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ANNOUNCEMENT STEEL DECK 
INSTITUTE • SOl P.O. Box 9506 

_S ____ I_ (!) Canton, OH 4471 1 

The Steel Deck Institute announces a new expert system for the design of composite beams. 
and girders with steel deck. This software, called SOl FLOOR, was developed by Structural 
Engineers, Inc. of Radford, Virginia in cooperation with the AISC and SOl and sponsored, in 
part, by the AISI. 

The knowledge bases in SOl FLOOR use LRFD rules for 
tbe design of composite or non-composite beams and 
girders. complete bay design. and design table generation. 

The beam (deck ribs perpendicular to tbe beam centerline) 
and girder (deck ribs parallel to tbe beam centerline) 
Knowledge bases can be used to to find tbe least cost 
composite andlor non-composite design for a specified range 
of beam deptbs. Final costs are calculated using user input 
fabrication. steel and sbear stud unit costs. Deflection limits 
for dead. live and construction loadings can be specified. 
Tributary area loading. linearly varying line loads. and 
concentrated loads can be specified in any combination. Stud 
layouts are also generated. 

The bay design knowledge base provides cost optimized 
design alternatives for an entire bay. The only required input 
is tbe bay size. material propenies. and uniform loadings. 
Optimization is based on user input unit costs. Beam spans 
in botb directions along witb beam spacing are considered in 
determining tbe final design. A vibration analysis is also 
provided for tbe final design. 

The table generation knowledge base can be used to print 
design tables in tbe same format as currently publisbed by 
tbe SDI. The user can specify any permitted combination of 
material propenies. This allows office practice to be 
combined witb design requirements. 

Detailed repons sbowing all calculations are provided. 

SYSTEM REQUIREME NTS: 

1. An IBM Personal Computer or Compatible witb 640 
Kbytes of Random Access Memory (RAM) and a bard 
disk drive. DESIGN ADVISOR plus DOS requires a full 
640 Kbytes of RAM. Resident programs wbicb 
decrease tbis availability may cause execution problems. 

2. DOS 3.3 or bigber. 
3. A 5.25 in. or 3.5 in. floppy disk drive. 
4. A color monitor is strongly recommended. 
5. DESIGN ADVISOR will run considerably faster if a math 

co-processor is available. 

DESIGN ADVISOR and SECTIONS are provided free 
witb tbe first purcbase of a knowledge base module sucb as 
SDI FLOOR.. No otber software purcbase is needed to 
make SOl FLOOR run. 

DESIGN ADVISOR is an expen system sbell developed 
exclusively for use by structural steel designers. Modules 
containing knowledge bases for tbe ASD and LRFD d. 
of connections are available from tbe AISC as is S -
nONS. SECTIONS provides all of tbe AlSC manual 
tabulated cross-section. flexural. budding. and torsional 
propenies for a user selected W. M, S, or HP sbape. 

TO ORDER SDI FLOOR MODULES @ $295.00 eacb (add $45 for Rusb order - 2to 3 days): 

Send your order to: SDI P.O. Box 9506 Canton, Obio 44711. If you order by credit card (VISA or Master Card only) 
include your card number, expiration date and tbe name as it is shown on the card. You may also pbone in or fax credit 
card orders. The telepbone (and fax) number is 216-493-7886. Checlcs or money orders are also acceptable. Please indicate 
tbe disk: size you require -- 5.25" or 3.5". 

The space for tbis ad bas been donated by United Steel Deck. Inc. to tbe SOl 

~ 

.. ~"---\.'~r'--i,~~IT1::::;.,:::L...I NICHOLAS J. BOURAS, INC. 
PO. BOX (x'2. 475 SPRINGFIELD AVE. 
SUMMIl: NEW IERSEY 07902-0fXJ2 1201) 277-1617 
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Estimating 
Gives you unrivaled 
accuracy - and an accurate 
bid is money in your hand 
In these days of declining profits , Structural Software's 
computerized Estimating gives you the accuracy you 
need to stay competitive . An accurate bid can mean 
the difference between a heatthy profit and an unwel
come surprise. Plus, you're ableto bid more jobs using 
the same personnel. Our Estimating program cor
rectly prices all items that go into a job, from the mill to 
the warehouse. The only thing left for you to calculate 
is the savings! Almost all of the pricing levels and labor 
codes can be changed to suit your needs. In fact, our 
customers agree that Estimating's flexibility makes it 
the best estimating program on the market. And Esti
mating's unique modular design for IBM computers 
lets you easily add on our other programs, like Multlng, 
Inventory and Production Control, to give you even 
greater accuracy and control over shop production. 

" The Structural Software sys.m enabled us to 
bid and run more projects through. Our estimates .,. 
more accurate. And because Production Control tracks 
everything in ajob, you can keep full control of a project 
in the office from the time you bid It to the time It goes out 
10 the 11\8." 

Grog Hou .. hold ... 
Grlftffh.Cuot ... Sf.., 

"Our .,1imates are faster and more accurate now. 
W. ar. provtchng more estimates than ever befor • . W. 
aM had a baste understanding of the .ystam loon an,r rt 
was installed. Within a feww •• k. , wa were totally used to 
the system and wondering how we'd Iver gonen along 
without it" 

Phil Grlgg. 
Toppw& Qrlgga,lnc. 

"The computer savas so much compilation time 
and analysis time, since it groups the ptece-s automati
cally. W. can bid 8 lot more work now. and that's really 
Imponant in today. competitive market Using the 
computer saves us hours, Of days, on turning estimates 
around." 

GrogUwI. 
Elwell Iron Wort., Inc. 

"Estimating save. us the cost 01 one person per 
year. We also appreciate the consistency that computer· 
IZed estimating adds to our operation. Since this pro
gram was written by a structural steel fabncator, and for 
a structural steel fabrbtor , we don't have to rethink 
anything to use it ... 

J.ck Holcomb 
BerlIn Sf .. Construction Co. 

'We're extremety satisfied. Estimating has en· 
abled us to do another 20 to 35 percent more quotes and 
Increased our accuracy tenfold . The computer eUmi
nates the taltying errors that creep in sometimes when 
you're totaling up the weights . We'Ve had our system for 
ciase to five years , and we're very happy with it." 

O.v. Fritz., 
Ca."'" Steel Corp. 

Call (BOO) 77&-e11. for details on Estimating and other Structural Software 
programs, mduding: 

'"FabriCAO · A total unit detaiHng process that includes shop drawings 
'"Inventory Control, Production Control and Purcha.e Order • • Material 

A1k>cation programs that link purchasing with production to cut waste and boost 
profits . Structural Software Co .• SOt 2 Plantation Road, Roanoke, VA 240t 9. (800) 776-9118 
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HISTAR@ 
A new generation 

of rolled beams 
and column shapes 

for economical 
steel construction. 

Once again, AABED leads the 
Industry by lealuling a trendsetting 
combination of mechanical, 
chemical and technOlogical 
properties 

DrIIOVDORI or nIII. CCWi ' aucrlOil PRODUCTS. 

• HIGH YIELD STRENGTHS (up to 
65 KSI) even lOf ultra-heavy 
sections 

• OIJTSTANOING TOUGHNESS 
PROPERTIES 

• EXTREMELY LOW CARBON 
EOUIVALENT - ensures excel· 
lenl weidebliity 

A NEW PROCESS ... OST. 

The secret Is In ARB ED', revatu 
Iionary new In-line aST process 

OTHER RECENT AlliED 
INNOVATIONS: 

AABED·ROLLED 40 ·, .... .. and 
"TAILOR·MADE" (WTM) aeries -
famous tor high section moduli. 
gr ••• laler,l buckling reslslance. 
and big savings in fabncatlon 
costs and weights. These products 
are ,110 Ivailable In the new 
HISTAR quallly as Is our standard 
WF ..,1 •• and H BEARING PILES 

NEW LITEIlATURE AVAILAILE 

send now for comp"'e da'. on all 
these AABEO product" conllct 
Trade AABEO, INC., 825 T"lrd 
Ave., New York , NV 10022 (212) 
.(86·9890, FAX 212·355·2150/2421 
In Canida TradeAABEO C.n.d., 
Inc., 3340 M.lnway, Burllnglon. 
Onlario, Caneda l1M 1A7 
(416) 335-5710. FAX 416-335-1292 



Editorial Staff 
Scott Melnick, 

Editor 

E 

Patrick M. Newman, P.E., 
Senior Technical Advisor 

Charlie Carter, 
Technical Advisor 

Editorial Offices 
Modem Steel Construction 
One East Wacker Dr. 
Suite 3100 
Chicago, IL 60601-2001 
(312) 670-5407 

Advertising Sales 
Patlis-3M 
7161 North Cicero 
Lincolnwood, lL 60646 
(708) 679-1100 
FPlX(708)679-5926 

AISC Officers 
Stephen E. Egger, 

Chairman 
Frank B. Wylie, Ill , 

First Vice Chairman 
Robert E. Owen, 

Second Vice Chairman 
Robert H. Woolf, 

Treasurer 
Neil W. Zundel, 

President 
David Ratterman, 

Secretary & General Counsel 
Lewis Brunner, 

Vice President, 
Membership Services 

Geerhard Haaijer, 
Vice President, 
Technology & Research 

Morris Caminer, 
Vice President, 
Finance/ Administration 

D T o R A L 

Chronological 
Confusion 

Writing a monthly magazine is a chronological nightmare. I'm 
writing this in July for a September issue, and at the same 
time I'm busily at work on the October and November 

issues, and, of course, planning various issues for 1993. Without 
constant glances at a ca lendar, it's easy to lose track not only of what 
day it is, but also what month. 

Fortunately, the engineers, architects and fabricators I work with 
everyday often have the same problem, or even worse. Most designers 

• 

are busily working on projects that won't be completed for years, and 
fabricators often think of a project as complete when the steel is up, even • 
though it won't be occupied for many months. 

So since we're all in this state of chronologica l confusion together, 
and since this issue is devoted to bridges, I hope no one will consider it 
odd that it's time to start thinking about the Fourth Biennial National 
Symposium on Steel Bridge Construction, to be held in Mid-September 
in 1993. Specifically, the Symposium planners are looking for papers to 
be presented in Atlanta, the conference's site. 

Appropriate topics include: new bridge construction technology; 
unique, novel and innovative structures; new design concepts; and 
economical design considerations. Also, papers on a wide variety of 
bridge issues, such as paint, fatigue, details, and welding inspection, 
will be considered. 

The papers will be presented during a one-and-a-half day 
symposium, which will be preceeded by a day of workshops on such 
subjects as economical design considerations, erection considerations, 
and bolting methods. Also, the 1993 AISC Prize Bridge Awards will be 
presented. 

Last year's Symposium in St. Louis attracted more than 200 bridge 
designers, builders and state and federal officials and, with the 
increased interest in bridges generated by increased federal highway 
construction funding, next year's Symposium is expected to be even 
more successful. 

If you're interested in submitting a paper for the 1993 Symposium, 
send an abstract to: Fred Beckmann, Director of Bridges, AISC, One East 
Wacker Dr., Suite 3100, Chicago, IL 60601-2001. Deadline for submitting 
abstracts is November 15. If you have any questions, drop Fred a note at • 
the above address or call him at (312) 670-5413 or fax him a message at 
(312) 670-5403. SM 
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STAAD-:Ill/ISDS -Ranks #1 
in Earthquake Engineering 

A recent (October, 1990) ENRlMcGraw Hill survey of 
the Architecture/ Engineering/Construction industry 
ranks ST AAD-lii/ ISDS, from Research Engineers, as 
the # I structural engineering software today. 

Whether it is a single beam or analysis of a 3D 
multistory structure for seismic response, ST AAD-Ili/ 
ISDS has been the engineer's # I choice - since 1978. 

Today, Research Engineers, with six offices on four 
continents, is making the world's knowledge available 
to th e industry - with continuous implementation of the 
latest technology. 

Also introducing AutoSTAAD - structural drafting, 
model generation and STEEUCONCRET£lTlMBER 
detailing within AutoCAD. 

RESEARCH ENGIN EERS WORLDWIDE 

State-of-the-art dynamic/earthquake engineering 
facilities include the world's fastest and most accurate 
eigensolution algorithm, response spectrum capabilities 
with SRSS and CQC modal combinations, numerically 
efficient plate finite element to model shear walls and 
rigid diaphragms, automatic generation ofUBC loading, 
statidanimated mode shape plots, direct combination 
of static/dynamic analysis results with fully integrated 
implementation of STEEUCONCRETEITIMBER Design 
based on American and ten other Foreign Codes. 

STAAD- m flS DS - #1 For a Reason. 

lmJ 
[IDJ 
ST~II CIVILSOfT 

.....Rese.rch 
II1II CC Engineers 

A reputation you can build on. 

For Information, call 1-800-FOR-RESE 
1570 N Balavia Slreel, Orange. CA '12667 
Phone, (714) 974-2500 Fa", (714) 974-4771 

U K: P.c..carth £",!n.en (hf'OfHl) ltci., 19 LMlJdowMCou", ~htoft RoM, Purley s..,..,.., CA8180 ~ (081 ) 761-119J Fu: (011) 76] · 1)79 Tflu ''' 111 
FMNCl: Rellean:h [n. iI'I«n, 18 ...... 0. Mort ...... 28800 FLACE'I' Phone: ) 7 '47 51 61 flUe )1 47 H 61 
CERMANY; Rc, e&f'(h E",\neen . W ilhcIrn-B.mh·Sv. l1. 6 140 8€NSHEIM ) ~UER8ACH Phone: 06]5179577 Fax:06151 75411 
INDIA! Raun:h En, fte.cn """'" lld~ 408 Dwp RoM. CU:1Itta 700 017, Phone 14891 4 Tatu; 11 110] 
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The specs on our plate • 
are better. 

Carbon Steel Plate. 
It's all we make. So we have 
to make it better : We roll it 
with exceptional flatness and 
surface quality. To the tightest 
tolerances in the industry. 

And we believe no one will 
match the extra effort you'll 
get from CitiSteel USA. We'll 
work closely with you to pro-

vide what you want when you 
want it. 

We offer carbon and HSLA 
plate in a wide range of types 
and sizes: From structural 
grades to pressure vessel and 
hull grades. In plate thick
nesses of 3/8" to 3"; widths 
of 60" to 148"; lengths up 
to 1000". 

Call now and tell us your 
needs. We'll go flat out for you . 

1-800-677-3769 
CitiSteel USA Incorporated 
4001 Philadelphia Pike 
Claymont, DE 19703 
Phone: (302) 792-5400 
Fax: (800) 374-1561 iffi. 

.. , .... ~ 

• 
CARBON PLATE. IT'S ALL WE MAKE. 



:0 
,'!) 
'x> 
In 
1..1 

• 

• 

• 

Steel Interchange 

Steel Interchange is an open forum for Modern Steel Cotlstructio11 
readers to exchange useful and practical professional ideas and in
formation on all phases of steel building and bridge construction. 
Opinions and suggestions are welcome on any subject covered in 
this magazine. If you have a question or problem that your fellow 
readers might help to solve, please forward iI to Mode,,, Steel Co rr
struction. At the same lime feel free to respond to any of the ques
tions that you have read here. Please send them to: 

Steel Interchange 
Modem Steel Construction 

1 East Wacker Dr. 
Suite 3100 

Chicago, IL 60601 

The following responses to questions from 
previous Steel lnterchange columns have been 
received: 

Are there concerns about bending of the tube 
wall in shear tab type connections? When should 
the shear plate be carried through the tube section? 

Two potential concerns pertaining to shear tabs 
used with tube columns are: 
> 1. The strength of the tube wall in a yield line 

mechanism failure mode in the connection. 
> 2. The effect that local distortion may have on 

the column strength. 
Recent experimental studies have shown that 

due to the self limiting nature of the end slope of a 
simply supported beam, neither of these concerns 
justify the use of through-plates. 

The results of a connection study were 
presented at the 1991 National Steel Construction 
Conference. (Sherman, D. R. and j. M. Ales, The 
Design of Sltear Tabs with Tllbu [ar CO[lImns, 
Proceedings 1991 National Steel Construction 
Conference, AlSO Thirteen tests were reported that 
included a range of bi t from 5 to 45 with fully 
tensioned and snug-tight bolts in the beam web 
connections. The failure mode was in the tube wall in 
only two of the tests where the wall was thin enough 
to produce a punching shear failure. The design 
guidelines presented in the paper include a criteria to 
prevent this failure mode. Excessive distortion of the 
tube wall was never a critical factor. 

The design guideline included in the paper 
recommends that shear tabs be limited to b/ tlimits of 
16. This was due to the limitations of previous tests 
on the column strength that did not include tubes 
with higher b i t. In the previous program, four 
T6x3x!¥!6·· columns were tested with shear tabs, 
through-plates, fully tensioned bolts and snug· tight 
bolts. Beams framed into the tube on both 6'· walls at 
the mid height of a 20' column. The ultimate loads 

Answers and / or questions should be typewritten and double 
spaced. Submittals that have been prepared by word-processing 
are appreciated on computer diskette (ei ther as a wordperfect file or 
in ASCJI format) . 

The opinions expressed in Steel/lllercilQnge do not necessarily 
represent an official position of the American Institute o(Steel Con
struction, Inc. It is recognized that the design of structures is within 
the scope and expertise of a competent licensed structural engineer, 
architect or other licensed professional for the application of princi
ples to a particular structure. 

Lnformation on ordering AlSC publications mentioned in this ar
ticlecan be obtained by ca lling A1SC aI312/ 670-2400 ext. 433. 

were within 10 percent with the bolt tightness being a 
greater factor than whether the connecting element 
was a tab or a through-plate. 

Within the last few months a similar column test 
program was conducted with T8x3xW' and T8x3x¥I6" 
columns using snug· tight bolts in all connections. For 
the W· tubes the difference in the strength of the 
columns with tabs and through-plates was 2111 
percent. The difference was 20 percent for the ¥I6·' 
tube columns. All failures were local or general 
column buckling in the lower half of the column. 
There was no noticeable loca l failure at the 
connection. This study also includcd columns with 
the beam connected to one side only. In these cases 
the failure was by excessive bending of the column 
and there was no clear distinction bctween the tabs 
and through-plate connecting elements. 

Although the detailed data from the most recent 
tests are still being evaluated, it appears that 
through-plates are not required for tubular columns 
that do not exceed the bi t limit of 253 / Fy defining a 
thin wa lled section. This conclusion is based on tests 
where the end rotation of the beam does not exceed 
that of a uniformily loaded simply supported beam. 

DOlla[d R. Sltennall 
UniverSity of Wisconsin-Milwaukee 
Milwaukee, WI 

What procedures should be followed when assess
ing steel that has been exposed to a fire? 

The following is taken from "Technical 
Committee No.8: Fire and Blast, Discussion No. 
4, Repair of Steel Struct II res after Fire" presented 

at the International Conference on Planning and 
Design of Tall Buildings: 

The post-fire repair of a steel-framed structure is 
a situation that many designers have not been faced 
with. The following brief discussion of the subject 
provides some general recommendations, as well as 
an appraisal of the conditions under which structural 
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damage can be expected. 
Fires are unique; their effect on a building and 

the extent of required repairs is a special situation 
that has to be considered and handled for each 
particular circumstance. The following checklist 
outlines several, but not necessarily all, of the 
parameters that should be investigated by any 
designer. 

> 1. An appraisal should be made of those 
members that have been subjected to poten
tial damage. For convenience, this appraisal 
should be conducted on members grouped as 
to their importance: 

»a. Columns. 
»b. Primary Horizontal Members, such as 
girders and trusses. 

»c. Secondary Floor Members, such as 
beams, fillers and floor deck. 

> 2. After identifying those members of poten
tial damage, each structural member in a fire 
damaged area should be evaluated for indi
vidual damage. This evaluation should also 
include connections. 

> 3. On the basis of the damage evaluation, an 
economic evaluation of repair or replacement 
of the structure should be considered. 

> 4. If it is decided to repair the structure, dam
aged members should be divided into three 
ca tegories: 

»a. Members having nominal damage and 
adequate structural capacity for contin
ued service without further repair. 

»b. Members having light damage and re
pairable in place. 

»c. Members with severe damage that 
should be replaced. 

> 5. Throughout all of these steps, the designer 
must recognize that expediency will often dic
tate the approach. Fires usually mean a tem
porary loss of business and rental income; 
owners and occupants will insist on a very 
rapid restoration of building service and 
availability, a situation that may lead to 
costly, but quick, solutions. 

Fortunately, steel is a material with a very high 
tolerance for fire. All of the processes of its 
manufacture, from smelting the ore to rolling the 
structural shape, are done at temperatures above 
those that are likely to occur in an accidental building 
fire. 

At this point, the designer needs only some 
guidance on evaluating the degree of structural 
damage. Fortunately, in steel, the rule is very simple: 

10 I Modern Steel Construction I September 1992 

Any steel member which has been distorted by 
fire so that it has a permanent deflection, crippled 
web or flange area, or damaged end connections 
should be considered for either in-place repair or 
replacement. 

In practice, it may be easier to apply the 
corollary: 

Any structural steel member remaining in place, 
with negligible or minor distortions to the web, 
flanges or end connections shall usually be 
considered satisfactory for further service. 

There are only two exceptions which should be 
considered by the designer. Quenched and tempered 
structural steels, of which relatively small tonnages 
have been used, may undergo a change in properties 
during the heating and cooling cycle of a fire. A 
second area of possible departure from the above rule 
pertains to high strength fasteners ., Under certain 
conditions it is possible that their properties may be 
altered by prolonged fire exposure. But should there 
be any question, it is relatively easy to remove 
individual fasteners for test purposes and, should 
replacement be necessary, to replace those that are 
suspected of damage. 

R. H. Wildt 
Bethlehem Steel Corp. 
Bethlehem, PA 

New Questions 

L isted below are some questions that we would 
like the readers to answer or discuss. If you 
have an answer or suggestion please send it to 

the Steel Interchange Editor. Questions and 
responses will be printed in future editions of Steel 
Interchange Also if you have a question or problem 
that readers might help solve, send these to the Steel 
Interchange Editor. 

1. What can an erector and engineer do when 
anchor bolts are too short and the nuts are not fully 
engaged? 

2. Can one weld to an existing structure? How 
does one determine if the steel is weldable? 

3. Are both mechanical galvanizing and 
hot-dip galvanizing appropriate for bolts? 

• 

• 

• 
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1 GUIDE 
TO LRFD 

Supplies background 
information from ASD 
to LRFD and introduces 
LRFD philosophy. 
Provides simplified 
versions of several 
equations for design 
of simple structures 
or components. 
Intended for those 
not yet familiar with 
LRFD. or who need 
clarification. 

2 QUALITY CRITERIA AND 
_ ---. INSPECTION STANDARDS, 

___ oF.... 3RD EDITION (1988) 

""" This commentary discusses the commonly 
Luw- allli MediI/III-Rise accepted standards of workmanship for 

Steel BI/ildillgs fabricated structural steel framing which assure 
satisfactory fit and appearance at minimum cost 
for the vast majority of buiktings and bridges. 
AISC recommendations lor clarification and 
solulion of common problems Involving 
fabricating tolerances and procedures are 
provided. 

3 DESIGN OF MEDIUM· RISE 
STEEL BUILDINGS 

The design of medium-rise steel buiktings Is 
consolidated in one booklet as a reference lor all 
designers of these structures. This guide 
includes rules for economic design for 
engineers. Load requirements are discussed as 
are joist and composite floor systems. 

3 FREE DESIGN AIDS 
WITH PURCHASE OF 1 MANUAL 

ASD OR LRFD 
AISC Manuals of Steel Con
struction are essential refer
ences for engineers, architects, 
detailers, draftsmen, contractors 
and building officials. Two de
sign methods-Allowable Stress 
Design or Load and Resistance 
Factor Design-provide 
expanded design aids and 
examples which reference 
every phase of steel 
construction. Also contains 
the latest Bolt Specifica
tions, 1986 Gode of 
Standard Practice, com
prehensive index, and 
thumb-indexing convenience. 

BOTH INCLUDE: 
.. Dimensions and Properties 
.. Beam and Girder Design 
.. Column Design 
.... Connections 
.... Specilicalions and Codes 
.. Miscellaneous Data and 

Mathematical Tables 

YOUR CHOICE $60 
SAVE $26! 

9TH EDITION ALLOWABLE 
STRESS DESIGN (AS D) 
Based on the provisions of the 
1989 AISG Specification for 
Structural Steel Buildings
Allowable Stress Design and 
Plastic Design. 1144 pages. 
$60.00 . 

1ST EDITION LOAD AND 
RESISTANCE FACTOR 
DESIGN (LRFD) 
Based on the 1986 Load and 
Resistance Factor Design 
Specification for Structural 
Steel Buildings, LRFD 
provides more uniform 
structural reliability and better 
economy than ASD 
specificalions. DeSign aids are 
updated in the LRFD format. 
Includes a special section lor 
composite beams and 
columns1192 pages. $60.00 . 

.......................... .... .. .............. .... .... ........ ............................. ... .............................. 
LIMITED TIM E OFF E R 

ORDER 
BY 

__ 9th Edition ASD Manual of Steel 
Constructlon-$60 each 

1st Edition LRFD Manual 01 Steel 
Construchon-$60 each 

25% discount to AISC membera: 

RETURN TO 
AISC MANUAL OFFER 
PO BOX 806276 
CHICAGO, IL 60680-4 124 

ALLOW 4-6 WEEKS FOR DELIVERY 

NAME/TITLE _ _______ ________ _ 

COMPANY ________________ _ 

ADDRESS ________________ __ 

C lTV iST A TEIZ I P ::-:;::;:-:c::;:-:-:::-:=-:::::=::-::::::-:-:=:::-,-:=-:::-::-::-::-::-
PLEASE ENCLOSE REMITTANCE. NO COD ORDERS. ADD $5 FOR UPS CHARGE. 
FOREIGN ORDERS, ADD 10% $10 MINIMUM FOR SHIPPING 

_ CHECK FOR $ ENCLOSED _ CHARGE MY _VISA 
MASTERCARD ACCT # ___________ __ 

SIGNATURE EXP. DATE 

OCT. 31 , 
1992 



CORRESPONDENCE 

Eliminating The 
Guesswork In 

Connection Design 
Dear Editor: 

Re: The article by M.E. Hursey, 
P.E., (pages 24-26, june 1992) 

on "Reducing Fabrication Costs by 
Indicating Actual Forces On Se
lected Building joints." 

Apparently our Eastern col
leagues still haven't learned any 

lessons from their building fail
ures. The design of proper connec
tions in major structures is the 
most important aspect of our work, 
and is usually the responsibility of 
the senior personnel in the office. 

EMthquakes have taught us that 
details make or break the job. Sub
tle changes in the design of a con
nection can introduce eccentricities 
or other unwanted changes. I am 
su re you are not going to ask the 
detailer for the steel company to do 
a finite element analysis of a com-

Custom Hollow Structural Sections 
Tubular Sections Manutactured To Meet 

Your Specific Shape & Size ReQuirements 
ASTHETICALlY 

APPeAliNG 

PROPERTIES TAIlORED 
TO SPECIFIC NEEDS 

EXCELLENT TORSIONAL 
PROPERTIes 

EXCEllENT 
COlUMN STRENGTH 

LARGE SIZES 
, .. T030 

SOUARES 

RECTANGLES 

WALl THICKNESS 
5116"·5/8-

• SIzes up to 30' sQuare 
• Tapered or straIght sections 

• Section properties avallabte 
on reQuest 

• No mInImum order sIze 

~ALMQlr roLlA· 1"0 ItJX 1111· 1VUA O«IAHOMA 74111 
An1tGMYHAllrr·CALL TOUn.££.: '~'..JOIZ 
PIIIM MIld Iddltionllllfotmlllon about Custom HoIow StructanI5ectJons. 

___ TiTlE 

F ..... 

AOOAESS 

CITV STATE 

PHONE _ ____ ZiP 
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plex detail and if he did, how are 
you going to review it? • 

I worked in responsible charge 
for four years in a large midwest
ern city and always designed all 
my own details. We never had a 
budget problem and I always was 
able to sleep well at night. 

In conclusion I would ask again, 
How can you delegate the most 
important part of your work to 
strangers outside your office? 

John E. Paquette, S.E. 
J. Albert Paquette & Associates 
Sail Frallcisco 

Dear Editor: 

I enjoyed reading the article ti
tled "Communication Of Design 

Requirements Between Fabricator 
And Engineer Is Crucial For A Safe 
And Economic Structu re" (pages 
27-31, june 1992) by W.A. Thorn
ton, and feel that point he makes 
for increased communication be
tween detailers and designers with 
regard to design loads is very 
valid. However, in the traditional 
design-drafting cycle, getting . 
member reactions from the 
engineer's calculation pad onto the 
design document requires a sub
stantial amount of effort and 
time-<ertainly something that the 
average design firm has precious 
too little of. Thus, although this in
formation has most likely been cal
culated, it is not always in a format 
that may readily be shared with 
other parties who would benefit 
from its use. 

The advance of computer tech
nology in the design-<lrafting in
dustry, however, provides an op
portunity to improve the 
information sharing process. Com
puter Aided Design and Drafting 
(CADD) software now exists that 
integrates engineering calculations 
with drafting operations, making 
design documents "smart" in the 
sense that design parameters such 
as loads, deflections and forces are 
all available directly from within 
the electronic drawing. Our Auto
FLOOR program, for instance, 
which is for the analysis, design • 
and drafting of steel floor framing 
systems in AutoCAD, calculates 
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CORRESPONDENCE 
and stores all member end reac
tions on a layer in AutoCAD, 
which may be printed as part of 
the framing plan. The member re
actions displayed on the drawing 
are the very same ones used by the 
program to optimize the design se
lection. 

Providing connection design 
forces on drawings is a practice 
that Dr. Thornton feels makes good 
sense, a view, no doubt, shared by 
many. The newest CADD tools 
now offer the average design office 

Steel Designer this su;mmer. Steel 
Designer will perform code check
ing and design optimization in ac
cordance with AISC requirements. 

Sharoll A. Alger 
Crpahic Magic 
Sall ta Cruz, CA 

Call For Papers 

I s Your Structure Suitably 
Braced" is the theme of a confer-

-------
ence scheduled for April 6-7, 1993 
in Milwaukee. Those wishing to 
have a paper considered should 
submit a one-page abstract by Oc
tober 15 to the Structural Stability 
Research Council, Fritz Engineer
ing Lab No. 13, Lehigh UniverSity, 
Bethlehem, PA 18105 (215) 758-
3522. Presented papers will be pub
lished in a printed post-conference 
proceedings. For more information 
on submitting a paper or registra
tion, contact the SSRC. 

a cost effective method for sharing ,--
this type of information. 

Randall C. Corson, S.E. 
Computers and Structures, Inc. 
Berkeley, CA 

Software Reviews 
Dear Editor: 

Further to your review of Multi
frame, our structural analysis 

software, in the May 1992 issue of I 
Modem Steel COllstruction, I would 
like to clarify a couple of points 
which were raised in the review. 

The reviewers stated that "the 
aSSignment of member properties, 
end releases and loadsing were 
cumbersome" due to the fact that 
members could only be selected 
"one at a time, sloping members, 
all horizontal members or all verti
cal members." In fact, it is quite 
simple to select any arbitary group 
of members in Multiframe either 
by shift clicking on the members or 
shift-dragging a box enclosing the 
members using the mouse. This is 
a standard part of the Macintosh 
user interface and is described in I 
the Multiframe manual. This con- I 

siderabl y simplifies the process of 
assigning properties to members, I 
even with very large structures. As 
we realize that it is easy for users to I 
overlook procedures covered in the 
manual, our technical support hotl
ine is provided as part of the pur
chase price of the software to help 
users more easily solve this type of 
problem. 

Regarding the provision of de
sign capabilities, your readers may 
be interested to know that we will 
be releasing an additional module 
to the Multiframe suite named STUD WELDING 

The 
BURCO STUD PAK 
TOWABLE ARC STU D WELDING SYSTEMS 

STANDARD AND Xl 100 
With 

sw 3000 POWER SUPPLY 

An 'nnow~I' ... ["9'''' 0., •• Cc .... epl .. ,III e.~~'I"S l~ h,,,,,, • 
.. " 10 118 5,,,os 

UP TO 600" UTEHSION CABtE LENGTH POSSIBlf 

ST"NOARD 

low Profile Only 56" l"Ugh 

Low Weight Only 4 400 Ibll 

Convertible 10 IIk.d mounied 
at the lob s"e 

Cost abOut lO"l, lowe' than 
conventional systems 

I&lm.; •• 
~.c;. ..... "",,,, .. 

OUR TRAOeMARK 

DURABILITY aUAlITY 

AND AELIABILITY' 

... 
'URca STUO "All; 

Jill 100 ... " ... ,."" ---.1_1,,-...-...-., .... . -....... - ... . 

_ ~I!' . uo \.HAnl H'U Il00\1) • III '!lU1U)1 f~. "., .. tll.Olto 

BURliNGTON NORTH CAROLINA 27215 USA 
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LEVINSON STEEL CO. 
100% Domestic Inventory Mill Traceable 
18,000 Ton On-Hand Inventory 

A606 TYPE 4 
MAYARI-R 

CORTEN SHIP CHANNELS 

SPECIALIZING IN: 

I-BEAMS A588-A572-A36 
SOME A709 & ABS GRADES 

LARGE ANGLES 

JUMBO BEAMS 

For the office serving you caU: 

1·800·538·4676 

* 

Birmingham 
FAX (205) 328·4427 

Pittsburgh 
FAX (412) 266·7656 

FREE!! FREE!! FREE!! 
~ 

Announcing . .. SAI-DRA W 
.:. New CADD Software!! .:. 

SAl is excited to announce SAl·ORA W. 
A powerful, new program that works within 

AutoCAD'" (Release 10 and 11) that 
draw. and dimensions beams, columns, 

footings and walls .... AUTOMATICALLYI/ 

Simply enter pertinent design results into a 
menu and have SAI·ORA W produce a 

completed dnwing .... AUTOMATICALLY!! 

OR. 

Use SAl software to perform the structural 
analysis and design, then watch 

SAI·ORA W take these results and produce a 
completed drawing"" AUTOMATICALLYII 

IMPROVE YOUR PRODUCTIVITY!! 
Call NOW for more information and details on getting a 

FREE SA~DRAW program. 

YES, PleMe Rnd ow Ift)ft anfonNtion (III, Jdb",1 rRa SAJ..l)Il.4 W prosram. roi')'"1 
cor. .. .w .... U5A._C. .... .ty • .,..NOOI' __ ~1W2) ~ 

~ ~~'--------------

DATI 

CALENDAR 

September 17. Steel Bridge Forum, Rich- • 
mond. VA. Contact: Camille Rubeiz. Steel 
Bridge Forum, c/ o AISI, 1101 17th St., .W., 
Suite 1300, Washington, DC 20036 (202) 
452·7190. 

September 22-24. FrJldure &. Fatigue 
Control in Structures short course, law
rence, KS. Contact: The University of Kan-
50.15, Division of Continuing Education, Attn: 
Management Programs, Continuing Educa
tion Building.. Lawrence, KS 66045-2608 
(913) 864·3968. 

October I. The Rational Use Of Com
posite Concrete and Steel Construction, 
Chicago. Keynote speaker will be Ceasar 
Pelli of Ceasar Pelli and Associates. Contact: 
S.P. Asrow Associates, Ltd . (312) 939·2150. 

September 24 Third Bi-Annual SSF E 
ew England Steel Bridge Conference, 

Boxborough, MA. Topics include the devel
opment of state specifications for coating 
systems and shop inspection requirements. 
Contact: Structural Steel Fabricators of ew 
England, P.O. Box 191, Canton, "IA 02021 
(6 t7) 828-9408. 

October 5-6. Central Fabricators Meet
ing, Union League Club, Chicago. General 
topic: fabrication and operations. Contact: 
L.1Verne Duckrow, 7227 W. 127th St., Palos 
Hills, IL 60463 (70S) 361 ·2332. 

Octoeber 12. Deadline for submission of 
papers for Practical Solutions for Bridge 
Strengthening And Rehabilitation, Des 
Moines. Con tad: Bridge Engineering Cen
ter, Dept. of Civil and Construction Engi
neering, Iowa State University, Ames, IA 
5001 t (515) 294-8763; Fax (5151294-82 16 . 

October 22. Steel Bridge forum, AtlantCl . 
Contact: Camille Rubeiz, Steel Bridge 
Forum, c/ o AISI, I tOl 17th St., .W., Suite 
t3OO, Washington, DC 20036 (202) 452·7190. 

October 13-14 Welding Structural De
sign two-day seminar, Houston. Designed 
to provide engineers and welding inspec
tors a g reater understanding of weld me
chanics and welded engineering s tructures. 
Contact: AWS, 550 .W. Lejeune Road, P.O. 
Box 35t04O, Miami, FL33135 (800) 443-9353. 

October 15. Higgins Lecture Breakfast 
Meeting.. Kansas Ci ty. Featuring Prof. Wil
liam Maguire. Contact: Cordon Finch (816) 
373-1203. 

October 16. Higgins Lecture at the 4th 
Annual Conference of Structural Engi
neers of Texas, San Antonio. Featuring Prof. 
William Maguire. Contact: Jim Anders (214) 
369-0664. 

November 10-11 . Welding Structural 
Design two-day seminar, Atlanta (See Au
gust 18-19IistlOg). 

• 

November 10-12. Fourth Biennial Sym
posium on Movable Bridges, FI. Lauder- • 
dale, FL. More than 40 sessions on various 
aspects of moveable bridges. Contact: An-
drew W. Herrmann at (904) 575-1970. 



Before We Ship Our Structural Bolts And Nuts, 
They Have To Earn Their Stripes. 

When bolts and nuts rome from uror 
Fastener, you can have absolute roM
dence in their perfurmance. That' be
cause they're American made - and 
made to meet the IOUghest standards. 

fur =<s, all the steel used in our 
struoural bolts and nuts romes from 

uror teel and other domestic steel 
mills. Plus, \\e provide raw material 
origin n all our certifications, and we 

• 

can supply original steel certification 
for ttllceability requirements. 

Our produa line includes A325, 
A490 and AJ07 struoural bolts and 
A563 grade C and heat treated grade 

DH struoural nuts. And weve recently 
added mechanically galvanized struc
rural nuts, bolts and washers along with 
ASTNI Type 3 rorrosion resismnrl 
"eathering ProdUas. 

Our fully equipped laboratory lets 
us meet all ASTNI qua~ty standards. 
We provide proof tests and wedge ten
sile tests for all struoural bolt produas. 
And we can full-size tensile rest our en
tire produa size range instead of using 
machined samples. 

What's more, we can meet special 
federal and state highway testing and 
certification requirements including 

rotational capacity testing. 
Ail our msreners arc identified with 

a lot number on each ronrainer which 
allows traceability to materials, duncn
sions, processing and resting. 

And because we lTk-untam a 7,CXXJ.. 
ton IIlventory of £:-."rene", we can always 
supply what you need So call us at 
BOO/955-<J826, FAX 219/337-5394 r 
wme us m PO Box 61 , St.) , IN 
46785 for more Ill£' rmanon. And give 
us the chance to cam your business. 

UEB:n (;(1fj\j{ 3 I] ::j ,{ 
A n.\~WlI,f :\0011' U.1Il"'r.aDl.If'I 
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Rugged. ' Iough. Beautiful. Enduring. 
Wc'rc talking about Maine's wcather. And the kind of 

bridges that can stand up to it. 
Since 1967, Maine's first choice has been weathering 

stcel. For lots of reasons. 
First , economy. Besides rhe inirial construction cost 

saving, The Maine Dcpartment of '''ansportation 
(ME DOT) enjoys a 30% savings in maintenance costs 
\I hen compared to painted bridges. 

, 
) 

Second, maintenance. An important con
sideration with rhe northeast's short maintenance 
season. Just by following the basic guidelines. 

• 

ME DOT has been able to cut back substantially on 
overa ll maimcnance. And because wcathering • 
steers dense oxide coating is self-healing and impervioll!) 
to corrosio n, it virtua lly eliminates the need 
for painting. 

Third. nature. Weathering stcel blends \I ith its 



rnot. 

surrountlings. and minimilcs disturbance ro dlC 

nJtural cn\ironmcm. 
In a ,{ate \\ ith so much \\ cather and so much natural 

beauty, it', no \\ onder that ;\Iaine alread\' ha, built 
. (h\ eathering steel bridges, and has marc 'on the dra\\ ing 

board" ,pecifying ASTM A.'iSH. 
Find out more about the advantages of weathering 

steel for yourself. To get a copy of our Product Booklet 
No. J 790 and our latest " echnical Bulletin TB-J07 

- --

on "Uncoated Weathering Steel Structures,- contact 
your nearest Bethlehem Stcel salcs office or call 
(2IS) 694-.'i906. Bethlehem teel Corporation, 
Construction Marketing I)i\'ision, Bethlehem, 
I'A 18016. 

Bethlehem 00 



Bridge Superstructures: 

A Comparison of 
Steel And 

Segmental Concrete 
By Andy Johnson 

During the past decade, inter
est in segmental concrete 
has grown, and this interest 

has been magnified by the recent 
passage of the Intermodal Surface 
Transportation Efficiency Act of 
1991. Unfortunately, along with 
this interest has come much misin
formation. 

For example, many of the myths 
about the economy of segmental 
concrete were repeated in a recent 
article by the manager of the 
American Segmental Bridge Insti
tute ("Sizing Up Segmentals") in 
the july 1992 issue of Civil Ellgi
lleenng. 

Part of the problem comes from 
an examination of first costs, which 
is often the most important crite
rion for material choice. With seg
mental concrete, past experience 
has shown that very often, the bid 
price and final construction cost 
are far apart with final cost being 
significantly higher. This has been 
commonly attributed to lack of ex
perience with the segmental con
crete concept on the part of design
ers, contractors and owners. 
Today, however, after much more 
experience, we continue to see 
large overruns in budget as well as 
in time of construction. The cur
rent experience with the james
town Bridge in Rhode Island as 
shown in the table at right is a 
good illustration. 

The estimated final cost of 
$130,000,000 for the jamestown 
Bridge does not include any poten
tial claims on the current contract. 
Nor does it include the opportu-

Cost Overrun For Jamestown Bridge 

Engineers low estimate for steel /concrete alternate ........................ $70,000,000 
Low bid for segmental concrete alternate (12/84) ............................. 64.QQQ.QQQ 
Theoretical savings .................................................................................... 6,000,000 
Original contractor paid $20,000,000 and released 
from contract (2/88) ................................................................................ 20,000,000 
Site winterized summer of '88 at cost of .. , ............................................. 8,000,000 
Project re-bid spring of '89 for completion at low bid ..................... 102.QQQ QQQ 
Total completed cost estimate .............................................................. l30,ooo,ooo 

Original completion time per bid ........................................................ 3-1 /2 years 
New estimate of completion ........ .. .......................................... (12 /92) or 8 years 

SUMMARY 
Estimated cost overrun ........................ ................................................. $66,(X)(),OOO 
Additional Construction Time ............................. , ............ ................ , ..... 4.5 years 

Job still not complete. 

nity cost to the taxpayers of not 
being able to use the bridge for an 
additional four and one-half years. 

The constructibility of segmen
tal concrete bridges has been a 
major problem in the U.S. and a 
significant factor in the cost over
runs. Robert j. Desjardins, Vice 
Chairman of Cianbro Corporation 
in Portland, ME, in a paper pre
sented at the National Symposium 
on Steel Bridge Construction in 
1991, commented on this very fact 
(see "Bidding Alternate Designs 
For Bridge Construction," in the 
March 1991 issue of MSC). In es
sence, he said that complexity and 
incompleteness of designs, difficul
ties with constructibility and inex
perience of inspection personnel 
have all contributed to the prob
lem. 

Due to the complexity of the 

concept, segmental concrete brid
ges require much higher inspection 
costs to the owner during construc
tion than a comparable bridge in 
steel. Although rarely done, it 
would seem logical to include such 
costs in the initial price of a bridge 
for the purpose of comparing bids. 

Obviously, initial cost is greatly 
affected by the design and in the 
past, steel designs have not been as 
cost effective as they could have 
been, largely due to lack of up
dated design practices by consul
tants and owners. Our industry is 
working hard to help designers 
and owners achieve the most effi
cient designs possible. Two major 
engineering firms with recent ex
perience in both steel and segmen
tal concrete bridges made the com
ment that with a free hand to 
design the most cost-efficient brid-
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The Jamestown Bridge, as shown itl this recfllt photograph from lite Providence }ouma/-Bulle/in, is still far from complelion despite 
!Jehlg more thau fo'" years late and more than $66 ",illio" over budget . 

ges, steel would win . 
These same two designers went 

on to make five additional points 
about structural advantages of 
steel: 
• One of the biggest advantages of 

steel is weight savings which 
translates to lower erection costs, 
inasmuch as pieces can be han
dled with lighter equipment. 

• Steel members are made to 
closer tolerances which often 
translates to faster erection. 

• If the substructure and super
structure are designed properly, 
the lighter weight of steel will 
allow Hghter foundations than 
for concrete. 

• Further structural efficiencies 
can be obtained by the fact that it 
is easier to make spans continu
ous and it is easier to develop 
composite action with steel de
signs than with segmental con
crete. 

• For major water crossings, pro
tection of the superstructure 

against impact is often an issue. 
In the case of steel or concrete, in
tegral pier caps can be designed 
in such a way to protect the su
perstructure. 

Deck Replacement 
Decks have historically been the 

most vulnerable part of a bridge 
and it is much easier to repair or 
replace the concrete deck on a steel 
bridge than on segmental concrete. 
This is a result of the fact that for 
the latter, the top flange of the box 
is both a cri tical structural compo
nent as well as the riding surface. 
The deck cannot be removed be
ca use the structure would have to 
be supported with fa lse work. 
Even then, the effects of prestress
ing must be offset. Furthermore, a 
compromised deck can mean a 
compromised structure. For some 
segmental designs, the deck can 
theoretically be removed, but in 
order to maintain structural stabil
ity, the entire bridge must be 

closed to normal traffic. As a prac
tical matter, the replaceability of 
decks on segmenta l concrete has 
never been proven. This contrasts 
with steel 

bridges where deteriorated 
decks are commonly replaced one 
lane at a time, thereby assuring re
duced, but nevertheless uninter
rupted, traffic flow. 

There are two other options for 
deck replacement on segmenta l 
concrete bridges. One is to add an 
additional deck in which case the 
substructure and superstructu re 
must have been designed accord
ingly. The other option is to re
move and replace the top layer 
only. The problem is that deck de
terioration often goes deeper, at
tacking the reinforCing steel. 

Life-cycle cost is something we 
are hearing a lot about now, espe
cially with the provision in the new 
Surface Transportation Act that 
owners consider life-cycle costs in 
their selection of materials. 
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The New River Gorge Bridge in Fayette COUllty, WV, is the world's longest steel arch span at 1,700'. It was constructed o[weatherillg • 
steel to minimize mnh,tenance requirements a"d enhance its appearance. It was completed ;,,1977 at a cost of $35.2 million. Photo 
courtesy of Michael Baker Jr., /IIC., a subsidiary o[ Michael Baker Corp. 

In a draft of a study being done 
for the American Iron & Steel lnsti
tute by David Veshosky of Lafa
yette College and Carl R. Beidle
man of Lehigh University, 
attention is brought to the diffi
culty in using life-cycle cost analy
sis with bridges. 

The authors point out that there 
are many factors whlch affect the 
life of a bridge beyond whether or 
not the superstructure is of steel or 
concrete. A bridge's service life is 
affected by its design, type and fre
quency of traffic, environment, 
weather, maintenance and changes 
in usage and conditions over time. 
In effect, each bridge is a unique 
case reflecting the above factors 
and the state-of-the-art at the time 
it was built. It would appear that 
no one has collected sufficient data 
at this time to allow meaningful 
and reliable life-cycle cost analysis 
as a means of making choices of 
materials. 

Any future attempts at con-

structing a model for life-cycle 
analysis should also include full 
and complete first costs such as 
budget overruns, opportunity costs 
of time delays and inspection costs 
during construction, as previously 
mentioned . 

Steel Durability 
On the other hand, life-cycle 

performance and the long term du
rability of steel bridges has been 
dearly documented. 

This has been called into ques
tion recently in an article entitled 
"Highway Bridge Type and Perfor
mance Patterns" by Kenneth F. 
Dunker and Basile G. Rabbat, in 
which the authors tried to show 
that durability of steel bridges is 
less favorable than for concrete 
structures. This was done through 
analysis of data taken from the Na
tional Bridge Inventory as main
tained by the Federal Highway Ad
ministration. In one table of the 
study, twelve common types of 
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bridge construction are listed 
two steel, one timber and nine con
crete. The table also shows the per
centage of bridges rated structur
ally deficient for each type. The 
most common sources of defi
ciency were deck and substructure, 
both concrete elements. Super
structure as a source of deficiency 
was not listed for either steel type. 
It was, however, listed for five of 
the nine concrete types. This 
seems to refute the authors' claim 
that concrete bridges outperform 
steel bridges. 

The long term durability of con
crete in bridges is stiU an open 
question; the oldest major pre
stressed hlghway bridge has al
ready been replaced after a service 
life of approximately 40 years. 
Corrosion and breakage of pre
stressing strands in existing pre
stressed concrete members contin-
ues; the lack of corrosion . ' 
protection for existing reinforcing , 
and prestressing steel in pre-
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stressed girders including segmen
tal has to be of grave concern to 
bridge owners who expect 50-100 
years of service life. 

Epoxy coating has been called 
into question in New York and 
Rorida. For example, the Rorida 
Keys bridges, among the first seg
mental concrete designs in 

will be further enhanced by the use 
of state-of-the-art paint systems. 
There are those now which are 
water borne and give a minimum 
of 25 years of guaranteed service 
life. In addition, the use of weath
ering steel in accordance with 
FHWA Guidelines is proving very 

dustry is fully aware of how to 
properly deal with the issues of 
aesthetics and durability with 
weathering steel and its use in 
bridges continues to grow. 

At one time or another, much 
has been made of problems with 
fatigue in steel bridges. The fact of 

the U.s., are already expe
riencing corrosion of 
epoxy coated reinforcing 
steel in substructure ele
ments. I t is not beyond 
suspicion that this condi-
tion may eventually mani-
fest itself in the superstruc-
ture. 

lt is reasonable to say 

The long-term durability and 
cost effectiveness of steel 

bridges will be further 
advanced by the use of 

state-of-the-art paint systems 

the matter is that many 
older steel bridges were 
designed and built before 
we had full understanding 
of fatigue behavior. What 
is often overlooked is that 
these bridges have been re
paired with simple bolted 
field splices without reduc-
tion in load capacity or re
maining service life. The 
issue of fatigue of pre-that with a steel structure, 

it is far easier to make in
spections and determine the struc
tural state of the bridge than with 
concrete where the true condition 
may be hidden. 

The long-term durability and 
cost effectiveness of steel bridges 

effective. Even though the overall 
experience with this material has 
been excellent, there were instances 
in the past where it had been used 
improperly and did not perform as 
well as expected. Today, Our in-

stressed concrete members 
as well as corrosion is just begin
ning to be addressed . What prob
lems lie ahead for owners of these 
structures? 

There are two additional points 
which are often overlooked but 
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steel bridges are not monuments to 
the engineering profession? 

structural steel was remelted in 
about one and a half days to make 
more beams. The recyclable nature 

! 

which deserve comment-aesthet
ics and the environment. Bridges 
are usually significant structures 
which have the power to add or 
detract from the landscape. At 
their worst, they are "pennanent" 
eyesores and at their best can be 
soaring pieces of engineering p0-
etry. This has less to do with mate
rial selection than with overall de
Sign, i.e., geometry, proportion, 
structural concept and integration 
with the site. Further, a utilitarian 
but well-designed urban railroad 
bridge can be as beautiful in its 
own way as a bridge which soars 
gracefully over a mountain canyon. 
A well-designed steel structure ei
ther painted with newer long term 
paint systems or done in weather
ing steel which has been blasted for 
uniform weathering or partially 
painted if the overall appearance 
dictates, need not take a backseat 
to any other material. Who can say 
that the Brooklyn, Golden Gate or 
West Virginia's New River Gorge 

Environmental Concerns 
Regarding environmental con

cerns, steel is the most environ
mentally friendly material used in 
bridge construction. Paint systems 
are now proven and available 
which have either greatly reduced 
quantities of volatile organic com
pounds (VOC's) or none at aU. 
Clearly, the trend is toward use of 
paints with no VOC's. In addition, 
the raw material itself (rolled 
beams and plates) uses a high per
centage of scrap steel as its princi
pal ingredient. This phenomenon 
has been stimulated by increasing 
use of electric furnaces in steel 
making. There is such a demand 
that virtually all steel scra~ 
whether from buildings, bridges or 
household applia nces-is recycled 
instead of being sent to land fills. 
As an example, when Comisky 
Park was razed in 1990, aU of the 

of steel touches each of us daily; • 
one mill alone consumes annually 
about 300,000 old cars which 
would otherwise mar the land
scape. 

Alter one hundred years of ex
perience, steel for bridges contin
ues to be a desirable choice. The 
material, produced under tightly 
controlled mill conditions, is ho
mogeneous and consistent in qual
ity. Its behavior is predictable and 
dependable. Steel designs are well 
tested in terms of constructibility, 
serviceability, durability and lon
gevity. Steel bridges will be even 
more cost effective in the future 
through use of weathering steel, 
modem high perfonnance paint 
systems and proper design proce
dures. • 

Andy Johnson is vice president of 
marketing with AISC Marketing, Inc. 
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Reducing Bridge 
Fabrication Costs 

In February, Modern Steel Construction presented a Special 
Report on how design engineers could reduce building 

fabrication costs. This month we're taking a look at 
cutting bridge fabrication costs. 

Figure 1 

-.--

l .......... --~~,. ... -.-....... ,.., --,"'----
~ . ...,~-

By Thomas P. Guzek and John R. 
Grzybowski 

At one time, it was sufficient 
to determine a least weight 
solution and develop a set 

of plans for competitive bidding. 
Today, however, with the alternate 
bidding practices in a very compet
itive market, it is imperative that 
the bridge designer consider shop 
fabrication factors in order to pro
duce a cost-effective steel design. 

flanges can represent a significant 
portion of material costs. However, 
the labor costs involved in fabricat
ing flange plates can vary greatly 
as a result of a combination of de
sign, purchasing, and shop prac
tices. 

For example, Figure 1 shows 
how plates of varying thicknesses 
are welded together as slabs re
ceived from the mill. After welding 
and non-destructive testing are 
complete, the individual flanges 

• 

Material vs. Labor Costs 

are cut from the fully welded slab. • 
Had these flanges been individu-
ally spliced, fitting would have had -r&s«= 

Figure 3 

It is of utmost importance for 
every designer to realize that mate
rial and labor costs have changed 
radically during the past few years. 
Over the past four years, material 
costs have decreased approxi
mately 10%, while labor costs have 
increased nearly 20%. That means 
reducing fabrication costs can re
sult in substantial cost savings. It 
also means that sometimes its 
counterproductive to attempt to 
obtain greater economy by using 
less materials if it results in in
creased fabrication costs. 

The most economical design is 
not necessarily the one with the 
least amount of weight, but rather 
the one with the lowest cost after 
aU the fabrication and erection fac
tors have been evaluated. It is nec
essary to compare all of the costs 
and to select fabrication details that 
are the least complex to achieve the 
required function. 

Flange Plates 
Plates purchased for use as 
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to occur three times as opposed to 
the one fitting in this example. In
dividual run-off tabs to both stop 
and start welds would be required 
for each weld. 

In addition, it is possible to re
duce the number of required X
rays. If the example flange is 18" in 
width, an X-ray zone of 15" man
dates two shots per flange if 
spliced individually, or a total of 
six X-rays. Spliced as a slab, the 
three 18" flanges total 54" and thus 
only require four X-rays to accom
plish the same testing. 

In Figure 2, flange width transi
tion details, as per AWS 01 .5, 
show the transition s tarting at the 
spUce. The preference is to move 
the splice approximately 3" from 
the transition for ease in fitting 
run-off tabs. 

While the sketch in Figure 2 
looks good, accomplishing the 
work and insuring quality is no 
simple matter. Note that the set ____ 
back from the transition area al- " 1,. 
lows the run-off tabs to be cleanly 
fit. And depending on the plate 



• 

• 

thickness, the welding process may 
require multiple passes. Also, non
destructive testing must be com
pleted and the run-off tabs are re
moved before the flange is 
acceptable for assembly in the 
girder. 

A more economical approach, 
where poSSible, is to use constant 
widths, which can eliminate these 
single welds as well as reduce the 
chance for errors caused by singu
lar fitting and welding. 

Another advantage of using 
constant widths is that it increases 
a fabricators purchasing options. 
Figure 3 shows a common-and 
expensive--design. 

A minimum width of 48" is usu
ally needed to purchase plate eco
nomically. And in this example, 
many of the plates shown can be 
grou ped by thickness to exceed the 
48" purchasing requirement-i?x
cept for the thicker plates in the 
center, which do not allow combi
nations. 

Also, with the exception of the 
3" thickness, each individual plate 
is unique to the structure. As a re
sult, additional material costs have 
been incurred to bring this plate 
into the shop and each splice needs 
to be individually welded as op
posed to slab spliced. 

Figure 4 shows a similar situa
tion and how a fabricator corrected 
it. As designed, the material was 
consistent in thickness, but changes 
in width would have forced each 
splice to be individually fabricated. 
In this case, the fabricator sug
gested the flanges be changed to 
obtain a uniform width yet retain 
the same section. As a result, the 
first flange, which was designed as 
a PL 22" x 1 W ' was changed to a 
PL 26" x 1 Vl6". The second flange 
remained unchanged, and the cen
ter plate was changed from a PL 
30" x 2:j.S" to a PL 26" x 2:W'. As a 
result, the plates can now be pur
chased in their most economical 
price range and spliced as slabs be
fore being ripped into individual 
flanges, 

Also, the varying web thick
nesses were made constant by in
creasing the two end plates by Vl6" 
to 1:}j6", By doing so, two of the 
four web splices were eliminated, 

which resulted in substantial sav
ings. 

While the solution of increasing 
to a thicker section is obviously 
practical, many designs carry the 
note: "Any changes in material re
quire submittal of calculations re
flecting changes in deflections and 
cambers." While the designer is 
under the impression he has re
duced job costs by reducing the 
weight of steel, in fact s/he has in
creased costs either by requiring 
the purchase of more expensive 
material or the submittal of design 
calculations, 

Stiffener Design 
Web design is an area that can 

have Significant impact on the cost 
of plate girder fabrication. As pre
viously stated, labor costs are ris
ing while material costs are de
creasing-and applying stiffeners 
is one of the most labor intensive 
operations in plate girder fabrica
tion. 

An obvious recommendation is 
that transverse stiffeners should 
only be placed on one side of the 
web, with the exception of dia
phragm connections, where they 
are required on both sides, Trans
verse stiffeners should not bear on 
both the top and bottom flanges 
unless this is an absolute design re
quirement. Fitting transverse stif
feners is a very time-consuming 
operation because each stiffener 
has to be individually cut and 
ground to fit each location. 

Longitudinal stiffeners, which 
often are used in conjunction with 
transverse stiffeners on longer 
spans with deeper web girders, 
should be placed on the opposite 
side of the web from the transverse 
stiffeners. This will eliminate the 
transverse stiffeners intersecting 
the longitudinal stiffeners, which 
causes additional shop labor costs, 
Studies have shown that longitudi
nal stiffeners are not economical 
for spans less than 300' , Bethlehem 
Steel, U.S. Steel and AISC have de
veloped formulas and guidelines to 
evaluate the economical use of 
transverse and longitudinal stiffen
ers. In many cases, eliminating 
transverse and longitudinal stiffen-

Figure 4 
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ers and replacing them with a 
heavier web is far less expensive 
than the fabrication costs of apply
ing stiffeners. 

Design Detail Options 
• Because each fabricator has 

different equipment, some are bet
ter equipped to more economically 
handle welded connections while 
some prefer bolted connections. 
Figure 5 is a crossframe example of 
how an owner or designer can give 
the option to either bolt or weld the 
diagonals and struts to a gusset 
plate. 

The welded option would allow 
a fabrication shop to assemble cut 
to length members to precut gusset 
plates. This assembly would be fit 
in a fixture to insure the proper di
mensions, and then welded. 

The optional method allowed by 
the owner would be to bolt the as
sembly as shown. Using this 
method, crossframe members 
would be precut to length with 
holes either punched or drilled. All 
precut and pre-punched members 
are then fixture assembled and 
bolts are torqued to complete the 
shipping piece. 

• Secondary members, such as 
crossframes, represent approxi
mately 10% of a structure's weight 
and therefore often are given much 
less attention than the girders. Be
cause of this, their design fre
quently incorporates a dispropor
tionate amount of shop labor for 
the weight (Figure 6). 

"As Designed", the top strut 
consists of a WT section with a 
gusset plate butt welded using a 
double bevel complete penetration 
weld . The diagonal also is a WT re
quiring the stem at each end be cut 
and the flange notched, custom fit
ted and welded to the gusset 
plates. Each end of each diagonal 
requires four fillet welds per flange 
and one full penetration butt weld. 
Non-destructive testing of the butt 
weld also would be required . 

The "Proposed Revision" calls 
for the far side flange of the diago
nal to be cut and chipped flush to 
allow a flat web member in full 
contact with the strut. 

"As accepted", the diagonal has 
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been rotated 90 degrees. As a re
sult, the flange no longer needs to 
be cut flush, but simply must be in • 
contact with the top strut web. 
Welding also is reduced to two fil-
let welds per end of each diagonal. 
The "As Accepted" condition rep
resents a substantial reduction in 
costs for grinding, fitting, welding 
and inspection of the details. 

• Figure 7 shows a crossframe 
diagonal framing into a top strut. 
Again, both a bolted and welded 
option have been shown to allow 
the fabricator to choose based on 
individual efficiencies. Figure 8 
shows a diagonal WT requiring the 
stem to be cut out and custom fit. 
By rotating the WT 90 degrees, the 
expensive stem cut, fitting, com
plete penetration weld and non-de
structive testing of this weld could 
be elimina ted. 

Lateral Bracing Connections 
Lateral bracing connections are 

another example of details subject 
to cost savings. Figure 9 shows a 
gusset plate requiring more time 
for layout and burning than that • 
required for a rectangular plate. 
The gusset plate would be fillet 
welded through the center and full 
penetration welded at the ends. 
The end of the plate needs to be at 
least Vi' or more wide to attain 
proper fusion prior to grinding the 
radius. 

Figure 10 shows an optional 
connection that requires a piece of 
a WT to be bolted to the girder web 
to act as the gusset plate. The ex
pensive welding, grinding and 
non-destructive testing require
ments have been eliminated. 

Figure 11 presents still another 
lateral bracing gusset designed as 
two plates joined utilizing a com
plete penetration groove weld. The 
alternative, shown in Figure 12 
consists of using a piece of a WT 
with the top section of flange cut 
flush with the web. The end result 
is nearly identical, yet jOint prepa
ration, welding and non-destruc
tive testing have all been elimi
nated. 

Box Girders • 
Economy in shop labor is the 



• 
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goal of every fabricator and in 
many cases finding a practical 
method of fabrication is a chal
lenge. The box girder shown is ap
proximately 70' long and carries 
welded plate girders over the top 
flange. All material used in the box 
was designated as fracture critical. 

Figure 13 shows the normal pro
cedure of building a four plate box 
by fabricating a three-sided trough 
using stiffeners milled on four 
sides so they act as squaring dia
phragms. In this case, the web to 
bottom flange welds are complete 
penetration groove welds. The 
web to top flange also utilized 
groove welds but allowed the use 
of continuous back-up bars; there
fore, the box should be fabricated 
using the top flange as the closure 
piece. However, because the stif
feners are welded to the top flange 
a welder would need to enter the 
box after it was closed to complete 
these fracture critical welds. The 
box is 3' wide by 5' high and the 
spacing between stiffeners is 7'-6". 
The owner on this project required 
all fracture critical welds to be wit
nessed by their inspector, which 
meant both the welder and inspec
tor would be confined to a small, 
closed space. Also, fracture critical 
welds require a pre-heat of 300 de
grees, making safety an obvious 
concern. 

The most economical way to 
close the box would be to use the 
back-up bar welds on the bottom 
flange. This would allow the three
sided trough to be built, complete 
with all welding in this condition 
and close with the back-up bar 
welds. Further entry into the box 
would not be required . 

After much discussion with the 
owner, the back-up bars would be 
allowed only at the compression 
flange where originally deSignated. 
However, all stiffener welding to 
the top flange could be eliminated 
if a mill to bear condition could be 
obtained (Figure 14). The need to 
enter the closed box was therefore 
eliminated. 

Shop Assembly 
Shop assembly is often required 

when there is no need . Some speci-

fications require assembly on any 
"difficult" structure, which can 
greatly add to a project's cost be
cause of the time and space in
volved. 

For example, curved girder brid
ges are frequently the exception to 
the "web horizontal" assembly and 
are often required by specification 
to be vertically assembled . Because 
of fabrication tolerances and the 
surprising flexibility of curved 
girders, except in extreme cases 
this assembly requirement is un
necessary. 

Likewise, assembly of flared 
structures frequently is specified. If 
the center-to-center dimension of 
girders, for example, is 7' on the 
left end of the structure and 9' on 
the right side, crossframes will be 
made to accommodat each of the 
varying intermediate dimensions. 
Shop assembly in this case is there
fore a waste of money. 

Super elevated bridges and 
ramp tie in structures fall into the 
same categories. By fabricating in
dividual gi rder lines within toler
ances, assembly becomes unneces
sary. 

Another frequently misinter
preted specification is the check as
sembly vs. the drill assembled re
quirements. 

By assembling all pieces in their 
final position and then drilling and 
reaming all connections,k the need 
to drill in difficult to reach places 
does not allow the fabrica tor to 
take full advantage of his equip
ment. The set-up and blocking to 
accomplish this assembly, in addi
tion to the inefficient drilling, is 
very time consuming. 

On the other hand, fabricating 
all pieces in an efficient manner in 
the shop and then preforming a 
check assembly to insure fit is cer
tainly a faster and more economi
cal operation. 

The cost of shop assembly can 
add to a job and should only be re
quired in truly difficult situations. 

When in doubt about a specific 
design or fabrication practice, seek 
assistance. Fabricators are willing 
to share their knowledge. Commu
nication is the key to sustaining 
and expanding the steel bridge in
dustry. 

Figllre 14 
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What Design Engineers Can Do To Reduce • 
Bridge Fabrication Costs 

A compilation of comments from experienced 
fabricators and detailers across the country 

Robert P. Stupp, president, 
AlSC-member Stupp Bros. 

Bridge & Iron Co., SI. Louis: 

1. Increase the use of A588 
weathering steel. Painting is very 
expensive and the new FHWA 
Guidelines have approved the use 
of A588 for bridges. 

2. Eliminate the narrowing of 
flanges for small weight savings. 
The increased labor costs incurred 
by splicing often more than offsets 
the material cost savings. How
ever, since the break point is differ
ent for each fabricator, and also 
will vary from job-to-job, the best 
solution is to give the fabricator 
options. 

3. Use fillet welds wherever pos
sible. Full penetration welds are 
much more expensive and often 
are used unnecessarily. 

4. Eliminate the requirement for 
edge grinding. Studies have found 
that rough edges do not need to be 
ground smooth to a radius to en
sure paint adhesion. 

5. Limit girder length to 120' in 
length and 15' in depth. Anything 
larger makes shipping from the 
fabrication shop to the job site too 
expensive and difficult. 

6. Be sure that only material that 
must be fracture critical be labeled 
FCM. Diaphragms, for example, 
usually don't need to be fracture 
critical and this requirement 
merely raises costs. 

7. Allow the fabricator the op
tion of omitting splices. For exam
ple, where a 60' g irder continues 
into a 40' and then into another 60', 
allow the fabricator to put the 40' 
and 60' lengths together if the fab
ricator determjnes it to be more 
economical. 

8. Wider girder spacing will re
duce fabrica tion costs. 

9. Specify quick drying paints. 
More and more bridge steel re
quires second and third coats in 
the shop. Ws time consuming and 
expensive for the fabricator to wait 
for the paint to dry. 

Frank Mikita, manager of 
engineering/estimating, 

AISC-member Harris Structural 
Steel Co., Inc., South Plainfield, 
NJ: 

The increasing reliance by de
sign engineers on computer soft
ware programs for bridge design is 
adding to the cost of fabrication. 
Often, bridge softwa re designs em
phasize least weight options, 
which means the design mixes a 
wide variety of sizes and shapes 
and a spaghetti bowl design-such 
as 11Is", lY'I6" and 1" flanges on dif
feren t girders. The result is that the 
fabricator can't economically buy 
material and also has increased 
labor costs. 

Designers are increasingly iso
lated from the people who build 
the structures. In ew Jersey, for 
example, deSigners are banned 
from talking to the fabricator dj
rectly. They have to go through the 
contractor, and that causes delays 
and communication problems. 

Fabricators and designers can
not be in an adversarial relation
ship. Bridge design and construc
tion is a tea m effort and 
communication is key to a success
ful project. 

1. Randall Foil, P.E., director of 
engineering, AlSC-member 

rinity Industries, Inc., Houston: 

o The lightest structure is not nec
essarily the most economic struc
ture. 
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1. Adding shop splices to reduce 
flange thicknesses by small 
amounts will increase the overall 
cost. 

2. When flanges have to be 
spliced, keep the widths the same 
whenever possible. This allows for 
slabbing (splicing the flanges for 
several girders before cutting to 
width). Also, allow some flexibility 
in shop splice locations. Some 
shops can efficiently handle plates 
over 100' while others are limited 
to 80' or less. The capacity of mills 
in the area of the shop also can af
fect lengths. 

3. Range plates must be nested 
to obtain widths that can be or
dered from a mill. For plate over 1" 
up to 2" thick, keep sizes in W' in- • 
crements. Over 2", keep sizes in 1/ 4" 
increments. Remember, if there are 
only one or two flange plates of the 
same thickness on a job, additional 
material must be ordered to obtain 
these plates. Typically, there is a 
48" minimum order width. 

4. Keep minimum flange thick
nesses in the :\'4" to 1" range. Thin
ner flanges will increase the cost 
due to problems with heat distor
tion during welding. 
• Keep diaphragms and cross 

frames as simple as possible. 
1. Avoid gusset plates butt 

welded to the stems of WTs and 
angle legs. 

2. Use lap joints with fillet welds 
wherever possible. 

3. Have as few cuts on gusset 
plates as possible. 

4. Use oversize holes. 
o Use flat bar sizes for stiffeners to 

reduce cutting, grinding, and ma
terial cost. 

o Instead of full penetration welds 
on bearing stiffeners, use finish to • 
bear, or finish to bear with fillet 
welds. This will prevent the dis-
tortion in the bottom flange 



• 
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caused by full penetration welds, 
which must be straightened. 

T om Calley, president, 
Trevian Projects, Ltd ., 

Winnipeg, Manitoba, Canada (a 
detailer working extensively with 
fabricators in the Chicago and 
Minneapolis areas): 

The quotes for detailing costs on 
two similar bridges designed by 
different engineers can vary by as 
much as 100%, based on the 
detailer's past experience with an 
engineer. Some factors taken into 
account by detailers include: 

1. Errors on design drawings. A 
decade ago it was rare to find er
rors on bridge design drawings. 
Today, errors are common. 

2. Missing and inaccurate data 
on horizontally curved bridges 
with reverse and / or flare curves. 
Most engineers give the data for 
the radii, P.I.'s, P.C.'s and P.T.'s to 
two decimals, and give approxi
mate angle rounded to the soft
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., 

Trusses, To,",'ers 
or nnything else you can rabricate . 

without using a p4!ncil. 

COMPUTER DETAILING CORPORATION 
A __ -"'*'" b' ..... w..-. ...., dtUiIn 

1310 Industrial Blvd. ,... 
Southampton, PA 18966 

215-355-6003 
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sufficient for the contractor to lay I 
out the structure to survey accu
racy, it is not accurate enough to 
create an accurate database with 
geometric closure. To find the cen
ters of all the curves, the initial 
data is required to three or four 
decimal places. It would also be I 
helpful if engineers provided the 
coordinates of the center of the 
curves. This data can be easily 
pulled out of computer files. 

3. Rehab jobs with notes that 
place all responsibility for verify
ing dimensions and site conditions 
on the contractor need to also es
tablish a control mechanism to ver
ify that the general contractor com
plies. Fabricators and detailers 
have many horror stories of trying 
to get reliable site information from 
contractors. 

4. Some engineers will not an
swer questions, even when there 
are errors on their design draw
ings. they request the detailers to 
"note" the problem on the ap
proval submittals, which simply 
slows down the work process and 
adds to the price of the job. 

Structural Material Sorter Ver. 4.0 

A series of programs 

designed to help 

steel fabricators 

manage material. 

--~ 

'-~-'-"-
--~ 

• Reduces labor - Increases accuracy. 
• Automatically computes weights, surface 

areas, bolt counts and lineal totals . 
• Quickly sorts lists into proper order. 
• Produces optimum length-cutting lists from 

in-house stock, vendor's stock or the best 
combination of each. 

• Provides shipping lists based on piece
mark sequence. 

• Tallies material costs, shop hours and field 
hours for easy estimating. 

• Uses simplified terms so non-tech person
nel can operate with ease. 

• External Data Interface can import existing 
computer-based material lists. 

• Call today for a FREE demo kit, including 
the full system's operator's manual! 

E.J .E. INDUSTRIES. INC. 

COM PUTER SOFTWARE FOR STEEL PROFESSIONALS 
287 Dewey Avenue Washington. PA 15301 (800) 321-3955 
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There are enough things to keep you from 
completing a project on time. Waiting for steel 
shouldn't be one of them. 

That's why. whether it's a bridge. a skyscraper 
or any other steel project. you should call on 
Lukens. Thanks to a new Customer Satisfaction 
program. supported by new facility and systems 
Luk.tns R~ u.s. "., & TM orr. Luk.ens S(cct Reg, u.s. Pal. & TM orr 0 1992 

improvements. our on-time performance record 
has never been bener. 

Our new ladle refining unit produces high 
quality steel with remarkable consistency. And . 
our automated mills tum that steel into smooth, 
flat plate, precisely rolled to the dimensions 
ordered. Time after time. Resulting in more steel 



that's on target and ready for delivery. 
We've also installed a new computerized order 

system. In minutes, we can give you a quote, deter-

•
mine the shipping week, and place your order. 

( So call us. Because, while late may be better 
than never, at Lukens it's never good enough. 

For more information. call Mike Markward, 

Marketing Manager, at (215)383-2291. Lukens Steel 
Company, Coatesville, Pennsylvania 19320-0911. 

~UAEC§.s 
~7L~~ 

___ ,A ~UfllrEllllcn.AII'f-

The specialist in plate steels. 
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By Raymond McCabe, P.E., and 
Walter Sharko, P.E . 

The recently completed, 5.1-
mile long Cooper River 
Bridge is both the longest 

bridge and most expensive con
struction project ever undertaken 
in South Carolina . It is a vital link 
in the six-lane 1-526 Mark Clark Ex
pressway that will ultimately encir
cle Charleston and connect the city 
with many neighboring areas. 

The main truss spans of the 
Cooper River Bridge and elevated 
approach structures comprise 
much of the northeast quadrant of 
this loop freeway. Because of its 
tremendous size and to foster com
petition, the project was built 
under two separa te construction 
contracts-the 3.1-mile Cooper sec
tion, which includes the east ap
proach, and the 2.0-mile Urban sec
tion on the west side of the river. 
The contracts totaled $141 million. 

Alternate Design Studies 
In 19 2, Howard eedles Tam

men & Bergendoff (HNTB) was re
tained by the South Carolina De
partment of Highways and 
Transportation to prepare a steel 
alternate design for the Cooper 
River Bridge. Preliminary studies 
for the main river unit included a 
parallel chord continuous truss, a 
tied arch , and a variable depth 
continuous truss. The tied arch was 
found to be the most economical, 
with the parallel chord truss and 
variable depth truss costing 9% 
and 16% more, respectively. The 
parallel chord truss was selected as 
the final steel alternate, however, 
because of the small cost differen
tial between it and the tied arch 
and the FHWA's concerns regard
ing the arch's non-redundant tie 
girders. 

Bids on the ooper section were 
received in ovember 1986 on the 
steel alternate and a concrete, 
cable-stayed alternate. At $89.4 
miUion, the low steel bid was $17 
less than the low concrete alter
nate. 

HNTB prepared the preliminary 
and final designs, plans and speci
fications, as well as construction 
engineering and inspection ser-

• 
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IDEAL I'OR 
SlEELOR 
CONCRETE 

SORB'I'EX 
Expansion Bearings 

• Hi.IJh Load 
• Seismic and Thermal 

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

FaBERLAST 
A new choice in a 

;1 _ 

I 

structural bearinq pad 
which meets today's 
hi\lher load requirements 
while remaininq cost 
effective. 

Voss Slide Bearings 
Steel bacRed PTFE 

accomodates structural 
movements due to 
thermal expansions - can 
also be bonded to other 
I/oss Bearin\?S to allow for 
misaJi\lnment or rotation. 

NEW CRITICAL BEARING PAD DATA! 

s 

Write lor your free Dcsilln Mclnual and 
sohware Dcsiqn dk AbchlVdil..lh!e 
fib..:rtast QX'I\7'l"l1tit II'li:II fTk)ntkll & d~. 

• (§P[J!J; 
VOSS ENGINEERING. INC.. 

N. Hdll1lin Ave. 
Unt.:olnw<xxI, IL 6CX>45 

ph 708 673 StXXl 
I,ll( 708673 1408 

_______ -'V-=:I=Slt our booth 66 - pcl Nashville 

vices. 

General Bridge Features 
The Cooper River Bridge is a 

two-way, four-lane structure with 
the capability of being expanded to 
six lanes. Mininlum navigational 
clearance is 155' above a mean high 
water over a clear channel width of 
700' . 

The bridge deck consists of two 
44' roadways separated by a 2'-2" 
concrete median barrier with 1'-5" 
parapets. Except where widened 
for ramps, the total deck width is 
93' -3". In the Urban section, the 
roadways are separated by an open 
median varying in width from 14' 
to 40'. 

While the main span of the 
bridge crosses the Cooper River, 
the 3.1-mile Cooper section also 
crosses Spoil Island, Daniel Island 
and Clouter Creek. The 2.0-mile 
Urban section crosses several local 
streets, an arterial highway and 
two railroads. There also are 2.3 
miles of ramp structures feeding 
the mainline roadways in both sec
tions. 

The main river truss unit con
sists of a 1,600' parallel chord truss. 
The approach structures immedi
ately next to the truss use continu
ous A572 steel girder units consist
ing of six spans at 197' each on the 
west side and five spans at 232' 
each on the east side of the river. 

For the intermediate and low-
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level approach spans, which com
prise the remainder of the 5.1-mile 
structure, prestressed concrete 
beams (AASHTO Type 3, 4 and 5) 
and concrete slab spans are used. 

Main Truss Unit 
Key Desigr. Aspects: 
The superstructure of the Coo

per River Bridge consists of a 
three-span continuous parallel 
chord steel truss with a main span 
of 800' and side spans of 400' each. 
A Warren Truss without verticals 
was designed to ensure a very 
clean appearance. Load factor de
sign was used to calculate the size 
of all elements of the truss span. 

Rather than vary the truss depth 
to follow the bending moment dis
tribution, the depth was held con
stant while the yield strength was 
varied. The optimum truss depth 
was found to be 55' and the steel 
use was distributed as such: 30 per
cent A36 (Fy = 36 ksi); 55 percent 
A572 (Fy = 50 ksi); and 15 percent 
A514 (Fy = 100 ksi). The overall 
width of box was kept constant at 
30". 

Truss compression members are 
box-shaped and tension members 
are H-shaped. Fillet welds were 
used to join the plate elements. 

The decision to held the truss 
depth constant was made for aes
thetic reasons and for simplicity in 
construction. The lower, flatter de
sign also took into consideration 

the high-wind location of the 
bridge. 

While most truss bridge incor
porate unsightly sway bracing that 
many motorists view as a jumble of 
crisscrOSSing steel elements, this 
was eliminated on the Cooper 
River Bridge. The main purpose of 
sway bracing is to equalize the de
flection of the trusses under asym
metrical live load to reduce distor
tional stresses. Instead, full 
moment connections at the floor 
beam diagonal connection and a 
stiff upper and lower bracing sys
tem were designed. 

Roadway Deck System: 
The most common form of deck 

system for truss bridges in the 
United States has been the use of a 
concrete slab spanning trans
versely over steel stringers, which 
in turn span longitudinally over 
floor beams. The longitudinal car
rying elements of the deck are de
signed independently of the main 
longitudinal trusses by incorporat
ing stress-relief joints that signifi
cantly reduce participation 
stresses. 

However, these relief joints are 
prone to maintenance problems. 
Their lack of watertightness often 
results in the corrosion of steel sup
porting members. 

For the Cooper River Bridge, the 
roadway deck is fully continuous 
from end-ta-end for a length of 
1,600'. The stress-relief joints were 

ARKANSAS 
SAVES YOU 

TIME 
LABOR 
MONEY 

WITH WF BEAM 
CUSTOM SERVICES: ... 

• a 
CAMBERING 

T 
..l.. 

TEE-SPLITTING 

DRILL & COPE 

I 
END MILLING 

Ii -CUT-T0-LENGTH 

M o 0 
STORAGE. TRANS-SHIP 

ARKANSAS STEEl PROCESSING, INC. 
ARMOREL. AR 72310 

A fUll·SERVlCE STRUCTURAl 
mEL PROCESSING CENTER 
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HIGH STRENGTH 
WEATHERING 

STEEL 
STRUCTURAL & PLATE 

GRADE S PECIFICATIONS 

A588/A572 
• ANGLES • BEAMS • SOUARES 
• FLATS • PLATES • ROUNOS 

• CHANNELS 

A606 · TYPE4 
• SHEETS • COilS 

A242· TYPE 1 
PLATES 

AR360 
PLATES 

MATCHING Mill TEST CERTIFICATIONS 
ON ENTIRE INVENTORY AVAILABLE 

.. 0 80. lH • ~L""" AL UIH • 105' ..... 'HSO 

WATS: 800 /868-6798 
FA X: 205/663 -3391 

I 
eliminated by proper detailing and 
by calculating the stresses resulting 
from their elimination. The deck is 
fixed longitudinally to the truss at 
the center line of the main span. 

I 
From that point to either expansion 
joint, all but the center stringers are 
allowed to move on top of the noor 
beam. The bridge deck is an 8"-
thick reinforced concrete slab with 
lightweight concrete used in the 
center span and normal weight 
concrete used in the end spans to 
reduce dead load effects . 

S/top Fabrication: 

I 
The box members of the Cooper 

River Bridge were coated prior to 
fabrication with an inorganic zinc 
primer to protect against corrosion. 

I Shop connections were welded and 
tested with non-destructive radio
graphiC, magnetic particle and ul
trasonic tests. The welds of the 
boxes are only at the four outside 
corners, except at the end where 
there is a return weld approxi
mately 3' to the diaphragm. Primer 

I was applied inside the box and 
masked off in the area to be 
welded. Holes for field connections 
were pre-drilled full-size in the 

.... 
~~~~~~~~~~~~~~, shop using computerized d rills. 

Fabrication of the steel trusses 
SAVE TIME AND MONEY 

CALCULATE CONNECTIONS 
with CONNECT ' version 3_5 

Software and Data Base 
for IBM PCs and Compatibles 

Proven, easy to-use, moderate price 

DETAllERS, STRUCTURAL ENGINEERS 
design, documenl, check: 

Framed Beam Connections 
Seated Beam Connections 

Eccentric Connections 
Connections in Tension 
Moment Connections 
Hip and Valley Details 

Oblique bracing with Setbacks 
Web Stiffeners 
Triangulation 

and more. 
Print a hard COW of calculations 

and/or save on disk. 
Updated to AISC 9th Ed. 

Demo package available. 

Write or call today: 

Hess Technical Services 
2389 Mill Grove Road 
Pittsburgh. PA 15241 

(412) 831·2010 or (412) 833·7525 

was performed by AISC-member 
Pitt-Des Moines, Inc., while A1SC
member Sheffield Steel Products, 
Inc., handled the fabrication of the 
steel girders. Erector for the truss 
and girder spans was A1SC-mem
ber John F. Beasley Construction 
Co. Construction of the Cooper 
section of the project was per
formed by Cooper River Construc
tors, a joint venture of s.J. Groves 
Construction Co. of Minneapolis 
and Monterey Construction Co., a 
division of Guy F. Atkinson of San 
Francisco. 

Construction engineer for the 
I truss span was Tylk, Wright and 

Gustafson of Matteson, IL. The 
Urban Section was constructed by 
Traylor Bros., Inc., of Baton Rouge, 
LA. 

Pre-Assembly: 
Prefabricated members were 

shipped to a pre-assembly plant 
near the bridge site by rail or truck. 

I 
The members then were pre-as
sembled into larger pieces and 
shipped to the construction site by 

barge. The pieces were lifted into 
place by barge-mounted cranes 
and no falsework was used . 

Truss Erection: 
Individual prefabricated panels 

of each truss were erected on main 
channel piers using the balanced 
cantilever method. The panels 
were stayed by cables anchored at 
the base of the piers. Field connec
tions were made using structural 
AsTM A325 bolts. 

When the cantilevers reached 
about halfway from the main chan
nel piers to the end piers, pre-as
sembled, 230'-long fill-in pieces of 
truss were erected in one piece to 
complete each end span. 

Over the main channel, the can
tilevers were extended 285' from 
the piers until a gap of about 230' 
existed between the two. The final 
sections of each truss, which tied 
the cantilevers together, were 
erected in one piece. Each piece 
weighed 176 tons. 

Erection of the trusses was fol
lowed by completion of the noor 
beams, stringers, lateral bracing, 
and then the concrete slab deck 
was cast. Finally, the trusses re
ceived two additional coats of 
paint-an intermediate coat of 
high-build epoxy and a top coat of 
blue urethane. 

Bridge Completion 
The Cooper River Bridge sus

tained about $5.2 million of dam
age from Hurricane Hugo in 1990. 
About 250 prestressed girders were 
blown down on the bride's east ap
proach and there was some dam
age to the substructure bents. 

The damaged girders were all 
replaced and the bents were re
paired. However, the partially 
erected truss was braced with ca
bles and went undamaged. Unfor
tunately, due to hurricane damage 
and other related factors, comple
tion of the bridge was delayed 
about a year, and finally opened 
early in 1992. 

Rnymolld McCabe, P.E., and Wal
ler Sharko, P.E., are associales wilh 
HNTB , a mlllli-tiisciplillary cOlIslIlI
;'lg firm with office Ihrollgholll tire 
cOlllllry. • 
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New steel bridge proves that cost-effective 
reasons are often the strongest. 

When the Iowa Department of 
Transportation specified the new U.S. 
6t /Peosta Channel Bridge, it needed 
a material that met precise strength, 
budget and scheduling criteria. No 
surprises there. 

The solution it found should come as 
no surprise, either: ASTM A572 Gr. 50 
(USS EX-TEN 50) High Strength Low 
Alloy Steel. With Its relatively quick 
fabrication and erection, steel beat out 
other construction alternatives. With an 

overall length of 4200 feet and a 
maximum span length of 258 feet, the 
ASTM A572 Gr. 50 was perfect for the 
job, and the new bridge went up on 
schedule, and within budget. 
U.S. Steel's Gary Plate Mill has the 

world's most modern dimensional 
control capability and is supported by 
sophisticated melting and continuous 
casting facilities. Consider using steel 
for your next deSign. We can give you 
some strong reasons . 

U. S. Steel Group 
a DIVision of USX Corporaiion 

OWNER : 
Iowa Department of Transportation 
DESIGNER: 
Alfred Benesch and Company 
PRIME CONTRA CTOR: 
Shappert Engineering Company 

FABRICATION: 
Trinity Industries, Inc. 
Structural Steel DiviSion 
Pitt-Des MOlnes.lnc. 
PDM Structural Group Division 
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Design Data's SDS/2 Steel Fabrication System 
SDS/ 2 gives you the flexibility to integrate all aspects of your business with one 

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

DESIGN 
DATA II 

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

"First in ... software, solutions, service" 
402-476-8278 or 1-800-443-0782 

o 1991 Deslsn lAta CorporItloll 
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Life Cycle Cost vs 
Life Cycle Performance: 

Decision Criteria For 
Bridge Selection 

By R. L. Nickerson and 
David Veshosky, Ph.D. 

This paper was origillally presellted 
at the 9th Anllual/ntematiollal Bridge 
COllferellce, JUlie 15-17, 1992, Pitts
burg". 

would invalidate the applicability 
of life cycle cost models, since his
toric costs might be inappropriate 
as the basis for future decisions. 

The difficulties in applying life 
cycle cost analysis to highway pro
jects were reflected in a recent Fed
era l Highway Administration 

L'f C Ie Costs (FHWA) decision concerning the 
I e yc use of life cycle cost criteria in eva 1-

being placed on the need for bridge 
owners to develop and implement 
comprehensive bridge manage
ment systems, reliable data may 
become available in the future, 
making the use of life cycle cost cri
teria more appropriate. 

Because of the lack of data on 
maintenance and repair costs, pre
vious studies have had to rely on 
generic costs of typical structures 
or on the subjective, albeit expert, 
opinions of bridge industry profes, 
sionals. 

While life cycle cost analy- uation of pavement types. The 
ses are considered valu- FHWA determined that reliance on 
able in the making deci- life cycle costs in selecting pave

sions involving bridge con- ment types was "unacceptable be
struction, at present only initial cause the designs are not compara
costs are typically considered in r- ---------
the evaluation of alternatives for Prototype Life 
superstructure material. Table 1: C C M d I 

Recently, however, interest has U.S. Bridge Inventory ycle ost 0 e 
been expressed in the use of life (asofialluaryI989) L ife cycle cost models are 
cycle costs as part of the decision based on the concepts associ-
criteria in evaluating uch alterna- Total Bridges ................................. 577,710 ated with discounted cash 
tives. Sections 134 and 135 of the Deficient.. ............................................ 42% flow analysis, wherein all the costs 
1991 lntermodal Surface Transpor- Structurally Deficient. ....................... 24% expected to occur throughout Ihe 
tation Efficiency Act say that state- FunctionaUyObsolete ....................... 18% life of a bridge are e timated and 
wide and metropolitan planning converted to an equivalent uniform 
processes shall consider "life cycle L-____________ -' annual cost (EUAC) for purposes 
costs in design and engineering of ble, and the maintenance and reha- of comparison. Costs which might 
bridges, tunnels, and pavements." bilitation costs are not supported be expected to occur during the life 

However, implementing models by actual performance data" (Civil of a bridge and should, therefore, 
for evaluating the life cycle costs Ellgilleering News, May, 1991). This be considered in life cycle cost 
for bridge material alternatives is would apply to selection of bridge analysis, include: 
virtually impossible at this time types. • initial design, construction, and 
due primarily to the lack of reli- Use of life cycle cost criteria in construction inspection; 
able, consistent data on which to evaluation of bridge construction • periodic inspection and preven-
base an analytical model. alternatives could introduce as tive maintenance, such as wash-

It is also due to significant varia- much uncertainty as it is intended ing, patching, and corrosion con-
tions among bridges that are cur- to resolve, and might be used to trol; 
rently in service, in terms of struc- justify decisions based on other • scheduled maintenance and re-
tural characteristics, usage and considerations. Since evaluation pair, such as painting and reseal-
environment. Major changes in de- using initial cost should be based ing concrete surfaces under 
sign criteria, construction methods on actual project costs rather than bridge joints; 
and materials, inspection, mainte- speculative estimates of costs, in- • breakdown maintenance, such a 
nance and usage have occurred troduction of life cycle cost criteria repair of damaged members and 
over the lives of bridges that are at this time may not represent an expansion devices; 
currently in service which also improvement over the current sys- • rehabilitation, such as deck re
complicates a model. Such changes tem. However, with the emphasis 
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COMPOSITE STEEl BRIDGE GIRDER DESIGN 
by 

MDX software 

MDX'S PC-based programs are currently being used 
under license by many ot the largest ENA Top 500 
Design Firms, as well as smaller firms and state DOTs. 

- Generates and loads influence lines lor up to twelve 
continuous spans, then designs on the lirst pass with 
a powerful optImization method (one that works!) 

- Designs so that AA$HTO speclficlJllons are satisfied. 
including fatigue stress fanges 

- Latest AASHTO specification and interims 
- Analysis or design mode, free-form Input language 
- Box girder, plate girder_ rolled shapes 
- All types of web haunchtls 
- Horizontal (variable fadius) curvature capability 
- Automatic shear connector spacing 
- Sequentla' slab placement studies for constructibility 
- Dead and live load deflections 
• Stress plotting on screen, printer, or ploner 

lAnd many morel 

To requflst • fr" 1,1.1 of the prog'.m send 
fu with com/Mny COVtH shHt sptlclfying: 

111 load Factor or WorkIng Stress 
(21 5.25" or 3 5- dIsks 

or for more informa1ion, COntact : 

MDX software 
Fa. 1314} 446·3278 
Ph: (3141446-3221 

• Bateman' • Buffalo' • Davco (Bully)" 
• Dvorak' • Edwards' • Enerpac' • Fabriline' 

• Ficep' • Franklin' • Gairu' • Geka • 
• HMI" • Hendley &; Whittemore' • Hill-Acme' 

·Ironcrafter· • Kingsland' • Kling' 

.. c 

• Metal Fabricating Systems • Metal Muncher' • Mubea' 
• Nitto-Kohkr • Omera' • Promoco/Omes • 

• Peddinghaus' • Pels' • Piranha' • Scotchman' 
.Thomas· .Uni-Hydro'· .W.A. Whitney' 

We've got your name, 
now you've got our number. 

1-800-446-4402 
When you need a punch, die, coupling 
nut or other tooling for your iron
worker, there's only one name and 
number you need to know. Cleveland 
Steel Tool consistently ships standard 
in-stock items the same day or special 

shapes and sizes within 48 hours. And, we've made 
it easy for you to order with our "800" number - The Punchline. 
So call us today. There really is a difference. 

1((.;1 THE 
6!J CLEVELAND STEEL TOOL £Q 

474 East 10Sth Street· Cleveland, OH 44108 

placement and repair or replace
ment of superstructure; 

• upgrades, to improve the level of • 
service; 

• traffic delay costs attributable to 
maintenance, repair, rehabilita
tion or total replacement; and 

• demolition, restoration of the 
site, and, if appropriate, replace
ment, net of any salvage value, of 
the existing bridge at the end of 
its useful life. 
Many of these costs would be 

the same for all bridge construction 
alternatives. A valid life cycle cost 
model for comparing alternatives 
need only consider differential 
costs. However, information on 
these costs does not exist, render
ing creation of a life cycle cost 
model inappropriate at this time. 
In addition, very few, if any, bridge 
owners consider traffic delay or in
creased inspection costs as part of 
the true cost of a bridge. 

Life Cycle 
Performance 

Bridge owners must still make 
decisions rega rding the 
choice of structural materials . 

In the absence of reliable cost data, 
the records of past performance of 
the existing inventory of bridges is 
the only guidance that can be used 
to predict the life expectancy and 
cost-effectiveness of highway brid
ges. Owners may have to look be
yond their own inventory to gauge 
this performance, keeping in mind 
that design practices may differ 
substantia lly, especially if their 
bridge population is "young". 

Climate is the biggest factor af
fecting bridge performance. In the 
relatively benign climate of the 
southwestern United States, most 
materials will provide long and 
satisfactory performance, if prop
erly designed. In these cases, the 
proper decision could be based 
only on first cost, including traffic 
delay costs. In the more severe cli
mate of the northeast, where road
way deicing chemicals attack un
protected structures of any type, 
the material with proven ability to 
withstand these effects provides 
the basis for selecting the alterna-
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Table 2 
ASCE Journal of Performance of Constructed Facilities 

Vol. 4, No.3, August 1990 
Percent Structurally Deficie" t and Souree 

Bridge Type Percent Source 
Simple Span Steel .................................................... 23 ....................... Substructure 
Continuous Span Steel ........................................... 11 .............................. Deck 
Prestressed Concrete Stringer ............................... .4 ............................... Deck 
Prestressed Concrete Multiple Box ....................... 5 ....................... .substructure· 
Prestressed Concrete Slab ....................................... 3 ........................ Substructure"" 
Prestressed Concrete Tee ........................................ 5 ..................... .5uperstructure .. 
Reinforced Concrete Slab ....................................... 11 ....................... Substructure 
Continuous Reinforced ConcreteSlab .................. 4 ............................... Deck 
Reinforced Concrete Stringer ................................ 10 .... .. .. .... .. .... .. .. . Substructure 
Reinforced Concrete Tee ......................................... 6 .. .. ...... .. .... .. ...... Substructure· 
Continuous Reinforced Concrete Tee ................... 3 .............................. Deck" 

"Supers tructu re d efficiencies 

tive with the best proven perfor
mance record, without consider
ation of first cost. 

The authors used a portion of 
the Federal Highway Admini
stration's National Bridge Inven
tory (NBI) as the basis for their 
analysis. The "headline" of the Cl 
article is "Concrete Tops Other Ma
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OPTI-MATE 
Dominant structural types often 

change dramatically as state 
boundaries are crossed. What leads 
one state bridge owner to select a 
different structure than that used 
in an adjoining state? Obviously 
each owner is satisfied that they 
are providing the best solution 
based on available funds. But, are 
they making decisions based on 
comparison of performance of 
equal structures in exactly the 
same climate, loading and mainte
nance situation over a period long 
enough to truly evaluate perfor
mance? Since this cannot occur, de
cisions tend to be biased based on 
the individual owners cumulative 
experiences during their profes
sional careers. 

terials in National Bridge Inven- I ~~P~. ~O~. ~Bo~X~9Q~97~, ~Oep~,.~A~, ~Bet~h~'oh~.~P~A~'8~OI~8 .. 
tory" . What better advice does a ~ 

Evaluations Using 
National Bridge 

Inventory 

Recently, papers by Dr. Ken
neth Dunker, of Iowa State 
UniverSity, and Dr. Basile 

Rabbat, of the Portland Cement As
sociation, were published in the 
ASCE loumal of Performa"ce of Con
structed Facilities and Concrete Inter
national. Both papers relate to the 
performance of the nation's brid
ges. 

bridge owner need than that 
drawn from the NBI? However, 
this conclusion cannot be obtained 
from the NBI data, because it does 
not contain enough detailed infor
mation. 

The NBI includes data indicat
ing the condition of various ele
ments (deck, substructure, super
structure) of a bridge, as well as an 
overaU judgement on the structural 
condition. But, the fact that the 
bridge deck on a steel bridge is de
ficient cannot be an indictment of 
the "steel" bridge, especially in 
light of a recent survey of State 
Bridge Owners by the Chairman of 
the AASHTO Bridge Subcommit
tee, concerning bridge deck crack
ing. 

Thirty of the 36 states that re
sponded indicated cracking of new 
decks is a problem, and shou ld be 
studied. Eleven of these responses 
indicated that the type of super
structure was a potential cause of 
cracking; seven of the eleven indi
cated decks on both steel and con
crete bridges crack; one of these 
seven states indicating that steel 
bridges cracked more severely, and 
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one of the seven indicating that 
concrete cracked more severely. 
Three states ind ica ted that only 
decks on steel bridges cracked and 
one state indicated only concrete 
bridges experienced deck cracking. 
The NCHRP cu rrently has a con
tract underway to fu rther explore 
the causes of deck cracking nation
wide. If cracking of concrete is an 
indication of deficiency, very few 
concrete structures could be coded 
otherwise. 

The portion of the NBI da tabase 
used by Dunker & Rabbat (ASCE 
Table 2) indicates that 22% of steel 
and concrete bridges have decks 
designated as the most common 
source of deficiency. (Timber brid
ges are excluded from this discus
sion). Of these, half are steel and 
half are concrete. However, it is 
unlikely the deck condition on ei
ther type of bridge is an indictment 
of the material used in the super
structure. 

Similarly, the condi tion of sub
structmes under either steel or con
crete superstructures is not an indi
cator of the bridge's performance . 
Dunker and Rabbat note (ASCE 

___________ ______________ ....j Table 2) that 58% of the steel and 

(l) 
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concrete bridges have substruc
tures designated as the most com
mon source of deficiency. Of the 
bridges with substructu re deficien
cies, 40% were steel bridges and 
60% were concrete. Yet virtua II y 
100% of the substructures are con
crete. This does not mea n s teel 
bridges are outperforming concrete 
bridges. What it may mea n is that 
leaking bridge joints are a major 
factor that adversely influences the 
long-term performance of sub
structures on all types of bridges. 

Complicating the matter even 
further is the NBI cod ing instruc
tions, which are to assign a single 
condition rating fo r each element 
of the bridge (e.g. deck, superstruc
ture, substructure) to represent the 
condition of that element on the 
entire bridge. Thus, if one beam in 
one span of a bridge containing 50 
spans had a structura l problem, the 
entire bridge would be classified as 
deficient! Some bridge owners rec
ognize this short-coming of the 
NBI in trying to make performance 
decisions. One example of this is 

• 

• 

• 
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New York City, which instructs 
their bridge inspectors to code the 
number of deficient spans. They 
have approximately 840 bridges, 
consisting of 5,500 spans. Thus, de
ficient spans is a more meaningful 
number in their case. 

lf it were possible to use the NBI 
to analyze deterioration rates of 
bridges, it would have to be lim
ited to the superstructure elements. 
Table 2 of the ASCE JOllrnal article 
notes that only 5% of the bridges 
have superstructure problems clas
sified as the most common source 
of deficiency. Since the only bridge 
types noted in Table 2 with defi
cient superstructures are of rein
forced or prestressed concrete, it is 
difficult to understand the conclu
sion drawn: "Concrete Tops Other 
Materials ... " This prospect is even 
more d ifficult to und erstand when 
one recognizes that the data clearly 
show that the concrete elements, 
deck and substructure, on steel 
bridges are the source of defi
ciency, not the steel superstructure. 

Work is underway at Lehigh 
University to better quantify d ete
rioration rates of America's brid
ges. This work will be available 
soon. FHW A is also sponsoring de
velopment of a Bridge Manage
ment System model, called PON
TIS, that will provide for the first 
time a nationwide, uniform system 
to assess deterioration of each bridge 
component. Thus, if one beam of 100 
on a bridge is deficient, only one 
percent will be coded deficient, not 
the entire bridge or even the entire 
span. PONTIS will also provide de
terioration models to predict future 
needs, based on documented past 
performance. 

in-service 
experience 

On-site repair capa bility: Nei
ther the Dunker / Rabbat paper, nor 
the above analysis should be inter
preted to mean that there are not 
deficient steel su perstructures on 
bridges included in the nation's in
ventory. The technical literature 
has many pictures and articles re
lated to deficiencies of steel brid
ges, going to grea t lengths to por-

tray extreme rusting or fatigue 
cracking and / or fracture of steel 
members. Unfortunately these arti
cles usua lly fa il to point out that 
steel deficiencies have been re
paired by simple bolted or welded 
fi eld splicing, or by drilling a hole, 
or that the number of these il'
stances has occurred on only a very 
small fraction of the total number 
of steel members. 

After repair, which is often ac
complished without taking the 
bridge out of service, these steel 
bridges do not require any reduc
tion in load capacity or projected 
remaining service life. Thus, a 
major advantage of a steel super
structure is they are repairable, and 
at reasonable costs. 

Experience with deteriorated 
concrete bridge elements has not 
been as good . Many substructure 
concrete repairs (for both steel and 
concrete bridges) have not been 
successful and require continual 
repair until replacement of the con
crete element is completed . If the 
deterioration is related to corrosion 
of the reinforCing steel, cathodic 
protection, although still in the re
sea rch stage, offers some hope to 
enable permanent repairs to be ef
fected . However, this then requires 
continuous maintenance over the 
remaining life of the concrete ele
ment. 

The Organisation for Economic 
Cooperation and Development 
(O ECD) published a report in 1989 
entitled "Durability of Concrete 
Road Bridges". The Executive 
Summary notes in part: 

"The analysis of the causes and 
mechanisms of deterioration 
fully supports the notion that 
the decay of concrete struc
tures is a very complex, irre
versible physico-chemica l pro
cess involving a number of 
interactions constantly chang
ing over time during the life of 
the structure." 

The report describes the conse
quence of inadequate bridge de
sign and construction in an ad verse 
environment and deals with the 
deterioration processes caused by 
external as well as internal ac
tions .... 
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Durability of concrete is an increashzgly 
serious issue. The decline of the load 
carring capacity of deteriorating concrete 
rood bridges is 1101 yel fu lly ullderslood. 

have always played a major role in 
the maintenance of structures and 
Chapter ill deals with a number of 
the most important details and 
their effect on durability. They in
clude jOints, bearings as well as 
surfacings, overlays, waterproof
ing, parapet beams and socles, 
safety systems, gutters, drains, dis
charge pipes, etc. 

"The decline of the load carry
ing capacity of deteriorating 
concrete road bridges is a very 
important problem that is not 
yet fully appreciated or under
stood ... " 

The OECD comments regarding 
the influence of ancillary compo
nents on deterioration are equally 
applicable to steel bridges, as is the 
concern for "external and internal 
actions" which affects the integrity 
of the concrele compo"e"ls of a steel 
bridge. An understanding of the 
deterioration of the concrete load 
carrying capability is important for 
all types of structures. 

Design influence: In general, 
the performance of bridges, both 
concrete and steel, are influenced 
more by the deSigners selection of 
details than by the behavior of the 
material itself. The ASCE Manual 
"Quality in the Constructed Proj
ect", notes that 70-80% of the influ
ence on a project's quality and cost 
is determined at the design phase. 
A bridge joint included at the de
sign stage that leaks salt water, will 
cause a reduced service liIe of any 
element below. Likewise, the de
signer including fatigue-prone de
tails on a steel girder will cause a 
need for retrofit at some point in its 
service life. 

Table 3: 
Estimation Of Mean Service Life 

Belgium Method 

Avo. Life Years 
Country 

Steel Concrete 
RIC PS/C 

Bel2ium 68 72 42 

Japan 47 47 21 
50 57 35 

Sweden 76 73 
Finland 75 86 

Effects of corrosion: The influ
ence of chlorides on reinforcing 
steel, especially in bridge decks, is 
well understood. The effect on pre
streSSing steel is not. There is IHtle 
doubt that chlorides can penetrate 
through even uncracked pre
stressed concrete. The presence of 
chlorides has caused a few in
stances of broken prestressing 
steel. Unfortunately, the state-of
the-art for concrete "member" in
spection is not very good in the 
area of nondestructive evaluation 
(NDE) to be used to assess internal 
concrete or prestress steel condi
tions. This should be a consider
ation by those responsible for se
lecting bridge type. 

The FHW A has a major research 
initiative underway on IIPre_ 
stressed Concrete Protection", to 
identify protection strategies for 
prestressing steel in new and exist
ing prestressed concrete bridges. 
Similarly, reduction in perfor
mance of the concrete matrix itself, 
as indicated above by the OECD 
report, is virtually impossible to 
predict with current NDE tech
niques. 

In contrast, the load carrying ca
pacity of steel superstructure mem
bers can be readily determined 
using currently available NDE and 
analytical techniques. 

International Survey: Another 
very recent source of information 
on performance of steel and con
crete bridges is the 1992 OECD 
publication "Bridge Management". 
Data contained in a chart titled: "A 
Posteriori Estimation of Mean Ser
vice Life of Steel and Concrete 
Bridges According to Belgium 

44 / Modern Steel Construction / September 1992 

Method", is partially reprinted in 
Table 3. 

A cursory review of this infor
mation indicates steel has out
performed prestressed concrete in 
bridges, and almost matched the 
performance of reinforced concrete 
bridges. 

U.S. Experience: The relative 
performance of prestressed con
crete and steel bridges can be com
pared in the area near Philadel
phia. This is the location of the first 
major prestressed concrete high
way bridge in the U.s., namely the 
Walnut Lane bridge over 
Fairmount Park, which was built in 
1950, and replaced in about 1990. 
Just across the Delaware River, in 
New Jersey (only about 7 miles 
away), is the oldest known all
welded highway bridge in the U.S., 
over Rancocas Creek, located in the 
town of Riverside. This bridge was 
put into service in 1934, and is still 
carrying traffic today. It is re
stricted to a 1ST load limH, proba
bly because that was the design 
load of the 1930s. (The 1931 
AASHO Specifications included 
only H10, H15 and H20 as design 
live loads). 

Conclusions 
Selection of superstructure ma

terial should only be made after 
careful consideration of all factors 
that will influence liIe-cycle perfor
mance, including liIe-cycle costs. It 
is clear that the latter cannot be 
quantified at this time. 

The NBI cannot be used to draw 
conclusions on relative perfor
mance of materials because the 
data are not sufficiently detailed . 
Therefore, factors such as the abil
ity to inspect and repair, to replace 
decks, and traffic delays during re
habilitation are only some of the 
factors a bridge owner must con
sider carefully and should be based 
on observations of actual case his
tories, before the decision on mate
rial is made. 

R.L. Nickerson is a cOllsuitant wilh 
N B E, Ltd., in Hampstead, MD, alld 
David Veshosky, PhD., is an assistallt 
professor of civil engineering at Lafa
yette COllege ill Eastoll, PA . • 
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(0.6") tendons. The tendon devia
tors of the lower flange are welded 
to the hexagonal steel tube. At the 
top. over the intermediate piers, 
the tendon deviators are welded to 
the transverse floor beams which 
here are stiffened. The typical 12-
strand external tendon used con
sists of individually sheathed 
greased monostrands placed in a 
polyethylene tube filled with ce
ment grout prior to stressing. This 
technology was used because it en
ables the stressing operation to be 
phased very gradually and limits 
the size and weight of the tension
ing equipment. 

Future Applications 
The composite truss used to 

construct the Roize bridge is both 
lightweight and very stiff in resist
ing vertical loads. These favorable 
characteristics have led to applying 
this structural system to cable
stayed spans. 

Figure 4a shows an overpass 
bridge where cable-stays are an
chored in the transverse center of 
the cross section . Here, a vertical 

SLUGGER'" by Jancy Engineering Co. ~ -
Manufacturer of Portable Magnetic Drill ing Sys te ms 

2735 HlCkory Grove Road, Davenport . Iowa. USA 
Phone 319-391 -1300 FAX 319-391-2323 

Ask for Pat, Sieve or Jeff 

~
all,ora \ 

Demonstration \ 

Today J 

Made in 
America's 
Heartland 

lOW. 

Lightweight-Accurate 
Durable-Convenient 

Affordable 

Available ExclUSively Through the Best Stocking Dlslnbutors 

member is placed between the bot- ~=========================:::; tom chord and transverse beam of I 
Figure 2 to transfer the stay uplift 
of load onto the bridge. 

The stays are anchored at the 
apex of a four-legged pylon, pro
viding a unique appearance. The 
pylon legs are constructed of 
welded steel tubes that are filled 
with concrete after they are placed 
in their final position. The entire 
bridge deck is constructed on con
ventional falsework prior to receiv
ing the cable stays. External longi
tudinal post-tensioning is stressed 
as required to maintain compres
sion in the truss under superim
posed loads. 

A similar bridge as the one de- I 
scribed above is the recently com
pleted Aire de Farges Bridge over 
the A71 Highway between Bourges 
and Clermont-Ferrand in central 
France (Figure 4b). This bridge is I 
approximately 200' in length be
tween abutments. Here, the super
structure consists of a concrete slab 
and the pylon is composite. 

The composite space truss also 
can be used for long span projects, 
such as Jean Muller's proposed de- , 

A Quick Quiz 
For Structural Engineers 
The more a computer program costs, the 
beNer it is. 

TRUE FALSE 

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

TRUE FALSE 

Structural engineering software can never 
be fun to use. 

TRUE FALSE 

If you answered TRUE to any of the above, or you would like to know more 
about a truly innovative software program, call us! 
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THE EBRON BRIDGE 
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sign of the Normandy bridge in 
France (Figure 5), Here, the com
posite truss was designed for a 
cable-stayed mainspan of 2,870'. 

three vertical planes (Figure 7) so 
as to efficiently distribute the dead • 
load and uve load shear forces. The 
bottom slab geometry follows a cir-

For wider bridge decks, parallel 
triangular truss structures may be 
placed adjacent to one another and 
connected together transversely at 
the bottom chord members. 

The Ebron Bridge 
This composite haunched truss 

was designed for the A51 motor
way between Grenoble and Siste
ron, France. It is currently under 
review by the Highway Adminis
tration to transverse the Ebron Val
ley. The unstable soil conditions 
beneath the structure required a 
minimum span length of 1,530'. 
The bridge consists of four spans 
(Figure 6) of 700', 1,530', 1,530', and 
700' and is continuous between 
abutments. The piers are cast-in
place and slender to accommodate 
deck movements. The 4,460' -long 
bridge carries four lanes of traffic 
720' over the valley floor. 

The bridge is composed of com
posite top and bottom slabs con
nected by steel truss members. The 
truss members are tubes located in 

cular intrados resulting in a struc-
ture depth of 40' at midspan and 
98' adjacent to the pier. 

The structural elements of the 
haunched truss are summarized as 
follows: 
• The three vertical Warren type 

trusses consist of steel tubes 
varying in outside diameter from 
2'-9" adjacent to the pier to 1'-4" 
at midspan. The tube wall thick
ness averages :W'. 

• The composite top and bottom 
flanges are composed of steel 1-
beams and concrete. In the top 
chord, the concrete slab is placed 
above the steel I-section and car-
ries the local bending in compos-
ite action. [n the bottom chord, 
the concrete is cast between the 1-
section except in the middle third 
of the bridge, [n this region, the 
steel I-beams are doubled and 
carry both the compression and 
tension resulting from imposed • 
forces due to live load, superim-
posed dead load, creep and 
shrinkage, Both the top and bot-
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Innovations In 
Composite Bridge 

Structures 
The combined use of steel and concrete can result in 

cost-competitive short- and long-span bridges 
By Jean Muller and 

James D. Lockwood, P.E. 

Three unique composite brid
ges have recently been de
signed by J. Muller Interna

tional. These bridges feature 
different construction methods and 
structural systems and have spans 
ranging from 120' to 10,000'. 

The Roize Bridge 
This two-lane prestressed com

posite truss was recently con
structed over the Roize River on 
the A49 motorway between Va
lence and Grenoble, France. It was 
selected by the French Highway 
Administration as an experimental 
bridge as a result of its original de
sign concept to lighten bridge 
decks of medium span bridges. 
Their study included both fatigue 
and ultimate load testing on a sep
arate full scale bridge section. 

The structure consists of three 
spans of 118', 131 ' and 118' (Figure 
1) and is continuous between abut
ments. The bridge follows a 1,755' 
radius and the transverse slope of 
the deck varies from zero to 3.5% 

The Roize bridge superstructure 
consists of a precast, pretensioned 
concrete deck slab supported by a 
steel space truss (Figures 2 and 3 
show a typical cross section and an 
elevation detail, respectively). The 
composite system is post-tensioned 
both transversely and longitudi
nally. 

The space truss is comprised of 
the following elements: 
• A single hexagonal lower flange 

made of two bent steel plates 

THE ROIZE BRIDGE 
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Fig. ). General Elevation 

Fig. 2. Typical Cross Section 

Fig . 3. Elevation Detail 
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rile lop pllolo sllows III" completed Roize bridge, wllil, "" secolld pllOlo is a CAD 
rellderillg o[ a polell/ial [lI ll1re applicalioll (Figllre 4al. SIIowlI is a cnble-slayed bridge 
where the cable-stays are anchored ill the transverse crllier of the cross sectioll. Tlte stays 
are anchored at the apex of a four-legged pylon, creatins a unique appeara"ce. 
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varying in thickness from ¥4" to 
1:J1i6". The two plates are joined 
by continuous longitudinal . 
welds. The steel tube is stiffened 
by four internal diaphragms lo-
cated at the intersection with the 
truss diagonals . 

• Two inclined Warren type 
trusses carry the longitudinal 
shear. The diagonal members are 
assembled using four steel plates 
to form a rectangular cross sec
tion. The platcs vary in thickness 
from %" to 1:J1i6". The diagonals 
are welded at 13' intervals to the 
hexagonal tube at the bottom and 
to the transverse floor beams at 
the top . 

• Transverse floor beams spaced 
13' apart are made of I-shaped 
steel sections. The top flange of 
these floor beams bear the edges 
of the precast deck slabs and are 
used as form work for the cast-in-
place transverse closure joint be
tween deck elements. At the in
tersection with the Warren truss 
diagonals, the webs and top 
flange of the truss members are 
extended through the floor 
beams to create a rigid node. This • 
node is filled with concrete when 
the closure joint is cast and as-
sists in the transmission of trans-
verse forces. 
The precast concrete deck ele

ments are 40' wide and 12'-4" in 
length (average). The elements ac
tually are trapezoidal shaped to ac
commodate the bridge curvature. 
The deck slab varies from a 5111" 
typical thickness to 8$8" over the 
floor beams. The 28 day character
istic strength of the concrete is 
11,500 psi, but for the calculation, a 
28 day design strength of 8,700 psi 
was used . The precast elements are 
pretensioned longitudinally by 54 
0.5" bonded strands. This not only 
assists in carrying the local bend
ing forces between floor beams but 
also reduces the overall creep af
fects by pre-compressing the con
crete. Two 4-strand tendons (0.6") 
located on either ide of the floor 
beam are post-tensioned trans
versely after concreting the closure 
jOints. • 

After the deck is entirely assem-
bled, it is prestre sed longitudi-
nally using five external 12-strand 
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HERE'S THE HUCK 
DIFFERENCE. 

TENSION/TENSION 

Huck Lockpin & Collar fastening is secured by applying 
direct, straight-line tension to a grooved fastener against a 
metal collar to pull workpieces together. This collar is then 
swaged (' squeezed' ) to cold flow the metal into the grooves 
and elongated In the process to create a precise clamp load. 

The Huck Lockpin & Collar fastener has a controlled 
predetermined clamp force that is built into the design of the 
fastener and cannot be altered by the installer. 

Workpleces are pulled together and clamped during the 
swaging action without applying torque. On completion of 
collar swage. the gripping pintail separates. leaving a perma
nent. vibration resistant fastener. Huck Lockpin & Collars are 
fully capable of being snugged to remove gap prior to final 
swaging. 

Lockpin & Collar fastening IS a well-known. modern 
concept which IS gaining added acceptance in many tough 
applications for ItS simple, accurate installation, dependability. 
and performance. 

(1) Workpleces. members 
to be JOined. are put Inlo 
poslllon lor lasleOlng with 
the Lockpln Inserted. 

(2) The collar slides 
easily and freely ovef 
the Lockpln grooves up 

the workpiece pnor 
to swaging acllon 

ThiS plntad IS the 
gnpplng surface lor the 
Inslallallon loollhat 
parts company with the 
fastening at a tension 
pOint predetermIned by 
metallurgy and dImen
Sion 

~--- Elongatlon = Clamp 

After 

(4) When Installed, the 
pressure cold flows 

the collar metal 
sequenllally Inlo the 
grooves and elongates 
the collar against the 
work piece for poSitive 
tenSion there's no 
back-off Inspection 
after the fastening IS 
visual. qUick and Slm· 
pie If It'S fastened. It'S 
lastened nghtl 

TORQUEITENSION 

ASSOCIATE 
1i 

., . .,. 
~

-,:. 'NDUSTRIAL. 
U, C FASTEN. Ra 'D INSTITUTt! 

A nut and bolt IS installed by applying torque to the nut: 
first . the lorque to pull the workpieces logether. then tension 
is added by torquing to creale clamp force. 

A torque wrench does not read tension . It Indicates 
torque of the nut against a surface Inction. 

In addition. torque/tension sufficient to create proper 
clamp force creates a torque stress In the bolt. In varying 
degrees. dependent upon size. application and surface 
condition. 

The thread of the bolt also provides a ready back-off 
path for the nut in any vibratory environment. 

Nut and bolt fastening is a familiar. traditional method 
which is not reliable or permanent. 

Huck International, Inc. 
Industrial Fastener DIVISion 
800 1 Impenal Drive 

A 
~ 
Com".ny 

Waco. TX 76714-8117 
817-776-2000. Telex 73-0985 
Fax 817-751 -5274 
BOO-2B5-HUCK 

The Future Of Fastening Technology." 



With MicasPlus, 
Analyze And Design Up To 4 Times Faster. 

Gain the competitil'e advantage. Boost your productivity Witll 
MicasPlus. 

Unpar:llleled integration. Only MicasPlus integrates 
modeling. anal) is. design. and dra\l,;ng production into one 
package. 

Tasks that used to take days now take only 
hours. Single point-and-click interface. One-to
one relationship between physical and analytical 
models. No tr:mslation. No redrawing. 

Comprehensive capabilities. At last, 
a system that lets you design projects your way. 
Because ~licasPlus works the way you do, you 

alwal~ model in true scale - placing steel and concrete mem
bers in 3D space as tlley would actually be built in tlle field. A 
column needs to be moved? Move it - and watch connected 
framing adjust associatively. Just as easily. you evaluate alter

native framing schemes. Define an unlimited 
number of load cases and combinations. And 
rely on MicasPlus to help keep each phase of the 
project on track. 

It's no wonder some customers have seen 
productivity gains of up to 4-to-l. 

For details. call BOO-826-35 15. Or contact 
your Intergraph representative. 

INTErG?I\?H 
Everywhere you look 

1I1IlT'f("(l{Jb® 1.1' n ~mYllradenUlrl mid IlIatlPllis ami fjV'r')'U htrf Hml.ooi (1ft ITademaf'is r(lfllff"J(rlif'b ClIrpOt'll/lflll 
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FIg. 8 Generalized cable-stayed bridge schematic 

--

Fig. 9 Generalized bi-stayed bridge schematic 

, " 

Fig. 10 Force dlStnbution placing tenSIon al midspan 
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Fig. II Axia] forces In deck withoUI prestress 
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Fig. 12 Axial forces in deck with prestress 

THE BI -STAYED DruDGE 

tom concrete slabs are post-ten
sioned transversely. The vertical 
tube members are welded to the 
top and bottom chord I-sections. 
All concrete used in the super-

structure is cast-in-place and has a 
strength of 9,000 psi. The deck 
width is 64' and cast in SO' incre
ments. The longitudinal post-ten
sioning is external and consists of 
19 (0.6") and 12 (0.6") strand ten
dons placed in cantilever. The use 
of continuity post-tensioning at 
midspan is minimal and only nec
essa ry to ensure compression in 
the concrete deck slab. 

The Bi-Stayed Bridge 
A new bridge concept using 

both self-anchored and earth-an
chored stays was developed that 
demonstrates the poSSibility of ex
tending the limit of the maximum 
clear span of a stay supported deck 
to 10,OOO'-using available materi
als and the usual proportion be
tween dead and live loads. The bi
stayed bridge features inherent 
deck rigidity under traffic loads 
and a low construction cost that ri
vals the economics of long-span 
suspension bridges. Conventional 

construction methods can be used 
for this innovative bridge system . 

In developing the principles of 
the bi-stayed system, the load-car
rying characteris tics of the cable
stayed bridge were reviewed (Fig
ure 8). In this case, the deck is 
suspended from multiple stays 
spread uniformly along its length 
more or less symmetrically on ei
ther side of the pylon . For a deck 
supporting a total load w per unit 
of length, and assuming that all 
stays are anchored at the top of the 
tower, the axial load in the deck 
varies parabolica lly from zero (at 
midspan and extremity of lateral 
span) to a maximum val~ N 
around the pylon equal to wa / 2h. 
To simplify, the weight of the stays 
is not included . The span range of 
the cable-stayed bridge is therefore 
determined by the ca paci ty of the 
deck to resist this axial compres
sive force. 

In its simplest form, the bi
stayed bridge (Figure 9) is an ex
tension of the cable-stayed bridge 
in that the entire mainspan is sup
ported by stays. The ca ble-stays 
consist of both self-a nchored and 
earth-anchored cables. The self-an
chored stays (h1 ) are located in the 
sidespans of the bridge and are dis
tributed over a nearly equal length 
(a1 ) away from the pylons in the 
mainspan. The ea rth-anchored 
stays (hZ) are of greater length and 
anchor into the deck over the re
mainder of the mainspan (a2) at 
equal d istances away from the cen
ter keystone. The earth-anchored 
s tays bend over the pylon tops and 
anchor into a separate anchor block 
loca ted immediately beyond the 
extremity of the structure. These 
stays, therefore, ca use no further 
compression in the bridge deck 
nea r the pylons. 

However, the balance of axial 
loads between the stays and the 
deck in the central pa rt of the 
bridge (Figure 10) creates a series 
of tensile forces such as T2, which 
accumulate to cause a total axial 
force of 2 (Figure 11 ) starting at 
the keystone in the central span. 

The total axial force in the 
deck of the mainspan created by 
the horizontal components of the 
earth-anchored stay forces consists 
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of a compressive force N1 at the 
pylon and the tensile force N2 at 
the midspan. Assuming that the 
vertical loads are constant along 
the deck and neglecting any influ
ence of the non-uniform weight of 
the stays, it can easily be found 
that if a1;0.7 so that a2;0.3a, the 
result is N1;N2;N/2. It is there
fore possible, with the same mate
rial components, to increase the 
length of the mainspan in a ratio of 
1/0.7 or 1.4. 

The mainspan length may be in
creased further using a second in
novative device. [n the bridge 
deck, the tensile force T2 can be 
compensated by an internal deck 
prestress so that when the deck 
bears all its loads (live loads in
cluded), the axial force at the key
stone of the central span is zero. 
The maximum force at the key
stone will therefore occur when the 
deck only bears its permanent 
loads and is compressive. In other 
words (Figure 12), the resulting 
compressive force N2 under stay 
forces and internal prestress is only 
produced under perma11ent loads 
while the force N1 in the deck at 
the pylon is produced under all 
loads, including live load . In a 
bridge with spans over 3,000', the 
permanent loads C are three times 
greater than the live loads 5, so that 
C;JS or C+S=4S. 

From the diagram in Figure 12, 
it is shown that the total reference 
force N now consists of N=N1 +P, 
with P being the prestress force cal
culated to balance the total load 
C+S=4S. Therefore, the remaining 
force at the keystone in the 
mainspan is only N2=P/4. The op
timum equilibrium will be ob
tained when N1 =N2=P / 4, so that 
N=N1+P=5P/4 and N1=N/5. The
oretically, the maximum span of 
the bi-stayed bridge is 2.2 times 
that of a conventional cable-stayed 
bridge, thereby making it possible 
to attain span ranges comparable 
to those of suspension bridges. 

Figure 13 compares the defor
mational behavior of the 4,000' 
main span bi-stayed bridge and a 
similar suspension bridge, with de
sig1110ads placed in the most unfa
vorable poSition for maximum de-
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THE Bf·STAYED BRIDGE 

flection. 111 the suspension bridge, 
the maximum deflection occurs 
when 40% of the mainspan is 
loaded. Under these conditions, the 
midspan deflects 35' and the maxi
mum change in longitudinal slope 
is 5.9%. For the bi-stayed bridge, 
the maximum deflection occurs 
when the entire mainspan is 
loaded . In this case, the midspan 
deflects only 6.9' and the maxi
mum change in longitudinal slope 
is 0.72%. From these calculations, 
the rigidity of the bi-stayed bridge 
is obvious. 

The bi-stayed bridge offers the 
engineer the span range of the sus
pension bridge with the long-span 
qualities of the cable-stayed bridge. 
Because both the construction 
methods and materials used are 
conventional, this new system will 
offer economic advantages as well. 

jean Muller and james D. Lock
wood, P.E., are principles with j. 
Mliller [ntemational, an intemation
ally rel/(Runed bridge engineering firm 
with offices in Paris, Chicago, Sail 
Diego, Tallahassee, FL, and 8allgkok. 
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Bringing Bridge Design Into 
• The Next Century: The Construction Of The 

Roize Bridge 

• 

By Serge Monlens and David 
O'Hagan, P.E. 

Few travelers crossing Ihe 
Roize River on Ihe A49 mo
torway near Grenoble, 

France, realize they are riding on 
an experimental bridge designed 
with the next century in mind . The 
superstructure for the bridge is the 
result of almost 10 years of re
search by various engineers on re
ducing the weight of medium-span 
bridges. And while designed as a 
medium span bridge with the larg
est span stretching only 131', this 
post-tensioned steel space truss can 
also be used for long-span cable
stayed bridges. 

General Arrangement 
The experimental ramp crosses 

both the river and two buried natu
ral gas pipelines. 

While the river is normally slow 
moving, a dam located upstream 
from the bridge site results in occa
sional heavy flooding . Also, the 
pipeline locations dictate a 118'-
131 '-118' . 

The roadway geometry of the 
ramp places the structure on a spi
ral horizontal curve, a supereleva
tion transition and a convex verti
cal curve. The typical section 
requires a 3.3' inside shoulder, two 
11.5' lanes and an 8.2' outside 
shoulder. 

Superstructure 
Because other reduced-weight 

experimental bridges in France 
have been constructed with steel 
webs replacing the heavy webs of 
concrete box girder construction, 
the designers of the Roize bridge 
tried an alternate lightening ap
proach of replacing the concrete 
webs with steel trusses. Addition
ally, weight reduction was 
achieved by using precast, biaxially 
prestressed, high-strength concrete 
deck panels. 

The deck is a prestressed com
posite truss consisting of the fol
lowing key elements: 

• A single bottom flange made into 
a hexagonal tube; 

• Two inclined Warren truss 
planes 

• Transverse floor beams; 
• Precast high-strength concrete 

deck panels; and 
• Continuous draped longitudinal 

post-tensioned tendons. 

The steel frame is composed of 
mass produced, factory welded tet
rahedrons. Each tetrahedron con
sists of one floor beam, four diago
nals and a 13' section of bottom 
flange. 

The floor beams are I sections 
fabricated from A441 plate. Shear 
connectors welded to the floor 
beams consist of angle sections 
onto which U-shaped bars have 
been welded. This configuration 
permits the transmission of shear 
due to transverse bending while 
improving the fastening of the pre
cast slabs against lifting. 

The truss diagonals are welded 
box sections. These diagonals are 
connected to the floor beams and 
top slab by a steel node. The steel 
node consists of two thick triangu
lar plates that continue the 
diagonals' webs and are eventua lly 
embedded in the concrete slab. 
Various A441 plates welded to the 
nodes complete the composite ac
tion of the system. 

The hexagonal bottom flange is 
fabricated from two folded metal 
plates assembled by continuous 
longitudinal welding. It is stiffened 
by four diaphragms located under 
the diagonal connection points. 
A633 Grade D material is utilized 
here because A441 steel would 
make folding a much more delicate 
operation and would probably re
quire considerable pre-heating. 

Each tetrahedron module is fab-

ricated on two jigs. X-ray testing of 
all welds and a shop fit of adjacent 
modules also occurs prior to ship
ping to the site. 

The precast slabs were made 
with a concrete with a 28 day 
strength of 11,600 psi; however, 
only 8,700 psi was required by the 
design. The slabs are cast in 40' 
(full deck width) long segments 
and with a width varying from 
12.2' to 12.5' to accommodate the 
horizontal curvature of the ramp. 
The deck superelevation requires 
each slab to be constantly warped . 
Slab thickness varies, increasing 
from 5.5" to 8.7" at the floor beams. 

The biaxial prestressing of the 
slabs consists of 53-TI3 longitudi
nal pretensioned strands and two 
4-TI5 transversely post-tensioned 
tendons. 

The slabs are fabricated in a 
form located in the fill approaches 
to the bridge. The form is equipped 
to cast pairs of slabs between an
choring abutments for the preten
sioned strand. All slabs are cast 
with female shear keys and 
blockou ts for the connecting nodes. 
Following casting, the slabs are 
stored along the road alignment. 

Erection 
Alth ugh originally designed to 

be erected using an assembly 
beam, the contractor elected to use 
standard scaffolding founded in 
the river. 

During erection, each tetrahe
dron was supported under the 
floor beams by hydraulic jacks atop 
erection scaffolding. The jacks en
able very precise adjustments to 
the frame geometry to accommo
date the camber and supereleva
tion requirements of the deck. The 
bottom flanges of the tetrahedrons 
are penetration welded together 
following the placement of all the 
deck slabs in a span. 

The deck slabs rest directly on 
the floor beams with only a com-
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pressible joint material between 
them. Therefore, the floor beams 
and slabs together create the forms • 
for the final composite action 
pours. Once these pours achieve 
strength, the scaffolding can be re
moved and the span becomes self 
supporting. 

A longitudinal prestressing is 
applied at the conclusion of span 
erection. A total of five tendons are 
required and they run the entire 
length of the superstructure. Each 
tendon consists of 12 T15 strands 
each of which is sheathed in a 
greased duct. All twelve strands 
are then bundled into a common 
polyethylene duct, which is finally 
grouted. Deviations in the tendon 
profiles are achieved by metal 
pipes welded to locally strength
ened a reas of the floor bea ms and 
bottom flange. 

Future Applications 
The composite truss presented 

and used to construct the Roize 
Bridge is both lightweight-ap
proximately half that of an equiva
lent concrete structure-and very 
stiff in resisting vertical loads. • 

These favorable characteristics 
have led to applying this structural 
system to much larger spans, in
cluding cable-stayed structures. 
One such application was for the 
Normandy bridge in France where 
Jean Muller used this system in his 
proposed design of a cable-stayed 
bridge with a mainspan of 2,870'. 
The triangular cross-section of the 
composite truss makes it simple to 
widen the deck by placing parallel 
structures adjacent to one another 
and connecting together trans
versely the lower chord members. 
As a result, the Roize bridge is a 
prototype for the many applica
tions of this innovative structural 
system. 

Serge MOlltells alld Dauid 
O'Haga/l , P.E. , are strlle/llral ellgi
lIeers witlt J. MlIller IlItematiollalllM1 
Engilleers, IIIC., bridge strllctllral ellgi
lleerillg firms witlt offices ill Paris, Sail 
Diego, Tallahassee, FL, alld Chicago. 
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DEC K AND 

Custom Metal Deck 

U nited Steel Deck has en
hanced its ability to produce 

custom deck systems by network
ing with the affiliated companies of 

icholas ]. Bouras, Inc. Special fin
ishes, such as plasticol, or materials 
such as stainless steel, are being 
used to produce custom decks and 
panels that solve durability and en
vironmental problems caused by 
some industrial atmospheres. Spe
cial finishes combined with the roll 
forming and bending capabilities 
of United Steel Deck, lnc., can pro
vide solutions to most unique 
decking demands. 

For more information, contact: 
United Steel Deck, Inc. ( icholas]. 
Bouras, Inc.), 475 Springfield Ave., 
Summit, J 07902-0662 (908) 277-
1617; fax (908) 277-1619. 

LRFD Expert System 

T he Steel Deck Institute has re
leased a new expert design 

system, based on LRFD, for com
posite and non-composite beams 
and girders with steel deck. This 
software is part of the design Advi
sor expert system developed for 
the AISC and the 501 by Structural 
Engineers, Inc., of Radford, VA. 
Complete bay design as well as in
dividual beams and girders can be 
investigated and optimized for the 
least cost. Design tables in the 501 
format can be produced using any 
combination of material properties. 
Detailed reports are produced 
showing vibration analysis and 
provide stud spacing. Concen
trated loads and line loads can be 
applied in addition to uniform 
loading. Cost is $295. 

For more information, contact: 
Steel Deck Institute, P.O. Box 9506, 
Canton, OH 44711 (216) 493-7886. 

ITW Buildex 

The Autotraxx lCH Deck Fas
tening System is used to attach 

steel deck in a stitch or structural 
steel application. The system has 
two components: a stand-up tool 
that includes a screwgun, special 
fastener guidance ystem, depth 
sensitive nosepiece and unique 

BRIDGE PRODUCTS 

drive socket; and Traxx fasteners 
with an lCH (Internal Cone Head) 
design . 

The fasteners have either a 
Traxx/ 1 point for stitch applica
tions or a Traxx / 5 point for struc
tural attachments. The design al
lows the tool drive pin to engage 
securely with the fastener for con
sistent drilling. 

For more information, contact: 
ITW Buildex, 1349 West Bryn 
Mawr Ave., Itasca, lL 60143 (708) 
595-3549. 

Power Distribution 

W alker Division of Butler 
Manufacturing has intro

duced a new concept in PLEC dis
tribution for steel-framed build
ings-<me that combines the 
triple-service capaci ty and aes
thetic appeal of an in-floor system 
with the up-front economy of a 
poke-thru system. The new, low
cost Presource fll bottomless acti
vation modules are installed in a 
grid pattern on standard steel deck 
before the concrete pour, providing 
access to services in a predeter
mined pattern. Activation costs are 
deferred until the time of fit-out, 
and activations are accomplished 
in much the same way as with a 
poke-thru, except that no core dril
ling through structura l concrete is 
required. 

For more information, contact: 
Mary Williams, Walker, P.O. Box 
1828, Parkersburg, WV 26101 (BOO) 
222-PLEC. 

Fastening System 

H ilti Inc. has designed a new 
powder actuated fastening 

system for the fast, economical at
tachment of metal roof and floor 
decking. The OX 750 fastening sys
tem offers such features as single
handed operation, a power regula
tor and an optional fastener 
magazine. While 15% more power
ful than the OX 650, the new intro
duction is 10 lbs. lighter and can be 
used in temperatures ranging from 
-13 degrees to 113 degrees F. 11 also 
features a silencer to reduce noise 
levels. 

For more information, contact: 

Hilti Customer Service (BOO) 879-
8000. 

Bridge Decking 

G rid Reinforced Bridge Decks, 
comprised of both a fabri

cated steel grid and concrete, are 
lighter than traditionally reinforced 
decks and are still strong enough 
to withstand high traffic volumes 
over long periods of time (some 
applications are already in their 
sixth decade of service) . The Bridge 
Grid Flooring Manufacturers Asso
ciation maintains a computerized 
data base of grid related research 
and welcomes inquiries. The asso
ciation can provide design recom
mendations and also publishes a 
newsletter. 

For more information, contact: 
BGFMA, 231 South Church St., Mt. 
Pleasant, PA 15666 (412) 547-2660. 

Bridge Deck Form 

Epic Metals Corp. has intro
duced MAXSPAN BRIDGE 

DECK FORM, an entirely new con
cept in the design of permanent 
metal deck forms for bridge deck 
slabs. The forms are designed to 
accommodate today's wider girder 
spacing with greater efficiency at 
spans ranging from 10' to 18'. They 
provide a flat top surface, which 
reduces concrete usage and slab 
dead load. This results in allowing 
virtually all the concrete to contrib
ute to the structural strength of the 
slab. 

For more information, contact: 
Robert Paul, Product Engineer, 
Epic Metals Corp., Eleven Talbot 
Ave., Rankin, PA 15104 (412) 351 -
3913. 

PMD Form 

Bowman Metal Deck offers per
manent metal deck forms for 

bridge construction. According to 
the manufacturer, PMD forms offer 
three distinct advantages: time sav
ings; cost reduction ($4 / sq. ft. esti
mated savings compared to wood 
forms); and increased safety (in
stallation of a PMD form provides 
an immediate and safe working 
platform for all crews). In addition, 

Modern Steel Construction 1 September 1992/ 55 



PMD forms provide a lower cost 
means of using more widely 
spaced girders, which results in 
more cost effective steel framing. 
Some research also indicates that 
stay-in-place forms may slightly 
decrease deck cracking. 

For more information, contact: 
Bowman Metal Deck Division, 
ARMCO Inc., P.O. Box 260, Pitts
burgh, PA 15230-0260 (412) 429-
7560; Fax (412) 276-6057. 

Bridge Bolts 

Mid-South Bolt and Screw, a 
distibutor of all types of fas

teners for the structural steel indus
try, is a specialist in the manufac
ture of anchor bolts. The company 
has worked closely with several 
DOTs, the FHWA and various 
bridge fabricators to develop ex
pertise in fasteners for bridges. 
Mid-South supplies domestic bolts 
with full traceability, lot heat certi
fication, lot integrity and in-house 
testing. 

For more information, contact: 
Tim Weaver at (BOO) 366-BOLT or 
Randy Graves at (BOO) 251-3520. 

Inspection Walkways 

Heavy Duty Grip Strut bridge 
inspection walkways are sus

pended beneath bridge deck to en
able clos inspection of load-carry
ing members. The well-made 
catwalks span 24' openings with 
minimal deflection, which reduces 
the need and expense of extra sup
ports. Also, gravel, mud, snow and 
ice fall through large diamond
shaped openings. Choices include 
9,10, or 11 gauge grating with ser
rated or non-serrated steel, and 
widths up to 36" with 5" integral 
toeboards, which eliminate extra 
welding. 

For more information, contact: 
GS Metals Corp., R.R. 4, Box 7, 
Pinckneyville, IL 62274 (BOO) 851-
9341 or (618) 357-5353 inside lUi
nois. 

Bridge Analysis 

T he SAP90 Bridge Analysis 
Module from Computers and • 

Structures, Inc., enables the SAP90 
program to analyze bridge struc-
tures for the weight of moving ve-
hicle loads. The user only needs to 
specify the types of vehicle loads, 
the geometry of the traffic lanes 
and the desired combination of 
traffic loads with static and seismic 
loads. The program will generate 
influence lines for each frame ele
ment, and will automatically deter-
mine the most severe element 
forces throughout the structure 
due to placement of different vehi-
cle loads in different traffic lanes. 
Influence lines and the maxirnum
minimum envelope of element 
forces for each load case may be 
plotted; the maximum-minimum 
envelope for the combination of all 
case loads also may be displayed . 

For more information, contact: 
CSI, 1995 University Ave., Berke
ley, CA 94704 (415) 845-2177. 

LORR Siruciural Fasleners meellhe new 
FRWA guidelines for Bridge Bolls 
including rolalion capacity lesls. 

LOHR Fasteners make the 
grade every time! 

LORR Structural Fasteners, Inc. 
P.o. Box 1387, Humble, Texas 77347 

For Information Ph. 1·800·782·4544 
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Truss Analysis 

V ersion 4.2 of TRAP-jr., an MS-

• 
DOS-based product for truss 

rating and analysis is now avail
able from the University of 
Maryland's Bridge Engineering 
Software (BEST) Center. The pro
gram will perform an analysis or 
rating group loading of a simply 
supported or continuous span 
truss having up to six spans, in ac
cordance with the 1983 AASHTO 
Specifications and the 1984-88 In
terims. 

user-friend ly menu driven in put. 
Output is complete, tabu lar and 
well organized. The program will 
consider welded plate and rolled 
beam sections, non-composite or 
composite, continuous up to 10 
spans. Automatic live loading in
cludes HS and multiple user de
fined vehicles (which may be 
stored in a truck fi le). AASHTO de
struction and impact factors are 
computed but may be overridden. 
A Code Check is performed for 
both LFD and WSD. 

spans. An AASHTO Code Check is 
performed at each design point in
dicating compliance with specifica
tions. 

For more information, contact: 

• 

I~ 

For more information, contact: 
Pat Johnson, The BEST Center, 
Dept. of Civil Engineering, Univ. of 
Maryland, College Park, MD 20742 
(301) 405-2011. 

MERLIN DASH 

Version 4.5 of MERLIN DASH 
(Design Analysis of Straight 

Highway Bridge Systems) is now 
available from OPTI-MA TE. The 
program is fast with an extremely 

Also available is DESCUS On 
The PC For Curved Bridges. These 
programs are identical to the DE5-
CUS programs used for years by 
many state DOTs and consultants 
for the analysis and design of 
curved "I" and "Box" girder bridge 
systemS-<!xcept they run on 
386/486-based PCs rather than on 
mainframes accessed through 
timesharing. Live loading is auto
matic, structures may be skewed, 
bifurcated, non-composite or com
posite, and continuous up to 8 

Ollie Weber, OPTI-MA TE, Inc., 
P.O. Box 9097, Dept. A1, Bethle
hem, PA 18018 (215) 867-4077. 

Composite Steel 
Girder Design 

I n addition to existing capabili
ties for designing and rating 

multispan girders, Version 5.0 of 
MDX's AASHTO Composite Steel 
Girder Design program includes 
interactive graphical output for 
viewing and plotting stresses and 
deflections. MDX licenses both 
load factor and working stress ver
sions of its DOS-based bridge 
girder design programs. Qualified 
bridge design firms may receive a 
free four month trial. 

For more information, contact: 
MDX at (314) 446-3221; fax (314) 
446-3278 . 

OUQ COMPETITOQ& CL\LLED IT 
"MICKEY MOU&E" 

OUQ U&EQ& CL\LL IT 
Fi\&T, EFFICIENT AND PQOfflABLE 

OUQ COMPETITOQ&' U&EQ& CL\LL IT 
THEIQ NEXT PUQCHA&E 

&TEELCAD 800-456-7875 
DE&IGN INTEQfACE - DETAILING - PQODUCTION CONTQOL 
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STEEL MARKETPLACE 
AutoSTEEL 

AutoSTEEL illB 3-0 frame analysis program for steel structures. 
Specially developed for industrial plants, AutoSTEEL offers 8 

unique member re-sizlOg nod optimization capability. This 
enables you to group members for standardization and 

procurement, and lowers design COSLS. For more information, call : 
Engineering Design Automation 

1930 Shattuck Ave., Be rke ley, CA 94704 t 
ph: (51 0) 848-7080 fax : (510) 486·1245 

----- . 
Mulliframe--3D Structures for Macintosh 

Mu)tlframe otTers you 8 revolutIonary 8,?proach to structural onolY811 and 
desIgn, 80 eMY to use that you almoat won t need the manual 

Whether you create small , 'I1mple 8tructures or large, complicated 
strucluretl. youll ~ In control . 

Advanced modeling and visualization features let you explore more deSign 
alternative" more ql,lIckly 

ASD code checking and '0 built·1n AISC Steel Library glVe you faat, e88y 
access and more nexlbility in your detllgn, Internalional code checking and 
libraries are also aVRllable 

See For yourself. Call for a $20 working de mo. 
Graphic Magtc 

2· 1645 Eut ClifT Dr .. SUite 6, Santa Cruz. CA 95062 
Phone: (408) 464-1949 Fax: 14081464-0731 

Research Enginee rs, Inc. 
STAAD·lII/ISOS 18 the most powerful and versatile FRAME nnd FINITE 

ELEMENT. 2D13D Structural Analysis and Design 80ftware for 8teel, 
concrete. limber end aluminum structures per 8tandard U.S, and 
International OeKlgTl CodeB 

AutoSTAAD i, the most powerful. fully int.egrnted program to 

STAAD.IIIII. 50s that perfonns s.~' __ .... '"-~ I Draftmg. and £k.ltuilng inSide AutoCAD 
Call for htt'r&lure and demo (ofTer '8M-091 

Resea rch Engi neers, inc. 
1570 N. Bawvla; Orange. CA 92667 

Tel : 7141974-2500 Fax: 71419'74-4771 
See our ad on Pnge 7. 

~--

CUSTOM DECK SOLUTIONS 
We can provide custom designed deck for unusual applications. 

Long·spans, heavy loads. or specinllinishes are not new to us. Call 
us to provide on engineered design ror your unique needs. 

Nicholas J. Bouras, Inc. 
475 Springfield Ave. 

Summit, NJ 07902-0662 
ph: 908-277-1617 fax: 908-277-6789 

Free Software Catalog 
For Structural Steel Detailers & Fabricators 

Quality. Affordable· PC Software 
Steel Delailing with or w/out a CAD interface, 10 integrated 
calculator programs designed for detailers & chcckers,job 

estimates. bil ls of materials, length cutting lists, shipping lists & 
nesling. residential and light commercial structural design, 
analYSIS of continuous beams Isleel. wood or concrete). finite 

element analysis, project management, accounting. 
NES, Inc., P.O. Box 2014, EI Segundo, CA 90245 

800-637· 1677 (phone)· 310·546-7158 «(ax) 

CLASSIFIED ADS 

Reach 35.000 engineers, rabricators. architects, contractors, 
bridge officials and bUilding owners inexpensively WIth 8 

classified advertisement in Modem Steel Construction. It's rast 
and easy· ·we'll even do the typesetting for you at no charge. 

For ra te a nd placem ent inronnation, call : 
Marci Lynn Costantino or Greg Poland at (708) 679·1 100. 

Or tax the m a note a t (708) 679·5926. 
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ELITE BEAM COPING MACHINE • 
The CM·2044/3 Beam Profile Cutting Machine 18 the economical 

alternatIVe to much higher priced CNC machinery With the advantage of 
90'8 technology With over SO machine 80Id In 17 countn worldWide. and 
a price below $40.000,00. thiA machine not only prodUCf:8 all your end 
operation • • but also ean be used In place of 8 saw (or rut·to-Iength 
operation. We al80 sUxk a large quantity ofused equipment 

For further information, shop-layout and consultlnf( 8('rvlce8. contact 
ELITE EQUIPMENT [NC. 

P.O. Box 3417, Tus tin, CA 92681 
Tel: 7141569· 1050 Fax: 7141569·1009 

3D Bridge Analysis/Design Software-CBridge 
CBndge, the Syracuse University 3D AnalysislDe8ign ror curved 
or straight girder bridges, Includes graphic geometry generator, 

user-delined vehicle loads to 30 axles, AASHTO design, providing 
a rigorous 3D analysis ror both simple and complex highway and 

rail bridges. 
Telos Technologics 
1201 E. Fayet te St. 

Syracuse, NY 13210 
(3 15) 471-0113 

Advertiser's Index 
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The AISC Database contains properties 
and dimensions of structural steel shapes, 
corresponding to Part. 1 of the 1st edition 
LRFD Manual of Steel Construction and 
the 9th edition ASD Manual of Steel 
Construction. Two versions, onc in U.S. 
customary unit.8 and one in metric units, 
are available. Please specify. 

The computer database, in ASCII fonnat, 
contains W, S, M, and HP shapes, 
American Standard Channels (C), 
Miscellaneous Channels (MC), Structural 
Tees cut from W, M, and S shapes (Wf, 
MT, ST), Single and Double Angle., 
Structural Tubing, and Pipe 

An ex-planation of variables specified in 
each data field is included 8S are 8 BASIC 
read/write program and 8 sample search 
routine by whIch the database may be 
manipulated, and a routine to convert. the 
file to Lotus 1·2·3 format. Additionally, 
the metric version includes 8 text file 
which cross references the ASTM 
designations in 81 units to U.S. customary 
units. 

Available on 3" or 5" disk. $60.00 

Save urne! Have AlSC shapes drawn at 
your command with AlSC for AutoCAD 
(Release 10 and above). It draws shapes 
and lists properties corresponding to data 
published in Part 1 of the lst edition 
LRFD Manual of Steel Constru.ction and 
the 9th edition ASD Manual of Steel 
Construction . 

The program will parametrically draw to 
full scale the end, elevation, and plan 
views using the design dimensions of the 
shapes shown below. 

-~.- ... ~- .-

·I DOJ ' L 0 IJ 
, 1 0m .. T Orn 
. l orn .. T Orn 
.. I Orn 1fT om 
c [ DO ,nnxiQl DO 
" [ 0 0 "D OD 

Aoollable on 3" or 5" disk. $120.00 
AutoCAO •• regtllerecl ndemark WIN US Palent and 

Trademaftt 0th0I by Autodesk. Inc. 
AISC tor AutoCAO.I copyngtlled" the US Copyright 01· 

lICe by Bndgetarmer and Associates. Inc. 

AISC 
Software 

to place an 

T 

CONXPRT i. a knowledge based PC 
software system for steel connections. 
Expert advice from long-time fabricator 
engineers is used to augment the design 
rules. CONXPRT incorporates provisions 
to set dimensional and material defaults 
for a particular project or general shop 
needs. Additionally, CONXPRT is menu 
driven and incorporates help screens 
designed for easy usc. 
Module J: Shear Connectlona 
Available in either 1st edition LRFD or 
9th edition ASD formaL Designs more 
than 80 configurations of double framing 
angles, shear end plates, and single plate 
shear connections is possible. 
Module 1/: Moment Connections 
Available in 9th ed.ition ASD format only. 
Provides a set of four knowledge bases for 
the design of strong axis moment 
beam-t.o-<:olumn flange connections; direct 
welded, flange welded-web bolted, flange 
plate welded-web bolted, and flange plate 
bolted·web plate bolted connections. 

order call Additionally, a knowledge base for the 
, column side design of web stiffener plates 

(312) 67 0-2400~'::,i1;;I~I~~ ~?~·5i~ :.:;:'ofthe module. 
Module I ASD or LRFD 1300.00 
Module I ASD & Module I u/FD $550.00 

STEMFLRE determines safe and 
economical fire protection for steel beams, 
columns, and trusses. STEMFIRE i~ 
based on rational procedures developed by 
AlSI which extend the publi~hed UL fire 
resistive designs to other possible rolled 
structural shapes and common protection 
material requirements. For a required 
fire rating, STEM FIRE determines the 
minimum spray-on thickness for variou~ 
rolled shapes 88 well as the ceiling 
membrane or envelope protection for 
trusses. This methodology is recognized 
by UL and has been adopted by the three 
national model building codes in the USA. 

The software database contains all 
pertinent steel shapes and many listed 
UL Fire Resistance Directory construction 
details and fire ratings. In this manner, 
user search time is minimized and the 
design and checking of steel fire 
protection is optimil.Cd. Hence, 
STEMFIRE is easy to use with little input 
effort to quickly produce specific design 
recommendations. Two 5" disks 
containing executable software bearing 
AlSC copyright and a users manual with 
instructions and sample problems are 
included with purchase. 

Avodable on 5" disk only. $96.00 

Module /I ASD $400.00 

WEBOPEN is designed to enable 
engineers to qUlckly and economically 
design beam web openmgs. An expedient 
tool , WEBOPEN uses state of the art 
criteria and features a clear and logical 
data entry system with easy to use color 
coded input windows. Furthermore, 
WEBOPEN accesses a shape database 
allowing the selection of any W, S or M 
shape for use in the design procedure. 

WEBOPEN was written by practicing 
engineers for engineers and incorporates 
expert design checkB and warning 
messages which enhance the application 
of the AJSC Design Guide to specific 
design problems. Using this software, 
unrein forced or reinforced, rectangular or 
round openings, concentric or eccentric, in 
both composite and non-composite steel 
beams may be designed. The design is 
complete with stability and proportioning 
checks. Additionally. the design is 
optimized through user interaction during 
the design sequence. Included with 
purchase are the WEBOPEN program, 
the WEBOPEN Use ... Manual and the 
AlSC Design Guide Steel and. COfflp03IU 
Beams wtth Web Openmgs 

Available on 3" or 5" did. $495.00 
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