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button punch and b.yond .ide lap. 

• Can only be bWon punched • 
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Side Lap 
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_ .00 foot. Md nuublc . 
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~ .. " "quu,d. 

2414 pGiUrn 

J" N deck 

• Note: In ,menl ... ~ ...... 
is ·coyer width-' 
(number 0{ weld.). 

Typical Frame 
Fastener Layouts 
for roof deck 

IVa" B aDd F deck 

JOI6pD1lu" 

JOI4 pDJlun 

JOIJ pGltUfI 

)6" COvcrJI'C 

lYi" 8 &ad F deck 

1619 pallern 

J6I7 panerll 

36/5 plIllern 

3614 fHJ1tun 

J61J ptJIlun 

Stitch Connector 

Welding Washer 
• Wc:ldinR ""aSMn arc to be ued on dKk 

producu lighter than 22 pge (O.O28'-). Do 
not \lse weldi", "".hen on ,ide Up&. 

~~~i~~~~~~m NI CHOLAS J . OOURAS, INC 

Em~·. ~~~~Ill[!JEm PO BOX 662, 475 SPRINQFIELD AVE SUMMIT, NEW JERSEY 01902·0662 
(9OI)2n. 1611 

c~JiiJQ. 
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Grades 50 and 65. 
WIDE FLANGE & TAILOR - MADE BEAMS 

+ High Strength, Low Carbon, Fine Grain , Weldable Without Preheating & Good Ductility. 

+ Reduces Material, Handling, Transportation, Erection & Welding Costs. 

+ Sectional properties are available on a free floppy disc (Lotus 1-2-3, Quattro Pro and 
ASCII versions for IBM, Excel for MaCintosh) and the complete ARBED database is ready to 
use in the design softwares GTSTRUDL, ETABS, SAP90 AND STAAD-1I1. 

TRUSS APPLICATIONS 

• Sports arenas/StadiulI1s 
• YfirpOliS (J-{angars/ 'Tcl711inals) 

• ConllentiOI1 Centers 
· 9Yll1nasiu1I1s 

Sfioppil1.9 ~1[alls 
+ Casinos 

COLUMN APPLICATIONS 
All of the above PLUS: 

+ J-{igfi-'Rise rz3 uildings 
+ J{ospitals 
• J-{eavy indllstrial 'Plants 
+ 'Pol ver 'Plants 

IIISTAR@ is a registered trade· mark of ARBE.D. 

For complete information, availability, literature and floppy disc, 
e ntact one of our TradeARBED offices at the following locations: 
o 825 Third Ave., New York, NY 10022. 1-800-272-3369, FAX (212) 355-2159. 

o 60 E. Sir Francis Drake Blvd., Larkspur, CA 94939. (415) 925-0100, FAX (415) 461-1624/8257. 

o 390 Brant Street, Suite 300, Burlington, Ontario, Canada L7R 4]4. (905) 634-1400, Fax (905) 634-3536. 
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MODERN STEEL 
CONSTRUCTION • 

Volume 35, Number 3 March 1995 

The multi -use Meydenbauer 
Center in Bellevue, WA, includes 
both convention space, offices and a 
dance studio, necessitating careful 
consideration of vibration issues . 
The story behind this innovative 
project begins on poge 36. Photo by 
James F. Housel 

Modern Steel onstru tion (Volume 35, 
Number 3). IS N 0026-8445. Published 
monthly by the American Institute or Stccl 

onslruclion, Inc., (AISC), One East Wacker 
Or" SUlle 3100, Ch,cago. Il60601 -2001. 

AdvertiSing offjce:Facinelli Media Sales. 
2400 E. Devon Ave .• Suite 267, Des Plaines. 
Il 60618 17081 699-60-19. 

Subscription price: 
Within the U.S.-single issues $3 ; 

3 years 585. 
Outside the U.S.-single issues $5 ; 

1 year 536; 3 years SIOO. 

Postmaster: Please send address changes to 
Modern Sleel Construction, One East 
Wacker Or., Suite 3100, Chicago, Il 60601-
2001. 

Second class postage ~id OIl Chicago, Il and 
at additional mailing offices. 
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14 FmLD OF DREAMS 
A design study showed that a structural steel 
frame was cost competitive with a basic metal 
building for the new University of Kentucky Field 
House 

20 BUILDING ON.AN ATHLETIC TRADITION 
A new athletic facility / alumni complex for the 
University of Houston is Designed to help recruit 
top-notch student athletes 

28 REMEl\mER THE ALAMo 

36 

The Alamodome was designed to accommodate a 
wide variety of activities, from conventions to 
professional football 

SERVICEABILITY CONCERNS IN 
MULTI-USE STRUCTURES • 
Vibration played a critical role in the design of the 
Meydenbauer Center in Bellevue, WA 

42 HIGH-STRENGTH BOLTS 
A primer on the installation, inspection and 
behavior of high-strength bolts 
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• When making a 
wide flange section 
out of three plates, 
can you weld on only 
one side of the web? 
• What is the most 
efficient and cost
effective way to con
nect 8 steel wide 
flange girder to a con
crete column? 
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in Computerized Structural Engineering 

Experience STAAD - III 
"Concurrent Engineering" on DOSIWindows/UnixlNT 

Welcome 10 lomorrow in Compulerized SlruclUral Engineering. The lalesl re lease of 
STAAD-Ill. based on Ihe principles of "Concurrenl Engineering". is redefining Ihe way you 
engineer your SlruclUre. Whether you are on DOS. W I DOW. UN IX, or T, STAAD- lli is 
guaranleed 10 enhance Ihe performance and produc li vily 10 a whole new level. 

STAAD-III. from Research Engineers. is an 
acknowledged world leader In structural software. 
Slale-of-Ihe-art Static/Dynamic! Nonlinear analysis. 
innovative finite element techniques, comprehensive 
SteeliConcretelTimber design. powerful graphics and 
seamless CAD IOtegration have always been our 
torte . Our deep rooted R&D base, spread over four 
continents, and our association with the world 's 
leading institutions, have resulted in a solid 
technological foundation for STAAD-Ill . 

Today's STAAD-III , brings you the latest in modern 
Computer Aided Engineering. Based on Ihe 
principles of "concurrent engineering", it unifies 
leading-edge graphics and visualization techniques 
with proven and time tested analysis/design . A live 
and unified aSSOciative data base provides seamless 
integration acrosS all mission cntlcal applications , 
from concept design and analysis to detaIl deSIgn, 
slmulallon and visualizations. Today's STAAO-III - a 
productIvIty concept for tomorrow. 

Wilh over 10,000 installations. more than 30.000 engineers worldwide rely on 
STAAD-1Il for the state-of-the-an in technology . 

Experience tomorrow today - experience STAAD-llJ 
I I . 22700 Savi Ranch Pkwy .. Yorba Unda, CA 92687 
~ Research Engineers, Inc. Tel: (714) 974·2500 Fax: (714) 974-4771 Toll Free: (800) FOR-RESE 

• USA • UK • GERMANY • FRANCE • CANADA • JAPAN • KOREA • NORWAY • TAIWAN • INDIA 
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Reaching AISC 
I 'M KNOWN AROUND THE OFFICE AS A BIT OF A CURMUDGEON. 

And when you add to that my oft-times stated dislike for 
poorly executed voice mail systems, it came as a wonderful 

surprise to the powers-that-be at AlSC that I actually like our 
new voice mail system. 

Why haven't I vilified this new technologica l intrusion? 
Because, quite simply, it's a well executed design that is actual
ly an improvement over the old system. Unlike many other 
voice mai l systems, this one is clear and simple. Too often, com
panies have general numbers that are answered with long
winded messages requiring the caller to punch in a long list of 
replies before being transferred into some black hole with no 
easily accessible method of reaching a live person. 

AlSC's system is different. Everyone has their own phone 
number. If you don't know an individual's number, simply call 
the AlSC switchboard (312/670-2400) and a LIVE operator will 

• 

take your call and transfer you to the correct person. Of course, 
sometimes the switchboard is busy. In that case, an answering 
machine will ask for your name and phone number and some- • 
one will call you back. If you do know an individual's phone 
number, the system is equally simple. 

For example, if you call me directly (3121670-5407) and I'm 
on the phone, you'll reach my voice mail, where you have 
ONLY three options: hang up and call back; leave a message; 
or dial zero to reach the AlSC switchboard. No fuss, no muss. 

The same procedure holds true for all other AlSC depart
ments, such as: LeAnn Schmidt in Membership (312/670-
5432); Patrick Newman (3 12/670-5417), Charlie Carter 
(312/670-5414) , Jacques Cattan (312/670-5430), Fred 
Beckmann (3121670-5413), and Nestor Iwankiw (3121670-5415) 
in Engineering; Mike Moffitt (3121670-5444) and Abe Rokach 
(3121670-5416) at AlSC Marketing; and 'Ibm Schlally in AlSC 
Quality Certification (3121670-5412). 

There has been one additional change, however, and this one 
is even better. AlSC has introduced a new, toll-free number 
direct number for publication sales: 8001644-2400. While this 
number won't a ll ow you to reach any other department at 
AlSC, it will allow you to reach the publications department at 
no charge (for AISC Software, however, call 312/670-5411 ). 

So if you have questions about MSC, cal l 3121670-5407 (or 
708/699-6049 for advertising information). If you need informa
tion about AlSe, call one of the numbers listed above. And if 
you want to order an AISe publication or request an AISe • 
Publications list, call 8001644-2400. 8M 
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How to get 
from here 

Engineering, Analysis 
and Design Module 

I 
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Estimating Module Production Control 
Module 

• ~ , 
l>flailing Module I ' 

to here. CNC Interface 
Module 
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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 wUI 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 for you. 

For more information about SDS/ 2, 
information management in the steel 
industry or future product demon
strations call 800-443-0782. 
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"First in ... software, solutions, service" 
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New Plans and Software for ···············Sh rt S •••••• •••• 0 - pan 
•••••• • ••••• . Steel Bridges ••••• ... - ."'" 
• With AISJ's new comprehensive short

This me Short-Span Steel Bridge Package con
tains more than 1,100 predesigned steel superstructures 
with details, plus user friendly, PC compatible software, 
that will bring you quick, efficient solutions to many 
simple-span non-skewed bridges. 

The plans tabulate the design of bridges that are 20 feet to 
120 feet long in five foot increments for 24,28,34, 40 and 
44 foot roadway widths. The software provides back-up 
calculations to the pre-designs and allows the engineer to 
custom design, code check or rate the bridge. 

The package was developed by Dr. S. Taavoni, PE, of 
Kennedy Porter & Associates for the American Iron and 
Steel Institute in collaboration with AISC Marketing, Inc. 
Sponsors of the package include Bethlehem Steel 
Corporation, Inland Steel Industries, Lukens Steel Co., 
and U. S. Steel. 

Please send me: 
Information about the AISI Short-Span Steel Bridge Package. 

D A copy of the AISI Short-Span Steel Bridge Package 
(payment enclosed). 

Ship Short-Span Bridge Package to: 
Name ________________________________ __ 

Company ______________________________ __ 

Address ______________________________ _ 

City ________________ State ___ .ZIP ______ __ 

Phone ______________ Fax __________ __ 

span steel bridge package designers can 
minimize design time and prOject cost. 
QUickly explore design and detail options 
for: 

• Welded plate gliders with <Jnstlffened and 
partially stiffened webs 

• Rolled beams with and without cover 
plates for composite and non-compoSIte 
construction 

• Normal and lightweight concrete deck 

• E lStomerlC beanngs 

• JOlntless and conventional abutment 
Information 

• Crash tested Jersey barner 

• Tables of reactions, moments and 
deflections 

• Table of quantities for each deSign 
(structural steet, rebar and concrete) 

• AASHTO's Load Factor Deslgf' 

• HS25 Uve Load 

• Over 150 11' x 1 7' deSign and detail 
.heets 

• Much more"! 

Short-Span Bridge Package_ @$150= S __ 

Addiflonal shippmg and handling will be added for 
orders outside the U. S. 

o Check Visa Mastercard 
(payable to AISI) 

Cardholder Name __________________ _ 

Card Number ______________________ _ 

• 

• 

FAX: 202-463-6573 or 
MAfL: American Iron and Steel Institute 

1101 17th St.. NW 

Expiration Date _____________________ • 

Signature _______________________ _ 

Washington, D. C. 20036 
TEL: 202-452-7140 
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S TE E L NT E R C HAN GE 

Steel Interchange is 8n open forum for Modern Steel 
Construction readers to exchange useful and practical profes
sional ideas and information on all phases of steel building and 
bridge construction. Opinions and suggest.ions are welcome on 
any subject covered in this magaz.ine. If you have 8 Question or 
problem that your fellow readers might help you to solve. please 
forward it to Modern Sleel Construction. At the same time, feel 
free to respond to any of the questions that you have reud he re. 
Please send them to: 

Steel lnterchange 
Modern Steel Construction 

One East Wacker Dr., Suite 3100 
Chicago, IL 60601·2001 

Answers soeVor questions should be typewritten Rnd double
spaced. Submittals that have been prepared by word-processing 
are appreciou.>d on computer diskette (either as 8 Wordperfect 
file or in ASCII format), 

The opinions expressed in Sleellllfcrrhatlg(! do not necessar
ily represent an official position of the American Institute of 
Steel Construction, Inc. and have not been reviewed. It is recog
nized that thc design of st.ructurcs is wit.hin t.h e scope and 
expertise of n competent. licensed structural engineer, architect. 
or ot.her licensed professional for the applicat.ion of principals to 
a particular st.ructure. 

Information on ordering AISC publicntions mentioned in 
this article cnn be obtained by calling AISC at 3121670-2400 ext. 
433. 

The following responses from previous S teel Another r esponse: 
Interchange columns have been received: 

When making a wide flange section out of 
three plates, can you weld on only one side of 
the we b? 

Ajolution to the problem requires a tee joint. 
This partial penetration joint is prequalified 

y the American Welding Society. One crite
ria for its use is that the web plate be greater than 
\4" thick. Preparation of the web plate requires a 
single 45 bevel. The effective throat thickness is 
determined by the depth of the bevel minus". 

Ray Schork 
Bayer-Becker Engineer s 
Fairfie ld, OU 

Another r esponse: 

Y es. The weld between web and flanges can 
be on only one side and need only be large 
enough to transfer the horizonta l shearing 

stress between the web and the flanges under stat
ic loads. In some cases, if the web of this built-up 
section is thin enough that the fuJI penetration can 
be achieved with a fillet appHed on only one side. 
Especially, this can be commonly found at main 
framing members of a pre-engineered steel build
ing on which the majority of main frames comprise 
three-plate (built-up) sections. 

However, if the built-up members a re subject to 
dynamic loads, the notch which is sometimes pro
duced by welding on one side on ly may lead to 
fatigue problems. In such a case, fatigue stresses 
should be checked according to the procedures 
defined in the AlSC Manual and other appHcable 
codes. 

Kunming Gwo, P.E. 
HCI Steel Building Systems, Inc. 
Arlington, WA 

The weld between the fl ange and web of a fab
ricated wide fl ange section that is a fl exural 
or compress ion me mbe r s hou ld be deter

mined by the computed shear between the flange 
and web. If the computed shear can be carried by a 
weld on one side of the joint there is no reason to 
arbitrarily weld both sides. Millions of welded 
members in rigid frames with one·side welds are 
performing well a ll over the world and have been 
for over fifty yea r s . As wit h a ny product ion 
process, tolera nces and quality of workmanship 
must be monitored. The angle between the fl ange 
and web should not be a llowed to deviate signifi 
cantly from 90 degrees, for instance. 

There are cases where one-side welding is not 
appropriate, for example, crane beams and beams 
that are going to be hot-dip galvanized. Beams 
with high tension loads perpendicular to the flange 
(i.e. underhung cra ne attachments and moment 
connections to the fl ange) shou ld be reinforced with 
a second weld in the affected area. 

Donald L. Johnson P. E. 
Principal Engineering Cons u ltant 
Butler Manufacturing, Research 
Grandview, Missouri 

What is the mos t e ffic ient and cost-e ffe c
tive way to connect a s teel wide flange girder 
to a concrete column? 

N suming moment does not have to be trans
ferred through the connection, the simplest 

nd most efficient connection would proba
bly involve the installation of a plate, with appro
priately sized anchors to transfer shear, fl ush with 
the face of the column. The plate wou ld be secured 
to the inside face of the colu mn fo rmwork to pre
ve nt its dis location du ring co ncrete placement. 
After t he fo rm wo rk fo r the co lu mn h as been 

Modern Steel Construction I March 19951 9 



S TEE L NTERCHANGE 

stripped, either a shear tab, seat angle or double 
angle could be welded to the face of the steel plate 
so as to produce a "standard" simple connection. 

This concept is frequently used in precast con
crete construction and design information for t he 
embedded plate can be found in the PCI Design 
Handbook or in various ACI publications. 

Stuart K Jacobson 
Stuart K. Jacobson & Associates, Ltd. 
Northbrook, IL 

New Questions 
Listed below are questions that we wou ld like 

the readers to answer or discuss. 
If you have any questions, please send them to: 

Steel Interchange, do Modern Steel Construction, 
One East Wacke r Dr., Suite 3100, Chicago, IL 
60601-2001. 

Questions a nd responses will be printed in 
fu ture editions of Steel Interchange. Also, if you 
have a question or problem tha t readers might 
help solve, send these to the Stee l Intercha nge 
Editor. 

PJe there any limitations on the span to 
depth ratio of beams required by AlSC 

pecification for Structural Steel 
Buildings? 

The Manual of Steel Construction 
includes many items that are used along 
with structural steel frames, this is very 

convenient for structural engineers. 
However, some of the tables do not provide 
all of the information needed by engineers. 
One of the tables that AlSC includes covers 
the dimesioning of cotter pins. What is the 
strength of cotter pins listed in the Manual of 
Steel Construction? Where can these items be 
obtained? 

The AlSC Code of Standard Practice in 
Section 2.1 lists items that are classified 
as "strutural steel" while Section 2.2 

lists those items not classified as "structural 
steel". The rules is the AlSC Specification 
and Code of Standard Practice apply to 
sturctural steel members. One of the items 
classified as "not structural steel" is stairs, 
catwalks,handrail and toeplates, what crite
ria is used to design these members? 
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I
n a partially cover-plated column, as 
shown below, how would you analyze the 
column for governing Vr ratio to calculate 

F a? 
Vijay P. Khasat, P.E. 
Clinton,OH 
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ROLLING SERVICES 
OW liN. 

Beam 
AnglefTee 
ChamO 
TOOongIP1oe 

24" x 761b III 
8~ xB" k 1" 

15~x50lblll 

S" 0 0 

- Yx 571b1f1 
iJ," II: 1It"x ,.It" 
1" )( IfI" II I,," 

III" 0 0 -Ro,1 
Plate/Bar 

S' " 
132 lb Iyd 

.. .. thick 

Richards 8t Conover Steel Co. 
Kansas CIty. MO 
816-483-9100 . 1-800-727-0987 
FAX 816-483-6983 

Faeth Rich-Con 
Kansas City. MO 
816-221-7680 

Springfield Steel Supply 
Sprmgheld. MO 
417-866-6OOJ . 1-800-999-0987 
FAX 417-869-6983 

,," sq ,S. 'yd 
lOgo 

Richards 8t Conover Steel· Joplin Division 
Jop~n. MO 
417-623-2222 . 1-800-666-0987 
FAX 41 7-623-6983 

cg, Member Steel Service Center Institute 

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

How do 
yougete 

amonsler 
to shape 

Up? 

Rich-Con can do it. With our new Boldrini 
shape roll we can shape up monsters like 

24" wide flange beams, 8" x 8" x I" angles or 
3" x 8" flat bars "the hard way': 

For precision sawing and plate shearing, computer· 
aided design assistance or computer-driven multi

torch gas and plasma burning capability, count on 
Rich-Con lor lirst-class, lirst-step processing. 

A steel service center with a complete inventory 01 heavy 
carbon p roducts, Rich-Con is dedicated to outstanding 
customer service. With a computerized inventory and 

order-entry system and our own fleet 01 trucks, 
Rich-Con can do it. 

Kansas City's oldest business, Rich-Con was 
serving the MIdwest belore the Civil War. But our 

commitment's not to the past. it's to the Future. 
We're working hard to serve you better 

into the new century ... and beyond. 

• 

~.~ RICH-CON 
~:~ can do it .• 

Leaders in heavy carbon steel [or 
industry and cons truction since 1857 
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STEEL CALENDAR 

April 4 - 6: AWS International 
Welding & Fabricating Exposition, 
Cleveland 

More than 20,000 attendees 
are expected at the 75th 
Anniversary Show. Keynoting 
the show will be Miller Electric 's 
president, Dennis Martin, dis
cussing important issues facing 
the welding industry. Also, this 
year's Comfort A. Adams lectu re 
will feature Trevor Gooch, tech
nology manager for the 
Materials Department at TWI in 
Cambridge, England, discussing 
"Co rrosion Res istance Of 
Stainless Steel Weldments ." In 
addition, more than 90 other 
papers will be presented, along 
with an extensive product exhi
bition and a symposium on ther
mal spraying. For more informa
tion, contact the AWS 
Conventions & Expositions 
Department, American Welding 
Society, 550 NW LeJeune Road, 
Miami, FL 33126; ph: 800/443-
WELD. 

May 17-19: National Steel 
Construction Conference, San 
Antonio, TX 

The premier industry event 
for structural engineers and 
steel fabricators will feature 
more than 20 seminars on such 
topics as: Reducing Structural 
Steel Costs; Interpreting the 
Mexican Market; New Concepts 
in Industrial Building Design; 
Weldability, Fracture Mech
anics, and Metallurgy; Seismic 
Design Sol utions After The 
Northridge Earthquake; 
Connections For Hollow 
Structural Sections; Effective 
Project Specifications; Inspection 
Of Welded & Bolted Joints; 
Economical Painting; OSHA 
Training For Fabricators; 
Fabricating Steel Tubes; 
Constructability Issues; Flame 
Straightening Technology; and 
Team BuildinglPartnering. This 
year, the NSCC also has added 
sessions of special interest to 
contractors and construction 

Please circle # 40 

managers. In addition, the 
Conference olTers a product exhi
bition with nearly 100 booths. 
For more information, contact 
AISC, One East Wacker Dr. , 
Suite 3100, Chicago, IL 60601-
2001; ph: 312/670-2400; fax 
3121670-5403. 

June 19-21 : 12th Annual 
International Bridge Conference & 
Exhibition, Pittsburgh 

Sponsored by the Engineers' 
Society of Western Penn
sy lvania , the IBC features 
numerous seminars on the 
design and construction of 
bridges, as well as an extensive 
product exhibition. For more 
information, contact: Engineers' 
Society of Western Penn
sylvania, Pittsburgh Engineers' 
Building, 337 Foruth Ave., 
Pittsburgh, PA 15222; ph: 
4121261-0710; fax: 4121261-1606. 
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RAMSTEEL Asks: A Computing tributary 
loads, computing live 
load reductions and 
tracking the reaction of 
one member to the 
next. 

"How Much Time 
Do You Srend On 
These Tasks?" 

A Designing beams, 
girders, bar joists, joist 
girders, columns and 
base plates. 

See how RAMSTEEL can help you 
do this work in a fractioll of the time! 

A Preparing calculations 
and creating framing 
plans. 

30-DAY TRIAL AVAILABLE 

• Curved Bt Straight Bridge Sys tem. 
t lnnu.nce Surface Approach 
• ''I'' and BOX Girder Sections 
• Lat •• , AASHTO - LFD 8r WSD 
• Mf.TRIC and English Unit. 
t Girder Optimization 

• Auto MESH Generation 
• Auto RATING FACTORS - Inventory 

Operating. POlting. Special Vehicle 
• Complex Geom . . Skewed. Bifurcated 
• Pouring Sequence Analytll Availabl. 
• PC Licenae or Lease. nmelharing 
• Menu-DrivenlCAD-Like reaturel 
• Fait Running (Minut • • ) 

• Most Type • • Ttl-Chord. Box Chord 
SlnglelDouble Cantilever. Other 

• Analysis · Moment. Shear. Torque 
Displac.ment. Reaction. SITe .. 

• Design - Splices. Ba.e Plate. 

• Auto Load eo ... · Wind (shieldmg). 
Ice. DL. User Defined Loads 

• Pull Down MenuICAD-Like features 

• Late.t AASHTO Code Checking 

m. 
S TEE L 

INTEGRATED ANAL YSIS, 
DESIGN AND DRAFTING OF 
STEEL BUILDINGS 

Ram Anatysis 
5315 Avenlda Encinas. 

Suite M. Carlsbad, CA 92008 
Tel 800-726-7789 
Fax 619-431 -5214 

• AASHTO - WSD. LFD (LRFD Analy.I.1 
• AnaIYI II. Rating. Cod. Check 
• Optimization by Cost or Weight 
• Auto Live Load . AASHTO and Multiple 

U .. r Defined Concurrent Live Load 
• Auto RATING FACTORS - Inventory. 

Operahng. Posting. Special Vehicles 
• METRIClEnglish Convers ion 
• Deck Pouring Sequence Analysis 
• Haunched Web. Hybrid . Composite 
• Continuous Spans. Support Restraint. 
• Graphics - Moment. Shear. Camber 

Allow/Actual Stress &: Range. 
• Menu Input · Very friendly 

TRAP TRUSS RATING 
AND ANALYSIS 

• NEW • AASHTO LRFD and LFD Spec. 
• Cable Member Pr • • tr ... lng 
• Most Tru .. Types Considered 
• AnalYSIS. Design. Ratmg. Rehabilitation 
• Auto RATING fACTORS - Inventory. 

Operating. PO.tin9 . Special Vehlcl.s 
• Automatic Group Load Combinations 

• Simple or Continuous to 6 Span. 
• Pull-Down Menu/CAD-Like features 

STEEl NEWS 

Partnering Tops • 
ADR List 

P ARTNERING AND MEDIATION 

ARE Cl.EARLY THE PREFEHRED 

AND MOST EFFECTI\'E forms 
of alternative dispute resolution 
(ADR) within the construction 
industry, according to a 1994 
survey of 2,400 attorneys, design 
professionals and contractors by 
the Construction Industry 
Dispute Avoidance and 
Resolution Task Force (DART), 
Washington , DC. Architects and 
engineers clearly viewed project 
partnering "as a superior 
method" for achieving desired 
results, concluded survey direc
tor Thomas J . Stipanowich , 
alumni professor of law at the 
University of Kentucky College 
of Law. The AGC , continued 
Stipanowich, was "extremely 
favorable toward prospects of 
project partnering and tended to 
view it as a highly effective vehi-
cle for achieving a host of goals • 
on construction projects," 

The survey asked respondents 
to rate various forms of ADR on 
their relative effectiveness in 
achieving goals. Partnering was 
rated most effective by both 
DPIC-insurcd design profession
als and the AGe members for: 

• Reducing dispute resolution 
time 
• Reducing related costs 
• Minimizing future disputes 
• Opening channels of commu
nication 
• Preserving or enhancing job 
relationships 
• Meeting job budgets and 
schedules. 
(Partnering will be the subject 

of a seminar at this year's 
National Steel Construction 
Conference. For more informa
tion on the NSCC, call 3121670-
5420 or fax 3121670-5403.) 

OTH ER RESULTS INCLUDE: 

• Nearly two-thirds of sur-
veyed contractors were familiar • 
with partnering; 35% had been 
involved with partnered public 
projects and 22% with partnered 
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STEEl NEWS 
private projects. 

- More than eight out of 10 of 
both AGC members and DPIC 
insured design firms predicted 
future increases in the use of 
partnering, as did 72'* of the 
ABA Forum on the Construction 
Industry and 71 '« of the ABA 
Public Contracts Section mem
bers. 

- 85'* of the ABA Forum mem
bers predicted a future increase 
in the use of mediation, as did 
84'« of the ABA Public Contracts 
Section members, 71'« of DPIC 
insured design firms and half of 
the AGC members. 

- Partnering was the ADR 
technique that the ABA, DPIC 
and AGC all felt should be most 
"encouraged" in contract lan
guage. 

- Combined , DPIC and ABA 
respondents reported that favor
able experiences with partnering 
outnumhered unfavorable expe
riences hy a nearly five-to-one 
margin. Favorahle experiences 
with mediation outnumbered 
unfavorable experiences by two
to-one. Both groups reported 
more unfavorable that favorable 
experiences with binding as well 
as non-binding arbritration. 

Russ Chaney, DPIC's senior 
vice president of loss prevention 
services, says the DART survey 
results were very encouraging to 
the insurance company and 
reflected the successful efforts of 
all sectors of the construction 
industry to bring change to how 
parties resolve disputes. 

"The trend toward more and 
more litigation is fmally revers
ing," Chaney said . "Maybe it's 
time that ADR stands for 'appro
priate' dispute resolution, and 
litigation becomes the last 
chance alternative to resolving 
construction industry disputes." 

DPIC Companies recently 
announced that 30'* of its open 
claims file are now in some form 
of ADR-primarily mediation
up from 10'« in 1991. It encour
ages the use of mediation and 
partnering by its policyholders 
through financial incentives. 
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FIELD OF DREAMS 
A des ign study showed that structural steel frame 
was cost competitive with a basic metal building 
for the new University of Kentucky Field House 

By Kurt D. Swe nsson, Ph.D., 
P .E . and Douglas W. 

Robinson, P .E. 

THE OPENING OF THE 
UNIVERSITY OF KENTUCKY 
FIELD HOUSE IN MARCH OF 

1993 was the realization of the 
Wildcat athletic program 's 
dream for a premiere indoor ath-
letic facility. This state-of-the-art 
facility serves the football, base-
ball , track and gymnastics pro
grams, as well as the university 
population at large. The 250-ft. 
by 450-ft. facility encloses almost 

• 

six million cu. ft. of space. The 
approximately 132,000 sq. ft. of • 
floor space includes: 

olOS,OOO-sq.-ft. field that con
tains a full-size football field or 
two full baseball infields with 
65-ft. maximum clearance to 
structure 
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o Six-lane 290-meter track 
with nine-lane straightaway 

oArea for field events, includ
ing high jump, pole vault and 
shot put 

o9,000-sq.-ft. gymnastics area 
with 19-ft. clearance to structure 

Miscellaneous storage, office, 
lobby, locker and observation 
areas. 

The facility also includes a 
motorized netting system sus
pended from the structure that 
can separate the field area into 
isolated areas so various activi
ties may occur simultaneously. 
Inverted channels spanning 
between joist bottom chords sup
port the lighting system, allow
ing indirect, even lighting that 
supplies approximately 120 foot-
candles without creating glare. • 

Approximately 751 tons of 
rolled steel sections and 130 tons 
of joists define the bu lk of the 
structure. Structural steel was 



• 
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erected in approximately four 
months at a cost of $1.2 million, 
whil e the entire cost of the pro
ject was approximately $8.5 mil
lion. 

DESIGN STUDIES 

As in any project, a major 
goal of the design team was to 
provide the most building for the 
least dollar. The athletic depart
ment's program required a mini
mum 450-ft. long by 250-ft. wide 
facility with a 65-ft. clear height 
at the center of th e field . In 
respon se , the design scheme 
developed four schemes, varying 
from a no-frills scheme to a qual
ity finished facility scheme for 
the preliminary pricing. 

Scheme A - Base level metal 
building with metal side panels 

Scheme B - Gable roof sup
ported by exposed concrete piers 

Scheme C - Flat roof sup
ported by steel columns 

Scheme D - Steel arched roof 
supported by exposed concrete 
piers 

The team eliminated Scheme 
C because of the significantly 
larger volume of conditioned 
space compared to Schemes A, B 
and D. Comparison of the 
remaining schemes resulted in 
the selection of Scheme B. The 
architect and university decided 
that the quality and flexibility of 
design provided by Scheme B 
more than made up for the 
approximate 10% cost premium 
compared with Scheme A. The 
gable roof shape, while not as 
exciting aesthetically as the 
arched shape, provided more 
workable space than the arched 
roof shape of Scheme D. 

The initial cost estimates only 
suggest the order of magnitude 
difference in cost between the 
systems. Since the site is under
lain by rock, the foundation costs 
were not sensitive to the struc
tural system weight. Therefore, 
the team used the same founda
tion costs for all systems. 

The final floor plan includes a 
450-ft. by 250-ft. column-free 
practice fi e ld section and two 
ancillary spaces. The practice 
field houses a playing field and 
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track. Lobby, lockers and office 
space and a 90-ft. by 120-ft. col
umn-free area for gymnastics 
and lockers are housed in the 
north ancillary area, while stor
age space is housed in the south 
ancillary area. 

The total cost of the structural 
system, excluding wall and roof 
panels, was approximately $2.2 
million, or $16.6 per sq. ft. 
Structural engineer on the pro
ject was Stanley D. Lindsey and 
Associates, Ltd., Atlanta. 

ROOF STRUCTURE 

The roof system above the 
practice field and south ancillary 
space, known as the high roof, 
consists of a standing seam 
metal roof on 3 in. of rigid insu
lation. The slope of the high roof 
is 5-in. rise in 12-in. horizontal. 
A 11/~-in . -deep Type B painted 
meta l roof deck that spans 
approximately 6-in. parallel to 
the slope supports the metal roof 
system. A cost comparison of 

purlins to joists resulted in the 
use of open web joists to span the 
approximately 30 ft. between the 
trusses in the practice area. The 
main structural stee l trusses 
have straight chords and are 
kinked at the peak of the roof. 
Typical trusses over the practice 
area are approximately 10-ft. 
deep and weigh approximately 
250 pI£, 

Concrete piers support the 
trusses at a height 24 ft. above 
the practice surface. The con
crete piers are 7-ft.-4-in.-long by 
2-ft. wide at the base. A column 
capita l at the top of each pier 
provides a length of 10-ft.-4-in. 
at the truss bearing point. 

The roof system of t he north 
ancillary area consists of a tradi
tional built-up roof placed on a 
flat structure. Sloped insulation 
provides the needed slope fo r 
drainage. The offices, lobby and 
locker facilities are located in a 
triangular area with a roof 
height of approximately 20 ft. 

Please circle # 55 
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above the finished floor. The 
north ancillary roof s tructure 
incl udes 11/,-in. Type B metal 
roof deck , open web joists and 
wide flange beams. A typical bay 
is 30-ft. by 30-ft. in this a rea. 
Above the 90-ft. by 120-ft. clear 
span gymnastics area the struc
ture consists of 3-in.-deep Type 
N painted roof deck on 48-in .
deep long-span joists spaced at 
10-ft. on center and spanning 90 
ft. The roof over the gymnasium 
is approximately 24 ft. above the 
finished floor. 

WALLS & FOUNDATION 

The wall systems consist of a 
combination of masonry walls 
near the ground, a band of pre
cast panels from 16 ft. to 32 ft. 
above grade, and metal wall pan
els above 32 ft. Along the prac
tice area and north anc illary 
area, the precast panels are sup
ported by the concrete piers at 
approximate ly 30 ft . However, 
along the 150-ft. diagonal that 
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forms the face of the south ancil
lary area, t he roof trusses carry 
the 16-ft. width of precast. 

The foundation consists of 
shal low spread footings bearing 
directly on shale. Forces trans
mitted through the practice area 
trusses to the piers required rock 
anchors to be added to the 
design. 

LATERAL LoAD 
RES ISTING SYSTEM 

Lateral load resistance is pro
vided by the cast-in-place con
crete piers. The piers act in com
bination with the structural steel 
trusses to create frames that 
resist both gravity and lateral 
loads that act perpendicular to 
the ridge line. Lateral loads that 
act parallel to the ridge line are 
transferred through the metal 
roof deck diaphragm to the exte
rior line columns. Vertical X
bracing between the piers trans
fer the lateral loads from the top 
chord level of the trusses to the 
top of the concrete piers. For lat
eral loads parallel to the ridge, 
the concrete piers act in the 
weak axis as cantilevered 
columns to transfer the loads to 
the ground. 

FLEXIBLE CONNECTIONS 

One key to the success of any 
project is for the engineer to take 
advantage of any structural 
properties inherent in an archi
tect's concept of a building. For 
this project, the architect's vision 
included exposed massive con
crete piers along the 630-ft. total 
length of the main structure plus 
the two ancillary areas. The 
exposed piers visually break the 
long horizontal line of the build
ing and reduce its scale. 
Architect on the project was 
Sherman, Carter, Barnhart, 
Lexington, KY. The useful struc
tural property possessed by 
these piers is stiffness. To take 
advantage of each pier's inherent 
stiffness, the steel trusses were 
designed with fixed ends. Fixing 
the ends of the trusses reduced 
the design moments by a factor 
of 8/12 and reduced deflections of 
the truss by a factor of 5. Thus, 
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the system-including the truss
es and concrete piers-was 
designed as a single bay with a 
fixed base. 

Taking advantage of the pier 
stiffness allowed for a reduction 
in truss depth from approximate
ly 15 ft . to 10 ft. Reducing the 
depth of the trusses accom
plished two things. First, the 
amount of conditioned space was 
reduced by 10% with a compara
ble reduction in the mechanical 

systems size and cost. Second, 
the amount of exterior wall and 
insulation was reduced by 
approximately 15%. Thus, reduc
tion of truss depth resulted in 
Significant savings to the project 
not only initially, but over the 
entire life of the facility due to 
continued savings from reduced 
utility costs and maintenance on 
the exterior facade. 

Maximum calculated vertica l 
deflection of the trusses under 
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full gravity loads is approximate
ly 2.5-in. This represents a 
deflection span ratio of 111,200, 
which is impressive for a stan
dard truss weighing only 250 plf. 

While fixed connections cer
tainly provided significant sav
ings in the structural steel 
design, detailing proved to be a 
challenge. The connection had to 
transfer large forces in a rela
tively small area and account for 
dimensional tolerances. Forces 
attracted to the concrete pier 
include bending, axial , shear, 
thrust forces and restraint forces 
due to temperature effects. 

The idea of erecting a series of 
250-ft.-Iong trusses on concrete 
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I 
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o TRUSS BEARING DETAIIL 

piers with complicated cast-in
place connections was not a 
pleasant one. Experience has 
shown that often a majority of 
connection items embedded in 
concrete end up in the wrong 
place. Also, the ma>timum 24-in. 
pier width left no room for a 
redesign in the field. And finally, 
if problems were to occur, there 
was no time for arguments 
between the steel erector and the 
concrete subcontractor who set 
the embeds. Thus , the connec
tion design had to account for a 
reasonable tolerance for steel 
erection and concrete placement. 
General contractor on the project 
was C.E. Pennington, Lexington, 

KY. 
The connection includes four 

major elements: 
1. Two sets of I I / f in.-diameter 

anchor bolts for initial placement 
2. A tension tie consisting of 

an embedded WF section and 
two weld plates 

3. A shear tab consisting of 14 
3/,-in.-diameter headed shear 
studs, embed plate and two 
shear tab plates 

4. A grout pad to transfer 
compression loads 

The two anchor bolt groups • 
supported the truss during erec-
tion and allowed for adjustment 
before final welding. Four bolts 
on the inside of the connection 
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resist compression and six bolts 
on the outside resist tension. 
After final adjustments, the 
cranes could cut loose from the 
truss and welding could be com
pleted later. This design helped 
to speed erection of the trusses. 

In the field, the connection 
worked very well. The steel erec
tor was able to erect the main 
trusses at a rate of two per week 
utilizing a set of three cranes. 
More importantly, no field 
changes to the connection were 
required. The major problem in 
execution of the detail came dur
ing placement of the concrete 
piers. Congestion resulting from 
the large amount of reinforce
ment, the WF tension tie, and 
the anchor bolts made proper 
consolidation of the concrete in 
the pier difficult. However, some 
adjustments in the concrete mix 
solved the concrete placement 
problem. 

To complete the system 
design, the large thrust force 

that results from the five to 12 
slope of the truss had to be 
resolved . Since this thrust is 
applied at the top of the piers 
more than 24-ft. above the foun
dation, the thrust creates signifi
cant bending moments and shear 
in the concrete pier. The shear 
forces are transferred to the 
underlying rock through passive 
pressure in the face of the rock 
excavation and friction. The 
bending forces are transferred 
through a force couple consisting 
of compression on the rock and 
tension in a grouping of 12 #11 
reinforcing bars grouted into the 
rock. 

This project was completed 
successfully with the use of 
rolled steel sections because of 
the nexibility they afford in 
design and construction. The 
combination of the steel trusses 
with the exposed concrete piers 
to create a continuous frame pro
vided an economical and efficient 
structure that fulfilled the vision 

of the architect and the dreams 
of the University. 

The nexibility of the steel 
structure allowed for the archi
tectural form envisioned by the 
architect and approved by the 
owner. Further, the custom 
design procedure provided 
unique supports for the mecha
nized netting, lighting systems, 
and mechanical units required 
for optimum operation of the 
facility. Where pre-engineered 
systems tend to make the user 
revise the facility program to 
match the needs of the structure, 
traditionally designed and fabri
cated steel structures resulted in 
a building that matches the own
er's requirements both aestheti
cally and functionally. 

Kurt D. Swensson, Ph.D. , 
P.E. , and DougLas W. Robinson, 
P.E., are associates with StanLey 
D. Lindsey and Associates, Ltd., 
inAtLanta. 
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BUILDING ON AN 
ATHLETIC TRADITION 

A new athletic facility/alumni comp lex for 
the University of Houston is designed to help 

recru it top-notch student ath letes 

By Douglas G_ Ashcraft, P_E., 
S.E., and Shatha Lingle, P.E. 

THE UNIVERSITY OF H OUSTON, 

WHOSE MAIN CAMPUS STANDS 

VIRTUALLY IN THE SHADOW of 
the skyline of the country 's 
fourth largest city, enjoys a rich 
tradition of intercollegiate ath
letic excellence. 

• 

Over the last three decades , 
the Division I-A schoo l has 
spawned a rare group of ath-
letes, headlined by: Carl Lewis, • 
who went on to become one of 

The multi-use athletic facility I alumni center features five distinct 
spaces, including an 84,OOO-sq. -ft. practice field and areas for weight 
training, lockers, offices, and other sport activities. 
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the world's greatest track ath-
lete; Andre Ware, winner of the 
1989 Heisman Trophy; and 
Hakeem Olajuwon, main man of 
the memorable Phi Siamma 
J ama UH teams of the 1980s 
and reigning NBA Most 
Valuable Player. Building on the 
achievements of these and earli-
er ath letic heroes, the University 
recruited strongly and enjoyed a 
reputation as a team to be reck-
oned with in the Southwest 
Conference in every major sport 
through the 1980s. 

However, as recruiting pres
sures for top talent increased 
from both in- and out-of-state 
competitors , the University 
found itself suffering from a lack 
of modern ath letic facilities. 
With their most recent on-cam
pus training and sports venue 
constructed in 1969, the school's 
facilities were not on par with 
what ath letes could find at com-
peting NCAA Division I-A insti- • 
tutions. Indeed, some recruits 
from high schools in Texas and 
elsewhere would find that com-
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ing to the Uruversity of Houston 
would mean a step down in facil
ities. It was clear that to contin
ue to attract top student-athletes 
in the modern landscape of col
lege athletics would require a 
large investment in athletic 
infrastructure. Fueled with the 
vision and funding of a highly 
successful UH alumru contribu
tion campaign, the University 
has taken a large step to correct 
this deficiency with the construc
tion of a state-of-the-art new 
Athletic/Alumni Complex. When 
complete in late 1995, this $25 
million complex will provide a 
new indoor varsity athletic train
ing facilities featuring a covered 
football field, weight training 
room, a sports Hall of Fame and 
alumni services center, and adja
cent varsity baseball and tennis 
facilities. 

Alumnus John Moores , 
founder of BMC Software, envi
sioned that his alma mater 
would be a thriving force in the 
community with a combination 
of academic and athletic excel
lence. Moores, who serves on the 
university's Board of Directors, 

backed up his vision by giving 
$51 million to the university, the 
largest private donation ever for 
a public institution. Knowing 
that successful intercollegiate 
and intramural programs are an 
integral part of a thriving uni
versity, nearly half that gift was 
earmarked for a combined ath
letic training facility and alumru 
association center. Ground was 
broken for the facility in the win
ter of 1994. 

MULTI-FUNCTION FACILITY 

The architectural team, which 
inel uded lead design fi rm 
HOKISport of Kansas City, and 
associated architects Kendall
Heaton Associates, Pleas Doyle 
Associates, and Molina Assoc
iates, all of Houston , was chal
lenged to design a multi-function 
facility within a very tight bud
get. The development manager, 
Hines Interests Ltd. Partner
ship, was charged to oversee the 
design and construction within 
the time and budget constraints. 

The single 220,000-sq.-ft. 
building will house five distinct 
functions. A 16,000-sq.-ft. area 

for weight training, lockers , 
showers, and sports medicine for 
several men's and women's 
sports will fill much of the first 
floor . Coach's and athletic offices 
will be located on the second 
floor along with significant space 
devoted solely to student-athlete 
programs. In addition, portions 
of both the first and second floors 
will house offices and meeting 
areas for the University of 
Houston Alumni Association. 
The fourth functional space in 
the building is an athletic Hall of 
Fame. 

The fifth component s pace
and visually the most dominant 
feature of the building-is an 
B4,000-sq.-ft. indoor practice 
facility. Measuring 420-ft. by 
200-ft., this fieldhouse will pro
vide facilities and space for 
track, tennis, basketball and vol
leyball training its typical config
uration. When the "Magic 
Carpet" is unrolled on a cushion 
of air, the field house rapidly and 
gracefully transforms into a full
length football field with ade
quate height to practice all phas
es of the game except punting. 
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LEJEUNE SMART BOIlS KNOW "PROPER tENSION!" 
A-325 or A-490 high strength bolts. 

Factory mill certification-traceable to each keg. 
Black or mechanically galvanized. 

Full domestic or open stock. 

"THE LOWEST COST SYSTEM FOR PROPERLY 
INSTALLED HIGH STRENGTH BOLTS!" 
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Vertically-retractable hung cur
tains give the facility additional 
flexibility by subdividing the 
area, allowing simultaneous 
practice of multiple sports. 

STRUCTURAL SYSTEMS 

A number of limitations chal
lenged st ructura l engi neer 
Walter P. Moore and Associates, 
Houston, in the design of the 
multipurpose indoor practice 
facility. The distinctive exterior 
architectural facade features a 
gracefu ll y curved roof surface, 
dictating a compl ex curved 
superstructure. Interior columns 
were obviously undesirable with
in the 200-ft. by 420-ft. practice 
space. Further, football practice 
activities dictated a minimum 
clear midspan height of more 
than 45 ft. beneath the roof. At 
the same time, clearances for 
mechanical ductwork at different 
locations within the facility lim
ited the depth of the roof framing 
elements. Lateral bracing was 
limited to the perimeter, posing 
yet another structural challenge. 

Wa lter P. Moore's engineers 
found that a braced structura l 
steel frame featuring long-span 
steel bow-string joists best met 
the structure's design requ ire
ments. The sloping joists, manu
factured by AlSC associate-mem
ber Vulcraft , typically span 
197-ft. between side wall frames. 
The joists, which are spaced at 
15-ft. centers , range in depth 
from a maximum of 120-in. at 
midspan to just 24-in. at bearing 
points . Typical top chord sizes 
are (2)L5x5x5/8; typica l bottom 
chord sizes are (2)L5x5x1/2 . A 3-
in.-deep, 16 gage acoustical 
metal deck was chosen to span 
between the joists and serve as a 
diaphragm to efficiently transfer 
lateral loads to the perimeter 
braced frames. The bottom 
chords of the joists are braced 
with five rows of diagonal bridg
ing. Where required to accommo
date mecharucal ductwork with
in the structural depth , 
horizontal bridging was used . 
Rolled steel W12 beams span 
between the bottom chord of the 
joists to support dividing cur-
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tains and a batting cage, allow
ing these elements to be hoisted 
up out of the way when not in 
use, Perimeter W27 girders sup
port the bowstring joists and 
anchor the deck diaphragm. The 
perimeter beams in the end 
walls parallel to the joists consist 
of W16 and W18 shapes that 
were shop curved to follow the 
graceful architectural profile. A 
combination of X- and K-shaped 

angle bracing at two bays on 
each side of the perimeter pro
vides simple, efficient resistance 
to the 90 mph hurricane winds 
expected in Houston. Wide 
flange steel columns support the 
roof and rest on bellbottom foot
ings. The first floor consists of 
slab on grade built over select 
fill. 

The remainder of the 
Athletic/Alumni complex is a 

Spanning accross the 
200ft. by 420-ft. practice 
space are large bow-string 
trusses. These joists, which 
are spa.ced 197-ft. on cen
ter, rallge in depth from 
120-in. at the midspan to 
just 24-in. at bearing 
points. 

two-story construction that 
contains other in-building func
tions, Typical bays are 28-ft. by 
30-ft. After considering a conven
tional concrete pan joist system 
to frame the second floor, a com
posite steel system was chosen 
for its economy, speed of erec
tion, light overall weight and 
aesthetic appeal. The composite 
floor consists of a 2-in.-deep, 19-
gage metal deck topped with 
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Shown above is the still-under-construction exterior of the new ath
letic facility / alumni center at the University of Houston. 

I 
3.25-in. of lightweight concrete . 
A 1-in.-deep galvanized metal 
for m deck with insulating con
crete created an economica l roof 
deck over t he steel joists. 

When completed in the fall of 
1995, the University of Houston 
Athletic/Alumni Complex will 
showcase the past accomplish
ments of the University's pre
mier teams and performers and 
provide a truly modern facibty to 
help recruit and train the 
University's next generation of 
athletes. 

Douglas G. Ashcraft , P.E., 
S.E., is a vice president and 
Shatha N. Lingle, P.E., is a 
senior associate of Walter P. 
Moore and Associates, Houston, 
and served, respectively, as struc
tural project manager and pro
ject engineer. Walter P. Moore 
and Associates provided all 
structural engineering seruices 
for the University of Houston 
Athletic / Alumni Complex. 

Automatic preheating or manual 
- how do you decide? 

Once you compare, the choice is obvious. 
Automatic electrical resistance preheating 

helps control project costs by: 

Increasing welder productivity 
Labor costs are reduced because components are always ready for 
welding. Your personnel are freed from time-consuming manual 
preheating chores. The electrical equipment creates a safe working 
environment. 

Avoiding expensive rework 
Uniform maintenance of minimum temperature controls two common 
causes of rework - cracking and hydrogen formation. 

Request our FREE literature and information on 
our successful Northridge earthquake projects. 
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Typical preheat layout 
for underside of 

column-beam weld Joint 

CORPORATE HEADQUARTERS 

COOPERHEAT 1021 Centennial Avenue, Piscataway, NJ 08854 
Toll Free: 800-526-4233 

Tel: 908-981-0800 • Fax: 908-981-0850 
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Our T ru:renSlon bolt ""5 JeSlgned 

with one vcry Important advantage 

over other twi>t-off bolts: a hex 

head. So remo\'mg thIS bolt or checkmg the imtallation with 

a torque wrench is ju~t as easy as installing it. 

Usmg a qlllet, hand-held power tool, our Tnl:remion 

sy"tem alway~ pnwiJes the correct tension. It also eliminates 

operator error durmg assembly, the bolts come pre-a~"'mbled 

and you can even save money thanks to the qUick, easy 

I"'tallation anJ lo\\'er COStS for vlSualmspectlon. 

But, mstall any button head fastener compareJ to 

OUT hex head fastener, and there's no turnmg back. Bccau"IC 

• It's almo..,( IInpoo.,slble to remove a button heau fastener, you 

may even neeJ a welJer to burn it off. That cOstS you time 

anJ money. If you'J mstalled our hex heaJ holt In the first 

What if you have to ven~' the proper Ins",lIation of 

a hutton head bolt' Again, It\ almo;! ImJX'''lhle SInce you 

can't even get a wrench on the head to tc!'!t or remove If. 

But you can verify Installation of our hex head l'<lit with the 

turn of a wrist and a calibrated torque wrench. ~ 
Clearly, this IS one bolt that won't let you I I 

screw up. Our Tru-Tension system" also fully traceahle to 

our domestic sources, like all NucO[ fa;rener,. They're fully 

te>teu anu certifieJ, inciuumg compliance \\'lth FIIWA, 

DOT ami AA5HTO specifications Ill[ hndge construction. 

So, forget about cutting holts olf \\'Ith " torch If 

somethmg goes wrong. Callus at 800/955-6826, FAX 219/ 

337-5394 or write PO Box 6100, 5r. Joc, I 46785 to fmd 

out more about ollr Tru#Ten.,HWI "'YMcm. And get i1 fa..,tencr 

that has a good head ~ ~3113,< 
place you coulu remove It with a simple, four uollar wrench. for husiness. 
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The Alamodome was designed 

to accommodate a wide variety 

of activities, from conventions 

to professional football 
By H. Douglas Steadman, P.E. & John Wall, P.E. 

2(, I Modern Stccl Construction / March 1995 

AiREADY A DISTINCTIVE 

TOURIST DESTINATION , MANY 

OMMUNITY LEADERS in the 
mid-1980s believed that a domed 
stadium would greatly benefit 
the economy of San Antonio. 
After a city-wide referendum 
approved tax financing, a design 
team, including Marmon Mok 
(prime local architectural and 
MEP firm ), W.E . Simpson 
Company, Inc. (San Antonio
based civil and structural engi
neering firm) , and HOK Sports 
Facilities Group of Kansas City, 
was quickly put in place. 

The design of the stadium was 
dictated by three major factors: a 
relatively narrow site; the need 
to create a large domed stadium 
with unobstructed sight lines; 
and a budget set at $105 million. 
A fourth criteria, the need to be 
able to "blackout" the facility 
during daytime events to expand 
its multipurpose use, also was 
critical to the design criteria. To 
start with, the design team 
examined existing domed stadi
ums, which pretty much fell into 
three categories. The first gener
ation of domed stadiums, inc1ud-
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ing the Astrodome in Houston, 
Superdome in New Orleans, and 
Kingdome in Seattle, were true 
domes, where heavy structures 
of steel or concrete were com
bined with a circular shape to 
support long span roofs . 
Unfortunately, these stadiums 
proved very expensive to con
struct and the circular shape 
wouldn't fit the site. The second 
generation, including the 
Si lverdome in Pontiac (MI), 
Metrodome in Minneapolis, 
Carrierdome in Syracuse, 
HoosierDome in Indianapolis, 
and B.C. P lace in Vancouver, uti
lized light, air-supported fabric 
structures. Though less expen
sive to construct, the fans 
required to pressurize the struc
tures were very energy inten
sive. Also, there were problems 
moving people and trucked 
equipment through air locks into 
the facilities and with deflations 
in some facilities. The latest gen
eration, including the Skydome 
in Toronto and Suncoastdome in 
St. Petersburg, have relied heav
ily on "Illgh-tech" solutions. The 
Skydome, for example, used very 
heavy steel arched trusses and a 
movable roof, which proved to be 
both complicated and inordinant
Iyexpensive. 

Early in the design process, 
air supported roof structures 
were eliminated from considera
tion-despite the fact that the 
origina l budget waS based on 
tills type of design. More than a 
dozen structural schemes were 
considered, though these were 
quickly pared down to five: 

- Space Frame 
- Suspension System with 
Sticks 
-Two-way Cable Truss 
-Tied Arch 
- Folded Plate Space Frame 
The tied arch and folded plate 

space frame were next eliminat
ed through a ranking system 
that considered the following 
four items (with associated 
weighted importance factors: 
cost (importance factor of 1.0), 
erection sequencing (0.7) archi
tectural aesthetics (0.9), an d 
function (0 .5). The three facto rs 

that weighed heavi ly in t he 
selection of the Cable Suspended 
System were: the increase d 
opportunity for local participa
tion; the simpler, proven technol
ogy; and the fact that it would be 
difficul t to blackout the interior 
of the fabric roof proposed wi th 
the two-way cable system roof. 

(Le{!) The out
side tieback 
truss was held 
in place by the 
crane until 
cables were 
installed. 

(Above) Field 
fabrication was 
required for the 
Inain support 
seat and strut 
truss. The seat 
is 2 7-ft. tall and 
the strut is 
made of two 
W36 members 
and plates. 

STRUCTURAL D ESIGN 

The structural design needed 
to address site restrictions, bud
getary constraints, maintenance 
cons ideratio ns, even configura. 
tions, weight requirements for 
va ri a ble sound a nd light sys
tems, and aesthetic quaHty. The 
des ign t ea m include d : W.E. 
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It's not every day that the opportunity to build the been making nonstandard joists for years and with 

"front door to the world" for the 1996 Olympic our expertise and large inventory of steel we are 

Game just land in your lap. But when it did , it's able to make them quickly and economically. 

very easy to see why the structural engineers of the 

prestigious 1.4 million square foot International 

Concourse, at the Hartsfield Atlanta International No matter what you're building, the earlier Vulcraft 

Airport, chose Vulcraft. gets involved in the design stages of a project, the 

• better. Because our experienced engineers can assist 

Gal", project designers, produce the end product more 

Vulcraft's 70 foot arched chord steel joists were quickly and e onomically than traditional methods, 

perfect for the important Arrival Hall area. By and ensure on-time deli very of materials. Just like 

using Vulcraft joists instead of curved structural we did for the Atlanta International Ai rport. 

beam or cu tom-made trusses, costs were reduced 

by about 25 percent, saving thousands of dollars. Bow Smn,t: 

So give Vulcraft a call today and watch all of your 

building projects take off. For more in~ rmation, 

You see, Vulcraft i the largest supplier f steel joists please contact your nearest Vulcraft plant or consult 

in the country, with over a dozen nonstandard Sweet's 05 1 OO/VUL and WLCRAFT 
designs, more than anyone in the industry. We've 05300{VUL. A lftt,sum 0( NUCOf CorpoJanon 

• 
PO Box 637. B,,~h.m C,ry. UT 84302. 801/7l4·94JJ; PO Box 100520. Am,nee. SC 29501. 803/662·0381; PO Box 169. Fen P'yne. AL 35967. 205/845· 
2460; PO Box 186. Grarebnd. TX 75884.409/687-4665; PO Bnx 59. Norfolk. NE 68702. 402/644·8500; PO Box 1000. SI. Joe. IN 46785. 219/Jl7·5411 

Pmnto Archlr~cf T 1lTl\l'r Assodatt.s; ~ Engmter: Su.'tltnS & WiJJunson, Inc .. Structural E"gm~ers: I lamflRUm Erwneers; Steel Fabncaror Ott't'n o{GeorgIIJ. 
Inc,; Steel ETtctar. Supmor RIggrJ'lg (/ ETteung Co 
rhot:~rnrh In thl adven~meOi may not rt:f!ocl complete or hnalln'!ttallauon. Consuh SIt~eI JOISt Insmulc T echo.C.11 O\(,>e5t No.9 (or mformaul.."lO con· 
cemtng 5.1(e handlm~ and erection of steel JOists and jObl gm.Jc['\ 
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Simpson Company, Inc ., of San 
Antonio, Martin/Martin of 
Denver , and Structural 
Engineering Associates of San 
Antonio. 

The footprint of the stadium 
covers approximately 9.4 acres 
and is 561 ft. by 729 ft. in plan. 

... ... - .-
+ • 

The stadium is composed of cast
in-place concrete skip-pan joists 
spanning 42 ft. between bents 
that support concourse floors 
and cast-in-place raker beams 
that support the precast concrete 
seating deck. The concrete frame 
is separated into eight segments 
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by expansion joints occurring 
two to a side. There are extended • 
through the frame and precast 
seating sections, but terminate 
at the roof eave beams so that 
the roof is not broken by joints. 
Across the three center bays of 
each stadium facade, steel X
bracing members transfer lateral 
forces from the roof and stadium 
to the foundation. 

The roof frame is supported on 
the perimeter eave beams with 
slide bearings occurring every 21 
ft. These allow the roof to expand 
and contract in directions paral
lel and perpendicular to the sup
porting beam. However, directly 
over each of the three bay exteri
or X-bracing, relative motion 
parallel to the eave beam s is 
denied by slide blocks to allow 
transfer of the lateral forces to 
the ground. 

The utilization of the stay 
cable system resulted in reduc
ing the overall span of the roof 
system. Four roof suspension 

The graphical 
interface you've 

always wanted, with 
the advanced analysis 

power you really need . 

t/ Dynamic Analysis 
t/ Interactive 3D Modeling 
t/ Rendering & Animation 
t/ Code Checking 
t/ True Mac Interface 

Graphic MagIC Inc, 180 Seventh Ave 1201 Santa Cruz CA 95062 

Tel (408) 464 1949 Fax (408) 464 0731 

IX~ Multifram_ 
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points are supported by stay 
cable assemblies extending to 
fo ur 306-ft. tall concrete masts. 
The suspension points are ele
va t ed by a compression strut 
extending from the "hip" of the 
mast. The masts, located near 
the four corners of the stadium, 
are then tied back with twin rear 
supporting cables that extend to 
twin stee l compression outrig
gers, which also extend fro m the 
mast hips. From the outriggers, 
cables extend vertically down to 
a tie-down structure anchored by 
prestressed, dri ll ed and under
reamed piers. 

By providi ng four interior sus
pension points, t he roof s pans 
were significantly reduced-from 
561 ft. to 210 ft. and from 729 ft. 
to 378 ft. Manufactured stee l 
joist trusses from AISC-associate 
member Vulcraft, 10-ft. deep-, 
span from supporting perimeter 
stee l framing to fo ur interior 
bowstring trusses, which in turn 
span hetween suspension points. 

Design and 

Analysis of Structures 

The total software solution for 
complex s tructures. 

20/30 static, P-Oelta, and 

dynamic analyses. 

Steel and concrete design. 

Interodive input generator. 

Text editor with graphics. 

Model verification. 

Post-analysis features. 

Stond·oJone or integrated 

with AutoCAO*. 

~isplaced strudures, bending 

moment/shear force 

diagrams, stress contours, 
1)l,E=-*t--:-~~-\ wand more. 

Dos Consulting, Inc. 

865 Turnpike Street 
North Ando¥er, MA 01845 USA. 

Tel 508-794 -1487 Fax 508-685-7230 
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Attached to the joist is 3-i n. 
acoustical metal decking, which 
is u ti l ized as t he main 
diaphragm element of the roof. 

The masts are 15-ft.-wide 
octagonal, hollow co ncrete sec
tions extending 306-ft. above the 
fie ld level Door. Each stay cable 

Tn the photo above, the west main 
truss is already in place and the 
east main truss is ready for lift
ing. 

DATA - IMAGES 
Integrated Detailing Software For AutoCad' 

• STAIRS . RAILS 
• BEAMS . COLUMNS . BRACING 

• AND MANY MISC. PROGRAMS 

-. 
It=====::t===~~ ... 

! _ Jt!K _ ! S ! 2 

No longer is top 
quality detailing software 
out of reach because of 
price. Our unique 
software yields dramatic 
results. Call now for 
discount pricing . 

Produce top quality 
steel shop drawings 
with all calcu lations. 
FAST! Many users 
report "First month 
payback." 

" 
.. .... ,... ........ -.'" 

[JAutodesk. 
101' ·11 / - . t ,.-"l 

Registered Ap pl ication Develo p er 
. Trad.marit 

DATA-IMAGES 4202 Wrentree Drive Dallas, NC 28034 (704)922-8027 

Please circle # 89 



THE 
CAvVANTAGE 

J\ILING 
STEM 
ONT 

DRM 
You 

NUTS. 
J 

CadV~nt~ge Structural boasts the easiest 
user interface in the business. 

FRCE training. extensive system 
manuals. softw~re tutorial. ~nd phone 
support are provided. complete with a 
new on-line help system that gets you 

up-and-going immediately. 
Because CadVantage is specifically 

designed for detailers. users don't have to 
be AutoCad or computer experts. Getting 
started is easy - and learning the program 

won't put you in the nuthousc. 

619 South Cl'tiar Street · StudIo A 
Charlotte. North Carolina 28202 

704- 344- 9644 
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assembly is made up of four inm
vidual steel pipes ranging in size 
from 5 to 6 in . in diameter . 
Within each pipe, various num
bers of 0 .6-in . pres tressi ng 
strands are inserted and 
anchored with proprietary cable 
anchors. Cables were sized from 
tensile forces determined hy the 
STRUDL model. Small , future 
adjustments can he achieved by 
rejaclUng and adjusting the pre
stress cable-head shims. Also, if 
future conmtions require it, com
plete replacement, one at a time, 
is possible since the roof dead
load can be adequately carried 
by only three of the four cables. 

BOWSTRING TRUSSES 

The fiat roof is supported by 
four bowstring trusses , whose 
boxed post ends rest on the sus
pension seats and form a rectan-
gular frame. Closing in this 
frame are long-span joists. 
During construction, and until 
all permanent roof dead loads 
are in place, the ends of the 
trusses at the post are allowed to 
rotate upon a 30-in.-by-30-in.-by 
3-in . bearing pad. After dead 

• 

• 

loads are in place and the sus
pension points brought to their • 
correct elevations, the post is 
welded to 4-in. continuity plates 
tied into the suspension connec-
tion assembly. 



• 

• 
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The two main roof bowstring 
trus es are each 378-ft. long and 
52-ft. deep. Each weigh 200 tons 
and cost approximately $1 mil
lion. The top chords were fabri-
cated from W36x720 and 
W36x650 Grade 50 jumbo sec
tions and were rolled by AlSC
associate member TradeARBED 
in Belgium and shipped to San 
Antonio in 60-ft. lengths. 
Fabrication of the truss took 
place in a verlical position on 
scaffolds that provided the need
ed camber. The bottom chord is 
composed of three 4-in. diameter 
wire ropes, the verticals are 12-
in. and 16-in. diameter pipes and 
the diagonals are 1'/.-in. diame
ter wire ropes . More camber 
than required was provided in 
the top chord to make the 
attachment of the bottom chord 
wire ropes to end fixtures easier. 

The connection from the bot
tom chord lo vertical pipe con
sists of twin steel plate saddles, 
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Please circle # 63 
milled wilh grooves to receive 
the strand and then clamped 
upon the slrands with ASTM 
A490 bolls , lorqued to 70% of r-:=:;;;;;;;;;;;;;;;;;;;;;;.-
specified minimum tensile I 
strength. This clamping force 
provides lhe friction necessary to 
maintain lhe vertical pipes from 
slipping along the bridge strand. 

As one can imagine, the con-
tractor was very cautious in lift
ing such important and expen
sive trusses. General contractor 
was LYDA, Inc., San Antonio, 
and ereclor was the Dallas office 
of John F. Beasley Construction 
Co. Culler-Galloway Services 
were retained as consulting engi-
neers for the erection details. 
Preparation to lift the first truss 
took two months but the actual 
lift took only 28 minutes using 
two Manitowac cranes in ringer 
configuration 30 ft. from each 
end and one Manitowac 4100 
crane conventionally configured 
at the center of lhe truss. The 
end cranes did the actual lifting 
while the center crane main
tained 27 kips of force, that, 
through a series of diagonal 
cables, impaired 1 kip of lateral 
force at the bottom chord to off
set the reaction of a horizontal 

SHOP DETAILS with AutoCAD. 

Version 5 .3 

U your present CAD system 
doesn't detail everything you 
fabricate, then you should 
look at one that does 
in English or Metric. 

(, 

COMPUTER DETAILING CORPORATION 
A mw:t """""'" for Slul fabncGJ.., oM Dclmlm 

..... -I-.j_:. 41 • II 

80 Second street Pike - Suite 10 
Southampton. PA 18QtSe 

215-355-6003 
Fax 215-355-6210 

Modern Sleel Construction I March 1995 / 33 



movement caused by the 90 plus 
degree temperature. The truss 
itself was laterally braced with 
an auxiliary bow string truss 
each side attached to the top 
chord . The bottom chord was 
diagonally braced by tension 
cables running from the top bow
string outriggers. 

The longer truss carries the 
majority of the roof load. Its dead 
load deflection is remedied by 
cambering 17'/, in. Total design 
load deflection amounts to 36 in . 
at mid-span with the top chord 
taking approximately 2,700 kips 
compression and 3,200 It.-kips of 
moment. The bottom chord 
strand takes 2,270 kips of ten
sion. 

Major challenges faced during 
the construction included: record 
rainfalls that created staging dif
ficulties and created stability 
proble ms for the heavy lift 
cranes; multiple prime contracts 
on site that resulted in the need 
for tight coordination of project 

access, work sequence and logis
tics; the instability of the steel 
framing until completion of erec
tion, which resulted in the need 
to provide numerous guys and 
braces to stabilize framing until 
it was tied in with other mem
bers; and the temperature 
changes, which made it difficult 
to monitor and stabilize some of 
the long, massive members. 

RooF FRMllNG SYSTE/II 

The roof system is com posed 
of 10-It.-deep joist trusses span
ning 174 ft . and 210 ft . These 
rest upon the interior bowstring 
trusses with traditional top 
chord seats and are bottom chord 
supported at the exterior eave 
beams . Catwalks exte nd 
throughout the roof upon the 
bottom chords to allow access to 
suspended equipment and to 
support stadium lights. The joist 
trusses were designed by propri
etary manufacturers based On 
numerous load combination s 
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I 
spelled out in the design docu
ments. The roof structure is 
designed to support a 60 kip 
Jumbotron, a 90 kip scoreboard, 
and 162 kips for sound and light
ing hanging load s in variou s 
locations within the centra l rec
tangle formed by the four major 
trusses. Outside of that area, the 
included longspan joi s t s a r e 
designed to support an addition
al 4,000 Ibs. of load at each panel 
point to provide upmost flexibili
ty for the hanging loads required 
by a myriad of sta dium func
tions. 

Construction cost on the pro
ject was $107 million, only 2.15% 
above the original bud get 
which was baeed on an air sup
ported roof structure. 

H. Douglas Steadman, P.E. , is 
a consultant and J ohn Wall , 
P.E., is senior vice president with 
W.E. Simpson Company, Inc., 
consulting engineers / architects. 
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SOFTWARE COMPANY 

MATERIAL ESTIMATING FOR STEEL FABRICATORS 
./ Ae<omplish In 3 hours time whal used 10 take 

8 hours with pencUand paper. 
./ Keep materill waste 10 the _ iNnimum 

usin9 ow unique IoIlgtll optimizing pr-.. 
./ Produces 12 precise, easy 10 ,.ad ,.ports fot 

use by the .hop and office. 

./ Handles Ie!rous and non-fellOU. meWs, lasleners, 
hardware, mlsc.llems and .. sembfed units. Also 
tracks shop.net field ~bot . 

./ Interfaces with the StetlCad'· InternatIonal 
detailing software, 

./ A "Competitive Upgrade" I, available . 

./ "Tnt Drive" ou, fully functional demo lor 30 
day. and start saving today. 

1774 ROM Valley Roed 
P.O. 801 431 

K.t.a, WA 98626 

Tel 800 677-4474 
Fu: 206 577~74 

Please c ircle # 83 
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Construction Track 
Engineering Track

Management 
Engineering Track

Technical Fabricator Track 

1995 NSCC Schedule 
MONDAY MAY 15, 1995 8:30 - Technical Sessions 

10:00 a.m. 1. Team Buildlng/Partnering 
7:00 a.m. - Exhibitor move in continues until 5. Palntlngs!Coatlngs! 
5:00 p.m. 1 :00 p.m. Wednesday Avoiding Field Failures! 

Shop Economics 

WEDNESDAY MAY 17, 1995 6. legislation - OSHA 
14. Steel Erection Awareness 

8:00 - Educator Program 18. Industrial Buildings 
9:45 a.m. 21. Developments in 

Structural Tubes 
10:00 a.m.- SPECIAL SESSION 
Noon Seismic Design After Northridge 10:00 a.m.- Exhibits open 

Speaker: TBA 3:00 p.m. 

1 :00 - Welcome 10:00 - Coffee Break in Exhibit Hall 
1 :15 p.m. Frank B. Wylie III 10:45 a.m. 

AISC Chairman, Grace and Wylie 
Fabricators, Inc., Brentwood, TN 10:45 a.m. - Technical Sessions 

12:15 p.m. 2. Constructabillty 
1 :15 - GENERAL SESSION 4. Quality Management 
2:00 p.m. Visual Weld Inspection 7. Legislation - EPA 

Speaker: Duane Miller, Lincoln 9. Hollow Structural 
Electric Co., Cleveland, OH Section Fabrication 

12. Protecting Your Firm 
2:00 - GENERAL SESSION from Lawsuits 
3:00 p.m. Team Building/Partnering 16. Reducing Structural 

Speakers: Jim Scotti , Steel Costs 
Brown and Root 
Peter Van Nor!, H.8. Zachry 12:00 - Lunch can be purchased in 

1 :30 p.m. Exhibit Hall 
3:00 - Exhibits Open 
6:00 p.m. 1 :30 - Technical Sessions 

3:00 p.m. 1R. Team Buildlng/Partnering 
5:45 - Exhibitor Workshops 10. Developments In Equipment 
6:30 p.m. and/or Methods 

11. Flame Straightening 
6:30 - AISC Welcome Reception Technology 
8:30 p.m. 13. Effective Project 

Specifications 
17. Steel Construction in Mexico 

THURSDAY MAY 18, 1995 20. Steel Moment Frames 

7:00 - Speaker Breakfast After Northridge 

8:00 a.m. 
3:10 - Technical Sessions 

7:30 - Exhibits Open 4:40 p.m. 3. Bar Coding 

8:30 a.m. 8. Reliability Based Malntenancel 
Preventative Maintenance 

7:30 - Exhibitor Workshops 15. Inspection of Welded and 

8:15 a.m. Bolted Joints 



Construction Track 
Engineering Track

Management 
Engineering Track

Technical Fabricator Track 

1995 NSCC Schedule 
18A. Industrial Buildings 
19. What the Structural Engineer 

Should Know About Fracture 
Mechanics, Metallurgy and 
Weldability 

5:00 - Exhibitor Workshops 
5:45 p.m. 

6:00 - Optional Conference Dinner 
10:00 p.m. 

FRIDAY MAY 19, 1995 
7:30 -
8:30 a.m. 

7:30 -
8:15 a.m. 

8:30 -
9:30 a.m. 

9:00 a.m. -
1:00 p.m. 

9:15 -
10:15 a.m. 

10:15 -
11 :45 a.m. 

11 :30 a.m.-
1:00 p.m. 

1 :00 -
2:30 p.m. 

Exhibits Open 

Exhibitor Workshops 

GENERAL SESSION 
T R. Higgins Lecture 
Winner to be announced. 

Exhibits Open 

Coffee Break in Exhibit Hall 

Technical Sessions 
3R. Bar Coding 
7A. Legislation - EPA 
9A. Hollow Structural 

Section Fabrication 
13R. Effective Project Specifications 
15R. Inspection of Welded 

and Bolted Joints 
16A. RedUCing Structural 

Steel Costs 

Lunch can be purchased in 
Exhibit Hall 

Technical Sessions 
2R. Constructabihty 
6R. Legislation - OSHA 
lOR. Developments in Equipment 

and/or Methods 

2:40 -
4:10 p.m. 

12R. Protecting Your Firm 
from Lawsuits 

19R. What the Structural Engineer 
Should Know About Fracture 
Mechanics, Metalurgy 
and Weldability 

Technical Sessions 
5A. PaintingS/Coatings/ 

Avoiding Field Failures/ 
Shop Economics 

11 A. Flame Straightening 
Technology 

14R. Steel Erection Awareness 
20R. Steel Moment Frames 

After Northridge 
21 R. Developments in 

Structural Tubes 

Special Bracing Short Course 
Sponsored by AISC & SSRC 

FRIDAY MAY 19, 1995 
5:30 - Session I 
9:00 p.m. 

SATURDAY MAY 20, 1995 
8:30 - Session II 
11 :30 a.m. 

Faculty: Joseph A. Yura, 
University of Texas-Austin 
Todd Helwig, 
University of Houston 

Course Outline: 1. Column & Frame Bracing 
2. Lean-On Systems 
3. Torsional Bracing 
4. Beam Buckling 
5. Beam Bracing 

Cost: $175 for AISC/SSRC Members 
$200 for non-members 

Contact: 

(see Special Events registrat ion 
form on back of this booklet) 

Robert Lorenz 
phone: 31 21670-5406 
fax: 31 21670-5403 
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Steel Stands 
For The Future 

AISC's National Steel Con
struction Conference IS the 
paramount Industry event for 
everyone involved in the fabricated 
structural steel Industry-structural 
engineers, fabricators, contractors & con-
struction managers, erectors, detailers, edu-
cators, researchers and architects . The confer-
ence offers a wide range of practical seminars and 
also includes an extensive product exhibit hall
including numerous software and equipment demon
strations. Exhibitors include manufacturers of: fabri
cating equipment; bolts; fasteners; paints and 
coatings; and computer software & hardware. 

In addition to staying current with today's state-of
the-art deSign and construction practice, the NSCC 
offers industry professionals an ideal setting for net
working . Whether it's the opportunity to Informally 
meet with other professionals, or the chance to make 
important future business contacts, the conference 
provides a perfect locale. And, of course, CEU cred
its are given for seminar attendance. 

This year's conference IS being held in San Antonio, 
America's tenth largest city. As always, a complete 
guest program IS offered, including city tours and 
museum visits. Popular local attractions include: The 
Alamo; Arneson River Theatre ; Brackenridge Park 
and Japanese Tea Gardens; Cowboy Museum; 
Market Square; McNay Art Museum; Rlverwalk; 
Mexico Cultural Institute; Southwest Craft Center; 
Saltzberg Circus Collection; Institute of Texan 
Cultures; Fiesta Texas; San Antonio Botanical 

Gardens; Plaza Theatre of 
Wax; Spanish Governor's 

Palace; Splash town Water Park; 
Vietnam War Memorial; Witte 

Museum of Natural History; San 
Antonio Zoo; and Sea World of Texas. 

For more information on any of these 
attractions, contact the San Antonio 

Convention & Visitors Bureau, P.O. Box 2277, 
San Antonio, TX 78298; phone: 210/270-8700 or 

800/447-3372; fax 210/270-8782. 

New This Year 
For the first time, the NSCC is offering four separate 
education tracks for attendees: atructul'lll engineer
Ing; engineering management; ateel fabrication ; 
and construction management. While various sem
inars have been assigned to each track, attendees 
can attend seminars from different tracks at no addi
tional charge. 

Seminars include such topics as: 
• How to reduce structural steel costs 
• New concepts in industrial building design 
• Designing connections for structural tubing 
• How to protect your firm from lawsuits 
• Correct inspection of welded & bolted joints 
• Avoiding field painting failures 
• Improved fabrication equipment & methods 
• New flame straightening technology 
• Capitalizing on team building & partnering 
• Using bar coding for material management 

Bracing Short Course 
In addition to conference events, a bracing course 
will be held Friday evening and Saturday morning. 
AISC and the Structural Stability Research Council 
are sponsoring The Bracing of Steel Structures. 
The course includes five sections: Column & 
Frame Bracing; Lean-On Systems; Torsional 
Bracing; Beam Buckling; and Beam Bracing. 
Faculty for the course includes Joseph A. Yura of 
the University of Texas-Austin, and Todd Helwig of 
the University of Houston. Cost for SSRC or AISC 
members is $175; non-member price is $200. For 
more information contact: Robert Lorenz, AISC 
Director of Education at 3121670-5406 or fax him a 
note at 312/670-5403. 
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NSCC Co-Sponsors 
Co-sponsors this year include: 
• American Galvanizers Association 
• American Iron and Steel Institute 
• American Society of Civil Engineers 
• American Welding Institute 
• American Welding Society 
• Canadian Institute of Steel Construction 
• Construction Industry Institute 
• Council of American Structural Engineers 
• Edison Welding Institute 
• Mexican Institute of Steel Construction 
• National Erectors Association 
• National Institute of Steel Detailing 
• Steel Deck Institute 
• Steel Joist Institute 
• Steel Plate Fabricators Association 
• Steel Service Center Institute 
• Steel Structures Painting Council 
• Steel Tube Institute of North America 
• Structural Engineers Association of Texas 
• Texas Structural Steel Institute 

Simultaneous Spanish 
Language Translation 

All general sessions (including the special session on 
Beyond Northridge and the T.R. Higgins lecture), 
plus selected technical sessions, will be simultane
ously translated to Spanish as a courtesy to our 
Spanish-speaking attendees. 

Local Travel 
To get from the airport to either convention hotel , 
either take a taxi (approximately 8 miles and about 
$12 each way) or take the Star Shuttle which runs 
continuously and costs $6 each way (call 210/341-
6000 for more information). All convention activities 
will be held at the San Antonio Convention Center 
located at Market and South Alamo Streets. 

Climate/Clothing 
San Antonio's average May temperature is 86 
degrees F in the daytime, dropping to a comfortable 
66 degrees F in Ihe evening. The dress code is medi
um, casual and comfortable during the day, and 
casual or sportswear for the evening. 

Hotel Reservations 
Blocks of rooms have been temporarily reserved for 
NSCC attendees at two hotels close to the conven
tion center. To receive the special convention rate , 
identify yourself as an attendee of the AISC National 
Steel Construction Conference when making your 
reservations. Reservations must be made by April 
16; after that date, reservations on space avail
able basis only. 

Convention Headquarters Hotel: 
Hilton Palacio del Rio 
200 South Alamo 
Tel: 210/222-1400 
Fax: 210/270-0793 
Rates: $119 single 

$139 double 

Convention Hotel: 
Marriott Riverwalk 
711 E. Riverwalk 
Tel : 210/224-4555 

800/648-4462 
Fax: 210/554-6248 
Rates: $139 single 

$159 double 

• 

• 

• 
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1995 NSCC Registration Form 
Conference Attendee 

(Registration for attending seminars & trade show) 

Please circle as appropriate: 
Full Registration (includes AISC reception, exhibit 
hall pass and all semlnars--except bracing short 
course; lunch extra): 

AISC Member Fee S270 
(AISe Active, Associafe 
and Professional Members) 
Non-Member Fee S320 
Educator Fee S 90 
(Employed full-time at accredited 
architectural or engmeeflng school) 
Student Fee S 50 

First Exhibitor Fee 
Each Additional Exhibitor 
(max, three per 10x10 booth) 

No Charge 
S 85 

Partial Registration (half-day or full-day) 
Half-day - Circle one: 

Thursday moming S 80 
Thursday afternoon S 80 
Friday morning 5 80 
Friday afternoon S 80 

Full-day - Circle one: 
VVednesday S 90 
Thursday S150 
Friday S150 

Exhibit Hall Pass S 5 
(Included free with registrations) 

TOTAL ATTENDEE 
REGISTRA TION FEES: 

Guest Tours & Special Events 
(Registration for people interested in attending the bracing short 
course and optional & guest events) 

Bracing Short Course (AISc/sSRC member) 

Bracing Short Course (non-membe'l 

Special Guest Registration (please circle) 
(Includes AISe welcome reception, exhibit hall pass 
and one guest program event on both Thursday & 
Friday - please indicate below which 
events are requested) 

5175 
S200 

S100 

Event # Tickets Total Price 
SE1: AISC VVelcome Reception 
(Wednesday at 6:30 p.m. -
included Iree with both Full 
Registration and Special 
Guest Registration) 

SE2: Conference Dinner 
(Thursday at6 p.m.) 

GT1 :Half-Day City Tour 
(Thursdaya.m.) 

GT2:AII-Day City Tour 
(Thursday) 

GT3:Remember the Alamo 
(Fridaya.m.) 

GT4:Europe Texas Style 
(Fridaya.m.) 

GT5 Nuevo Laredo, Mexico 
(Friday) 

TOTAL GUEST & 
SPECIAL EVENT FEES: 

@ $25 

@ $39 

@ $24 

@ $51 

@ $23 

@ $24 

@ $44 

PLEASE REGISTER (type or print) 

Name ________________________________________ _ Nickname (for badge) _______________ __ 

Company Title _________________________ _ 

AISC Member (circle one): yes no 

Mailing Address City/StatelZip _________________________ _ 

Bus. Phone ___________________ _ Fax ____________________ Home Phone _______________ _ 

Guest Name _____________________________________ _ Nickname (for badge) _______________ _ 

Conference Fees Payable 
Registration Fee: $ _________ _ 
Guest Fee: $ _________ _ 

Add'l. Guest & Special Events: $ _________ _ 
TOTAL: 5 _____ _ 

Circle One: 
Check enclosed (US funds) payable to AISC 
Please charge my credit card (VISA or Mastercard only) 

# --------------------
circle one: VISA MASTERCARD 

Mail completed form and fees to: 
American Institute of Steel Construction 

1995 NSCC 
P.O. BOX 806286 

CHICAGO, IL 60680-4124 
ph: 3121670-2400 fax: 3121670-5403 

Signature: _______________________ _ 

Expiration Date: _____________________ _ 
Name on Card: 



SERVICEABILITY CONCERNS IN • 

MULTI-USE STRUCTURES 
Vibration played a critical role in the design of the 

Meydenbauer Center in Bellevue, WA 

Photo by James F. Housel 
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By Da n Symonds, P.E. 

WHILE VIBRATION IS ALWAYS 
A CONCERN IN LONG-SPAN 
STRUCTURES, the addi

tion of a ballroom in 
Meydenbauer Center made ser
viceability a crucial considera
tion. The convention facility, 
located in Bellevue, WA, 
includes a full production the
ater, 35,000-sq.-ft. column-free 
exhibition space, banquet facili 
ty, meeting rooms and the afore
mentioned ballroom-all built 
over three-levels of below grade • 
parking. 

The parking levels are post
tensioned flat slabs on a 30-ft. 
grid system, while the exhibition 
hall floor is a reinforced concrete 
beam slab system designed to 
carry HS-20 loads. The meeting 
level-including the ballroom 
and kitchen-is supported on IS
ft. deep steel trusses, 30-ft. on 
cente r and spanning 170 ft . 
Separating the exhibition hall 
from the meeting rooms is an 
atrium with escalators and walk
way links to the theater and 
grand entrance, which includes a 
70-lt. glass wall entry. 

FLOOR V IBRATION 

Above the parking level are 
steel columns, ranging in size 
from W14x120 to W14x500. The 
exhibition hall is spanned by five 
trusses at 30-ft. on center. These 
IS-lt.-deep steel trusses support 
occupied floors at both their top 
and bottom chords. The areas 
supported combine a wide vari- • 
ety of activities, ranging from 
dancing on the floor supported 
by the top chord to office space 
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on the floor supported by the bot
tom chord. The top chord con
sists of W14x665 shapes, while 
the bottom chord consists of 
W14x455 shapes. Vertical and 
diagonal members also are W14 
shapes. All of the connections 
are bolted using A490 high
strength fasteners. 

The varied uses created an 
unusual serviceability problem. 
Rhythmic dancing of a large 
group of people on a big truss is 
analogous to a single person 
walking on a floor beam. The 
masses and stiffness are simply 
larger. Still, various convention 
type facilities across the country 
have received complaints due to 
human activity induced vibra
tions in long-span structures. 
Preliminary investigation of the 
initial design for Meydenbauer 
Center revealed a potential prob
lem. Analysis revealed that 150 
people dancing would produce an 
acceleration of 0.7% of gravity. 
While this would be barely 
noticeable to the dancers and not 
objectionable to a nearby audi-

Shown on top is the main atrium between the theater and the 
exhibit hall. Pictured above is the braced frame. Note the large 
amount of steel gtrders on the exhibit hall floor slab. This is an exam
ple where construction loadings may be the highest a floor will 
receIve. Photo, top left, by James F. Housel; photos, top right and 
a.bove, by Steven G. Hall 

Modem Steel Construction I March 1995/37 



ence, it would be perceptible and 
distracting to office workers on 
the floor level supported on the 
bottom chord of the trusses. 

Th e designers at HNTB 
briefly considered the possibility 
of having coordinating schedules 
so that such "incompatible" uses 
did not occur. Obviously, though, 
this alternative was much too 
constraining. Instead, the deci
sion was made to modify the 
structure. 

However, changing the stiff
ness or mass would not be prac
tical since any changes wou ld 
have to be large because the 
accelerations only change with 
the square root of these proper
ties. Instead, a modification was 
designed that linked the trusses 
together at mid-span, similar to 
bridging used on open web joists. 

Shown is a closeup view of the first bottom chord connection out 
from truss to column top chord connection.Photo by Steven G. Hall 

The X bracing bridging was 
constructed out of 10-in. steel 
pipes. These pipes coupled the 
trusses together dynamically, 
increasing the number of trusses 

STRUCTURAL ANALYSIS SOFTWARE 
developed by COMPU- TEC fNGINffRING 

BEAMS AND FRAMES .... .... ..... ........................ ................... $149.00 
Interactively performs analyses of continuous beams and selected 
2·0 frames quickly and accurately. Convenient to use instead of larger, 
general purpose programs. 

FRAME3D (Version 3.0) •••.......................•.........•..... ......•...... $295.00 
Performs structural analyses of space frame structures (2000 nodes 
maximum) for a variety 01 loading and support conditions. Element 
library includes beam, truss and spring elements. Model, deformed 
shape. shear and bending moment plot files are generated. 

FRPLDT.. ....•......•...............•....•...•....••...•.................•....•...••..•.. $99.00 
Transforms data files generated by FRAME30 inlo plots of 3·0 
structural models or deformed shapes. These plots may be viewed on 
a computer monitor or printed. 

BMPLOT •••...••.....•.. ..•••...•....•......•......•....•........•....••. .... ..... ....... $99.00 
Produces load, displacement. shear and bending moment plots for 
beam elements and load cases selected by the FRAME3D user. 
These plots may be vIewed on a computer monitor or printed in color 
or black and white. 

FRAME3D (Version 4.0) ...................................••...•.............. $395 .00 
Includes all of the features of FRAME3D (Version 3.0) plus tension 
only elements for diagonal bracing, piping elements for piping 
analysis, curved beam elements and a library of AISC section 
properties. 

SHORE •........•.••.........••.....•...•..•.......••...........•....••.......•...••..•• $195.00 
Perfonns stress analyses of shells of revolution (pressure vessels, etc.) 
and aXIsymmetric solids using the finite element method. 

FEM3D ...••.••...••...•..•••..••...•...••.•.••...••........•••..........•...........••.. $495.00 
Performs finite element stress analyses of 2-0 and 3-0 structures lor 
thermal and mechanical loading conditions. Element library includes 
plate bending elements, planar isoparamelric elements and solid 
elements. Includes all of the features of FRAME3D (Version 4.0). 
Model, distorted shape and stress contour plot files are generated. 

FEHEAT ........ ..... ......... ..... ... .. .... ...... ...................•...••.•...•.•....• $195.00 
Calculates the temperature distribution in flat plates and 3-D solid 
structures using the finite element method. 

PLDTIT .••...••.••...•..•..•..•...••...•....•...••...•..........•............•••........ $1 49.00 
Provides model, distortion and color contour plots for FEM3D and 
FEHEAT analysis programs. Plots may be viewed on a monitor or 
printed. 

BASEPLATE .....•...••...••...•....•..•.....••...•.....•....••...•••....•••.....•... $149.00 
Calculates bolt loads and the maximum stress in lIexible, rectangular 
baseplates. Bolts (preloaded) and loads may be placed anywhere 
on the plate. Prying action is included using a nonlinear finite element 
approach. 

FLATPLATE ...••........•.......•...••....•..........•....••....•...••.•...•.....•... $149.00 
Calculates displacements and stresses in flat (rectangular or circular) 
plates with concentrated or distributed loads. Plates may rest on an 
elastic subgrade and edges may be free, simply supported, fixed or 
spring supported. 

The user's IP3nual tor each program contains theoretical background, 
descriptions of input and output. and examples. Plolling programs 
support HP Laser Jet and Desk Jet printers. 

. {otll\a\'O!\' COMPU-TEC ENGINEERING, INC. 
,(e \(\ 

fot 11\0 ~\3C\' 16100 Chesterfield Parkway, Suite 246 • Chesterfield, MO 63017 
e (.0'· 

\,\e3~ (314) 532-4062 • FAX: (314) 536-2154 

Please circle # 85 
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• effectively resisting the vibra
tion. This reduced the accelera
tion from 0.791: to 0.291: for mod
erate sized groups. This 
acceleration is at the lower limit 
of human acceptability and, 
therefore, was deemed accept
able. The bridging added approx
imately 10 tons of steel to the 
job. 

The roof is also supported on 
trusses, though these smaller 
trusses have WT6x95 top chords 
and WT6x85 bottom chords with 
double angles used for the diago
nals and tubes for the vertical 
members. The roof truss is 14-ft. 
deep at its midspan and 9-ft. 
deep at each end. 

LATERAL FORCE 
RESISTING SYSTEM 

The exhibition hall structure 
consists of the eastern portion of 
the complex and is comprised of 
the parking structure, exhibition 
level, meeting rooms and the 
exhibition hall roof. This portion 

THIS BEAUTY 

NOT ONLY 

CARRIES 

TRAFFIC. .. 

IT CARRIES 

A MESSAGE! 

With proper planning, Pittsburgh's 
Homestead High-Level Bridge has saved 
literally hundreds-of-thousands of 
maintenance dollars thanks to its Grid 
Reinforced Concrete Deck. When it 
opened in 1939, the span's owners, 
Allegheny County, knew it would even
tually require a deck upgrade. Foresight, 
however, directed officials to install a 

Shown is a closeup view of a braced frame. The brace members 
were typically slotted, held in place with erection bolts, and field weld
ed to gusset plates. Photo by Steven G. Hall 

GRCD and, 56 years later, with the 
original deck still intact, the tremendous 
savings in materials and construction 
costs are still being realized! Check the 
facts: less impact on commercial and 
private use*; local business continues 
without interruption; and Allegheny 
County discovers added revenue for 
other essential projects. When you 

consider the time and money spent on 
deck replacement, doesn't it make sense 
to install a Grid Reinforced Concrete 
Deck? Forget quick-fix and low-cost 
construction. It simply doesn't work! 
Join the ranks of engineers who make 
the wise decision - bridge decks of 
Grid Reinforced Concrete. 

• mott Ihon '7,000 vehlC'n do,1y 

BRIDGE GRID FLOORING MANUFACTURERS ASSOCIATION 
231 South Church Street, Mount Pleasant, PA 15666 • Phone 412 / 547-2660 

Please circle # 93 
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is generally separated from the 
theater portion by an isolation 
joint that se pa rates the two 
structures such that they will act 
independently when responding 
to seismic excitation. 

This isolation is not complete 
at the lower levels in that the 
theater entry level is connected 
to both structures. In addition, 
the columns and braced frames 
of the theater structure at that 
location are supported by a shear 
wall that forms the western 
boundary of t he exh ibition hall 
structure. Because these link
ages are near the base of the 
structu re, as well as the fact that 
the structure's mass associated 

with them is small, their effects 
on the seismic response is minor 
and h as been included in the 
design. Typica lly, the noor sys
tems are a concrete slab support
ed by a 3-in. composite meta l 
deck, for a total depth of 51/~ in . 
The slab system is supported by 
composite steel beams and gird
ers. Columns are wide nange or 
tubular shapes. The roof system 
is comprised of steel beams sup
porting a n open metal deck (no 
concrete fill l, which acts as a 
diaphragm. The exhibition noor 
structu re is reinforced concrete 
beams and slab. 

The exhibition ha ll is essen
tially a large box and the lateral 
suppor t system consists of x
bracing, primarily composed of 
square tubes, though some round 
tubes were used. Fabricator on 
t he project was AISC-member 
Canron West and steel erector 
was The Erector, Seattle. 

Dan Symonds, P.E., is a pro
ject engineer with HNTB 's 
Bellevue office. 

A Quick Quiz 
For Structural Engineers 
The more 0 computer progrom costs, the 
better it Is. 

TRUE FALSE 

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

TRUE FALSE 

Structural engineering software can never TRUE FALSE 
be fun to use. 

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

-

V ~ f-

RISA 
TECHNOLC GIlS 

.. : .. ; 

L 

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

26212 Dimension Drive, Suite 200 
LDke Farest, CA 92630 
1-800-332-7472 

Please circle # 40 

UNUSUAL SHAPES AREN'T 
UNUSUAL AT MAX WEISS. 
If ~'s structural steel that needs to 

• 

be bent far unique applications. • 
chances are that Max Weiss bends 
it. We can bend steel the easy 
way. the hard way, irregular curves. 
offsets, elliptical shapes. circles. 
segments with and we 

can bend it tf~~~~~!i!! with minimal 
distortion. 

We offer a rare 
combination of skills in 
forging. the hot shaping 
of metais. and the rolling 
and forming of tubing. rail and bars. 
~ you have a question or problem 
In steel shaping. call . fax or write 
for a dependable solution. 

TAKE IT TO THE MAX . 

MAX WEISS CO, INC. 
8625 W BlOdley Rood 
M_, 'M53224 
TeiephcJ"o 414 ·355-8220 
MAX FAX 414·355·4698 

Please circle # 56 
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HIGH-STRENGTH BOLTS 
A primer on the installation, inspection and 

behavior of high-strength bolts for engineers who 
missed last year's NSCC bolting lecture 

Bolt 
Tension 

kN 

Comparison Of Bolt Types 
(Direct Tension) 

400 -
A490 

(All bolt. 22 mm di.~ 90 mm grip, 
including 3 mm in Ibd.) 

300 t-( A325 

~---------------zoot-V 
A307 

IOOU-----------------------
1 I I 

1.0 2.0 3.0 •. 0 S.O 6.0 

Elongation mm 

Bolts Loaded In Shear 

800 __ ~A490 

600 
Shear Stress A325 

MP. 
400 

200 

By Geoffrey L. Kulak 

WHILE WELDED CONNEC
TIONS OITEN REQUIRE THE 
SERVICES OF A SPECIALIST, 

PROJECT ENGINEERS ARE EXPECTED 
TO BE CONVERSANT WITH ALL 
ASPECTS OF DESIGN, INSTALLATION 
AND INSPECTION OF BOLTED CON
NECTIONs-from ASTM A307 
(common or "ordinary" bolts) to 
ASTM A325 and ASTM A490 
(high'strength bolts). 

ASTM A307 bolts are used on 
lightly loaded structures and can 
be installed with a spud wrench. 
Whi le the induced level of pre
tension wi ll be indeterminate, it 
can be expected to be low. The 
bo lt materia l has an ultimate 
strength of 60 ksi (450 MPa). In 
contrast, ASTM A325 and ASTM 
A490 bolts are much stronger 
than A307 bolts, with u ltimate 
tensile strengths of 120 ksi (830 
MPa) and 150 ksi (1040 MPa), 
respectively. 

SUP CRITICAL CONNECTIONS 

Slip·critical connections are 
specified when: 

· Load is repetitive and 
changes from tension to com· 
pression (fatigue by fretting 
could occur). 
· Change in geometry and 
structure would affect its per
formance . 
• High·strength bolts and 
we lds must share t h e load 
(new work only). 
· Slotted holes are used in the 
direction of loading. 
In ASD, engineers use service 

• 

• 

1 2 3 " 5 6 
Deformation, mm 

loads, not factored loads, while • 
in the latest LRFD Speci fi cation, 
engineers can use service loads 
or factored loads . However, the 
most common application of slip· 
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critical connections is for 
bridges . In this case, designers 
should probably use the fatigue 
truck load or an overload truck. 

In a slip-cri tical connection, if 
the connected parts s lip, the 
amou nt of slip can theoretically 
be as much as two hole clea r
ances . However, both laboratory 
test data and field experience 
show that if joint slip takes 
place, it is usually in the order of 
one-half of the hole clearance. 

From the point of view of 
inspection of high-strength bolts 
in a slip-critical connection, it is 
important to recognize that the 
preload in the bolt is essential to 
proper functioning of the joint 
and that the bolts a re not acting 
in shear . 

When designing s lip-critical 
connections, remember: 

e AISC gives permissible shear 
stresses for bolts in a slip-crit
ical connection (even though 
the bolts are actually not act
ing in shear ). 
eThere is about a 5% probabil
ity of s lip (cl ean mill scale 
case) whe n these rules are 
used and installation is by 
turn-of-nut. 
eThere is about a 10% proba
bility of slip for the same case 
but when installation is by 
calibrated wrench. 

B EARING-TYPE CONNECTIONS 

In bearing-type connections, 
the bolts are in shear and their 
capacity must be examined. The 
connected materia l is in bearing 
adjacent to the bolts and its 
strength must be examined. 

Bolt shea r strength is about 
0.62 times bolt tensile strength 
and AIS C values r e flect this 
r e lations hip. When des igning 
bearing-type connections, engi
neers shou ld co n si der shear 
plane through threads, if neces
sary , and the effect of joint 
length, if necessary. 

When designing bearing-type 
connections it is important to 
r ecogni ze that the shear 
strength of the bolt is not depen
dent on the pretension of the 
bolt. 

Bolts In Tension
Static Behavior 

e Connected Parts are relatively stiff 

BOLT 

FORCE 

B 

normal installation 
no prying 

APPLIED LOAD, T 

Bolts In Tension
Prying Action 

e Increase in bolt force due to prying action can be 
calculated. The increase can be significant. 

nonnal installation 
plus prying normal instaUatlon 

no prying 

BOLT 

FORCE 

B 

APPLIED LOAD, T 

BOLTS IN TENSION 

With bolts in tension , the con
nected parts are compressed by 
the preload supplied by the bolts 
and there is initial tension and 
equal and opposite precompres
sion in the connected parts. 
When an exte rn al load is 

applied, the bolt elongates, but 
contact press ure between the 
connected material decreases. In 
both theory and testing, the bolt 
load increase is less than about 
10%, as long as parts do not sep
arate . After separation , bolts 
must carrya ll of the external 
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Bolt Tension: 
Turn-Of-Nut 

tension induced by turning nut 

load. 
Prying action in bolts is • 

greater than the nominal va lue 
of FIn. Also, local bending takes 
place at the shanklbo lt head 
junction. With bolts in tension, 

200 
the increase in bolt force due to 
prying, which can be significant, 

Bolt Tension 

kN 
100 

I--..L--specified minimum tension 

oooc 
00 DC 
OOOC 
oooc 
oo<:'~ 
000\ 

~~~i 

/ mean 

0.50 1-00 1.50 

Bolt Elongation, mm 

DR 
bolt elongation at 112 turn 

can be calculated. 
The capacity of a bolt in ten

sion is a product of the ultimate 
tensile strength of the bolt and 
the tensile st ress area of the 
bolt. AlSC Specifications directly 
reflect this calculated capacity. 

iNSTALLATION OF IIIGH
STRENGTH BOLTS 

Regardless of the type of 
insta ll ation method used, pre
load is required for: 

- Bolts in slip-critical connec
tion. 
- Column splices and certain 
girder s plices in high -ri se 
buildings. 
- Bolts in tension connections. 
Preload is not required when 

HAYDON BOLTS, INC. 
Bolt Manufacturers Since 1864 

• Foundation Anchors in Stock - Plain or Galvanized . iflItN 

Threaded Rod . Tie Rods . Hanger Rods 

Swage Bolts . Hex Bolts . U & Eye Bolts . Crain Rail 

Tension Contra Bolts . La ews • Washers 

Threaded Rebar. B7 Studs • T~uckle Assemblies 

Nuts of all types . Plates . Couplin 

A325 Type 1 & 3 + A490 Struct 

A36 • A588 • 4140-B7 • Up 

Carbon & Stainless Steels. Alloys . 

"We Make 'Em, We 

800-326-1321 
1183 Unity Street, Philadelphi 
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• 
snug-tight bolts are sufficient, 
which is typical in the majority 
of applications. 

With pretensioned bolts, pre
load must be at least 70% of the 
bolt minimum specified tensile 
strength. Permitted installation 
methods for pretensioned bolts 
are: turn-of-nut; calibrated 
wrench; alternative design bolts; 
or direct tension indicator tight
ening. 

Turn-of-nut is one of the sim
plest and most common installa
tion methods. A few bo lts are 
installed and used to bring the 
part together such that the 
material is in close contact. The 
remaining bolts are installed to a 
snug-tight condition (full effort 
using a spud wrench or first 
impact of an air wrench). And 
finally, each nut is turned the 
prescribed part (e.g., one-half 
turn), working outward from the 
most rigid part of the joint. 

Another common, though 
slightly more expensive, install a-

Bolt Tension 

kN 

50 

Turn-Dr-Nut Method: 
Nut Rotation 

1/2 

r A490 

---- lWIST-OFF 

A32S J / 

specified minimum 
tfosions 

22 mm dla. I 140 mm 
lonc boll5, 3 mm Ibd. 
18 ,rip 

1-1/2 

Nut Roution , turns 

Making the Difference When Performance, 
Reputation and Quality Count. 

Registered head markings on all 
structural and machine bolts. 

eQOe®~ 
A-'J(J7-A A-449 A-307-B A-325 A-325 

1)tpe' 1)tpe 3 

All products made from steel melted 
and manufactured In the U.S.A. 

- FULL TRACEABILITY 
- LOT CONTROL 

- CERTIFICATIONS 

St. Louis Screw & Bolt Company 
6900 N. Broadway St. Louis, MO 63147 U.S.A. 

1-800-237-7059/ (314)389- 7500/FAX (314)389-7510 
Please circle # 36 
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Metric DTIs 

Instruction Manual 
lor Installing 

HIGH-STRENGTH 
BOLTS 

with 
DIRECT TENSION INDICATORS 

(ASTM F959M) 

METRIC SERIES eDITION 

41 
~ J&:MTurne,lnc. 

J & M Turner Inc. 
Intemational Headquarters 
1310 Industrial Boulevard 
Southampton, PA 18966 

Phone: 215-953-11 1 B 
800·525·7193 

F8)(: 215-953-1125 

ANCHOR BOLTS, PLATE & SLEEVE 
ASSEMBLIES, TIE RODS, STUDS, SWEDGE 

BOLTS, U-BOLTS, HEX BOLTS & EYE BOLTS 

Custom fabricated to exact specifications from certified domestic 
sleel up to 4-inch diameter and 40-foot lengths in steel & alloy. 

STRUCTURAL BOLTS, NUTS & WASHERS in A325, A490 & TENSION 
CONTROL BOLTS, WELD STUDS, CONCRETE ANCHORS, B·7 STUDS, 
CLEVISES, TURNBUCKLES and all types offasteners in various grades 
and materials; plain, plated and galvanized. 

Stocked for immediate shipment 

* SAME DAY SHIPPING * 
OVERNIGHT TO MOST U.S. CITIES 

MID-SOUTH BOLT & SCREW 
Central States 
499 Cave Road 

Nashvil~, TN 37210 
615-889-8341 

FAX: 615-88!i-6S42 
1-81JO.251-3520 

East Coast 
59 Uberty Road 

Empo<ia, VA 23847 
804-634-0240 

FAX: 804-634-11541 
HlIJO.366-BOLT 

~~t ~~~--~~~. -- ___ ~ 
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tion method is the use of a cali
brated wrench. The in sta ll e r 
begins by ca librating the wrench 
using at least three bolts of a 
given grade, diameter and 
length, which a re installed in a 
dev ice that read s bolt force 
(Skidmore-Wilhem). The wrench 
is then adjusted to sta ll at 5% 
over the specified minjmum pre
load. In both the test and on the 
job a washer must be used. 

It is important to recognize 
that installation using a calibrat
ed wrench is a torque control 
method. This means that if any 
of the conditions that can affect 
the pretension change (condition 
of the threads 0 1' t he washers, 
changes in bolt diameter or 
length , or bolt lot), then a new 
calibration must be done. 

In addition to turn-of-nut and 
calibrated wrench bolt insta lla
tion, there are a number of pro
prietary methods on the ma rket. 
These include: Huck bolts; ten
s ion-contro l bo lts (twi st-off 
bolts ); and load-indicating wash
ers. All of these meth ods are 
directed toward establishing the 
specified minimum preload in 
the bolt. Of cou rse, prior to speci
fying one of these methods, it 
shou ld first be dete rmin ed 
whether or not prete n s ion ed 
bolts are required for the project. 
Generally speaking, though, any 
of these methods will work satis
factorily if properly calibrated. 

FIELD INSPECTION 

Field inspection is necessary 
to e ns u r e that in stallation 
requjrements of the Specification 
are being met as the bo lts are 
being insta ll ed . After installa
tion, it becomes difficu lt, uncer
tain and incredibly time-consum
ing to determine whether correct 
bolt pretension has been 
achieved. Howeve r , during 
inspection, it is importa nt to dis
tingui sh between the require
ments necessary when bolts 
must be pretensioned and when 
bolt pretension is not reqwred. 

During inspection of snug
tight joints, the inspector should 
note that a ll pli es must be in 
firm contact with no co mpress-

• 

• 
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ible material within grip. 
Inspection should also establish 
that all connected plies are in 
"full contact"(note that preten
sion is not an issue). However, 
notwithstanding the "full con
tact" statement, some incomplete 
contact can be tolerated since the 
strength of the joint is indepen
dent of bolt pretension and con
tact area. 

In joints where pretension is 
required, a representative sam
ple of bolts must first be 
installed in a bolt calibrator 
(regardless of installation 
method) to establish the validity 
of the procedure to be used. The 
requirements for inspection of a 
particular method follow from 
the qualification procedure. (For 
example, with turn-of-the-nut, 
does one-half turn actually pro
duce the required pretension? 
Does the installation of the bolts 
proceed from the stiffest part of 
the joint outward?) 

Points to consider about 
inspection: 

· Pretension values greater 
than those specified are not 
cause for rejection. 
• Rotation tests are useful for 
short-grip bolts or coated fas
teners. 
• Use of a torque wrench to 
install bolts is not permitted 
by AISC rules (the results are 
highly variable). 
• Use of a torque wrench to 
check the pretension attained 
in a bolt is unreliable. 
· Torque methods of installa
tion (e.g., calibrated wrench 
and twist-off bolts) are sensi
tive to the quality of the lubri
cation, thread fit, dirt and grit 
on the job site, air pressure, 
etc. If these change, a new cal
ibration is required. 

Geoffrey L. Kulak is Professor 
of Civil Engineering at the 
University of Alberta in 
Edmonton, Canada and is a 
member of the Research Council 
on Structural Connections. This 
article is based on a paper deliv
ered at the 1994 National Steel 
Construction Conference. 



W . E L DIN G & F A S TEN I N G PRO Due T S 

High Shear Nail 

H ilti has recently introduced 
the High Shear Nail (HSN) 

for the attachment of meta] roof 
and floor deck to bar joist and 
light structural steel beams. 
Designed to be equivalent in 
allowable shear capacity to a 
'I, in. puddle weld, the nail is 
compatible with Hilti's DX 36M 
Powder Actuated Fastening 
System . Contact: Kenneth 
Walsh , Manager of Marketing 
Communications, Hilti Inc., 5400 
South 122nd East Avenue, 
Tulsa, OK 74146 (800) 727·3427 
ext. 6726 or circle #96. 

Lock Pin & Collar 

H uck International has intro
duced a high-strength alter

native to ordinary nuts and 
bolts: The Huck Lock Pin and 
Collar fastening system. It 
exceeds ASTM A325 and A490 
requirements and meets AASH
TO , ICBO, AISC , and AS ME 
requirements. The system is 
U.S. made, and the fasteners are 
completely traceable and factory 
mill certified. Contact: Mark 
Brenner, Huck Fastening 
Systems, 6 Thomas, Irvine, CA 
92718 (714) 855-9000 or circle 
#95. 

Direct Tension Indicators 

D irect tension indicators (DTI) 
produced by J&M Turner 

are now identified with a new 
trademark symbol as well as a 
lot identification number for 
complete product traceability. In 
addition, a full range of metric 
DTls are now available that 
meet the prov isions of ASTM 
A325M and A490M. Contact: 
J&M Turner, 1310 Industrial 
Blvd ., Southamton, PA 18966 
(800) 525-7193; fax (2 15) 953-
1125 or circle #69. 

Structural Bolts 

St. Louis Screw & Bolt special
izes in manufacturing various 

types of structural bolts used in 
the construction of bridges, tall 
buildings , power plants and 
large manufacturing plants. The 
plant produces Heavy Hex Head 
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Structural Bolts that are princi
pally designed for use in turn-of
the-nut method of installation. 
Sizes range from I/,-in. through 
11/,-in. diameter in all lengths , 
plain Type I and III, hot dipped 
galvanized and mechanical. The 
company also produces special 
head configurations such as 
countersunk, buttom head and 
square. For more information , 
contact: Janet Kruzs, St. Louis 
Screw & Bolt, 6900 N. 
Broadway, St. Louis, MO 63147 
(800) 237-7059; fax (3 14 ) 389-
7510 or circle #36. 

Roll Threading 

Fabsco Corp. has expanded its 
roll threading capacity to 

3-in. diameter so there's no need 
to upset large diameter rods to 
achieve full size thread engage
ment. Time and money can be 
saved by roll threading sag rods 
and tie rods . Also stocked are 
'I' 31' d l' d' 8- In" ,,-In. an -In. lameter 
roll thread anchor bolts as well 
as a large range of plastic anchor 
bolts sleeves up to 3-in. diame
ter. The company also carries hot 
dip galvanized bridge bearing 
studs up to 11/._in. diameter. For 
more information, contact: 
Fabsco Corp., 1745 West 124th 
St., Calumet Park , IL 60643 
(708) 371-7500; Fax (708) 371-
7524 or circle #97. 

Anchor Bolts & Tie Rods 

Haydon Bolts manufacturers 
anchor bolts and tie rods up 

to 4-in. in diameter. The prod
ucts are offered in ASTM A36, 
A449, A325, and A588. A com
plete line of standard and special 
sizes of ASTM A325 and A490 
are available in hexagon heads 
as well as button head shear 
bolts. For more information, con
tact: Haydon Bolts, Inc., Adams 
Avenue & Unity Street, 
Philadelphia , PA 19124-3196 
(215) 537-8700; Fax (2 15) 537-
5569 or circle #98. 

Twist-Off Bolt 

N ucor Fastener has developed 
a twist-ofT bolt with a major 

difference from competitive prod-

ucts: a hex head. This head 
makes the bolt easy to install, • 
easy to remove , and easy to 
check its installation with a 
torque wrench. They are fully 
tested and certified, including 
full compliance with FHWA, 
DOT and AASHTO specifications 
for bridge construction. For more 
information, contact: Nucor 
Fastener, P.O. Box 6100, St. Joe, 
IN 46785 (800) 955-6826; (219) 
337 -5394 or circle #38. 

Tension Control 

Rapid Tension Bolts from NSS 
Industries are a type of 

structural bol ton u tow asher 
assembly where the proper ten-
sion is indicated when the spline 
has been separated from the 
bolt. Installation is achieved by 
first assembling the bolt, washer 
& nut into the connection hole 
and tightening by hand until 
snug. Next, the 12-point socket 
of the installation tool is 
engaged. Rapid tension is 
achieved by simply pressing the 
trigger of the installation tool; • 
while the outer socket rotates 
clockwise, the inner socket 
rotates counterclockwise, ensur-
ing a snug fit . Contact: NSS 
Industries, 9075 General Dr., 
Plymouth, MI 48170 (800) 221-
5126 or circle #99. 

Tension Control Indicator 

The TS Fastening System is a 
high-strength tension control 

indicating system and IS 
designed for the installation of 
high-strength A325 and A490 
bolts. Contact: Bristol Machine 
Company, 19844 Quiroz Court, 
Walnut , CA 91789 (800 ) 798-
9321 or circle #100. 

Rapid Delivery 

M id-South Bolt & Screw Co. 
provides a wide range of 

products including anchor bolts, 
tie rods, studs, crane rail bolts, 
V-bolts, J-bolts, swedge bolts, 
eye bolts, structural hex bolts, 
tension control bolts, load indica- • 
tor washers, concrete anchors, 
weld studs, threaded studs, plas-
tic sleeves, clevises, turnbuckles 
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WELDING & FASTENING PRODUCTS 

and all types of nuts, screws, 
bolts and washers. Contact: Mid 
South Bolt & Screw Co., Inc., 
499 Cave Road, ashville, TN 
37210 (800) 251-3520 or circle 
#74. 

Proper Tension 
Installation 

The LeJeune Tension Control 
Bolting System provides a 

calibrated bolt, nut and washer 
assembly that installs at the 
proper tension for that particu
lar size and grade of bolt. A-325 
Type I and Ill, as well as A-490, 
Grades are available in 3/4-in., 
'I,-in. and 11/,-in. diameters. 
Contact: LeJeune Bolt Co., 8330 
West 220th St., Lakeville, MN 
55044 (800) 872-2658 or circle # 

Threaded Fasteners 

Portland Bolt is an 82-year
old, domestic manufacturer 

of anchor rods, tie rods , high
strength head bolts up to 2 1/,-in., 
welded anchor bolt assemblies 
with common plates, and thread
ed rod. Portland Bolt produces 
product from I/,-in. to 4-in. diam
eter, in any grade, and up to 40-
ft. long. All galvanizing can be 
done in-house. The company also 
offers specification compliance 
thorugh a the latest testing 
equipment. Contact: Portland 
Bolt & Manufacturing Co., Inc. , 
3441 N.W. Guam, Portland, OR 
97210 (800) 547-6758, fax (503) 
227 -4634 or circle # 

Bolt Storage 

I ntromark's new Size Master 
storage system makes invento

ry and storage of bolts easier and 
simpler. The color-coded storage 
and display system keeps nuts 
and bolts organized for easy 
selection. For more information, 
contact: Intromark, Inc., 217 
Ninth St., Pittsburgh, PA 15222 
(800) 851-6030; fax (4 12) 288-
1354 or circle # 

Portable Wire Feeder 

L incoln Eletric's new LN-25 
Portabl e Wire Feeder is 

designed for maximum versatili
ty and portability in a variety of 

field applications. It can be used 
on mo t constant voltage or con
stant current DC power sources 
and is primarily for "across-the
arc" operation without a control 
cable. Simply connect the elec
trode cable, clip it to work and 
it's ready to weld. Includes 2-in. 
O.D. spindle with Readi-Reel 
adapter for up to 30 lb. spools. 
The wire drive assembly features 
a quick release mechanism for 
easy changing of the electorde. 
The LN-25 is available in three 
models (with voltmeter; with 
voltmeter and gas solenoid; and 
with voltmeter, internal contrac
tor and gas solenoid). For more 
information, contact: The 
Lincoln Electric Company, 22801 
St. Clair Ave., Cleveland, OH 
44117-1199 (800) 408-1188 ext. 
WELD or circle #57. 

Inverters 

PowCon's inverter welding 
power sources allows up to 

75% reductions in the size and 
weight of the transformer and up 
to 45% energy savings as com
pared to SMAW or GTAW power 
supplies . When combined with 
an engineered plastic housing, 
the result is a power source that 
weighs only one-third that of a 
conventional transformer and 
takes up significantly less floor 
space, yet provides the same 
power output. PowCon, which 
also sells plasma cutting tools, 
has entered into a marketing 
agreement with Kemppi to sell 
their product line of inverters in 
the U.S. For more information, 
contact: Wade Chase, PowCon 
Inc., 8123 Miralani Dr ., San 
Diego, CA 92126 (800) 833-9353 
or circle #103. 

Stud Welding 

TRW Nelson Stud Welding 
Division offers a wide range 

of stud welded shear connectors, 
concrete anchors and threaded 
fasteners for bridge, building 
and industrial structures conoec
tion requirements. Complete 
stud welding systems and power 
generators are available for sales 
or lease. For more information, 

contact: TRW, 7900 West Ridge 
Road, P.O. Box 4019, Elyria, OH 
44036-2019 (216) 329-0400 or 
circle #104. 

Portable Flux Recovery 

The Mighty-Might PS-2 and 
PS-2-AlP from Weld 

Engineering are inexpensive, 
protable and rugged flux recov
ery systems. These lightweight 
systems feature powerful electric 
or air vacuum systems to meet 
medium duty flux recovery 
needs. The PS-2 features a self
cleaning dust filter, whi le there 
are no internal filters in the PS-
2-A/P. which allows hours of 
uninterrupted operation. Dust 
and fines arc collected in a dust 
bag for easy cleaning. For more 
information, contact: Weld 
Engineering Co., 34 Fruit St., 
Shrewsbury, MA 01545 (508) 
842-2224; fax (508) 842-3893 or 
circle #1 05. 

Welding Power Supplies 

M iller Electric offers a range 
of welding products from 

600 amp engine-driven welding 
generators to hand -portable 
inverter-based welders to plasma 
cutters. In addition, a complete 
selection of factory and field 
options enables users to cus
tomize the power ource to their 
application. For more informa
tion, contact: Miller Electric Mfg. 
Co., 1635 W. Spencer St., P.O. 
Box 1079, Appleton, WI 54912-
1079 (414) 734-9821 or c ircle 
#106. 

Powerful Grinder 

Chicago Pneumatic Electric 
Tools has introduced the 

most powerful 5-in. grinder in its 
class. The durable WS 1200 fea
tures an 11 amp, 1,200 watt rat
ing, yet weights only 4.2 lbs. It 
includes a 10-ft. rubb r power 
cord and can be roated 180 
degrees for true left-hand opera
tion. For more information, con
tact: Chicago Pneumatic Electric 
Tools Div ., 2220 Bleecker St., 
Utica, NY 13501 (315)792-2933 
or circle #107. 
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S TEE L MAR K E T P LAC E 

STAAD3-2D 
State-of-the-art 2D Structural Analys is 

and Design Software 
for $595 

Research Engineers. Inc. 11, proud (0 announce the arrival of 
STAAD3-2D. the mo,' cOlllprchen!<live 2D St ruc tural Analysis 
and Design software in loday's industry. STAAD3-2D is the 20 
version of RE'~ world famous \lructural software STAAD-I1 1. 
Equipped wi,h powerful Anoly,iS/Design. brillion, GUI. eosy 
Visualization/Verification. and nexible Report/Query facilitie ... , 
STAAD3-2D repre~ents the true state-of-lhe-an In modem struc
tural engineering. 

STAAD3-2D SUppOrl' STEEUCONC RETEff IM BER design 
per AJSC (ASD & LRFD). ACI and AITC code>. Wi,h a price 'ag 
of $595. it ofrer~ you the bc..,t vaule for all your 20 structural 
needs. 

Research Engineers, Inc. 
22700 Savi Ranch 

Yorba Linda, CA 92687 
ToU Free: 1-800-FOR-RESE 

Fax: (714) 974-4771 

Help Wanted - Project Manager 
Graham Steel Corporation, a well-established NW structural 

and misc. steel fabricator, is searching for n p<>rson with at least 
5 years experience managing 8tructuraUmiscelinneou8 steel pro

jects. Persons experienced in this field need only reply. 
Excellent salary and benefitB. Please fax or mail resumes to: 

Project Manager 
Graham Steel Corporation 

P.O. Box 658 
Kirkland, WA 98083 

Fax: 2061823-1590 

Help Wanted 
Structural Steel Estimator 

Modern, expanding fabricator seeking 
Structural Steel Estimator 

(minimum 10 years experience). 

Full benefit package; 
willing to relocate. 

Please fax resume to: 

Interstate Iron Works 
Whitehouse, NJ 

(908) 534-4949 
Attn: Charlie Hays 

StruCAD*3D 
The Flag.hip Product for 3D S tructural Anoly.i. & De.ig n 

• Pop-Up & PuIl·Down Menus • Wind & Gravity Lood Generation 
• Truly Interactive 3D Grnphica • Material Takeoff 

Pre- and POIIlproceuing • P·Dclta and Thermal Analysis 
• 3D AutoCAD Interface (in & out) • Pile-Soil Interaction 
• AISC·ASD, AlSC·LRFD, ACT·3IS • Seismic & Machine Vibration 
• Reinforced Concrete Design • Detailed Fatigue Analysis 

Prices start at only $249 
Zentech, Inc. 8582 Katy Fre{!way. '205, Houslon, TX 770'l4 

Tel r71319S4·9171 Fax 17131984-9175 
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HEWLETT-PACKARD 
ComputerslPeripherals 

A complete line of used and refurbished HP Equipment to fill 
all your computer needs. Laser printers, scanners. disk dnves. 
plotters (Orafip ro, Orafimastcr & OesignjeO, PC's and 9000 
series workstations are availab le for immediate delivery. Call 
our toll free number for additiona l information and pricing. 

Ted Dasher & Associates 
4117 2nd Avenue South 
Birmingham, AI. 35222 

800-638-4633 fax (205) 591 -1108 

Images-3D 
20·30 StructuraVFinite Element. Analysis 

Easy to learn and use Automesh Generation 
Shear & Moment Diagrams Static, Modal. Dynamic 
AISC Code Check Enforced Displacements 
Large ProblemM to 3,000 Jomts P·4S Analyslii 

Complete Static Package-Only $795 
Celestial Software. 2150 huttuck Ave .. RUlle 1200 

Berkeley. CA 94704 
Tel: 510-843·09771 Fax: 510·848·9849 

Fift.y-node fully functional evaluation package for only $49.95 

GTSTRUDL ADINA 

Static, Dynamic, Linear, Nonlinear & PUlihover Analysis 
SlTaight. & Curved Steel Bridge Model & Load Generator 

SC Solutions, Inc. 
Tel (415) 903-5050 Fax (415) 691-9452 

SC-Bridge SC-Push3D 
structurol & MisoeJIaneous SWeI Detailing CAD Programs 
AutoCAD paramecric LISP ~ fur preparing stn)(:turnl AND mise JItC(.J 

shop drawings. All prqunms have bet>n updat«:! for 1995 nnd new pn:er1lIll8 M\'(' 
been nddoo Anchor bolts to roof openmg frames nnd M~ ... erything betv.e<>n' 
lmperi.'l1 and m~tric \'l.'fSIOM with USA. Canadinn and EW'OIX'6Il8tt'cl8l.'Cllon8. 4.S
DAY MONEY BACK CUA.RAI\'TEE Oi.scoun\.8 up to 3O'l Buy only what yuo 
need. U".,oo m the fl('ld fur 8 yeatll_ Prognuns written by a oc>t.'111er with 39 )"OO.rR 

expenenl'(' Extremely "flexible" progra.nvc FRf..E tek-phone flUpp:rt.. No mruntf'
nnnce ree. Roo.:.ooablt> yearly updMe Ii"" ~::xn:ll..E.VI' P'RCXJRMtS at a REA 
SOr<ABLE PlUCE. c.u lOr. FREEd<moru.<k. ti."ofpoqlnU1l8. und..-

SSDCP 
110 Shady Oak Circle. Florence. MS 39073 

Tel: 6011845-2146 (fax same) 
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very easy to Ieorn and use, bet:ome a produc1ive user in just one cloy 
• extremely fost, shortOll! the concept Ifn. design cyde 
• most powerful on P( platform . 30 fEM, bu<khng. nonlinear. P-deho. dynamic. 

30 moving Ioods. parametric structures, phose constructions, US and foreign codes 
• buy the power you need, storls from 5495 version . 150 nocie/ 30 ~us plote elements 
• no risk, 30 day money bock guorontee 

See 'or yourself. Have fun. Any questions? Cal us. 1·800·60·ROBOT 

II 
It runs with 
NetWare 

metrosoft 
1111 C TlUI,tlC. 

Please circle # 51 J32 P(IIl'rlOfl A\'t'. £. Rlll/~rf(lrd, NJ 07073 

LlMlTfD WORKING VERSION Of PROGRAM WfT// PRf.RECORDfD fXAIrIPtJS AVAILABlE. OVER 21J01J USERS WORWWlD£ FOR MORE INfOllMAnON (AU 201-438-4915 OR fAX TO 201-438·1058 

r--------------------------------------------------------------------, : -0 Nome: I : > Compony: I 
I Address: State Zip 
I 
I Tei.: Fox: 

10m: .J structural engineer, .J architect, .J educator, ~ dealer, .J other. 
o Please hoye a product specialist coli me ..J Please send more information 
~ Please send working demo Yer~on (limited to 25 elements and 25 nodes), with retarded macros of real d~gn examples. Endosed is a chetk for 525 (plus 

I applicable Tax in NJ and NYI. I hoye a system equal to or bener than 386SX with moth coprocessor, .J 4 M8 .J 8 M8 RAM, 25 M8 of free disk spoce,VGA monitor. I 
I Melroso/t Structures. Inc. 332 PalerS<!fl A . ...... l Rurherlonl. NJ 07073. Tel 201 438-4915, fa. 201 438·7058. MSC I L __________________ _ _______________________________ ~ 

C 1994 MetrosoII Struc::IIs.,. Inc. AI brand and prodoct names ar.lJademartI.s 01' f8glstered ltademarU 01 thew respectNe holder. [)eoJeIoper Tested 0rIy Novell mak. •• no warranties WIth r8Sp8d 10 thIS prOdUd 

UK • Germany • Italy • Belgium • Spain • Portugal • France • BraIn • Luxembourg • Poland • Jordan • Moro«o 
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For further mformatJon 

Computers 8< Structures, Inc. 
1995 UruvelSlty Avenue 
Berkeley. CaWorrua 94704 

TEL: 510/ 845-2177 
FAX: 51 0/ 845-4096 

Please circle # 31 
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