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UNITED STEEL DECK, INC. DECK DESIGN DATA SHEET 

No. 14 
U F1 X OUR NEWEST FORM DECK 

AND UF1XV (VENTED) 

SECTION PROPERTIES (PER FT. OF WIDTH) 

GAGE INCHES I Sp Sn 

26 0.0179 0.040 0.066 0.072 

24 0.0239 0.057 0.097 0.104 

22 0.0295 0.074 0.128 0.136 

20 0.0058 0.091 0.165 0.170 

STRESS 176 
11240 97 
11180 130 
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26 GA. 11240 

1/180 
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11240 183 
fifBO 

SINGlE STRESS 259 
11240 139 
11180 185 
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24GA. 11240 
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1/180 
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22GA. 11240 

11180 
TRIPlE STRESS 453 

112.0 339 
11180 452 

SINGLE STRESS 440 
11240 221 
11180 295 
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20 GA. 11240 

11180 
TRIPlE STRESS 587 

11240 417 
11180 556 
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NOTES 
1. Bottom ftange 01 deck has room Ior~ " darnecer studs; """".2..25 

Compoeite beam and girder tab6ee .. IY8iIabIe on request. 
2. ~ with 1.5% WttIng tor use WIth Insulating filla. 
3. Oth« gages and steel QI'8des are Il\i8lIab1e on special order. 
.. &eel grade used 115 a basIS lor the tab6e .. grade E: Fy_BO ksi 

(ASTM AB11 or ASTM M46). 
5. &andatd fiMhe6 are galvanized (GeO or G9O) or bare (uncoated) steel. Painl8d 

finIsheI are avaiIatb6e on special Otder. 
6. u:.dIlhD¥rm thai are Iiirmad by 'STRESS' are the IoacII thai will JXOduot •• ,... of 

3IIk11. 
7. LoadI shown that are limed b'f '1/240' Of ' WIQ' we the loads that wiI produCe • 

cIeftection of Vl40 or Vl80 01 the IC*'I. 
a on. load thai produces \/240 or V180 deflection 8lCeeds the limiting str8S8 1oIId. 
9. The shaded 1188 in the table indicateI !hit • 200 b. mkMpan oonc:ernt8d load 

would cause a Vl20 deftedlon. 00 no! '* the ~ combination In the Jh8d
ed .... lor Iigttweigtt fllllOOIs 01 lot conc:t'ItIlorms. 
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NEW! 
VERTICAL 
BRACING 

Structural Software Company 
The steel man's computer store 

Jim Bolling, President and CEO of 
Structural Software Company, is a sec
ond-generation steel man. His 15 years 
spent managing a 5,000-100 per year fam
ity fabricating shop gave him the insider1s 
perspective. 

This understanding of the steel 
man~ needs hasshaped every program the 
Structural Software Company markets. 

Our programs speak the language 
of steel, Instead of requiring you to be
come a programmer. And they are de
signed to work with you, the way you work, 
to reduce the lime and the costs between 
the bid and the invoice. 

D Estimating figures laoor and 
material costs and lakes into ac
count everytbing else tbat needs 

happen.The program prices the dozens 
itcms that go into a project, from tbe 

mill to tbe warehouse. Plus, it lets you 
change almost all of the pricing levels and 

labor codes to suit your needs. 

a FabriCAD, our computerized detail
ingprogram, is designed to cut through 
the steel man's most stubborn logjam-
the long waits on details and shop draw

iogs. You can gain control over your schedule 
and budget and smile at change orders. 

Vertical Bracing works hand-in-hand 

with other detailing reatures to automatically 
detail X , Y , K and Knee bracing witb angles, 
double angles, and wide flange tees. It auto. 
maticallydetails the bracing connections on the 
supporting beams and columns and lets you 
locate your work.ing points wherever you want. 
Plus, it gives you an elevation view of any face. 

II Material A llocation lets you de
veloppurchase orders by multingand 
combining your materials. Combine 

materials for mill or warehouse buying, and 
mult against your inventory, to recycle drops 
from previous job. Create cutting lists that win 

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

B If you also sell steel over the 
_ counter, Point or Sale will let 

you offer quotes over the 
phone, based upon malerial, tax,and labor 
costs, as well as the client's credit standing. 

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 
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A 170,OOO-sq.-ft . additlOlI to the Shedd 
AquarIum III C/,;cago Will hOllse whales, 
dolph;ns, seals, sea otters and other maril/(' 
life in a series of five i"terco""ected habitats 
total/illg 3 ",illioll gal/oils. 
Photo: McShalle-Flemillg St"dios 
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Wh n Deadlines Pu h ... 

Push Back. 
You know the Steel Detai l ing business. 

Long days, brutal overheads, last minute design 
changes, a tired staff, errors, shrinking profits and a 
looming deadline. 

So hange the way you do your business ... 
with Steelcad. Steelcad's detailing software 
Aeases your company's drawing produc tivity by 
~o 8 times. Your error factor drops to virtually 
nil , overheads can come way down, last minute 
changes are a ten minute "fix" and the bank won't 
laugh at your balance sheet anymore. 

Steelcad allows you to push produ tivity to 
the point where deadlines become "no problem" 
. .. unless you bring in eight times 
the business. And, of course 
e ight times the profit. 

Sleeicad II 
AUT<lNV'.llC .... r( [ RY 
1'"1[( I I>f IAIIIN<. 

Sleeicad III 
AUI()MAIK D[IAILIN(. 
IROMIRI( 11()NI'lAN') 

all us today for a free 
full demonstration 

550 Alden Rd. S.c. 201 
Markham, Onlario 
Canada L3R bA6 
1-800-387-4201 
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EDITORIAL 

An Unnoticed 
View 

I recently had the pleasure of attending a gala press reception at the 
soon-to-open 170,OOO-sq.-ft. Shedd Aquarium addition in Chicago. 

Since most of the editors and reporters in attendance were from the con
sumer press and were more interested in the new marine life than the 
new structure, it was only natural that the few architecture/construction 
writers huddled together. 

All around us conversations swirled about such topics as the 
need for 364 tons of salt to salinate the water and how exciting it 
will be for schoolchildren in Chicago to see firsthand a 16-fl.-Iong 
beluga whale. 

• 

But I was too wrapped up in my conversation with Dennis 
Doordan to fully eaves-drop on anyone else. Doordan, an 
architecture professor at the University of illinois who is writing 
an article on the aquarium for illimld Architect, was fascinated with • 
the architectural differences between the old aquarium and the 
new. According to Doordan, when viewed side-by-side the two 
sections of the Shedd clearly represent the changing philosophy of 
animal exhibition and the move from pure exhibit space to the 
creation of more naturalistic environments. 

As we toured the facility, we talked about the myriad of 
wonderful architectural features, such as the huge expanse of 
windows, the naturally sculpted rocks, the beautiful curve to the 
pools, and the wonderful millwork in the conference hall. 

Finally, as we stood in the main hall, we looked up at the huge 
steel trusses overhead. We were entranced by the majesty of the 
steel and impressed with the clean connections. We spent several 
minutes talking about the difficult geometry of a curving space 
that required almost every member to be a different size. And we 
were int.rigued by the steps taken to combat the corrosive effects of 
a sa lt-laden atmosphere, including applying silicone caulking to 
various joints. 

After Doordan finished commenting on the architectural beauty 
of the steel, we both smiled. We knew that despite its marvelous 
intricacy, not one aquarium visitor in a hundred will ever even 
look up. And that somehow made the care lavished on the 
exposed structural system even more noteworthy. SM 

• 
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Our Galvanized Nuts, Bolts And Washers 
Are NotYour Average Run Of The Mill. 

At ucor Fastener. ur nuts. bolts and washers are 
not only mechanically ~vanized. they also meet the 
toughest standards anywhere. As a result. you get 
maximum corrosion protection. excellent uniformity 
and no hydrogen embrinlement or detempering. 
Fact is. ur products meet or exceed ASTM-B-695. 
AA !-ITO M29 and Mll..-C-81562 requirements. 
and our nuts are coated with a blue dyed lubricant 
to meet ASTM. FHWA and Slate OOT Slandards for 
optimal torque and tension. Whacs 1"IlOre, U~ manu
jQ,.lltre our ntt!S and bolts in the same /iuiliry. so )OU know 
rhey'll WH' )Ott a compatible fit 

When you add up all these advantages. you get 
fasteners that are way above average. You get superior, 
consistent performance that saves you time and 
trouble on the job and ensures quality long after the 

job is done. And on top of all this. we can te,t for your 
special requirements. we guarantee traceability, and 
our prices are competitive with hot-dipped galvanized 
products. Even better. all the steel used in our l:xJIt:s 
and nuts comes from Nucor Steel and other domestic 
steel mills. Which is one more reason they're not your 
averaf.,>C run of the mill. 

So find out more about our line of galvanized 
products including A325 'tructural b Jlts. A563 heavy 
hex nuts and F436 washers. We mamtain an inventory 
of popular sizes for immediate deltvcry 

Call 800/334-8397. in-statc 219/337-5611. FAX 
219/337-5394. Or write ucor Fastener, POSt Office 
Box 6100. St. Joe, Indiana 467 5. 
~ GtLrn'-YT::::r-J'-3"V-) 3:T""'>, { 

A D!\1SIUn l"Jt /':uo:,r C"'T'-T.lIlI'Il 



The top 10 in the ENR TOP 500, 
23 out of the top 25, 

45 out of the top 50, 

And the list goes on ... 

STAAD-Ili/ ISDS, the world's most popular and widely used structural engineering software 
is being used by all of the top ten companies on the ENR TOP 500 (1990) list of design firms. 
Out of the top 25, STAAD-lii/ISDS is being used by 23 companies, and out of the top 50, 45 
companies are STAAD-Ili/ISDS users. With six offices in four continents, serving 15000 
users with 5000 installations worldwide, ST AAD-lii/ISDS is the world's first choice when it 
comes to structural engineering software. 

Release 12 series of the ST AAD-lii/ISDS 
software is equipped with CAD oriented 
model generation, numerically efficient finite 
elements unparalleled in speed or preci
Sion, state-of-the-art equation solver and 
integrated steeVconcrete/wood/aluminum 
design per the latest codes. 

I RESEARCH I11III:: ENGINEERS, INC. 
}40 Uppincolt Dnve, Marlton, NJ 08053 

Phone: (609) 983-5050 Fax: (609) 983·3825 Th: 4994385 
For sales inrormalion in the U.S.A ca ll1 -800-833·1SDS. 

• STAAO-III/1SDS IM.I~_ determined II)' R.aeardl Enpncera, Inc. rrom the £NR TOP 5001 .. 1 publl.hed If! the £Nit maPl'M (Apnl S, 1990). 

Join u.s for the 4th Annual ST AAD-I1I/ISDS Seminar, November 1-4, 1990 
aJ the HyaJt Orlando in Florida. 

• 

• 



STEEL TECHNO LOGY 

• 
Integral Bridge Design 

Is On The Rise 
The use of integral abutments for continuous bridges is 
becoming commonplace and the length is increasing 

• 

By Martin P. BUIke, Jr., P.E. 

Both in the U.s. and Canada, 
integrated bridge construc
tion is becoming the primary 

response to joint related bridge 
damage caused by the use of deic
ing chemicals and the restrained 
grow th of rigid pavements. In 
most cases, engineers have found 
that bridges without deck joints
integral bridges-have performed 
more effectively since they remain 
in service for longer periods of 
time with only moderate main
tenance and occasional repairs. 

While using integral bridge con
struction causes some secondary 
stresses, it has been found that sig
nificantly more damage and dis
tress has been caused by the use of 
deck joints than by the secondary 
stresses they are designed to 
prevent. In addition, elimination of 
costly joints and bearings-a nd the 
details and procedures necessary 
to permit their use-generally 
result in more economical bridges. 

onsequently, bridge engineers are 
increasingly wi lling to relinquish 
some of their control of secondary 
stresses to achieve simpler and less 
expensive bridges with greater 
overall integrity and durability. 

Continuous Superstructures 
Current design trends for con

tinuous superstructures received 
their start more than six decades 

• 
ago with the publication of a paper 
by Hard y Cross that introduced 
moment distribution and thus 
began the practice of avoiding 

Pictured above;s a 
State Route 739 bridge 
over US 33 ill Uuion 
COl/lily, 01110. TIle 
illtegral abutme"t detail 
shown at riglll 15 from 
tile Ollio DOT. Evell 
though thert' are 
.. ,,,,lIarilles between 
01uo'5 abufnrtnt details 
and those of otlrer statt'S, 
lIu're also art dIfferences 
tllat "f/eet tile tYP"S of 
bridges hemg hI/lit. 

PO'OIiI 

DOt" j ., , 
" , 

.... 

~ 

• 
• 

O'iff O" ! 

• 

t ~ UTIO~. 

SII; EW MAX 

30· 00 
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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 S e rv ic e s 

p.o. Box 660 Lake C,ty, TN 37769 
PH: 615-426-9634 FAX: 615-426-6454 

RISA·2D 
Rapid Interactive Structural Analysis 
• VefY Easy 10 Use 
• ExtensM! Graphics _11- , Irl 
• Braced Frames 
• Moment Frames _f'- - -

• TIUSSeS '.Li' ~ . " 
• Continuous Beams \ ..... l!!1 
• Shear Walts pc ...... 

Here's what our users are saying: 
"We looked at 20+ frame analysIs programs and 
RISA·2D had the best combination of features. ease 
01 USe and pflee. RISA·2D isn 'f the only program we 
have, bur it 's the only one we use " 

- Ed Triece 
Jose I. Guetta, Inc 
Austn, Telas 

"You have produced an excelent and very useful 
product aur compliments to the chef/" 

- Milton Alpern, P E 
Alpern and Soler Consunrtg Engnee<s 
/leImote, New Yorli 

"n.. ~ /he " ·203 ' 0/ -"'9 ptOfJfBms " 
- Marl! Jo/<etS' 

FMlIIEIseSSlJ( E-", Inc. 
San Franasco, california 

For a Demo, call: 1 (800) 332-7472 

STEEl TECHNOlOGY 

troublesome deck joints at piers by 
providing continuous superstruc
tures. 

During the next half century, 
the industry moved from riveted 
field splices to butt-welded field 
splices and finally to high-strength 
bolting. 

Currently, it appears that more 
than 85% of the transportation 
departments are using continuous 
construction for multiple-span 
bridges. 

Also, the number of spans has 
increased. For example, the Long 
Island Bridge at Kingsport, Tenn., 
was constructed in 1980 with 29 
continuous spans with an overall 

operate at very high stresses, stres- • 
ses that cannot be easily quan
tified. These stresses are Sig
nificantly above those permitted 
by current design specifications. In 
this respect, bridge engineers have 
become pragmatic. They would 
rather build less expensive integral 
bridges and tolerate these higher 
stress than build more expensive 
jointed bridges with their vul
nerability to destructive pavement 
pressures and deicing chemica l 
deterioration . 

Integral Bridge Details 
Even though there are 

similarities between the integral 
abutment details used by various 

t..;ons I , 

" ShOW/1 at "ght ;s the 
Nori/, Dakota DOT's 
integral ablltme"t detail . 

,. Se, e e I 
!lOe ~ 1 

Sfu ..... 

L.J MI AT 10'-1$ 
SKEw ~Al( I.. 

O· l SO 
30· 100 

length of 2,800' center-to-center of 
abutment bearings without a 
single intermediate jOint. 

Integral Abutments 
Following the successful in

tegration of multiple-span bridges 
to continuous spans, transporta
tion departments also began a 
similar practice of building bridges 
without deck joints at abutments. 
In 1946, Ohio's initial length 
limitation for its standard con
tinuous concrete slab bridge was 
175'. Currently, 11 states are build
ing bridges with integral abut
ments with lengths in the 300' 
range, and Tennessee reports 
lengths of 4()(J' for continuous steel 
bridges, while Missouri reports 
steel bridges in the 500' range. 

I. 

transportation departments, there 
also are important differences. 
Most critical are the wide variety 
of methods engineers have used to 
deal with passive pressure and 
with pile stresses. 

To minimize passive pressu re 
developed in abutment backfill by 
an expanding integra l bridge, 
design engineers have used a num
ber of controls, devices and proce
dures. 

These include: limiting bridge 
length, structure skew and the ver-
tical penetration of abutments into 
embankments; using select 
granular backfill and uncompacted 
backfill; providing approach slabs 

• 

The attributes of integral 
11900 Sky P.,k C.IC~ , SUile 106 RlSA I bridges have not been achieved 

L-11V_'ne_,_C_A_9_27_14 ______ ,,_,_""_O_,O_G_,,_,-' without cost. Parts of these bridges 

to prevent vehicular compaction of 
backfill or to permit the use of 
backfill voids behind abutments; . 
using embankment benches to 
shorten wingwalls and using 
suspended turn-back wing wa lls; 

10 I Modern Steel ConstructIon July-August 1990 



• 

• 

and usmg semi-integral abutment 
d""ign, to eliminate passive pres
sure below bridge seats. 

Knowing that longitudinal for
ces in super>tructures are related 
to the resistance of abutment pile 
foundations to longitudinal move
ment, engincers have dealt with 
pile stresses by: limiting the foun
dation of mtegral bridges to a 
single row of slender vertical piles; 
limiting the pile types; orienting 
the weaJ.. axis of I I-piles normal to 
the direction of movement; using 
pre-bored holes filled with fine 
granular material for piles; provid
ing an abutment hinge to control 
pile fle,ure; limiting structure 
skew; and using semi-integral 

& 'If .... 
C to _4 ,. fd 

""tq t. 

'-'" ,'l' f' 

eo~ II 

, " 

recommends that a study of the 
bridge layout and existing joint' be 
made" ... to determine which jOints 
can be eliminated and what 
modifications are necessary to 
revamp those that remain to pro
vide a,? adequate functional sys
tem .... 

For unrestrained abutments, 
" ... a fixed integral condition can 
be developed full length of the 
shorter bndges. An unrestrained 
abutment is assumed to be one that 
is free to rotate, such as a stub 
abutment on one row of piles or an 
abutment hinged at the foot
ing ... where feasible, develop con
tinuity m the deck slab. Remove 
concrete as necessary to eliminate 

SiloWI/ at left is tile 
TI'I1I1l':,"i'(' oars /lltegrnl 
nlmtmrllt detml 

'S' • 0 

abutment designs for longer 
bridges to minimiLe foundation 
restraint to longitudinal move
ment. 

Integral Conversions 
Following the trend toward the 

use of continuous construction and 
integral abutments, transportation 
departments are beginning to 
retrofit existmg multiple span 
bndges from simple to continuous 
span. Presently, about 30% of the 
transportation departments 
studied have converted one or 
more bridges. 

To give some direction to this 
movement, the Federal Highway 

• 
Admini~trat1on has issued Techni
cal Advisory TS140.16 "Bridge 
DecJ.. Jomt Rehabilitation 
(Retrofit)." In part, the advisory 

existing armoring, and add nega
tive moment steel at the level of ex
isting top-deck steel sufficient to 
resist transverse cracking." 

Although too recent to con;ider 
as a design trend, conversion of 
non integral to integral or semi-in
tegral abutments for both single 
and multiple span bridges has 
begun. 

Marllll P. Bllrke, /r., ,s a bridxe 
consllllan' willi '"l' fllgineerhrt< amt 
arc/llleelllral firm of Bllrxess & Nil,k, 
Ltd., Coillmblls, Ollio. Tllis arlicle is 
based 011 doum""lali",, ,itcl'l!lol'cd for 
NCHRP Sy"llles,s 141 , "Bridge Deck 
/oilll, ," alld tire !,aper "/IIlegral 
Brld,~es" Illal lie delivered at tI,e 
Trall'porlalicm Researcll Board's 69111 
A'lIIlIal Medillg III/ali/lOry, 1990. 0 

THIS IS NOT THE TIME 
TO FIND IT DOES NT FIT 

Having trouble getting good detallers? 

Testimonials from our 
overseas clients venfy 

our compelency and abilily 
to deliver on schedule 

.,hey". .... ~b'mtltld",~ conMt.t"1y 
""".ell .,. «onom1C .nd whtCIt ". ..... >d«I lIS 

10 obi."'. ~o.llInt,'" .".,.. of'he mil,'.' 
~"'u.d1O ''"fI1t ,,.~., 

• ,.', dls'~"'Y tram t,.,.. (80s} h(>Irte l»M 

For complete steel detailing 

BOS TECHNICAL SERVICES PTY LTD 
80 Tribune Street, South Brisbane 4101 

AUSTRALIA 
Ph 617844 8093 Fax 6178462842 

The Best Selling 
Civil/Structural Program Since 1987 

II ANALYSIS II 
• 20 3D Fnme Truss Pine Shen 
• SUllie P·[Hltl oynvntc RSA An;alys., 
• Cilp;ab!e of 1000's of jOlnu ;and 100·, of 

load cases 
• MO'Iln, load ,enenlor 
• Intenctlve ,eometry. deflection. mode 

shape. plou 
• InlenetlYf: shcar i1nd moment d.acnm piau 
• AISC Llbnory mcluded 

II DESIGN U 
• Interactive ,rilphlc menu driven de.5l,n 
• Continuous beam. sectlOfl properties. 

frequenq ulculilllOflS 
• AISC code eheek and $lI.In, Includ.n, LRFo 
• ACI colUfM. beMn. foot In,. reUIl"lln& wan ~tn 
• Deilln deu.b un be tx.ItpYt to AUTOCAo 
• bullent m report pr6entiltlOM 

II SATISFACTtON GUARANTEED" U 
• See tx.Ir brochure for deu.ls 
Supports DOS OS2 opentlon systems 

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

l~"'. P.o . • 0' 7ll • 
.. Fremont. CA '45U·7116 
• (41 5) 795--0509 

Fu (415) 795·0'" 
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STEEL NEWS 

Seismic Issues Prove Popular At 
Structures Congress • 

By Nestor Iwankiw, AISC Direc-
tor of Research and Codes 

Seismic sessions dominated this 
year's American Society of 

Civil Engineers' Structures Con
gress both in frequency and inter
est generated, though other 
popular sessions included a dis
cussion of the proposed world's 
tallest building and a review of the 
acclaimed Bank of China project. 

The Eighth Congress, which met 
in Baltimore April 30 - May 3, at
tracted more than 500 registrants 
from the U.s., Europe, Canada, 
Mexico, Japan, and Australia. 

nized seismic expert gave an im
passioned plea for the need to 
recognize the real hazard that 
earthquakes represent to a stand
ing-room only audience. He also 
suggested building design code 
improvements to minimize the 
risk. (see March-April 1990 Modem 
Stee' COl/slrllcliol/ for complete 
coverage). Bertero is scheduled to 
give a series of T.R. Higgins Lec
tures. For information, contact 
Robert Lorenz, director of educa
tion and training, AISC, One East 
Wacker Dr., Suite 3100, Chicago, IL 

60601-2001 (312) 670-5406. 
Perhaps the only criticism that 

can be leveled at the Structures 
Congress is a lack of a complete 
written proceedings that would 
have clearly captured the thoughts 
and ideas of all of the speakers for 
future reference. Instead , one- to 
two-page abstracts were available. 

The Ninth ASCE Structures 
Congress will be held April 29 -
May 1, 1991 , in Indianapolis. For 
more information, contact the 
ASCE, 345 East 47th St., ew York, 

Y 10017-2398 (212) 705-7350. 0 

Session topics ranged from 
general discussions of the design 
of bridges and buildings to special
ized topics such as blast-shock 
loading and tension-fabric struc
tures. 

Bank Of China Tower 

Particularly memorable was a 
presentation by Charles Thornton, 
P.E., president of Thornton
Tomasetti, P.c., ew York City, on 
the new Miglin-Beitler building in 
Chicago. The building, which is 
still in the design approval stage, is 
planned to rise 120 stories, making 
it the world's tallest. 

One of the major problems in 
designing this structure is to deal 
with tenant comfort due to the 
large amount of lateral motion in
herent in a building of this height. 
The engineers are dealing with the 
serviceability issue by designing a 
composite structural system using 
concrete to stiffen the s teel frame. 

Another mega-project, the Bank 
of China Tower in Hong Kong, 
was discussed by Leslie Robertson, 
parhler with Leslie E. Robertson 
Associates, New York City (see ac
companying ar ticle). 

One of the most popular ses
sions was offered by Vitelmo 
Bertero, a professor at the Univer
sity of California-Berkeley and this 
year's AISC T.R. Higgins Award 
recipient, as well as ENR's Man of 
the Year award. The widely-recog-

COl/deI/sed from a talk by Leslie 
Robertson, partner, Leslie E. 
Robertsol/ Associates, N.Y. 

T he 72-story Bank of China 
Tower in Ilong Kong was 

completed in 1988 and is the 
world's fifth tallest building. 

Its location resulted in special 
design considerations, such as the 
need for 4"-thick slabs, (which 
meant floor construction weighed 
50% more than required in the 
U.S.), calculated live loads that 
were twice those required in the 
U.s., and wind loads that were 
twice those required in Chicago 
and four times larger than the se;s
mic forces required in Los Angeles. 

The unique building provided a 
step forward in the evolution of 
the structural engineering field. A 
megastructure composed of a pure 
space-truss, consisting of plane 
frames of structural steel bonded at 
their corners by columns of rein
forced concrete, is used to support 
almost the entire weight of the 
building, including most of the 
weight of the service cores. That 
same system also is used to resist 
the lateral thrust of the typhoon 
winds. The central column, as well 
as most of the minor columns of 
the service cores and all of the 
minor perimeter columns, are car-

U I Mt.'ldern 5 1(>('1 ConstructJon J ulv~August 1990 

ried by the megastructure to the 
four corner columns that form the 
170' X 170' building. 

By making use of a kind of logic 
in eccentriCity, the system allows a • 
moment-free transfer between the 
structural steel columns of the 
plane frames and the composite 
steel/concrete columns of the 
megastructure. This is accomp
lished by enfolding the edge 
columns of the plane frames in 
reinforced concrete. The combina-
tion creates a three-dimensional 
framework, but without the need 
for three-dimensional connections 
in the steelwork. Cross-grain ten-
sion in the steelwork is completely 
eliminated in the mega tructure 
framing . The system also allows the 
use of larger fabrication and erec-
tion tolerances for the steelwork. 

Despite the building's irregular 
and eccentric form, it resolves the 
lateral thrusts from the wind and 
mlmmlzes the static and the 
dynamic components of wind-in
duced mass and the volumetric 
centers can be kept in rigorous 
alignment. 

The steel contractor reports that 
the quantity and the cost of weld-
ing are but one-fourth of that. 
which they consider normal for 
high-rise construction. 0 
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HISTAR@ 
A new generation 

of rolled beams 
and column sha.,.. 

for economical 
steel construction. 

Once again, ARBEO leads the 
Industry by fealuring a lrendseltlng 
combination of mechanical, 
chemical and technological 
propertles ~ 

INNOVUORI or IftIL CWi.aGCTJOII PRODUCTS. 

• HIGH YIELD STRENGTHS (up 10 
65 KSI). even for ultra-heavy 
sectlonl. 

• OUTSTANDING TOUGHNESS 
PROPERTIES. 

• EXTREMELY LOW CARBON 
EOUIVALENT - enlures excei· 
lent weld.bUlly 

II NEW PROCESS ..• OST. 

The Merel Is In ARBEO'. revolu
tionary new In·llne O8T proc ... 

OTHER RECENT _ED 
INNOVATIONS: 

ARBED·ROu.ED "'., 44', oM 
''TAILOR-MADE'' (WTM) lerles -
famoue 'Of high Mellon moduli. 
grM' 1.leral buckling reslst.nce, 
and big saWlngsln fabrication 
COItl Met wetgnts These products 
.re Ilea 8Vl.llable In the new 
HISTAR quality II Is our standard 
WF ..,... and H BEARING PILES 

NEW LITEMTUM AVAILABLE 

!lend now for complete dlila on all 
these ARBED products, contKI 
Trad. ARBED. INC .• 825 Third 
Ave., New York. NY 10022. (212) 
486·9890. FAX 212-35521!1411242'. 
In Canada TradeAABEO C.nada, 
Inc_. 3340 Malnway. Burlington, 
On1arlo, Canada L7M 1047 
(418)3355710, FAX 416-3351292. 



STEEL NEWS 

Exposed Steel Chosen For O'Hare Airport • 
Chicago's O'Hare Airport will 

soon have another architec-

._
~.-- ,..,.. i..oN ... _ICI ... 

tural gem: Construction has finally 
begun on the long-awaited new In-

ternational TerminaL 
As has been the trend with other 

recent projects at the airport, in
cluding the award-winning United 
Airlines Terminal and the renova
tion of the American Airlines Ter
minal, exposed steel will play a 
significant role in the project's 
design. 

"There are exposed hollow 
structural sections in the front to 
create a high-tech expression," ex
plained August Battaglia, associate 
principal with Perkins & Will, 
Chicago. "But it's different from 
the American and United terminals 
because it's lighter and lacier. We 
designed a modern interpretation 
of the traditional train stations 
from the turn-of-the-century." 

The hollow structural sections 
were chosen to create a simpler 
structure visually. "They' re less 
bulky than wide flange shapes," 
Battaglia explained . 

• 
_____ .;;;;;;;;;;;;;;;;_..;;_.;;;;;;;;;;;;;;;;;;;;;;.;;;;;;;;;;;;;;;;;;;;;;;;;;;;,;;.~ Perkins & Will is the project ar-

.., I chitect/ engineer in aSSOCiation . 
with architect Heard & Associates, WE BEND STEEL 

DOSCO 

WIDE FLANGE BEAM, CHANNEL 
T SECTION, ANGLES 

RECTANGULAR TUBE 

STRUCTURAL & DECORATIVE 

CALL GARY BEDWELL 
7036284157 
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Ltd ., and engineer Consoer, Town-
send & Associates. Joint venture 
construction managers are Gilbane, 
UBM, Globetrotters Engineers, d'
Escoto, and Rubinos and Mesia En
gineers. 

The terminal's dramatic glass
enclosed ticketing lobby features a 

, large exposed-truss roof system. 
Typical truss spans are 35', with a 

I 
maximum span of SO'. The roof is 
arched, with a low-point of 14' and 
a high-point of 52'. The structure is 
designed with a moment-resisting 
frame with 40"-deep structural 
shapes over the lower level. The 
basement is laid out on a 30' x 40' 
grid. 

"We mostly used fully-rigid mo
ment resisting connections and 
rigid frames to resist the lateral 
earth pressure from th weight of 
the aircraft," explained Mark Zahn, 
project structural engineer. The 
structure will use in excess of 9,500 
tons of A36 steel. 

The 20-gate, 1,049,OOO-sq.-ft. ter- • 
minal is schedu led for completion 
in the summer of 1993. 0 
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LRFD Loads 

I n the article "LRFD: The Quiet 
Revolution," appearing in the 

May-June issue of Modem Steel COII
structiOlI, the probabilistic basis for 
LRFD is illustrated by a diagram 
that I have always considered mis
leading at best. The same diagram 
appears in the LRFD Mallllal of Steel 
COIlstructioll. 

The diagram "portrays" the 
probability of failure of a structural 
element having random resistance 
R, under random load Q by the 
area where the two corresponding 
frequency distributions cross. 
Several well known engineers have 
equated that area to the probability 
of failure, which is just plain 
wrong. Many students have 
probably jumped to the same 
wrong conclusion. Beyond observ
ing that unless the two frequency 
distributions overlap, the prob
ability is either ?ero or unity; and if 
the coincide the probability of 
failure is not unity (even though 
the overlap area is unity), not much 
more useful information can be ob
tained from the overlap concept. 

Unless someone can define a far 
more significant relation between 
overlap aTea and probability of 
failure than has been done to date, 
let us do away with that concept al
together and hope as few people as 
possible have been misled by it. In
stead, there are four simple, mathe
matically correct diagrams, two for 
the probability of failure and two 
for the probability of survival. They 
are the area under a transformed 
distribution, obtained by multiply
ing either of the above two basic 
frequency distributions by the ap
propriate cumulative frequency 
distribution of the other. 

DOllglas II . Merkle, Ph.D., P.E. 
Associate 
Applied R,,,,,arch Associates, Illc. 
Tylldall Azr Force Base, Fla. 

Brllce Ellingwood, Professor of 
Civil Engineerillg at n,e /0/1115 
HopkitlS U"iversity, Baltimore, 

• respollds: 

Mr. Merkle is correct in his ob
Sl'rvation that the shaded 

LEITERS 

area appearing in the diagram of 
frequency functions of load effect, 
Q, and resistance, R, b not the 
probability, P(P,Q), that R is less 
than Q. However, the possibility of 
failure indeed stems from the over
lap in the frequency functions. 

The figure above provides the 
correct interpretation. The curve 
labels fR(x) is the denSity (frequen
cy) function of R; it is the theoreti
cal counterpart to a histogram, and 
is used to describe the probability 
that the resistance takes on any of a 
set of values. For example, the 
shaded area to the left of x is the 
probability that R is less than or 
equal to x; this probability is 
defined by the distribution func
tion, FR(x). The density function 
fQ(x) provides similar information 
onQ. 

If load Q is determined and 
equal to x, the probability P(R,Q) is 
simply FQ(x). Of course, load Q is 
not deterministic; it is a random 
variable with poSSible values 
described by fQ(x). Thus, to obtain 
P(R,Q), we must weight FR(x) by 
the probability that Q=x. Mathe
matically, we have, 

P(R<Q) - ~ FR(x) P(Q=x) 
x 

or, in integral form, 

P(R<Q) = j FR(X) fQ(x)dx 

The latter equation is the con
volution to which Mr. Merkle 
refers. This summation (integra
tion) cannot be portrayed con
veniently in a two-dimensional plot 

such as the one above. 
The diagram appearing in the 

Commentary to the LRFD 
Specification for Structural Steel 
Buildings (pp. 6-144), should be in
terpreted similarly. 

Earthquake 
Reinforcing 

I could not help but huckle at 
the caption accompanying two 

pictures of a five-story building on 
page 11 of your May-June issue of 
Modem Steel COII,truetlOlI reading: 

"Surprisingly, a relatively new 
five-story concrete office building 
came through the earthquake un
scathed. Upon closer znspection it 
becomes apparent that damage 
was most likely prevented by rein
fOTCIng the soft . tory with steel
braced frames." 

I know this building well. It is 
situated on Iloward Street in San 
Francisco. If I remember correctly, 
this building WAS damaged by 
the October 1989 San Francisco 
Earthquake, and the bracing was 
installed AFTER the earthquake. 

Dar,id S. Elzadznr, P.E. 
Consllllallt 
Sallsalito, Cal. 

We are new members f AISC 
and have just started 

receiving our is,ue of M(~/em Steel 
COllstruetioll. n page II of the 
May-June 1990 issue is a picture of 
a building which is not only where 
our office is located , but also a 

Continued on page 16 
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Letters, Cont. crete. The upper two stories are 
constructed of structural steel, 
with metal deck and concrete 
noors. The lateral system for the 
building is predominantly con
crete shear walls and one pair of 
steel-braced frames which extend 
the entire height of the structure. 

building which was designed by 
my father's consulting engineering 
firm. 

To set the record straight, the 
comments made were incorrect. 
First, the building is a six-story 
structure whose first four noors 
are constructed of reinforced con-

Ln>OII H. Nishkiflll, C.E. 
Presidelll 
Nisl!kioll olld Associoles 
Sail Frallcisco 

11111~.~.t 

The 
BURCO STUD PAK 

OUR TRADEMARK -

DURABILITY, QUALITY 

AND REliABILITY! 

TOWABLE ARC STUD WELDING SYSTEM 

1600 AMP and 2600 AMP 

An Innovative Engine Drive Concept wllh capac lUes to handle 
up to 7/8" Studs 

• low Profile · Only 56" HIOh 

• low Weight Only 4.400 Ibs 

• Convertible to skid mounted II the job sIte 

• Coal about 40-1. lowar than conventional systems 

Power Systems 
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Architectural • 
Award 

Entries Due 
August 4 

A ll entries for the 1990 Ar
chitectural Awards of Excel

lence competition must be sub
mitted by August 4. This 
AISC-sponsored biennial award 
program recognizes and honors 
outstanding architectural achieve
ment in building design. 

Entries can be submitted by any 
registered architect practicing 
professionally in the United States. 
All submitted projects must have a 
steel frame, though the steel does 
not have to be exposed. Also, the 
project must have been designed in 
the U.s. and the steel must have 
been fabricated and erected in the 
U.S. For mOre information, refer to • 
the competition rules and entry 
form on pages 17-18 of this issue. 

Winning architects will be 
honored at an evening banquet on 
December 5, 1990 in Chicago. The 
award-winning projects will be 
featured in the ovember-Decem
ber issue of Modem Sleel COllslrlle
t;Oll . 

1990 Jurors 
jurors for the 1990 competition 

include: 
Robert Beckly, dean of the Col

lege of Architecture and Urban 
Planning, University of Michigan, 
Ann Arbor, Mich.; 

j. Robert Hillier, chairman, The 
Hillier Group, Princeton, .j .; 

joseph T. Colaco, principal, 
CBM Engineers, Houston, Texas; 

Silvester Damianos, principal, 
Damianos Brown Andrew, Inc., 
Pittsburgh, Pa ., and current presi
dent of the American Institute of 
Architects; 

Thomas W. Ventulett, 111, prin
cipal, Thompson, Ventulett, Stain- • 
back & Associates, Inc., Atlanta, 
Ga. 
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AISC 1990 ARCHITECTURAL AWARDS OF EXCELLENCE COMPETITION 

COMPETITION RULES 

Eligibility 

AI registered arcNlects prac1icing prolesslonally In !he Unilild 
SlaIn are InvIIad III enIIr steeI·lramed blilclngs ollhelr design oon
IUucI8d anywhere In !he United Sialts (!he 50 staltl, 0Istrid 01 
CoUnbia and all U.S. 1tIItIof1tI), and c:ompltlild do.MIng calendar 
yen 1987, 1988 and 1989. Each blActlg must haw been 
dfI91td, Iatx1c8led and erecItd In !he U.S. 

The structural frame of the building rrust be steel, al· 
lhough H Is not 8 requirement that the ateel be expoaed 
or 8 part of the archHecturaJ expression. Buildings 01 811 
claasHlcatlons are eligible, wHh equal e~hasls given to 
all Sizes and types In the judging. Older buildings which 
have undergone major reoonslructlonirehabilHatlon 
using steel 8S the major structural material also are 
eligible lor entry \I they meet all other requirements 01 
this compathlon. There Is no limn to the number 01 
entriea by any Individual or firm. Buildings named as 
previous ME winners will not be eligible, except In the 
rehabllhatlon category. 

Method 01 Presentation 

Each entry shOuld be submitted In an 8 In x II" 
binder containing transparent wlnclow sleeves lor dis· 
playing Inserts bad< to bad<. The entry lorm Included In 
the brochure rrust be easily removable, so that the Iden· 
tHlcatlon 01 the entry can be concealed during Judging. 
All Information requested on the entry lorm must be In· 
cluded. 

Awards 

Winners will be notHled belore August 30, 1990. 
Public announcement 01 the winners will be made In the 
November/December Issue of Modem Steel Construc· 
tlon magazine. Award presentations will be made to the 
suc:c:easlul archHects' representative on the evening 01 
December 5, 1990, at the AISC Ninth Annual Awards 
Banquet In Chicago. Local awards not presented at the 
banquet will be presented later to recognize owner, 
general contractor, structural steel labrlcator, structural 
engineer and erector as appropriate lor each winning 
structure. 

All entries will be retained by AISC lor publicity pur· 
poses. The use of any entry's submitted data, detail 
andlor photographs by AISC shall be unrestricted. 

Entry Requirements 

An Miry must consist of an Miry foem, photognlphs and 
descriptive data, all as deaaibcd below: 

Entry Form 

Enlry Form must include the following: 
1. Name, locaIion and completion dale of the building. 
2. Narne, mailing addr=, Iclepbone nwnber and conlaCt of 

the following: 
Archi1eCt 
General ce,UI8CIOr 
S t.eel erecwr 

Photographs 

StruclW1l1 engineer 
St.eel fabricalOr 
Owner 

1. 8' x 10' color prints should Include a minimum 01 
two exterior photographs, showing all principal exposed 
sides 01 the building or building group, several Interior 
photographs, any Innovative or outstanding applications 
01 steel that might not be evident In exterior 
photographs. Similar 35 MM color slides are helpful. 

2. Photographs (B & W or color) or 35 MM color 
slides 01 the building under construction and showing 
portions 01 the structural steel framing are encouraged. 

3. All photographs should be 01 prolesslonal quality 
and must be previously cleared lor use by AISC In 
publlchy and publications. 

Descriptive Data 

The lollowlng descriptive data Is required: 
1. An archHectural description 01 the owner's require· 

ments, the design solution, the building's outstanding 
leatures and reasons lor using a structural steellrame. 

2. A sUe plan, a lloor plan and any details that ampllty 
andlor clarity archhactural description. 

All descriptive daIa must be on 8\1' x II " sheets. 

Deadline for Submsslon 

Entries must be postmarked prior to August 4, 1990 
and addressed to the Awards Committee, American In· 
stltute 01 Steel Construction, Inc., One East Wacker 
Drive, Suite 3100, Chicago, IL 60601 ·2001 . 

Modem Steel Construction July·August 1990 11 



AISC 1990 ARCHITECTURAL AWARDS OF EXCELLENCE COMPETITION 

ENTRY FORM 

Entrydate: 

Nameofbuilding: ________________ _ Completion date: 

Location: _ ________________ -'City. state. zip: ______ _______ ____ _ 

Descriptive data: Attach separate sheets (see completion rules) 

No. of photographs enclosed: B&W _ ___ _ Color prints _____ _ 35 MM slides ____ _ 

Arch itectural Firm: 
Phone 

Address: 
Street Ctty and State Z'p 

Person to Contact: 
T.t'e 

Structural Engineering Firm: 
PhQ"" 

Address: 
Street Crw and State lop 

Person to Contact: -----------------------------------""-C--------Tille 

General Contracting Firm: -------------------0.:=-----------------
Phone 

Address: 
Street City and State Z'p 

Person to Contact: -------- -------------------------,"'"c--------Title 

Steel Fabricating Firm : 
Phon, 

Address: 
Street Z,p 

Person to Contact: 

Sleel Erecting Firm: 
Phone 

Address: 
Street Clly and State Z,p 

Person taConlae!: 

Owner: 
PhOne 

Address: 
Slreet City and State 

Person to Contact: ______________________________ =,--_______ _ 
Title 

This entry submitted by: 

Name: ______________________________ ~~------
Tille 

Firm: 
PhOne 

Addr. ss: ______ ~~--------------------------------""~~~--------------~--------------Street City and State ZIP 

(AddltKJII.1 entries m.y be sublmtted 011 c~s of tflls 101m' 
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AISC Design Guide Series 

0803 Serviceability 
Design Considerations 
For Low-Rise Buildings 
(Fisher & West, avail
able summer 1990) 
$ 16.00 
Steel Design Guide Series 
No. 3. Numerous service
ability design criteria exist, 
but they are spread 
throughout many different 
sources and documents. 
The purpose of this design 
guide is to gather these 
criteria together for a dis
cussion on serviceability. 
The serviceability require
ments of deflection. vibra
tion , and drift are dis
cussed in detail. 

0802 Design Of Steel 
And Composite 
Beams With Web 
Openings 
(Darwin, 1990) 
$16.00 
Steel Design Guide Series 
NO. 2. Web openings have 
been used for many years 
in structural steel beams, 
This design guide sum
marizes the criteria for the 
practicing engineer and 
reviews the recent re
search and history of web 
openings. It presents a 
new unified approach to 
both steel and composite 
beams with web open
ings, including the require
ments for reinforcement, 

0801 Column Base 
Plates 
(DeWolf & Ricker, 1990) 
$ 16.00 
Steel Design Guide Series 
NO. 1. This design guide 
contains a compilation of 
existing information on the 
design and erection of 
base plates for steel col
umns in buildings. The in
tent is to provide engineers 
with the research back
ground and an under
standing of the behavior of 
base plates and to present 
information and guidelines 
for their design and erec
tion. The design of anchor 
bolts also is covered. 

AISC Design Guide Series Order Form 
Nome 1, 0803 (price x number _) = S 

Company 2, 0802 (price x number _) = S 

Street/P,O, Box 3, 0801 (price x number _) = S 

State Zip Subtota l $ 

Phone ( Soles Tax (NY-CA-IL residents) $ 

AISC Membership No, TOTAL AMOUNT ENCLOSED $ 

Method Of Payment: (please enclose payment with order, Sorry. no C ,O.D, orders. American currancy only) 

VISA 0 MASTERCARD 0 Check or Money Order 0 

Cord Number Expiration Dote ______ _ 

Signature X _____________ _ 

Moil To: AISC 
P.O. Box 806276 
Chicago. IL 60680-4124 

PHONE ORDERS: AISC 
(312) 670-2400, ext 433 

(please have your credit cord ready) 
Fox: (312) 670-5403 
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• Wet 
And 
Wild 
Steel supports 

provide strength and 
the desired beauty • 

on waterslides 
throughout the 

country 

F
or much of the country, thoughts 
of Florida conjure two images: 
beaches and Disneyworld. But if 
the folks at Disney have their way, 

the two images will soon become 
synonymous. 

Last year Disney-to rave reviews
opened Typhoon Lagoon, one of the 
rapidly increasing number of water parks 
throughout the country. "Waterslides are 
increasing in popularity, especially as 
people become more concerned with pol
lution at beaches," explained Michael 
Desrosiers, marketing director with Pro
Slide Technology Inc., St.-Sauveur-des
Monts, Quebec. "Waterslides provide a 
controlled environment and the filtration 
equipment ensures that the water is crys
tal clear." 

ProSlide, one of the four largest 
waterslide manufacturers in orth 
America, was founded in 1986 and has al- • 
ready completed close to 70 major instal
lations with more than 200 waterslides, 
mostly in the United States. The Orlando 
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Typhooll lAgooII (opp,,.,le page) is 
Dislleyworld's versioll of a waler park. It's 
considered n medium-sized ;1Istallalio1l 
with two "fast- tracks" QlId tltree giant 
HtUJisters", Unlike most water parks. 
however, DIsney chose to enclose the steel 
support system with", artIficial rock. 

The steel structural system essential to 
aI/large waler slides is better setll all Jekyl/ 
Islalld ill Georgia (aim", alld right). Two 
speed slIdes are alll..'ilys 1",lIt side-by-side 
(HId supported off of OtiC column . A wide 
flange beam is Ilsed to support either side. 
The slide sl,oum has a typIcal arm-coiumn 
comlectlO1l-a lockmg collar bolted all 
either side. The free-stnndmg stair tOU/fr 
supports one end 0/ the slide and is 
designed as a mome,,' frame IIsin8 AJ6 
steel. While IIShl8 X-braci"8 might reduce 
the cost, it wouldn" res,lIt ;11 as "clean" a 
desigll . 
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The supporting amls Oil the giant "Twister" at Wild Waters ill Sparks , Nev., are WF 
sectimls, though Oil other projects they are usually structural tubes. 

The Software Solution 
for Structural Engineers 

& Detailing Professionals 

The most complete, integrated 
software programs available 

for producing engineering plans, 
details and fabrication drawings 

installation, while slightly unusual 
in that the teel structu re is covered 
with an artificial mountain, still • 
provides a good example of the 
design process in constructing a 
custom waterslide, according to 
IUchard Louis Servidio, P.E., prin-
cipal of IUchard Louis Servidio 
Structural Engineering Consult-
ants, Burlington, VI. As with most 
of ProSlide's projects, Servidio 
acted as the structural engineering 
consultant for the steel support 
structure. 

Typhoon Lagoon is a medium
sized installation and features three 
giant "twisters" and two free-fall 
"fast-tracks", as well as a river raft 
ride, snorkeling tanks, and wave 
pools, with only the waterslides 
being provided by ProSlide. The 
twisters have a drop of 37' and an 
average grade of 12% over their 
slightly more than 300' lengths. The 
fast-tracks are 214' long, drop SO' , 
and have an average grade of 56%. 
As the names suggest, a twister is a 
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foundation plans, elevations, sections & details & anchor bolts 
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D.C.A. Engineering Software, Inc. • 
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Paunt -' T~ omc.. bf _ ... Unifying the AEC World with a Single Source f or Solutions 

P.O. Box 955, Henniker, NH 03242 (603) 428-3199 FAX (603)428-7901 
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curving ride, while fast-tracks are 
straight runs designed for speed. "A 
person travels around 25 miles per 
hour through the [fast-track[ lide," 
Desrosiers stated. 

The design of the slides themsel
ves, which consist of series of pre
molded fiberglass sections, are done 
by Andreas Tanzer, manager of 
design and engineering at ProSlide. 

The client states a desired length 
and type of configuration. After ex
amining topographical and contour 
maps, as well as a report on the soil 
conditions, Tanzer creates an initial 
design. He then submits the design 
to the park client and an iteration 
process ensues until the final design 
is created. "We design the slides on 
a CAD system from the pool up," 
Tanzer explained. "It's a combina
tion of our design criteria and the 
owner's preference for length and 
drop." 

Tanzer's design includes the 
trackpoint coordinates, the location 
of joints between the fiberglass sec
tions, the number of supporting 
arms, and the location of the arms. 
This information is then given to 
Servidio who determines the struc
tural system needed to support the 
slide. 

Essentially, the structural system 
consists of a stair tower that holds 
up one end of the slide, and a series 
of steel columns with projecting 
"arms" that support the rest of the 
slide. 

Moment Resisting Frame 
The stair tower-which in some 

installations reaches as high as 70'
is usually designed as a moment 
frame using A36 steel. "Though on 
exceptionally high towers, especial
ly in seismic zones, we go to a grade 
50 steel," Servidio noted. 

While using X-bracing might 
reduce the price of the steel. Ser
vidio explained, it would not result 
in as attractive a design. "A lot of 
the parks are geared towards aes
thetics," added Tanzer. "The tower 
has to look strong, but be clean. 
And while moment connections 
may be more detail intensive in the 
shop, it is easier to erect in the field . 
Also, eliminating the X-braCing 

Tire water slides at Wild Waters used ZOO tOilS of structural steel, mcludillg the 4()' 

hig/l stair tOWl'r. Tire slipport co1l1m"s are clroll shaft WIth a IJOse plate at tilt bottom willI 
stiffe"er fins. At the top is n closure cap "0 IIo,IIj"8 got's dOllm tllf colum". 
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• Immediate shipment of stock • 4B-hour ahlpment of molt 
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FAX 216-611~7001 
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All tooling made In U.S.A. A.2717 



reduces maintenance require-
ments." 

The stair towers are essentially 
free-standing, though they are con
nected to the slide at the very top. 
"Specifications allow a fair amount 
of movement in free-standing 
structures, but in this use it is es
sential to minimize the perception 
of movement," Servidio said. "So 
we design to a stiffer structure than 
is required ." 

The rest of the slide is supported 
on a series of columns, which are 
typically steel pipes with a 
diameter up to 24". The columns 

Pictured abovt is the com,eeliotl 
behl.'f!t1l the stair tower and the slide of a 
giant huister at Wild Waters in Sparks, 
Nev. 

The steel columns for ti,e fast-track at 
Wild Waters are located below the longer 
slide, (l lld steel arms extcud out to 
slIpport the adjaeellt slide. 

are mostly clean shaft with a base 
plate at the bottom with stiffener 
fins. At the top is usually a closure 
cap plate so nothing goes down 
the column. 

The steel "arms" that extend 
from the column to the slide were 
structural tubes for Typhoon 
Lagoon, though on other projects 
they are occasionally WF sections. 
WF sections are not as stable as the 
tube shape due to torsional con
siderations. "Also, with WF sec
tions, there is some problem with 
birds roosting," Servidio said. The 
arms typically have a 10' reach, 
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though on some projects they ex- • 
tend up to 15'. 

The slide is usually supported at 
every other joint, a distance of ap
proximately 15'. "The amount of 
support is adjusted by location," 
Servidio explained. "In the north, 
there is more snow and ice and 
therefore hea vier loads. For the 
most part, however, we'd rather 
adjust the steel rather than increase 
the number of supports." 

For the fa st-tracks, there are al
ways two side-by-side slides sup
ported off of a common column. 
For these slides, a WF beam is used 
to support either side. 

A typical arm-column connec-
tion, as was used on Disney, is a 
locking collar bolted on either side. 
" It allows vertical and rotational 
movement during the field instal
lation phase," Servidio explained. 
"After final poSitioning, it's field 
welded at the top of the collar to 
the face of the column." On the ex
tended end of the arm is a small 
plate that is tilted to match the 
angle of the fiberglass slide. The . 
plate is field welded to make sure 
the match is precise, and the slide 
is bolted to this plate. 

Because steel can withstand a 
lot more movement than 
fiberglass, it is the fiberglass, rather 
than the structural loads, that 
determine the required stiffness of 
the structure. Also, because a lot of 
the slides are located in northern 
climates, the snow, ice, and wind 
loads are the controlling factors, 
rather than the weight of the 
moving water within the slide. 

Water slides seem to be an in
creasingly popular phenomenon 
throughout the nation. For ex
ample, Wild Waters in Sparks, 

ev., opened recently to the same 
enthusiastic reviews as did 
Typhoon Lagoon. Wild Waters in
cludes two giant twisters and a 
giant continuous river inner tube 
ride coming off a 40' -high plat
form, and two fast-tracks coming 
off a 55' -high platform. 

Wild Waters was fabricated by 
AISC member Reno [ron Works . 
Co., Inc., Sparks, Nev. The slides 
use 200 tons of structural steel. Its 
finish was SSPC-SP6 Commercial 
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Blast Cleaned with a Tnemec coat
ing. 

Unlike at Disney, which had an 
elaborate approva l process, the 
design and construction sequence 
for Wild Waters was very typical 
for a medium-sized water park, 
Servidio explained . Design began 
in the F.ll of 1988, construction I 
started in February 1989, and the 
installation was completed at the 
end of May 1989. 

Several current projects are I 
being fa bricated by AlSC member 
East Tennessee Steel, Inc., Knox
ville, Tenn., including a huge park 
in Muskegon, Mich. According to 
the fabricator, some of the supports 
are galvanized while others are 
coated with an epoxy-based paint. 
East Tennessee is now recommend
ing, however, painting the struc
tures with a zinc-rich primer and 
then an epoxy topcoat to get the I 
most a ttractive finish with the best 
rust-inhibiting qualities. 

Michigan's Adventure includes 
two giant twisters, two fa st-tracks, 
two giant continous river rides, and 
two enclosed-tube body rides. 

In the future, some parks are ex
pected to begin building what Pro
Slide ca lls Mammoth River rides, 
which use 8'-wide rafts in a 14'
wide slide. Servidio is currently 
doing initial design development 
for steel supports on these large 
rides, which are expected to rise 40' 
to 50', and be elevated on either a 
tri-pod or dual pole. Another op
tion being considered is a heavy
duty radial arm with offsets. 

Servidio i a licensed engineer in 
20 states and his waterslide projects 
have ranged from Nevada to Ohio 
to Florida, though not aU have been 
steel. "Right now, about 60% of the 
projects are steel and 40% are 
heavy timber," he said . "Heavy 
timber is dominant on the lower, 
smaller rides, while steel is really a 
necessity for any tower over 30'. 
Steel is cleaner, can be easily 
painted, and the members are 
sma ller." 

Interestingly, Tanzer is a nava l 
architect by training. "There's a lot 
of imilarity to designing structures 
that keep wa ter out and structures 
that keep water in," he said . 0 
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Illinois Ocean 
Three million gallons of salt water will provide a home 
for whales and dolphins at Chicago's Shedd Aquarium 

The ocean is coming to 
hicago, but don't worry, it 

has nothing to do with global 
warming. 

Instead, it's the culmination of 
nearly two decades of dreaming 
and planning. In ovember, the 
Shedd Aquarium will open its new 
Cold Water Marine Mammal Com
plex: a 170,OOO-sq.-ft. structure that 
will be the home to beluga whales, 
false killer whales, dolphins, har
bor seals, sea otters, penguins, and 
assorted anemones, crabs and 
mussels. 

The project's scope is huge and 
will essentially double the size of 
the existing aquarium. But it is not 
simply the increase in space that is 
noteworthy; rather, it is how the 
space will be utilized . 

The existing aquarium consists 
of a series of dark rooms with well
lit tanks-the fish are highlighted 
in much the same way a jewelry 
store highlights its displays. The 
largest tank is the 9O,OOO-galion 
coral reef exhibit. 

The difference between the ex
istIng !>Cetion and the new is literal
ly that of between night and day. 
Instead of a "jewelry window" dis
play, the new Oceanarium is a 
wide open space brightly lit by 215 
east elevation windows offering a 
panoramic view of Lake Michigan. 
The space features five intercon
nected habitats totalling 3.0 million 
gallons-including a two millioll 
gallon habitat! 

Natural Environment 
And in keeping with modem 

design trends, instead of simply 
being an exhibition space, the new 
Oceanarium attempts to recreate a 
natural environment. Surrounding 
the pools are artificial rocks care
fully crafted to look like a typical 

Tilt Shedd Aljuarll/III- lIlSlde alld out. TI", largest of tile l",b,tat ,,,,II hold tu.", 
""lIIon gaUon'i of salt walter (top) . Nole U,a' the stetl trtlS~'S art stilt wrdtr construction_ 
T/rt' add,llo,,'s (unlinK facade IS Q pleasmg add/tloll to Cillfago's urba" landscape. Top 
photo />y McSlullle-F1nlllll8 StudIos; bottOIll pll"to courte<y of SI"'Jd Aljuarll/m 
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The project was made more difficult by its location on LAke Michigan and its 
c01Jstmction schedule that forced milch of the steel erection to occur dllrillg the will ter. 
The steel tnlSSe5 were delivered to ti,e site in two or three pit.'Ces, dependillg on their 
lellgth, alld field assembled. If YOIIIoak closely at tire trusses YO" call see the cOlltillllOIlS 
slope from 8' at one end to 14' at tlte otlter. hl case of accident , nettbEg UNlS ;'lstalled 
durillg the erectioll to protect the workers, steel alld deep tallks below. Photos by 
McShalle Fleming Studios 
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Pacific northwest coastline. The 
designers and craftsmen went to 
such extreme care that castings of 
actual stone formations were made 
and then replicated, and special
ized artists were hired to paint 
lichen and sea gull guano on the 
rocks for added rea lism. In addi
tion, more than 70 different artifi
cial trees, shrub , and smaller 
plants were constructed to repli
cate a Pacific northwest rainforest. 

While most visitors will be con
tent to feast their eyes on the living 
inhabitants in the huge habitats, 
the SO,OOO-sq.-ft. of sloping rock
work and plantings, and the 
beautiful view of L.1ke Michigan, 
an occasiona l visitor is sure to look 
up and be just as impressed by the 
exposed steel trusswork that al
lows the creation of such a wide 
open environment. 

The steel trusses provide a clear 
span of 127' to 158', and at the 
west side of the building have a 
14' depth, which gradually 
decreases to 8' at the east end. The 
change in tru ss profile is designed 
to accommodate the architect's 
desire for a low roof line. 

"We designed this large hall 
with column-free trusses to pro
vide the most flexibility for exhibit 
space," explained Dirk Lohan, 
president of Lohan Associates, 
Inc., the project's architect. "The 
whole system is a semi-circular 
fan-shaped plan that derives from 
the shape of the land on which it 
sits and relates to the focal center 
of the old Shedd Aquarium. We've 
recreated inside the hall a 
naturalistic great walk. This was 
only possible in a column-free 
space and steel is ideal for span
ning large open spaces." 

Getting Started . 
To fully appreciate the project, 

it is firs t necessary to be familiar 
with its site on a peninsula jutting 
out into Lake Michigan. This small 
plot of land is home to three of 
Chicago'S most notable cultural in
stitutions: the Adler Planetarium, 
the Field Museum of Natural His-

• 
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tory, and, of course, the John C . 
Shedd Aquarium. As befits an • 
aquarium, Shedd was constructed 
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directly adjacent to the lake. While 
this was a beautiful site, it effec
tively eliminated any room for an 
addition-unless it was to be built 
on landfill. 

"To provide room for the new 
addition, we had to fill in nearly 
two acres of lake," explained Bob 
Tassone, Shedd's project manager. 
"The engineers designed a huge 
steel sheet-pile wall-in effect 
creating a huge bathtub-and 
pumped out 30 million gallons of 
lake water." 

Structural engineer on the 
project was Rittweger & Tokay, 
Inc., Park Ridge, Ill., and the con
sultant for the re-entrant lake wall 
and foundations was STS Consult
ants, orthbrook, Ill. The piles and 
sheeting were driven by Thatcher 
Engineering Corp., Gary, Ind., and 
the concrete for the lakewall was 

poured by Pepper Construction 
Co., Chicago. 

The 1,400' -long lakewall is sup
ported on approximately 600 verti
cal and battered steel H-piles, 
which sit in turn on an embank
ment of stone. The stone had to be 
placed in the lake because of the 
poor soil conditions at the site, 
whi h consist of 25' to SO' of cinder, 
sand, and clay fill dating back to 
the hicago fire. The seawall itself 
is concrete, with steel sheet piling 
in front as a cut-off wall. 

"Building a wall in 15 or 20' of 
water, especially in something as 
volatile as Lake Michigan, was a 
very difficult task," said Ted 
Bushell, P.E., principal engineer 
with STS. The new structure itself is 
supported on 1,800 driven steel 11-
piles, varying in length from 60' to 
80'. While the II-piles were prin-

cipally used because they were less 
expensive than pipe piles filled 
with concrete, thcy also aided in 
reducing vibration in certain criti
cal areas close to the existing build
ing. Construction of the founda
tion took approximately one year, 
beginning in January 19 . 

Complementary Design 
The project's architect was faced 

with the difficult dilemma of need
ing to construct an addition as 
large as the existing aquarium, but 
at the same time creating a build
ing that wouldn't detract attention 
from the original structure. 

Lohan Associates' solution was 
a semi-circular design attached to 
the east face of the existing build
ing and with a r f linc that rises 
only 55'. "We wanted an under
stated addition to a highly-loved 
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setbacks that require the trusses to 
have a decreasing depth. 

Chicago landmark," Lohan ex
plained. "Its roof is lower than the 
cornice line of the old building. 
And its location doesn't effect 
three sides of the building." 

Complex Geometry • 
The semi-circular design of the 

building, along with the necessity 
for a highly engineered mechanica l 
system, resulted in a complex 
structural system. "The entire 
structure is built around the life 
support system for the whales," 
explai ned Harold Erickson, S.E., 
project engi neer with Rittweger 
and Tokay. "Nothing was repeti
tive; everything had to fit around 
the system." 

Beluga whales call grow to abo1l/16' 
and weigl! about 3,000 lbs. Tilt! olle 
pictured above is scl!t'dli led 10 arrive at 
the aquarium ;11 August, alld tile 
Ocemmrill11l will opell to the public ill 
Navember. The bulbous slmpe 011 tile 
whale's forehead is callrd a "meloll" nlld 
mzd its {lmctiOlt ;s to focus Ihe sOlmds 
used in echolocalion (the whale's 
"so/lar"). Photo by Mel Woods 

But perhaps the crowning touch 
was reusing the existing marble 
cladding from the east wall to clad 
the new addition, and thereby per
fectly mate the two structures. 
"The existing marble was 4" to 12" 
thick. It was sliced and used in 
most cases on the new addition," 
Tassone said. lilt wasn't so much a 
cost savings as an architectural fea
ture to tie con texturally the two 
facades together." 

The addition features a glass 
wall along it's entire east face, af
fording a beautiful view of Lake 
Michigan. The water in the whale 
habitats extends right up to the 
glass, creating an illusion of an al
most endless water-filled horizon. 
The roof sets back three times, and 
each setback features a vertical 
skylight, letting even more natural 
light into the exhibit hall. It is these 

For exa mple, the filtration tartk 
mass was so great that there 
couldn' t be completely uniform 
column placement, said Bill Rit
tweger, S.E., of Rittweger and 
Tokay. 

The drawings were laid out on a 
computer, and then a cartesian 
grid was laid out in the field. "The 
columns rotate on the radii of the 
structure itself, except for the 
perimeter glass wall," Erickson 

SDS/2-
THE TOTAL SOLUTION 

for computer 
integration 

Take control ... 
The SDS/2 Estimating 
Module puts betler and 
more complete inlormation 
into your hands before you 
submit your bid. Now you 
can price materials by the 
job and identify labor by 
individual work centers. 
Fast. accurate estimates 
that reflect how your shop 
really fabricates steel 

"SoNware for the Professiona'" 

800·443·0782 

mean more profitable 
operations. 
The SDS/2 Production 
Control Module lets you 
organize and track fabrica
tion operations through 
your entire production 
cycle. This includes 
managing physical inven· 
tory, tracking open pur
chases, and scheduling 
shop labor and equipment. 
Timely status reports iden
tify botllenecks before they 
happen. 
Take control. The total 
computer solution is here 
today and it has a 
name-SDS/2. 
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''There is very little repetition in 
the roof structure," Erickson said. 
For example, almost every purlin 
has a different dimension. 
Likewise, due to the curving east 
wall, each truss is a different size. 

The structure has a wood roof 
deck that steps down in a saw
tooth fashion to accommoda te ver
tical skylights. The trusses slope in 
a uniform-plane for 115', decreas
ing in depth from 14' at the west 
end to 8' . From that point, a con
stant 8' -deep truss extends t~ the 
perimeter wal l. The architects re
quired the fascia to be nominally 
8', which in turn limited the truss 
depth to 8' on the east perimeter. 

K-bracing was supplied at the 
top chord of the trusses to provide 
lateral support for the trusses. 

900 Tons Of Steel 
Erection of the steel structural 

system was complicated by site 
restrictions. "There was no place to 
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store the trusses on site, so every
thing had to be carefu lly se
quenced with the fabricator," ex
plained Herbert Smith, regional 
manager with Broad, Vogt & Con
ant, Gary, the project's steel erec
tor. The steel fabricator was AISC 
member Za lk Josephs Fabricators 
Inc., Stoughton, Wisc. 

The trusses were delivered to 
the site in two or three pieces, 
depending on their length, and 
field assembled. "These were long 
and heavy clear span trusses," 
Smith said. The assembly included 
the diagonal bracing between the 
trusses and vierendeel trusses 
across the top chords of the clear 
span trusses," Smith said. "The job 
was built in the wintertime, in a 
downtown area, on the lake where 
the wind blows constantly." Steel 
erection took 3111 months, begin
ning in late December 1988. 
General contractor on the project is 
Pepper Construction, Chicago. 

The project used A36 steel, ex-

cept for the columns and truss 
chords, which are A572-Grade SO. 
Each truss weighs approximately 
25 tons. For the most part, the con
nections were all water-tight welds 
to exclude salt-laden atmosphere. 
The roof deck is laminated stained 
cedar. 

Because of the corrosive salt
water environment in the building, 
the steel was painted with a special 
coating from AISC associate mem
ber Tnemec. The steel received two 
primer coats at the shop and a 
finish coat on site. "The steel was 
left exposed both because it wou ld 
have been very expensive to cover 
it and so the trusses can be peri
odica lly washed and inspected," 
Tassone said. 

And, of course, it was left ex
posed as a beautiful architectural 
element which was carefully 
crafted to complement the beauty 
of the aquarium'S marine in
habitants and artificial rocks and 
rainforest. 0 
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ALL materials we use are traceable 
to steel melted and manufactured in 
the USA. And each production run, 
traceable to a heat lot of steel, is cer
tified to meet ASTM specifications. 

FOR THE QUALITY SOLUTION 
TO ALL YOUR STRUCTURAL 
FASTENER NEEDS, SPECIFY 
ST. LOUISI 

ST. LOUIS SCREW & BOLT COMPANY 
6900 N. Broadway • St. Louis, MO 63147 • 314/389-7500 Slnco1887 

FAX: (314) 389-7510 
1-800-237-7059 
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When our country's General Services 
Administration decided to build a gigantic 
1.3 million square foot distribution facility in 
Palmetto, Georgia, they brought Vulcraft in 
on the ground floor 

GSA wanted us in on the early stages pri
marily because of a very intricate conveyor 
system that would be supported by the roof 
joists and joist girders. Matter of fact, there 
were three types ofloads to be considered: 
the roof and the conveyor system, the roof 
only and the conveyor only. 

It was decided that custom designed joists 
and joist girders were required. And so, work
ing closely with the structural engineer, the 
owner, the fabricator and the erector, we pro
duced precisely the materials that were needed. 

We even color coded the various joists and 
joist girders to facilitate construction of this 
immense structure, the size of29 football fields. 
And even though the GSA building was a 
massive undertaking, not one single field 
problem arose involving Vulcraft material. 

We're proud of that record. And if we can 
lend support to any of your projects, please 
contact any of our plants listed below, or see 
Sweet's 5100NUL WLCRAFT 
PO &. bJ7, /lngham Guy UT B4J(ll 1I7.34-9;JJ, 
PO Ba. F-l Fi<m= sc 29'IOl BJJl661.()J81. PO &. 
fIR, Jim ~ AlJ5%7, :l:l5/845-246O, POBa. fBl\ A Dlu"""o/N",,,,~ 
Gnq.Ji",d, TX 75844, -101/687-166.5, PO Ba. ~ Nm#k 
i\'E687i..'I, *'21644-8..'jCO: PO &x Kt\.), 51, Joe.. {]I.! 4671i~, lJ9IJ.l7·~·nJ Dadofm: Wdson Iblrl'dOibn
,...,~ A.dw= Hnnu- Hwdu .. AoJ Fnt,. Qneru/ eo.v...",. M"", Consrnco.. In< , s.n..nul 
EflRIn«'r DarudGIa~&A.uooota; s,m £1tUOI':" Habmh.Jm EMfOIS.s.d FUbnauor UrutmW Inc. 
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• Improved Earthquake 
Performance 

Eccentrically-braced frames are economically 
competitive due to reduced foundation costs and better 

seismic performance 

Because the developer demanded a CJass-A appearmrce, the architect of Charleston 
Piau chose 10 desigll lwo sleel-framed L-s/raped bllildil'gs illslead of a more Iypical 
"cookie cutter" tilt-up concrete structure. The L-shapes also allowed greater wi"dow 
space without creating a mmlOlithic appearance. 
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While most of the older 
low-rise office buildings 
in the area are tilt-up 

concrete, both the architect and the 
structural engineer of a new office 
complex in Mountain View, Calif., 
were determined to build steel
framed structures. 

The framing system was crucial I 
to the development of Charleston • 
Place, which consists of two L-
shaped buildings totalling 127,000 
sq. ft ., because The Mozart 
Development Co., the project's 
developers, wanted a Class A of-
fice center. 

Better Quality Than Tilt-Up 
"We were looking for a building 

that was a higher quality than the 
norm for the area," explained Gor
don McDonald, ALA, the project's 
architect with Habitec, Inc., San 
Jose. "The area has a lot of tilt-up 
concrete speculative buildings," 
explained Tom K. Chan, S.E., 
regional manager with EQE En
gineering, San Francisco, the 
project's structural engineer. "In 
order to market the building, we 
needed something approaching 
the San Francisco standard for 
Class A space." 

"The options were steel or tilt-
up concrete," McDonald ex
plained. "We wanted more ver
satility in appearance than you 
could get with tilt up. The finish • 
quality is- higher, and the amount 
of glazing we wanted fit better 
with a steel-framed structure than 



• 

• 

• 

)r--*-- - -- --

with a tilt-up building." The build 
ings are clad in precast panels. 

The siting of the two buildings 
also enhanced their appearance. 
The architect designed two-story 
L-shaped buildings both to break 
up the mass of the structure and to 
optimize the perimeter wall area. 
"An elongated rectangle would 
give the same perimeter space, but 
wouldn't have fit on the site," Mc
Donald said. Also, the L-shape al
lowed the architect to create a cen
ter plaza . 

Eccentrically-Braced Frame 
Mozart was very familiar with 

EQE's work from several post
design reviews the structural en
gineer had performed for them. As 
a result, EQE was brought into the 
project very early. "This allowed 
us to work very closely with the ar
chitect and resulted in a better per
forming building," according to 
Chan. 

Because of the structure's siting 
in a seismic area, EQE recom
mended using an eccentrically
braced frame (EBF). "With ec
centric bracing, the braces are 
spread apart, and the center Jil1es 

With all eccentrically
braced frame, tlte braces 
are spread apart alld the 
ce1ller lilies do,, ', meet at 
a poi,,!. By cow/eetillg 
enelr bracmg member to 
the beam a short dista1lce 
from tilt! l'Cam-Ia-co/u",n 
CO",/~ct;OIl or from 
ntlother beam-fa-brace 
co""ectio",lltedflctilily 
is greatly increased. 
Pictured abmJt and top 
righl is I lle fra lllills 
sill/atio" where space 
",as allocaled for 
doonmys alld wi"dows. 
Pictured bottom right is 
a lIIore Iypical EBF 
COllllect ;0 11 . 

~ . 'A" ~' ~I&. c..~ 
A Vit' .... ~ fl'ID 1't'flJ~~, Tir. !-/. vz.· ~~1&'''1 

~I 
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TIw roof of tlw structure is composed of a steel deck supported by opell-web steel joists 
aud wide-fla"ge girders. Becallse the bllildill8 occJlpmlcy did "ot require fire-proofing tlte 
steel members as lorr8 as a sprinkler sys tem was provided, il was more economical to use 
steel joists for tile gravity loads . However, since wide flmlges olltperform steel joists ill the 
lateral system, all 01 the collectors and perimeter beams are wide flange girders. 

don' t meet at a point- they miss 
each other by l ' to 3'," Chan ex-
plained. • 

By connecting each bracing 
member to the beam a short dis
tance from the beam-to-column 
connection or from another beam
to-brace connection, the system's 
ductility is greatly increased . Each 
building has six EBFs for lateral 
resistance. 

"Eccentrically-braced frames 
move the failure point to the beam, 
beam yielding is more predict
able," he explained. The frames' 
stiffness and strength were ad
justed to allow the buildings to 
react to seismic forces essentially 
without torsion. 

Minimizing Torsional Forces 
"By strategically placing the 

frames and adjusting their stiff
nesses, we could reduce the tor
sional forces to a minimum," ex
plained Stephen K. Harris, S.E., 
project engineer with EQE. "We 

Tilting Head 
Vertical Bandsaw 

• 18" x 20" Capacity 
• 45 0 Tilting Cutting Head 
• 0-175 Pound Cutting Pressure 
• Infinitely Variable Blade Speeds 
• High Efficiency Drive System 
• Counter Balanced Cutting Head 

CaI/1-BOO-553-01B2 
For the Dealer Nearest You! 
____________ 04 

A high quality, 
versatile saw 
that will save 
you space 
and money. 

.... = .,.~ ..... &= .. 8180 W. 10th St. Dept. FWI-MM lndianapolis, IN 46214 
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• 
were able to place the frames in the 
optimal location because we were 
brought into the project so early 
and because of the great coopera
tion between our office and the 
architects'." 

"An EBF is much better for 
resisting earthquakes than a con
centrically-braced and is not much 
more expensive," Chan said. The 
reason for the higher cost is be
cause of the code requirements for 
more extensive detailing. EBFs 
have additional stiffener plates and 
more full-penetration welding, 
however, the braces tend to be the 
same size as in conventional chev
ron-braced frames. "There's more 
engineering and more welding at 
the connections," Chan explained. 
"Also the beams are somewhat 
heavier and there are more com
plex connections." 

Chan estimated that designing 
an EBF added less than 5% to the 
framing cost. Ilowever, this higher 
framing cost was recouped by a 

lower foundation cost. "An EBF 
produces lower lateral design for
ces than a concentrically braced 
frame," Chan said. "There's about 
80% of the lateral force design re
quirement compared to a conven
tional system." As a result, the 
foundation didn't require any 
drilled piers, which would have 
been expensive due to the shallow 
water table at the site. 

The cost of the building shell 
was approximately $45/sq. ft. The 
structure used 834 tons fabricated 
stcel. 

Reduced lateral force require
ments for EBFs were first intro
duced in the 1988 UBC, which was 
not yet in effect in the City of 
Mountain View when the project 
was designed. EQE obtained spe
cial permission from the City to 
design using the new code to take 
advantage of the reduced loads. 

The roof of the structure is com
posed of a steel deck supported by 
open-web steel joists and girders. 

Tht rOlluded cortler~ u .... rt crt'alt-,' by 
placmg ~",all bmms belWt'CIl t1u' cO/limns 
arId hmrgmx tilt' ,,,('cost daddmg 011 ti't' 
beams. Tile beam-coli",,,, COlUll'(tlOIIS art' 
l"Ol',ded by ,hear tabs weld,',! to th,' 
eo/um"s a"d bolted to till' b(-'(w, .. 

New Domestic Bolts ... 
At The Head Of The Class! 

LSF-UNmrE FASTENERS ARE: 
g Mill CERTIFIED g FUllY 

HIGHEST QUALITY AND TESTED 
DOMESTIC g AVAILABLE 

FOR INFORMATION CALL 1·80()"782·4544 

LOBR Structural Fasteners. Inc. 

UN YTITE 
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RENFROE ... Civing Industry 
the Lift It Needs 

Manufacturing hooks and clamps 
has been our sale bUSIness for over 
30 years We plan to make It our 
business for another 30 years and 
then some 

Whatever your needs, and wher-

ever you might be, call or write us for 
an on-the-spot consulcaelon Principal 
offices and plants are located In the 
UOIted States. West Germany and 
Japan. with stocking distribution In all 
countries throughout the world 

. J.C.RENFROE & SONS, INC. 
P.QBox 4279 . 1926Spelrlng Street-.Jacksonv,II •. Florlda 32201 _904/356-41 81 _Tel8X 056-579 

YOUR SOL-SOLUTION! 
User Friendly Computers 
and IDC now offer the 
Steel-Pac Thrnkey 
solution to Structural 
Steel Detailing. 

• The Steel-Pac is a unique system which can be 
tailor fitted to your company's needs. 

• Steel-Pac is based on the ARmS CAD software. 
• Hardware and software are offered in one pack

age customized to your budget and operations. 
• Operates on either Sol bourne (Sun platform), 

Sun or '386 computers using SCO Xenix and 

ARRlS.~J . _ ~ "'!1 
V~ 7't~ __ _ 
Personal Computers & Penpherols 

User Friendly Computers 
2454 30th St. Boulder, CO 80301 (303) 444~770 
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The second floor is a steel deck 
with concrete fill, also supported 
by open-web steel joists and gir
ders. The span requirements of the 
floor members are 30' to 36'. 

Joists For Gravity Loads 
"We used joists instead of wide 

flanges because they were more 
economical," Chan said. "Joists 
perform just as well for gravity 
loads. They don't perform as well 
in the lateral system, so all o( the 
collectors and perimeter beams are 
wide flange girders." 

The joists were economical be
cause the building code in that 
area doesn' t require fire proofing 
for that type o( occupancy as long 
as the building is sprinklered. "If 
we had to fireproof the steel. joists 
would have been more expensive 
than wide flanges," Ilarris said. 

The steel joists were supplied by 
VUlcraft, a division o( AISC as
sociate member ucor. Contractor 
on the project was Devcon Con
stmction, Milpitas, Calif. 

An interesting architectural fea
ture o( the structure that effected 
the framing was the use of 
rounded corners to soften the 
building's appearance. "We placed 
tube columns around the 
perimeter at 45 ". We framed small 
beams between the columns and 
hung the precast cladding on the 
beams," Harris said. The beam
column connections are provided 
by shear tabs. The shear tabs were 
welded to the columns and bolted 
to the beams. Small bottom angles 
also were welded to the columns. 

EQE is involved with several 
other low-rise projects in Califor
nia that are designed with an ec
centrically-braced frame to resist 
seismic (orces. These include 
North Point Business Park in San 
Jose, a llO,OOO-sq.-ft., two-story of
fice building and the Quantum 
Corporation Headquarters Cam
pus in Milpitas. The Quantum 
project. which is still in the design 
stage, is planned to include five 
one- and two-story buildings-all 
with EBFs-totalling more than 
550,000 sq. ft. 0 

• 

• 

• 
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Vertical Steel Addition 

Cures Hospital's 
Space Woes 

The addition's 
structural system 
had to be able to 
minimize heights, 

meet a tight 
construction 

• schedule, and 

• 

come in on time 
and on budget 

By Stephen J. Sopko, P.E., and 
Susan Benjamin 

A s the needs of its com
munity increased during 
the past century, Ellis 

Hospital in Schenectady, N.Y., con
tinually expanded. By 1984, 
though, it had become obvious 
that further growth was limited by 
the surrounding buildings and 
streets. 

Since additional room was still 
needed, a plan was developed to 
add a four-story vertical addition 
to the three-story, 65,OOO-sq.-fl. 
main hospital building. The tight 
site, and the tight timetable, com
bined to make steel the obvious 
choice for the building's structural 
system. 

The Clinical Services Building, 
which was constructed in 1976, 
was a steel-framed, three-story 
structure with concrete-slab on 

metal deck floors. The building is 
supported by caissons extending to 
rock. When the building was 
designed, some allowances were 
made for a possible future expan
sion, but these efforts were severe
ly restricted by budgetary con
straints. For example, the lateral 
bracing system incorporated into 
the lower floors of the original con
struction was not adequate for the 
building extension. A feasibility 
study determined that the caissons 
and building columns were 
capable of supporting additional 
floors, though the number of addi
tional floors varied by location. 

Over the operating theater, the 
vertical expansion had to be 
limited to one additional floor due 
to caisson capacity. The structure is 
on a 25' sq. grid and the caissons 

A {ollr-story t'frticai nddition was 
added to the ex;stmg "lree-story, 
65,000-sq.-fl.llla". blllldlllg of £/lis 
Hospilal". Sch,,,eclady. N.Y. TIl, 
sawtooth glass-clad area shown above was 
built over the mall! entratlce. Because the 
structllral system 111 this area was 1I0t 
adequate to support a tlfrticnJ exptJnsimJ, 
Ihis seclio" of Ihe add,'io" "eeded 10 be 
call1i/evered, 
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Tlfe main iJmifUlg 
factor to Vfrtical 
expansion was the lack 
of a lateral bracillg 
system. At the gralilld 
floor I"''fl, the bracillg 
was lllcorporated ;lIto 
tlfe existHlg concrele 
co/u",,,s and slab. Steel 
~ams were added 
beloU! tI .. slab to act as 
compressJotl members. 
Steel diagonal members 
were co""ected to the 
existi"g c01lcrete 
columns with steel 
shoes . 

NEW BRACING -

NEW BEAM ~ 

~ EXISTING 
STEEL 
COLUMN 

STEEL 
SHOE 

u 
EXISTING 
CONCRETE 
COLUMN 

BRACING AT CONCRETE COLUMNS 
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on alternate bays had excess . 
capacity. In order to add an addi
tional floor, the new roof would re-
quire SO' spans. Two other sections 
could be expanded four stories, 
however, while a fourth section 
over the entrance couldn't support 
any additional stories. Due to ar
chitectural requirements and the 
hospital's needs, though, this area 
needed to be expanded, so a new 
structural system was designed for 
the space. 

In the final scheme, one section 
was expanded for the full allow
able height, while only one floor 
was added on the other section. 
The columns and new roof slab 
were designed to allow for future 
vertical expansion, however. 
Project architect was Einhorn Vaf
fee Prescott, Albany, and general 
contractor was the Schenectady of
fice of Turner Construction o. 

Lateral Bracing 
The main limiting factor to ver-

tical expansion was the lack of a 
lateral bracing system in the . 
original building that could accom
modate the lateral loads from the 
wind and seismic forces of a seven
story building. Another concern 
was that the existing building had 
to remain in operation with mini-
mal disturbances during construc-
tion . The length of time needed for 
construction also was critical as the 
hospital urgently needed the addi
tional space. 

In addition, mechanical ducts, 
piping, and conduits needed to be 
coordinated with the architectural 
concept and structural require
ments. Floor-ta-floor heights were 
limited by the need to mate the 
new addition to the existing 
elevator core. 

Regardless of these problems, it 
was crucial that the new framing 
system meet a variety of critical re
quirements, including: economiz
ing the cost; meeting a tight con
struction schedule; minimizing the 
load of the new structure on the 
existing columns and caissons; and 
minimizing the floor-ta-floor • 
height. 

The system selected was a steel-
framed structure with a 



• 

----.--------------------------------------------------------, 

The most complicated aspect of the project was 
incorporathzg a bracitlg system in tile new mid existing 
structures to resist wind and seismic forces. However, tire 
number of locations and the configuration of the bracing 
wasli",ited because it was crucial that the floor not be 
disturbed or limited. A scheme of eccentric compression 
bracing along wit" inverted" V" bracing was used to 
avoid mechanical runs, doors, mId windows. Pictured 

o 

SLAB~ 

NEW 
COLUMNS 

NEW 
BEAM ---... 

o 

/ 

NEW ::-;::--'~~!;;== BRACING .A.-----'~ 

• 

above is a steel brace placed in tire existing building 
against the cot/crete frame. 

EXISTING 
STEEL 
COLUMNS 

lightweight concrete slab on metal 
deck utilizing composite steel 
beam design . Because of fire code 
considerations, steel joists could 
not be used. A 51,4" slab was used 
to maintain a two-hour fire rating 
for the floor structure. The steel 
beams were fireproofed and 
spaced 9' on center. 

For the 20' spans, 12" beams 
were used; for the 25' spans, 14" 
beams were used . Also, 24"-deep 
girders spanning up to 30' were 
supported on 12" columns. The ex-

• 
terior veneer was su pported by a 
relieving angle at each floor. A36 
steel was used for all of the mem-
bers except the columns, which re-

EXISTING -JF~==::;l1 
CONCRETE 
COLUMNS 

quired Grade 50 steel to minimize 
sizes. 

This system allowed the building 
envelope to be completed within 
nine months, during which time 
hospital operations were not inter
rupted. 

Eccentric Bracing 
The most complicated aspect of 

the design was incorporating a 
bracing system in the new and ex
isting structures to resist wind and 
seismic forces. The number of loca
tions and the configuration of the 
bracing was limited, however, be
cause it was crucial that the floor 
use not be disturbed or limited. 

.. . . 

BRACING ELEVATION 

A scheme of eccentric compres
sion bracing along with inverted 
"V" bracing was used to avoid 
mechanical runs, doors, and win
dows. At the ground floor level, the 
bracing was incorporated into the 
existing concrete columns and slab. 
Steel beams were added below the 
slab to act as compression mem
bers. Steel diagonal members were 
connected to the existing concrete 
columns with steel shoes. 

Each bracing location was uni
que with very little repetition, espe
cially in the existing structure. The 
bracing was placed in the existing 
portion as the steel frame was 
erected to save time. 
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structure. The concrete slab also 
was designed as a cantilever with • 
the steel being shored until the 
concrete reached design strength. 

Till' frammg ovtr thl' main entrance needed to be cantiletrered. 

As previously noted, the section 
over the entrance needed an addi· 
tion even though it was not rated 
for vertical expansion. An analysis 
determined that retrofitting would 

be prohibitively expensive, so in
stead a framing scheme was 
developed where this section of 
the building was canti levered with 
moment connections from the new 

t 

,.c.8.0. Listed 
.. d A325 and A490 

Full range of certlflfete complement of 
bolts and camp . eluding 'Tone" 

tools for installation, In TSW 60LC high 
tools and the nedwsWivel head tool. 

spee , 

In addition, tube columns were 
placed between the :loor levels to 
tie the structure together. How
ever, the tube columns did not 
continue to the existing leveL 

For mechanical coordination, 
holes 13" x 30" were placed in the 
new steel girders for duct runs. 
Numerous penetrations were re
quired in the existing concrete 
decks, which required the existing 
framing to be ana lyzed and rein· 
forced. At the same time, due to 
the partial composite design, live 
load deflection was held to L/1OOO, 
or just over V.". The new steel was 
connected to the existing columns 
at the interface with the existing 
elevator core. 

Stephell Sopko is all associate with 
Ryall-Biggs Associates, P.C, Troy, 
N.Y. alld Sf/sail Belljamill is the firm's 
marketillg mallager. 0 
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Overcoming Obstacles • 

Because it hoped that its "ew mainte"ance and parkhlg facility would spur additional 
develop",,"1 ill all ,conOlll/cally depressed area of the city, the Greater Roalloke (Va.) 
Trallsit Co. wallted a desigll wIth some PIzzaZZ. The steel-framed building is c/ad with a 
composite msulated system with the appearance of sugar-cubed precast concrete. Photos 
by David 'alles/Hayes , Seay, Mnltml & Maltem 
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Public policy 
dictated the 
placement of a 
new bus facility 
on an otherwise 
undesirable site 

By Michael N. Biscotte, P.E. 

Despite poor soil conditions, 
a poorly configured urban 
site, and periodic nooding, 

the Greater Roanoke (Va.) Transit 
Company (GRTC) was determined 
to build a new maintenance and 
parking facility for their bus neet 
in an area that needed new • 
economic development. 

GRTC operates a bus neet for 
public mass transit in the Roanoke 
Valley. Previously, the bus main
tenance was performed in an in
adequately equipped and poorly 
ventilated garage facility, while 
parking was outside on paved lots. 
Office and administration func
tions also were inadequate. A 
study determined that a new or 
renovated facility was crucial to 
adequately maintain their existing 
neet; provide subcontracted main
tenance for private bus clients; pro
vide covered parking; and have a 
centralized office and administra
tion core. 

The agency first investigated 
renovating its existing main
tenance building. But this was 
deemed unsu itable because it 
would require significant struc
tural modifications and extensive 
ventilation and environmental 
considerations, all of which would 
have greatly escalated the project • 
cost. Next, the agency investigated 
renovating a nearby old horse barn 
on a site adjacent to the existing 



• 

• 

• 

maintenance building. This ap
proach, however, also proved un
acceptable, again mostly due to the 
costs involvl'Cl in completing the 
required structural modifications. 

Although neither of these alter
natives proved cost-€ffective, 
GRTC was determined, as a matter 
of public policy, to preserve their 
presence in the southeast area of 
the city. As a result, the agency 
decided to raze the old horse barn 
and build the new facility on that 
site. 

Site Constraints 
Unfortunately, the site was not 

ideally situated for its new use. 
The site is narrow and triangular, 
which made it difficult to orient 
the building to allow a smooth 
traffic flow. Also, at grade level the 
site is approximately 8' below the 
flood plain, whIch meant that all 
occupied spaces had to be located 
on the upper level, while the 
ground floor could only be used 
for parking. Therefore, in addition 
to providing easy entry and exit, 
the building's orientation had to 
allow for bus ramps up to and 
down from the maintenance 
facility on the second floor. 

I 

Wl~E AV NU 
-0-0--0 0 o 0 

~0""""'~~ 
At 

i~~~ 
~~ WING 

I 

(-

MAINTENANCE 
" ~ 

, 

Becall" lite site at gmde 1", .. 1 was S' Mow tlte flood pIa/II, tlte grolllld floor cOllld 
ollly be llsed for parkillg, Fmmmg sius mllged from WS x 24 [or tlte hgllt"'t colllmll5 to 
W30 I 99 [or tlte Iteaviest girders. Tlte 75l100-sq.-ft. proJect llsed 550 tOll5 of <teel. 
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The upper level is divided into 
two basic areas: an office wing and 
a maintenance wing, each of ap
proximately 20,000 sq. ft. The 
40,000-sq.-ft. lower level is almost 
exclusively parking for buses and 
cars. 

The mixed occupancies on the 
upper level imposed varied oc
cupant and vehicular loading con
diti(lns and equipment require
ments on the structural framing 

800-331-3002 
Custom squares and 

shapes. Order squares from 
12" to 24". Rectangles from 
12" x 16" to 24" x 30". 

Single lengths from 5' to 
40 ', spliced lengths to 60 '. 
ASOO dimensions. 

No minimum quantity. 
Material grades ASTM A36 
to A572-50. Contact Rick 
Weilkemper. 

system. To meet all of these usage 
and site requirements, a rectan
gular maintenance wing, angled 
away from a rectangular office 
wing, was designed for the build
ing footprint. 

Foundation Considerations 
Ground conditions varied 

throughout the site, but basically 
consisted of fill and refuse 
ma terials on top of relatively weak 

FREE CATALOG 

~ 
V,.LMDnJ 

TULS,. 

soil layers, with competent lime
stone below. 

Both steel pile foundations and 
large spread footings on select fill 
were considered. And even though 
pile driving in the dipping rock 
beds of the Roanoke Valley can be 
difficult, this method was deter
mined to be superior to shallow 
spread footings. Using spread foot
ings would have required an ex
pensive layer of select fil I on top of 
questionable bearing materials. 

Steel Framing System 
Due to the unusual building 

geometry, the difficult foundation 
conditions, and the variable-load
ing considerations, the project's 
structural engineer, Hayes, Seay, 
Mattern & Mattern, Inc., Roanoke, 
selected a steel framing system. 
Structural steel's flexibility with 
respect to both adverse geometry 
and varied loading conditions, 
along with its inherent weight ad
vantages, proved to be a cost-effec
tive solution to these problems. 

The basic gravity-load-resisting 
system consists of 3"-thick concrete 
fill on 3" composite steel floor deck 
in the office area, and an 8"-thick 
concrete slab in the shop area. 
Composite steel beam and girder 
construction is used in both areas 
for stiffness and economy. The 
basic lateral-load-resisting system 
consists of moment-resisting fixed 
frames in the north-south direction 
and steel angle cross-bracing in the 
east-west direction. 

Lateral forces consist of wind 
loads, seismic loads, bridge cranes, 
and flooding waters. Bracing could 
only be used in the cast-west direc
tion because of the office layout re
quirements and, more importantly, 
because of the open parking areas 
on the lower level. Two masonry 
stair towers also were utilized for 
lateral resistance, and several "ten
sion" piles were employed to 
transmit the lateral loads from the 
masonry walls to the foundation 
system. 

The member sizes for the beams, 
girders and columns ranged from 
W8x24 for the lightest columns to 
W30x99 for the heaviest girders. 
The 75,000-sq.-ft. project used 550 

• 

• 

• 



tons of steel, or 15 Ibs. per sq. ft. 
The structural steel cost $750,000, 

• 
or $10 per sq. ft., and the steel piles 
added another $360,000. Steel 
fabricator was AISC Member Owen 
Steel Co., Inc., Gastonia, .c. 

Connection Design 
Due to the magnitudes of the 

member forces and the sizes of the 
members, the connection design 
proved to be extremely critical. par
ticularly for the fixed -frame mo
ment connections. Complete joint 
penetration field -welded nange 
plates were used for the beam
column moment connections, as 
bolted end-plate moment connec
tions proved to be too massive and 
expensive. Shear connections were 
hop-welded and field-bolted 

single-plate and double-angle 
standard shear connections. 

Because of the critical nature of 
the welded moment connections, 
the contractor, Branch and As
sociates, Inc., Roanoke, elected to 
use only one welder to perform all 
moment connection weldments. 
While this approach on the nearly 

• 
300 linear ft. of welding was slower 
than using multiple welders, it 
served to ensure the quality of the 
most critical welded connections on 
the project. As an additional pre
caution, all field-welded connec
tions were specified to be tested by 
either radiographic or ultrasonic 
nondestructive test methods. 

GRTC did not want a mundane 
"industrial" metal siding ap
pearance for the facility, since it is 
hoped that this project will help 
spur additional development in a 
relatively economically depressed 
area of the city. Instead, it was 
decided to use a composite insu
lated panel facade. This facade sys
tem consists of a composite fill and 
finish system applied over rigid in
sulation, which is then adhered to 
gypsum sheathing and attached to 
frames of structural metal studs 
and runners. 

The facade system has the ap
pearance of sugar-cubed precast 
concrete, but has much more 
nexibility and approximately one-

• eighth the weight. The individ ual 
panels were fabricated off-site in 

shop conditions to control their 
color, finish, and curing. The ex
terior color scheme, which consists 
of alternating bands of blue and 
white, was chosen to match the 
color of the GRTC buses. 

Michnel N. Blscotte UJas Ihe Il!fId 
siruclllrni ellgilleer 011 Ihe projeci for 
Hnyes, Seny, Mnttertl & Mnttertl, IIIC., 
Roolloke, which nlso was Ihe nrchileci 
nlld civil ellgilleer for Ihe blls mnill
lellnllce mid office bllildillg. 
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By Jim Ladesich 

I n 1989, the United States Postal 
Service (USPS) delivered more 
than 161 billion pieces of mail. 

In an effort to hold down costs as 
the volume of mail continues to in
crea e, the USPS during the past 15 
years has increasingly turned to 
automated processing and sorting. 

These changes demand a high
ly-trained workforce, a mission 
now consolidated in a $25.1 mil
lion USPS Technical Training Cen
ter in orman, Ok. Previously, the 
Postal Service leased space in a 
variety of buildings in and around 
Norman. Ilowever, a cost analysis 
showed that the USPS cou ld better 
perform its training task at a lower 
cost in a unified setting. 

HTB, Inc., Oklahoma City, Ok., 

was selected as the project's ar
chitects and civil engineers. The 
building needed to accommodate 
the latest environmental! data
processing / telecommunications 
technology while also being ener
gy efficient and fully accessible to 
the handicapped . In addition, the 
USPS required that the design be a 
departure from the often "drab" 
look that characterizes many 
federally-funded facilities. "The 
USPS wanted the building to look 
some-what high-tech, though they 
still wanted it to look slightly con
servative," explained Larry J. 
Keller, AlA, IITB's director of 
design. 

HTB's design for the 291,()()()
sq.-ft. structure responded both to 
the USPS's program criteria and to 

n,e project's most difficult deSign 
element was tire semi-CIrcular 
admi"istrnlive cfll ter. Tile CIYCll lar desigll 
resulted from the (lrell/fret's de:;Ire to 
",aximize the amOll1lt of perimeter space 
Ti,e circumfere1ltinl slmpe results UI a 
tremel/dOllS amount of 10rs;01l . To deal 
with tile problem, bridging was 
iI/traduced at the quarter pomts to reliel'e 
tire lors;on ill the beams. Photo by 1011 
Petersoll Photography 
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The $25.1 millioll USPS Tedl1lical Training Crull";l1 Norma" , Ok .. Ira ... a structural 
steel frame clad with glazed brick and Itorizollfallm"ds of t/flled glass . A lIIot,:ePl' 
reslstlllg space frame was chosen for the project becalls£' il was morl' economical firm, 
cO/rerell' construction and IIad better vibratio1l characterislic~ tim" a bar JOIst systt'lII . • 

Oklahoma's climatic extremes. Lo
cated on a IS-acre campus, the 
facility contains administrative, in
structional and student spaces in a 
series of interconnected modules. 
The six primary modules are con
nected by a S()()' -long, 20' -wide 
central spine-a "Main Street" for 
pedestrian traffic. 

Two-story training wings are lo
cated on each corner of the struc
ture, with the administrative struc
ture and the student center 
sandwiched between on either side 
of the centra l spine. 

The corners of the structure, 
where student lounges were in
stalled, are rounded in part to sof
ten the facility's bulk. "Also, we 
felt that a curve was appropriate 
for the space," Keller added. 

In addition, the curves reflect 
back to the central administrative 
area, which is cu rvilinear in form. 
"The administrative section is of
fice space instead of instructional 
space. Since it has a different func
tion that the rest of the complex, it 
made sense to express that portion 

of the building somewhat different 
than the rcst," Keller said. "Also, 
everyone wa nted a view to the 
outside, and with a circle, you get 
much more perimeter space and a 
view in two directions." 

For programmatic reasons, the 
upper floor of the administrative 
area is substantially smaller than 
the lower floor. The roof of the 
lower level, where it extends out 
from the upper level, is a sloping 
metal standing seam system. "A 
gravel roof would have detracted 
from the view from the second 
floor," Keller said . The sweeping 
circular form also incorporates a 
continuous band of horizontal 
glazing. 

Economic Framing System 
A structural steel frame, clad 

with glazed brick and horizontal 
bands of tinted glass, provided the 
mosl cost-effective solution. Steel 
delivered the clear spans needed . 
for flexible interiors and best ac
commodated the anticipated floor 
penetrations, according to Wesley 
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Britson, P.E., deputy director of 
structural engineering at HTB. 

HTB also considered cast-in
place and precast concrete, but 
both were rejected as too expen
sive. In addition, a pan joist system 
was considered, but it was rejected 
because of the building's service
ability requirements. 

"We wanted a solid floor be
cause of the computer equipment," 
Britson said. "We needed to keep 
vibration down so we didn' t want 
a light-weight bar joist system." 

Moment-resisting space frame 
construction is utilized for the 
lateral load resisting system. Both 
the training wings and the traf
fic/utility spine are framed with 
ASTM A36 structural steel. 

ominal bay spacing is 25' x 31' 6". 
"A moment-resisting frame was an 
architectural consideration," Brit
son explained. "X-bracing would 
have interferred with the desired 
wide-open spaces and windows. 
We needed a lot of flexibility in 
design because there are not a lot 
of permanent walls. Also, ap
proXimately 80% of the floor is 
raised access to accommodate the 
computer and other equipment." 

The connecting spine is isolated 
from the training wings with 
double-column expansion joints. 

Floor framing is composed of a 
composite concrete slab system 
with 5W' of lightweight concrete 
integral with a 2"-thick, 20-gage 
composite steel deck. Floor beams 
spanning 31' 6" are typically W18 x 
35 on 8' 4" centers. Floor girders 
span 25' and are W24 x 76. Con
struction depth at the girders is 2' 
5W' and at the fl oor beams is l ' 
11 W'. 

The roof of the training wings 
and connecting spine also is steel 
framed. The framing supports 
open-web steel joists on 5' centers. 
Over the joist is a 1':n6", 20-gage 
vented formed teel deck support
ing cellular concrete. 

The project's most difficult 
design element was the curvilinear 
administrative center. Framing for 
this portion of the building con
sists of WF columns and W8 x 13 
beam rolled to a radius conforming 
to the roofs geometry. 

The six primary moduli'S are co""ected by a 500' -lollg, 20' -wide eelllral spi"e. 

'The semi-circular space re
quired a lot of analysis to make it 
work properly," Britson said. "It's 
a true geometric shape with no 
surface irregularities. The biggest 
problem is making sure the beams 
are rolled to the proper radius. The 
key to making the curved roof is 
that the rolled beams are circum
feren t ia I," 

The beam to girder connections 
are 6" WF welded to radial girders. 
The rolled beams are bolted to the 
6" WF. 

"When you do a circumferential 
building, you induce a tremendous 
amount of torsion," Britson ex
plained . "We induced bridging at 
the quarter points to relieve the 
torsion in the beams. The trick is to 
put enough bridging in the space 
to eliminate the torsion but still 
allow the beam size to remain 
sma ll enough that the fabricator 
can roll them circumferentia lly." 

The administrative area has an 
18 degree arc, which results in inte
rior bay spacing of 19' and 
perimeter bay spacing of 27' 4". 

When the project went out to 
bid, the USPS requested bids for 
both a 21-month schedule and a 
IS-month schedu le. After consider-

ing the cost of their current leases, 
the Postal Service opted for the 
"Special Delivery" IS-month 
schedule. 

"The fast-track schedule meant 
that there were a lot of different 
trades working at the same time in 
a tight area," sa id Ronnie Peace, 
project manager with Flintco, Inc., 
the project's Tulsa-based general 
contractor. Gilbane Building Co., 
Providence, was t he project's con
struction manager. 

Horizontal courses of glazed 
brick provide a low-maintenance 
skin with enough density to com
bat heat and cold infiltration. Ac
centing bands of tinted glass pro
vide a visual contrast to the beige 
masonry. The glass is dark enough 
(14% transmission of visible light) 
to prevent excessive brightness 
and glare in the office areas. Also, 
deep sills were designed as a "light 
shelf" to reflect ambient light off 
the perimeter ceilings where it is 
then ca rried deep into the interiors 
by large interior glass re-Iites. 

/illl Lndesic" is a free- Iallce writer 
alld lIIarketillg cOllsllltallt based in 
Kallsas City alld specia/izillg ill ar
chitectureaud cOlIslrllcfio" . 0 
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Tight Site 
Building a large movie theater underneath an elevated 
roadway created unique construction challenges 

Building a lO-screen tJtl'Oter complex 
wIder all el£"tlflted JIIghway could have 
beet! au aestlretic disn!iter, but througl. 
careful material selection, tlli~arcJlltt'cts 
managed to create all attradit~ and 
popular recreation ernler 

St. Louis Union Station's huge 
popularity as an entertain
ment drawing card has 

created a not-so-unusual problem 
for an urban area: A lack of space 
for further development. The 
answer for the designers of a 
neighboring 10-auditorium theater 
complex was to capitalize on the 
theater's lack of a need for a view, 
which allowed it to be "tucked 
away" beneath an elevated high
way structure. 

The unusual siting for Union 
Station Cinema was mostly due to 

the premium land values in the 
area, explained John Guenther, 
AlA, project designer with Mackey 
Associates, St. Louis. The steel
framed building is 302' x 165' and 
can seat 2,300 people. 

Because of the site constraints 
posed by highway above, tradi
tional steel erection techniques 
could not be utilized. Since there 
was no access from above, a crane 
could not be used to lower the steel 
into position. Instead , the steel was 
hoisted up from below with a 
hydraulic jack. 
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The highway's four piers 
extelld through the 
theater's tabby (top). To 
elimit/ate allY uibratiolf , the 
piers were isolated from the 
theater's structural system . 

The steel-framed 
{'lItrallce callopy (above 
alld right! reflects back· to 
both the m'arby trai" shed's 
butterfly callopit!S alld the 
/rlghwayoverhead. 

The Missouri Ilighway Depart
ment reserved casements both 
horizontally and vertically so that • 
the overpass structure would 
remain accessible for inspection 
and maintenance at all times. The 
structure's height was therefore 
limited to 23' 4". "We provided for 
additional loading on the roof SO 

the highway department could 
come in with their maintenance 
equipment when needed," ex
plained Melvin Young, P.E., 
project manager with Engineering 
Design & Management, Inc., 51. 
Louis, the project's structural en
gineer. 

The roof itself is 4"- to "-thick 
concrete (depending on which 
auditorium it covers) on metal 
decking to minimize noise 
problems, and the exterior walls 
are double thickness concrete 
block. Below this deck, the 
auditoriums have two ceilings. The 
upper ceiling is a gypsum board 
layer hung from acoustical isolat
ing supports, above which is 11 " of 
therma l/ acoustical insulation. The 
lower ceiling is an acoustical ceil-
ing tile that also is hung on acous- • 
tical isolating supports. And above 
the lower ceiling is 3\12" of acousti-
cal insulation. 

In addition to providing sup
port for the highway's main
tenance equipment, the roof's steel 
joist structural system is designed 
to support exceptionally heavy 
snow loads. "We designed for live 
loads of nearly 100 Ibs. in case 
during snow removal from the 
roadway the snow was dumped 
onto the building's roof," Young 
explained. 

Because of the siting, four of the 
highway's concrete piers extend 
through the theater's lobby. To 
eliminate any vibration, the piers 
were isolated from the theater's 
structural system. The space be
tween the piers and the roof is 
closed with rubber booting 
material. 

"The highway has a very shal
low curve in it," explained Guen
ther. "The process of defining exact 
points was a bit complex. By using 
a CADD program we were able to . 
come up with a drawing dcscrib-



ing exactly where the easements 
"\fere." 

• Given its location next to a 
famous train shed and beneath a 
highway, transportation became a 
logical archi tectural theme. A large 
steel-framework entrance canopy 
was created that both resembles 
the train shed's butterfly 
canopies-which were at one time 
used for boarding trains-and also 
all udes to the structure of High
way 40 above, explained Guenther. 
The building's light and dark 
bands of gray brick relate to the 
concrete deck of Highway 40, as 
well as the broad-based nature of 
the train shed. 

The theater is part of a three 
building complex known as Power 
House Place. Also recently com
pleted is the office building portion 
of the complex. The building rests 
on the foundation of the old power 
house from which the complex 
gets its name. "The old bui lding 
was in such terrible condition that 
it was more economica l to tear it 
down than to attempt to repair it," 

• 

Guenther said. 
The Power House Office Build

ing is a braced steel frame with 24'
column spacing. "The unusual part 
of the project was using the exist
ing foundation," Young said. To 
distribute the building's con
centrated loads, a 2' -wide x 4' -deep 
bolster beam was added to the 
foundation and the new steel 
columns were connected with 
anchor bolts. 

"The office building needed to 
fit into a historic context," Guen
ther noted . " It has the same 
footprint as the original building, 
and has a gable roof. We did add 
an additional story, however, and 
a 'notch' in the south end for an 
elevator lobby and to orient the 
buildi.ng correctly. A lot of people 
think it's the original building." 

The third building in the com
plex is currently out for bid, and 
will also be a steel-framed build
ing. The new building will have 20' 
column spacing and will feature an 
exposed steel truss that will sup-

• 
port a barrel vaulted roof that ar
chitecturally reflects back to the 
Union Station train shed. 0 
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thousands of hours in preparation and dedicated input 
from scores of professionals , practitioners and staff 
members who make it possible to publish the Manual . 
The Institute wishes to publicly acknowledge its 
appreciation to all those individuals who serve the 
industry through their participation on the AISC 
Committee on Specifications and the Committee on 
Manuals , Textbooks and Codes . Without their dedicated 
effort such an authoritative guide would not be 
possible . 

At the same time , the Institute wishes to convey its 
apology and express its appreciation to those whose 
patience was tested during the delay in receiving a 
manual . We sincerely apologize to you for our 
inability to service each and everyone of you on a 
personal and timely basis during this past year . 

Our commitment is to serve the industry . New orders 
are now being processed in a timely manner . General 
delivery is 3-4 weeks for book post , 2-3 weeks for 
UPS . Please refer to the AISC Publications List for 
information on ordering the Ninth Edition and other 
pUblications available through AISC . 

If you don ' t have a copy of the Ninth Edition Manual , 
you should . It is an essential tool and reference for 
all engineers , architects , draftsmen and building 
officials involved in the design and construction of 
buildings in the United States. 

Neil W. Zundel 
President , AISC 
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PRODUCTS 

• Machinery And Tool Products 

• Peddinghaus 

A totaUy integrated CNC sys-
tem to drill and burn steel 

plate is now available. This two 
axis C C system positions the 
plate in the X (length) axis and the 
drill heads and Oxy Fuel torch in 
the Y axis. The simultaneous move
ment of both axes not only 
eliminates the layout of holes, but 
also provides the capability to burn 
contours in the plate. 

Peddinghaus is sponsoring an 
"Oktoberfest" open house for steel 
fabricators September 24 through 
October 5, 1990. Highlighted will 

be automated processes for beam, 
angle, channel, and plate fabrica
tion. In addition to Peddinghaus, a 
variety of steel detailing companies 
will exhibit their products, indud
ing Design Data, Lincoln Electric, 
Dogwood Technologies, Geometric 
Data Flow, Mountain Enterprises, 
SteelCad, Steel Solutions, and 
Structural Software. 

For more information, contact: 
Peddinghaus Corp., 300 N. 
Washington Ave., Bradley, IL 60915 
(815) 937-3800. 

Behringer 
The company's expanded 

product line now includes the 
HBP-530/ 1100G and HBP-800G 
Heavy Duty Miter Bandsaws. The 
former cuts beams up to 19.6" X 
43.3", while the latter cuts beams 
up to 19.6" X 31.5". With a fixed 

• 
datum line and center rotation 
point in line with the backfence, 
there is no need for excessive 

material handling. Manual or 
motorized angle setting and length 
measuring provides simple to 
highly sophisticated semi-auto
matic horizontal bandsaws for the 
structural industry. 

For more information, contact: 
Behringer, Inc., 6775 Inwood Dr., 
P.O. Box 1989, Columbus, IN 47202 
(812) 342-2336. 

Kaltenbach 
T wo new models have been 

added to the manufacturer's 
line of circular cold saws. The 
HDM-lOoo and the HDM-14oo 
structural saws are designed for 
use in a IItandem system" with the 
firm's structural CNC drill. Unique 
design features include a traveling 
saw arm and fixed datum fence to 
insure maximum capacity of cut
ting range. New saws include 
miter cutting, opti-feed, and verti
cal clamp. Options include C C 
control for 89 cutting angles and 
the FABCUT software package. 

For more information, contact: 
Joseph A. Dick, Exec. VP, Kalten
bach, Inc., 6775 Inwood Dr., 
Columbus, IN 47201 (812) 342-
4471. 

Marvel 
Marvel's Series 81APe is an 

18" X 20" vertical saw with a 
10 hp drive that provides a vari
able speed range of 60-400 fpm. 
Also available is a 25" vertical 
capacity option. Greater flexibility 
and increased sawing efficiency is 
available through programmable 
control. 

For more information, contact: 
Armstrong-Blum Manufacturing 
Co., 1441 Business Center Dr., Mt. 
Prospect, lL 60056 (800) 462-7835. 
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PRODUCTS 

ilERTIA 

• Craphkol Modelln, 
• Flmtt Elemenl An:tl)"sl & Design 
- 11(':&1 Transfer (Thcrma..l) 
• Klnemalics &; Ornamlcs (Mechanism) 
• S"uc,ur.J Oeslgn (AlSC) 
• SP""' Oeslgn (AS~E) 
• A\'1llablc on aU PCs and Macs 

MOO, Inc. 
TtII ·!IOO i .. ·6llJ · FAX 1·317/ .6FI66 

AutoSD Steel Detailing 

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

Detail beams, columns, braces, 
gusset plates, stairs, stair rails, 
anchor bolt plans and erection 
drawings. 

Layout complicated ~eometrics to 
determine work pomts, control 
lengths, angles and bevels. 

All this at the speed and accuracy I 
of a computer making backchar· 
ges and delays a tliing of the I 
past. 

Automated Steel DetaiHng Works 
with AutoCAD® release 9.0 or 
later . 

For more information write: 
AutoSD Inc. 
4083 59 PL $3500.00 
Meridian, MS 39307 
(601) 483·0601 

E.G. Heller's 
The recently introduced Model 

403 Ironworker is a hydrauli· 
ca lly·powered punch and shear 
that combines punching, coping, 
and notching in one workstation. 
A single cut means burr·free cuts 
and no loss of steel in wasteful 
slugs. The four cutting edges on 
the blades reduce operational costs 
as well. The machine has a high 
capacity of 14" wide X :}'J6" thick 
and 6" wide X liz" thick. 

For more information, contact: 
Robert HeJJer, E.G. Heller's Son, 
Inc., Box 416, Tarzana, CA 91357 
(800) 233-0909. 

Vernon Tool 
T he company's Beam Profiling 

Machine completes in six 
minutes, using a single plasma 
torch, a job other machines require 
10-15 minutes to finish. Existing 
production figures indicate over 
1,200 piece completed in less than 
10 working days. The machine is 
designed specifically to fabricate 
structural shapes. 

Vernon's overhead gantry robot 
permits the single plasma torch to 
cut cleanly and ,,'fely with un· 
paralleled accuracy, precision, and 
efficiency. For the sma ll fabri cator, 
the machine can serve as a com· 
plete fabrication center. 

For more information, contact: 
Vernon Tool Co., 503 Jones Road, 
Oceanside, CA 92054 (619) 433-
5860. 

AWS 
T he Pocketwelder II provides 

the answer to more than 5,000 
questions on the GMAW, GTAW, 
SMAW, nuxcored and oxyfuel 
welding and cutting processes. The 
program provides detailed weld· 
ing data on approximately 2,000 
steels at the touch of a button. 

For more information, contact: 
American Welding Society, P.O. 
Box 351040, Miami, FL 33135 (800) 
334-9353. 
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Harrington • 
The new Peerless LB Lever 

Hoist has capacities ranging 
from :Y4 to 9 tons. With a rugged 
steel housing, it has the quality 
components to handle a variety of 
industrial and construction jobs. 
The combination of double reduc· 
tion gearing and a 15 degree 
recovery stroke allows for precise 
spotting a minimum effort for rais· 
ing or lowering of the load . 

For more information, contact: 
Harrington Hoists, 401 West End 
Ave., Manheim, PA 17545 (800) 
233-3010. 

Janey 
Engineering 

Slugger portable magnetic drill· 
ing machines and annular cen· 

ter·free cutting tools are 
lightweight and capable of produc· • 
ing 2Vi6" diameter holes through 2" 
carbon steel in seconds. a 
predrilling or reaming is necessary. 
Drills can be easily converted for 
use with twist drills to :Y4" 
diameter. Tooling is available to 
adapt the cutters to conventional 
and CNC equipment. 

For more information, contact: 
Jancy Engineering Co., P.O. Box 
3098,4616 Kimmel Dr., Davenport, 
IA 52808 (319) 326-6251. 

Shepard Niles 

A new bulletin describes the 
company's line of "Al· 

legiance" cranes. They range in 
capacity from five tons to 20 tons, 
and spa n from 20' to 60'. This line 
of double girder cranes are 
designed for use in machine shops 
and steel handling. 

For more infonnation, contact: 
Shepard iles, Inc., . Genessee 
St., Montour Falls, Y 14865 (607) • 
535-7111. 



e 

Metabo 

The firm has recently intro
duced a 6" Angle Grinder 

(1115) hand unit that features a 
revolutionary electronic speed sta
bilizer for maintaining constant 
speed between no load and full 
load. The 1115 also features a uni
que thermal overload protection 

e 
system that reduces tool voltage if 
an overload point is reached, and 
remains at reduced voltage as long 
as an overload condition exists. 

For more information, contact: 
Metabo Corp., 1231 Wilson Dr., 
West Chester, PA 19380 (215) 436-
5900. 

Hypertherm 
Plasma is becoming the cutting 

technology of choice. Plasma 
arc cutting is five to eight times 
faster than oxyfuel cutting and 
also is more economical. The 
HT400 Oxygen Plasma Arc Cut
ting System was specifically 
designed for cantilever and small 
bridge-type cutting machines, 
robots, straight-line cutting 
machines and punch presses. 

The HT400 requires less 
operator skill than oxyfuel cutting 
and routinely produces cuts that 
are square, smooth, and dross-free. 

For more information, contact: 
e Hypertherm, Inc., Box A-10, Etna 

Road, Hanover, NH 03755 (603) 
643-3441. 

Heck 

The Turbo-Burr dubur
ring/ beveling tool uses a solid 

carbide rotary burr to finish the 
edges of virtually any straight
edged part. Used either as a light
weight hand tool or bench top, it 
makes a clean edge for deburring, 
beveling, or safety edging. 

For more information, contact: 
Heck Industries, P.O. Box 425, 1480 
Old U.s. 23 South, Hartland, Ml 
48029 (313) 632-5400. 

Witco 

N ew, high-solids SACl cor
rosion inhibitor concentrates 

are based on a unique technology 
that provides all of the advantages 
of paint, plus superior corrosion 
resistance. Just like paint, they can 

rnSFUNTO 

DESIGN STEEL 
CONNECTIONS 

USING 

DESCON 

AN EASY TO USE SOFlWAAE PACKAGE 
FOR YOUR PC 

25 TYPES OF BEAM TO COlUMN 
CONNECTIONS, BEAM SPLICES AND 

BEAM TO GIRDER CONNECTIONS 

MOMENT CONNECTIONS 
SHEAR CONNECTIONS ' 
BOLTED AND WELDED 

EXTENSIVE DATA BASE OF SHAPES, 
MATERIAL PROPERTIES AND 

SPECIFICATION REQUIREMENTS 
INCLUDED 

FOR INFORMATION CAll OR WRITE TO: 

OMNITECH ASSOCI ATES 
P.O. BOX 7581 

BERKELEY. CA io4707 
41Wsa.l321 

be easily pigmented, sprayed on, 

or applied with a brush or roller. l~==============~ The formulations can be applied in 
almost any kind of weather and 
will dry to a hard, abrasion-resis
tant film in several hours. Also, un
like paint, the coatings can be ap
plied after only minimal surface 
preparation. 

For more information, contact: 
Sonneborn Division, Witco Corp., 
520 Madison Ave., ew York, Y 
10022-4236 (212) 605-3903. 

Welch Allyn 
A truly field-portab le borescope I 

system is now available. The 
VideoProbe 2000 can be carried on 
a shoulder strap and can run off of 
a 12v rechargeable battery for a 
minimum of 45 minutes of con
tinuous operation or off of a 110v 
line indefinitely. 

It features a high-quality, crys
tal-clear image and joystick opera
tion. 

For more information, contact: I 
Welch Allyn, Inc., Inspection Sys
tems Division, 99 Jordan Road, 
P.O. Box 187, Skaneateles Falls, NY I 
13153-0187 (315) 685-8689. 

LRFOCOMP 
COMPOSITE BEAM DESIGN 

PROGRAM USING LRFD 
(CALI TODAY lOR I'IM( I~~ 

, Selects beam size 

• Determines stud requirements 

, Determines stud layout 

• Computes deflections 

• Comprehensive manual with 
examples 

• Fast, efficient operation 

• Construction phase and final 
design 

• IBM PC/AT/XTIPS2 and 
compatibles 

l:= /':~ '~R~ ;~D I 
PRECISION PROGRAMMING 
P.O. BOX 3731 
MINNEAPOLIS, MN 55403 
(612)936-4031 
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Plated Decks-Plain or perforated 
Most complete line of deck products 
in 5/S" to 71f{' depths 
OUR SERVICE WILL SAVE YOU nME Be MONEY 
Epic has these profiles available for shipment 
on an A.SAP, Basis! 
Your order will be processed in One Week 
in most cases , Ask about our A.SAP. Service, 
Call (412) 351 -3913 today for price and 

e delivery information and for prod uct advice 
on all types of Form Decks, Composite 
Decks, Long-Span and Roof Decks, 

Manufacturing Plant.: 
• Pittsburgh, Po, 
• Chicago, III. 
• Lakeland, Flo. 

Dealer Inquiries Invited 

EPICe 

METALS ( Id '\j 
Eleven Talbot Avenue, Rankin, PA 15104 

PHONE: 412/351 ·3913 
TWX: 710·664·4424 

EPICMETAL BRDK 



SAP90'" 
General Analysis 

& Design 

ETABS® 
Building Analysis 

& Design 

SAFE'" 
Slab Analysis 

& Design 


