 
SPECTRUM is the Historic 19th 
Street Truss Bridge across the 
Platte River in Denver. This pin­
connected iron Pratt through­
truss dates back to 1887, when it 
was constructed as a major 
transportation artery for the 
nearby towns that grew during 
the Gold Rush of 1858. A century 
later, it was taken out of service 
but preservationists fought its 
demolition . The solution was to 
realign 19th street adjacent to 
the historic bridge to accommo­
date a new structure, while reha­
bilitating the old bridge for use 
with the bicycle/pedestrian paths 
incorporated into the city 's 
Greenway plan. 

The new bridge is a low-pro­
file structure that defers to the 
ornamented truss and uses stone 
veneer facing to pay tribute to 
the massive , solid stone ashlar 
abutments, pier and stepped­
stone wingwalls of the original. 

Key to the renovation was the 
removal of its lead-based paint . 
After considering several more 
traditional methods, a c1osed­
abrasion, vacuum-blast opera­
tion was chosen. In this process, 
steel shot is propelled against 
the surface of the metal to be 
stripped by a head held directly 
against it. The head also pro­
vides suction to collect the small 
bits of paint dislodged. The steel 
shot is recycled until it becomes 
small enough to be collected by 
the vacuum system. This closed 
system protects against flying 
toxins without the need for 
encapsulating the bridge and the 
workers. Instead , a small drap­
ing at the bottom of the bridge is 
all that is necessary to protect 
the river. 

Further work on the bridge 
included replacement of lost or 
vandalized portions of the 
bridge's ornamental iron. 

OF COllRSE, NOT ALL BRIDGES 
NEED TO MAKE A dramatic splash. 
Sometimes, the exact opposite 

• 

• 

• 
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effect is desired. For example, 
the 106th Street/ Nine Mile 
Creek Pedestrian Bridge in 
Bloomington, MN, was designed 
to minimize distraction from an 
adjacent award-winning road­
way bridge. 

The pedestrian bridge is part 
of a larger project to restore and 
protect the steep valley walls in 
the area , protect the plant and 
wildlife habitat and provide an 
improved access for recreational 
use along the lower ine Mile 
Creek. The new bridge is part of 
a two-and-a-half-mile-long trail 
system that includes seven other 
pedestrian bridges and provides 
stair-free access throughout an 
urban park. 

The primary design considera­
tion was to minimize disruption 
to the valley Ooor and side walls, 
while creating an aesthetically 
pleasing bridge that would blend 
in with both the natural setting 
and the adjacent roadway 
bridge. A three-span weathering 
steel bridge was selected for both 
aesthetic and cost reasons . The 
adjacent 20-year-old-plus road­
way bridge also is constructed of 
weathering steel and has had 
excellent performance. 

For the tall (50-ft. high), nar­
row (8-ft. wide ) bridge structure, 
the project's designers chose 
inclined bents to resist a large 
portion of the wind loading. 

The bent lateral design 
includes a bracing system with a 
steel cover plate and internal 

... , ~,.. : 

diagonal members . The system 
provides a clean, uncluttered 
appearance and reduces the 
potential hazards of people 
climbing on the structure. In 
order to eliminate foundation­
pile uplift while matching the 
narrow deck width, the bent legs 
are battered in addition to being 
inclined. To simplify field fabri­
cation and erection, the three­
dimensional connection between 
the beams and the bent was 
accomplished with a bolted con­
nection to curved gusset plates. 

W IIILE TilE APPEARANCE (n' 

PEDESTRIAN BRII)(iEH is very 

Designer of the 106th Street 
Pedestrian bridge in 
Bloomington, MN, was Barr 
Engineering Co., Minneapolis, 
and general contractor was Carl 
Bolander & Sons Co., St. Palli. 

important, equally important are 
the views from the bridge. The 
recently completed Federal 
Office Bui lding in Oakland fea ­
tures twin 12-story towers rising 
from a five-story base. And con­
necting the two towers at the 
13th and 14th Ooors is a pedes­
trian bridge that provides spec­
tacular views of the surrounding 
city and the San Francisco Bay. 

The bridge is ll-ft.-6-in . wide 
and spans 85 ft. between the 
towers. The choice of steel for a 
framing system was based on a 
need for a lightweight framing 
system that would be easy to 
erect with all of the skeletal steel 
of the towers in place and that 
would meet extreme di s place-
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Design {trm for the pedestrian bridges at the Oakland Federal 
Building was Cygna Consliiting Engineers, Oakland, and general 
contractor was Walsh Construction Co., Sacramento. Steel fabricator 
and erector was AISC-member Herrick Corp. 

ment requirements under seis­
mic and wind conditions. After 
carefu l consideration , it was 
decided to design the bridge to 
act as a simple span between the 
two towers with transverse later­
al loads resisted at both towers 
but longitudinal loads resisted 
on ly at the south tower. 

Two W3G x 230 girders were 
se lected to act as s impl e span 
beams between the towers. Full 
penetration shop welding was 
used to splice the girder and pro­
vide 85-ft. continuous pieces. For 
the bridge fl oors, a 3-i n. meta l 
deck with 3-1I4- in . li ghtweight 
co ncrete fill s pa nning be tween 
the girders was selected to elimi­
nate the need for form work and 
to reduce the structures weight. 
Once the girders are in place the 
concrete deck sli ffens the floor 
system; h owever, to provi de 
rigidity to the fl oor deck system 
during erection a hori zonta l 
truss wa s created by a ddin g 

WHEN YOU BUY ST. LOUIS, 
YOU BUY AMERICAN! 

Registered Head Markings on all 
structural and machine bolts: 

A-325 A-325 
Type 1 Type 3 

06)0 
A-307-A A-449 A-307-B 

AND YOU GET: • FULL TRACEABILITY 
• LOT CONTROL 

• CERTIFICATIONS 

Products from 'h" -3" diameter include: 

D 
SQUARE 
MACHINE 

COUNTERSUNK 

BUTTON 
HEAD 

ST. LOUIS SCREW & BOLT COMPANY 
6900 N. Broadway • St. Louis, MO 63147 

(314) 389-7500 • 1-800-237-7059 • Fax (314) 389-7510 
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diagonal members between the 
gi rders. 

The connedions to the towers 
were tri cky, sin ce durin g a n 
ea rthqu a k e th e two towe r s 
would experience defl ection that 
a re not synchroni zed. The design 
had to allow for the worst case 
defl ection scena rio, i.e., the two 
towers moving in opposite direc­
tions. Lateral motion a nd inward 
o r outward moti on h a d t o be 
accommodated s imul taneously. 
Afte r cons ide l-in g seve ral con­
ce pts, e nd co nn ec ti on deta il s 
we re deve loped based upon a 
combustion engi ne's crankshaft, 
ro d , pi ston head a nd cy linder 
assembly. 

In a combustion engine, a rod 
is pinned to a crankshaft at one 
end and pinned to a pi ston head 
a t the other to a llow for the lat­
era l movement of the crankshaft. 
This design considers the south 
towe r as th e cr a nk s haft , th e 
north tower as the cylinder and 

the bridge as the rod and pi ston. 
The two pins, one a t each tower, 
accommodate the latera l moti on 
of the towers. In an engi ne, the 
piston head is free to move in a 
lubri cated cylinder in a n in -out 
moti on . Similarly, th e pinn ed 
end a t the south tower slides in a 
guide channel and allows the in­
out moti on of the bridge. 

W IIILf: 'I'IIE OAKLAND AlUDGE 
HAD A 1)11AL AES'I'IIE'I'IC PlIRPOSf: , a 
bridge in Arkansas had a more 
prac ti ca l du a l purpose. Wh en 
Arkla Energy Resources bega n 
construction of 222 miles of na t­
ural gas pipeline from Wiburton , 
OK, to Glendale, AR, the compa­
ny di scovered that th e optimum 
routin g cro ssed th e Cossa t ot 
Rive r in Ark ansas in a n area 
des ignated as a "natural area" 
by the Sta te of Arka nsas. The 
wild and sceni. c river also i s a 

pl-ime habitat for an enda nge red 
fi sh species, the Leopard Da rter . 
As a r es ul t, a co n ve n t ion a l 
trenched crossing was not feasi­
ble-and re routing the pipeline 
t o a void thi s a rea wo uld have 
cost an additional $30 million. 

An economic a licrn a t.ive was 
an aerial crossing using a three­
spa n, continuous box steel pla te 
gi rder bridge. The bridge would 
not only provide a means for the 
pipeline cl-ossing but would a lso 
provide a pedestri a n bridge for 
access to pa rk faciliti es on both 
s ides of t he rive r-while e limi ­
na ting th e hazard of pedestri a n 
use of a nea rby highway bridge. 

The pipe bridge's design need­
ed to meet the aesth etic require­
ments of a number of permitting 
age ncies. Th e des ign e lements 
includ ed: nea rl y ma tching the 
verti ca l projec ti on of t he adj a­
cent highway bridge; pa intin g 
th e bridge to bl e nd wi t h th e 
existin g surroundings as well as 

.~-----r---============----r--:-:-'""~---' 
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I~O~~" RISA-3 
For the last 5 years our RISHD program has 
been setting the standard for 2 dimensional 
st ructural analysis and design. RISA-2D is, in 
fact, rated higher than most of the 3 dimen, 
slOnal programs currently available I See the 
Jan .. '94 issue of Modern Steel Construction, 

We are pleased to announce that RlSA·2D has 
finally been surpassed ! 

Introducing RISA-3D, the new standard for 
structural analysis and design software, 
Statics , dynamics, P-Del ta eff ec ts, steel 
design and many other features are incorpo­
rated into this powerful new program. 
RISA-3D provIdes a fast, intuitive problem 
solving environment absolutely unmatched 
by any other program. 

G,ve RfSA-3D a try and see for yourself! 

RISA 
26212 DimensIOn Or 
SUIte 200 
lJIk, Fores, CA 92630 Calor fAX 
VOICe 8QO.332·7472 f a f d I 

TECHNOLOGIES FAX 714·951 '5848 or rae emo 
L-~~~~~~~~~~--__ __ 
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FLOORVIB 
an .. pen .yIllm lor 

FLOOR VIBRATION ANALYSIS 

Developed by 
Thomu M. Murray, Phd, PE 
Soohall Elhoulr, Phd 

·pc-Based. On line expert advice. 

-Joist, beam or built-up member framing . 

·Choose trom six tolerance Including one for 
rhythmic actlvUles. 

·Complete user's mllnu.1 with uamples and 
tutorial . 

-Fa r exceeds the capability of other floor 
vibration software. 

To order send P.O., check, or credit card Info. 
for $250 plus $10 S&H to: 

Structural EnglnMrs, Inc. 
637 Wisteria Drive 
Radford, VA 2(141 
Fax 703-&39-0713 
Voice 703-731-3330 

Name: ~~~~~~~~~~~ Company: 
Address: 

Phone: __________ _ 

Credit Card: Visa Mastercard 
No. _______ Explratlon __ 

Optimal 
Cutting 

Program 
A computer program 

to save you money 

Optimize the cutting of 
structural shapes by linear 
nesting . For s tock, ordered 
material or both . 

Call today I for a free no 
obligation demo disk and our 

special introductory price 

215-355-6003 
COMPUTE R DETAILING 

CORPORATION 
A se'vtC. company lor Ste~1 FabrIcators 

80 Second Street Pike - # 10 
Southampton, PA 18%6 
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Designer of this combination pipeLine / pedestrian bridge was 
WiLLbros ButLer Engineers, Inc., TuLsa, and generaL contractor was 
MichaeL Curran and Associates, Houston. Fabricator was AlSC­
Member Nesom's CapitoL SteeL & Iron Co. and erector was Dick 
Mooney, Inc. 

to match the adjacent bridge; 
completely enclosing the pipe 
and hiding it out of sight; and 
providing co mpl ete handicap 
accessibility. In addition, addi­
tional room was provided to 
accommodate future utility 
crossings. 

dinal axis of the bridge, is raised 
one foot above the girder flanges 
to clear the horizontal bracing 
and diaphragms. The four sec­
tions are 86, 89, 125 and 95 ft. 
long. The end span sections have 
cantilevers of20 ft. with a W18 x 
105 beam bolted to the bottom 
flange to facilitate erection of the 
125-ft. set-in-section. 

The two sections forming the 
155-ft. span and 20-ft. cantilever 
were designed with full penetra-
tion welds of the flanges and 
web. The intent was to weld the 
splice with the sections on blocks 

• 

• 

To minimize erection time and 
meet environmental criteria, the 
bridge was designed to be fabri­
cated and shop painted in four 
sections. The bridge spans 395 ft. 
with three spans of 155 ft ., 165 
ft. and 75 ft. The box section is 9-
ft. wide and 7.33-ft. deep. The 
top deck is 114-in. plate stiffened 
transverse to the longitudinal 
axis of the bridge. The bottom 
deck, which is a 1/4-in. plate 
stiffened parallel to the longitu-

on the road , then lift the two sec­
tions as one; however, the con­
tractor elected to build a false • 
bent and make two lifts and weld 
the splice in the air. 
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N.fERICAN PuNCH CO. 
685 S. Green Road 
Cleveland, OH 44121 
8001243-1492 
The company offers a wide range of low­
cost punches. dies, and shear blades for 
angleline. beamline and portable punches. 
In addition. the company otTers B variety 
of shear blades, coupling nuts and punch 
st.ems. 

AMERICAN SAW & 
MANuFACTURING CO. 
301 hestnut Sl. 
East Longmeadow, MA 02028-0504 
800162 -3030 
413/525-3961 
Lenox Band-Ade, a high performance , 
biodegradable sawing fluid has been refor­
mulated to provide extended shelf and 
sump life to help solve the problems of 
souring and organic breakdown. The fluid 
is an advanced synthetic emulsion with 
lubricating properties that allow for faster 
cutting and extended blade life. 

THE CLEVELAND STEEL TOOL CO. 
474 East105th Sl. 
Cleveland, OH 44108 
8001446-4402 
The company has published a new 
four -color catalog. It details products 
available both in stock and by special 
order. In cluded are punches; dies; and 
tooling for a wide variety of manufactur­
ers. 

COMEQ, INC. 
Box 2193 
Baltimore, MD 21203 
3011325-7900 
3011325-1025 
The ADIRA line of Americor hydraulic 
shears includes as standard equipment: 
ergonomic design; 25·in. or 40·in . power 
front·operated back gauge with manual 
fine·tuning adjustment; gap in frame for 
slitting longer plates ; rapid blade gap 
adjustment; short stroke capability to 
increase operating speed; and short squar· 
ing arm and blades suitable fol' shearing 
both mild steel and stain less steel. A wide 
variety of sizes are available. 

COMPUSTEP 
774 Rye St., Unit 11 
Peterborough , Ontario, CANADA K9J 
6W9 
705n45-2961 
705n45-8130 
The company offers a six·page color 
brochure describing its Quickdrill Stretch 
fnmily of large area drillingltapping 
machines. More than just a product 
brochure, il highlights areas for productiv· 
ity improvement and drilling allernatives. 
In addition to describing the company's 
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Informalion: 

product line, the brochure pt'ovides infor· 
mation on CNC programming and advice 
on productivity improvements. 

GRIPHOIST INC. 
392 University Ave. 
Westwood, MA 02090-0005 
001421-0246 

A new newsletter contains new product 
information as well as a listing of avail · 
able literature from this manufacturer of 
hoists, fall protection products. scafTolding 
and load indicators. New this year is a 
stirrup adapter that allows manual hoists 
to be used on a powered scaffold stirrup. 

HARRINGTON HOISTS 
401 West End Ave., 
Manheim, PA 17545 
717/665-2000 
7171665-2861 
"How to Get the Most Out of Your Hoist" 
is the title of a new, illustrative brochure 
from this leading manufacl.urer of hoists 
and cranes. The free,12·page brochure 
gives detailed advice on how to select, 
install , inspect, maintain, and safely oper· 
ate a manual or electric chain hoist. 

HrLMAN, INC. 
2604 Allantic Ave. 
Wall, NJ 07719 
9081449-9296 
9081223-8072 
A new, six·page product cata log is now 
avai lable from this manufacturer of high 
capacity machinery roller dollies. The cat­
alog includes photos, full descripttons and 
charts of technical and dimensional data. 
Hilman's chain action rollers are designed 
to move heavy machinery and equipment 
from 500 Ibs. to well over 1,000 tons. Also 
available is a series of four-page. four· 
color brochures fealuring applications of 
Hilman rollers. 

HILTIINC. 
5400 South 122nd East Ave. 
Tulsa, OK 74146 
8001879-8000 
Recently introduced is the TE 74 
Combihammer, which is desig ned for 
medium to heavy duty drilling and chip­
ping. Weighing only 18 Ibs., the combi­
hammer features an electronic variable 
speed switch and two·level hammering 
power regulation for full operator control 
and precise chiseling. The powerful and 
versatile tool has hammering speeds of 
2,700 and 1,960 blows per minute and sin-
gle impact energy of 5.2 and 2.6 foot 
pounds. Additionally. it features a service 
indicator to alert operators lo when the 

• 

• 

lool needs servicing to help avoid unex· 
pected downtime. Also available is a new . 
line of drill bits. 



ompany: 
Address: 

• Phone: 
Fax: 
Information: 

Company: 
Address : 

Phone: 
Information. 

Company: 
Address: 

• Phone: 

• 

Fax; 
Information: 

Company: 
Address: 

Phone: 
Information: 

HOUGEN MFG. INC. 
G·5072 orunna Road 
Flint. MI 48501 ·2005 

101732·5840 
101732·3553 

Rotabroach portable magnet.ic drills are 
ideal for bridge repair and other projects 
where on-site hole making is required . 
Models 10904 and 10908 ofTer the porta· 
bility of a hand·held drill and the stability 
af a drill press. A small (:III.'! in . x 6 7/111 in .) 
but powerful magnet rated at 1. 00 lb . 
dead lift and an efficient 115 volt motor 
design combine to provide a hole produc­
tion range oP'Ils- in. to 13/.'1-in. diameters in 
materials up to 2-in . thick . Tests show 
that a l-in .-diameter hole through l -in .­
thick mild steel can be drilled in less than 
40 seconds. 

IN CO SAW DIVISION 
320 International Circle 

ummerville. 29483 
03/ 73·7 50 

A wide variety of segmental saw blades. 
bandsaw blades and an ICA Software 
Program for high·speed cutting are avail­
able. ICA selects the proper blade, cor­
rect. feeds and speeds to maximiz beam 
cutting efficiency. 

J ANCY ENGINEERING CO. 
2735 Hickory Grove Road 
Davenport, LA 52804 
319/391-1300 
319!391-2323 
Company manufacturers a variet.y of prod­
ucts under the Slugger name including­
- Industrial belt grinders designed for con· 
tlnuous heavy duty grindIng operations. 
These new grinders allow the operator to 
safely hold material and grind a part accu­
rately without vibration . 
• Pipe notching machines for inexpensive 
and productive notching of all types of 
pipe and tubing. 
· Portable drilling machine weighing 24 
Ibs. with a compact 16·in. overall height. 
It's capable of drilling 1'/16·m.-diameter 
holes in 2·in.-thick carbon steel. 
• Portable magnetic bases drilling system 
weighing 42 Ibs. and capable of producing 
21/\f;-in .-diameter holes in 2-inAhick steel. 

KALTENBACH, I NC. 
6775 Inwood Dr. 
Columbus, I 47201 
81213424471 
The HDM-lOOO and HDM·1400 structural 
saws are designed for use in a "tandem 
system" with the company's structural 
C C drill . Unique design includes a trav­
eling saw arm and fixed datum fence to 
include miter cutting, optifeed, and verti­
cal clamp. 
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MI-JACK 
31ll East 167th St. 
Hazelcrest, IL 60429 
70 596-5200 
The company's TRAVELIFT Crane is a 
self propelled l"ubbC'r tired gantry crane 
able to pick and cnrry itM load anywhere. 
Capacities range from 15 to 325 tonl'l and 
dimensions nre customized to each appli­
cation . Existing storagC' can be IOcreased 
up to 500"!; independl'ntiy controlled 
hooks combined with optimal spreader bar 
e liminate product domoge; nnd lifting 
capacity can be doubled With a two-mag­
net system. 

NATIONAL CRANE 
11200 North 148th St 
Waverly, NE 68462 
4021786-6300 
4021786-6379 
Newly introduced IS the Senes llOO tele· 
seoping crane With a l"oLed capacit.y of 
56.000 Ibs. and a verbcal reach of 104 n. 
under hydrauli powt.'r It feotures stale­
of-the·art Ant, -Two-Block and Load 
Moment Indicator l'lYN tem s. along with 
behind·the·cab, stand-up dual operator 
controls. 

P ANGBORN CORP. 
P.O. Box 380 
Hagerstown , MD 2 174 J·0380 
30V739·3500 
The company alTers iI wide range of blast 
cleaning systems for de scoling plate . 
rolled shapes, weldment. and fabrications, 
for both pre· and po,t-blas t descallng. 
Scale models and visual a,ds will be used 
ta depict a wide variety of blast cleaning 
systems used in surfnc(' preparation of 
materials far burning. weldlOg' and appli ­
cations of coatings. 

P EDDINGHAUS CORP. 
300 N. Washington Ave. 
Bradley, IL 60915 
8151937 ·3800 
Newly introduced thiS year IS a new line of 
horizontal bandsaws desiJrned specifically 
for processing s tructural steel sections . 
These saws feature n tWin column guid­
ance system that totally encloses both 
sides of the cutting heml La achieve the 
maximum ribridity when cutting structural 
steel sections. This guillotlOe approach 
includes angling the blode at a fixed six 
degree angle relative to the material to 
reduce the cULtlng land a tht· blade tra­
verses through the web of steel beams and 
channel. \V ide nnnge K(>ctlOnS up to 
\V36x328 and column sections up to 
W14x730 can be p,"OCessed efficiently. 

PuLLMAX INC. 
1201 Lunt Ave. 
Elk Grove Village, IL 60007 
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Company: 
Address: 
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8001255-0502 
7081228·5650 
Th e company's X·93 production plate 
beveler he lps fabricators achieve high­
quality weld pre paration . It bevels any 
angle between 25 and 55 degrees and is up 
to 12 times faster than flame cutting steel 
plate up to 2·in . thick. The plate beveler 
produces consistent. edges without heat 
effect and distortion and is safer than 
name cutting. 

SHEPARD NILES 
N. Genessee St. 
Montour Falls, NY 14865 
607/535·711 I 
607/535·7323 
The company designs, manufactures and 
in stalls complete material handling sys­
tems designed to meet customized needs. 
Systems include automated/integrated 
monorail systems, overhead cranes, hoists , 
steel rod/coil handling systems, and ASIRS 
machines to service teleplatforms. 

SHU'ITLELlFT 
49 E. Vew St. 
Sturgeon Bay, WI 54235 
414n 43·8650 
4141743·1522 

Information: This compa ny manufacturers a large line 

Company: 
Address: 

Phone: 
Fax: 
lnformation: 

Company: 
Address: 

Phone: 
Fax: 
Information: 

of versatile industrial mobile hoists . 
Available in 14 standard models with 
capacities from 15 to 400 tons, models are 
available with either single or double ISL 
traversing hooks or L fixed (four to six) 
hook s. ewly introduced nre the 
Carrydeck 3330·E and 333·ELB mobile 
cranes with capacities from 15 to 500 tons. 

SLINGMAX INTERNATIONAL 
P.O. Box 2423 
Aston, PA 19014·2423 
610/485·8500 
6101494·5835 
Twin Path slings have similar lifting char­
acteristics to wire rope but weigh less and 
therefore require fewer riggers to handle 
them. On a recent project requiring a 
maximum lift of 755 tons, the synthetic 
slings weighed 25.000 Ibs. less than the 
equivalent steel wire rope slings. 

TRM.1AC 
7 Emery Ave. 
Randolph, NJ 07869 
800/526·3837 
2011362·5128 
The company's new PFH Demolition 
Shear is a combination tool thal does not 
require changing of accessories in order to 
adapt to different materialS-including 

• 

New! Single-angle connections, individual prices 

CONXPRT 
Fa t, accurate and fully documented connection de ign 

The complete design of shear and moment connections and 

column stiffeners and doublers wilh the following features: 

Based on the AISC Manual of Steel ConSlruction 

and Volume II-Connections 

Combines the engineering knowledge and experi· 

ence of respected fabricators and deSign engineers 

Menu driven with built·in shapes dalabase 

Complete documentation of all deSign checks 

To order or for more information: 

Phone: 312-670-2400 

Information Fax Line: 800-644-2400 

AmerICan Institute of Steel Construction 
One East Wacker Dnve, Suite 3100 
Chlcago, llhnois 60601 -2001 
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Now order 
individual connections 
or entire modules! 

Module I ASO, v2.0 (complete) . .............. $410 
Double·Angle Connectlons ........ .... ........ ...................... $110 
Sir,gle·Plate Connections ....... ...... .................... ... .. ...... $110 
End·Plale Connections .......... ................. .............. ....... $110 
SIIlgle-Angle Connections ........................................... $110 

Module I LRFO, v1 .0 (complete) ................... $31 0 
Double-Angle Connections. Single-Plate Conneclions, 
and Shear End·Plate Conneclions 

Module II ASO, v1.0 (complete) ................. .. 
Directly Welded Flange Connections .. ......... ............... $110 
Flange·Plated Connections ......................................... $11 0 
Column Sliffening Design ............ ......................... .... .. $210 
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steel, wood or reinrorced concrete. The tool 
offers distortion-free jaws, mechanical 
swivel , trunnion mounted power cylinder, 
and reversible cutting blades. In addition, 
unlike many conventional shesTs, the 
PFH series does not require the removal of 
the excavator's dipstick. 

TRUMPF POWER TOOLS 
Farmington Industrial Park 
Farmington, CT 06032 
2031677·9741 
2031678·1704 
Newly introduced is the NI000 two·speed, 
hghtweight nibbler with the capacity to 
cut thick sheets and nibble over 90 degree 
bends. The pneumatic model weighs only 
30 Ibs., while the electric model weighs 34 
Ibs . The portable tools are easily 
adjustable with minimum set-up times 
and rast tool change. 

w'A. WHITNEY CO. 
650 Race St. 
Rockford, IL 61105 
8151964·6771 

15/964·3175 
The company has introduced several new 
products this year, including the 
TRUECut Oxy·Plasma System . The sys· 
tern uses a new oxygen plasma cutting 

Company: 
Address: 

Phone: 
Fax: 
Information: 

process that allows for 8 much longer con­
sumable life than previously available air 
or oxygen plasma cutting processes. In 
addition, clean-up is reduced or eliminated 
since the process produces clean parts 
with little or no dross . The 3700 
AT IfrRUE ut combination orrers con · 
toured reed rates 50'f to l00'f raster than 
laser systems, lower operating cosls, a 40-
ton hydraulic punching capabilIty with 
high hole size capacity and the ability to 
form countersinks, louvres. number 
sta mps and countermarks, and high quali­
ty finished parts. 

VERNON TOOL CO. 
503 Jones Road 
Oceanside, CA 92054 
619/433-5 60 
619n57·2233 
A new two-axis NC pipe cutllng control 
provides comput r precision at an afford­
able price. ompared with manual meth­
ods, the new M PM-2 delivers lOcreased 
cutting speed and enhanced fil-up accura­
cy with lower labor costs. The versatile 
machine can provide a wide variety of 
shapes, including: straight and beveled 
cuts; miters; T, K, and Y saddles; multIple 
intersections; centerline offscts: and ClfCU­

lar and regular holes. 

offers a full line of computer programs 
specifically for the steel fabrication 
industry. Wouldn't you like to realize the 
benefits that our existing 400 customers 
have been enjoying over the past 10 years? 

New Automated 
Drawing Log 

SSC's integrated family of computer 
programs includes: Estimating 

I- 1- t If f;~:%t~~n Control 
Purchase Orders 
Combining 

Tracks drawings. 
revisions. and 

transmlnals 

Ask for a free 
demo disk 

STRUCTURAL SOFTWARE CO. 
SOFTWARE FOR THE STEEl INDUSTRY 

P.O. Box 19220. Roanoke, VA 24019 
(703)362·9118 Automated Beam & Column Detailing 
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Help Wllnted 
Progr\!sshc and rapid I) e\p~lI1dil1g Structural Steel Fabricator in 
Mid"cst is :-. t::ding .1 Slructunll Inginecr. Candidate must h;1\C a 
minimum of the: ~eJr's ~:\JXrit,!nct: as a Registered Prorl..'ssionaJ 
Lngineer "ilh a proficicm;~ in the design of' Sh':C! structures and 
be familiar \\ith the A ISC Code ofStand:.lrd Practice . CAD C\PC­

ricncl' n plus. COl1lpanj ofters an excclknl sa l ar~ and hcnc fit 
pJdagl'. Pkasl' submit your resume \\ il h si.l lary hi story and 
requi rements 10: Conslruction Mltnager. 1>.0 . 00\ 1066. Salina, 
KS 67~02· I066 

Help Wanled 
",-"l JtJ1K1urul C1IiIlMXl' \., tnf,l~", ,n ~"'. do: ''''''h milt.lh I"(,",,><\,'d;ul<l pn-,~, R''fI I .. , 

latll>ll-'I rr"'~~I' IIlI,.I'IOt! 1k~ll!n UI mull· ,1'>1) ~,nll>!\:o:d «'flI; 1.1111 'I~~I ~ITlJo,:IUrH; L1~It/.n 11("1' 

len.,,'nc:u n"lrlalc ,\ru.:IU,... '(\3J Ie.!. ""I'4I1.1fl1.1 'Ifcngth,:nln~ II I n1UII'·'II'~ po<;l·lcn"",I<:U nJI 
r'.uC'Iru.:llIrl: I"''iI-lt'tn.IOncdl''",nd;oll,,"IkU,n, pctfonn \14h ;mal, 'I' t>~ liMe d~rncnt method. 
~ ",~ ... ..LJ l T \H'Wl'Cflomt5Lll." ..... d~IIMl,~ 1'lru..1. .... )!>I, ... ,~f .. t~ 
~""" IlJUCturn R~ Ncbtl ... r ,,1 ... lftI<,;c ... ,,,\lfIf "JU.:[ur.u m&11ICCTlIIJ. R""IU'fl' "'Ie ' ..... 0' 
t'JlCf'(fkC 1ft !he job 1'1Tcn:.! I" (XlC '(;1f ~ m '>lruo:tunl dr1tp1. (.""u,a:t!on. Rnptre I 

~0UI'1I0: "' Ihn:c' ",,«In C'\I'<·n.:n.:~ In n:'nl"l'I:cd ", .... n:tc lTpol'r ,,".1 "renllih An.!,>/'Ir CI)IJO(: .... 

Ih/l"C' Ill,'mh, ~\I"'I'IC'lI;c In \1;.thll'l) o. \TIM;!Un' \11.l97,O~ I'<'q c ~r . ~r rl~ ,II Ille rc,"" 

I mrlo)n"·111l"m'lllu"",. I)"n~,. leu,. "rKnUrc'Ul11c \0 lhe leu, I mpl,lymO:I11 C"l11m" Ion. 
III HlilldlflJt! \1l\I1n,le\M71f'1'111,Jt) l "'h"\~11 ,\u~lIul".." I ~ualtTrortun'l~ 
I .......... ~., 

Help Wanled 
Progrcss i\c and rapid I) c\panding Structuml Steel Fahricator 

in Mid\\cSI is scek. ing l11oli\itll'd. aggrl'ss h e indi \ idua ls for 
Project Managcmcnt. Minimum of 10 years structura l SH.'ei indus­
tl) e\pericncc rC4ui~d. Duties Include comprchcllsi\e, hands-on 
project coordination , cost allocation. and problem resolution . 
Prolic icn t oral Jnd \\ritten communication skills essent ial. 
Commensurate compensation and excellent benefits. Send resume 
\\ith ... alal) hi slOf) to : Construction '\1 an:Iger. P,O. Bo\ 1066. 
Salina. KS 67~02 · I066 . 

Computerized Structural Steel Detailing 
bperienced Sian' including licensed Pro l;'ssional 

Engineers \\i th man) ) cars of detailing e\perience. 

30 years of sen ice to stecl fabri cators and contractors. 

R.A. GRESS & ASSOCIATES 
176 I'lanebrook I~o"d, Frazier I'A 19355 

(610) 6~~·3250 
FAX (610) 889·~836 

HEWLETT· I'ACKAIW 
ComputersfPeriphcrnb 

A ellmpletl' line ofu 'iCd and n:furhishcd liP Lquipml'nt 10 fill all ~ our 
computl'r need ... , I aSl'r pri mer;. ~l' ,mners. dis~ dri\cs. rlouer. (Dmfipro, 
Dr.d lma",ler & I">l''ilgnjl't ). PC .... :lnd 9000 'ierics \\ or~s(ations are ,1\ ai lable 
for immcdinl l! dcliH' 1") Call our loll free number for additional informa· 
tion and pricing. 

Ted I):\~hcr & Associale ... 
-' 11 7 2nd A Hlllle Soulh 
Birmingh:lOl. At 35222 

800-638~833 ra, (205) 591·1108 

Expert Steel Photogral)hy 
Sec 0111' pholos all pages 38 & 39 of Ihe April 1994 ;,," e 

-18 years archllectural e\reriencc 
· Pamllc:l dc\ ations rendered parallel 
·4" \ 5" nl.!galiHS used no 35 mill 
·Rcasonah1c he li copter & ae ria l rates 

Bill Schurmann Pholo~r"rhy FAX (216) 321 ·78~2 
1591 S. Behoir Bhd .. CleHland. 011 (216) 382-~~09 
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ROLLING 
Bealll·A ngle· Tube· Pipe·Channel· Plate 

Easy/Hardwai. Hem,) Capacities 
Up to 30" W.F. Beam 

209·466·9707 
.1 . McCutchen, Inc. 

123 W. Sonora St., Stockton, CA 95203 

IHluges-3D 
2D-JD Slructurnl finite Element Anal) sis 

I'as) to learn and U'tC Automesh (il.!ncnttion 
Shcar & Moml'nl Di •• grams SUHil'. Mooal. D) namic 
,1\1\(' Code Chcd. Lnforced Dlspl.:lcemcnlS 
l arge Probll!m ... to l ,OOO Join! '" P-6 Anal) )o is 

Complete Sia lic Pad,a~e - Onl~ S795 
Celestial Soth\are. 2150 Shattuck. A \C .• Suite CWO. 

Ber' ele), C A 94704 
rei : 51 0-8~3-0977 Fax: 510-848-9849 

Fifty-nodc full function c.!\J luatioll padage for ollly 49.95 

BDS Sl l rI DETAl I. ERS 
lIanng trout'llc lindlng good l.klalll·""'" A, L ~lUr lnI!NCJ.~ d lcnh \,hat thC) th lnL 

Of u.~1 

-n~) Iw,,· ,ul'rninw f'l'1~CI , ,,n 1'!I:ntt) \\h,~h ~ro: t.;(lnt>lTl" .uW 
hot\c .. tktI u.l<1 obL:un I iUt><.loUIlIll ~ o'- t~ nwi(1.-

'hc~ an: u .... d 10 "flfl'n '" 'Ih ~umr-n',:, .Ill ;j 1 ~lr d,Wln.."" Ir\"" 
ibc, r hom IBD'1 ~ 

For complett! "' Il.!d detailing. contact: 
nl)~ Mcel OetJjiler" 

891 5 Fol ... om Bh d .. SUite G 
Sacramento. CA 95826 

Phone: (916) J6I~- 1666 Fax: (916) ]6R-2~ 8 5 

Accurule Design 
A de ... ign/drafting sen icc husiness sen icing 

engineers, contractors and fabricators. 
Structuml :,lee l detailing b) the shect or lump sum 

AccUrtHe Design 
8 11 A} rault Road 

Fairpon. N.Y., 14450 
7 16 425·2634 

"Call now for a reasonable price quote." 

Adverl isers' Index 
AISC Bay Studl~ Software. 
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C 199 I COmputers & Structures. Inc 

For fOOr'I. tnUIrnaUon. 
Com~. SQ1IctUres. IDe. 
1995 llnivenitt' Avenue 
Berk&llr. california 94104 
,. .10)845-2117 
PAX: (510) 845-4096 

• 
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