


A II joists and joist girders made 
by NCJ are furnished with standard 

camber. The amount of camber can be approximated 
by the equation: Yc = L2/ 2400, inches, where L is the span in 

feet. The word approximate is used because the final camber can 
be influenced by handling during shipping and erection. Non-standard 

SJI camber is an extra cost. 
Joist deflection under uniform load can be estimated by the simple beam formula , 

modified by 1.15 for trusses, Y, = 1.15 x 0.013 w L4(1728)/EIJ , where w is in pounds pe. 
foot, L is in feet, and E is in psi. IJ can then be found by working the equation backward 
with known values from the NCJ joist tables. 
The total downward movement is obtained by subtracting the camber from the calcu­
lated deflection. 

Example: A 24K4 Joist has a deflection limit (U360) load of 150 plf on a span of 36'. 

y, _ 36 x 12 _ 1.2" I _ 1.15 x 0.013(150)(36)4(1728) 187 Inches' 
360 J 29 x 106 X 1.2 

or, IJ could also be estimated by; 1.15 XO.85AyA
s
d2 

IJ - ___ ---'....!L_ 
(Ar + As) 

where AT is the top chord area, Inches'; A. is the bottom chOrd area, Inches'; and d is the 
distance between the centers of gravity of the top and bottom chords, In inches. 

The IJ could also be obtained (most accurately) by calling. NCJ (71 7) 568-6761. 
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NICHOLAS J . BOURAS, INC. 
475 Springfield Avenue, P.O. Box 662 

Summit, NJ 07902-0662 
(908) 277-161 7 

United Steel Deck, Int;. 
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® Grades 50 and 65. 
WIDE FLANGE & TAILOR - MADE BEAMS 

• High Strength, Low Carbon, Fine Grain, Weldable Without Preheating & Good Ductility. 

• Reduces Material, Handling, Transportation, Erection & Welding Costs . 

• Sectional properties are available on a free floppy disc (Lotus 1-2-3, Quattro Pro and 
ASCII versions for IBM, Excel for Macintosh) and the complete ARBED database is ready to 
use in the design softwares GTSTRUDL, [TABS, SAP90 A D STAAD-l1I. 

TRUSS APPLICATIONS 

• Sports !Arenas/Stadiums 
• !Ailp01ts (:J{angars ;'-TCnninals) 

• Convention Centers 

· 9Yl11nasill111S 
Sfiopping ::Y(alls 

• Casinos 

COLUMN APPLICATIONS 
All of the above PLUS: 

• :J{igfiJRise 13uildings 

• :J{ospita/s 
• :J{eavy Industrial ' Plants 
• 'Power 'Plants 

HISTA R® is a registered trade·mark o f ARB ED. 

For complete information, availability, literature and floppy disc, 
. tact one of our TradeARBED offices at the following locations: 
o 825 Third Ave., ew York, NY 10022. 1-800-272-3369, FAX (212) 355-2159. 

o 60 E. Sir Francis Drake Blvd., Larkspur, CA 94939. (415) 925-0100, FAX (415) 461-1624/8257. 

o 390 Brant Street, Suite 300, Burlington, Ontario, Canada L7R 4J4. (905) 634-1400, Fax (905) 634-3536. 

Please circle # 35 

1 

I 



MODERN STEEL 
CONSTRUCTION 
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F EATURES 

18 A N EW L INK A CROSS THE MissISSIPPI R NER 
A cable stayed bridge, with the cables arranged in 
a modified fan pattern, provided both an 
economical shallow deck structure and an 
aesthetic appearance 

26 R ibbon Of Steel 

34 

A twin trapezoidal steel box girder composite 
superstructure was the winning design in an 
international competition to select a replacement 
bridge in Maryland 

Sloping Legs Keep Bridge 
P ier s Above Water 

• 

Cable stayed bridges create a 
dramatic presence while also pro­
viding an economical solution. The 44 
story behind this Iowa bridge 
begins on page 18. 

Since the Occoquan Reservoir is a primary source 
of drinking water, it was essential for quick 
approval that a new bridge's piers be kept out of 
the water • 
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P OST-T ENSIONED Box G IRDERS 
The use of post-tensioned steel box girders on three 
bridges in Florida is expected to improve 
aesthetics without increasing costs while also 
enhancing long-term performance characteristics 
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• Think No.1 ... Think STAAD-III 
Competitive Upgrade Offer 

Here's how it works ... 

JfyOIl (Ire cllrrently "';lIg RJSA'. £TABS. 
SAP 90. STRUDl .. or ROBOT ... 

You may procure fllr.il!>l ... 

STAAD3·2D ;..m 195 
tDOS) 

AuloSTAAD ~ 195 . 01)1 
AD·J1J 300U 995 

ILnilmllcJ H"r 1111:111\1('\ 

bolh DOS &. \\1n..ltW, ,1 

STARDYNE ~5 995 
Il'nhmlled \tf \\,.000 ... " 

STAAD·J1J and ~5 $1595 
STA RDYNE r" .00"1 

lImited lime offer EXpires January 31, 1996 

Currenl copy of compelJlots software must be 

purchased before October 15. 1995 

Proof of purchase required 

Other Structural software users please call 10 
check If you qualify 

• RISA HIBS, S .. \P YO, ~rRl Dt liM ROBOT IJrt 

rr(l)ll'frJ ""JI'IfkJri.1 1>/ ,h, fI.'\~c/n, dnd(l~n 

Hhrld'sjinl (1m/most/rusted Fi",',e 
Elemelll So!nmre for MeclulIII('llllllld 
SlrllcflJral ell,~i"eers· si"ce 1968. 

TAAD-III 
A reputation you can build on 

USA • UK • GERMANY • FRANCE • CANAOA • JAPAN • CHINA • KOREA 
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Attention: SAP 90, ETABS, 
RISA, STRUDL, ROBOT Users 

You asked for itl. ... And we listened. 

You IOld u\ thaI you wnnl only the be,!. Why 
~ellie for le\'~? 

0 \1. you can ,witch 10 the very bC\1 for 
very lillie . Mler all. STAAD-Ill. chOi ce of 
50.000 plus englnee" \\orldwlde. hU\ 
been con\lldcntly ranh.cd #1 by all major 

andu "I lry \unc) \, And no"" you can 
procure STAAD-II I. STARDY E. and 
AUloSTAAD - RE\ \\ arid cla l< 
Io.tructural product\ . for only a 
fraction of the price. 

Release 21 Highlights 
• :\·61Imt\ fa'ier \\ollh 7S t ~,\ ,lunge 

• "COflI.:urrenll:.ngmecnn," ba!>Cd GU 

• On·llnt Manual and Tulonal~ 

• True 32 bit Windov.~.md "'1 \Cl'\lon .. 

~Research • c.c: Engineers, Inc. 
Headquarters: 
22700 Sa", Ranch , Yorba linda CA 92687·4608 
Tel (71 4)974-2500 Fax (71 4) 974-4771 ToU Free:j800) FOR·RESE 

Eastern Regional Office: 
865 Turnpike 51 North Andover, MA 01845 
Tel {5081688-3626 Fax (508) 685--7230 Toll Free: (lOa) 322·1487 

• SINGAPORE • TAIWAN • NORWAY • INDIA 



Eo ITO R I A L 

Editorial Staff 
Scott Melnick, 

Editor and Publisher 
Patrick M. Newman, P.E. 

Technical Director 
Charlie Carter, 

Senior Technical Advisor 
Jacques Cattan, 

Technical Advisor 

Editorial Offices 
Modern Steel Construction 
One East Wacker Dr., 
Suite 3100 
Chicago, IL 60601-2001 
(312) 670-5407 
Fax 3121670-5403 

Advertising Sales 
Facinelli Media Sales 
2400 E. Devon Ave., 
Suite 267 
Des Plaines, IL 60018 
(708) 699-6049 
Fax 708/699-8681 

AISC Officers 
Robert E. Owen, 

Chairman 
H. Louis Gurthet, 

First Vice Chairman 
Robert G. Abramson, 

Second Vice Chairman 
Robert D. Freeland, 

Treasurer 
Neil W. Zundel, 

President 
David Ratterman, 

Secretary & 
General Counsel 

Morris Carniner, 
Vice President, 
Finance/Administration 

Reserve Strength 
THE CHICAGO AREA LOST ONE OF MY FAVORITE LANDMARKS 

LAST MONTH. For many years, the Lindheimer 
Observatory stood guard on the lake shore on 

Northwestern University's campus. Unfortunately, it was a 
poorly maintained structure: its supporting steel frame was 
coated with a fl aking lead-based paint and the inside was insu­
lated with asbestos. Since the observatory no longer served a 
research function (there's a bit too much light pollution 10 
miles north of downtown Chicago in Evanston), the university 
opted-despite the considerable chagrin of much of the sur­
rounding community- not to spend the necessary $750,000 to 
renovate a building whose sole purpose would have been aes­
thetic. 

Instead, the school hired a demolition company to perform 
what initially looked to be a fairly simple task. Given the 
structure's fairly isolated location , controlled explosives 
seemed like a logical way to bring down the once g lorious 
structure. But despite its delicate appearance, stee l can be a 
surprisingly strong material. So the demolition company set its 
explosives, and 10 and behold, all they succeeded in doing was 
to bend some of the steel members. 

Not to be denied, the workers next decided to hook chains up 
to the structure and simply pull it down. But again, the effort 
was to no avail. Instead of pulling down the observatory, all 
they did was create the Leaning 'Ibwer of Evanston. 

Finally, they opted for the slow yet sure and disassembled 
the entire structure piece by piece. 

As we watched this comedy of errors unfold night after night 
on the local news, my wife wondered why they were having so 
much difficulty. What immediately crossed my mind was the 
stee l buildings that survived the Northridge Earthquake 
despite losing the integrity of many of their connections. Steel 
buildings have a remarkable reserve strength that isn't calcu­
lated in any design. The uncalculated strength comes from ele­
ments such as gravity framing, which actually provides some 
lateral strength. 

Designers don't often consider the reserve strength of steel, 
but it's a key advantage of steel structures and it's one of the 
reasons that you have to work awfully hard to bring a steel 
structure down. SM 
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I ie/ori(l, Te:ms 

hnagine ... a software system timt automatically gives you: 

-Shop Drawings - Labor for Estimating 
-eNC Data for Shop Equipment -Ordering & Invemory D:ua 
-Connection Design Calculations - Revision Managemem 

-Job, member status and much more 

With SDSI2 imagination becomes reality. You get details, estimates and 
ordering infonnation on every piece of steel in the job-right down to the nuts, 
bolts and washers. SDSI2 is the only comprehensive software .I) tem for every 
phase in the steel industry. With SDSI2, each phase of a project creates and stores 
infom13tion timt is integrated and utilized in the next project phase, eliminating 
costly data re-entry time. Project schedules, job status, drawing submittal! 
approval and erection planning can all be easily done using SDS/2. Whether 
you are an owner, engineer, fabricator or detailer, you will be able to see the 
money saving benefits of using SDSI2. 

Don't leave anything to the imagination on your next project. Call today for 
more information or to set up your own personal demonstration of the SDSI2 
products that include: 

'''" Estimatmg " .. CNC Interface 'M Englneenng DeSign 

1111 DeslgnLiNK " .. Production Control '''" Detailing 
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DE~l'f~DIIIIII 
"First in ... softvrJre, solutions, service" 
402-476-8278 or 1-800-443-0782 

e-mail: i1ifo@dslldllla.com 



STEEL QUIZ 

S
TEEL Q UIZ, A NEW MONTHLY 
FEATURE IN MODERN STEEL 
CONSTRUCTION, allows you 

to test your knowledge of steel 
design and construction. Unless 
otherwise noted, all answers can 
be found in the LRFD Manual of 
Steel Construction. To receive a 
free catalog of AISC publica­
tions, ci rcle # 10 on the reader 
service card in the back of this 
magazine. 

1. Physically , the U.S. custom­
ary shape series and metric 
shape series are identical , True 
or False? 

2. Cross-sectional dimensions 
and standard mill practice may 
be found in which of the follow­
ing documents? 

a) ASTM A36 
b) ASTM A6/A6M 
c) AlSC's Manual of Steel 

Construction 

Need Structural Design, 
Analysis and Drafting? 
Multi-Steel, the only complete structural software package 

for AutoCAD, lIows bidirectional associativity between your 
20 frame drawings and 3D structural models. 

And, Multi-Steel dlso offers: 
• Steel editing including 

notching and cutbacks 

• Parametric connect ion 
detailer 

• Matenallakt-OfT 

• Welding detail, 

• Stairs, handrails. 
platforms and ladders 

• Two-way link to 

Rebi,' OPTIMIZER 
structural frame 
analysis software 

Multi-Steel runs on 
AutoCAD Release 12 & 13 
for DOS and Windows. 

Call1-800-4REBISl today 
for a FREE demo diskl 

[llrebis. 
INDUSTRIAL WORKGROUP SOFTWARE 

Rebls 
1600 Rivier;a Avenue. SUite 300 

Walnut Creek. CA 94596 
Tel (5 I 0) 933 2525. Fax (5 I 0) 933 1920 
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d ) a and c 
e) band c 

3. An installed bolt with the 
point of the bolt flush with the 
face of the nut is acceptable, 
True or False? 

4. Which of the following meth­
ods for bolt installation is not 
recognized by the RCSC and 
AlSC? 

a) standard torque 
b) turn-of-nut 
c) snug-tight 
d ) calibrated wrench 

5. In which of the following posi­
tions can weld metal be deposit­
ed at the fastest rate? 

a) horizontal 
b) vertical 
c) flat 
d) overhead 

6. Which is more costly: a 114-in. 
fillet weld ten inches long or a 
1I2-in. fillet weld 5 inches long? 

7. If an extended end-plate 

• 

moment connection is specified • 
as slip-critical, the slip resis-
tance of the bolts at the tension 
flange must be reduced for the 
tension present, True or False? 

8. Which of the following factors 
is used to adjust for inelastic col­
umn behavior? 

a) K 
b) SRF 
c) m 
d ) n 
e) m and n 

9. In a partially composite beam , 
which of the following controls 
the flexural design? 

a) compression in the 
concrete 

b) tension in the sLeel 
c) compression in the steel 
d) shear strength of the 

shear stud connectors 

10. Which of the following truss­
es does not utilize djagonal mem­
bers? 

a) Pratt 
b) Fink 
c) Warren • 
d ) Vierendeel 

Ans wers on PAGE 13 
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S TEE L N T 
Stept Int erchange is an open forum for Modf'f"n S/eel 

Con~/ru('tlOn renders to exchange useful nnd practlcal profes· 
sional Ideas and lOformalion on all phases of steel building and 
bridge construction. Opinions and suggestions are welcome on 
Rny subject covered in this magazine. If you have 0 question or 
problem that your fellow readers might help you to solve. please 
forward it to Modern Steel ConstruC'tion. At the same time, feel 
free to respond to nny of the questions that you have read here. 
Please send them LO: 

Steel Interchange 
Modern Steel Construction 

One East Wacker Dr., Suite 3100 
Chicago, £L 60601-2001 

The following responses from previous Steel 
Interchange columns have been received: 

Are there special require m ents for the 
des ign of high-strength A325 or A490 bolts 
that are going to be in a high temperature 
area? 

N TM A325-89. paragraph 1.2 stated in part: 
" ... where elevated temperature applications 

re involved, Type 1 bolts shall be specified 
by the purchaser." 

However, this statement was removed from the 
1993 update of the specification. This statement 
was all too encompassing, and not knowing the 
actual application for the bolts, it was determined 
that this statement should be removed. It is possi­
ble that the user could place these bolts under tem­
peratures that may affect the physical properties of 
t he bolts. An example being that they were not 
designed to be used in high-pressure, high-temper­
ature service areas found in power plants. 

ASTM A490 specifications do not add ress the 
use of these bolts in elevated temperature areas. 

There are bolts manufactured for use in elevated 
temperature areas. 

Not knowing the specific application or d sign 
requirements the bolts are being used for; look into 
t he possibility of substituting these bolts with 
ASTM A193/A193M "Standard Specification for 
Alloy teel and Stainless Steel Bolting Materials 
for High-Temperature Service" and A TM A449 
"Standard pecification for Quenched and 
Tempered teel Bolts and Studs" 

Tom Lovick 
Industrial Steel 
Mims, FL 

If a W-shaped column is made up of three 
welded plates, how does one design the welds 

ERCHANGE 

Answers undlor question~ should be typewritten and doubl('· 
spaced. Submittals that have been prepared by word-proct's:,lOg 
arc appreciated on computer diskette (either ns n Wordpt'rfcct 
file or in ASCII (onnan 

The opmions expressed In Stf!f!lln/~f'('han8f! do not nt!Ceat.88r­
ily represent 8n official pOfHlion of the Amencan Institute of 
Sleel Construction, Inc. nnd have not Ix>en reviewed IllS recog­
nized that the design of s tructures is within the scope Bnd 
expertise of 8 competent licensed structural engmeer. orchltecl 
or other licensed professional for the application of pnnclpals to 
a particular structure. 

Informalion on ordering AISC publications mentioned in 
this article con be oblained by colling AISC at. 800/644·2400. 

connecting the plates together? 

I n general it is best to weld a long the full length 
of the web so one may ignore buckling of the 
individual elements. i.e. the web and flange. 

One must still consider buckling according to Table 
B5 .1, Limiting Width-Thickness Ratios for 
Compression Elements, from the LRFD Manual of 
Steel Construction. Assuming there is no moment 
introduced into the column onc should use the min ­
imum weld size given in Tables J2.3 and J2,4 of 
the LRFD Manual. 

If t he column is subjected to bending stresses 
which may be due to eccentricities or a lateral load 
the weld must be designed to transfer the load 
between the web and the flange like one would do 
for a beam. The shea r flow can be calculated using 
the formula: 

Shear Flow = VuQ kips 
I, m. 

The capacity of the weld is then calculated as: 
Continuous Weld Design Strength = ~R"" 

An example of this type of design can be found 
in Chapter 11 of Sa lmon an d J ohn so n , Stcel 
Structures. In most cases the minimum weld size 
will control. 

James D. PaLmer 
Butler Manufacturing Company 
Grandview, MO 

For a continuous trolley beam with multi­
ple spans and cantilevered ends what is the 
late ral unbrac e d length for the bottom 
flange? 

One answer published in the July 1995 issue 
suggests that the lateral unbraced length is 
simply twice the canti lever distance. A more 

complete an d exact solution to this problem is 
offered in a 3rd Quarter 1985 Engineering J ou rnal 
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paper by N. Stephen Tanner "Allowable Bending 
Stresses for Overhangi ng Monorails." By consider­
ing the ratio of the overhangi ng span to the adja­
cent interior span in developed equat ions, a less 
conservative answer may be computed. 

Nestor lwankiw 
AlSC, Inc. 
Chicago,lL 

When considering a point load on the 
standing leg of an angle, what provisions are 
there for determining the effective allowable 
member width? 

The following two articles will give a practical 
approach including fini te element study and 
the latter is a theoretical method fo r solving 

the problem of how to di stribute a point load on a 
shelf a ngle. 

Tide, R.H .R a nd No rber t V . Krogsta d, 
"Economkal Design of Shelf Angles," Proceedings, 
Symposium on Masonry: Design and Construction, 
Problems a nd Repa ir, Miami , FL, December 8, 
1992, STP 1180, May 1993, American Society for 
Testing and Materi a ls, Philadelphia, PA 

J aramill o, T.J ., "Defl ections and Moments Due 
to a Concentra ted Load on a Cantilever Plate of 
Infinite Length ." J ournal of Appli ed Mecha nics, 
Ma rch 1950, Am er ican Soci e ty of Mecha nica l 
Engineers, New York , NY 

R.H.R. TiM 
Wiss, Janney, Elstner Associates, Inc. 
Northbrook, IL 

Given a wall of sheet metal or plate sub­
jected to fluid pressure and stiffened by same 
size paralJel members spaced regularly, what 
section (or width) of the wall shall be used 
that contributes to the section of a stiffener? 
The stiffening member may be a flat bar, an 
angle, or a channel or any other section. 

The section of wall tha t contribu tes to the sec­
tion of a st iffener is defined by means of an 
effecti ve width be which shall not exceed: 

a) The geometri c condition , that is the di stance 
between center line of adjacent beams. 

b) The shear lag condition, which may be esti­
mated as 'I, of the effective beam span (length of 
posit ive moment a rea of the rib). 

c) The stabil ity condi tion of the plate between 
stiffeners (see "Specifica tion for the Design of Cold 
Formed Stee l Structural Members", AISI, 1986, 
B2.1). 

With the effective width so defined a verification 
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must be done of the resistance of welding between 
the sheet and reinforcement ("Co ligon" stresses), 
a nd possible buckling due to weld spacing in t he 
line of stress. 

Miguel A. Vades Traian 
Buenos Aires, Argentina 

N EW Q UESTIONS 

Listed below a re questions t ha t we would like 
the readers to answer or discuss. 

If you have an answer or suggestion please send 
it to the Steel Intercha nge Edi tor, Modern Steel 
Construction, One East Wacker Dr., Sui te 3100, 
Chicago, IL 60601-2001. 

Ques tion s a nd responses will be printed in 
fut ure editions of Steel Interch a nge. Also, if you 
have a question or problem tha t readers might 
help so lve, send t hese to the Steel In tercha nge 
Editor. 

Is there any criteria, except direct field 
measurements by drilling holes, to determine 
the percent loss of capacity in steel bridge 
members due to weather exposure for the 
purpose of rating the truck capacity of 
bridges. 

Mike Alomari 
Wayne County 
Sterling Heights, MI 

Where should a control joint be located in 
a composite large composite floor? Should it 
be located over the top of either the girders 
or the beams? What happens to the strength 
of the shear studs if the concrete cracks over 
the shear studs? Does this crack go all the 
way through the slab to the top of the steel 
beam? 

Can any beam be cambered without heat­
ing? Is there a slenderness li mit for the web 
to prevent buckling of the web while cold 
cambering? 

Is it acceptable to either mechanically gal­
vanize or hot d ip galvanize high strength 
bolts? Are there different requirements for 
the installation depending on how the bolt is 
galvanized? 

• 

• 

• 



Join The Wasser Revolution! 
ISte'" using 2-part epoxies, 2-part 
urethanes and inorganic zincs. 
After 40 years, it's time to move to 
a coating system that's far better. 
Wasser has revolutionized the 
industry. Join Us! 

BRI AND LEAD OVERCOAT 

ASTORIA BRIDGE, OREGON COAST · Hundreds 
of bridge proleets In environments like Oregon's 
coast, prove Wasser outperforms all other coatings. 

NORTH POLE ALASKA - Painting continues 
on these sludge beds, while standing in snow. 
Wasser outperforms epoxy coatings on these 
demanding projects . 

1. Industry's BEST Corrosion Resistance 
2. Single Component. 
3. No Application Restrictions for Humidity, 

Dewpoint or Temperature (20 F) 
4. World's Largest Producer of Single 

Component Moisture Cure Urethanes. 
North America's Largest Manufacturer of 
Micaceous Iron Oxide Coatings. 

UTILITI DAMS AND LOCKS 

PRIEST RAPIDS DAM, COLUMBIA 
RIVER - Wasser has been chosen for their 
superior performance by agencies 
throughout the world . 

PULP AND PAPER 

CHIP CRANE, ROSEBURG LUMBER 
- Wasser Coatings allow perfect results 
in outdoor winter painting or indoor 
painting on paper machinery, for 
virtually every paper company. Imag­
Ine, immersion after only minutes, and 
superior performance. 

FOR FREE VIDEOS 

Call 800-MC-PAYNT 
For Information About Wasser 
Circle Reader Response #50 

Wasser, the Leader of the Coating Revolution! 



Wasser Coatings Aren't Just Better ... They're A Lot Better 
Look What Experts Are Saying .... 

·Wasser's system 
outperformed every 

high performance 
coating system even 

when applied on poorly 
prepared surfaces. It 

has solved our state's 
bridge painting 

problems." 
• State Highway 

Report 

'This IS Alaska paint. It 
would be crazy to use 

anything else but 
Wasser In this 
environment' 

• Alaska Coating 
Inspector 

'Our tank painting 
project was delayed for 
months because of the 
humidity. With Wasser, 

we finished In 
three days." 

• Hawaiian Contractor 

'We can't say enough 
about the MC-Tar. It 
saved our tall on our 

clarifier tanks. We 
would stili be painting 

with the epoxy' 
• Paper Mill Engineer 

'We are very pleased 
with Wasser for lead 

overcoatlng. Everyone 
IS calling It 'steel on 

steel'. Wasser solved 
our overcoat 

problems.' 
• Highway Official 

HIGH'TECH COATINGS 

Call 800-MC-PAYNT 

"We used the Ice as 
scaHoldlng In 22' tide 
and painted down to 
within four Inches of low 
tide. Four years later, 
the coating IS slill 
perfect on these 
pilings." 
• Alaska Contractor 

' We coated the Intenor 
areas in 99°/0 humidity 
and the performance IS 
perfect after five years. 
We'll never use 
anything else.' 
• Army Corps Locks 

'If It wasn't for Wasser, 
we would slill be out 
there trying to get that 
darn inorganic 
zinc to work. M 

• Bridge Engineer 

'Wasser IS the answer 
to all our field palnllng 
probtems. We'll never 
use epoxy again' 
• Waste Water 

Engineer 

'Wasser beat every 
other coaling in our 
tests, and contractors 
love them." 
, Paper Mill Engineer 

World Leader in 
Single-Component, 
Moisture-Cure 
Urethane 

The Best Coatings in the Industry are also the Easiest to Apply! 
CIRCLE #50 ON SERVICE CARD 





Fo nate 
omePeo 
Never • 

Lukens remainscommined to the is reduccd structure weight. making con- specifications - up to 127 feet long 
only bridge construction material with struction easy and cost effective. and over 16 feet wide. 

a proven track record - steel. 
Steel hridges built over a century 

ago remain vital links in our nation's 

highway system. And just as todais 
bridge designs are better than ever. so 
is the steel that makes them possible. 

With more grades and higher 
strength levels avai lable. steel offers 
unsurpassed design flexibility. The result 

Weathering steel and modern 
coating systems provide increased 
longevity. And a steel bridge·s struc­
tural condition can be reliably inspected 
for years. 

Lukens· commitment to steel 
bridges is b;,cked by modern steel­
making facilities that produce the full 
line of s tructural quality plate steel 

Please circle # 58 

Consider steel. It's got a lot more 
to offer. For a lot longer. 

The Specialist In Plate Steels. 

I uhn~ Rep. I \ Pal ill. IM Otf C I"'J.41 ulcn~~«1 
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STEEL QUIZ 

The answers to this month's 
steel quiz are as follows: 

1. True. Because our current 
shape series is one of the most 
efficient in the world, and 
because the inch-series dimen­
sions are nominal (e.g., a W14 is 
not exactly 14 in. deep), the met­
ric series is simply a soft conver­
sion of it. Refer to AlSC's Metric 
Properties of Structural Shapes. 

7. False. Because the tensile and 
compressive flange forces are 
equal, any loss of slip resistance 
adjacent to the tension flange of 
the beam is compensated for by 
an increase in slip resistance 
adjacent to the compression 
flange. 

8. b. The stiffness reduction fac­
tor SRF is used to adjust G for 
inelastic behavior. 

9. d . The flexural strength of 
partially composite beams is con­
trolled by the shear strength of 
the shear stud connectors. 

10. d. A Vierendeel truss uti­
lizes chord and vertical members 
without diagonals. Therefore , 
unlike other ideal trusses, 
Vierendeel truss members must 
also transmit member forces due 
to bending. 

2. e. ASTM A6/A6M is the slan- r-;;;;;~;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 
dard which specifies cross-sec-
tional dimensions and standard 
mill practice for rolled shapes. 
AISC ' s Manual of Steel 
Construction incorporates this 
information in Part 1. 

3. True. RCSC Specification 
Commentary Section C2 defines 
full thread engagement as "hav­
ing the end [pointJ of the bolt at 
least flush with the face of the 
nut." 

4. a. Both RCSC and AlSC dis­
courage use of a standard uncali­
brated torque value. Such an 
uncalibrated value may be too 
high and break well lubricated 
bolts or, more importantly, may 
be too low and result in under­
tensioned bolts if the thread 
lubrication is poor or the threads 
are dirty or corroded. Therefore, 
if torque is to be used, it must be 
calibrated according to RCSC 
Specification Section 8(dX2). 

5. c. Welding in the flat position 
allows the fastest deposition rate 
and therefore is the most eco­
nomical welding position. 

6. At first glance these welds 
seem to be of equal cost because 
they are of equivalent strength. 
However, because the volume of 
weld metal is proportional to the 
square of the weld size, the I/,- in. 
weld uses twice as much weld 
metal as the 1/, _in . weld . 
Additionally, a 1/,_in. weld will 
require multiple weld passes. In 
the end, the same strength will 
cost more than twice as much 
with the I/,- in. weld. 

'V 
VaLMONT 

TULSII 
ASTHETICAlLY 

o\PPEAlING 

PROPERTIES TAILORED 
TO SPECIFIC NEEDS 

Custom Tubular Sections 
Made To Your Specific 

Shapes & Sizes 
EXCelLENT TORSIONAL 

PROPERTIES 

EXCELLENT 
COLUMN STRENGTH 

LARGE SIZES 
14 T030 

SOUARES 

RECTANGLES 

""'" WoW. 
tHtCl(H(SS M". 51'1' 

• Sizes up to 30" square • Section properties 
available on request • No minimum order size 

VALMONT TULSA' p.o. BOX 2620' TULSA, OKLAHOMA 74101 
ATTN: GARY HANEY' CALL TOLL FREE: 1-1100-331-3002 
Please send additional information about custom lubular sections. 

NAME __________ TITLE ___ _ _____ _ 

FIRM ______________________ _ 

ADDRESS ____________________ _ 

CITY __________ STATE _________ _ 

PHONE __________ ZIP __________ _ 

Please circle # 106 
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199& 
National 
Steel Construction 
Conference 

Where the Sleel Team Meels ... 
An upanded educalianal 
program - six tracks dedicated 
ta management, technalagy, 
enginnring and fab r icatian 
issu.s - raund aut thre. infal'­
malian-filled days af Ieeming. 

E ><pand your knowledge . . netwnrk with 
steel construction industry professionals 

from around the world . . view the latest 
products and services for the industry in 
an expanded expo area . . Ifs all a part 
of the 199B National Steel Construction 
Conferenca, March 27-29, at the Phoerux 
ConV1lntion Center, Phoenix, Arizona. 

Educational tracks cover tOP'CS such as 
connections causmg severe erector problems; 

C7D l wanlta 

_ Hend the 

1996 National 

51001 ConslnacliAln 

Canf ... enc • . 

S.n . ... 

registration 

infonnatiDft. 

tID Computer Track 

tID Erection Track 

Fabrication Track 

erection cost basis, architectural 
fabrication; welding code reorganization, 
quaIilications and equipment; ele_nic 
information tlXchange for project design 
and status, e-mail and the fabncator; process 
industry practicesj material management; 
learning from Northndge composite design 
issues; communication of LRFD load 
information to the fabricator; efJectiV1l 
specification, contract documents 
and geners! notes, and much more. 

Construction Management Track 

Engineering Management Track 

Engineering TlIchnicai Track 

If there's one industry gathering you're sure 
to a«end, make it the 199B National Steel 
Construction Conference, March 27 29, at the 
Phoenix ConV1lnbon Center, Phoenix, Arizona 
For more information, complete the coupon 
below and FAX or mail it to: 

Amenean lnstJtuta of Steal Construction Inc. 
I East Wacker Dr., Ste. 3100 

C1ucago, fL BOBOI 2001 
Phone: 312 'B70 5422 

FAX: 312 B70-5403 

N~ _____________________________________________ ___ 

~mpmy _____________________________________________ _ 

n~ __________________________________________ ___ 

Addr..s iHo PO ... _ _______________________ _ 

C>ly 'St. t" ZIP _________________________________________ _ 

~ru.FAX _________________________________________ -=== 
HSCH -

• 

1996 NAnONAl STEEL 
COOI!TIUCTIOII (OIIIJIJKI 

frUltH '11 29 I'" 
rtlOEMl1 (OmIfIOI emu 
'"Oflill . AlIIOU • For easy registration, call 1-800-787-0052, ext. 110 

Sett ng Standards for Over 7 0 Years 
Please circle # 4 
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NATIONAL STEEL CONSTRUCTION 
CONFERENCE EXPANDS SCOPE 

SIX TRACKS WILL BE OFFEREIl AT 
NEXT YEAR'S NATIONAL STEEL 

CO:-1STRt:C'J'ION CONt·EREM·E. New 
in 1996 will be sessions on com­
puters and erection . In addition, 
specialized tracks will be offered 
on: engineering-technical; engi­
neering- management; fabrica­
tion; and construction manage­
ment. 

"There was a lot of enthusi­
asm generated last year when 
we first introduced specialized 
tracks: explained Franklin B. 
Davis, chairman of AISC's NSCC 
Committee. "The two new tracks 
are designed to continue and 
expand on that excitement. 

"There has long been a feeling 
in the engineering consulting 
community that the erection of 
steel buildings has not received 
as much attention as it should. 
Adding a track on erection 
should help bring some key 
issues to the forefront . And 
adding a computer track is a nat­
ural for the show, given its wide 
attendance from all segments of 
the steel industry. The advances 
being made in software have 
been tremendous during the past 
few years. The NSCC is an ideal 
forum where the user and the 
producer can get together to 
interface for the benefit of all 
parties: Davis concluded. 

The 1996 Conference wi ll be 
held in Phoenix on March 27-29. 
Hot seminar topics include: 

• "Selection of Bolted Joint 
Criteria" with Robert O. Disque, 
a former long-ti me AISC engi­
neer and currently a consulting 
engineer with Bes ier Gibble 

orden in Old Saybrook, CT, 
and Michael A. Gilmor of CISC 
and current chairman of the 
Research Council on Structural 
Connections; 

• "Industrial Building Design" 
with Jules Van de Pas of 
Computerized Structural Design 
in Milwaukee, Duane Ellifrit of 
University of Florida, and Bob 

1996 NATIONAL STEEL 

CONSTRUCTION CONFERENCE 

MA RCH 27 -29,1996 

PHOENIX CONVENnON CENTER 

PHOENIX , ARIZONA 

MacCrimman of Acres 
International, Niagara Falls, 
Ontario 

· "Bar Coding-Fabrication 
Shop Connections" with Richard 

Bushnell of Quad II , Shalfont, 
PA 

• Computer Program Usage 
(MathCAD and Beyond) 

• Problem Connections 
• "Architectural Fabrication : 

What is Involved" with David 
Sailing of Zalk Josephs, 
Stoughton, WI, and Jim McCrae 
of Nieder Hauser, Salt Lake 
City 

• "How to evaluate Detailing 
Software" 

• "Steel Erection Awareness" 
In add ition to more than 30 

technical sessions, there will be 
an exhibit hall with nearly 70 
product exhibitors. The sessions 
qualify for CEU credit and time 
also is available for extensive 
ind ustry netwo rking. Also, an 
extensive package spouse/family 
activities are scheduled. 

As an added benefit, AISC 
will offer a Short Course on 
Bolting on Saturday, March 30, 
1996. The course is separate 
from the National Steel 
Construction Conference and 
requires a separate registration. 

To receive an information and 
registration packet, please call 
8001787-0052 ext. 110. 

CAll FOR PAPERS: 

NATIONAL STEEl BRIDGE SYMPOSIUM 

THE NSBA NATIONAL STEE L 
BRIIlGE SnlPOSll~I, to be held 

in Chicago in the Fall of 1996, 
brings together design and engi­
neering professionals , FHWA 
and Department of Trans­
portation Officials, fabricators , 
erectors and contractors to dis­
cuss and learn about state-of­
the-art bridge design, fabrication 
and construction techniques. The 
Symposium includes workshops, 
lectures , technical sessions and 
the prese ntation of the AISC 
Prize Bridge Awards. 

If you are interested in sub­
mitting a paper on bridge design, 
fabrication or erection, or on any 
aspect of an innovative bridge 
project (painting, welding, con­
nections, bearings, etc.), send a 
short summary or abstract to: 
Fred Beckmann, AJSC Director 
of Bridges, American Institute of 
Steel Construction, Inc., One 
East Wacker Dr., Suite 3100, 
Chicago, IL 60601-200](fax: 
312/670-5403) by December 15, 
1995. 
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STEEL JOIST 

SPECI FICATIONS 

Tm; STEEL JOIST INSTITLTE'S 
40TH ElllTION OF "S l' ErIFI­

CATIONS, LOAD TABLES AND 
WEIGHT TAIILt:S' is now avail­
able. The 96-page catalog 
includes new stability require­
ments, specifications and load 
tables for the all-new KCS JOIst, 
fire resistance ratings, metric 
units, and a one-page method for 
converting the load tables for use 
with Load and Resistance Factor 
Design (LRFD). 

Copies of the catalog are 
available for $20 (or $30 outside 
the U.S.), including shipping and 
handling. 

For more information, contact 
SJI, Suite A, 1205 48th Ave. N. , 
Myrtle Beach, SC 29577; 
803/449-0487 or circle no. 54 on 
the readers service card in the 
back of this magazine. 

UPCOMING 

CONFERENCES 

• ASCE tructures 
Congress 
Chicago 
April 15-18, 1996 
(Includes more than 100 
technical sessions and 
combines several specialized 
conferences: Council on Tall 
Buildings and Urban 
Habitat; Structural StabiHty 
Research Council; ASCE 
Committee on Analysis and 
Computation) 
Contact: ASCE at 2121705-
7496 

• 1996 FHWA-AASHTO 
National Metric 
Conference 
Radisson MetroDome, 
Minneapolis, MN 
April 15-18,1996 
Contact: Bob McPartlin, 
MNIDOT, 6121296-4337 

• Structural Steel­
Developing Africa 
Johannesburg, South Africa 

August 13-15, 1996 
Contact: SAISC, 7th Floor, 
Metal Industries House, P.O. 
Box 1338, Johannesburg 
2000, South Africa; 0111838-
1865; fax: 0111834-4301 

• Semi-Rigid Structural 
Connections 
Istanbul, Turkey, 
September 25-27, 1996 
(Colloquium will include 
connections in steel, 
concrete, composite, timber 
and masonry; reports of the 
pan-European COST C! 
project; and links between 
research findings and their 
practical applications.) 
Contact: Reidar Bjorhovde, 
Department of Civil and 
Environmental Engineering, 
University of Pittsburgh, 937 
Benedum Hall, Pittsburgh, 
PA 15261-2294; 
4121624-9876; 
e-mail: bjorh@civ.pitt.edu 

UPDATED BRIDGE 

WELDING CODE 

ANEWL, UPDATt II "BRllH,F 
WbLOINt, CODE (ANSIIAWS 

01.5-95)" is now available from 
the American Welding ociety. 
The specification, prepared in 
conjunction with AASHTO, 
describes the welding require­
ments for welded highway 
bridges made from carbon and 
low-alloy steels. The 220-page 
document costs $96 and includes 
a means to regulate welding in 
steel construction, a section of 
added rules for bridges and 
requirements for fabricating 
fracture critica l structures. In 
addition, it contains infonnation 
on workmanship , specific 
processes, qualification, inspec­
tion and statically loaded struc­
tures. 

For more information, contact 
AWS Order Department, 550 
NW LeJeune Road, Miami, FL 
33126; 800/334-WELD or circle 
no. 122 on the reader service 
card in the back of this maga­
zine. 
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BOLTING TIPS 

THE INDUSTRIAL FASTENERS 
INSTITUTE OFFERS A 15-PAGE 

BOOKLET on "Ensuring 
Assembly Integrity : Tips for 
Specifiers, Buyers and 
Installers of Mechanical 
Fasteners. " The publication 
offers information on: 

• specifying quality fasteners ; 
• qualifYing vendors; 
• reducing costs; 
• recognizing quality; 
• maintaining lot integrity 

and traceability; 
• following safe, responsible 

maintenance practices; and 
• finding help when you need 

it· 
Acco~ding to the booklet, 
"Despite efforts to legislate pro­
tection for the responsible pur­
chaserluser of fasteners, there 
is still ample opportunity for 
confusion- if not outright 
fraud-in the marketplace . 
There is really only olle certaill­
ty: you, the buyer or user of fas ­
tellers, are ultimately respollsi­
ble to ensure that the right 
fasteller is specified and that Ihe 
specified fastener is delivered 
and installed correctly." Among 
the many examples given in the 
booklet is that of the confusion 
between Grade 8 and Grade 8.2 
bolts. 

Copies of the booklet are 
available for $3.75 each. with 
discounts available for quanti­
ties of 26 or more. 

Also available is the Fastener 
Application Advisory newslet­
ter. The newsletter, aimed at 
those who specify or purchase 
mechanical fasteners, offers a 
wide variety of information, 
ranging from an FAA probe of 
bogus bolts to information on 
hydrogen embrittlement. 
Subscriptions to the are $89 for 
the first copy, with discounts 
for additional orders. 

For more information , con­
tact the Industrial Fasteners 
Institute, East Ohio Building, 
Suite 1105, 1717 East Ninth 
St., Cleveland, OH 044114-
2879; 216/241-1482; fax: 
2161241-5901. 

• 

• 
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THE DECKING 
Is STACKED 
IN YOUR FAVOR. 
All the types of premium steel decking 
you need, rolled to your specific job 
requirements. Delivered where you need 
it, when you need it. From six strategically 
positioned manufacturing/service locations 
throughout the nation: 

• Beech Bottom, West Virginia 
• Gary, Indiana 
• Lenexa, Kansas 
• Houston, Texas 
• Fort Payne, Alabama 
• Wilmington, North Carolina 

Wheeling Corrugating is growing, and our 
expanded production capacity allows us to 
provide you with unsurpassed service, 
delivery scheduling and coordination. 
For more information on Wheeling's full 
line of steel decks and our network of 
service capabilities, give us a call today 
at the following sales offices: Wheeling, WV, 
304-234-2300; Lenexa, KS, 913-888-4900; 
Houston, TX, 713-674-6737. 

o 
Wheeling Corrugating Company 

~89ii~-'''''---'''''~ 
C r=n . ~. 

Please circle # 99 ---



BRIDGE DESIGN 

A NEW LINK ACROSS THE 

MISSISSIPPI RIVER 
A cable stayed bridge, with the cables arranged in a 
modified fan pattern , provided both an economical 
shallow deck structure and an aesthetic appearance 

By Ernst H. P e tzold, P .E. 

By THE MID-1980s-DESPITE 
A NUMBER OF EFFORTS OVER 
MANY YEARS AT REINFORCING 

A,'<D MODIFIYING THE STRUCTURE­
it was obvious that a replace­
ment was required for a vintage 
1917 Mississippi River crossing 
at Burlington, lAo In 1984, the 
Iowa and Illinois Departments of 
Transportation initiated a study 
by Sverdrup Corporation of St. 
Louis to investigate replacement 
alternatives for the MacArthur 
Bridge. 

The design study developed 
into the preparation of final 
plans and specifications by 
Sverdrup for both steel and con­
crete alternatives for the cable 
stayed main spans and girder 
approaches and also included 
extensive modifications to the 
Burlington Interchange . The 
steel main span option was the 
alternative selected for construc­
tion . 

CABLE· STAYED BRIDGE DESIGN 

The bridge is asymmetric with 
a 660-ft main span and a 405-ft. 
side span. A third 180-ft. long 
span is also part of the cable 
stayed section. The cables are 
arranged in a modified fan pat-
tern, which provides a compro-
mise between the efficiency of 
the pure fan arrangement and 
the practical and aesthetic char­
acteristics of a harp arrange-

• 

• 

ment. To permit the use of a 
shallow deck structure, which is • 
both economical and attractive, 
the system consists of a relative-
ly large number of cable stays. 
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In the transverse direction the 
two essentially vertical planes of 
cables are supported by the 'H' 
shaped tower. 

The deck of the cable stayed 
unit is extremely simple and 
straightforward. It consists pri­
marily of steel edge girders at 
about 84-ft. centers, steel floor­
beams at 15-ft. centers and pre­
cast concrete deck panels . This 
system is a composite one where 
the concrete deck participates 
with both the floorbeams (princi­
pally in resisting live load bend­
ing moments ) and with the edge 
girders (in resisting mainly dead 
and live load axial thrusts). The 
concrete deck also functions as a 
diaphragm in resisting lateral 
loads. Longitudinal post-ten­
sioning is used to provide suffi­
cient capacity for the deck to 
span between floorbeams. The 
post-tensioning is done prior to 
effecting the composite connec­
tion with the edge girders to pre­
vent the undesirable transfer of 
the imposed axial force to the 
steel girders. 

A W16 strut under the median 
barrier is included in the deck 
system as a construction expedi­
ent. The precast deck panels are 
initially supported on leveling 
screws bearing on the edges of 
the floorbeam flanges. During 
placement of the panels it is pos­
sible, therefore, for the floor­
beams to be subjected to signifi­
cant torsional moments . The 
central strut resists this torsion­
al effect by creating a couple 
between adjacent floorbeams. 

The basic edge girder c'eck 
arrangement extends from Pier 
MSI to the hinge near Pier MS3. 
The suspended span between 
this hinge and Pier MS4 is a con­
ventional multiple steel girder 
layout with a composite cast-in­
place deck slab. A box girder 
floorbeam at the hinge picks up 
the reactions from the multiple 
girder system and transfers 
them to the edge girders at this 
location. 

The vertical cables are in the 
same plane as the edge girder 
webs . This arrangement elimi­
nates the generation of primary 

\. PI ER 1.62 

STU IW 

TE"'O'UA' SlP'ORTS 

ERECT I ON STAGE I - FIELD SECTION 0l 

l PI ( R WSt 

l Pt ER "53 

ERECTION STAGE 2 - FIELD SECT I ONS CD-@ AND@-@ 

ERECTION STA GE J - FI ELD SEC TIONS (i)-(6) .@ 
AND SUSPENDED SP AN 
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Cable end 
connections 
were assembled 
to the already 
erected edge 
girders and 
included a tem­
porary deviator 
for use during 
installation of 
the cables 
(right). 

During the 
cantilever eree· 
tion fo tlte main 
span, tlte con­
tractor provid­
ed additional 
stability by the 
use of tempo­
rary support 
bents in the 
side span (top). 

torsional moments in the edge 
girders. The cables are dead­
ended at the deck level; all jack­
ing is done at the tower. The 
deck connection is made via mul­
tiple sets of steel plates which 
transfer loads from the girder 

web to the cable. The steel 
plates pass through blockouts in 
the concrete deck, around the top 
flange of the girder and are con­
nected to the girder web using 
two W14 sections. 

The tower is of reinforced con-

20 I Modern Steel Construction I November 1995 

crete with post-tensioning being 
used in the cable stay anchorage • 
area. The tower legs and strut 
are box sections with wall thick­
nesses of about 30 and 15 inches, 
respectively. In the transverse 
direction the tower acts as a 
moment resistant frame. The 
strut dimensions were selected 
to optimize this frame action. In 
the longitudinal direction the 
tower acts as a free standing 
cantilever with some elastic sup-
port offered by the cable stays. 
Since the tower end of the stays 
is the jacking end, the interior of 
the anchorage area was sized to 
permit the necessary jacking 
equipment to be placed and oper-
ated. 

The cable stays consist of 0.6-
in.-diameter epoxy coated pre­
stressing strands contained in a 
grout -filled polyethylene (PE) 
pipe. The exterior of the pipe is 
wrapped with a light colored 
tape after grouting is completed. 
The stays are anchored in a 
matrix of epoxy resin, zinc dust 
and steel balls contained within . 
a forged steel socket. To allow 
the steel balls to grip the metal-
lic element of the strand directly, 
the epoxy coating is removed in 
the socket region. The epoxy 
resin/steel ball anchoring 
method was selected for this pro-
ject for its favorable fatigue char­
acteristics and due to the fact 
that it permits full prefabrica-
tion of the stay. Prefabrication 
of the stay can be done in an 
enclosed shop, thereby assuring 
maximum environmental protec· 
tion and thorough inspection 
during fabrication. 

DESIGN ISSUES 

The idealized cable stay sys­
tem Can be thought of as a com­
bination of compression struts 
(the deck and tower) and tension 
ties (the stays). Maximum econ­
omy is achieved by minimizing 
the dead load bending moments 
in the compression elements of 
the system. The deck moments . 
are minimized by balancing the 
deck dead weight against the 
vertical component of each cable. 
This balancing is accomplished 



", 

• 

• 

• 

by appropriate cable geometry 
which effectively reduces the 
cable support points along the 
deck to rigid supports (vertically) 
for dead load. The tower dead 
load moments are minimized by 
balancing the vertical loads left 
and right of the tower centerline. 
The 405-ft. s ide span does not 
totally balance the weight of the 
660-ft. main span, however. The 
weight of the anchor pier (Pier 
MS3 ), which is developed by the 
use of appropriate hold-downs, 
and the reaction of the suspend­
ed span on the hinge account for 
the remainder of the necessary 
force . 

Due to the importance of the 
cable lengths in achieving the 
desired force distribution in the 
system it was decided in the 
design stage that construction of 
the bridge would be by "geome­
try". In this system the theoreti­
cal cable fabrication length is 
calculated consistent with the 
desired final geometry and 
analysis assumptions. Nominal 
shims to be used with the as-fab­
ricated cable provide the only 
adjustment to achieve this theo­
retical length . Prefabrication of 
the cable permits its construc­
tion to a finite length which is 
consistent with maintenance of 
overall geometry. The edge gird­
er length and tower height are 
also important in estab lishing 
the system geometry and these 
elements are also constructed to 
predetermined dimensions. 
However, since these latter ele­
ments are not adjustable after 
construction , it is necessary to 
determine the precise position of 
both th e deck and the tower 
cabl e anchorage work points 
prior to establishing the final 
cable shim thicknesses. 

D ECK CONSTRUCTION 

While the foundation , sub­
structure and tower construction 
provided their own unique set of 
challenges, it is the deck con­
struction which is the most intri­
cate and is described in some 
detail in this section. 

The contract documents 
included a conceptual deck erec-

fy;~=~ T-48 Polymer 1/2" overlay, proven 
success on St. Louis' Orthotropic Steel Deck Bridge. 
• High skid resistance. wear resistant. waler·proof. • Ultimate pull-off values averaged 500 PSI 
• ReSistant to road chemicals. 
• Structurally sound. high strength. 

• Rapid traffiC resumption after overlay 
completion 

Other Transpo Polymer Concrete Overlays; Patching , Structuring, 
Sealing and Precast Products are Available. 

Fax or send spec's for prompt response 
TRANSPO INDUSTRIES, INC. 
20 Jones Street, New Rochelle, NY 10801 

Please circle # 55 
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ANCHOR BOLTS, PLATE & SLEEVE 
ASSEMBLIES, TIE RODS, STUDS, SWEDGE 

BOLTS, U-BOl TS, HEX BOLTS & EYE BOLTS 
Custom fabricated to exact specifications from certified domestic 
steel up to 4-inch diameter and 4G-foot lengths in steel & alloy. 

STRUCTURAL BOLTS, NUTS & WASHERS in A325, A490 & TENSION 
CONTROL BOLTS, WELD STUDS, CONCRm ANCHORS, 8-7 STUDS, 
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tion sequence. As designed the 
edge girder consists of a number • 
of sections. These field sections 
correspond to the length of edge 
girder between adjacent field 
splices. These sections are gen-
era lly 45 feet long and include 
the connection of one cable stay. 
Exceptions occur for section 14 
(at Pier MS2, which includes two 
cabl connections) and section 22 
(at Pier MS3, which provides for 
the connection of five backstays). 

Three primary erection stages 
were identified. Stage 1 consist-
ed of the erection of the pier 
table, section 14, at Pier MS2. 
Stage 2 consisted of the balanced 
cantilevering of sections suffi-
cient to reach Pier MS3. Stage 3 
involved the completion of the 
major deck structure by erecting 
section 22 at Pier MS3, the sus­
pended span structural steel and 
concrete deck and then complet-
ing the main span by free can­
tilevering to Pier MSl. This 

i~~~~:~i~~~~~~r:~~~;:::::~;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;,~ stage is, perhaps, the most intri-cate one since it involves the pro- • 
gressive inclusion of the mass of 
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Pier MS3 and the suspended 
span to balance the increasing 
weight of the main span. 

The proposed sequence for the 
typical free cantilevering of a 
section consisted of the following 
major steps (numbers in paren­
theses refer to items in the fig­
ure on the top of the opposite 
page): 

1. Erect edge girders and 
noorbeams (1), cantilevered 
from previously completed 
section. 

2. Erect and partially stress 
cable stays (2). 

3. Place north and south pre­
cast panels 'A', followed by 
panels '8' and 'C'. 

4. Use adjusting screws on 
panels to set panels to the 
proper elevation. 

5. Place longitudinal post-ten­
sioning bars (3) and couple 
to stressed bars in previ­
ously completed section. 

6. Place longitudinal and • 
three cast-in-place joints 
(4). Joints over the edge 
girders are not placed at 
this time. 



• 

• 

• 

7. Stress the longitudinal 
post·tensioning bars. 

S. Install shear studs on edge 
girders through stud pock­
ets (5) provided in precast 
panels. Grout all pockets 
berund the stay cable just 
erected. 

9. Stress the north and south 
cable stays to final length. 

As noted, the sequences pre­
sented in the plans were concep­
tual and the contractor was 
required to verify the applicabili­
ty of the given information to his 
desired method of construction. 
The design had been reviewed 
for general conformance with the 
concepts but, as is typical for 
U.S . practice, detailed design 
and step by step verification of 
the erection operations were the 
responsibility of the contractor. 

Wi th one exception the con­
tractor elected to follow the gen­
eral concept as presented. The 
aerodynamic studies for the 
bridge during the construction 
stages were not completed prior 
to the completion of final design. 
These studies did indicate a 
potential for the tower capacity 
in bending to be exceeded during 
Stage 2. Based on hjs analysis of 
these reports (all aerodynamic 
studies were furnished to bid­
ders) the contractor decided to 
place falsework bents in the 405-
ft. side span to provide the 
desired stability. The construc­
tion engineer did, of course, do a 
step by step analysis of the erec­
tion to predict both stresses and 
geometry at all construction 
stages. The construction engi­
neer also confirmed that the pro­
posed sequence would achieve 
the specified geometry and, addi­
tionally, predicted final member 
stresses. 

The steel erector chose to 
erect the steel members (two 
edge girders and three floor­
beams) of a typical section as a 
complete unit. This had benefits 
for the schedule, worker safety 
and maintenance of desired 
geometry. These elements had 
been shipped from the fabricator 
in Des Moines to the erector's 
faci lity in Wickliffe, KY, where 

'rr=" /110ft'" (1)4;[ C;UlO(IIt AIoI) s'.us 
C.S'~ UH·l4CE 
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they were assembled on barges 
and ultimately returned up the 
Mississippi to the project site. 
Fabricator on the project was 
AISC-member Pitt-Des Moines, 
Inc. Other tearn members includ­
ed: Leonhardt, Andra und 
Partner (consultant for the cable 
s tayed spans ); Wells Engineers 

t SOUT" [DC( c;.1tO(1t I 
AJIOST"'tS~ 

, 

(designers of the steel super­
structure alternate for Iowa and 
Illinois approaches); Johnson 
Brothers (contractor for Illinois 
approach and substructure for 
the cable stayed unit); Edward 
Kraemer & Sons (contractor for 
sup rstructure for cable stayed 
unit, Iowa approach and inter-
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change modificat ions); John F. 
Beas)ey (erector of cable stayed 
unit ); Buckland & Tay )or (con­
struction enginee ring for cable 
stayed unit); VSL Corp. (Ca ble 
fabrication); and Raider Precast 
(concrete deck panel fabri cation 
a nd fabrication of precast con­
crete girders for Illinoi s 
approach). 

The cable stays were fabricat­
ed at a facility in Burlington just 
south of the bridge s ite. The 
completed cables we re reeled 
onto spools and delivered to the 
bridge on barges. For the short­
e r cables near the tower t h e 
cables were uncoil ed directly 
from the barges for installation. 
For the longer cables the spools 
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were placed directly on the deck. 
For these cables the unreeling 
was accomplished through a 
coord inated operation using a 
crane to lift the cable end and a 
reel carrier to s imultan eo us ly 
uncoil the stay as it moved along 
the deck. 

The cable dead end connection 
was not preasse mbled to t h e 
edge girders. Rather, these con­
nections were erected with the 
cable stays. The dead end socket 
was bolted into the connection 
and the complete assembly was 
hauled out to the attachment 
point on the edge girder. A tem­
porary cable deviator was also 
used at these locations. 

Ernst H. Petzold, P. E. is 
Market Principal-Bridges for 
S verdrup Civil, inc., St . Louis, 
MO. He was Group Leader for 
the steel alternate design of the 
Great Ri ver Bridge and also 
served as Deputy Project 
Manager. 
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By Thomas Jenkin, P.E. 

~
N IMPO RTA NT S ITE , CO M­
BI NE D WI T H KEEN PUBLI C 
NTEREST, led the State of 

Maryland to conduct an interna­
tional competition to select the 
design for a new bridge to 
replace an existing crossing of 
the Severn River at Annapolis , 
MD. The importance of the site, 
together with keen public inter­
est in the project justified the 
unusual design competition. The 
new bridge, which opened in 
November 1994, features a twin 
trapezoidal steel box girder com­
posite superstructure that is 
fully continuous over 17 spans as 
it follows a complex curved align­
ment for more than one-half 
mile. This "ribbon of steel" has 
won critical acclaim and the 
approval of the surrounding com­
munities. 

BRIDGE SITE 

The bridge spans the Severn 
River, one of Maryland's most 
scenic rivers, near it's mouth at 
the Chesapeake Bay. The crOSS­
ing serves as the eastern gate­
way to Annapolis, the capital of 
Maryland and home of the 
United States Naval Academy. 

Annapolis is noted for its fine 
colonial-era buildings including 
the Maryland State House which 
has an octagonal dome visible 
from the bridge. The narrowing 
of the Severn River at the bridge 
site has made this location a 
road crossing since colonial 
times. Ferry service originally 
prevailed until replaced in the 
nineteenth century by a timber 
trestle with a swing span. The 
trestle was replaced in 1924 with 
a double leaf bascule bridge and 
arch-shaped approaches. This 
handsome two lane bridge was a 
familiar landmark for the sur­
rounding communities; however, 
automobile and river traffic both 
grew such that frequent bridge 
openings became the source of 
substantial traffic backups. The 
physical condition of the bridge 
had also deteriorated such that a 
major rehabilitation would be 
required for it's continued ser­
vice. The Maryland State 
Highway Administration deter­
mined that replacement of the 
bridge with a fixed crossing was 
the best course of action to 
accommodate the future needs of 
both highway and marine traffic. 
The prominence and importance 
of the bridge site as well as the 
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desire to have an outstanding 
design for the replacement struc­
ture provided the stimulus for a 
design competition. 

DESIGN COMPETITION 

The design competition was 
jointly sponsored by the 
Maryland State Highway 
Administration and the 
Maryland Governor's Office of 
Art and Culture. The competi­
tion was conducted in two 
stages. For the first stage, those 
interested in participating were 
invited to submit their quabfica­
tions and three to five examples 
of previous bridge designs. The 
21 responses were received from 
engineering firms throughout 
the United States and from 
Western Europe. These submis­
sions were reviewed by a selec­
tion committee, and six contes­
tants were chosen to be finalists. 

For the second stage of the 
competition, each finalist pre­
pared a preliminary design 
including plans, cost estimates, 
an engineering report which 
included preliminary calcula­
tions, a narrative description of 
the design concept, a detailed 
cost estimate, and several ren­
derings of the proposed strue-

• 

• 



• 

Our TnI~Tension hnlt WilS de'lgnt.~ 

with one very Important i.lLh ant<lge 

over other twis[~of( holts: a hex 

heaJ. ~ 1 rl'm(l\"m\,! [hiS hol[ or checkmg the m ... rallation with 

a wrqllc wrench I ... Just OJ:' easy as insrallmg It. 

U:-.lI1g a qUIet, hilnu~held power u.xll, our Tnl ~Ter"lon 

"'Y"lrem alway"l pnwiue-. dle correct tension. It also e1l1nmiltL"!-. 

What if you have 10 venfy lhe propcr lI1 ... t~IIl,1t10n of 

il huttlm head holt! Aga1l1, u\ i.llmll"lt Iml)(h"'lhlc 'lI1(e YOli 

can't ('ven get a \\'rench on lhe head to tl· ... t or remove It. 

Rut you Gm venfy 1I1stallatllm of our hex heau holt with the 

turn 01" \l'mt and a c"hbrnrcd torqlle wrench. ~ 
Clearly, rhi ... I' one hllit (hal won't let you I I 

... crc\\' up. Our Trll~Ten:..ion sr .. tem IS ill ..... , fully tr.lerable tll 

opcmrnr ernlr dunng .wo;elnbl)" the holb come pre~ch-.cmhlt.-.J nur dome"ltlC sourC6, like all lIcor f.h{CneT"l. They're full) 

anJ you can en~n save money th~nks to the qUIck, C.b) 

1I1 ... rallation anJ lo\\'er costs for \,i,uaI111 ... pcction . 

But, mstall an)' hutton head fa ... tt~ner comparcu (o 

[c ... teJ anJ certlfieJ, 111c1uJlI1g c.:omplti.ll1ce with FIIWA, 

nOT and AASHTO 'peelflCano", lor hndge c,""'rliCtlon. 

So, forget ahoUT ClIrtln).! holt" uff \\,lth .1 tnrch If 

our hex head fa'tener, and there" no turnmg hack. Becall'" ",methmg gO"' wrong. "lIlI' at 800/955-6826, FAX 219/ 

It'., ... lmo.,r Impu",slble hl remove a button head hlsrcner. you 

may even need il welder to burn It off. Thm CO",[S you [line 

and monel'. If YOll'd ImralleJ ollr hex head holt In the fiN 

pLtce you could remove It With a ~Imrlc, four dollar \\'rl·nch. 

B7-5394 or wme PO Box 6100, Sf. Joe, I 46785 tll (md 

Olll more about our Trl! ~Tcn"'H.l11 s),,,tl'111 , And get .1 fa ... n .. ·ner 

that ha, a good head 
~ (j(JJ::fuI=I 11 =I .{ 

A OW&:IO III "OOIr Curr''<mb..lfI 

Please circle # 38 



, 
I~ 

• 

• 

• 

• 

WEST I 
ABUT . 

2 
1 . , . 

' ']> ':' 1, 

-------- -

3 x 1501 16S1 1801 211 . 5 1 315 1 211.51 180 1 1651 3,,50 11351111.5 

1~ ________________ ~2~8~35~FT~. ___________________________ ~ 

ture. Five of the six finalists 
subm;tted complete design pack­
ages in September of 1989. The 
identity of the designer of a par­
ticular submission was kept con­
fidential and not shown on the 
submitted documents nor 
revealed to those reviewing and 
judging the entries. 

Each entry was reviewed by 
two technical committees prior 
to presentation to the jury. A 
panel of bridge engineers cri­
tiqued the designs for technical 
merit while a separate group of 
experienced contractors provided 
independent construction cost 
estimates and assessed the con­
structability of the various pro­
posals. In addHion, a series of 
photo-montage renderings was 
created for the various entries to 
provide an objective visual com­
parison of the competing struc­
tures. The five finalists' entries 
included two concrete arch type 
bridges, one concrete cable­
stayed bridge, and two bridges 
based on composite steel box 
girders for the superstructure. 
The 14 jurors provided a broad 
range of backgrounds and 
included practicing design pro­
fessionals as well as representa­
tives of state agencies, local gov­
ernments and the surrounding 
communities. During three days 
of judging, the jury toured the 
site and received reports on the 
findings and opinions of the two 
technical committees. The jury 
carefully reviewed the entries 
and evaluated each relative to 
the technical, functional, aes­
thetic and economic goals which 
were established for the new 
bridge. The jury, by an "over­
whelming majority" vote, then 
selected the entry submitted by 

GENERAL ELEVATION 

Greiner, Inc., 
Timonium, MD, 
as winner of the 
competition. In 
addition to 
selecti ng the 
winner, the jury 
also provided 
comments on all 
of the designs 
as well as rec­
ommendations 
for further 
refinement of the winning pro­
posal. 

Greiner developed their entry 
in conjunction with Leonhardt, 
Andra, and Partner of Stuttgart, 
Germany. The two firms have 
collaborated on several major 
bridge projects in the United 
States and Asia. Greiner was 
subsequent ly engaged by the 
State Highway Administration 
to prepare preliminary and final 
designs and contract documents 
for construction of the new 
bridge based on their winning 
proposal. 

B RIDGE LAyOUT 

The bridge is aligned on large 
radius curves with spiral transi­
tions. From the west abutment 
on the Annapolis side, the road­
way first curves right and then 
reverses to a long central curve 
which connects with the eastern 
approach. The curved alignment 
was necessary to maintain traffic 
during construction and avoid 
conflicting with an electrical sub­
station located on the western 
bank of the river. Allowing 
pedestrians and drivers to view 
the structure from the approach­
es, the continuous, large radius 
curves enhance the visual flow 
and interesting geometry of the 

bridge. Spiral transitions, nec­
essary for future construction of 
a light rail transit line, further 
smooth the g1'8ceful sweep of the 
structure. 

The profile of the bridge 
allows 75 fL. of vertical clearance 
over the 140-ft. navigation chan­
nel , and the higher level of the 
approaches and longer spans 
effectively open the river and 
allow recreational sailboats new 
access. 

At its eastern end, the bridge 
widens for a Signalized intersec­
tion on the approach roadway 
and crosses the entrance to a 
park area. Beyond the intersec­
tion , the approach rises to a 
scenic overlook which has long 
afforded a spectacular view of 
the river, the Naval Academy, 
and Annapolis. 

S UPERSTRUCTURE 

The superstructure of the 
bridge is continuous over all sev­
enteen of the structure's spans 
with a total length of 2,835 ft. 
between abutment bearings. The 
span arrangement is symmetri­
cal with respect to the center of 
the 31- ft.-long navigation span. 
The approach span lengths vary 
with the structure's height so 
that the span-to-height ratio is 
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kept reasonably uniform. 
The composite superstructure • 

has a reinforced concrete deck 
carried on two widely-spaced 
trapezoidal-shape steel box gird-
ers. The deck width is 55-ft. and 
furnishes two 12-ft. roadways 
with shoulders, sidewalks, and 
parapets. Slab thickness varies 
with a straight taper on the 9-ft.-
6-in. cantilever and a parabolic 
variation over the 20-ft. span 
between the girders. On the 
eastern bridge end the deck 
width widens to 64-ft. As the 
bridge width increases, each 
girder stays parallel with the 
adjacent slab edge keeping a uni-
form overhang while the span 
between girders increases to 29-
ft. This increased deck span is 
structurally accommodated by a 
general thickening of the slab 
between the boxes. 

The bridge parapets include a 
six-course brick band on their 
roadway faces , connecting with 
the colonial-era structures of the 
city. The upper facia surfaces of 
the parapets are inclined to • 
increase their brightness in sun-
light, and an offset cap creates a 
shadow line. Low level decora-
tive lighting fixtures at relative-
ly close spacings illuminate the 
roadway at night and form a 
string of lights across the sweep 
of the bridge. Aesthetic under­
bridge lights also illuminate the 
inner surfaces of the piers and 
box girders and gives the struc-
ture a warm glow of reflected 
light from the river's surface. 

Trapezoidal steel box girders 
were chosen as the main struc-
tural elements since this form 
hest satisfied the functional and 
aesthetic objectives of the design. 
The lack of exposed bracing and 
stiffening gives the bridge under-
side an uncluttered appearance, 
while the proportions of the 
boxes strongly express their sup-
port of the bridge deck. For most 
of the structure's length , the 
girder depth is uniform with 
sloping webs providing 6-ft.-8-in. • 
depth between the flanges . At 
the center span the web depth is 
doubled to 13-ft.-4-in. over the 
channel piers to carry the longer 
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TYPICAL HALF CROSS SECTION 

span. The girder's profile in this 
region has a parabolic variation. 

As the girder depth increases, 
the spacing of the webs at the 
lower flange and the inclinations 
of the webs have been kept con­
stant. The spacing of the top 
flanges thus reflects the parabol­
ic web shape, gradually increas­
ing from 8-ft. to lO-ft. over the 
main piers. The web planes 
slightly fold over internal 
diaphragms at the piers again 
reflecting the plane changes of 
the lower flange as it crosses the 
pier. This shaping of the webs is 
subtly revealed by a gently ris­
ing shadow line from the reduced 
cantilever overhang. The unusu­
al web geometry gives a well­
ordered enlargement of the box 
girder's proportions in recogni­
tion of the increased structural 
demands. 

At each pier, the two main 
boxes are connected by short 
transverse composite boxes. 
These smaller connecting mem­
bers have vertical webs set at 
three-quaters of the depth of the 
main girders . These members 
provide torsional support since 
each main girder is placed on a 
single bearing. 

At the abutments, the trans­
verse diaphragms are enlarged 

HALF SECTION NEAR CHANNEL SPAN PIERS 

and the steel 
sections com­
pletely closed 
by full width 
top flanges. 
These stiff 
members 
equalize the 
end rotations of 
the two main 
girders and 
give bending 
continuity to 
the girder ends 
through a tor­
sional linle By 
coupling t he 
two girder ends 
and using a rel­
atively short 
span length, 
the redundancy 
of the end 
spans is greatly 
improved. 

The box girders were fabricat­
ed from ASTM A709 Grade 50 
material. The lower flange is 
stifTened against buckling with a 
single T-shaped stifTener at its 
center. Cross frames, positioned 
near the ends of each girder field 
section and at intermediate spac­
ings up to 21-ft.-6-in., stifTen the 
boxes against distortion. At the 
piers, the girders are stifTened by 

two internal plate diaphragms 
aligned with the webs of the 
transverse connecting boxes. 
Angles connected directly to the 
top flanges form an upper lateral 
bracing system. This bracing 
closes the box for torsional loads 
during construction of the deck 
s lab. Temporary cross frames 
located between the girders near 
field splices also stabilized the 
boxes as the deck was bum and 
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were later removed. 
The superstructure reactions 

are all carried by multi-rotation­
al bearings with stainless steel 
spherical segments fixed to the 
top of the substructure. 
Longitudinal restraint of the 
bridge is through the two fixed 
channel piers. Expansion and 
contraction of the superstructure 
between these fixed connections 
is accommodated by flexing the 
channel piers. Bearings for the 
approach piers and above the 
abutments have horizontal slid­
ing surfaces , transversely 
restrained, but free to move lon­
gitudinally along the local bridge 
tangent. This bearing layout 
allows bridge movements with­
out developing significant lateral 
bearing forces because of the 
large radii used for the bridge 
alignment and the relatively 
flexible lateral elastic support 
from the columns. The arrange­
ment of the bearings maintains 
vertical force alignment on the 

column as the boxes move posi­
tion. Detailing of the internal 
stiffening of the box carries the 
variable load position with a gril­
lage of stiffeners connected with 
the girder webs and the two 
transverse internal diaphragms. 
Modular expansion joints pro­
vide i8-inches of movement 
capacity at each abutment. 

SUBSTRUCTURE 

Each pier has two octagonal­
shaped tapered columns directly 
supporting the girders. 
Transverse structural intercon­
nection at the top of the columns 
is maintained through the bear­
ings and superstructure. The 
column bases are supported 
above the water's surface by con­
crete pedestals which extend to 
the pier's foundation at the river 
bottom. For the main channel 
piers, the columns have a pro­
nounced lower flair accenting the 
main span and its arched shape, 
as well as reflecting the impor-
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tance of these columns as the fix­
ing points for the structure. The 
concrete pedestals are granite­
faced through the water's sur­
face to enhance durability and 
compliment the granite used for 
nearby structures of the Naval 
Academy. The last two spans at 
each bridge end are over land, 
and pedestals are omitted. 

Granite-facing is also used at 
the abutments which have con­
crete pilasters similar to the pier 
columns. Two imposing 
Georgian-style pylons, built of 
white concrete, flank the road­
way at the abutments and create 
an entrance for the bridge . 
Bronze medallions with the 
Maryland state seal are mounted 
on the pylons. The wingwalls 
and parapets flair out to termi­
nal posts with a similar style 
and color as the pylons. 

CONSTRUCTION 

Bids for construction of the 
bridge were received in 

liSA-3D I~S ~~~ 
stanclanl lor quality VI. 
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November, 1991. The project 
was awarded to AlSC-member 
Cianbro Corporation of 
Pittsfield, ME, which offered the 
best price from a field of 13 con­
tractors. Cianbro's bid of $33.4 
million included construction of 
the new bridge and approach 
roadways, as well as removal of 
most of tbe old bridge and con­
version of a more recent portion 
of the old bridge into a recre­
atio n al fishing pier. The bid 
price for the structural steel was 
$8.94 million. 

Shop drawings were prepared 
by AISC Associate-Member 
Tensor Engineering, Indian 
Harbour Beach, FL; bearings 
and expansion joints were sup­
plied by AISC-member D.S. 
Brown, Inc. of North Baltimore, 
OH. 

Following construction of the 
piers and abutments, Cianbro 
erected the 60- to 90-ft. long box 
girder field sections starting 
with the three spans in the cen-

ter of the bridge. Temporary 
frames attached to the pier 
columns stabili zed the first gird­
er sections as they were centered 
over the columns. Each 217-ft.-
6-in. approach span girder was 
then completed as two sections 
were first spliced together and 
then lifted and connected with 
the sections over the piers. Once 

a span was in place, additional 
field sections were added to 
extend each box cantilever in the 
center span. The center sections 
of the main span were then lifted 
and connected with one can­
tilever while supported by tem­
porary hangers from the other 
cantilever. To close the last con­
nection s in the center span, 
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Cianbro first placed a tempo­
raryload of 115 tons on the near­
er approach span, elevating the 
cantilever and reducing the slope 
discontinuity between the two 
sides. The contractor then simul­
taneously pulled the girder sec­
tions together using hydraulic 
jacks and temporary br ackets 
attached to the web plates. This 
jacking closed a gap of approxi­
mately l'/,-in. and aligned the 
top flange connections, which 
were then fastened together, 

Next, cranes lifted the can­
tilever sides of the joints until 
the remaining gaps in the bot­
tom flanges closed and these con­
nections were bolted, The jacks 
and brackets were then removed 
and the web splices completed, 
The cranes releasesd the girders, 
and the temporary hangers and 
the temporary loading were sub­
sequently removed. Closing oper­
ations resulted in inward deflec­
tions of the channel pier 
columns, which would later be 
restored to vertical with con­
struction of the deck. 

Following main span closure, 
Cianbro erected the balance of 
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the approaches over the river by 
lifting pre-spliced sections 
extending the girders by com­
plete spans with each lift, Over 
land, stee l erection proceeded 
using smaller equipment and 
false work towers. The super­
structure was completed by 
sequenced placement of the deck 
working from the center of the 
main span towards t he bridge 
ends 

At the west end of the bridge, 
the two land piers and three 
spans they supported were con­
structed in stages to maintain 
traffic, Temporary supports at 
the piers and abutment provided 
torsional support for one box as 
its share of the deck was built 
and opened to two lanes of traf­
fic. After removing conflicting 
portions of the old br idge, the 
pier fo undations were widened, 
the missing columns construct­
ed, and the second box complet­
ed. This staged construction 
demonstrated the techniques 
proposed for future redecking. 

The new bridge was officially 
opened in November, 1994, and 
named the United States Naval 
Academy Bridge in honor of the 
venerable institution which has 
stood for 150 years beside the 
crossing on the western bank of 
the Severn River. 

Thomas Jenkins is vice presi­
dent and chief bridge engineer 
with Greiner, Inc., Timonium, 
MD. 
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SOlidify and beautify your next 
con ~trll ction project. 
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BRIDGE DESIGN 

SLOPING LEGS KEEP BRIDGE • 

PIERS ABOVE WATER 
Since the Occoquan Reservoir is a primary source 

of drinking water, it was essential for quick approval 
that a new bridge's piers be kept out of the water 
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By J ohn D. Anderson, P.E & 
David A. Charters, Jr., P .E 

LOCATED APPROXIMATELY 25 
MILES SOUTHWEST OF 
WASHINGTON, DC, the popu· 

lation of Prince William County 
(PWC ), VA, has tripled to 
235,000 people in the past 20 
years. Unfortunately , though, 
prior to this year there were only 
two east-west connector roads in 
the county and both were wind­
ing two-lane roads, with align­
ments following old colonial 
routes. Traffic on these roads 
slowed to a crawl for three hours 
each day during the morning 
and evening peak rush hour 
periods, and they became very 
dangerous . There have been as 
many as nine fatalities along one 
7-mile stretch of road during a 
single lO-month period. 

The Prince William Parkway 
(PWP) was conceived by PWC to 
connect 1-95 and U.S. Route 1 in 
Woodbridge to 166 in Manassas, 
a distance of approximately IS 
miles. The PWP would help 
relieve traffic congestion on 
Davis Ford Road. 

PWC retained Parsons 
Brinckerhoff (PB ) to design an 
S.5-mile section of the PWP on a 
new alignment through undevel­
oped , wooded terrain, and to 
administer its construction. The 
Prince William Parkway Bridge 
over the Occoquan Reservoir in 
Manassas, VA, is approximately 
at the center of this section . 

BIUDGE DESIGN 

The Occoquan Reservoir is a 
source of drinking water for 
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Fairfax County . The design 
objective for the bridge given the 
specifics of the project site was to 
provide a long center span , 
thereby keeping the piers out of 
the reservoir except during peri­
ods of very heavy flooding. The 
sloping steel pier leg configura­
tion implemented by project 
designers was very efficient in 
clearing the waterway and, at 
the same time, limiting the 
length of the center span. It was 
critical to avoid building a pier 
in the reservoir, because obtain­
ing the necessary permits would 
have significantly delayed the 
project. 

Opened to traffic on December 
, 1994, the river crossing actu­

ally comprises twin bridges, one 
serving eastbound and the other 
westbound traffic, separated by 
an expansion joint. Each bridge 
is a 513-ft.-long, three-span con­
tinuous, steel rigid-frame struc­
ture, with a 253-fl.-long center 
span and side spans of 142 ft., 6 
in. and 117 ft. , 6 in. Transverse 
girder spacing is 9-ft., 2-in. The 
deck is about 50 ft. above the 
mean water level and it crosses 
the re ervoir at a skew angle of 
40 degrees. 

The bridge substructure con­
sists of cast-in-place reinforced 
concrete drilled shafts under the 
west abutment and pier, and 
direct rock-bearing shallow foun­
dations for the east abutment 
and pier. The drilled shafts are 
42 inches in diameter and extend 
as far as 41 ft. below the bottom 
of the footings. 
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The two massive concrete 
piers are battered and skewed 
and have a "fractured lin" archi­
tectural treatment on the side 
facing the river. They are 150 ft. 
long, 11 ft. wide at the base of 
t he wall , and 25 ft. high from 
the bottom of the footing to the 
bearings. 

The superstructure includes 
13 three-span contin uous steel 
frames . Each frame consists of 
the two sloping steel pier legs 
field-welded to the stee l plate 
girders. The depth of the plate 
gi rders varies from 4 ft.-2 in . at 
the abutments to a maximum of 
6 ft.-11 in. over the pier legs). 
Expansion joints were located at 
the abutments. 

The cast-in-place concrete 
deck is approximately 115-ft. 
wide, constructed to accommo­
date six lanes of divided traffic 
with to-ft . shoulders a nd a 
fenced bike path adjacent to the 
westbound lanes. 

The bridge was designed to 
________ -.!:P:.!�£ea~s2!e!<""!Oci.!ir..!<ci.!le<....!!.#__l1~2~OL_ ________ _I AASHTO's S ta n d a rd Spec i fi-

cations, including VDOT's modi­
fications as app ropriate. VDOT's 
Road and Bridge Standards were 
also used. 

The Practical Solution to 
Designing Metal Stud Framing 
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SUBSTRUCTURE 

Due to a high degree of difTer­
ential weathering, fracturing , 
and mud seams in the rock sub­
surface, the abutment and pier 
on the west side of the reservoir 
were founded on 42-in. -diameter 
drilled shafts. The more compe­
tent rock on the east side of the 
reservoir permitted the use of 
shallow foundations for that pier 
and abutment. 

A hydraulic analysis was per­
formed to confirm foundation 
depths to ensure that the bridge 
would not be susceptible to scour 
during a flood . This analysis was 
used to determine the gradation 
and limits of the 48-i n.-thick 
riprap layer installed around the 
piers. 

The top of the rock at the west 
pier slows downward from the 
south end of the pier to its north 
end. The top of rock was as much 
as 4 feet below the bottom of the 
footing for the northernmost 50 
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feet of the 150-ft.-long pier. To 
confirm the safety of the pier, PB 
performed a structural analysis 
of the pier, modelling the upper 
4 ft. of the northernmost drilled 
shafts as if they were exposed 
during a severe nood. 

Special precautions were 
taken to guard against heat of 
hydration problems, notably 
shrinkage cracks, at the massive 
concrete piers. Provisions were 
added to the specifications to 
establish design criteria for the 
concrete mix. 

The size of the concrete pours 
for the pier stems was limited 
and the contractor was not per­
mitted to use high early strength 
cement, calcium chloride, or 
accelerating admixtures. An 
attempt was made to limit those 
items that could add heat to the 
concrete mix. The contractor was 
required to submit documenta­
tion showing that the concrete 
design mix and placement meth­
ods were in accordance with the 
special provisions and referenced 
ACE documents. The contractor 
chose to use cold waterline and 
granulated iron blast-furnace 
slag (to replace half of the 
cement content) in the mix to 
satisfy project specifications. 

All of these efforts to elimi­
nate excessive shrinkage cracks 
due to uncontrolled heat of 
hydration were quite successful. 
PB's field inspectors remarked at 
the noticeable lack of these com­
monplace shrinkage cracks. 

Special pin bearings were 
designed for the pier locations to 
allow the sloping steel pier legs 
to rotate as required. The 5.5-in.­
diameter pins were made of 
stainless steel in accordance 
with ASTM AS76, UNS 
Designation S28200, with a yield 
strength of 60,000 psi. To protect 
the pin bearings from deteriora­
tion from the reservoir, the top of 
the pier concrete was set above 
the 100-year nood level. 

During a routine ultrasonic 
inspection of the pins by VDOT, 
the inspector noticed some 
unusual renections showing up 
on the ultrasonic equipment. 
After further investigation, pro-
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ject engineers concluded that the 
configuration of the vertical 
bearing plates with respect to 
the pin caused the renections, 
not a Jack in the pin. VDOT con­
curred with PB's assessment. To 
document that there is no struc­
tural problem in the pins, a base­
line ultrasonic test was per­
formed on all pins in May 1995 
and will be repeated next year 
for comparison. 

SUPERSTRUCTURE 

The material for the rigid-

frame steel members is ASTM 
A 709, Grade 50. A finite element 
computer analysis was per­
formed at the intersection of the 
main girders with the top of the 
sloping steel pier legs to confirm 
the transfer of load through this 
structure intersection. The 
bridge utilized 1,700 tons of steel 
(58 Ibs.lsq. ft. of deck). 

Project specifications required 
the steel to be painted with a 
zinc rich paint system. As an 
alternative to the conventional 
three-coat system, VDOT per-
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mitted the use of a shop-coated 
single coat paint system, which 
avoided the costs of field paint­
ing over the reservoir. All faying 
surface, as well as the top 
flange of the girder, were paint­
ed and galvanized bolts were 
used. The shop application of the 
paint was carefu lly monitored by 

inspectors from PB, VDOT, the 
fabricator, and the paint manu­
facturer. The paint was Carbo 
Zinc 11 HS by Carboline. 

Careful erection procedures 
are required when single-coat 
paint systems are used. These 
procedures help minimize the 
amount of field touch-up work 

that is required after erection, 
which improves the overall aes- • 
thetics of the bridge. 

E NVIRONJII ENTAL I SSUES 

Aside from the special precau­
tions to avoid field painting over 
the river, the following restric­
tions were included in the con­
tract documents to protect the 
reservoirs natural environment: 

• The Nationwide Permit 
from the Corps of 
Engineers restricted any fill 
placed in the reservoir to a 
maximum of 200 cubic 
yards. 

• No piers were allowed to be 
constructed in the water­
way at its normal elevation. 

• Booms were placed in the 
river to restrict the spread 
of any fuel spilling from the 
construction equipment. 

• The downspouts from the 
deck drainage inlets were 
not permitted to discharge 
directly into the reservoir; 

U·W¥I" Shear Wrench Tools for Tension Set Fasteners • 
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• aside from the deicing salt 
present in the runoff, an 
attempt was made to keep 
any fuel spill on the bridge 
deck from entering the 
reservoir. 

CONSTRUCTION ISSUES 

Shirley Contracting Corp­
oration (SCC) won the bridge 
contract with a bid of $5.2 mil­
lion, well below the engineer's 
estimate of $6.7 million. The 
very competitive construction 
environment at the time of the 
bidding period contributed to the 
contractor's low bid. 

AISC-member Atlas Machine 
& Iron Works fabricated the 
structural steel. The geometry of 
the sloping legs and the curved 
web haunch sections at the top of 
the pier legs was very complex. 
No two frame sections were alike 
since all 26 pier bearing pins 
were at the same elevation. 
Adjustments were made in the 
structural steel to provide a 

cross slope in the deck surface. 
McKinney Drilling Company 

constructed the dri11ed shafts . 
They used mud augers and rock 
bits to drill the shafts, with cas­
ings to prevent material from 
falling off the walls of the shafts. 

Williams Steel erected the 
structura l steel. Iron workers 
used 21,000 high-strength bolts 
to connect 65 separate sections of 
the plate girders. Five girder sec­
tions form each of the 13 rigid 
steel frames. In each frame, two 
girder sections have field-welded 
pier legs attached. 

After pier leg attachment, the 
26 bridge frame sections sup­
ported by the piers were erected. 
The rocky bank on the east side 
of the river was too steep to use 
to transport girders or a crane 
down to the pier. Williams built 
a frame using wide-flange steel 
members and attached it to a tri­
axle dolly to support the pierl1eg 
girder sections as they were 
moved down the west slope to 

their barge-mounted crane. They 
used two "tugger" winches to 
move the barge across the reser­
voir, pulling on cables anchored 
at four points on the shore, two 
on each bank. Before lifting the 
girder sections above the piers , 
the barge was anchored by drop­
ping two Spuds" through well 
holes at opposite corners of the 
barge. Their weight drove them 
into the mud beneath the barge, 
preventing lateral movement. 

With the leg and the bearing 
attached, the heaviest gir der sec­
tion stands 33 ft.-high , is 124 ft.­
long, and weighs 85,000 pounds. 
The middle section of five sec­
tions that form each frame is the 
longest of the girder sections, 
measuring 135 ft.-long. Williams' 
largest crane was a 230-ton 
Manitowoc, rigged with a 140-
foot boom and a 30-foot jib. They 
Walked" it on a sectional barge 
to erect many of the heaviest 
girder sections. The pin bearings 
at the piers were attached to the 

T he premier structural software engineers have been using since 1978 on mainframes and 

workstations is now available on PCs. 

GT STRUDL provides the top quality, versatile, and accurate structural engineering and 
design software for utility. transportation, offshore, industrial. and civil works facilities. 

GT STRUDL features include : 

• interactive graphics 
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• library of over 100 element types 
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• static, nonlinear, and dynamic analyses 

• graphical frame and finite element modeling 

• compliance with NRC and ISO 9000 quality 

requirements 

• operates on PCs. UNIX workstations. and 

mainframe computers 

• voted ' 1 in user support 

30-day trial available 

For more information, please contact: 
(404) 894-2260 FAX: 14041 894-8014 

Computer Aided Structural Engineering Center Atlanta. GA 30332-0355 USA 
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pier legs at the fabrication shop 
and remained attached during 
field-welding and erection. 

Field welding was used to 
attach the sloping steel pier legs 
to the plate girders. This connec­
tion method was chosen instead 
of bolted splice connections due 
to the proximity of the curved 
flange plates to the splice loca­
tion and the improved aesthetics 
f"om using field welds. 

In the fabrication shop, the 
webs and flanges of the adjoining 
members were beveled to pre­
pare them for welding. The fabri­
cator carefully aligned the pier 
legs and the girders at the prop­
er orientation in the shop. For 
field alignment purposes, several 
punch marks were placed on the 
webs of the pier legs and girders. 
One punch mark was placed at 
the structure's work point above 
the pier leg. Additional punch 
marks were placed on each side 
of the intended field weld loca­
tion. The fabricator then mea-

,\/,\/ 
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sured and recorded the distances 
from the web punches to the cen­
ter of the bearing pin. Upon 
arrival in the field, the welding 
crew re-established the proper 
alignment of the pier legs and 
girders using the punch marks 
and measurements furnished by 
the fabricator. 

The contractor performed the 
field welding by setting the pier 
legs and girder webs horizontally 
on steel support stands. All 
welding was performed in aCCor­
dance with BDOT specifications 
and the AASHTO/AWS Bridge 
Welding Code. Welders worked 
on the flanges first, alternating 
passes on the top and bottom 
flanges to minimize creep due to 
temperature changes. The 
flanges were welded in a vertical 
direction (upwards) using a flux 
cored welding process with a 
Lincoln E71-T1 electrode, 0.045-
in.-diameter wire and carbon 
dioxjde gas shielding. 

The contractor began using a 

OBBER 4™ 

fl ux core process to weld the 
webs also, but found this to be • 
too time consuming due to the 
length of the welds, so switched 
to a submerged arc process. 
Welding in the horizontal posi-
tion with a steel back-up bar, the 
welders used a Lincoln L6I elec-
trode and 3/,,-in.-diameter wire. 
Full penetration of the weld was 
achieved from one side of the 
web. After welding the top of 
each web, the welders removed 
the back-up bars and ground ofT 
the weld reinforcements . All 
welds were ground flush and 
100'k radiograph inspected to 
check for voids and imperfec-
tions. 

John D. Anderson, P.E., is a 
resident engineer with Parsons 
Brinckerhoff Construction 
Services, Inc., and David A. 
Charters, Jr. , P.E., is a project 
structural engineer with Parsons 
Brinckerhoff Quade & Douglas, 
Inc. 

liTHE DIMENSIONAL 
CALCULATOR THAT 

REALLY DOES IT ALL" 
Jobber Makes What Seems Like 
Complicated Math Very Simple! I ' II ' 

"SMOLEY'S" 
J OBBER 4™ can do every­
thing Smoley'S can do and 
MUCH MORE. More impor­
tantly it can do it in SECONDS. 
And you know your answer is 
CORRECT. 
Calculations that would have 
taken hours a few years ago, 
can now be perfonned in seconds 
with the Jobber 4™, 

Works In Three Dimensional Formats 
1. Feet, Inches, sixteenths (calculator) 
2. Decimal (of feet) (or standard calculator) 
3. Metric calculator (millimeters, etc.) Instant 

conversion 

LET JOBBER HELP YOU BUILD 
THAT TRANSITIONAL BRIDGE 

FROM FEET AND INCHES TO METRIC 
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SPECIAL FEATURES: 
• Automatically Solves Triangles 
• Automatically Solves Circles 

& Segmental Functions 
• Degrees - Minutes - Seconds 
• Adding, subtracting, multiplying or 

dividing dimensions has never 
been easier, 

Give All Your People: Draftsmen, 
Formen, Crew Leaders, Layout Men, 
etc. the Handiest Tool They Could 

Ever Have, A Calculator That 
Works In Dimensions like They 

TO ORDER OR FOR MORE INFORMATION PRICE: $99.95 + 5.50 SlUt 
DISCOUNT FOR LARGER ORDERS PHONE TOLL FREE 

1-800-635-1339 Jobber Instruments • P.O. Box 4112 • Sevierville, TN 37864 
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the outbound modules. Each of 
the connector elements measures 
l.70-ft. by l,008-ft., with a clear 
height requirement varying from 
3D-ft. along the inbound side to a 
minimum of 21 ft. at the transi­
tion to each outbound module. 

The outbound modules are 
long narrow structures allowing 
dock doors at 12-ft. on center 
a long both long sides. The areas 
between the parallel fingers are 
used for vehicle maneuvering. 
All 10 outbound modules are 60-
ft. wide; the five north fingers 
are l,012-ft. long, while the five 
south fingers are 714-ft. long. 
The interior of each is column­
free with a minimum interior 
clear height of 21 ft. 

In addition to the main build­
ing, there are several auxiliary 
facilities, such as truck wash 
buildings, a truck maintenance 
shop and guard houses. 

STRUCTURAL D ESIGN 

The design of the structure is 
of interest both for its process 
and its product. The process 
began with UPS's design of the 
external flow of vehicles 
(inbound and outbound) and the 
internal flow of packages (con­
veying and sorting). In plan, the 
building shape is that of a block 
I with narrow finger structures 
extending from the top and bot­
tom of the block I. Using wide 
flange beam terminology, the 
"web" of the [ contains the 
inbound receiving dock doors 
and sorting equipment, while the 
"flanges'" contain conveyors con­
necting the inbound areas and 
outbound areas. Lastly, the out­
bound modules contain convey­
ors leading to the outbound dock 
doors. Each of these three func­
tional areas was studied individ­
ually and the structural systems 
used are unique to each area. 

The building's shape also was 
heavily influenced by the inter­
nal flows. The layout and verti­
cal arrangement of chutes and 
conveyors largely dictated the 
locations of columns and their 
possible size. The structure con­
tains 866 columns, including 
wind columns. UPS's equipment 

The 1.9-mil-
/' 11!J' , 11111' 

lion - sq. -ft . 
m r- .. ~ r,,'/ Chicago Area 

Consolidation 
fI ub houses a 

• I I I I 

sortation facil-
ity that will be , the principal 
hub for all of 
UPS 's east -
west traffic. 

0 0 0 0 0 
uw 

0 -
0 CDro'«CIOI' _aM; 
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needs dictated that the east-west 
grid lines jogged 10 ft. and 16 ft., 
respectively, on the east and 
west sides. Only the first two 
columns aligned as pairs on each 
side. The center section of the 
building was shifted. Also, the 
bay modules in both the north­
south and east-west grids 
changed to suit the equipment 
layout. 

~ 

r:. N 

After the process layout was 
established, UPS began a series 
of studies to determine a narrow 
range of feasible structural sys­
tems and enclosure systems. Of 
foremost importance for the 
structural system were vertical 
and horizontal clearances-both 
of which we re previously estab­
lished by UPS's needs. These 
studies were done by UPS's engi-
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New Plans and Software for • ···············Sh rt S •••••• •••• 0 - pan •••••• • ••••• Steel Bridges ••••• ••• 
• With AISl's new comprehenSive short-

This Short-Span Steel Bridge Package con­
tains more than 1,100 predesigned steel super,tructures 
with details, plu, user friendly, PC compatible software, 
that will bring you quick, efficient solutions to many 
simple-span non-skewed bridges. 

• The plans tabulate the design of bridges that arc 20 feet to 
120 feet long in five foot increments for 24, 28, 34, 40 and 
44 foot roadway widths. The software provides back-up 
calculations to the pre-designs and allows the engineer to 
cu,tom design, code check or rate the bridge. 

• 

The package was developed by Dr. S. Taavoni, PE, of 
Kennedy Porter & Associates for the American Iron and 
Steel Institute in collaboration with AISC Marketing, Inc. 

ponsors of the package include Bethlehem Steel 
Corporation, Inland Steel Industries, Lukens Steel Co., 
and U. S. Steel. 

Please send me: 
':J Informallon about the AISI Short-Span Steel Bridge Package. 

A copy of the AISI Short-Span Steel Bridge Package 
(payment enclosed) . 

Ship Short-Span Bridge Package to: 

Name 
Company ______________________________ ___ 

Address 

City _______ State ____ ZiP 

Phone Fax 

FAX: 202-463-6573 or 
MAIL: Amencan Iron and Steel Institute 

1101 17th St. , NW 
Washington, D. C. 20036 

TEL: 202-452-7140 

span steel bridge package designers can 
minimize design time and proleet cost. 
Quickly explore design and detail options 
for: 

• Welded plate girders with unstiffened and 
partially stiffened webs 

• ROIled beams With and Without cover 
plates for composite and non-compoSIte 

Instruction 

• Normal and IIghtwetght concrete deck 

• E'3stomenc bearings 

• JOlntless and conventional abutment 
Information 

• Crash tested Jersey barner 

• Tables of reactions, moments and 
deflections 

• Table of qunntltles for each deStgn 
truetural steel, rebar and concrete) 

• AASHTO's Load Factor DeSign 

• HS25 Live Lood 

• . er 150 11" x 1 r design and detail 
I -'lets 

• Much more!!! 

Short-Span Bridge Package_ @$150 = S __ 

Addillonal shipping and handlmg will be added for 
orders outside the U S. 

:::J Check ,J Visa ...J Mastercard 
(payable to AISI) 

Cardholder Name 

Card Number __ _ 

Expiration Date 

Signature __ 

Please cirCle # 15 



F or two year. the American In"itute of Steel Construction ha, 
offered bridge de"gner< the powerful Program SIMO for the 
design of ~Iraight ,teel plate·girder bridges on a PC platform , Now 
under the auspices of the National Steel Bridge Alliance ( SBA). 
Program SIMON ha, been upgraded to include de..,igns in 51 (mel­
ric) units. 

Vcr-,ion 8.0 of Program SIMON gives the user two options for 
designing I·,haped and bo.·shaped girders in Sl uni" besides the 
standard U.S. unih. In Version 8.0 input files can be executed in 51 
unih to generate SI unit output files or input file.., can be executed 

in U.S. unil) 10 generate 51 unit output files (sort conversion), 
Metric input files uo;;e 51 unit quantities such as meters in\lead of 
fecI. millimeter., in~tcad of inchc\ and megapascals in'itead of kip.., 
per square inch. All files created in Version 7.0 are readable in 
Ver.ion 8.0 of Program SIMO and can generate U.S. or 51 unit 
output. 

)MON is cac,y to use because the engineer follow~ the same logic 
and process as de~igning a bridge manually. IMON delioign~ 1-
shaped and Illultlple single-cell bo.·;haped girders. with up to 12 

continuou, ~pans. SIMON produce, complete de~ignloo 111 accor­
dance with the 1992 Fifteenth Edition of the AASHTO Standard 
Specific.uion for Highway Bridgclo. through the 199~ interim speci­
fication. 

Version 8.0 of Program SIMON al\o includelio many improvements 
to the output files including: 

Reformatled output file~ to an 80 column width 
for easier viewing. 
Convenient review of data tableloo. 
User control of compiled defaultlio. 
Ea~ier configuration of computer.., and pril1lcr~ 
to generate output files. 

Licensing of Program SIMON for ulooe on a personal computer is 
available for an annual subscription fee of $348. During the sub­
scription period NSBA will furni~h program updates along with 
telephone support on the ulioe of the \oftwarc at no additional 
charge. To order or for more inform:lIion phone: 312-670-2400 or 
fax: 312-670·5403. • 

Setting Standards For Over 70 Years 
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Call For Papers e ____________________ _ 

NATIONAL 
STEEL BRIDGE 

SYMPOSIUM 

The NSBA National Steel Bridge 
Symposium, to be held in Chicago in 
the Fall of 1996, brings together design 
and engineering professionals, FHWA 
and Department of Transportation 
Officials, fabricators, erectors and 
contractors to discuss and learn about 
state-of-the-art bridge design, 
fabrication and construction techniques. 
The Symposium includes workshops, 
lectures, technical sessions and the 
presentation of the AISC Prize Bridge 
Awards. 

Wanted: Innovative Steel Bridges 
If you have recently designed, built, fabricated , 
erected or painted an innovative steel bridge-or 
done anything innovative relative to steel 
bridges-and wish to present a paper at the Fifth 
National Steel Bridge Symposium, send a short 
summary or abstract to Fred Beckmann, AISC 
Director of Bridges, American Institute of Steel 
Construction, Inc., One East Wacker Dr., Suite 
3100, Chicago, IL 60601-2001 (fax: 312/670-
5403) by December 15, 1995. 

S etting Standards For Over 70 Years 



BRIDGE DESIGN 

THE PRINCIPAL OF PRESTRESSING IS CLEAR-CUT: PRIOR TO 

THE APPLICATION OF LOAD, A SET OF STRESSES IS INDUCED 

OF SUCH DEGREE THAT THE TOTAL OF THESE STRESSES AND 

THE STRESSES PRODUCED BY THE DIRECT DEAD AND LIVE 

S T A.Y~N-PUC£ (SIP) 
IIET.-L FORtiS - - -,.. 

STEfl GIRDER 

LOADS WILL NOT EXCEED CERTAIN LIMIT STATES 

- USS BRIDGE REPORT, JUNE 1985 

POST-TENSIONED 
Box GIRDERS 

The use of post-tensioned steel 
box girders on three bridges in 
Florida is expected to improve 
aesthetics without increasing 
costs while also enhancing 

long-term performance 
characteristics 

By Robert B. Ande rson 
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WHILE PRESTRESSING IS 

OFTEN USED ON CONCRETE • 
STRUCTURES, ITS ADVAN-

TAGES ARE RARELY EXPLOITED ON 
STEEL STRUCTURE even though 
the technical advantages of pre­
stressing for stee l structures-
better performance at a lower 
cost-have been discussed in 
U.S. and Canadian literature 
since the mid-1950s. 
Unfortunately, the complexity of 
designing prestressed steel 
structures has undoubtedly 
stymied it use. 

Now, however, Greiner, Inc., 
under the direction of the FHWA 
and the Florida DOT, is design­
ing three innovative bridges uti­
lizing post-tensioned steel box 
girders. The box girders, thought 
to be the first of their type, incor­
po rate two-stage longitudinal 
post-tensioning of the steel box 
and the steeVconcrete composite 
section. The fo rerunner to this 
scheme was the Bonner's Ferry 
Bridge in Ida ho (see sidebar) 
that incorporated post-tension- • 
ing of plate girders. 

The two-stage prestressing 
technique is to be used for three 
identical bridges designed as 
part of the improvements to 
State Road o. 55/U.S. 19 in 
Clearwater, FL. The highway is 
being upgraded from general 
lane service to limited access in a 
highly congested urban setting 
and the bridges form an integral 
part of an 'urban" interchange. 

The superstructure spans sep­
arate turnarounds for the 
frontage roads and the crossroad 
intersects beneath the main 
span. The bridges are three-span 
continuous with side spans of 
106-ft.-6-in . and center span 
lengths of 204-ft . Six girders 
spaced 19-ft.-5-in. on center are 
used to support the roadway, 
which measures 117-ft.- 1in . 
wide. Three piers, trapezoidal in 
shape and located within a medi­
an area, each carry two girders 
at the intermediate supports. 
The bridge length is defi ned by • 
the end bents. These structura l 
elements are integrated with a 
proprietary retaining wall sys-
tem that is configured to form 
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Stage 1: Construct bridge superstructure Including end 
bents 1 & 4, piers 2 & 3, and retaining walls adjacent to 
end bent caps. Erect temporary falsework 

Stage 2: After superstructure concrete has obtained a 
deSign strength of 3400 PSI, erect girder Side spans and 
cantilever portion of main span, also erect end 
diaphragms, temporary braCing between the girders and 
cross frames diaphragms at the piers. Dismantle tempo­
rary false work. 

Stage 3: Erect center of main span. 

Stage 4: Cast deck placement 1 A, 18 & 2 Including 

""---4 

, 

. """''''''1 ',~ 
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anchorage blisters. 

Stage 5: Cast deck placement 3A & 38 Including 
anchorage blisters 

Stage 6: After slab concrete has reached a strength of 
4000 PSI, remove all temporary cross frames, stress and 
grout second stage post-tensIoning 

Stage 7: Cast final deck placement at bridge end. Cast 
anchorage head covers. 

Stage 8: Place barners. 
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The #1 True Windows 
32-bit Structural Pro ram 

*It's for Windows 
*It's for Network 
*It's Multi-Tasking 
*It's 32-Bit 
*It's Our Competitor's 

Worst Nightmare 
WmSTRUDL is the # I 32-bit 
Structural Program for Windows. 
If you got to see it to believe it, ask 
for a free Demo disk now! 

---' 

Now is the time to switch! Get out of those Phony Windows 
Programs and experiance REAL productivity, get the one ..... 
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the approach embankment. 
Final design plans have been • 
completed for the three bridges 
and have been submitted to the 
FDOT with contract letting 
expected sometime in 1996. 

The selection of post-tension-
ing for the steel box was based 
primarily on cost with some con­
sideration of bridge aesthetics. 
As with all prestressing 
schemes, the prestressing con-
cept is economically feasible only 
if the cost reduction for the main 
section is more than the addi­
tional costs of the prestressing 
material and its installation. To 
establish the economic feasibility 
of the prestres.ing scheme, 12 
bridge alternatives were evalual-
ed, including various arrange­
menls of steel plate girders, steel 
box girders, AASHTO beams, 
and cast-in-place concrete box 
girders, along with the post-ten­
sioned box girder option. The 
post-tensioned box girder scheme 
was approximately 8'k more 
expensive than the least costly 
conventional plate girder alter- • 
native. 

Post-tensioning oITered a cosl 
savings of roughly 5'k when com­
pared to the conventional steel 
box girder. None of the concrete 
alternatives were competitive for 
this application. The post-ten­
sioned steel box made economi­
cal sense, though, not only 
because it offered savings in 
steel weight, but also because it 
decreased structural depth, 
which in lurn lowered the 
approach roadways and retain­
ing walls and lessened right-of­
way acquisition costs. All but the 
right-of-way costs were consid­
ered in the preceding cost stud­
ies. The post-tensioned steel box 
was recommended since it 
proved to be nearly the same 
overall cost as other schemes 
and oITered improved aesthetics 
when compared with plate gird­
ers. 

Because the concept could be 
applied to three identical • 
bridges , the development cosl 
that might be required for the 
application of a "new" technology 
cou ld be shared by multiple 
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structures. In this regard, the 
plans were submitted to two fab­
ricators and AISC Marketing, 
Inc. for their review during 
design development. Each sug­
gested ways to improve the 
design. 

PRESTRESSEOnsO -
P RESTRE SED 

A conventional, non-pre­
stressed design was used in the 
positive moment regions of the 
box girder. I n the negative 
moment regions, the girder top 
flange was replaced by a A500-
Grade C tube section with a 
yield strength of 50 ksi. Running 
through each tube are 25 112-in.­
diameter prestressing strands. 
After application of post-tension­
ing, the tubes are grouted. 

The plates conform to ASTM 
572-Gr. 50. The second stage 
post-tensioning was supplied by 
eight tendons per girder, each 
with seven I/,-in.-diameter 
strands. All post-tensioning 
strands are low relaxation type 
with a tensile stress of 270 ksi, 
conforming to ASTM 416-85. The 
composite slab is constructed of 
5,000 psi cylinder strength con­
crete. The web depth of 56-in. 
gives a resulting span-to-depth 
ratio of 28. (The span is mea­
sured between dead load points 
of contraflexure without super­
imposed prestressing loads.) 

The bridges are designed to 
meet AASHTO Specifications 
(l4th edition-1989 and Interim 
Specifications through 1991 ) 
using load factor design with a 
design live load of HS20 truck 
loading. 

D ESIGN CONSIDERATIONS 

The construction seq uence 
was set up to minimize the ten­
sile stress in the slab. While it 
was desirable to engage the com­
posite section as early as possi­
ble in the construction sequence 
to relieve the steel stress, the 
drawback is that more post-ten­
sioning must be added to over­
come lab tension. The most fea­
sible alternative was to make the 
slab composite over the pier only 
for superimposed dead loads and 
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live loads. 
Early in the project it was rec­

ognized that creep and shrink­
age of the concrete slab over time 
would be a critical element in 
the design of the post-tensioned 
steel box. A preliminary study 
was done using an age-adjusted 
concrete modulus for a simplified 
composite section. The goal of 
this study was to develop an 
understanding of the load trans­
fer mechanisms that occur with 
creep and shrinkage. As concrete 
creeps or shrinks over time, the 
change in concrete strain will 
result in both axial force and 
resulting moment, due to eccen­
tricity of the axia l force being 
redistributed within the seelion. 
Under a sustained load, the steel 
stresses will generally increase 
while the concrete stresses wi ll 
reduce with time. The conclusion 
of this study was that it is appro­
priate to use a varying modular 
ratio to account for creep and 
shrinkage efTects when designing 
post-tensioned steel girders. 

Consequently, two separate 
service level analysis and strcss 
evaluations were undertaken: 
one at time equal "one" when the 
bridge is opened to tramc; anoth­
er at time equal "infinity". 
Additionally, where cracking of 

the slab was shown at the ulti­
mate leve), the section properties 
in the high negative moment 
regions were reduced to use only 
the bare steel box and the mild 
steel and post-tensioned reinforc­
ing of the slab. 

The cracked section reduced 
the negative moments at the 
intermediate support and 
increased the midspan positive 
moments. The most important 
aspect of this methodology, the 
use of separate analyses, i that 
the behavior of the girder is 
bracketed for all time periods of 
levels of loading. 

M OMENT-CURVATURE ANALY IS 

A moment-curvature study of 
the post-tensioned box also was 
undertaken . Here, the advan­
tages of the post-tensioned 
scheme can be clearly seen. First 
stage post-tensioning imparts 
negative curvature to the post­
tensioned section. As moment is 
applied, the variation in curva­
ture for the post-tensioned box 
follows the same slope as the 
conventional girder. The second 
stage post-tensioning again 
imparts negative curvature to 
the post-tensioned steel box and 
there is an increase in stifTness 
due to the composite action of 
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For Structural Engineers 
The more 0 com puler program costs, the 
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TRUE FALSE 
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oboul a Iruly innovolive sottwore pragram, call usl 

~ --
..... ~~ RISA-2D ~ --, 

/ :"" Your complete solution for 
f- frames, trusses, beams, 

L shear walls and much morel 

III RISA 
26212 Dimension Drive, Suite 2DO 
LDke Foresl, CA 92630 

IlCHN' 1-800-332-7472 

Please circle # 40 

48 J Modern Steel Construction I November 1995 

the concrete slab. 
The post-tensioned and the • 

conventional alternative follow 
the same slope until slab crack-
ing. The level of moment to crack 
the slab, however, is approxi­
mately 5,000 kip-ft. higher for 
the post-tensioned box than the 
conventional box. At cracking, 
both the post-tensioned and con­
ventional boxes see a redistribu-
tion of the slab stress to the steel 
section. The slope of the 
moment-curvature diagram after 
cracking is the same for both 
alternatives and the offset 
between the two curves, while in 
the elastic range, is the curva-
ture produced by the first and 
second stage post-tensioning. 

The results of the moment­
curvature analysis show two 
benefits of the post-tensioned 
steel box . First, for the same 
amount of material and some 
effort, the n exural capacity of 
the box is improved by the post­
tensioning. Second, the negative 
curvature imparted by the post­
tensioning reduces the curvature • 
of the box for a given applied 
moment and hence the net 
denection of the box under load-
ing wiJI be less. A comparison of 
deflections showed the post-ten­
sioned steel bridge is denected 
2.7 in . at midspan under dead 
load plus live load . This is equiv-
alent to U907 . The identical con­
ventional box girder showed a 
denection of 3.73 in. or Ll656. 
This would exceed the limit of 
U800 per AASHTO and the sec-
tion size would have to be 
increased. 

FIRST-STAGE P OST-TENSIONING 

As stated previously, the first 
stage post-te nsioning wa s 
applied to the girder top flange 
at the negative moment regions 
over the piers. An 8x8x5/8 struc­
tural tube encloses the post-ten­
sioning strands and was adapted 
for connection to the convention­
al nange with welded tabs. The 
tabs were then bolted to the con- • 
ventional flange using a modified 
splice. To avoid overstressing the 
girder, special instructions were 



• 

• 

• 

given regarding th e application 
of the first stage post-tensioning. 

Fi rst, prior to application of 
t he fi r st stage, top later al brac­
ing an d tem pora ry b racing for 
t he tube section are required to 
be in place. Single end stressing, 
from either tendon end, with two 
jacks per girder , was instruct­
ed.The two tendons are stressed 
sumultaneously wiht a 5% maxi­
mum differential pressu re 
between jacks. 

The p la n s i n clud e d camb e r 
diagrams and ordinates for first 
a nd second stage post tension­
ing, as well as dead loads, super­
im posed dead loads an d creep 
and shrinkage effects. The plans 
also stated the amount of elastic 
shortening that would be expect­
ed due to t he first-stage post-ten­
s ion in g . To n egat e a ny u nce r ­
ta in t ies wit h t h e d e n ection s 
produced by the first-stage post­
te ns ioning, it was t h e FDOT's 
preference to require that all t he 
fi r st-stage post-tens ion i ng be 
d o n e in t h e stee l fa b ricat ion 
s hop. This a lso a llows shop fi t­
t ing of t h e steel girder s be for e 
s hipme nt to t he jobs ite to a void 
fi t-up problems in t he fi eld. 

SECOND-STACE POST­
TENSIONING 

The second-stage post-tension­
ing tendons were staggered over 
the piers for efficiency. The post­
tension ing force was in troduced 
at b listers located on the under ­
s ide of t he s la b. In li eu of bli s­
te rs, t he design consider ed t he 
u se of b loc k -outs , with ei the r 
plate anchorages and s ma ll jacks 
or co u pled tendons a nd j ack s 
with curved stressing noses. The 
major impetus for contemplating 
block-outs was to avoid the com­
pli ca t io n of st i ck fo rming 
beneath the blister s. With block­
ou ts , t h e e n t ire le ngth o f th e 
g irder co ul d use stay-i n -pl ace 
fo rm s , which h a d two a d va n ­
tages . First, t he forming would 
be simplified. And second , t h e 
road ways beneath the bri dge 
would have to be closed for only 
a ve r y s h o r t time d u ring con­
s truction. The disadvantage of 
the block-outs, t hough , is t hat a 

Bonners Ferry Bridge 
In 1980, the Idaho Transportation Department and the FHWA hired T.Y. 
Lin Internabonal to design a steel alternate to a prestressed concrete 
design for the replacement of a bridgeover the Kootenai River In Bonners 
Ferry, 10. The Innovative-and cost saving- result was a prestressed 
steel girder bridge . 
The bridge features longitidinal cable stressing of the steel girders and 
post-tensioning of the steeVconcrete composite seclion in the negabve 
bending moment regions over the piers. The stressing was applied in two 
stages, in order to limit the stresses during construction as well as in the 
service condition . The first stage of stressing produced a positive bending 
moment on the steel girder before the concrete deck was poured. This 
was done to control dead load tension stress induced in the relatively thin 
top flange . The second stage had as its purpose production of sufficient 
longitudinal compressive stress in the concrete deck to eliminate tensile 
stresses induced on the composite steel/concrete section by the AASHTO 
HS25 service loading . Since, thereby, the deck is always caused to be in 
compression, and is attached to the top flange by shear connectors placed 
throughout the full length of the bridge, full composite action is achieved 
not only for regions of positive moment, but also for the negative moment 
regions over the piers. 
Another major design feature is the transverse prestressing of the con­
crete deck. This is accomplished by using strands placed in ducts and 
anchored at the edge of the concrete deck. For the portion over the piers, 
the concrete deck is prestressed in two directions, inSUring a crack-free 
surface in this often troublesome region. One consequence of the trans­
verse prestressing is that spacing between the steel plate girders can be 
increased to reduce the number of girders required for the 70-h.-wide 
deck. The wide spacing of 18-ft. between girders results in only four gird­
ers being required for the full length of th bridge. Transverse prestressing 
also allowed a long overhang of the deck cantilevering beyond the outside 
girders, which meant the pile caps could be kept could be kept narrow and 
substructure costs could be reduced. 
(Information condensed from USS Bridge Report, June t985) 
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MAX WEISS 
STEEL BENDING SPECIALISTS 
Max Weiss has bent lorge structural beams for major architectural proJects as well 
as the steel ribs on large vessel~ but our unique capabilities hove served many 
metal fabricators; boiler shops; steel service centers; foundries; material handling 
equipment manufacturers; sewer; water and mechanical contractors; gas 
and electr ical utilities ; poper-maklng manufacturers. bottling equipment 
manufacturers. heavy equipment and crone manufacturers as well. If It's 
structural steel that needs to be bent. WE CAN DO IT ! 

VVhether you need IrregUa curves or offsets 0'1Qi0 .... m unequoIlegs bent 
in or out . elliptical Shopes . circles , segments of CIrcles or beams spilt 
Into structurol1ees and formed stem In , out or up , MAX WEISS CAN DO IT I We 
also comber and straighten structural shapes. It's why more and more com­
panies are COlUng Mo)(VJeiss first They know that our specialized equipment 
and ImowIedge gIVe us the technological edge In bending copobllIt ies 

MAX WEISS CO INC .625 W 'OAOLEY 00 .. MILWAUKEE. WI 5322' 
" . PHONE 414/3M·8220 MAX fAX 414/355 -4698 

substantial portion of the con-
crete deck would require stress- • 
ing pockets and subsequent 
patching of the pockets. Also, 
corrosion of pos t -tensioning 
anchor systems has been cause 
for concern. Based on FDOT 
experience, these patches­
unless extraordinary measures 
are used-generally leak and 
invariably fail to control the 
ingress of corrosion to the post­
tensioning system. Therefore, to 
assure maximum long-tenn per­
formance, blisters were used in 
the ftnal design. 

Terminating the tendon at the 
blister complicated th e s lab 
design , however . Specifically, 
additional s lab stee l was 
required to re s ist bursting 
forces, deviation forces, tie-back 
forces and local s lab moments 
produced at the anchorage. 
Influence surfaces were used to 
estimate the slab's two-way 
actions. 

CREEP ANn SHRINKAGE 

The consideration of long-term • 
losses for prestressed steel struc-
tures poses a unique problem. To 
account for creep and shrinkage 
losses for the first-stage post­
tensioning, only the stress 
change at the girder top flange 
from tim e equal one to time 
equal infinity needs to be tabu-
lated. For the post-tensioned box 
application, the long-term loss 
for the first-stage tensioning was 
only 1.5 ksi, or 1.3% of the jack-
ing stress after elastic shorten-
ing and friction losses. 

Time dependent losses for the 
second-stage post-tensioning 
were evaluated by the nonitera­
tive step-by-step method and 
long-term losses due to creep and 
shrinkage of the concrete were 
found to be 4.6'K. 

To avoid cycling through the 
design to account for concrete 
creep and shrinkage losses, it is 
important to predict the long­
term losses for post-tensioning 
as accurately as possible . The • 
general results of parametric 
studies show that an assumed 
long-term loss due to creep and 
shrinkage of concrete of 8 per-
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shows improved 
fatigue perfor­
mance, primari­
ly because the 
composite action 
reduced the 
fatigue stress 
ranges. At the 
negative 
moment region, 
the top nange 
stress range was 
reduced by a fac­
tor of 2 when 
compared to the 
conventiona l 

PARTIAL SECTION THIIJ EJlD OF SPAN a lternative. The 
lower stress 
range at the 
negative 
moment region 
re ults in a one 
category 
improvement in 
AASHTO 
fatigue rating. 
However, 
Charpy V-notch 
testing still is 
not eliminated. 

/ ' F"Wvu;t. 
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Top Flange Splice-Elevation 

cent is reasonable for most con­
figurations. Additionally, when 
starting the design , an estimate 
for the final prestressing stress 
of 0.6 times the tendon tensi Ie 
stress based on an initial jacking 
stress of 0.8 times the tensile 
stress should be suitable. 

The post-tensioned steel box 

The box gird­
ers generally require top nange 
lateral bracing to resist the hori­
zontal component of the shear in 
the inclined webs. They also pre­
vent compression instability of 
the top nange before the concrete 
deck is in place. Special atten­
tion must be given to the bracing 

SYMJlE TRICAL AlltkJT ( 

layout to miss both the splice 
and blister locations. One special 
feature required was temporary 
bracing to support the girder sec­
tion at each free end before it 
was assembled with adjacent 
gi rder sections. After the bare 
beam at the negative moment 
region was spliced with the rest 
of the bridge during construc­
tion, permanent bracing between 
the field sections was assembled 
and the temporary bracing was 
removed. 

While prestressing steel 
bridges results in a more com­
plex design, it a lso provides over­
all savings from reduced cost for 
the bridge structure, approach 
embankments, retaining walls 
and ri ght-of-way acquis iti on. 
Also, the prestressing shares 
some of the load, whjch improves 
ductility, and enhances a struc­
tures long-term performance by 
reducing fatigue stress and cor­
rosion of the slab reinforcing. 

Robert B. Anderson, P.E., is a 
project engineer at Greiner, Inc., 
in Tampa, FL. Greiner has more 
than 40 offices nationwide, as 
well as in Hong Kong and 
Malaysia. The company special­
izes in transporation engineering 
for highway bridges and airport 
projects. 
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Everything in NYC is BIG - traffic jams, skyscrapers, 
business deals ... and also BIG savings! 

Thanks to grid reinforced concrete 

bridge decks on the Queensboro 
Bridge and others ... NYC is realiz­
ing substantial highway savings. 

How? Because no other deck 
surface can withstand the City's 
harsh climate and relentless 
traffic so well for so long. 
Remarkably, several grid rein­
forced decks in New York are 
observing their 60th year of 
continual service - an unmatched 

record resulting in unsurpassed savings! 

By 1998, the Queensboro Bridge (carrying 140,000 
vehicles daily) will be totally re-decked (main span and 
approaches) with nearly one-million square feet of grid 
reinforced concrete. 

Other decks must be replaced on a more frequent basis. 
This wastes valuable road-tax dollars and creates 

unnecessary and frustrating construction projects. 

Current grid technology builds on that record of 
durability, while evolving and improving to meet 

current demands, by using: 

• attachment techniques which 
insure composite behavior 

• variable elevation details 
to handle cross-slopes and 
super-elevations 

• monolithic overfill to provide 
a smooth ride, protect the 
steel grid and enhance the 
deck's durability 

• lightweight concrete to further 
enhance weight reduction 

NYC's savings, however, are NOT restricted to 
rehabilitation. Grid reinforced decks have also 

been specified for the NEW approaches to the 
Williamsburg Bridge! 

Strength, durability, long-term economy ... and a 

proven record of performance. There's simply no 
better choice than grid reinforced concrete decks. 

BRIDGE GRID FLOORING MANUFACTURERS ASSOCIATION 
231 South Church Street, Mount Pleasant. PA 15666 • Phone 412 /547-2660 

Please circle # 21 



INNOVATIVE DECKING SOLUTIONS 

• SUCCESSFUL RESURFACING FOR 

• 

• 

AN ORTHOTROPIC STEEL DECK BRIDGE 
By Ve Uore S. GopaJaratnam and Arthur M. Dinitz 

The Poplar Street Bridge in St. 
Louis, one or approximately 30 
orthotropic steel-plate deck 

bridges in the world, carrics approxi­
mately 130,000 vehicles-including 
about 15,000 large trucks-across 
the Mississippi River each day. The 
five-span bridge is 2.165-ft. long and 
consists of two independent bridges 
supported on a set of common piers. 
Each bridge carries four lanes of 
traffic and is supported by two box 
girders with girder depths ranging 
from 16 ft. to 25 ft. The deck thick­
ness typically is 9/11 in . and is stiff· 
ened by closed trapezOIdal stringers 
or ribs. The 'lie-in. thick stiffeners on 
I3-in. centers are Ii-in . deep and 
run along the length of the bridge. 
Load from the deck also is trans­
rerred to lbe box girders by trans­
verse noor beams spaced on 15-ft. 
centers. Transverse frames brace the 
box girders at 60-ft. centers coincid­
ing with every fourth noor beam 
location. providing the bridge addi­
tional torsional rigidity. 

When the bridge was constructed 
in 1967. the steel deck was covered 
with a wearing surface consisting of 
two layers of epoxy tack coat and 
1 'I,-in. of rubberized asphalt con­
crete wearing surface. Stone chips 
were embedded in the second layer 
of epoxy as an anchor for the rubber· 
ized asphalt layer. Th,s system per­
fonned well until 19 3, when it was 
completely removed and replaced 
with a second, identical surface. 
Unfortunately. this time the system 
only lasted three years. In 1986, the 
eastbound lanes were replaced with 
a proprietary system that included a 
fiberglass reinforcing mat in the 
asphalt wearing surface. Despite the 
reinforcing mat, unacceptable 
amounts of rutting and shoving 
necessitated the placement of a new 
wearing system in 1992. 

After testing six systems, a 
Transpo T-48 epoxy concrete was 
chosen . A total or 20 working days 
was used by the contractor. Pace 
Construction Co. of t. Louis, to 
place the 226.000-sq.·ft. of approxi­
mately Ilz·in. thick wearing surface. 

This was the first use of the sys­
tem on large steel decks subjected to 

a combination of 
severe environ­
mental and heavy 
traffic conditions. 
As a result, the 
system was heavi· 
Iy monitored by 
the Missouri 
Highway and 
Transportation 
Department 
( MHTD), which 
awarded the 
University of 
Missouri a five· 
year contract for 
long·term inspec­
tion and testing of the wearing sur· 
face. The yearly inspection includes 
resistivity tests to qualitatively mon· 
itor cracking in the wearing surface, 
pull-out tests to establish the adhe­
sion strength in tension between the 
wearing surface and the deck-plate, 
chain-drag/acoustic tests to detect 
delamination of the wearing surface 
from the deck-plate, observations to 
record wearing surface thickness, 
aggregate loss and other signs of 
deterioration. 

Two visible cracks, one at each 
end of the southmost-eastbound lane 
(in the transition zone where the 
overlay thickness changes from 2'/,­
in . at the finger-type expansion 
device to 112 in . on the bridge) 
appeared after one year of service 
and were repaired using Transpo T· 
48 epoxy primer. 0 further crack 

growth or deterioration of the wear· 
ing surface in the vicinity of the 
cracks were observed even after two 
additional years. While the cause or 
these cracks has not been conclu­
sively established. differential ther­
rna) expansion is a probable culprit. 

Arter approximately three years 
or service. the TraDspo T-48 epoxy 
concrete wearing surface system has 
perrormed very well. with no addi­
tional visible cracking. loss or skid 
resistance, excessive wear or any 
other railur to date. 

For more information on the 
1'ranspo System, please c ircle no. 
30. 

Vellore . Gopaiaralnam IS an 
associate professor of ell'il engineer­
tng at the Unll'ersily of MiSSOUri and 
Arthur M . DLflliz is pres,dent of 
Transpo Industries. 

EXODERMIC BRIDGE DECKS 

Ai exodermic bridge deck is a 
3.5-in. to 5-in. reinforced con­
rete slab on top of. and COm­

posite with , an unfilled steel grid. 
This efficient deck design permits 
significant weight savings compared 
to a standard reinforced concrete 
deck while providing the same or 
better stiffness and strength . The 
modular nature of the deck permits 
rapid erection, even during very 
short (overnight) work periods. 

An exodermic deck is comprised 
of two main components: a fabricat· 

cd steel grid similar to those that 
have been used for concrete-Ii lied 
grid bridge decks for many years. 
and n reinforced coner t.e compo­
nent. which is typically 3.5-in. to 5-
in. thick. with rebar selected to pro­
vide negative moment capacity. The 
concrete component is made compos­
ite with the steel grid by the embed­
ment of shear connecting elements 
known ns "tertiary bars". 

In place on a structure, th~ con· 
crete handles compressive forces 
from traffic, while the steel grid han· 
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EXODERMIC BRIDGE DECK 

dIes tensile forces. 
One key benefit of an exodermic 

deck is its concrete riding surface. 
In fact the concrete component is 
often designed to the same specifica­
tions as the top half of a standard 
concrete slab, and can be installed 
and maintained using the same tools 
and techniques as standard bridge 
decks. 

Exodermic decks are attached to 
the superstructure of the bridge by 
the use of headed shear studs, and 
the placement of concrete full depth 
through the grid over the supporting 
beams. No field welding or bolting 
of steel grid panels are required. 

Because the design is modular, 
exodermic decks are ideal where 
deck con s truction or replacement 
must be accomplished rapidly. The 
concrete component of an exodermic 
deck can be pre-cast or cast-in-place. 
Pre-cast exodermic decks are used 
where traffic conditions require 
rapid deck replacement, generally 
during a nighttime work window. 
Such work permits the structure to 
be fully open to traffic during the 
day. Pre-cast exodermic projects 
include the Driscoll Bridge on the 
Garden State Parkway, the Pitman 
Creek Bridge (US 27) a 700-ft. deck 
truss in Somerset, Kentucky, emer­
gency repairs on the Tappan Zee 
Bridge over the Hudson River, and 
the Troy-Menands <Route 37B } 
Bridge over the Hudson River in 
Albany, NY. 

Where traffic permits, an exoder­
mic deck can be cast-in-place. In 
these cases, the steel grid acts as a 
rapid Iy-placea ble , stay-in-pl ace 
form . Significant time savings are 
realized over conventional forming, 
and the benefits of a lightweight 
deck realized at the same time. 
Examples include the Mohawk River 

'''!I", , .. 
10" .. <_<' ... 1 

............. t. 

Bridge in St. 
Johnsville, NY, 
the Ca lum et 
Street Bridge 
in Philadel­
phia, the Popol-
open Creek 
(Route 9W) 
Bridge in High­
land Falls, NY, 
and the Clover 
Run Bridge in 
St. George, 
WV. 

In addition 
to the re-deck­
ing of existing 
structures , 
Exodermic deck 

is also used on new construction. Its 
li ght weight permits the entire 
bridge to be lighter in weight, and 
thus less expensive. Projects of this 
type include an interim viaduct that 
will be carrying 1700-ft. of 193 
southbound in Boston during con­
struction of the Central Artery pro­
ject, and two new bridges in Ithaca, 
NY. 

The Exodermic Bridge Deck 
Institute (914-722-2448) is an infor­
mation source for exodermic design 
and construction , providing printed 
and computer-based design aids, 
suggested specifications, informa­
tional materials, and technical assis­
tance to bridge engineers, owners, 
and contractors. 

For more information, circle no. 
69. 

OTHER DECKING 

PRODUCTS: 

U nited Steel Deck, in affilia­
tion with Nicholas J . Bouras, 
I nc., offer a wide variety of 

decking solutions. A wide variety of 
special finishes combine with roll 
forming and bending capabi lities to 
provide solutions to he most unique 
decking demands. 

For more information , contact 
Nicholas J. Bouras, Inc., P.O. Box 
662, 475 Springfield Ave., Summitt, 
NJ 07902-0662; 908/277-1617 or cir­
cle no. 33. 

Wheeling Corrugating Co. 
oifers aU types of premium 
steel decking, rolled to spe­

cific job requirements. The company 
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has six strategica lly located manu­
facturing/service locations to fully 
serve the fabricated structural steel 
industry. 

For more information, caIl 
3041234-2300 or circle no. 99. 

The Steel Deck Institute ha s 
released a new Design Manual 
that includes all the latest 

information for deck design and use, 
including metric specifications, met­
ric load tables, short form specifica­
tions, code of recommended standard 
practice, and design examples. 

For more information, contact : 
Steel Deck Institute, P.O. Box 9506, 
Canton, OH 44711 (216) 493-7886 or 
circ le no. 77. 

Epic Metals Corp. offers a wide 
range of decking solutions , 
including its MAXSPAN 

BRIDGE DECK FORM, an entirely 
new concept in the design of perma­
nent metal deck forms for bridge 
deck slabs. 

For more information , contact: 
Robert Paul, Product Engineer, Epic 
Metals Corp., Eleven Talbot Ave., 
Rankin, PA 15104 (412) 351-3913 or 
circle no. 25. 

Heavy Duty Grip Strut bridge 
inspection walkways are sus­
pended beneath bridge deck 

to enable close inspection of 
load-carrying members . The 
well-made catwalks span 24 ' open­
ings with minimal deflection, which 
reduces the need and expense of 
extra supports. Also, gravel, mud , 
snow and ice fall through large dia­
mond-shaped openings. Choices 
include 9, 10, or 11 gauge grating 
with serrated 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 (6I8) 357-5353 inside 
Illinois. or circle no. 80. 

Grid Reinforced Concrete Deck 
manufacturers off products 
with deck thicknesses ranging 

from 3-in. to lO-in. withe weights as 
low as 45 Ib ./sq . ft. Modular grid 
panels a lso playa vital role in the 
comp lex traffic staging often 
required on rehabilitation projects. 

For more information, contact: 
BGFMA at 412/547-2660 or cir c le 
no. 21. 

• 

• 

• 



CONXPRT 
The only connection design software approved by AISC 

Be •• , "lIx50 
1\512050 

FRAMING ANGLES BEAM TO GIRDER 1fEB CONNECTION 

Girder W24xSS Be •• Slav_cion: 0.0· 
Girder W~b Connection 

l/.- • x 2-
A 572 G SO (with respect to girder) A32S · N STD , -

VU 40 Kip. • Vn 11.4 Kip. 
)·1/2 Girder tw : 0.39S· 

I I 
---~I~ 1/2# -+ 

'jt- '-----" 12 -1/ . 
t-'-'+. -+ 

3· 1/2 
t--+ 
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I • II • 1-+\_'-'/' I 3/1. II \1 II .7. XX 1 II 
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1 II 
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k. 1 · 1/4- I 1-----' 

I • II • I I 18-1/2· 
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I • II • 1-+16 801eo) I 
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Id 
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Column Top 

(Ii 5/3 Pb! 
( I 4/3 Pbf 
( ) 

A512 Or SO 
H 668 Kip-!t 

Story Shear <-+ 0 . 0 
Left othet O· 

Kip 

Flange 0 145- x 9 '9-
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I I 1 I I 
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CONXPRT Module I 
designs various 

bolted and welded 
configurations of 
double angle, single 
plate, shear end 

plate and single 
angle shear 
connections 

Col. Web Stiffeners 1\36 
1: Two Uorhont.l Pbt •• 

1/2 ., X12.5/8-
:2 Two lIorh:ontal Plate. 

1/2 x1 x12-
l;Two Horizontal Plate. 

l/8 xS x.,-
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1 , 
2 , 
3 , 
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B.S. 
B.S . 
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l/S· 
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.., 
w.b 
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1/.-

M·41S lCip·ft I I IPl000bler vide 
Plange-a.7.- x 8 29S· I I 2 3 I 
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Rnal~, a 3-D detailing lIIat 
will ,oduee 100% of your work . 
The future of steel fabrication is here. Steel Solutions 
introduces STRUCAD 2000-3-0 detailing software that 
dispenses with manual drahing operalions and results In 
productivity gains up to 5-to-1. 

Developed specifically for steelwork, STRUCAD 2000 
allows the user to Interactively construct a 3-D wlreframe 
model of a steel structure using a PC workstation. 
Connection types can be designated from an extensive 
library of standard connections or the user can easily cre­
ate any non-standard detail at any location in the structure 
and save it to a library for reuse. Automatic clash detection 
eliminates error. 

From the solid model, it is possible to produce all draw­
ings and material lists completely automatically. STRUCAD 
2000 automatically creates field erection drawings, shop 
detail drawings, fitting detailS, full-size templates, 3-D 
erection drawings, and CNC manufactunng data for a wide 
range of workshop machinery. Data downloads from 
STRUCAD 2000 dlrectty to CNC machinery to ensure accu­
rate and consistent results. 

Integration between STRUCAD 2000's design and detailing 
data and the production control and management data of 
STEEL 2000 is seamless. Structures deSigned In STRU­
CAD 2000 will flow through all aspects of eSlimating, 

detailing, mulling, purchasing, receiving, production, ship­
ping and erection with complete traceability. The estimated 
labor to produce any structure that is deSigned or detailed 
in STRUCAD 2000 can be pnnted from STEEL 2000 
Estimate With a few keystrokes 

STRUCAD 2000 is interfaced to a large vanety of other 
sohware packages including AutoCAD applications, 
STAAD-III from Research Engineers, Intergraph's Mica 
Plus Analysis and PDS, PDMS from Cadcentre, and PASCE 
from CE Automation, to name only a few. 

Proven in production for six years, there are more than 
400 STRUCAD systems installed throughout 22 countries. 
Now available in imperial units, Steel Solutions is pleased 
to market and support STRUCAD 2000 in the United States. 

To facilitate use of this powerful tool in your plant, Steel 
Solulions offers a low-cost, five-day training course for 
your employees at our Training Center In Jackson, 
MiSSissippi. In addilion, regular user group meelings at 
the Training Center will ensure that on-going requirements 
are constantly being Integrated into STRUCAD 2000. 

Call today to find out more about how STRUCAD 2000 can 
reduce your detailing costs and eliminate expensive manu­
factunng and site errors. 

Please circle # 98 

• 

• 

2260 Flowood Drive · P.O. Box 1128· Jackson, MS 39215·601-932-2760· Fax 601-939-9359 
Support/Development · Rt. 3, Box 312A· Buckhannon. WV 26201 ·304-472-2668· Fax 304-472-3214 
STRUCAD IS a registered trademark of ACECAD Software Ltd .. England. U.K 



• 
S TEE L MAR K E T P LAC E 

STAAD3-2D 
State-or-the-art 2D Structural Analysis 

and Design Software 
for $595 

Re~earch Engint!cr'l, Inc. IS proud to announce the arm'aJ of 
STAAD3-2D. the mo ... , comprehensive 20 Structural Analysis 
and Design software in today'., industry. STAAD3-2D is the 20 
ver~ion of RE's world famous structura l ~oftware STAAD- 1l1. 
Equipped with powerful Analysis/Design. brilliant GU I. easy 
Vi).,ualizauon/Venfication. and nexible Report/Query facilities. 
STAAD3-2D represents the true slate-or-the-art in modern struc­
tural engineering. 

STAADJ-2D supports STEEUCONCRETEfTIMBER design 
pcr AISC IASD & LRFD). ACI and AITC codes. With a price tag 
of $595. it offers you the heM value for all your 20 \truclUral 
need ..... 

Research Engineers, Inc. 
22700 Sa, i Ranch 

Yorba Linda, CA 92687 
Toll Free: 1-800-FOR-RESE 

Fax: (714) 974-4771 

Employment 
ProCounscl searches for the right job for YOll, in the 
right geography, at Ihe righl money. Engineers, 
architects. draflspcrsons. detailers. checkers, 
eSlimators. plant managers/engi neers/supers, erecti on 
professional s. Confidential. Fee paid. Buzz Taylor 
2 14-741 -3014. Fax: 2 14-74 1-30 19 or leave a Img: 
800-545-5900. 

Help W:luted 
Structural SI~1 Dt.' lnilcr And A Siructural Stl~1 Chl"C kcr 

Siruciural Sleet Detailing comp..1ny in bU\lIle~s for 15 yea" h;t~ 2 IXN 
liOlh a\'<l.Ilablc immediately. Both po<;iuon\ arc con\.dcrcd pcnncnant and 
rul1time. Currcmly operuting wilh 10 in hou\c dctailt'p" hoth on the board 
:md wilh 1"0 different computer ,)'\(cm\ Benefi t, Include: paid holiday ... , 
paid vac:llion and retirement pl:m (401 K). Salary will depend on cxpcn 
cnee. Plea .. " mail or fa.'( re"'ume and ... alary hi\lory 10: 

Calla"uy & Com pan) Steel Oehlilinj! In(', 
1'.0. Box M268 

Lubbock. Tex:ls 79464 
Phone: (806) 79 .. ·76661 Fa,: O~06) 79-l· 1432 

StrIlCAD*3D FLORIDA - HELP WANTED 
Tile PJagship ProdllctJor 3D Struclurul Amllysi,~ & Design Fabricator looking for EngineersJDcwiler~ lO do compuu.;r and 

• Pop·up & Pull-Down Menus • Wind & Gravity Load Generat.ion hand delailing. Mid-!<i/c AISC Level II plant. Be'lUliful pan of 
• Truly Interacllve 3D Graphics • Material Takeoff 

Pre- and PostproceSSlOg • P-Delta and Thennal Analysis Florida near Space Center, Excellent pay and benefil\. Reply to: 
• 3D AutoCAD Interface (in & out.) • Pile-SoillnteracLion Industrial Steel, Inc. 
• AISC-ASD. AISC-LRFD. ACI-3IB • Seismic & MachlOe VibrAtion 
• Reinforced Concrete Design • Detailed Fatigue Analysis Aun: Fred Wilson. Jr. 

Prices start at only $249 P.O. Box 346 

• 

Zcntech, Inc. 8582 Katy Freeway. '205. Houston, TX 77024 Mims. FL 32754-0346 
T.II7I3, 984 9171 Fax (713) 9B4 9175 Ph: (407) 267-234 1 Fax: (407) 383-9072 

--S~Ktunil1rN~~~e-DW.s~fD~ill[~-gL~lP~~nu'---!--------------'~;A~~~~I).~~~-------------Au~~M~=":..~~AND~ DRAFTSPERSON 
shopdrn ........ A11progrnmslu,,~""""upda""'furl995ondnew"""'"'""'ha"" Structural Steel Detailer for a NorfolkIVirginia Beach. VA-
been added. Anchor bolts to roofoperung fi-nmes and -everything bet .... 1lCn ... 

Imperinl and metric \1nion8 Wlth USA. Canadian and European stceI sections. 45- based steel fabrication company. Experience with SDS II 
DAYMONEYBACKCUARAN'l'EE. Discounts up to 3O'l. Buyonlywhat.you or Mi scellaneous Detailing a plu~ . Benefits include: 
need. U""" on the field furBy •• ", I'rogrnms wntren by .detal1e .. "u, 39,.... HeallhILife Insurance. 40 I K Profit Sharing: Paid 
expenencc. £:xtreme!y "Oe.xible- prcgrams. FREE telephone support. No 
mamtef'Ian(E fee Reasonab}eyearlyupd<te fee. EXCElllNI' PROGRAMS ata Vacations and Holidays. 
REASONABLE PRICE. Call ro.-a FREE demodisk.listofprognuns.ond """" 

SSDCI' Fax resume to: 
110 Shady Oak Circle. Florence. MS 391m (804) 628-0110 

Tel: 601/845-2146 (rax same) 

Integrated Slructural Soft~are Solutions From Sortdesk 
The World 's Largesl Oe\eloper for AutoCAO 

Softdesk \hMieler - Now A vailtJble 
./ Graphical Mcx1eler ..... ith \ bualizatlon and error checking tool!> 
./ 2-way link to STAAD-III for creatmg and updating model 

automatically 
./ Automatic 2D plan. ~tion and elevation drawing generation 

Sortdesk Structural Plans & Ele\ations 
./ Comprehen"i\'e M'I of 100(., to create 20 deSign/construction drawings 
./ Automated geometry nnd annotation fealures based on materiul data 

Softdesk l>Ctaiis 
./ State-of-the-an parametric program., for creating <; tructural details 
./ Supporh AlA CQ'IoJDOC fonnaumg and keynoting wllink to 

specificatIOn file., 
./ CU<;lomiznble material management system stores. retrieves and !;Cales 

detail drawing~ 

Softdesk Steel Detailer 

• 

./ Paramelric programs for generating. shop fabrication drawmg!> 
Including beams. colurnn.!.. brace~. ~taln. . anchor bolts and more 

./ Autommically generates Bill of Material and project level reponing 

CaU for a free brochure and preview disk! 
Sortdesk. Inc .• 7 liberty Hill Road, Henniker. NH 03242 

Tel 16031428-3199 ext. 242: Fax (6031428-7901 

Structural HoIUn~ Ihmdbook 
Step-by-step 1n~lmclions for: boll Inslalhlllon u~mg Ihc IUm·or-lhe-nUI. cahhra(ed 
.... ·rench. tW;\I-oft bolt and dlreclten~lon I1ldlCalOf mel hods; pre-lIl,tall,lUon te\I\ 1'100 
Inspcction procedures for each method; d'\pute arbltrullon proo.:edurc\ 
AASTHO/FHWA rotationul cap.tt:lty le~1 pro.:edur.:.-.~ boll. mil and wa!.her product 
and manufactul1!r ldenllficallon marklng~~ boll. nul and .... a~hcr dlmCn~IOn\; COOIp.ttl­

bllny lable~; tlnd dl'oCu .. ~ion of lIIany cntical bohlllil il>sue~ 
1-10 copic\ S9J)O ca .. II -SO copies: 51! OC) Cil .51+ COPIC\ 1700 ca 

For onkr. under 17.500. add $400 ~&h; MI re~ident~ 1KkJ6'l \01lc\ toiX 
Prepayment h) ..:hcd.:. VI'-lI Of MIl..-.tcrcani onl)' 

Steel Structures Technolo.u Center. lut .. 
40612 Villa~e Onks Hr .. No\l. \1148375-4462 

Ph : (810 ) 344- 2910 Fax : (810) J.W-29 I I 

WE PROVIDE CADD STRUCTURAL 
STEEL DESIGNIDETAILlNG 

for Engineers, Fabricators and Contractors 
JOHNSON TECHNICAL SERVICES 

231 E. 25th St. 
Baltimore, MD 21218 

Ph: 410/243-3269 Fax: 4101243-1963 

Modem Steel Con\trucl ion I No .. ernber 199.'1 I 57 
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HEWLETT·PACKARD 
Compulers/Peripherals 

A complete hne of used and refurbished HP Equipment to fill 
all your computer needs. LaJO;c r printers, scn.nners, disk dri ves, 
plotters (Draftpro. Dr8ftm8ster & DesignJetl. PC's and 9000 
senes workBtations are available for immed131e delivery. Call 
our toll free number for additional informatIon and pricing. 

Ted Dasher & Associate. 
4117 2nd Avenue South 
Birmingham, AL 35222 

8()()·638·4833 fax (205) 591·1108 

STEEL SHAPING SPECIALISTS 
Wb CAN BEN D STRUCTURAL STEEL: Til E EASY WAY. TilE 

HARD WAY . IR RLGU LAR CURVES . OFFSETS . ELLIPTICAL 
SIIAPES. CIRCLES. SEGtMENTS WITH TANGENTS AND WE CAN 
BEND IT TO TIGIIT RADII WITH MINIMAL DISTORTION 

We :.1 '>0 offer for(!lOg. the hOI ~hapmg of metal, and the roiling and 
fonn.ng of tubIng. r.ul and tw-\ . Call or fa'( Frank Ilullcrer for more IOfor· 

Tel: ~14·355·8220 Fax: 414·355·~698 
Max Weiss Co .• Inc. 

8625 W. Ilrlldlcy Rd., Milwaukee, WI 53224 

Structural E~pert Series (SES) 
A (Hmr k t" 11m!) v i aJUJ ~ ' 1\ olnJ dc."~n '>On~~. 111" hbnlry 1\ /:Ia.'\W 00 Q\f:r 

2() ~f:.tJ'1o of lLommf:n:1.1.1 \"fl'o'o,m: upl:ncocf: ;uJd I ~ In ~IJ.Jkd In over 2.lXlO w mp.amfi 
IhnlU~hI:)Ut IhI: 'o'o (lfld 

LIMl"}' md udc .. 
• ~D .nd .:' D anal) .. , ~ 
• Slttl lk' IBO_ ASD & I.Rro 
• COOt.:rclc dc I~n 
• Tunbcr dc"I, n 
• Ma-.onry .... 1111'> &. re tJlnlnJ; wa.l1 ~ 

I'(lr morc In(tmnallon, or 10 re,,:cl 'iC It FREE dtmo 1.11. plc3)e call 
ECO\1 A~llItc-.. IlIc. · 8324 N.Sh!\en ·MlJw.IIUk~. \\1 53UJ 

,.., : 4141365·2100 e.~I. 494· Fax: 4141365·2110 

Computerized Structural 
Steel Detailing 

Experienced Staff tncluding licen~d Profe!tsional Engtneers WIth 

many years of detailing expenence. 
31 years of '>Cf\iICC to Mee l fabricato~ and contracloP.; . 

R.A. Gress & Associates 
176 Planeb roo~ Road. Frazier. PA 19355 

Ph: (6 10) 644·3250 Fa., (610) 889-4836 

AISC Professional Membership 
Receive a FREE Mallllal of Steel COllstruet;oll and 25q. 
discounls on AISC publicalions. seminar> and Ihe Nalional 
Sleel Conslruclion Conference. In addilion. be e ligible 10 
serve on AISC Comlllinees. 

For more information, contact: 
Libby Kop at 312/670-5409. 

Barcode Tracking Systems, Sales & Service 

• Asset Tracking!lnvenlory Control • Tum·key ShIPPlog/Recf'lving 
• Work' ln Procell8 Tracking • TUne and Auendnnce 
• Label Pnnling Sy wme • Photo ID Bodges 
• Tool Room Clssuew'Reclepl.8 l • Prepnnt Labell 

JanesiReiland, InC. 
17314 SH249, Suite 355, Houston, TX 77064 

Tel: 713/807·9091 Fax: 713/807·9094 
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GTSTRUDL ADlNA 

Slatic, D) nande. Linear, Nonlineur & Pushover Anal)'~b 
Straight & Curved Steel Bridf.!c Model & Load Generator 

SC Solutions, Inc. 
Tel (415 ) 903·5050 Fax (415) 691·9452 

SC-Bridge SC-Push3D 

Comprehensive Review Manuals 
SE and I'E (Civil) License 

PE eel"'1!) !.IX \-01. (4200 pp). Ca li f StruclUral Engr (SE) five \"01 (4170 
ppl. C V Chelapall. Ph.D .• Editor Cove", -.olulion technlque\ with 
\(\crol hundred -.ohcd problem .. In\aluable refcrcfK."'C for PEJSE cxam~ 
Highly acclaimed Q.\ eltce llent reference" for praCllcing engincel'\ 

CalV\t,.ntc for detailed brochure!>. PEDP. Inc, "91 2 Bolsa A\c .. SUite 108· 
MSC, Hunllflglon Beach, CA 926-'9. 

(7 14) 898·3658; Fax (7 14) 898·4635 

Advertiser 
Advertisers' Inde~ 

Page Numbe r Circle No. 

AISI .. .......... ........ ...... ...... .... .41 ............................... 15 
BGFMA ..... .. ............ ... ......... 52 ..................... ...... ... . 21 
Nicholas J. Bouras ........ ....... CII ................ .. ............. 33 
BriSCol Machine .. ...... ........ .. . 38 ...... .. .... ............ ..... 113 
CAST ... ...... ... .. ............ ....... . .46 ......... ....... .. ............. 27 
Caslelile ............ ...... ...... ...... 33 .......... .. ................. 118 
CDS .......... ...... ...... .. .. ... ...... .46 ........... .................... 63 
Chaparral Sleel .................... 11 .............................. .43 
Compuler Delailing .. .......... .48 
Compulers & Slruclures .... . ClV .. ............................. 31 
CO XPRT ........................... 55 .............. .......... .. .. .. ... 1 
Design Dala ........................ .. 7 ........ ................ ....... 32 
EJE Induslries ....................... 28 .. .. .. ...... .................. .46 
Graphic MagiC ...... .......... .... 24 ...... ........................ . 92 
GT Slrudl ........... .. ... ............. 39 ............................... 71 
Inlegraled Eng. 50ftware ...... 50 ............................... 87 
Jobber InSCrumenlS .............. .40 ............... ................ 23 
Lukens Sleel .. .. .. .. .... .. .. ........ 12 .............................. . 8 
MDX Soflware ............ ......... 36 ............................. .. 47 
Mela l Siud Syslems .. ............ 36 ................ .. .. .. ....... 120 
Melrosofl ............ .... ........... Cl II .......... .................. ... 51 
Midsoulh BolI ....... ............... 22 ...... ... ........ ..... ......... 74 
NSCC .... .......... .... .... ............ 14 .......................... ...... .4 
Nucor Faslener .... ...... .......... 25 ........................ .. .... . 38 
Omnilech .. ...... .. ... ... ............ 24 ................... .. ......... .52 
Oplimale ............. ................ 22 .................. .... ......... 53 
PC Simon .......... ..... .......... .. .42 ...... ............ ............... 5 
REBIS ..................... ....... ... ... .. 8 ..... ....... ................... 26 
Research Engineers ... ...... ....... 5 .............................. . 34 
RISA Technologies .... .. 30 & 48 ...................... ........ .40 
Ram Analysis .... ... ............... .48 ..................... .......... 81 
SI. LoUIS Screw & Boll ......... 3 I .......... .......... ........... 36 
Sleel Deck Inslilule ...... .... .... 32 ............................... 77 
Sleel 5oIulions ......... ....... ..... 56 ........................ ....... 98 
TradeARBED ......... .. .............. 3 .... ................. .. ........ 35 
Transpo InduSlries ............... 21 .......... ...... .. .. ........... 30 
Valmonl lnduslries .............. 13 .......... ...... ............. 106 
Max Weiss .. .. ............ .......... 50 ................ ...... .. ....... 56 
Wheeling Corrugal ing ......... 17 ...... ............ ............. 99 
Whilefab ............. .... ............ 21 .. .. ............... ............ 55 

• 

• 

• 



THE FINEST IN SmOOURAL ANALYSIS AND DESIGN SOFTWARE 

We have even thought about details like ou r intelligent proactive prompting 

system that suggests next user action and displays prompts 

at the current mouse position to reduce eye fatigue, and 

full implementation of DLL technology allowing for instan­

taneous switching between modules. and choice of begin­

ner, advanced, and expert menu levels or custamizable 

toolbors, and .. .. 

A ourse ROBOT V6 is not a set of separate programs just 

Tued together and adopted to work on PC - it is written in 

C++ specifically for the PC platform, providing a rich set 

of features for structural analysis and design, in one easy 

ta use coherent and ergonomically designed lIser inter­

face. Versatility of the single program and fast solvers combined with the 

addition of new algorithms (Ka ng's - emitter and wave propag.llion FEM 

meshing method ) make ROBOT V6 a powerful, truly interactive tool, that 

meets the most demanding engineer requirements. 

metrosoft 
STRUCTURES,INC. 

332 Pal('rS(H1 Au', 
Please circle # 51 

£. RI4/hetj'rwd. NJ 1I707.~ 

IMAX OOUE DESIGN PRAT 

NEW PROMOTIONAL OFFER. 
FOR DETAILS, PLEASE CALL 800-60-ROBOT, 

OR USE FAX BACK SERVICE AT 201-438-2733. 

UMITED WORKING VERSION OF PROGRAM WT1H PRE-RECORDED EXAMPlES AVAILABLE. OVER 2000 USERS WORWWIDE FOR MORE INFORMAnON Wl201-438-4915 OR FAX TO 201 -438-1058 

r--------------------------------------------------------------------, 
O ~ I 

> ~ : 
Address: lily: Stot.: Zip: I 

Tel.: fox: , I 
I I am: :J structural engineer, .J architect, .J educator, .J dealer, .J other: I 

.J Please have a product spetiolist (all me Pleose send more information I 

.J Please send working demo version (limited to 25 elements and 25 nodes), with re<orded macros of real design examples. Endosed is a (he(k for S25 I 
(plus applicable Tax in NJl. I have a system equal to or be"er Ihon 386SX with moth coprocessor, 8 M8 RAM, 25 M8 of free disk spa(e,VGA monitor. I 
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