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UNITED STEEL DECK, INC. DECK DE~~~ ~;TA SHEET 

DIAPHRAGM INFORMATION 

GAGE 

28 
26 
24 
22 
22 
20 
20 
18 
18 
18 
16 
16 

TYPICAL FLOOR DECK WITH CONCRETE DIAPHRAGMS 

WELD SHEAR 
SPAN PATTERN pit 

2.D' 30/4 1780 
4.D' 363 1670 
6.D' 363 1700 
6.D' 363 1760 
8.D' 364 1710 
8.D' 364 1750 

10.D' 36'4 1750 
8.D' 36/4 1820 

10.D' 36/4 1820 
12.D' 36/4 1770 
10.D' 36/4 1890 
12.D' 36/4 1830 

(UFSI 

(UFXI 

I' ,',2:',3" LOK FLOOR 

NOTES 
1. THE G' (STIFFNESS) VALUE OF 2450 KIPS INCH CAN BE USED FOR 

ALL COMBINATIONS IN THE TABLE. 

2. SIDELAPS ARE WELDED OR SCREWED (28 TO 24 GAGE) AT A 
MAXIMUM OF 36" ON SPANS GREATER THAN 5'; i.e. A 6' SPAN WOULD 
HAVE ONE SIDELAP ATTACHMENT, AN 8' SPAN WOULD HAVE TWO. 

3. STRENGTH VALUES ARE BASED ON 2.5" COVER OF NORMAL 
WEIGHT CONCRETE (t'c = 3 ksi) OVER THE RIBS; FOR LIGHT WEIGHT 
(STRUCTURAL) CONCRETE MULTIPLY THE TABLE VALUES BY 0.7. 
DECK DEPTHS UP TO 3" ARE COVERED. 

4. IT MAY BE NECESSARY TO INCREASE THE NUMBER OR STRENGTH 
OF THE PERIMETER CONNECTIONS TO UTILIZE THE STRENGTH 
SHOWN IN THE TABLE. 

WELD PATTERNS 

(81 

(81 

(81 

TYPICAL ROOF DECK DIAPHRAGMS 

B DECK WITH Sfsn WELDS TO STEEL AND 1110 SIDELAP SCREWS. 

SIDELAP 3613 36/4 36/7 
GAGE SPAN SCREWS 

PATTERN PATTERN PATTERN 
q G' q G' q G' 

22 6.D' 1 165 7 180 13 240 51 
20 6.5' 2 220 12 240 21 310 71 
18 7.D' 2 270 22 295 38 380 95 

"q" IS POUNDS PER FT. G' IS IN KIPS PER INCH. 

STEEL DECK INSTITUTE DIAPHRAGM DESIGN MANUAL 2ND EDITION IS THE BASIS FOR BOTH FLOOR AND ROOF 
DECK TABLES. 

~ 
..........,....,.,-'---'J-'--'I f--"L-.=ff'--J~ NICHOLAS J. BOURAS, INC. .. PO. BOX 662, 475 SPRINGFIELD AVE . 

SUMM IT. NEW IERSEY 07902-0662 (201 1277-1617 ASSOCIATE MEMMR 



Structural Software Company 
The steel man's computer store 

Jim Boiling, PreSident and CEO of 
Structural Software Company, is a sec· 
ond.generalion steel man. HIs 15 years 
spent managing a 5,000·ton per year fam· 
Ily fabricating shop gave him the Insiderls 
perspective. 

This understanding of the steel 
man's needs has shaped every program the 
Structural Sortware Company markets. 

Our programs speak the language 
of steel, Instead of requIring you to be
come a programmer. And they are de· 
signed towork ""h you, the way you work, 
to reduce the time and the costs between 
the bid and the inVOice. 

D Estimating figures labor and 
matenal costs and lakes into ac
count everything else that needs 

to happen,The program prices the dozens 
of Items Ihat go miD a project, from the 
mill 10 the warehouse. Plus, It leiS you 
change almost all oflhe pricing levels and 

labor axles to suit your needs. 

It FabriCAD, our computerized detail· 
ing program, is designed to cut through 

I the steel man's most stubborn togjam-
the long wailson detailsand shop draw

ings. You can gam control over your schedule 
.and budget and smile at change orders. 

Vertical Bracing works hand-in-hand 
with other detailing features to automatically 
detail X, V, K and Knee bracing with angles, 
double angles. and Wlde flange tees. It auto
matlcallydet311s the bracing connect Ions on the 
supporting beams and columns and lets you 
locate yourworkmg points wherever you want. 
Plus. it gives you an elevation view of any face. 

II Material Allocation lets you de· 
velop purchase orders by mullmg and 
combinmg your matenals. Combine 

mmenals for mill or wflrehousc buymg, and 
mull agamst your inventOry, to rccycle drops 
from previous job. Crcate CUlling hsts that will 

let you mark each beam WIth the Job 
numbers and piece marks of the pieces 
you will cut from it. 

e Ir you also sell steel over the 
counter, Point of Sa le will let 
you offer quotes over the 

phone, based upon matenal, tax, and labor 
costs, as well as the client's credit standmg. 

All of these programs run on IBM· 
AT or compatible microcomputers. 

Call today and talk to some people 
who can speak your language. 

Structural Software Company 

5012 Plantation Road 

P.O. Box 19220 

Roanoke, VA 24019 

(800) 776-9118 



MODERN STEEL 
CONSTRUCTION 

Volume 31, umberl 

The 1,081' -tnll First [llterstnte World Trade 
Cel1ter ;11 Los Angeles is desiglled with all 
uninterrupted braced square spille to resist 
seismic forces. For more ;"/o,,,,atio11 011 spine 
structures, see tlte ariele beghming 011 page 
13. 
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FEATURES 
13 SPINE STRUCTURES PROVIDE STABILITY IN SEISMIC 

AREAS 
Verlicaillnillierrupled laleralload resisling syslems are a cosl effeclive 
melhod of designing la11 bllildillgs with irreglliar fealllres 

20 SEISMIC UPGRADE PRESERVES ARCHITECTURE 
New sleel bracing is expecled 10 IIpgrade a collcrele bllilding' 5 seismic 
performallce from "very poor" 10 "good" 

24 STRENGTHENING BEHIND THE SCENES 
The new bracillg for Ihis IIniversily bllilding is almosl complelely hidden 

26 RENOV A TING FOR THE FUTURE 
While 1101 reqllired, all IIpgrade was Ihe ollly way 10 ellSllre sllrvival 
Ihrollgh fllillre earlhqllakes 

34 BALANCI G SEISMIC FORCES 
One Utah Cenler reqllired a second row of coillmns in ils saw-loolhed 
seclionlo solve lorsiollal problems 

41 SEISMIC ISOLATION: AN ALTERNATIVE FOR 
EARTHQUAKE DESIGN 
Base isolalion is mosillseflli whe/l a bllilding mllsl remain operalional 
dllring or immedialely afler all earlhqllake 

46 PRESERVING AN INVESTMENT 
Base isola lion is ideal for preserving Ihe sirucillre' 5 vaillable conlellis 

48 FLOATING BUILDING RESISTS EARTHQUAKES 
Base isola lion IInils in a new fire command slalion are designed 10 

ensllre Ihe bllilding remains operalional dllring an earlhqllake 

53 ELECTRONIC TRANSFER BRINGS TOGETHER 
ENGINEER AND FABRICATOR 
Direcllransfer of informal ion belween design engineers and fabricalors' 
comp"lers increases prodllclion speed and accllracy 
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A new generation 
of rolJed beams 

and column shapes 
for economical 

steel construction. 
Once .galn. AABED leads Ihe 
Industry by leaturlng a trendsetting 
combination of mechanical, 
chemical and lechnologlcal 
p,opertlea ~ 

'nc. 

"""'Jd'OBI or n-. CCWi. aucJIOII PRODUCTS. 

• HIGH YIEUl STRENGTHS (up 10 
65 KSI) . even tor unr,-"' •• vy 
sectionl. 

• OUTSTANDING TOUGHNESS 
PROPERTIES 

• EXTREMELY LOW CARBON 
eaUIVALENT - .nlur., txcel· 
lent "'debility 

A NEW PROCESS ••• QST. 

The Meret I, In ARBEO', r~u· 
tlon8ry new In·llne QST proc .... 

OTH ER RECENT ""lED 
INNOVAn ONI: 

ARBEO·ROLLED .a'", 44 "', and 
" TAILOR-MADE" (WTM) •• rle. -
'.moul for nigh Hellon modul i. 
Qr ••• leter,l buckling rellal.net, 
and tNg .. ."ng. In fabrication 
COIl. and weight.. TheM products 
.r. allO .vellable In the new 
HIlT"''' Quality .. I, out standard 
WF _1fICI H BEARING PilES 

NEW LlTERATVIII AVAlLAllE 

Send now for complete data on III 
tt1..se ARBED productl, contact 
Tr.de ARBED, INC .• 825 Third 
Ave" New yotte, NY 10022. (212) 
486·9890, FAX 2'2·3~5-21~Ql. 
In Canada: TradeARBED canada, 
Inc .. 3340 MalnwlY, Burlington. 
Ontario, Canada L7M 1A7 
(4.e) 3J5.~710, FAX 416-335-'292 
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EDITORIAL 

Predicting 
Seismic Safety 

Prognosticators are very useful for the public attention they can 
bring to a subject. Dramatic prophecies-such as expecting an 

earthquake this past December 3-are sure to capture the media's 
interest. 

In the case of earthquake predictions, the attention generated by a 
dire prediction is a necessary jolt in parts of the country that have not 
experienced a seismic disaster in more than a century. For the first 
time in recent memory, ordinary people outside of California are 
concerned about the readiness of their built environment to 

• 

withstand an earthquake. • 
This awareness is good and may lead to more stringent seismic 

codes. 
The problem develops when no earthquake is forthcoming. When 

the dramatic predictions prove wrong, people are lulled into a false 
sense of security and ignore the fact that an earthquake is 
coming-though we don' t know exactly when. 

Experts don't predict precisely when an earthquake will occur, 
only that one is likely to occur within our lifetimes. Some cities in 
vulnerable locales-such as 5t. Louis-have begun to prepare. ew 
buildings must meet seismic requirements, and some older buildings 
are being retrofitted . But other cities-and Memphis comes most 
notably to mind-have blithely ignored their danger. 

It's possible to argue that whether cities such as Memphis provide 
fo r the inevitable earthquake is no one's concern but those who live 
in Memphis. But that is clearly a faulty argument. In addition to any 
humane person's concern with the loss of life that would occur with 
a serious quake, the pragmatist must be concerned with the costs 
involved in rebuilding the city-costs that will be borne by the entire 
nation, either through insurance fees or direct federal assistance to a 
disaster area. 

These costs-in both money and life-can be minimized by the 
correct application of seismic design. Engineers throughout the 
country should be lobbying their local code making authorities to 
institute the most recent codes applicable in their region. SM 

• 
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U Jl ts -gD.OO Hm~J!:,rY,!~!, • 

1,) : " Tell me a little about your 
job at Buehler & Buehler." 

\ : -At Buchler & Buchler, we are 
retatned by arthltectural firms to 
desIgn str~ctuml framtng for 
bulldtngs We create plans for 
the construction of foundations. 
columns, beams and bractng. 
We prepare calculations and 
matenal specifications showing 
aClual \'crsus allm\-'able member 
stres;c, The art of "hat we do is 
taktng a bUlldtng concept and 
cOIwcrttng It Into pracllcal con
struCllon documents. \1y Job IS 
to sec that tt gets done qUickly 
and efflClenth -

1,): " Why did you select Fujitsu 's 
ElmAnalysis over other FEA 
programs?" 

~ .. It wa, the on I) powerful yct easy-
• (O-l1~C I'I.A program ~lVailable on 

the market Plam and SImple. We 
reqUIred a packagc that could be 
used b) everyone m the ornce. 
\\ e have othcr IrA programs for 
speCIalized project>. but most are 
so compitcated that one person 
must U'iC thelll constantl), Just to 
S13\ tuned 

peed was al;o cntlcal Entenng 
data can be a p311l'tlaktng process 
that wkes Itours ElmAnalySls 
allows )OU to create a model of Lhe 
struct ure on MTcen-graph lcally 
-111 minutes. \r\'hi h means thaI 
),ou can gel more JObs done III 
less tIIne and wttlt more reitable 
results 

1,): " What do you mean by 'more 
reliable results'?" 

\ : -The fact that II gIVes a real , vtsual 
representation of the project 
greatl) reduces the posSlb,ltty of 
error Member onentation IS 

collcal lor example , If a column 
entered Into a program IS rotated 
90° off liS correct axIS, the struc· 

• turallOtegnt) IS compromIsed. 

Umluuh,!\ ".a ftttl\ltU:J uiklrlNrk IIf r UJtlSu 
:\mtn,.I. In\ "\~' I' Ilr~(nutk of (omputus and 
~nkturt' Ilk "'pnt.lllhlnk.\ Itl 030\( !-tullhU\!DII of 
IkKhltr N Buthkr 1~11 UJlhU \nW'nul Inc All 
ngh~ rncnc-d 

Buehler & Buehler Associates, (lcmmen/o, CA 

And If II ISn' t caugh l, the result 
can be disastrous-not to mentlon 
expenSIve. [lmAnalyslS was the 
onl), program that gave a lear. 
visual representation of potential 
mIStakes. And under the pressure 
of deadhnes, .n)one can make 
tnt takes." 

Q: "Tell me about some of the 
jobs you've done ." 

\ : "Like most structural engmeenng 
consultants, about 750b of our 
work COllSISts of smaller projects 
-;chools. warehou,es, and office 
bUlldtngs-and a few vcry large 
projects hke thc Memonal Audll
anum bemg bUIlt here 111 ",acra
mento. It IS a large bUlldtng wllit 
sOllie very dIffIcult framlllg Lim 
AnalysIS is Ihe most practical sol
ution-changes In the des-Ign ca n 
be VIewed and Idenuflcd graphI
cally wllhout compromlslllg the 
schedule. And that's entlcal -

Q: " Do you think ElmAnalysis 
has improved the way struct
ural and civil engineers work?" 

\ : - By makmg rLA progmm., easlcr, 
more engineers Will be able to 
get more work done. and with 
LlmAnalySls' graphIC IIIterface 
to SA P90'w • more options can 
be evaluated , resuitlOg 10 beller 
solutions." 

Q: " How has Fujitsu's support 
been?" 

\ : "It's been great The) have expen· 
enced engmeers available to answer 
real engmeermg quesllon~ , so I 
don 't have to worry about belOg 
hung up m the mIddle of a Job -

For your FREE ElmAnalysis 
evaluation disk, 
call belween 9AM·5P~1 PST, Mon · rn 
1·800·2))· 1798 (USA), or 408-4)2· \300. 
eXl 5030 (Canada or OUlSlclc L: A) 

FUJITSU 
FUJITSU AMERICA, INC. 
Info,mahon Systems DIVI~Of1 
3055 Ofc:n.rd Dr..,., Mall Slop 82 e 
S.n JON, CA 9513. ,1 4081 432 1300 



You can always 
spot the leader in 
the crowd ... 

everyone 
• 
IS 

following 
them! 

If you arc watching the 
computcri/cd detailing 

marketplacc. you can't mi" 
announcements. One company i, 

adding stain,; another. bracing. 
One is moving thcir product to 

Unix and yet anothcr i, introducing 
a "unique" approach allowing a 

single member or sheet 10 be 
detailed independent of the re,t of 

the ,tructurc. 

And if you arc watching the 
computeri/ed detailing 

marketplace. you know that the,e 
companies are 'truggling ju,t to 

catch up. And while they ,truggle. 
Dogwood i, developing the next 

generation of detailing .,y,tem, A 
, y,tcm that not only work'.Ii,,' you 

... it work, Ii!..l' you. 

EE Do~\\(){)(I ·lechnolo~i('s.lnc . • p.o. Box 51R\l • Kno,oiUc, TN .~ 71)5(J Y91R 
6IS·Sll - 107\ • IllXI-116-U706 



STEEL NEWS 

• Overpass Survives 
Despite Losing Two Out Of 

Three Columns 
Tragedy struck as morning 

rush hour drew to a close on 
Chicago's Calumet Expressway 

ovember 20. At 9:20 a.m., a tire 
blew out on a northbound car. It 
swerved into the path of a truck, 
which jackknifed and spilled its 
cargo onto the roadway. A second 
car slammed into the rear of the 
truck, killing the car's driver. 

The truck's cargo of large metal 
coils rammed into the support 
structure of an overpass, which 
consisted of three concrete-col
umns supporting a three-span 
steel I-beam bridge. The coils 
weight was estimated at more than 
20,000 Ibs. 

• 
"One coil impacted the first col

umn of the easterly pier and went 
right through it and hit the second 
column," explained Todd Ahrens, 
P.E., bridge investigation engineer 
with the lllinois Department of 
Transportation. 

"The first column completely 
diSintegrated and the second col
umn buckled at the top and bot
tom and the pier cap also buckled. 
The third column couldn't take the 
eccentric load and it buckled at the 
top and sheared about 1 '." 

Fortunately, however, the over
pass superstructure did not col
lapse. ''The structure buckled 
about 5' down on the south end 
and the north end dropped about 
1'," said Ahrens, who spent nearly 
40 straight hours at the site after 
the accident. Damage was mini
mized, he theorized, when the par
apets jammed together to create an 
arch-like support. 

" It wou Id depend on the detaiJ
ing, but if it had been a precast, 
prestressed concrete beam bridge, I 

• think you would have had much 

Continued on page 10 

A large metal coli 
slammed i"to the concrete 
colum"s of a" overpass it! 
Chicago alld IIttalH dl'Stroyed 
one colum" whIle 
substa"tially damngltlg a 
secolld (above alld top left!. 
The steel overpass, Jrau.'£Ver, 
did 1/01 collapse but merely 
buckled approximately 5' 011 

Dllt f"d and l ' 0" tlte other. 
Afler the structure was jacked 
bnck into positIOn, damage to 
'he silperstnictureand the 
deckillg was [olllld to be 
millimal (bottom left!. Photo 
credits: Abot't and top 
Irft-Keith Hale, ChIcago 
Slm-Times; bottom 
left- Fred Beckmallll 
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Overpass, 
Cont. 

more of a problem when the pier 
dropped out," Ahrens said . 

Temporary supports for the 
overpass were installed the same 
afternoon as the accident, and jack
ing operations began late in the 
day. Two jacking towers were 
placed on each side of a column lo
cation with a cross beam on top of 
the towers. The jacking took 16 
hours and allowed four of the six 

·lanes of the expressway to be re
opened. About 85,000 to 90,000 
cars use the expressway each day, 
according to highway department 
officials. The overpass, of course, is 
closed until it can be repaired . 

Work on the new concrete col
umns is expected to begin the first 
week of December, and the con
struction is expected to take three 
to four weeks. 

"The steel I-beams are in good 
shape," Ahrens said. "Only the pin 
connections were severely dam
aged. We think one pin plate may 
be cracked, but we won't be able to 

• 

. . -
Two jacking towers were placed on each side of tile three colllttlnlocatiotls to push the 

overpass back into poSItion, which allowed fo ur of the expressu..lQy's tnlles to be reopt"ed. 

tell until the columns have been re
placed and we can take the outside 
plates off and further assess the 
damage." 

The overpass' deck is in good 
shape, according to Ahrens, and 
can be reused essentially as is. "We 
have to redo the expansion joints 

on the deck, and we have to do 
some concrete repair of the para
pets," he said. The highway de
partment is hoping to have the . 
overpass reopened early next 
month. "Once the pin connections 
are repaired, we will reopen the 
overpass to traffic." 0 

Book Review: Schaum's Outline On LRFD 
By Robert Lorenz, P.E. 

D uring our college days, many 
of us benefitted from a col

lege outline book that covered the 
entire subject of a course (say, Fun
damentals of Psychology) in 100 
pages instead of the 470-page 
course textbook. Often this was 
done to balance the bad effect of 
too many skipped classes. 

ow, for the first time ever, the 
Schaum's Outline Series has added 
the subject of structural steel. How
ever, this new book, Theory and 
Problems of Structural Steel Design 
(Load and Resistance Factor Method), 
by Abraham j . Rokach, will not in
spire students to cut their steel 
class. Rather, it will encourage 
them to be even more diligent. 

This work is devoted primarily 
to problem-solving. For those who 
learn best by exposure to number-

10 J Modern Steel Construction I January 1991 

crunching exercises, this book is a 
bargain at $12.95-and not just for 
students. After buying a copy of it, 
many experienced engineers may 
dust off their AISC LRFD Manual, 
and, with this text as a companion 
volume, be able to avoid the need 
for a strict formal exposure to 
LRFD design methods. 

As Rokach states in his preface: 
"This book is written for as wide an 
audience as possible, including stu
dents enrolled in undergraduate 
and graduate engineering and ar
chitectural curricula, and practicing 
engineers, architects, and structural 
steel detailers. The only prerequi
site for an understanding of this 
text is the same as for an under
graduate course in structural steel 
design: a basic knowledge of engi
neering mechanics." 

As a bonus, the book has text-

book value. For example, the brief 
explanations of Cb in Chapter 5 
and limit states of flexural buckling 
in Chapter 6 are supported with 
graphics that give a visual explana
tion of the technical formulas. Also, 
ill Chapter 10, several worked-out 
solutions on composite columns 
are valuable, since they are not 
abundantly found in textbooks. 

I recommend this book as an 
economical supplement to fill in or 
clear up some of the procedural as
pects of the new steel design tech
nology found in LRFD. 

Theory and Problems of Struc
tural Steel Design (LRFD Method), 
by Abraham j . Rokach; 187 pp.; 
McCraw-Hili, Inc. To order a copy, 
send $12.95 to: AISC Publications, 
P.O. Box 806276, Chicago, IL. 
60680-4124 (or phone 312-670-2400 
ext. 433) . 0 
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AISC 1991 Prize Bridge Competition • 

Eligibility 
To be eligible, a bridge must be built of fabricated 
structural steel, must be located within the United 
States (defined as the 50 states, the District of 
Columbia, and all U.S territories) , and must have 
been completed and opened to traffic from July 1, 
1986 through May 1, 1991. 

Judaing Criteria 
Will be based primarily upon aesthetics, economics, 
design and engineering solutions. Quality of 
presentations, though not a c riterion, Is Important 

Award Cate90ries 
Entries will be judged In one or more categories, but 
may receive only one award. 

long Span One or more spans over 400 ft . In length. 

Medium Span, High Clearance Vertical clearance 
• of 35 ft. or more with longest span between 125 and 

400 ft. 

• 

Medium Span, low Clearance Vertical clearance 
less than 35 ft with longest spon between 125 and 
400 ft . 

Short Span No Single spon greater than 125 ft . in 
length. 

Grade Separation Basic purpose is grade 
separation. 

Elevated Highway or Viaduct Five or more spans. 
crossing one or more traffic lanes. 

Movable Span Having a movable span. 

Railroad Principal purpose of carrying a railroad, 
may be combination, but non-movable 

Special Purpase Bridge not identifiable In one of the 
above categories, Including pedestrian, pipeline 
and airplane. 

Reconstructed Having undergone major rebuilding 

Entry Requirements 
All entries must contain an entry form, photogrophs 
and a written description of the project . 

1. Entry form: All information requested on the form 
must be completed In full , 

2 Photographs.' Professional quality 8x 10 color 
prints of various views showing the entire bridge, 
including abutments, 35 mm slides should also be 
submitted if available. All photographs must be 
cleared for use by AISC. 

3. Descnption: Explanation of design concept , 
problems and solutions, aesthetic studies. project 
economics and any unique or Innovative aspect of 
the project. Include no larger than 11 x 17 drawings 
showing elevation. framing system and typical 
details. 

Method of Presentation 
Each entry should be submitted In an 81/,! ' x II ' 
binder, containing transparent window sleeves for 
displaying Inserts bock to back. The entry form 
included in the brochure must be easily removable, 
so that the identification of the entry can be 
concealed during judging. All information 
requested on the entry form must be Included 

Awards 
The winners will be noMed shortly after the June 
judging Public announcements of the winners will 
be mode in the September issue of Modem Steel 
Construction magazine. Award presentations will be 
made to the winning designers during the National 
Steel Bridge Symposium, September 16, 1991 , in St. 
Louls, MO. 

Deadline for Submission 
Entries must be postmarked on or before May 24, 
199 I, and addressed to: American Institute of Steel 
Construction, Inc .. Attn: Awards Committee, One 
East Wacker Drive, Suite 3100, Chicago, IL 
6060/ -2001 . For further Information, call 
3/2/ 670-2400 . 



AISC 1991 Prize Bridge Competition 

Entry Date' ________ _ 

Nome of Brldge ___________________ Completlon Dote __________ _ 

Location Dote opened to trafflc. _______________ _ 

Category In which entered, _ ______________ .Approx. total cost _________ _ 

Span lengths _______ ,Roodway wldths, _______ .Steel wt./sq. ff of deck'-_______ _ 

Vertical c leorance· _____ __ Steel tonnage ______ 'Painted: Ves ______ No, _____ _ 

Structural system(s) (describe briefty here)' __________________________ _ 

InnovatlveConcepts _________________________________ _ 

Descriptive data: Attach separate sheets (see entry requirements) 

No. of photographs enc losed: Color prints __________ 35 mm slides, ___________ _ 

Design Firm: ___________________ -== _______________ _ 
Phooe 

Addre$:_-.~~-------------~~~~~-----~~-----
Street: City and Stote Zlp 

Persontocontact :. ___________________________ ~~------
TiNe 

Consulting Firm (wany): ___ ____________ -== _______________ _ 
Phooe 

ZJp Addre$:. __ ~~--------------~~~~~------~~-----
Street City and stote 

Person to contact: ___________________________ .....",,-_____ _ 
1I!Ie 

General Contracting Flrm: ______________ -;:;:=,__---------------
Phooe 

Addre$:_~o.==_--------------_r~~~~------~,__-----
Street City and State ZJp 

Person to contact: ___ ________________________ --;::;::-_____ _ 
Tille Steel Fabricating Firm: _______________ -;=:::-_______________ _ 

Phooe 

Zlp 
Addre$:_-.~~-------------__.".~=~:_-----~~-----

Street City and State 
Person to contact : ___________________________ --;;:,,--_____ _ 

T"1e 
Steel Erecting Flrm: ________________ ---,::-________________ _ 

Phone 

Addffi$:._-.~~-------------__.".~~~:_-----_,~-----
Street City ond store Zip 

Person to contac t: ___________________________ --;;::;:-_____ _ 
nile Owner: ______________________ -::;-_ ________________ _ 

Phone 
Addre$:._-.~~-------------__.".~~~:_-----_,~-----

Street City and Sfate lip 
Person to contact: __________________ _________ --;::;::-_____ _ 

1I!Ie 

This entry submitted by: 

• 

• 

Name: _______________________________ =~------. 
Title Flrm: ______________________ == _________________ _ 

Phone 
Addre$:_-.~~-------------__.".~=~:_-----~=-----

Street City and State ZIp 

(ADDITIONAL ENTRIES MAY BE SUBMITTED ON COPIES Of THIS FORM) 
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EARTHQUAKE DESIGN 

Spine Structures 
Provide Stability In 

Seismic Areas 
Vertical uninterrupted lateral load resisting systems are 
a cost effective method of designing tall buildings with 

irregular architectural features 

By P.V. Banavalkar, P.E. 

I n areas of high seismic activity, 
the selection of a structural sys
tem for high-rise buildings is 

primarily dictated by the need for 
ductility. In addition, however, the 
structure must provide enough 
stiffness to avoid an uncomfortable 
amount of wind sway and wind in
duced accelerations on the upper 
floors. 

Over the years, a wide variety of 
systems have been developed for 
use in seismic areas, including: or
thogonally placed ductile moment 
resisting plane frames; perimeter 
tubular structures; dual systems 
with combinations of ductile 
frames; and concentric or eccentric 
bracings. But modern architec
ture-with its multiple step-backs, 
distinctive tops, tall entrance lob
bies, and subterranean parking that 
places a cost premium on closely 
spaced columns-demands inno
vation and modification to conven
tional structural systems to achieve 
a cost effective design. One solu
tion is the "spine" structure. 

In this type of structure, the 
spine is the lateral load resisting 
system that provides stiffness and 
stability. The spine consists of ver
tical or inclined elements, and 
shear membranes in the form of 
braced frames, walls or vierendeel 
girders. The vertical or inclined ele-

ments resist axial loads due to 
overturning moment whereas the 
shear membranes resist shear 
forces due to lateral loads. 

Structural PrinCiples 

Spine structures must follow 
certain basic prinCiples. 
• To achieve continuity in resis

tance of both overturning mo
ment and shear loads, the spine 
should be located within an unin-

"' ,. 

The Bell Atlantic Tawer it! 
Philadelphia is all example of a 
steel-framed "spine" stmcture with a 
verticailmilltermpled latern/load 
resis/i"g system. 

terrupted portion of the building. 
This prevents discontinuity in 
overturning resistance and the ex
istence of weak or soft stories 
within a structure that hinder sat
isfactory seismic perfonnance. 

• The principal axes of the spine 
should coincide with the geomet
rical mass principal axes of the 
structure. 

• The design of the floor framing 
has to be consistent with the spine 
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BRACED SPINE 

rDni TO RF ----
62ND 1'0 69ni 

51TH TO 6'ST~,,- D--
49TH 1'056TH;.o,;;: -

'!-... GR lO 48TH ------

BUILDING COMPOSITE PLAN 

FIRST INTERSTATE WORLD CENTER 

Tlte original plan for the First Interstate World Center", Los Angeles was Q pure 
braced spmf structure, as pictured alxJve (figures la, 1 bl Ie) . This was rejected. however, 
because It was felt tltat lite ductility of the strlJcturt! to absorb energy in case of an 
un!on>seen seismic even' !lHl5 below 'he dl.'sired level. Also, tI,e diagonals crossing 
Illrollgil III, floor space presented a problem for space plan/ling. 
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of the building. Heavily loaded • 
gravity columns strategica lly 
placed in the spine of a structure 
supporting free spanning, but not 
necessarily optimized floor fram-
ing, can provide efficient over
turning resistance for transient 
lateral loads thereby achieving 
overall economy of the structural 
frame . 

• The area enclosed by the spine 
should provide optimum tor
sional stiffness for the structure. 
At times, supplementary ductile 
frames may be necessary to im
prove the torsional characteristics 
of the building . 

• The texture of the spine, either in 
the form of a vierendeel girder, 
bracing, or gravity load carrying 
vertical element, should be lo
cated in such a way that it does 
not adversely affect the space 
planning in the lease area or the 
efficiency of subterranean park
ing. 

Design Criteria 
The design of the spine both in • 

spirit and letter should conform to 
the seismic provisions of the 1988 
UBC code. For high-rise buildings 
with longer lateral fundamental 
periods of motion and displace-
ment dictated dynamiC response, it 
is recommended that the spine be 
designed to remain essentially elas-
tic for a maximum credible earth-
quake (5% critical damping) at the 
closest active fault. This criteria is 
mandatory in structures with axi-
ally loaded braCing elements, while 
the criteria can be relaxed in struc-
tures with totally ductile moment 
resisting frames by designing it for 
the maximum probable earthquake 
and placing more reliance on duc-
liUty. 

In a deterministic approach to 
desgining buildings, the spine is 
designed to remain elastic for a 
postulated ground motion with an 
unknown global ductility beyond 
the yield of the spine. In this ap
proach, the safety and performance 
of the spine depends primarily on 
the accuracy of the prediction of • 
the postulated earthquake. But 
while deterministic approach 
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sometimes is used, engineers 
should aim for a deterministic ap
proach with ductility. That is, the 
spine is not only designed to re
main elastic for a postulated 
ground motion, but its ductility is 
investigated beyond its yield by a 
monotonically increasing load. 

Additional design criteria that 
should be considered includes: 
time history analysis; response to 
vertical acceleration; and non-lin
ear analysis. 

First 
Interstate 

World Center 
CBM Engineers, Inc., Houston, 

was the structural engineer 
on the 1,018'-tall First Interstate 
World Center (Library Square) in 
Los Angeles. This 75-story build
ing-the world's tallest in a seis
mic zone 4 or equivalent-is gran
ite clad and features multiple step 
backs. Project architect was Pei 
Cobb Freed & Partners. 

The simplest and most obvious 
structural system for this building 
would have been a perimeter duc
tile tubular frame. However, due 
to the multiple step backs, this sys
tem was not only very expensive, 
but its dynamic characteristic was 
sensitive to wind induced accelera
tion at the top floor. 

Instead, the engineer examined 
the potential for designing a 
braced spine structure (see dia
grams 1a., lb., and 1c.). Three basic 
design criteria were introduced: 
• Braced structures are commonly 

used for offshore platforms. Stud
ies have shown that the higher 
the strength and stiffness of the 
horizontal members, the better 
the overall ductility performance 
of the structure. Experimental 
findings on braced frames also 
have demonstrated that satisfac
tory ductile non-linear behavior 
can be ensured by preventing any 
premature failure of the connec
tions. Therefore, on this project 

--
FIRST INTERSTATE WORLD CENTER 

TIJedesigll ofl.DIS'-tall First 
Interstate World Ce"ter in Los Angeles 
feat II res a1l u"i"terrupted braced square 
spille, which is rrally a hybrid system 
between 11 dual system mId a spine 
structure. 
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FIRST INTERSTATE WORLD CENTER 

Tilt final design co"sisls of a sqllare spme composed of a 
two-story tall chevroll braced core with a perimeter ductile 
momellt-resist;'Ig frame with radially placed coillmlls. Ti,e bases 
of tire four core co/",,,,, s consist of 7 liz. H plates, each measuring 4 
sq. fl . a"d weighi"g 60 10" 5 (10/1) . TIle lobby lrods have K-brnced 
sections belaw the hoo-story chevroll brach'g (nlJove). 

To aVOId any progressive ca tastrophic failure of Ole structure 
i" cose of bllckli"g of a ch""ro,,-braced dingo"nl , two separnle 
possible modes offailll re were co"sidered. l" Mode I, 1/" bllckled 
diagonal assumes to have lost Dilly axiallond carry;,'g capacity, 
while ill Mode II the 10UN!r eud of tire buckled diago"al tooS 

physically removed. 

the joints connecting the mem
bers were designed for strength 
far in excess of the capacity of the 
members themselves. 

• The ductile subframe was de
signed by the method of allow
able stress design for 25% of code 
level forces. The axial load carry
ing capacity of the diagonals was 
ignored during this analysis. 

• The stability and overall behav
ior of the structure was investi
gated in case of a failure of diago
nals at different levels. 

The buckling of a diagonal 
changes the dynamic characteristic 
of the entire structure. The struc
ture with a buckled diagonal re
sponds unsymmetrically to an uni
directional ground motion. The 
input seismic energy is dissipated 
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in two sway modes along with a ro
tational mode. The effects of a 
buckled diagonal between Ooors 10 
and 14 were quantitatively exam
ined. As anticipated, the overall 
stiffness was not dramatically af
fected . The check of members be
tween the sandwich of buckled di
agonals showed that the ductility 
demand on all members was less 
than 1.2. 

A braced spine structure was re
jected, however, because it was felt 
that the ductility of the structure to 
absorb energy in case of an unfore
seen seismic event was below the 
desired level. Also, the diagonals 
crossing through the Ooor space 
presented a difficulty in interior 
space planning. 

Instead, a design was developed 

featuring an uninterrupted braced 
square spine, which is really a hy
brid between a dual system and a 
spine structure. The design of this 
spine was based on the detemlinis
tic approach for the ground motion 
of the maximum credible earth
quake on the San Andreas Fault 
(5% dampened). 

The final design of the structure 
consists of a 73'-10" square spine 
composed of a two story tall chev
ron braced core with a perimeter 
ductile moment resisting frame 
having radially placed columns at 
15· on center. 

The long span Ooor framing cou
pled with two-story-ta ll free span
ning core loaded the corner core 
columns of the spine in such a way 
that the design was primarily gov-

• 

• 

• 
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emed by gravity load. To avoid any 
progressive catastrophic failure of 
the structure in case of buckling of 
a chevron-braced diagonal, two 
separate possible modes of failure 
were considered. In Mode I, the 
buckled diagonal assumes to have 
lost only axial load carrying capac
ity, whereas in Mode II the lower 
end of the buckled diagonal was 
physically removed . The safety of 
the structure was ensured by check
ing the remaining effective mem
bers and designing the connections 
for all possible load combinations. 

An attempt was made to propor
tion the stiffness of the perimeter 
frame and core bracing in such a 
way as to set yielding in the ductile 
frame prior to buckling of the core 
diagonals. To establish the over
strength and the post yield behav
ior, a simplified non-linear analysis 
was conducted by applying mono
tonically increasing load . 

The efficiency of the spine sys
tem can be further documented by 
comparing the efficiency of the core 
column for gravity load alone to 
the combination of gravity, wind , 
and seismic loads. 

This hybrid spine structure re
quired 5,500 fewer tons of struc
tural steel than a conventional 
frame and 2,500 more tons of steel 
than a pure braced spine structure. 
The final design required 26,500 
tons of structural steel. 

Figueroa at 
Wilshire 

T he 53-story Figueroa at Wil
shire tower in downtown Los 

Angeles provided an opportunity 
to design an efficient spine struc
ture. Structural engineer on the 
project was CBM Engineers and ar
chitect was Albert C. Martin and 
Associates, Los Angeles. 

Three lateral load resisting sys
tems were studied: perimeter duc
tile moment resisting frame; dual 
system with braced (concentric or 
eccentric) core with perimeter duc
tile frame; and a spine structure 

11:1 

A spi"e stmcture was c1105en for ti,e Figueroa at Wilshire buildillS ill Los Angeles 
because it llsed the least amOllll' of steel and provided an oppor/uflity lor cOIU"/II-frel' 
lease spaces. Photo by Erich Koyama 
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Three latera/load resistillg systems 
were studied for Figueroa at Wilshire: 
perimeter ductile mome,,' resistillg fra me; 
dual sys tem wifh braced core and 
perimeter ductile frame; a1ld a spiue 
structure cOflsistillg of braced core mId 
outrigger dr/elile frames. 
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BEHAVIOR OF THE STRUCT~E 

Figures 2a and 2b . The interaction of the braced core and tlte outrigger dllctile frames 
about both principal axes is esselltially the same. h, general, more thall 65% of the s/,ear IS 
ca rried by the braced core, while almost 65% of the overturning movrneul is resisted by 
the perimeter columns ill the outrigger frame of the Figueroa at Wilshire bllildins· 

consisting of braced core and out
rigger ductile frames with the long 
span floor framing structured in 
such a way that the main columns 
participating in the lateral load re
sisting system are loaded heavily by 
gravity load, 

A cost comparison of all systems 
showed that the spine structure 
used less structural steel and pro
vided an opportunity for column 
free lease spaces, The structure used 
16,000 tons of structura I steeL 

The interaction of the braced core 
and the outrigger ductile frames 
about both principal axes is essen
tially the same, In general, more 
than 65% of the shear is carried by 
the braced core, while almost 65% 
of the overturning moment is re
sisted by the perimeter columns in 
the outrigger frame (see figures 2a, 
and 2bJ Essentially, the structure 
has three major components: inte
rior core bracing; outrigger beams; 
and columns, 

Interior Core Bracing 
The interior core is concentrically 

braced, The most important design 
criteria of the braces is that in the 
event of buckling of one of the com
pression diagonals, the horizontal 

members supporting the floor 
loads do not form a mechanism re
sulting in catastrophic failure of the . 
floor-

Outrigger Beams 

The outrigger beams span ap
proximately 40' and have three 
major functions, 
oThey support the design floor 

loads, 
oThe outrigger beams along with 

the core and perimeter columns 
have to act as a ductile moment 
resisting frame to carry a mini
mum of 25% of the design code 
level forces without the presence 
of interior core bracing. 

oThe beams have to possess 
enough stiffness to create effec
tive linkage between interior core 
and perimeter columns to provide 
efficient overturning resistance to 
the seismic loads, To accomplish 
this, 36"-deep outrigger beams 
were required , 

The depth of the outrigger 
beams were restricted by the ceil-
ing cavity, which has to provide 
optimum depth to minimize floor
to-floor height Therefore, the . 
beams were offset into the floor 
and notched for the passage of the 
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figurt 3. The notchts in the btam wert sti/frned to prevent the [ormation of a 
three-hinge mechanism with substantial moment capacity at the notchts. 

mechanical ducts (see figure 4). 
In case of a major seismic event 

• 
with the plastification of both ends 
of the beam, the notches in the 
beam were stiffened in such a way 
as to prevent the formation of a 
three-hinge mechanism with sub
stantial moment capacity at the 
notches (see figure 3). With full 
plastification at the supports, the 
minimum factor of safety of 1.33 
was provided for the total gravity 
load carrying capacity. 

The outrigger beams are laterally 
braced to prevent lateral torsional 
buckling and they are effectively 
connected to the floor diaphragm 
by shear studs to transmit horizon
tal shear force to the frame. 

Both the perimeter and core col
umns were heavily loaded to pro
vide overturning resistance to the 
entire structure. The perimeter col
umns were checked against full 
plastification of outrigger beams. 

Spine structures have been used 
extensively in non-seismic zones 
due to their proven cost efficiency. 
In addition, their superior struc
tural performance in providing 

• 
overturning resistance while elimi
nating the existence of weak or soft 
stories is leading to their growing 

" " 

W[TAL 
MCK 

)14"' l-lEAo(O 5TUOS 

.. , 

SECTION THAU OUTRIGGER BEAM 
FIGUEROA AT WlLSHRE 

figure 4. Notched outrigger beam. 

acceptance in seismic areas. • 

P. V. BanallOlkar is chief structural 
engineer/executive vice president of 
C8M Engineers, Inc. , Houston . This 
article was adapted from a poper pre
sented at the ASCE Metropolitan Sec
tion, Spring Seminar 1989, in New 
York City. 
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EARTHQUAKE DESIGN 

• Seismic Upgrade 
Preserves Architecture 

The seismic performallce of the collcrete-framed Ulliversity Hall bllildillg (top) ill 
Beruley. CA. was rated as "very poor" by the Ulliversity of Califo",ia . A steel bracillg 
framt (abovt) UJas chosen as the most economical method of improving fllat rating. 
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New steel 
bracing is 

expected to 
upgrade a 
concrete 
building's 
seismic 

performance 
from "very poor" 

to "good" • 
By Loring A. Wyllie, Jr., S.E.; 

John A. Dal Pino, S.E.; and Jeff 
Cohen 

The importance of a Univer
sity of California program to 
seismically upgrade their 

buildings was underscored by the 
October 1989 Loma Prieta earth
quake. While the university 
emerged relatively unscathed. 
there was enough damage to 
nearby structures to warrant con
cern. 

The program's $50 million in re
cently appropriated funds includes 
$8.2 million for the major seismic 
strengthening of University Hall in 
Berkeley, which is expected to be 
completed in July. The seismic per
formance of the building-which is 
located within a mile of the active 
Hayward Fault-had been rated as 
"very poor" as defined in the Seis
mic Safety Policy of the University 
of California. The retrofit will 
change that rating to "good". • 

Located on Oxford Street across 
from the main entrance to the Uni-



• 

• 
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versity of California at Berkeley, 
the 1957 building clearly reflects 
the Modern design that was then 
popular. It consists of a seven story 
rectangular tower and an adjoining 
two-story wing. Projecting con
crete columns run along the face of 
the tower, except at ground level 
where they are freestanding, as the 
building facade steps back to form 
an arcade. 

Alternating bands of strip win
dows and ceramic tile veneer cre
ate a horizontal look, in contrast to 
the supporting columns. Typical of 
that period, the original designer 
was concerned with the handling 
of the corner column, which re
sulted in a slight modification of 
the window configuration at the 
corner bays. 

The tower is a concrete frame 
structure 200' x 70' in plan. Floors 
are a combination of concrete flat 
slabs and slab and beam framing. 
In the original deSign, lateral forces 
are resisted by the exterior frames 
around the perimeter of the build
ing, consisting of 24" square col
umns and S"-wide by 7' -deep con
crete spandrel beams, and by three 
interior transverse shear walls in 
the core. 

Seismic Retrofit 
Because of the need to work 

with the materials and existing 
configuration of the building, de
veloping a seismic retrofit scheme 
was a difficult task. Architect for 
the retrofit project is Han
sen/ Murakami / Eshima, Inc., Oak
land, and structural engineer is ].J. 
Degenkolb Associates, San Fran
cisco. 

Any retrofit design process in
volves first identifying the weak 
links in the lateral force resisting 
system. For University Hall, the 
weak link was identified as the 
deep spandrel beams being 
stronger than the columns under 
frame action. The columns below 
the fourth floor were spirally rein
forced and would provide ductile 
performance, but above the fourth 
floor they are nominally tied, and 
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The connection 
belween Ihe new sleel 
bracing and Ihe 
existing concrete 
column ot! the 
Universily Hall 
project is shown 
above. Shown al left 
is an elevation and 
stction of Ihe projeci 
al slreellevel. 

Modern Steel Construction I January 1991 / 21 



«(T Pun~hes 
). & Dies 

for your Geka Ironworkers 

• Immedlat' Ihlpment of atock • 4I--hour Ihlprnent of mo.t 
punch ... die.. apecll' IlzH end Ihlpel. 

• Prompt Ihlpment of overalze 
tooling. • lo~ low price. 

Call1-800-446-44D2 
FAX 216-681·7tlOI 

Fust In quabty and servICe 
THE CLEVELAND STEEL TDDL CD. 

474 East fOSth Street· Cleveland, OhIO «108 

Alilooling mado ln U.S.A. A·2717 

ST AIR DETAILS 
IN 90 SECONDS WITH AutoCAD ., w ... ' 

CALL NO" I 

~~' ~~~O~l1~-~J~'-~' ______ ~ ~ 

ON( e lblUd'- ' 1/'~ 

12 

OTH!II PROGRA ... AVAILABL! FOR 
O!TAILING 

BEMIS. COWMNS. STAIRS. 
PLANS AND ELEVATIONS. 
BRACING. GUSSErS. 
MATERIAL MANAGEMENT 

Fof" In)bnncltw?\ 000"", " ving Ume 
with JW"OducUV«~ prof"'CIm.. J'rom. 

COMPUTER DETAILING CORPORATION 
1110 Indultrlll Blvd. 
Southampton, PA 118ee 218"'88-1003 

12 I Modern Steel Construction I January 1991 

are therefore susceptible to dam- • 
age. Unless braced, they could lose 
their integrity and be unable to 
support the weight of the upper 
floors during a major earthquake. 

Steel Bracing System 
Three approaches for bracing 

the tower were proposed by 
Degenkolb. One scheme relied on 
new shear walls to be built within 
the tower; and another called for 
substantial concrete piers-rising 
the full height of the building-to 
be formed around most of the ex
isting columns. The third ap
proach- a steel bracing system
was chosen because it was the 
most economical option, and be
cause it would create the least 
amount of disruption to the 
building's occupants during con
struction. Equally important, the 
steel option gave Han
sen/ Murakami / Eshima the great
est opportunity to enliven the ap
pearance of the building. 

The retrofit design calls for a 
composition of symmetrically ar- • 
ranged X-braced steel frames to be 
placed within the existing bays of 
projecting columns, creating an 
open structural screen over the 
building. Each X-brace will be two
stories high and will be painted to 
complement the light colors of the 
original building. A new concrete 
colonnade at the base of the tower, 
designed as shear walls with 
boundary members with closely 
spaced ties, will stiffen the lower 
story and transfer shear forces 
from the X-bracing to the founda-
tion. 

Decorative Structure 
Architecturally, the colonnade 

keeps within the "clean" aesthetic 
of the original building. It also cre-
ates a stronger arcade than cur
rently exists at the first floor, and is 
more appropriate to accept the "vi-
sual weight" of the new bracing. A 
new, narrow band of decorative 
braces is planned for the top of the 
building to enhance the vestige of a 
cornice, which now exists as a thin, • 
concrete cap running along the top 
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of the columns, which rise above 
the walls of the building. The ad
joining two story wing will be 
strengthened with a new roof dia
phragm truss system and three 
segments of transverse shear walls. 

Once the bracing pattern was es
tablished, the next task was select
ing member sizes and the various 
connection details, with the mem
ber selection largely dictated by the 
connections. After many compari
sons, 8" wide flange sections 
placed with their webs vertical so 
water will not be trapped were se
lected. The 8" sizes provide a maxi
mum slenderness ratio of L/ r = 98, 
which ensures that the diagonals 
will be effective in compression as 
well as in tension . 

Full Penetration Welds 
The steel-to-steel connections 

are full penetration welds, to de
velop the full strength of the mem
bers. Since actual seismic forces 
often exceed code level design 
loads, a less than full strength con
nection would create a weak link 
in the system, which could lead to 
a non-ductile failure. The architects 
also wanted to avoid gusset plates 
since they often are large and 
would destroy the aesthetic lines of 
the braces. 

Final details indicating which 
welds are shop or field welded will 
be determined by the contractor 
consistent with his erection 
scheme. Some of the welds in the 
connection will be difficult because 
of the proximity of the existing 
structure, but it was concluded that 
all welds are possible using the se
lected wide flange shapes. 

Mlnlmlnal Construction Noise 
Connections of the new steel 

frame to the concrete also was a 
challenge. Since the building will 
be nearly 70% occupied during the 
work, the University and design 
team wished to minimize the 
amount of noise and vibration 
from construction activities. 

A method was developed for 
anchoring the vertical members of 
the X-braced frames to the existing 

A new concrele colonnade al Ihe baS<! of 
Ihe lower is designed as shear walls wilh 
baundary members and C/oS<!ly spaced lies 
and will Iransfer shear forces from Ihe 
X-bracing 10 Ihe foundalio/!. 

columns using a minimum number 
of attachment points. Typically, at 
each floor level a 4" double extra 
strong pipe is inserted into a 5" 
hole cored horizontally through 
the column (see University Hall de
tail). 

A flat plate is shop welded to 
one end of the pipe and a similar 
plate with a pipe-sized hole is field 
welded after installing the pipe. 
The center of the pipe and the an
nular space between the pipe and 
the concrete is filled with non
shrink grout. The space between 
the steel plates and the concrete 
columns is epoxied after the steel 
vertical wide flanges are in place. 

The vertical wide flanges are 
connected to the vertical flat plates 
with fillet welds on both sides. 
These connections also transfer the 
seismic load of the building into 
the bracing system through bear
ing on the columns. 

The horizontal members of the 
bracing system are secured to the 
existing horizontal concrete beams 
with steel brackets. These brackets 

are welded to the steel beams and 
epoxy bolted to the concrete, 
through the ceramic tile veneer. 
The vertical wide flanges extend 
down into the concrete colonnade 
for attachment. 

Seismic Bracing 
There was some concern about 

the nominally tied columns above 
the fourth floor at location where 
new steel braces are not being in
stalled. If lateral deformations are 
large enough, these columns might 
develop excessive cracks, perhaps 
leading to loss of vertical load ca
pacity. To locally strengthen and 
provide confinement to these col
umns, steel plates will be added on 
both sides of the columns and 
epoxy bolted with the column 
core. 

The design of this seismic brac
ing system relies on some experi
mental work conducted in the 
mid-1980s and funded by the Na
tional Science Foundation. At that 
time, Degenkolb cooperated with 
Professor James Jirsa at the Univer
sity of Texas at Austin in research 
to seismically strengthen non-duc
tile concrete frames . 

A two-story, two-bay specimen 
of very similar proportions was 
strengthened with steel bracing. 
The project demonstrated that the 
bracing could successfully provide 
increased lateral strength and stiff
ness for a non-ductile concrete 
frame. 

Computer modeling has shown 
that steel bracing is effective in in
creasing stiffness and protecting 
concrete columns, although during 
an earthquake some cracking in 
the concrete is still to be expected. 
The extent of structural or non
structural damage expected during 
a strong earthquake, however, is 
not anticipated to jeopardize life . • 

Loring A. Wyllie is chainnan of the 
board and John A. Dal Pino is a prin
cipal of H.J. Degenkolb Associates, En
gineers, San Francisco. Jeff Cohen is 
with Hansen/Murakami/Eshima, Inc. , 
Oakland. 
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Wheeler Hall in 
Berkeley, CA, was 
classified as a "poor 
seismic risk" by the 
University of 
California . The bracing 
scheme that was 
developed (left) 

in""lved reinforcing 
the walls around the 
auditorium and tying 
the perimeter spaces 
around the auditorium 
back into the inner 
court. 

By David L. Messinger, S.E.; Jeff 
Cohen; Kearny Chun, R.A. 

W hile the new structural brac
ing being added to Univer

sity Hall is mostly visible, the new 
bracing is almost completely hid
den for the nearby Wheeler Hall 
building. 

Classified as a "poor seismic 
risk", structural strengthening of 
the University of California at 
Berkeley building was necessary to 
improve its seismic resistance and 
to provide substantial life-safety 
for the occupants of the building 
during an earthquake. Architect 
for the retrofit is Han· 
sen/ Murakami/ Eshima, Inc., and 
structural engineer is David Logan 
Messinger and Associates, Oak
land. 

Wheeler Hall, which was de
signed by architect John Galen 
Howard in 1915, is a prominent 
building of historical significance. 
It houses one of the largest and 
nicest auditoriums on campus, and 
also is a focus of the university's 
humanities program. 

Built like a square donut, 
Wheeler Han has a two-story audi
torium/ lecture hall surrounded by 
four stories of classrooms and of
fices. The top two floors of the 
building overlook a light court 
above the roof of the auditorium. 
It is a steel-framed building with 
reinforced concrete floors, roof, 
walls and foundation totaling 
126,636 gross sq. ft. The concrete 
walls forming the light court do 
not extend through the building, 
but rather are supported by steel 
columns at the auditorium level. 

While the exterior, granite-faced 
walls were determined to be seis-

• 

• 

• 
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mically adequate, the inner court 
walls were identified as a major 
seismic resisting deficiency, caus
ing all interior lateral forces to be 
transferred to the exterior walls by 
the floor diaphragms. 

The project had several con
straInts, including: a tight budget; 
the need to provide a non-combus
tible structure; and the need for a 
light-weight structure in order to 
meet the seismic zone 4 require
ments of the University's seismic 
policy. Also, the auditorium had 
been remodeled before a decision 
to proceed with the seismic design 
work was made, so any proposed 
solution could not effect either the 
renovated interior or the historic 
exterior. 

After careful consideration of 
structural steel and gunite 
shearwalls, structural steel was 
chosen as the best method to meet 
all requirements. 

The structural solution was 
two-fold : reinforcing the walls 
around the auditorium; and tying 
the perimeter spaces around the 
auditorium back into the inner 
court. The wall bracing was ac
complished by a diamond-shaped 
bracing system introduced within 
the existing steel beams and col
umns. The diamond shape was 
used because the gusset plates 
could be welded to the middle 

The new wall bracing for 
WI,eel" Hall was accomplished by a 
diamond·shaped bracing system 
1151118 tubular steel a"d introduced 
with;'! tile existing steel beams and 
colunllls. The detail at left shows the 
typical co'IIleellons of the diagonal 
bracing. 

parts of the beams and columns, 
thus avoiding the existing beam-
column connections. I 

Tubular steel sections were I 
found to be the most efficient steel 
section as they used the least space 
in the wall, which enclosed ducts, 
piping and electrical conduit. Con
nections to the steel gusset plates 
were accomplished by slotting the 
steel tubes and welding them to 
the gussets. 

Steel channel collectors had to 
be added under the floor and roof 
slabs and extended beyond the 
footprint of the auditorium to tie 
the building together at the re-en
trant corners of the inner court. 
These collectors had to be spliced 
at existing column steel beams. 
This was accomplished by cutting 
slots in the webs of the existing 
steel beams and passing through 
steel plates which welded to the 
channel collectors. 

All of the new and exposed ex
isting steel elements were fire
proofed with spray-on fireproof
ing. • 

Dauid L. Messillger is the president 
of Dauid Logall Messillger & Associ
ates In c., all Oakland-based structural I 
engineerillg firm. Kearny C/l/III is an 
associate alld Jeff Cohell is affiliated I 
with Hallsen/Murakami/Eshima, Illc . 
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EARTHQUAKE DESIGN 

Renovating For The 
Future 
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The most dramatic damage to 
Broadlak< PlaZA occured on the north fact , 
which was repaired in part with sandwich 
plattS at the fourth floor and wall ties at 
the fifth and sixth floors. 

26 I Modern Steel Construction I January 1991 

While not required, an upgrade was 
the only way to ensure survival 

through future earthquakes 

By William A. Andrews, CE. 

I n the wake of last year's Lorna 
Prieta earthquake, many build
ing owners in the San Francisco

Oakland Bay Area re-evaluated 
their seismic options. Some build
ings with substantial damage were 
razed, while others with only cos
metic damage were quickly re
paired. 

Still a third group suffered just 
enough damage to convince their 
owners to commence seismic up
grades. Broadlake Plaza, an eight· 
story, 114,OOO-sq.-ft. office building 
in downtown Oakland, falls into 
this third category. The building 
was constructed in two phases, be
ginning in the 1920s with a three
story concrete frame and shear wall 
structure. In 1956, an eight story 
steel frame structure was built adja
cent to the existing building, with 
two stories extending over and sup
ported by the old concrete struc
ture. 

The three-story concrete build
ing has a 4"-thick slab supported by 
one way beams at approximately 8' 
centers. The beams are supported 
by deep haunched girders that are 
supported by columns and pilas
ters. The building has concrete 
walls on three sides and concrete 
spread footings. Lateral resistance 
is provided by the concrete walls in 
combination with frame action of 
the concrete girders and columns. 
All of the concrete is reinforced 
with mild, square, reinforcing steel. 

The steel building has a metal 
deck with 21;2" of concrete fill sup
ported on wide flange steel beams. 
The beams are supported on wide 
flange girders and columns. Lateral 
resistance for the north-south di
rection is provided by concrete 
shear walls located along the east 
and west sides. In the east-west di
rection, the lateral resistance is pro- • 
vided by a moment frame with riv-
eted and bolted connections. 

The steel-framed portion of the 
building is tied together with rigid 
concrete and metal deck floor dia
phragms. However, the second and 
third floors are structurally sepa
rated at the interface between the 
concrete building and the 1956 
steel addition. 

The portion of the steel building 
above the old concrete building is 
supported by steel columns pene
trating through the concrete slabs 
to new and existing footings . Steel 
columns along the east and south 
sides bear on the old concrete roof 
and parapet. A reinforced concrete 
masonry curtain wall was con
structed along the north side and it 
bears on the old concrete parapet 
but was not dowelled to it. The ma
sonry wall was structurally con
nected to the floors of the steel 
building. 

The site is near several active 
faults, including the San Andreas 
(15 miles) and Hayward (3 miles) 
faults . The building was approxi- . 
mately 60 miles from the epicenter 
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of the 7.0 magnitude Lorna Prieta 
earthquake, and the ground mo
tions measured during the quake 
in Oakland were lower in intensity 
and duration than what would be 
expected for a major earthquake 
from either the San Andreas or 
Hayward faults . 

Earthquake Damage 
The structure had obvious se

vere conceptual deficiencies, in
cluding the incompatibility of the 
steel and concrete systems, the in
complete lateral system of the con
crete building, and the rigid cur
tain waU supported by a flexible 
building. Fortunately, the magni
tude and duration of the shaking 
of the building during the Lorna 
Prieta quake were not enough to 
excessively stress the primary lat
eral resisting elements. 

The most dramatic damage was 
the movement of the masonry por
tion of the north wall on top of the 
old concrete parapet. The final po
sition of the masonry waU was 1\.2" 
west and V4" south of its pre-earth
quake location. This movement oc
curred when the upper portion of 
the steel moment frame structure 
moved relative to the old concrete 
building. 

This relative movement also 
caused the steel columns bearing 
on the concrete roof to shear their 
base plate bolts and to translate. 
The metal curtain wall wracked 
out of plumb. 

Other damage included cracked 
stucco facades, diagonal cracks in 
concrete curtain wall piers, and 
wracking of window frames out of 
square. The west wall cracked 
along a deficient construction joint 
at the third floor. 

Because some Bay Area elected 
officials seem to believe in the the
ory of "Structural Darwinism"
that it is not necessary to do any
thing about unfit buildings because 
an earthquake will take care of 
them-many buildings with low
levels of damage from the Lorna 
Prieta earthquake, including 
Broadlake Plaza, were not required 
to comply with the current code 

The existing beam-column moment connections (top) were shop ,ivited and high 
strength bolted in the field (above). Shear CO''''fctions were made at the beam webs with 
dOllble angles . The top alld bottom beam flanges were bolted to the collllmll flanges with 
split-beam tees . Shown i5 a beam-column comrectioll at the eighth floor. 
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FLOOR TRUSS DETAIL 

(N) VT4X12 01-'60N"l 

A draplrrag", al Ihe fo"rlh floor lransfers large laleral fOret'S 0111 of Ihe sleel ",o",errl 
frame it,to tile u~ coucrete shear walls. The existing metal deck and concrete fill 
dzapltragm was overstressed, so a series of "ew IIorizolltal steel trusses were des(~"ed to 
transfer these large forces to the ulQlls. TI,e truss system /s welded to the 'mders/de of the 
fo"rlh floor framlllg . 
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(1988 USC). Fortunately, however, 
this owner decided to go ahead not 
only with repairing the earthquake 
damage, but also with developing a 
program to upgrade the lateral sys-
tem of the building to resist the 
seismic lateral forces as prescribed 
by the current code. 

The challenge of seismically up
grading this building extended be-
yond a complex structural analysis. 
Existing tenants occupying por-
tions of the first, fourth, and sev-
enth floors could not be relocated, 
which minimized the allowable 
amount of new construction. Time 
also was important because the 
owner needed to fill the unoccu-
pied space as soon as possible. And 
finally, the cost of the seismic up-
grade had to be economical. The 
program developed included sam-
pling and testing existing structural 
steel and concrete, repairing earth-
quake damage, performing a dy-
namic analysis of the lateral sys-
tem, strengthening existing 
structural members where re
quired, and designing new mem
bers for the lateral system. 

Program Evaluation 
The presence of Significant tor

sional responses, significantly dif
ferent story stiffnesses, and split 
floor diaphragms required that the 
structure be subjected to dynamiC 
analysis. A response spectrum ap
proach was employed using the 
1988 UB normalized response 
spectra. The building's lateral sys
tem was modeled and analyzed 
using ETABS, a software package 
from Computers and Structures of 
Berkeley, A. 

• 

• 

The response spectra were ap
plied in two orthogonal and two 
skewed directions to obtain the 
maximum building response. The 
weak links in the existing lateral 
system were high shear stresses 
and overturning forces in the con
crete shear walls, excessive drift in 
the steel moment frame, and a large 
overstress of the fourth floor dia
phragm. 

Materials Testing • 
A materials testing program was 
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initiated to determine the strengths 
of the existing structural steel and 
concrete. There were no drawings 
available of the original 1920s 
structure, and the drawings for the 
1956 addition provided minimal 
information. 

Three 3" x 16" coupons were 
taken from the webs of three differ
ent column wide flange sections 
and subjected to chemical analysis 
and tension tests. The chemical 
analysis showed the steel to be low 
carbon, readily weldable and meet
ing the requirements for ASTM 
A36 steel. Test results showed the 
tensile yield strengths ranging 
from 39.1 ksi to 41.9 ksi. The actual 
yield strengths of these columns 
were used in a composite design of 
the new wall at Line 4 (see floor 
plan) . 

The existing concrete and con
crete masonry block walls were X
rayed with a pachometer to deter
mine the size and location of the 
reinforcing steel. Compression 
tests from core samples taken from 
the 1920s structure averaged 2,555 
psi. Compression tests from sam
ples of the 1956 addition average 
4,270 psi, compared to the 3,000 psi 
minimum specified on the draw
ings. 

Damage Repair 
The original seismic strengthen

ing proposal was for new concrete 
shear walls extending the full 
height of the building in both di
rections. While this would have 
brought the building into confor
mance with the 1988 UBC, it would 
have been extremely costly and 
also would have interfered with 
the leasability of the building. 

Instead, an approach was 
adopted that achieved a greater 
compatibility between the old con
crete building and the 1956 addi
tion. 

Upgraded Lateral System 
For compatibility, the steel 

building required concrete shear 
walls in the bottom four stories in 
the east-west direction. Fortu
nately, after adding the new shear 
walls the steel moment frame had 

Continued on page 32 
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SBUllDINGS 
WOULDGNE MOST eo 

But not Vulcraft. We saw it as one of our greatest challenges ever. Because 
we not only supplied steel joists and joist girders for the project, we also helped 
design the framing system so that only limited structural damage could be ex
pected from an earthquake measuring up to 7.5 on the Richter scale. 
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That was essential because the buUding, which was constructed for Evans 
& Sutherland Computer Corporation, is located within a mUe of the Wasatch 
Fault in Salt Lake City. What's more, Evans & Sutherland is a leading designer 
of special-purpose digital computers, software systems and display devices

products extremely vulnerable to damage from seismic tremors. 
To plan for maximum protection, Vulcraft was asked to join 

with the architects and engineers at the design stage of the project. 
Already, they'd decided to use a "base isolation" system, the most 
advanced buffering method avaUable. But using our steel joists 
and joist girders was also an important decision. The joists and 
joist girders are much lighter in weight than wide flange bearns, 
so the entire bOOding required less steel, lighter columns and less 
foundation. And this not only lightened the load for the base is0-
lators, it saved appreciably on buUding costs. 

Throughout construction, Vulcraft remained constandy 
involved, talloring our delivery of materials to the exact erection 
schedule and meeting deadlines with
outfall. What's more, our joists and 
joist girders helped the steel erectors 
meet their deadlines. That's because 
our products are fast and easy to erect 
- a fact that saves time and money on 
virtually any job where they're used. 

So whether you need V ulcraft' s Thedo,gn lYIm ,"""."/xut odaaon" """" "aaoot-

h 1 b ~ld' fr mOO,l~"","",lau!s The,.Iso!/J<Clll<d \.\dcrajisel JOISt! e p to protect your Ull mg om .ndJOOlgrrdmp,u..bwldlllg 

earthquakes or you want to stay out of the hole when it comes to 
construction costs, contact any of the plants WLCRAFT 
listed below. Or see Sweet's 05100NUL. AO", .... "S..,.c..p....-

PO /lax 631 Bnghamar,. lJT84ll21l)1I734-~3J. PO /lax F-2. FIorena.SC29.502IlJl1662-0381, PO /lax 169, li>nIb,nt.AU5%7 
;Il5/845-24(:0, PO /lax 186. GmpeIand, TX 758444OW687-'i665; PO /lax 59, Nor1Jk NE 681014021644-8500; PO /lax la:n SLlot. IN 
46/852191337-5411 Ardum Er/Jdt-Rornnv!er Ardu""AIA, Sm.aurnlEngmrer Ria,tky Eng.nem& A.uooaao.lnc. G.n.mJConnaca,r 
The &ni)oon Corpomoon. sm IUbnawr D&H sm SuwIY,In<-, sm En<IJr sm DtrX E ...... lnc. 



SCHOOLS 
CANOPIES 
AIRPORTS 
CONVENTION CENTERS 
STAOIUMS 
INSTITUTIONS 
AUOITORIUMS 
CHURCHES 
SWIMMING POOLS 
PRISONS 
THEATRES 

• Provide slruclural and ceiling mole
rial all In one orchHeclUralelemenl 

• Provides long spans without 
mld·spon loslenlng 

• Wide choice 01 depths and deslgn 
Ihlcknesses 

• Ideally sulled 10 any type 
conslrucflon 

• Presenls a unnorm ceiling with no 
Irregular gaps 

• Design with our acoustical treatment 
to achieve state·ol·the·art solutions 
10 sound conlrol 

• Blend control-use ocousllc and 
non·acoustlc panels togelher 

ECONOMY THROUGH SELECTION 
• Roof Deck • PkJttd Deck • Composite Deck 

MINIMUM MAINTENANCE 
FAST ERECTION 

THE CHOICE IS YOURSI 

'OR INFORMATION, CONTACT 

EPIC 
Eleven Talbot Avenue. flankin Il'\ 15104 

PHONE 412/351·3913 
FAX 412/351·2018 
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sufficient strength to resist 75% of 
the 1988 UBC seismic lateral forces, 
with some strengthening at the 
eighth floor. 

The existing beam-column mo
ment connections were shop riv
eted and high strength bolted in 
the field . Shear connections were 
made at the beam webs with dou
ble angles. The top and bottom 
beam flanges were bolted to the 
column flanges with split-beam 
tees. 

Field surveys revealed that the 
flanges of the penthouse and the 
eighth floor beams were either in
adequately fastened to the columns 
or not fastened at all. To provide 
lateral bracing for the penthouse, 
x-braces of square steel tube sec
tions were welded to the existing 
steel framing. The eighth floor 
beam-column moment connections 
were strengthened by fillet welding 
plates onto the beam flanges and 
complete penetration welding to 
the column. Shop drawings, fabri
cation, and erection of this new 
steel was quickly completed at the 
owner's request to allow tenant im
provements to start early on the 
seventh and eighth floors. 

Also for compatibility, the ma
sonry north wall needed to be dis
engaged from the fifth and sixth 
floors to allow for lateral drift 
above the fourth floor. The wall 

Tilt 114,OOO-sq.-ft . BroodlakL PlaZll • 
building in Oakland was seismically 
upgraded to ensure Its continued slinlival 
in 0'1 earthquake-prone region. 

was stabilized for out-of-plane mo
tion with push-pull connections 
commonly used in the architec
tural precast industry. A36 
threaded rods bolt through the 
wall and onto a new steel angle 
welded to the top or bottom flange 
of an existing floor beam. 

In the east-west direction, the 
fourth floor diaphragm transfers 
large lateral forces out of the steel 
moment frame into the new con
crete shear walls. The existing 
metal deck and concrete fill dia
phragm was overstress, so a series 
of new horizontal steel trusses 
were designed to transfer these 
large forces to the walls. The truss 
system is welded to the underside 
of the fourth floor framing. 

The web members are new 
WT4's and the existing wide flange • 
girders act as chord members. The 
WT web members are welded to a 
large gusset plate at the center of 
each truss. Where a gusset plate is 
located within a new concrete wall, 
two 6" diameter holes are cut in the 
plate to facilitate the flow of con-
crete when the wall is cast. Forces 
are transferred into the wall by a 
pair of 7' x 4" x VI" ledger angles 
bolted through the wall with A307 
bolts. The steel was erected prior to 
casting the new concrete walls. 

For additional strength, a new 
concrete shear wall was added at 
line 4 and a new ''T'' -shaped con
crete shear wall was added in the 
old concrete building. The new 
wall at Line 4 was designed for 
composite behavior with the exist
ing steel frame by welding #6 dow
els to the column webs and beam 
flanges . The walls were then 
shotcrete into the frame bays. 

The steel wide flange columns 
became ideal boundary members 
for resisting the large tension 
forces present at the wall ends due . 
to the seismic overturning. The ex
isting column splices, which were 
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bolted connections were inade
quate to carry these tension loads. 
The bolted connections were re
placed by complete penetration 
welds at the column splices. 

The existing wide flange beams 
at Line 4 are used as collectors to I 
drag the seismic lateral forces into 
the new wall. Where the existing 
beam-column bolted connections 
were inadequate to transfer these 
drag forces to the next beam, new 
tension tie plates were added. The 
column web was slotted to pass 
through a $ii"-thick plate along the 
side of the beam webs. The tie web, 
and the new high strength bolts, 
were installed through the beams 
and tie plate to carry the gravity I 
loads. 

Foundations 
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The new shear wall footings 
have to resist uplift forces due to 
seismic overturning of the walls. 
For new construction, precast con- I 
crete piles would typically be 
driven. However, for this project 

there was not enough overhead 1.11~."~.i~ •• ~.~."~i •• ~jiiiii •• clearance in the existing building to I 
do this. Drilled piers also were con
sidered, but the footings would 
have been enormous, the pier rebar 
cage would need to be spliced, and 
there could have ground water to 
pump out. 

The solution was to use driven 
12"-diameter steel pipe piles. The 
pile driving could work with an 
overhead clearance of as little as 
12', and the overall footing sizes 
were smaller than the drilled pier 
alternative. 

Costs 
The lateral system combining 

structural steel and reinforced con
crete proved to be the fastest and I 
most cost efficient solution to seis
mically upgrade Broadlake Plaza. 
The structural upgrade cost ap
proximately $7 per sq. ft., or less 
than 10% of the structural cost for 
new office construction. • 

William A. Alldrews is a project ell
gilleer with the structl/ral fIIgilleerillg 
firm of Vogel & Meyer ill Wnhlllt 
Creek, CA. 
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EARTHQUAKE DESIGN 

Balancing Seismic 
Forces 

• 
One Utah Center required a second row of columns in its 

saw-toothed sections to solve torsional problems 

One Utah Center in Salt lAke Cily was desIgned wilh a saw-loolh design 10 increase 
the number of corner offices and to create an attractive street-level plaza . Photography by 
Paul Trentelman 
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I
f every building was a simple 
rectangle, designing for an 
earthquake zone would pose no 

special problems. Of course, then 
our cities would look like some 
sort of Modernist nightmare. 

One Utah Center in Salt Lake 
City will never be mistaken for a 
Modernist structure. The 24-story 
glass-and-stone building features a 
saw-tooth front face on the comer 
of a busy downtown intersection. 
The design of the building renects 
both the owner's desire for a signa- • 
ture building and the prevalent 
nearby architecture, according to 
Sean Onyon, AlA, a partner with 
Valentiner Architects, Salt Lake 
City. Project developer was The 
Boyer Company, Salt Lake City. 

To respond to the design cri
teria, the architect adopted several 
themes from nearby historic build
ings, including punched windows, 
cornices and the use of exterior 
stone and masonry. 

The 443,274-sq.-ft. building has 
three major elements: a ISO' x 230' 
two-story base with recessed win
dows and a cornice across the top; 
a ISO' x ISO' columnar shaft with 
punched windows; and a pyrami
dal top with gables. "We devel
oped the saw-tooth design to in
crease the number of comer offices 
and to give some visual relief to 
the street comer," Valentiner said. 

Special Moment Frame 
One Utah Center was designed 

with a steel Special Moment 
Frame. "It's a new designation in . 
the UBC and it refers to special de
tailing in the joint and column web 
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interfaces that allows a design 
below required earthquake loads," 
explained Lawrence D. Reaveley, 
vice president of Reaveley Engi
neers & Associates, Inc., Salt Lake 
City. 

''The analysis takes place on the 
column web," he continued. "You 
analyze that joint and if the thick
ness is not great enough, you add a 
doubler plate to stiffen that ele
ment. It's used primarily to control 
overall building drift. You also do 
a yield line analysis of the steel 
joints," 

Special Moment Frames are 
most commonly seen in California, 
but their use is increasing in other 
seismically-conscious locales, such 
as Charleston, St. Louis, Boston 
and Seattle. 

Torsional Problems 
The building's unusual Siting 

resulted in torsional problems that 
were accentuated by the 
structure's notchbacks, Reaveley 
said . To solve the torsional prob
lem and eliminate the stiffness dif
ferential, it was necessary to have 
the same number of columns on 
each side of the building. Obvi
ously additional columns couldn' t 
be placed on the perimeter of the 
building without upsetting the 
building grid and window place
ment. Instead, a second row of col
umns was placed one bay behind 
the perimeter columns (see floor 
plan) . Earl Eppich, P.E., was 
Reaveley's project engineer for 
seismic design and Mark Harris 
was project engineer for the 
structure's horizontal framing. 

"We coupled those frames to
gether to make a stiff box," 
Reaveley said. "Unfortunately, this 
required the placement of one col
umn on the interior where the ar
chitect would rather not have had 
one." 

The alternative to the second 
"layer" of columns would have 
been to tum all of the building's 
jOints into moment connections in
stead of limiting the moment con
nections to the perimeter. "It 
would have been very expensive," 
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Tile major clUlllellges presellted by tile 
aile Utail Cellter project II'!''' tile 
saw~toot" desigfl tllnl required all 
add,tiollal row of COhllllllS (left) alld tile 
pyramidal top (top and ab(1t~). The emler 
peak of the pyramid has 110 column , mrd 
iTrslead /turetlons almost as an arch, 
PilotograpllY by Palll Trellteimall 

Reaveley said. • 
X-bracing couldn't be used be

cause the core was twisted in re
sponse to the corner design of the 
building. Also, the core was fairly 
small-a healthy 72' x 72' in the 
low-rise section but only 38' x SO' 
in the high-rise portion. 

Most of the structure was de
signed using ASD, though about 
35% of the horizontal members 
were designed using LRFD, which 
allowed a Significant weight reduc
tion in the steel. "We tested the dif
ference between LRFD and ASD 
and we felt comfortable reducing 
the weight of some members," 
Reaveley said. "However, we had 
some 35' spans and we were wor
ried about serviceability and vibra
tion, so we used heavier members 
in that area." 

Fabrication and erection pro
gressed very smoothly, despite se-
vere space restrictions at the job-
site that virtually eliminated any 
area for off-loading and shake-out, 
according to Thomas G. McA
llister, executive vice president • 
with AISC-member Mark Steel 
Corporation, Salt Lake City. Erec-
tor was AISC-member Derr & 
Greunewald Construction Co., 
Henderson, CO. Erection com
menced on Feb. 12, 1990 and the 
building was topped out on July 
20. 

4,150 Tons Of Steel 
The main moment frame con

sists of 26 column sections de
signed as W36 sections reinforced 
with four plates on the inside of 
the flanges . The W36 x 1SO column 
sections and W36 x 516 beams both 
are A572-50 steel. The balance of 
the structure includes approxi
mately 250 column sections and 
2,400 beams of various sizes, both 
of A572-SO and A36 steel. The 
structure used 4,150 tons of steel. 

"We elected to fabricate the 
plate-reinforced columns entirely 
from A572-SO plate as a means for 
some cost savings, but primarily 
for substantially simpler welding 
procedures and better quality con- • 
trot" McAllister said. The continu-
ity plates in the moment frame col-
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umns were installed using the 
Verti-Shield welding process, 
thereby greatly reducing welding 
time while consistently maintain
ing weld quality. 

To save time and labor, the erec
tor opted to use A325 tension con
trol bolts in field connections for 
the .iloor beams even though the 
cost per bolt was somewhat higher 
than the hex-head variety. "A325 
tension control bolts were used for 
shop installation of the connection 
angles for the floor beams, result
ing in a time savings of about 30 
minutes per beam when compared 
to welding. General contractor on 
the project was Jacobsen Construc
tion, Salt Lake City. 

Increased Live Loads 
While the UBC required the 

structure to be designed to a mini
mum of 50 Ibs./sq. ft. live load 
plus 20 Ibs./ sq. ft. for partitions, 
the engineers managed to add 10 
Ibs./sq. ft. to the live load at a min
imal cost by adding some steel 
studs for composite action. "For 
this particular layout, the sizes 
were minimal and the cost for the 
added reinforcement was only 
$0.03/ sq. ft. 

Because some of the tenants are 
expected to be law firms, the engi
neers are expecting to have to 
come back later and design rein
forcement for library and other 
heavy file locations. 'We finished 
another 20-story building four 
years ago and we are still asked 
back to reinforce different sec
tions," Reaveley said. "The flexibil
ity of steel is crucial to this type of 
design." 

For spot reinforcement, the 
loading conditions are analyzed 
and a plate is added to the bottom 
flange of a beam. 'We' ll probably 
use an LRFD analysis, which will 
give us improved load factors and 
reduce steel use by up to 10%," he 
explained. 

The project was further compli
cated by the low-rise extension on 
one side. "To avoid any problems, 
for the lateral force in the north
south direction we used a hinged 
connection," Reaveley explained. 
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One Utah Center IS designed with a 
5pec;,,1 Moment Frame, a designation tlu>t 
refers to the building's spec/DI dttatllll8 III 
Ihe Joint and column web IIIter",ces tlu>t 
allows a design below r"i"ired I'IIrthqllake 
loads. Photograph by Palll Tretlle/man 

• 

The column frame in the north- . 
south direction is flexible, with the 
low-rise coupled to the high-rise 
and the high-rise taking all of the 
load without a stiffness discontinu-
ity. "From a seismic point of view, 
the low-rise section is just a load 
mass. We didn' t need expansion 
joints. Otherwise we'd be looking 
at a very irregular building with a 
very abrupt stiffness change . 

The building's pyramidal top 
also created a structural challenge. 
"There's a lot of articulation of 

II framing at the top of the building," 
Reaveley said. "It's almost a hat on 

I 
the moment frame." 

The center peak of the pyramid 
has no column, and instead func
tions almost as an arch. "It's sup-
ported on a moment frame for two 
floors below to a diaphragm that 
allowed us to shift the forces to the 
outside," he explained . "It re
quired a truss diaphragm on the 
24th floor to distribute the wind 
and seismic forces at the top." 

Construction cost for the build-
ing shell was $22 million, and proj- • 
ect cost with finishes was $40 mil-
lion. • 
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EARTHQUAKE DESIGN 

• Seismic Isolation: 

An Alternative For 
Earthquake Design 

By Stephen M. Weissberg, P.E.; 
David R. Van Volkinburg, S.E.; 

Ronald l. Mayes, P.E.; Lindsay R. 
Jones, P.E. 

A n innovative strategy called 
"seismic isolation" provides 
an economic alternative for 

the seismic design of new struc
tures and the rehabilitation of exist
ing buildings, bridges and equip
ment. 

Rather than resisting the large 
forces generated by earthquakes, 
seismic isolation decouples the 
structure from the ground motion, 

• providing the ability to reduce 
earthquake forces by factors of five 
to 10. In simplistic terms, this is 
equivalent to reducing the effect of 
a Richter Magnitude 8 earthquake 
to an event in the 5 to 5.5 range. 
The technique involves the separa
tion of the superstructure from the 
substructure using reinforced elas
tomeric isolators ("seismic shock 
absorbers" ). 

Conventional construction tech
niques can cause very high floor ac
celerations in stiff buildings, and 
large interstory drifts in flexible 
structures. These two factors make 
it difficult to ensure the safety of 
the building components and con
tents. 

Mounting a building on an isola
tion system can prevent most of the 
rapid horizontal movement of the 
ground from being transmitted to 
and amplified by the structure 
above. This results in a significant 
reduction in floor accelerations and 
interstory drifts, thereby providing 

• 

protection to the building contents 
and components. 

More than 125 structures have 
been constructed worldwide using 

111t baS<! lsolalioll system for the hospital allhe USC Htalth 5cItIlCts Cml" III Los 
Allgtlts IS dtslgllffl 10acI as a -stlSm;c shock absor"'r -

the principles of seismic isolation 
and about 20 of these completed 
structures have been subjected to 
real earthquakes, with the largest 
being the Richter Magnitude 7.1 
1989 Loma Prieta earthquake in 

orthern California. All have 
shown the force and damage re
ductions expected. 

Basic Concepts 
There are three basic elements in 

any practical isolation system: 
• A flexible support (spring) SO that 
the fundamental period of vibra
tion is lengthened sufficiently to 
reduce the force response; 

• A damper or energy dissipator to 
limit the relative deflections 
across the flexible support to a 
practical design level; and 

• Rigidity at low (service) load lev-

els such as wind. 
Flexibility: An elastomeric iso

lator is not the only means of intro
ducing flexibility into a structure, 
but it certainly appears to be the 
most practical and the one with the 
widest range of application. 

The idealized force response 
with increasing vibrational period 
(flexibility) is shown schematically 
in the acceleration response curve 
of Figure 1. For most earthquake 
ground motions, reductions in base 
shear occur as the period of vibra
tion increases. The extent to which 
these forces are reduced is primar
ily dependent on the nature of the 
earthquake ground motion and the 
period of the fixed base structure. 
However, as noted above, the ad
ditional flexibility needed to 
lengthen the period will give rise 
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to large relative displacements 
across the flexible support. 

Figure 2 shows an idealized dis
placement response curve from 
which displacements are seen to in
crease with increasing period (flexi
bility). 

Energy Dissipation: Large rela
tive displacements can be con
trolled if substantial additional 
damping is introduced into the 
structure at the isolation level. This 
is shown schematically in Figure 3 
and 4. Also shown is the smooth
ing effect of increased damping. 

Rigidity Under Low Lateral 
Loads: While lateral flexibility is 
highly desirable for high seismic 
loads, it is dearly undesirable to 
have a structural system which will 
vibrate perceptibly under fre
quently occurring loads such as 
wind. Mechanical energy dis
sipators may be used to provide ri
gidity at these service loads by vir
tue of their high initial elastic 
stiffness. 

Seismic Isolation DeSign 
Principles 

The design principles for seismic 
isolation are illustrated in Figure 5. 
The top curve on this figure shows 
the elastic forces i.e. demand, 
which will be imposed on a non
isolated structure from the new 
Structural Engineers Association of 
California Recommellded Lateral 
Force Desigll Requirements (SEAOC 
Blue Book) for a rock site if the 
structure has sufficient strength to 
resist this level of load. 

The lowest curve shows the 
forces for which the Uniform Build
ing Code (UBC 1988) requires a 
structure to be designed and the 
second lowest curve shows the 
probable strength, i.e. capacity, as
suming the structure is designed 
for the UBC forces. The probable 
strength is 1.5 to 2.0 times higher 
than the design strength because of 
the design load factors, actual ma
terial strengths which are greater in 
practice than those assumed for de
sign; conservatism in structural de
sign; and other factors. 

The difference between the max
imum elastic force and the probable 

yield strength is an approximate in- • I 
dication of the energy which must 
be absorbed through ductile defor-
mation in the structural elements. 
However, when the building is iso-
lated, the maximum forces are re-
duced considerably due to period 
shift and energy dissipation. 

The forces on a seismically iso
lated structure are shown by the 
small dashed curve of Figure 5. If a 
seismically isolated building is de
signed for the UBC forces in the pe
riod range of 1.5 to 2.5 seconds as 
shown in Figure 5, then the proba
ble yield strength of the isolated 
building is approximately the same 
level as the maximum forces to 
which it will be subjected. There
fore, there will be little or no ductil
ity demand on the structural sys
tem and the lateral design forces 
are reduced to approximately 50% 
of UBC levels for a fixed-base struc
ture. 

Seismic Isolation Feasibility 
Structures are generally swtable 

for seismic isolation if the following • 
conditions exist: 
• Subsoil does not produce a pre
dominance of long period ground 
motion (such as that obtained in 
the lake bed area of Mexico City); 

• Site permits horizontal displace
ments at the base in the order of 6 
to 9"; 

• Structure is relatively squat; 
• Lateral wind loads or other non
seismic loads are less than ap
proximately 10% of the weight of 
the structure; and 

• Fixed-base building period of vi
bration is less than 1.5 to 2.0 sec
onds. 

Codes 
The SEAOC State Seismology 

committee adopted in late 1989 an 
appendix to the SEAOC Blue Book 
Chapter 1, General Requirements for 
the Design and Construction of Seis
mic-Isolated Stn/etures. These re
qwrement have been approved by 
the International Conference of 
Building Officials (ICBO) for adop- • 
tion in the 1991 Uniform Building 
Code (UBC). 

The California Office of State 
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Wide Health Planning and Devel
opment (OSHPD) adopted All Ac
ceptable Method for Desigll alld Re
vil!W of Hospital Bllildillgs Utilizillg 
Base lsolatioll in May 1989. 

Economic Considerations 
The economic feasibility of seis

mic isolation in building construc
tion depends on an objective finan
cia l evaluation of the costs and 
benefits. Earthquakes have four 
principal cost impacts which may 
influence the decision making pro
cess in the selection of a structural 
resisting system: the initial cost of 
construction; earthquake insurance 
annual premium; physical damage 
that must be repaired after an 
earthquake to restore the 
building'S pre-earthquake value; 
and disruption costs due to build
ing and contents damage (lost rent, 
revenue, productivity), loss of 
market share or clients, and poten
tial liability to occupants for their 
losses and injuries. 

Since the performance charac
teristics of a conventional code de
Signed building and a seismically 
isolated structure are significantly 
different, these four cost issues 
should be eva luated as part of the 
decision making process. 

Construction Costs 
Typically, the first costs of dif

ferent structural systems are evalu
ated during the preliminary design 
phase of a project. 

For codes that require reason
ably stringent design force levels 
(e.g. hospitals and other essential 
facilities), it has been found that 
there is often sufficient savings in 
the structural system to offset the 
addi tional cost of the isolators and 
a new structural ground floor slab. 
For conventiona l buildings de
signed to the Uniform BUilding 
Code, the reduction in design 
forces achievable with seismic iso
lation is a function of the structural 
system (moment frame, braced 
frame, etc.). 

The decision on the location of 
the plane of isolation will have a 
definite cost impact. If a sub-base
ment concept is used, an add i-
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Figure 5. 

Cost Factors For An Isolated DeSign 

Cost Increases 

·Seismic isolation system 

·Architectural details to 
accomodate isolation 

·Special mechanical and 
electrical details 

·Additional design costs 

tiona I structural slab is required 
with a cost differential of a struc
tural floor versus slab-on-grade. If 
the top-of-basement col
umns/wails concept is used, there 
are no Significant additional struc
tural costs to incorporate seismic 
isolation and the net structural cost 
is the savings in the structural 
frame less the cost of the isolation 
system. 

Another cost issue not generally 
accounted for is the cost of bracing 

Cost Reductions 

.Savings in structural 
system 

. Savings in curtain walls 
(reduced drift 
requirements) 

.Savings in non-structural 
component bracing 

requirements of nonstructural ele
ments. In a California hospital this 
has been estimated to be in the 
range of $2 to $4 per sq. ft. more 
than that required for a UBC de
sign. This issue can have a signifi
cant impact on the cost comparison 
if it is included in the first cost as
sessment. 

Earthquake Insurance 
Earthquake insurance is becom

ing more difficult to acquire in 
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Construction Cost Comparison For New Isolated Buildings • FACILTY LOCATION DESCRIPTION COST 

Fire Command & Los Angeles two-story steel braced 6% savings 
Control Center frame --
USC: Hospital Los Angeles seven-story + basement 0 

steel braced frame 
-

Law & Justice Center Los Angeles four-story + basement 4% increase 
steel braced frame 

-

Evans & Sutherland Salt Lake City four-story + basement 4% increase 

high seismic regions and there is 
considerable concern within the 
Federal Government for the finan
cial stability of the insurance indus
try should a severe earthquake 
occur in California. In an attempt 
to minimize their exposure, insur
ance companies have considerably 
increased insurance premiums and 
deductibles over the past five 
years. Deductibles of 10% of total 
building value are common and 
annual premiums are in the II.! to 
414% range of total building value. 

If earthquake mitigation mea
sures, such as seisntic isolation, are 
able to reduce earthquake damage 
below current deductibles, e.g. $2 
million on a $20 million building, 
then an owner has the option of in
corporating these mitigation mea
sures and saving the annual insur
ance premium ($100,000 - $150,000 
per year on a $20 million building). 
This insurance premium savings 
will quickly amortize any addi
tional first costs for the incorpora
tion of seismic isolation. Sherwin 
Small, the Executive Vice President 
of National Medical Enterprises, 
the owners of the new seismically 
isolated USC University Hospital, 
said that "a small additional first 
cost to incorporate seismic isolation 
is a cheap insurance policy against 
a big earthquake." 

Another important benefit of 
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steel moment frame 

seismic isolation is its ability to sig
nificantly improve the chances of 
business survival after a major 
earthquake. 

Business Disruption 
In a recent article, Gary Jones, 

risk manager of Evans and Suther
land, discussed why seismic isola
tion was selected for his company's 
new manufacturing facility. 

"We made an important deci
sion even prior to starting the engi
neering of our new building: we 
were going to build to stay in busi
ness. One loss exposure that gave 
us the greatest concern was earth
quakes. How cou ld we protect our 
employees, our work in progress, 
Our inventory, the building itself all 
the things that make up our busi
ness. We design and produce com
puterized flight simulators for 
NASA, the Navy, Air Force and 
airlines and, just like the other 
companies in the business, recog
nize a competitive window of op
portunity. In other words, al
though our business may be 
disrupted, our competitors' may 
not be and we stand to lose our 
market share, our profits and our 
viability as a going concern. 

"In 1987, when the Richter Mag
nitude 5.9 Whittier earthquake 
struck, it broke loose a concrete 
slab that killed a young pre-med 

student. A damage suit seekiJlg $5 
million has been filed against the 
State of California. Major issues in 
that suit will be the quality of the 
building's design and the State's re
sponsibility to provide for the 
safety of students. The defendant . 
cou ld as well have been an em
ployer. In any event, this catastro-
phe illustrates the type of claims 
that will surface after any natural 
disaster, f><1rticularly earthquakes. 
We opted for the viable alternative, 
seismic isolation, because we 
wanted something more than just 
minimum code standards. 

"The risk of major earthquakes is 
real whether your building is new 
or existing. For existing facilities, 
business owners should begin im
mediately to assess the inherent 
dangers and to implement pre
paredness programs. Experienced 
business people know that the only 
thing harder than finding time to 
address exposure to loss is repair
ing the damage done." • 

Stephen M Weissberg is director of 
marketing with Dynamic Isolation 
Systems, Berkeley, CA ., David Van 
Volkil/bllrg is regiol/al director of mar
keting, Ronald L. Mnyes is presidetlt , 
al/d Lindsay R. Jones is execlltit", vice . 
pn'Sident . 
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Information On Base Isolation Systems 

Rubber Bearing Isolation Suppliers include: 

• Dynamic Isolation Systems, Inc., 2855 Tele
graph Ave., Suite 410, Berkeley, CA 94705 
(415) 843-7233 

• Fyfe Associates, Inc., 1341 Ocean Ave., Del 
Mar, CA 92014 (619) 792-1501 

• Base Isolation Consultants Inc., 20 Jones 
St., San Francisco, CA 94102 (415) 863-2420 

• Societe E.R.A., Residence "La Bruyere", 
Batiment B2, 2, Rue de I'Horticulture, 13009, 
Marseille, France 

• Kajima Corporation, 2-7, Motoakasaka 1-
chome, Minato-ku, Tokyo 107, Japan 

• Skellerup Polymer Products Ltd., P.O. Box 
19-555, Woolston, Christchurch, ew Zea
land 

·Shimizu Construction Co., Ohsaki Research 
Institute, Fukoku Seimei Building, 27th 
Floor, 2-2-2 Uchisaiwai-cho, Chiyoda-ku, 
Tokyo 100, Japan 

• Andre, Division of BTR Silvertown Ltd., 
P.O. Box 4, Horningglow Road, Burton-on
Trent, Staffs DE13ooN, England 

·Telesis International, 4605 Lankershim, 
Suite 710, North Hollywood, CA 91602 (818) 
769-8894 

. Bridgestone, Inc., IRP Division, P.O. Box 
6147, Huntington Beach, CA 92815-6147 
(714) 962-1665 

Souce: Structural Engineers Association of 
California, Seismology Committee 

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

,t,...32S .... ......, ....... 

T".e , T)IPIJ 

Registered Head Markings on all structural and machine bolts 
from '/0" to 3" diameter. all lengths 

.... --
Special Products from 'h" to 3" diameter 

• U.S. made steel 

• Wide-range manufacturing 
capabilities 

• Weathering steel: CORTEN X 

• Guaranteed full traceability 

• In-house lab testing 

• Certification 

ST. LOUIS SCREW & BOLT COMPANY SINCE 
1887 

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

FAX, (314) 389-7510 
Toll Free, 1-800-237-7059 
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Preserving An Investment • 
I The Evans and Sutherland 

Building is a new, four-story 
manufacturing facility for compu
terized flight simulators used to 
train NASA pilots and others. Lo
cated near the Warm Springs and 
East faults in Salt Lake City, the 
building measures 280' x 160' in 
plan and rests on 98 DIS lead, steel 
and rubber isolators. 

Lateral loads are resisted by a 
steel moment frame designed to 
satiSfy UBC Seismic Zone 3 criteria. 
The value of the contents and 
work-in-progress in this building is 
estimated at $100 million, or ap
proximately 12 times the cost of the 
structure. As a consequence, seis-
mic protection of the contents of 
the building is of paramount im
portance to the owner. 

In the early phases of design de
velopment, preliminary cost esti
mates were developed for both a 
conventional and an isolated struc
ture. It was determined that the 
nominal cost premium required to 
incorporate seismic isolation as the 
primary mechanism to protect the 
contents of the building was very 
cost effective. The alternative 
means of achieving a similar level 
of protection was to require sub
stantial bracing of the simulators 
during the manufacturing opera
tion and this was considered im
practical. 

Architect for the project was 
Ehrlich-Rominger of Palo Alto, 
California, structural engineer was 
Reaveley Engineers and Associates 
of Salt Lake City, and geotechni
cal/seismological consultant was 
Dames and Moore of San Fran
cisco. Dynamic Isolation Systems 
was the seismic isolation consul
tant and supplier of the isolation 
system. 

The building was automatically 
modeled as a simplified moment 
frame and the isolators incorpo
rated their nonlinear force deflec
tion characteristics. Several com
puterized dynamic analyses were 
performed to assess the building's 
performance. 
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The Emus and Sutherlalfd Buildi"g is supported on 98 baSt' isolators. Till' building 
has a steel moment frame designed 01 satisfy UBC Seismic Zo"e 3 crIteria. WlIIII! tire 
structure is only $8.33 willion , the bllilditrg's contents and l.vork·;n·progress IS valued at 
more tlum $100 mil/ion. 

For the 475-year maximum 
probable earthquake, the maxi
mum average deflection of a build
ing corner at the isolation level was 
2.6" with the maximum average de
flection of the isolators equal to 
2.4". The corresponding base shear 
was 0.10W. Conservatively allow
ing for a 50% increase for near-fault 
effects, the maximum design dis
placement for this event was 3.9". 

For the maximum credible earth
quake (1,000 year event), the maxi-

mum deflection of a building cor-
ner was 4.8" with the maximum av
erage deflection equal to 4.7' and a 
maximum base shear of 0.16W. 
Again allowing for a 1.5 increase 
for near-fault effects the maximum 
design displacement for this event 
is 7.2". The isolation system has 
been designed for a maximum dis
placement of 9.0" at which time the 
building will act as a fixed base . 
structure. 
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STMD-UVISDS - Ranks #1 
in America. 

A recent E R/McGraw Simple to use, yet 
Hill survey of the Archi- sophisticated in application, 
tectural/ Engineering! STAAD-III/ISDS otTers the 
Construction industry has most comprehensive solution 
ranked STAAD-III/ISDS, to your structural engineering 
from Research Engineers, as needs. Today, Research --the #1 structural engineering 111111111111111111111 1111111 111 11 Engineers, with six offices in 
software in the market today. i~~~~!!!ID four continents, is setting the 

. 111 m! structural engineering 
The choice of engineers standard worldwide. 

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

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

fa [Jj@~(iltflfl&!lJ •• §[j)(!7/J[j)(tl(iJfl[."i1l D[j)lC:o 
-- A reputation you can build on. 

For Information Call . 1-800-833-fSDS 

RESEARCH ENGINEERS WORLDWIDE 
UK RIMoM::h EngIneers IEIM)peI Lid 19 ~ Court. BnghIon Aoed 
PuNySuney CRl2BO Phone (OBI) 763-1393 Fu (081)763·1379T .... 929181 
FrMCe . AeeNrctI EI'IfII"'M"S. 18 rue de Morel ....... . 
28800 FLACEY Pt10ne 37475163 Fax 37 47 ... 63 

Main Office: 540 lippincott Dnve. Marlton. NJ 08053 
Phone (609) 983·5050 Fax (609) 983·3825 Telex 4994385 
West Coost: 1592· 1A N.BatOVla 51. Orange. CA 92667 
Phone: (714) 974· 1864 Fax (714) 974·4771 

W. GenNny ; AIeeatt:tI EngIneen. WiIlIIIm-eu.ch·$r23 
6140 OENSHEIM 3 AUERBACH Phone 082S1 79Sn Fa. 062517M37 
1ncItI: Aeseaf(:h Engneers Pvt lid. 40 B e.g. RcNId 
c.cuet. 700 017 Phone 44891 . r .... 21.'02 



EARTHQUAKE DESIGN 

Floating Building 
Resists Earthquakes 

• 

Above ground, the Fire Commarfd Qnd Cmltrol Facility for tire Cou nty of Los Angeles 
Fit'(' Department is Q steel braced frame, while below grade it ;s supported 0 11 32 base 
Isolator u1Iits . The buildins 's metal facade is designed to accell tuate it's structured 
dements . 
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Base isolation 
units in a new fire 
command station 
are designed to 

ensure the 
building remains 

operational 
during an 

earthquake 

While building codes are . 
primarily concerned with 
occupant safety, a grow-

ing number of designers are faced 
with situations where preserving a 
structure is nearly as paramount. 

These structures include labora
tories, power plants, delica te manu
fa cturing spaces, and most recently, 
the Fire Command and Control Fa
cility for the County of Los Angeles 
Fire Department. "It had to be de
signed beyond the code require
ments to ensure that the building 
would remain operational during 
and after an earthquake," explained 
Thomas L. Anderson, general man
ager of engineering services for 
Fluor-Daniel, Inc. 

"During the design phase, we 
looked at all of the rea listic alterna
tives," he sa id . And essentially, 
those alternatives boiled down to 
either seismic hardening or seismic 
isolation. 

"Fixed-base designs have proven 
historically to be very damage re
sistant in low-rise construction with 
either concrete shear walls or steel . 
braced frames." However, the de
signers opted for a steel frame be-



• 

• 

• 

cause it gave them more architec
tural nexibility, Anderson ex
plained. 

Fluor-Daniel developed two de
signs for the building. one with a 
braced-frame and the other using 
seismic isolation. While the two de
signs weren't identical, they were 
quite similar. 

"We felt we could have achieved 
our purpose with either method, 
but we chose the seismic isolation 
design because it saved about $2 
million," Anderson said. Most of 
those savings were not in construc
tion costs, however, but in savings 
accrued by not having to 
strengthen non-structural elements 
such as electrical components. In 
addition, there are anticipated sav
ings that will occur if the building 
does not have to be repaired after 
an earthquake. 

32 Base Isolators 
The 32,675-sq.-ft., two-story 

building rests on 32 base isolators. 
''The system we used has a 150 psi 
shear modulus strength at a shear 
strength of 100%, which was suffi
cient for the weight of this build
ing," Anderson said. ''The interior 
columns are carrying about 200 
kips." The final design used 283 
tons of A36 steel. 

The natural rubber isolator bear
ings were supplied by Fyfe Associ
ates, Inc., Del Mar, CA. The isola
tion system shifts the building's 
natural period from about 0.2 sec
onds as a fixed-base structure to 
about two seconds as an isolated 
structure. The period shift limits 
the base shear coefficient to about 
0.1 for the maximum design earth
quake, an event expected every 
1,000 years. 

Energy dissipation will be 
achieved by the isolators them
selves as they go through shear de
formation cycles. This is an intrin
sic property of the rubber 
compound and eliminates the need 
for supplementary energy dissipa
tion elements. 

The estimated maximum differ
ential displacement of any isolator 
during the design earthquake is 7'. 
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Each ba~ isolation unit was 
shi"""d to the fabriCS/tor whae a 
steel base plate was baited to the 
top of each isolator. Then , during 
erection, steel columns art! welded 
to the base plate. A I V, "-thick base 
plate attached to the battom of the 
isolator acts as a footing . 
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STRUCTURAL ANALYSIS SOFTWARE 
Fast . accurate, Inexpensive and easy· 
to~us. software for the analysis of 20 
or 3D frames and truSSIS. Runs on IBM 
Personal Computers 3nd Compatibles. 

BEAMS AND FRAMES 
An Intl,...et l .... computer program that 
Quickly performs structural an;lIys)s 
of continuous beams ond 20 multl-
bay/multi-story framl structures . 
• Mechanlc;1! and thermal loads. 
• Fast modify and reanalysIs . 
• Monitor and printer output . 

Cosl: $99.00 
FRAME 3D 

A general purpose structural program 
lor analysis 01 20 or 3D frames. 
t russes, floor systems, towers, etc. 

• 2000 nodes, 2000 elements max. 
• 50 load cases, 10 combinations. 
• Plots mOdel/displaced shape 

Cosl: $99.00 
The comprehensive use,'s manual for 
each program contains thloretlcal back-
ground. descriptions of Input 3nd out-
put, and numerous eX3mpie problems . 

For mOrl Information, COlli or write 

Compu-Tee: Engineering 
300 cnestertleld Center, Suite 205 

enestartleld, MO 63017 
(314) 532·4062 

~ 

KOPE·ING 
The company with the turnkey 

answer to your Steel Detailing 
Needs! 

KOPE·ING and Mountain Soft,· 
ware LTD have designed a com· 
plete system based on Sun plat· 
forms, Sun compatibles such as 
Solbume Computers, as well as 486 
and 386 computers using Sun OS, 
seo Xenix, and ArTis software. 

Steel·Pac features include: 
• A wide variety of connection 

types 
• Automatic determination and 

verifi cation of all connectivity 
relationshlps 

• All standard AlSC and CISC 
materials are supplied 

• Over 40 software switches to 
allow the user to tune the sys-
tem to their needs 

• Direct interface to NC equip-
ment 

• Hardware or Software can be 
purchased separately 

For more information call or write: 
KOPE·ING, 3970 Broadway, 

Suite 20lA, Boulder, CO 80302 
Tel (303) 449·2251 
Fax (303) 444· 7656 

An Authorized Arris Dealer 

• 

Th. melal claddlllg UXl5 ca"fully aI/ached 1o "" 51",1 braclllg 1o accell'u.'r Ihr 
bUIlding's stmctural elements and provide vlslwl excitement. 

The isolators, however, can accom
modale displacements of up to 12". 
As a backup, at this point an ulti
mate restraint syslem buill into the 
isolator units Ihemselves is en· 
gaged, and il provides an addi
tional 125% base shear capacity 
while limiting displacements to 
less than 15". 

Light-Weight Structure 
"We originally had some worry 

that a two-story steel building 

would be too light to work with 
Ihe isolators, bul our calculalions 
showed the weight wouldn' t be a 
problem," Andcrson "" id . "We 
lalcr found out Ihal Ihcre are stiff 
rubbers available wilh shear mod
ules of 60 psi that can accommo
dale a one-story steel bUIld mg." 

A steel base plate is bolted 10 the 
top of each isolator, and sleel col
umns are welded to Ihc b.,se plate . • 
Belween the isolators and the bot-
tom of the first floor is a 4' -high 
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space. "To isolate the building, you 

• 
can't have it sitting on the grade 
level," Anderson explained. 
"There's a tremendous P6 move-
ment below the first noor. We had 
to have very heavy reinforcement 
to brace the columns just above the 
isolator on up to the first noor 
fTaming." 

As an added feature, in the cen
ter of the building the designers 
deepened the 4' high space to cre
ate an obseTVation area. It is ex
pected that schools and other 
gTOUps will tour the building just 
as they would an ordinary fire 
house, and the obseTVation area 
will provide them a view of the 
isolators. 

Assembly Sequence 

The isolators were shipped to 
the fabricators yard, where they 
were installed to the column as
sembly. Then a 1 \.2"-thick base 
plate was attached to the bottom of 
the isolator. The base plate acts as a 
footing. 

From the first noor up, the 

• 
structure has a conventional con
centrically-braced frame. "An iso
lated system requires very little 

Tilt.' structl~ral 5ystem "reded 
'0 be . I.",ted .IId isolated from 
the ground III order to 
completrly Isolate O,t build"'8. 
As a re~"It, the b"ildmg appears 
to "J1oat " 

drift so all of the deformations are 
concentrated into the isolators," 
Anderson explained. The building 
is designed to a more stringent 
standard than the existing codes. 

The chevron braces are located 
only on the exterior frame. "The ar
chitecture was designed to accen
tuate the braces," Anderson added. 
An aluminum exterior building 
component was selected to com
plement the facility's high-tech, 
state-of-the-art functions, as well as 
to minimize possible repair costs 
associated with earthquakes. 

Utility connections entering the 
building are designed with nexible 
connections to accommodate 15" of 
horizontal movement, although 
maximum expected seismic dis
placement is only half that amount. 

Steel erection was very smooth, 
in part because during construc
tion the steel columns could be 
shifted slightly since the isolators 
provided a measure of nexibility. 
One drawback, however, is that the 
building couldn't be tied off below 
the isolators because the structure 
must be kept independent from the 
isolators. "The building noats," 
Anderson explained . • I 
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DETAIL Srrn. 1+f7H PARAJ.IETR/C 
USP PROGRA/tIS USING AUTOCIoD . 
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!.N0i. 801.. T It ERfCTlON PU.NS 
8fAJ.IS It COLUMNS 

HORIl.1t '.£RT. BRACING 
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PAN, GRA TlNG, OiK'D PL STAIRS 
STAIR It WALL H!.NDRAIL 

STRAIGHT H!.NDRAIL 
TRUSS WORK 
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CALL F'CJf FREf 'DfJI(I DISK 

SSDCP 
110 SHADY OAl( ClRM 
FLORfHCE. /tis. J907J 

601- 845-2146 

STEEL 
INDUSTRY 
SOFTWARE 

• Structural Steel Estimating 

• Structural Steel Advance 
Bill of Material 

• Inventory Control 
• Production Control 

• Purchase Order 
• Plate Nesting 
• length Nesting 
• Detail Drawing log 
• Rebar Processing 

For IBM PC/AT and Compatibles 

romac 
Computer Services 

p.o . Box 660 Lake C,ly. TN 37769 

PH: 615-426-9634 FAX: 615-426-6454 
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AISC SOFTWARE 

LRFD/ASD Computer 
Data Base For 
Structural "hape~ 

The AISC Computer Data Base contains propel1ies 
and dimen,ions of structural steel shapes. corresponding 
to data published in Pal1 I of the J st Edition. LRFD 
Manllal of Steel Constrllction as well as the 9th Edition. 
ASD Manllal of Steel Constrllction. 

LRFD related propel1ies. such as X I. X2. and tor
sional propel1ies. are included in addition to ASD re
lated values. 

The program Includes the Computer Data Base in 
ASCII format for the propel1ies and dimemions of the 
following shapes: W Shapes; S Shapes; M Shapes; HP 
Shapes: American Standard Channels (C); Miscel
laneou, Channel, (MC); Structural Tees cut from W. M 
and S shapes (WT. MT. ST); Single & Double Angles; 
Structural Tubing and Pipe. 

Steel Connection Design 
Software (CONXPRT) 

CONXPRT is a knowledge-based PC software system 
for the design of steel building connections. Three basic 
types of connections are included In Version 1.0; double 
framing angles. shear end-plates. and SIngle-plate shear 
connections. More than 80 conligurations are possible. 

All designs are according to procedure, In the AISC 
9th Edition (ASD) or latest available references. CON
XPRT includes complete data bases for standard shape . 
the structural steel. weld and bolt material> Ibted in the 
9th Edition ASD Manllal of Steel Constrllction All 
strength and serviceablility limit states and dimensional 
requirements for each design are checked. Help menu, 
are included. 

Provisions are available to set default values for par
ticular project or shop needs. for example. detailing 
dimensions. 

t V mt- .r Fire P ot"ction C mputer Program 

STEM FIRE determines safe and economic lire protection for steel beams. columns. and trusso;. It IS Intended for 
use by architects. engineers. building code and lire officials. and others interested in 'teel building lire protection. The 
software data base contains all the pel1inent steel shape propel1ies and many listed UL Fire Resistan('e DlI'ec/(}n' con
struction details and their fire ratings. In this manner. user search time is minimized and the design or checking of 
steel lire protection is optimized. (5W' disks only) 

WEBOPE, 

This state-of-the-al1 software 
package is based on and includes 
the new AISC Design of Steel and 
Composite Beams with Web Open
ings. The program is designed to 
enable engineers to quickly and 
economically de>tgn beam web 
openings. The easy-to-use color 
coded input windows provide a 
clear. logical data entry system. 

WEBOPEN was wrinen by prac
ticing engineers and incorporates 
"expel1" design checks and warning 
messages that enhance the applica
tion of the AISC Design Guide to 
your design problems. 

The versatile sy>tem designs un
reinforced or reinforced openings in 
steel (non-composite) or composite 
steel beams. 

Professional engineers can 
design "eb openings in minutes 
with WEBOPEN. saving hours of 
structural design time. 
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Name 

Firm 

Address 

City 

State _____ Zip 

Telephone 

Circle one: Check Visa 

Card number 

Expiration Date 

Mastercard 

Signature __________ _ 

Preferred diskette size (circle one) 

5114 .. or 3112" 
(IBM Compatible Computers Only) 

Please send: 
Quantitv 

LRFOIASO 
computer data 
base @ $60 each 

CONXPRT 
@$300each 

WEBOPEN@ 
$495 for the first 
and additional 
copies for the 

same site @$100 

_ STEMFIRE@ 
$96 each 

Total number 
ordered 

Total Amount Enclosed: 
$_--

Make checks payable to AISC. In New York. California, and IIImois. 
please add sales tax. On shipments outside the U.S., add 10% for 
postage and handling. Mail to AISC, P.O. Box 806276, Chicago, 
IL 60680-4124 or call (312) 670-2400. 

• 

• 

• 



, . COMPUTER PRODUCTS 

• Electronic Transfer Brings 
Together Engineer And 

Fabricator 
Direct transfer of information between design engineers 
and fabricators' computers increases production speed 

and accuracy 

I ncreased use of computers has 
already made the production 
process faster than ever before 

for both engineers and fabricators. 
But to utilize computerization to its 
fullest, an electronic transfer be
tween these two parties is essential. 
Instead of the hours-if not days-

• 

needed today to transfer data, the 
latest computer software allows al
most instantaneous transfer. 

"Anytime we can do something 
electronically, we see time savings 
and better quality," said Tom 
Schwarz, computer application co
ordinator of civil engineering for 
The MW. Kellogg Company in 
Houston . 

Through computer transfer, de
signers can send three-dimensional 
data including individual member 
specifications of structures to fabri
cators, eliminating possible human 
error and valuable re-input time. 
Jim Dager, president of Design 
Data in Lincoln, E, a software de
veloper for steel fabrication, said 
electronic transfer could soon be
come the industry norm. "Elec
tronic transfer is not just a possibil
ity for the future. At Design Data, 
we have developed an interface 
that will communicate with exist
ing engineering software such as 
Du Pont's in-house system, 
SCADS, and we're discussing pos-

•
sible applications with users of 
Intergraph, another influential de
sign system." 

Fillor Dallielu5eS eJectrmtic transfer to increase accl/racy mrd cut time. Pictured at a 
typical CAD work station are Robert Cipollolle (seated), a structural engilreer with Fluor 
Daniel (llld Sf/dllir Bhavsnr, a designer with the firm. 

According to Jack Kerr, presi
dent of AISC-member Ohio Valley 
Steel in Wheeling, WV, electronic 
transfer from designer to fabricator 
would save as much as six to eight 
weeks from production schedules. 
The time saved is especially impor
tant to fast-track customers build
ing additions to house equipment 
for new product lines. "If we can 
cut six or eight weeks off their 
schedule, then that's six or eight 
weeks they can be making profits," 
Kerr said. 

The increased accuracy pro
vided through electronic transfer 
would allow projects to come on 
line faster, reducing overall costs, 
said Sayle Lewis, senior design en
gineer for Fluor Daniel in Green
ville, SC. "If we can cut weeks out 
of a schedule, we're going to get 
structural steel to a job site faster," 
he explained. "This results in a re
duced total project cost to the cli
ent." 

Reducing 
downloading 

human error 
directly to 

by 
a 
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THIS IS NOT THE TIME 
TO FINO IT DOESN'T FIT 

Having trouble getting good detailers? 

Testimonials from our 
overseas clients verify 

our competency and ability 
to deliver on schedule 

"ftwy"'~ ml>tnttt«l prre. t:OtJSlStently 
whfC/I.,. fCQtIrOm.e and wh<h,.....~ ur 
to obIAJn _ .ul)fJMlt • .,.,.,. 01 the mMkft" 

..,,.,.,..,. UMd to ItOfklng WIth com/Mm_.t 
• ,."d"'.nce.-.y Irom tNlr (BDS) ~ bue~ 

For complete steel detailing 

BDS STEEL DETAllERS 
8925 Folsom Blvd .. Suite T 

Sacramento, CA 95826 
Ph (9161368·1666 Fax ' (9161368·2865 

I fabricator's computer also would 
reduce redetailing and lower pro
duction costs, he said. 

"Electronic transfer should elimi
nate all of the keyboard entry errors 
and reduce the time it takes to enter 
the data," according to Edward 
Easterday, president of E.J.E. lndus-

I 
tries, Inc., Washington, PA. He did 
note, though, that whi le most de
tailing programs will kick out 
"bogus" data-for example, data 
about beam sizes that don't exist-
programs will not recognize minor 
errors. "That's up to the engineer to 
catch in his data," Easterday said . 

However, not everyone is con
vinced electronic transfer would re
sult in substantial time savings. "If 
the data we import from an engi
neering program is right 99% of the 
time, we still have to check all of 
the data, and that eliminates most 
of the time savings," according to 
Stephen Roberts, marketing direc
tor of Dogwood Technologies, Inc., 
Knoxville, TN. Dogwood's detail-

l
ing program runs on an lntergraph 

L-___ -==========::.j platform and can accept data from 
Intergraph-based engineering pro
grams as well as other data in an 
ASCIJ forma t. 

The Bert Selling 
Civil/Structural Program Since 1987 

II ANALYSIS II 

• 20 )0 Fr~me Truss I Plate I Shell 
• Suuc J P·Otlta Oyn~m'c RSA An .. lysis 
• Capable of 1000's of jOlon and loo's of 

load cases 
• MovI"C load ,ener-nor 
• Intencuve "ornetr,.. deflection, mode 

shilpe , plou 
• Intenctllfe shea, and moment dl~gnm plots 
• AISC utnry mdud~ 

II DESIGN II 
• Interactive ,raphic menu driven desl,n 
• Continuous beam. section prope:rtJH. 

frequency ukulaoons 
• AISC code check and Itl.ln, ",dudln, LRFD 
• ACI cokmn. beam. footm,. reUlINn, wall destIn 
• Desi,n details un be output to AUTOCAD 
• Excellent In report presentations 

II SATISFACTION GUARANTEED'II 
• ~ our brochure fOf" dewls 
Supporu DOS/OS2 operation systems 

"Ask for a brochure today!" 
You'll be glad you did. 

Mail P.O. Box 7126 
Fremont, CA 94516-7)}6 

( .. 15) 795-0509 
Faa (415) 795-0911 

"Electronic transfer has the pa
tential of misleading the industry," 
he opined. "But there is real prom
ise for some market segments, such 
as for the oil business, for large 
warehouses, and for fast-tracked 
projects. " 

Electronic transfer could give en
gineers more lead time, explained 
Dick Hend ricks and Bob Faccenda 
of Du Pont's engineering division 
in Wilmington, DE. The fabricators 

I ability to deliver steel faster gives 
the designer the extra time to incor
porate refinements into the draw
ings, making them more complete 
at the time of bid and resulting in I fewer revisions. 

Kerr uses the S05/2 fabrication 
software from Design Data, which 
enables his company to quickly re
vise projects fabricated for Du Pont, 
a company that often uses fast-track 
construction. 

"Drawings are sent to us to pre
pare detail drawings prior to the 
design being completed, and as a 
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result, you're opening the door to a 
lot of changes that can really com- . 
plicate a project from a fabricator's 
point of view," Kerr said. "But the 
computer helps coordinate those 
changes into the project and makes 
sure they're all made and interac-
tive with the areas they impact." 
Still another advantage is the abil-
ity to accommodate and better 
manage revisions, he added. 

Sharing data back and forth be
tween designers and fabricators 
can aid the revision process. "Cur
rently, we link layout and drafting 
models with analysis and design 
models," explained Lewis. "Fluor
Daniel is very interested in the abil
ity to download this data." Ulti
mately, fabricators may be able to 
upload connection details back into 
the engineer's layout model, 
though Lewis said he was unaware 
of any software product currently 
on the market with this capability. 

"ft's becoming more an educa
tional issue," he said. "People need 
to be educated as to what's avail
able and what can be done. We can 
do some phenomenal things now . 
that three to five years ago we 
never thought we'd be doing. I 
think it's going to change even 
more drastically in the next three to 
five years." 

One of the main advantages of 
sharing information through com
patible software is that it makes the 
relationship between fabricator and 
designer more of a partnership. 
"When there are a lot of design 
changes, relationships can get a lit
tle strained, as when a detailer pre
pares the drawings and then he has 
to go back and incorporate about 
100 changes," said Kerr. "I feel we 
can eliminate a lot of that and view 
our relationship with the engineer 
as more of a partnership. It's an 
overall team approach to complet
ing a project." 

While direct cost benefits are 
sometimes difficult to prove, some 
of Schwarz's clients already are re
questing that he do as much work 
as possible on computers. "They re
alize it increases quality and sched-
uling," he explained. • 

When exchanging information 



electronically, the designers said 
• the areas of responsibility does not 

change and that engineers are still 
liable for the design. "We're just 
utilizing a more advanced tool," 
Lewis said. "We're not going to 
have a change in responsibility just 
because we changed the medium. 
The present responsibilities of the 
engineer, detailer and fabricator do 
not change." 

However, not everyone is cer
tain that the liability issues have 
been completely clarified. ''There 
could be a liabilitv i sue if a fabri
cator takes drawi~gs directly from 
an engineer," said orman Alter
man, president of Computer De
ta iling Corp., Southampton, PA. "Is 
the engineer willing to take respon
sibility for any errors on the disk 
that he sends over?" 

Added Roberts: "Most engineers 
won't let you use design drawings 
for erection, why would they let 
you use AutoCAD drawings for 
fabrication?" 

While some issues still remain to 

• 

be answered, many software man
ufacturers have either developed or 
are in the process of developing de
tailing programs that are compati-
ble with engineering software. 
These software producers include: 
• Computer Detailing Corp., 1310 

Industrial Blvd., Southampton, 
PA 18966 (215) 355-6003. Detail
ing programming works on an 
AutoCAD platform and can im
port AutoCAD and other compat
ible programs. 

• D.C.A. Engineering Software, 
Inc., P.O. Box 955, Henniker, H 
03242 (603) 428-3199: Offers both 
engineering and detailing soft
ware on an AutoCAD platform. 
Can inport plans and elevations 
from its own engineering pro
gram, as well as STADI II , AutoS
teel and SAP90 and other Auto
CAD-based programs. Is working 
to expand its 3D interface. 

• Design Data Corp.(AISC Mem
ber), Suite 324, Gold's Galleria, 
1033 0 St., Lincoln, E 68508 
(BOO) 443-{)782: SDS/ 2 software 

• 
interfaces with Intergraph engi
neering software and Du Pont' s 
SCADS engineering software. 

AutoSD Steel Detailing 

At last, the sensible detaHing pro
gram written for detailers. Menu 
driven means ea sy to use. Sup
ported by numerous graphics 
means easy to learn. See what 
you are drawing as you draw it. 
You stay in control. 

• Dogwood Technologies, Inc., 
1900 Winston Road, Suite 407, 
Knoxville, T 37919 (BOO) 346-
0706: Soft,vare operates on an 
Intergraph platform and can inter
face with other programs running 
on an Intergraph base as well as 
programs that can output in an 
ASCII format. I Detail beams, columns,. brac~s , 

• ECOM Associates, 8634 W. gusset plates, strurs, stair ra!ls, 
Brown Deer Road Milwaukee WI anch~r bolt plans and erection 

, ' drawmgs 
53224 (414) 354-0234: Working on . 
an integrated engineering/ detail- Layout complicated jfeometrics to 
ing package for connections that determine work pomts, control 
also will allow some mtegration lengths, angles and bevels. 
with other engineering packages. 

• E.J.E. Industries, Inc., 287 Dewey , All this at the speed and accuracy 
Ave., Washington, PA 15301 (412) of a computer making backchar-
228-8841 : l ias developed an exter- ges and delays a tliing of the 
nal data interface that allows the past. 
transfer of data from any engi- Automated Steel DetaHing Works 
neering package using ASCII cod- with AutoCAD® relea se 9.0 or 
ing once the format parameters later. 
are described . 

• KOPE-ING, 1850 Fulsom, #1001, 
Boulder, 080302 (303) 449-2251 : 
Steel-Pac detailing program can 
accept some data from AutoCAD 
and ARRIS programs; plans to ex
pand to interface with other pro
grams if client demand grows. 

• Mountai n Enterprises (A ISC 
Member), P.O. Box 190, 117 E. 
German I. , Shepherdstown, WV 
25443 (304) 876-3845: Plans on 
producing a combined engineer- I 
ing/ fabricating package for engi
neers who do their own detailing. 

• Steekad International, 550 Alden 
Road, Suite 201, Markham, On
tario L3R 6A8, Canada (BOO) 387-
4201 : Can interface with CAD 
packages such as AutoCAD or 
FastCAD as long as the data is in a 
node-based system. 

• Structural Software Company 
(AlSC Member), P.O. 19220, 
Roanoke, VA (BOO) 776-9118: pro- i 
gram currently only allows for 
ASCII transfer of data. 

• Vertex Design Systems, 282 Sec
ond SI., 4th Floor, San Francisco, 
CA 94105 (415) 987-2799: Vertex 
Detailer runs on an AutoCAD 
platform, so any file that runs on 
AutoCAD can be directly im
ported into the program. The De
tailer includes more than 25,000 
building components. I 

For more information write: 
AutoSD Inc. 
4033 59 PL $3500.00 
Meridian, MS 39307 
(601) 483-0601 

MERLIN DASH 
OesJn & Analysis 

o! St Girder Bridges 

FHWA - Endorsed and Used by 
DOrs - Used by Most States 

~ New - VERSION 3.0 
~ New - Dest;apabll~ 
~ AASHTO - 14th E nlon 
~ Menu-Driven Input - ve~ Easy 
~ Graphics Display of Resu • 
~ Output Report Selection 

MERUN DASH is a product of the 
Bridgo Engin .... ring Softwaro (BEST) 
Centor at tho University of Maryland. 
OP11-MA TE, INC. is proud to have 
been selected as b sole repre· 
sentative. For tho f!f.SI in Bridge 
Engineering Software .. . Call Todayl 

BPTI-MATE 
P. o. 801 11097, 0,,,1. A, 8o.hlohom, PA .eoll 

(215) en-40n 
Sot. 1M . , 8oclI.h • 11, lnl1 8ridp CmI" Phu.burp. PA 
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Steel Detailer 

D CA Software is issuing its Re
lease 11 of its Steel Detailer 

program to coincide with the avail
ability of AutoCAD Release 11. The 
new program will take advantage 
of AutoCAD's powerful new fea
tures, including AD.5. interface. 
The Steel DetaBer couples struc
tural information with parametric 
programs to quickly produce high 
quality shop fabrication, erection 
and bolt-setting drawings. Operat
ing interactively within AutoCAD, 
the detailing system provides the 
user with total control over draw
ing production. 

New capabilities include: im
proved bill of material functions; 
shear plates; connection angles; 
easier menu navigation; increased 
performance; and more powerful 
detailing routines. 

ew features include: moment 
preparation connections for plates 
and steel sha pes; skew connections 
for bent plates and angles, end 
plates, and shear plates; ability to 

Structural Steel Shop 
Drawings 

A new package of software pro
grams for producing struc

tural steel shop drawings is avail
able from SSDCP. All of the 
programs are independent of each 
other, so not all programs need to 
be purchased. The parametric pro
grams are written in LISP by a de
tailer with 35 years of experience. 
They do all drawing and calcula
tions inside of AutoCAD Release 10 
or greater. The main programs in
clude: beams; columns; horizontal 
and vertical bracing; pan and grat
ing stairs; stair rails; level rails; 
braCing plates; erection plans; and 
AB plans. Prices vary based on the 
number of programs purchased, 
but the entire package is available 
for $3,920. A free demonstration 
disk is available. 

Contact: SSDCP, 110 Shady Oak 
Circle, Florence, MS 39073 (601) 
845-2146. 
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create and manage sections and de
tails at any scale within the current 
drawing; improved steel database 
access that displays dimension and 
design properties; user defined bolt 
heads and nuts; horizontal sloped 
beams with five types of end con-

Integrated Software 

Steel Solutions has announced 
the release of Version 2.0 of the 

Steel 2000 software package for 
Structural and Miscellaneous Steel 
Fabrication. Steel 2000 is written in 
Foxpro-a relational data-based 
management system-and Version 
2.0 is designed to take advantage 
of the program's extensive 
windowing capabilities. 

Steel 2000 includes the ability to 
consolidate the material require
ments for multiple projects and a 
warehouse operation into a single 
order list. The program tracks the 
details of the consolidated order 
through purchasing, receiving, 
cutting, fabrication, processing, 
and finally, shipping. Individual 
modules are available for Inven
tory, Purchase Orders, Mill Orders, 
Drawing Control and Estimating. 

Contact: Steel Solutions, Inc., 
2260 Florwood Dr., P.O. Box 1128, 
Jackson, MS 32915 (601) 932-2760. 

nections; and a variety of stair de
sign features. 

Contact: Bob Southard, DCA 
Software, Inc., 7 Liberty Hill Road , 
Henniker, NH 03242 (603) 428-. 
3199. 

3D Interface 

Engineers can now download 
three-dimensional drawings to 

a computerized steel fabricator 
through an interface developed by 
AISC-member Design Data. Elec
tronically transferring data saves 
valuable re-input time for the fabri
cator and increases the overall effi
ciency of the system. 

The interface is applied to De
sign Data's SDS/ 2 software, which 
is used by fabrication companies to 
integrate estimating, detailing, and 
production. 

Now the program can interface 
to the common structural data base 
(blue file) of engineering software 
developed by lntergraph and with 
a "neutral" file created by SCADS 
engineering software developed by 
the Du Pont Co. 

Contact: Design Data, Suite 324, 
Gold's Galleria, 1033 0 St., Lincoln,. 
NE 68508 (BOO) 443-0782. 



Detailing System 
• D ogwood Technologies has 

augmented the breadth of its 
Unix-based Procedural Detailing 
System with software that directly 
links detailing data to fabrication 
equipment. The unique design of 
PDS/ FC removes the detailer from 
involvement in downloading tasks. 
instead, as detailing progresses, 
Dogwood's software presents ap
proved detailing output to a fabri
cation manager for composition of 
shop floor assignments. A simpli
fied access program allows floor 
operators to select assignments, au
tomatically performing the 
downloading of fabrication data at 
the critical moment. 

• 

This intelligently designed sys
tem provides greater accountability 
and reliability. Unix's multi-user 
capabilities allows activities to 
occur simultaneously even across 
even the largest shop. 

Contact: Dogwood Technolo
gies, P.O. Box 52831 , Knoxville, TN 
37950-9928 (800) 346-0706. 

Interactive Fabricating 

D
ata Management System's In
teractive Steel Fabricating 

System is a series of eight on-line 
interactive modules designed and 
written for steel fabricators and re
lated industries. The system con
sists of approximately 200 pro
grams that can help fabricators be 
faster and more exact in bidding as 
well as more productive and cost 
effective in plant operations. 

The Estimating system provides 
a variety of methods of input and 
output conforming to standard in
dustry usage. The Bill of Materials 
system provides the user with: a 
bill of materials list; production re
cords; sorted bill of materials; de
livery tickets; production status re
ports; discrepancy reports; daily 
activity reports; and, most impor
tantly, a cut list. 

The Inventory system provides 
control of inventory at three levels: 

• 
purchase; active (on-hand); and 
used. Inventory is maintained by 
A1SC size, length, chemistry and 

reservation . The job Cost module 
can trace all costs related to a job as 
well as calculate a percentage over
head to the job. 

Contact: Data Management Sys
tems, Inc., 12308 Twin Creek Road, 
Manchaca, TX 78652 (512) 282-
5018. 

Material Management 

T he Structural Material Sorter 
from E.j.E. Industries is a se

ries of programs designed to aid 
steel fabricators and detailers in 
managing material lists. It is avail
able for MS-DOS or Novell Net
work-based computers. The pro
gram is designed to reduce labor 
time and increase accuracy by 
computerization of labor-intensive 
tasks. For example, weights, sur
fa ce areas, bolt counts and lineal 
totals are automatically computed 
for each item and the entire job 
without the need for manual calcu
lations. 

The latest release, Version 3.0, 
features an inventory tie-in that al
lows the Nesting Module to inter
face into in-house stock, vendor's 
stock, or the best combination of 
the two. 

For more information or a free 
demonstration, contact: Edward F. 
Easterday, E.j .E. Industries, 287 
Dewey Ave., Washington, PA 
15301 (412) 228-8841. 

Computer Assisted Sawing 

I NSCO's new ICAS software is 
designed to select the proper 

blade and correct feeds and speeds 
to maximize beam cutting effi
ciency. The program runs on IBM 
and IBM-compatible machines 
with DOS 3.3 or higher and costs 
$349.95. After a beam and a ma
chine is selected from provided 
graphic illustrations, ICAS will 
specify: blade size; number of 
teeth; RPM; number of expected 
cuts; cutting angles for blade ser
vice; and sawing costs per beam or 
sq. in. 

Contact: Insco Saw Division, 320 

International Circle, Summerville, 
SC 29483 (800) 845-3816. 

Steel Detailing 

A collection of four AutoCAD
based programS-including 

Beams & Columns and Plans & El
evations- for steel detailing is 
available from Computer Detailing 
Corp. The system is versatile 
enough to create fabrication detail 
drawings of anything that can be 
fabricated. By using visual menus a 
detailer can dramitically increase 
his output with minimal training. 
Any type of fitting for beams and 
columns can automatically be cre
ated, inserted and dimensioned. 
Extension dimensions for the loca
tion of holes and fittings are auto
matically inserted . Version 4 in
cludes a Bill of Material systems 
that not only adds a user forma ted 
bill on the drawing but also will 
create a onsolidated cutting list of 
all material on the job. 

Contact: Computer Detailing 
Corp., 1310 industrial Blvd ., South
ampton, PA 18966 (215) 355-6003. 

Details From Drawings 

The ME2 System from Moun
tain Enterprises prod uces fin

ished details from erection draw
ings built with easy on-screen 
menu choices, by direct entry of in
dividual members, or through a 
combination of both . All programs 
are mouse-based for ease of data 
entry and immediate graphic feed
back. Final detail sheet composi
tion is completely automatic. 

ME2 Version 3.0 offers: easy ac
cess to controlling every aspect of 
your details, including download
ing of CNC data; a simplified but 
even more powerful Erection 
Drawing system; a greater variety 
of already computerized connec
tion types; and enhancements to 
the ME2-CAD Compute and Draw 
system. 

Contact: Mountain Enterprises, 
Inc., 117 East German St., P.O. Box 
190, Shepherdstown, WV 25443 
(304) 876-2534. 
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on-eIte 

Direct communication also 
makeslhe refinement/revision 
ptoceSl much easier, less stress· 
ful. Everybody wln_ nglneers, 
fabricators and owners. 

Communicate directly with 
Design Data about its SDS/2 
Engineering/Fabricator Interface. 
Call 1·800·443·0782. It's time . 

"sonware for the Professionai" 

800·443·0782 402·478·8278 

DESIGN 
DATA 

, 
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