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Is Northridge keeping you awake nights ?
‘ Y0* an now sleep soundly!
The

5 r;xoﬁa@ COLUMN - WEAK BEAM

concept is back -
and it's better than ever!

. 0 & 65 have a minimum CVN. 0 ft. Ibs at 70°F, 14"
Columns are avallable with AISC Sup.2, 20 Ibs at 70°F in the core area.

murm 0‘f65 ksi in the flange.
um Sulfur of 0.010% for improved

- 50 is available with a m

. ©1 is available with max
through-thickness properties.

. '3 Gradles 50 & 65 can be welded without preheating using a low
hydrogen electrode (<8ml/100gr).

¢ Today's low cost solution for seismic design incorporates the use of the
Y “Dog Bone” The “Dog Bone” was patented by AREED in 1989, but
in 1995 was released to public domain. Combining the “Dog
Bone” with A913 Grades 50 & €8 and a well designed
connection will provide the best seismic system for your

next project.
T
) J—JJ:—J"J‘ A
“f-lj;v;, & | 4917 is APPROVED BY:
NG % « AISC-1995 for ASD and LRFD
N N * UBC-September 1996

* D1 Main Committee
-September 1996

For detailed information, pricing, availability and V
literature, please contact Trade A REED, Inc. F
Tel: (800) 272-3369 Fax: (212) 355-2159 '

E-mail: tradearbed@arbed.com
Website Home Page: http:/Awww. rbhed.com
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The Industry’s Best Structural Engineering
Software has just become the
Most User Friendly ...

STAADR-TII

STAAD-III Release 22W Multimedia CD ROM. Redefining User Friendliness
for the Structural Engineers. Audio-visual movie clips to walk you through the
entire process of model generation, analysis/design commands, and result
verification/visualization. However complex your task is, expert help is just a

click away.

The Multimedia CD ROM also contains complete on-line manual. Forgot a
command syntax? Need to understand a theory? — just use the Search tool
on the Reference manual. Detailed Example and Verification problems cover
all aspects of the modeling, analysis, design, and verification process.

STAAD-IIl Release 22W introduces STAPLE, a unique script language that
allows you to create and integrate your own programs with STAAD-III. Easy-to-
JI use and easy-to-learn, STAPLE is the true equivalent of a structural engineers
|

operalting system.
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STAAD-lIl Release 22 Highlights
« STAPLE: STAAD-III script language — Complete access 1o

- i STAAD-II database, design customized displays and outputs
: - ::- « Solid Element Eight-noded, isoparametric 3D finite element
- e stand-alone or in combination with beam/plate/shell elements
. e « Compression-only members
' « Automatic Spring Support Generator for foundations
slrird = « Steel Design for Torsion -per AISC Pub. T114
g : « Enhanced Floor Load and Wind Load Generator
0 & « Enhanced Tapered Member Design
&l
& )
Free STAAD-IlIl Seminar
> RU— at a city near you ...

Seeing is Believing! Experience STAAD-III Multimedia version first
hand. The seminars will be held during February/March 1997, Please
contact Research Engineers for seminar schedule and reservation.

Headquarters: 22700 Savi Ranch, Yorba Linda, CA 92887-4608 Toll Free: (888) 4-STAAD3 Fax: (714) 974-4771
* e-mail: info@reiusa.com Internet: http://www.reiusa.com
& Rescarch Engineers, Inc.  uUs Eastern Region: 865 Tumnpike St., North Andover, MA 01845 Ph: (508) 688-3626 Fax: (508) 685-7230

“ USA

. UK . Germany . France . Canada « Japan « China . Korea . Singapore . Norway . India
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During the past few months, many readers
have probably noticed (I hope!) increased
coverage of bridges and steel bridge
issues in Modern Steel
Construction. Every issue
since October has had a
bridge feature and we've
added Bridge Crossings as a
monthly department. |
hope everyone is enjoying
the added bridge coverage
and I'd love to hear your
reaction (fax: 312/670-
5403; email:
melnick@aiscmail.com).

Much of this change has
been spurred by the National Steel
Bridge Alliance, a division of AISC that
acts as the “umbrella” organization for all steel
bridge related activities in the U.S. Participants
include steel producers, fabricators, owners,
designers, general contractors and erectors—essen-
tially everyone who has any interest in designing
and building steel bridges. It’s mission is to
increase steel bridge market share through mar-
keting, improving technology, education and leg-
islative action—and its staff helps to develop arti-
cles on bridge design and construction for MSC.
For more information on the NSBA, contact Arun
Shirole, executive director (ph: 612/537-7073; fax:
612/537-4997; email: shirole@aiscmail.com).

The NSBA is actually symbolic of the direction
AISC has been taking of late. Just as the NSBA
serves to bring together disparate groups with a
common interest in bridges, AISC has of late been
endeavoring to do the same for all aspects of struc-
tural steel design and construction. For example,
AISC has started to work more closely with AWS
on welding issues, particularly for seismic design
and for developing standards for welds on architec-
turally exposed steel.

Perhaps the most
involved joint effort, howev-
er, has been with the Steel

Tube Institute and AISC.
This summer AISC will pub-
lish, in cooperation with STI

and the American Iron and
Steel Institute, a new tube man-

ual. The HSS Connections
Manual will be the definitive work
on designing with hollow structural
sections. In addition, AISC will offer
a special short course on HSS

Connections after this year’s National

Steel Construction Symposium in Chicago
(May 7-9 with the short course on May 10;
to receive more information, call 800/787-

0052, ext. 120 or point your favorite web brows-
er to AISC’s homepage at http://www.aiscweb.com).

And speaking of the NSCC, its another example
of AISC trying to bring together different elements
of the steel industry. Co-sponsors include:
American Galvanizers Association; AISI; ASCE;
AWS: Canadian Institute of Steel Construction;
Construction Industry Institute; CASE; Edison
Welding Institute; Mexican Institute of Steel
Construction; National Erectors Association;
National Institute of Steel Detailing; Steel Deck
Institute; Steel Erectors Association of America;
Steel Joist Institute; Steel Plate Fabricators
Association; Steel Service Center Institute; Steel
Structures Painting Council; and Steel Tube
Institute of North America. And this year’s NSCC
will feature tracks on engineering, engineering
management, erection, fabrication, and welding.

Scotr Melnick
Editor & Publisher

Who's Who at MSC Advertising in MSC AISC Officers
Editor & Publisher: Scott Melnick Account Manager: John B Chairman: Robert E. Owen
ph: 312/670-5407 ph: 847/699-6049 e 1st Vice Chairman: Robert D. Freeland
email: melnick @ aiscmail.com fax: B47/699-8681 2nd Vice Chairman: Robert G. Abramson
email: jabber10@ix.netcom.com Treasurer: Jerry Milligan
Exec. Editor: Patrick M. Newman, P.E. Secr. & Gen. Counsel:  David Ratterman
ph: 312/670-5417 Advertising Offices:
email: newman @aiscmail.com 2400 E. Devon Ave., Suite 267 President: H. Louis Gurthet, P.E.
Sr. Tech. Advisor: Charlie Carter, P.E. Des Plaines, IL 60018 )
ph: 312/670-5414 Vice President; Morris Caminer
email: carter @aiscmail.com To receive a media kit, call, fax or email | (Finance & Administration)
Sr. Tech. Advisor: Jacques Cattan John Byme Vice President: Nestor Iwankiw, P.E.
ph: 312/670-5430 (Engineering & Research)
email: cattan @aiscmail.com or view advertising information on AISC's 1
mmmm‘uo'w""“' Dr. 3100 One East Wacker Dr., Suite 3100
Chicago, IL m”“‘,_mbs‘“, - http://www.aiscweb.com Chicago, IL 60601-2001
fax: 312/670-5403 D
; fax: 312/670-5403
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ifety Steel, Victoria, Texas
Imagine...a software system that automatically gives you:

*Shop Drawings eLabor for Estimating
*CNC Data for Shop Equipment  *Ordering & Inventory Data
*Connection Design Calculations e Revision Management
*Job, member status and much more
With SDS/2 imagination becomes reality. You get details, estimates and
ordering information on every piece of steel in the job—right down to the nuts,
bolts and washers. SDS/2 is the only comprehensive software system for every
phase in the steel industry. With SDS/2, each phase of a project creates and stores
information that is integrated and utilized in the next project phase, eliminating
costly data re-entry time. Project schedules, job status, drawing submittal/
approval and erection planning can all be easily done using SDS/2. Whether
you are an owner, engineer, fabricator or detailer, you will be able to see the
money saving benefits of using SDS/2.
Don't leave anything to the imagination on your next project. Call today for
more information or to set up your own personal demonstration of the SDS/2
products that include:

ms Estimating meCNC Interface msEngineering Design
mu Production Control mmDetailing ma DesignLINK

PESATA LI

“First in...software, solutions, service”
402-476-8278 or 1-800-443-0782
Please circle # 32 e-mail: info@dsndata.com




Something The Competition Just Can’t Compute.

Fully Inegrated wirh RAMSTEEL Once again we have come up with something RAMFRAME

tor Grravity Load Framing Design the COMPEtion just ¢ an't compute, Integrated 31 Fomte Element Analys

While any 31 seructural software will get you to nwd Lkighfor Buildings

£ — a soluton, RAMFRAME  will got you there inoa e ——e—

fraction of the tme by automating the most tme

consuming design tasks for structural engineers.
Modern Steel Construction Magazine's 1996
Annual Software  Survey rated  Ram Analysis’
software FHGHEST in the industry overall.
Find out why more and more structural
enginecrs are turning to Ram Analysis,

T e e e e o o8

Please circle # 81

‘ Ram Analysis « 5315 Avenida Encinas  Suite 220 » Carlsbad  California » 92008 « 800-726-7789  Telephone 619-431-3610 » Fax 619-431-5214
. [



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

INTERCHANGE

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, Inc. 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 800/644-2400.

* # * * Questions and answers can now be e-mailed to: newman@aiscmail.com * * * *

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

Are there any published design aids or cri-
teria for the design of a bolted moment ridge
splice connection similar to the one shown? If
not, would the tee stem analogy be an accept-
able alternative to designing the plate thick-
ness for the connection?

(Editors note: This question was also answered in

the January 1997 issue of Steel Interchange)

When the angle between the rafters is relative-
ly flat, the ridge connection can be treated as

RIDGE CONNECTION |

e 1

an extended end-plate moment connection,
Allowable Stress Design (ASD) procedure and Load
and Resistance Factor Design (LRFD) procedure
can be found in the AISC Manuals. Also AISC
Steel Design Guide Series No. 4, Design Guide for
Extended End-Plate Moment Connections, by
Thomas Murray provides comprehensive informa-
tion on this topic.

Wing Ho, P.E.

CU/H2A, Inec.

Princeton, NJ

Another answer:

here are several publications which could be
used as references for the design of a bolted
moment ridge splice, they are as follows:

Page 7-239 to 7-244 of Structural Engineers
(S.E.) License Review Manual, Volume 3, 4th
Edition published by PEDP (Professional
Engineers Development Publications, Inc., ph:
714/898-3658; fax: 714/898-4635) has a solution to
a problem which is similar.

The AISC Steel Design Guide 4, Extended End-
Plate Moment Connections, by Thomas Murray; the
2nd edition of the LRFD Manual of Steel
Construction, Volume 2 Connections on pages 10-21
to 10-35 for the design of end-plate moment con-
nections; and, pages 856-860 of Steel Structures:
Design and Behavior, 4th Edition by C.G. Salmon
and J.E. Johnson, published by Harper-Collins.

The last three publications can be purchased
through AISC.

Timothy M Young

Cumberland, VA

Is it permissible to accelerate cooling of
structural steel after the application of con-
trolled heat?

ecause the maximum temperature permitted

by LRFD Specification Section M2.1 for heat
straightening, curving, or cambering is below any
critical metallurgical temperature for the material
being heated, the use of compressed air, water
mist, or a combination thereof is permitted to
accelerate the final cooling of the heated material,
unless specifically prohibited in the bid documents.
For members to be used in dynamically loaded
(bridge) applications (i.e. where fatigue and tough-
ness are design issues) it is recommended that

Modern Steel Construction / February 1997/ 9




STEEL

such accelerated cooling not begin until the tem-
peraure has dropped below 600 degrees F. This
limitation is more historical than technical in
nature. As a fair balance between the needs of the
fabricator and the concerns of the owner, it pro-
vides an added safeguard to prevent the abuse of
excessive cooling and undesirable residual stresses
should accepted procedures not be strictly moni-
tored.

When must high-strength bolts be ordered
as a bolt/nut assembly from a single manufac-
turer?

(Editors note: This question was also answered
in the December 1996 issue of Steel Interchange)

igh strength bolts and nuts are not required to
be manufactured by the same manufacturer,
in fact, a number of manufacturers make only the
nuts or bolts. The lubrication and testing of the
assemblies noted in the December 1996 Steel
Interchange answer are done after the bolts and
nuts are brought together as assemblies for ship-
ping to assure that the assemblies will provide the
requried tension when installed.
Gerald E. Schroeder, P.E.
Federal Highway Administration
Columbia, SC

How can one evaluate the strength of a
girder or column web or HSS wall with a sin-
gle-plate connection or stiffened seated con-
nection welded to it?

When such connections frame back-to-back on a
girder or column web, the designer need only
consider the total end reaction of the connections
and ensure that the shear strength of the support-
ing material is adequate; any incidental eccentrici-
ty will be transferred through the support rather
than into it, due to the higher relative stiffness of
the framing beams. When framed to one side of the
web, however, the concerns exist that the web may
vield locally, reduce the column strength due to
lacal deformations, or punching shear limit state
may control.

Sherman and Ales in a 1991 National Steel
Construction Conference presentation demonstrat-
ed that local yielding of the support was not a con-
cern due to the self-limiting nature of simple con-

10/ Modern Steel Construction / February 1997 v
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nection end rotation and that member strength
was unaffected by the associated local deforma-
tions. This same research indicated that punching
shear may be of concern for relatively thin support-
ing material thicknesses. Accodingly, it is recom-
mended that the minimum supporting material
thickness be:

Thus, for A36 plate material, the minimum sup-
port thickness is then 0.52t, for A36 supporting
material and 0.72t, for A572 Gr. 50 supporting
material; for A572 Gr. 50 plate material, the mini-
mum support thickness is 0.46t, for A36 support-
ing material and 0.64t; for A572 Gr. 50 supporting
material. These minimum thicknesses would also
be applicable to a welded plate tension connection
(uniform stress distribution). However, for can-
tilevered bracket connections, which do not have
self-limiting rotations; yielding must also be
checked.

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 Construction, One East Wacker Dr.,
Suite 3100, Chicago, IL 60601-2001. Questions can also be sent via e-
mail to newman@aiscmail.com.

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

Recently, I contacted several companies
with inquires regarding nut couplings for
connecting two pieces of 1'4” diameter galva-
nized A36 anchor bolts. Virtually no informa-
tion pertaining to safe working load; catalog
cuts showing size, shape and threaded
dimension; or, ASTM material is available to
the structural engineer from the nut and bolt
industry. Please advise me of information
sources.

Timothy E. Donovan, P.E.

North Weymouth, MA

Are special tolerances required to accom-
modate the cladding on structural steel
frames.

When are notch toughness properties
required for structural steel members.




Lots of Avenues.
One Decision.

Thuu»ln\]\ pass over Michigan Avenue’s historic steel

bridge to visit Chicago’s Magnificent Mile for the best
shops, galleries, and restaurants. Your best bridge to
steel innovation this year is the National Steel
Construction Conference. The decision is simple,

come see what we have to offer.

http://www.aiscweb.com
‘@ s st e 75— fawback Service: 1,.800.781,0052, ext.110
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TEEL QUIZ, A MONTHLY FEA- s
STURE IN MODERN STEEL QUESTIONS‘
CONSTRUCTION, allows you
to test your knowledge of steel 1.
design and construction.Unless
otherwise noted, all answers can
be found in the LRFD Manual of
Steel Construction. To receive
a free catalog of AISC publi- 2.
cations, circle #10 on the
reader service card in the
back of this magazine.

Visually, how can one distin-
guish between Type 1 and
Type 3 ASTM A325 high-
strength bolts?

LRFD Specification Section
A2.2 permits some inelastic,
but self-limiting, deforma-
tion of a structural steel
part. Which of the following

Custom Tubular Sections
Made To Your Specific

Shapes & Sizes

EXCELLENT TORSIONAL
PROPERTIES

A7

ASTHETICALLY
APPEALING

LARGE SIZES

14° TO 30

't
SQUARES
.
RECTANGLES
PROPERTIES TAILORED EXCELLENT HEAVY WALL
TO SPECIFIC M COLUMN STRENGTH THICKNESS 38" 58"

W Sizes up to 30" square
N No minimum order size

W Section properties
available on request

P m— — — — — — — — — — — — — — — — — — st o S e e

VALMONT TULSA+*F.0. BOX 2620 TULSA, OKLAHOMA 74101
ATTN: GARY HANEY+ CALL TOLL FREE: 1-800-331-3002
Please send additional information about custom tubular sections.

NAME TITLE
FIRM

ADDRESS

CITY STATE
PHONE ZIP

Please circle # 30
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connection elements could
not be considered a self-lim-
iting case?
a. shop bolted/field bolted
double angles
b. a shear end plate
c. the stiffener in a stiff-
ened seated connection
d. a shop welded/field bolt-
ed single angle

3. In the AISC Specification,
beams and their connections
are designed to have equiva-
lent reliability, True or
False?

4. Describe undercut and over-
lap in a fillet-welded joint.

5. Can crane rail be obtained
end-hardened and heat-
treated?

6. When steel is specified to be
painted without indication of
required surface preparation
method, what surface prepa-
ration is used?

7. What is the nominal thick-
ness of an ASTM F436 circu-
lar washer?

8. What is a W610x82?

9. Where will the 1997 AISC
National Steel Construction
Conference be held?

10. When checking an I-shaped
beam for local flange buck-
ling (LRFD Specification
Appendix F, Table A-F1.1),
the term £_is used, which is
a function of the beam web
slenderness ratio h/t,. Why
is flange local buckling
affected by the web slender-
ness?

Send Steel Quiz Questions &
Answers to Charlie Carter,
AISC, One East Wacker Dr.,
Suite 3100, Chicago, IL 60601-
2001; fax: 312/670-5403.

To receive a copy of the 1997
AISC Publications List,
please call 800/644-2400 or fax
312/670-5403.

Continued on page 16




IF you think LZINC is only a vitamin supplement,
THINK AGAIN

Much more ZINC is used to protect steel structures against corrosion.

Ceranuc Lined Kettle” destgned ex
work. This provides an incredibly “clean”
threaded galvanized material.

d fastener operation is our V&S Cattie

a, PA. with years of experience and
s plant will put out the finest quality

.f“ Ivanizing Facility has been set
W locntion, which specialized
: ents.
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BRIDGE FATIGUE MYTHS

By Dennis R. Mertz, P.E., Ph.D.

Categorizing Details: What if a detail
experiences no applied tension?

Many times, engineers look at welded steel bridge
details, either on contract drawings or on actual bridge
members, and categorize the details into one of the
AASHTO-specified detail categories, A through E’, based
merely on the detail’s geometry. However, such catego-
rization is premature. The detail must be expected to
experience applied tensile stresses due to the specified
design loads before they should ever be considered as a
fatigue-sensitive detail and labeled as one of the AASH-
TO detail categories.

This fact is inherent to all of the AASHTO specifica-
tions, yet even learned steel experts can become con-
fused by information beyond that contained in the speci-
fications. For example, knowing that residual stresses
play an important role in the performance and design of
fatigue-sensitive details, even experts have suggested
restricting the use of what they deem to be fatigue-sensi-
tive details, even if the detail does not experience tensile
stresses due to he design loads. This misinterpretation of
the specifications results because they know that resid-
ual stress due to welding are tensile near the detail.

Residual stresses are very localized. These locked-in
stresses may cause cracking in a very localized region
near a weld, but these cracks will not grow if the applied
stresses do not include a tensile component.

With the 1974 Interim AASHTO Specifications, the
AASHTO Standard Specifications for Highway Bridges
no longer considered details that experienced only fluctu-
ating compressive stresses for fatigue design. In
National Cooperative Highway Research Program
(NCHRP) Report 147, which reported on one of the
research efforts that formed the basis of the interim
specifications, Professor John W. Fisher of Lehigh
University observed:

“Failures occurred due to destruction of the primary
tension flange of all beams with details subjected to ten-
sion-tension and partial reversal of stress. Crack growth
also was observed in the compression flange. However,
the growth arrested after the cracks grew out of the ten-
sile residual stress region unless there was a reversal of
stress. There were no failures when the flange was sub-
jected to a compression-compression stress cycle.”

In the current edition of the Standard Specification
for Highway Bridges, 16th Edition, details to be consid-
ered for fatigue are tabularized in Table 10.3.1B. In this
table, one column is defined as “Kind of Stress.”

14 / Modern Steel Construction / February 1997
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Practical Information For The Bridge Industry

Examination of this column reveals that no entry for
details subjected to compressive stresses alone, only
those experiencing a range in tensile stresses or reversal
of stresses involving both tension and compression dur-
ing the stress cycle, are considered for fatigue.

The LRFD Bridge Design Specification, First Edition,
is more explicit in their deseription of the application of
the fatigue provisions. In Article 6.6.1.2.1, the provisions
state: “These provisions shall be applied only to details
subjected to net applied tensile stress.” In other words,
only if during the passage of a truck the detail is antici-
pated to cycle into tension due to the net applied stress-
es—both due to dead load and live load—is the detail
considered for fatigue.

Designing for Fatigue: How many
cycles are enough, or is a bridge’s
fatigue life gone after 2 million cycle?

A typical fatigue-resistance curve, in log-log space, is
shown in Figure 1. The sloping portion of the curve rep-
resents the finite-life fatigue resistance. Along this part
of the curve, for a given stress range, a corresponding
finite life defined by the curve is anticipated. The dashed
horizontal portion of the curve represents the infinite-life
fatigue resistance. If all of the stress ranges experienced
by a detail are less than the stress range defined by the
horizontal line, it is anticipated that the detail will not
crack. The dashed horizontal portion of the curve is
called the constant-amplitude fatigue threshold.

Ignoring, for the moment, the constant-amplitude
fatigue threshold, the curve can be thought to represent
the locus of points of equal fatigue damage, as shown in
Figure 2. Anywhere in the region to the left of the curve,
the steel detail is considered safe (the term “uncracked”
would not be appropriate, as all materials contain very
small flaws). Anywhere in the region to the right of the
curve, the steel detail is considered cracked (the term
“unsafe” would not be appropriate as the cracks may be
smaller than the critical size). Anywhere along the
curve, the details would experience equal fatigue dam-
age (simplistically thought of as having a crack size
equal to the size used to define cracking). This equal
amount of fatigue damage accumulates faster (in less
numbers of cycles) at higher stress ranges, and slower
(in more numbers of cycles) at lower stress ranges. In the
end, however, the damage is considered equal anywhere
along the curve despite the magnitude of the stress
range.

Table 10.3.1A of the Standard Specifications repre-
sents fatigue-resistance curves for all of the fatigue cate-
gories, A through E’. The allowable stress ranges for
more than two million cycles are the constant-amplitude
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Typical Fatigue-Resistance Curve

— ——
w
@
o
£ cracked
» safe
: |
®

number of cycles J
Flgure 2:
Graphical Representation of Fatigue Damage

fatigue thresholds. The differences in the values for
redundant and non-redundant bridges represent the dif-
ferent consequences of cracking in redundant versus
non-redundant bridges. The codewriters attempted to
arbitrarily increase safety against fatigue in non-redun-
dant bridges. The allowable stresses for redundant
bridges are the laboratory-derived values.

The LRFD Specification includes an equation to
define fatigue resistance of each fatigue category
(Equation 6.6.1.2.5-1). When 100,000, 500,000 and two
million cycles are plugged into the general equation in
the LRFD Specification, the allowable stress ranges for
redundant bridges in the Standard Specifications result.
Further, the constant-amplitude fatigue thresholds
given in Table 6.6.1.2.5-1 of the LRFD Specification are
equal to the allowable stress ranges for more than two
million cycles in the table for redundant bridges in the
Standard Specifications.

Thus, the specified resistances of the Standard
Specifications and the LRFD Specification are identical,
with the exception that the LRFD Specification treats
redundant versus non-redundant bridges differently.

The true differences between the two specifications lie
on the load side of the equation. Since the curve shown
in Figure 2 represents equal fatigue damage, the two
specifications are comparable is their respective magni-
tudes of stress range and cycles yield equal fatigue dam-
age on the curves, which are common to each specifica-
tion.

The codewriters who developed the fatigue provisions
of the Standard Specifications did not want to require
that designers deal with a loading specific to fatigue.
They used multiple HS20 truck and lane loads for the
fatigue checks, just as these loads are used for strength
considerations. Knowing that these are fictitiously high
loads for fatigue, the codewriters specified that a ficti-
tiously low number of cycles be considered for fatigue.
The higher resultant stress range in conjunction with
the lower than actual number of cycles results in fatigue
damage comparable to the actual bridge. This fictitiously
low number of cycles has led to confusion.

The codewriters who developed the fatigue provisions
of the LRFD Specification wanted the number of cycles
for the fatigue check to be realistic so bridge evaluators

could better comprehend the actual remaining life of a
bridge in comparison to the number of cycles used for
design. Instead of designing for, say, two million cycles,
the designer will consider of tens of millions of cycles
when designing to the LRFD Specification. Thus, a new
load was required for fatigue: 75% of a single HS20 truck
(or an HS15 truck) with a fixed rear-axle spacing of 30"
This load is representative of all the trucks that will
cross the bridge during its life. Theoretically, if every
truck that crossed the bridge during its life—both those
heavier and those lighter than the fatigue truck—was
replaced by the fatigue truck, fatigue damage equal to
the actual fatigue damage would result. The stress
ranges resulting from the new fatigue load, in conjunc-
tion with the higher, more realistic number of cycles,
yields comparable fatigue damage as the Standard
Specifications, yet will not lead evaluators to believe that
the fatigue life is over after two million trucks have
crossed the bridge.

Dennis R. Mertz, P.E., Ph.D., teaches bridge design at
the University of Delaware. He is the primary author of
the fatigue provisions of the AASHTO LRFD Bridge
Design Specifications. Mertz currently is studying the
simplification of the design provisions for steel I-girder

bridges.

NATIONAL STEEL BRIDGE ALLIANCE
One East Wacker Dr., Suite 3100

Chicago, IL 60601-2001

ph: 312/670-2400 » fax: 312/670-5403

The mission of The National Steel Bridge Alliance (NSBA),
which was formed in 1995, is to enhance the art and
science of the design and construction of steel bridges. Its
activities include organizing meetings, conferences and
national symposia, conducting the Prize Bridge Awards
competition, supporting research, developing design aids,
and providing assistance to bridge owners and designers.
The NSBA membership includes representatives from all
aspects of the steel bridge industry.
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ANSWERS:

1. From ASTM A325 Section 16,
Type 1 bolts are marked “A325” and
Type 3 bolts are marked “A325”; the
underline distinguishes Type 3 bolts.
Note that Type 1 bolts may also be
marked with three radial lines 120
degrees apart at the manufacturers
option.

2. ¢. Deformations in many shear
connections such as double angles,
shear end plates, and single angles
are most often limited by the simple
beam rotation of the supported
member. Deformation of the stiffen-
er in a stiffened seated connection,
however, would not be so limited.

3. False. In the LRFD Specification,
connection limit states generally uti-
lize a resistance factor of 0.75, while
beam design limit states generally
utilize a higher resistance factor of
0.9. Therefore connections have a
higher reliability. This is historically
consistent with the ASD
Specification, which generally uti-
lizes a factor of safety of 2 for con-

nection limit states and % for beam
design limit states.

4, Undercut is a notch (recess) into
the base metal that results from the
melting and removal (or shifting) of
base metal at the toe of the fillet
weld. Overlap is a notch that results
when weld metal protrudes over
unmelted base metal at the toe of
the fillet weld; this obscures the
fused leg dimension because there is
no good way to determine where the
overlap stops and the fusion begins.
These and other fillet weld profile
concerns are addressed in AWS
D1.1-96 Section 5.24. Special thanks
to E.M. Beck of Law Engineering for

contributing to this answer.

5. No. Crane rail can be obtained
end-hardened OR heat-treated, but
not both because heat treating
relieves the end hardening and vice
versa.

6. From AISC Code of Standard
Practice Section 6.5.2, “In the
absence of other requirements in the
contract documents, the fabricator
hand cleans the steel of loose rust,

loose mill scale, dirt and other for-
eign matter, prior to painting, by
means of wire brushing, or by other
methods elected by the fabricator, to
meet the requirements of SSPC
SP2."

7. The nominal thickness is %" for
the typical range of bolt diameter
used in buildings.

8. It is the metric equivalent of a
W24x55. The full listing of metric
shapes is available in AISC’s Metric
Properties of Structural Shapes,
which includes a cross-reference
between US customary and metric
shape designations. A rough conver-
sion can always be made as follows:
dividing the 610 mm nominal metric
depth by 25 yields about 24”; divid-
ing the 82 kg mass per meter by 1.5
yields about 55 lbs. per ft. Thus
W610x82 equdlq W24x55.

9. In Chicago, IL (May 7-9, 1997).
10. The web of an I-shaped beam

provides some limited restraint to
the flange that is tending to buckle.

ATTENTION T0 DETAILL

Computer Detailing Systems, Inc. introduces
a state of the art structural steel detailing
system which allows fabricators and detailers
to meet the demands of the future with the
ability to generate connection calculations,
download to CNC equipment and interface with
major design firms through the Steel Detailing
Neutral File
A practical, flexible system requiring minimal
training, CDS is capable of producing intelligent
3D models, floor plans and elevations as well
as shop drawings of unsurpassed quality using
your standards and paper
CDS is currently used by fabricators and detailers
throughout the US and in Canada

Gomncl COMPUTER DETAILING SYSTEMS
diy FOR A FREE INFORMATION PACK,

Computer Detailing Systems, Inc. + 7280 Pepperdam Avenue * Charleston, South Caroline 29418 « (B03)552-7055

Please circle # 63
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AISC Quality
Certification

The Quality Certification
Program now includes more
than 350 fabrication shops—

with certified fabricators in

every state plus several foreign
countries.

For a current listing of Quality
Certified Fabricators, including
the category of certification,
addresses and phone numbers,
check out AISC's web page at:

http://www.aiscweb.com

Or call 312/670-5435 for more
information or a list of
Certified Fabricators
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' outperforms bare steel tubing
KLEENKOTE is the material of choice to improve
ﬂ productivity and create savings that go straight to your

bottom line.
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: KLEENKOTE  STORES OUTSIDE LONGER
: KLEENKOTE has an average .5 mil coating that
| stands up to the elements longer than bare tubing

WELD SPATTER BRUSHES CLEAN

How would you like to simply brush away weld
spatter with a wire brush? No grinding. No chemical
solvents. No problem. KLEENKOTE ™ brushes clean
and is ready to go.

PAINTING MATERIALS AND PREPARATION
COSTS ARE REDUCED

Reduces primers, paint and labor costs. In many
cases KLEENKOTE ™ pays for itself with savings from
the painting process.

ALLOWS FOR EASIER CLEANUP
KLEENKOTE reduces the need for dangerous
chemical solvents or expensive grinding

SEE FOR YOURSELF

Welded Tube Company of America, the developer of
KLEENKOTE, has conducted a series of time and
motion studies that prove each of the above benefits
The research is conclusive: KLEENKOTE can save
you time and money versus bare steel tubing

See how you can benefit. 7'[”
Call or fax us and we will send " &
you the time and motion studies 0

that show how you can £, IO”

save with KLEENKOTE".

Welded Tube Company Of America

1855 East 122nd Street
Chicago, IL 60633
Call Toll Free 800-733-5683 [ &velded Tube
FAX 773-646-6128 i)
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KLEENKOTE"

The material of choice.
Savings that show up on your
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In recent months there
have been reports to
AISC indicating the
potential for crack initia-
tion at, or near, connec-
tions in the “k" area of
wide flange rotary
straightened members.
The “k” area is the
region extending from
approximately the mid
point of the radius of
the fillet into the web
approximately 1 to 1'%
inches beyond the point
of tangency between
the fillet and web. Most
of the incidents
occurred at highly
restrained joints with
welds in this area. To
gather further informa-
tion, AISC’s Research
Subcommittee on
Shape Material and
Design conducted a
workshop on January
8-9, 1997 to systemati-
cally review concerns
that had been raised.

— Nestor Iwankiw
Vice President
Engineering &
Research
American Institute
of Steel
Construction, Inc.

18 / Modern Steel Construction / February 1997

AISC Advisory Statement on Mechanical Properties
Near the Fillet of Wide Flange Shapes
and Interim Recommendations
January 10, 1997

Welding of highly restrained joints, such as those associated with continuity
plates and/or doubler plates in columns, induces residual stresses in steel
members. It is generally understood that steel is not entirely homogeneous,
and that variations in mechanical properties exist. In addition to normal varia-
tions, the process of mill rotary straightening alters the mechanical properties
by cold working (strain hardening) in the “k” area. Material variations in the “k”
area may include: a reduction in ductility and toughness (in some cases Charpy
V Notch toughness below 5 ft-lbs at 70° F); an increase in hardness, yield
strength and ultimate strength; and an increase in the ratio of yield to ultimate
strength. Such variations have been reported in material from all steel making
practices, both domestic and international sources of rotary straightened
shapes.

Based on the review conducted at the AISC January workshop, the number of
examples reported has been limited and these have occurred during construc-
tion or laboratory tests, with no evidence of difficulties with steel members in
service.

The AISC Research Subcommittee on Shape Material and Design continues to
evaluate all submitted concerns in order to recommend necessary research,
and will take appropriate action. In the interim AISC recommends the following
fabrication and design practices for rolled wide flange shapes:

* Welds should be stopped short of the “k" area for transverse stiffeners (conti-
nuity plates).

= For continuity plates, fillet welds and/or partial joint penetration welds propor-
tioned to transfer the calculated stresses to the column web should be con-
sidered instead of complete joint penetration welds. Weld volume should be
minimized.

* Residual stresses in highly restrained joints may be decreased by increased
preheat and proper weld sequencing.

* Magnetic particle or dye penetrant inspection should be considered for weld
areas in or near the “k” area of highly restrained connections after the final
welding has completely cooled.

* When possible, eliminate the need for column web doubler plates by
increasing column size.

Good fabrication and quality control practices, such as inspection for cracks,
gouges, etc., at flame-cut access holes or copes, should continue to be fol-
lowed and any defects repaired and ground smooth. All structural wide flange
members for normal service use in building construction should continue to be
designed per AISC Specifications and the material furnished per ASTM stan-
dards.

AISC will issue further information on this subject as it becomes available.
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1/800/526-1031
10300 SE Jennifer
Clackamas, OR 97015
Use our Toll free fax:
1/888/656-1985

Design and Detailing of Steel Connections
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For more information contact:

OMNITECH ASSOCIATES
(888) 8-DESCON or (510) 658-8328 Fax: (510) 595-0373
http://www.desconplus.com omnitech@desconplus.com

News Briefa....

Bridge Strengthening
Symposium

The Second Symposium on
Practical Solutions for Bridge
Strengthening and Rehabilitation will
be held at the Westin Crown Center
Hotel in Kansas City on March 25-27.
The Symposium offers the latest ideas
and research on practical ways to deal
with the nation’s many deficient
bridges. Papers will be presented by
engineers from consulting firms, gov-
ernment agencies and academia, all
with an emphasis on practical solu-
tions. The Symposium is organized by
lowa State University under grants
from the NSF and FHWA in coopera-
tion with HNTB and the Missouri DOT.

Topics include: Seismic Retrofit in
Moderately and Marginally Seismic
Areas; Rehabilitation of Long Span
Bridges; Rehabilitation/Strengthening
of Short/Medium Span Bridges; New
Materials for Repair and
Rehabilitation; New
Strengthening/Rehabilitation
Techniques for Railway Bridges; and
New Strengthening/Rehabilitation
Procedures.

Registration fee is $175 through
March 1 and $200 thereafter. For
more information, please contact
Professor F.W. Klaiber, Department of
Civil and Construction Engineering,
lowa State University, Ames, IA,
50011 (ph: 515/294-8763; fax:
515/294-8216; email: klaiber @ias-
tate.edu).

Fire Safety In Steel
Structures

BHP Steel, the leading steel pro-
ducer in Australia, is offering five free
publications on Fire Testing in Steel
Structures.

Open-Deck Car Park Fire Tests
documents research to determine the
structural behavior of open-deck steel
parking structures during fires to
determine if fire protection of such
structures is necessary. The work
described in this report is the basis for
changes to the Building Code of
Australia, which allows the use of
unprotected structural steel members
of appropriate size.

Fire and Unprotected Steel in
Closed Car Parks considers fires in
enclosed parking structures. Fire tests
were conducted in both sprinklered
and non-sprinklered parking structures
and it was found that a minimum
sprinkler system was effective in extin-
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Curved & Straight

Steel Bridge Design
ASD LFD LRFD

Serious Design Power On Your PC

Complex Grid & Roadway Geometry
Influence Surface or Influence Line Approach
Powerful Nonprismatic Girder Optimization
Plate Girders, Box Girders, Rolled Shapes
Integrated Girder & Bracing Design
English/Metric Hard Conversion

MDX software

www.mdxsoftware.com

Free Phone (573) 446 3221 30-Day
Demos Fax (573)446 3278 Trials

WE BEND

STRUCTURAL STEEL

Our exclusive bending technologies give us the capabilities to bend heavy
angles, bars, beams, channels, rails, tees, tubing and pipe shapes to
demanding structural specifications. In addition, we can cut, forge, punch,
thread and weld steel. We are constantly developing our skills to change
the shape of steel and assure our customers of close tolerances,
saving them time in inspection and fit-up. When you need prompt, accurate,
competitive quotations and on time delivery..TAKE IT TO THE MAX!

s

VERTICAL OFFSETS
ELLIPTICAL SHAPES

CIRCLES OR SEGMENTS
WITH OR WITHOUT TANGENTS

MAX WEISS CO, INC. 8625 W BRADIEY ROAD MIWALKEE W 53224
TELEPHONE: 414-355-8220 MAX FAX: 414-355-4698

News Briefs....

guishing and controlling fire and there-
by limiting the amount of smoke. This
report also resulted in changes in the
Building Code of Australia.

Fire Safety in Carparks summa-
rizes the tests done on both open-
deck and enclosed parking structures.

Fire in Mixed Occupancy Buildings
demonstrates that provided there is
adequate separation between two
enclosures (with different occupan-
cies), the effect of fire in each enclo-
sure depends on the characteristics of
the particular occupancy under con-
sideration. Tests also reveal the effect
of fire in one enclosure is more likely
to be felt in the enclosure above than
in the one below.

Fire in Offices describes two early
fire tests conducted on a small office
enclosure. The tests were conducted
without the use of sprinklers; however,
in one test the fire was extinguished
by turning on a sprinkler head after
flashover had taken place.

To receive copies of these publica-
tions, write: BHP Steel Direct, Locked
Bag 8825, South Coast Mail Centre,
NSW 2521 AUSTRALIA or fax 02-
9955-5406.

Managing Projects In A
Global Market

The American Society of Civil
Engineers will host Construction
Congress V: Managing Engineered
Construction in Expanding Global
Markets, October 5-7 in Minneapolis.
The congress will include six tracks:
Trends in Mechanical and Electrical
Construction; Innovative Underground
Construction Technologies; Practical
Computer Applications and
Technologies; Changing Delivery
Systems; Emerging Global
Opportunities; and Modern Residential
Construction.

For more information, contact:
Jeffrey S. Russell, Steering
Committee Chair, 2304 Engineering
Hall, 1415 Engineering Dr., Madison,
WI 63706.

Painting Conference

The Steel Structures Painting
Council will hold the 1997 Compliance
in Industrial Painting Conference
March 1-5 in Stamford, CT. Among
the topics covered will be VOCs in
traffic marking paint, solvent hazards,
work in confined spaces, waste dis-
posal, scaffolding and protection, and



-

lead paint abatement,

For more information, contact Dee
Boyle at SSPC (412/281-2331).

Composites Conference
Seeks Abstracts

The Second International
Conference on Composites in
Infrastructure ICCI'98 will be held Jan.
12-14, 1998 in Tucson. The confer-
ence is sponsored by the National
Science Foundation, University of
Arizona and many other organiza-
tions. Abstracts must be submitted by
Feb. 15, 1997 to: Engineering
Professional Development, University
of Arizona, Box 9 Harvill Building,
Room 235, P.O. Box 210076, Tucson,
AZ 85721-0076 (ph: 520/621-5104,
fax: 520/621-1443; email: baltes @ big-
dog.engr.arizona.edu).

Earthquake Resistant
Structures

The second volume of
Computational Mechanics series of
books on Advances in Engineering is
now available. “Earthquake Resistant
Structures” contains the proceedings
of the First International Symposium
on Earthquake Resistant Engineering
Structures, held in Greece in the fall of
1996. The book covers a wide range
of subjects, including seismology &
earthquake hazard; geotechnical
aspects; experimental methods;
dynamic analysis; passive protection;
bridges; lifelines; tunnels; tanks & tow-
ers; steel construction; and the retrofit
of historic buildings.

Copies of the 728-page, $297 pub-
lication can be ordered from
Computational Mechanics, 25 Bridge
St., Billerica, MA 01821 (ph: 508/667-
5841, fax: 508/667-7582; email:
cmina @ix.netcom.com).

Free Tube Properties
Brochure

The Hollow Structural Sections
Committee of the Steel Tube Institute
has published a new 24-page booklet
on “HSS Dimensions and Section
Properties.” The brochure provides
pertinent engineering data and
nomenclature for architects, engineers
and fabricators who design structures
with tubes. It includes tables of dimen-
sions and section properties for rec-

tangular, square and round hollow
structure sections and includes data
on: nominal size; weight-per-foot; wall
thickness; cross sectional area;
moment of inertia; section modulus;
radius of gyration; plastic section mod-
ulus; torsional stiffness; torsional
shear and surface-area-per-foot.

Copies of the free brochure are
available from STI at 8500 Station St.,
Suite 270, Mentor, OH 44060 (ph:
216/974-6990).

In Memoriam

Condolences to the friends and
family of Frank William Schroeder,
who passed away at the age of 90.
Schroeder graduated in 1930 with a
civil engineering degree from the
University of Cincinnati. He was the
chief engineer at Jones & Laughlin
Steel Corp. beginning in 1930 and
until he moved to International Steel
Co. in 1945. He spent 26 years there,
starting as a salesman and advancing
to vice president of all products. He
finished his career at Inland-Ryerson
Construction Products in 1973.

News Briefs....

NSBA Staff News

Steven A. Olson, Ph.D., P.E., has
joined the National Steel Bridge
Alliance as Manager of Engineering
Design. Previously, he was with
Burgess & Niple, Ltd., in Columbus,
OH.

“I'm looking forward to the opportu-
nity of working with bridge owners,
designers, and fabricators on a nation-
al level,” said Olson, who confesses
he's a big fan of steel bridges. * I've
become acquainted with several own-
ers, designers, and fabricators in the
Midwest. It's been pleasurable for two
reasons: First, a majority of the peo-
ple who work on bridges enjoy what
they do. Second, | like to hear stories
about bridges. Whether it be an
owner, designer, fabricator or con-
tractor, most individuals know of one
or two stories for each of the bridges
they have worked on.”

Olson can be reached at the
NSBA, 4527 Robin Circle, N.,
Robbinsdale, MN 55422 (ph: 612/537-
7073; fax: 612/537-4997; email:
olson @ aiscmail.com).

For the BEST in Bridge Software . ..

WIN-DASH

MERLIN DASH FOR WINDOWS

DESIGN & ANALYSIS
CURVED BRIDGES

DESCU

¢ Curved & Straight Bridge Systems
¢ Influence Surface Approach

¢ “I" and BOX Girder Sections

¢ Latest AASHTO - LFD & WSD

¢ METRIC and English Units

¢ Girder Optimization

¢ Auto MESH Generation

# Auto RATING FACTORS - Inventory
Operating, Posting, Special Vehicle

¢ Complex Geom. - Skewed. Bifurcated
¢ Pouring Sequence Analysis Available
¢ PC License or Lease, Timesharing

¢ Menu-Driven/CAD-Like Features
¢ Fast Running (Minutes)

P.O. Box 9097 = Dept. A
Bethlehem, PA 18018

# Most Types - Tri-Chord, Box Chord
Single/Double Cantilever, Other

# Analysis - Moment, Shear, Torque
Displacement, Reaction, Stress

¢ Design - Splices. Base Plotes

# Auto Load Cases - Wind (shielding),
Ice. DL, User Defined Loads

# Pull Down MenwCAD-Like Features
¢ Latest AASHTO Code Checking

Available Exclusively Thru:

MERLIN DASH

DESIGN OF STRAIGHT HIGHWAY BRIDGES

¢ AASHTO - WSD, LFD (LRFD Analysis)

¢ Analysis, Rating, Code Check

+ Optimization by Cost or Weight

¢ Auto Live Load - AASHTO and Multiple
User Defined Concurrent Live Load

# Auto RATING FACTORS - Inventory,
Operating, Posting, Special Vehicles

¢ METRIC/English Conversion

¢ Deck Pouring Sequence Analysis

¢ Haunched Web, Hybrid, Composite

¢ Continuous Spans, Support Restraints

¢ Graphics - Moment, Shear, Camber
Allow/Actual Stress & Ranges

# Menu Input - Very Friendly

TRUSS RATING
AND ANALYSIS

¢ NEW - AASHTO LAFD and
LFD Spec

¢ Cable Member Prestressing

# Most Truss Types Considered

¢ Analysis, Design, Rating
Rebabilitation

¢ Auto RATING FACTORS
Inventory, Operating, Posting.
Special Vehicles

# Automatic Group Load
Combinations

¢ Simple or Continuous to
6 Spans

¢ Pull-Down Menu/CAD-Like
Features

Tel 610-867-4077
Fax 610-865-1030
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The Better (Not Bitter) Truth

HAas LRFD's TIME
FINALLY ARRIVED?

By Charles J. Carter, P.E.

N MARCH oF 1995, THE AISC
BOARD OF DIRECTORS REAF-
FIRMED AISC'S COMMITMENT
T0 LRFD as the preferred
Specification for the fabricated
structural steel industry.
Ongoing advancements in
strength-design-specific areas
such as seismic design, compos-

ite systems design, and design of

systems utilizing partially
restrained (PR) connections
weighed heavily in this decision.
After ten years since its first
release in the US, LRFD is now
an established design method
with the 2nd Edition Manual.
Yet while a recent Gallup survey
shows that most engineers agree

that LRFD is the Specification of

choice for the future, there
remains the uncertainty as to
why the ASD Specification,
which has served the profession

well since 1923, is now in need of

replacement.

AISC is actively developing
LRFD while maintaining ASD in
its current form for those that
choose to continue to use it; the
steel bridge design industry is
similarly in transition. The con-
crete industry crossed this
bridge many years ago and now
looks back with barely any
remaining coverage of working
stress design. More recently, an
appendix was added to ACI 318
that allows the use of ACI
strength calculations with ASCE
7 (and LRFD) load factors and
load combinations, which makes
it easier to design mixed steel

and concrete systems at the fac-
tored load level. And although
the timber and masonry indus-
tries are comparatively in their
infancies in transitioning toward
LRFD, there can be no question
that momentum is on the LRFD
side.

s ASD STILL ADEQUATE?

n the short term, there is an

argument to be made that the

use of LRFD or ASD is
acceptable. That is, as long as we
continue to design and construct
steel structures as we have for
the past 40 or more years—as
braced frames or frames with
fully restrained (FR) moment
connections—the use of either
LRFD or ASD provides safe and
economical designs for typical
loadings. However, while we
may find it convenient to contin-
ue to use the same design
method as we have in the past,
the question remains whether
steel will continue as a viable
construction material if design
methods don’t continue to
improve and advance.

In any industry, continued
success requires innovative
progress. Has any other industry
or technology remained competi-
tive while tied to concepts intro-
duced more than 40 years ago?
Certainly not in current times.
For example, the automobile
industry tried, failed in a much
shorter period, learned the les-
son, and is today much stronger
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for it. Could you imagine the
desirability of a car today that
did not offer “modern” advance-
ments such as seat belts, fuel
injection, antilock brakes, and
airbags? These one-time luxuries
are now de facto industry stan-
dards.

ASD has its original roots in
the 1920s. The advances since
that time (such as plastic design,
composite beams and floors,
frame stability, high-strength
bolts, and the continuing devel-
opment and application of com-
putational power and software)
have simply been applied entire-
ly within the context of the same
way of doing things. That these
advances could be incorporated
into ASD in any form, however
limited, may be viewed as a trib-
ute to the innovative engineers
of the past.

We must also recognize, how-
ever, that to make these new
ideas fit into the old system, we
must accept limits on their utili-
ty. By nature, the ASD approach
is limited to elastic structural
response (some provisions of the
ASD Specification indirectly con-
sider limited inelastic behavior;
for example a bending strength
of 0.66F,S, for a compact braced
member is 10% above the elastic
design strength to account for a
typical lower bound shape factor
Z:/8; of 1.1). Additionally, it is
limited to combinations of ser-
vice loading that are not signifi-
cantly different than those con-
templated during the
development of the allowable
stresses, member response mod-
els based more upon engineering
judgment than the results of
actual test data, and idealization
of connections as either pinned
or fixed, to name a few examples.
Despite all that has been accom-
plished with ASD, even within
these limitations, there is little
room left to accommodate the
ongoing progress that must be
made to lead steel design and
construction into the future.

So, does this mean that ASD
is no longer adequate? Again, in
the short term, the answer is
probably no, it can still serve a




useful or convenient purpose.
But for the accommodation of
long term advancements, ASD is
in its twilight. Several specific
examples follow to illustrate
why.

ALLOWABLE STRESSES HAVE

NO MEANING IN COMPOSITE
DESIGN

simple comparison between

the LRFD and ASD methods
illustrates the logical and ratio-
nal basis of the LRFD strength
model (see Figure 1). Because
concrete inherently behaves
inelastically, a composite section
does the same. Although the
ASD approach provides a safe
(and in many cases extremely
conservative) design for common
loadings, it cannot be ignored
that the approximate elastic
model does not even provide a
free body diagram that satisfies
the basic assumptions of equilib-
rium; the assumed elastic neu-
tral axis (ENA) is incorrect when
the failure occurs in the inelastic
range. In this and other cases of
inelastic behavior, it is inconsis-
tent or inefficient to use a model
that is based upon elastic behav-
ior. One must also wonder if it is
even desirable—the plastic dis-
tribution illustrated in Figure 1c
yields a beneficial shape factor
on the order of 1.7 when com-
pared to the elastic stress distri-
bution in Figure 1b.

Beyond composite beams, only
the LRFD Specification offers
guidance on the design of com-
posite columns (see Figure 2).
Likewise, the assessment of com-
posite connection strength and
performance is prudent only
when factored load effects are
considered. A partially
restrained (PR) composite con-
nection (as detailed in AISC's
Design Guide #8: Partially
Restrained Composite Conn-
ections) can be used to reduce
both steel tonnage and service-

l n composite beam design, a
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ability problems while at the
same time reducing connection
and fabrication costs due to sim-
plification of details. All of these
result in a lower overall cost of
steel construction and can only
be realistically implemented
using LRFD.

Other composite connection
systems provide further advan-
tages. For example, a system uti-
lizing composite connections
between steel floor framing and
concrete-encased steel columns
(also known as steel-reinforced-
concrete) or reinforced concrete
columns offers a decided steel
advantage because of all the
deflection problems and struc-
tural inefficiencies associated
with concrete-slab floor-framing.
Traditional reinforced concrete

frame designs could be economi-
cally supplanted with hybrid sys-
tems utilizing steel floor fram-
ing. These systems would
provide increased column spac-
ing flexibility and improved con-
trol of floor deflection and vibra-
tion characteristics. Addition-
ally, for seismic design applica-
tions, these systems would pro-
vide increased structural damp-
ing and improved structural
ductility, when compared with
the seismic performance of tradi-
tional reinforced-concrete
frames. But because these sys-
tems all require more exact con-
sideration of inelastic behavior
under factored loads, LRFD is
crucial while ASD is simply
unsuitable.
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THE COMPUTER
VIBRATION ANALYSIS
PROGRAM FOR
STEEL JOIST
CONCRETE
SLAB FLOORS.

Lets you do in
minutes what
used to take

. - hours!

o,

.

-

e

Now you can get results at the
touch of a button. The computer
vibration analysis for floor systems
employing steel joist/concrete slab
floor construction lets you .

+ calculate frequency and
amplitude resulting from transient
vibration caused by human
activity on joist-concrete floors

« perform various “‘what-if”"
scenarios—variation in slab
thickness, concrete strength, joist
size, joist spacing, floor decking,
live and dead loads and span
lengths

+ verify your own calculations
« handles up to 100 foot spans

The program is available on 5% and
312 inch disks, is IBM PC compatible
and comes with a comprehensive
58-page user’s manual. And at just
$125.00, this program pays for itself
after just one project. So fill out the
coupon to order this time-saving
program today

..............................

Please send me p—
____program(s) |*2=0g Si—
at $125.00 each — _"'""'-L__

(includes Postage . —_—

and Handling) QD
S

ALL ORDERS
MUST BE PREPAID

Disk Size: 32" 514"

Totlal Remittance
U.S. Currency Only __

Name

Company

Street Address

City State 2p

Mail to: Managing Director
Tl % Div. A-1
§o % Steel Joist Institute
"-::,ﬂ.—i"‘ 1205 48th Avenue North
Myrile Beach, SC 29577

Important New
NSCC

Information

Hotel Reservation
Phone Number
Changes

With the 1997 National
Steel Construction
Conference just around
the corner, you should be
moving quickly to confirm
your meeting registration
and hotel reservations. To
make your hotel reserva-
tions at the Sheraton
Chicago Hotel & Towers,
call 800-233-4100. Please
use this 800-number
instead of the number list-
ed in the advance pro-
gram materials.

To quickly receive informa-
tion on the NSCC, use the
conference’s Faxback ser-
vice at:

800-787-0052, ext. 110.

To immediately see infor-
mation on the NSCC,
point your favorite web
browser to:
http://www.aiscweb.com

ONLY LRFD MAKES SENSE

IN SEISMIC DESIGN

tic design approach is diffi-

cult to correlate with expect-
ed structural response. After all,
by definition, a design earth-
quake is an ultimate-strength
event. Even the current alterna-
tive provisions for ASD in AISC’s
1992 Seismic Provisions for
Structural Steel Buildings are
only so in name because they
employ a conservative load factor
of 1.7 on all loads and a set of
adjusted “ASD ¢ factors” to
determine artificial “allowable
strengths.” At some point, it has
to be realized that we are creat-
ing more work and confusion by
even trying to use ASD for the
inherent inelasticity of seismic
design.

In seismic design, a truly elas-

LRFD OFFERS UNIQUE
BENEFITS FOR THE DESIGN OF

PARTIALLY RESTRAINED (PR)
FRAMES

third area where LRFD

offers tremendous innova-

ive promise is in the
design of frames with PR connec-
tions. Designers will be able to
shed the limiting assumptions of
ideally pinned or fixed connec-
tion behavior. Modeling connec-
tions using their actual stiffness
and strength could result in a
more cost-effective structural
frame due to simplified connec-
tion details.

The old “Type 2 with wind”
connections have been around
for years and have been used
intuitively to accomplish this
same goal. But they still were
limited by the assumptions that
the web connection component
carried all the gravity force as a
simple shear connection while
the flange connection compo-
nents carried the wind moment

-



only as a “fully restrained”
moment connection. While the
performance of such wind con-
nections has been satisfactory,
the ability of these connections to
determine when the wind was or
was not blowing (and therefore
when and when not to carry any
force in the moment connection)
earned them the tongue-in-cheek
nickname smart wind connec-
tions.

But with LRFD, by modeling
the actual stiffness of today’s
standard simple shear connec-
tions, steel moment frames can be
designed in some cases without
adding bolted or welded plates or
directly welded flange connec-
tions(or their associated cost) at
the flanges. It should be recog-
nized that the designers of yester-
day already did this in buildings
for which experience told them
adequate frame stiffness would
be present or when heavy mason-
ry walls would provide for lateral
strength and stability. But
today's design requirements and
typical building construction
practice using cladding systems
such as light curtain wall systems
dictate that such designs be veri-
fied by calculation. Thus, again
LRFD is crucial.

If simple shear connections
are not adequate for the loads,
other, stronger PR moment con-
nection details such as the PR
composite connection mentioned
previously can be used. Indeed,
the most beneficial advantage of
LRFD for connection design may
be the elimination of the need to
devise connections that will
behave as nearly pinned or near-
ly fully restrained.

However, with all the analysis
and design complications
involved in design of frames with
PR moment connections, is such
design feasible from the perspec-
tive of design fees? For the low-
to mid-rise construction market,
PR connections represent a
tremendous opportunity in typi-
cal buildings where the stiffness
of many connections and framing
elements can be utilized. The
economics are such that using
less expensive PR moment con-

nections in as many locations as
possible may be more cost effec-
tive than using FR moment con-
nections in as few locations as
possible. Consider also the possi-
bility that a PR moment frame
could prove more economical
than a comparable braced
frame—a system commonly con-
sidered to be the most economi-
cal structural solution. It is
almost like getting a lateral sys-
tem for free.

Do WE KNOW ENOUGH ABOUT

LOADS TO RELY ON LRFD?

n the resistance side, our

understanding of steel

strength and behavior is
quite good. However, on the load
side, it has often been said that
our lack of understanding of the
actual loads on structures ren-
ders a fine-tuned approach with
factored load combinations as
impractical. However, this state-
ment is exactly backwards. To
illustrate this point, lets look at

can make a very good estimate of
the dead load—the structure
itself, mechanical systems, and
other permanent fixtures.
Consequently, a load factor of 1.2
is used in LRFD. Conversely, we
do not have as accurate a means
of calculating the intensity of the
live load. Instead, in most cases,
we rely on code specified mini-
mum levels based upon occupan-
cy and use. This higher relative
level of uncertainty (and proba-
bility of overload) is addressed in
LRFD with the higher load fac-
tor of 1.6.

In ASD, part of the factor of
safety covers load variability and
the other part covers member
strength variability. But because
LRFD and ASD provide general-
ly equal reliability at a live-to-
dead-load ratio of three, we can
determine an equivalent “load
factor” in ASD,

The dead-and-live gravity load
combination in LRFD is 1.2D +
1.6L, which can be equated to
1.5(D + L) when L/D = 3. This
required strength must be such
that:

dead and live loads. 1.5(D + L)< 6R,
In any structure, the engineer
Ii
N6
ASD overestimates
effective global load
factor ”uorlww
NB fesees O“*M
5 LRFD 14D
E load case
B controls
NG ASD underestimates
g global load factor
i - N LRFD 12D+ 16L
B load case controls
NO
M N o P Q R 5
/D Ratio
Figure 4
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Can 500 Companies Be Wrong?

YOU'RE INVITED TO FIND OUT FOR YOURSELF!

Since 1985, Structural Material Manager has been installed in over 500 companies throughout
North America providing fubricators, detailers, and suppliers the most productive material list
manager available. This IBM PC-compatible software package performs the following work

. Main Module computes weights, surface areas, bolt counts & hneal totals
. Length-Nesting Module produces optimal cut lists from in-house stock,
vendor stock, ar the best combination of both.
. Plate-Nesting Module draws the best layout for cutting plates from stock sheems
. Estimating Module talhes material costs, shop hours & field hours
. Production-Control Module prints shipping lists, loading tickets & job status reports
. External Data Interface imports existing data, such as bills of material ina
CAD system, into the systemand eliminates the need for re-typing items

Call or fax woday, and we'll send vou a FREE, NO-OBLIGATION, fullv-functional demo disk
and, upon request, references so you can check out our background. The demo includes all the
maodules and the complete system’s user’s guide. 500 companies can 't be wrong! Find out for

yourself!

2 E.J.E. INDUSTRIES, INC.

o PO Box 268, WASHINGTON, PA 15301
PHONE: 800-321-3955, 412-228-8841 FAX: 412-228-7668

So Simple To Use,
It Even Turns Itself On!

Elcometer Model 345F - The
rugged handheld thickness gage.

The solid 345F coating thickness gage
is so simple to use, you'll wonder how
you ever did without it! Auto
calibration makes accurate readings
simple.

The easy to read display and rough
surface capability of the portable 345F
makes it the unit of choice for any jobsite.

Elcometer 345F simple to use, hard to break.

Available with integral or separate probes.

For details or a FREE brochure, call:

800-521-0635

e‘oome“’e@ 1893 Rochester Industrial Dr.

Rochester Hills, MI 48309
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where oR, is the design
strength. Rearranging terms, we
have:

R"
s D+LS(1_5)

o

Note that the above inequality
is in a form such that 1.5/¢ can
be equated to the ASD factor of
safety (F.S.). It follows then that
F.S. is composed of a global load
factor of 1.5 (for L/D = 3) divided
by a ¢ factor for material resis-
tance reliability (i.e., the same ¢
as in LRFD). In Figure 3, the
above relationship is generalized
for different ratios of live load to
dead load.

It is most interesting to note
that this global load factor of 1.5
is then higher than that used in
LRFD for dead load that we can
estimate well, but lower for live
load that we can’t! For this rea-
son, only LRFD can realistically
account for both a design where
D =100 psf and L = 150 psf (L/D
= 1.5) and a design where D = 50
psf and L = 200 psf (L/D = 4)
because of its consistent reliabili-
ty approach. In contrast, load
variability for these cases is
indistinguishable in ASD
because the total service load in
both is 250 psf. This anomaly
should especially be of concern
as the proportion of live load to
dead load increases. Similarly,
for areas of higher wind load,
LRFD provides more consistent
reliability than ASD, especially
in the case of uplift. Perhaps the
better question to ask is “Do we
know enough about loads not to
use LRFD?"

LRFD 15 MORE RATIONAL
FOR THE DESIGNER THAT

WANTS TO BE CONSERVATIVE

hile the AISC
Specification has been
developed and calibrat-

ed for adequate reliability in
building design, another benefit




of LRFD’s separate load factors
and resistance factors is having
a rational means of addressing
special cases of upcertainty in
loading or member performance.
For example, in response to the
concern that a special-case live
load may be excessively variable,
the engineer can use a more con-
servative load factor of 1.7
instead of the minimum 1.6. Or,
if the usually well known dead
load is instead a concern for a
specific project, the engineer can
unilaterally increase the load
factor from the 1.2 minimum
value to 1.3 or 1.4 as appropri-
ate. In this way load variability
concerns can be addressed sepa-
rately and directly without
penalizing the strength side of
the equation.

On the resistance (strength)
side, if the function of a critical
structure were to dictate that
the columns be designed to a
higher reliability against column
buckling, the engineer could
chose to use ¢ = 0.75 instead of
the maximum specified ¢ = 0.85.
Or in a roof truss for which ten-
sion fracture of a chord element
might precipitate catastrophic
failure of the structure, the engi-
neer could choose to use ¢ = 0.65
instead of the maximum ¢ =
0.75. In this way, the engineer
can ensure desirable structural
behavior and/or preclude unde-
sirable limit states without
unnecessarily conservative treat-
ment of loads.

Thus, LRFD yields a rational
means by which the engineer can
assure safety in a wide variety of
structural designs with appropri-
ate and specific conservatism
when justified. In contrast,
ASD’s single factor of safety
means that any attempt to inde-
pendently address either load
variability or member strength
variability needlessly impacts
both. Even worse, the effect of
the increase in factor of safety is
diluted among the two, poten-
tially undercompensating for the
one and unnecessarily overcom-
pensating for the other.

GLoBAL COMPETITIVENESS

he era of world-wide com-
I petition is upon us and
Americans can no longer
view the world as from sea to
shining sea. Simply stated, there
can be no doubt that the best
way to compete is with the best
available tools. Accordingly, it
behooves the American engineer-
ing community and fabrication
industry to begin exporting their
talents with the tools that put
them one step ahead of their
competition.
AISC’s LRFD Specification is
a world-class, practically orient-
ed, limit-states design specifica-
tion. What'’s more, because a
metric version is currently avail-
able, it is suspected that most
internationa! jurisdictions would
accept it, either as an alternative
to their own code or in the
absence of an established code.
Even if this is not the case,
AISC’s LRFD Specification
would form a convenient and
familiar basis for the American
engineer to get acquainted with
the internationally prevalent
limit-states design philosophy.

ADOPT A POSITIVE DIRECTION

While ASD may not be beyond
its useful life today, there can be
no question that LRFD will sup-
plant it as innovative ideas
become mainstream practice. In
the short term, it is certainly
possible to continue successfully
without LRFD. But as the long
term transition continues, we as
engineers must prepare for inno-
vative progress, not ignore it.

Whatever time frame you
choose, the transition to LRFD
should be a key assumption in
your operating plan.

Charles J. Carter, P.E., is a
Senior Staff Engineer—
Structures with AISC. This

paper was prepared as an activi-

ty of the ASCE Committee on
Load and Resistance Factor
Design, which is chaired by
Jerome F. Hajjar. The author
thanks the members of the
Committee for their valuable
input, particularly the task group
of 1. (Ed) Alsamsam, W. Samuel
Easterling, Roberto T. Leon, and
Kurt D. Swensson.

The two-volume second edi-
tion of the LRFD Manual of
Steel Construction is avail-
able for $132 by calling
800/644-2400 (each volume
sells separately for $72).

Volume I—Structural
Members, Specifications,
and Codes includes seven
sections:

* Dimensions and
Properties

Essentials of LRFD
Column Design

Beam and Girder Design
Composite Design
Specifications and Codes
Miscellaneous Data and
Mathematical tables

Volume 11—
Connections includes six
sections:

* Bolts, Welds and

Connected Elements
* Simple Shear and PR

Moment Connections
* FR Moment Connections
| * Connections for Tension

and Compression
e Other Connections
* Construction Industry

Organizations
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EXTENSIVE
PRE-ASSEMBLY
RADICALLY CuTS
TIME

Innovative construction techniques
limited bridge closure during an
expansion project to just 12 days

By Vincent J. Roney

28 / Modern Steel Construction / February 1997

HEN THE GEORGE P.
COLEMAN BRIDGE OVER
THE YORK RIVER in

Virginia opened in 1952, it had
the second longest double swing
span in the world—and the
largest bridge in Virginia. Since
that time, however, traffic vol-
ume has increased drastically.

The original bridge was
designed to carry 15,000 vehicles
per day; currently it carries
28,000, with traffic projections of
43,000 vehicles per day in the
year 2015. In addition, the
approach roads to the bridge
were each four lanes wide, while
the bridge itself was only two
lanes, which resulted in severe
congestion during the morning
and evening rush hours.

In 1986, the Virginia DOT
began examining ways to
improve traffic capacity across
the York River between
Gloucester Point, a growing resi-
dential community, and
Yorktown, an area of significant
historical importance. An envi-
ronmental impact statement was
initiated the following year that
studied an area extending
approximately 21 miles around
the crossing and initially includ-
ed 17 alternate crossings, includ-
ing tunnels, high-level bridges




and the widening of the existing
George P. Coleman Bridge. As a
result of the study, widening the
existing bridge was chosen as
the best alternative.

Because the widening would

involve a temporary closing of
the bridge, an alternate means of

maintaining traffic during con-
struction was required. A ferry
boat/bus system was considered,
but this was rejected as too
expensive, too slow and too
prone to stoppages due to
adverse weather. A more reason-
able approach was to install a
$19 million temporary floating
bridge adjacent to the existing
bridge. Unfortunately, in 1993
when the General Assembly
approved the bonds for the
bridge expansion, they eliminat-
ed the temporary bridge as a
means of reducing the total pro-
ject cost.

As a result, VDOT had no
choice but to detour traffic 75
miles around the proposed con-
struction site. Therefore, it was
critical that the bridge be closed
for as short a time as possible.
To minimize the closure time,
VDOT and its design consulting
firm, Parsons, Brinckerhoff,
Quade and Douglas, developed a
scheme for floating into place the
new structure. As a result of this
cooperative effort, a plan was
developed that would allow the
contractor to swap out the truss
sections in two 12-day periods,
thus minimizing the inconve-
nience to motorists.

EXISTING STRUCTURE
Construction of the original
double-swing Warren-type deck
truss bridge, which replaced an
existing ferry, began in
December 1949 and was com-

pleted in May 1952 at a cost of

$9 million. The structure had a
clear roadway width of 26" with
an overall length of 3,750°. The
land approaches consisted of two
65" and 12 90’ plate girder spans.
Between the approach spans was
a 2,240" symmetrically arranged
riveted deck truss system. The
center consisted of a pair of 500’
center pivot swing spans.

Continued on page 30

Six new sections were constructed off-site and then
floated on barges to the bridge.

Modern Steel Construction / February 1997 / 29



Please circle # 94

STEEL DETAILING

with AutoCAD®
If your present CAD system
doesn't detail everything you
fabricate, then you should
look at one that does.

» Beams + Columns + Plans + Elevations
« Stairs * Trusses + Hand Rail - Spandrel Angles
+ Caged Ladders * Ship ladders + Piperacks
« Sloping Beams + Curved Beams * Frames
+ Gusset Plates * Bracing * Templates
and any other drawings that you might
need 1o fabricate Structural Steel or Miscellaneous metal.

Sheet Format, Bill of Material format, detailing
and text styles can be modified by the user.

Programs for cutting lists, Inventory control,
Linear nesting (Multing) and non-symetrical bracing.

Call Today !
For free information about the detailing software that is
the most cost effective and easiest lo use.

COMPUTER DETAILING CORPORATION

A Service Company for Stee! Fabricators and Detailers

B0 Second Street Pike - Suite 10
Southampton, PA 18966
215-355-8003

Fax 215-355-6210

eMail: 70855.1300@compuserve.com

» Structural * Miscellaneous * Job Shop * Ornamental

Management Software
for Steel Fabricators

Time is Money . . . and Fab/Trol saves you both!

. ~

Estimating

Automatic Laboring

Nesting

Purchasing

Inventory & Remnant Control
Scheduling & Production Tracking
Shipping

An Integrated Suite of Programs
for Windows, Windows 95, Windows NT

541/485-4719
541/485-4302 (fax)

http://www.fabtrol.com

e —

Heavy Platework * Tanks * Mill Equipment « Aerospace * Architectural
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Among the bridge’s notable
features were:

e lightweight, hollow pier bases
that made possible the design
of the tall piers with unusually
low bearing pressures at the
bottom

» special design of the steel shell
for the caissons used in con-
structing the piers

* hollow-pier construction utiliz-
ing the open-dredge caisson
method

* use of two swing spans placed
in tandem, each span longer
than any previous swing span
built.

Today, it is one of the few double

swing-span bridges still in opera-

tion.

The water piers for the exist-
ing structure are supported by
huge caissons that were sunk
into the river bed by the open
dredge method to depths of 135
to 150" below the water, placing
each caisson about 70’ below the
river bed. The caissons were con-
structed using steel shells that
were fabricated approximately
35 miles away at the Newport
News Shipyard, floated to the
site and then sunk by adding
concrete and excavating inside
the caissons until bearing on a
stiff clay layer was obtained. As
each caisson was sunk, concrete
was placed inside. After each
caisson reached its design depth,
a 14’-thick concrete seal was
placed in the base and the top
was capped with a concrete slab.
Then a pier shaft was cast on top
of the slab. The tallest pier is
210’ high, and based on recent
inspection above and below the
water level, the piers are in good
condition with only minor
cracks, spalls or corrosion.

ExpPANSION DESIGN

The old bridge has a 26 road-
way and is 31’ out-to-out. The
widened bridge has two 12’ lanes
and a 12’ shoulder in each direc-
tion with a median barrier and is
77-4" out-to-out. The approach
spans consist of two main steel
girders with floorbeams and
stringers. These were replaced
by prestressed beams except for




the spans adjacent to the truss-

es. These spans sit on the end of

the trusses and were replaced
with late girder spans. The truss
ends of the spans were supported
on falsework bents during the
truss swap out.

The original approach span

piers have timber piles of

unknown length. The new piles
for the widened footings are steel
pipe piles and are designed to
carry the total load of the exist-
ing and widened structure by
themselves

While the width of the super-
structure has been increased
considerably, the effect of the
added load applied to the bridge
piers is not significant. The main
issue evaluated during the new
design was the allowable bearing
pressure on the soils below the
caissons. Extensive testing was
conducted to establish the soil
capacity, including borings to a
depth of 200’ adjacent to the pier
to establish the in-place soil
strength. Based on this investi-
gation, the increases in the pres-
sures were found to be accept-
able and a large factor of safety
remains in the capacity. Due to
concerns regarding possible ship
collisions with the bridge, a
finite element analysis investiga-
tion was performed. The forces
and displacements were calculat-
ed and the results were accept-
able. Also, a vessel collision
study was made in accordance
with AASHTO’s Guide
Specification and Commentary

for Vessel Collision Design of

Highway Bridges (1991). This
study showed that the annual
frequency of collapse for the
bridge is acceptable so that no
additional pier protection system
is required.

Although wider than the
existing trusses, the new ones
appear very similar. By utilizing
higher strength Grade 50 and 70
steels, the overall depth of the
trusses remain approximately
the same. The truss members
are :-‘-hup welded with field bolted
connections. Except for the truss
spans, regular weight concrete
was utilized to construct the

Continued on page 32

The substruc-
ture was

widened and
the river pier
caps were
enlarged utiliz-
ing cantilever
construction.
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bridge decks. Lightweight con-
crete was used in the new swing
span deck in lieu of the steel grid
deck used in the original con-
struction, which improves the
riding surface.

The bridge is controlled by a
programmable computer with a
manual backup, and is operated
by a redundant hydraulic motor
system.

CONSTRUCTION PHASES

A contract to widen the
George P. Coleman Bridge was
let in October 1993 to Tidewater
Construction Corporation in the
amount of 73 million dollars
with a completion date of August
1996. This contract included a
$4,000 per hour incentive fee
and an $8,000 per hour penalty
fee for each closure period
allowed for swapping out the
truss sections. The Contractor’s
plan of operation which was
reviewed and approved by the
Department indicated that the
trusses would be swapped out in
one 12-day period in lieu of the
two 12-day periods stipulated in
the contract.

Steel fabricators on the pro-
ject were AISC-members Stupp
Bros. Bridge & Iron Co. and
Vincennes Steel Corporation.

Widening of the bridge was
accomplished in five construction
phases. The first phase consisted
of widening the substructure.
New piles were driven adjacent
to the existing land piers and the
piers were widened. Also, the
river pier caps were enlarged
utilizing cantilever construction.

During phase two, new
approach spans were constructed
on each side of the existing
bridge except for the spans that
sit on the end of the widened
truss. During the first two phas-
es, normal traffic continued to
use the bridge. Also during this
phase, the six truss spans were
being preassembled on tempo-
rary supports 30 miles away at
Norfolk International Terminal.
As part of this phase, the
machinery and operating equip-
ment for the trusses were
installed and tested.




During phase three, the fixed
and swing trusses were floated
off of their temporary supports
at NIT and swapped out with the
existing trusses at Yorktown.
During this time, the end
approach spans were supported
on falsework bents. This work
occurred between April 3, 1996
and May 11, 1996. The following
is a sequence of events as they
occurred:

e On April 3, the first of six
sections of the new bridge was
floated from NIT and anchored
just down river from the old
bridge. The 210°, 1,300-ton sus-
pended span was lifted from its
temporary -piers using buoyan-
cy. Two barges with support tow-
ers were filled with water and
were positioned underneath the
span. Once in place, the water
was pumped out and the barges
rose, picking up the span. The
barges carrying the new span
then began their journey to
Yorktown with the help of two
tug boats. Two other spans
joined the smaller suspended
span anchored near the bridge.
The other three sections waited
in Norfolk until barges could
return. Everything was in place
waiting for the shutdown to
begin.

e A comprehensive traffic
management plan for the West
Point detour was also in place.
Before the project even began,
VDOT was working with other
state agencies and local officials
in preparation for the 75 mile
detour when the bridge was to be
closed.

e VDOT crews began uncover-
ing signs marking the detour
through West Point at 1:00 a.m.
Saturday, May 4, and four and a
half hours later the bridge was
closed.

¢ Construction crews wasted
little time getting to work and by
noon the first old span, the
Yorktown side swing span, was
removed and ready for its trip to
Norfolk. Then the first problem
occurred. Pins holding the span
closest to the Yorktown shore
had corroded over the 44 years
since the bridge was built. While

Continued on page 34

Today, the
bridge is one
of the few
double
swing-span
bridges still
in operation.
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crews worked to free the span,
the tide slowly ebbed. The pins
were finally removed, but the
tide was too low to float the sec-
tion away. The Contractor wait-
ed and floated the section out at
1:00 a.m. The last Yorktown
span, the anchor span, came out
easily at 11:30 a.m. on Sunday.

* Next, construction crews
began preparations to float the
new Yorktown spans into place.
The small suspended span was
brought in first, but it had to
wait until the anchor span was
set onto its pier. As workers
began moving the anchor span
from its mooring, severe thun-
derstorms stopped work for the
night. On Monday, crews worked
throughout the day and by 8:00
p.m. both the anchor and sus-
pended span were in place,

* On Monday night, weather
was once again a problem for
construction crews. Wind with
gusts of up to 50 m.p.h. created
unsafe conditions and the
Contractor waited until Tuesday
morning to move the swing span
into position. Fighting strong
wind and rainy conditions, con-
struction crews began moving
the span into place at 8:30 that
morning. Extra tugs were need-
ed to steady the 8.5 million
pound span.

* Meanwhile, the old sections

of the bridge arrived at the
Norfolk International Terminal.
They were placed on temporary
piers where the new bridge was
built. Barges also began remov-
ing the new Gloucester end of
the bridge from NIT. While
crews lifted the suspended span
from the temporary pier, the
load became unbalanced and the
span slammed back onto the
pier. The damage was not signif-
icant and could easily be
repaired at another time and
would not cause a delay in the
project.

e Work to remove the
Gloucester sections of the old
bridge began Wednesday night.
The suspended span was
removed at 3:00 a.m., followed
by the swing span at 4:30 a.m.
on Thursday. Later that after-
noon, workers removed the
anchor span. The new suspended
span and anchor span were
moved into place early Friday
morning and crews worked
throughout the day to set them
into place. The last new section,
the swing span, was brought into
place on Saturday afternoon.

* Construction crews got the
swing span into place just in
time as another severe storm
passed through the area
Saturday night. The storm
delayed work for a few hours,
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but crews were soon preparing
the new bridge for traffic. They
were installing forms for pouring
the concrete barrier walls and
roadway joint closures and strip-
ing the roadway. Crews were
also finishing up the electrical
hookups for service power and
the roadway lights.

e At 8:26 Monday morning,
May 11, 1996, three days ahead
of schedule, the bridge was
reopened for vehicle traffic.

In phase four, traffic was
shifted to the new outer lanes
and the original inner super-
structure was demolished and
replaced.

During the fifth and final
phase, the toll facilities were
completed and the widened
bridge was opened for traffic at
12:01 a.m. August 3, 1996.

Vincent .J. Roney is a district
structure and bridge engineer
with the Virginia DOT. He is
responsible for the safety and
maintenance of more thanl,350
bridges in the 11 cities and nine
counties that make up the
Suffolk District. In addition, as a
senior structural engineer, he
provides design and construction
expertise during the planning
and building phases for new and
rehabilitation bridge projects.
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DESIGNING WITH
STRUCTURAL TUBING

The 1996 T.R. Higgins Award recognizes Donald
Sherman for his work on HSS design and connections

By Donald R. Sherman, Ph.D.

LTHOUGH THE USE OF STRUCTURAL TUBING AS
TRUSS MEMBERS AND COLUMNS IN BUILDING
'ONSTRUCTION CONTINUES TO INCREASE in the

U.S., it still has not reached the proportion found
in some countries—where it approaches half the
market for structural steel. Many designers still
think of structural tubing as a new technology,
even though round tubes were used in some of the
earliest steel structures. However, early steel
design specifications were primarily developed
from experience with hot-rolled sections and it was
not until the 1940s that criteria for circular tubes
appeared in U.S. design specifications.

Technology for efficiently mass producing square
and rectangular structural tubes has been devel-
oped in the past few decades, with a resulting
surge in research on member and connection
behavior and a subsequent development of design
criteria. The culmination of this research will be a
new Hollow Structural Sections Manual, jointly
produced by AISC and the Steel Tube Institute
with funding from AISI. The new manual should
be available late in the second quarter of 1997 and
will cost $72.

There are several advantages associated with
the tubular section as opposed to shapes with open
profiles:
¢ Since the moment of inertia is the same about

any axis for round and square tubes, these sec-

tions are the most efficient for columns that have
the same end restrains in any direction. For dif-

ferent end restraints about the principle axes, a

rectangular tube can be selected with proportions

that provide the same column slenderness ratio
about the major and minor axes, thereby provid-
ing the most efficient use of the material. The
section modulus also can be optimized for beams
in biaxial bending.

* The torsional stiffness of the closed shape and
the high weak axis moment of inertia minimize
the requirements for lateral bracing of tubular
beams. Round and square sections require no lat-
eral bracing and rectangular beams bending
about the major would require lateral bracing
only for extreme depth-to-width ratios. The tor-
sional stiffness and strength also make tubes the
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The Audobon Society Building in Portland, ME, is a
wonderful example of the structural versatility and
architectural elegance of exposed hollow structural
sections.

ideal shape for space frame construction.

¢ The smooth profile has aesthetic appeal for
exposed members and the resistance to fluid flow
forces (wind or water) is minimized.

* The profile provides the minimum surface area,
which minimizes costs for painting and other
surface maintenance requirements. The mini-
mum surface also is an advantage for structural
members in clean production facilities.

This article will focus only on square and rectan-
gular Hollow Structural Shapes (HSS).

HSS ProbucTts

There are two primary ASTM specifications for



HSS =ections.

* A500: Cold-Formed Welded and Seamless
Carbon Steel Structural Tubing in Rounds and
Shapes

* A501: Hot-Formed Welded and Seamless Carbon
Steel Structural Tubing

In addition, A618 and A847 are for alloyved hot-
and cold-formed tubes that must be obtained by
special order from a manufacturer.

From the primary specifications, it appears that
four types of HSS products are available. However,
in the U.S. there is only one type that can be real-
istically obtained: cold-formed welded. The typical
HSS product is an A500 Grade B with a yield
strength of 46 ksi and an ultimate strength of 58
ksi, although much of it would qualify as Grade C
with 50 ksi yield and 62 ksi ultimate. Grade C can

The Salt Palace—Salt Lake City's new Convention
Center—utilized tubular members to frame its exten-
sive skylight system.

be certified by special order from a manufacturer
(for a complete listing of structural tube availabili-
ty, see the January and July issues of MSC).

In addition to the magnitude of the yield and
ultimate strengths, the method of manufacture
also influences other characteristics that affect
structural behavior,

* Cold-formed A500 HSS have through-thickness
residual stresses that are on the order of 80% of
the vield strength of the material on the inside of
the section. The variation of the mean residual
stress around the perimeter is not as large, with
compression of about 10% of the yield stress in
the corners. A higher tension residual stress
exists in a localized area at the weld.

The straightness of HSS sections depends on the
manufacturer, but in most cases members are
well within the tolerance permitted by A500.
Common out-of-straightness measurements are
less than L/5000, which is much better than hot-

formed open sections.

* Due to cold-working, there is a variation in the
yield strength around the perimeter of the sec-
tion, with a higher vield in the corners. The
specified yield is from the center of one of the
walls that does not contain a weld.

Consequently, squash loads for stub columns can

exceed the yield time the area.

* Thicknesses are very uniform in the sides of the
HSS but somewhat greater in the corners.

The topic of thickness merits additional com-
ments. The A500 specification permits the wall
thickness to be 10% under the nominal value.
Plate and strip from which HSS are made are pro-
duced to a much smaller thickness tolerance. For
several marketing reasons, manufacturers in the
U.S. take advantage of this situation and consis-
tently produce HSS near the lower end of the A500
tolerance. Consequently the Steel Tube Institute
of North America and AISC have issued a state-
ment concerning the design thickness: “...a sug-
gested modified wall thickness representing .93 of
the nominal wall dimension should be used for cal-
culations involving engineering design properties.”

Tables of section properties and load tables for
structural members that reflect this policy are
being prepared.

MEMBER DESIGN CRITERIA

It is not the intent of this paper to review all the
member design provisions for HSS sections.
However, there are a few items of concern or differ-
ences with more familiar procedures for hot-formed
open profiles that will be discussed. The criteria
are from the current LRFD Specification issued by
AISC.

AxIAL COMPRESSION

There have been a few HSS column testing pro-
grams in North America, but most data is from an
extensive series of column tests conducted by
CIDECT (Comite International pour le
Developpement et I'Etude de la Construction
Tubulaire) in the 1970s. A distinct difference in
the normalized column strengths between hot-
formed and cold-formed HSS was observed in the
CIDECT programs, causing cold-formed tubes to be
assigned to lower column curves in specifications
with multiple curves. The high levels of residual
stresses is a major factor for the lower normalized
strength. In the U.S. where a single column curve
is used in the LRFD Specification, much of the
cold-formed data falls below the curve, indicating
somewhat unconservative design. However, this
situation is not as severe as accepted practice with
heavily welded open shapes, where normalized test
data is even lower than that for A500 HSS.

The apparent unconservative design of cold-
formed HSS columns is not as critical as it
appears. Much of the CIDECT test data was nor-
malized by the offset yield of the section obtained
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from stub column tests. This reflects the inherent
high yield stress in the corners of the tube result-
ing from cold working. Since U.S. practice is to
determine the yield strength with a coupon taken
from the middle of a side of the finished tube, the
yield load calculated by the material yield strength
times the gross area will be less than the weighted
average that includes higher strengths in the cor-
ners.

Local buckling of HSS is an important consider-
ation since about half of the standard HSS sizes
have at least one pair of sides where the flat-
width/thickness ratio exceeds 238/ /F, , and the
section is classified as thin-walled. Therefore, the
LRFD column equation in Appendix B is the basis
for many HSS designs.

P, = A(0.6857)QF, for \/Q < 1.5
P, =[287T\F, for 2J/@Q > 15
%

e
I'T
¥

Kl /
A=V E

The factor @ accounts for local buckling of HSS
and is based on the effective width concept and
accounts for inelastic action and imperfections.
The concept pertains to the force carried by a long

plate supported on two edges parallel to an axial
force. A uniform stress, which has the same mag-
nitude as the true stress at the edge, acting on the
effective width will result in the same post-buck-
ling force using the true stress distribution. The
effective width equation for the case when the side
supports have the same thickness as the buckled
plate is used by AISC for local buckling of a tube
wall.

b, /t=191WE/f[1-038WE/f/(b/t))<b/t (2)

In this equation, b is the flat width of the side of
the tube and f is the average stress based on the
total gross area, usually the critical stress for the
column. The reduction factor @ is the ratio of the
remaining effective area divided by the gross area
and Equation 1 is used to determine the column
buckling load, which reflects local buckling interac-
tion. Since AISC bases f on the full section proper-
ties of the section rather than the effective proper-
ties, iteration to determine the critical load is
avoided. If the average column stress is sufficient-
ly low so that the effective width is the full flat
width, @ is equal to one.

BENDING
Thin walled HSS in bending are designed with

PATENTED FIXED WORK,
MOVING DRILL
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the effective width concept of Equation 2 for the
compression flange. In this case the stress, f, is
taken as the yield stress since failure occurs when
the yield stress is reached in the corners. Using
just the effective width for the compression flange
causes a shift of the neutral axis away from the
flange, as well as a change in the moment of iner-
tia and the section modulus. The limit moment is
determined by setting the bending stress calculat-
ed with the effective section modulus equal to the
yield stress, or

oM, =S, F, (3)

Square HSS are not subject to lateral-torsional
buckling and, therefore, do not require lateral brac-
ing. Rectangular HSS bending about the major
axis could buckle laterally and AISC currently has
provisions for the unbraced length. However, for
HSS sections, the unbraced lengths are so large
that realistic designs would be controlled by deflec-
tion or the reduction of the section moment capaci-
ty caused by lateral-torsional buckling is negligi-
ble. For example an HSS20 x 4 x %", which has
one of the largest depth/width ratios of standard
HSS, has L, of 8.7" and L, of 137". An extreme
deflection limit might correspond to a length/depth
ratio of 24, or a length of 40’ for this section. Using

the linear reduction between the plastic moment
and the yield moment for lateral-torsional buck-
ling, the plastic moment is reduced by only 7% for
the 40’ length. In most practical designs where the
moment gradient C, is also a factor, the reduction
will be nonexistent or insignificant. The only case
where lateral bracing is an important considera-
tion is when a plastic analysis is used for the
moment distribution in the structure and some
hinges must sustain finite plastic rotations to
develop the failure mechanism., The maximum
unbraced length from the hinge is

0.17 + 0.10 (M, / M,) E
Zr > ’ (4)
FIE r,>0.10%;

[; P“ ¥

pd =

In Equation 4, M, is the plastic moment of the
section, M, is the smaller moment at the end of the
unbraced length, and r, is the radius of gyration
about the minor axis.

CycLic AXIAL LOADING

HSS braces have been known to fracture cata-
strophically in earthquakes. A pilot program con-
gisting of nine tests of members subject to axial
end displacement reversals was conducted to inves-
tigate the failure mode. The program consisted of
testing two thicknesses of 5"x2” HSS under axial
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and the measured stub column strength (P,,,) were
obtained in static tests while the yield load (P,) is
calculated from the static yield stress and the actu-
al HSS dimensions. The fact that the stub column
tests are higher than the yield load reflects
enhanced yield properties in the corners of the
S0 HSS and indicate that local buckling occurred in

Figure 1 ‘]I the strain hardening range.

Table 1. HSS Test Specimen Properties
1 Mo P s

Size bit | KUr | kis kips kips
S5x2x'k" 36 | 83.5 | 46.1 71.0 i e

5x2x%e" | 23 | 864 | 57.0 | 127.2 161

The AISC Specification defines a thin-walled
HSS under uniform compression as having a b/t
that exceed 238/,/F, , or in this case 35 for the thin
—20- HSS. The recent AISC Seismic Provisions limit
b/t to 110/,/F, or about 15 for both of the two sizes.
Therefore, the thicker of the test specimens would
have been acceptable under the older code provi-

__—LOCAL BUCKLE

LOAD (kips)
&

s sions, but neither HSS would be acceptable under

~601 THICK the newer seismic provisions.
-704 Both tube sizes were initially tested as columns
—80 ’ . R under very slow monotonic axial loading. The
—400 -300 =00 i v resulting load vs. axial displacement curves are
AGAL EXTENSION (.001in.) shown in Fig. 1. Since the column slenderness is

almost identical for the two sizes, overall column
) - . buckling occurs at essentially the same axial dis-
displacement with ends pinned for column buck-  placement. Subsequent local buckles, however,
ling about the weak axis. The properties of the test  gevelop at less displacement in the thinner HSS.
specimens are summarized in Table 1. In the cyclic test program, axial displacement lim-

The size, b/t and column slenderness (KL/r) are s were at 0.200” where only the thin HSS formed
based on nominal dimensions. The yield stress (F,) , 1ocal buckle and at 0.400” where both HSS had
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Table 2. Cycles to Fracture

Displacement Thick Thin
(in.) Test | Period | Cycles| Test | Period |Cycles
(sec) (sec)
-.200, +.200 T 480 32
4 16 500+ | 8 16 32
-.300, +.300 10 2 27
-.400, +.200 | 2 40 31
5 5 34
4A 5 41 Preload
$1 2 f 40 19) 2|18

Table 3. Flat-Width/Thickness Limits

Full yield in axial compression 238/ v Fv_
Plastic bending moment 190/ +Fy
Yield bending moment 238/ JF,
Axial compression for brace -

in seismic zone 110/ JE,

local buckling.

The variables in the cyclic test program were the
axial displacement range, the mean axial displace-
ment and the rate of loading as determined by the
period for a cycle. A similar pattern of behavior
was observed in most of the cyclic tests. Column

buckling is followed by a local buckle which leaves
“horns” at the corners. After several cycles with
tension excursions, cracks initiate at the HSS cor-
ners on both horns and propagate through the
thickness and away from the corners in subsequent
cycles. As section is lost at the cracks resulting in
an eccentric load, the lateral deflection reverses
during the tension part of the cycle but return to
the original direction during compression, produc-
ing a snap-through behavior. Eventually the crack
pops across the local buckle, resulting in increased
lateral deflection that creates a large enough
eccentricity to reverse the direction of column
buckling in the subsequent compression. Table 2
presents the displacement range, the test identifi-
cation number, the cycle period and the number of
cycles for a full fracture across the width of the sec-
tion.

The most significant conclusion from the tests is
that Test #4, which buckled as a column but did
not form a local buckle, sustained over 500 cycles
of loading without developing a crack. All other
tests where local buckling did occur failed in 41 or
fewer cycles.

These pilot tests demonstrate that the only
important parameter in determining whether HSS
braces will survive a seismic event is the formation
of local buckles. In summary, the b/¢ limits for

WHITEFAB INC.

BIRMINGHAM
ALABAMA

Phone (205) 791-2011

Fax (205)791-0500

Please circle # 55

* With our patented process,
we recently rolled these
W18 x 35# beams the
hardway to a 24'-4" outside
radius.

* Here are just a few more
examples of our hardway
beam rolling capabilities:

Size Radius
W16 x 50# 25-0"
W16 x 264 200"
W14 x 43%  30-0"
W14 x 22# 20-0"
W12 x 53% 25-0"
Wi2x 194 15-0"
W10 x 26# 20-0"
W 8x18# 10-0"

* Of course we do channels,
tubing, tees and other shapes,
both the hardway and the
easyway.

* May we help you with all
your rolling requirements?
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various limit states appear in Table 3.

SIMPLE FRAMING CONNECTIONS

Connections have been a concern for some
designers who consider the use of structural tub-
ing. Research has shown that a variety of familiar
simple framing connections can be used to connect
wide-flange beams to HSS columns. Since the cost
of different simple connections with the same
capacity can vary by more than a factor of two, it is
important to understand when inexpensive connec-
tions such as shear tabs can be used without com-
promising the strength of the tubular column.

This discussion concerns nine different types of
simple framing connections used with HSS
columns. These are shown in Figure 2.

In all but the shear end plate, the connecting
elements are welded to the HSS column and bolted
to the web of the wide-flange beam, with the excep-
tion of the seat angle where the beam flange bears
on the outstanding leg. For the shear end plate,
the plate is welded to the beam web and bolted to
the HSS column using blind expansion bolts or a
flow-drill process that produces a tapped hole
which replaces a nut in blind connections.

There are two categories of weld positions on the
HSS for the connections shown in Figure 2. The
shear tab, through-plate and single angle with ver-
tical fillet welds have welds at the center of the
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Table 4. Relative Connection Costs
Type Cost
Single Angle, L-shaped Welds 1.00
Shear Tab 1.05
Single Angle, Vertical Welds e
Seat Angle 1.36
Double Angles 1.50
Tee, Vertical Welds 1.62
End Plate 2156
Through-Plate 2.25
Tee, Flare Bevel Welds 2.42

HSS face, while the others have welds near the
edges. Center welds will tend to distort the wall of
the HSS more than edge welds, except for the
through-plate which provides stiffening of the wall.

The connections are classified as simple, mean-
ing that they produce negligible end moment in the
beam. Rotational flexibility is provided by distor-
tion of the connecting elements, particularly the
column legs of angles or flanges of tees. Most of
the connections are standard shear connections
described for use with wide-flange columns in the
AISC Manual of Steel Construction. Two excep-
tions are the through-plate, which is unique to hol-
low members, and the single angle with vertical fil-
let welds. When a single angle is welded to the
flange of a wide-flange column, a vertical weld at
the heel would be in line with the web and rota-
tional flexibility would be lost. Therefore, the stan-
dard welding pattern is an L-shaped weld with a
vertical segment at the toe and a horizontal seg-
ment across the bottom. This permits distortion of
the column leg of the angle so that the connection
can be classified as simple. With an HSS column,
however, flexibility is provided by the HSS wall in
a manner similar to the shear tab. Therefore, a
single angle connection with two vertical welds is
considered.

The shear tab is a special connection, even with
wide flange columns, due to restricted rotational
flexibility. Distortion must come from local yield-
ing of the tab combined with slippage and bearing
distortion of the bolts in their holes. Additional
flexibility is provided when the tab is used with an
HSS column, but some designers fear excessive dis-
tortion of the HSS wall. Hence through-plates are
sometimes specified to reinforce the wall.

RELATIVE CONNECTION COSTS

In order to put the discussion in a good perspec-
tive, information on the relative costs of the con-
nections is desirable. Since a number of connection
types were being studied and tested at the same
time, an excellent opportunity was presented to
determine relative costs. Relative costs for 3 bolt
connections are listed in Table 4 based on the least
expensive (single angle with L shaped fillet weld)
being given a value of unity. The costs are for the



Table 5. Limit States for the Connections

ConnectionType A B C D& F G H |
Bolts
Shear wino eccentricity X X X X

Shear by ultimate anal. x  x X

Connector Material

Bolt bearing (L.>1.5d) x
Gross shear atyield  x
Net sect. shear fracture x
Flexural yield

Flexural rupture

Block shear X% N

Welds

Shear w/no eccentricity X X
Shear by vector anal. X X
Shear by ultimate anal. x x X X

Tube Wall

Shear at weld ¥ X X X % X X
Bolt bearing X
Punching shear X X

A — shear tabs

8 — through-plates

C — double angles

D — tee w/ vertical fillet welds

E — tee withflare bevel welds

F — single angle welded at toe & bottom
G — single angle welded at toe & heel

H — unstiffended seat

| — shear end plate

> X

»x X »x

H X X X X X
>

connecting material and the labor to fabricate the
connection, including welding to the HSS or to the
beam web in the case of the end plate. The cost of
the end plate is somewhat uncertain since blind
bolting or flow-drilling the holes are not routine
operations at this time. The costs do not reflect
shop preparation of the beam or field erection.

The high cost of the Tee with the flare bevel
weld is due to labor and consumable electrodes
required for the multipass welding. Vertical fillet
welds on the Tee are much more economical. For a
simple shear connection, there is no behavioral
advantage for the flare bevel welds. In a moment
connection where horizontal tees are used between
beam flanges and the column, flare bevel welds
provide a good transfer of the tension and compres-
sion forces into the side walls of the HSS and,
therefore, may be warranted.

It may also be noted in Table 4 that the through-
plate connection is more than twice as expensive as
the shear tab. This is due to the labor involved in
laying out and slotting the HSS to insert the plate.
In addition, there are interference problems if con-
nections for perpendicular beams are required.
Consequently, considerable research has been con-
ducted to justify the use of economical shear tabs.

CONNECTION LIMIT STATES

Connection limit states were studied in a series
of test programs involving 24 tests of simple con-

nection to HSS columns. The connection strength
is governed by limit states associated with the
bolts to the beam web, connector material, welds
and the HSS. Possible limit states are listed in
Table 5 with an indication of which apply for vari-
ous types of connection according the AISC
Manual. After applying the appropriate resistance
factor, the lowest value governs the strength of the
connection, or the criteria can be used to establish
a size limit so that a particular limit state will not
control. The eccentricities are the result of the
small distance between the bolts and welds and do
not imply that a significant end moment exists in
the beam. Since the criteria for various connec-
tions were developed from different research pro-
grams that may have been separated by several
vears or decades, there are inconsistencies in the
present state-of-the-art. For example, weld eccen-
tricities are evaluated by elastic vector analysis in
some cases and by an inelastic ultimate analysis in
others,

Connection design for HSS columns is somewhat
simplified since it is unlikely that beams would be
coped at the top flange. Therefore, the bolt edge
distance limits in the connecting material can be
met and no bearing reductions are required for less
than minimum edge distance.

Table 5 indicates three limit states associated
with the HSS column. Bolt bearing applies only
for the shear end plate which requires bolting to
the HSS. When the connector is welded to the
HSS, shear in the wall adjacent to the weld may
control the capacity of the weldment. One way to
consider this is to determine the maximum throat
dimension of the weld for which the weld material
will govern.

=t wﬁﬁ.. HSS)

= 0.0.6F, g @)

(throat),,,.

where F, is the ultimate strength of the
material
For fillet welds where the throat is 0.707 of the
weld size and the two resistance factors are the
same according the AISC Specification, the maxi-
mum effective weld size is

_V2F use

a v
FweLn

tuss (6)

When the actual weld size is less than a,, the
weld dictates the capacity while for larger welds,
the effective weld size controls.

The other limit state associated with the HSS in
Table 5 is punching shear. This is a tearing
through the thickness of the HSS wall adjacent to
the weld. This can occur in shear tab and single
angle connections with vertical welds where ten-
sion in the material resulting from eccentricity
pulls directly at the upper part of the weld. It can
be prevented by a simple criteria that keeps the
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maximum pull as determined by the yield strength
in a unit length of the connector material being
less than the shear fracture capacity through the
two sections of the HSS wall on either side of the
weld or pair of welds.

Fyatias < 200.6F, 55t ysq (7)
F:;l S
bas < 12‘@5{?‘;1&4 (8)
or

Punching shear will not occur in through-plate
connections where the HSS wall is reinforced or in
other connections where the pull is transferred to a
perpendicular element of the connector, such as
the column leg of an angle or flange of a Tee.

One limit state for the HSS that is not shown in
Table 5 is that associated with a yield line mecha-
nism. In all the tests that were conducted with the
beam simply supported at both ends, there was
never enough distortion of the face of the HSS to
develop a yield line mechanism. Therefore, the
limit states associated with the HSS can be pre-
vented from controlling by determining a maxi-
mum effective weld size and by limiting the thick-
ness of the projecting connection material when it
is directly welded to the HSS wall.

The experimental strengths generally match or
exceed the strengths predicted by the limit states
criteria. Distortion due to gross yielding was usu-
ally observed at loads less than the corresponding
limit state, but this did not represent a loss of load
capacity in the connection. Actual failure modes do
not always match the theoretical critical limit
state. However, the designs were well balanced so
that several limit states have nearly the same
capacity, making it uncertain to clearly discern the
failure mode in the tests. The conclusion is that
the AISC tables for connection strength can be con-
servatively used for HSS columns provided that
the weld does not exceed the effective weld size
determined from the HSS thickness and that the
punching shear criteria is applied for shear tabs.

The economically attractive shear tab connec-
tion was tested to a greater extent than the others.
It was determined that the shear eccentricities
were generally between the weld and bolt line and
less than those used in the AISC tables, except for
combinations of HSS with very low width/thickness
ratios and flexible beams. However, in the latter
cases the experimental eccentricities reasonably
matched those used in the AISC Manual. Since a
smaller eccentricity leads to greater capacity in the
bolts and welds, it is conservative to use the AISC
Tables for shear tabs.

HSS WALL DISTORTION AND COLUMN STRENGTH
In order to determine the effect of the connection
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Table 6. Transverse Strain in HSS at 50 kips Shear
(win/in)
Type 3 Bolt 5 Bolt
Tab -2100 to -3900 -900 & -1200
Single Angle,
Vert. Welds -2100 -1050
Single Angle,

L Weld -1380 -450
Tee, Vert. Welds | -750 to -1100 -380
Tee, Flare Welds -1100 20

Double Angle -975 -600
End Plate -300
Seat 40 & 60
Through-Plate 55 to 700

Figure 3

HSS6x3x5/16"
HSSBx3x1/4"
HSS8x3x3/16"

types on local distortion of the HSS columns in the
24 connection tests, strain gages were mounted at
the center of the wall one inch below the connect-
ing element. The transverse strains measured or
extrapolated at a common 50 kips shear that are
shown in Table 6 form the basis for comparison.
Positive transverse strains in Table 6 result from
Poisson’s ratio and indicate no wall distortion.
Connections such as tabs and single angles that
have load transfer through a weld at the center of
the HSS have the highest transverse strains.
These will typically exceed yield even at service
loads. An exception to this is the through-plate
that inherently reinforces the center of the wall
and the transverse strains are negligible.
Connections with welds near the sides of the HSS
have significantly less transverse strain at the cen-
ter of the wall. The end plate and seat angle con-
nections produce little transverse strain. Longer
connections with five bolts produce less transverse




Table 7. Column Strengths
for Tabs vs. Through-Plate Tests
- P! P,
b/t Connection wo Sides | One Side
15 Through-Plate, Tight 0.53
Shear Tab, Tight 0.51
Through-Plate, Snug 0.50
Shear Tab, Snug 0.49
29 Through-Plate 0.63 0.42
Shear Tab 0.61 0.46
40 Through-Plate 0.58 0.42
Shear Tab 0.45 0.42

strain than 3 bolt connections and HSS with thin-
ner walls or higher b/t tend to have larger strains.

In order to address the question of whether local
distortion of the HSS has a detrimental effect on
the column capacity, a series of tests were conduct-
ed to compare the influence of shear tab and
through-plate connections. These types of connec-
tions represent the extremes of inducing trans-
verse strain into the HSS wall. A previous paper
presented test results leading to a conclusion that
there was no significant column strength reduction
between shear tab connections and through-plate
connections. However, this conclusion was based
on only four tests using HSS with a b/t ratio of 16.
More recently similar column tests were conducted
using HSS with b/t ratios of 29 and 40. This study
with eight tests included symmetric connections on
both sides of the HSS and unsymmetric connec-
tions on just one side. Both snug and tight bolts
were included in the original four tests, but only
snug tightened bolts were used in the eight later
tests.

The test setup for all the column tests is shown
in Figure 3. In these tests, the beams were loaded
to about 70% of the connection capacity and then a
load was applied to the top of the column until a
column buckling failure occurred in the lower por-
tion.

Table 7 presents the column strengths as ratios
of the maximum experimental load divided by the
yield load given by area times the static yield
strength from a tension coupon taken from the wall
of the HSS.

The tests with connection on two sides failed
with sudden buckles while the unsymmetric tests
failed gradually in bending.

The conclusion from Table 7 is that shear tab
connections used with HSS columns that are not
thin-walled will develop essentially the same col-
umn strength as those where the wall is reinforced
with a through-plate. With thin-walled HSS, shear
tabs may have a detrimental effect on the axial col-
umn capacity. For connections on only one side of
the HSS column, there is no strength reduction for
using shear tabs. It is safe to assume that these
conclusion hold for other types of simple connec-

tions that have smaller transverse strains.

SUMMARY AND CONCLUSIONS

There are a few characteristics of square and
rectangular HSS that cause some member design
consideration to differ from those of open profile
sections. First it must be recognized that only
cold-formed welded HSS are readily available in
the U.S. These sections have good structural prop-
erties, although the thicknesses will usually be less
than the nominal value. It should be recognized
that many of the sections are thin-walled and
require appropriate design criteria for columns and
beams that reflect local buckling. Design criteria
must also prevent local buckling when the HSS are
used as braces in seismic applications. Except in
unusual situation or when plastic analysis is used,
HSS beams do not require lateral bracing.

The connection test programs have shown that
the variety of simple framing connections typically
used in steel construction can confidently be used
with HSS columns that are not classified as thin-
walled. The tabulated connections capacities and
criteria for evaluating connections that appear in
the AISC Manual can be applied when HSS
columns are used. The only additional limit states
that must be considered are a simple thickness cri-
teria for punching shear of the HSS wall when
shear tab connections are used and a limit on max-
imum effective weld size based on the HSS thick-
ness.

Connections that involve welding at the center
of an unreinforced HSS wall will produce local
strains that exceed yield. However, the resulting
wall distortions are barely noticeable and not near-
ly as great as the distortions of the connecting ele-
ments. The local distortion in the HSS wall has
negligible influence on the column capacity as long
as the HSS is not classified as thin-walled. This
applies to connections on one side of the HSS or
symmetric on both sides. Careful consideration
should be given to the type of connection specified
in a design, since the connection cost can vary by a
factor of 2%%.

Donald R. Sherman, P.E., Ph.D., is a professor of
civil engineering at the University of Wisconsin-
Milwaukee. The connection and column tests pro-
grams were supported by the Steel Tube Institute of
North America and additional funds for the shear
tab investigations were provided by the Society of
Iron & Steel Fabricators of Wisconsin and AISC.
The HSS material was provided by the Welded
Tube Company of America. Special thanks is due
to Dave Mathews of Ace Iron & Steel Company of
Milwaukee who fabricated the connection material
and provided the cost estimates for fabrication.
The work was conducted over several years by four
graduate students; Steve Herlasche, Joe Ales, Chris
Haslam and Homyan Boloorchi.
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g BACK TO THE FUTURE

Electric Welded Steel Tubing
i s

!
!

ASTM A513 TYPES I & Il
MECHANICAL TUBING = ASTM
A500 GRADES A, BAND C
STRUCTURAL TUBING » HI-Y 50
STRUCTURAL PIPE » HSLA
STRUCTURAL TUBING = ROPS
* RACK TUBING = OCTG
CASING (UNTESTED) » SIZES
SQUARES AND EQUIVALENT
RECTANGLES: 12° X 1/2°TO
10" X 10"; ROUNDS: 38" TO

12 3/4" « WALL THICKNESSES
018" (26 ga.) TO .500" (1/27)

The Tradition of Excellence Continues...

The Tube People of UNR-Leavitt are now the Tube People of Leavitt Tube. We are returning
to our original name and service mark—a name which commemorates nearly half a century of
experience in manufacturing tubing products.

Although the name has changed, the people, company and manufacturing excellence you
have come to know and rely upon has not. As always, our experience is the “trademark”
behind our name.

npainy,

()] — Our people make  |¢

1717 W. 1156th, ST., CHICAGO, IL 60643

LEpEPl]  EEETTT the difference =

K : -
&% Committed to Excellence FAX: 312-239-8289 Center Institute
WHERE SERVICE IS OUR OBSESSION
Manufacturers of ) LEAVITT TUBE LEAVITT TUBE LEAVITT TUBE LEAVITT TUBE
Electric Welded Steel Tubing CHICAGO, ILLINOIS BLUE ISLAND, ILLINOIS HAMMOND, INDIANA MADISON, MISSISSIPPI
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FALL PREVENTION

he 9450 Beamwalker System
18 a temporary, polyester rope
horizontal lifeline system. It is
easily installed with a wrench,
either at waist height or directly
overhead. Horizontal installations

i N

have a maximum length between
anchorage points of 60" for use by
one person and of 20’ for use by two
people at a time. The system can be
installed between vertical columns
or used with other Sellstrom/RTC
horizontal lifeline post systems. The
gystem sets up 1in mnutes, prn\uiv.\
worker continuous protection and is
extremely light weight

For more information, contact:
Selltrom Manufacturing Co.,
One Sellstrom Dr., Palatine, IL
60067 (ph: B00/323-7402; fax:
847/358-2000; home page:
http://www fallprotection.com) or
circle number: 124

FALL PROTECTION
HANDBOOK

new guide from SINCO focus-
es on the wide range of safety
1ets and perimeter systems
available from this manufacturer
Included are safety products for both
buildings and bridges. The company
also produces safety belts and life-

lines

For a free copy of this publication,
contact: The SINCO Group, 701
Middle St., Middletown, CT 06457-
2527 (ph: 860/632-1509; fax
860/632-1509). or circle number: 127

SAFETY PRODUCTS

he design of the Horizon
Lifeline System liberates users
from disconnecting their safety

lanyards when passing through

SAFETY PRODUCTS...

intermediate supports, thereby
increasing worker safety while
enhancing mobility. With an
advanced shock absorber, the system
can accommodate up to five persons
on a 40" span. By reducing the
dynamic force caused by accidental
falls by more than half, it helps to
protect against both injury to the
user and damage to a structure at
its anchorage points. The lifeline’s
strength is bolstered by its rugged,

" wire rope construction

Another new products from Rose

D B Industnes, Inc

Toll Free: 1-800

Changing the way you
< Dut your life on the line”

The
Wing
Portable
Horizontal
Lifeline by
DBI/SALA is
the premiere fall
protection system for

iron workers on the
market today. It features
durable all metal components,
in-line shock absorbers at each end,
3-point claw contact with beam, pass

thru intermediate brackets, easy
installation and more.

DBUSALA offers a complete line of fall
protection equipment including: Full Body
Harnesses, Self Retracting Lifelines, Positioning
Lanyards, Shock Absorbing Lanyards, and Vertical

& Horizontal Safety Systems.

ne Fall Protection On High Steel

)BI/SALA A

e World Leader In Fall Arrest, Restraint & Rescue Equipment

* 3965 Pepin Avenue * Red Wing, MN 55066-1837
328-6146 = Phone: 612-388-8282 » Fax: 612-388-5065
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DON'T WASTE DESIGN TIME, USE...

interior
Pre-engineered -2 SPAN industrial metal response to
buildings with simple “structured panel.” design and

cost questions
I(elly I(Insul'e 8ystems « Engineered to
IS !'c;;b‘u}zg‘ylaars' N T msrm'm

800-228-7230

':‘:"w‘“: NEBRASKA
FAX: 402.727-1363

| \
re.com AN

MFC. BY KELLY INDUSTIITS, INC

RIGH-GON

The hemisphere's largest
shape roll - now on line
and fully operational at
Richard's & Conover Steel

~ has capacity up to 40
wide-flange beams and
other shapes including
large diameter pipe and
structural tube, Call, write.,
fax or e-mail 1o Bob Evans
for complete information,

Manufacturing include the RCD
Remote Connect/Disconnect System
that allow workers to secure anchor-
age connector straps and install fall-
arrest systems to qualified overhead
anchorage points from ground level.

For more information, contact:
Rose Manufacturing, 2250 S.
Tejon St., Englewood, CO 80110-
1041 (ph: 800/722-1231) or circle
number: 126

OCCUPATIONAL
SAFETY SOFTWARE

ompanies can consolidate all
incident, Human Resource,
safety and risk management

information into one system with
Ocecupational Safety Professional
(OSP) for Windows. OSP allows com-
panies to quickly access past and
present employee data. Also, by con-
verting statistical data into charts,
the program can help to identify
problem areas within a company.

For more information, contact:
Parsec, P.O. Box 551665, Dallas,
TX 75355-1665 (ph: 800/527-
3454 fax: 214/553-0983) or circle
number: 125

SAFETY HARNESS

he Miller DuraFlex Harness
Series are constructed of a
unique webbing composed of

nylon, polyester and a specially for-
mulated elastomeric material that
conforms to the shape of each work-
er to provide better fit. The design
allows the harness to stretch as the
worker moves for maximum comfort
without bunching, binding or cutting
into the shoulders or legs.

For more information, call Miller
Equipment at 800/873-5242 or circle
number: 129

FALL PROTECTION

wide range of fall protection
equipment is available from
)BI/SALA, including: full

body harnesses; shock absorbing
lanyards; self-retracting lifelines;
rope grabs; confined space equip-
ment; anchorage connectors and
much more.

For more information, contact:
DBI/SALA, 3965 Pepin Ave., Red
Wing, MN 55066-1837 (ph: 612/388-
8282: fax: 612/388-5065) or circle
number: 114



R 7. B E L

M A B.EsE T PL. .k BiE

Computerized Structural
Steel Detailing

Experienced Staff including licensed Professional Engineers with
many vears of detailing experience.
32 years of service to steel fabricators and contractors.
R.A. Gress & Associates
176 Planebrook Road, Frazier . PA 19355
Ph: (610) 644-3250  Fax (610) 889-4836

Employment

ProCounsel searches for the right job for you, in the
right geography, at the right money. Drafters,
detailers, checkers, estimators, plant/project
managers, erection professionals, sales. Fee paid by
employer. Buzz Taylor 214-741-3014. Fax: 214-741-
3019 or leave a msg: 800-545-5900. Confidential.

Comprehensive Review Manuals
SE and PE (Civil) License

PE (Civil) six vol. (4200 pp). Calif Structural Engr (SE) five vol, (4170
pp). C.V. Chelapati, Ph.D., Editor. Covers solution techniques with
several hundred solved problems. Invaluable reference for PE/SE exams
Highly acclaimed as excellent references for practicing engineers.
Call/write for detailed brochures. PEDP, Inc., 5912 Bolsa Ave., Suite 108-
MSC, Huntington Beach, CA 92649

(714) 898-3658 = (714) 898-4635

Help Wanted — STEEL DETAILER/CHECKER

Columbia, SC-based metal deck manufacturer has a position available
for an experienced detailer and checker. Ability to read construction draw-
ings and to layout deck or steel structure is required. AutoCAD R12 expe-
rience a plus. Company has full benefits package including health and
dental insurance, ESOP, and 401K plan. Associate degree or equivalent is
required. Send resume to:

Consolidated Systems, Inc.
P.O. Box 1756, Columbia, SC 29202
Attn: Human Resources
Fax: 803/540-2252

Computerized Detailing
Structural, Miscellaneous, Ornamental
* 23 years of service to steel fabricators and contractors
* Very reasonable rates
* We also provide calculations by licensed professional engineers
* Excellent results
E/Z Steel Detailing Inc.
Ph: (708) 957-5879
Fax: (708) 922-0438

Help Wanted — QUALICO STEEL

Chief Engineer: Registered P.E. with strong structural steel
experience. Must have good organizational and interpersonal
skills.

Submit resume and salary history to:
Qualico Steel Company, Inc.
P.O. Box 149
Webb, AL 36376
Attn: John E. Downs
Telephone: (334) 790-3535

Help Wanted: Structural Steel Detailer
Qualified applicant will have knowledge of general
construction practices, ability and experience with
CAD, as well as excellent spatial, math and problem
solving skills. An associates degree in engineering,
architectural drafting or related field preferred.

We offer competitive wages, company paid family
health coverage, quarterly bonuses, 401(k), 100% pre-
paid college tuition and much more! Send resume and
salary requirements to the attention of the Human
Resources Department, E.O.E.

Genzik Steel
40 East 64th Street, Holland M1 49423
Phone: (800) 968-2002 Fax: (616) 392-2423

Help Wanted — Fabrication Division
Vice President & General Manager

Our client is an $80 million structural steel construction and
renovation company headquartered in a major metropolitan city in the
midwest.

Primary responsibilities will include: 1) profit and loss responsibility;
2) operation as in-house supplier; 3) fabrication for outside customers; 4)
partnering arrangements with other fabricators. The successful candidate
will have approximately 15 years operations management cxperience in
steel and iron fabrication, shop drawings. purchasing and pricing.

Our cliemt offers a highly attractive base salary, performance bonus
and car allowance. This is an excellent growth opportunity for the right
candidate.

Contact: Christina Balian, Senior Consultant, Compass Group, Lid.,
401 South Woodward Ave.. Suite 460, Birmingham, Michigan 48009 tel:
(810) 540-9110; fax: (810) 540-2944

Compass Group is a member of the Association of Executive Search
Consultants, an international organization of over 125 quality retained
search firms, and conduts searches only on a retained basis. All inquines
will be answered and all responses will be treated confidentially.

Help Wanted — Structural Steel
Detailer/Checker

Structural and miscellaneous steel fabrication plant
seeks an experienced steel detailer/checker to join its
14 member drafting team. If interested and qualified,
send your resume to P.O. Box 1538, Russellville, AR
72801, Atn: Trish Henry

Help Wanted — Project Manager

NY-NJ Metropolitan Area structural steel fabricator seeks
Project Manager with minimum of five years experience. Must be
capable of total job managment including contract and change
order negotiation, scheduling and customer follow-up, and be able
1o handle several projects. Degree in Engineering, Building
Construction or Architecture preferred. Please reply to: Steelco,
601 Fritztown Road, Sinking Spring, PA 19608
Fax: 610-678-4331
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STAAD-IIVOnline — an idea Who's Time Has Come
Use STAAD-III on a Pay-Per-Use Basis
* Economical: A typical S0-member analysis and design job will cost
around $5-36 (the rate declines as the job size increases). Optionally,
you could limit the total charge amount while submitting the job.

* Efficient: Only the latest STAAD-III version is on the server, allow-
ing you access 1o the latest features and facilities.

*  Support: STAAD-I1I/Online users are entitled to unlimited technical
support.

How STAAD-II/Online Works

STAAD-III/Online is a service that allows you to run STAAD-III on a
“pay-per-use” basis using a modem connection. The package includes
STAAD-1II Input Generator and Post Processor software free of cost as
well as all necessary utilities for remote connection. Load the STAAD
Input Generator on your own computer (o create the STAAD-IIT Input
file. Using your modem, dial-in to connect to a host PC running STAAD-
111 software for analysis/design. After analysis is over, the results are
transferred back to your PC. That's it!

AutoSD Stel Detailing and Calculator Programs

A time saving, cost-effective way to prepare shop drawings, requiring minimum
training using AutoCAD Release 11 or later. Over 200 different LISP programs for
quickly detailing beams, columns, braces, gusset plates, stairs, stair rails, wall rals,
ramp rails, ladders sections, roof frames, embedded items, erection and anchor bolt
drawings. Configure it o your standards and keep differem configurations on file
Blocks, cuts, minus dimensions, and bolts are calculated for you from a database of
AISC shapes. Calculator programs for designing gussel plates and beam end
connections and a feet inch calculator for solving circles and triangles. There are no
maintenance fees, free telephone support. Reasonably priced yearly updates

AutoSD, Inc. 8203 Lizelia Rod, Meridian, MS 39305
Call or fax (601) 693-4729

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, Draftmaster & Designjet), PC's and 9000
series workstations are available for immediate delivery. Call
our toll free number for additional information and pricing.

For additional information, contact: Research Engineers, Inc., 22700 Savi Ted Dasher & Associates
Ranch Parkway, Yorba Linda, CA 92887-4608 4117 2nd Avenue South
Ph: (714) 974-2500 « ol free: (888) 4-STAAD-3 Birmingham, AL 35222
email: info@reiusa.com « Intemet: hitp://www reiusa.com fax (205) 591-1108
Structural & Miscellaneous Steel Detailing CAD Programs
AutoCAD parametric LISP programs for preparing structural AND misc. steel shop Advertiser Page Number Circle No.
drawings. All progrums have been updated for 1997 and new programs have been
added. Programs from anchor bolts to roof frames and “all steel in between.” Nicholas J. Bouras......... cn A, 13
Imperial and metric versions with USA, Canadian and European steel sections. 45-
DAY MONEY BACK GUARANTEE. DISCOUNTS UP TO 40%. Buy ONLY the Canam Steel ......... - 22-23 64
programs you need. Used in the field for 10 years. Programs written by a detailer CAST. y 40 4 . ’ 27
with 40 years experience. Extremely “flexible™ programs. FREE telephone suppon. )
No maintenance fee. Reasonable yearly update fee. EXCELLANT PROGRAMS ata o7+ RR— . 16 : cernennnr B3
REASONABLE PRICE. Call for a FREE demo disk, list of programs, and pricing or Chaparall Steel 35 43
download from AOL. file scarch: SSDCP. e e e T T 3 i
SSDCP, 110 Shady Oak Circle, Florance, MS 39073 L v | S N
tel: 601/845-2146 (fax same) * email: ssdcp@aol.com Columbus Galvanizing .13 102
~ C ter Detaili AL s e30
Rubber Tired Gantry Cranes ol 2 e
Bought - Sold - Traded - Brokered T i AR =
Currently have 9 machines available from 20 tons to 120 tons for DBV/Sala ‘ Y 114
immcdinlg shipment. Please 'Tﬂ" or fax 1(1(_ details, : Design Data LA 5 - 1
Machines needed, any size-age-condition for resale. That under-uti- I
lized gantry might mean cash for you today. GJE Industries : 26 40
Large forklifts and rail-mounted gantrys also available. BOOMmBREE ... 115
Gantry Crane Sales PR, it oiiasinios civii i it . .04
P.O. Box #430, Strathmere, NJ 08248
4 Lok » Formation Design Systems..... 2. 92
609/399-2800 » fax: 609/399-3131 | S R “
email: mum@bﬂmyammujp-com ntegrated Engineering Software...... 36 87
- Kelly Klosure .......... » — L 88
Subscribe now to Engineering Journal LORVIE TUDS oo 46
The only technical magazine in the U.S. devoted exclusively to Marks Brothers, INC. ..o 19 e 21
the design of steel structures, the AISC Engineering Journal
provides structural engineers, fabricators, and educators with the SR BT " i
latest information on steel design, research and construction. NSCC..vvvmninieicsiiiesnnen. " s 8
For a one-year subscription, send $32 to: Omnitech............. - 19 S——
American Institute of Steel Construction, Optimate............ e ] ki D
P.O. Box 806276, Chicago, IL 60680-4124 Quality Certification......................... 18
or phone 312/670-2400 Ram Analysis 8840 81
Research Engineers... W 34
. . Richards & Connover — - 76
AISC Professional Membership B T o R
Receive a FREE Ma..'ma.f of Steel g‘:rn.s'rrut'rir::r and' dis- Steel Joist Institute... ... 24 ‘ 54
counts on AISC pub}lcallons. seminars and the National TradeARBED ... 1 37
Steel Construction Conference. .
L ! Valmont Tulsa................ L |- o : ’ 61
For more information, contact: Max WSS 20 LA
Whitefab .... ; iy . - 55

Libby Kop at 312/670-5409.
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26212 Dimension Dr. Suite 200
Lake Forest, CA 92630
Voice: 800-332-7472 = Fax: 714-951-5848

IinRISA

ISA-3D represents a new philosophy in structural

engineering software. This is o comprehensive, gen-

eral purpose program that has been written from the

ground up specifically for the personal computer (this
is not a recycled mainframe program). RISA-3D's unique
design enables you to get up and running very quickly, which
makes you more productive in less time. You can concentrate
on getting your projects done on schedule rather than spend-
ing valuable hours trying to figure out yet another new soft-
ware product.

Even though we make “ease of use” our primary goal as we
improve and enhance RISA-3D, solution accuracy is never
sacrificed in the process. The results calculated by RISA-3D
are meficulously verified via an extensive matrix of fest
problems; these problems validate every aspect of RISA-3D's
calculations. We also take great pride in the quality of our
documentation and technical support. Should you ever have
questions about RISA-3D, our staff of professional engineers
is always ready to help.

The advanced features offered by RISA-3D are benefiting
structural engineering professionals all over the world.
Try RISA-3D and see for yourself just how good

structural engineering software can be!

Please circle # 40

For more information and o FREE demo disk, call us at

1-800-332-RISA




