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UNITED STEEL DECK, INC. DECK DESIGN DATA SHEET 

No. 13 
DECK FINISHES 

STANDARD FINISHES COMMONLY AVAILABLE ON USD PRODUCTS 

GALV. PHOSIPTD PRIME PTD GALV. FINISH UNCOATED 
PRODUCTS G90 or G60 + PAINT PAINT 

I. II. III. IV. V. VI. 

1'12 " & 3" Roof Decks X X X X 
4 1f2 ", 6 ", 71/2" Roof Deck X 
11f2 ". 2 ", 3 " Composite Deck X X 
UFX36, UF2X, UFS (Form Deck) X X X X 

THE TABLE REPRESENTS NORMAL INVENTORIES: HOWEVER ANY FINISH ON ANY PRODUCT MAY BE AVAILABLE ON SPECIAL ORDER. 

NOTES - ROMAN NUMERALS IN THE TABLE CORRESPOND 10 NUMERALS IN NOTES. 

I. A. CHECK UL. FIRE RESISTANCE DIRECTORY FOR 
FINISH REQUIREMENTS. GALVANIZED DECK 
SHOULD BE USED ON ROOF CONSTRUCTION 
WITH SPRAYED FIRE RESISTIVE MATERIALS. 
(SFRM). 

B. GALVANIZED DECK IS RECOMMENDED FOR HIGH 
HUMIDITY AREAS. 

C. GALVANIZED ROOF DECK IS RECOMMENDED 
FOR ROOF CONSTRUCTIONS WITH INSULATION 
BOARDS THAT ARE FASTENED TO THE DECK 
WITH PIERCING FASTENERS. 

D. USD RECOMMENDS THE USE OF GALVANIZED 
MATERIALS FOR MOST EXPOSURES. 

E. GALVANIZED STEEL IS COVERED BY ASTM A446; 
GALVANIZING IS COVERED BY ASTM A525; GSa 
AND G90 ARE COATING WEIGHTS. 

II . A. " PHOSIPTD." MEANS THE FLOOR DECK IS ONLY 
PAINTED ON THE EXPOSED SIDE-THE CON­
CRETE SIDE SHOULD DEVELOP TIGHT RUST 
BEFORE THE CONCRETE IS POURED. 

B. USE ONLY FOR INTERIOR APPLICATIONS- I.E. 
OFFICES OR HOTELS. 

C. CHECK UL. FIRE RESISTANCE DIRECTORY-SEE 
NOTE I.A. 

D. " PHOS.lPTD." IS APPLIED TO ASTM A611 STEEL. 

III. A. " PRIME PAINTED" MEANS A PRIMER COAT OF 
PAINT IS APPLIED OVER CLEAN BARE STEEL. THE 
PRIMER PAINT IS FORMULATED TO HAVE 
" TOOTH " TO HOLD SUBSEQUENT APPLICATIONS 
OF FINISH PAINT BUT IT IS NOT INTENDED TO 
PROVIDE EXTENSIVE WEATHER PROTECTION; IT 
IS FREQUENTLY LEFT EXPOSED IN WARE­
HOUSES AND MANUFACTURING PLANTS, AND 
WHEN USED WITH SUSPENDED CEILINGS . 

B. USE FOR BALLASTED ROOFS OR ADHERED 
ROOF SYSTEMS- SEE NOTE I.C. 

C. SALT SPRAY (AND OTHER) TEST RESULTS ARE 
AVAILABLE ON REQUEST. 

D. " PRIME PAINTED" DECK IS MADE FROM ASTM 
A611 STEEL. 

IV A. " GALV. + PAINT" MEANS PRIMER IS FACTORY 
APPLIED OVER GALVANIZED STEEL. THE PRIMER 
PAINT IS AS DESCRIBED IN III . 

B. THIS FINISH IS MOST ECONOMICAL WHEN A 
FINAL COAT OF PAINT IS TO BE FIELD APPLIED. 

C. USE IN HIGH HUMIDITY AREAS-THE PAINT PLUS 
GALVANIZING PROVIDES EXTREMELY GOOD 
MOISTURE PROTECTION. 

D. " GALV. + PAINT" USES ASTM A446 STEEL. 

V. A. FINISH COATS OF PAINT CAN BE FACTORY AP­
PLIED. THIS IS DONE ON THE COILS OF STEEL 
BEFORE FORMING INTO DECK. ALMOST ANY 
COLOR OR PAINT TYPE CAN BE USED­
HOWEVER TO BE ECONOMICAL, THE ORDER 
SHOULD BE FOR AT LEAST 20,000 SQUARE FEET. 

B. WHEN INSTALLING DECK WITH A SPECIAL FINISH, 
SCREWED SIDE LAPS ARE RECOMMENDED: 
AND, IN MOST CASES, SCREWS, PNEUMATIC OR 
POWDER DRIVEN FASTENERS SHOULD BE USED 
AT SUPPORTS. 

C. FINISH PAINT IS NORMALLY APPLIED OVER 
GALVANIZED STEEL CONFORMING 10 ASTM A446. 

VI. A. UNCOATED STEEL MEANS THERE IS NO COATING 
AT ALL. IT IS FREQUENTLY REFERRED 10 AS 
" BLACK" STEEL. 

B. UNCOATED STEEL CONFORMS 10 ASTM A611 . 
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'-'- § p.o . BOX 662. 475 SPRINGFIELD AVE . 

SUMMIT. NEW JERSEY 07902-0662 (201 ) 277-1617 
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THE ONLY THING 
LEFT TO CALCULATE 

IS YOUR SAVINGS 
The Estimating Program from Structural Software. An accurate bid 
can mean the difference between a healthl> profit and an unwelcome 
surprise. Our Estimating program correct y prices all the items that go 
into a job, from the mill to the warehouse. What's more, it renects the 
actual cost of labor at your shop. Almost all of the pricing levels and 
labor codes can be changed to suit your needs. In fact, Estimating's 
ne,ibility makes it the best e;timating program on the market today. 

Written by steel fabricators, Estimating is easy to ule. You're able 
to bid more jobs using the same personnel. And because Estimating is 
de,igned for IBM computers and compatibles, no special training is 
necessary. 

In these days of declining profit margins, Estimating gives you 
the accuracy you need to stay competitive. Call or write today for more 
information on Estimating and other Structural Software programs, 
including: 
• FabriCAD 11 - Detail faster "ith more accuracy . 
• Inventory Control. Production Control and Purchase Order-Material 
Allocation programs that link I- t 1 ~ purchasing with production to cut 
waste and boost pro~ts. Structural 
Software Company, )012 _ _ __ 
Plantation Road, 1'0. Box 
19220, Roanoke, VA 24019, STRUCTURAL SOFTWARE CO, 
(800) 776-9118 SOFTWA'E FO' THE STEfL INDUS"V 
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TIle 520'-tnll Nl!Wport Office Tower in Jersey 
City, NI, features n perimeter frame and 
braced core combination . In addition, 
outrigger trusses were provided at mid-height 
.lId .t tile top of tile tower to stiffen tile 
buildmg and greally Improve its aerodynamic 
wind reslstatlct. Photo by Sal Boccutl. 
Ambler, PA 
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12 WEST COAST DISCOVERS LRFD 

A firm's first experience with Load and Resistallce Factor Design 
was simple and cost effective 

16 CUTIING COSTS, NOT TREES 
While Merck & Co. desired an economic desigll , they also made 
sure the COllStructioll of their headquarters had a minimal impact 
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24 LRFD VS. ASD 
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A new generation 
of rolled beams 

and column shapes 
for economical 

steel construction. 
Once again, AABED leads the 
Industry by leaturing a trendsetting 
combination of mechanical , 
chemical and teChnological 
properties 

Inc. 

PIIIOVHORJ or ITIIIo ....... RUCTJON PRODUCT • • 

• HIGH YIELD STRENGTHS (up to 
65 KSI) - eyen for ultra-heavy 
sections 

• OUTSTANDING TOUGHNESS 
PROPERTIES 

• EXTRE MELY lOW CARBON 
EQUIVALENT - ensures excel· 
lent weidability 

A NEW PROCESS ... OST. 

The secret Is in AABED's revolu­
tionary new In-line OST process 

OTHER RECENT A"BED 
INNOVATIONS: 

"RBED·ROLLED .-0-, .U·, and 
'-TAILOR-MADE" (WlM) series -
'amous for high Hctlon moduli, 
gre.1 laleral buckling resistance, 
and big sIvings In fabrlcallon 
costs and weights. These products 
afe also available In the new 
HISTAA Quality as Is our standard 
WF series and H BEARING PILES. 

NEW LITERATURE AVAILABLE 

Send now lor complete data on all 
ttlese AABED products, conlact 
Trade AABED. INC., 825 Third 
Ave .• New York. NY 10022 (212) 
486-9690, FAX 2'2-35~2159t242'. 
In Canada TradeAABEO Canad., 
Inc .. 3340 Malnway, Burlington, 
Onta,lo, Canada L7M lAl 
(416) 335·5710. FAX 4'&'335-1292 
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EDITORIAL 

A Better 
Mousetrap 

I recently read an article describing various efforts to build an 
improved mousetrap. And in several cases, inventors had 
succeeded-yet, despite the well-known axiom, nO one beat a path 

to their door. 
For the last half of the 1980s, the authors of the Load and Resistance 

Factor Design Specification experienced the same abandonment. Sure a 
few of the more innovative East Coast firms started using LRFD. After 
all, LRFD is not only a more rational design method, but, in many cases, 
it also is more economical than ASD. 

As Akbar Tamboli-a vice president at one of those firms that began 
using LRFD in 1986-€xplains in an article beginning On page 32: 
"There's a savings on most projects to the client and that gives us a 
competitive ad vantage." 

How much of an advantage? In their article beginning On page 24, 
Tom Culp and Ravindra Mathur compare the design of typical office 
floor beams using LRFD and ASD and conclude that for most of the 
studied spans, the beam sizes obtained using LRFD with A36 steel are 
the same as the beam sizes using ASD with A572 Grade 50 steel. "Since 
the serviceability requirements for the two cases are the same, using 
A36 steel and LRFD design would always be more economical as 
compared to A572 Grade 50 steel and ASD design," they conclude. 

And that can translate into direct savings. On the One Arizona Center 
project (pages 36-39), the engineer could design office live loading of 80 
psf using LRFD for the same cost as 50 psf live loading with ASD. 

These are compelling reasons for switching, and the move towards 
LRFD seems to be accelerating. Already, you would be hard-pressed to 
find a college engineering program in this COWltry that does not teach 
LRFD (though some are still teaching ASD too). And even some firms 
on the West Coast are starting to use LRFD. "Implementing LRFD for 
steel design was considered professionally prudent," explained 
Californian William Andrews in an article beginning on page 12. "LRFD 
addresses strength and serviceability limit states in a more rational 
procedure and produces a more economical structure." In addition, 
Andrews discovered that the learning curve for using LRFD is very 
rapid. 

Engineers still aren't stampeding to buy LRFD's better mousetrap; 
but the successful firms are steadily moving in that direction. SM 

6 / Modern Steel Construction I November 1991 

• 

• 

• 



• 

• 

STMD-ID/ISDS - Ranks #1 
in America. 

A recent ENR/McGraw Simple to use, yet 
Hill survey of the Archi- sophisticated in application, 
tectural/ Engineering! ~ STAAD-III/ISDS oITers the 
Construction industry has most comprehensive solution 
ranked STAAD-III/ISDS, - to your structural engineering 
from Research Engineers, as needs. Today, Research --the #1 structural engineering 11~1I11~1I1I~1II~llIlillll~IIII~I III~IIII~1 ~~ Engineers, with six offices in 
software in the market today. four continents, is setting the 

structural engineering 
The choice of engineers standard worldwide. 

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

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

RESEARCH ENGINEERS 'NORlOWIDE 
UK: Anearcn Engneen (Europe) Ud 19 u.n.downe Court Bnghton Road, 
Pur.ey Surrey CRe 2BD Phone (08 ' ) 763-'393 Fp (0811763,'379 Telex 929181 
Frwce: ResNrctt Engroeers_ 18 1\.18 de MoresVllle 
28800 FLACEY Phone 37 47 Sl 63 Fu 3747 '" 63 

For Information Call : HIOG-FOR-RESE 
1-800-367-7373 

1570 N. Batavia 51. Orange, CA 92667 
Phone: (714) 974-2500 Fax : (714) 974-4771 

W Germany: Reseal'ch Eng.neer._ WIIheIm-Butch·S'r23 
6140 BENSHEIM 3 AUERBACH Phone 06251 795n Fill! 062S175437 
1ndiII : Re!Nrch EngIneef. Pvt Lid 40 e Defgll Road 
Calculta700017Phone 44891'T ... 21.,02 



Correspondence 
Dear Editor. 

I have read your editorial, "False 
Initiative" in the September 1991 
edition of Modem Steel COl/stmc­

tiol/ . I agree with your comments 
that the playing field for short-span 
bridges has been "tilted". 

The Portland Cement Associa­
tion began an intensive effort to off­
set the Timber Bridge lnitiative in­
troduced in the Senate by Senator 
Byrd (D-WV) in 1989, pointing out, 

as does your editorial, the existing 
structural deficiencies of timber 
bridges as listed in the National 
Bridge Inventory. Our efforts fell 
on deaf ears. Our concern was not 
with the cost of the program, 
which is authorized at $3 million, 
but with the precedent being set to 
subsidize a specific industry. 

As the Senate timber bridge ini­
tiative was set in place, we realized 
the greater risk of perpetuating this 
program lay in the renewal of the 

PORTABLE 
POWER 
with 
W.A. Whitney's 
Portable 
Presses 

A. 

W 

Punching is one of the least expensive ways of making holes in 
structurals. When using W.A. Whitney's Portable Presses, you save 
time and expense when punching wide flange beams, columns, 
channel iron, angle iron, I-beams, plate and other materials. 

• Portable-Take press to work site 
• Saves Time-Reduce material handling 
• Powerful-Punch up to 3" diameter holes 

W.A. Whitney offers portable presses with punching power from 
20 tons through 250 tons. Talk to your W.A. Whitney distributor. 
Call or write today for our portable press catalog. 

~I" ~~::~~~J 
W.A. Whilney Corp. 
650 Race Street 
P.O. Box 1206 
Rockford, Illinois 61105·1206 
(815) 964-6771 Fax: (815) 964·3175 

Federal Aid Highway program, 
which is no before the Congress. 
Early in 1990, PCA undertook a 
survey of short-span bridges in all 
the states to determine bridge 
needs. In five states alone, we 
found more than 150,000 spans 
with a cost to replace or rehabilitate 
exceeding $SOO million. Our guess­
timate for a national replacement 
program would be in the range of 
$3-$5 billion. While these figures 
are not astronomical compared to 
other federal programs, they do 
represent a problem of bridge fi­
nancing. Bridges under 20' in 
length do not qualify for federal as­
sistance under the highway pro­
gram, and, according to the various 
state highway departments, these 
structures are either on a reduced 
schedule for maintenance, or none 
at all due to tight budges at the 
state and county levels. 

At this juncture, PCA proposed 
to the Subcommittee on Surface 
Transportation, House Public 
Works and Transportation Com­
mittee that a "Short-Span Bridge 
Program" specifically for spans 
under 20' in length be made part of 
the highway program to be reau­
thorized this year. The proposal in­
cluded a demonstration program 
that would include alternative ma­
terials and designs in steel, concrete 
and wood. In short, the material to 
be selected would be left in the 
hands of the local officials to make 
more cost effective use of taxpayer 
dollars. 

Our proposal called for a survey 
of these structures to learn the total 
needs of bridges on rural and 
minor arterial roads. These routes 
often serve as a starting point for 
the movement of commodities and 
agricultural products that travel the 
lnterstate System. Further, the rural 
parts of our nation are merging 
with suburbia and these routes 
serve commuters to job sites as well 
as providing access to manufactur­
ing and distribution system needs . 

As the Senate and the House 
moved forward to draft highway 
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legislation, we learned of Senate 
Majority Leader George J. 
Mitchell's plan to include a $20 mil­
lion timber bridge initiative in the 
Senate version. While our discus­
sions with Members and staff of the 
House Public Works and Transpor­
tation Committee appeared to be 
positive, we discovered, on release 
of the House proposal, of the inclu ­
sion of the timber bridge initiative 
similar to that of the Senate. How­
ever, the House increased the 
amount of funds to be authorized 
to $200 million over the five year 
life of the bill. Representative Bud 
Shuster (R-PA), ranking Republican 
on the House Surface Transporta­
tion Subcommittee (and a member 
of the so-called "Big Four" of the 
House Public Works and Transpor­
tation Committee), at our request, 
questioned the "pork" in this pro­
posal. Although Mr. Shuster was 
unable to delete the timber bridge 
initiative from the House bill, he 
was successful in reducing the 
funding by half. Our industries 
owe thanks to Mr. Shuster. 

Although we have made efforts 
to advise the steel industry of the 
timber problem, we note that it has 
been silent on this issue. If we are to 
"tilt" that playing field to a more 
even level for competing industries, 
there is still time for steel interests 
to write to members of Congress, 
for it is likely that a highway bill 
may not emerge until after Thanks­
giving. Such letters should be tar­
geted to members of the House 
Public Works and Transportation 
Committee objecting to a subsidy to 
timber at the expense of other mate­
rials. 

The proliferation of timber for 
bridges does not stop at the con­
gressional level. It appears that in­
dividual states are becoming in­
volved in the issue in the hopes of 
garnering some of the $100 million 
to be provided. The speaker of the 
Virginia House of Delegates has re­
quested the state department of 
transportation to develop a timber 
bridge initiative. Other states are 
sure to follow. 

Fred Armstrong 
Director, Government Services 
Portland Cement Association 

IF YOUR PRODUCTS 
ARE AIMED AT 
STEEl CONSTRUCTION ... 

SO ARE WE. MODERN STEEL 
CONSTRUCTION is the only magazine 
aimed exclusively at the steel construction 
industry. 

• Our controlled circulation of 35,000 is 
made up of structural engineers, architects, 
contractors, steel fabricators, erectors, 
developers and code officials. 
... whose only interest is building with steel! 

• As the official publication of the American 
Institute of Steel Construction, our well-read editorial has 
impeccable credibility. 

• Our readers have buying authority. 79% are involved in specifying for 
their company's projects. 

IF YOU WANT STEEL CONSTRUCTION DECISION MAKERS .. . 
YOUR AD BELONGS IN MODERN STEEL CONSTRUCTION! 

MODERN STEEL 
CONSTRUGION 

To place your ad. or for more information, contact. 
Enc Nieman, Advertising Sales at (708) 679-1100 
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Since 1962, we've helpaJ 
And a lot 

Ovcr 200 bridges in Ohio arc constructed of weathering 
steel. ~Iost of it produced by Bethlehem. 

'rhey use it for rhe same compel ling reasons the 
New Jersey 'rurnpikc Authorit y, Maine, Maryland , and 
numerous other states do. 

That's because weathering steel curs costs bmh 
initially and over the life of the structure. Plus, it's 
attractive and offers engineers broad design ncxibility. 

Ohio is particularly enthusiastic abollt the usc of 
weathering steel for appropriate locations in conjunction 
with their joi ntlcss bridges. 

They began the jointless concept in the IY30's. Since 
then , they've refined their jointless designs to the point 
where joints have been eliminated nO[ just over rhe piers. 
but at rhe abutments, as well. 

As a result, drainage problems associated with jainred 
bridges, such as failurc of joinr seals, or clogged drains 
ovcrnowing onto st ructural mcmbers, ha\'c been eliminatcd . 

Bridge lengths havc also increascd. Initia ll y, the limit 
was 200 fr. Today, it's been increased to 300 fr. , and even 
greater lengths arc being constructed. • 

Enginecrs in the Buckeye stare began lIsing weathcrinn 



save a lot of money. 
t. 

steel in the early 1960's, 

Low initial cost and minimum maimcnancc requirements 
make it highly competitive with mhcr grades of steel. Also, 
it's atuactive and blends in with its narural surrou ndings. 

Strength is anolher strong factOr, \\'eathering sleel is 
compa rable to AST~l A572 Grade SO high-strenglh steel. 
And wilh a yield strength that's 38% higher than AST~I A36 
steel. weathering steel permits rhe design of lighter, slimmer, 
more graceful sections. 

•
'hal'S more, since it's self-healing, the need for painting is 

uallyeliminaled, 

For a copy of our ProducI Book lel 1':0, 3790, and our lale'l 
' lcchn icall3ullelin '1'13-307 on "L'ncoatcd \\ealheringSleci 
Structures," contact the Beth lehem Steel sa les office, 
Construclion Markeli ng Division , Belhlehem PA IR016-7699, 
Orcall: (2 15) 694-5906, 

'at/ II discover how we can save you a lot of money. r\O( (0 

mention a lot of paint. 

Bethlehem 



Design , 90s 

West Coast 
Discovers LRFD 

A firm 's first experience with Load and Resistance 
Factor Design was simple and cost effective 

Tile 67,OOO-sq.-ft . 2300 Camino 
Romon office bllildillg was olle of the last 
structure's built during Cali/ornia's 
boomi,rg cotlstmction period in the late 
1980s alld Olle of the first buildillg's ill the 
state to be des iglled IIsillg tile Load & 
Resistance Facfor Design Specificafion. 

By William A. Andrews, C.E. 

The last decade has witnessed 
a spectacular boom in new 
office construction in north­

ern California's Diablo/San 
Ramon Valley. Strong population 
and job growth, along with high 
lease rates in San Francisco, in­
creased the demand for new office 
space in this region. 

Much of the office construction 
designed during the last decade 
was built without a specific tenant 
in mind. However, for the 2300 
Camino Ramon building in the 
Bishop Ranch Business Park a sin-
gle tenant-AT&T Network Sys­
tems-was signed to occupy the 
entire building prior to design and 
construction. As a result, the devel-
oper, PacTel Properties, paid spe-
cial attention to the tenants needs 
during the design phase, including 
the strategic placement of electri-
fied floor deck; carefully conceived 
column spacing; and special archi­
tectural features in the lobby. 

Steel Structural System 

• 

• 

A structural steel frame was se­
lected for this three-story, 67,()()()­
sq.-ft. building because of its space 
planning flexibility, economy, 
speed of erection, and proven 
earthquake performance. The 
building frame has bay sizes of 20' 
x 20', 30' and 40'. The floor-to-floor 
height is 13' on the upper floors 
and 14' at the first floor. These 
heights were sufficient to allow 
mechanical ducts to pass through 
the ceiling space without penetrat- • 
ing the floor beams. 

The floor system is 2112" of light-

12 1 Modern Steel Construction I November 1991 
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weight concrete fill over a 3" deep 
metal deck, in composite action 
with floor beams spaced 10' on 
center. Typically, the unshored 
composite beams were designed to 
support 80 psf live load . Floor vi­
bration was investigated using the 
guidelines developed by Thomas 
Murray, Montague-Betts Professor 
of Structural Steel Design at Vir­
ginia Polytechnic lnstittue and the 
winner of the 1991 A1SC T.R. Hig­
gins Lectureship award. (AISC En­
gineering Journal, 3rd quarter 1975 
and 2nd quarter 1981 ; back copies 
of EJ articles can be ordered from: 
University Microfilm International, 
300 North Zeeb Road, Ann Arbor, 
MI 48106, phone: 313-761-4700 ext. 
533 or 534, fax: 313-665-7075. 
Murray' s T.R. Higgins paper, 
"Building Floor Vibrations," will 
be published in EJ, 3rd quarter 
1991 . Copies can be obtained for 
$5.00 + $4.00 shipping from A1SC, 
P.O. Box 806276, Chicago, IL 
60680-4124 312-670-2400 ext. 433. 
One year subSCriptions-four is­
sues-cost $15; three year subscrip­
tions- 12 issues-<ost $36.) 

All of the floor beams are ASTM 
A36 steel. Electrified cellular deck 
was strategically located and 
blended with the standard floor 
deck to provide additional tenant 
flexibility. 

The foundation system consists 
of conventional spread footings 
and perimeter grade beams. 

The exterior cladding consists of 
architectural glass fiber reinforced 
concrete (GFRC) panels and solar 
grey glazing. The main entry is a 
series of GFRC-dad "flying beams" 
leading into a two-story atrium 
lobby. The flying beams frame into 
columns but do not support floor 
structure, and therefore give the 
appearance of flying in space. The 
entry beams and columns are 
framed with ASTM A501 hollow 
structural sections. Architect on the 
project was Fee Munson Ebert, San 
Francisco. General contractor was 
L.E. Wentz Co., San Carlos, CA. 

Switching To LRFD 
The 2300 Camino Ramon build­

ing is the first steel building de­
signed by this firm using Load and 
Resistance Factor Design (LRFD). 

I 
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Steel was chosen for IIr;s project because of its space plmming flexibility , economy, 
speed of erectioll , and proven earthquake performance. 
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The buildillg was desiglled witl, a Special Momellt Resistillg Frame (SMRFJ to resist 
seismic forces without imposing architectural cO flstraiflts. 

14 1 Modern Steel Construction 1 November 1991 

During the design phase of the 
project, several factors influenced 
the decision to implement the • 
LRFD Specification. 

First, the firm's principals and 
staff had recently attended an 
A1SC introduction to LRFD semi­
nar. 

Second, Ronald G. Vogel, the 
principle in charge of this project, 
was interested in utilizing the 
LRFD methodology in a steel de­
sign course he teaches at San Jose 
State University. Vogel is now in 
his third year of teaching LRFD at 
San Jose State. 

And third, and most important, 
implementing LRFD for steel de­
sign was considered professionally 
prudent. LRFD addresses strength 
and serviceability limit states in a 
more rational procedure and pro­
duces a more economical struc­
ture. Using LRFD is consistent 
with the transition in the engineer­
ing community towards ultimate 
strength design methods for all 
materials. 

Grasping the concept of LRFD 
was not difficult since ultimate 
strength concepts have been used • 
by engineers for years. Learning to 
apply the LRFD Specification was 
accomplished as the different steel 
components were designed for the 
building. Structural elements de-
signed using LRFD include: com-
posite and noncomposite beams 
and girders; gravity columns; 
welded and bolted connections; 
and column base plates. 

Substantial savings were real­
ized in designing the composite 
floor and roof systems with LRFD. 
The composite floor beams and 
girders were designed by hand 
and verified using the composite 
beam tables in Part 4 of the LRFD 
Manual of Steel Construction. The 
LRFD procedure for composite 
beam design was found to be sim­
pler and faster than the Allowable 
Stress Design (ASD) procedure. It 
also lends itself to a spreadsheet 
format, which, once developed, 
can be utilized on future projects. 

The project used approximately 
428 tons of structural steel. 

Because of the lighter weight of • 
steel members with LRFD, check-
ing floor vibration levels is critical. 



• 
Only a minimum of "re-learning" 
was necessary to become proficient 
with LRFD, and making the switch 
resulted in a more efficient and ef­
fective design, while at the same 
time saving the owner construction 
time and dollars. 

Seismic Design 
The site is located in a seismi­

cally active region, 11,2 miles from 
the Calaveras Fault, 10 miles from 
the Hayward Fault, and 28 miles 
from the San Andreas Fault. A 
moderate to severe earthquake on 
any of these faults could cause 
strong shaking of the site. A Special 
Moment Resisting Frame (SMRF) 
was chosen to resist these seismic 
lateral forces. The steel moment 
frame provides reliable resistance 
to seismic forces without the archi­
tectural constraints imposed by 
other systems. 

During the design of this build­
ing, the LRFD seismic provisions 
were not yet published. Therefore, 
design of the ductile moment 

frame members were performed 
using ASD and the provisions of 
the 1988 Uniform Building Code 
for seismic zone 4. In the future, 
the firm will incorporate the Seis­
mic Provisions for StructLlral Steel 
BLlildings-Load and Resistance Fac­
tor Design ($5.00 + $4.00 shipping 
from: AISC, P.O. Box 806276, Chi­
cago, lL 60680-4124 phone: 312-
670-2400 ext. 433). 

Moment frame columns are W14 
sections, ASTM A572 Grade 50 
steel. Moment frame girders are 
W24 sections, ASTM A36 steel. 
Beam-column moment connections 
are made with full penetration 
welds of the girder flanges to the 
columns and with fully-tightened 
A325-X bolted web connections for 
the girder gravity and seismic 
shear forces. 

The column base connections 
are made with full penetrations 
welds of the column flanges to the 
base plates and with 11,2" diameter 
A36 anchor bolts to the foundation. 
Concrete grade beams span from 

column-to-column to provide rota­
tional stiffness for the column 
bases. The structure's irregular 
building plan creates Significant 
torsional responses to earthquake 
ground motions, suggesting that a 
three-dimensional dynamic analy­
sis of the lateral system be used . A 
response spectrum approach was 
employed using the 1988 UBC 
scaled normalized spectra. 

The lateral system was modeled 
and analyzed using ET ABS, a soft­
ware package from Computers 
and Structures, Inc. The ETABS 
postprocessor, STEELER, was used 
to help size the moment frame 
members for stress and drift limi­
tations. In the future, the firm ex­
pects to use the LRFD update of 
the program. 

William A. Andr=s, C.E., is a 
project engineer with the structLlral 
engineering firm of Meyer/SLllllnich! 
Engineers (formerly Vogel & Meyer 
StructLlral Engineers), Walnut Creek, 
CA. • 
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Cutting Costs, 

Not Trees 

Merck & Co.'s hemgonal 
Headquarters building occupies 
five acres of a heavily wooded 
460-acre site in R£adington, NI. 
Ti,e building's shape maximizes 
views without sacrificing 
employee moveme,rl betwee" 
departmetlts. 

Photo by: Sal BoccI/ii, 
Ambler, P A. 
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I'tI;" of M.dI • Co. HMdquln.,. 
(bIAdInQ ... ~ IlOl .,.,..., lor eMIt.,., 

While Merck & Co. 
desired an 

economic design, 
they also made 

sure the 
construction of 

their headquarters 
had a minimal 
impact on the 
environment 

By Louis A. Occhicone, P.E., and 
Ramesh G. Keswani, P.E. • 

I f you can visualize a hexagonal 
ring-shaped structure encircling 
five acres, you will begin to un­

derstand the scale of the Merck & 
Co., Inc., Headquarters building in 
Readington, NJ. And while the 
man-made portion is huge, it is 
dwarfed by the undeveloped por­
tion of the site. 

When Merck purchased the 
heavily wooded, 460-acre site for 
its headquarters, it made environ­
mental preservation a priority. The 
master plan located the buildings 
away from the site's ponds and 
wetlands. When the project is com­
plete, the building and roads will 
occupy only about 10% of the site, 
while 90% remains in its natural 
state. In addition, instead of simply 
bulldozing trees to make room for 
construction roads, 1,300 mature 
trees were transplanted to an on­
site nursery. Two years later, the 
trees were replanted near the 
building and roads. 

The project's architect, Kevin • 
Roche John Dinkeloo & Associates, 
Hamden, CT, designed the build-
ing with three floors of offices to-



• 

• 
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taling 9OO,OOO-sq.-ft. atop a two­
level, 700,OOO-sq.-ft. enclosed park­
ing garage. Five segments of the 
hexagon conform to the typical 
framing, while the sixth, the main 
entrance segment on the south side 
of the hexagon, is different, primar­
ily because of a 70' -high skylit 
atrium, two-story auditorium, a 
glass-enclosed cafeteria, a health­
fitness center, and executive of­
fices. 

Visitors enter the Merck 
Headquarter's building through a 
five-story lobby atrium. The atrium 
is topped by a 108' x 60' rectangu­
lar skylight with 144 truncated 
glass pyramids rising from its sur­
face. Supporting the skylight are 
triangular steel trusses custom de­
signed to trace the shape of each 
pyramid. 

Choosing LRFD 
Since each beam, column and 

connection repeats itself through­
out this huge structure, it was para­
mount that the typical structural el­
ements were designed 
economically. To develop the most 
cost-effective framing scheme, the 
project's engineers, Weiskopf & 
Pickworth, New York City, consid­
ered a number of structural 
schemes before choosing a com­
posite steel and metal deck system 
as the most economical. [n addi­
tion, the engineers chose to use 
Load and Resistance Factor Design 
(LRFD) rather than Allowable 
Stress Design (ASO). 

For all practical purposes, LRFD 
was in its infancy when this build­
ing went into design. A1SC had 
only recently published the First 
Edition (1986) of the Specification, 
but the engineers at Weiskopf & 
Pickworth immediately recognized 
its Significant cost saving potential 
as a more responsive design 
method than the traditional Allow­
able Stress Design. 

By using different load factors 
for each load based on the predict­
ability of that load and / or combi­
nation of loads, the engineers ob­
tained a more reliable and 
cost-effective design. Material sav­
ings from each instance where 
LRFD called for less steel than ASO 
were multiplied as that element re-

r 

pea ted itself again and again 
throughout this huge structure. 
LRFD had arrived just in time for 
this project. 

ASTM A572 Grade 50 steel was 
selected over A36 steel or hybrid 
schemes combining the two 
strengths because the weight sav­
ings of Grade 50 steel more than 
made up for its higher unit cost 
compared with A36. All bolts used 
in the structure are high-strength 
ASTM A325 or A490 bolts. 

Each side of the hexagon above 
the garage is 90' -wide by 300' -long. 

The structure is desigtled as partially 
rest milled (type PRJ I/Ilder the LRFD 
Specificatioll . All members are desiglled to 
carry the factored gravity land as simple 
beams, wlule semi-rigid top and bottom 
angle cO",IfIections provide lateral force 
resistance throughold the bllilding, with 
the exceptio" of the triangular componellts 
where braced frames are used. 

Photos by Sal BocCl/ti 
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III 1/" parkillg garage, wllich is sllotl1ll ill the bottom of tllis photo, 6' 1I0llow core 
plmlks span to sleel beams 18' all cfllter. The use of LRFD HI the garage portioll of the 
bllildillg, where the live to dead load ratio is 0.55, resllited ill a 12.2% weight savillgs for 
the steel beams. 

Photo by Sal Boccllti 

In the width of the building, there 
are typically three columns with 
two interior spans of 30' and two 
exterior cantilevers of IS', The col- • 
umns along the length of each side 
are 36' on center, generating typical 
bays of 36' x 30', The main girders 
span 36' along the length of the side 
with filler beams at every 12' on 
center spanning 30' and cantilever-
ing IS'. The columns in the lower 
and upper level parking area are 
prefabricated Firetrol columns, 
From the first floor to the roof level, 
columns are conventional with 
spray-on fireproofing. 

The basic building is designed as 
partially restrained (type PRj under 
the LRFD Specification, All mem­
bers are designed to carry the fac­
tored gravity load as simple beams, 
while semi-rigid top and bottom 
angle connections provide lateral 
force resistance throughout the 
building with the exception of the 
triangular components where 
braced frames are used . 

The typical floor construction is a 

STEELCAD illS THE BEST SELLING AUTOMATED 
STEEL DETAILING AND FABRICATING 

CONTROL SYSTEM IN NORTH AMERICA 

ISN'T IT TIME YOU MADE THE MOVE? 

200 E, ROBINSON 
ORLANDO, FLORIDA 32801 
1 - 800 - 456 - 7875 
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two-hour fire rated composite slab 
consisting of 21;2" of normal weight 
3,000 psi concrete on a 3"-deep 
composite cellular 18 gage metal 
deck. The fire rating is achieved 
with cementitious spray-on fire­
proofing. 

Beams, Girders And Columns 
In a typical bay, all cantilevered 

beams spaced 12' on center are de­
signed as non-composite. The live 
load to dead load ratio is 0.94. With 
LRFD, the beam sizes are at least 
one size less than if ASD had been 
used. An analysis of beams de­
signed by LRFD vs. ASD showed 
an average savings of 0.42 Ibs. per 
sq. ft. (6.8% savings). The savings 
could have been even larger, but 
the cantilevered beams at col­
umns-which support the curtain 
wall-were designed for deflection 
and no savings were observed 
there. Steel fabricator on the project 
was AISC-member Interstate Iron 
Works Corp., Whitehouse, NJ. 

All non-cantilevered beams are 

designed as composite beams with 
:V4"-diameter by 5"-long shear studs, 
except at places where large slab 
openings on both sides of beams 
are provided. In all the beams, the 
live load deflections are limited to 
L/ 36O. 

In the parking garage, 6" hollow 
core precast prestressed planks are 
used with a minimum 2" concrete 
topping. These planks span to steel 
beams 18' on center. Sloped steel 
framing combines with variable 
thickness concrete topping to pro­
vide drainage in the parking levels. 
The use of LRFD resulted in a 
weight savings of 0.39 Ibs. per sq. ft. 
02.2% savings) for the steel beams. 

Because the LRFD Specification 
provides a live load factor of 1.6 
compared to a dead load factor of 
1.2, as the live load to dead load 
ratio increases, savings decrease. As 
a result, the savings are greater for 
the garage portion of the project, 
where the live to dead load ratio is 
0.55, than for the office portion, 
where the live to dead load ratio is 

0.94. 
All of the steel columns are de­

signed for gravity dead load , re­
duced live load and moments due 
to lateral load as per the BOCA 
Code. As a result, using LRFD did 
not reduce the steel weight com­
pared to ASD. However, it still 
makes sense to use LRFD because 
using different load factors in­
creases the predictability of load. 

Expansion Joints 
To handle thermal movements 

and stress, the building was di­
vided into 18 separate structures 
by providing l-Y2"-wide expansion 
join ts at the junction of the struc­
tures. Each sixth of the hexagon is 
made up of a 90' x 300' rectangular 
area with setbacks, an equilateral 
triangular core, and a 60' x 90' 
node behind the triangular core. 

Teflon coated slide bearing con­
nections with stiffened seats placed 
at each expansion joint column link 
the structures into what appears to 
be one monolithic building. These 
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connections also give each struc­
ture space to expand in summer 
and contract in winter. In total, the 
design called for 240 slide bearing 
connections. 

Steel 's Flexibility 
The architects designed column­

free offices on both the interior and 
exterior perimeters of the building. 
To accommodate the unobstructed 
offices, the outer bays were de­
signed to cantilever off of columns 
set 15' within the structure. As the 
building features a glass and stone 
facade, these cantilevering perime-

ters needed to be carefully consid­
ered. Supporting the facade contin­
uously around the perimeter of the 
building required provisions for 
the variation in deflection of the 
spandrel beams that are supported 
on cantilevers. To eliminate the 
problem of differential deflections, 
the facade was supported on steel 
trusses typically spanning 36' sup­
ported on floor beams cantilever­
ing only from column lines. 

The glass windows are B'-Iong 
separated by 4' -stone sections. To 
shield the occupants from the sun, 
continuous sunshades circle the 

entire perimeter and courtyard of 
the building hexagon. These glass 
and aluminum sunshade panels 
cantilever off of perimeter steel 
beams that surround the building. 

A glass-enclosed walkway 
wraps around the interior court­
yard of the building at the upper 
parking level. The walkway enclo­
sure is supported by architectur­
ally exposed structural steel with 
each connection welded and 
ground smooth. 

Each interior corner of the hexa­
gon juts out into the interior court­
yard; inside this corner, a three­
story glass wal1 encloses a 

• 

•............................. 11 "communicating" stair. The stairs 
connect the three office floors and 

" Since we've been using RAMSTEEl, our 

proposals can include two or three framing 
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provide an unobstructed view of 
the woods in the courtyard. The 
stairs are constructed of steel tubes, 
channels and plates, all fabricated 
and erected to AESS standards. 

On the first floor, the interior 
and exterior perimeters of the 
hexagon step back leaving terraces 
for planters and landscaping. The 
engineers easily accommodated 
the increased loads at these loca­
tions by supporting ribbed rein­
forced concrete slabs on steel 
beams with the metal deck acting 
only as a form. 

With the main mechanical oper­
ations housed in a separate central 
utility plant building, mechanicaI 
rooms within the office building 
could be housed within the trian­
gular cores at each corner of the 
hexagon. Each mechanical room 
services hall the length of its adja­
cent building or 150' of the adja­
cent rectangular segments in each 
direction in the hexagon. 

The headquarters, with its 
nearly 10,000 tons of steel, is sched­
uled to open in the spring of 1992 
and will house 1,800 employees. 
Provisions for a fu tu re expansion 
were included in the master plan 
and include two more similarly­
shaped buildings joined to the 
present structure. 

• 

Louis A. Occiricone is a partner and 
Ramesir C. Keswani is a project man­
ager witir Weiskopf & Pickwortir, 1I1C., 
a Nw York City-based structural ell- • 
gineering firm . • 
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THE MEN OF STEEL 

Edward 8. finkel , P.E., Structural Engineer 
Edward B. Finkel Associates, P,A. 

Piscataway, NJ 

The design of Bedminster 78 Corporate Center in 
the Village of Pluckemin gave Edward B. Finkel an 
interesting challenge. 

The architect had envisioned a circular atrium at the 
center of the three-story, steel-framed 196,000 
square foot glass and granite office building. 

To maintain the design's aesthetic integrity, Edward 
Finkel , a renowned struc­
tural engineer, effectively 
utilized structural steel to 
frame the atrium which 
was engineered to include 
a 58 foot diameter tension 
ring at the roof, supporting 
a second layer of framing . 
This culminated in a 

compression ring , 30 feet in diameter, enclosed by a 
domed skylight. New Jersey-based Interstate Iron 
Works, of Whitehouse, met the challenge of the 
atrium 's special framing considerations as well as 
the need for speedy fabrication and erection of the 
entire project's 1,600 tons of steel. 

Soon after, Bell Mobile Communications took occu­
pancy of the distinctive 
Corporate Center, 

For hidden strengths that 
deliver more, select steel 
- and New Jersey fabri­
cators - for your next 
project. 

STRUCTURAL STEEL 
ASSOCIATION 
& ADVANCEMENT FUND 11 Cleveland Place, 

OF NEW JERSEY Springfield, NJ 07081 
(201) 467-1625 



lHE 
DID lHEIR SHOPPI 



We had exactly what they needed: bow string steel joists that could span a 
major concourse at the 4,200,CXX)~square~foot Mall of America. Plus we supplied 
1500 tons of other joists and joist girders that could accommodate skylights, floor 
openings, different roof elevations, heavy loading, difficult connections and other 
complex considerations. 

For a project this gigantic, Vulcraft was the natural place for the builders to 

tum. After all, we're the largest supplier of steel joists in the country and we also 
provide more than a dozen nonstandard designs, more ~ 
than anyone else in the industry. ~ 

Fact is, we've been making nonstandard joists for 
. ears, and the expertise we've developed, along with 

our large inventory of steel, lets u make them quickly 
and economically. And the earlier we get involved in 
the design stages, the better for the project. Because our ~ 
experienced engineers can assist the project's designers ~ 
and bring the end product in more quickly and at 
less cost than could be done with traditional methods. 

So when you're designing your next project, think 
of Vulcraft nonstandard joists. They let you expand 
your design po ibilities while retaining the advantages of steel joist construction. 
And those advantages are many. Vulcraft joists are strong, yet lightweight and 
easy to erect. And they can be delivered exactly when you need them. So no 
matter how large or small your project, find out how our standard and non~ 
standard joists can work for you. See Sweet's OSl00NUL, WLCRAFT 
and do your shopping with any of the plants listed below. A 0. .. ,.",,<1 '"""Cmporuaon 
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LRFO VS. ASO: 
A Comparison Of 

Office Floor Beams 
By Tom Culp, S.E. and Ravindra building floor. RAMSTEEL, a soft- sidered for the comparative study: 

Mathur, Ph.D. ware program for automated de- • ASD design using A36 steel for 

While the Load and Resis- sign of steel structures from RAM the typical beam (ASD-A36). 
tance Factor Design Analysis, was used for the analysiS • LRFD design using A36 steel for 
(LRFD) Specification was and design of the steel members. the typical beam (LRFD-A36). 

issued way back in 1986, it is only The program has the option to de- • ASD design using A572 Grade 50 
now gaining an irrevocable foot- sign floor beams using ASD or steel for the typical beam (ASD-
hold in the design community. Be- LRFD with either A36 or A572 A572). 
cause of their familiarity with it, Grade 50 steel and also can check • LRFD design using A572 Grade 
many engineers are still using the the vibration characteristics for a 50 steel for the typical beam 
long-established Allowable Stress typical floor beam. (LRFD-A572). 
Design (ASD) method. For each of the four cases the 

However, LRFD is based on an Design Specifications beam spans were varied from 30' to 
ultimate strength and reliability The designs are based on the 46' with an increment of 2'. Center-
approach and is a r----------------------~ to-center spacing be-
more rational design tween beams was se-

procedure. With The use of Load and Resistance lected as 8', 10' and 12'. 
LRFD, the safety fac- The composite floor 
tors are comprised of Factor Design usually reduces the construction consists 
load factors and of 31/4" light-weight 
strength reduction fac- beam sizes in steel buildings by one or concrete over metal 
tors for different load- t ' d ' h All bl deck using 314" diame-
ings, while the ASD wo SiZeS, compare Wit owa e ter metal studs. A 2" 
method uses a safety Stress Design deck is used for beams 
factor on the yield spaced 8' on center 
stress value to obtain and a 3" deck is used 
an allowable stress. for beams spaced 10' 

A cursory examination shows 1989 ASD Specification and the and 12' on center. 
that when design is based solely 1986 LRFD Specification. 
on strength considerations, LRFD A design live load of 80 psf was 
is conSiderably more economical considered. The live load is reduc­
than ASD for typical office floor ible based on the UBC method. The 
beams spanning 30' to 46'. The allowable deflections are limited to 
question, though, is how much L/360 for post composite live loads 
these savings are reduced by ser- and L/240 for post composite su­
vice related criteria such as deflec- perimposed loads. 
tions and vibrations. The dead load, including slab, 

Ouring the process of switching framing, ceiling, and miscellaneous 
to the LRFD method, Culp & Tan- load, is 49 psf for a 2" deck and 51 
ner undertook a study of service- psf for a 3" deck. A dead load of 20 
ability issues. The loads and beam psf is added for partitions. 
spans considered for this study are Design Examples 
what would typically be encoun-
tered in the design of an office Four different cases were con-
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Vibration Considerations 
When using an optimized de­

sign method such as the one used 
by the RAMSTEEL program, it is 
important to carefully examine the 
vibration characteristics of the 
beams. It is a common perception 
that lighter sections may create vi­
bration problems. As a result, this 
study carefully analyzes beam vi­
brations, and Tables 3 and 4 reveal 
that lighter sections often require 
less damping. 

Two design criteria are evalu­
ated. The first method recom-

• 

• 

• 



Table 1 : Optimally Designed Wide Flange Sections 

span! 30' 32' 34' 36' 38' 40' 42' 44' 46' spacing 

• 16x31(13) 16x31 (27) 18x35(20) 18x35(37) 18x40(33) 21 x44(22) 21x44(38) 21x50(33) 21x50(54) ASD·A36 

8' 14x22(26) 16x26(21 ) 16x26(30) 16x31 (29) 16x31 (39) 18x35(32) 18x35(44) 18x40(42) 21 x44(27) LRFD·A36 

14x22(24) 16x26(14) 16x26(27) 16x31 (21) 16x31 (37) 18x35(26) 18x35(43) 18x40(35) 18x40(56) ASD·A572 

12x19(24) 12x19(33) 14x22(28) 14x22(38) 16x26(29) 16x26(40) 16x31 (35) 16x31 (48) 18x35(34) LRFD·A572 

16x31 (30) 18x35(25) 18x40(23) 18x40(42) 21 x44(30) 21 x44(51) 21 x50(45) 24x55(29) 24x55(46) ASD·A36 
.:.. -

10' 16x26(23) 16x26(31) 16x31 (31) 18x35(27) 18x35(36) 18x40(36) 18x40(50) 21x44(36) 21x44(48) LRFD·A36 

16x26(17) 16x26(31 ) 16x31 (26) 16x31 (47) 18x35(33) 18x35(57) 18x40(46) 21x44(30) 21x44(47) ASD·A572 

12x19(35) 14x22(30) 16x26(23) 16x26(32) 16x26(45) 16x31 (40) 16x31 (57) 18x35(42) 18x35(59) LRFD·A572 

18x35(30) 18x40(30) 21 x44(23) 21 x44(41) 21 x50(37) 24x55(25) 24x55(40) 24x55(72) 24x62(60) ASD·A36 

12' 16x31 (25) 16x31 (36) 18x35(31 ) 18x35(46) 18x40(44) 21x44(32) 21 x44(44) 21 x44(62) 21x50(59) LRFD·A36 

16x26(41 ) 16x31 (33) 18x35(25) 18x35(46) 18x40(38) 18x40(70) 21 x44(41) 21 x44(73) 21 x50(58) ASD·A572 

14x22(35) 16x26(26) 16x26(38) 16x31 (35) 16x31(51) 18x35(38) 18x35(55) 18x40(48) 18x40(68) LRFD·A572 

( ) indica1es number of Nelson Shear Connectors 

Table 2: Initial Load Deflection Before Composite Action 

span! 30' 32' 34' 36' 38' 40' 42' 44' 46' spacing 

0.66 0.85 0.80 1.00 1.04 0.92 1.12 1.16 1.38 ASD·A36 • U548 U452 U512 U431 U440 U520 U449 U456 U399 

1.24 1.06 1.35 1.36 1.69 1.53 1.86 1.86 1.61 LRFD·A36 

8' U291 U362 U302 U317 U270 U314 U272 U283 U342 

1.24 1.06 1.35 1.36 1.69 1.53 1.86 1.86 2.23 ASD·A572 

U291 U362 U302 U317 U270 U314 U272 U283 U248 

1.90 2.45 2.04 2.57 2.11 2.59 2.52 3.04 2.67 LRFD·A572 

U190 U157 U200 U168 U216 U186 U200 U174 U207 

0.86 0.81 0.86 1.09 0.98 1.20 1.25 1.10 1.31 ASD·A36 

U421 U472 U472 U398 U466 U399 U403 U481 U421 

1.07 1.38 1.41 1.30 1.62 1.66 2.01 1.76 2.10 LRFD·A36 

10' U338 U279 U289 U332 U282 U290 U251 U300 U263 

1.07 1.38 1.41 1.77 1.62 1.99 2.01 1.76 2.10 ASD·A572 

U338 U279 U289 U244 U282 U242 U251 U300 U263 

2.47 2.09 1.76 2.21 2.74 2.70 3.28 2.91 3.47 LRFD·A572 

U 146 U184 U232 U196 U166 U178 U154 U182 U159 

0.75 0.81 0.75 0.95 1.01 0.90 1.09 1.32 1.37 ASD·A36 

U477 U472 U542 U457 U453 U533 U461 U401 U402 

1.03 1.33 1.24 1.56 1.62 1.44 1.75 2.11 2.16 LRFD·A36 

12' U351 U289 U328 U276 U282 U333 U288 U250 U255 • 1.28 1.33 1.24 1.56 1.62 1.99 1.75 2.11 2.16 ASD·A572 

U282 U289 U328 U276 U282 U242 U288 U250 U255 

1.93 1.65 2.11 2.13 2.64 2.38 2.90 2.91 3.47 LRFD·A572 

U186 U232 U194 U203 U173 U201 U174 U182 U159 



Table 3: Perceptibility/Required Damping 
(Without Partition Mass Included In Frequency Calculation) 

, 

I span/ 30' 32' 34' 36' 3S' 40' 42' 44' 46' spacing 

LO/4.2S US/4.l2 US/4.03 US/3.90 US/3.Sl US/3.7S US/3.6S LS/3.SS LS/3.49 

S' US/4.l7 US/4.09 US/3.93 US/3.S3 US/3.6S US/3.64 LS/3.S3 LS/3.46 LS/3.4S 

US/4.l7 US/4.09 US/3.93 US/3.~US/3 .6S US/3.64 LS/3.S3 LS/3.46 LS/3.36 

US/4.0S US/3.S7 US/3.Sl US/3.64 US/3.63 LS/3.49 LS/3.43 LS/3.33 LS/3.3l 

US/4.04 US/3.94 US/3.S7 US/3.76 US/3.70 LS/3.60 LS/3.S4 LS/3.Sl LS/3.43 
-

10' US/4.0S US/3.90 US/3.Sl US/3.73 US/3.62 LS/3.SS LS/3.4S LS/3.43 LS/3.3S 

US/4.0S US/3.90 US/3.Sl US/3.67 US/3.62 LS/3.Sl LS/3.4S LS/3.43 LS/3.3S 

US/3.S9 US/3.S2 US/3.7S US/3.63 US/3.S0 LS/3.43 LS/3.33 LS/3.3l LS/3.22 

US/4.l0 US/4.00 US/3.92 US/3.S0 US/3.72 US/3.6S LS/3.S9 LS/3.Sl LS/3.44 

12' US/4.0S US/3.94 US/3.S6 US/3.73 US/3.64 LS/3.6l LS/3.S0 LS/3.4l LS/3.3S 

US/4.0S US/3.94 US/3.S6 US/3.73 US/3.64 LS/3.S3 LS/3.S0 LS/3.4l LS/3.3S 

US/3.9S US/3.90 US/3.7S US/3.66 LS/3.S2 LS/3.49 LS/3.S6 LS/3.33 LS/3.24 

Table 4: Perceptibility/Required Damping 
(Including Partition Mass In Frequency Calculation) 

Span/ I 30' 32' I 34' 36' Spacing 

US/3.94 US/3.S2 US/3.7S US/3.64 

S' US/3.SS US/3.7S US/3.66 LS/3.S7 

US/3.SS US/3.7S US/3.66 LS/3.S7 
---

US/3.77 LS/3.60 LS/3.S6 LS/3.42 

US/3.7S US/3.69 LS/3.6l LS/3.S2 

10' US/3.7S US/3.63 LS/3.56 LS/3.Sl 

US/3.7S US/3.7S LS/3.S6 LS/3.46 

US/3.64 LS/3.S7 LS/3.S2 LS/3.4l 

US/3.S2 US/3.72 US/3.66 LS/3.SS 

12' US/3.S0 US/3.6S LS/3.60 LS/3.49 

US/3.77 US/3.6S LS/3.60 LS/3.49 

US/3.70 US/3.64 LS/3.Sl LS/3.44 

Perceptibility On The Modified Reiher-Meister Scale : 
LD-Lower Half of Distinctly Perceptible Range 
US-Upper Half of Slightly Perceptible Range 
LS-Lower Half of Slightly Perceptible Range 
NP-Not Perceptible 
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3S' 40' 42' 

LS/3.S6 LS/3.S2 LS/3.44 

LS/3.46 LS/3.42 LS/3.34 

LS/3.46 LS/3.42 LS/3.34 

LS/3.4l LS/3.30 LS/3.26 

LS/3.49 LS/3.4l I LS/3.34 

LS/3.40 LS/3.34 LS/3.26 

LS/3.40 LS/3.3l LS/3.26 

LS/3.30 LS/3.2S NP/3.l7 

LS/3.Sl LS/3.47 LS/3.39 

LS/3.42 LS/3.40 LS/3.32 

LS/3.42 LS/3.33 LS/3.32 

LS/3.33 LS/3.30 LS/3.2l 

44' 46' 

LS/3.3S LS/3.3S 

LS/3.2S LS/3.27 

LS/3.2S NP/3.20 

NP/3.l6 NP/3.1S 

LS/3.33 LS/3.26 

LS/3.2S NP/3.l9 

LS/3.2S NP/3.l9 

NP/3.1S NP/3.09 

LS/3.3l LS/3.27 

LS/3.23 NP/3.l9 

LS/3.23 NP/3.l9 

NP/3.l7 NP/3.09 

• 
ASD-A36 

LRFD-A36 

ASD-A572 

LRFD-A572 

ASD-A36 
-

LRFD-A36 

ASD-A572 

LRFD-A36 

ASD-A36 

LRFD-A36 

ASD-A572 

LRFD-A572 

• 
ASD-A36 

LRFD-A36 

ASD-A572 

LRFD-572 

ASD-A36 

LRFD-A36 

ASD-A572 

LRFD-A572 

ASD-A36 

LRFD-A36 

ASD-A572 

LRFD-A572 

• 



• 

• 

• 

mended by Thomas Murray, 
Montague-Betts Professor of Struc­
tural Steel Design at Virginia Poly­
technic Instittue and the winner of 
the 1991 AISC T.R. Higgins Lec­
tureship award, calculates the 
damping characteristics of the 
beam based on its first natural fre­
quency and amplitude of vibration 
and compares this damping with 
the actual damping provided by 
the floor system. 

If the following inequality is sat­
isfied, motion of floor system 
caused by normal human activity 
in office or residential environ­
ments will not be objectionable to 
the occupants: 

o > 35 AOf + 2.5 

where D = damping in percent 
of critical, AO = maximum initial 
amplitude of floor system due to a 
heel drop excitation (in.), and f = 
first natural frequency of the floor 
system (hz). 

(Murray's T.R. Higgins paper, 
"Building Floor Vibrations," will be 
published in AISC's Engilleering 
JOllmal, 3rd quarter 1991. Copies 
can be obtained for $5.00 + $4.00 
shipping from AISC, P.O. Box 
806276, Chicago, IL 60680-4124 312-
670-2400 ext. 433.) 

The second design criteria plots 
the amplitude and frequency on 
the modified Reiher-Meister scale 
for various ranges of perceptibility. 

Conclusions 
Based on the analysis prOvided 

in this study, the following conclu­
sions can be made for typical office 
floor beams spanning 30' to 46': 

• Using LRFD results in beam 
sizes that are one or two sizes ligh­
ter than those obtained using ASD. 
This is true for A36 as well as A572 
Grade 50 steel. 

• An interesting phenomenon in 
Table 1 is that for most of the stud­
ied spans, the beam sizes obtained 
for LRFD-A36 and ASD-A572 are 
the same. Since the serviceability 
requirements for the two cases are 
the same, using A36 steel and 
LRFD design would always be 
more economical as compared to 

A572 Grade 50 steel and ASD de­
sign. 

• The dead-to-Iive-load ratio in 
this study is 0.96 for a 3" deck with 
live loads of 80 psf. For designs 
using smaller live loads, a greater 
economy can be achieved when 
using LRFD as compared to ASD 
because of higher load factors for 
live loads in LRFD. 

• In the case of LRFD-A572, the 
initial load deflections shown in 
Table 2 in all cases is greater than 
L/240. This may result in excessive 
cambers for the beams. Thus when 
sections are optimally designed by 
LRFD using A572 Grade 50 steel, 
the beam deflections, particularly 
initial deflections, should be care­
fully checked. 

• As seen in Table 3, floor sys­
tems with beam spans ranging 
from 30' to 40' could experience vi­
bration problems if the floor is free 
of partitions and the intended use 
is for a quiet environment. The re­
quired damping for this range is 
greater than 3.5% in aJJ cases. 
However, beams over 40' in span 
typically require less than 3.5% 
damping, indicating no need for 
additional damping, even if the 
space is free of partitions. 

• When partitions are present to 
provide additional damping to the 
floor system, beams fall within ac­
ceptable limits for the range of con­
ditions covered in this study (Table 
4). 

• For all beams evaluated in this 
study, the Modified-Reiher-Meister 
scale indicates the floor system to 
be free of vibration problems as 
each beam is below the upper half 
of distinctly perceptible range. 
Thus, a considerable amount of 
damping from ceiling and parti­
tions is assumed in this scale. Cau­
tion is recommended when using 
this scale for floor systems free of 
partitions and other means of 
damping. 

Tom ClIlp, S.E., is a principal and 
Ravindra Mathllr, PhD., is a projecI 
engineer with Cilip & Tallller, IIIC., a 
cons lilting structllral engineering Jim, 
located in EI Toro, CA. • 
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SCHOOLS 
CANOPIES 
AIRPORTS 
CONVENTION CENTERS 
STADIUMS 
INSTITUTIONS 
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PRISONS 
THEATRES 

• Provtde structural and ceiling mate­
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mld·spon fastening 

• Wide choice of depths and design 
thicknesses 

• Ideally su~ed to any type 
construction 

• Presents a un~orm ceiling with no 
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• Design w~h our acoustical treatment 
to achieve state·of·the·art solutions 
to sound control 

• Blend control-use acoustic and 
non'acousHc panels together 
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Switching To 
LRFD 

By Tom Culp, S.E. 

The well documented efficien­
cies of Load and Resistance 
Factor Design (LRFD) con­

firmed for our office that the 
switch to LRFD was a necessity, 
The question of when it would 
happen primarily was an issue of 
resolving two serviceability con­
cerns-vibration and initial load 
deflection, The degree to which 
beam end restraints, construction 
techniques and other issues impact 
initial deflection is a matter of ex­
perience, Similarly, methods to cal­
culate vibration perceptibility are 
available and well documented, 
but the designer must have a level 
of confidence, based on experience, 
that the system will perform well, 

r.-

f- .. 

~ X l~ ~ 
I"" 

,....; 

With LRFD designed beams 
being one or two sizes smaller than 
what was common with Allowable 
Stress Design (ASD), we found it 
necessary to limit initial deflection. 
By limiting the initial deflection, 
typical purlins were generally the 
same as our previous ASD design 
except A36 steel could be used in 
place of A572 Grade SO, Our initial 
deflection criteria generally did not 
constrain girder sizes, We expect 
that as experience is gained, we 
will be able to adjust our criteria 
and realize increased economies, 

Choosing a good software pack­
age made the a actual transition 
from ASD to LRFD-at the produc­
tion level- relatively simple, We 
are using RAMSTEEL, a design 

1 
'""1 i 

r ~ 
I 

~ .- 'i 
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TIle designers of this lO-story office building expect to reduce the weight of the sleel 
framing on the upper floors by Sibs, per sq, ft, by using the LRFD SpeCification instetld of 
the ASD Specifica tion, This is the engineering firm's second experience with LRFD, 
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program for gravity steel framing 
which allows the user to graphi­
cally input the entire building. 
Once the model is input, full-floor 
comparative designs in both ASD 
and LRFD are as simple as chang­
ing one variable and rerunning the 
program. These comparative stud­
ies are extremely useful not only in 
tonnage comparisons, but also in 
gaining experience in the configu­
ration and loading conditions. 

(A listing of programs that in­
corporate the LRFD Sp<'Cification is 
on page 30. If you know of other 
programs that incorporate LRFD, 
please contact: MSC, One East 
Wacker Dr., Suite 3100, Chicago, IL 
60601-2001 .) 

Of course, there is always the 
concern, as with any program, that 
the engineer using it is not fully 
versed in the design or analysis 
procedures the program is per­
fOrming. This, however, has not 
been a major obstacle in our office. 
With most schools now teaching 
LRFD, it is the design method of 
preference for most young design­
ers. The fact that these recent col­
lege graduates perform the major­
ity of beam member sizing in our 
firm has minimized the inefficien­
cies associated with re-educating 
our engineers. 

Currently in design is a 10-story 
office building (31,000 sq. ft. per 
floor) over a 100,000-sq.-ft. base­
ment. The basement roof framing 
extending past the footprint of the 
building supports plaza and traffic 
loads. The savings from LRFD de­
sign on the upper floors was 
mostly the cost premium between 
A36 and A572 for the typica l pur­
lins, which accounted for approxi­
mately S ibs. per sq. ft. of the total 
framing. At the plaza level, where 
the superimposed loads were 
much greater, serviceability issues 
did not typically impact member 
sizes. Savings at the plaza level 
were in excess of ¥4 Ibs. per sq. ft. . 
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nel can operate with ease. 
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Software Programs That Su~port LRFD 
Program 

AISC for AutoCAD 

AISC Database 

CONXPRT 

WEBOPEN 

SCADA 

LRFD Database 

M-STRUDL 

CAST-UTILITY 

ET ABS (STEELER) 

AutoFLOOR 

SAP901 

SD1C 

SD2C 

SD3C 

SD4C 

AutoSTEEL1 

Intergrated Beam Design 1 

Multiframe Section Maker2 

LRFDCOMP 

RAMSTEEL 

STAAD-III 

P-STEEL 

P-FRAME(2D) 

P-FRAME(3D) 

StruCAD303 

~ Available 4th Quarter 1991 
3 MacIntosh Program 

Available 2nd Quarter 1992 

Company 

AISC, Inc. 

American Computers & 
Engineers 

Calpro 

C.AS.T. 

Computers & Structures, Inc. 

ECOM Associates 

Engineering Design Automation 

Engineering Software Co. 

Graphic Magic, Inc. 

Precision Programming 

RAM Analysis 

Research Engineers, Inc. 

Softek Services, Inc. 

Structural Software, Inc. 
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Phone 

312-670-5434 

213-820-8998 

800-446-0959 

415-795-0509 

415-354-0234 

414-354-0234 

415-848-7080 

817-861 -2296 

408-464-1949 

612-936-4031 

800-726-7789 

800-FOR-RESE 

604-732-3763 

713-984-9173 
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Working together, AISC and CNA 
help keep losses under control 
to keep your premiums down. 

The A1SC business insurance program offers 
you a very important benefit: A loss control 
program that not only helps keep premiums 
down, but also is available at no extra cost. 
Only the close working relationship between 
the CNA Insurance Companies and A1SC makes 
this possible. 

By listening to your association, we 
understand the risks of the structural steel 

fabricating business. As a result, the CNA 
Insurance Companies can offer you a loss 
control program that may help reduce injuries 
and may ultimately reduce premiums. We are 
proud to say this program has been endorsed 
with the A1SC "Seal of Approval:' 

Take advantage of this comprehensive 
insurance program designed especially for and 
endorsed by A1SC. Call 1-800-CNA-6241. 

CNA 
For All Ole Commitments You Make-

The CN .... 1nsufanoa CompanIeS underwriting Ihls program 'Nil Y8IY according tithe (lOIII!t'8g8 NaIabIe In the Conlhental us ody. These companIeS Include 
TranSPQr1atlon Insurance Company. \/alley Forge Insurance Company. Continental casualty Company, National FIre Insoranoe Company 01 Herttord, 
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Des i gn For ' 90s 

• LRFD Saves $2 Million 

The 37-story Newport Office Tower, one of the tallest buildillgs ill New Jersey, was 
designed usillg Ihe LRFD Speci/icnlion. According 10 Ihe engineer, using LRFD usually 
results in a savings. On this project, using LRFD saved about $2 miIlio,. in steel costs, 
primarily by reducing beam and girder sizes. 
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Since its 
introduction in 
1986, LRFD has 

provided a 
competitive edge 

for this New 
York-based 

engineering firm 

When the engineers for one 
of the largest office build­
ings in New Jersey began 

design, they chose a s teel structural 
system both for its lighter weight 
and the ease with which modifica­
tions can be made. 

"The biggest fa ctor on the New- • 
port Office Tower project was the 
foundation conditions," explained 
Akbar Tamboli, P.E., a vice presi-
dent with The Office of Irwin G. 
Cantor, P.c., in New York City. 
"The Jersey City-area has 100' of 
average fill over bedrock. A con­
crete-framed building would have 
substantially increased our founda-
tion costs." To further reduce foun-
dation costs on the 37-story, 1.1-
million-sq.-ft. structure, the 
engineer opted to use slurry cais-
sons instead of conventional con-
crete caissons. Geotechnical consul-
tant on the project was 5TS 
Consultants, Ltd ., Chicago. 

Another important reason for 
choosing steel was the flexibility it 
provides, which is crucial in devel-
oper office buildings. "With steel, 
tenant changes and modifications 
are much, much easier. Without 
the ability to make inexpensive 
modifications, the owner, Melvin 
5imon Associates, would have had 
difficulty accommodating future • 
tenant needs." 

In addition, steel easily provided 
the long clear-spans desired by the 
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By combining a low-rise 
base with the tower portion 
of the buildillg. the architect 
created Q structure 
compatible with the 
surrounding commu1Iity. In 
addition, the designers 
fu rther diminished the scale 
of the building through the 
use of setbacks. 
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- ---!!;l owner. "We could have used jOists • 
with concrete construction, but that 
would have substantially increased 
the f1oor-to-f1oor height," Tamboli 
explained. Also, steel provided 
smaller column sizes. "Concrete 
columns become prohibitively large 
on a 37-story building." And the 
larger the columns, the less leasable 
space. 

Outriggers, located at tile 21st and nnd floors and at tile building's top lIelp to 
cant rot deflection and buitding sway. In addition, tile outriggers reduced tile weiglrt of the 
structure by rtdllcitlg the "eeded weight of core trusses mId perimeter /raming, w/Jich 
helped to reduce foundatim, costs. 

Plloto by Sat Boccuti, Ambler, PA. 
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Just as the decision to use steel 
was a simple one, so to was the de­
cision to use Load and Resistance 
Factor Design (LRFD). 

"Our firm has been using LRFD 
since 1986," Tamboli explained. 
"Unless there's a code problem, we 
automatically use LRFD. There's a 
savings on most projects to the cli­
ent and that gives us a competitive 
advantage." On the Newport Office 
Tower project, Tamboli estimates 
that the use of LRFD saved $2 mil­
lion in steel costs, primarily by re­
ducing beam and girder sizes. 

When the firm first began using 
LRFD, they had to change a lot of 
software to accept the procedure. 
"But now that we're all set up for it, • 
it takes no extra time for design." 

On this project, the software in­
cluded: Research Engineer's 
STAAD-W for column/beam de­
sign; McDonald Douglas' EASE 
program for wind analysis; A1SC's 
CONXPRT for connections; and 
AISC's WEBOPEN to calculate web 
openings. 

Structural Design 
The 520'-tall building'S struc­

tural wind system features a perim­
eter frame and braced core combi­
nation. In addition, outrigger 
trusses were provided at mid­
height and at the top of the tower to 
stiffen the building and greatly im­
prove its aerodynamic wind resis­
tance. 

"The main purpose of the outrig-
gers was to control deflection and 
building sway," Tamboli said . "Sec­
ondarily, it reduced the weight of 
the structure by reducing the 
needed weight of core trusses and 
perimeter framing. And finally, the 
outriggers eliminated uplift on the • 
foundation ." 

Because of the building'S expo­
sure to New York Harbor and its 



• 
height, wind tunnel tests indicated 
that there might be wind loads of 
90 psf on parts of the building­
double the local codes requirement 
of 45 psf. The engineer received 
wind loading and criteria for build­
ing acceleration from RWDI in 
Guelph, Ontario, and designed the 
outriggers accordingly. 

Outriggers Save 500 Tons 
The mid-level outriggers, which 

occur at the 21st and 22nd floors, 
are composed of W14 x 192 steel 
members, while the outriggers at 
the top of the building are W14 x 
176 steel member . Tamboli esti­
mates that the use of the outriggers 
resulted in an approximate steel re­
duction of 500 tons. Steel fabricator 
was AISC-member Owen Steel 
Company. 

"The disadvantage is that the 
outriggers crea te an obstruction on 
those floors, but the owner felt the 
dramatic cost savings more than 
made up for it." 

The building's columns, where 

Aa 
'._DR or.",,'. 
SDS/2 assures fining 
solutions again and again. 

Call Design Data -
1-800-443-0782. It's time. 

governed by wind load , a re A36 
steel. while the columns governed 
by gravity loads are A572 Grade SO. 
The beams and girders are A572 
Grade SO steel, except for the pe­
rimeter wind girders, which are 
A36. "We didn' t need higher 
strength steel in those areas where 
the moment of inertia was critical," 
Tamboli explained. 

The perimeter column-beam 
connections are full-penetration 
field welded, while in the core con­
nections are achieved with gusset 
plates welded to columns and 
beams field bolted to the gusset 
plates. 

To create a column-free lobby, 
the designers sloped some of the 
columns through the third and 
fourth levels. The sloping members 
are 30' in length and arc offset 6'. 
"We've been using this system for a 
number of years instead of transfer 
girders," Tamboli stated. " It re­
duces the needed quantity of steel 
and increases headroom." 

A,dlllrr..-' Oil the proji'ct tLVlS The 
Ehrellkrmrtz Group & Lcksllll . New York 
City, WIll. a.;socmle arcJlIl«t~ Emery Roth 
& Soli', also of N('W York CIty. 

1-801-1443-1782 
402-10&-8278 
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Steel Construction 
Meets Tight Deadline 

Using LRFD instead of ASD is estimated to have SIlved 1.4 psf ill overall steel tom,age 
on the One ArizonQ Center project in Phoenix. And according to the project's engineers, 
LRFD procedllres are jllst as eas,ly applied as ASD procedllres. 
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One Arizona 
Center's steel 

frame 
was fully erected 
just 10 months 

after design 
began 

By David A. Platten, P.E. 

Tenant move-in commitments 
dictated a lO-month sched­
ule from the start of design 

to the completion of the structural 
frame for One Arizona Center, a 
360,OOO-sq. ft . office building in 
Phoenix. The 20-story building, 
which sits atop two-levels of 
below-grade parking, is the second 
in a series of three planned office 
buildings in the 18.5-acre, Arizona 
Center mixed-use project. Project 
architect was HKS, Inc., Dallas. 

To meet the tight schedule, the 
engineer, Walter P. Moore and As­
sociates, inc., integrated a concrete 
below-grade structura l system 
with a structural steel system 
above-grade. 

Once structural steel was se­
lected for the structural frame, 
value engineering efforts were fo­
cused on three considerations: Al­
lowable Stress Design (ASD) vs. 
Load and Resistance Factor Design 
(LRFD); composite beam framing 
utilizing normal weight concrete 
vs. light-weight concrete; and de­
sign office live loading of code 
minimum 50 psf vs. 80 psf. 

Composite Floor Framing 
The composite floor framing 

system utilized for the building 

• 

• 

• 
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consisted of A572 Crade 50 steel 
beams at 10' centers with 2", 19-
gage metal deck plus 21,1z" of nor­
mal weight concrete. The slab was 
cementitous spray fireproofed to 
achieve the required fire rating. 

In arriving at the selected sys­
tem, four designs were considered: 
• Design 1. LRFD using A572 

Crade 50 steel beams at 10' or 7'-
6" centers with a 5114" lightweight 
concrete slab. 

• Design 2. LRFD using A572 
Crade 50 steel beams at 10' or 7'-
6" centers with a 4\12" normal 
weight concrete slab. 

• Design 3. ASD using A572 Crade 
50 steel beams at 10' or 7'-6" on 
centers with a 5W' lightweight 
concrete slab. 

• Design 4. ASD using A572 Crade 
50 steel beams at 10' or 7'-6" cen­
ters with a 4\12" normal weight 
concrete slab. 
Typical beam spans were 41'-7", 

while typical girder spans were 
30' . Each of the four designs was 
studied first assuming 50 psf live 
loading and then 80 psf live load­
ing. 

Designs 1. and 3. were elimi­
nated as a result of limited avail­
ability of lightweight aggregate in 
the Phoenix area. A study of De­
signs 2. and 4. showed that the 
LRFD design was more economi­
cal than the ASD design . Further­
more, it was determined that the 
typical floor beam size and num­
ber of shear connections would be 
the same for an 80 psf live loading 
using LRFD and a 50 psf live load­
ing using ASD. Essentially, the 
owner was able to offset the pre­
mium for the 80 psf live loading he 
desired by utilizing LRFD in lieu 
of ASD. Total floor steel weight 
was 5.6 psf for LRFD vs. 6.4 psf for 
ASD, a savings of 13%. 

This was a substantial advan­
tage to the developer, who wished 
to provide the higher floor live 
load for added tenant flexibility 
for computer rooms and filing 
areas. 

Lateral Framing System 
To meet the seismic require­

ments of the Phoenix Construction 
Code, a lateral framing system 
consisting of core K-braced frames 
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TIle project was 
desiglled /lsillg A572 
Grade 50 steel beams 
. t 1O' or 7'-6 · 011 
ce"ters witll a 4 1f.lH 
1lontJai weight 
concrete slnb. rite 
lateral bracing 
cOlls;sls of K-hraced 
frames ;lI combi"ation 
with a perimeter 
moment frame. 
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ARKANSAS 
SAVES YOU 

TIME 
LABOR 
MONEY 

WITH WFBEAM 
CUSTOM SERVICES: 

T 
~ 

TEE-SPLmING 

DRILL&COPE 

I 
END MILLING 

CUT-T0-LENGTH 

~ o 0 
STORAGE. TRANS-SHIP 

ARKANSAS STEEL PROCESSING. INC. 
AAf..4ORR. AR 12310 

A FlU-SERVCE sn~,JCTl.IW. 
STEEL PROCESSING CENTER 

18 

Weight Comparisons 
(PSF) 

16 [ _ LRFD IZJ ASO 15.1 

14 

12 

10 

8 
6.4 

Floor Sloe! 

'''' ......... 

1.1 1.3 .--L21 
Gravity Column 

15%SaW1gt 

LaterallMisc. ........... To1al 510el ... ........ 

Load And Resistance Factor Design 
~ __ ~ __ ~(~L_R_F~D)~~ ____ ~ 

Slab Beam 
50 PSF Live Load 

Typ. 

80 PSF Live Load 

Typ. Thickness Spacing 

10'-0" 

T-6" 

10'-0" 

T-6" 

Beam PSF Beam PSF 
Size Size 

W18x35 3.50 W18x40 4.00 
-I----j-

w16X26 3.47 W16X31 4.13 
--1---1 

W18X35 3.50 W18X40 4.00 
--+--

W16X26 3.47 W18X35 4.67 

Allowable Stress Design (ASD) 
--r-- I 50 PSF Live Load 

Slab I Beam --,----+---,----1 
Thickness Spacing ;::~ PSF ;::~ 

80 PSF Live Load 

PSF 
Size Size 

5114" 10'-0" W18X40 4.00 W18X50 5.00 
-~~~ ---~-

5114" T-6" W18X35 4.67 W18X40 5.33 

4112" 10'-0" W18X40 4.00 W18X50 5.00 
--+--

41.t2" T-6" W18X35 4.67 W18X40 5.33 
~~~- ~~----~----~----~--~ 
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in combination with a perimeter 
welded moment frame was se­
lected. Use of the perimeter frame 
also provided excellent live load 
deflection control at building clad­
ding support points. General con­
tractor on the project was HuntC­
or, Inc., Phoenix. 

The core K-braced frames con­
sist of A572 Grade 50 steel beams 
and columns, as their design was 
controlled by strength require­
ments. Double angle brace mem­
bers were designed for serviceabil­
ity, and therefore A36 steel 
sections were selected. 

Similarly, the perimeter welded 
moment frame consisted of A572 
Grade 50 steel columns and A36 
beams. As a result of a significant 
portion of the lateral framing sys­
tem being controlled by service­
ability, the difference in steel 
weight between LRFD and ASD 
was nominal. Lateral and miscella­
neous framing weight was 7.4 psf 
for LRFD vs. 7.8 psf for ASD, a 
savings of 5%. 

Steel fabricator on the project 
was AlSC-member Zimmerman 
Metals, Inc., Denver. Steel erector 
was LPR Construction Co., Love­
land, CO. 

Gravity Columns 
From a percentage standpoint, 

the greatest difference in steel 
weight between LRFD and ASD 
was observed in the design of the 
gravity columns. Because strength 
was the governing factor, A572 
Grade 50 gravity columns were 
utilized . These columns weighed 
1.1 psf for LRFD vs. 1.3 psf for 
ASD, a savings of 15%. 

LRFD design is estimated to 
have saved 1.4 psf in overall steel 
tonnage, or about 9%, on this proj­
ect. Assuming a unit price for 
structural steel of $O.25/ lb., this 
translates into a savings of 
$126,000 for the Arizona Center's 
developer, Rouse-Phoenix Devel­
opment Corp., Phoenix. 

In addition to its cost saving 
benefits, LRFD is a more rational 
design procedure than ASD. It in­
volves explicit consideration of 
limit states, multiple load factors 
and resistance factors, and implicit 
probabilistic determination of reli-

ability. Also, our firm's experience 
has been that LRFD procedures are 
just as easily applied as are ASD 
procedures. While this wasn't the 
first LRFD project for Walter P. 
Moore, it was the first for 
company's Dallas office and its first 
use in Phoenix. 

David A. PIa lien, P.E., is vice presi­
dellt alld Iread of tire Dallas/Ft . Wortlr 
Division of Walter P. Moore alld Asso­
ciates, Ille. He is a registered profes­
siollal ellgilleer ill Arizolla , Texas alld 
Virgillia , alld a member of ASCE alld 
tire COllsultillg Ellgilleers Couneil of 
Texas. • 

For aile A,;zn"a Ce"ter, flie typical 
floor beam size a"d 1!11mber of shear 
co""ecl;o"s would 'I(! SlIme for an 80 psi 
live loodillg IIsillg LRFD alld a 50 PSt live 
loodillg IIsill8 ASD. 
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IBRIDGE EXPANSION SYSTEMS & BEARINGS 

Bridge Rehabilitation 

Lubrite self-lubricating bearings 
accommodate expansion, con­

traction and rotation of structural 
members-without maintenance or 
supplementary lubrication. The 
bearings also are unaffected by 
temperature extremes, immersion 
and/or corrosion. The company 
produces bearings for a wide vari­
ety of applications: flat expansion 
plates are designed to accommo­
date expansion and contraction in a 
single plane; radius plates are flat 
on one face and either concave or 
convex on the opposite face, with 
the radius plate accommodating 
the deflection or rotation of the 
structural member and the flat face 
providing for linear expansion and 
contraction; and spherical plates 
provide for rotation or deflection in 
any direction as well as normal ex­
pansion and contraction. All bridge 
bearings can be supplied in stan-

dard Lubrite or Lubrite F 100% tef­
lon fiber mat, which offers a very 
low 0.03 coefficient of friction. The 
company offers a wide variety of 
completed assemblies, as well as 
design assistance. Also, qukk turn­
around is provided, which is par­
ticularly helpful in rehabilitation 
work. 

For more information, contact: 
Merriman, 100 Industrial Park 
Road, Hingham, MA 02043 (617) 
749-5100. 

Structural Bearing 
Product Information 

The Wabo-Fyfe Structural Bear­
ing from Watson Bowman 

Acme is a low-profile, high-load 
bearing that uses Bonafy elasto­
meric rotational elements to ac­
commodate the load and rotation 
of a structure. A centrally located 

SORB'I'EX 

shear restriction mechanism allows 
structural rotation but prevents 
shear from being applied to the 
elastomer. Horizontal structural 
movements are handled by the 
sliding of virgin PTFE against spe­
cially polished stainless steel. The 
bearings are manufactured in three 
basic configurations, depending on 
the movement required for the 
particular application: A fixed 
bearing is used where there is rota­
tion but no horizontal movement; 
a unidirectional bearing restricts 
movements to one d irection; and a 
multidirectional bearing accepts 
movements regardless of direction. 
Design compressive stress is ap­
proximately 5,000 psi plus/minus 
5% and the design deflection is ap­
proximately 10% of element thick­
ness. 

For more information, contact: 
Watson Bowman Acme, 95 
Pineview Dr., Amherst, NY 14120 
(716) 691-9239. 

Expansion Bearings 
Voss Slide Bearings 

Steel bacRed TFE 
accomodares structural 
movements due to 
thermal expansions - can 
also be bonded to other 
Voss Bearin\IS to allow for 
misaIilJnment or rotation. 

• HiSJh Load 
• Seismic and Thermal 

movement control 
• Low friction 
• Low Deflection 
• Rotation Capabilities 
• AASHTO Approved 

FlBERLAST 
Write for free desiqn manual and 
software Desil!n disc. 

• 

• 

A new choice in a 
structural bearinq pad 
which meets tooay's 
hiqher load requirements 
while remaininq cost 
effective. 

fi#CYPJ • ENGINEERING. INC. 
6965 N. Hamlin Ave. 

Uncolnwood. IL 60045 
on 708 673 8900 
"'" 708 673 t 408 
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Free Expansion 

Bearing Design Aids 

A new manual for the design of 
structural fixed and expan­

sion bearings for bridges and build­
ings has been released by Voss En­
gineering Co. The design manual, 
which features performance curves 
and design parameters for 
SORBREX and FlBERLAST based 
bearings, is the result of a recently 
completed test program. The high 
shear modulus, low deflection 
characteristics of these bearings 
offer the structural design engineer 
an alternative to other softer elasto­
meric bearing pad products. 
SORBTEX is made of layers of cot­
ton polyester fabric impregnated 
with oil resistant synthetic rubber. 
The material has a minimum ulti­
mate compressive strength of 
10,000 pSi, a shea r modulus (G) of 
450 psi at 33% pure shear, and a 
Shore A hardness of 90 durometer. 
FIBER LAST is a ROF pad material 
made of high-quality ozone-resis-

IT IS FUN TO 

DESIGN STEEL 
CONNECTIONS 

USING 

DESCON 

AN EASY TO USE SOFTWARE PACKAGE 
FOR YOUR PC 

25 TYPES OF BEAM TO COlUMN 
CONNECTIONS, BEAM SPLICES AND 

BEAM TO GIRDER CONNECTIONS 

MOMENT CONNECTIONS I 
SHEAR CONNECTIONS 
BOLTED AND WELDED 

EXTENSIVE DATA BASE OF SHAPES, 
MATERiAl PROPERTIES AND 

SPECIFICATION REQUIREMENTS 
INCLUDED 

I 
FOR INFORMATION CALL OR WRITE TO: I 

• 
OIiNITECH ASSOCIATES 

P.O. BOX 7581 
BERKElEY. CA 1M707 

• ,5-651-a32f1 

tant virgin elastomer combined 
with synthetic fibers. This material 
has a minimum ultimate compres­
sive strength of 8,000 psi, a 
shear/slip modulus (G) of 230 psi, 
and a shore Shore A hardness of 80 
plus/ minus 5 durometer. 

The company's structural expan­
sion bearing lower elements are 
made from laminations of 
SORBTEX or FlBERLAST bonded 
to 11!4"-thick steel plates recessed to 
contain a sheet of TFE. The upper 
elements are made to customer 
specifications. A new company 
manual provides information on 
bearings with thicknesses greater 
than 1 ", and is a companion to a 
1989 design manual that covered 
bearings with thicknesses of 1/4" to 
1 ". The manual also includes design 
information about NEOSORB and 
Voss Slide Bearings. 

For copies of these manuals and 
a free software design disk, contact: 
Rick Voss, Voss Engineering Co., 
6965 North Hamlin Ave., lincoln­
wood, IL 60645 (708) 673-8900. 

ECOM SES™ 
Structural Expert Series 

+ Written by Practicing 
Engineers 

+ Over 1,800 Installations 
+ 18 Years Experience 

2D and 3D Frame Analysis 
Steel Beam/Column Design 
Composite Steel Design 
Concrete Design 
Now available on UNIX 
for Sun and IBM RS/6000 

For a FREE DOS Demo set 
call 414-354-0243 

ECOM Associates, Inc. 
8634 W. Brown Deer Rd . 
Milwaukee, WI 53224 

AISC Publications 

Engineers can reduce the . time 
required for the analysIs of 

two-, three-, and four-span contin­
uous highway beam bridges with 
AlSC's Momellts, Slrears, alld Reac­
tiolls for COlltilllIOl/S HigllUJay Bridges 
design aid (88 pps.-$16.oo). Tables 
of maximum moments, shears and 
reactions are presented for 456 con­
tinuous highway bridge spans, en­
compassing the full range of beam 
and usual plate girder bridges. The 
tabulated values and correspond­
ing impact coefficients, based on 
one lane of AASHTO HS20-44 live 
loading. conform to the provisions 
of the 1983 AASHTO specifica­
tions. For problems involving spe­
cial loading, corresponding tables 
of influence coefficients are pre­
sented. 

To order a copy, send $16.00 + 
$4.00 postage and handling, to: 
AlSC, P.O. Box 806276, Chicago, IL 
60680-4120, and specify publication 
Tl06, or call (312) 670-2400 ext. 433. 

-
Isteel Detailing System 

$24,000 Complete 

An automated computer program that 
was designed specifically so that steel 
detailers QJulQl have to work at a 
computer. 

All computer input & plotting can be 
done by secretarial staff. 

The system details columns, beams, 
collation. field bolts & advance bills. 

Includes the tollowing: 

'AT VGA Computer 
·O·S!ze Plotter 
'Oot MatrIX Printer 

'AUTO-STEEL Software 
-300 Hours 01 TUllion t-
-At your location 

limited offer to Steel Fabricators Only. 

I Ask about our Sleel Delails,s Toolbox. 
II Fast, accurate geometry calculations 

for only $150. 
I 

Glen-Nevel Systems 
3599 Nina St. 

Oceanside CA 92056 
1-800-722-2945 

FAX 1-619-722-7365 
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