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DESIGN DECK DATA SHEET #20 

UNITED STEEL DECK, INC •• 

METRIC IS COMING! 
Soon it will be required that all federal jobs use international units. UNITED STEEL DECK, INC. will 

publish a complete metric deck catalog early in 1994. If you want a copy of this new publication send us 

your request and we will mail a copy as soon as it is available. In the meantime we hope you find this 

load table for B (wide rib) roof deck useful. 
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L I ,64 GAGE THlCKNESS 

8 mm mm4/mm 

I~ ,'001 ~ 
22 0.749 232 
20 0.909 301 

760 COVERAGE (B30) 

s15 COVERAGE (B36) 
18 1.204 423 

16 1.519 546 

1'1'1' H. HI . II \ . III \ 
Uniform TOlal Load (Dead + Live). kPa 

Span Gage Span, mm 
Type 1500 1650 1800 1950 2100 2250 2400 2550 

22 5.0 3.8 3.1 2.5 
Single 20 6.3 4.8 3.8 3.1 2.6 2.2 

18 8.7 6.6 5.2 4.2 3.5 2.9 2.1 1.9 
16 11 .0 8.4 6.6 5.3 4.3 3.6 3.1 2.6 
22 5.2 4.3 3.6 3.1 2.7 

Double 20 6.7 5.6 4.7 4.0 3.5 3.0 2.7 2.4 
18 9.3 7.7 6.5 5.5 4.8 4.2 3.7 3.3 
16 11.6 9.6 8.1 6.9 6.0 5.2 4.6 4.1 
22 6.4 5.3 4.5 3.8 3.3 2.9 

Triple 20 8.3 6.9 5.8 5.0 4.3 3.7 3.1 2.7 
18 11.5 9.6 8.1 6.9 6.0 5.0 4.2 3.6 
16 14.4 12.0 \0.1 8.6 7.5 6.4 5.3 4.5 

Loads shown in italics are controlled by L/240 deflection. Dead load is assumed 10 be 0.48 kPa. 

NICHOLAS J. BOURAS, INC. 
PO BOX 662. 475 SPRING FI ELD AVE 
SUMM IT. NEW IERSEY 07902-0662 (9081277-1617 
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Sp Sn 
mmJ/mm 

10.2 10.7 

13.4 14.0 

18.3 19.4 

23.7 

2700 2850 

2.3 2.0 

2.9 2.6 
3.6 3.3 

3.1 2.7 
3.9 1.4 



• HISTA 
® 'truss girders 

Lighten your Overhead with ASTM A 913 / A 913M 
Grade 65. 

Ass e m b I Y B u iI din g for the New B 0 e i n g 777 Air era ft. 
3,000 tons of ARBED HISTAR@ Grade 65 in the trusses-Span 354', Depth 28', 

Structural Engineer : The Au,tin Company. Scattle, WA . 
Steel FabricatorlErector : The Herrick Corp .. Plcsanton. CA. 

Contractor: The Au,tin Company. Seattle. WA. 
Owner: The Boeing Company. Seattle. WA. 

~-----------------------------------------------------------------~~ 

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

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

IIiSTAR'I 1\ a "·."""""tr.It.!C mark Ilf AKBI I) 

For complete information, availability and literature, contact 11',,,11- \\WLIl, Inc., 825 Third Ave., 
New York, NY 10022. (212) 486-9890, FAX (212) 355-2159. In Canada: Irad \R I) Canada, 
Inc.,390 Brant Street, Suite 300, Burlington, Ontario L7R 4J4. (416) 634-1400, FAX (416) 634-3536 
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After Olive View Hospital col­
lapsed during a 1971 earthquake, 
the administrators vowed that the 
rebuilt structure would withstand 
the next seismic event---1lnd the new 
steel hospital came through the 
Northridge Earthquake structurally 
intact. Coverage of the earthquake 
begins on page J 6. 
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localized weld failure during the Northridge Earthquake 
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The midwest and northeast portions of the U,S, are 
vulnerable to earthquakes and should take heed of 
California's lessons 
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The new home of the Texas Rangers uses structural steel to 
capture an "old-time" look 
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The structural design of the Cleveland Indians Ballpark 
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STAAD - III / ISDS Release 19.0 

Introducing Concurrent Engineering to Structural Software 

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

Budd the model, Perform AnalysIs/Design, Review results, 
and Generate Reports concurrently 

• State-of-the-art Report Generator 

• New Advanced Analysis/Design Facilities: 
Tension Only Members 
Finite Element Release Specs 
Inclined Supports 
HarmOniC Time History Load Generator 

• Advanced Automatic Element Mesh Generator 

• On-screen error display with on-line editing 

• Live on-screen analysis/design status display 

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

A Milestone in Computerized 
Structural Engineering 

STAAD-IIIIISDS Release 19.0, from Re earch 
Engineers, Inc. represents a milestone in 
Computerized Structura l Engineering. Built around 
a new Concurrent Graphics User Interface, the new 
release allows you simultaneous on-screen access 
to all facilities. 

Bui ld your model, verify it graphicall y, perform 
analysis/design, review the results, sort/search the 
data to create a report - all within the same 
graphics based environment. This "concurrent 
engineering" approach coupled with a live 
relational database, enhances the productivity of 
your design office to a level never witnessed before. 

STAAD-III/ ISDS - from Research Engineers - is an acknowledged world leader in structural 
software. Whether it is finite element technology or sophisticated dynamic analysis or CAD 
integration. Research Engineers had always been at the forefront of innovation. STAAD-III /ISDS 
has been consistently ranked #1 by all major industry surveys including ENRlMcGRAW-llili survey, 

With over 10,000 installations, more than 30,000 engi neers worldwide rely on STAAD-III / ISDS as 
their everyday companion in the design office . • I I R a""'h rng "neer.s Inc 1570 N. Batavia Street , Orange, CA 92667 ~ ese,.. c;; , I , " Tel: (714) 974-2500 Fax: (714) 974-4771 Toll Free: (800) FOR-RESE 

• USA • UK • GERMANY • FRANCE • CANADA • NORWAY • INDIA • JAPAN • KOREA 
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T o R A L 

Steel Performance • 
While the Northridge Earthquake exposed some chinks in the 

once-impervious reputation of steel buildings in seismic 
zone, it is important to remember that from a life-safety 

standpoint, the perfor-
mance of steel-framed 
structures was without 
peer. Current U.S. building 
codes are intended to 
ensure that buildings do not 
collapse-and in that 
regard steel-framed build­
ings came through with fly­
ing colors. As one engineer 
put it, hc'd rather be stand­
ing in an old steel building 
during an earthquake than 
a new building of any other 
material. Our report on the 
earthquake design begins 
on page 16. 

Howeve r, there were 
some valid complaints 

Some steel structu res exhibited 
localized weld failures alld {lallge 
crackillg. TIu? welds haue already beell 
repaired in this example. 

about the performance of some steel-framed structures. Thc first to 
appear in the popular media dealt with ancillary building damage­
that is, damage to lighting fixtures , mechanical equipment, parti­
tions, exterior cladding, etc. While this type of damage also occurred 
in concrete structures, it was more noticeab le in steel structures 
because it was the only visible damage in steel-framed buildings. 
Unfortunately, this problem is related to current building code 
requirements, which emphasize lifc safety and all but ignore building 
performance. Most ancillary damage can be prevented ; howevcr, 
unless required by codc many engineers and developers arc willing to 
gamble on the infrequency of seismic events (and the availability of 
adequate insurance I and are unwilling to spend the extra money 
up-front to prevent these problems. 

The second problem was more serious, though again, it was not a 
life-safety issue. Connection failures occurred in a small number of 
low- to mid-rise steel-framed structures with moment conncctions. 
Typically, these localizcd fai lW'es were realized a weld fracturcs. In 
some cases, there was flange cracking, usually located immcdiately 
above thc top flange of the beam. AISC has ail'cady assembled a task 
group of members of the AISC Seismic Design Committcc to study 
the problem and to propose simple-to-imp lement so lutions. 
Renovation work is underway on all of the effected structur s, and in 
most cases, will have already been completed by the tim you read 
this. (For more information on these problems, see the article begin­
njog on page 22.) 

Note, though, that while the steel industry considers the weld fail­
ures and flange craclUng to be serious problems, in no case did they 
lead to the collapse of a structure. From a life-safety standpoint, 
steel-framed buildings performed flawlessly. 8M 
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How to get 
from here 

Engineering. Analysis 
and Design Module 

I 
- - • 

f.stimaling Module Production Control 
Module 

• 
Detailing Module 

to here. c~c Interface 
Module 

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

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

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

D~Jg.~DI III 
"First iO ... software, solutions. service" 

402-476-8278 or 1-800-443-0782 
IqQ! 0rsIJn ()au Corpnuon 



LRFD 
STEEL DESIGN FOR NOW AND INTO THE 21 ST CENTURY 

Volume I 
• New 1993 AISC 

Specification 
• Essentials of 

LRFDfor 
Simplified 
Design 

• Uniform Load 
Tables 

• Latest 
Information 
on Member 
Design 

2-VOLUME 
SET 

ONLY $132 
(AISC 

MEMBERS: $99) 

Volume II 
• Simple Shear 

Connections 
• PR and FR Moment 

Connections 
• Shear and Moment 

Splices 
• Diagonal Bracing 

Connections 
• Column Base Plates 
• Beam Bearing Plates 

INDIVIDUAL VOLUMES· $72 
(AISC MEMBERS : $54) 

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

FIRST NAME LAST NAME (Please prmt) 

COMPANY 

STREET ADDRESS 

CITY/STATE/ZIP 

~CO~U~N~TR~y-----L--JD~A~yT~IM~E~P~H~O~N~E----

__ Copies of Volume I and II 
__ Copies of Volume I only 
_ Copies of Volume II only 

Check enclosed 
_ Charge to __ Visa 

PHONE ORDERS 

(312) 670-2400 EXT. 433 
FAX ORDERS 

(312) 670-5403 

Mastercard 
Card# _____________ _ 
Expires _____________ _ 
Signalure ____________ _ 

~----------------~ . Add $5.00 UPS Shipping for each sel ; add $2.50 for each 
addil ional set. CA. Il . NY add sales tax. Foreign orders 
add 10% of order or $10.00 minimum. 

RETURN TO: AISC LRFD MANUAL, PO BOX 806276, CHICAGO, IL 60680-4124 
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Steel Interchange 
Stf!f!i Interchange is an open forum for Moderll teel 

COlis/ruction readens to exchange useful and practical prafes· 
siona1 ideas and information on all phases of stee l bui lding and 
bridge construction Opinions and suggestions are welcome on 
llny subject covered in this magazine. Lf you have a Ques tion or 
problem that your fellow readers might help you to solve. please 
forwa rd it to Modern Steel COllstructioll. At. the same time, fccl 
free to respond to any of the questions that you have read here. 
Please send them to: 

Steel Interchange 
Modern Steel Construction 

One East Wacker Dr., Suite 3100 
Chkago, n.. 60601-2001 

T he following resp on ses from p reviou s S teel 
Interchange columns have been received: 

When was the Vie r endeel truss f"u-st u t ilized , 
why w a s it n a m e d , a nd fo r w h at con tribu­
tions t o s truc tura l engineering was h e/sh e 
r ecognized ? 

The Vi erendee l t russ a ppears to have been 
developed in the early 1800's but was not 
commonly known until early in this century. 

During the 1800's, there was wide experimentation 
in the design of bridges, mostly for ra ilroad expan­
sion. Engi neers of the day developed new structur­
al configura tions and used rela tively new materia ls 
(s uch as cast iron ) in their des igns in order to 
increase spa ns and improve structura l safety and 
economy. The fi rst use of what is known today as a 
Vi e re ndee l t ru ss a ppea rs to ha ve been in the 
cast-iron bowst ring design of the Bergues Bridge 
proposed in 1829 by Guillaume Henri Dufour, the 
French engi neer. The design ca lled for a cast-iron, 
pla te-gi rder a rch with a timber deck suspended 
from the a rch. The characteristic Vierendeel geom­
etry was achieved by providing rectangu la r open­
ings in the web of t he a rch sections as they were 
cast . This concept appears to have evolved from the 
previous ly s uccess ful use of block-s ha ped iron 
cages called voussoirs (after their mason ry coun­
t e rpa rts) in arch ed bridges. La t e r , t he 
pierced-pla te design was used for a bridge in Ghent 
by two Belgia ns named Ma rce lli s a nd Duva l in 
about 1844. Arthur Vierendeel, a lso a Belgia n, pop­
ul a ri zed t he fo rm a t the s t a r t of thi s century. 
Today, the term Vierendeel truss has lost its his­
torica l orig in a nd is used to describe a spec ifi c 
structura l geometry without rega rd for materia ls 
selection and construction method. A simila r gen­
e ralization has occurred with other common truss 
configu ra ti ons attributed to Fink, Howe, Pratt , and 
Wa rren . Additio na l informatio n rega rdin g t he 
work of Vierendeel can be found in the following 
references: 
Elton, J. (1982), Bridges, Docks and Harbours with 

Answers andlor questions should be typewritten and double­
spaced Submittals thot. have been preparro by word-proc('8!;lng 
are appreciated on computer diskette reltht'f as a Wordperfect 
fi le or in ASC II format). 

ThC' opinions expressed in Steel ltlterchollge do not necessar­
ily represent an officia l position of the Am£'ric[ln Institute of 
Stee l Construction, Inc. and have not bet-n rt'viewcd. It is recog­
nized that the design of structures is within the scope and 
expert ise of a competent l i~nscd structural engineer, architect 
or other licensed professional for lhe applicfltion of pnnciples to 
a particu lar structure. 

In format ion on orderi ng AISC publications mentioned in 
this nrtic1e can be obt..'lined by ca ll ing AISC oL 3 121670-2400 exl. 
433. 

Related Works, London, Catalogue 45, B. Wein reb 
Archi tectura l Books Ltd . 

Pete rs, T. F . (1987), Transitions ill Engineering, 
Boston, Birkhauser Verlag. 

Vierendeel, A. (1903), La ConstructIOn architectur­
al en (onte, fer et aci r, Louvain. 

Richard J. Schmidt 
Univer s ity of Wyoming 
Laramie, WY 

When a s k ed to d esign a t e mpora r y bracing 
syste m for steel beam s a nd columns during 
the e r ection phase o f c on s tru c tion , wh a t 
loads a r e used and wha t fac tors of safe ty a r e 
e mployed for th e brac ing a nd its connec­
tion s? 

A96-member committee of ASC E, under t he 
writer's chairm anship , has been developing 
the ASCE Guide/Standard for Design Loads 

on tructures During Constructi on. Al ong with 
dead and live loads, the document deals with envi­
ronmental loads a t short-te rm exposures and con­
s t ruction loads due to va rious acti viti es. It specifics 
maximums as well as point-of-time va lues of con­
struction loads in va rious combina tions. It is the 
first ever comprehe ns ive docum ent to s pec ify 
design loads, load factors a nd load combina ti ons 
for structures during their construction phases and 
for temporary structures in construction. A prelim­
ina ry working dra ft was issued for co mments in 
Februa ry, 1993. The document is ex pected to be 
ready for ba lloting by the ASCE sla ndards commit­
tee later this year , and issued as an ASCE Guide 
or Standa rd in 1995. 

Robert T. Ratay, PhD, PE 
Manhasset, NY 
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Steel Interchange 
When d esigning us ing the ASO manual, what 
is the allowable weak axis he nding s tress on 
cha nne l? 

I n the AISC, Manual of Steel Construction, ASD, 
9th Edition , the basic allowable bending stress 
on any laterally stable or adequately braced 

member is Fb = 0.6(QJF, where "Q" is a local buck­
ling reduction factor given in Appendix B. This is 
true for both major and minor axis bending. A1SC 
classifies section into three basic categories. 
"Compact", "Non-compact" and ·Slender-Element" 
(Section B5). The bending allowable depends on 
which of the three categories the section falls into, 
as we ll as the lateral stability of the section. The 
slenderness of the individua l elements that com­
prise the shape, as measured by width to thickness 
ratios , determines into which of the three cate­
gories the shape falls, (Section B5, Table B5.11. 
Broadly speaking tbe three categories may be 
thought of as follows: 

"Compact sections" are those in which the sec­
tion's clements are proportioned such that the full 
plastic moment, Mp = F ,(Z,l, may be reached prior 
to local buckli ng. 

"Non-Compact sections" arc those sections 
whose elements are proportioned such that the fu ll 
yield mom~nt, My = F,(S,I, may be reached prior to 
local buckling. 

" lender Element sections" are those sections 
whose elements are subject to local buckling at a 
moment below the yield moment. 

A reduction in the allowable bending stress is 
required for sections which are unstable, either lat­
erally or torsionally, between their brace points. 
This is reflected in the Section F1.3, equations 
Fl-6, Fl-7, and Fl-S. Since channels bent about 
their minor axis and loaded through their shear 
center are not subject to lateral-torsional buckling, 
equations F1-6, F1-7, and F1-S are not applicable 
to them. 

For "Compact sections" with shape factors , Z /S , , , 
greater than 1.10 AISC a ll ows for a 10 percent 
increase in bendiJlg allowable, (Fh = 0.66F). Since 
the shape factor for most channels bent about their 
minor axis is in excess of 1.5, and the flanges of 
channels tend to be short and thick, nearly all "CO 
and "MC" channels will qua lify a compact sec­
tions. Therefore, my recommendation is that chan­
nels bent about their minor axis should be 
designed with the following allowable stresses: 

"Compact" channels bent about their minor axis 
and with shape factors in excess of 1.10, may be 
conservatively designed with an allowable bending 
stress of Fh, = 0.66F,. 

"Non-compact" channels bent about their minor 
axis should be designed for Fb = 0.6F . 

"Slender-Element" Chann'e ls berit about their 
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minor axis should be designed for Fh = 0.6(QJF . 
Although justification exists for the use of F b, = 

0.75F for compact channels bent about their minor 
axis, ~s is done with wide fl ange scctions, it is my 
recommendation that the more conservat ive com­
pact section val ue of Fh, = 0.66F, be used. Since 
chanJlels are not doubly symmetnc, the shape fac­
tor for channels bent about their minor axis tends 
to be more variable than for minor axis wide flange 
beams. The above is a lso consistent with allowable 
bending stresses for compact, non-compact, and 
slender elements given in the pecification for 
Allowable Stress Design of Single-Angle Members , 
Part 5 of the Manual. 

William J. Bonefas, P.E. 
H. G. Adams, Consulting Engineer s 
Fort Wor th, TX 

New Questions 

Listed below are questions th(tt we would 
like the readers to (tn.,wer or discuss. If you 
/wve (tn (tnswer or suggestion plea se send it to 
the Steel Interch(tnge Editor, Modern Steel 
Cons truction, One E(ts t Wa c k e r Dr. , Suite 
3100, Chicago, IL 60601-2001. 

Questions (tnd responses will be printed in 
future editions of S teel Interchange. Also, if 
you have a question or problem that re(tders 
might h e lp solve, s end these to the Stee l 
1nterch(tnge Editor. 

Are ther e s pecial d esign rules and s pecifica­
tions for s t eel s tructures that will b e in a 
" low" temperature are a ? Is th e A ISC 
Sp ecific(ttion for Structur(tl teel Buildings 
appropriate for all temperatures? 

What fatigu e cate gory should be used for a 
s t ee l b eam-to-column mom e nt conne ction 
when the beam flanges have full-pe netration 
welds to the column? 

In a s tructure that has tubul a r column s , 
s hould weep holes be added at the bottom of 
the columns in orde r to drain any water in 
the column? 

• 

• 

• 





New Steel Publ ications 

Reviewing The 
Future Of 

Steel Design 
By Nestor Iwankiw, AISC 

Director, Research & Codes 

PJmost all buildin g a nd 
bridge designs have been , 

nd continue to be, based 
on traditional e lastic structural 
analysis. During the past decade 
or so, the additional direct evalu­
ation of second-order effects, sti ll 
within the e last ic range , has 
gradually received more atten­
tion and use . However, the next 
progressive level of a complete 
second-order and inelastic ana ly­
sis (a lso termed "'advanced", 
"plastic", or "ultimate") contin­
ues to remain for most eithe r a 
complete myste ry or merely a 
side interest. 

The major advantage of such 
an advanced analysis is that it 
can closely si mulate t he actua l 
behavior and ultimate strength 
of a structure. With all the rele­
vant strength, stability and ser­
viceability limit states properly 
modeled , the computer a na lysis 
s imulta neo us ly beco mes the 
design check. A separate verifi­
cation of individual member or 
connection adequacy is the reby 
rendered unneces ary. 

The origins of advanced ana ly­
s is ex ist in t he plastic design 
r esearch conducted at Lehigh 
University in the 1950s and 
1960s. Investigators have contin­
ued to research on this general 
topic r e lated to questions on 
semi -rigid (partia lly restrained ) 
construction, fram e stability, 
a nd co mputer methods. 
Consequently, much has tran­
spired s ince then . The status, 
goa ls a nd remaining needs of 
this work were brought into bet­
ter focus by th e St ru ctural 
Stability Resea rch Cou n cil 
(SSRC ) with the forma ti on of a 
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new Task Group 29 on 
Second-Order Inelas tic Analys is 
for Frame Design. 

A new publi cat ion , Plastic 
Hinge Ba sed Methods for 
Advanced Analysis and Design of 
Steel Frames (edited by Dona ld 
W. White and W.F . Chen) is a 
tangible product of thi s group's 
recent work a nd provid es a n 
assess me nt of the state-o f­
the-art. The book is a compendi­
um of current technica l papers 
totalling almost 300 pages by 
world-renowned researchers a nd 
consulta nts. All contributions 
have been s ubj ect ed to a I)ee r 
review by an expert panel and 
the ca reful scrutin y of editors 
White a nd Chen from Purdue 
University. The document is sub­
divide d into th r ee parts: 
Specification & Analysis; Pract­
ical Implementation & Use; and 
Ve rific a ti on & Benchmarking 
Probl ems. Each part contains 
ample materi a l for ed uca tion , 
a dditional research or des Ign 
consideration . 

Th e intrin s ic nature of 
adva nced analysis is theoretical­
ly and computa tiona lly more dif­
fi cult than the usual linea r elas­
tic assumptions. Nevertheless, 
the promi se of more accurate 
and rea li stic structural solutions 
is expected to render thi s the 
preferred method for the future, 
especially with the prevalence of 
computers and the g rowth of 
limit states design (LRFDl. 

For inform a tion on the $40 
publication, contact SSRC at 
(610) 758-3522. 

• Correction 

F:exural- Torsional Buckling 
of Structures is available 
through CRC Press, Inc. 

For ord e ring information ca ll 
(800) 272-7737. We regret that 
this inform atio n was omitted 
from the review in the Janua ry 
1994 issue. 

Volume 11-
Connections 

NSC has publi shed errata 
for the Manual of Steel 

onstruction, Volume l/­
Connections, ASD 9th 
Ed.ILRFD 1st Ed. Most correc­
tions a re of an editorial nature, 
with the following exce ption : 
T a bulated va lu es in the 
s ingl e- pl ate connection des ign 
aids printed on pages C-ll and 
C-15 (only) a re incorrect; the cor­
rect valu s are given in the erra­
ta . 

Th e errata will be ma iled 
automatically to purchase rs of 
thi s publication . Additionally , 
the erra ta will be printed in the 
1st Qu a rte r 1994 AISC 
Enginee ring Journal. If you pur­
chased Volume !I-Connections 
and did not receive the e rrata , 
call AISC at (3 12) 670-2400. 

European 
Steel Market 

Statistics 

Forecasts of stee l usage in 
Europe, as well as his tori­
ca l data , are contained in a 

new publi ca tion from the 
Europea n Conve ntion for 
Constructional Steelwork 
(ECCS ). Th e 1993 Statistical 
Bulletin contains detailed infor­
mation on construction activity 
in : Austri a; Be lgium ; Croatia; 
De nmark; Finland ; France ; 
Ge rmany; Italy , Netherlands; 
Norwa y; Spain , Sweden; 
Switze rl and; a nd the United 
Kingdom. 

A limited number of copies of 
this publi ca tion a re avai lab le 
from the Technical and Research 
Department of AlSC for $56 ($42 
for AISC members). For informa­
tion, call (312) 670-5411. 

• 

• 

• 
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Steel Joist 
Vibration 

N ew co mputer program 
from the Steel Joist 
nstitute is designed to 

help determine probable vibra­
tion characteristics of Ooor sys­
tems using open web steel joists. 

Designed for use with SJI's 
Technical Digest #5 Vibratioll of 
Steel Joist-Concrete Floor Slabs, 
the program allows the designer 
to swiftly and easily calculate 
the frequency and amplitude 
resulting from transient vibra­
tion caused by human activity on 
a joist-concrete Ooor. The "what 
if' scenario-variations in slab 
t hi ckness, concrete strength, 
joist size, joist spacing, floor 
decking, live and dead loads, 
span lengths- can be accom­
plished in seconds. Primary sup­
port systems consisting of joist 
girders or structural steel beams 
also can be analyzed as a part of 
the Ooor system. 

The program can handle 
s pans up to 100 ft. and costs 
$125 plus shipping and han­
dling. For information, write: 
SJI, Suite A, 1205 48th Ave .. 

orth, Myrtle Beach, SC 29577. 

Better 
Contracts 

A free 16-page primer from 
DPIC Companies is writ­
ten to help architects a nd 

enginee rs draft effect ive con­
tracts that minimize liabilities. 
Illtroduction to Better COlltracts 
defines important terminology, 
analyzes contract formats, pro­
vides effective risk management 
tools, reveals tips on negotiating 
techniques, and lists "deal mak­
ers & deal breakers." 

For a free copy, contact: DPIC 
Companies, P.O. Box DPIC, 
Monterey CA 93942 or fax 
408/649-3240. 

A Quick Quiz 
For Structural Engineers 

The more a computer program costs, the 
better it is. 

TRUE FALSE 

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

TRUE FALSE 

Structurol engineering software can never TRUE FALSE 
be tun to use. 

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

-

-
-
-7 ~ 

RISA 
-E(,f1N G lS 

-.. " .. , 
~:= 

L 

Ph"n o (205 ) 79 1-2011 

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

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



1\1 introduction to the new 
1993 LRFD S pecificatio n 

nd the Manual of Steel 
Construction - LRFD, 2nd 
Edition will highlight a new 
four-pa r t semin a r se r ies from 
AlSC Marketing, Inc. Innovative 
Practices In Structural Steel a lso 
will provide information on 
state-of-the-art structural stee l 
des ign software, t he latest 
NE H RP Seismic Regulations, 
and a review of semi-rigid com­
posite connections. 

The seven-hour, four-part 
seminar costs $90 ($75 for AlSC 
members), including dinner. The 
lecture has a CEU value of 0.4. 

For more info rm ation, ca l l 
312/670-2400 or fax 312/670-
5403. 

DESCON 
DESIGNS AND DETAILS 
STEEL CONNECTIONS 

Ir.rt~ __ --- -- ---- -- -

• 

FOR A FREE DEMO DISK 
CALL OR WRITE TO 

OMNITECH ASSOCIATES 
P.O. BOX 7581 

BERKELEY, CA 94707 
(510) 658-8328 
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STEEL CALENDAR 

1994 Seminar Dates & Locations 

WEST 
Irvint' 4 '21 
5J< r <lmenlo 6/15 
S.ln rrJnci<;({) 6{16 
los Ang(>I~c; 6/23 
SCJ tl ll~ 9/27 
Salt L<lke City 9/29 
PhOt.'nix 10120 
Portland, OR II/I S 
La .. Vt.ogal, 11/17 

MIDWEST 
DhMoinl..''' 5/4 
Mi/willlkee 5/31 
Minrn.',lpoli .. 6/2 
O('lroll 10/11 
Indianapoli .. 1011 J 

NORTHEAST 
!\,jew York 4/14 
Albany 9/11 
Rcxhc.,(N 9/14 

Optimal 
Gutting 

Program 
A computer program 

to save you money 

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

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

special introductory price 

215-355-6003 
COMPUTE R DETA LLING 

CORPORATION 
A servIce company for Sreel Fabrlcalors 

80 Second Street Pike - # 10 
Southampton, PA 18966 

SOUTHWEST 
0,111.1\ 4/19 
Hou,lon 6/21 
Okl.lhonhl City 9/8 

SOUTH 
Birmingh.lm 5,1 
Atlanta 9/20 
Ri(hmond 9/22 
Mt·mphi .. 10/18 
MIJmi 11/1 
Orl,lIldo lId 

MID-ATlA TIC 
Bailimore 4'5 
Wa .. hm~lnn. DC 4/7 
PIII .. hur~h 4'll 
Edt"on, NI 10/4 
Phil.lddphi.J 10/6 
Cll,V('I,lnd 10/25 
Columhu<; lOilb 
CinlinnJlt 10127 

For the BEST in Bridge 
.... Software __ _ 

Design of Curved Girder Bridges 

NEW FEA TURES: 
Live Load Distribution - Aulomal ic 

(Longiludinal & Transverse) 
Mesh Generation - Automalic 
Rating - Aulo Raling Faclors 

::J Influence Line Oulpul 
(From Influence Surfaces) 

o Metric Conversion 
o Uses AASHTO t 51h Edilion 
a Lease or License Free Trial ... 
o Timesharing FUlL Program! 

MERLIN DASH 
Dellill ' Analyt r. 01 
Ste" 101,. , . rld",. 

TRAP 
Tru .. Aitinllind 
Anet,.r. Program 

o MSHTO - Uses Hew 1SIh Ed 0 Conllnuous to 6-span.1 
o FHWA · Endorsed Ind Used by 0 Prestressed Trusses 
::J DOT's - Used by 35 States 0 Cable Members 

Design · Colt Optimized ::J Design & Rehab 
Fnendly - Menu-Oriwn I IIJI~ 0 AASHTO and Ll 

I ~ :~~,~~~.DISpiay of Output Vehk:les to 20 AXles 
I ; Report Selection 0 Auto comptfilllOll Irw 

I:) DualIty and Performance O~nl'rll & PostrlQ lea:! 

• 



• O
ther upcoming eve nts 
related to the steel indus­
try include: 

- April 5 in Chicago-SEAOI 
M ee ti n g . Featured will be a 
panel di scussion on the safe erec­
tion of steel structures, including 
information on wind bracing, 
specia l connections and the COOr­
dination of temporary scaffold ­
ing. Contact: Barbara Pries at 
3121372-4198. 

- April 7 in Chicago-SSP C 
T u tor i al s o n L ea d P ai n t 
R emoval and com ply ing with 
OSHA L e ad Stan d ard s. F or 
information, co ntact: Megan 
McCormick at 4121687-1113. 

- April 21 in Worthin gton, 
OH-Stee l Bridge Forum . 
Steel Bridge Training Course on 
cost effective design and detail­
ing. Call 2021452-7119. 

- May 5 in Augusta, ME­
S t ee l Bridge Forum . Steel 
Bridge Training Course on cost 
e ffective des ign and de tai ling. 
Call 2021452-7119. 

- May 2, 4, 9, 11 & 16 in New 
York- New L i fe F o r O ld 
S t r u c tures: R e hab, R e trofit , 
Expans ion sponsored by New 
York Metr opolitan Chapte r of 
ASCE Structures Group. 
Contact: Eric Stovner at 
2121741-1300. 

- May 18-20 in Pittsburgh­
National Steel Con struc tion 
Conferen ce. More than 20 sem­
inars , technical sess ion s and 
workshops plu s a 100-booth 
exhibition of steel-re lated prod­
ucts. Topics range from long­
span structures to connection 
design . For more information , 
contact: AlSC at 3121670-2400. 

I nstant Steel 
Information 

Info on sleel publications ~lnd 

software is only a phone call 
away wi th AISC's new 
Information Fax Line. 

Simply ca ll 1·800·644·2400 
(rom any pushbutton phone. 

By following the brief in!tlruc­

lions ilnd pressing just a few 
bUllons on your phone, you can 
request information on : 

Manual s & Supplements; 
Specifications & Codes; Design 
Guides; Te hnica l & Fabricator 
Publications; Conference 
Proceedings; and AISC 
Software. 

Call: 

1-800-644-2400 

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

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

AISC for Auto CAD Version 2.0 runs in AutoCAD Release 12 
only, Version 1.0 runs in AutoCAD Release 10 and 11. $120.00 

To order or for more information : 

Phone: 312-670-2400 

Information Fax Line: 800-644-2400 

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

AUloCAO 1$ a regatered traoemarit If\ the US Palenl and Trademarit Office by Autode9\, Inc 
AISC for AutoCAD IS copynghted III 1M US CopynghI Office by Bndgelarmef & AssoCIates, Inc 

.;~, : 
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Earthquake Safety • 
The Northridge Earthquake once aga in demonstrated 

the inherent advantages of steel structures 
Th is pre l iminary rep ort 

was prepare d by the T ech ­
n ology and Resea rch Dep art­
ment of AlSC. 

Alfter the Northridge 
Earthquake, newspapers, 
nagazines, and television 

screens were filled with images 
of crumbled and collapsed struc­
tures-apartment build ings , 
bridges, parking structures, 
shopping centers and stores. 
What did almost every collapsed 
structure have in common? They 
were structures constructed of 
brittle materials such as con­
crete and masonry. 

Little attention was given, 
however, to the excellent perfor­
mance of steel structures in this 
seismic event. As Peter Yanev, 
chairman of EQE Engineering in 
San Francisco and a noted earth­
quake investigator, noted in a 
recent Tilne magazine article 
(Feb. 14, pg. 32): "It's quite sim­
ple: if you want to be safe in an 
earthquake, the best th ing you 
can do is build in steel." Steel 
exhibits the properties that 
make it ideal for earth­
quake-resistant construction: a 
high-elastic limit, great plastic 
deformation capacity, and the 
internal strengthening mecha­
nism of strain hardening. 

Steel's Advantage 

Steel's high elastic limit is 
important because steel struc­
tures are designed to meet build­
ing drift limits prescribed by 
building codes and to behave 
within the elastic range. 
Becau e elastic behavior means 
the steel structure will return to 
its original position after an 
earthquake, engineers can confi­
dently predict its deOection dur-
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ing moderate earthquakes such 
as the Northridge event in Los 
Angeles. 

Not all earthquakes, however, 
are moderate. Furthermore, 
seismic forces in an extreme 
earthquake will push the struc­
ture's behavior beyond the elas­
tic range. When this happens, 
only a steel structure can deform 
plastically and dissipate the 
unanticipated energy imposed by 
the earthquake. From the view­
point of life safety, the tremen­
dous capability of steel to plasti­
cally deform is its most 
important asset. 

Skilled engineers are striving 
to take full advantage of the 
inherent properties of steel. One 
of the critical design require­
ments is the use of proper con­
nections. For areas of high seis­
micity, the AISC Committee on 
Specifications has developed a 
special standard called Seismic 
Provisions for Structural Steel 
Buildings . This document was 
prepared by a specia l task com­
mittee under the leadership of 
Professor Egor Popov of the 
University of California­
Berkeley. 

The task committee is contin­
uing its work to further improve 
Seismic Provisions. Reports of 
local weld fractures in FR 
moment connections and damage 
to bracing members caused by 
the Northridge earthquake are 
being studied (see accompanying 
article). Based upon these new 
seismic experiences, AISC is 
ready to support a test program 
to establish modified design 
requirements if warranted. 
Nevertheless, it is a tribute to 
steel's amazing reserve strength 
and ductility that these steel 
structures continued to sustain 

loads and were in no danger of 
collapse in spite of these local 
problems. Furthermore, the nec­
essary repairs, in most cases , 
have already been made. 

In regions of lower seismic 
risk, however, special provisions 
are not ne ded; ordinary connec­
tion design procedures, as used 
for wind loading, are also applic­
able to seismic loads. In fact, in 
a keynote lecture at the 1991 
AI SC National Steel Con­
struction Conference, Peter 
Yanev emphasized that 
steel-framed buildings not 
designed to seismic standards 
have often survived severe 
earthquakes with minimal dam-
age. • 

Ove r and above the reserve 
strength and ductility inherent 
in steel as a material, current 
steel-frame design procedures 
are typically based on drift limi­
tations. This results in an even 
greater overstrength in the steel 
frame itself. Research is under­
way at t he University of 
California-San Diego by 
Professor Chia-Ming Uang to 
study how overstrength can sim­
plifY connection design. 

Serviceability 
Considerations 

Because achieving strong, 
earthquake-resistant structures 
is easy with steel, structural 
engineers pay special attention 
to serviceability requirements 
such as floor deflections and 
building drift. AISC has special 
design guides available to aid 
engineers in establishing design 
requirements for specific types of 
buildings; one example is the • 
AISC Design Guide S ervice­
ability Design Considerations for 
Low-Rise Buildings. 



• 
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For monumental high-rise 
structures, steel is the material 
of choice and serviceability can 
be assured through a variety of 
means. orne buildings, such as 
the John Hancock Building in 
Chicago, control lateral drift 
with bracing in the exte rior 
frames. Other buildings, such as 
the World Trade Center Towers 
in New York City, use viscoelas­
tic damping devices-engineer 
Leslie E. Robertson incorporated 
20,000 simple viscoelastic 
dampers in the structural sys­
tem of these towers that absorb 
the movements induced by 
unusual as well as average 
winds (Engineering Journal, Vol. 
23, o. 4, 4th Quarter 1986). 
Others, including William 
LeMessurier, have employed 
passive tuned mass dampers to 
counteract movements. More 
recently, active mass dampers 
have been applied in Japan to 
mechanically counteract the 
effect oflateral forces. 

Clearly, there are many ways 
to assure occupant comfort, but 
the fact remains that the basic 
steel structure is the key to life 
safety. 

Case tudy: 
Parking Structures 

Some of the most devastated 
structures in the Northridge 
Earthquake were concrete­
framed parking garages. Enough 
photos were shown in newspa­
pers and magazine of the col­
lapsed garage at Cal State to fill 
a book. That structure, along 
with many of the other precast 
concrete garages that were 
severely damaged, collapsed due 
to large horizontal and vertical 
ground motions that ruptured 
column-slab connections. As 
Peter Yanev explained in a 
recent talk on earthquake risk in 
St. Louis: "The problem with 
concrete garages is how to con­
nect the columns and girders. 
You get something modeled on 
steel, but which never can per­
form like steel." 

Yanev's point is best illustrat­
ed by four parking garages in a 
two-block area of Sherman Oaks. 

Concrete parking structures, such as the one pictured at top, were 
some of the hardest hit structures in the Northridge Earthquake 
(photo courtesy of the Earthquake Engineering Research Center). Til 
contrast, most steel parking structures came through unscathed 
(photo courtesy of EQE Engineering). 

The three concrete garages, hard 
hit by the Northridge 
Earthquake, were closed indefi­
nitely after several column fail­
ures and the partial collapse of 
both flooring and roof systems. 
The steel parking structu re, 
which was also the aIde t of the 
four, was undamaged and 
remained open. 

So why aren't more parking 
structures in Southern Cali-

fornia built in steel? One prob­
lem is that some people incor­
rectly perceive that steel parking 
structures have a floor vibration 
problem. This school of thought 
contends that even though steel 
parking structures are struc­
turally sound-even in an earth­
quake-people don't perceive 
them to be that way. 

While floor vibrations may 
have been a problem 20 years 
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Damage to COllcrete overpasses of roadways such as Illterstate 5 
have played havoc with ground traffic in Southern California (top 
photo courtesy of Earthquake Engilleering Research Center). However, 
steel railroad bridges, such as this one in Northridge, performed 
exceptionally well (photo courtesy of AISC Marketing). 

ago, a number of developments 
have remedied the situation. 
Research by Professor Thomas 
M. Murray of Virginia Tech, 
among others, has resulted in 
new procedures and design 
methods to minimize vibration 
problems. 

[n other parts of the country, 
older parking structures (both 
steel-framed and concrete­
framed) have experienced deteri-
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oration of the concrete deck due 
to de-icing salts. However, 
A[SC's Design Guide Designing 
Open Deck Parking Structures 
provides information on how to 
prevent this damage. Modern 
designs have been so successful 
that in the Northeast, especially 
Massachusetts, steel is the domi­
nant material for multi-level 
above-ground parking decks. 

Case Study: Bridges 

The biggest problem for most 
people after the orth ridge • 
Earthquake was the damage to 
roads and bridges. This was also 
the case with the an Fernando 
Valley Earthquake of 1971, 
which affected much of the same 
area. In fact, some of the bridges 
that collapsed this year were 
along the same roadway and in 
the same area as bridges that 
collapsed in 1971. 

An example of the type of 
damage that occurred along 1-5, 
Interstate 10, Route 118, Route 
405 and Route 101 was what 
happened at the Interstate 
5/Route 14 Interchange. The 
interchange, which consists pri­
marily of concrete box girders 
supported by single column 
bents, was devastated by the 
earthquake. Damage included 
the collapse of the eastern end 
frame of the North onnector 
and the collapse of the southern 
end frame of the South 
Overhead. Referring to the 
North Connector failure, the 
Preliminary Report all the • 
Seismological and Engineering 
Aspects of the January 17, 1994 
Northridge Earthquake from the 
Earthquake Engineering 
Research Center (EERC) at the 
University of California at 
Berkeley stated: "The simple 
span fell off the seat abutment, 
but the transverse shear keys 
remained intact. A shear failure 
in the bent 2 column appears to 
have initiated the collapse." 

Ironically, steel bridges are 
being built in non-seismic areas 
that would easily withstand seis-
mic forces without major dam-
age. A good example is the series 
of anchored end-span bridges 
recently completed by the Illinois 
Department of Transportation 
for a new interstate highway 
0-39) from Springfield to 
Wisconsin. The ends of the gird-
ers are anchored to the abut­
ments with prestressed rods, 
eliminating the need for any 
expansion joints. In Illinois, this • 
detail is important because it 
eliminates any chance for 
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Anchored end-span bridges, 
such as those along Interstate 39 
in Illinois, are designed to eLimi­
nate salt corrosio11 problems. 
However, this type of design 
would also be useful in seismic 
areas. 

TYPICAL 
PIER 

• A512 SIH! .h.M 
C_ •• t. tlU.d 
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The trapezoidal composite box 
girde r s of the Mel rose 
Interchange near Memphis are 
connected to the tops of the piers 
with integral pier caps. Pin con­
nections prevent the bridge from 
sliding off the pier-a useful fea­
ture during an earthquake. 

sa lt -la den water to r each the 
girders, which is a common 
cause of corrosion problems in 
older bridges. In a seismic ar ea, 
that sa me deta il would prove 
invaluabl e in preve nting the 
type of collapse that occurred on 
some of the bridges in California. 
An added benefit is the elimina­
tion of mid-span pier supports­
a safety bonus for the driving 
public . End-anchored bridges 
have a lso been co ns tructed in 
Colorado and Tennessee. 

The Melrose Interchange near 
Nashvme, Tennessee, is a nother 
s upe rb exa mpl e of a 
well-designed stee l bridge. 
Trapezoidal composite box gird-

ers are connected to the tops of 
the piers with integral pier caps; 
pin connection s preve nt th e 
bridge from sliding off the pier . 
The piers consist of welded steel 
circu lar shell s fill ed with con­
crete. Again, thi s type of con­
struction would prevent the con­
crete from spalling in the event 
of an earthquake. 

Tennessee also is a leader in 
applying a new method of stee l 
bridge design ca lled "autostress," 
which is based on the ability of 
steel to yield a nd automatically 
redistribute its loads. A demon­
stration of steel's ability to with­
stand unusual and unpredictable 
loadin gs occ urred during the 

construction of the Obion River 
Bridge. As described in a paper 
given a t the 1992 Transpo rtation 
Resea rch Board Meet in g by 
Edward Wasse rm an, P.E., Civi l 
Engineer, Direclor of Structures 
with th e Te nn essee State 
Depa rtment of Tra ns portation, 
upon nearing co mpletion , one of 
the piers of this nine-spa n bridge 
bega n moving due to a founda­
tion probl e m . Howeve r , the 
brid ge did not col lapse eve n 
though one pier was completely 
removed. Since there was no dis­
astrous collapse, photographs of 
this dram atic behavior neve r 
received attention in the popular 
media. Other states, including 
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New York and Maine, also are 
using this method. 

Designers in other countries 
also have recognized the value of 
steel for bridge design. Whereas 
most steel bridges are in reality 
composite steel bridges, many 
all-steel bridges have been and 
continue to be built in Japan, 
where earthquakes are even 
more common than in California. 
The Higashi-Kobe Bridge is an 
all-steel, cable-stayed bridge 
with steel towers, steel trusses, 
and two levels of steel plate 
decks. The only non-steel ele­
ment is the asphalt wearing 
course over the bridge decks. 
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Two-level expressways also 
are common in Japan, where 
they are designed as steel frames 
to resist strong earthquakes and 
prevent the pancaking that 
occurred with the Cypress 
Viaduct in Oakland during the 
Loma Prieta Earthquake In 

1989. 

Case Study: Hospitals 

The Northridge Earthquake 
played havoc with many of the 
area's health care facilities. 
Several concrete hospitals were 
closed for extended periods of 
time and suffered substantial 
damage. For example, repairing 

All-steel bridges are extremely 
common in earthquake·prone 
Japan. The Higashi-Kobe Bridge 
(aboue and aboue left) is an all­
steel, cable-stayed bridge with 
steel towers, steel trusses and two 
leuels of steel plate decks. 

Many Japanese bridges, such 
as the one pictured at left, haue 
two leuels. The use of steel frames 
helps to resist seismic forces and 
preuents the pancaking that 
occurred with the two-leuel 
Cypress Viaduct in Oakland dur­
ing the 1989 Lorna Prieta 
Earthquake. 

the severely damaged St. Johns 
Hospital in Santa Monica is 
expected to cost approximately 
$50 million. Likewise, the Indian 
Hills Hospital suffered very seri­
ous structural and non-structur­
al damage. According to t he 
EERC Preliminary Report: "The 
Indian Hills Hospital suffered 
structural damage in the shear 
walls with concrete crushing and 
apparent lap splice failure at the 
construction joint at the fourth 
floor level." 

Again, this unfortunately par­
alleled the events of the 1971 
earthquake. However, at least 
one facility did learn its lesson. 

• 

• 

• 
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In 1971, the Olive View Medical 
Center at Sylmar, California, a 
concrete-framed structure, was 
totally destroyed. At that time , 
the hospital administrators 
vowed to never again let an 
earthquake devastate their facil­
ity. As a result, when they 
rebuilt, they opted for a builcting 
system featuring a steel frame 
and steel plate shear walls. 

The new Olive View Medical 
Center is approximately eight 
miles from the epicenter of the 
Northridge Earthquake and roof 
top accelerometers measured a 
tremendous horizontal accelera­
tion of 2.3 g. However, while the 
sprinkler system and a roof-top 
air conditioner sustained minor 
damage, the facility remained 
completely operational. There 
weren't even any broken win­
dows. As Peter Yanev stated 
when he viewed the facility: 
"That hospital didn't make the 
same mistake twice," 

Another hospital that fared 
well was the University of 
Southern California Teaching 
Hospital. The hospital is an 
8-story braced steel frame sup­
ported on 68 lead-rubber isola­
tors and 81 elastomeric isolators. 
It is located east of downtown 
L.A., about 24 miles from the 
earthquake's epicenter. Despite 
its distance, peak free-field accel­
eration reached 0.49 g, peak 
foundation acceleration was 0.37 
g, while peak structure accelera­
tions were 0.13 g and 0.21 g at 
the base and roof, respectively. 
According to the EERC 
Preliminary Report: "The hospi­
tal remained completely func­
tional during and after the 
earthquake, and there were no 
reports of damage to equipment 
inside the building." Other 
steel-framed buildings utilizing 
base isolation systems reported 
similar successes. 

Conclusions 

Because steel-framed con­
struction minimizes the risk of a 
catastroph.ic failure, steel is the 
obvious material of choice for the 
design of earthquake-resistant 
buildings, bridges, and parking 

After the Olive View Medical Center collapsed during the Sylmar 
Earthquake in 1971 (top), it waS rebuilt in steel (shown above after 
the Northridge Earthquake). Photos courtesy of EQE Ellgilleerillg. 

structures. It offers strength and 
ductility to resist major earth­
quakes without damage and pro­
vides the utmost in reserve 
strength, ductility, and over­
strength in severe seismic 
events. Additionally, earth­
quake damage in steel structures 
is usually localized; any neces­
sary repairs can be made rela­
tively quickly to restore the 
structure to normal service. 
Ultimately, no other material 
offers a better opportunity for 
the preservation of life safety. 

All-steel bridge construction, 
as practiced in Japan, represents 

the best possible seismic resis­
tance and maximum longevity 
with proper maintenance. 

AISC's Seismic Provisions for 
Structural Steel Buildillgs con­
tributes to the knowledge base 
needed by engineers for the 
design of steel frames and con­
nections with the required duc­
tility. Additionally, good 
steel-frame design practice in 
regions of lower seismic risk pro­
vides automatic seismic resis­
tance even when this is not a 
code requirement. 
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EAR.THQUAKE DESIGN 

Localized Steel Damage • 
A small number of steel-framed buildings experienced 

localized weld failure during the Northridge Earthquake 

~
least seven steel-framed 

structures, and perhaps as 
any as a dozen, had 

localized connection failures dur­
ing the Northridge Earthquake. 
The localized problems-which 
did not cause a collapse or a 
life-safety concern in the struc­
tures-occurred primarily in 
recently constructed low- and 
mid-rise structures with fully 
restrained moment connections. 

There were two broad prob­
lems, according to Michael 
Engelhardt, an assistant profes­
sor of civil engineering at the 

niversity of Texas. The more 
common problem was a weld 
fracture, which can probably be 
corrected by improving the weld 
or changing the connection detail 
to reduce stress on the weld. 

A more serious problem, how­
ever, is the column flange crack­
ing that occurred in some of the 
affected buildings, Engelhardt 
said. In some cases, these frac­
tures occurred through the t hjck­
ness of the nange and their 
cause is as yet unknown. "It was 
a fracture type problem and will 
require some study to resolve: 
Engelhardt said. Many of the 
fractures occurred between the 
beam flange and the continuity 
plate. 

More easily resolved are the 
weld failures. Typical of the 
problem was a four-story, 
four-year-old office building that 
came through the earthquake 
with no apparent damage. 
However, afterwards, during 
routine tenant improvement 
work, the damage to the welds 
was discovered. The roughly 
lOO,OOO-sq.-ft. structure is a 
fully restrained moment frame 
with bolted web connections and 
we lded nanges. Because the 
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Welded flange - Bolted We b Detail 

~I--' 
• 
• 
• i- I--': 

Supplemen lary 
Welds 

Proposed Solution 1 : 
All-Welded Momenl Conneclion 

Current U.S. Code Requirement 

If Z,I Z is less Ihan 0.7: 
Provide supplemenlary "eld, wllh 
strength 10 de\'elop 200/0 ot M p 

If Z/ Z is grealer Ihan or equal 10 0.7: 
No supplementary welds required 

Proposed Solulion 2: 
Reinforced Moment Connection 

• 
• 
• 
• 
• 

• 

• 
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fl a nges alone provid ed m or e 
than 70'« of the plastic moment 
of th e bea m , weld s we r e no t 
req uired in the web connection 
accordin g to t h e S eis m ic 
Provisions. 

"We found an occurrence rate 
of approximately 10-15%," stated 
Thomas Sabol, S.E., president of 
Eng lekirk & Sa bol , Inc., a Los 
Angeles engineer ing firm inves­
ti ga tin g some of t h e localized 
fa ilures. "It a ppea r ed to be a 
fracture of t he welds; we didn 't 
see a ny plasti c deform a ti on of 
the gi rder ." The problem is being 
r e paired by gri nding ou t t be 
da maged we ld ma t e ri a l and 
re- we lding. In a dditi on , some 
co n t inui ty pl ates a r e be in g 
added and beams are being rein­
forced. 

"In essence, what we're doing 
is thi ckenin g up the flan ges of 
the beam by we lding on a tri an­
g ular -s h a ped plate." It 's th e 
same width as the beam fl ange 
a nd the n t a pe r s to a point to 
avoid a ny stress concentrations. 
The thickness is s ized to reduce 
the stress in the full penetration 
weld to the column; the length is 
sized to avoid block shear and to 
provi de e noug h met a l s o t b e 
plate does not get pulled off. 

Anoth e r possi bl e soluti o n 
would be to weld the web connec­
tions . 

"Th e probl e m is not 
life-threatening, but it is serious 
beca use steel ductile frames are 
t he premie r system for seis mic 
areas and we re tbought to be 
ve ry re li a bl e sys t e ms," S a bol 
sa id . While this is usua lly true, 
in these few cases a probl e m 
deve loped . "The s t eel industry 
will have to give a lot of thought 
on how to revise their details to 
correct t hi s problem," he added . 
A steel industry task committee, 
made up of industry representa­
tives, practi cing enginee rs and 
resea rche rs, met in mid -March 
but their results were not avail ­
able a t presstime. 

The weld cracking occurred in 
either the top and bottom flanges 
or both of approximately 20')( of 
the connections in one moment­
fr a med building exa mined by 

Nabih Youseff, S.E., principal of 
Na bih Youseff & Associa tes in 
Los An ge les. The probl em, he 
reported, may be that this earth­
qu a ke ha d mor e of a "s hoc k 
effect" while most building con­
nect ions a re designed for cyclic 
loadin g. In contras t , nu clea r 
faciliti es and bridges are both 
des igned for shock effects (e.g., a 
freeze-thaw event). 

He a lso noted tha t the prob­
le m may be re la t ed t o rece nt 
adva nces made in conn ecti on 
design. "The components of the 
the join t may have more ductili­
ty t han the weld materi a l," he 
theori zed . The problem is proba­
bly not related to workma nship 
beca use of its cons istent occur­
rence, he added. 

Flange Cracking 

The problem al so occurred on 
a s ix-story building that was just 
nearing completion. Again , thi s 
moment-fram ed s tructure had 
bolted webs and welded fl anges. 
As with the othe r building, the 
web connections did not need to 
be welded. The problem was dis­
cove red whe n ha irline cracks 
showed up in the fireproofing on 
the connections. When the fire­
proofin g was stripped, the dam­
aged connections were reveal ed. 
Ho weve r , unlik e som e of th e 
other a ffected buildings, in addi ­
tion to the loca lized weld failures 
thi s s tructure al so had s om e 
cracked column flanges. "There 
we r e ho ri zo ntal cra ck s right 
a bove th e top of the bottom 
fl ange of th e beam," Sabol said . 
Som e of th e fl a nges we re 
removed for testing, but results 
are not yet ava il able. 

Cracking a lso was a problem 
on a t wo-year -old , four -story 
office building. "The structure is 
a n a ll -welded ductil e fram e on 
four sides," according to Elwood 
Smietana, S.E., a vice president 
with EQE Engin ee rin g's Los 
Angeles regiona l office and one 
of t he eng inee rs inves tigating 
the problem. "Most connections 
at the first level and many at the 
upper leve ls ha d a probl em ." 
While no collapse was imminent, 
reserve capacity in the structure 

was esti mated at s ign ifica ntly 
less than ha lf of the pre-ea rth­
qu ake level. "There was fl a nge 
a nd we b crac king outs ide a nd 
inside the connect ion," he added . 
One weld expert who examined 
th e s tru cture s aid th a t he 
beli eves that insufficient prehea t 
for som e of th e beam- column 
welds may have contributed to 
the failure , Smietana reported . 
Some experts a lso theori zed tha t 
the weld fa ilure may have initi ­
a ted the fl ange cracking. 

A weld procedure is currently 
be ing qua lified for the repair of 
the s tructure, wh ich could run 
approximately 20<:; of the build­
ing's value. 

According to one exper t, the 
s t ee l indu s try may have to 
revi ew changes in deta il s made 
durin g th e pa s t d ecad e. F or 
example, the move towards less 
redundancy and thicker columns 
could be a problem, as could the 
increased use of high-speed, self­
s hi e lded nu x co re, thoug h he 
cau t ioned th a t mor e s tudy is 
needed. 

A loca li zed weld fa ilure a lso 
occurred on a chevron-braced 
t wo-sto ry orri ce building ove r 
one-story of und erground pa rk ­
ing. "The weld between the tube 
brace a nd the gusset pla te had 
fractured and the braces defl ect­
ed out of plane," Sabol explained. 
The building remained occupied 
and th e probl e m was qui ckl y 
re paired in a few weeks. The 
contractor ground out the weld 
and fill et -we lded a ll th e way 
a round the pla t e. In a dditi on , 
the centers of some of the braces 
were reinforced . 

Part of the reason for damage, 
according to Egor Popov, profes­
sor emeritus at the University of 
California a t Berkeley and cha ir­
ma n of th e AISC Specifi ca ti on 
Ta s k ommi t tee on S e is mi c 
Design, is th a t building codes in 
th e U.S . are des ign ed for life 
safety, not necessa rily to prevent 
any damage from occurring to a 
building. [n tha t regard , Popov 
pointed out, the buildings per­
form ed we ll , with none in a ny 
dange r of collapsing. 
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Lessons Learned From The . 
Northridge Earthquake 

The midwest and northeast portions of the u.s. are 
vulnerable to earthquakes and should take 

heed of California's experience 

Damage to concrete overpasses in 1971 (top) was similar to the 
damage suffered in 1994 (above). Photos courtesy of EQE 
Engineering. 
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The Northridge Earthquake 
was the second most costly 
natural disaster in U.S. 

history, trailing behind only 
Hurricane Andrew, according to 
one of the country's leading 
structural investigators. What 
made the earthquake more dev­
astating, however, was that only 
about 10'k of the estimated $20 
billion damage in California was 
covered by insurance, whi le 60% 
of the $25 billion in damage 
caused by the hurricane was cov- • 
ered. 

Because the epicenter of the 
Northridge Earthquake was in a 
heavily built-up area, there was 
three to four times as much dam­
age as in San Francisco during 
the Loma Prieta Earthquake in 
1989, according to Peter Yanev, 
S.E., chairman of EQE 
In terna tional, San Francisco. 
Yanev spoke recently in Sl. 
Louis on this year's earthquake 
and the need for the midwest to 
prepare for a similar disaster 
with the New Madrid fault. 
"You'll get an earthquake sooner 
or later," Yanev commented. 
"And you'll have the same prob­
lems as in California." 

According to initial estimates, 
nearly one-quarter of the dam­
age occurred to buildings, the 
same amount to lifelines (power 
systems, utilities, roads, bridges, 
telephone systems, etc.), almost 
a third to residences, 16'k to 
industrial facilities, and 4% to 
government buildings. • 

Interestingly, much of the 
damage paralle led the des truc-



• 

• 

• 

tion caused by the 1971 San 
Fernando Earthquake-and 
some of that was due to owners 
and developers repeating some of 
the same mistakes. For example, 
when the concrete 1-5 overpasses 
were severely damaged in 1971, 
they were rebuilt in concrete, 
Yanev pointed out. This year, 
additional concrete overpasses 
on 1-5 collapsed. 

In comparison, the manage­
ment of Olive View Hospital took 
a smarter approach. When their 
concrete hospital was damaged 
beyond repair by the 1971 earth­
quake, a new steel-framed hospi­
tal was constructed. With the 
exception of some damage to 
rooftop mechanical equipment 
and sprinkler pipes, the new 
Olive View Hospital emerged 
unscathed. "That hospital didn't 
make the same mistake twice," 
Yanev noted. He expressed opti­
mism that other hospitals that 
were hard hit in the 1994 eartb­
quake, such as the concrete St. 
Johns Hospital in Santa Monica 
that was hit with an estimated 
$50 million in damage, would 
learn from Olive View and 
rebuild in steel. 

Much of Yanev's talk focused 
on what was damaged, and what 
wasn't. As with earlier earth­
quakes both here and abroad, 
the popular press did a good job 
covering death and destruction 
but ignored the thousands of 
buildings-many of them steel 
framed-that survived with no 
damage, he noted . 

By far the hardest hit con­
struction technology was unrein­
forced masonry and tilt-up con­
crete buildings . "Almost 
one-third of all the unreinforced 
masonry and tilt-up buildings in 
the valley had severe damage­
the same problem that we saw in 
1971," he stated. 

Localized Steel Damage 

In contrast, most steel-framed 
buildings came through the 
earthquake relatively undam­
aged. Some steel buildings had 
non-structural motion damage, 
but on most buildings where the 
interior had been brought up to 

----

While a concrete garage in the Sherman Oaks area was substan­
tially damaged by the Northridge Earthquake and needed to be 
closed, an older steel garage immediately across the street remained 
open. Photo courtesy of EQE Engineering. 

code there was no damage, he 
noted. Likewise, better prepara­
tion would have spared the 
rooftop mechanical equipment 
that was damaged on some 
steel-framed buildings. Struc­
tural damage to steel-framed 
buildings was limited primarily 
to some localized weld failures 
that were quickly and easily 
repaired (see accompanying 
story). 

Some of the most spectacular 
damage occurred to parking 
structures and shopping centers, 
according to Yanev. Two struc­
tures in particular- the 
Northridge Mall and the parking 
garage at Cal-State North ­
ridge- received massive media 
attention. 

The orthridge Mall was 
notable not only for the damage 
it sustained, but to the economic 
impact its closing will have on 
the neighboring community. 
Retail stores in this area gener­
ated an estimated $377 million 
per year in revenues. The biggest 
failure was the Bullocks 
Department Store, which fea­
tured concrete-frame construc­
tion without shear walls. "This 
type of construction was typical 

of the 1950s through 1970s in 
California, and is very common 
in much of the Midwest," accord­
ing to Yanev. During the earth­
quake, the entire interior of the 
structure collapsed, primarily 
because the three-stoJ'y-high 
columns were not capable of sup­
porting gravity loads under seis­
mic forces. 

Sh III' wall concrete construc­
tion at the mall fared much bet­
ter, though there was still exten­
sive structural damage . The 
Broadway store, which featured 
continuous shear wall concrete 
construction did not collapse and 
may re-open before Christmas. 

I neon trast, the on Iy 
steel-framed building at the 
mall, a small retail building, 
came through the earthquake 
without structural damage . 
However, it did sustain a lot of 
interior finish damage. "A lot of 
the light fixtures came down­
something that could have been 
prevented at a cost of about 10 
cents per sq. ft." 

ewer Failures 

The parking structure at 
Cal-State Northridge received a 
lot of media attention because of 
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the extent of its damage. But for 
engineers, the failure of that 
parking structure was notable 
because of its age-it had been 
completed only 18 months before 
the earthquake. 

The parking garage was 
designed according to the 
Uniform Building Code for seis­
mic zone 4 construction. The 
exterior columns were designed 
to carry the entire load; there­
fore the interior columns did not 
have to resist seismic loads, 
according to Yanev. Because of 
the vertical forces of this earth­
quake, the gravity system of this 
structure failed and the struc­
ture collapsed. "A steel-framed 
building would not have fallen 
down," Yaney asserted. 

Other concrete parking struc­
tures had similar problems, he 
added . Yanev stated that he was 
particularly taken by the scene 
he surveyed in the Sherman 
Oaks area. "In an area with 
many garages , only the steel 
garage was still functioning 
immediately after the earth­
quake ." (For more information 
on parking structures, see 
accompanying story. ) 

Yanev has long be-en a strong 
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proponent of steel construction 
in seismic areas. In 1974 , he 
authored "Peace of Mind in 
Earthquake Country ," a 
well-received book detailing the 
problems facing California's built 
environment. Based on his 
research for that book, he began 
exposing the hazards of unrein­
forced concrete, masonry and 
tilt-up construction in seismic 
areas. "If you want to design in 
concrete , at least use shear 
walls," he recently stated. The 
book even discussed the possibil­
ity of an earthquake in the 
Northridge area . 

Warning For The Midwest 

Lately, he has been warning 
parts of the U .S. outside of 
California against complacency, 
a point hammered home by a 
minor earthquake (approximate­
ly M4.4) outside of St. Louis just 
a few days before his talk. Based 
on historical data, the northeast, 
southeast and midwest are all 
vulnerable to earthquakes. 

For existing buildings, Yanev 
suggests hiring a qualified engi­
neer to assess the risk and, if 
necessary, prepare a retrofit 
plan. Retrofitting older buildings 

u.s 
Selamic 
7..on('.8 

accord­
mgt.o 

liBC 

can be particularly cost saving 
since even minor damage could 
expose asbestos, which could 
lead to a very costly abatement 
plan. "Asbestos has to be an 
issue with building cleanup and 
earthquake design ," Yanev 
stressed. In the Northridge 
Earthquake, most retrofitted 
buildings performed quite well 
and experienced minimal dam­
age. 

For new con s truction , it is 
important that the building is 
designed to resist seismic forces. 
"Generally, the more steel the 
better," he said. 

In addition, it is important to 
ensure that interior elements­
mechanical equipment, invento­
ry storage, file cabinets, lighting 
fixtures, fire protection equip­
ment, computers, etc.- are ade­
quately braced to come through 
an earthquake undamaged. This 
short-term cost is relatively low 
compared with the long-term 
cost of closing an operation for 
an indefinite period of time. 

Yanev ended his presentation 
with a picture of a large circus 
tent. "That's the new headquar­
ters for an unprepared company 
in Northridge." 

• 

• 

• 
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EARTHQUAK.E DESIGN 

Parking Problems 
Parking garages fared the worst of all non-residential 

structures during the Northridge Earthquake 
"I've been telling my wife for 

years not to park in [precast] 
garages like that. It 's almost a 
joke in the family. " - Peter 
Yanev, chairman, EQE 
Engineering, as quoted in the ws 
Angeles Times. 

A t least eight public park­
ing structures-half less 
than six years old and one 

less than two-partially or com­
pletely collapsed during the 
Northridge Earthquake. "Park­
ing structures represent the cat­
egory of modern engineered 
structures that appear to have 
suffered the largest incidence of 
partia l or tota l collapse cases," 
according to a preliminary report 
issued by the Earthquake 
Engi neering Research Center at 
t he University of California at 
Berkeley. 

"Most cases of partial or com­
plete collapse involve modern 
precast parking structures which 
either lack a lateral load resist­
ing system in one direction or, 
otherwise, have a very flexible 
lateral load resisting system in 
one or both directions ," the 
report continued. "Several such 
structures virtually 'implod­
ed' ... . " 

The most dramatic failure was 
undoubtedly the parking struc­
t u re at the Ca lifornia State 
Unive r sity at Northridge, an 
$11.5 mi ll ion, 2,500-car garage 
bui lt less than two years ago . 
According to W. Gene Corley, 
S.E. , a vice president with 
Construction Techno logy 
Laboratories , Inc., Skokie. [L, 
and chairman of the ACI 
Bui lding Code Committee, the 
garage experienced a "partial 
collapse caused by the gravity 
load system in the building." 
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orley, who 
examjned a num­
be r of garage 
structu res imme­
diately after the 
ea rthquake , 
reported that the 
Cal State garage 
fea tured a peri ­
meter lateral load 
res isting system 
with the interior 
col umns only de­
s igned to resi s t 
gravity loads. "A 
combination of a 
hi gh 1.2 g verti­
cal acceleration 
combined with 
loads thrown into 
the gravity load 
system resu lted 
in the interior 
columns being 
ove rl oaded and 
precipitated a col­
lapse," he theo­
rized . The center 
was less dam ­
aged, and Corley 
said he believes it 
could conceivably 
be repaired, with 
th exterior bays 
be i ng re moved 
and replaced. 

The ga r age 

Although completed ollly J months before the 
Northridge Earthqual,e, a 2,500-car parking 
structure at Califomia State University virtually 
imploded. Photo courtesy af AlSC Marketing. 

was constructed 
of precast concrete (mostly site 
precast) and was constructed in 
acco r dance with the lates t 
Uniform Building Code require­
ments. The actual damage con­
sisted of the complete collapse of 
three bays at one end, as well as 
several bays at the other end. 

Understanding The Collapse 

"Possible causes of such total 
collapse lof the Cal State and 

other garages) might be the 
unseating of the precast gi rders 
due to large lateral movement at 
the short corbel sea ts or the 
shear-compression failure of the 
columns," stated the EERC pre­
liminary report. "In all cases the 
prestressing tendons in the floor 
s lab provided a catenary action 
that caused th e s pectacular 
"implosion" of part or all of the 

conli nued on page 30 
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Parking garages in the 
northeast and midwest 
have successfu.lly solved 
problems with service­
ability and salt corro ­
sion. Pictured above is a 
628-car municipal 
garage in East Lansing, 
MI, while shown at left is 
a 550-ca r parking struc­
ture in Patterson, N.J., 

structure. Other areas of weak­
ness appear to be the connec­
tions of precas t girders to the 
corbel seats at the columns. 
These connections commonly 
involve the welding of a plate at 
the bottom of the girder to an 
angle at the free corner of the 
corbel. We ld failures were 
observed in the post-earthquake 
su rvey of da mage, as was the 
'chipping-oO' of the corner of the 
corbel that reduced the seating 
area of the precast girder. The 
latter cause cou ld have precipi­
tated the unseating of the pre­
cast girder particularly under 
the high vertical accelerations." 

Or, as Peter Yaney eloquently 
put it: "The problem is you get 
something modeled on steel but 
which ca n never perform like 
steel. " 

Otber Problems 
"Another area of weakness in 

modern precast parking struc­
tures is the flexibility of the thin 
cast-in-place topping s lab that 
form s the horizontal floor and 
roof diaphragms," according to 
the EERC preliminary report. 
"Significant compress ion crush­
ing wa s ev ident in the roof 
diaphragm of the City Hall 
Parking Structure, where the 
addition of another parking floor 
with ins ufficient latera l load 
resistance appears to be the 
cause of the partial roof collapse. 
The falling debris from the sup­
porting beam and a planter 
punched through two floors of 
the three-story parking s truc­
ture." One final problem noted in 
the report concerned the shear 
cracking in tbe columns of some 
parking structures. 

Other concrete garages suffer­
ing substantial damage include: 
Northridge Fashion Center, 
north parking structure (750 

cars); Northridge Fashion 
Center, south parking structure 
(650 cars ); Sherman Oaks 
Fashion Square, south garage; 
Trans World Bank (150 cars ); 
Glendale Fashion Center (878 
cars); Glendale Civic Center (563 
cars); and Kaise r Permanente 
West Los Ange les Medical 
Center (390 cars). 

Both Yanev and Corley noted 
that the Sherman Oaks Fashion 
Square and Trans World Bank 
garages are in close proximity to 
an older (pre-1980) steel garage 
that came through without any 
damage. "There are four garages 
located close to each other, and 
only the steel structure was still 
operating immediately after the 
earthquake-and it was the old­
est of the four," Yanev stated. 

Why Not Steel? 
According to Corley, designers 

in California have moved away 
from steel parking structures 
primarily because of perceived 
noor vibration prohlems. 
However, parking designers on 
the ca st coast (see Sept­
ember-October 1990 and 
January 1993 Modern Steel 
Construction) bave long since 
lea rned how to minimize vibra­
tions and steel parking struc­
tures are built extensively in 
New England without any user 
complaints about "bounciness". 

Another fal se ly perceive d 
problem with steel parking 
structures is the requirement for 
fireproofing. In fact, most cur­
rent building codes allow multi­
ple-s tory, steel parking struc­
tures to be constructed without 
fireproofing as long as at least 
two sides are 50% open and exit 
conditions are met. 

A final concern is not related 
to parking structure design in 
California, but rather to designs 
in the snow-belt. In many areas, 
de-icing salt has led to deck dete­
rioration. This is actually a prob­
lem common to both steel and 
concrete garages, and AlSC has 
issu ed a Design Guide 
(Designing Open Deck Parking 
Structures) that discusses how to 
prevent this damage. 
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Traditional Values • The new home of the Texas Rangers uses 
structural steel to capture an "old-time" look 

Inside and out, the new home {or the Texas Rangers reflects 
tmditional stadium design. 

32 1 Modern Steel Construction I April 1994 

By Da"id A. Platten, P.E. 

L ocated midway between 
Dallas and Fort Worth, 
The Ballpark in Arlington 

is ready to open the 1994 base· 
ball season. The major league 
ballpark, which seats 48,100, is 
the focal point of a $165 mi ll ion 
project that includes a little 
league ballpark, an outdoor 
amphitheater, festival retail, and 
a series of man·made lakes. 

The ballpark structure mea· 
sures 850·ft.·by·850-ft. in plan. 
Exterior elevations consist of a 
series of large arches detailed 
with red brick and precast above 
a series of smaller arches clad in 
pink granite. The facade is punc­
tuated with cast stone Texas 
icons, including Texas stars and 
steer heads. The majority of the • 
seats are distributed among 
three decks, the lower deck, loge, 
and upper deck. Additionally, a 
covered "home run porch" 
beyond right field holds 6,000 
spectators. Two levels of luxury 
suites are provided, one between 
the lower deck and the loge and 
the second between the loge and 
upper deck. 

Concessions and restrooms 
are located on three concourse 
levels . The main concourse is 
located at grade and serves the 
lower seating deck. The club con­
course is 39-ft. above the main 
concourse and serves the loge 
level as well as the suite levels 
above and below. The upper con­
course is 70-ft. above the main 
concourse and services the upper 
seating deck. All concourse and 
suite levels are accessed by 
ramps, escalators and elevators. 
Team clubhouses, grounds keep-
ing facilities, and other support 
functions are located at playing • 
level , 20-ft. below the main con­
course. 
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The playing field consists of 
natural grass with an asymmet­
rical outfield configuration . 
Outfield dimensions range from 
325-ft. in the right field corner to 
403-ft. in right-center field . 
Bullpens are located beyond the 
outfield, and are elevated for bet­
ter sightlines. A four-level office 
building located beyond center 
field houses club offices. 

Own<'r's GOllls 

From the outset, the Rangers 
ownership had a clear vision of 
what they wanted their new 
home to be. They wanted an 
open-air environment, natural 
grass and an "old-time" feel-but 
with modern amenities. From 
the outside, it needed to be dis­
tinctly Texan. Inside, the seating 
needed to be configured to mini­
mize the distance between spec­
tators and the playing field. And, 
given the blazing Texas summer 
sun, seating and public areas 
needed to be shaded as much as 
possible. 

To achieve the desired 
"old-time" look, the Rangers 
expressed an interest in a steel 
structural framing system. As a 
result, a typical ballpark cross 
section was developed utilizing 
structural steel with precast con­
crete seating units. However, to 
provide an economic comparison, 
a cast-in-place concrete cross sec­
tion also was developed . (An all 
precast concrete structural 
frame was undesirable to the 
ownership, and therefore was 
not considered.) 

The construction manager 
priced the structural steel super­
structure vs. the cast-in-place 
concrete frame and steel was 
chosen for the following reasons: 

1. The desired "old-time" look 
of "s teel and rivets" could be 
achieved. 

2. The cost of the two systems 
was comparable in the areas of 
the ballpark that had 
Ooor-to-Ooor heights of 15-ft. or 
less. However, cast-in-place con­
crete was cost-prohibitive for the 
upper concourse, located 70-ft . 
above the main concourse. 

3. Construction time was criti-

Shown above is Ihe 
structural frame. 
looking down the 
fi rslbase side from 
Ihe loge seating. The 
series of delails at left 
show. from top 10 
bottom: the 
connection of the 
precast seating to the 
steel; a close-up 
photograph of the 
connection; and a 
loge seating cross 
section. 
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cal and a steel stadium could be 
erected much faster than a 
cast-in-place structure. 

Framing System 

Foundations consisted of more 
than 700 d r illed piers 24-to 
48-in. in diameter founded in 
shale 20-to 30-ft.. below the ser­
vice level elevation. Existing 
grade sloped 20-to 25-ft. across 
the site. allowing for a balance of 
cut and fill on site with excava­
tion requirements minimized to 
the greatest extent possible. To 
allow construction to begin while 
structural steel and precast seat­
ing units were being detailed 
and fabricated, the main con­
course level was framed in rein­
forced concrete, with concrete 
columns, shear walls, and base­
ment wa ll s extending from the 
service level 20-ft. below. 

The lower seating bowl was 
constructed on engineered fill, 
which was available on-site. 
Structural steel column bases 
occurred at the lower 
seating/ main concourse level. 
Levels above were framed with 
7,500 tons of A36 and A572 
Grade 50 structural steel. 
Primary structural steel frames 
and seating bents were located 
32-ft.-8-in. on center. 
Double-tread precast seating 
units span the 32-I1.-8-in. dimen­
sion to the structural steel 

• 

• 

• 
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frames . Story-deep trusses allow 
the lower uite level and loge 
seating to cantilever over the 
rear portion of the lower seating 
bowl. A 30-ft.. canopy cantilevers 
from the columns located behind 
the upper seating level, provid­
i ng shade over a large portion of 
the upper deck. Trusses span­
ning 60-flo provide a roof over 
the "home run porch" beyond 
right field. 

Framing that occurred within 
enclosed luxury suites and con­
course areas received sprayed-on 
fireproofing. However, columns 
that supported these areas were 
typically expo ed at the main 
concourse level below. Spraying 
these columns was an issue. To 
address this problem, a series of 
life-safety analyses were per­
formed that predicted column 
temperatures during a fire based 
on the nature and extent of com­
bustibles located in various 
areaS of the main concourse . 
Analytical results demonstrated 
that if minimum web and fl ange 
thicknesses equivalent to a 
W 14x90 section were provided , 
temperatures reached during the 
worst-case fire condition would 
remain below critical levels. 

Lateral Load Resistance 

Due to the large plan dimen­
sions of the exposed structure, 
expansion joints were introduced 
to control the build-up of ther­
mal stresses . Double lines of 
beams and columns were utilized 
at the one-third points a long 
each side of the structure, result­
ing in a maximu m expansion 
joint spacing of approximately 
2S0-ft.. Lateral loads are resisted 
within each seelion of the struc­
ture by X-braced frames, which 
contain I-lIS-in . A490 slip criti­
cal bolted connections. 

Wind tunnel tests were con­
ducted on a variety of factors 
and proved very interesting. 
Wind studies of the flight of the 
ball proved interesting, and ulti­
mately had a significant archi­
tectural impact. Early project 
designs consisted of only a two 
level office building beyond cen­
ter field, as well as a much more 
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The canopy structure above the upper deck has main cantilevered 
trusses at 32'-8" all center, with secondary trusses spanning between. 
Vierendeellighting trusses are supported from the ends of the main 
cantilevered trusses. Pictured opposite is a view of the flat-bollom 
truss adjacent to the curved-bollom truss supporting the Club 
Concourse framing. 

open configuration in the struc­
ture beyond the right field near 
the right field line. However, 
prevailing southerly winds that 
occur during the summer 
months would have caused balls 
hit on a home run trajectory to 
be held up and blown back onto 
the playing field. To mitigate 
these effects, the office building 
was raised by two levels and a 
series of billboards and wind­
screens were added on top of the 
office building to "barne" the 
wind as it approaches the field. 

Construction Details 

For the most part, connections 
within the structural steel frame 
are relatively typical, complicat­
ed only by the geometry of the 
structure. However, since the 
majority of connections were 
architecturally exposed, signifi­
cant coordination efforts were 
required between the steel 
detailer, engineer and architect. 
Particular attention was focused 
on the wind frame connections 
and truss member connections, 
which occur in large numbers 
throughout the structure. To 

achieve the desired "old-time" 
look, all connections were bolted. 
Gusset plates first had to be 
sized for connection forces, then 
reviewed, and finally approved 
by the architect for relative size 
and configuration. Steel fabrica­
tor on the project was 
AlSC-member Owen of Georgia, 
Inc., a subsidiary of Owen Steel 
Co. Steel detailer was MMW, 
Inc., and steel erector was Derr 
Construction Co. Design archi­
tect was David M. SchwartzI 
Architectural Services, Wash­
ington, DC, and the architect of 
record was HKS, Inc., Dallas . 
General contractor was 
Manhattan Construction Co., 
Dallas . Structural engineer on 
the project was Walter P. Moore 
and Associates, Inc., Irving, TIC 

Structural steel trusses were 
used extensively to achieve the 
desired architectural design . 
Flat-bottom trusses adjacent to 
curved-bottom trusses were used 
at each bent 32-ft.-8-in. on center 
to support the upper concourse. 
These 8-ft.-deep trusses span 
30-ft. and were shop fabricated 
utilizing WT5 top and bottom 
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chords with 5 x 5 double angle 
web members. 

Trusses also were used 
throughout the canopy structure 
above the upper seating deck. 
Main trusses with a depth of 
3-ft.-8-in. canti lever from W36 
columns located 32-ft.-8- in . on 
center at each seating bent. 
Truss chord and web members 
are WT6 shapes up to 60 Ibs. per 
ft., or WT7 shapes up to 88 Ibs. 
per ft . where lighting trusses are 
supported. Secondary trusses 
that span 32-ft.-8-in. between 
main trusses were fabricated 
using 2-l/2 x 2-1/2 double angles. 
Field lights are mounted within 
Vierendeel trusses made from 8 
x 8 tube sections. These trusses 
are supported at the ends of the 
main cantilevered canopy truss­
es. 

Steel trusses also were used in 
other areas by the architect. The 
facade of the building, which 
faces the playing field , consists 
of W12 columns and trusses fab­
ricated from WT and double 
angle shapes. Similar trusses are 
used to express an arcade at the 
concession areas at the upper 
concourse. An attractive archi­
tectural element, the arcade a lso 
provides shade for spectators 
using restroom and concession 
facilities . 

Two design concepts devel ­
oped for connecting the precast 
seating elements to the structur-

al steel frame provided improved 
sightlines and construction con­
venience. Traditionally, the first 
tread of each seating bowl is sup­
ported by a s hallow structural 
steel member underneath. With 
four such cond itions (two suite 
leve ls and two seating leve ls), 
noor-to -noor heights were 
becoming excessive. As a result, 
distances from seating to playing 
field were becoming greater, in 
conflict with a primary goal of 
the Texas Rangers to bring fans 
close to the field . 

To minimize distances and 
enhance s ightlines , the first 
tread and rise r was supported by 
structul'8l steel from behind the 
riser, not below the tread. As a 
result , the bottom elevation of 
structural steel matched the bot­
tom elevation of the first precast 
tread, offering a clean architec­
tural solution with unobstructed 
sightlines. 

In detailing precast seating 
unit-to structural steel connec­
tions , the primary design goal 
was to provide speed and ease of 
erection. The solution consisted 
of galvanized seats bolted to the 
supporting bents at each riser 
location . Each seat had an 
over-sized hole in the center to 
receive a loose plate that had a 
pin projecting above and below . 
This loose assembly was placed 
on the sea t in the over-sized 
hole, with a neoprene pad on top. 

The seating unit was erected 
onto the upper pin into a stan­
dard hole at one end of the unit 
to provide for thermal move­
ment. Grout holes were detailed 
into the back of the galvanized 
seats, with the sides of the seats 
closed off except for small over­
flow holes at the corners. Once a 
group of units were set and final 
adjustments made , the seats 
were grouted from underneath to 
lock the lower pin into the seat. 

Construction S"qu('nce 
The Ballpark in Arlington was 

constructed in a fast-track mode. 
Only 2-112 years were expended 
from the first day of schematic 
design to open i ng day . 
Construction occurred over a 
two-year period , leaving on ly six 
months to establish the design. 
Schematic design and design 
deve lopment lasted two months 
each. Construction documents 
were begun in January 1992. A 
structura l concrete package was 
issue d two months later in 
March 1992 that included foun­
dations, service level, basement 
walls, and main concourse fram­
ing. Construction began in April 
1992 and in May 1992 the super­
structure was is s ued for bid, 
including all structural steel and 
precast seating units. 

Construction of each primary 
element of the ballpark began 
behind home plate and proceed­
ed simultaneously down the first 
and third baselines. Structural 
steel was e rected using four 
crawler cranes, two on the play­
ing field side and two on the out­
side. Erection of the 7,500 tons of 
structu ral steel occurred over a 
six-month period from November 
1992 to April 1993 , leaving 
exactly 12 months to complete 
the ballpark. 

After their inaugural year in 
The Ballpark in Arlington , the 
Texas Rangers will host the 
All -Star game in 1995. 

David A. Platten, P.E., is a 
vice president with Walter P. 
Moore and Associates, 11l c., ill 
[rving, TX. 
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A Ballpark 
Without Bracing 

The structural design of the 
Cleveland Indians Ballpark utilized 

trusses to visually relate 
the stadium to the many 

nearby steel bridges and mills 

381 Modern SLeeI Cons truction I April 1994 

By Gary E. Thnyt'r, P.E. 

~
teel ballpark designed 

without bracing? That's 
xactly what the structur· 

al engineers at The Osborn 
Engineering Company were 
asked to accomplish. 

When the Cleve land Indians 
decided to replace their venera· 
ble home with a modern ball· 
park, they turned to HOK 
Sports, the architect of the 
Camden Yards ballpark, the 
very successful new home for the 
Baltimore Orioles. The architects 
suggested that a similar cross 
section would work for the 
Cleveland ballpark, but one fea· 

• 

• 

ture needed to be eliminated: the 
primary vertical cross bracing 
system that interfered with cir· 
culation space behind the luxury • 
suites. 
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Design consider­
ations for the nclL' 
home of/he 
Cleveland Indian s 
included aesthetic 
consicierations, 
accommodating 
multtple levels of 
suites, creating 
unobstructed 
Views, asymmetry. 
fast track sehed';l­
ing, and a struc­
tural plan that all 
but eliminated allV 

diagollal bracillg -
for lateral loads . 

Photos left and 
right by Bill 
Schl/emann Photo­
graphy. 

However, the vertical bracing 
system is the most efficient 
means a structural engineer has 
to stabilize a stadium structure 
and economize the structural 
design by enabling the use of 
simple connections and avoiding 
costly moment connections. In 
order to eliminate the vertical 
cross bracing, alternative meth­
ods of lateral support were con­
sidered and analyzed. After care­
ful consideration, trusses were 
chosen in order to develop large 
couples within their top and bot­
tom chords to resist lateral 
forces . In addition, the steel 
truss construction helped to 
vi ually relat the new stadium 
to the bridges and mill struc­
tures along the uyahoga River 
nats. Bas d on required spans 
and previous experience, trusses 
at leas t 6-ft. in depth would be 

required . Also, in those areaS 
where the noor-to-noor heights 
wouldn't allow trusses, wide 
nange beams 24-in. to 36-in. in 
depth were used with moment 
con neetions. 

Getting Started 

In addition to the requirement 
to eliminate bracing, there were 
several other constraints, most 
of which are common to all mod­
ern ballparks and all of which 
played a significant role in deter­
mining the type of structure to 
be used . These included aesthet­
ics, multiple levels of suites, 
unobstructed views , asymmetry 
and fast track scheduling. 

For the leveland ballpark, a 
short study confirmed steel's 
advantages over concrete . 
Foremost among these were aes­
thetics and speed of construc-

tion . Unlike concrete, steel could 
be easily erected during the cold 
Cleveland winter. 

Program requirements for the 
ballpark emphasized unobstruct­
ed views and three levels of 
suites. To meet th se require­
ments, the structural engineer 
had to optimize column location 
versus allowable spans for can­
tilever framing. The design pro­
gram also called for many sepa­
rate "event.s" around the 
ballpark and all required a dif­
ferent structural response. Early 
in the design phase 32 separate 
"'events", such as a stadium club 
and an administrative building, 
were recognized, and ultimately 
41 separate cross sections had to 
be analyzed and designed . The 
structural response to all of 
these requirements was complex 
and needed a three-dimensional 
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approach to overcome the desired 
onllssion of cross bracing. 

Columns 

The layout of the Cleveland Indians 
Ballpark is very asymmetrical. 
Injtially, the columns fo r this ball park 
were designed as 40-in.-d iamete r 
tubes with 3-in.-thick walls and were 
spaced approximately 42-ft.-6-in. 
apart. However, given the heavy loads 
and moments, the original concept 
soon gave way to a more practical 
arrangement of twin 24-in .-diameter 
columns with 3/,-in.-thick walls. The 
74 columns were placed 4-fL. to each 
side of the 42-ft.-6-in. primary grid. 
The use of round columns provided 
the necessary three-dimensional sta­
bi lity for the long unbraced lengths. 
In addition, all of the columns in one 
row were staggered one half bay in 
plan. This created a natural triangu­
lar frami ng that helped make up for 
the lack of bracing. As a side benefit, 
by reducing the longest span in a typi­
cal bay by 8-ft., the need to post-ten-
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sion the concrete floor at the 
main concourse was eliminated. 

Due to the extremely large 
moments created by cantilever­
ing three levels of suites 2S-ft., 
W36x300 columns were needed 
at one line. With careful analy­
sis, the cross sectional spacing of 
columns across a bent line was 
optimized to balance loads about 
that line and reduce the tenden­
cy for this structure to drift 
inward toward the playing field. 
The analysis of each bent line 
was performed using a plane 
frame software. This proved con­
servative by comparison to a 
three-dimensional analysis using 
a program from Structural 
Analysis, Inc., to check deflection 
of a typical bay. The deflection 
check showed potential for a 
drift problem at the upper con­
course level and ultimately this 
level was anchored to concrete 
shear walls that were added, 
where po ible, at stair and ele-

valor towers for secondary forces 
and added redundancy. 

The cross bracing that is 
expressed in exterior elevations 
does not resolve itself to the 
main concourse. Instead, its 
main purpose is to reduce the 
unsupported length of columns 
rising to support the upper con­
cours 60-ft. above. 

Trusses And Connections 

Typical trusses are composed 
of wide flanges with a W12 x 40 
top chord, WS x 40 bottom chord 
and WS x 31 verticals and diago­
nals. These sizes and the panel 
configuration were largely cho­
sen for aesthetic reasons. 

In addition to proportions, an 
important consideration became 
how to connect the trusses lo the 
round columns while having the 
chords develop the required 
moments and axial forces neces­
sary to develop lateral force 
resisting couples. While the wide 
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flange trusses and 24-in. round 
columns just about eliminated 
th need for bracing, there were 
correspondingly large moments 
created at the connections of the 
trusses and girders to the 
columns. While 3/,-in.-thick walls 
were all that were necessary to 
carry vertical loads, there was a 
problem anticipated from using 
such a relatively thin walled 
·shell" element to transfer the 
large reactions at connections of 
top and bottom truss chords and 
girder flanges. Therefore, the 
design team modeled the stabili­
ty of the 24-in.-diameter column 
shell at the primary connections 
for local buckling by finite cle­
ment methods. As expected, this 
analysis indicated a need to rein­
force the columns at primary 
connections. 

One proposed solution was to 
install internal stiffeners within 
the round columns, but this 
would have required extensive 
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shop labor and time and so was 
rejected. Another possible solu­
tion was the use of "knife" plates 
penetrating completely through 
the cylindrical column. However, 
that would have destroyed conti­
nuity of the cylinder and also 
would have been very expensive. 
The method finally chosen was 
worked out in conjunction with 
the project's construction manag­
er, Huber, Hunt & Nichols, and 
the steel fabricator, AISC-mem­
ber Kilroy Steel. 

The accepted solution was to 
use a 24" diameter, PILin. wall 
insert of 46 ksi steel. The 8-ft. 
long insert was full penetration 

welded to the ' I,-in. wall stan­
dard pipe column and centered 
at the proper elevation in rela­
tion to the 6-ft. deep trusses 
framing to the column. In some 
cases , as many as five trusses 
were easily framed into one 
insert without having to add any 
internal stiffeners. 

The exterior truss-to-column 
connection was complicated by 
tbe desire to have a vertical 
member approximately lO-in. 
from the face of the column. A 
connection plate similar in style 

• 

• 

to a long shear tab was welded • 
continuously to this vertical and 
top and bottom chord extensions. 
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Complete penetration welds 
were necessary for the connec­
tion of top and bottom wide 
flange chords of trusses to the 
"insert". Slip-critical, A490 type 
SC bolts were used in conjunc­
tion with the full penetration 
welds at the top and bottom 
chords to resolve the high shear 
stresses. 

The Cleveland ballpark has 
approximately 121 suites 
stacked-in most areas-three 
levels high. From the bottom to 
the top, these are called lower 
su ite, club suite, and press suite 
levels. All suites are cantilevered 
approximately 30-ft. No columns 

were permitted at this area, so 
all three levels are s us pended 
from the level above, and ulti­
mately, from the canti leve r 
trusses that also support the 
front portion of the upper seat­
ing bowl. 

For vertical support, hangers 
were designed for loads up to 300 
kips using two 1 I /,- in . x 6-in. 
steel plates spaced I -in. apart at 
press suite level. TS 4 x4 X 5/ 16 
hangers were used at the lower 
and club suite levels. The hang­
ers had to be on primary grid 
lines only and also had to fit 
within a metal stud wall. 

So much reaction was gener-
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ated by a s ingle line of ha ngers 
that additional diagona l struts 
were added at the lower and club 
suite levels to redistribute loads 
back to the primary co lumns . 
Two I 'I, x 10-in . plates were 
u sed . Because the st ructura l 
framing was offset 4-ft. to each 
s ide of the hangers located on 
the primary grid line, the design­
ers faced another problem: How 
could the large reaction s in 
excess of 400 kips be connected 
back to the columns a nd how 
could the girders carrying these 
loads be laterally braced? 

The solution to these problems 
was to add very stiff, triangular 
transfer frames made from W27 
x 102 and W27 x 89 shapes with­
in the 8-ft. space between floor 
g ird e r s just in front of the 
columns and centered on the 
hangers. These ti e two special 
W27 x 102 floor girders at each 
level together a nd resolve the 
hori zonta l and vertical compo­
nents of the di agonal struts 
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through gusset 
plates into the 
transfer frame. 
Th e transfer 
fr a me then, by 
the geomet ry of 
its design , splits 
this reaction into 
two equ al compo­
nents half as 
large as the origi­
na l. The connec­
tion of the fl oor 
gird e r s to the 
co lumn s were 
then designed for 
these significant­
ly reduced loads. 

Floors were 
d esigned with 
composite floor 
deck spanning 
over non-compos­
ite beams. Th e 
triangular config­
ura tion of fram­
ing for a typical 
bay with offset 
co lumn s elimi ­
nated the need 
for studs on 
bea ms and top 
chords of trusses. 

A 3-i n ., 20 gage co mpos ite 
deck with multiple spa ns was 
s pec ifi ed . Normal weight con­
crete was used and had the addi­
tional be ne fit of a dding dead 
weight to counter balance the 
overturning moment of the three 
level suites. (The two pedestrian 
ramps a nd two pedestrian a lso 
were framed with this system.) 

Many of the floors and levels 
in the ballpark a re waterproofed. 
A wearing slab of varying thick­
ness covers the waterproofing, 
which was protected with a 
drainage mat. The entire floor 
structure is s loped 2'k in these 
areas to a llow under drainage to 
double deck drains. 

Other Considerations 

The stadium cl ub presented 
t h e most comp lex structura l 
design problem associated with 
this project. It involved the jux­
taposition of a terraced 
mu lti -level fl oor system at a 45 
degree angle into the 42-ft.-6-in. 

ballpark grid system. This was 
further complicated by the use of 
suspended s tructural glass cur­
tain walls to provide unobstruct­
ed vision to the ball fi eld from 
t he terraced dining area. 
Shallow, s t epped trusses with 
heavy top and bottom chords 
were chosen as the dominant 
st ru ctural e lement. Additional 
cross bracing was needed within 
the depth of the truss system to 
latera lly brace jack trusses at 
reaction points. Five additional 
columns were added below this 
area to support the stadium club 
fl oor framing, which is exposed 
and pajnted. 

Visually, the most prominent 
element from all views of the 
ballpark a re the light towers. 
Extending high above the sun ­
screen, another cantilever struc­
tural des ign element is used to 
su pport 19 separate banks of 
fi eld lighting. Because they are 
arranged vertically instead of 
horizontally , the light towers 
great height required a third 
24-in . round column to support 
their reactions and limit defl ec­
tion . 

As the primary s upport for 
fi e ld lighting, the tow ers were 
des igned with shear tabs set at 
the proper location to rece ive 
prefabricate d light "boxes", 
which were delive red to the site 
complete with wiring and fix ­
tures for fi eld lighting. The light 
boxes were then lifted with a 
crane and fi eld bolted to the two 
columns extending from the pri­
mary structure. 

Another large element is the 
world 's larges t fr ee-s tanding 
scoreboard, located at the open 
e nd of the ballpark. The com­
bined surface area 1 equal in area 
to the facad e of a five-story 
building 200-ft. long, was struc­
tured with five triads of pipe 
columns with a 24-in. diameter 
and 1.75-in . wall. The columns 
are centered in an isosceles tri­
angle with an 8-ft. base a nd a 
7-ft. a ltitude. Two columns of the 
t ri a d are buttressed by twin 
shear walls, which sp rin g from 
the foundation of the center field 
bleachers. The connections to the 
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shear walls via welding to 
l'f, -in.-thick embedded steel 
plates was made possible by 
developing the large reactions 
through specially detailed 
Lenton couplers that transferred 
the reactions into No. 11 rebar 
developed in the buttresses. In 
addition, three vertical banks of 
field lighting extend 60-ft. above 
the top of the scoreboa rd . 

Additional Construction 

On the northwest co rn er of 
the site, a five-story office build­
ing was constructed for use by 
the Cleveland Indians for admin­
istrative offices. The building is 
framed in steel with masonry 
facades. 

The rectangular building was 
designed with shop-welded and 
field-bolted end-plate moment 
connections in both directions. 
Supplementary cross bracing 
was added at stair shafts. The 
building utilizes 4-in. fiber-rein­
forced, normal-weight concrete 
floors with l'f. -in. com posite 
metal deck for ii'oor diaphragms. 
The building's main architectur­
al feature is a barrel-vaulted top, 
which was structured with bow­
string trusses raised l6-ft. above 
the roof level and was supported 
on ornamental steel columns. 
The bowstring trusses are 64-ft. 
long and cantilever 2l-ft. at each 
side. The top chord is a W24 x 62 
curved at a 50-ft. radius. 

Two pede trian bridges con­
st ru cted from trusses, columns 
and floor systems simila r to 
those used on the stadium con­
nect both end of the club suite 
floor level to a 2,100-car parking 
garage located across the street 
from the stadium. 

Design of a modern ballpark 
has become somewhat of an 
exercise in "structural gymnas­
tics." In the past, cantilevers and 
unobstructed views played a 
dominant role. Now, in addition 
to those requirements, the 
Cleveland ballpark featured 
three suite levels and a totally 
asymmetrical ballpark with no 
vertical bracing. And, of course, 
the project was fast tracked with 
the structural design and con-

struction being the critical path. 
Despite the constraints, more 

than 10,000 tons of steel were 
designed, detailed and construct­
ed in a period of 18 months. The 
structural design team had five 
months to finalize design and 
complete documents for bidding. 
Many details had to be worked 
out during the s hop drawing 
phase and in this rega rd it was 

essential that the steel detailer 
have the required expertise to 
handle the anticipated changes 
and participate as a partner in 
the problem solving process . 

Gary E. Tlw)'er, P.E., is a pro­
ject manager with Osborll 
Engi neerillg Company III 

Cleveland. 
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produclion software sYlitem.c,. which reduces 
rcdundant keying of data. 

Unique Aspects: The program is vcry e.bY to UbC, has exce llent 
documenlation. a context !\Cno;ilive on-line help 
~yslem. and offers c'(pcrienccd technical sup­
port, The company plan\ on introducing a new 
Windows graphical interface "'Ylilcm that runs 
on pen compulcr\ (and recogni/cs handwriting) 
al Ihe ational Sleel ConMrucllon Conference 
in May. This new media make, full U\e of re· 
uMlble. user defined icon~ Ihal control evcry­
thing from entire end or midspan connection":! 
10 column base and cap definitions. 

Cost: $8.995 (monthly leasc!' nre available). 
Frec DClllo: Yes, including a helf-running tutorial. 

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

• 

SSC's integrated family of computer 
programs includes: Estimating Only $299°0 "........; .. 1 

P.O. Box 19220. Roanoke. VA 24019 
(703)362-9118 

Production Control 
Inventory 
Purchase Orders 
Combining 
Automated Beam & Column Detailing • (800J776-9118 Call for a FREE demo disk! 
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• Company amc: 
Address: 

Phone umber: 
Fax Number: 
Types of SoftwJre: 
Major Feamres.: 

Computer Detailing Corporation 
80 Second Slreet Pike #10 
Southampton. PA 18966 
(2 15) 355·6003 
215/355·6210 
Framing Plan ~. Detailing. & Mulling 
Computer Detailing's Plans & Elevation.:; -:,oft­
ware is a menu driven progmm that works 
im'lidc of AutoCAD. Various scales can be used 
in the same drawing. without any calculations 
or con\'ersion~ and .,lructural ... hape~ and elc­
ment~ can be 3ulOmmil:ally drawn to scale or 
exaggerated. In addition. roof frames. railings. 
girt~ and other building element ... can be dmwn 
automatically and space frames. lru~ses. ~t:lir 
plans and miscellaneou<ii items can be detailed. 
The program is designcd for use by structural 
steel and misce llaneous fabricato ...... 
The company\ Beam.., & Columns program 
can create details for any structural element or 
filling. The Llser-friendly program docs not 
require exteno;i"e training and was designed for 
usc by dctailers wi th no previou ... computer 
experience. The program works within 
AutoCAD ,lnd fini!Jhed details arc visible a~ 
they are cre~lted, Shop CUlling lists can be cre­
ated and a sepurate metric \'ersion is avaihlblc. 
AI.,o available is a separ.J.Ie module for detai l­
ing Mair stringcn.. 

Unique A~pcc\s: 

Cost: 

Free Demo: 

Company Name: 
Address: 

Phonc Number: 
Fax Number: 

The company's Optimal Cuttlllg Program will 
find the rno~t economical nesting of material 
from either invcntory or \\archou\e r., tocL 
length .. or a combination of hoth. II u\C~ a 
!<tophi~licatcd algonthm IhatlflC., thou 'Jnd~ of 
combinations. 
Bean1S & Column ... offe~ input from i\ de~rip­
tive mcnu or from .,y..,tem prompts. UM!r.., can 
l:rea te their own wlIldard murh.ing !<tyMCIll as 
we ll as cU\lomi7e their own .. heel sileo fomlat 
and bill of malerial. Free unlimited ~uppon b 
aV~lilable ;lIld their i:-. no annualliccn~e or 
upgmdc fcc . 
Plan.., & Ele\'ations starts at $2.200. 
Beams & Column ... ,tarts m $4.850. 
Optimal utting Program i~ currently offering 
a specinl imroductory price of 129 
Call for info. 

Oesign Duta 
12 1 SOllth 13th St.. SlIite 20-1 
Lincoln. E 68508 
(402) 476·8278 
4021476·8354 

Type of Software: Engineering. Detailing. Production. Eo,tilll3ting 
De,ign & CNC 

Major Features: The SDS/2 Steel Fabrication SYMcm i~ the only 

New! Single-angle connections, individual prices 

CONXPRT 
Fast, accurate and fully documented connection design 

The complele design of shear and momenl connections and 

column stiffeners and doublers with the following features : 
Now order 
individual connections 
or entire modules! Based on Ihe AISC Manual of Steel Conslruction 

and Volume II·Connections 

Combines Ihe engineering knowledge and experi· 

ence of respected fabricalors and design engineers 

Menu driven with built·in shapes database 

Complete documentation of all design checks 

To order or for more information: 

American InstItute of Steel Construction 
One East Wacker Drive, Suite 3100 
Chicago. Illinois 60601·2001 

Module I ASD, v2.0 (complete) . ... ........... $410 
Double·Angle Connections .......................................... $110 
Sir,gle·Plate Connections ...................................... ...... $110 
End·Plate Connections ............................................. ... $110 
Single·Angle Conneclions ............ .................. ............. $110 

Module I LRFD, v1.0 (complete) ..... .... ... .. ... .. $310 
Double·Angle Conneclions, Single·Plale Conneclions, 
and Shear End·Plale Connections 

Module II ASD, v1.0 (complete) •..... ....••. .•. .•• . $410 
Directly Welded F)ange Connections ................. .. ....... $110 
F)ange·Plaled Connections ............................ ..... ........ $110 
Column Sliffening Design ........................... .... .. .......... $210 



II1legrulcd <.,y"lcm for 'teel fabncator". The 
Delailing Module i~ Ihe cCllInll hub of informa­
tion. NoT only does it increa\c producth Hy in 
dr-Ifring. il create" infomwuon that aHo"" 
Illi.lnagcr\ 10 Impro\e their fabrication cfficien­
cy. 

Unique A"pcct\ ; During Ihc pa~t 12 year\. Dc\ign Data l1lodule~ 
ha\c improvcd in capability and efficiency. 
Dc<.,ign Dala\ product-. automa te all typcs of 
"teel fabrication. From \ truclllr.ll to mi<.,cella­
ncou<., Mcel design. the "yslcm automatc ... each 
fabrjcator~ unique \) \1~1n. 

Cost: Call fo r pricing. 
Free Demo: In-per\on demonstrations available. 

Company Name: 
Addre".., ; 

Phone umber: 
Fax Number: 

E.J.E. Industries, Inc. 
287 Dc""ey A vc. 
Washington. PA 15301 
H 11) 22R-8841 or (8001 321-3955 
41 :!I228-7668 

Type of Software: btimating and Production 
Major Feature~: roreMlmuting. the Strucluml Material 

Mnnager accepLS el1lric ... for material co..,!. .. hop 
hou,... and field hou...., and produce" a job 'IUI11-

maT) ba~ed on this infomlatioll. Total item 
,""cights are provided \ in built-in ..,tcel. "Iainle~s 

and aluminum weight libraric\ In addition. • 
towl palil t and pnmer COSts arc provided. Once 
the job i" in production. the materia l ne\ling 
feature can be u\ed to find the optimal , .. or of 
ilel1l~ from availahle "Iocb. A" fabricated 
Hem" ;Ire .. hipped. a Producllon Control 
Module prints shi pping tidct" and automatt-
cull y record" the dale and quantity "hipped for 
each piece mark. An inventory func tion main-
ta ins the user's li<;1 of in-hou\c "lock. And a 
newly added Plale- e\ting Modu le finds the 
optimum CUI of ~quare and rectangular ilenh 
from "toe J... plate~ . 

Unique A!tpecl": The esting Module produce" e'[tremely 
efficient cut li<;l\ b) running thousand ... of com­
bination\ on the item ... , Thc ... y,tem can accept 
dimension ... in both metric and .5. 

CO;!: S 1.000 - $2.000 
Free DClllo: yc~. Includes full ..,y\tem's operator's manual. 

Comp.my Name: NES 
Addre" PO. Box 2014 

EI Segundo. CA 90245 
Phone Number: (800) 637- 1677 
Fa, Number: 3101541-6738 
Type of Software: Calculation.., for sleel detailing 

TO DETAIL 
Com puler DClailing SYSlcms, Inc. inlroduces 
a Siale of Ihe an slru clU ral sicel dClail ing 
s)'Mcm II hieh aIlO\,~ fabrica(ors and delailers 
10 mcel Ihe demands of Ihe fUlUre lI'ilh Ihe 
abilit) to gcnerate connection calcu lations , 

'" download to C~C equipment and illlerface lIith 
major design firms through the Stecl Detailing 
~cutrJI Fi le. 

A praClical, fl e.\ible s~sl(~m requiring minimal 
tmining, COS is capablc of producing illlcilibocnt 
30 models, noor plans and cielations as IIcll 
as shop drawings of unsurpasscd qualily using 
),our standards and paper. 

COS b currentl) used b) fabriano" :U1d dctailers 
Ihroughoul the l'S and in Canada. 

e ONTAC T COMP UH R DU AI LI NG STSTE MS 
lotifl), f OR A fREE IN f ORMA TI ON PA CK . 

CDS ~ .... 
Slrllclurfl/ Sleel De/flili,,}! ~)s/e", 

Computer Detai ling Systems, Inc • • 7280 Pe ppe rdam Ave nue · Charles ton, South Carolina 29418 • (803)5 5 2-7055 



[. 

• 

• 

• 

\laJor Feature, The progrJ.m : CR:illc ... 001111 ... " &.. Nlh ,um­
mJJic\ ; cakulalC\ the camber 01 it ~am or 
tnw ... o;,ol\C\ nght and oblique Inan~lc,. em.:!.:, 
and arc ... ; dco"ign, gu ... ·.cl plale ... ; dc\ign\ conm .. "C­

lion, 111 (cn,ion & .. hl!ar: \ le\\ .. dllllcn,ioll 
propertie ... of ' Icc l .. h:'lpc": dc\ign .. hc::lIll con­
nectIOn, u'lOg cliP"', ,hear end plme ... , "'C,II\ or 
"'lOg plale' 

L'm4uc A'pC:ct.. . Thi, calculator program , 0;, a PC \olUl iol1 that 
pro\ ide ... 11 dillcrent module ... for c:lkul.tung 
the lno ... , common .. ,cel detailing Jnd checking 
problem .. A l11all1 menu 11Il~' all module ... , pro­
\ idlng for e.,\) calculation -.election 

CO'll 250 
Free Demo: 1()"da} monc) bad guarantee 

Company ,line ROlllnc Computer Sen ices, Inc. 
Add .. " :n2 S. ~Ia," 51. P.O Bo,660 

Lale CII) . T .... ~7769 
Phone ",umber' (6151421>-9634 
Fo. Number 6151426-6.154 
Type of Softy. are: Produclion. Purcha .. e Ordef'. Lenglh Ne\lll1!! 

Plale :--:e .. ung &: Delail DrJVoll1g Log 
Major Feature, Wrillen o"pecifit:all) for the 'ICel fabricalJon 

IOdu~lr). Ihe ,ofty.,are ha, under!!onc nllIllCroU\ 

cnhan emenh and addluon\ \Jnce fiN intro­
duced III 1982. The bbrication Pad;}gc can be 

DETAIL S I EEL 
USING AlITOCAD 
O~ 140 DIITIRENT PARAIAElRIC 

USP PROGRAt.lS fOR t.lAKING 
STEEl SH~ DRAWINGS USING 
AUTOCAO REL 10, 11 OR 12. 

ROOf ~ENING fRAt.lES 

+ 

AN CHOR BOlTS 
GET • ALL· YOUR PROGRAIAS 

FROU ONE SOURCE 

, I 

• 
30 DAY UONEY BACK GUARANlEE 
~ __ ~C~~~f~OR~·D~E=t.lO~·~D~I~~~ 

SSIDCP 
110 SHADY OAK CIRClE 
flORENCE, US. 39073 

601-845-21-46 

• 

pun:ha-.ed iI" ,"<.11\ ,dual nll~ulc .. (Ir ... , an 1I1h> 
grated ,>'tem r·CJlur.:, mdudc II\Jh..'nalman ­
ilgemcnt. ... hop cUtlln!:! h'h. pmdudmn Ira(."" 
Ing: .. hlPPll1g tll:l...ch . • lI1d ~Hlu:r Iilhnl.:illioll ,hup 
man,lgemclll Il)(JI, 

Uruqllc A\I>CC" ; The ,011\\ are I, Col'Y In lI'C .lnd Il1Iplement 
"'rec telephone ,upporl I' Jhll iable 

CO\I . 295 · 1.19:' 
Frec (kinO: Ye, for m(ht module, ,\ ,O-dOl) trial" Ilh 

,JII,faCllon gU;.lrJlltccd (111c:rc:d lor .tIl Iluxiulc,. 

Compomy N'UllC SSDCP 
Addrc" 110 Shad) Oal C"c1e. 

Florence. MS .W07.1 
Phone 'umhcr· (601)8.t5·21.t6 
Fax Number' 601/845-2146 
Type of Soh"-'Irc · }\uloCAO paral1letru.: li SP pmgrillll' 
Major r cnlurc, SSOCP onc,", mon: Ih"l11 1.t0 IISP pm1!r.II1l\ 

thilt run lI1"dc 01 AUll,(' \D RdcJ'c 10 .md up 
fur the creatIOn of ,hop drJ" 1118.' uf ,tnH.: lurill 
[lnd mi"-Cellancou, ,ted Thc,c: .In! nol hh~,:l... or 
libra!} progr:.lIll'o Jild IIl'otcad uller c\cf)lhm~ 
fmm anchor bolt plJIl' lu rnol upcrung 

., 

frame.. and e\cf)lhll1g III hcl"cen \11 dCI.III, 
arc drawn on the 1llnnlltlr \\ 'lIle ) llil \\ .11(h. ,0 
you ,lay in contro l 01 thc det"lll1n~ at allume, 

HOP DETAILS 

'" S1Rlnl.RALST£.£LA \tlSCH I "'tOt S \tfTAt 
_1IlI A.III.,('''''' 

If __ c ..... " •• l, [ .... 1_ St."", 

1I ....... u, c •• I"'Ila,_ •• I.aIldf.l, I .... ... 
...... ".. ........... " .. p. RMt .' •• _ Co ..... G.'Mll, 

t1Mr , •• _ . .. "'...,..,11 ........ Mtlon ... ~ !\tIC" h ........ 
Pttl ...... fipn-..... T __ T..-, f .. ~ .... )"dIoooc.,..., .. ,.........." 
~-- \ ..--~ 

CO\1 P TER DETA I LI G CORPORA TlO;" 
4_~.......- ... _ ....... __ .. .. 

• .s.c....OII5e..- No. . s- •• 
~'AI"" 

21~!5-6OOl 

• \I .1 ' 



L' mque A~pect ... 

CO!tt 
Free Demo: 

A full 30-day. money·back guarantee (<xciud· 
IIlg shipping CO ... t5) i!> offered. The program 
run ... on )our e'{bung hanh~are (IBM compati ­
ble) . It .... been used in the field for more Ihan 8 
)eo1l"\ There'~ no maintenance fee: one update 
i ... pro\ l<Jed annuall) for a nominal fcc . Each 
program can be purcha!>Cd \4!paralcly . free 
phone \uppon i\ offered 
StMh at 395. 
ye .... 

Compan) 
Addre ...... : 

arne : Sofldcsk. Inc. 
7 Ltbert) Htll Road 
Henmd,er. NH 03242 

Phone 'umber' c603H2 -3199 
Fa Number; 603/428-790 I 
Type of Solt\\ are: Steel detatltng. 
Major Fe;uure.... Thi detailing program wor~, 'WIth RI2 

AUloCAO on either DOS or Window ... , U.S. 
anadlcn and European ... hape ... are prm ided 

All ... tructural d3la i\ ... lored in user cu~tomil­
able OBF format. The program automallcally 
lomlill!t a Bill of Material\ and calculate ... 
wclghl .... Special utilitie, are pro\·ldcd for draw. 
Ing beam~. column .... bracing . ... tal1"\. etc . 

Unique A,pect\: Soflde\~ offeri a Windows Hriion and is 
AUloCAD-based. The U\C of a OSF file format 

Cost: 
Free Demo: 

Phone umber 
Fax umlxr: 

ma}..,e ... is easily cu\tomllable, 
$2.995 
No. 

leel Solutions Inc. 
ROUie 3. 80'{ 312A 
BucJ....hannon. WV 26201 
(.104) 472-2668 
304/472-32)4 

Type of Soft\\itrc Structural fabrication management \y~l em\; 
PJddge~ ,"elude Fabricator. Eqllnatmg. 
Sc,", icc Center. Purcha..\mg. l",cllIory Control. 
Ora" mg Control & Acl.. .. ountlng. 

Major Feature,. Steel 2000 feature\ Include pull-do"n menus: 
conte)"t -.en~lIi\'e help: lull mou~e \uppon: 
\Iee}.., graphic Interface: qUlc}'" c'{ccullon speed: 
... ub,lantial brow~ and change capahllitie!t: and 
the nhllll} for the end u\er to create and maln­
t.lln their 0" n custom record ... , 

Unique A ... pecl\: leel 2000 IS a totally inlegmtcd ... olu llon 10 

'tee I fabricallon management. It ha~ been and 
conltnuc ... (0 be de\ eloped at a \lJle-Of-lhe-an 
labricatlon faclhl). Stecl Sen ice orpomtion. 
In JJc~n. MS. It I~ "nllen In Fo'pm. an 
ad\ anced relational databa~ management sys­
tem for mlcrocompUlel'\_ The program i~ fur­
Ill\hcd \\olth complete technical documenlation 
co\cr'"g the data structure .... rcpons. IndeKes 
and relallon ke}!io . The ... } .,tem"., open archltec­
lure dl.!~lgn provide~ acce ... ~ 10 all datu wtthin 
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Cost 
Free Demo: 

the IIy,tcm. Rcpon ... Illay be CU\IOmllcd for any 
imaginable purpo ... e. The program\ CNC capil­
blltlles al1o,," the producuon attnity of all 
automated equlpmelltto be montlorcd 111 real 
lime a.\ production OCCUf\ and a record for each 
CNC machine 1\ kepI for piece ... produced for a 
wor}.., ... hlft. ,,\emge nunute\ reqUired for each 
piece. minute ...... ince Ihe la\l piece" as pro­
dUl.:ed. and the current project and cutting Ii ... !. 
Starts at S I 0.000. 
Yell. Sample repon .... brochure ... :l1ld a video 
also are av:.tilnblc upon rcque ... 1. 

Company arne: S iruciural Sofl"are o. 
Addr,,,,, 50)2 Plantation Road. E. 

Roanoke. VA 240)9 
Phone umber: (703)362-9118 
I'ax umber: 703/366-6036 
Type of Software: EMimating. production control. invenlory. 

purcha~ orders lind combining. 
Major Fcature~ : The software 1\ a\allnblc III tIlternCIl\e mod­

ules SO the users can bUild a "'Y"lem to match 
their tndn:idual need ... , E ... ltlllatmg offer... a COI11-

plete solution for automating an estlnlluing 
depanmenl. The \y.:.,tcm cnlculate ... \\oclglns. 
surface area. malenal CO\t and labor. and \I, III 
even count ':"hop nnd field 0011\. Producllon 

• 

Control get ... Job ... into the ... hop by prm·ldlllg 
cutting list ... and then u ... hcf\ IIlhrough. all the • 
way 10 shipping. The job may be relen\Cd 11110 

nique A\peCb: 

Cost 
Free Demo: 

the shop by -.equcncc. drawing number. catego-
ry. main piece or acce ...... nry piece and i ... then 
tracked from \lalton to "'(allon 111\ entory 
Control pro\ ide ... fingcnlp acee ...... to 1l0mlaJ 
stock as "ell as drop'llcft o\er from pre\loul" 
Jobs. Purcha~ Order; automaticall) Integratc ... 
the Imcnlory ontrolmooule with the pun:h~-
ing departmenl omhlllll1g opumlle ... Ihe cut-
ling of material and ClJn be interfaced \\ ith all 
of the other mod ule .... And fina ll y. the 
Automated Dr.lwing Log 1\ dc\igncd 10 trac}.., 
the \a5.t number of draw mg ... needed for each 
job. 
The company .... module ... are u\Cd daily by more 
than 450 fabricator-. I1:tlloll'Wldc. SSC ha ... lx.-en 
pro\ Iding producl ... and ... en-Ice\ to thc \lcel 
Industry for more limn 10 year; . The progrnm ... 
can be purcha5.cd mdl\uJuall} for a ~pccific 
function or in group ... 10 fonll an interdcti\e 
"'yslem. The compnn) offer ... complete ... uppon 
Maff for CU\!Ol1lcr 'Cr\lce and trallllng and the 
softw-are i ... normally upgraded twice a YC:'lr 

with all cu ... lomcl'\ CO\erL"<l by ~ftwarc mainte-
nance automuucally recei\lOg the-.e upgrade ... 
299 to 5.000. 

Yes. 

• 



·-
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__ -----------------------__ ----_~--________ r_ __ 

~~ Djd Tim win 
the lottery ?" 

\ 

--

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

/ 

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

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

If your insuran e carrier isn't paying you a dividend, 
take advantage of our c mprehensiv(' plan designed 
especially for structural steel fabricators. Call NA at 
1-800-CNA-6241. 

s.lo'f\; "" .. lJ'dI\lC~'fllit"a\~ ..... IIIITlI .. <UIt!\~dorlv<~I ~ l " &lO¥dd 
llvo'lI'~MJd( notbe!llW"~ 

CNA I NSURANCE WORKING HARDER FOR YOU.-

C'NA 
For Al i lhe Commitments You Make-

AV8IIabIe In" ConbnentaI u.s ontv ThIS program IS unci8IWnnen by one or more oIlhe CNA InIurance Compr;nes. CNA 18. regtStered IefYU mark 01 .. 
eNA FioanciaI Corporation, !he parenl company 01 the GNA Insurance Compames/CNA PIaza.IChIcago. IL 6068S 



lIelp Wantcd-Di, trict Sales i\tanager 
'alllln ... 1 m3nula\:IUn.:r HI an:hlle\: lurJI and \truclUr;.1 mel •• 1 tied. h,.\ 

an ()peOln~ 10 the \hd"c,' ref ton . Sut:cc ..... rul appllf.:ant mu\, h.l\c ~ )1.' •• 1"\ 

-.ale .. (,'Pl"nl.'n..:c. he I:Jpat'tk nf prumntlonJI pre..enIJIIUn\ III an:hIIL'l.:!' and 
cngill\:cr. .,"1.1 m.ma~c all .t .. pa:t\ ul the ~Ic Inlm prumotlOn lullk- f"C\."Clpt 
III .. ale .. t:unlrJ",1 Applu': 'lIll mu .. t ha\(~ gtKxI COmmUIlII:<lllnn .. 1...11 ... ~ 
cncrgclu.: Jnd ~cli molIHIICt! Con·Mur.:llon and Icdmu • .:al I..no\\.lcdgc or 
appnlprMtc degree prcielTcd 

PIcJ"-C '-elk.! re .. ume In "~I}ic 'tel.lIs Corporation 
\11(.'oliol1: \Ir. T.\\.llartrnun 
II Talool \'couc 
M.:lllkin . I' \ 15tO-l 

Help Wanted - Structural Steel Detailer 

Nebraska fabricalor seekin o full-lime, experi­
enced ,lruClural ,leel dCla iler/projecl manager. 
C.E. degree or OS/2 CAD experience a plus. 

Send re,ume and reference, 10: 

P_O. Box 81096, Lincoln, NE 68501 

J-Ielp Wanted - Project Manager 
TOlal management of projecl' for ' leel fabricaror from 
conlmcl receipl III final lield inqallalion. Experienced 
in commercial and indu'lrial SlrUCluml 'leel and mi,­
ce llancoll' metal ,. 

Send re,ume with ,"Iary requirement'> 10: 

Odi, Dicke,'. AII.tate Steel Co., tnc. 
P.O. !lox 61 t48. Jacksom iIIe. FL 32236 

BE\\ LE1T-I'ACKARD 
COl11pute~eriphera l < 

A I:IImpklc hnc III u .. ed and rclum"hetllll' l:qUlrmclIl tn 1111 •• 11 )11Ur 

,;"mpulcr need .. I J-.er pnllh.'''' , ,..:.mncr.. i.J1"~ dri\c ... plotter. fI)rahpm. 
Dr .. i1md'lcr & lX"!!")c". PC .. and i.J(XX) -.enc .. "llrl.. .. tJII(ln .. arC' d' ailahlc 
lor IffllllClh.lIc dch\\.'1) _ {" .. lI llur Illllln •. "C numher lur addllion.11 IOlvrma 
linn aoJ pn .. :mg 

Ted Oasher & \ssociar ... 
-&117 2nd AHmlC South 
Birmingham. \L 35222 

SOO·63S·4833 ra, (2051 59 1-1108 

Imagc\-3D 
2D"'~D Structural/hnllc Elemcnt Analy'" 

Ea,) hI team and u'>(.' AUlome,h Gcncr.a11t1l1 

Shear & Moment Dla~ram' SlalK. Modal. Dynillllll: 
AISC C"t1C.1c Chcd, [nf,In,:cJ [)I'plau~ mcnl' 
I . .arge PUlhlclll, hl ,1.000 JOint.. P-b Anal}"" 

Complele Shltic Pack~lge - Only $795 
(\ .. Ic .. tlal Sullv.are. 1150 Shatluc~ A\c .. SUlIC J20(), 

Berkelc) . CA 94704 
Tcr ~ rO·843-0977 1 hIX . 510848·9849 

Firt) -n(xic full funl:l!un e\aluallon pad.age f()r~lnl) S-19.95 

Expert Steel Photography 
51:.£ OL R PHoros O.V PAGES 38 & 39 OF THIS ISSUE 

· n~ yc,.\t!'o "rdlllCcluml e'(pcnencc 
· Parallel elC\Jllon ... rendered parallcl 
. .. ,f' , ~ . ncg.tll\-c, u,cd no .'5 mill 
·Rc:l\onablc helicopter & aerial rale ... 

Ilill Schuemllnlll'hotograph) FAX (216) 321-7842 
15~1 S. Ilchoir Bhd .. CleHland. 011 (2 16) 382· .... 09 
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ROLLING 
Beam-Angle-Tube-Pipe- harmel-Plate 

Easy/Hardwa~, ,Heavy apacilic, 
Up to 30 w.F. Beam 

209-466-9707 
J . McCutchen. Inc. 

123 W. Sonora St. , Slockton, CA 95203 

A ISC Certification 
Categories I. II. III 

Do you \\ant to become certiticd but are just 
buried \\ith nork'! 

I otTer assistance "jth the IIcCCliiSar) papen\ork plus 
Irainin~ for ~our people. 

McGowan Tcchnicld Services, Inc, 
412-378-3916 fax: 412-378-199-' 

Accurate De5lign 
A dC ... lgn/dmftlllg ,en ICC bu ... lIlc ..... 'en Itlllg 

engineer.. cunlraclOl' anti fabricalol' . 
Sll1Jl:lur..a1 ,ted detadmg by the ,heel or lump ,um 

Accurate I)c,ign 
811 Ayrault Road 

Fairport. N.Y .. I-I4S0 
7 16/425-2634 

"Call now for a reasonable price quole." 

Computerized Structural Steel Detailing 
Experienced Staff Inclu{ilng Ilcen ... cd Profl! ....... onal 

Engineer ... with many year ... of dClaillllg experience. 

30 }eaf\ of ... ervice to ... teel fabricalOf"\ and conlracto",. 

R.A . GRESS & ASSOCtATES 
t761'Ianebrook Road, Frazier I'A 1~355 

(610) /H4-3250 

"tit Sy':'lem, 
At~( lor Auto( AD 
8dV Sludll'" SOllware . 
Nlt oolas I BUlIr'}'\-

FAX (6 10) 889--'836 

Adverlisers' Index 

(OS. • . 
(NA InSUrdn(f.> ................ .. . ...... . . ... .... . 
( ,Ic!V.HlldRI' . .••. •••••. •• 
( hdl)oural ~It«-'I . 
{ClfTlput('~ t.. (jlrtKh .. n. ... 10( Ie \.Ii 
(ompul{'f Ot'IJlllng torpordllnn 
<. ()N\PRT 
11t",gn OJld 
[/[ Indu .. lm ..... 
{.ISlrudl _ . 
tlHO N\.lnu.l/ 0 1 Steel Conslruc Ilon- -Sec.00I1 [(hll()f1 
It,!c.'1Jnt' 80h 
M()\~aJl" 
Md(()')(J1I •••• . • • •. 
N.llton.a ! 51('(" Con~lru('I()n CllOll'rt'll«(, 
{)mmiKh .• 
()pIIlT\olt(· . 
Rt"'l·art.h Enjtlnt't'f"J . 
IU5A T f'(hn.;)I()gl~ 
ssrx p ....•• 
... 1 looi~ xu ..... ~ Boh •• 
""rIle lural SOU\,\M(> . . ••• 
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Pr,1I.1Mry ~H ..... DI.l'ln o.t. 
2" IirI', OIL. ). ave, UlJI'D, .:xA: 1.1. • 10 par ............. . . 

tJ,oo.. ~'/O"'). Cli ~. ". ••••••••••••••• 

20·.... LaI'tI 

X'C.nt.r 
I J. hl'J*M.lC\.Ilar 

,.. 
"" ou. w. "-

... " 0 ttl .... 10,00 10.00 .. " " " • " 
~.1O , .. '.00 1,00 11 .00 

21.00 1$.00 40.00 ",00 ~5 .00 

t.aI'D ,."to.-.d t,.o.a.u 

'.'13 4.'0 12 .10 12,10 
n,u oil DO ".DO 14.00 

.... hdonl. ... DIU lin) --, a.Uo ... ... n-
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To help englneera 
analyses, AlSO 
a new design _1_ ... 
today's cost Infcmllldlalll 
composite bay 
Bay Stud ... 
provides 
than 2.400 COIIItpOI_. 
designs on one 
diskette_ The 
program allows 
quickly analyze • 
natives baled an .-.. 
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