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UNITED STEEL DECK, INC. e

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 not recommended with deck design thicknesses equal to or greater than
0.028" (22 gage). Weld washers ar¢ recommended for welding in deck panels thinner than
0.028".(M 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,
UF1X, 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.

Design Uplift (Tensile) Value, Ibs. %)
| Il 1 v
,sf = \'*\ y :'
Deck | Thickness f f 1 ) Shear Value, Ibs, 9
Gage \,_.-x: &L- 2 I .
Weld washer/ Weld washer/ Weld washer/edge lap (st supporty-- | Shear strengih values are based
one deck thicknesa two deck thicknesses weld B eccentnically loaded. on a safety factor of 2.75.
28 0.0149° 740 o 850 si0 | 438
26 i ¢ 0.0179" | T60 90 530 i 565 X
24 0.0239" B0 980 S60 B5S
23 0.02697 830 950 580 1030

Values in I, 11, and III are based on a safety factor of 2.5 but includes a 33% increase for wind loading.

(1) Luttrell, L.D. (1993)," Arc Puddle Welds and Weld Washers for Attachments in Steel Deck”, Steel Deck Institute, P.O. Box 9506, Canton, Ohio,
44711,

(2) LaBoube, R.A. and Yu, Wei-Wen (1991), "Tensile Strength of Welded Connections”, Final Repont, Department of Civil Engineering Center for
Cold Formed Steel Structures, University of Missouri-Rolla, Rolla, Missouri, 65401,

(3) Luntrell, L.D. (1987), "Diaphragm Design Manual, Second Edition”, Steel Deck Institute, P.O. Box 9506, Canton, Ohio, 44711.

NICHOLAS J. BOURAS, INC,
PO. ROX 662, 475 SPRINGITELD AVE
SUMMIT, NEW JERSEY G7902-0662
(908) 2771617
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ARBED HISTAR'

ASTM A 913 GRADE 65
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
WELDED WITHOUT PREHEATING?

Please circle # 35
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ASTM A913 GRADE 65 is available from ARBED
in most standard and WTM (Tailor-Made) sizes.

HISTAR® is a registered trade-mark of ARBED.

or complete information, availability and literature, contact Irade ARBED, Inc., 825 Third Ave,,
ew York, NY 10022, (212) 486-9890, FAX (212) 355-2159. On the West Coast: Irade ARBLD, Inc.,
b0 E. Sir Francis Drake Blvd., Larkspur, CA 94939. (415) 925-0100, FAX (415) 461-1624
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The Student Bridge-Building Competition gives
students a chance to design and building scale
bridges

24 EcoNOMICAL STEEL BRIDGE DETAILS
A look at what does and doesn’t work based on 35
S years of detailing experience on more than 2,000
i A TR bridges
w 38 PosT-TENSIONING CUTS STEEL BRIDGE COSTS
- Plate girder bridges can be made more economical
through the use of post-tensioning
44  STEEL GIRDER DESIGN: CAN IT BE SIMPLIFIED?
Field testing has shown that AASHTO’s Manual
for Bridge Inspection and Evaluation often does
not accurately reflect the large reserve capacity of
steel girder bridges.

The student team from RPI took g 8 .
first place in this year's National 48 EDGE BLOCKS FOrR RADIOGRAPHIC TESTING
Student Steel Bridge-Building 2 i : N + ,
Competition. The story behind these A code revision requires the use of edge blocks for
hard-working students begins on radiographic testing of srfeel plates with a thick-
page 18. ness greater than 12 mm ('/, in.)

50 EXPLORING NEW BRIDGE DESIGNS
A new post-tensioned, segmental steel bridge
design can reduce costs on replacement bridges
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STAAD - 111 / ISDS Release 19.0

Introducing Concurrent Engineering to Structural Software

Run STAnAD

&9 W56 EFTE

ise mouse Arrow to select next post Process

What's New ? — A Milestone in Computerized
d  Concurrent Graphics User Interface: Structural Engineering

Build the model, Perform Analysis/Design, Review resulls,
and Generate Reports concurrently

STAAD-III/ISDS Release 19.0, from Research
« State-of-the-art Report Generator Engineers, Inc, represents a milestone in
Computerized Structural Engineering. Built around

+ New Advanced Analysis/Design Facilities: 5 : . 3
a new Concurrent Graphics User Interface, the new

Tension Only Members [
Finite Element Release Specs release allows you simultaneous on-screen access

Inclined Supports to all facilities.

Harmonic Time Hislory Load Generator
Build your model, verify it graphically, perform
* Advanced Automatic Element Mesh Generator analysis/design, review the results, sort/search the
« On-screen error display with on-line editing data to create a report - all within the same
graphics based environment. This “concurrent
engineering” approach coupled with a live
¢ Full-scale PC and Workstation version including: relational database, enhances the productivity of
SUN, HP, DEC, SGI, IBM RISC implementation your design office to a level never witnessed before.

« Live on-screen analysis/design status display

STAAD-III/ISDS - from Research Engineers - is an acknowledged world leader in structural
software. Whether it is finite element technology or sophisticated dynamic analysis or CAD
integration, Research Engineers had always been at the forefront of innovation. STAAD-1I/ISDS
has been consistently ranked #1 by all major industry surveys including ENR/McGRAW-Hill survey

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

(4 i avi Ran orba Linda )
(\ Research Engineers, Inc. 22700 Savi Ranch Pkwy., Yorba Linda, CA 92687-4613

Tel: (714) 974-2500 Fax:(714)974-4771 Toll Free: (800) FOR-RESE
e USA » UK e GERMANY e FRANCE e CANADA e NORWAY e |[NDIA e JAPAN e KOREA
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A LEVEL
PLAYING FIELD

OR MUCH OF THE PAST DECADE, I'VE PLAYED ON A RECRE-
F;\'I‘n INAL SOFTBALL TEAM. We recently ended our 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.

Too 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, simple 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
alternate bid situations, the substructure for the steel alter-
nate has the same number of piles and the same amount of
reinforcing steel as the concrete alternate—despite the fact
that the steel alternate 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. SM
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Desin Data's SDS/2 Steel Fabrication Sstem.

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

For more information about SDS/2,
. information management in the steel D E S IG N
industry or future product demon- DATA

strations call 800-443-0782. e e _ , iy
“First in..software, solutions, service
Please circle # 32 402-476-8278 or 1-800-443-0782

1R Design Dats Corporation




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

Here are a dozen g()()d reasons:

I. LRFD is THE AISC recommended method of

structural steel design!

e

. Since LREFD directly accounts for the most
\;Il‘i&l|l|l' ;Ir-]n'rl of .-['m'| (Il'.-i_'_[ll—luml.-»—il offers
the most uniform reliability of any steel design
method.

3. LRFD increases an e ‘ngineer's international
compe titiveness—; ||mn~! every other
industrialized country has .ulupl: « limit state
design.

k. In most structures, LRFD is more economical.

2. The 2nd Edition Manual combines and
updates four previous AISC puhhulllnn- into
a single two-volume set. It also includes the
\ISC Seismic Provisions. And. NEHRP's.
SBCCI's and BOCA's seismie pre WISIONs are

based on LRFD.

0. It will be easier to direc tly compare L.LRFD
Steel Designs with conerete designs because
the next \( I 318 Specification is expected to
incorporate the ASCE 7 load factors as an
alternative.

(. The 2nd Edition is a complete improvement
aver any previous AISC Manual=ASD or
LRFD. It offers treme ‘ndously expanded
coverage of connections and factored uniform
load t: :I;In s, as well as coverage of frame

stability and leaning ¢ .olumns, floor deflections

and vibrations, and -:|w|u angle struts.

8. The 2nd Edition includes a 15-page
introduction. Essentials of LRFD. that makes
it easy for engineers to upgrade to LRFD.

9, Extensive editorial l'}lilllf_’_l'.‘ make this the
easiest-to-use Manual in AISC’s history.
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FACTOR
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10. All design problems are complete solutions —
not just sample calculations for a few limit
states,

l |. The 2nd Edition il]t'ul‘lmrulr's all of the latest
steel research, including Astaneh’s shear tab
work and Thornton’s Uniform Force Method
for bracing connections and new approach to
tee connection design.

12. As professionals, it is incumbent upon
engineers to utilize the best, most advanced
design method available=LRFD.

Two-volume set only $132

(%99 for AISC members)

To order or for more information, pimm- the

American Institute of Steel Construction at
312/670-2400 or fax an order to 312/670-5403
(include your VISA or Mastercard number
plus expiration date).

Setting Standards For Over 70 years




0

STEEL

Steel Interchange is an open forum for Modern Steel
Construction 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 this magazine. If you have a question or
problem that your fellow readers might help you to solve, please
forward it to Modern Steel Construction. At the same time, feel
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
unbraced length is the spacing between the
beams supported by the girder. Significant
reduction in the non-composite moment
capacity can occur due to lateral torsional
bucking which may not be adequate for the
unshored 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 has been any testing or research to
demonstrate that metal deck, parallel to the
girder does indeed provide adequate
restraint or that checking the beam size for
the temporary construction condition, should
be carried out as outlined above,

he optimization of composite steel plate gird-
er design increases the potential for both

flange and web buckling to occur during con-
struction. Higher-than-allowable compressive
stresses and resultant buckling are almost certain
to occur in these girders if stability during con-
struction is ignored by the designer. This problem
is not limited to those girders designed under the
LRFD Specification. Since the use of composite
construction became prevalent, engineers have
identified the problem of instability in steel girders
during construction.
In failure cases observed in Pennsylvania, metal

| NTERCHANGE

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

The opinions expressed in Steel Interchange do not necessar-
ily represent an official position of the American Institute of
Steel Construction, Ine. and have not been reviewed. It is recog-
nized that the design of structures is within the scope and
expertise of a competent licensed structural engineer, architect
or other licensed professional for the application of principals to
a particular structure,

Information on ordering AISC publications mentioned in
this article can be obtained by calling AISC at 312/670-2400 ext.
433.

deck pans provided insufficient bracing against lat-
eral flange buckling at critical sections. Evidence
indicates that the failure of the welds connecting
the pans to the flange can be expected to occur
prior to flange buckling. Although increasing the
capacity of this connection may be considered, the
designer should be concerned about the quality
control of such a critical connection, as well as the
associated cost-effectiveness of this approach. More
significantly, metal deck pans will do nothing to
prevent excessive web buckling which is as likely
to occur (but not as likely to be detected) in the
compressive region 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't ratio)
and the lateral-torsional buckling moment capacity
(M) for composite girders subject to non-composite
dead loads. In some instances, states have intro-
duced their own criteria for checking this condi-
tion, which are typically more conservative than
AASHTO. Pennsylvania, in particular, has gone to
great lengths to develop their own design parame-
ters. In general, the AASHTO criteria is a widely
accepted check for the stability of girders during
construction.

The AASHTO criteria can be met by reducing
the length of deck pours, increasing the size of the
steel girder section, reducing the distance between
lateral brace points (i.e. diaphragms or cross
beams), or by a combination of these methods.
Limiting the length of deck pours is critical for con-
tinuous girders, where temporary positive
moments from the wet concrete may be much larg-
er than the final positive dead load moment that
will exist after the entire deck has been placed.

The methods used to mitigate construction-
related stresses should be determined by the
designer after consultation with contractors and
fabricators as to the economics of the various alter-
natives. When the methods chosen require control
of the construction process (i.e. deck pouring
sequence), this should be clearly indicated on the

Modern Steel Construction / September 1994 /9




STEEIL

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 G. Faust, P.E.

Delaware River Port Authority

Camden, N.J

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 are 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 (AISC ASD Spec.
Chapter F). 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

10/ Modern Steel Construction / September 1994
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channels. These members are usually continuous .
over the column supports, since lap splicing 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?

Jake Roth
Roth Metal Works, Inc.
Brooklyn, NY




Join The Wasser Revolution!

. Stop using 2-part epoxies, 2-part
urethanes and inorganic zincs.
After 40 years, it's time to move to UTILITIES, DAMS AND LOCKS
a coating system that's far better. :
Wasser has revolutionized the
industry. Join Us!

| ___BRIDGES AND LEAD OVERCOAT

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

PULP AND PAPER

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

WATER AND WASTEWATER

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.

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. HIGH TECH COATINGS |
3. No Application Restrictions for Humidity,

Dewpoint or Temperature (20 F) FOR FREE VIDEOS

4. World's Largesr’ Producer of Single Ca“ BOO-MC'PAYNT |

Component Moisture Cure Urethanes. ;
. 5. North America's Largest Manufacturer of  For Information About Wasser ’
. Micaceous Iron Oxide Coatings. Circle Reader Response #50

Wasser, the Leader of the Coating Revolution! ;




"Wasser's system
outperformed every
high performance
coating system even
when applied on poorly
prepared surfaces. It
has solved our state's
bridge painting
problems."

* State Highway
Report

“This is Alaska paint. it
would be crazy to use
anything else but
Wasser in this
environment.”

* Alaska Coaling
Inspector

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

we finished in
three days.”
= Hawaiian Contractor

"We can'l say enough
about the MC-Tar. It
saved our tail on our
clarifier tanks. We
would still be painting
with the epoxy.”

J = Paper Mill Engineer

“We are very pleased
with Wasser for lead
overcoating. Everyone
is calling it 'steel on
steel'. Wasser solved
our overcoat
problems.”

* Highway Official

HIGH

TECH

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

COATINGS

Call 800-MC-PAYNT

"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
perfect on these
pilings."

= Alaska Coniractor

“We coated the interior
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 still be out
there trying to get that

,

darn inorganic
zine to work." ‘
* 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 coaling in our
tests, and contractors
love them.”

« Paper Mill Engineer

World Leader in
Single-Component,
Moisture-Cure
Urethane

@

The Best Coatings in the Industry are also the Easiest to Apply'

CIRCLE #50 ON SERVICE CARD
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For 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-
ful program on a PC platform.

SIMON designs I-shaped and multiple single-cell box-

shaped girders, 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 DOTSs
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 1 MB of hard-disk space.

Output from the SIMON program includes:

-

Dead-load and maximum and minimum live-load
moments and shears for variable-axle H or HS
truck loading or for variable-wheel loading with up
to 20 axles.

An optimum design of the girder elements based
on control parameters selected by the user.
Performance ratios 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, flanges and stiffeners.

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 support on the use of the software at no additional

charge.

To order or for more information; Phone: 312-670-

2400, Fax: 312-670-5403

Setting Standards for over 70 Years

Please circle # 6
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Practical Design Takes
Center Stage At NSCC

Lawrence G. Griffis

HILE NOT AN OFFICIAIL

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
Cuoco, 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 (’II‘\, npt'nt-l'i
the conference's first session

RAMSTEEL Asks:
“How Much Time
Do You Spend On

These Tasks?”

 See how RAMSTEEL can help you A Preparing calculations
do this work in a fraction of the time!

J0-DAY TRIAL AVAILABLE

A Computing tributary
loads, computing live
load reductions and
tracking the reaction of |
one member o the
next |

A Designing beams,
girders, bar joists, joist
girders, columns and
base plates

and creating framing
plans |
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e
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INTEGRATED ANALYSIS
DESIGN AND DRAFTING OF |
STEEL BUILDINGS

Ram Analysis
5315 Avenida Encinas
Suite M, Carlsbad, CA 92008 |
Tel 800-726-7789 5
Fax 619-431-5214
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with a detailed description of the
design 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
designing 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 Walter 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 (such 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 successful com-
posite projects designed by his
firm and a brief discussion of the
future of composite construction,
A condensed version of his paper
is scheduled to appear in the
October 1ssue of MSC. Also.
Griffis will give at least six lec-
tures around the country this
fall and winter

The general sessions during
the next two days were equally
exciting. On Thursday, Leslie E.
Robertson of Leslie E. Robertson
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 Center




VULCRAFT’S LATEST PRODUCT
explosion. Using photos and a WElG"s 24 OUNCES
videotape, the two men walked A"D CA“ supmm OVER

their audience through the cata-

s et it || 150,000 BUILDING DESIGNERS
4 L ]

building was so quickly put back

into ilill‘l'.llll}il Il was I}ll‘ For years, Vulcraft has been showing builders how to butld stroneer, faster and les
largest incendiary device in U.S expensively with steel joists, joist girders and steel deck

h'l:-ﬁl:ll"\.'_“ Ill'('tli‘(lill;_{ to Robertson Now every architect and engineer in the country can leam even more, thanks t
Despite that, the damage to the Designing With Steel Joists, Joist Girders and Steel Deck

:'-ill_'l'l struct ll!'ill svstem was This 289-page, hard cover volume will show you the most innovative ws f thes
superficial. One diagonal was products. Chapters include roofs, flooes, Tateral load systems, special topics, spx

wnts, connection design and responsibiling

blown off completely, another
was bent, and a large steel box
column had a hairline crack.
Instead, most of the damage was
to non-structural elements, such
as piping, conduit and concrete
slabs and walls. Though the
structural svstem was left intact,
the bomb did rip a 120-ft. wide
hole in the floor and even devas-
tated the floor three levels above
the explosion.

The structural system
remained completely stable, so
much so that the building react-
ed to a fierce wind storm just F'o Order By Phone Call 1-800-443-1945

¢ the coupon tor detul

Bill my Viss or MasterCard Account

days after the bombing exactly
as it had during similar storms
prior to the bombing. This wasn't

Please circle # 37
surprising since the tower was
designed to withstand the maxi-

mum possible windstorm—a ‘ i HITEFAB
design load four times greater INC
than the design requirements in A N\ /e
:;\I,lu;t.,;:.t,l_nlu‘lL\l zone such as Los BIRMINGHAM

Interestingly, Robertson “ ALABAMA ..L
pointed out that the tower had «h N
been designed to withstand sabo- ‘--m.'
tage of the perimeter columns— Y
as well as the impact of a fully -
fueled 747 jumbo jet. : —

On Friday, Robert Nickerson o
of NBE Ltd., Hampstead, MD, >
presented a discussion on the “ .‘
Myths and Realities of Life Cycle . :

: — e -

Costs, a greatly condensed ver-

g ‘ | -
sion of a session he has been pre- | | -
senting to state bridge depart-
ments around the country for the “ =
‘* 5! .y

past year. Nickerson was fol-
lowed by Michael Engelhardt, a
professor at the University of
Texas at Austin, who discussed
the steel moment connection fail-

ures lil.“‘('{l\ l‘ll'l] H!Il'l lllt' .~ ‘-----..m " ; i A
Northridge Earthquake (see IN ADDITION TO ANGLE, RAIL, PIPE, CHANNEL, AND BEAM ROLLING

June 1994 MSC for an extensive

A% e 2 ralls CAPABILITIES, WE ROLL TUBES, CHANNELS, AND BEAMS THE HARD WAY.
commentary on this subject) :

Phone (205)791-2011 FAX (205)791-0500
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A Quick Quiz
For Structural Engineers

The more a computer program costs, the TRUE FALSE
better it is

A program that solves complex, difficult TRUE FALSE
problems must be complex and difficult

to use

Structural engineering software can never TRUE FALSE

be fun to use

If you answered TRUE to any of the above, or you would like to know more
about a truly innovative software program, call us!
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Re
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Your complete solution for
A e S B = frames, trusses, beams,
9 . shear walls and much more!

26212 Dimension Drive, Suite 200
R ISA Loke Forest, CA 92630
1-800-332-7472
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STEEL NEWS

Hot Seminars

THE MOST POPULAR SEMINAR
DURING THE THREE-DAY CONFER-
ENCE was “Steel Interchange-
Connections,” which featured
Geoffrey Kulak from the
University of Alberta and Omer
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
Sess10n -&hn'.\.'l-li how ]l]‘{l|l‘{'|h 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
the work process, intrinsic moti
vation and technology.” He urged
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 I1 (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 consult-
ing engineer (see May 1994




MSC), and Neil Wexler of Neal
Wexler, P.C. (see April 1993
MSC),

Busy Exhibits

AS ALWAYS, THE EXHIBIT HALL,
WITH MORE THAN 60 EXHIBITORS,
generated a lot of interest—and
not just because of the large fab-
rication equipment on display
One of the most interesting dis-
plays was for a product called
SCATS (Standard Commodity
Accounting and Tracking
System). This PC-based system
uses bar code technology to pro-
duce current status reports on
steel products—from the fabrica-
tor to the galvanizer to the erec-
tor. For information on this prod-
uct, circle #81 on the reader
service card near the back of this
magazine.

Another fascinating new prod-
uct was a pen-based detailing
system from CadVantage called,
appropriately, PENVANTAGE.
This graphical interface works
with the CadVantage Structural
Detailing System and allows
users to enter data with a pen
and tablet. Even for touch typ-
ists, entry is much faster. The
company had a working version
operating at the conference that
grabbed a lot of attention. For
information, circle #45.

Several other vendors also
were showing software for fabri-
cators. Baresel Corporation, a
three decade old detailing firm,
was demonstrating Compu-
STEEL, its Windows-based
detailing system featuring extra-
ordinarily clean and easy-to-use
interfaces. For information, cir-
cle #82. Other software vendors
included CDS (circle #63),
Structural Software Co. (circle
#42), Cadex Oy (circle #83),
Dogwood Technologies (circle
#96), EJE Industries (circle #46),
SteelCAD International (circle
#84), Timberline Software (circle
#85) and Softdesk (circle #86).

While numerous detailing
software vendors demonstrated
their products, very few struc-
tural engineering software pro-
ducers showed their wares. Ram
Analysis demonstrated the latest

DASET

Design and Analysis of Structures

Full
featured

program Analysis

® s Sophisticated 2D/3D static including P-Delto
simplifies S ; ' 5P

dynamic with time history ond response

spectra, and more

the most
Design

Steel and concrete design per American

complex

Conaodiar

and other international codes and tables

structure

Features

| yrated mer
2 ¢ nteractive input g 1
Built agifor a IrOwSE
-e - '\ ]
sensitive
*  |ntegrated interfoce module for

operation inside AutoCAD

. Plots of onginal and disploced

sftructures with ophonal animation
bending vent/shear force diogroms
sfress confours, and More

Free technical -
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support! DAS

Das Consulting, Inc.
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version of RAM-
STEEL (circle
#41) and
Metrosoft showed
off their Robot V6
system (circle
#51).
Perhaps the
exhibitors were
fastener manufac-
turers. Garnering
the most attention
was Huck Inter-

biggest category of
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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 structural
tube sections (circle #87). Other
bolting and fastener exhibitors
included: St. Louis Screw & Bolt
(circle #36); LeJeune Bolt Co.
(circle #73); Mid South Bolt &
Screw (circle #74); NSS
Iindustries (circle #88); Lohr
Structural Fasteners (circle #89);
Atlas Bolt & Screw Co. (circle
#90); Haydon Bolts (circle #91);
Elco (circle #92); and ITW
Buildex (circle 93).

In addition, several related
products were on display, such
as J&M Turners direct tension
indicators (circle #94) and elastic
tension indicators from
Universal Loading Spring (circle
#95). On the welding side, only
The Lincoln Electric Co. was pre-
sent (circle #97).

Disappointingly, very few
paint manufacturers were pre-
sent. Con-Lux Coatings offered
literature on its range of paint
products, including a handy
Pocket Paint & Coatings
Applications Guide (circle #98),
and Southern Coatings offered a
wide variety of literature (circle
#99).

A related booth was one for
The Wheelabrator Corp., which
produces surface preparation
machines for plate, structural
steel and tubing (circle #100).
While Wheelabrator did not have
an operational machine on dis-
play, though several other large
equipment manufacturers did,
including Behringer Saws (circle
#101), Nitto Kohki (circle #102),
Daito Seiki Co. (circle #103) and
Peddinghaus (circle #104)

Next vear’s conference will be
held in San Antonio on May 19-
21. lur information on the
upcoming show, circle #4 on the
reader service card in this maga-
zine.




Northridge Update—Part II

The number of steel buildings
structurally damaged by the
Northridge Earthquake is now
estimated at more than 100,
though there were no collapses
and most of the buildings remain
functional.

Last month we discussed
short-term research. Medium-
and long-term research also is
planned.

Medium-Term

A national workshop on seis-
mic steel building research needs
has been proposed by AISC to
the federal agencies, affiliated
steel industry organizations,
researchers and the design pro-

fession for this fall. A panel of

about 60 to 100 expert partici-
pants will be invited for two days
of break-out sessions to identify
specific research problem state-

ments, their estimated time and
cost requirements. The ensuing
workshop report will establish
the consensus priorities and
coordinated needs for seismic
steel research for the longer-
term.

NSF previously announced a
post-Northridge research pro-
gram. Many proposals have been
submitted on a variety of topics
(including all building materi-
als).

Long-Term

It is expected that in six to 18
months, at least some of the rec-
ommendations contained in the
published workshop report will
be funded through a combined
pooling of federal, industry and
professional resources. These are
expected to be major, multi-year
undertakings that will target

such issues as overstrength lev-
els and ductility demands for
steel structures, fast strain-
rates, floor slab and column load
effects, alternative ductile
moment frame systems, semi-
rigid (PR) design, lateral framing
redundancy, role of drift control,
seismic force code limits and
other design assumptions.

In all the Northridge follow-
up activities, AISC has been
working closely with the
Structural Steel Producers
Council and AISI. The steel pro-
ducers have been supplyving the
steel and fabricators are produc-
ing the test specimens. Contacts
have been established with the
National Institute for Standards
& Technology, Structural
Engineers Association of
California, and other agencies
for their input and assistance.
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LEARNING THE INS AND

OuTts OF BRIDGE DESIGN

ITH A NOD, THE CON-
STRUCTION SUPERVISOR
SIGNALED THE CREW TO
BEGIN ERECTION of a replace-
ment bridge across a raging

Students river. The action wak fast and
furious—and finished in just
from RPI over 2 minutes. No, it's not a
erected scene f‘l"lllnl an Ayn Hlund novel.
Rather, it was the national finals
Iheir of the Student Steel Bridge-
o Building Competition held this
winning past May at San Diego State
\ University.
P"dge The competition, sponsored by
in less AISC and ASCE, is open to all
ASCE student chapters. Student
than teams design, fabricate and erect
eigh‘ a 1:10 scale model of a replace-
2 ment bridge across a “river val-
minutes 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 1in
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 THE PREMIER STU-
DENT ENGINEERING EXERCISE,"”
according to Michael Orlandella,
a professor 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 the 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 bridge had never
welded before.” It's a real-life
exercise of the skills taught in
steel design classes.

The student team from
Oregon State University, which
finished fifth in the 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
the top of the bridge would be in
the middle of the river.”
ERECTION CONSIDERATIONS
PLAYED AN IMPORTANT ROLE IN
FHEIR DESIGN, which ultimately
consisted of 25 pieces (according
to the rules, no piece could
exceed 40 |bs. 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. “Since then, we
took 10 Ibs. off of it, improved
our erection speed, and cut down
on our deflection.” The bridge
ultimately weighed 289 |bs. and
deflected only .27 in. under a
2,500 Ib. load.

By comparison, the lightest
bridge, Michigan State
University’s, weighed only 84.5
Ibs., and three other bridges,

Testing bridges
for deflection and
load capacity

A fast erection
connection
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Curved & Straight

Steel Bridge Design
English & Metric

Serious Design Power on Your PC

* Complex grid and roadway geometries, | girders, box girders, rolled shapes
* Influence surface (grid) or influence line approach (grid or line girder)

* Powerful nonprismatic girder optimization processing lcurved and straight)
® 1992 AASHTO Spec. w/ 1993 interims & 1993 Curved Girder Guide Spec

30-day trials available

- J

Call for Free Demo Version

MDX software

Phone (314) 446-3221
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ATTENTION BRIDGE ENGINEERS

FIP STRUCTURAL SYSTEMS OFFERS
YOU CUSTOM DESIGNED SOLUTIONS TO MEET

FIP DESIGNS AND MANUFACTURES A VARIETY OF
PRODUCTS TO PROTECT BRIDGES FROM THE
DAMAGING EFFECTS OF EARTHQUAKES INCLUDING

HIGH DAMPING ISOLATION BEARINGS
HYDRAULIC SHOCK TRANSMITTERS
HYDRAULIC DAMPERS

‘r FIP STRUCTURAL SYSTEMS, INC.
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YOUR MOST DIFFICULT SEISMIC DESIGN PROBLEMS,

Southern Tech'’s
innovative bridge
took second place

from Southern College 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 College 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 Technology 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 only
0.195 in. under a 2,500-1b. load,
followed by Rensselaer
Polytechnic Institute (0.227 in.)
and San Diego State University
(0.239 in.). For efficiency (calcu-
lated as incremental vertical
deflection divided by 0.10 plus
the total weight divided by 100),
RPI 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 College
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, RPI and Southern
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A failure can be a
learning experience too

College of Technology tied, with
RPI winning first place overall
based on a higher aesthetic
ranking

IN ALL, 21 SCHOOLS COMPETED
IN THE NATIONALS OUT OF THE
MORE THAN 140 SCHOOLS THA1
COMPETED IN 17 REGIONAL COM-
PETITIONS. Students came from
as far away as New York and
Florida, and both West Point and
the Air Force Academy were rep-
resented. And while males domi-
nated the competition, at least
five of the schools included
female team members,

Judges were recruited from a
large number of local engineer-
ing firms, including McDaniel
Engineering, Boyvle Engineering,
Barrett Consulting Group, RHG
Wong, R2ZH Engineering,
Northrup, and the California
Regulation Water Quality
Control Board

“I think this competition will
make me a better engineer,” said
Ballard, who, along with his
teammates, missed graduation
day exercises in Buffalo to be at
the competition, “l can now iden-
tify with the construction
sequence and | have a better
understanding that good designs
have to look good after 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
different designs and analyzed

Bateman
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if you'vegot _ ™ °°
one of these... .y

Dvorak
Edwards
Enerpac

Excel
Fabriline
Ficep
Franklin
Gairu
Ceka
HMI
Hawthorne
Hendley & Whittemore
Hill-Acme
Ironcrafter
Kingsland
Kling
Metal Fabricating Systems
Metal Muncher
Mubea
Nitto-Kohki
Omera
Promoco/Omes

Peddinghaus
Pels
Piranha
Scotchman

you'll probably
need a few

‘I“ of these.

Call the Punchline today for a copy of our new catalog

> 1
1-800-446-4402

Thomas
Uni-Hydro
W.A. Whitney

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-stock
shapes and sizes in 48 hours. Or send us draw-
ings of your custom application. Count on The
Cleveland Steel Tool Company for all your
tooling needs. There really is a difference

THE

CLEVELAND STEEL TOOL

474 East 105th Street « Cleveland, OH 44108
Please circle # 67

Modern Steel Construction

September 1994 { 21




LANDMARK BRIDGES

them all using Algor and RISA
2D software to find the one with
the least weight-to-strength
ratio.” said Tim Slegers, one of
the four-man team from Long
Beach, which finished in the
middle of the pack at twelfth
place. “IT WAS GREAT TO LEARN
HOW A PROJECT 1S DONE—~—FROM
START TO FINISH. And we'll pass
some advice on to next vear's
team. For example, we know we

Cooper River Bridge (harleston, South Carolina

Lincoln Ar¢ Welding Gold Award :
can save some time by using slip

joints.”

The idea of seeing something
that they designed spring to life
was an important aspect for
many of the students. “This was
the first time | saw something go
from my head to AutoCAD to
completion,” explained Kevin
Kasner, student leader from San
Diego State University and one
of the competition’s organizers.
“Working as a team—and learn

”m"'m _“""f"""- Oregon ing how to get the most out of
American Institute of Steel Construction 1993 National the team—was also a great expe-

Medium Span. High Clearance Prize Bridge Award e

Of course, not everything
went perfectly. Michigan State
University's team knew their
bridge was right on the edge—it
had failed three times under dif-
ferent test conditions. And it
failed again as the loading
neared 2,500 lbs. “It was still a
great learning experience,’

according to Guy Nelson, a
senior at MSU. “WE LEARNED A

Roosevelt Lake Bridge /hoenix Arizona LOT ABOUT BUCKLING, CONNEC-
American Consulting Engineers Council IONS AND FABRICATION,”
1992 National Honor Award Oregon State’s Steve

Trautwein echoed that opinion.
“Two years ago, our school’s
bridge failed. The guy who
designed it said he learned more
in those two seconds than he had
in any design class. You can
design on paper and it looks
good, but as soon as it fails, vou
realize vou really need to pay
attention to details.”

Cope Girordeou Bridge Cape Girardeau, Missouri If you're interested in watch

ing a regional competition featur
ing your alma mata, either con

State-of-the-Art Bridge Design for 80 Years tact that school’s engineering

department or AISC’s Fromy

Rosenberg at 312/670-5408 (fax: .

Surface Transportation Services

For more information contact Raymond |, McCabe, HNTB Vice President
330 Passaic Avenue + Fairficld, New Jersey 07004 « (201) 22704060

| I 0




Fortunate

"Some People Are
Never Sat
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Lukens remains committed to the
only bridge construction matenial with
a proven track record steel

Steel bridges built over a century
ago remain vital links in our nation’s
highway system. And just as today’s
bridge designs are better than ever, so
is the steel that makes them possible

With more grades and higher
strength levels available, steel offers

unsurpassed design flexibility, The result

is reduced structure weight, making con-
struction easy and cost effective.

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

Lukens

bridees 1s backed by modern steel

commitment to steel

making facilities that produce the full

line of structural quality plate steel

Please circle # 115
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specilications — up to 127 feet long
and over 16 leet wide
Consider steel. It's got a lot more

to offer. For a lot longer

«
I'he Specialist In Plate Steels

A
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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, PRESIDENT
TENSOR ENGINEERING Co,
(This information was originally
presented at the 1993 National
Symposium on Steel Bridge

Construction.)

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 (1.e. labor costs) have risen.
Today, an economical 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 are
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 decades, 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
has provide fabrication and erec-
tion drawings for more than
400,000 tons of steel.

We are constantly trying to

acquired through layers of scar
tissue and unpleasant phone
calls from fabrication shops or
field erectors. Through this expo-
sure, however, we have devel-
oped a large amount of informa-

simplify details in order to elimi- tion about which details
nate those that breed mistakes. work—and which don't.
Our knowledge has been
DETAIL 1: FIXED BEARING DETAIL
© SOLE PLATE E
2 (8 §
i
3
5
3 DY & i
- o '% i !
e # SEAL WELD
. ONLY F REQD
L H K . . B . T e m
or‘.. - l‘ < f‘ ..‘ | © L I -"to
1 ©
2 !
|| *masoney e (2) — |
| !

FIXED BEARING DETAIL

I
UPLIFT RESTRAINER PLATE
WHERE REQUIRED

Fixed Bearing Detail:

1. Weld sole plate to flange in longitudinal direction only.

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 bearing area.
Avoid full penetration welds where possible.
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Expansion Bearing

X When uplift
restrainers are 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 only have an elas-
tomeric pad under each
bearing, regardless of
span length—a very cost
effective design. Steel
girders can—and should

be designed the same
way.

DETAIL 2: EXPANSION BEARING

SOLE PLATE WITH BONDED
STAINLESS STEEL SHEET

WHERE REQUIRED

ELASTOMERIC BEARING PAD WITH BONDED TEFLON PAD

DETAIL 3: PREFERRED BEARING TYPE CROSSFRAME

'l

kg

@

\USEACHAMEL IN LIEU OF WF

/ WF FLGS WOULD HAVE TO BE CUT
|

H

~

17 MiN

@

PREFERED BEARING TYPE CROSSFRAME

Bearing Type
Crossframe

1. Provide for preferred
edge distances (e.g. 1Y/,
for 7/_ diameter bolts).

2. Provide Y/ -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 shown)

4. Keep gusset plates
rectangular.

5. Terminate welds '/
in. short of edge. i

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

7. Avoid clips on stiff-
ener 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 CROSSFRAME

Intermediate .

Crossframe

DROP

Use K-type cross-
frames wherever possible
because:

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

*All welding 1s 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

DIFFERENCE IN ELEV
BETWEEN GIRDERS

e

[ | drop
PREFERED INTERMEDIATE CROSSFRAME

STRUCTURAL SOFTWARE Cu.

offers a full line of computer programs
specifically for the steel fabrication
industry. Wouldn't you like to realize the
benefits that our existing 400 customers
have been enjoying over the past 10 years?

New Automated
Drawing Log

Tracks drawings,
ravisions, and
transmittals

Only $299”

Ask for a free
demo disk

SSC’s integrated family of computer
programs includes:  Estimating

Production Control
£ é Z 5 Inventory
Purchase Orders

SFML R e STEEL wasrr  Combining

O B siasces 0 Automated Beam & Column Detailing

(800)776-9118 Call for a FREE demo disk!

Please circle # 42
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Uneconomical Detail DETAIL 5: UNECONOMICAL DETAIL

‘ Avoid this detail for the following
. reasons:

1. The members are positioned
with the CGs 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 the dimen-
sions, requiring a new stiffener and
connection plate layout & mark.

3. All around welding creates
undercutting problems. 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 DETAILL X1
chance of errors and fabrication —
costs. This detail requires a dif-
ferent layout for each plate,
while the rectangular plate on
the previous page does not.

X WHEN YOU BUY ST. LOUIS,
YOU BUY AMERICAN!

AND YOU GET:  FULL TRACEABILITY
* LOTCONTROL
* CERTIFICATIONS

ANGLE VARIES

—_—

Registered Head Markings on all Products from 2" —3" diameter include:
structural and machine bolts:

iami :‘, { ; :I ﬁ
. )
¢ 1
COUNTERSUNK
A-325
1

A-325
ThRd T,
{ O , \ ) SQUARE BUTTON

- e | waewwe - weas
A0T-A  A-449 Mm;a — \ B = ' H a

g

* :._.-_—-:-.’
r-

D o 6900 N. Broadway * St. Louis, MO 63147 o~
[ﬂﬁ avarrerete (314) 389-7500 * 1-800-237-7059 * Fax (314) 389-7510 @
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DETAIL 6: DIFFICULT CROSSFRAME

VARIES

USE THIS TYPE OF CROSSFRAME SPARINGLY

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 girders,
this frame would require
a different layout for each
stiffener, diagonal, strut
and fill plate.

*The chance of an
error on this type of
frame is many times
greater than a jigged
cross frame. The frame
below and the one on the
next page is more eco-
nomical.

Better Crossframe

This crossframe offers
numerous advantages:

e All stiffeners have
the same layout and
mark

*No layouts are
required since connection
plates are rectangular.

*Weight of material is
similar since angles are
cut back.

*All angles can be cut
without layouts.

sErection is much
faster due to fewer erec-
tion pieces.

eSince 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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DETAIL 7: BETTER CROSSFRAME

VARIES

VARIES

ADVANTAGES




Economical
Crossframe

This type of crossframe
requires only four compo-
nents.

For the most economi-
cal results:

1. Keep these dimen-
sions the same and slope
the struts.

2. Keep all welding on
one side.

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

4. Use oversize holes to
maximize the slope of
holes in struts.

*The same method
could be used for X
type crossframes.

DETAIL 8: BEST CROSSFRAME

MOST ECONOMICAL TYPE OF CROSSFRAME

eos ()

WHERE MORE THAN

2 BOLTS ARE REQD @

DEeTAIL 9: FiIELD WELDED CROSSFRAME

TO WELD THIS EDGE.

VERY DIFFICULT ( IF NOT IMPOSSIBLE )

:

AVOID

e ee—
O : .
d
1
d
TYP ) Iy
4
/
s VARES
-
©, = ;

FIELD WELDED TYPE CROSSFRAME

Field Welded
Crossframe

In states that prefer
field welded crossframes,
this method is preferred,
providing the following
are incorporated:

1. Slope the top and
bottom struts and keep
dimensions A & B the
same on each girder to
make the stiffeners iden-
tical.

2. Do not cut members
on this skew. It is more
economical to make the
stiffener wider since most
fabricators use an
anglematic machine that
punches and cuts the
angle square automati-
cally. A beveled cut
requires a burning opera-
tion at each end.

3. Make dimension A
large enough to provide
room between the strut
and flange to allow clear-
ance for field 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 construction cost
saving, T'he Maine Department of Transportation
(ME DOT)enjovs a 30% savings in maintenance costs
when compared to painted bridges.

Weather

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

ME DOT has been able to cut back substantially on
overall maintenance. And because weathering .

steel's dense oxide coating is self-healing and imperviot

to corrosion, it virtually eliminates the need
for painting,
Third, nature. Weathering steel blends with its



ATT VRN RYRNNNT WNNNNND | NRNEY DARNVENEY
BEE ERRNRED 2ONN
L B |

surroundings, and minimizes disturbance to the on “Uncoated Weathering Steel Structures,” contact
natural environment vour nearest Bethlehem Steel sales office or call
In a state with so much weather and so much natural (215) 694-5906. Bethlehem Steel Corporation,
beauty, it's no wonder that Maine already has built Construction Marketing Division, Bethlehem,
80 weathering steel brnidges, and has more on the drawing PA 18016.
.murtia. specifving ASTM A588,

Find out more about the advantages of weathering

steel for yourself. 1o get a copy of our Product Booklet thl h m
No. 3790 and our latest Technical Bulletun TB-307 —




CadVantage Structural boasts the easicst
user interface in the business.
FREE training, extensive system
manuals, software tutorial, and phone
support are provided, complete with a
new on-line help system that gets you
up-and-going immediately.
Because CadVantage is specifically
designed for detailers, users don't have to
be AutoCad or computer experts. Getting
started is easy - and leaming the program
won't put you in the nuthouse.

CadVantage

619 South Cedar Street = Studio A
Charlotte, North Carolina 28202

704~-344-9644%
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DETAIL 10: TYPICAL DIAPHRAGMS

MC 18 X 427

I s

TYPICAL DIAPHRAGMS

VARES

Box8

hE—

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:

* Connection plates are iden-
tical.

¢ Plate width and weight are
minimal.

Disadvantages include:
eDiaphragm ends have a
skewed cut.
eDiaphragm layouts change
with variable cross slopes.
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Holes Normal To
Channel

Advantages include:
* Diaphragms can be alike.
eDiaphragm ends and hole
patterns are square to the
diaphragm.

Disadvantages include:
*Wider connection plates are

required and plate layout

changes with each slope.




DETAIL 11 AND 11A: TYPICAL LATERAL BRACING DETAILS (BOLTED)

SECT X

Typical Lateral
Bracing Details (Bolted)

Detail LA is preferred since
it can be used in tension
zones and meets fatigue crite-
ria. For the most 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
tension 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 lateral gussets are
welded, provide clearance to
allow fillet welding on both
sides.

4. Avoid full penetration weld-
ing.

e
W
z
& AFTER WELDING
B
W
o
-
DETAL LA DETAL LB
PREFERED AVOID

TYPICAL LATERAL BRACING DETALS

DETAIL 12: TYPICAL LATERAL BRACING DETAILS (FIELD WELDED)

12 CLEAR OF FLLET

c?‘ DETAILL LC DETAL LD

TYPICAL LATERAL BRACING DETAILS

Typical Lateral Bracing Details (Field Welded)

Where field welding is preferred, Detail LC is a practical solution.
The gusset plate could be a tee as shown, or a welded gusset plate as
shown in detail LD. Fit-up holes could be furnished as an option.

Detail LD is an economical detail to use where the stresses and

fatigue criteria allow welding to the web. The welds should always
terminate '/, in short of the end of the plate.
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DETAIL 13: STIFFENER DETAILS Stiffener
Details

WHEREVER POSSBLE TIGHT FIT STIFFENER TO TENSION FLANGE AND i . ‘i
WELD TO THE COMPRESSION FLANGE. W I_' erever possi-
ble, it's more eco-

nomical to remove
A | the tab plates.
S 5

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

v
GRIND TO FIT PRIOR TO WELDING

- >
=
VEW A VEW A
STFFENER DETALS ALTERNATE a1 ALTERNATE a2
WELDED TENSION TAB

\

Lohr Rapid Tension Bolts are the ONLY

Tension Control Bolts that pro-
vides Total Traceability (every bolt
head is lot stamped) from the Mill
to the Connection.

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.

For Information Contact:

LOHR Structural Fasteners, Inc. “WE USE OUR HEAD™
P.O. Box 1387, Humble, Texas 77346 1-800-782-4544

FAX (713) 821-5216 New, Used & Rental Tools Available
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Welded Crossframe DETAIL 14: WELDED CROSSFRAME (ALTERNATE)

(Note: Design should show alter-
nates for both welded and bolted.)

® 1Y <in. (minimum) bottom
flange extension is required for

flux support and the welding
machine to track on.

* Web, top flange, and stiffen-
ers are usually fabricated as a i
sub-assembly prior to fitting to
the bottom flange.

* The crossframe members
are then bolted to the web/top
flange sub-assembly, which
helps shape the final girder
assembly. (Alternately, the
crossframe is built in a jig as a
sub-assembly, fit-up and welded;
then it is bolted to the web/top
flange sub-assembly.)

® The web/top flange sub-
assembly with the crossframes
bolted in place is then fitted to %
the bottom flange plate, which

has been blocked to its cambered =
shape. The web to bottom flange
plate welds are then made. The 1]
3'/,-in. gap at the bottom allows PREFERRED | |2
the web-to-flange welding to be

made without interruptions. WELDED CROSSFRAME

DETAIL 15: BOLTED CROSSFRAME

Bolted Crossframe

\ .
S
\
\ { GROER
r
&
)y ‘ FATIOUE STRESS RANGE
MUST BE INVESTIGATED.
PREFERRED 1

BOLTED CROSSFRAME

(Note: Design should show alter-
nates for both welded and bolted.)

e 1"/ -in. (minimum) bottom
flange extension is required for
flux support and the welding
machine to track on.

* Web, top flange, and stiffen-
ers are usually fabricated as a
sub-assembly prior to fitting to
the bottom flange.

*The crossframe is built in a
jig as a sub-assembly, fit-up and
welded (note that all welding is
made from the near side).

*The crossframe sub-assem-
bly is then bolted to the web/to
flange sub-assembly, which
helps shape the final girder
assembly.

* The web/top flange sub-
assembly with the crossframes
bolted in place is then fitted to
the bottom flange plate, which
has been blocked to its cambered
shape. The web to bottom flange
plate welds are then made. The
3'/ -in. gap at the bottom allows
the web-to-flange welding to be
made without interruptions,
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DETAIL 16: PIER DIAPHRAGMS

Pier Diaphragms

PIER DIAPHRAGMS

¢ Avoid full penetra-
tion welds; finish to bear
with fillet weld is pre-
ferred.

eUse preferred edge
distances and pitch, not
minimums.

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

WHWMSO o Mo Mok
SMM .m.hr‘nhf'n ators and detail lers the . .‘ totsh
faastest, most accurate material list man Hrv .I: atlable No R et
_ more time-consuming manual calculations i 3 :
N The softwares speed and dfic 1ency delipers
.,:) an easy-to-use system that’s second to none

. Call today for a FREE no ﬂh'..l thion demo

disk u‘.'r!‘ all modules and the comp lete t

EJE INDUSTRIES, INC.

7 Dewey Aveniwe, Washington, P \ {58001

1-800-321-3955 or 412-228-8841

Syslems users Jlu.fr
Introduce your next project lo

SMM s5.00

Please circle # 46

AutoSD Steel Detailing

At last, the sensible detailing
program written by detailers for
detailers. 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

gusset  plates,
tearout, camber
connections, oblique &
triangles, circles, and a Ft-inch
calculator that emulates an HP®
and more. For DOS 3.0 and higher
with EGA or better.

end
axial
right

Calculate
connections,

$250.00

For more information write:
AutoSD, Inc.

4033 59 PL.

Meridian, MS 39307

(601) 693-4729
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Slabbing & Stripping DETAIL 17: SLABBING AND STRIPPING

Steel mills no longer roll plates in

. widths less than 48 in. As a result, fabrica

tors are require d to rillllli!i'.l |I|.!'Il-- .llul [ S 1
nest them in order to economize thi 'lr'li!|(|- Q PREQUALFED AWS L PENERATION WELD
scrap. This should be considered when the “ TYPE SHOULD BE AT FABRICATORS OPTION

designer selects the sizes of flange plates

on adjacent transverse girders
‘W-‘EDH1 [—mﬁﬂﬂ? (MEBFLJ

- 4 cur Lees <

KEEP CONSTANT

The ordered plate ends are prepared, as

=I1||\'. n I]‘ |1|r[!\11l1:.1| ”.t”:fl' ||].|h- Assem
blies are then flame cut to their finished

widths by multiple torches. Non-destruc
tive testing 1s performed prior to the flange

plate assemblies being welded to the web
|J|.lt|--
* Avoid transitions in flange width in

anv one @rder (vary thickness instead
¢ Keep flange plate thicknesses the
same for adjacent girders and keep the

A8 NN WIOTH AVALABLE FROM MLLS

lengths on the center flange plates the
Same
*Avoid changing flange plate thickness

es, It mav be more economical to extend

Tr!i' !'llll'Ll" ”.l'.l'_:" Thl- cost of a -j:]ru may
exceed the maternial costs

. .'";].Ilrhlll:' ll'lil -IT'I|I|rIrI'.: \\ll!'l\‘- lor |mTh
stranght and curved girders

For the last 5 years our RISA-20 program has

Dee n setting the standa

tural analysis and design. RISA-2D is, in

fact, rated higher than most of the 3 dimen

r 2 dimensional

sional programs currently avallable! See the

lan.. '94 issue of Modern Steel Construction

We are pleased to announce that RISA-2D has

linally been surpassed!

-30. the new standard for

olatics, dynamics, P-Delta effects. steel
design and many other features are Incorpo
rated into this pow erful new program

RISA-3D provides a fast, intuitive problem

v anv other program
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POST-TENSIONING CUTS o
STEEL BRIDGE COSTS

Plate girder bridges can be made more economical

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

(This paper is adapted from a 109'-8" = X 142'-8"
talk given by the author at the
1993 National Symposium on

Steel Bridge Construction.)

I

HILE ONCE DOMINANT FOR
BRIDGES WITH 90-FT. TO ELEVATION
250-FT. SPANS, conven-

tional welded plate bridges have 78'—2" -
slowly been losing ground to pre-
stressed concrete bulb T girder

bridges. However, the adaptation = — = —
of many of the same tech- W I I I I
niques—especially post-tension- |

ing—that make bulb T girder e
bridges so successful can result ¥\ . & 55 =0
in an even more economical steel TYPICAL SECTION
structure. 2

For illustration purposes, an TOTAL STRUCTURAL STEEL 571,000 LBS. (30 LBS./FT")
existing welded plate girder
design was re-examined. The
bridge was originally designed
with two spans (103.5 ft. and

SRP %

142.5 ft.) with welded plate gird- e IF B 8 x M:
ers spaced 11-ft.-8-in. on center 1 I/‘. * 20.
and steel usage totaling 30 lbs. . ‘/4. % 20.
per sq. ft. of deck area. The abut- : 3/4. i m.
ments consisted of integral end ix -
bents, which eliminated the use WEB 1/2" x 84"
of bearing and expansion joints,

In the past, this would have been

considered a good, efficient

design.

The particular contractor on BOTTOM FLANGE  3/4" x 16"
this job, however, had a prefer- 11/2" x 20
ence for concrete and, subse- 212" x 20"
quent to the start of construc- =iy 1 7/?: x 18"

A

tion, re-engineered the project
using a concrete bulb T girder
design. Since this design was at 9 DIFFERENT PLATE THICKNESSES
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

A two-span welded plate girder design proved to be too expensive,
in part because it utilized nine different plate thicknesses. .
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Lo

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
flat or, in some 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
tensioning 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-tensioned steel
structures were hampered by
designs that attached the post-
tensioning anchors to the steel
girders. The savings in material
efficiency was more than off-set
by the cost of the extremely
labor-intensive detailing for
affixing the post-tensioning
anchors.)

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 advantage is that transverse

142'-6" ]

I-

TYPICAL SECTION

UNIFORM SECTION
e ——
TOP FLANGE 7/8" x 20"
WEB 1/2"x 66
BOTTOM FLANGE 7/8" x 207
—3

TOTAL STRUCTURAL STEEL 430,000(22 LBS./FT® ~ 25%)

Redesigning a two-span bridge using a post-tensioned system
reduced the cost of the superstructure from $342,600 to $267,250. The
savings was achieved through various methods, including the use of a
uniform cross-section, external post-tensioning tendons, composite

design and a concrete diaphragm.

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

The use of the above criteria
reduced the amount of structural

steel required in the project by
25%, from 30 Ibs, 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 than the concrete
prestressed bulb T design, which
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To optimize the system, the post tensioning anchors must be sup-
ported by the concrete diaphragms; they must not be attached to the
steel girders.

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.

CONCRETE DIAPHRAGMS

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

o o u ALL Break-Off Type Bolts | |; | : L e
i | y [ [ | lg 7 | SALESeREPAIRS * RENTALS « PARTS | ‘=i —==n
Al A Al i i - adar ¢
Lol | FULL %, il
P RANGE OF A490 el
I | BOLTS Are Also
T | 5/8"-1-1/8" Available
S-60EZ Specifications A325 S-90EZ Specifications
Weight 13 Ibs. | Weight 18.5 Ibs.
Torque sessssssssssssasasess 425 ft /Ibs, Torque 550 ft/Ibs
Speed 16 RPM » Speed 16 RPM
Capachy se:-36 | CALL US FOr DOmeSHic | Cocacity s 4 718 |
(+7/8" A325 only) . (+1" A325 only)
Voltage s 110V, aC | 1€NSION Control Bolts! | .0 110V, A |

BRISTOL MACHINE COMPANY

19844 Quirpz Court, Walnut, CA 91789 » (909) 598-8601 * Fax (909) 598-6493  (800) 798-9321

Please circle # 62

40 / Modern Steel Construction / September 1994




has the same number of piles
imount ol reinforc-

the concrete alter

and the same
ing steel as

nate :l!-~|lllr the fact that the
steel alternate 1s 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 con
nection with the substructure

The advantages of this system
include

l. Eliminating bearings and

expansion joints at the end
bents

2. Eliminating bearings at the
plers

3. Reducing bearing stiffness
requirements and eliminating
cross frames

{. Reducing column and foot

A ——F +
+— — i — - — e —— — —%
et t—— — | — +
F—————— S———
INTEGRAL DIAPHRAGM/PIER CAP
A fully integral connection elminates the bearings altogether and
P luces a _--;.H.'g-r'u r, more ¢econornii |){i siEgn

Quality

L

¥
on a PC—It's All There!

Performance
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STRUDL.

Customer Support

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

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

GT STRUDL features include:
* interactive graphics
* links to popular CAD systems
¢+ library of over 100 element types
* steel and reinforced concrete design
* static, nonlinear, and dynamic analyses
* graphical frame and finite element modeling
* compliance with NRC and 1SO 9000 quality requirements
* operates on PCs, UNIX workstations, and mainframe computers
* voted #1 in user support

30-day trial available

For more information,
please contact:

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

Computer-Aided Structural
Engineering Center
Georgia Tech
Atlanta, Georgia 30332-0355
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Because there is the potential of the column 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 flange with shear studs and reinforcing, would prevent
any slip and allow the top of the column to fully develop its plastic
moment capacity.
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ing moments,

5. Developing plastic moment
capacity of columns, which is
beneficial in seismic zones.

However, even if an integral
connection is not utilized, there
are still many advantages utiliz-
ing concrete diaphragms:

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

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

3. If larger elastomeric bear-
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 integral 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 steel
girders until the diaphragm is
poured and post-tensioned.
However, on a recent project in
Indiana, the steel alternate
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 pier cap/
diaphragm (with slotted holes)
with sufficient strength to sup-
port the dead load of the steel
girders. After erection of the
steel girders, the slotted holes
are filled with concrete and
transverse post-tensioning is
applied. This scheme has been
successfully used for concrete
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 special conditions.
Based on our experience, con-
crete diaphragms offer an eco-
nomical alternative to conven-




tional crossframing and bearing
stiffeners.

SEISMIC DESIGN

In seismic zones, where the
lateral load can be as high as the
total vertical load, the use of a
steel superstructure, 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% 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 would be par-
allel with the load reductions.

Because there is the potential
of the column force slipping
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 Spaans, P.E., is a partner
with Janssen & Spaans
Engineering in Indianapolis and
is best known for his work
designing concrete bridges.
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STEEL GIRDER DESIGN:
CAN IT BE SIMPLIFIED ¢

By Atorod Azizinamini, Steve
Kathol, and Michael W.
Beacham, P.E.

IELD TESTING HAS SHOWN
THAT AASHTO'S MANUAL
FOR BRIDGE 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 evaluate 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-
cal design
AASHTO's upcoming LRFD
manual in combination with rel-
atively large girder spacing. In
addition, the bridge was built so

that the spacing and type of

diaphragm could be varied.

The test bridge spans 70 ft.
and is 26-ft. wide. The super-
structure consists of three weld-
ed plate girders built composite-
ly with a 7'/ -in.-thick reinforced
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,

provisions of

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
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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 Ibs.).
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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Shown at right is
the cross section of the
bridge. It was con-
structed full scale in
the lab and spans 70
ft. with a 26-ft. width.
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was observed after complete
unloading.

Results of this phase of the
investigation indicated that
behavior of the bridge with X
type diaphragms was almost
identical to the case of K
diaphragms. In some of the tests,
all the diaphragms were
removed and the behavior of the
bridge was only slightly affected.
The level of stresses developed at
diaphragms was small. The
same results also were obtained
from a series of detailed finite
element analyses carried out on
this bridge and on bridges with
different configurations.

Following the elastic load
tests, the bridge was tested to
collapse. During the ultimate
load test, all diaphragms were
removed except those at the sup-
ports. The bridge was designed
for HS20 loads; however, it
showed an ultimate capacity
equivalent to approximately
eight times AASHTO's HS20
truck loads in each lane. The
behavior of the bride was linear,
even at load levels corresponding
to ultimate capacity as calculat-
ed in accordance with AASHTO’s
LRFD criteria. The bridge exhib-
ited non-linear behavior only
after the applied load reached an
equivalent of approximately six
HS20 trucks in each lane.

Following the ultimate load
tests, a series of punching shear
tests was performed. Punching

shear capacity of the concrete
deck varied between 122,000 and
156,000 Ibs.

As part of the investigation, a
user-friendly preprocessor that
interfaces with the SAP90 finite
element program from
Computers and Structures, Inc.,
was developed. The preprocessor
requires minimal information
and in turn generates necessary
data for complete three dimen-
sional analysis of simple and
continuous steel bridge struc-
tures. The package allows inclu-
sion of the effect of the barrier
structure if so desired. The
results of the analyses match up
well with the test data, both
with respect to deflection and
stresses. The input consists of
very simple information such as
span lengths, number of girders
and material properties.

CONCLUSIONS

Although the project is still
ongoing, results of the analytical
and experimental investigations
suggest the following conclu-
sions:

1. For steel bridges with
small skew, although diaphr-
agms are needed during con-
struction, their presence has lit-
tle influence on the behavior of
steel bridges after construction.
Results indicate that after con-
struction, diaphragms not only
are unnecessary, but are to a
degree harmful as they try to

prevent the small tendency of
the girders to separate during
elastic ranges and as a conse-
quence transfer restraining
forces to beam webs, which have
been shown to cause cracking,

After construction, the stiff-
ness of the slab is sufficient to
distribute the live load to adja-
cent girders. It could be argued
that diaphragms are needed to
provide redundancy in the
bridge, i.e., diaphragms could be
used to provide alternate load
paths in the event of failure of
such elements as the concrete
deck. In this scenario, however,
it is unlikely that diaphragms
could provide such a function
and bridge failure would be
imminent anyway. This is espe-
cially important given the fact
that most problems in steel
bridges are caused by the pres-
ence of diaphragms.

Results of this research indi-
cate that if it is desired to leave
diaphragms in place, utilizing
simpler forms of diaphragms
such as the X type provides as
good behavior as the more
expensive K or other types.
Another application of this con-
clusion could be in the retro-
fitting of old steel girder bridges.
In cases where cracking in ele-
ments connecting diaphragms to
the girder or girder web are
observed, a viable solution could
be removal of the diaphragms
altogether and thereby avoiding
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Shown is the load response of the bridge during ultimate testing.

costly repairs.

2. Results indicate that
ultimate capacity of steel
bridges with the slab designed
based on empirical rule, even
with wide girder spacing and no
intermediate diaphragms, is sev-
eral times more than that pre-
dicted by the AASHTO code. The
use of empirical rule in the
design of concrete slabs results

in much smaller amounts of

reinforcement in the deck. In
addition to reducing construction
time, this reduced steel rein-
forcement would also be benefi-
cial in reducing corrosion.

3. A user-friendly three-
dimensional analysis pack-
age has been developed that
closely matches the test results.
The input is simple, and the
results are easily interpretable
using 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 analysis 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 Azizinamini 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
structural engineer with
Schemmer Associates in Omaha.
Michael W. Beacham, P.E., is
research and development engi-
neer with the Bridge Division of
the Nebraska Department of
Roads. This project is sponsored
by the Nebraska Department of
Roads and valuable input was
provided by Gale Barnhill, struc-
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 Jim Luedke,
Yerapalli Shekar and Bruce
Keeler assisted in conducting the
experimental and analytical
studies. Additional support was
provided by the Center for
Infrastructure Research at the
University of Nebraska-Lincoln.
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EDGE BLOCKS FOR
RADIOGRAPHIC TESTING

By Krishna K. Verma,
Welding Engineer, FHWA

HE ANSI/AASHTO/AWS

I BRIDGE WELDING CODE

COMMITTEE RECENTLY
APPROVED a code revision that
requires the use of edge blocks
for radiographic testing of steel
plates with a thickness greater
than 12 mm (1/2 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 “ANSI/AWS
D1.1 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 inspectability of the
edge of the plate being tested
(RT) 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 use edge blocks when perform-
ing radiographic testing of butt
welds 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 1/2 in. (12
mm) thickness. The edge blocks
shall have a length sufficient to
extend bevond each side of the
weld centerline for a minimum
distance equal to the weld thick-
ness, but no less than 2 in. (51
mm), and shall have a thickness
equal to or greater than the

N\

Edge Block

)

2Tw
(2* min) Edge Block
e
wy / 2Tw
Thickness Transition Min Gap 0
e
‘%'-'-'L
i 1 —
(2* min)

* Transition may start beyond edge block
Width Transition

thickness of the weld. The mini-
mum width of the edge blocks
shall be equal to half the weld
thickness, but not less than 1 in.
(25 mm), The edge blocks shall
be centered on the weld with a
snug fit against the plate being
radiographed, allowing no more
than 1/16 in. (1.6 mm) gap. Edge
blocks shall be made of radi-
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ographically clean steel and the

surface shall have finish of ANSI

125 pin. (3 ym) or smoother.”
(For more informatin, see

“Application of Run-On/Run-Off

Tabs and Edge Blocks for Steel
Bridges,” by Krishna K. Verma,
presented at the NDT 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 GG. Bonasso, P.E.

HEN A NEW BRIDGE

OPENED EARLIER THIS

YEAR IN THE TOWN OF
War, WV, it was greeted with lit-
tle 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 Tension
Arch structural system, a post-
tensioned, segmental rigid frame
bridge developed and patented
by Samuel G. Bonasso.

DESIGN 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
similarly to precast concrete
girders.

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

Post-tensioning helps reduce

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.

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 also 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
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and detailed to produce a rigid
frame structure. The increased
stiffness provided by the rigid
frame reduces the live load
deflections to well below L/1000.
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.

THE WAR BRIDGE

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 structurally
sound, economically viable, easy
and quick to construct, and 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 (WVDOT) 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
techniques. A hinge 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 lines.

Simple single angle cross
frames are installed to insure
proper alignment of the girders
and to maintain this alignment
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

CONSTRUCTION SEQUENCE:
STAGE THREE
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INTRODUCING THE BEST DEAL IN
2D FRAME AND TRUSS ANALYSIS

*99.00

REG. $300.00

- 400 JOINTS, 600 MEMBERS

- P-DELTA ANALYSIS

- FINITE JOINT ANALYSIS

- FLEXURAL & AXIAL DEFORMATIONS
- AUTOMATIC DATA GENERATION

- CONCENTRATED, UNIFORM,
TRAPEZOIDAL AND THERMAL
FORCES

- MOMENTS/SHEARS/DEFLECTIONS
@ 1710 POINTS

- NODAL DISPLACEMENTS & ROTATIONS

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

- FREE TECHNICAL SUPPORT <4 L L 4L 4

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

/\ (800)793-6285 & aesioenr:

FL RESIDENTS ADD 6% TAX
4 g;\ INTRASOFT, INC
N

OFFER ENDS NOV. 30 , 1994
'\/ \ The Most Productive Structural Design Software Since 1966
Boca Ralon, Florida 23432

555 Soutn Federal Highway, Suile 220 -
Please circle # 116

Introducing
VisualAnalysis™ and
AnalysisGroup™-two
valuable tools from IES.

l IHILSSSSTT

‘L_i VisualAnalysis for those
daily analysis jobs. 3D Finite
Element Analysis, Interactive
MS-Windows Interface, Static,
Modal, Response Spectrum

Analyses.

AnalysisGrouT) for those
\(

specialized analysis tasks.
Rectangular Plates,
Continuous Beams, Beams on
Elastic Foundations, Mat
Footings, Circular Tanks,
« Shear Wall Rigidity Analyses.

VlsuulAnalyS|s for Windows® - $295
AnalysisGroup for DOS® or Windows - $295
Call today for free brochure and demo disk.

1-800-707-0816
Integrated Engineering Software

8840 Chapman Rd * Bozeman, MT 597]5

All tr ademarks are the pr operty ( +f rhp T OWners
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CONSTRUCTION SEQUENCE:
STAGE FOUR

CONSTRUCTION SEQUENCE:
STAGE FIVE

Stage 5: Precast concrete
deck panels 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-contractors, and

AISC, helped the success of the
])I‘njm'l .
The engineer was Alpha

Associates, Inc. of Morgantown,
WV, and the contractor was
Bileo Construction Company,
Ine. of South Charleston, WV,
Post-tensioning strand and
anchors were supplied by Florida
Wire and Cable Company of
Jacksonville, FL. Precast con-
crete deck panels were supplied




CONSTRUCTION SEQUENCE:
STAGE SIX

CONSTRUCTION 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 details
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 stiff jointless bridge.

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

These factors combine to cre-
ate an alternate steel l:r'ld_i.ft' Sys-
tem that could result in lower
installation and maintenance

COSts.

David L. Weaver, P.E. is a
Senior Engineer with KCI
Technologies, Inc. in Manassas,
VA. 1’:"1'!'“:?15:’_\. he served as the
Project Manager during con-
struction of the War Bridge for
Alpha Associates, Ine. in
Morgantown, WV. Samuel G.

Bonasso, P.E. is the President of

Alpha

Associates, Inc. tn

Morgantown, WV, and is the
founder of the Tension Arch
Structures Company, Inc.
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LRFD on CD is more than just the
entire two-volume, 2,000-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.

huasniag
OF T
DONETRUCTYON

LOAD &
RESISTANCE
FACTOR
DESIGN

Engineering
Journal

The CD also includes:
* 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




1 (

Product: Seismic system

Company: FIP Structural
Systems

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

Phone: 201/376-8089

Fax: 201/376-7937

IP offers bridge designers
Fcuslom designed solutions

to meet their most difficult
seismic problems. FIP devices
with custom response integrate
multiple elements, each with a
specific function, into a single
system to yield the desired
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 PTFE/ stainless steel sliding
surface to allow relatively unre-
stricted horizontal movement;
and specially designed and man-
ufactured austenitic steel dissi-
pation pins that elastically resist
horiziontal service loads and,
when plastically deformed, limit
the loads transferred to the sub-
structure to a safe and predicat-
able level.

Circle no: 105

Product:  Slide bearings
Company: Voss Engineering
Address: 6965 Hamlin Ave.

Lincolnwood, IL
606043

oss Engineering offers a
structural bearing pad
design handbook. The

handbook descirbes the perfor-
mance characteristics of Sorbtex
and Fiberlast for thicknesses 17
and greater. Also included in the
publication is a description of the
performance of Voss slide 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-
sions based on material perfor-

mance.
A bearing pad design comput-

er program also ig available. The

program allows the user to

s Bridge Expansion Joints & Bearings

design Sorbtex, Fiberlas and

Voss slide bearings using an

IBM PC or compatible computer.
Circle no.: 106

Product: Bridge Bearings

Company: Merriman

Address: 100 Industrial Park
Hingham, MA 02043

Phone: 617/749-5100

Fax: 617/749-3560

l ubrite self-lubricating bear-
ings accommodate expan-
sion, contraction and rota-

tion of structural members—
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
either 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 spherical plates
provide for rotation or deflection
in any direction as well as nor-
mal expansion and contraction.
All bridge bearings can be sup-
plied in standard Lubrite or
Lubrite F 100% teflon fiber mat,
which offers a very low 0.03 coef-
ficient of friction. The company
offers 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

bridge is a dynamically
loaded structure that must
erform reliably through-

out its lifetime when subjected to
a variety of non-seismic
short-term and long-term forces.
DIS Force Control Bearings pro-
mote superior structural perfor-

DESCON

DESIGNS AND DETAILS
STEEL CONNECTIONS

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
ftware...

Design of Curved Girder Bridges

NEW FEATURES:
Live Load Distribution - Automatic
(Longitudinal & Transverse)
Mesh Generation - Automatic
Rating - Auto Rating Factors
Influence Line Qutput
(From Influence Surfaces)
Metric Conversion
Uses AASHTO 15th Edition
Lease or License g ee Trial...
Timesharing FULL Program!

MERLIN DASH

Denign & Analysis of Truss Rating and
Staa! Girder Bridges Analysis Program

cooC OO0 O

0 AASHTO - Uses New 15th Ed. | O Continuous to 6-spans
) FHWA - Endorsest and Used by | O Prestressed Trusses
O DOT's - Used by 35 States J Cable Members

0 Design - Cost Optimized J Design & Rehab

O Friendly - Menu-Oriven ingut | ' AASHTO and LL

Q Graphics Display of Outpyt |  VeNicles to 20 Axes

1 Output Report Selection J Auto. computation inv

Q Quality and Performance Operating & Posting Load

Available Exclusively Thru:

OPTI-MATE, INC.

P.0. Box 9097, Dept A, Bethiehem, PA 18018
(610) 867-4077
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FIBERLAST / cw choice in s
structural bearing pad which meets
today'’s higher load requirements while

remaining cost effective.

V0SS siide Bearings Sicel backed
PTFE accomodates structural movements
due to thermal expansions - can also be
bonded to other Voss Bearings to allow for
misalignment or rotation

* High Load
* Seismic and Thermal
movement control
* Low Friction
* Low Deflection
* Rotation Capabilities
* AASHTO Approved
{ _ NEW CRITICAL BEARING PAD DATA!

Wt for firee Design Manual and
software Desion disc. Ao resilbie

Fibwrlan _omvoerinonal manual & dec

ol

VOSS / ENGINEERING, INC.

6965 N. Hamlin Ave
Lincolmeood, IL 60645
ph: 708 673 8900

fax. 708 673 1408

=
(e
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-

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,
Ambherst, NY 14228

Phone: 716/691-7566

Fax: 716/691-9239

r I Yhe 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-walled 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 exhibits 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: Expansion Joint

Company: E-Poxy Industries

Address: 14 West Shore St.
Ravena, NY 12143

Phone: 518/756-6193

Fax: 518/756-3003

vazote 380 ESP from
EE-Poxy Industries, Inc., is

a closed cell, nitrogen
blown foam material that han-
dles 60% compression and 30%
tension. This expansion joint
material also has UV stabilizers
added, giving it excellent resis-
tance to ultra-violet rays. When
used in conjunction with
Eva-Pox Bonder, a waterproof
joint is obtained.

Circle no.: 110
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Help Wanted
Structural steel detailers, checkers, and CNC data processors.
Progressive structural steel fabricator in midwest is expanding its
detailing and CNC operations and is seeking experienced, accu-
rate, motivated responsible, individuals in the following areas:
1. Structural steel detailers (SDS/2 experience a plus); 2. structur-
al steel checkers (SDS/2 experience a plus); and 3. Structural steel
CNC data processors.
Please submit your resume with salary history and require-
ments to: Vice President of Production Planning, P.O. Box
24890, St. Louis, MO 63115

ROLLING

Beam-Angle-Tube-Pipe-Channel-Plate
Easfoardwig Heavy Capacities
. '

Upto ' WE Beam

209-466-9707
N.J. McCutchen, Inc.
123 W. Sonora St., Stockton, CA 95203

Help Wanted

Structural Steel and Miscellaneous Metal Fabricator of
bridges and buildings is seeking individuals with a minimum of
seven (7) years experience in Engineering. Estimating or Project
Management specific to steel projects. Send resumes (o;

PRECISE FABRICATING CORPORATION
3 Farm Lane
Georgetown, MA 01833
Attn: Mr. Frank Davis

Images—3D

2D-3D Structural/Finite Element Analysis
Easy 1o leamn and use Automesh Generation
Shear & Moment Diagrams Suatic, Modal, Dynamic
AISC Code Check Enforced Displacements
Large Problems to 3.000 Joints P-8 Analysis

Complete Static Package — Only $795

Celestial Software, 2150 Shattuck Ave., Suite 1200,
Berkeley, CA 94704
Tel: 510-843-0977 / Fax: 510-848-9849
Fifty-node fully function evaluation package for only $49.95

HEWLETT-PACKARD
Computers/Peripherals
A complete line of used and refurbished HP Equipment to fill all your
computer needs. Laser printers, scanners, disk drives, plotters (Draftpro,
Drafimaster & Designjet), PC's and 9000 series workstations are available
for immediate delivery. Call our twll free number for additional informa-
tion and pricing
Ted Dasher & Associates
4117 2Znd Avenue South
Birmingham, AL 35222
800-638-4833 fax (205) 591-1108

Structural & Miscellaneous Steel Detailing CAD Programs

AuoCAD parametnc LISP programs for prepanng structural AND musc. sieel
shop drawings. Anchor bolts 1o roof opening frames and “everything between”™
Impenial and metric versions with USA, Canadian and European sections. 30 DAY
MONEY BACK GUARANTEE. Discounts up 1o M0% Buy only what you need
Used in the field for 6 years. Programs written by u detailer with 38 years experi
ence. Extremely “flexible”™ programs, FREE telephone support. No maintenance fee
Reasonable vearly update fee. EXCELLENT PROGRAMS at o REASONABLE

PRICE. Call for a FREE demo disk, list of programs, and prices

SSDCP
110 Shady Oak Circle, Florence, MS 39073
Tel: 601/845-2146 (fax same)

Announcing: SD5C Steel Roof Designer
ECOM is pleased to announce the Latest addition to our SES Library
SDSC will analyze, design and perform a quality take-off/price estimate
of a complete flat steel roof or floor system. This includes options for
standard joists, joist-girders, and standard steel sections, SD5C also
designs intenior columns, wind columns, base-plates. girts and bracing
The program considers the entire roof system including a diaphragm
analysis and deck selection

ECOM Associates, Inc. » 8324 N, Steven Road, Milwaukee,
Wi« 53223« Phone 414-365-2100 ext. 494 »

GREAT NEWS FOR ESTIMATORS...

Now you can grind out a day’s work in about 3 hours. No more
tedious longhand calculations! The GRINDER™ Software program accu-
rately sorts and organizes your projects’ materials automatically
Optimizes ferrous and non-ferrous matenals. Keeps track of hardware,
bolts and assembled units. Includes cutting lists, pricing list, efficiency
report and more

GRINDER™ Software Company, 1774 Rose Valley Road,
P.O. Box 431, Kelso, Washingion, 98626

FAX 414-365-2110 800-677-4474; fax 206-577-4474
GT STRUDL AISC Certification

New PC Version with Interactive Graphics
and Links to CAD systems

Static, Non-Linear & Dynamic Analyses and
Integrated Steel Design

Curved steel Girder Bndge Module

For information contact: Alex Krimotat at SC Solutions

(415) 903-5050

Categories I, 11, 111
Do you want to become certified but are just
buried with work?
I offer assistance with the necessary paperwork plus
training for your people.
McGowan Technical Services, Inc.
412-378-3916 fax: 412-378-1994

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

STEEL SHAPING SPECIALISTS
WE CAN BEND STRUCTURAL STEEL: THE EASY WAY, THE
HARD WAY. IRREGULAR CURVES, OFFSETS. ELLIPTICAI
SHAPES, CIRCLES, SEGMENTS WITH TANGENTS AND WE CAN
BEND IT TO TIGHT RADI WITH MINIMIAL DISTORTION
We also offer forging, the hot shaping of metals and the rolling and forming of
tubng, rail and bars. Call or fax Frank Hutterer for more information

Telephone 414-355-8220 Fax 414-355-4698

MAX WEISS CO., INC,
8625 W. Bradley Rd., Milwaukee, WI 53224
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STAAD-MATE

Interactive Structural Component Design Software

STAAD-MATE is a stand-alone graphically interactive
software for design of structural components like continu-
ous beams, portals, columns, base plates/connections,
slabs, foundations, retaining walls, and much more. With
on-screen help and a fully menu-driven approach, STAAD-
MATE is extremely versatile and user-friendly. STAAD-
MATE supports AISC ASD. LRFD and ACI codes.
Detailed output includes numerical results and sharp plots.

STAAD-MATE is avatlable for $495 (1o current
STAAD-III users) and $895 to others.

Research Engineers Inc.
22700 Savi Ranch Pkwy.,
Yorba Linda, CA 92687-4613
Phone: 1-800-FOR-RESE
FAX: (714) 9744771

Ram Analysis—Steel Design Software

Now, get RAMSBEAM by Ram Analysis for only $100 ., Full fea-
tured composite/non-composite single beam analysis and design
software (LRFD and/or ASD). Easy to use with Windows graphi-
cal interface. Full 90 day money back guarantee,

Ram Analysis
55 Independence Circle, Suite 201, Chico, CA 95926
Tel: 800-726-7789  Fax: 916-895-3544

STEEL 2000
The FABRICATION MANAGEMENT SYSTEM

STEEL 2000 is the wotally integrated solution (o steel fabrication management
Developed by fabricators for fabricators, STEEL 2000 can provide your fabrication
plant or service center with the necessary edge to be successful in today's market
STEEL 2000 utilizes Foxpro, the most advanced relational database mansgement
avalable for microcomputers. Call or fax for more information. A free DEMO
DISK and VIDEO are available

STEEL SOLUTIONS INC,
RR 3 312A, Buckhannon, WY 26201 or P.O. Box 1128, Jackson, MS 39215

Phone: (304) 472-2668 Fax: (304) 472-3214

Computerized Structural Steel Detailing
Experienced Staff including licensed Professional
Engineers with many years of detailing experience.
30 years of service to steel fabricators and contractors.
R.A. GRESS & ASSOCIATES
176 Planebrook Road, Frazier, PA 19355
(610) 644-3250
FAX (610) 889-4836

Engineering Journal

The only technical magazine in the US. devoted exclusively to
the design of steel structures, the AISC Engineering Joumnal pro-
vides structural engineers, fabnicators, and educators with the lat-

est information on steel design. research and construction.

For a one-year subscription, send $15 o
American Institute of Steel Construction, Inc., P.O. Box
806276. Chicago, IL 60680-4124 or phone 312/670-2400

In Stock
Used Structural Fabrication Equipment
Anglelines, beamlines. drill lines, portable punches.
ironworkers, saws
Manual operation to full CNC systems
Buy. sell or trade one piece or entire plant—call or fax for
equipment list
HYDRA-TECH CO., INC,
(p) 314-938-5580 (fax) 314-938-6783

AISC Professional Membership

Receive a FREE Manual of Steel Construction and 25%
discounts on AISC publications, seminars and the National
Steel Construction Conference. In addition, be eligible to
serve on AISC Committees.

For more information, contact:
LeAnn Schmidt at 312/670-5432.

Advertisers' Index

Circle No.

Advertiser Page Number

RISA Technologies

St Lowds Screew & Bolt

Steed lonst Institute

58 / Modern Steel Construction / September 1994




.
.

THE FINEST IN STRUCTURAL ANALYSIS
AND DESIGN SOFTWARE
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I very easy fo learn and use, become o productive user in just one doy
I8 extremely fost, shortens the concept through design cydle
W most powerful on PC platform - 30 FEM, buckling, nonlinear, P-delto, dynamic,

3D moving loods, paramefric structures, phase constructions, US and foreign codes '
I8 buy the power you need, starts from S495 version - 150 node/3D plus plate elements It runs with
I casy payment plans for 1500 and 32500 node versions NetWare
M no risk, 30 doy money back guarantee

See for yourself. Have fun. Any questions? Call us. 1-800-60-ROBOT

Please circle # 51
DEMO AVAILA LING VERSION OF PROGRAM AND PRE-RECORDED EXAMPLES) OVER 1200 USERS WORLDWIDE. FOR MORE INFORMATION CALL 201-438-4915 OR FAX T0 201-438-7058

Address:
Tel
lam: 2 structural engineer, J archited, J educator, 1 dealer, ) other

- Please have o produd! specialist coll me 3 Pleose send more information

2 Please send working demo version (limited to 20 elements and 30 nodes), with recorded macros of real design examples. Enclosed is o check for 525 (plus
applicable Tax in NJ and NY). | have o system equal to or better than 3865X with math coprocessor, 3 4 MB 3 B MB RAM, 25 MB of free disk space, YGA monitor

Metrosoft, 332 Paterson Avenue, E. Rutherford, NJ 07073. Tel 201 438-4915, Fax 201 438-7058.

UK * Germany * ltaly  Belgium * Spoin * Portugal * Fronce ¢ Brozil * Lluxembourg * Polond ¢ Jordon * Meroco
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STATE OF THE ART

- SAP90 Bridge Analysis

Integrated Analysis and Design Software for Structural and Earthquake Engineering

=

For further information

Computers & Structures, Inc.

]r;nrr:j University Avenue Graphical User Interfc

HOImMIC

TEL: 510/845-2177
FAX:510/845-4096
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