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Is NonnlrlO keeping you awake nights? 
now sleep soundly! 

The 
E r UJ~ 1 K B __ 

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

• ·0 have a minimum ft. Ibs at 70aF. 14" 
Columns are available with AISC Sup.2. 20 ft. 700f in the core area. 

• is available with a of 65 ksi in the flange. 

• is available with maxtJnum Sulfur of 0.010% for improved 
through-thickness properties. 

• 8c can be welded without preheating using a low 
hydrogen electrode « 8mI/100gr) . 

• Today's low cost solution for seismic design incorporates the use of the 
"Dog Bone". The "Dog Bone" was patented by in 1989. but 

in 1995 was released to public domain. Combining the "Dog 
Bone" with and a well designed 

connection will provide the best seismic system for your 
next project. 

For detailed information. pricing. availability and 
literature. please contact Trade • Inc. 

Tel: (800) 272-3369 Fax: (212) 355-2159 

E-mail : tradeO :i.com 
Website Home Page: http://www..com 
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• AISC -1995 for ASO and LRFD 

• UBC-September 1996 
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The Industry's Best Structural Engineering 
Software has just become the 

Most User Fr iendly ... 

S'E A A ., III MULTIMEDIA VERSION _ 
:L _ '" .... JIII1' 

STAAO-III Release 22W M u ltimedia CD ROM . Redefining User Friendliness 

for the Structural Engineers. Audio-visual movie clips to walk you through the 

enti re process of model generation , analysis/design commands, and resu lt 

verification/visualization. However complex your task is, expert help is just a 

click away. 

The Multimedia CD ROM a lso 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 

a ll aspects of the modeling, analysis, design, and verifica tion process . 

STAAD-III Release 22W introduces STAPLE, a unique script language that 

a llows you to c reate and integrate your own programs with STAAD-IIL Easy-to­

use and easy-ta- Iearn, STAPLE is the true equivalent a f a structural engineers' 

operating system. 

STAAD·1I1 Release 22 Highlights 

STAPLE: STAAD-III script language - Complete access to 
STAAD-1I1 database. design clistomized displays all(/ outputs. 

Solid Element - Eight-l1oded, isoparametric 3D f i"ite element -
stand-alone or in combillatioll with beam/plate/shell elemellls 

Compression-only members 

Automatic Spring Support Generator for foundations 
Steel Design for Torsion -per AISC Pub. T114 
Enhanced Floor Load and Wind Load Generator 

Enhanced Tapered Member Design 

Free STAAD-III Seminar 
at a city near you ... 

Seeing is Believing! Experiellce STAAD-1I1 Multimedia ,'ersion first 
ha"d. The seminars will be held dllring Fehru(lryl \l(lrd, 199~. Pleast! 
colllacl Research Engineers Jor seminar sdredule and reserl'ation, 

Headquarters: 22700 Salli Ran ch , Yorba LInda , ell. 92887·4608 Toll Fre. : (888) 4·STAAD3 Fax : (71 " ) 97 ...... 771 
.·mail : info@reiusa.com Internet: http://www.relusa.com 

~~ Research Engineers, Inc. us Eastern Region: 865 Turnpike St., North Andoller, 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. I 
hope everyone is enjoying 
the added bridge coverage 
and I'd love to hear your 
reaction (fax: 3121670-
5403; email: 
melnick@aiscmai l.com). 

Much of this change has 
been spurred by the National Steel 
Bridge Alliance, a division of A1SC 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 a ny 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 statT helps to develop arti­
cles on bridge design and construction for MS . 
For more information on the NSBA, contact Arun 
Shirole, executive director (ph: 6121537-7073; fax: 
6121537-4997; email: shirole@aiscmail.com). 

The NSBA is actually symbolic of the direction 
A1SC has been taking oflate. Just as the NSBA 
serves to bring together disparate groups with a 
common interest in bridges, A1SC has of late been 
endeavoring to do the same for all aspects of struc­
tural steel design and construction. For example, 
A1SC has started to work more closely with A WS 
on welding issues, particularly for seismic design 
and for developing standards for welds on architec­
turally exposed steel. 

Perhaps the most 
involved joint etTort, howev­
er, ha been with the Steel 

Tube Institute and A1SC. 
This summer A1SC will pub­
lish, in cooperation ,vith 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 , A1SC will otTer 
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 800n87-

0052, ext. 120 or point your favorite web brows­
er to A1SC's homepage at http j/www.aiscweb.com). 

And speaking of the NSCC, its another example 
of A1SC trying to bring together different elements 
of the steel industry. Co-sponsors include: 
American Galvanizers Association; A1SI; 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, fabri cation, and welding. 

s~~ 
Editor & Publisher 

Who's Who at MSC Advertising in MSC AISC Officers 
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ph: 3121670-5407 
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SleeI. ric/oria, Te.'Cl1S 

Imagine ... a software system tlJat automatically gives you: 

-Shop Drawings - Labor for Estimating 
-CNC Data [or Shop Equipment -Ordering & Inventory Data 
-Connection Design Calculations - Revision Management 

-Job, member StltuS and much more 

Witll SDSI2 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. SDSI2 is the only comprehensive software system for every 
phase in the steel industry. With SDSI2, each phase of a project creates and stores 
infomJation 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 SDSI2. Whetller 
you are an owner, engineer, fabricator or detailer, you will be able to see the 
money saving benefits of using SDSI2. 

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

.. Estimating 100. CNC Interface [,. Engineering Design 

[M. Production Control [N. Detailing [,. DesignLiNK 

Please circle # 32 

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

e-mail: il1jo@dslldata.com 





S TEE L N T ERe HAN G E 
Steel Int erchange is a n open forum fo r Moder n Steel 

Construction readers to exchange useful and practical profcs­
sional ideas and information on all phases of steel building nnd 
bridge construction. Opinions and suggestions 8re 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 Mcxlern 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 
Mod ern Steel Construction 

One East Wacker Dr., Sui te 3100 
Chicago, IL 60601-2001 

Answers sneVor questions s hould be typewritten nnd double­
spaced. Submittals that have been prepared by word-processing 
are appreciated on computer diskette (either as n Wordperfect 
file or in ASCII format). 

The opinions expressed in Steel lllterchoflge do not. necessar­
ily represent nn offici al position of the American Institu te of 
Steel Construction. Inc. and have not been reviewed It is recog­
nized that the design of structures is within the scope ond 
expe rt.ise of a competent licensed structural engineer. architect 
or other licensed professional for the application of principals to 
8 particular structure. 

Information on ordering AISC publications mentioned In 
this article can be obta ined by calling AJSC at 8001644-2400. 

• • • • Quest ion s and a n swer s can n o w b e e -mailedto: n e wma n @ai scm a il.com • • • • 

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

Are there any published d esign aids or cri­
teria for t he d esign of a bolted m omen t r id ge 
splice connection s imilar to the on e shown? If 
not, would th e tee ste m analogy be an accept­
a ble alterna tive to d esigning th e pla te t hick­
n ess for the connection ? 
(Editors note: This question was also answered in 
the January 1997 issue of Steel Interchange) 
'l X Then the angle between the rafters is relative­
V V ly flat, the ridge connection can be treated as 

RIDGE CONNECIlON 

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

Wing Bo, P.E. 
CVIH2A, Inc. 
Princeton , NJ 

There are several publications which could be 
used as references for the design of a bolted 

moment ridge splice, th yare as follows: 
Page 7-239 to 7-244 of Structural Ellgineers 

(S. E.J License Review Manual , Volume 3, 4th 
Edition publi s hed by PEDP (Professional 
Engineers Development Publications, Inc. , ph : 
7141898-3658; fax: 7141898-4635) has a solution to 
a problem which is similar. 

The A1SC Steel Design Guide 4, Extended End­
Plate Moment Connections, by Thomas Murray; the 
2nd edition of the LRFD Manual o{ 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 las.t three publications can be purchased 
through A1SC. 

Timothy M Young 
Cumber land, VA 

Is it p e rmissib le t o a ccelerat e coo ling of 
s tructural s teel after t h e a pplication of con ­
t rolled h eat? 

Because 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 des ign issues) it is recommended that 
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such accelerated cooling nol begin until the tem­
peraure has dropped below 600 degrees F. This 
limitation is more historical than technical in 
nature. As a fair balance belween 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. 

Whe n must high-strength bolts be ordered 
as a bolUnut assembly from a single manufac­
turer? 

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

H igh strength bolts and nuts a re 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 a re 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 s tiffened seated con­
nection welded to it? 

1:1 Then such connections frame back-to-back on a 
V V 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 weh may 
yie ld 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 I Modern Steel Construction I February 1997 .,.. 
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nection end rotation and t hat member strength 
was unaffected by the associated local deforma­
tions. This same research indicated t hat punching 
shear may be of concern for relatively thin support­
ing material thicknesses . Accodingly, it is recom­
mended that the minimum supporting materia l 
thickness be: 

> (F/-)p1 
t. - 12F . ,. 

Thus, for A36 plate material, the minimum sup­
port thickness is then 0.52t.1 for A36 supporting 
materia l and 0.72t.1 for A572 Gr. 50 s upporting 
material ; for A572 Gr. 50 plate material, the mini­
mum support thickness is 0.46t,1 for A36 support­
ing material and 0.64t,1 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 
List.ed below are questions that we would like the readers to answer 

or discuse 
If yo u have an answe r or suggestion please scnd it to the Steel 

In terchange Editor. Modem Steel Construction, One East Wacker Dr., 
Suite 3 100. ChiC8g0. IL 6060 1·200 1. Questions ean also be sent via e­
mail t.o newman@aiscms il.com. 

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

R ecently, I contacted several compan ies 
with inquires regarding nut couplings for 
conn ecting two pieces of l'h" diameter galva­
nized A36 anchor bolts. Virtually no informa­
tion pertaining to safe working load; catalog 
cuts s howing size, s hape an d threaded 
dimension; or, ASTM material is available to 
t he structural e ngineer from the nut and bolt 
industry. Please advise m e of information 
sources. 

Timothy E. Donovan, P.E. 
North Weymouth, MA 

Are special tolerances r equired to accom­
modate the cladding on structural steel 
frames. 

When are notch toughn ess properties 
required for structural steel members. 



1ft "'um, ,,,nJ,,J, f~ 71 Y"n. • 

T housands 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.aiscw.b.com 
faxback S.rvic.: 1.800.181.0052,.xt.1I0 

Amtr;'., l,stitut.oflt,,1 (o,struclio.,I,e .• O •• hst W"ktr Dri ... luit.IIOO • (hi",o • 1Il.6JO.5l.1l 
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STEEL QUIZ 

STEEL QUIZ, A MONTHLY FEA­
TURE I N MODERN STEEL 
CONSTRUCTION, allows you 

to test your knowl edge of steel 
design and construction .Unless 
otherwi se noted, all answers can 
be found in the LRFD Manua.l of 
Steel Construction. To receive 
a free catalog of AISC publi­
cations, circl e #10 on t h e 
reader service card in t h e 
back of this magazine. 

QUESTIONS: 

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

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

~ 
V"LMONT 

TULSa 

Custom Tubular Sections 
Made To Your Specific 

Shapes & Sizes 
ASTHETICALlY 

APPEALING 

PROPERTIES TAILORED 
TO SPECIFIC NEEDS 

EXCELLENT TORSIONAL 
PROPERTIES 

EXCELLENT 
COLUMN STRENGTH 

LARGE SIZES 
14 TO 30 

SOUARES 

RECTANGLES 

HEAVYWAU. 

THICKNESS 311°· 5/1' 

• Sizes up to 30" square 
• No minimum order size 

• Section properties 
available on request 

VALMONT TULSA · p.o. BOX 2620· TULSA, OKLA HOMA 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 sti ff­
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, Tab le A-FLO, 
the term k, is used, whkh is 
a function of the beam web 
slenderness ratio h / t . Why 
is rian ge loca l 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 



Pimi:U!d Fasteners. 
the best way to proWSe 

to the bolts, screws, washen, 
on a structural steel project. 

Another first for Voigt & Schweitzer. a "High Telllll_.":~ 
Ceramic Lined Kettle" designed exclusively for centrl6ce 
work. This provides an incredibly "clean" surface OIl 

threaded galvanized material. 

.... .oiip Galvanizing Facility has been set 
• • IKIa. WV. location, which specialized 

;V"(Jur chairman Mr. Voigt insutl on '*' 
products galvanized in our 8nt 

!lUliziIl(Iline in Germany. We 
iD producing a ..... 
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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 deta.il 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 {or Highway Bridges 
no longer considered details that experienced only fluctu­
ating compressive stresses for fatigue design. In 
National Cooperatiue 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 detai ls 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 
{or Highway Bridges, 16th Edition, details to be consid­
ered for fatigue are tabularized in Table 1O.3.1B. In this 
table, one column is defined as "Kind of St ress." 
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Examination of this column reveals that no entry for 
details subjected to compressive stresses alone, only 
those experiencing a range in tensi le stresses or reversal 
of stresses involving both tension and compression dur­
ing the stress cycle, arc considered for fatigue. 

The LRFD Bridge Design Specificatu,n, First Edition, 
is more explicit in their description 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 fmite· li fe fatigue resistance. Along th is part 
of the curve, for a given stress range, a correspond ing 
finite life defined by the curve is anticipated. The dashed 
horizontal portion of the curve represents the infinite- li fe 
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 thresbold, tbe 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 
Uunsafe" 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 t he 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 arc the constant·amplitude 
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Figure 1: 
Typical Fatigue-Resistance Curve 

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 6.6.1.2.5-11. 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 Specificatiolls 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 
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Figure 2: 
Graphical Representation of Fatigue Damage 

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 truckl 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, morc realistic number of cycles, 
yields comparable fatigue damage as the Stalldard 
Specificatiolls, 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 Uniuersity of Delaware. He is the primary author of 
the fatigue prouisions of the AASHTO LRFD Bridge 
Design Specifications . Mertz currently is studying the 
simplification of the design provisions for steel [-girder 
bridges. 

NATIONAL STEEL BRIDGE ALLIANCE 
One East Wacker Dr .. Suite 3100 
Chicago, IL 60601-2001 
ph: 3121670-2400 • lax: 3121670-5403 

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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STEEL QUIZ 

ANSWERS: 
1. From ASTM A325 Section 16, 
Type 1 bolts are marked "A325" and 
Type 3 bolts are marked "~"; 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. c. Deformations in many shear 
con nections such as double angles, 
sheaf 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. Th erefore 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 &Ia 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 th e 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 
co ncerns a r e a ddressed in AWS 
D1.1-96 Section 5.24. Special thanks 
to E.M. Beck of Law Engineering for 
contributing to this answer. 

6. No. Crane rail can be obtain ed 
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, 

DETAIL .. 
Computtr Ottllhog SIMerm., Inc imroduct'S 
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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 ~/32" for 
the typical range of bolt diameter 
used in buildings. 

8. It is the metric equivalent of a 
W24x55. The full li sting of metric 
shapes is available in AlSC's Metric 
Properties of Structural Shapes, 
which in cludes a cross- reference 
between US customary a nd 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 
yie ld s about 55 Ibs. pe r ft . Thus 
W610x82 equals 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. 



From storage to cleanup KLEENKOTE'" 
outperforms bare steel tubing 

KLEENKOTE' IS the material of choice to Improve 
productivity and create savings that go straight to your 
bottom line. 
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, p'aint 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 
KLEENKOTC has conducted a series of time and 
motion studies that prove each of the above benefits. 
The research is conclusive: KLEENKOTC can save 
you time and money versus bare steel tubing. 

See how you can benetit. 
Call 0' tax us and we will send 

you the time and motion studies 
that show how you can 

save with KLEENKOTE'. 



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. 

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-Ibs 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. 

lS I Modem Steel Construction I February 1997 
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News Briefs .... 
Bridge Strengthening 
Symposium 

The Second Symposium on 
Praclical Solutions for Bridge 
Strengthening and Rehabilltallon 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 
Iowa Stale 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 ShorVMedium 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, 
Iowa State University, Ames, lA, 
50011 (ph: 515/294-8763; fax: 
5 15/294-8216; 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 necessa1)l. 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-sprinkle red parking structures 
and it was found that a minimum 
sprinkler system was effective in extin-

(888) 8-DESCON or (510) 658-8328 Fax: (510) 595-0373 
http ://www.desconplus.comomn~ech@desconplus.com ... ___________________________ • Modem Steel Construction I February 1997 / 19 
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Curved & Straight 
Steel Bridge Design 

ASO LFO LRFO 
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 
Eng/ishlMetric Hard Conversion 

MDX software 
Free 

Demos 

www.mdxsoftware.com 

Phone (573) 446 3221 
Fax (573) 446 3278 

30-Day 
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 steei. We are constantly developing our skill s to change 
the shape of steel and assure our customers of close tolerances. 
saving them time In Inspection and fit-up. When you needyrompt. a ccurate. 
competiHvequotationsandontimedelivery ... TA KE IT TO THE MAX! 

IRREGULAR CURVES 
veRTICAL OfFSETS 
ELLIPTICAL SHAPES 
CIRCLES OR SEGMENTS 
WITH OR WITHOUT TANGENTS 

MAX WEISS CO, INC. 8I>5W£ll!>D(fYRO'D~v.I 5322A 
TELEPHONE: 414.J55-8220 MAX FAX: 414·355-4698 

News Briefs .... 
guishing and controlling ti re 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 ot tire 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 (4121281-2331). 

Composites Conference 
Seeks Abstracts 

The Second International 
Conference on Composites in 
Infrastructure ICCr98 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 submi«ed 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 proteclion; 
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 
Comml«ee of the Steel Tube Institute 
has published a new 24-page booklet 
on "HSS Dimensions and Section 
Properties." The brochure provides 
pertinent engineenng 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: 
2161974-6990). 

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 & Nlple, Ltd., In Columbus, 
OH. 

"I'm looking forward to the opportu­
nity of working with bridge owners, 
designers, and fabricators on a nallon­
allevel: 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, I 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: 6121537-
7073; fax: 6121537-4997; email: 
olson@alscmail.com). 
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The Better (Not Bitter) Truth 

HAS LRFD's TIME 
FINALLY ARRIVED? 

By Charles J. Carter, P.E. 

I " l'>1ARCH OF 1995, THE AISC 
BOARD OF DIRECTORS REAF­
FIRMED AISC's COMMITMENT 

TO 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. 

Is ASD SnLL ADEGUA TE'? 

I n the short term, there is an 
argument to he 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 im agine the 
desirability of a car today that 
did not offer "modern" advance­
ments such as seat be lts, fuel 
injection, anti lock 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 stabi lity , 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 he 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 structu ral 
response (some provisions of the 
ASD Specification indirectly con­
sider limited inelastic behavior' 
for example a bending strength 
of 0.66F,Sx for a compact braced 
member is 10~ above the elastic 
design strength to account for a 
typical lower bound shape factor 
ZxlSx 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 
actua l 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 des ign 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 

I n composite beam design, a 
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) deHign 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 equihb­
rium; the assumed elastic neu­
tral axis (ENA) is incorrect when 
the failure occur 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 Ic 
yields a beneficial shape factor 
on the order of 1. 7 when com­
pared to the elastic stress distri­
bution in Figure lb. 

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-
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Figure 2 

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 Ooor 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 
deOection problems and struc­
tural inefficiencies associated 
with concrete-slab Ooor-framing. 
Traditional reinforced concrete 

frame designs could be economi­
cally supplanted with hybrid sys­
tems utilizing stee l Ooor fram­
ing. These systems would 
provide increased column spac­
ing Oexibility and improved con­
trol of Ooor deOection 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. 

Modern Steel Construction 11;'ebrunry 1997/23 



THE COMPUTER 
VIBRATION ANALYSIS 
PROGRAM FOR 
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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 th is 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 

I n seismic design, a truly elas­
tic design a pproach is diffi ­
cult to correlate with expect­

ed structural response. After all , 
by definition , a design earth­
quake is a n ul ti mate-strength 
event. Even the current alterna­
tive provisions for ASD in AlSe's 
1992 Seismic Provisions for 
Structural Steel Build; ngs are 
only so in name because they 
employ a conservative load factor 
of 1. 7 on all loads and a set of 
adjusted "ASD 41 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. 

LRFD OFFERS UNIQUE 

BENEFITS FOR THE DESIGN OF 

PARTIALLY RESTRAINED (PR) 
FRAMES 

~
hird area where LRFD 

ofTers tremendous innova­
ive promi se is in the 

design of frames with PR connec­
t ions. 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 s tructu ral 
frame due to simplified connec­
tion detail s. 

The old "Type 2 with wind" 
connections have been around 
for years and have been used 
intuitively to accomplish this 
same goal. But they sti ll we re 
limited by the assumptions that 
the web connection component 
carried all the gravity force as a 
simple shear connection while 
the nange 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 LHFD, 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 pre"cnt 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 
LHFD is crucial. 

If simple shear connections 
are not adequate for the loads, 
other. stronger PH 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 
PH moment connections. is such 
design feasible from the perspec­
tive of design fees? For the low­
to mid-rise construction market, 
PH 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 PH moment con-

nections in as many locations as 
possible may be more cost effec­
tive than using FH 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? 

O
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 
dead and live loads. 

In any structure, the engineer 

M N o 

can make a very good esttmate 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 
LHFD with the higher load fac­
tor of 1.6. 

In ASD, part of t he factor of 
safety covers load va riability 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 LHFD is 1.2D + 
1.6L, which can be equated to 
1.5(0 + L) when LID = 3. This 
required strength must be such 
that: 

p 

UORallO 

1.5(0 + L) s ~R. 

a R s 

Figure 4 
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where <l>R" is the design 
strength. Rearranging terms, we 
have: 

Note that the above inequality 
is in a form such that 1.5/<1> can 
be equated to the ASD factor of 
safety (F.S.). It fo llows then that 
F .S. is com posed of a global load 
factor of 1.5 (for LID = 3) divided 
by a <I> factor for material resis­
tance reliability (i.e., the same <I> 

as in LRFD ). Tn 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 (LID 
= 1.5) and a design where D = 50 
psf an d L = 200 psf (LID = 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 ps f. Thi s anomaly 
should especially be of concern 
as the proportion of live load to 
dead load increases. Similarly, 
for areas of highe r wind load, 
LRFD provides more consistent 
reliability than ASD, especia lly 
in the case of uplift. Perhaps the 
better question to ask is "Do we 
know enough about loads not to 
use LRFD?" 

LRFD IS MORE RAnoNAL 

FOR THE DESIGNER THAT 

WANTS TO BE CONSERVATlVE 

W:ile the AISC 
Speci fica tion has been 
developed and calibrat­

ed for adequate re liability in 
building design, another benefit 

• 



of LRFD's separate load factors 
and resistance factors is having 
a rational means of addressing 
special cases of u(lcertainty 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 <l> = 0.75 instead of 
the maximum specified <i> = 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 c:> = 0.65 
instead of the maximum <l> = 
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 

The era of world-wide com­
petition is upon us and 
Americans can no longer 

view the world as from sea to 
shining seu. 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 exportmg 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 
international 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 DIRECTlON 

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 praclice. 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
Str"ct"res with AISC. This 
paper was prepared as all actiui-

ty of tlte ASCE Committee on 
Load and Resistance Factor 
Design , wll/clt is chaired by 
Jerome F. Hajjar. The author 
thanks the members of the 
Comnlll/ee for their valuable 
input, particularly tlte task group 
of I. lEd) Alsamsam, IV. Samuel 
Easterhng, Roberto T. LeOIl, and 
Kurt D. Swenssoll. 

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

Volum e /- truelu ra l 
Members, p eeifiealion s, 
and Codes mcludes seven 
sections: 
• Dimension. and 

Properties 
• Essentials of LRFD 
• Column Design 
• Beam and Girder Design 
• Composite Design 
• Specifications and Codes 
• Miscellaneous Data and 

Mathematical tables 

Volume 11-
Conn ections mcl udes six 
sections: 
• Bolts, Welds and 

Connected Elements 
• Simple Shear and PR 

Moment onnections 
• FR Moment Connections 
• Connections for Tension 

and Compression 
• 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. Ron ey 
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WHEN THE GEORGE P . 
C OL EMAN B RIDGt; OV ER 
T HE Y ORK RI VER in 

Virginia opened in 1952, it had 
the second longest dou ble 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 S TRUCTURE 

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 
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Among the bridge's notab le 
features were: 
• 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 uti liz­
ing the open-dredge caisson 
method 

• use of two swing spans placed 
in tandem, each span longer 
than any previous swing span 
bu.ilt. 

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' be low the water, placing 
each caisson about 70' below the 
river bed. The caissons were con­
structed using steel shell s that 
we re fab r icated approximate ly 
35 mi les away at the Newport 
News Shipyard , noated 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. Afte r 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. 

E XPANSION D ESIGN 

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 noo rbeams a n d 
str ingers . These were re placed 
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 shop welded with field bolted 
connections. Except for the truss 
spans, regular weight concrete 
was utilized to construct the 

Continued on page 32 
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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 PUASES 

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 closu re period 
allowed for swapping out the 
truss sections. The Contractor's 
plan of operation which was 
rev iewed 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. Br idge & I ron Co. and 
Vincennes Steel orporation. 

Widening of the bridge was 
accomplished in five construction 
phases. The first phase consisted 
of widening the substructure. 
New pi les were driven adjacent 
to the existing land piers and the 
pie rs were widened. Also, t he 
river pier caps were en larged 
util izing canti lever construction. 

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



During phase three, the fixed 
and swing trusses were floated 
ofT 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: 

• 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. 

• 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. 

• 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 
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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 
easi ly at 11 :30 a.m. on Sunday. 

• Next, construction crews 
began preparations to float the 
new Yorktown spans into place. 
The s mall sus pended 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 s us­
pended span were in place. 

• On Monday night, weather 
was once again a proble m for 
construction crews. Wind with 
gusts of up to 50 m.p.h. created 
un safe conditions a nd the 
Contractor waited until Tuesday 
morning to move the swing span 
into pos ition. Fighting st rong 
wind and rainy conditions, con­
struction crews began moving 
the span into place at 8:30 that 
morning. Extra tugs were need­
ed to s teady the 8.5 million 
pound span. 

• Meanwhile, the old sections 

of the bridge a rrived at the 
Norfolk Internationa l Terminal. 
They were placed on temporary 
piers where the new bridge was 
built. Barges a lso began remov­
ing the new Gloucester end of 
the bridge from NIT. Wh ile 
crews lifted the suspended span 
from the temporary pier , the 
load became unbalanced and the 
s pan s lammed back onto t h e 
pier. The damage was not sign if­
icant and could easi ly be 
repaired at another time and 
would not cause a delay in the 
project. 

• Work to remove the 
Gloucester sections of the old 
bridge began Wednesday night. 
The suspended s pan wa s 
removed at 3:00 a.m., followed 
by the swing span at 4:30 a .m. 
on Thursday. Later that after­
noon, workers re moved the 
anchor span. The new suspended 
span and anchor s pan were 
moved into place early Friday 
mornin g 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 
s wing s pan into place just in 
time as another seve re s torm 
pa ssed through the area 
Saturday night . The s torm 
delayed work for a few hours, 
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but crews were soon prepa ring 
the new bridge for t raffi c. They 
were installing forms for pouring 
the concrete barrier walls and 
roadway joint closures and stri p­
ing the roa dway. Crews were 
also finishing up the electrical 
hookups for service power and 
the roadway lights. 

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

In phase four, traffic was 
shifted to the new outer la nes 
and the original inner su per ­
st ructure was demolished and 
replaced. 

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

Vincent J. Roney is a dist rict 
st ructu re 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. 





DESIGNING WITH 
STRUCTURAL TUBING 

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

By Donald R. Sherma n, Ph.D. 

N:TIIOUGH 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 prima rily deve loped 
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 resul ti ng 
surge in research on member a nd connection 
behavior and a subsequent development of design 
criteria. The culmination of this research will be a 
new Hollow Structural Sections Ma nua l, 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
t ions are the most efficient for columns t hat 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 requ ire no lat­
era l bracing and rectangular beams bend ing 
about the major would require lateral bracing 
only for extreme depth-to-width ratios. The tor­
sional stiffness and strength a lso 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 profi le 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 a lso is an advantage for structural 
members in clean production facilities. 
This article wi ll focus only on square and rectan­

gular Hollow Structural Shapes (HSS). 

HSS PRODUCTS 

There are two primary ASTM specifications for 



H sections. 
• A500: Cold-Formed Welded and Seamless 

Carbon Steel Structural Tubing in Rounds and 
Shapes 

• A50I: Hot-Formed Welded and Seamless Carbon 
Steel Structural Tubing 
[n addition, A6I8 and A847 are for alloyed 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 Convenlion 
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 M Cl. 

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 

r sidual stresses that are on the order of 80'" of 
the yield strength of the material on the insid of 
the section. The variation of the mean residual 
stress around the perimeter is not as large, with 
compression of about 10'1 of the yield stress in 
the comers. 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 U5000, which is much better than hot-

formed open sections. 
• Due to cold-working, th re is a variation in the 

yield strength around the peri met r of the sec­
tion, with a higher yield in the corners. The 
specified yield is from the center of one of the 
walls that does not contain n wId. 
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 I! are made arc 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 teel Tube Institute 
of North America and AISC hav 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 arc 
being prepared. 

MEMBER D ESIGN C IlITERIA 

It is not the intent of this I)aper to review all the 
member design p rovisions for !ISS sections. 
However, there are a few items of concern or difTer­
ences with more familiar procedures for hot-formed 
open profiles that will be discussed . The criteria 
are from the current LRFD Specification issued by 
AlSC. 

AXIAL COMPilE SION 

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 i nternational pour Ie 
Developpement et l'Etude de la Construction 
Tubulairel in the 1970s. A distinct difTerence in 
the normalized column strengths between hot­
formed and cold-formed H S was observed in the 
CIDECT programs, causing cold-formed tub s 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 unconservativ design of cold­
formed HSS columns is not as critical as it 
appears. Much of the CIDECT test data was nor­
malized by the ofTset 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 midd le of a side of the finished tube, the 
yield load calcu lated by the material yield strength 
times the gross area wi ll 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 nat­
width/thickness ratio exceeds 2381 IF, , and the 
section is classified as thin-wal led. Therefore, the 
LRFD column equation in Appendix B is the basis 
for many HSS designs. 

- Q>! ~< P", - Ai O.685 )QFf {or A,V Q _ 1.5 

P" = [O.8;7]F" {or A,./Q > 1.5 
A, (1) 

A=KlrF, (' I7CV E 

The factor Q 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 ame post-buck­
ling fo rce using the true stress djstribution. The 
effective width equation for the case when the side 
supports have the same thickness as t he buckled 
plate is used by AlSC for local buckling of a tube 
wall. 

b,l t=1.91!E I f[1-O.381 E T f l(blt)]Sblt (2) 

In thjs equation, b is the flat width of the side of 
the tube and {is the average stress based on t he 
total gross area, usually the critical stress for t he 
column. The reduction factor Q is the ratio of the 
remaining effective area divided by the gross area 
and Equation 1 is used to determine the column 
buckling load, whjch reflects local buckling interac­
tion. Since AlSC 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 fu ll nat 
width, Q is equal to one. 

B ENDING 

Thin walled HSS in bending are designed with 
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the etTective 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 etTective section modulus equal to the 
yield stress, or 

(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 'k", which has 
one of the largest depth/width ratios of standard 
HSS, has Lp 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 yie ld 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 

(4) L - O.17 + O.IO(M, I M,J > 0 IOE 
pd - FIE r, - . F r, , , 
In Equation 4, M, is the plastic moment of the 

section, M, is the smaller moment at the end of the 
un braced length, and r, is the radius of gyration 
about the minor axis. 

CyCUC AxIAL LOADING 

HSS braces have been known to fracture cata­
strophically in earthquakes. A pilot program con­
sisting 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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Table 1. HSS Test Specimen Properties 

F, P, po ... 
Size bit KU, kis kips kips 

5x2x'k" 36 83.5 46.1 71.0 77.7 

5x2x"/1s" 23 86.4 57.0 127.2 161 

Figure 1 
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displacement with ends pinned for column buck­
ling about the weak axis. The properties of the test 
specimens are summarized in Table 1. 

The s ize, bIt and column slenderness (KLlr) are 
based on nominal dimensions. The yield stress (F,) 

and the measured stub column strength (P".,,) were 
obtained in static tests while the yield load (P,) is 
calcu lated from the static yield stress and the actu­
al HSS dimensions. The fact that the stub column 
tests are higher than the yie ld load re flects 
enhanced yield properties in the corners of the 
HSS and indicate that local buckling occurred in 
the strain hardening range. 

The AISC Specification defines a t hin-walled 
HSS under uniform compression as having a bIt 
that exceed 238/.,fF; , or in this case 35 for the thin 
HSS. The recent AISC Seismic Provisions limit 
bIt to 1l01.,fF; or about 15 for both of the two sizes. 
Therefore, th~ thicker of the test specimens would 
have been acceptable under the older code provi­
sions, but neither HSS would be acceptable under 
the newer seismic provisions. 

Both tube sizes were initia Uy tested as columns 
under very slow monotonic axial loading. The 
resulting load vs . axial displacement curves are 
shown in Fig. 1. Since the column slenderness is 
a lmost identical for the two sizes, overall column 
buckling occurs at essentially the same axial dis­
placement. Subsequent loca l buckles, however, 
develop at less displacement in the thinner HSS. 
In the cyclic test program, axial displacement lim­
its were at 0.200" where only the thin HSS formed 
a local buckle and at 0.400" where both HSS had 
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Table 2. Cycles to Fracture 
Displacement Thick Thin 

(in.) Tesl Period Cycles Test Period Cycles 
(sec) (sec) 

-.200, +.200 7 480 32 
4 16 500+ 8 16 32 

-.300, +.300 10 2 27 
-.400, +.200 2 40 31 

5 5 34 
4A 5 41 Preload 
3 2 40 9 2 18 

Table 3. Flat-WidthfThickness Limits 

Full yield in axial compression 238 1 .[F., 
Plastic bending moment 190 1 .fF, 
Yield bending moment 2381 .[F, 
Axial compression for brace 

JF; in seismic zone 110 1 

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 
pe riod for a cycle. A similar pattern of behavior 
was observed in most of the cyclic tests. Column 

buckling is followed by a loca l buckle which leaves 
"horns" at the corners. M er several cycles with 
tension excursions, cracks initiate at the HSS cor­
ne rs on both horns and propagate th rou gh the 
thickness and away from the corners in subsequent 
cycles. As section is lost at the cracks resulting in 
an eccentric load, the late ral defl ection 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 
latera l defl ection that creates a la rge enough 
eccentric ity 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 sign ificant conclusion from the tests is 
that Test #4, wh ich buckled as a column but did 
not form a local buckle, sustai ned over 500 cycles 
of loading without developing a crack. All other 
tests where local buckling did occu r fail ed in 41 or 
fewer cycles. 

These pilot tests demonstrate that the only 
important parameter in determining whether HSS 
braces wi ll survive a seismic event is the formation 
of local buckles. In summary, the bit limits for 
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Figure 2 

[)1J1J 

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 connection 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 
impertant 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 1.17 
Seal Anole 1.36 
Double Angles 1.50 
Tee, Vertical Welds 1.62 
End Plate 2.15 
Throuah-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 Mallual of Steel COllstructioll. 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. Th refore, 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 fo r the Connections 
Connection Type A 

Bolts 
Shear wIno eccentricity 
Shear by ultunale anal x 

Connector Material 
Boll be.nng (~ISd) x 
Gross shear al Yield x 
Net sect. shear fracture x 
Flexural Yield 
Flexural rupture 
Block shear x 

Welds 
Shear wIno eccentricity 
Shear by vector anal. 
Shear by ultimate anal. x 

Tube Wall 
Shear at weld 
Boll be.nng 
Punching shear 

A shear labs 
B - Ihroogh-pialOS 
C - double angles 

x 

x 

o - lee w ' verucal fillet wek:ts 
E - lee w,thf1are bevel wekis 

B C 

x 
x 

x x 
x x 
x x 

x x 

x 
x 

x x 

F - SIngle angle welded at toe & bottom 
G - Single angle welded at toe & heel 
H - unsll"ended seal 
I - shear end plale 

D&E F G H 

x x 
x 

x x x 
x x x x 
x x x 
x x 
x 
x x x 

x 
x 

x x 

x x x x 

x 

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 
reqwred 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 LIMlT 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 oCthe 
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 difTerent research pro­
grams that may have been separated by several 
years 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. 

onnection 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 arc required for less 
than minimum edge distance. 

Table 5 indicates three limit states associated 
with the HSS column. Bolt bearing applies only 
for the shea r 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. 

( h ) G>O.6F","SS1 
t root ~ = " 0 6F tlli;S 

"t'w. ~ WEU1r 

(5) 

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 AlSC Specification, the maxi­
mum efTective weld size is 

2F"ms 
at" = F tllSS 

II (WELDI 
(6) 

When the actua l weld size is less than a.", the 
weld dictates the capacity while for larger welds, 
the efTective weld size controls. 

The other limit state associated with the H S 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. IL 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. 

(7) 

(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 
deve lop 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 experimenlal 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 
lim it 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 
slate. However, the designs were well balanced so 
that several limit sta tes have nea rly the same 
capacity, making it uncerlain to clearly ruscern the 
failure mode in the tests. The conclusion is that 
the AISC tables for connection strength can be con­
servatively used foJ' HSS columns provided that 
t he 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 fl exible beams. However, in the latter 
cases the experimenta l eccentriciti es 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 sbear tabs. 

HSS W ALL DISTORTION AND COLUMN STRENGTH 

In order to determine the effect of the connection 
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Table 6. Transverse Slrain in HSS alSO kips Shear 
(I'in/in) 

Tvpe 3 Boll 5 Boll 
Tab -2100 to -3900 -900 & -1200 

Single Angle, 
Vert. Welds -2100 -1050 

Single Angle, 
LWeid -1380 -450 

Tee, Vert . Welds -750 to -11 00 -380 
Tee, Flare Welds -1100 20 

Double Angle -975 -600 
End Plate -300 

Seal 40& 60 
Through-Plale 5510700 

Figure 3 
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types on loca l 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 h ighest 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 wa ll 
a nd the tra nsverse strains are neg ligib le. 
Connections with welds near the sides of the HSS 
have s ignificantly 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 
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40 

Table 7. Column Strengths 
for Tabs vs. Tests 

Through-Plale, Tighl 
Shear Tab, Tight 

Through-Plate, Snug 

Tab 
Through-Plate 

Shear Tab 

0.53 
0.51 

0.45 0.42 

strain than 3 bolt connections and HSS with thin­
ner walls or higher bIt 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 oftests 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 bIt ratio of 16. 
More recently similar column tests were conducted 
using HSS with bIt 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 
consideratio? 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 sectio~s have good structural prop­
erbes, 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 
u~ed 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 th type of connection specified 
m a deSIgn, Slllce the connection cost can vary by a 
factor of 21h. 

. Donald R. Sherman, P. E., Ph.D. , is a professor of 
cwtl englneefLng at the Uniuersity of Wisconsin­
Mtlwaukee. The connection and column tests pro­
grams were supported by the Steel Tube Institute of 
North America and additional funds for the shear 
tab inuestigations were prouided by the Society of 
Iron & Steel Fabricators of Wisconsin and AlSC. 
The HSS material was prouided by the Welded 
Tube Company of America. Special thanks is due 
to Daue Mathews of Ace Iron & Steel Company of 
Mtlwaukee who fabricated the connection material 
and prouided the cost estimates for fabrication. 
The wor" was conducted ouer seueral years by four 
graduate students; Steue Herlasche, Joe Ales, Chris 
Haslam and Homyan Boloorchi. 
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ASTM A5 13 TYPES I & 1/ 
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: 
SOUARES AND EOUIVALENT 
RECTANGLES' 1/2" X 112" TO 
10" X 10"; ROUNDS. 318" TO 
12314" · WA LL THICKNESSES: 
als' (26 ga.) TO .500' ( In'). 

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. 

Leavitt Tube Company, Inc. 

LEAVITT ruBE Co., INC. 
1717 W 115111 ST .• CHICAGO, IL60643 
PHONE 312·239-noo OR 
1-800-l-E·A·Y-I-T·T 
FAX: 312-239-1023 

Our people make 
the aifference -­........ 

Manufacturers of 
ElectrIc Welded Steel TubIng 

FAX: 312· 239-8289 

LEAVITT ruBE 
CHICAGO, ILLINOIS 

LEAVITT ruBE 
BLUE ISlAND, ILLINOIS 

Please circle # 24 

lEA VITT ruBE: 
HAMMOND, INOIANA 

--
LEAVITT TUBE 
MADISON. MISSISSIPf>1 



FALL PREVENTION 

The 9450 Beamwalker System 
is a temporary, polyester rope 
horizontal lifeline system. It is 

easily installed with a wrench, 
either at waist height or directly 
overhead. Horizontal installations 

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 SellstromlRTC 
horizontal lifeline post systems. The 
system sets up in minutes, provides 
worker continuous protection and is 
extremely light weight. 

For more information , contact: 
Se ll trom M a n ufacturing Co., 
O " e Sellstrom Dr., Palatine, IL 
60067 (ph: 800/323-7402; fax: 
847/358-2000; home page: 
httpJlwww.fallprotection.com) or 
circle number: 124 

FALL PROTECTION 
HANDBOOK 

~
ew guide from SINCO focus­

es on the wide range of safety 
cts and perimeter systems 

available from this manufacturer. 
Included are safety products for both 
buildings and bridges. The company 
also produces safety belts and life-

SAFETY PRODUCTS ... 

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 

'"termediate supports, thereby 
increaSing worker safety while 
enhancing mobility With an 
advanced shock absorber, the system 
Clln accommodate up to five p<'rsons 
on a 40' span. By redUC Ing the 
dynamic force caused by accidental 
falls by more than half, It helps to 
protect against both Injury to the 
user nnd damage to a structure at 
its anchorage pomts. The lifelIne's 
strength is bolstered by It. rugged, 
%" wire rope construction. 

SAFETY PRODUCTS 

The design of the IIorizon 
Lifeline System liberates users 
from disconnecting their safety 

lanyards when passing through Another new products from Rose 

Changing the wav vou 
"put vour life on the line" 

The 

lIorll.onlal 
Ufeline b) 

Oill/!, \1 \ is 
the l)femiere f.1I 

proteclion II~item for 
iron l\orken on th 

markettoda). II fulures 
durable aU metal compunents. 

_ 'In_II'l<shock absorbers al each cnd. 
J..poilll clal\ cOnlaCIl\ilh beam. pass 

Ihru intermediate brackets. US} 

inSialiation and more. 

OBI/SA L \ offen a complccc line or r.1I 
prOH'ction equipment includin~; FulllJod~ 

lIarnCSSCli. ~c lf Retracting Lifelines. 1'0 ilionin~ 
Lan~ards. Shock \b~orbing lan~ards. and Vertical 

&. lIori70nt81 Saret~ ~~slcms. 

TIt~ Horld Leuder I" Full Arrt'w. Re\lru;nt &: Re~cu~ Equ;pmt'nt 

DB Indu3tne'i. Inc . ' W65 PePin A\-cnue ' Red ''tmg. Ml\ 55()6f, .. l!07 
Toll Free 1 .. 800 .. 328-614(-1 · Phone (1IJ .. 1KIHUK2 · Fa'C fl I2 .. :\I(!( .. ~()tI~ 

Please circle # 29 
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DON'T WASTE DESIGN TillE, USE ... 

Pre-engineered s.wtSPAN Industrial metal 
buildings wnh simple "structured panel." 

Kelly Klosure Systems 
Easy-to-Assemble. Versatile . Self·Frammg Panel Systems 

10f (J~" 2S .,,,,,, 

800-228-7230 IA 
fRE.I10 ST. SEBRAlKA 
fAX. ~n2'· IJ6J 

t -mad :ulcs~kdlyklosurt.(om • 
Vo'eb:hnpJ/W'W'N kd~kIoJUrc .com 11K IT UlU fro1ll.llllU.1NC. 

.. 1"1-727j~ 

Fax: 1-316-48$-6983 
Email: benns@ricb-oon.COIII 

• Professional 
industrial 
exterior 

• Clean-looking 
functional 
interior 

• Ouick 

:;-..: 
costq __ 

• Engineered to 
meet BOCA. 
Standard and 
USC codes; 
ASCE-7 stds. 

• Simple 
foundations 
requi~ 

Manufacturing include the ReD 
Remote ConnectiDisconnect 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 Manufacturi ng, 2250 S . 
Tejon St. , Englewood, CO 80110-
1041 (ph: 800n 22-1231 ) or circle 
number: 126 

OCCUPATIONAL 

SAFETY SOFTWARE 

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

information into one sys tem with 
Occupational Safety Professional 
(QSP) for Windows. OSP allows com­
panies to quickly access past and 
present employee data, Also, by con­
verting statistical data into charts, 
the progra m can he lp to identify 
problem areas within n company. 

For more information, contact: 
Parsec, P.O. Box 551665, Dallas, 
TX 75355 -1665 (ph : 800/527-
3454; fax: 2141553-0983 ) or circle 
number: 125 

SAFETY HARNESS 

The Miller DuraFlex Harness 
Serics are constructed of a 
unique webbing composed of 

nylon, polyester and a specially for­
mulated elas tomeric 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 infonnation, call Miller 
Equipment at 800/873-5242 or circle 
number: 129 

FALL PROTECTION 

Ai idC range of fall protection 
equipment is available from 

BliSALA, including: full 
body harnesses; shock absorbing 
lanyards ; self·rctracting lifelines ; 
rope grabs; confined space equip­
ment; anchorage connectors and 
much more. 

For more information, contact: 
DBUSALA, 3965 Pepin Ave. , Red 
Wing, MN 55066-1837 (ph: 6121388-
8282; fax : 612/388-5065 ) or circle 
number: 114 



S TEE L MAR K E T P LAC E 

Computerized Structural 
Steel Detailing 

Experienced Staff mcJudmg liceno.ed Profes, ional Engmccr\ ~lth 
many year.-. of detmllng c'tpenencc. 

32 )'car\ of \en-Ice to ,Ieel fabncator"l and COniracto", 
R.A. Gress & Associates 

176 Planebroo' Road. Fraller . PA 19355 
Ph (6101644-3250 Fax (6 10) 889-4836 

Comprehensive Review Manuals 
SE and PE (Civil ) License 

PE (CiVil ) 'I), \-01 (4200 pp). Calif Structural Engr (51:::) fhe vol. (4110 
pp). C V Chelapall, PhD., Editor Covers Solul lon technique .. "Jlh 
'\e\cral hundred !t01\'cd problem ... Invaluable reference for PElSI:. cum, 
Hlghl)' acdallnallb ucdlcnt rtferefll,:c\ (("If practiCing cngulttl') 

CalVwnte for detailed M'ot:hurc .. PEDP. Inc., 5912 801'kl A\c .. SUile 10K· 
M C. Huntington Beach C A 92649 

(7 14) 898-3658 • (714) 898-4635 

Computerized Detailing 
Structural, Miscellaneous, Ornamental 

• 23 yCar\ of \Crvicc 10 ' lcel fabricato,", and conlmctOr\ 
• Very rea.~nable rate~ 
• We aho provide cakulations by II cem.cd prore~ ... iomll englllccl"\ 
• Excellent rc ... ult ... 

FJZ Steel Detailing Inc. 
Ph: (708) 957-5879 
Fax: (708) 922-~38 

Help Wanted - QUALlCO STEEL 
Chler Engtneer- Reglsle red PE. with Mrong Mructural \ ICc! 

experience. MUM have good organizattonal and tnlerper ... onal 
,llll,. 

Submit re"ume and ... aJary hl slory 10: 

Qualico Steel Company, Inc. 
P.O. Box 149 

Webb, AL 36376 
AlI n: John E. Downs 

Telephone: (334) 790-3535 

Help Wanted - Fabrication Division 
Vice President & General Manager 

Our I.:hent I!). an S80 Illlll10n \Iructural \teel con .. tructlOn and 
renovatlun company headquartered In a major mClropoliljlO city 10 the 
mldy,est 

Primary re,pon~lblhtle, will include: 1) profit and 1o,,, tC\pon\ lblhly; 
2) operation il.\ lO·bou!K! .. uppher. J) fabncation ror ouhldc CUstOlllC"; 4) 
partnenng arran~emcnh "'lID other fabrical<n 1be .. ucce"ful candld;l.Ie 
W,II ha\- c: appro(lmatc) 15 )'cars ~rnIIOn!l management C1:penefk:e 10 
\1«1 and ITOn labncahon ... bop drn\lolOg\. purcha!liOg and pnclOg 

Our dieITI offcr. a hlJ;hly attract ive ba<;c ... alary, performance bonu\ 
and car alhlv.ance , 11m " an C'ltcdlcnt growth opponUOIt) for the nght 
candidate 

Cont<M.:t Chmlma Bahan, Senior Con\ultant. Compa .... Group. Lid . 
401 Soutb Woodward ..\\-e .. SUlie 460. Blrmingbam. Michigan 48009 lei 
18.0) 540·9110; fa. lSI()) WI·29-14 

Compa .. \ Group 1\ • member of the A\ .. ociallQn of L;(el.:uti\(' Se.m.:h 
Con~ultanllo. an InternJtional orgamlatlon of o\-er 12~ quality rcl;uncd 
lIoC:arch fiml .... and condub ~arcbc:3 onl), on a retained balll\ All IOqUlflC .. 
Will be anw.e~d and all fC,pon-.e\ will be treated conlidcnllally 

Employment 
ProCounsel searches for Ihe nghl job for you .• n Ihe 
righl geography, al the righl money. Drafters. 
delaile". checkers. e>limalo". piani/projeci 
managers. ereclion professionals. salcs. Fee paid by 
employer. Buzz Taylor 214-741-3014. Fax: 214-741-
30 19 or leave a msg: 800-545-5900. Confidenlial. 

Help Wanted - STEEL DETAILERICHECKER 
Culumhla, SC-ba~d metal dcd. m;tnu(:k:turcr halo a ))O\l\lon a\.il.llable 

fur;1Il cltperien('L-d dctnilcr and dll~d.cr AbililY 10 rclld comtnlclllJn draw­
mg, and tn la)'tlut dcd. or \tce! \tructu~ 1\ ~quu"w Auto(' AD R I:! elt~­
rience a plu\. Company ha!o (ull bencfih package mcludmg health and 
ocntalln'u~e. ESOP and 401 K plan A,'oOCiate ocg~ Of Olul\alentl\ 
~qulret.l Send rc"UII~ In 

Consolidated S)stems, Inc. 
1'.0. Box 1756. Columbia. SC 29202 

Attn: Human Resourc~ 
Fax: 80315010-2252 

Help Wanted: Structural Steel Detailer 
Qualified applicanl will have knowledge of general 

conslruclion praclices. abililY and eApe ri ence wilh 
CAD, as well as excellenl spalial , malh and problem 

solving skills. An associales degree in engineering, 

archileclUral drafting or relaled field preferred. 
We offer compelilive wages, company pa.d family 

heallh coverage, quarterly bonuse •. 40 I (k). lOO'k pre­
paid college luilion and much more! Send resume and 
salary requirements 10 Ihe alieni ion of Ihe Human 

Resources Departmenl. E.O.E. 

Genzik Steel 
40 East 64th Sireel, Holland MI 49423 

Phone: (800) 968-2002 Fax: (6 16) 392-2423 

Help Wanted - Structural Steel 
Detailer/Checkcr 

Struclural and miscellaneous ,Ieel fabricalion planl 
seeks an experienced sleel delailer!chccker 10 Join its 
14 member drafting leam. If inlere,led and qualified. 
send your resume 10 P.O. Box 1538. Russellville. AR 
7280 I. Alln: Trish Henry 

Help Wanted - Project Manager 
Y,NJ MClrO[X)litan Are'l ... Iructural '>Ieel fahnC310r \Cch 

ProJCCI Manager With minimum of ti ... c )cat'\ c'pen encc. Mu .. t he 
capable of lotal job managmcnt Including contract and chiln~c 
ordcr ncgollalion .... chcduling and cu\tomcr 10110'4 -up. and he able 
to handlc sc\'eral proJel:I ... , Degrcl.." 10 Englm.-cnng. BualdlOg 

Con\tnlcl1on or Archuecture prckrred , Plca ... c reply 10: Steeko. 
601 !'nl/.own Road. Sonkong Spnng. PA 19W8 
Fa. 610678-4331 
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S TEE L MAR K E T P LAC E 

!ITAAD-D1Qnline- an idea Who's Time Has Come 
U .. !ITAAD-W on a Pay-pCI'U" Basis 

Economlc-.. d : A Iypical 50-member aJlaly,j\ and de'lgn jOb will C(»'I 
around SS-S6 (the rale declines 3...\ the jOb ,i.lc mcrca!.Co;.). Optlollally. 
you could hmll the INal charge amount ","hile \ubnultJng the Job. 

Emdenl: Only the l:ues! STAAD-III \leNon I., on the \Crver. allow-
109 ),ou accc,\ 10 the 1alC\I featuft, and laclhlle\ 

SUPI){lrt : STAAO-III/Onhne U~P. arc entllied to unillmlcd technical 
\UPPOr1 

""~ " -AA "_III /""I'." w._ ... 
STAAl) IIUOniine j", a o,crvice lhat allow, you 10 run STAAO-III on a 
"pay-per-u\c" bU\I\ u"ng a modem connection. The package mclude ... 
STAAJ)· III Input Gcner.alor and P~I ProcC\\of 'OOflware free of COI,l 83 
well It ... all m.'Ces\lIry ulllllle ~ for rernOIl! connectIon. Load the STAAD 
Input Generator on yOUf own computer to create the STAAO·1I1 Input 
tile. U!.mg your modem. dial-in to connCCllO a h<ht PC nmmng STAAD­
III 'ioftware for anuly,wJdc\i8n, After analysj~ i!t over. the re\u lt ... arc 
tran ... ferrcd bad, to your PC. That's II' 

For addlllon~1 tnfonnatlon. contacl: Re')Carch En8inet'" loc . 22700 Savi 
Ranch Parkway. Yorba Ltnda. CA 92887-4608 
Ph (114) 914-25(X) ' 1011 free (888) 4-STAAD-l 
em:ul' tnfofe reiu ... a.com • Internet. hupJlwww reiu'ioacom 

Structural &. \t iscellaneous Steel Ot-tailing CAD Progntms 
AUloCAI) para.ntelrK LISP J"IrlIpVl1' for prep;u1n,; \lrudUr.l1 AND ml", ~Ittl \hop 
d~v.-Inl!' All rrot:~ ha\1: httn Updated for .991 ano.I new prov1lm' ha\1: bun 
Idded Pro8rlm~ rmm anchor bolt\ to roof fral1\C\ and -all \Ieel In bf:' .... l:en -
ImpenMI lind ntetnc \,cnlon\ v.-nh USA. Canachan and lurop=an \Iel:l 'ttttlon\ 4.5-
DAY MONI~Y RACK GUARA'ITLE, DISCOUNTS UP TO 4()1l Ruy ONLY the 
pmgr .. nh you need U~d In the field for 10 ye;tf'> Pn.)!IfllIllS wnHen hy II declilier 
.... Ith 411 yun l:'Ipem'JlI.:1: J'.'lilremcly ''flulble'' rmgram~ FRlllciephnne \uppor1 
No mamlcn:lI\\:e f~ Rea<,onabll: yearly update fcc, EX('t-J.LANT I)ROORAM'i It a 
R~SONABLI-. PRICI: Call for I FREE demo dl\k. h\t of p~r.tm\. and pn(lng or 
download from AOL tile ~an.;h SSOCp 

SSIlCl), 110 Sh:ldy Oak Circle. Florance. MS 39073 
lei: 6OlJH.4S-2146 (rax same) · email: ssdcp@aol.com 

Rubber Tired Gantry Cranes 
Boughl - Sold - Traded - Brokered 

Currcnlly ha\e 9 ma(.:htnc .. a\'allable from 20 ton\ to 1201011\ for 
Immc:thatc ... hipmcnt Plca\C call or fax for tktail\. 

Machlnc!'. ncedcd. any 'iiLC-age-con<illlon for resale. That under-uti­
hLed gantry ml£hl mean c3.\h for you today 

Larl!c forklif1l. and rad-mounted ganlJ)\ aho available 
Gantry Crane Sales 

1'.0. Box #430. StrJthmcn:_ NJ 08248 
609/399-2800 • fax: 60'1/399-3131 

email: mazzco@boatyaruequip.com 

Subscribe now to Engineering Journal 
The only technical magallne in the ,5. devoted cxdu"lvely 10 

the dc\ign of ... Ieel '\Iructures. the A ISC £lIgilleerill~ Journal 
provides ,truclural engmecr., fabric3101'\. and cducatof\ wi lh the 

late'll mfonnutlon 011 \leel design. rc ... carch and con <iii ruction . 

For a one-year subscription, send $32 to : 
American Institute of Steel Construction, 
P_O_ Box 806276, Chicago, IL 60680-4124 

or phone 3121670-2400 

AISC Professional Membership 
Recei ve a FREE Mallual oj Steel COllstruct;on and dis­
count. on AISC publicalions, seminars and the National 
Steel Construction onference. 

For more information, contact: 
Libby Kop at 312/670-5409. 
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AutoSD Stel Detailing and Calculator Programs 
A tune \B\llOg. L"OSl-en~me way to prepare \hop dra .... mg~. reqUIring mlmmum 
trammg u\lng AutoCAD Rele4~ I J or later O .. er 2UO dlfferenl LI~P ~nun~ for 
qUI ... Uy dr:laJlJn~ beam ... column .... bnl.:e<o. !U\\oC1 pili .... \UJr.. ~r ntll~ ..... ilIl ntll ... 
ramp r.ul\. laddcf'\.secuon~. I"OI.lf frame\. emheddcd tU·m\. eratlon and aoc.:hor holt 
dnI .... IO!' Conti~UI't' 11 to )oor ~ an.J loql d.rtcrent c(lntiI!Ur.tlU(lfI~ on lik 
BI().:l~, CUI\. mmus dlOten~lon .... and holh are nkulatN fur you Imm a rJat..ba<oc: of 
AII)(" h.1pt: .. CGlcula,or pro,r""u for dC\I,nln"u\\.C! plale, and heam I:nd 
connaIIUf\\ and a/ul IIfClt (;all.:ul':II01' for 'iOhm& (Irtk, and trtilnglc:\ There are no 
malOtenance fcc~. free telephone \,uppor1 Rea.wnahly priced )carly update~ 

AutoSl), Inc_ 8203 tizeli. Rod, Meridian, MS 39305 
Call or rax (601 ) 693-4729 

HEWLETT-PACKARD 
ComputersIPeripherals 

A complete line of us cd and refu rbi shed HP Equipment La fill 
all your computer needs. Laser printers, scanners, disk drives, 
plotters (Draflpro, Draflmoster & Ocsignjct), PC's and 9000 
scrles workstations are available for immediate delivery. Call 
our 0011 free number for additIOnal information and pricing. 

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

800-638-4833 rax (205) 591-1108 
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26212 Dimension Dr. Suite 200 
lake Forest, CA 92630 

Voice: 800·332·7472 · Fox: 714·951 ·5848 
III RISA 
TECHNOLOGIES 

R 
ISA·3D represents a new philosophy in structural 
engineering software. This is a 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). RlSA·3D 's unique 
design enables you to get up and running very quickly, which 
makes you more productive in less time. You can concentrote 
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 RlSA·3D, solution accuracy is never 
sacrificed in the process. The results calculated by RlSA·3D 
are meticulously verified via on extensive matrix of test 
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 011 over the world. 
Try RlSA·3D and see for yourself just how goad 
structural engineering software can be! 
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For more information and a FREE demo disk , call us at 

1-800-332-RISA 


