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1111 UNITED STEEL DECK, INC • • 
STRENGTHS OF WELDS WITH WELD WASHERS 

Common weld washers are made of 16 gage material (0.0598") and have a 3/8" diameter hole. The 
weld should overfill the hole to produce a visible weld diameter of about 1/2". Typical 3/8" x 16 
gage washers are lli!1 recommended with deck design thicknesses equal to or grcater than 
0.028" (22 gage). Weld washers an: recommended for welding in deck panels thinner than 
0.028" .(1) Most form deck products are furnished in metal thicknesses ranging from 0.0269" (23 
gage) to 0.0149" (28 gage) and therefore weld washers are recommended. The table is based on 
typical form deck material (grade E) such as used by United Steel Deck, Inc. to produce UFS, 
UFIX, UFX-36, and UF2X which are form decks ranging in depth from 9/16" to 2" - a catalog is 
available on request. A 70 ksi electrode was used for the tables. 

IV 

Deck Thickne.'IS Shear Value, Ibs. (3) 

Gage 
We I.! washerl Weld waJ.bet/ Weld w..mtrledgc lap (w '"PI>art)" 1 

28 0.0149" 

26 160 890 S30 

24 0.0239' 810 980 8SS 

23 0.0269' 830 950 580 1030 

Values in I, II , and III arc based on a safety factor of 2.5 but includes a 33% increase for wind loading. 

(I ) LuureU. L.O. (1993)," Arc Puddle Welds and Weld Washers for Anachments in Steel Deck", Sleel Deck InsliMe. P.O. Box 9.506, Canton. Ohio. 

44711. 

(2) LaBoube, R.A. and Yu, Wei-Wen (199 1), "Tensile Strength of Welded ConnecLions", Pinal Report. Dcpartmem of Civil Engineering Center for 

Cold Formed Steel Sirucrures. University of Missou ri-RoUa. Rolla. Missouri. 65401. 

(3) LuIlr<U. L.D. (1 987). ' Diaphrogm Design Manual. Second Edition' . Steel Deck Institute. P.O. Dox 9506. Canton. Ohio. 44711. 
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ASTMA913 
Makes Miracles Happen! 

• 
14" x 730# JUMBO with 5" thick flanges - is a BIG beam! 
60'8" maximum length or 44,286 Ibs - is a HEAVY beam! 
Available in ASTM A 913 GRADE 65 - is a STRONG beam! 

CAN YOU BELIEVE IT CAN BE 
WITHOUT PREHEATING? 

Please circle # 35 

ASTM A913 GRADE 65 is available from ARBED 
in most standard and WTM (Tailor-Made) sizes. 

Hi srAR1I. is a registered trade-IIH1rk of AR8lD. 

complete information, availability and literature, contact :l \. t , [nc., 825 Third Ave., 
York, NY 10022. (212) 486-9890, FAX (212) 355-2159. On the West Coast: I D, Inc., 

E. Sir Francis Drake Blvd., Larkspur, CA 94939. (415) 925-0100, FAX (415) 461-1624 
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The student team from RPI took 
first place in this year's National 
Studellt Steel Bridge- Building 
Competition. The story behind these 
hard-working students begins on 
page 18. 
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STAAD - III / ISDS Release 19.0 

• Introducing Concurrent Engineering to Structural Software 

,----- What's New? -------, 
• Concurrent Graphics User Interface: 

Build the model, Perform Analysis/DesIgn, Review results, 
and Generate Reports concurrently 

• State-of-the-art Report Generator 

• New Advanced Analysis/Design Facilities: 
T enSton Only Members 
Finite Element Release Specs 
Incl,ned Supports 
Harmonic Time History Load Generator 

• Advanced Automatic Element Mesh Generator 

• On-screen error display with on-line editing 

• live on-screen analysis/design status display 

• Full-scale PC and Workstation version including: 
SUN, HP, DEC, SGI, IBM RISC implementation. 

A Milestone in Computerized 
Structural Engineering 

STAAD-Il l/ ISDS Relea se 19.0, From Resea rch 
Engineers, Inc. represents a milestone in 
Computerized Structural Engineerin g. Bui lt around 
a new Concurrent Graphics User Interface, the new 
relea se allows you simultaneo us on-screen access 
to all Facilities . 

Build your model, verify it graphica ll y, perform 
anal ysis/des ign , rev iew the res ults, sort/search the 
data to create a report - a ll within the sa me 
graphics based environment. Thi s "concurrent 
engineering" approach co upled with a live 
relational dalabase, enhances the productivity of 
your design office to a level never witnessed before . 

STAAD-III/ ISDS - from Research Engineers - is an acknow ledged world leader in structural 
software. Whether it is finite element technology or sophi sti cated dynamic analysis or CAD 
integration, Research Engineers had always been at the forefront of innovation. STAAD-IIII1SD 
has been consistently ranked # 1 by all major industry surveys including E RfMcGRAW-ll ili survey. 

With over 10,000 installations, more than 30,000 engineers worldwide rely on STAAD-III /ISDS as 
their everyday companion in the design office. 

I I R hE· I 22700 Savi Ranch Pkwy" Yorba Linda, CA 92687-4613 
.. esearc nglneers, nco Tel: (714) 974-2500 Fax: (7 14) 974-477 t Toll Free: (800) FOR-RESE 

• USA • UK • GERMANY • FRANCE • CANADA • NORWAY • INDIA • JAPAN • KOREA 

Please circle # 34 
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A LEVEL • 
PLAYING FIELD 

F OR MUCH OF THE PAST DECADE, I'VE PLAYED ON A RECRE

ATIONAL SOF'TBALL TEAM. We recently ended ou r summer 
season on a down note: We lost to a team we had beaten 

twice a summer for at least the last five years . The loss was 
pretty inevitable. The game fell on a bad weekend for us; many 
of our top players were out of town-in fact, we could only field 
nine players versus the normal 10 on a softball team. In that 
respect, the playing field clearly was not level. 

Tho often, the playing field also isn't level in the competition 
between steel and concrete bridge designs. Probably the two 
biggest areas where steel is penalized are in the bearings and 
in the substructure. The former is the more common problem. 
Whereas concrete bridges are almost always designed with 
inexpensive, sim ple elastomeric bearings, steel bridges too 
often are designed with expensive, complex pot bearings or 
weldments. 

Inequitable substructure design is an even more expensive 
problem. When bids are received for steel and concrete bridges, • 
it is important to consider not only superstructure costs, but 
also substructure savings. Because steel bridges are lighter 
than their concrete brethren, substructure costs are often sub
stantially less for steel bridges. Because bridge contracts are 
awarded on total costs, it is unreasonable to assume that the 
same substructure would be used on both the steel and con
crete alternates. 

In his article on post-tensioning steel bridges (see page 38), 
Leo Spaans, a designer best known for his concrete bridges, 
addresses some of these problems. As Spaans states: "In many 
a lternate bid situations, the substructu re for the steel alter
nate has the same number of piles and the same amount of 
reinforcing steel as the concrete a lternate-despite the fact 
that the steel a lternate is considerably lighter." 

Another way for steel to increase its competitiveness is to 
make sure that designers and detailers are using the most 
cost-effective details. To help, Walter Gatti, one of the country's 
most respected detailers, offers more than a dozen examples of 
good and bad details, with explanations of what can be done to 
reduce costs (see page 24). 

Only when the best designs in both steel and concrete are 
presented will the playing field be truly level. And that's a win-
ning situation for everyone. 8M • 
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How to get 
from here 

Engineering, Analysis 
and Design Module 

I 
.- - • 

Estimating Module Production Control 
Module 

.. 
Detailing Module 

to here. CNC Interface 
,",odule 

~ I 
I 

- I : J 

b. 

Design Datals SDS/2 Steel Fabrication System. 
SDS/2 gives you the flexibility to integrate all aspects of your business with one 

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

DESIGN 
DATA II 

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

"First in ... software. solutions. service" 
Please circle # 32 402-476-8278 or 1-800-443-0782 



Why should I use the new 2nd Edition 
LRFD Manual of Steel Construction? 

Here are a dozen good reasons: 

J. LBFD is TilE ;\/ SC recommended IlI cthod of 
structural st('cl dcsign! 

2. Since LB I'D dir!'ctl} acco un ts for th" most 
, a ri able aspect of ,t('(~ 1 design- loads-it offe rs 
the most unifo rm reliab ility of any steel design 
m<'thod. 

3. LR FD incrcascs an engineer's inte rnational 
competiti\eness-a lmost eve ry other 
indu, tria li zcd country has adopt{·n limit state 
dc'ign. 

4. I n most structu res, LRFD is more economica l. 

5. The 2nd Edition \1 anual combines and 
updates four prev ious AlSC publications into 
a ~ ingle two-volumc set. [t also includes the 
\/ SC Seismic Provisions. And, EH BP's, 
SBCC I's and BOCr s seismic provisions are 
bascd on LH 1'0. 

6. It \\ill be casic r to directly compare LHFD 
Steel Designs \\ ith concrete designs Iwcause 
thc nc,t AC I 3 18 pcciliea tion is cxpected to 
incorporate til(' \ SCE 7 load factors as an 
alte rnati\e. 

7. The 2nd Edition is a complete improvement 
ovcr any pre', ious AI C .'.fanual-AS D or 
LB I'D. It off"r;; tremendously expanded 
cO\eragc of conlwctions and factored unifo rm 
load tables, as \\ e ll as coverage of frame 
stability and lea ning columns, fl oor defl ecti ons 
and, ibrations, and single angle stru ts. 

8. The 2nd Edition includes a 45-page 
introduction, Essenti als of LRFD, that makes 
it ('a,y for enginct' rs to upgrade to L1~FD. 

9. E,tensive ed itoria l changes make this the 
casiest-to-usc ' 'lamral in A1SC's hi stor). 

""'''':Ail 

LOAIl .It 
RESISTA'ICE 

FACrOR FACTOR 
DESIGN DESIG); -. • , --

• -- ..... -
10. All design problems are complete so lutions

not just sa mple ('a lculations for a few limit 
states. 

] 1. The 2nd Edition incorporates a ll of the latest 
stee l resea rch, including AstalH' h's shear tab 
work and Thornton's L'niform Fo ree Metllod 
for brac ing COIllH'ctions and ne\\ approach to 
tee connection design. 

12. As professionals, it is incumben t upon 
engineers to utili ze the best, mo;,t advanced 
design method ava ilable-LHF\). 

Two-volume set only $132 
($99 for AISC members) 
To or'de r or for more information, phone the 
A mcdcan Institute of Steel Constl'llction at 
3121670-2400 01' fax an or'dc r to 3 121670-5403 
(include your VISA or Maste rclU'd number 
plus expiration date). 

Setting Standards For Over 70 years 
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S TEE L NTERCHANGE 

Steel Interchange is an open forum for Modern Steel 
Construct/ofl readers to exchange useful and practical profes
sional ideas and information on all phases of steel building and 
bridge construction. Opinions and suggestions are welcome on 
any subject covered in t.his magazine. If you have a question or 
problem that your fellow readers might help you to solve, please 
forward it to Modern Steel COIISlrllclioll. At the same time, fec i 
free to respond to any of the questions that you have read here. 
Please send them to: 

Steel Interchange 
Modern Steel Construction 

One East Wacker Dr., Suite 3100 
Chicago, IL 60601·2001 

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

In designing composite steel girders in 
accordance with the LRFD Method, it has 
been well established that significant reduc
tions in beam sizes can be achieved. 
However, in my experience, I have found, in 
some cases, the most economical girder sizes 
may be unsafe during unshored wet concrete 
construction. This can occur when the metal 
deck runs parallel to the girder and, in my 
judgement, does not afford significant lateral 
restraint to the top flange of the girder in 
compression. For this condition, the 
un braced lengtb is the spacing between tbe 
beams supported by the girder. Significant 
reduction in tbe non-composite moment 
capacity can occur due to lateral torsional 
bucking wbicb may not be adequate for the 
unsbored wet concrete construction. 

No criteria for this serviceability problem 
or guidance appears to be given in the LRFD 
specification. I would like to know whether 
there bas been any testing or research to 
demonstrate tbat metal deck, parallel to tbe 
girder does indeed provide adequate 
restraint or that cbecking tbe beam size for 
tbe temporary construction condition, should 
be carried out as outlined above. 

The optimization of composite steel plate gird
e r design increases the poten ti a l for both 
fl ange a nd web buckling to occur during con

s truction . Hi g he r-th a n-a llowa ble compress ive 
stresses and resultant buckling a re a lmost certain 
to occur in t hese girders if stability during con
struction is ignored by the designer . Thi s problem 
is not limited to those gi rders designed under the 
LRFD Specification . Since t he use of composite 
construction became preva len t, enginee rs ha ve 
identified the problem of instability in steel girders 
during construction . 

In fa ilure cases observed in Pennsylvania, metal 

Answers and/or Questions should be typewritten and doub le· 
spaced. Submittnls t hat have ~n prepared by word-processing 
a re appreciated on computer diskette (either as a Wordperf£'Ct 
file or in ASCII formut.). 

The opinions expressed in Stcel l llterchu"ge do not. necessa r
ily represen t a n offi cia l pos it ion of the Alll(l r ican Institute of 
Steel Construction, Inc. and hove not been reviewed. It is recog
nized that the design of structures is withi n the scope and 
expertise of a competent licensed structural engineer. a rchitect 
or other licens d professiona l for the applicat ion of princ ipa ls to 
a pa rticular structure. 

Informat ion on ordering AISC publications mentioned in 
this article can be obtained by calling AISC ot3 121670·2400 ext. 
433. 

deck pans provided insufficient bracing agains t lat
era l fl ange buckling a t criti cal sections. Evidence 
indicates tha t the fa ilure of the we lds conn cting 
the pans to the flange can be expected to occur 
prior to fl ange buckling. Although increas ing the 
capacity of this connection may be considered , the 
des igner s hould be conce rn ed a bout the quality 
control of such a criti cal connection, as well as the 
associated cost-effectiveness of this a pproach . More 
s ignifica ntly, meta l deck pans will do nothin g to 
prevent excessive web buckling which is as like ly 
to occur (but not as likely to be detected ) in the 
compressive '·agion of unstiffened webs. 

AASHTO's Standard Specifications for Highway 
Bridges, 15th Edition , addresses the problem of 
construction instability in Article 10.50, by limiting 
both the compression flange shape factor (b'lt ratio ) 
and the latera l-tors ional buckling moment capacity 
(M,) for composite girde rs subject to non-composite 
dead loads. In some instances, s tates have intro· 
duced their own criteria for checking thi s condi 
tion , which arc typically Illore conse rvative than 
AASHTO. Pennsylvania, in pa rticular , has gone to 
great lengths to develop th eir own design parame
ters. [n genera l, the AASHTO criteria is a widely 
accepted check for the s ta bility of girders during 
construction. 

The AASHTO criteri a ca n be met by reducing 
the length of deck pours , increasing the s ize of the 
steel girder section, reducing the distance between 
late ra l brace points (i .e. di a phragms or c ross 
bea ms). or by a combina tion of these methods. 
Limiting the length of deck pours is critical for con
tinuou s gird e r s , wh e re t e mporary pos itive 
moments from the wet concrete may be much la rg
er than the final pos itive dead load moment that 
will exi st afte r the entire deck has been placed. 

The me thods used to miti gate con s tru ction 
re lated s tresses should be d e t e rmin ed by th e 
designer a fter consultation with contractors and 
fabricators as to the economics of the various a lter· 
na tives. When the methods chosen require control 
of the cons t,·u ction process (i. e. deck pouring 
sequence), this should be clearly indicated on the 

Modern Steel Construction I September 1994/ 9 
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construction plans. As the question accurately 
illustrated, the need to address construction
induced stresses will become mOre critical as we 
continue to optimize and refine our design meth
ods. 
Daniel O. Faust, P.E. 
Delaware River Port Authority 
Carnden,NJ 

The use of channel sections or other light
weight narrow flange sections as girts sup
porting non-bearing exterior wall assemblies 
against wind load is common practice. How is 
lateral instability of the unsupported com
pression flange accounted for when the wall 
is subject to outward pressure due to suction 
at the leeward face of the building? These 
outward forces are equal to or greater than 
the inward forces. 

There are two basic approaches to this problem. 
The answer depends on the designers degree of 
conservatism in treating the role of sag rods that 
are often required to minimize the excessive girt 
sag under own weight. 

One approach, obviously a very conservative 
one, considers the interior flange as completely 
unbraced from column to column. The channel sec
tions designed under this scenario arc usually so 
heavy that it often makes sense to use wide flange 
girts instead. 

Another approach recognizes a restraining 
action of sag rods and considers the channels later
ally supported at each sag rod location. The num
ber of sag rods may have to be increased to provide 
enough bracing points to maximize the allowable 
bending stresses in channels (ArSC ASD Spec. 
Chapter FJ. This seemingly unconservative 
approach has been used for decades and withstood 
the test of time. 

An attempt to rationalize this practice can be 
made as follows. For the channel girt to buckle 
under wind suction loading, its interior flange 
must move vertically. At the point of the sag rod 
attachment this movement is prevented, as it is at 
the exterior flange stabilized by the wall siding fas
teners. It is widely recognized that the compression 
flange of a flexural member may be considered 
braced if the brace can resist a force of about 2% of 
the flange compression. If this force can be devel
oped by the web cross-bending, the required brac
ing is present. 

The figure illustrates the assumed model of the 
web acting as a cantilever beam. The width of the 
web effective in this action is determined by engi
neering judgement. 

It is worth mentioning that cold-formed C- or Z
girts may often be more economical than structural 
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channels. These members are usually continuous 
over the column supports, since lap spli cing can be 
easily made, and the points of inflection are fre
quently assumed to be braced laterally. 
Alexander Newman, P.E. 
Maguire Group, Inc. 
Foxborough,MA 

New Questions 
Listed below are questions that we would like 

the readers to answer or discuss. 
If you have an answer or suggestion please send 

it to the Steel Interchange Editor, Modern Steel Co 
nstruction, One East Wacker Dr., Suite 3100, Chic 
ago, IL 60601-2001. 

Can threads on anchor bolts be either 
rolled or cut? Is one method better than the 
other? 

What is the most efficient and cost-effec
tive way to connect a steel wide flange girder 
to a concrete column? 
J<tke Roth 
Roth Metal Works, Inc. 
Brooklyn, NY 

• 
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Join The Wasser Revolution! 
Stop 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! 

BRIDGES AND LEAD OVERCOAT 

ASTORIA BRIDGE, OREGON COAST - Hundreds 
of bridge projects in environments like Oregon's 
coast, prove Wasser outperforms all other coatings. 

WATER AND WASTEWATER 

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, 

Oewpoint or Temperature (20 F) 
4_ World's Largest Producer of Single 

Component Moisture Cure Urethanes. 
5. North America's Largest Manufacturer of 

Micaceous Iron Oxide Coatings. 

UTILITI DAMS AND LOCKS 

PRIEST RAPIDS DAM, COLUMBIA 
RIVER - Wasser has been chosen for thel( 
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. 

t IGH, TECH COATINGS 
FOR FREE VIDEOS 

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

Wasser, the Leader of the Coating Revolution! 



Wasser Coatings Arenlt Just Better ... Theylre 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 
bndge painting 

problems." 
I State Highway 

Report 

"This is Alaska paint. It 
would be crazy to use 

anything else but 
Wasser in this 
environment. .. 

I Alaska Coating 
Inspector 

"Our tank painting 
prolect was delayed lor 
months because of the 
humidity. With Wasser, 

we finished in 
three days." 

• Hawaiian Contractor 

' We can't say enough 
about the Me-Tar. It 
saved our tail on our 

clanfler tanks, We 
would still be painting 

with the epoxy." 
I Paper Mill Engineer 

'We are very pleased 
with Wasser for lead 

overcoating. Everyone 
IS calling II 'steel on 

steel'. Wasser solved 
our overcoat 

problems." 
I Highway Official 

HIGH'TECH COATINGS 

Call 800-MC-PAVNT 

"We used the ice as 
scaffolding in 22' tide 
and painted down to 
within four inches of low 
tide, Four years later, 
the coating is still 
perfectonlhese 
pilings." 
I Alaska Contractor 

' We coated the Intenor 
areas in 99% 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 stili be out 
there trying to get that 
darn inorgamc 
zinc to work. II 
I Bridge Engineer 

"Wasser is the answer 
to all our field painting 
problems, We'll never 
use epoxy again." 
• Waste Water 

Engineer 

-Wasser beat every 
other coating in our 
tests, and contractors 
love them," 
I 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 
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F or more than 20 years, many state 
DOTs and consultants have utilized U.S. 
Steel's SIMON mainframe program for 
the design of straight steel plate-girder 
bridges. Now, the American Institute of 
Steel Construction is offering this power
fu l program on a PC platform. 

SLMON designs I-shaped and mUltiple single-cell box
shaped girder>, with up to 12 continuous spans. SIMON 
produces complete designs in accordance with the latest 
AASHTO Standard Specification for Highway Bridges. 
ThIS enhanced and updated version of SIMON has 
undergone extensive verification by several state DOTs 
and consultants. 

SIMON is easy to use because the engineer follows the 
same logic and process as when designing a bridge man
ually. The entire system runs in MS-DOS and occupies 
less than I MB of hard-disk space . 

Output from the SIMO program includes: 

• Dead-load and maximum and minimum Il\e-load 
moments and shears for variable-axle H or HS 
truck loading or for variablc-wheelloading with up 
to 20 axles. 

• An optimum design of the girder elemcnl'> based 
on control parameters selected by the u'>er. 

• Performance ratio'> computed for each limit state at 
the critical cross sections of the girder along with a 
complete printout of all AASHTO specification 
checks. 

• A complete bill of materials including locations. 
yield strengths. weights, lengths. widths and thick
nesses of all webs, Oanges and Miffeners. 

Licensing of SIMON Systems for use on a personal 
computer is available for an annual subscription fee of 
$300. During the subscription period, AISC will furnish 
program updates and enhancements along with tele
phone suppon on the use of the '>Oftware at no additional 
charge. To order or for morc infom1<uion: Phone: 312-67()" 
2400, Fax: 312-67()"540J 

Setting Standards for over 70 Years 
Please circle # 6 
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Practical Design Takes 
Center Stage At NSCC 

Lawrence G. Griffis 

WHILE NOT AN OFFICIAL 

THEME, THE UNDERLYING 
SUBJECT AT THIS YEAR'S 

National Steel Construction 
Conference was clearly "Design
ing buildings that work ." This 
tone was set initially by Dan 

uoco, P.E ., who stated that 
good design doesn 't stop at the 
drawing board, but rather that 
good design must include ease of 
constructability. 

The conference, held May 18-
20 in Pittsburgh, attracted near
ly 700 designers, fabricators and 
educators. Cuoco, a principal 
with Thornton-Tomasetti Engin
eers in New York City, opened 
the conference's first sess ion 

RAMSTEEL Asks: A Computing tributary 
loads. computing live 
load reductions and 
tracking the reaction of 
one member to the 
next. 

"How Much Time 
Do You Spend On 
These Tasks?" 
See how RAMSTEEL can help you 
do this work in a fractio ll of ti,e tillle! 

A Designing beams. 
girders. bar 101stS. 10lst 
girders. columns and 
base plates. 

A Preparing calculations 
and creating framing 
plans. 

3D-DAY TRIAL AVAILABLE ~~~ - .£ :'4T

• 

S T EE L 

INTEGRATED ANAL YSIS. 
DESIGN AND DRAFTING OF 
STEEL BUILDINGS 

Ram Analvsis 
5315 Avenida Encinas. 

Suite M, Carlsbad, CA 92008 
Tel 800-726-7789 
Fax 619-431-5214 

Please circle # 41 

with a detillied description of the 
d es ign and construction of the 
Anaheim Arena and the Chicago 
Stadium (see May 1994 MSC for 
more on these projects). One of 
Cuoco's key points was that in 
des igning a structure, an engi
neer must consider how the pro
ject can be fabricated and erect
ed-a process that he dealt with 
extensively on the two projects 
described in the session. 

Following Cuoco, Lawrence G. 
Griffis, P .E ., this year's T.R. 
Higgins award winner, present
ed a paper on composite con
struction. Griffis , senior vice 
president and director of struc
tural engineering for Wa lter P. 
Moore and Associates in 
Houston, is the first design engi
neer to win the award since 
1989. His paper included an 
overview of the history of com
posite construction. advantages 
and disadvantages, design 
responsibility; design considera
tions (s uch as wind load , 
diaphragm action, drift criteria 
and differential column shorten
ing), and the use of LRFD in 
composite column design . He 
then concluded with several case 
studies of highly s uccessful com
posite projects designed by his 
firm and a brief discussion of the 
future of composite constl·udion. 
A condensed version of his paper 
is scheduled to appear in the 
October issue of MSC . Also, 
Griffis will give at least six lec
tures around the country thi s 
fall and winter. 

The general sess ions during 
the next two days were qually 
exciting. On Thursday, Les lie E. 
Robertson of Leslie E. Robert on 
Associates, New York City, and 
John Daly of Karl Koch Erecting 
Co., kicked off the days events 
with a fascinating discussion of 
last year's World Trade enter 

, 
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explos ion . Us ing photos and a 
videota pe, t he two men wa lked 
their audience through t he cata
strophe a nd expla ined how the 
building was so quickly put back 
i n to operation . "It was t he 
largest incendiary device in U.S. 
history," according to Robertson. 
Despite that, the damage to the 
s t ee l s t ructu ra l syste m was 
s u pe r ficial. One diago na l was 
blown off complete ly , another 
was bent, and a la rge steel box 
co lumn ha d a ha irlin e crac k . 
Instead, most of t he damage was 
to non-structura l elements, such 
as piping, conduit a nd concrete 
s la bs a nd wa ll s. Thou gh th e 
structura l system was left intact, 
t he bom b did rip a 120-ft . wide 
hole in the floor and even devas
tated the floor three levels above 
the explosion. 

Th e s tru ctura l system 
rema ined complete ly stable, so 
much so tha t t he building react
ed to a fi e rce wind storm ju s t 
days after tbe bombing exactly 
as it had during simila r storms 
prior to the bombing. This wasn't 
surprising since the tower was 
designed to withstand the maxi 
mu m possi bl e wi nd storm- a 
design load fou r times great e r 
than the design requ irements in 
an eart hquake zone such as Los 
Angeles. 

In te r esti ng ly, Robe rtso n 
pointed out tha t the tower had 
been designed to withstand sabo
tage of t he perimeter columns
as well as the impact of a fully 
fu eled 747 jumbo jet. 

On Friday, Robert Nickerson 
of NBE Ltd ., Ha mpst ead , MD , 
presented a di sc uss ion on the 
Myths and Reali ties of Life Cycle 
Costs, a greatly condensed ver
sion of a session he has been pre
senting t o s t a te bridge depart
ments a round the country for the 
pas t yea r. Nicker son was fol
lowed by Michael Engelhardt, a 
professor a t t he Uni ve rs ity of 
Texas a t Austin , who discussed 
the steel moment connection fa il
ures di scove red afte r th e 
Northr idge E a rthqu a ke (see 
June 1994 MSC for an extensive 
commentary on this subject ). 

VULCRAFT'S LATEST PRODUCT 
WEIGHS 24 OUNCES 

AND CAN SUPPORT OVER 
150,000 BUILDING DESIGNERS. 
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STEEL NEWS 

Hot Semina r s 

THE MO ST POPULAR SEMINAR 

DURING THE THREE-DAY CONFER- • 
ENCE was "Steel Interchange
Connections," which featured 
Geoffrey Kulak from the 
University of Alberta and Orner 
Blodgett from The Lincoln 
Electric Co. The two men each 
began the session with 20 
minute presentations on bolting 
and welding, respectively, and 
then took questions from the 
audience for the rest of the ses-
sion, which attracted a combined 
audience during two separate 
presentations of more than 200. 

Another hit was "Lean 
Engineering" with Mark Holland 
of Paxton & Vierling Steel Co. 
and Samir A. Lawrence from 
The Ralph M. Parsons Co. The 
session showed how projects can 
be improved through a close 
working relationship between a 
fabricator and engineer. As 
Lawrence put it, "Lean engineer-
ing ... embraces and promotes pro
ductivity through reengineering 

~=========================:;i the work process, intrinsic moti-
vation and technology." He urged • A Quick Quiz 

For Structural Engineers 
The more a camputer program casts, the 
better it is. 

TRUE FALSE 

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

TRUE FALSE 

Structurol engineering sottware con never 
be fun to use. 

TRUE FALSE 

If you answered TRUE to any of the above, or yau would like to know more 
about a truly innovative sottware program, call us! 

RISA 
fEe HNOlOC,IES 

RISA-2D 
Your complete solution for 
frames, trusses, beams, 
shear walls and much morel 

26212 Dimension Drive, Suite 200 
leke Forest, CA 92630 
1-800-332-7472 

14 1 Modern Steel Construction I September 1994 

that engineers and fabricators 
work closely together in a part
nering agreement, including: 
agreement on the capabilities of 
the detailing programs by incor
porating these capabilities in the 
design; agreement on all pre
approved standard connections; 
usage of AISC Connections per 
Volume II (ASD or LRFD); and 
continuous coordination between 
CAD systems and the detailing 
program to reduce the use of 
non-intelligent graphics in order 
to automate the shop drawings 
further. 

Other well-attended sessions 
included : Lawrence G. Griffis 
from Walter P. Moore and 
Associates and Robert J. Wills, 
Jr ., from AISI (see May 1994 
MSC) discussing "Wind Damage 
and Design Load Requirements;" 
"Electronic Data Transfer" with 
Sayle Lewis of Fluor Daniel and 
Harry Moser of DuPont; and 
"Building Innovations" with Tom • 
Sputo, a Florida-based consu lt-
ing engineer (see May 1994 
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MSC), and Neil Wexler of Neal 
Wex le r , P .C . (see April 1993 
MSC). 

Busy Exhibits 

As ALWAYS, THE EXHIBIT HALL, 
WIT H MORE THAN 60 EllHI BITORS, 

genera ted a lot of interest- and 
not just because of the large fab
rica ti on equ ipment on di splay. 
One of the most interesting dis
plays was for a product call ed 
SCATS (S t a nda rd Commodity 
Account in g a nd Trackin g 
System ). This PC-based system 
uses ba r code technology to pro
duce current s tatus reports on 
steel products-from the fabrica
tor to the galvanizer to the erec
tor. For information on this prod
uct , c ircle #8 1 on the r ead er 
service card near the back of tills 
magazine. 

Another fascinating new prod
uct was a pe n-based det a iling 
system from CadVantage called , 
appropriately, PE VANTAGE. 
This g ra phica l interface works 
with the CadVantage Structural 
De t a iling System a nd allows 
users t o ente r da t a with a pen 
a nd t ablet . Even for touch typ
ists, entry is much fa s ter. The 
company had a working version 
operating at the conference that 
grabbed a lot of attention . For 
information, circl e #45. 

Seve r a l othe r ve ndor s a ls o 
were showing softwa re for fabri 
cators . Ba rese l Corpora tion , a 
three decade old deta iling firm, 
was de mon st rat in g Compu 
STEEL , it s Windows -based 
detailing system featuring extra
ordina rily clean and easy-to-use 
interfaces . For information , cir
cle #82. Other softwa re vendors 
included CD (c ircl e #63) , 
Structura l Software Co. (circl e 
#42 ), Cad ex Oy (c ircl e #83), 
Dogwood Technolog ies (circle 
#96), EJE Industries (circle #46), 
Stee lCAD Inte rn a tion a l (circle 
#84 ), Timberline Software (circle 
#85 ) and Softdesk (circle #86). 

Whil e num e rou s de tailing 
software vendors demonstrated 
their products, ve ry few s truc
t ural engineering softwa re pro
ducers showed their wares. Ram 
Analysis demonstrated the latest 

Design and Analysis of Structures 

Analysis 
Sophisticated 20/30 s'o';c including p·Oelto, 
seismIC, dynamIC with time history and response 
spectro, and more 

Design 
Steel and concre'e design per American, Canodian, 
and other internotional codes and tobles 

Features 
Integroted menu system 

InterOdive input generator 

Buill-in-eclllar and browser WIth 

advanced graph,cs and ronleK' 

senSItive help 

· · · •• 

Inlegrated interfoce module (o( 

operation Inside Au'oCAO· 
Plots of original and displa ced 

structures with optional animation, 

bendmg moment/ shear force d,agrams , 
stress contours, and more 

rn::;'I Please circle # 112 

~ - Das Consulting, Inc. 

865 Tumpike Streel 
De mo pa ckage ava ilable 
Call 800-322- 1487 

North Andover, M.A 01845 USA 

Tel 508· 794· 1487 Fe. 508·685 · 7230 

ANCHOR BOLTS, PLATE & SLEEVE 
ASSEMBLIES, TIE RODS, STUDS, SWEDGE 

BOLTS, U-BOl TS, HEX BOLTS & EYE BOLTS 
Cuslom fabriealed 10 exael specifiealions Irom eertilied domeslie 
sleel up 10 4·ineh diamcler and 40-foollengths in steel & alloy. 

STRUCTURAL BOLTS, NUTS & WASHERS in A325, A490 & TENSION 
CONTROL BOLTS, WELD STUDS, CONCRETE ANCHORS, B·7 STUDS, 
CLEVISES, TURNBUCKLES and ail lypes ol lasteners in various grades 
and materials; plain, plated and galvanized. 

Stocked for immediate shipment 

* SAME DAY SHIPPING * 
OVERNIGHT TO MOST U.S. CITIES 

MID-SOUTH BOLT & SCREW 
Central States 
499 Gave Road 

Nashville. TN 37210 
615-889-8341 

FAX: 61s.885-6542 
HIOO·251·3520 

East Coast 
59 Liberty Road 

Empona. VA 23847 
804-634-1)240 

FAX:_, 
1-800-366-BOLT 

~ ------
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ve rs ion of RAM-
STEEL (circle 
#41 ) and 
Metrosoft showed 
ofT their Robot V6 
sys t e m (circl e 
#51>. 

Pe rh a ps th e 
biggest ca tegory of 
exhibitors were 
fa stener manufac
turers. Garnering 
the most a ttention 
was Huck In te r -

How do you 
get a 

monster 
to shape 

up? 

R1ch-COD am c10 it With our new Boldrtru 
shape roll we can shope up monste~ Wee 

24· WIde OClnge beams. 8- x 8· x ' " angles or 
y x 8" flat ba~ ,· the hard way'" 

FOf preds10D sawtt'IQ and plale sheanng. computer
a ided design assIStance or compuler-drtven multi

torch gas and plasma burning capabili ty. count on 
Rlch-Con lor first-class. tlrst step processmg 

A steel .. nice center WIth a complete mvenlory 01 
heavy carbon products. Rich-Con 15 decticoted 10 

outsiandmg customer seMCe With a compulenzed 
lnventory and order-entry sysIem and our 0\Im Oeet 

ollrucla. Rlch·Con can do II 

Kansas CJty's oldest tIu.s1nea. RiCh-Con was 
5eMOg the Midwest belore the eM! War But our 

comrrulmenl's nollo the past, Irs to the Future 
We're working hard 10 serve you better 

mlo the new century and beyond 

S··· .. ··· RICH-CON 
IIICII 

... . ~ cando1t. 
Leaders Ul heavy corbon steel lor 

industry and construction since 1857 
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national, which showed the pro
totype of its blind bolting system 
(see February 1994 MSC) called 
Ultra-Twist, which is to replace • 
welding for joining s tructura l 
tube sections (circle #87). Other 
bolting a nd faste ner exhibitors 
included: St. Louis Screw & Bolt 
(circle #36 ); LeJ eune Bolt Co. 
(circle #73 ); Mid South Bolt & 
Screw (c ircl e #74 ); NSS 
Indu s tri es (c ircl e #88); Lohr 
Structural Fasteners (circle #89); 
Atlas Bolt & Screw o. (c ircle 
#90); Haydon Bolts (circle #91 ); 
El co (c ircle #92); a nd ITW 
Buildex (circle 93). 

In addition , seve ra l re lated 
products were on di splay, such 
as J&M Turners direct tens ion 
indicators (ci rcle #94) and elastic 
t e ns ion indica to rs from 
Universal Loading Spring (circle 
#95). On the welding side, only 
The Lincoln Electric Co. was pre
sent (circle #97). 

Di sa ppointin g ly, ve ry few 
pa int manufacturers were pre-
sent. Con-Lux Coatings offered 
lite ra ture on its range of pa int 
produ ct s, includin g a hand y • 
Pock e t Pa int & Coatin gs 
Applications Guide (circle #98), 
and Southern Coatings offered a 
wide variety of litera ture (circle 
#99). 

A rela ted booth was one for 
The Wheela bra tor Corp. , which 
produces s urface pre pa ra tion 
machines for plate, structura l 
s tee l a nd tubing (circle #100 ). 
While Wheelabrator did not have 
a n opera tiona l machine on di s
play, though several other large 
equipment ma nufacturers did , 
including Behringer Saws (circle 
#101), Nitto Kohki (circle #102), 
Daito Seiki Co. (circl #103 ) and 
Peddinghaus (circle #104 ). 

Next yea r's conference will be 
held in San Antonio on May 19-
2 1. For inform a ti on on the 
upcoming show, circle #4 on the 
reader service ca rd in this maga
zine. 

• 



• Northridge Update-Part II 
The number of stee l bui ldings 

s tructurally damaged by t h e 
Northridge Ea r t hq uake is now 
es tim a t ed at more th a n 100, 
though the re were no collapses 
and most of the buildings rema in 
functi ona l. 

Last m on t h we d iscussed 
s hor t -t e rm resea rch . Medium 
a nd long- te rm resea rch a lso is 
planned . 

Medium-Term 

A na tiona l workshop on seis
mic steel building research needs 
has been proposed by AISC to 
the fede ral agencies, affi lia t ed 
s t ee l indu stry or ga ni za ti ons, 
researche rs and the des ign pro
fess ion for thi s fa ll. A pa ne l of 
about 60 to 100 expert partici
pants will be invited for two days 
of break-out sessions to identify 
specifi c research problem s ta te-

ments , their estimated time and 
cost requirements. The ensuin g 
workshop report wi ll es tab lish 
th e con se ns u s priori t ies a nd 
coordinated needs for se is mi c 
stee l research for the longe r
term. 

NSF prev iously announced a 
pos t -N orth rid ge resea rch pro
gram. Many proposals have been 
submitted on a variety of topi cs 
(i ncluding a ll building ma t eri 
a ls). 

Long-Te rm 

It is expected tha t in s ix to 18 
months, at least some of the rec
ommenda tions conta ined in the 
published works hop report will 
be fund ed throu gh a combined 
pooli ng of federal , industry and 
professional resources. These are 
expected to be major, multi-yea r 
unde r t aki ngs that wi l l ta rge t 

such issues as ove rstrength lev
e ls a nd du cti l ity de mands for 
s t ee l s tructures, fas t s tr a in
ra tes, 000 1' s lab and column load 
e ffects, a l t e rn a tiv e du ct i le 
moment fra me syste ms, semi 
rigid (PRJ design, la teral fra ming 
redundancy, role of drift control, 
se is mi c force code limits a nd 
other design ass umptions. 

In a ll the No rthridge follow
up act iviti es , AI SC ha s bee n 
workin g close ly with th e 
Stru ctura l S t ee l Produ ce r s 
Council and AIS!. The steel pro
duce rs have been supplying the 
steel and fabrica tors a re produc
ing the test specimens. Contacts 
have been establi shed with the 
Nationa l Institute for Sta nda rds 
& T ec hn o logy, S tru ctura l 
En g in ee rs Assoc ia ti on o f 
Ca liforni a, a nd othe r age ncies 
for the ir input and assistance. 

JII, ' ''' 

L@@K What's New! JOBBER U4"TM 
Professional Dimensional Calculator 
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It 's like having a computer In your pocket. 
"THE CALCULATOR THAT DOES IT ALL" 

1. Feet, Inches, sixteenths (calculator) 
2. Decimal (of feet) (or standard calculator) 
3. Metric calculator (millimeters, etc.) 

Instant Conversion Between Formats 
4 . Scientific calculator (complex malh problems 

made easy) 
5. Works directly wilh Degrees , Minutes , Seconds. 
6. D,mension I,ke 9' - 10"/,. takes only 3 keystrokes 
• Add. subtract. multiply, and divide d irectly In iii' f10l fi5n 

feel . inch, and fractions. Calculating s lal lS, 1811, ~ ~ ~ 
ramps, trusses, rafters, hfp-valley, bracmg. hoppers, duels, curves, 
Circles, volume, area, and elc Quickly and Euily ' 

The best friend your computer will ever have! 
Use it with your compute r. 

The world's best DIMENSIONAL 
CALCULATOR just got better! 

CORD 

We now solve both TRIANGLES and CIRCLES 
instantly and automatically. 

o We do Degrees, Minutes & Seconds plus 
much, much more. 

o We do it easier and faster than you would 
believe. There is so much more we would 
I"'e to tell you. 

For more information or to order, call 
Toll Free 1-800-635-1339 

Jobber Instruments '--S-P-EC-I-A-L"'" 

P.O. Box 411 2 
Sevierville, TN 37864 U.S.A. 

Discount fo r La rger Orders 

PRICE 

$99.95 

+ 5,50 S&H 
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WITH A NOD, THE CON
STRUCTION SUPERVISOR 
SIGNALED THE CREW TO 

BEGIN ERECTION of a replace
ment bridge across a raging 
river. The action wa~ fast and 
furious-and finished in just 
over 2 minutes. No, it's not a 
scene from an Ayn Rand novel. 
Rather, it was the national finals 
of the Student Steel Bridge
Building Competition held this 
past May at San Diego State 
University. 

• 

The competition, sponsored by 
AISC and ASCE, is open to all 
ASCE student chapters. Student 
teams design, fabricate and erect 
a 1:10 scale model of a replace
ment bridge across a "river val-
ley in a mountainous rural • 
region." The bridges are judged 
on stiffness, lightness, construc-
tion speed, aesthetics, efficiency 
and economy. The bridges are 
built atop two construction hors-
es 20' apart with a blue-paint, 7-
ft.-wide river running in 
between. A winding "road" on 
each side provides the only 
access to the construction site 
from a staging area. Students 
are penalized for leaving the 
access road or touching "water". 
The bridges are measured for 
lateral load against a 100-pound 
force and a vertical load of 2,500 
Ibs. 

"THIS IS TilE PREMIER STU
DENT ENGINEERING EXERCISE," 
according to Michael Orlandella, 
a profes or at Southern College 
of Technology in Marietta , GA, 
whose students took second 
place at the nationals for the 
third consecutive year. "The 
biggest thing is that students 
learn about th management of a 
project-how to put it all togeth- • 
er. They need to find sponsors, 
design the project, fabricate it, 



• 
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and erect it. They have to write 
real letters to professionals. And 
they learn how to work with 
steel- the student who did the 
welding on our bridg had never 
welded before." It's a real-life 
exercise of the skills taught in 
steel design classes. 

The student team from 
Oregon tate University, which 
finished fifth in th ' 21-school 
competition, was typical. · We 
started with four different 
designs , before settling on this 
one," said Steve Trautwein , a 
graduating senior and the pro
ject leader. "We initially consid
ered a king post, but we realized 
it would be difficult to erect since 
th top of the bridge would be in 
the middle of the river ." 
ERECT ION CONSIDERATIONS 
PLA YEO AN IMPORTANT ROLE IN 
TII EIR DESIGN, which ultimately 
consisted of 25 pieces <according 
to th rules, no piece could 
exceed 40 lbs. or overall dimen
sions of 5-ft.-6-in . x 7.5-ft. x 7.5-
ft.> and four cables. 

Students from the State 
University of New York at 
Buffalo, which finished tenth, 
also gained a new appreciation of 
connection details. -You can put 
anything on paper, but it won't 
be successful if it can ' t be put 
together in the field , said Chris 
Ballard, the team leader. 
·Originally, we had all male
female connections since they 
could be erected so quickly, but 
then we discovered it was impos
sible to erect the last piece! " 
Learning doesn't stop once the 
bridge is designed and erected 
for the first time . Buffalo's 
skewed arch bridge was designed 
as a truncated pyramid and had 
taken second place in their 
regional competition held a few 
months earlier. '" ince then , we 
took 10 lbs . off of it, improved 
our erection speed, and cut down 
on our deflection ." The bridge 
ultimately weighed 289 lbs. and 
deflected only .27 in . under a 
2,500 lb. load . 

By comparison , the lightes t 
bridge, Michigan State 
University's, weighed only 84.5 
lbs., and three other bridges, 
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Curved & Straight 
Steel Bridge Design 

English & Metric 

Serious Design Power on Your PC 
• Complex gfld and roadway geometries, 19trders, box girders, rolled shapes 
• Influence surface (grid) or influence line approach (grid or line girder) 
• Powerful nonprismotic girder optimization processmg (curved and straight) 
• '992 AASHTO Spec. wi '993 interims & '993 Curved Glfder Guide Spec. 

3D-day trials available 

Call for Free Demo Version 

MDX software 
Phone (314) 446-3221 

Fax (314) 446-3278 

Please circle # 47 

ATTENTION BRIDGE ENGINEER 

FIP TRuer RAL Y TEMS OFFER 
YOU TOM DESIGNED SOL TIO TO MEET 

YOUR MOST DIFFICULT SEISMIC DESIGN PROBLEMS. 

FIP DESIGNS AND MANUFACTURES A VARIETY OF 
PRODUCTS TO PROTECT BRIDGES FROM THE 

DAMAGING EFFECTS OF EARTHQUAKES INCLUDING 

111GB DAMI'ING ISOLATION BEARINGS 
IIYDRA L1C BOCK TRANSM ITT ERS 

IIYDRA ULIC DAI\IPER 

Please circle # 105 

from Southe rn Co ll ege of 
Technology. Oregon State 
University, and Portland State 
University, weighed 89. 90 and 
99 Ibs., respectively. The winner 
in the construction speed catego
ry was Southern Co ll ege of 
Technology, which took 10 .28 
man-minutes (a raw speed of two 
minutes, three seconds multi
plied by the number of workmen 
plus any construction penalties), 
followed closely by the N.J. 
Institute of Technolob'Y at 12.45 
minutes and the University of 
Kansas at 16.71 minutes. 

For stiffness, the winner was 
the University of New 
Hampshire, which deflected on ly 
0.195 in. under a 2,500-lb. load, 
followed by Rensselaer 
Polytechnic Institute (0.227 in.) 
and San Diego State Uni versity 
(0.239 in.). For cfliciency (ca lcu
lated as incre me ntal vertica l 
deflection divided by 0.10 plus 
the total weight divided by 100), 
RPJ took first with a score of 
3.44, followed by San Diego 
State at 3.66 and Portland State 
University at 3.74. 

In the economy category (cal
culated as total weight time 1000 
plus construction time times 
3000 plus penalty costs), the 
winner was the Southern ollege 
of Technology at $119,845, fol
lowed by Oregon State 
University ($143,398) and the 
University of Florida ($161 ,248) . 

Based on the above mentioned 
categories, RPJ and Southern 

• 

• 
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ColI"ge of Technolob'Y tied, with 
RPI winning first place overall 
based on a high e r aesthetic 
ranking. 

IN ALL, 21 SCHOOLS COMPE.'TEO 
I TilE NATIONALS 0 T OF THE 
MORE THAN 140 SCIIOOLS TEIAT 
COMPETED IN 17 REGIONAL COM
PETITIONS_ Students came from 
as rar away as New York and 
Florida, and both West Point and 
the Air Force Academy were rep
r 'seBted. And while males domi
nated the competition, at least 
five of the sc hool s includ ed 
female team members. 

Judges were recruited from a 
large number of local engineer
ing firms, Including McDaniel 
Engineering, Boyle Engineering, 
Barrett Consulting Group, RHC 
Wong , R2 1f Engineering, 

orthrup, and th e California 
Regulation Water Quality 
'ontrol Board. 

"I think th, s competition will 
make me tl better engineer," said 
Ballard, who, along with his 
teammates, missed graduation 
day exercises in Buffalo to be at 
the cmnpetition. '" I can now iden
tify with the construction 
sequence and I have a bette r 
understanding that good designs 
have to look good aflcr fabrica 
tion and not just on the drawing 
board." 

And the drawing board 
process can be very involved, as 
students at Cal State- Long 
Beach discovered. "We did three 
d ifferent designs and analyzed 

Chances are, Bateman 

if you've got Buffalo 
Davco (Bully) 

one of these... Dvorak 

Edwards 

Enerpac 

Excel 

Fabriline 

Ficep 

Franklin 

Gairu 

Geka 

HMI 

Hawthorne 

Hendley &; Whittemore 

Hill-Acme 

Ironcraf ter 

Kingsland 

Kling 

Metal Fabr icating Systems 

Metal Muncher 

Mubea 

Ni t to-Kohki 

Omera 

Promoco/Omes 

Peddinghaus 

Pels 

Piranha 

Scotchman 

Thomas 

Uni-Hydro 

WA Whitney 

you'll probably 
need a few 

of these. 
Don't take chances when It comes to your 
Ironworker tooling. Only The Cleveland Steel 
Tool Company consistently ships standard In
stock items the same day or special, non-slock 
shapes and sizes In 48 hours. Or send us draw· 
In9s of your custom application. Count on The 
Cleveland Steel Tool Company for all your 
tooling needs. There really" a difference. 

Call the Punchline today for a copy of our new catalog 

1-800-446-4402 

1((;1 THE 
6!iCLEVELAND STEEL TOOL £Q 

474 East 105th Street . Cleveland. OH 44108 
Please circle # 67 
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Cooper River Bridge Cbarles/rm. Smith (llro/illli 
Lincoln Arc Welding (,old A" ard 

Alsea Bay Bridge " "lport. Oregull 
AmeriC'Jn InMltUlc of~teel Con~truction 1993 National 

Medium ~pan . High C\eatlncc l'r1/.C Brldge Award 

Roosevelt Lalit Bridge Pbo(!lIlt. A ":Olla 
Amencan (:On~lIltlflg [nwneers Council 

1992 Nalionaillonor Award 

C ... Girardeau Bridge ClI/I<' Gimrtleall. ItiSSQllri 

State-of-the-Art Bridge Design for 80 Years 

1: I ~ii - J 
Surfa c e Tran s portation S er v i c es 

For mon.' information contact Ra) mond J. McCabe, IIVrB Vice Pre.!tident 
330 i'",.it Altiluc • Fauficld. :lew jmc, 0-001 • (lO I ) 2Z- -6-J60 

them all using Algor and RISA 
2D software to find the one with 
t h e lea s t we ight-to -s trength 
ralio ," said Tim Slegers, one of 
the four-ma n team from Long 
Beach , which fini s hed in th e 
middl e of the pac k a t tw e lfth 
place. "IT WAS GREAT TO LEARN 
HOW A PROJECT IS DONE-FROM 
STAIlT TO FINISH. And we'll pass 
some advice on to next year's 
team. For example, we know we 
can save some time by using slip 
joints." 

The idea of seeing something 
that they designed spring to life 
wa s a n importa nt a s pect for 
many of the students. "This was 
the first time I saw something go 
from my hea d to AutoCAD to 
comple tion ," explained Kevin 
Kasner, student leader from San 
Diego State University a nd one 
of the competition 's organi ze rs. 
"Working as a team-and learn
ing how to get the most out of 
the team- was a lso a great expe
rience." 

Of course, not e ve ry thin g 
went perfectly. Michiga n State 
Unive rs ity's t eam knew th e ir 
bridge was right on the edge-it 
had fa il d three times under dif
fe rent t es t conditions. And it 
fai led a ga in as th e loading 
neared 2,500 Ibs . "It was sti ll a 
g rea t lea rnin g e xpe ri e nce," 
according to Guy Ne ls on , a 
senior a t MSU. "WE LEAIlNED A 
LOT ABOUT BUCKLlN(;, CONNEC
TIONS AND FABRICATION." 

Orego n State's Steve 
Tra utwein echoed that opinion . 
"Two yea rs ago, our school 's 
brid ge fa il ed . T he guy who 
designed it sa id he lea rned more 
in those two seconds than he had 
in a ny des ig n cl ass. You ca n 
des ig n on pape r and it look s 
good, but as soon as it fa ils, you 
rea li ze yo u rea lly need to pay 
attention to details." 

I{ you're illterested ill watch · 
ing a regiollal competition {eatur-
ing your aLm.a m.ata, either con· 

• 

• 

ta ct that school 's engi neering 
depa rtm en t or A ISC 's Fromy 
Rosenberg at 312 1670·5408 ({ax: • 
312 1670·5403). 
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Lukens remains committed to the 

onl) bridge construction material with 

a proven track record - Mcel. 

tecl bridges huill over a century 

ago remain viwllink., in our nation's 
highway system. And ju,t as today"s 

hridge designs arc better than e,er. so 
i, the steel that make, them possible. 

• With more grades and higher 
strength leve ls availahle. steel offers 

unsurpassed design fle,ihility. The result 

is reduced structure wcighLmaking con
struction ea,y and c",t effective. 

Weat hering stecl and modern 

coating sy~tcm., provide increased 
longcvity. And a steel bridge's ,truc· 

tural condition can be reliably inSpl!Cled 

for }car\. 
Lukens' commitment to 'teel 

bridges IS hacked by modern ,teel· 

making facilitie .. that produce tlte full 
line of structural quality plale ,Iccl 

Please circle # 115 

specifications - up to 127 fcetlong 
and over 16 feet \I ide. 

Con,ider'lecl . It ... got a 101 more 

to offer. For a lot longer. 

The J1l--cial"t In 1'1 .. le Steel,. 
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ECONOMICAL STEEL 

BRIDGE DETAILS 
A look at what does and doesn't work based on 35 years 

of detailing experience on more than 2,000 bridges 

By WALTER GATTI, PRESLDENT 
TENSOR ENGINEERING CO. 

(This informalion was originally 
presellied al lhe 1993 Nalional 
Symposium on Sleet Bridge 
COllslruclion. ) 

k T ONE TIME, REDUCING 
STEEL CONSTRUCTION COSTS 
MEANT FINDING THE LEAST 

WEIGHT DESIGN. And today, the 
very sophisticated computer pro
grams that every engineer has at 
his disposal often include an 
optimization routine that will 
reduce the weight of the struc
ture by selecting the minimum 
size of material. 

Unfortunately, least weight no 
longer necessarily equates to 
lowest cost. As steel material 
prices have declined, fabrication 
costs (i.e. labor costs) have risen. 
Today, an econom ical design 
includes low weight, but also 
accounts for the constructability 
of details. 

Fabrication costs for detail 
material are six times more 
expensive per pound than main 
material. Every piece that is not 
rectangular will require a hand
made tracing template, layout on 
the piece, or maybe a burning 
table program. All of these arc 
high-cost items. Every hole must 
match a hole in another piece; 
minor changes in the design or 
layout of connections in order to 
standardize detail pieces can 
lead to major savings in fabrica
tion and erection costs. 

During the past three-and-a
half decade, Tensor Engin
eering Co., a detaIling firm with 
a national practice, has detailed 
more than 2,000 bridges and 
more than a million tons of 

structural steel. In the last 
decade alone, the 22-man firm 
bas provide fabrication and erec
tion drawings for more than 
400,000 tons of steel. 

We arc constantly trying to 
simplify details in order to elimi
nate those that breed mistakes. 
Our knowledge has been 

acquired through layers of scar 
tissue and unpleasant phone 
calls from fabrication shops or 
field erectors. Through this expo
sure. howeve r, we have devel
oped a large amount of informa
tion about which details 
work- and which don't. 

DETAIL 1: FIXED BEARING DETAIL 

-' .. 

SOLE PLATE 

1 

I 

LD SEAL WE' 
ONlY F REDO , 

I 

, I~ I\. 3 

...J.: / ,~ V 
-' , !' 
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~ .. 0 • i ·0· 0 
o' i • 0 o •• 

MASONRY PL 0 

FIXED BEARING DETAIL 

• 0 • o· 

i ,) MIN , 
! 
, [ ,' 

UPLIFT RESTRAINER PLATE 
WHERE REOUIRED 

Fixed Bearing Detail: 
1. Weld sole plate to flange in longitudinal direction only. 

0 

2. Wherever possible, use an elastomeric pad in lieu of a mAsonry 
plate. This is the same simple detail that works well for concrete 
girder bridges. 

3. Fabricators prefer to mill and fillet weld bearing stiffeners to 
flanges rather than use full penetration welds, which require joint 
preparation, multiple weld passes and non-destructive testing-all of 
which greatly increase costs. Also, full penetration welding causes 
distortion of the bottom flange and an out of plane benring area. 
Avoi.d full penetration welds where po .• sible. 

241 Modern Sl<"C1 Con~truction I Septemlx>r 1994 
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Expansion Bearing 

1. When uplift 
restrainers arc not 
required, anchor bolt 
would project through the 
sole plates . The sole 
plates should have slot
ted holes to allow for 
movement. 

2. Again, concrete gird
ers on ly have an elas
tomeric pad under each 
bearing, regard less of 
span length-a very cost 

ffective design . Steel 
girders can-and should 
-be designed the same 
way. 

D ETAI L 2 : EXI'ANSION B EA.IlING 

r- SOLE PtA TE WITH BONDED 

STAIM.ESS STEEL SHEET 
T 

ELASTOMERIC BEARING PAD WITH BONDED TEFLON PAD-

D ETAIL 3 : PHEFERRED B EARING TYPE C HOSSFHAM E Bearing Type 
Crossframe 

USE A CHANNEL IN LIEU OF WF 
WF FLGS WOIA.D HA VE TO BE CUT 

8 "\-4---I~-I 

I" 
2 t-4-.:.....lH-l--

PREFERED BEARING TYPE CROSSFRAME 

! 

1. Prov,de for preferred 
edge distance. (e.g. 1"/, 
for 'I diamct(' r bolts). 

2. Provid(' l/._in. mini 
mum clearance from edge 
of fillet weld . 

3. Include allowances 
for notes 1 & 2 in deter
mining stiffener width 
(normally a 7'/.,-in. wide 
stiffener is required for 
the connection .hown). 

4. Keep gusset plates 
rectangular. 

5. Terminate welds 'I, 
in . short of edge. 

6. Avoid all around 
welds; omit weld on far 
side. 

7. Avoid clips on stifT
ncr and lower channel to 

avoid coping 
8. Permit the use of 

oversized holes for cross
frame connections. 
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DETAIL 4: PREFERRED INTERMEDIATE CROSS FRAME 

PREFERED INTERHEDIA TE CROSSFRAHE 

offers a full line of computer programs 
specifically for the steel fabrication 
industry. Wouldn't you like to realize the 

Intermediate • 
Crossframe 

Use K-type cross
frames wherever possible 
because: 

- All frames can be eas
ily made in a jig since the 
connection stiffeners on 
both girders are the 
same; 

- All welding is done 
from the near side and 
therefore assembly does 
not have to turn over; 

- All crossframe top 
gusset plates, bottom 
gusset plates and center 
plates are identical; 

- Changes in the geom
etry of the frame can be 
easily accommodated by 
moving one side of the jig 
for differences in the 
drop. 

benefits that our existing 400 customers New Automated 

have been enjoying over the past 10 years? ~-. Drawing Log -".-

SSC's integrated family of computer 
programs includes: Estimating 

Production Control 
Inventory 
Purchase Orders 
Combining 

Tracks drawings, 
revisions. and 

transm ittals 

Only $299oo ~;a,.. 1 
Ask for a free 

demo disk 

P.O. Box 19220. Roanoke, VA 24019 
(703)362-9118 Automated Beam & Column Detailing 

(BOOJ776·911B Call for a FREE demo disk! 
Please circle # 42 

26 1 Modern Steel Construction I September 1994 



• 
Uneconomical Detail 

Avoid this detail for the following 
reasons: 

1. The members are positioned 
with the eGs intersecting a common 
WP. It would be more economical to 
design the connection to account for 
the eccentricity. 

2. As the drop changes, the angle 
varies, which changes t he dimen
sions, requ;ring a new stiffener and 
connection plate layout & mark. 

3. All around we lding creates 
undercutting prob lems. The weld 
perpendicular to the angle does not 
increase the capacity of the weld but 
might decrease strength of the mem
ber. Remember, if these angles were 
bolted, the edges would be tight, 
though not sealed. Why require seal
ing when the field connection is bolt
ed tight and is acceptable? 

·Duplication will reduce the 
chance of errors and fabrication 
costs. This d etail requires a dif
f e r e nt lay out for ea ch plate, 
while the rectang ular plate on 
the previouB page does not. 

D ETAIL 5 : U NECONOMICAL D ETAIL 

~. VARIES 

-.--'\r-r--v- / 

./ 

DETAIL XI 

WHEN YOU BUY ST. LOUIS, 
YOU BUY AMERICAN! 

AND YOU GET: • FULL TRACEABILITY 
• LOT CONTROL 

• CERTIFICATIONS 

--_.-

Registered Head Markings on all 
structural and machine bolts: 

Products from 'h" -3" diameter include: 

1.-325 1.-325 
Type 1 Type 3 

D 
SQUARE 
MACHINE 

COUNTERSUNK 

BunON 
HEAD 

ST. LOUIS SCREW & BOLT COMPANY 
6900 N. Broadway • St. Louis, MO 63147 

(314) 389-7500 • 1-800-237-7059 • Fax (314) 389-7510 
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D ETAI L 6: DlFFICULT C ROSSFRAME 

VARIES 

USE THIS TYPE OF CROSSFRAI£ SPARINGL Y 

Crossframe 
This detail may be eco

nomical to fabricate if • 
C/C girders and drops are 
the same, but it's still dif-
ficult to erect. 

1. Knocked down cross
frames require more shop 
& field handling. They 
are difficult to erect due 
to the increased number 
of different pieces to 
track, handle & hoist. 

2. Due to varying 
drops and varying dis
tances between gi rders, 
this frame would require 
a different layout for each 
stiffener, diagona l, strut 
and fill plate. 

-The c hance of an 
error on th i s t yp e of 
fram e is man y times 
g r eater than a jigged 
cross frame. The frame 
below and the one on the 
next page is more eco
nomical. 

Be tter Crossframe D ETAIL 7: B ETTER C ROSSFRAME • This crossframe offers 
numerous advantages: 

- All stiffeners have 
the same layout and 
mark. 

- No layouts are 
required since connection 
plates are rectangular. 

- Weight of materia l is 
similar since angles are 
cut back. 

- All angles can be cut 
without layouts. 

- Erect ion is much 
faster due to fewer erec
tion pieces. 

- Since frames are 
jigged, the chance of field 
misfits is minimized. 

- All plates can be 
stack drilled or multiple 
punched since the hole 
patterns are identical. 
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Economical 
Cros fram e 

D ETAIL 8: B EST C ROSSFRAME 

• This type of crossframe 
VARES 

• 

• 

requires only fou r compo
nents. 

For the most economi
cal results: 

1. Keep t hese dimen 
sions the same and slope 
the struts. 

2. Keep a ll welding on 
one side. 

3. Increase the size of 
the struts as required for 
load. 

4. Use oversize holes te 
ma ximi ze th e s lope of 
holes in struts. 

-Th e s ame m e thod 
c ould b e u se d for X 
type c rossframes. 

WHERE /'fORE THAN 

2 BOt. TS ARE REOO 3 

IfOST ECONOI«AL TYPE OF CROSSFRA/£ 

D ETAIL 9 : FIELD W ELDED C RO SFRAME Fie ld Welded 
Crossframe 

VERY D/FFlCut T I IF NOT IHPOSSIBLE ) 

TO WELD THIS EDGE ~ t------f=ti== 
In s t a tes that prefe r 

fi eld welded crossfra mes, 
thi s method is preferred, 
providing the follow ing 
are incorporated: 

" HIN 

FIELD WELDED TYPE CROSSFRAHE 

CD 
AVOID 

1. S lope th e t op a nd 
bottom s truts a nd keep 
dim e n s ions A & B th e 
sa me on each g irde r t o 
make the stiffeners iden
tical. 

2. Do not cut members 
on thi s skew. It is more 
economica l to ma ke t he 
s tiffener wider since most 
fabri cators use a n 
anglematic machine t hat 
pun ches a nd cuts t he 
a ngle squa re a utomati
ca ll y . A beve led cu t 
requires a burning opera
tion at each end . 

3. Ma ke dimension A 
la rge enough to prov ide 
roo m betwee n t he s t ru t 
and fl ange to a llow clea r
ance for fi eld welding. 
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Rugged. Tough. Beautiful. Enduring. 
We're talking about Maine's weather. And the kind of 

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

steel. For lots of reasons. 
First, economy. Besides the initial co nstruc tion cost 

saving, The Maine Department of Transportation 
(ME DOT) enjoys a 30% savings in maintenance costs 
when compared to painted bridges. 

e& 

• 

Second, maintenance. An important con
sideration \...,ith the northeast's short maintenance 
season. Just by following the basic guidelines, 
MEDal' has been able to cut back substantially On 
overall maintenance. And because weathering • 
steers dense oxide coating is self-healing and imperviOl 
to corrosion, it virtually eliminates the need 
for painting. 

Third, nature. Weathering steel blends with its 



not. 

surroundings, and minimiLes disturbance to the 
natural environment. 

In a state with so much \I cather and so much natural 
beauty, it's no \I onder that laine already has built 

a 80 wcathering steel bridges, and has more on the dra\l ing 
~ards, specifying ASTM A588. 

Find out more about the advantages of weathering 
steel for yourself. To get a copy of our Product Booklet 
No. 3790 and our latest l echnical Bulletin TB-307 

-.;;0---- -

on· ncoated Weathering Steel Structures,· contact 
your nearest Bethlehem Steel sales office or call 
(215) 694-5906. Bethlehem Steel Corporation, 
Construction Marketing Division. Bethlehem. 
PA IROI6. 

Bethlehem lfJ 



THE 
CAoVANTAGE 

J\ILING 
STEM 
ONT 

DRIVE 
You 

NUTS. 
I 

CadVantage Structural boosts the casicst 
user intcrface in the busincss. 

FREE tmining. extensive systcm 
manuals. softwme tutorial. and phone 
support mc pro\'ided, campi etc with a 
new on-line help systcm that gets you 

up-a nd-going immediately. 
Because CadVantage is specifically 

designed for dcwilers. users don't have to 
be AlItoCad or computer experts. Gelling 
started is easy - and learning thc program 

won't put you in the nut house. 

619South CruarStn:d . StudIO" 
ChClrlottC. Nonh Caroli/la 2R2()2 

704-344-9644 
Please circle # 45 

DETAIL 10: TYPICAL DIAPHRAGMS 

VARES-
If( 18 X 42.7 
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TYPICAL DIA PHRAGMS 

Typical Diaphragms 
Holes for diaphragm connections connections can be located either 

normal to the stringer web and connection plate or normal to the 
channel. The method used is based on the fabricators equipment, fab
rication methods. and material cost comparisons. 

Holes Normal To Plate 
Advantages include: 

o Connection plates are iden
tical. 

o Plate width and weight are 
minimal. 

Disadvantages include: 
o Diaphragm e nds hav e a 

skewed cut. 
o Diaphragm layouts change 

with variable cross slopes. 

Holes Normal To 
Channel 

Advantages include: 
o Diaphragms can be alike. 
o Diaphragm ends and ho le 

patterns are square to the 
diaphragm. 

Disadvantages include: 
o Wider connection plates are 

require d and plate layout 
changes with each slope. 
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DETAIL 11 AND 11A: TYPICAL LATERAL BRACING DETAILS (BOLTEO) 

-.r-

.? 

~7' € ", .~ 
(j~6 --;.~ 'So 

v.~\; 

l0J 
SECT X 

Typical Lateral 
Bracing Details (Bolted ) 

Detail LA is preferred since 
it can be used in tension 
zones and m eets fatigue crite· 
ria. For the 'rlost economical 
design, use standard tee sizes 
and cut the steel square. 

1. Use preferred edge dis· 
tances for the oversized hole 
size. 

2. Use oversized holes in both 
plies of the material. 

Detail LB has been used 
where plates are welded in a 
tens ian zone. This detail costs 
more to fabricate due to extra 
burning and grinding. It is 
more economical to use Detail 
LA in lieu of this detail. 

3. When late ra l gussets are 
welded, provide clearance to 
allow fillet welding on both 
sides. 

4. Avoid full penetration weld· 
ing. 

DETAIL LA DETAIL LB 

PREFERED AVDCJ 

TYPICAL LA TERAL BRACING DETAILS 

BURN TO RADfUS 

AFTER WELDING 

DETAIL 12: TYPICAL LATERAL BRACING DETAILS (FIELD WELDEO) 

DETAIL LC 

5 
16 

DETAIL LD 

TYPICAL LA TERAL BRACING DETAILS 

Typical Lateral Bracing Details (Field Welded) 
Where fie ld welding is preferred , Detai l LC is a practical solution. 

The gusset plate could be a tee as shown, or a welded gusset plate as 
shown in detai l LD. Fit·up holes could be furnished as an option. 

Detail LD is an economical detail to use where the stresses and 
fatigue criteria a llow welding to the web. The welds should a lways 
terminate 1/, in short of the end of the plate. 
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DETAIL 13: STIFFENER D ETAILS Stiffener 
Details 

wtEREVER POSSfJLE Tc;HT RT STFFEfoER TO TENSION FUHiE ... 1tD 
~LD TO THE CDl'PRESSIDN FLANGE.. Wherever possi- • 

ble, it's more eco
nomical to remove 

\'~ r-.. 
I~ V 

';> 
~§ 
~~ 
~t;; 

~~ 
~~ 
il'~ 

• L ~ 
"'~ "'~ 

V 

VEW A 
STFFeER DETALS ALTERNATE ., 

waDED 

}-'Ol" Inforllldtion Contact 

> 

~ 

\ r. t\. 
ij V 

• ;> 

• 
~ijv 

~ 

> 

the tab plates. 
Instead, it's more 
cost effective to weld 
the sti ffener to the 
tension flange . 
Between bolts , tab 
plates and fabrica-
tion costs, it adds 
approximately $75 
to $100 per tab 
plate. 

Lohr RTB's meet or exceed all the 
FHWA and ASTM Requirements, 
including Rotation Turn Testing. 

Call 1-800-782-4544 to see why 
D.O.T.'s are using Lohr Rapid 
Tension Bolts on their Bridges. 

LORR Struc:tural Fasteners, Inc:. " WE USE OUR HEAD" 
po. Rox 1387. Humble. Tpxas 77346 1-800-782-4544 
FAX 171:1 1 821-5216 New. Used & Rental Tools Available 
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Welded Crossframe 
(Nole: Design should show aller

nales for both welded and bolted.) 

D ETAIL 14: WELDED CROSSFRAME (ALTERNATE) 

• lllt -i n _ (m in im um ) bottom 
fl ange extension is req uired fo r 
flu x support and the we ld ing 
machine to t rack on_ 

• Web, top fl ange, and stitTen
e rs are us ua lly fa br icated as a 
sub-assembly prior to fi tt ing to 
the bottom fl ange. 

• The c rossfr a me me mbe rs 
a re t hen bolted to t he weblto p 
fl a nge s ub-asse mbl y, whi ch 
h e lps s h a pe th e fin a l g ird e r 
assembl y. (A lte rn a t e ly, th e 
crossframe is built in a jig as a 
sub-assembly, fi t-up a nd welded; 
t hen it is bolted to t he web/top 
fl ange sub-assembly.) 

FA T/a£ STRESS RANGE 
HUST BE M£STIiA TElJ. 

• Th e we blto p fla nge s ub 
asse mbly with t he crossframes 
bolted in place is t hen fi t ted to 
t he bottom fl ange pla te, which 
has been blocked to its cambered 
shape. The web to bottom fl ange 
plate welds are then made. The 
3 1/,-in . gap at t he bottom a llows 
the web-to-fla nge weldjng to be 
made without interrupt ions. WELDED CROSSFRAME 

PREFERRED 

DETAIL 15: BOLTED CROSSFRAlI1E 

FA T/a£ STRESS RAMJE 
HUST BE IIVfSTIGA TED. 

BOLTED CROSSFRAME 

Bolted Cro sfram e 
(Note: Design should show olte r

nates for both welded a nd bolted.) 
• 11/,- in . (min imum ) bottom 

fl ange extens ion is required for 
flu x s uppor t a nd t he we lding 
machine to track on. 

• Web, top fl ange, and s titTen
e rs a re us ua lly fabrica ted as a 
s ub-assembly prior to fitti ng to 
the bot tom fl ange. 

· The crossframe is built in a 
jig as a sub-assembly, fit-up and 
welded (note tha t all welding is 
made from the near s ide). 

· The cross fra me s ub-assem
bly is then bolted to the web/top 
flan ge s ub-asse mbl y, whi ch 
he lps s h a pe th e fin a l g ird e r 
assembly. 

• The we blto p fl a nge s ub
assembly with the cross fr a mes 
bolted in pl ace is then fitted to 
the bottom fl a nge plate, which 
has been blocked to its cambered 
shape. The web to bottom fl ange 
pla te welds a re then made. The 
31/,-in . gap a t the bot tom allows 
t he web-to-fl a nge welding to be 
made wi thout in terruptions. 
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DETAIL 16: PLER DW'IlRAGMS 

TOP FLG 

t 80TT FLG 
FNSH TO SEAR 

, sorT RG wrJTH 

EM) CXM=RAH NT PIER aAPHRNf 

PIER DIAPHRAGMS 

Please circle # 46 

Pier Diaphragms 
- Avoid full penetra

tion welds; finish to bear 
with fillet weld is pre
ferred . 

- Use preferred edge 
distances and pitch, not 
minimurns. 

- The diaphragm is 
made up as a s ub-assem
bly and then fitted to the 
bottom flange and web 
assembly. 

lAutoSD Steel Detailing 
At last, the sensible detailing 

program written by detailers for 
detaiIers. Menu driven means easy 
to use. Supported by numerous 
graphics means easy to learn. See 
what. you are drawing as you draw it. 
You stay in control. 

Detail beams, columns, braces, 
gusset plates, stairs, stair rails. 

Automated Steel Detailing works 
with AutoCAD® release 9.0 or later. 

$3500.00 

Calculator Programs 
Calculate gusset plates, end 

connections, tea rout, camber axial 
connections, oblique & right 
triangles, circles, and aFt-inch 
calculator that emulates an HPI:!t 
and more. For DOS 3.0 and higher 
with EGA or better. 

$250.00 

For more information write: 
AutoSD, Inc. 
403359PL 
M<>ridian, MS 39307 
(60l) 693-4729 
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Slabbing & Stripping D ETAIL 17: SLABBING ANI) S TIlII'I' ING 

St~~1 mIl11i no longer roll plates in 
width. leRs than 48 in. AR a result , fabrica
tors arc requIred to combine plates and 
n(l-~t th£'m in ordC"r to economize and r('duc(' 
Rcrap ThIS ,hould be con,idered when the 
deSIgner select, the RlleR of nange plateR 
on adjacent transverRe girders. 

I*-<~"""'ff/) ..... ~ T'f1'£ 9CU.D IJ£ A T 

{' 0R!JfRfD PC 1 r """"'ED PC 1 The ordered platc endR arc prepared, as 
shown. The indIvidual nange plnte nSRell1-
blU'R are then name cut to their finished 
widthR by multIple torcheR. on-cleRtruc
tive testing is p('rformed prior to the nange 
plate aSRcmblieR being welded to the web 
plate •. 

'" r 
~ 

CllTLIES-< 

- Avoid transitions in nange width in 
anyone girder (vary thickness insteadl. 

- Keep nnnge plate thicknesses the 
same for adjacent girders and keep the 
lengthR on the center nange plates the 
same. 

- Avoid changing nange plate thickness
cs. It may be more economical to extend 
thc thicker nange. The cost of a Rplice may 
exc~ed the material CostR. 

- SlabbIng and stripPing workR for both 
Rtmlght and cllrved girders . 

~ • 
I: 
i 
f 
i: 

I~O~~" RISA-3D 
For the last 5 years our RISA-211 program has 
been seiling the standard lor 2 dImensIonal 
slructural analYSIS and deSIgn IlISA-20 IS. In 

lact. rated higher than most 01 the 3 dImen
Sional programs currenlly avallable l See the 
Jan . '94 Issue 01 Modern Steel Construction 

We are pleased to announce that RISA-20 has 
finally been surpassed I 

IntrodUCing RISA-30. the new standard lor 
structural analYSIS and deSIgn software 
Statics. dynamICs. P-Della ellects. steel 
deSign and many other leatures are incorpo
rated Into thiS powerlul new program 
RISA·3D prOVides a last. intuitive problem 
solVing environment absolutely unmatched 
by any other program 

Give RISA-3D a try and see lor yourself' 

RISA 
26212 OlrT'lfflSlOI'l Or 
SI:.' '~200 
uke ~esl CA 92630 
VOICe 800-332·74n 
FAX 714 95H;848 

Please circle # 40 
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~ _ PfJERA TOI \ORO 
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POST-TENSIONING CUTS 

STEEL BRIDGE COSTS 
Pl ate girder bridges can be made more economica l 

through the use of post-tensioning 
By Leo Spaan s, P.E. 

(This paper is adapted from a 
talk given by the author at the 
1993 National Symposium on 
Steel Bridge Construction.) 

,103'-~' 

g 
I 

14Z'-~' 

11 

ELEVATION 

78'-2" 

, I 
Q 

WIIILE ONCE DOMINANT FOR 
BRIDGES WITH 90·FT. '1'0 

250·F'I'. SPANS, conven· 
tional welded plate bridges have 
slowly been losing ground to pre
stressed concrete bulb T girder 
bridges. However, tbe adaptation 
of many of the same tech
niques-especially post-tension
ing-that make bu lb T girder 
bridges so successfu l can result 
in an even more economical steel 
structure. 

I 

I><I><1 I I I r 
For illustration purposes, an 

existing welded plate girder 
design was re-examined. The 
bridge was originally designed 
with two spans (103.5 ft . and 
142.5 ft.) with welded plate gird
ers spaced ll-ft.-S-in. on center 
and steel usage totaling 30 lbs. 
per sq. ft. of deck area. The abut
ments consisted of integral end 
bents, which eliminated the use 
of bearing and expansion joints. 
In the past, this wou ld have been 
considered a good, efficient 
design. 

The particular contractor on 
t his job, however, had a prefer
ence for concrete and, subse
quent to the start of construc
tion, re-engineered the project 
using a concrete bu lb T girder 
design. Since thjs design was at 
least as cost effective as the 
standard steel design, the state 
DOT allowed the change. 

One of the primary problems 
with the plate girder bridge was 
the use of nine different plate 

7 GIRDERS II 11'-8' 

TYPICAL SECTION 

TOTAL STRUCTURAL STEEL 571,000 LBS. (30 LB8./FTZY 

TOP nANGE 3/." z 14' 
I 1/.' z ZO· 
Z 1/.' z zo' 
I 3/." z 18' 

I"z 18' 

1/2' z 8.' 

BOTI'OJI nANGE 3/.' z 18' 
I 1/2' z zo· 
Z I/Z' z zo' 
1 7/8' z 18' 

l' z 18' 

9 DIFFERENT PLATE THICKNESSES 

A two·span welded plate girder design proved to be too expensive, 
in part because it uti! ized nille different plate thicknesses. 
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thicknesses, which meant a lot of 
fabrication labor at the flange 
width/thickness transitions and 
for the filler plates at the bolted 
splice connections. While using 
different plate thicknesses mini
mizes material use, it increases 
labor costs. And, as the steel 
industry has been pointing out 
for some time, the wages are 
going up while steel prices are 
nat or, in so me cases, have 
dropped. 

Subsequently, a post ten
sioned plate girder design was 
evaluated to see what savings 
could be made in both material 
and fabrication cost. This alter
nate design had the following 
criteria: 

1. The girder must have a uni
form cross-section to eliminate 
labor intensive splices and flange 
transitions. 

2. It must use external post 
ten ioning tendons protected by 
polyethylene pipes with grout 
and concrete diaphragms for 
deviation points along the length 
of the structure. 

3. The girder section must be 
strong enough to carry the dead 
load of the deck slab. This will 
prevent the need for special tem
porary girder support and also 
will allow for safe future deck 
replacement. Tendons will be 
stressed after the deck has 
cured. 

4. The design must avoid, at 
all costs, attaching the post-ten
sioning anchors to the steel gird
ers. Instead , the tendons must 
be anchored and supported by 
the concrete diaphragms. 
(Earlier post-te nsioned steel 
structures were hampered by 
designs that attached the post
tensioning anchors to the steel 
girders. The savings in material 
efficiency was more than on~set 
by the cost of the extremely 
labor-inten sive detailing for 
affixing the post-tensioning 
anchors.l 

5. Composite design must be 
used for the entire structure 
even in negative moment areas. 
This implies providing compres
sion in the deck over the piers . 
The advan tage is that transverse 

f----.103'-8·'------f------142'- 8·'-------i 

-~ ]-- fF --- dl 
\l CONCRETE DIAPHRAGMS 

ELEVATION 

. . 

1/2 SECTION 0 SPAN 

TYPICAL SECTION 

UNIFORN SECTION 

nJP FLANGE 7/8· Jr ZO· 

1/2· Jr 88· 

BOITOM FLANGE 7/8· Jr 20· 

TOTAL STRUCTURAL STEEL 430.000(22 LBS./FT
2 

- 25") 

Redesiglli IIg a two ·spall bridge usillg a post · lellsiolled system 
reduced the cost of Ihe superslmcture from 342,600 10 267.250. The 
savillgs was achieved Ihrough various me/hods, illriudillg Ihe use of a 
uniform cross-section, external post-tensioning tendons. composite 
design alld a concrete diaph ragm. 

deck cracking is eliminated due 
to greater stiffness and less live 
load deflection . Note, however, 
that using composite design 
mans the analysis must also 
include creep and shrinkage, 
making the analysis slightly 
more complicated. 

The use of the above criteria 
reduced the amount of s tructural 

steel req u ired in the project by 
25"f, from 30 lbs. to 22 lbs. per 
sq. ft. of deck area. More impor
tantly, superstructure construc
tion costs were reduced from 
$342,600 for the original design 
to $267,250 for the post-ten 
sioned steel deSign . This was 
$75,350 less thnn the concrete 
pr stressed bulb T design , which 
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ExrRA STRONG SADDLE PIPE j 

cost $318,570. 
The concept of post-tensioned 

steel structures is not new; it has 
been around since the early 
1800s (England's Squire Wipple 
in 1837) and has been used more 
recently in Idaho for the Bonners 
Ferry Bridge by T.Y. Lin. 

However, while post-tension
ing is becoming widely accepted 
for rehabilitation projects or for 
the strengthening of existing 
structures, it still is not readily 
accepted for new construction
despite overwhelming evidence 
that it can provide a very cost 
efficient steel design. 

CONCHE'I'E D IAPHRAGMS 

To optimize the system, the post tensionillg anchors must be sup
ported by the concrete diaphragms; they must not be attached to the 
steel girders. 

Designing a cost effective 
superstructure is only half the 
battle. All too often efficiencies 
in the superstructure are ncgat~ 
ed by inefficiencies in the sub
structure. For example, in many 
alternate bid situations, the sub
structure for the steel alternate 

u.lm.~ Shear Wrench Tools for Tension Set Fasteners 

r - .. r 

Jj 
.r 

I 

r 

AND 
ALL Break-Off Type Bolts 

SALES' REPAIRS· RENTALS' PARTS 

A490 
Are Also 
Available 

• 

• 

S-60EZ Specifications 

FULL 
RANGE OF 

BOLTS 
5/8" -1-1/8" 

A325 S-90EZ Specifications 
Weight ----- 18.5 Ibs. 
Torque .. 11111111111_- 550 ftIIbs 

Weight.. ..."..... 11'_. 13 Ibs. 
Torque ............. , ,n 425 ft./Ibs. 
Speed ._ ..... 11 .... • ... 16 RPM 
Capacity '111111 ....... ,11 • 5/8" - 314' 

Voltage • 
(+7/8' A325 only) 

111111 III 110 V. AC 

CALL US For Domestic 
Tension Control Bolts! 

Speed -------- 16 RPM 
CapacIty ------- 314"- 7/8-

(+ l' A325 only) 
Voltage ----- 110 V. AC 

BRISTOL MACHINE COMPANY • 19844 Quinn Court, Walnut, CA 91789 • (909) 598-8601 • Fax (909) 598-6493 • (800) 798-9321 

Please circle # 62 
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• 
has the same number of piles 
and the same amount of reinforc
ing steel as the concrete alter
nate- despite the fact that the 
stecl alternate is considerably 
lighter. 

To fully realize the cost 
advantages of post-tensioned 
steel bridge design, it is impor
tant to use concrete diaphragms. 
These diaphragms provide the 
anchor locations and deviation 
points for the longitudinal post
tensioning and ideally will be 
used to create an integral co n
nection with the substructure. 

The advantages of this system 
include: 

1. Eliminating bearings a nd 
expansion joints at the end 
bents. 

2. Eliminating bearings at the 
piers. 

3. Reducing bearing stiffness 
requirements and e liminating 
cross frames. 

4. Reducing column and foot-

t--I- - ----- - _. -----r- - - -- - -f--t 
t--I- ------ .- i-- ----- - ----- - ~f--t 

t--t::;;~ ----- ~~ -----:;t ----- :. tH 
t-----------------------------t 

INTEGRAL DIAPHRAGM/PIER CAP 

A {ully illtegral cOllllectioll elmillates the bearings altogether and 
prodllces a simpler. more economic design. 

GT STRUDL . 
on a PC- It's All There! 

Quality Performance Customer Support 

The premier structural software engineers have been using since 
1978 on mainframes and workstations is now available on PCI. 

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

GT STRUDl features include: 
• interactive graphics 
• links to popular CAD systems 
• library of over 100 e lement types 
• steel and reinforced concrete design 
• 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 111 in user support 

3O-day trial available 

Il .... 
Please circle # 71 

For more information . 
plea.e contact: 

(404) 894-2260 
FAX : (404) 894-8014 

Computer-Aided Structural 
Engineering Center 

Georgia Tech 
Atlanta, Georgia 30332-0355 
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- I- V PLASTIC 

"--COLUMN 
Fh = M PLASTIC/e + V 

bot. 
PLASTIC 

Because there is the potential of the col umn force slipping along the 
face of the steel plate girder with an integral connection, we recom
mend casting a partial bottom slab, which, when properly anchored to 
the bottom /lange with shear studs and reinforcing, would prevent 
any slip and allow the top of the calumn to fully develop its plastic 
moment capacity_ 
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ing moments. 
5. Developing pIa tic moment 

capacity of columns, which is • 
beneficial in seismic zones. 

However, even if an integral 
connection is not utilized, there 
are sti ll many advantages uti liz
ing concrete diaphragms: 

1. Expensive cross frames and 
web stiffeners are replaced by 
relatively inexpensive cast-in
place concrete. 

2. The co ncrete diaphragm 
also provides support for jacks in 
case of future bearing replace
ment. 

3. If larger e lastomeric b ar
ings are used instead of pot bear
ings, a concrete pad provides 
ample support. 

Note, though, that transverse
ly post-tensioning the diaphragm 
and steel plate girder and mak
ing fully integra l connections 
eliminates the need for bearings 
altogether. 

The primary drawback to the 
use of concrete diaphragms is 
that false work is required to 
temporarily support the stee l 
girders until the diaphragm is • 
poured and post-tensioned. 
However, on a recent project in 
Indi ana, the steel a lternate 
using this method was success-
fully chosen over the concrete 
bulb T alternate. 

Also, it is possible to create a 
design that eliminates the need 
for falsework. One method of 
doing so is to provide the lower 
portion of the pi er capl 
diaphragm (with s lotted hol es) 
with sufficient strength to s up
port the dead load of the stee l 
girders. After e rect ion of the 
steel girders, the s lotted ho les 
arc filled with concrete and 
transverse post-tensioning is 
applied. Thi s scheme has been 
successfu ll y used for conc rete 
girders so there is every reason 
to expect it to be equally success
ful with steel designs. 

Concrete integral diaphragms 
for steel structures have been 
used in the past, but primarily in 
cases with s pecial conditions. • 
Based on our experi ence, con-
crete diaphragms offer an eco
nomica l alternative to conven-
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tional crossframing and bearing 
stiffeners. 

S EI MJC D ESIGN 

In seismic zones, where the 
lateral load can be as high as the 
total vertical load, the use of a 
steel superstructu re, if properly 
designed and concrete 
diaphragms are used, can result 
in significant cost savings for the 
substructure. 

If the masses of the super
structures of three different 
bridge types (box girder, bulb T 
girder and plate girder) are con
verted to an equivalent slab 
thickness, it becomes obvious 
that the plate girder shows a 
substantial weight reduction. 

An examination of the sub
structure requirements for a con
ventional steel design (utilizing a 
pinned connection at the top of 
the column) compared to those of 
a box girder structure shows 
loads are about 48'k less for the 
steel design. However, there are 
no substantial savings since the 
column rebar and footings are 
about the same, though there are 
fewer piles. This addition is pri
marily the result of the pinned 
connection at the top of the col
umn. The use of a concrete 
diaphragm, which would create 
an integral connection, would 
change the picture dramatically: 
The rebar, footing size and pile 
requirements would be signifi
cantly reduced and wou ld be par
allel with the load reductions. 

Because there is the potentia l 
of the column force s l ipping 
along the face of the steel plate 
girder with an integral connec· 
tion, we recommend casting a 
partial bottom slab, which, when 
properly anchored to the bottom 
flange with shear studs and rein
forcing, would prevent any slip 
and allow the top of the column 
to fully develop its plastic 
moment capacity. 

Leo Spoons, P. E. , is a partner 
with Janssen & Spaans 
Engineering in Indianapolis and 
is best known for his work 
designing concrete bridges. 

lIJEUNE SMART BODS KNOW "PROPER TENSION!" 
A-325 or A-490 high strength bolts. 

Factory miII certifica tion-traceable to each keg. 
Black or mechanically galvanized. 

Full domestic or open stock. 

"THE LOWEST COST SYSTEM FOR PROPERLY 
INSTALLED HIGH STRENGTH BOLTS!" 

Please circle # 72 
Modem Steel Construction I September 1994/ 43 



STEEL GIRDER DESIGN: 

CAN IT BE SIMPLIFIED? 
By Atorod Azizinarnini, Steve 

Kathol, and Michael W. 
Beacha m, P .E. 

F IELD TESTING HAS SllOWN 
THAT AASHTO's MANUAL 
FOR BIUDGE INSPECTION AND 

EVALUATION is, in many cases, 
conservative and does not accu
rately reflect the large reserve 
capacity of steel girder bridges. 
In addition, the Manual is not 
intended to address the role of 
such elements as diaphragms on 
the performance of steel bridges. 
However, such knowledge could 
be extremely useful in both 
retrofitting existing bridges and 
modifying design provisions of 
new bridges. 

As part of an investigation to 
more closely eva luate and assess 
the contribution of different 
structural elements on the per
formance of steel girder bridges, 
a full scale steel plate girder 
bridge was constructed and sev
eral tests-including ultimate 
load tests and punching shear 
tests-were conducted at the 
University of Nebraska-Lincoln. 
Some of the unique characteris
tics of the bridge included using 
minimal reinforcement in the 
deck in accordance with empiri
ca l design provisions of 
AASHTO's upcoming LRFD 
man ua l in combination with rel
atively la rge girder spacing. In 
addition, the bridge was built so 
t hat t he spacing and type of 
diaphragm cou ld be va ried. 

The test bridge spans 70 ft. 
and is 26-ft. wide. The super
structure consi ts of three weld
ed plate girders bui lt composite
ly with a 71/-in.-thick r inforced 
concrete deck. The girders, each 
54-in. deep, are spaced 10-ft. on 
center and the reinforced con
crete deck has a 3-ft. overhang. 
The concrete barrier structure is 
an open concrete bridge rail, 

Pictured above is the completed bridge in the laboratory. 

with 11x11 in. posts spaced 8-ft. 
on center. 

The construction sequence 
was identical to field practice, 
with assembly of the bridge com
ponents starting in July 1993 
and the concrete deck being 
poured in September. The con
struction of rails and posts were 
completed on Sept. 21. Following 
the casting of the concrete deck, 
creep and shrinkage behavior of 
the bridge was monitored for a 
period of 110 days and the data 
recorded. 

Following the creep and 
shrinkage tests, a total of 52 live 
load tests were conducted using 
12 hydraulic rams capable of 
applying 400,000 pounds each. 
In each of the bridge's two lanes, 
six hydraulic rams were placed 
to represent the footprint of a 
single AASHTO HS20 truck, 
with the rams positioned to sim
ulate either one truck in either 
the right- or left-hand lane or 
both lanes or a truck straddling 

the centerline. 
One of the objectives of the 

research was to investigate the 
effect of different diaphragms 
and their spacing on perfor
mance of the steel girder bridge. 
Diaphragms are needed during 
construction; however, their con· 
tribution after construction is a 
point of debate. Two different 
types of diaphragms were used: 
K type, consisting of top and bot
tom horizontal T sections and 
two angles forming the diagonal 
members; and X type, consisting 
of two diagonal angles only. 
Testing was conducted at a load 
level corresponding to a truck 
weighing 2.5 times the AASHTO 
HS20 truck loads (180,000 lbs.>. 
The spacing of the diaphragms 
was varied; the K diaphragms 
were spaced 22.4 ft . or 11.2 ft. 
while the X diaphragms were 
spaced 22.4 ft. During these 
tests, the response of the bridge 
was in the elastic region only, 
i.e., no permanent deformation 
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ShoWII at right is 
the cross seetioll of the 
bridge. It was eOIl -
strueted full scale ill 
the lab alld SpOilS 70 
ft . with a 26ft. width. 

r-

.,......., 

wa s obse rv ed a ft e r compl e t e 
unloading. 

Res ults of thi s ph ase of the 
in vest iga ti on indi ca ted t h a t 
be havior of the bridge with X 
type di a phragm s was almos t 
id e nti ca l t o th e case of K 
diaphragms. [n some of the tests, 
a ll th e di a phrag ms we re 
removed and the behavior of the 
bridge was only s lightly affected. 
The level of stresses developed a t 
diaphrag ms wa s s m a ll. Th e 
same results a lso were obtained 
from a se ri es of de tail ed finite 
e lement analyses carried out on 
this bridge and on bridges with 
different configurations. 

F oll owin g th e e las tic load 
tes ts, the bridge was test ed to 
collapse. During the ultim a t e 
loa d t est, a ll di a phragms were 
removed except those at the sup
ports. The bridge was designed 
for H S2 0 loa ds; h owever , it 
s howed an ultimate capacity 
equival e nt t o a pproxim a t e ly 
e ig ht tim es AASHTO 's HS20 
truck loads in each la ne . The 
behavior of the bride was linea r, 
even at load levels corresponding 
to ultimate capacity as calculat
ed in accordance with AASHTO's 
LRFD criteria . The bridge exhib
ited non -lin ea r beha vior only 
after the applied load reached an 
equival ent of a pproximate ly s ix 
HS20 trucks in each la ne. 

Foll owing the ultimate load 
tests, a series of punching shea r 
test s was performed. Punching 

- '- - '-

lO'-O" 
• I • 

10'-0" 

sh ear ca pac ity of t he concret e 
deck varied between 122,000 and 
156,000 lbs. 

As part of the investigation, a 
user-fri endly preprocessor that 
interfaces with the SAP90 finite 
e le m en t prog r a m from 
Computers and St ructures, Inc., 
was developed. The preprocessor 
requires minimal information 
a nd in turn generates necessary 
da ta for complete t hree dim en
s ion a l a na lys is of s imple and 
continuous s t ee l bridge struc
tures. The package allows inclu
s ion of the effect of the barrie r 
s tructure if so des ired . Th e 
results of the analyses match up 
we ll with th e t es t data , both 
with res pect to defl ection a nd 
s tresses. The input cons is t s of 
very s imple information such as 
spa n lengths, number of girders 
and materia l propert ies . 

CONCLUSIONS 

Although the project is s till 
ongoing, results of the analytical 
and experimental investigations 
s ugges t th e followin g conclu 
sions: 

1. Fo r s t ee l b rid ges w ith 
small skew, although diaphr
a gms a r e needed during con 
struction, their presence has lit
tle influence on the behavior of 
steel bridges after construction . 
Results indicate that a fter con
struction, di a phragms not only 
a re unnecessary, but are to a 
deg ree ha rmful as they try to 

1'-2" 

H 
r-
.,......., 

- -
• I 3'-0" 

• • 

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

prevent the s ma ll tendency of 
the gil'de rs to sepa ra t e during 
c lasti c ra nges and as a consc
qu e nce t.ra ns fe r restrainin g 
forces to beam webs, which have 
been shown to cause cracking. 

Afte r cons tructi on , the s tiff
ness of the s la b is suffi cient to 
di stribute the live load to adj a
cent girders. It could be a rgued 
that diaphragms are needed to 
provid e redund a ncy in th e 
bridge, i.e., di aphragms could be 
used t o prov ide alte rn a te load 
paths in the event of failure of 
s uch elements as the concre te 
deck. In this scenari o, however , 
it is unlikely tha t di a phragms 
could prov ide s uch a fun cti on 
and brid ge failure would be 
imminent anyway. This is espe
cia lly important g ive n the fact 
th a t mos t probl e ms in s t ee l 
bridges are caused by the pres
ence of diaphragms. 

Results of this research indi
cate that if it is des ired to leave 
di a phragms in pl ace, utili zing 
s impl r form s of di a phrag ms 
such as the X type provides as 
good be havior as th e more 
expe n s ive K or other types. 
Another application of thi s con
clu s ion could be in th e re tro
fitting of old steel girder bridges. 
In cases where cracking in ele
ments connecting dia ph ragms to 
th e g ird e r 0 1' g ird e r we b a r c 
observed , a viable solut ion could 
be remova l of the d ia phragms 
a ltogeth er a nd the reby avoiding 
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Shown is the load response of the bridge during ultimate testing. 

costly repairs. 
2_ R esult s i ndica t e tha t 

ult i mate cap acity o f s t ee l 
bridges w ith the slab designed 
based on empirical rul e, even 
with wide girder spacing and no 
intermediate diaphragnls, is sev
eral times more than that pre
dicted by the AASHTO code. The 
u se of empirical rul e in the 
design of concrete slabs results 
in much sma ll e r amounts of 
re inforcement in the deck . In 
addition to reducing construction 
tim e, thi s reduced stee l r e in
forcement would also be benefi
cial in reducing corrosion. 

3. A u ser -f riendly three
d i m ensional analysis p ack 
age has been deve loped that 
closely matches the test results. 
Th e input is sim pl e, and the 
results are easi ly interpretable 
us ing the post-processor of the 
SAP90 computer program . Use 
of this type of analysis will elimi
nate the need for calculating dis
tribution factor while very accu
rately reflecting behavior of the 
bridge. The a nalys is package 
could be used in cases where 
more a accurate behavior of the 
bridge is desired, such as during 
the retrofitting of a bridge. For 
more information on this pre-

processor, circle no . ?? on the 
reader service card near the back 
of this magazine. 

Atorod Azizinanlini is an. 
assistant professor of civil engi
neering at the University of 
Nebraska-Lincoln. Steve Kathol 
is a former graduate student at 
the university and is currently a 
st ructural engineer with 
Schemmel' Associates in Omaha. 
Michael W. Beacham, P.E., is 
research and development engi
neer with the Bridge Division of 
the Nebraska Depa rtment of 
Roads. This project is sponsored 
by the Nebraska Department of 
Roads and valuable input was 
provided by Gale Barnhill, stl'llC
tural engineer, Lyman Freemon, 
bridge engineer, and Mo 
Jamshidi, assistant bridge engi
neer. During the course of the 
investigation, technical input 
was provided by Robert 
Nickerson, and J im Luedke, 
Yerapalli Shekar and Bruce 
Keeler assisted in conducting the 
experimental and analytical 
studies. Additional support was 
provided by the Center for 
1 nfrastructure Research at the 
University of Nebraska-Lincoln. 
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EDGE BLOCKS FOR 

RADIOGRAPHIC TESTING 
By KJ'i shna K. Verma, 

Welding Engineer, FHWA 

TilE ANSIIAASHTO/A WS 
BIlIJ)GE Wt:LJ)ING CODE 

OMMITTEE RECENTLY 
APPRO\,~;D a code revision that 
requires the use of edge blocks 
for radiographic testing of steel 
plates with a thickness greater 
than 12 mm (112 in.). This revi
sion is not likely to appear in the 
Bridge Welding Code until 1996. 
A similar provision has already 
been adapted by the "ANSlIAWS 
01.1 Code-Steel." 

An Edge Block is simply a 
steel plate placed snugly against 
the end of the weld or plate edge 
to be radiographed. Previously, 
conventional radiographic test
ing did not mandate edge blocks. 
However, when edge blocks are 
used , there is an improvement in 
radiographic inspectabibty of the 
edge of the plate being tested 
IRT) adjacent to the block. The 
chief of the Federal Highway's 
Bridge Division, Stanley Gordon. 
has recently issued via a memo
randum dated April 28, 1994, an 
advisory to all FHWA regional 
offices to encourage State DOTs 
to usc edge blocks when perform
ing radiographic testing of butt 
w Ids or when a plate edge is to 
be radiographed. 

SUGGESTED SPECIFICATIONS 

As approved by the AASH
TO/AWS Joint Committee on 
Bridge Welding Code 1.5: 

"Edge Block. Edge blocks shall 
be used when radiographing butt 
welds greater than 112 in. (12 
mm) thickness. The edge blocks 
sha ll have a length sufficient to 
extend beyond each s ide of the 
weld center line for a minimum 
distance equal to the weld thick
n S8, but no less than 2 in. (51 
mm), and shall have a thickness 
equa l to or greater than the 

TO' _ AIax. Weld 
_alJoInI 

Edge Block 

Con.lllnt PIIIIII SIze Ac:rou Joint 

f 
............. 
·~Tw 
(2' min) 

Edge BIot:Ic 

Min Gap O' 

Max Gap 1 • 
'16 

. T_ may IIaI1 beyond edge bIoc:l< 

WIdth n.n.ItIon 

thickness of the weld. The mini
mum width of the edge blocks 
shall be equa l to half the weld 
thickness, but not less than 1 in. 
(25 mm). The edge blocks s hall 
be centered on the weld with a 
snug fit against the plate being 
radiographed, allowing no more 
than 1116 in . (1.6 mm) gap. Edge 
blocks shall be made of radi-

ographically clean steel and the 
surface shall have finish of ANSI 
125 pin . (3 pm) or smoother." 

(For more illformatin, see 
"Application of Run-OnIRu.n-Off 
Tabs and Edge Blocks for Steel 
Bridges," by Krishna K. Verma, 
presented at the N DT Conference 
in Atlantic City in February.) 
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EXPLORING NEW 

BRIDGE DESIGNS 
A new post-tensioned, segmental steel bridge design 

can reduce costs on replacement bridges 
By David L. Weaver, P .E. and 

Samuel G. Bonasso, P .E. 

WHEN A NEW BRIDGE 
OPENED EARLIER THIS 
YEAR IN THE TOWN OF 

WAR, WV, it was greeted with lit· 
tie fanfare. To its many users , 
it's indistinguishable from any 
other bridge over WV Route 16, 
deep in the Mid·Atlantic coal 
mining region. 

But to bridge aficionados, the 
new bridge has the distinction of 
being only the second bridge con
structed using a new Tens ion 
Arch structural system, a post· 
tensioned, segmental rigid frame 
bridge developed and patented 
by Samuel G. Bonasso. 

D ESIGN ADVANTAGES 

With many bridges in need of 
replacement, the Tension Arch 
provides an alternate fabricated 
steel solution that is easy to con
struct and has minimal mainte
nance requirements. 

The Tension Arch was Con
ceived to be a manufactured 
product rather than a cus
tomized design . It uses common 
construction materials and tech
niques in an innovative configu
ration . With details that are 
adaptable to most any site, 
Tension Arch steel girder compo
nents could be mass produced 
similar ly to precast concrete 
girders. 

the Tension Arch structure to 
basic compression and tension 
members, much like a very shal
low truss. The compression 
members are large diameter 
steel tube girders, which have 
excellent compressive strength. 
The tension members are high 
strength steel post-tensioning 
strands. 

Inducing compression in the 
tube girders increases fatigue 
strength and simplifies connec
tion design . 

and detailed to produce a rigid 
frame structure. The increased 
stiffness provided by the rigid 
frame reduces the live load 
deflections to well below UlOOO. 
The result is an increase in the 
steel fatigue strength and less 
wear on the concrete deck. 

A rigid frame also eliminates 
the need for expAnsion joints. In 
recent years , many bridge 
designers and owners have real
ized that eliminating expansion 
joints typically results in lower 
maintenance costs. 

TUE WAR BRI DGE 

• 

• 

The Tension Arch system 
mimics the behavior of an arch 
while in a nat form . Thi s is 
accomplished by post-tensioning 
the steel girders using a draped 
tendon profile. 

Post-tensioning helps reduce 

The Tension Arch uses fabri
cated steel segments that are 
twenty to thirty feet long. Using 
small segments simplifies fabri
cation, shipping, and erection 
requirements. It a lso allows the 
steel to be hot dip galvanized in 
lieu of painting, using kettles 
that are typically available in 
the United States. 

The steel superstructure and 
concrete abutments are designed 

The bridge in War is the sec
ond Tension Arch bridge. The 
first was constructed in East 
Logansport , WV, in 1989 and 
has a clear span of 95 ft. The 
East Logansport bridge proved 
the system to be structura ll y • 
sound, economically viable, easy 
and quick to construct, a nd to 
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have predictable stress and 
deflection characteristics. 

With the success of the East 
Logansport bridge, in 1990 the 
West Virginia Department of 
Transportation (WVOOT) decid
ed to build a second Tension 
Arch bridge. The bridge replaced 
a 140 ft. Pratt Truss bridge 
located on WV Route 16, a pri
mary route through the town of 
War, in the state's southern coal 
fields. 

The War bridge was designed 
for an HS-25 loading using the 
Allowable Stress Design provi
sions of the AASHTO 
Specifications and an ADT of 
3800. A 26-ft . roadway width 
and a 5-ft. sidewalk accommo
date two lanes of traffic and 
pedestrians. The bridge is 
straight and unskewed. 

The Tension Arch design 
resulted in a single clear span of 
141 ft. Four 48-in.-diameter gal
vanized steel tube girders con
sisting of five segments were 
used. Each girder was post-ten
sioned with 17 epoxy coated, 
seven wire strands located inside 
the girders. The post-tensioning 
strand was anchored at the back 
face of the two 4-ft .-wide con
crete wall abutments to create 
the rigid frame. Fourteen precast 
concrete deck panels were con
nected to the tube girders to 
obtain composite action. 

CONSTRUCTION SEQUENCE 

The War bridge used the fol
lowing construction sequence, 
typical of any Tension Arch 
Bridge. Seven distinct stages are 
required 

Stage 1: The abutments are 
constructed using conventional 
concrete forming and placement 
techn;ques. A h;nge detail is pro
vided at the base of the abut
ment wall to accommodate rota
tions caused by expansion and 
contraction . 

A fabricated steel frame is 
cast in the top of the abutments 
and is used to align anchor bolts, 
post-tensioning strand conduits, 
and anchor plates. Use of a shop 
fabricated frame insures that 
these items will be properly 

located in the field . 
Stage 2: Two tube girder seg

ments of a single girder line are 
attached to anchor bolts at the 
front face of each abutment, cre
ating cantilevers at each end of 
the bridge. 

Stage 3: The remaining gird
er segments of the same girder 
line are bolted together at the 
site and then dropped into place 
between the two cantilevered 
segments. Stages 2 and 3 are 
then repeated for the remaining 
girder lin s. 

Simple single ang le cross 
frames are install d to insure 
proper alignment of the girders 
and to maintrun this a lignment 
during the post-tensioning oper
ation. 

The tube girders are fabricat
ed to be 6" shorter than the clear 
span. This 3" gap at each end of 
the girder line provides a very 
large tolerance that allows easy 
erection of the steel. After all 
steel is erected and the cross 
frames are installed , the two 3" 
gaps are filled with non-shrink 
grout. Therefore, the last compo
nent of the rigid frame goes in as 
a liquid. 

Stage 4: Post-tensioning 
strand is installed and stressed. 
Each strand passes through an 
abutment and into a tube girder, 
where it crosses a hold-down 
point at each tube girder seg
ment connection. 

CONSTRUCTION SEQUENCE, 
STAGE ONE 

CONSTRUCTION SEQUENCE, 
STAGE TWO 

""'IUI\IIU IJTtl I .1 l>IK 
,M'" IIUI\.t \BU M 

CONSTRUCTION SEQUENCE, 
STAGE THREE 
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TRUSS ANAL YSIS 

- 400 JOINTS, 600 MEMBERS 

- P-DELT A ANALYSIS 
$ 99.00· 

- FINITE JOINT ANALYSIS 

- FLEXURAL & AXIAL DEFORMATIONS 

- AUTOMATIC DATA GENERATION 

- CONCENTRATED, UNIFORM, 
TRAPEZOIDAL AND THERMAL 
FORCES 

- MOMENTS/SHEARS/DEFLECTIONS 
@ 111 0 POINTS 

- NODAL DISPLACEMENTS & ROTATIONS 

- GRAPHICS :VIEW AND PRINT SHAPE, 
MOMENT, SHEAR & DISPLACEMENTS 

- FREE TECHNICAL SUPPORT 

REG. $300.00 

OVER 80 PROGRAMS AVAILABLE IN 
CONCRETE - STEEL - MASONRY - TIMBER 

( 9 ' ADD $ 10 S&H 
800)7 3-6285 R.RESIDENTSADD6'4 TAX 

OFFER ENDS NOV. 30.1994 

InTRASOFT, inC. 

555 Soucn Federal HighWay, SUlI' 220 • Boca Raton, Aorida 33432 

Please circle # 116 
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CONSTRucnON SEQUENCE, 
STAGE FOUR 

I~\I"ILI'(J~I ~()""I"I. liI.,"'n 
Al'rLY 0 I TlNf;1 NIUllll 

CONSTRUcnON SEQUENCE, 
STAGE FIVE 

6 It 111'4 
~ ..,.. 

IRl:( tltl;(A,r II CRI III KrA"I .... NI) 

\,ROUl r. II At 

Stage 5: Precast concrete 
deck panel s are erected and 
grouted in place. The deck pan
els are erected consecutively 
from one end of the bridge to the 
other, reducing the crane lift 
requirements. 

• 

Stage 6: The cast-in-place 
sidewalk and parapets are con- • 
structed using conventional tech
niques. 

Stage 7: A waterproofing 
membrane is placed over the 
deck panels and an asphalt 
wearing surface is applied . The 
bridge can then be opened to 
traffic. 

Construction of the War 
bridge was possible because the 
participants were willing to con
sider a new way of doing things. 

Considering the uniqueness of 
the Tension Arch system, con
struction proceeded with little 
incident. Valuable input from 
WVDOT Personnel, the contrac
tor and sub-contracto rs, and 
AlSC, helped the success of the 
project. 

The engineer was Alpha 
Associates, Inc. of Morgantown, 
WV, and the contractor was 
Bileo Construction Company, 
Inc. of South Charleston, WV. 
Post-ten s ioning stra nd and 
anchors were supplied by Florida 
Wire and Cable Company of • 
Jacksonvill e, FL. Precast con
crete deck panels were supplied 
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CONrrRUcnON SEQUENCE, 
STAGE SIX 
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CONrrRUcnON SEQUENCE, 
STAGE SEVEN 

by Eastern Vault Company, Inc. 
of Princeton, WV. 

The Tension Arch Bridge sys
tem was conceived to be a manu
factured product . The detai ls 
used in the segmental construc
tion of Tension Arch Bridges 
could be mass produced to 
reduce cost. 

The Tension Arch is a true 
rigid frame, combining steel tube 
girders and concrete abutments 
using post-tensioning to create a 
very stitT jointless bridge. 

Finally, with hot-dip galva
nized stee l, epoxy coated post
tensioning strand, and with the 
stiff, jointless s uperstructure, 
the Tension Arch is very corro
sion and fatigue resistant. 

These factors combine to cre
ate an alternate steel bridge sys
tem that cou ld result in lower 
in sta ll ation and maintenance 
costs. 

Da vid L . Weaver, P.E. is a 
Senior Engineer with KCl 
Technologies, Inc. in Manassas, 
VA. Previously, he served as the 
Project Manager during con
struction of the War Bridge for 
Alpha Associates, In c. in 
Morgantown, WV. Samuel C. 
Bonasso, P.E. is the President of 
Alpha Associates, Inc. in 
Morgantown, WV, and is the 
found er of the Tension Arch 
Structures Company, Inc. 
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Your Source For High 
Strength Weathering &. 

Abrasion Resistant Steel 

PLATE & STRUCTURAL 
• A588 • A572·50 • A606·4 • A242 

HARDOX 400 & 500 
Swedish Steel's World famous Wear Plate 
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~ Service, Inc, 1·800·868·6798 

P.O. Box 326 • Pelham, AL 35124 • 2051664·2950 • Fax: 2051663-3391 
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LRFD on CD is more than just the 
entire two-volume, 2,OOO-page LRFD 
Manual of Steel Construction, 2nd 
Edition, on a compact disk. 
This electronic manual makes extensive use of the 
latest hypertext technology to automatically link 
related sections of the manual together. Click on 
"connections" in one part of the manual and quick
ly and easily find other sections dealing with that 
same topic. Or click on any of the more than one 
thousand items that are electronically cross-refer
enced throughout the manual. The Manual 
includes a 45-page introduction to LRFD electroni
cally linked to the Specification and Commentary. 

The CD also includes: 

LOAD & 
RESISTANCE 

FACTOR 
DESIGN 

--

• 

• Complete copies of every issue of Engineering 
Journal published in 1992 & 1993 

• Nearly 100 drawings (.dxf files) taken right 
from the manual that can be quickly copied to 
your AutoCAD or other CAD program 

And best of all, LRFD on CD follows the exact for
mat, page-by-page, as the Manual. If you're look
ing at nominal strength parameters on page 6-115 
of the Manual, the identical page is reproduced on 
the CD. 

LRFD on CD is available for $1 ,000 (or $750 for 
AISC members) . • 

To order or for more information: 
Phone: 312-670-2400 or Information Fax Line: 800-644-2400 
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Bridge Expansion Joints & Bearings DESCON 
DESIGNS AND DETAILS 
STEEL CONNECTIONS Product: Seismic system 

Company: FIP tructural 
Systems 

Addre s: 38 Chatham Road 
P.O. Box 604 
Short Hills, NJ 
07078 

Phone: 201J376-8089 
Fax: 201J376-7937 

F IP offers bridge designers 
custom de igned solutions 
to meet their most difficult 

seismic proble ms. FIP devices 
with custom response integrate 
multiple elements, each with a 
sp ciCic function, into a si ngle 
system to yield the desi r ed 
response. The basic building 
blocks of the system consist of: a 
conventional bearing, usually a 
pot type, to accommodate verti
cal loads and rotation ; a lubricat
ed PTFEI stainless s teel sliding 
surface to allow relatively unre
stricted horizontal movement; 
and specially designed and man
ufactured austenitic steel dissi 
pation pins that elastically resist 
horiziontal erv ice loads and, 
when plastically deformed, limit 
t he loads transferred to the sub
structure to a safe and predicat
able level. 

Circle no: 105 

Product: 
Company: 
Address: 

Sljde bearings 
Voss Engineering 
6965 Hamlin Ave. 
Lincolnwood, IL 
606043 

v oss Engineering offers a 
tructural bearing pad 

des ign handbook . The 
handbook descirbes the perfor
mance characteristics of Sorbtex 
and Fiberlast for thicknesses 1" 
and greater. Also included in the 
publication is a description of the 
performance of Voss s lide bear
ings. The handbook is the result 
of an extensive tesitng program 
and includes test results as well 
as design equations and tables. 
This data allows the design engi
neer, architect and detailer an 
opportunity to make design deci
s ions based on material perfor
mance. 

A bearing pad design comput
er program also is available. The 
program allows the use r to 

design orbtex, Fibe rlas and 
Voss s lide bearings us ing an 
mM PC or compatible computer. 

Circle no.: 106 

Product: 
Company: 
Address: 

Phone: 
Fax: 

Bridge Bearings 
Merriman 
100 Industrial Park 
Hingham, MA 02043 
6171749-5100 
6171749-3560 

L Ubrite self-lubricating bear
ings accommodate expan
s ion , contraction and rota

tion of st ructural me mbe rs
without maintenance or supple
mentary lubrication . The bear
ings also are unaffected by tem
perature extremes, immersion 
and/or corrosion. The company 
produces bearings for a wide 
variety of applications: flat 
expansion plates are designed to 
accommodate expansion and con
traction in a single plane; radius 
plates are flat on one face and 
eithe r concave or convex on the 
opposite face, with the radius 
plate accommodating the deflec
tion or rotation of the structural 
member and the flat face provid
ing for linear expansion and con
traction; and s pherical plates 
provide for rotation or deflection 
in any direction as we ll as nor
mal expansion and contraction. 
All bridge bearings can be sup
plie d in sta ndard Lubrite or 
Lubrite F 100'1< teflon fiber mat, 
which ofTers a very low 0.03 coef
fici ent of friction . The company 
ofTers a wide variety of complet
ed assemblies, as well as design 
assistance. 

Circle no.: 107 

Product: Seismic Isolation 
Company: Dynamic Isolation 

Systems 
Address: 2855 Telegraph Ave. 

Berkeley, CA 94705 
Phone: 510/843-7233 
Fax: 510/843-0366 

Abridge is a dynamically 
loaded structure that must 
perform reliably through

out its li~ time when subjected to 
a variety of non -se ismic 
short-term and long-term forces. 
DIS Force Control Bearings pro
mote superior structural perfor-

[,t, Y' r:m::j[ 
I~-m-- - ---··--·-

·"""-'-'i' 

FOR A FREE DEMO DISK 
CALL OR WRITE TO 

OMNITECH ASSOCIATES 
P.O. BOX 7581 

BERKELEY, CA 94707 
(510) 658-8328 

Please circle # 52 

For the BEST in Bridge 
Software._. 

Design of Curved Girde r Bridges 

NEW FEA TURES: 
Live Load Distribut ion - Automat ic 

(Longitudinal & Transverse) 
Mesh Generation · Automatic 
Rating - Auto Rating Factors 
Influence Line Output 

(From Influence Surtaces) 
Metric Conversion 
Uses AASHTO 15th Edition 
Lease or License 
Timesharing 

MERLIN DASH 
o.. lgII & A"'lysl. 01 
l teel GII.r Irldg .. 

TRAP 
'rust R.fI,llId 
Allllpli "rogtl. 

o ContInuous to 
o FHWA · Endorsed Ind Uud bot 0 Prestressed Trusses 
o oors · UMd by 35 SIlt_ 0 Cable Members 
o Design . Colt Opt,rmld J DeSign & Rehab 
o Friendly · M!nu-Orlwn InplA U AASHTO and II 
a Graphics Display of Output Vehx:les 10 20 AXles 
a Output Repeln Selection 0 Autl arnplJlitlOllim 
a OUaiity and Ptrfonnance Opefillbng & Post.ng Lca:I 

AvailabJo Exclusivoly Thru,· 

OPTI-MATE INC. 
P.O. SOl 9097, Dept A, Sethl.t. m, PA 18018 

(61 OJ 867-4077 

Please circle # 53 
Modem Steel onstruction 1 Sept(lmber 1994 / 55 



\f---------------------~ 
/ 

____ ~I 

, 
SORBI'EX 
Exp .... ion Bearinll. 

• lIi\lh Load 
• Seismic and Thermal 

movement control 

• Low Friction 
• Low Deflection 

/ 

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

Voss SUde Bearing. Steel bacl>ed 
PTFE accomodates stru tural movements 
due to tllermal expansions -can also be 
bonded to other Voss Bearinqs to allow for 
misalifi!nment or rotation. 

NEW CIII11CAI.llEARrNG PAD DATAl 

w~ k .. free fhql Min.IdIlni 
!Il1twarc ~ db...:. AlIa.......,..· 
~ I-a_InIWIUIII"_ 

Please circle # 1 06 

ENGINEERING. INC. 

6965 N. lIamlin Ave 
Lincoinwood. IL 60645 

ph 7086738900 
.... 708673 t408 

, 

• 

mance under these non-seismic 
conditions, while also preventing 
earthquake damage and down- • 
time. 

Circle no.: 108 

Product: Structural bearing 
Company: Watson Bowman 

Acme 
Address: 95 Pineview Dr. 

Amherst, NY 14228 
Phone: 716/691-7566 
Fax: 7161691-9239 

The Wabo-Fyfe Structural 
Bearing from Watson 
Bowman Acme is designed 

for heavily- trafficked bridge 
structures with movement capa
bilities from 3" to 30". Simply 
put, it works by dividing large 
movement into multiple 3" seg
ments. Each 3" module has indi
vidual steel support beam mech
anism, rigid welded connection 
and double -wa lled neoprene 
sealing element to protect 
against water and chloride intru
sion. The counterforce control 
mechanism allows the modular 
system to move in harmony with 
the thermal expansion and con- • 
traction of the structure. This 
accordian- like design exh ibits a 
long maintenance-free life and 
protects substructural steel from 
corrosion. The product features 
smooth riding surfaces, equidis
tance control and controlled fold -
ing movements. 

Product: 
Company: 
Address: 

Expansion Joint 
E-Poxy Industries 
14 West Shore St. 
Ravena, NY 12143 

Phone: 5181756-6193 
Fax: 5181756-3003 

Evazote 380 ESP from 
E-Poxy Industries, Inc., is 
a closed cell, nitrogen 

blown foam material that han
dles 60'« compression and 30'« 
tension. Thi s expansion joint 
material also has UV stabilizers 
added, giving it excellent resis
tance to ultra-violet rays. When 
used in conjunction with 
Eva-Pox Bond r , a waterproof 
joint is obtained. 

Circle no.: 110 • 
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STEEL MARKETPLACE 

Help Wanted 
Structural steel detailers, chl"Ckers. and CNC data processors. 
Prog~sl\·e ,tructural 'leel fabricator," nudwest .I" e~p.Jndtng It!, 
detailing and Cl\C operation, and i ... ~ling experienced, accu
rate, moti\ated re'>pctmible. individual<, In the folio\\-,"g area ... ; 
I . Structural ... teel delajlers (SDSn expenence a plus) ; 2 .... Iructur
al o;leel chede" (SOS/2 e\pcricnce a plus); and 3. Structural ... teel 
CNC data proce\o,\or\. 
Please submit lour resume \\ilh sa lary history and rC<luire
ments to: Vice President of Produ(,tion Planning. P.O. Box 
24R90. St. Louis. MO 63tl5 

Help Wanted 

Structural Steel and Mi 5tCelianeous Metal Fabricator of 
bridges and building' jl" seeking individuah with a nllllimunl of 
<leven (7) yeaf\ cxpcnence in Engineering. Estimating or PrOjCd 
Managemcnl 'pecific to ~Ieel projccll,. Send resume.!. 10: 

PRECISE FABRICATING CORPORA TIO 
3 Faml Lane 

Georgetown. MA 01833 
Alln: Mr. Frank Davis 

HEWLETT·PACKARD 
Computers/Peripherals 

A complete hne of u\ed and refurbl .. hed HP EqUipment 10 fill all your 
computer need, La\Cr printer;. scanner<;, d l "'~ dri\e .... plouer. (1)mftpro. 
Draflma!.ler & Oc\lgnjetJ, P("<; and 9000 ;;erie!> workstation .. are available 
for IInmedtatc dclt\'cry. Call our 1011 free number for additlonalmfonna

ROLLING 
Beam-A ng le-Tube· Pipe-Ch anne l-Plale 

Ea;yfHardwa6 Heavy Capacitie, 

3 " Up to W .F. Beam 
209-466·9707 

N.J . McCutchen, Inc. 

123 W. Sonora St., Stockton. CA 95203 

Images-3D 
2D-3D Structu ral/Fini te Element AnaIY~I'" 

Fal;Y to learn and u-.e Aulome~h Generat ion 
Shear & Moment Dillgrdnh SliUu.:. Modal. O),namlc 
AIS Code Checl Fnfon.:cd I),.,placemcnt\ 
Large Pmblcm~ 10 3.000 JOInI'l p·3 AIIJIY\I\ 

Complete Stalic Package - Onl) 795 
C'ele .. tial Soft",arc. 2150 Shattu/,.'l A\(~ .. SUite 1200. 

Berkeley. CA 9~7().t 
Tel: 51O-8~3-09771 Fax. 5 1 0-848-98~9 

Fifty·nodc fully function evaluation package for only 549.95 

Siruciural & Miscellaneous Steel Dehtiling CAD Progntms 
AutoCAD patametm; I.ISI' PfOi:r3m\ lor f'ft"panng \tru.:lur.1I Al\1) nil"" ~'ttl 

\hop drawing, An\."hor boll\ 10 roof o~nlng Irllnlt .. nnd "c=,u}lh,n~ MI~ttn" 
Impcnallmd metnc v~r\r(lf1 .. ~tlh USA. CanadIan and Lun.>pran 'oC!;II(Ifl~ '" ()A Y 
MONt- Y !lACK GUARANTH DiS4:ourm up I\) .'O'l Buy only .... hat you need 
l'~d In the field for 6 year. Progrom~ lAnttcn hy a lkuulcr \Oolth 18 )'ur\ c~pcn 
cncc bl~mdy "flulble" program, FRLt Ielerhollc ,urron No mamlt'n,lnl.:C fee 
Rca,onablc )'urly updalc fcc J-.XCEI.LEST PR()(jH.AMS ill • RLASO'lABLE 

Ted Dasher & A!i.sociates PRICI~ Call fOf II FREE demo (11\\';',11'1 of prosram\, and prKC\ 

4117 2nd A\Cnue South SSDCP 

lion and pricing 

Birmingham. AL 35222 liD Shady Oak Circle. Horence. MS 39073 

~ __________ ~8~OO~-6=3~8-~48=3=3~r=aX~(=2=05~)~5=9=1-=t~10=8 ________ -+ _____________ 1_·e_I :~~--1/8~4-5--2-1-46~I-fu-'-,-31-11~el~-------
Announcing: SD5C Steel Roof Designer GREA T NEWS FOR ESTIMATORS ... 

• 

f.COM b plea~ 10 announl.:e the late,>, addHlon 10 our SES Llbrnry 'ow lOU can grind OUI a day '!> wnrl In ahoul .l hour.... No more 
SD5C \\0111 analyze. fJe,,!!n and penonn a quail!) take.off/pnce e\tlmale tOOIOU!l longhand calculation~! TIle GR I ~DF-.RI'" Soft"are pmgr-.lm !k:I.:U. 
of a I,:omplete flat \t«:1 roof or floor '>y'lem. nlls include ... option, for rately ,>orh and orgalllJ:e'> your proje,,, ' material, aUlomatlt:aily 
.. landardJoICiitS.JOl\t ·glruer.. and \landard \I~I sections. SD5C 111-.0 Op11l1ll7e, ferrOUIi and non-ferrou'i malenal, Keep .. lrack uf hdfl.l"are. 
de\lgm. mtenor ,olumn .. , "ind column'i, ba~-pla(e;;. gnu and hraclng. boll, lind a,,>embled unit', Includell cUltlng 11\1'. priCing 1,'1 , efficicilcy 
The program con~ider. the entire roof ')';;tem including n dinphragm report nnd more. 

anaJ)\ls and deck -,election GRINDER"I Softlh-are Company. 1774 RO\e Valley Road. 
ECOM Associates. Inc. · 8324 'I. Steven Road. liI"aukee. 

WI. 53223 . Phone 414.365.2100 ext. 494 • PO, Box 411. Keho. W~hlO~lon . 98626 

FAX 4t~·365·2110 800·677·4474; fax 206-577-4474 

GTSTRUDL 

~ fC Version wi th Interactive Graphic\ 
and Links to CAD systems 

Static. Non· Linear & D} namic Analyse, and 
Inlegraled Steel Design 

Curved steel Girder Bridge Module 

For infonnallon contacl: Alex Krimolat al SC Solutions 
(415) 903·5050 

AVAILABLE NOW!!! 
Surplus New Wide Flange Beams 

20K L.F. 14 x 73#. 
W. Coast Loc. 

Inquiries/Offers (T) 415-453·9888 
(F) 415-453-9924 

---
AISC Certification 
Categories I, II, III 

Do you want to become certilkd but are just 
buried with \\ork'! 

I ofTer assistance with the necessary I,aperwork plus 
training for your people. 

McGowan Technical Services, Inc. 

412·378·3916 fax: 412·378·1994 

STEEL SHAPING SPECIALISTS 
WE CA ' BEND STRUC1TRAL STI·.fI TilE EASY WAY. Tll b 

liARD WAY. IRR EGULAR CURVbS. OH SUS. U . L1PTlCAL 
SHAPES. C IRCLES. SEGMENTS WITII TANGENTS AND WI· CAN 
BEND IT TO TIGHT RADII WITH MI NIMI AL DISTORTIO)l 

We al'>O oller rorglng. the hot ... hapmg 01 met"l .. 11M the: mllln, "'1k11<1f1111ng of 
tubm~. nul And bar.. Call Of fa' J·rnnl.. lIul1crer fflr mutt' Inh'lrlnOlIl(Wi 

Telephone 4 t4·355-8220 Fax 414-355-4698 
MAX WEISS CO .• INC. 

8625 W. Bradley Rd .• Milwaukee. WI 53224 
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STAAD-MATE 
Interactive Structural Com l'0nent Design Soft".re 

STAAD-MATE is a stand-alone graphically interactive 
~oftware for design of ~lructur3 1 component ... likl! continu
au,", bl.!amo:;, pOrlals. column..,. ba'-oe piute",/connections. 
slabs . foundalions. retaining walb. and much morc. \Vith 
on-screen help and a fully menu-driven approach. STAAD
MATE i, extreme ly ve"atile ilnd u,er-friendly. STAAD
MATE ,uppom AISC ASD. LRFD and ACI codes. 
Detailed OUIPUI melud., numerical re,uli, and sharp plot;. 

STAAD-MATE i, available for $495 (10 currenl 
STAAD-lIl users) and $89510 others. 

Research Engineers Inc. 
22700 Sa, i Ranch Pk" y., 

Yorba Linda, CA 92687-.t613 
Phone: 1-800-FOR-RESE 

FAX: (7 14) <n4--l77 I 

Computerized Structural Steel Detailing 
Experienced Siaff including licen,ed Profe"ional 

Engineer ... with many yea(""; of detailing experience. 

30 ycar~ of -",en'ice to steel fabricator ... and contractors. 

R.A. GRESS & ASSOCIATES 
176 Planebrook Road, Frazier, PA 19355 

(610) ~-3250 
FAX (610) 889-4836 

Engineering Journal 
Thl! only technica l nl3galine In the U.S. devoted rxc1m,ivcly 10 

Ihe dc ... ign or .,tcel structures. the AISC Engineering Joumal pro
vide, ~lmctur'l' engineen.. fabricato". and educatoT'\ \\ ith the lat-

c\{ infomlalion on ,(eel de .. ign. re .. earch and con~lruclion. 

For a one-year "ub~riptlon. seno 15 to: 
American Ins titute or Steel Construction. Inc., P.O. Box 
806276. Chicago. 1 L 60680-~ t U or phone 3121670-2400 

In Stock 
U!o.CU Structural Fabrication Equipment 

Anglelines. beamlin.,. drill lin". portable punches. 
ironworker.." IWW~ 

Manual operalion to full CNC 'yMems 
Buy, ... ell or trade onc piece or entire plant--call or fax for 

equipment Ii.." 
HYDRA-TEC H CO., INC. 

(p) 31-l-938-5580 (fax) 314-938-6783 

AISC Professional J\1embership 

Receive a FREE Mal/llal afSteel Comtmctiol/ and 25% 
di..,count:-. on A ISC publication~. "em inar/<' and the National 
Steel COIl'ltruclion Conference. In addition. be eligible to 
serve on AISC Commillees. 

For more information, contact: 
LeAnn Schmidt at JI2I670-5432. 
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Ram Analysis-Steel Design Software 
NO\\ . get RAMSBEAM by Ram Anal)"b for only $100. Full fea- • 
lured compo..,i le/non-composite .. ingle beam analy,jl, and de!) ign 
sort\l .. art: (LRFD and/or ASD). Easy 10 U\C with Wmdows graphi-
cal interface. Full 90 day money back guarantee. 

Ram Analysis 
55 Independence Circle, Suite 201. Chico, CA 95926 

Tel: 800-726-7789 Fax: 916-895-354-l 

STEEL 2000 
The FABRICATION MANAGE\IENT SYSTEl\1 

STFl:.t ltKlO I~ the totall) IntegratN ~IUlltWI to \,ec! fahn.:alltln mana~emen' 
De\eluped o~ fahncatlJl'\ for fabrica,,,,,. STEEL zOOO "an pru\,Jc ) our fabrication 
plant or '!.'nlCc ~'enlt'r .... ,th the ne..:e~<.:ll) edge 10 be 'occe,~ful '" tod3) ', manet 
STF.H 2000 u1I1I1e, I'o~ pro, tl'lc mo .. , ad\JII..:cd n-hllmmll d.lIilO;I!.e manil!!Cment 
;l\ailal'lle for nm:rO\:omputeh Call or fnx for mMt' IIllormn\lon A free I)EMO 
OIS", and \ 11)1-:0 ;111: a ... ailaole 

STEEL SOLUTIONS INC. 
RR ] _1 12A. l3ud;hannon. WV 26201 or P 0_ Bo:\ 1128. JJd;'-QII. MS 392 15 

Phone: (304) 472-2668 Fax: (3M) 472-32t4 
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