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Deck can be screwed to structural
steel, bar joists, or light gage steel
framing. The lowest strength was
used to produce the tabulated
values. For bar joists and structural
steel, a tensile strength (F,) of 58
ksi was used which is the lowest
value for A36 steel. For gage

out of the screw or pullover of the
deck will normally control. The
values are basedonthe equations
provided by the AISI Specifica-
tions (1986 with addenda). These
specifications call for a safety
factor of 3 to be applied to the
table values. However, for tem-

supporl;, Fu porary wind
o wmen Uplift Values for [ = o
Is the lowest SCREWED DECK increase Is
provided in appropriate.

ASTM A653 Structural ‘. f’“_w If it is known that the

Quality grade 33. Deck
materials fumished ingages
24, 26 and 28 are usually
grade 80 steels whichuse a

ksi as limited by the AISI

tensile strength of the
support steel or the sheet
steel is greater than the
values used for the tables,

strengths may be increased

tensile strength (Fy) of 60 J J the tabulated ultimate
|

specifications. Either pull

W
neaqa adia

0.415 or 0.400

by a straight line ratio.

#12 0.210 0430 or 0400
174 0.250 0.480 or 0.520

= 60 kei

= 45 ksi

55 ksi

12ga. | 14ga | 16 ga | 1Bga |20 ga | 22 gn
(0.105)|(0.07)|(0.060) (0.047) | (0.056)(0.050)

076 | 055 | 044 035 | 026 022

opr | 062 | 050 0380 | 029 | 024

a* | 36" | 1040 | uB
i~ (0.155)
| 098

i i iz 135

808 ) 1.29 .

1L.OO 0.72 057 0AS | 0.54 | 028

Note: In our Metric catalog “Steel Decks for Floors and Roofs”, the tables on pages 33 and 35 are in the

wrong place. Contact us for the needed corrections or contact us for a copy of the corrected publication

N

L NICHOLAS J. BOURAS, INC.

Frcd P.O. BOX 662, 475 SPRINGFIELD AVE
: JD SUMMIT, NEW JERSEY 07902-0662
I EEZA (908) 277-1617
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AQISTAR® Grades 50 and 65.

WIDE FLANGE & TAILOR - MADE BEAMS

+ High Strength, Low Carbon, Fine Grain, Weldable Without Preheating & Good Ductility.
+ Reduces Material, Handling, Transportation, Erection & Welding Costs,

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

TRUSS APPLICATIONS

* u.qptlf‘f.\' - '“'l'”(f5/&[(““!””5

+ Airports (Hangars/*Terminals)
+ Convention Centers
+ Gymnasiums

L\'fr‘upp:“n‘:) Malls

+ (Casinos

COLUMN APPLICATIONS
All of the above PLUS:

* High-Rise Buildings

g '(USPHHI_\'

4

+

Heavy Industrial <Plants
Power “Plants

+

HISTAR™ is a registered trade-mark of ARBED.

For complete information, availability, literature and floppy disc,
@ntact one of our TradeARBED offices at the following locations:

J 825 Third Ave., New York, NY 10022. 1-800-272-3369, FAX (212) 355-2159.

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

' 390 Brant Street, Suite 300, Burlington, Ontario, Canada L7R 4J4. (905) 634-1400, Fax (905) 634-3536. |
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An overview of LRFD as found in Part 2 of
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30 THE IMAGE BEHIND THE DESIGN
Richard Weingardt’s firm has designed
more than 3,000 projects during the past
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40 AN ALTERNATIVE TO JOIST GIRDERS
Talk of slow deliveries has prompted
consideration of using rolled shapes in
place of roof joist girders

The expansion of the Cowboy .

Hall of Fame in Oklahoma gar-

nered an ACEC Excellence Award

for Richard Weingardt Associates, a

firm known not only for its engi-

neering prowess, but also for its

marketing acumen
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It's tomorrow ...

in Computerized Structural Engineering
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Experience STAAD - 111

“Concurrent Engineering” on DOS/Windows/Unix/NT

Welcome to tomorrow in Computerized Structural Engineering. The latest release of
STAAD-III, based on the principles of “Concurrent Engineering”, is redefining the way you
engineer your structure. Whether you are on DOS, WINDOW, UNIX, or NT , STAAD-I1I1 1s
guaranteed to enhance the performance and productivity to a whole new level.

STAAD-III, from Research Engineers, is an
acknowledged world leader in structural software
State-of-the-art Static/Dynamic/ Nonlinear analysis,
innovative finite element techniques, comprehensive
Steel/Concrete/Timber design, powerful graphics and
seamless CAD integration have always been our
forte. Our deep rooted R & D base, spread over four
continents, and our association with the world's
leading institutions, have resulted in a solid
technological foundation for STAAD-1II

Today's STAAD-III, brings you the latest in modern
Computer Aided Engineering. Based on the
principles of “concurrent engineering”. it unifies
leading-edge graphics and visualization techniques
with proven and time tested analysis/design. A live
and unified associative data base provides seamless
integration across all mission critical applications,
from concept design and analysis to detail design,
simulation and visualizations. Today's STAAD-Ill -a
productivity concept for tomorrow

With over 10,000 installations, more than 30,000 engineers worldwide rely on
STAAD-III for the state-of-the-art in technology

Experience tomorrow today - experience STAAD-III
22700 Savi Ranch Pkwy., Yorba Linda, CA 92687
Tel: (714) 974-2500 Fax: (714) 974-4771 Toll Free: (800) FOR-RESE

R{ Research Engineers, Inc.

® USA o UK o GERAMANY * FRANCE e CANADA

JAPAN e KOREA ® NORWAY e TAIWAN o |NDIA
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Beautiful Music

FEW WEEKS AGO, A GOOD FRIEND HAD A COUPLE OF TICKETS

A:;n THE CHICAGO SYMPHONY ORCHESTRA that he couldn’t

se and asked if I wanted them., I gladly accepted. I had-

n't been to the symphony in a few years, and while I greatly

enjoyed myself, I was struck by a difference in the way I

approached the performance than I had back in my college
days.

When 1 was in college more than a decade ago, I often took
advantage of the free symphonic performances put on by
Northwestern University’s fine music school. Given the quality
of my dorm room stereo, it was the only way to really hear fine
music. In fact, even on the best of my friends’ stereos, there
was no comparison between the quality of a live performance
and recorded music. But today, with the ubiquity of compact
disc players, the best audio performances are in living rooms
rather than in concert halls. Going to a concert, then, takes on
an entirely new dimension. Today, you go to a concert to experi-
ence the music, to see the musicians, to partake of a public per-
formance.

As with the performance of music, the design of structures
has also shifted. A decade ago, few designers were making
extensive use of computers. And for steel design, you had no
choice but to use Allowable Stress Design. But today, engineer-
ing has moved to a great reliance on computers and steel
design has moved to the more advanced and more reliable
Load & Resistance Factor Design specification.

Just as the phonograph has given way to the CD player,
ASD will soon give way to LRFD. To quote the AISC Board of
Directors: “LRFD is a modern and technologically superior
steel design specification.” Still, despite LRFD’s introduction
nine years ago, some engineers are not familiar with its basic
precepts. To help them out, beginning this month MSC is pub-
lishing a three-part series on the “Essentials of LRFD.” This
overview of LRFD, which starts on page 24, is taken from the
LRFD Manual of Steel Construction (2nd edition) and is basi-
cally a primer on switching from ASD to LRFD. For even more
information, AISC’s upcoming seminar series will include a
session on “LRFD for the Practicing Engineer” (a schedule
appears on page 23).

Today, stereo albums are mostly found only in old collections.
It won’t be much longer before ASD manuals also are only a
collector’s item. SM




SDY/2

leaves
nothing

to the

Imagine...a software system that automatically gives you

eShop Drawings eLabor for Estimating

¢CNC Data for Shop Equipment  eOrdering & Inventory Data

e(Connection Design Calculations  *Revision Management
*Job, member status and much more

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

Don't leave anything to the imagination on vour next project. Call today for
more information or to set up vour own personal demonstration of the SDS/2
products that include

me Estimating mCNC Interface  meEngineering Design
us Production Control weDetailing ue DesignLINK

2 oata NI

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

our mill with the same
convenience in mind.

When you're in the market for steel,
and you need it fast, you know there’s
nothing convenient about waiting for a
rolling schedule. Maybe it’s time you
switched from a rolling mill to a stock-
ing mill: Chaparral.

Our $50-million on-site steel inventory
is one of the largest in the world. It’s so
~large, in fact, that we can fill over 80%
~ of our steel orders from stock — in two
weeks or less. Special orders? Fast
18? We'll process those within

72 hours. Even if your order changes,
we'll work with you to fill it as quickly
as possible.

So what are you waiting for? Next time
you're shopping for steel, call
Chaparral. You'll always get the right
steel...right away.

ree (800) $27-7979 U.S. and Canada * Local (214) 775-8241
756120 » 300 Ward Road, Midlothian, Texas 76065-9651
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Steel Interchange is an open forum for Modern Steel
Construction readers to exchange useful and practical profes-
sional ideas and information on all phases of steel building and
bridge construction. Opinions and suggestions are welcome on
any subject covered in this magazine. If you have a question or
problem that your fellow readers might help you to solve, please
forward it to Modern Steel Construction. At the same time, feel
free to respond to any of the questions that you have read here.
Please send them to:

Steel Interchange
Modern Steel Construction
One East Wacker Dr., Suite 3100
Chicago, IL 60601-2001

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

For fire wall construction, building codes
say the wallshall have sufficient stability to
allow for collapse on either side of the wall
without collapse of the wall. What is the opti-
mum detail for this type of connection.

he sketch provided with the question submit-

ted is applicable for a specific type of tied fire

wall; non-loadbearing, constructed between
two double-column lines, structural members on
each side of the wall at the same elevation and pri-
mary framing members parallel to the wall. For a
scenario such as this the recommendations of
Factory Mutual Loss Prevention Data Book 1-22
are very specific and are as follows.

The anticipated horizontal component of the
force resulting from the collapse of the structural
frame on one side of the wall should be resisted by
the remaining structure on the opposite side of the
wall. This is accomplished through the use of
through-wall ties. The ties are designed based on
the horizontal pull “H” calculated from the formula
provided in Recommendation #3 of the referenced
FM Data Book, using an allowable stress of not
more than 10 ksi. A detail of the recommended
installation of the through-wall tie at each column
line is shown in Figure 12 of the same FM Data
Book. For the situation indicated by the sketch in
question, it may be necessary to also install ties
more often than every column line. In either case,
enough slack should be provided in the tie connec-
tion to allow for normal building movement.

While the through-wall ties insure the continu-
ity of the opposing framework at the fire wall, flexi-
ble masonry anchors should be provided at approx-
imately 2 to 4 feet on center to brace the wall
laterally (see Figure 13 of the referenced FM Data
Book). It is important to note that enough slack
should be provided in the anchors to compensate

I NTERCHANGE

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

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

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

“__‘_—m“

3

Column  Fire Wall

N

Figure 12: Through Wall Tie Primary Steel Parallel To Fire Wall

for the slack provided in the through-wall ties.
This slack insures that the collapsing frame on the
fire side of the wall will not pull on the wall before
there is resistance provided from the frame on the
unexposed side of the wall via the through-wall
ties.

The Factory Mutual recommendations also
include provisions for adequate separation between
the double-column line and the fire wall to prevent
damage to the unexposed structure during the ini-
tial stages of the fire.

D. Matthew Stuart, P.E.

The Stellar Group

Jacksonville, FL

What is the most efficient way to enlarge
an existing footing, when new loading condi-
tions are applied?

here is a good article dealing with this prob-

I lem. It was published in the fourth quarter
AISC Journal 1980 and was authored by
Agrawal and Stafiej. The parameters required to
solve the problem include ratios of the respective
moments of inertia of the two column sections,
ratios of axial loads applied at the top of the col-
umn to loads at the lower section, and ratios of the
upper length to the lower length. Using these

Modern Steel Construction / May 1995/ 9
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ratios, one then uses a chart which gives equiva-
lent effective lengths factors for the composite col-
umn for six different end condition cases, pin-pin,
fix-free (Steel Interchange question case), fix-pin,
fix-slider, fix-fix, fix-pin, and pin-slider. From the
determined effective length factors, the effective
lengths of the upper and lower column sections are
easily obtained for use in the Euler buckling for-
mula.

James F. McCarthy

Folsom, CA

Is the method of determining the flexural
design strength of a single angle given in the
Manual appropriate for unequal legs not
loaded through the shear center?

good reference for this question is a paper
A:)(y Tide, Raymond H. R. And Norbert V.
rogstad, Economical Design of Shelf
Angles, Masonry: Design and Construction,
Problems and Repair, ASTM STP 1180, John
Melander and Lynn R. Lauersdorf, Eds., American
Society of Testing and Materials, Philadelphia, PA,
1993, p. 60,

R. H. R. Tide

Wiss, Janney, Elstner Associates, Inc.

Northbrook, IL

New Questions

Listed below are questions that we would like
the readers to answer or discuss.

If you have an answer or suggestion please send
it to the Steel Interchange Editor, Modern Steel Co
nstruction, One East Wacker Dr., Suite 3100, Chic
ago, IL 60601-2001.

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

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

10/ Modern Steel Construction / May 1995
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Fran M. Lacsina
Melrose Metals
Freemont, CA

Is there a more efficient and cost-effective
way to connect a masonry shear wall to strue-
tural steel framing? The most common prob-
lem with the following detail is that once the
masonry is built up to the bottom flange of
the beam, there is not enough room to install
the grout and continuous reinforcing bars in
the bond beam at the top of the wall. If the
bond beam is dropped a course in elevation,
the masonry to steel beam connecting angle
vertical leg or bent plate vertical leg becomes
excessively long.

— %
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{ele

- Y

H | H\ L6 x 4 x 38 x 0-¢ W

g B W/ | T VERTICAL SLOT AT
EXTEND RERF. NTO 34 OC FASTEN TO W) W
BOND BEAM - SEE : VZ @ X O-4& BXP. ANCHOR
SECT, I/510 FOR WALL = = ALTERMNATE EA SIDE OF
RENF. £ GROUT ALL CML WaALL

Charles L. Bowman
Morrison and Sullivan Engineers
Raleigh, NC




~ IF you think LINC is only a vitamin supplement,
THINK AGAIN

Much more Z | N U is used to protect steel structures against corrosion.




STRUCAD 2000

s\ T~ b ' 4
oAy IS Bulfut, Nivtherelrelind

Corcert Holldawe detaded woing Stracad
Fubeicator—Fiker fw«-? L
Coneultng Lxgineer—Hrk Mellare Mrtan

Finally, a 3-D tietailing Solution that
Wil produce 100% of your wor.

The future of steel fabrication is here. Steel Solutions
introduces STRUCAD 2000—3-D detailing software that
dispenses with manual drafting operations and resullts in
productivity gains up to 5-to-1.

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

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

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

& Tt E TEEL SOLUTIONS INC.

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

STRUCAD 2000 is interfaced to a large variety of other
software packages including AutoCAD applications,
STAAD-I1I from Research Engineers, Intergraph’s Mica
Plus Analysis and PDS, PDMS from Cadcentre, and PASCE
from CE Automation, to name only a few.

Proven in production for six years, there are more than

400 STRUCAD systems installed throughout 22 countries.
Now available in imperial units, Steel Solutions is pleased
to market and support STRUCAD 2000 in the United States.

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

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

2260 Flowood Drive - P.O. Box 1128 - Jackson, MS 39215 - 601-932-2760 - Fax 601-939-9359
Support/Development - Rt. 3, Box 312A - Buckhannon, WV 26201 - 304-472-2668 - Fax 304-472-3214

STRUCAD is a registered trademark of ACECAD Software Ltd., England, U.K
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"éutomate repetitive design tasks

2. These values are automatically
called up from the AISC Database.

1. When you type

the column size

This screen was creat- A ] B SO ® TR i LG [H
ed in Microsoft Excel™ |1 BASE-PLATE THICKN CALCULATOR (AISC LRFD Manual, 2nd Ed.)
to calculate base-plate 2 | Axial load 00 kips [Column dimensions
RERTISeN. Ohoe & 3 (B::::-“p';ale steel grade @ web 1hnck:2§;h'ndu
mcorporates the AISC 5 |Concrete strength, f'c 3 ksi flange width, bf
Database, when the 6 _|Available concrete area flange thickness, tf
column size is entered | 7 Max. strong-axis dimension 30 in.  |Max. concrete area, A2
(Step 1), the column 8 Max. weak-axis dimension 30 in. |Base plate
dimensions are auto- 9 |Base-plate dimensions Steel yield strength, Fy

10 Actual strong-axis dim., N 28 In Steel tensile strength, Fu
matically called up from 11 Actual weak-axis dim.. B 26 In Minimumarea 574 in"2
the AISC Database 12 |Cantilevered distances Optimum strong-axis dim. 256 in
(Step 2). These dimen- [73 On strong-axis, m 7.34 in Optimum weak-axis dim. 224 in
sions are used to com- On weak-axis, n Actual area, A1 728 in/2
pIBl’G the base-plate Between flanges, lambda‘n' Intermediate quantities
thickness calculation Concrete capacity, phi Pp 1238 kips

X 0886

Step 3) without having lambda

to look-up the dimen-
sions from a reference
and manually type them
into the program.

i complete the design calculations.

Save time. Save money. Efficiency, productivity,

The AISC Database V2.0 reflects the most current shape
series. Additionally, new data has been added in the
update from Version 1.

and unprecedented pmgramnﬁng power are vours when
you incorporate the AISC Database V2.0 into your in-
house routines. Whether you program in a language like
BASIC or C, or create calculations in spreadsheets like
Microsoft Excel™, Lotus 1-2-3™, or Borland Quattro
Pro™, the AISC Database V2.0 gives you electronic access
to the dimensions and properties of the more than 1200
shapes in AISC's Manual of Steel Construction - W, M, 5,
and HP shapes, channels (C and MC), angles (L and 2L),
tees (WT, ST, and MT), structural tubing (TS), and steel
pipe (P). This ASCII text file lists over 25,000 dimensions
and properties such as the web depth and thickness,
flange width and thickness, area, moment of inertia, sec-
tion modulus, radius of gyration, and torsional constant.
The AISC Database V2.0 is available in both U.S. units
($60) and Metric units ($60).

As with previous releases, the AISC Database V2.0
comes with a sample search routine programmed in
BASIC, a BASIC program to convert the AISC Database
V2.0 into spreadsheet format, and a BASIC program to
print the database.

TO ORDER - call Carolyn
Johnson, AISC Engineering
Department Secretary at
312-670-5411.

All trademarks are property of the respective owners

Setting Standards for Over 70 Years
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Detaill CAD™

STEEL DETAILING SOFTWARE FOR AUTOCAD

STuBsS The easiest, most productive detailing
software for the money...

4.-SSA2 8 0
6% . \A T | Each beam, column, broce, or stair
AN .12 is drawn fully and immediately cfter
= ; %" answering o few simple questions.
= . s Al dimensicning Is done by the
chd B E sk " program, including seft-bocks, blocks,
1."'1 . " | 4 and stubs. Shop standards, clip
o~ r‘ angles, base and cop plates are
| e enfered only once at the beginning
r ____ of eocch |ob, The Information s
2L-SSA2 ~ stored In dato flles, and moay be used
(6%) again for future |obs.
Additional features: i
*Beam~fo—column matching capability. e, | ;
*Bill of material generated automatically. i -
*Beams may be drawn using siub or m - oo
string dimensions. A L1 ©
*Will cutomatically generate details for ] | 4
sloping beams, moment connections, i ': 1
bracing connections, sloping braced f e
beoms, staggered clips, bolted or g B
welded cllps, ond offset bose plates. o

DetollCAD wos written by detoilers, We understond your needs
because we use fthis product doily. Give us the opporfunity to
show you that you don't need to spend $30,000 for o detalling
program. We offer o free 30 day test period for o deposit of
$150, which is fully refundable. The purchaose price of this

program, including stairs, is $5000. For informaotion, contach:

Marvin Alexander David Crow

2314 Firs) Ave. N, 437 Potrick Ml Rood
Birmingham, AL 35203 Winder, GA 30680
(205)324~-5741 (404)867-6756
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Take it out of
STRAPthe box and
cr'eate an error- free
model S M N A

There's no need to
anticipate all design
variables at input or
to reanalyze your
model again & again

Use actual software, personal-
ized with your company name
for 30 days belore buying

Install in 5 minutes, produce
real work in less than an hour
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800-644-6441

LETTERS TO
THE EDITOR

DEAR EDITOR:

While reading the April 1995
edition I found an error in the
article about galvanizing by
Philip E. Rahrig with the
American Galvanizers Assoc-
iation. On page 40 Mr. Rahrig
indicates, under Number 8, that
on nuts and bolts under 1Y -in
in diameter, that the bolts are
threaded standard before galva-
nizing and that the nuts are
tapped oversize after galvanizing
to allow for the galvanizing
thickness on the bolt threads.
Mr. Rahrig then states that for
fasteners over 1'/,-in., the oppo-
site practice is employed. This
statement 18 not correct., All gal-
vanized bolts are threaded stan-
dard and all nuts are tapped
oversize after galvanizing. This
practice is shown in the ASTM
tables in A563 Table 5 and
ASTM A307 Section 7.3. My
main concern is that misinfor-
mation is not used in bolt manu-
facturing. If someone interprets
the article as meaning the bolt
thread should be undercut to
accommodate the galvanizing
thickness, this will result in a
weaker product, as you will
reduce the root diameter of the
fastener, lowering its' tensile
strength.

Gary Rusynyk

Portland Bolt &

Manufacturing Co.

DEAR meu.

On page 40, column 2, Section
8 of the April issue of Modern
Steel Construction, a reference is
made to ASTM A384. The refer-
ence should be to ASTM A385.

Philip G. Rahrig,

Executive / Marketing Director

American Galvanizers

Association




Elevation

DOUBLER PLATE IF REQUIRED

BEAM STIFFENER PLATE
EACH SIDE

DEeAR EDITOR:

We were interested to read
the article in the April 1995 edi-
tion of Modern Steel
Construction entitled “Solving A
Connection Dilemma” by Robert
L. Boehmig. Mr. Boehmig offers
an interesting concept utilizing
double beams at beam column
joints. There appears to be some
concerns with regard to the fol-
lowing:

1. The adequacy of the connec-
tion between the wide flange and
the channels to develop moment.

2. The adequacy of the fillet
welds to develop the substantial
forces that can occur.

3. Limiting the double beams

Modern Steel Construction / June 1995 / 13




to channels.

However, there appears to be
some merit in Mr. Boehmig's
concept of using double beams.
As part of our work on seismic
design, our company has been
involved in looking at various
options on beam column joints
following the Northridge earth-
quake.

Prior to reading Mr.
Boehmig's article, over the
course of the last several
months, we have developed simi-
lar ideas using double beams
and no dependence on full pene-
tration welds in tension (see
drawings).

The double beams are com-
prised of wide flange beams and
have top and bottom collar plates
to transfer the forces from the
beams to the columns, Transfer
of substantial forces from the
beam to the collar plate may be
achieved by fillet welds or bolts,
Transfer from the collar plate to
the column is a combination of
direct bearing at the column
flange and welds to the column
web. There is no reliance on full
penetration welds in tension,
avoiding the concerns for welds
in tension, through flange prop-
erties, etc., which has been much
debated over the course of the
last year or so. Additional
moment transfer is achieved
from vertical shear plates welded
to the column flanges and
beams. The bottom collar plate
can be welded in the shop and
the top collar plate in the field.
The beams can be field spliced at
midspan where the seismic
moment is small.

We recognize that the concept
requires further development
and testing, but offer this con-
cept as a suggestion that may, as
Mr. Boehmig’'s article did, also
stimulate others to provide beam
connection joint concepts that
may one day provide the indus-
try with improved designs.

Peter .J. Maranian,

Structural Engineer

Gregg. E Brandow, Ph.D.,

President

Brandow & Johnston

Associates, Los Angeles
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WinSTRUDL

The Only 32 bit Structural Engineering
Program written in C/C++ and 100% Windows
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TEACHING Ask for a Free Demo Today!
ABOUT STEEI_ Computer Aided Structural Technology
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NGINEERING STUDENTS IN

EWIH('H,\'HI,\' AND TEXAS WILI

SOON HAVE A NEW TOOL for STRI.ICII.II!AI. MATERIAL MANAGER 5.0  * i Mol computes weights st
learning about steel connections: SAMM |

a brightly painted, 8-ft.-high '
steel sculpture.

5.0 gives fabricators and detailers the

fastest, most accurate material list man 1..| ||‘r‘|i.'.!.Hl’.'ll No

<amas, More lime-Consumimg man tuatl Ci il lations \
The 3,000-1b. .‘.-iL‘LllplllI‘t_‘ is é N \ flu softwares sheed and elficiency delivers . %

designed to provide students Ii ) ant easy-to-use system thats secon d tomone, *Fsti
with a hands-on experience “s "-"E!.u today for a FREE, no-obligation demo ".' e s o
when learning about steel con- er disk with all modules and the complete .
nections. “In a recent discussion systems users guide EJ E INDUSTRIES |NC
with a structural educator, I Let SMM 5.0 turn your wext 287 Dewey Avensie, Washington, PA 15304
asked him what he thought stu- material listonto bands-off eperionce’ a0, 331-39585 ., 412-228-8841

dents are not exposed to, but
sorely need,” said Fromy
Rosenberg, AISC Assistant
Director of Education. “The
answer came quickly: ‘students
need to be exposed to real situa-
tions where the three dimension-
al character of construction is
visible to them.”™
The development of an
instructional steel connections
sculpture actually began nearly
a decade ago in Florida. Faced
. with the traditional inability of

students to visualize real connec-
tions, plus the fact that only a
few lectures are ever devoted to
connection design, Professor

Pleaée cifcle # 46 .
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Duane Ellifritt of the University
of Florida in Gainesville came up .
with a solution: He created a
steel sculpture that would first
and foremost function as a teach-
ing aid, but which would also
add to the public art on the uni
versity's campus,

“Try explaining to a student
the behavior of a shop-welded,
field-bolted double web angle
shear connection, where the out-
standing leg is made purposely
long and thin so that it will flex
under load and approximate a
true pinned connection,” Ellifrit
states in explaining the value of
the steel sculpture. “Text books
generally show orthogonal views
of such connections. but still
many students have trouble in
‘seeing’ the real connection.” In
1985, Ellifrit began investigating
the possibility of using field trips

to construction gites to show stu
dents actual connections
Unfortunately, many construc
MI Wik*i oy tion managers were hesitant to
‘rf_ allow groups of students onto
- - - - sites. In addition, there was the
1 problem of only intermittent
B S availability of construction pro-
-1 jects. Another possibility was to
build secale models, but these
K were rejected as too heavy to
- move around easily and had the
B further drawback of requiring a
storage space when not in use
“My eventual solution was to
create a steel sculpture that
! would be an attractive addition
| to the public art already existing
on campus, something that
would symbolize engineering in
general, and that could also
function as a teaching aid.,”
Ellifrit said. The sculpture was
Shown at top is the nearly complete, though unpainted, Wisconsin fabricated, erected and paid fo
steel sculpture at AISC-member Zalk Joseph'’s fabrication shop. in the fall of 1986 by AISC-mem
Shown above is a drawing of the connection sculpture. ber Steel Fabricators, Inc., and

attracted some attention from
other schools. Finally, last vear,
AISC created a teaching guide
based on the sculpture. The
guide, which 1s available for $5
(+55 s&h) from AISC. shows pic
tures of each connection on the
sculpture and offers a written

description. Now, however, some
local fabricators, in conjunction
with nearby universities, are
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going a step further and com-
pletely emulating Ellifrit's origi-
nal design, though on a slightly
smaller scale. While the original
sculpture stands more than 13-
ft. high, the modified designs
being built today are only 8-ft.
high.

The modified plans were pre-
pared by AISC-member Garbe
Iron Works, Inc. in conjunction
with several other midwest fab-
ricators, and the first of the
sculptures was recently complet-
ed by AISC-member Zalk
Josephs Fabricators Inc. “The
original sculpture in Florida is so
large that it would be difficult
for some schools to find a spot for
it on campus,” explained H
Louis Gurthet, president of Zalk
Josephs and chairman of AISC's
Committee on Education. The
modified sculpture, while man-
ageable, is still no lightweight: it
weighs 3,000 1bs., is 8'x8'x8’, and
took between 90 and 100 hours
to fabricate. As with the original
sculpture in Florida, all of the
material and time was donated.
The sculpture is destined for the
University of Wisconsin at
Madison and should be installed
this summer in time for the start
of the fall semester

“The sculpture will be used
primarily for instructional pur-
poses,” explained the Professor
Jose A. Pincheira, Jr., of the
Department of Civil & Environ-
mental Engineering at the
University of Wisconsin. “I'm
always struggling with teaching
about the design of steel connec-

tions. We don’t spend a lot of

time on it, but with the steel
sculpture, students can actually
see the connections. Addition-
ally, the sculpture will be on
public display and should serve
to attract more interest on the

part of students for the design of

steel connections.”

Another sculpture, identical to
the Wisconsin sculpture, was
fabricated in Texas and will be
installed on the campus of the
University of Texas at San
Antonio. For this sculpture,
rather than one fabricator pro-
viding all of the labor, the project

ohnect
Design
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to complex rigid moment connections,
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need for steel connections calculations.

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

CadVantage

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

704—-344-9644
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was divided among six fabrica-
tors, according to Ken Teel, pres-
ident of AISC-member American
Steel & Aluminum Co., which is
coordinating the project. In addi-
tion to Teel's company, AISC
members participating in the
project include: Alamo Steel Co.,
Falcon Steel Co., and North
Texas Steel Company.

To order a copy of Connecting
Steel Members for $5 (+$5 s&h),
call 800/644-2400 or fax 312/733-
3107 and request publication G-
460.

WORK ON
CONNECTIONS
GARNERS T.R.

HIGGINS
AWARD

William A. Thornton

illiam A. Thornton,
Ph.D., P.E., chief engi-
neer of AISC-member

Cives Steel Co. and president of
Cives Engineering Corp., both of
Roswell, GA, is the winner of the
1995 T.R. Higgins Lectureship

Award. The prestigious award,
given annually by AISC, recog-
nizes an outstanding lecturer
and author whose technical
paper or papers are considered
an outstanding contribution to
the engineering literature on
fabricated structural steel.

Thornton was selected for his
work on connections, which is
presented in his paper
“Connections: Art, Science and
Information in the Quest for
Economics and Safety.” For
many MSC readers, the content
of the paper should be somewhat
familiar; much of his eminently
practical information appeared
in the February 1992 issue. For
those unfamiliar with his work,
a condensed version of this paper
will run later this year and the
entire paper will be printed in an
upcoming issue of Engineering
Journal.

According to Thornton, con-
nections are an intimate part of
a steel structure and their prop-
er treatment is essential for a
safe and economic structure. An
intuitive knowledge of how a sys-
tem will transmit loads (the art
of load paths) and an under-
standing of structural mechanics
(the science of equilibrium and of
limit states) are necessary to
achieve connections that are
both safe and economical.
Thornton’s paper describes how
an understanding of these prin-
ciples and related information
can be used to produce bracing
connections, shear connections,
and moment connections that
satisfy both the economic and
adequacy criteria.

The first public presentation
of the paper was at last month’s
National Steel Construction
Conference in San Antonio,
where Thornton also received a
$5,000 cash award and commem-
orative certificate. In addition,
Thornton will make at least six
presentations of the lecture in
different parts of the country
during 1995 and 1996. For infor-
mation on these upcoming lec-
tures, check with your local
AISC Marketing regional engi-
neer.
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Nestor Iwankiw

ESTOR IWANKIW,
DIRECTOR/RESE

FORMER
ARCH AND

CODES AND INTERIM DIREC-
TOR OF AISC’S ENGINEERING

DEPARTMENT since September,
1994, has been promoted to Vice
President, Technology and
Research at AISC.

Iwankiw has 22 years of pro-
fessional experience—the last 15
with AISC. Most recently, Mr,
Iwankiw provided leadership
and direction in post-Northridge
Earthquake steel studies, devel-
opment of 1992 AISC Seismic
Provisions, 1993 LRFD, 2nd
Edition, Specification, and joint-
venture partnering on steel
research with various public
agencies, associations and uni-
versities

Since joining AISC in 1980,
Iwankiw has been involved in
numerous research projects and
development of design aids, such
as eccentricity coefficients for
bolted and welded groups based
on ultimate strength, fillet weld
strength, small column base
plates, composite beams, steel
fire protection, and the effects of
hole-fabrication methods. He
was instrumental in initiating
the new AISC Design Guide

Mound Archltectural

940 Holman Ave., Monroe, OH 45050
513-422-0584 513-422-5184 (FAX)

For the BEST in Bridge Software. ..
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¢ Analysis - Moment, Shear, Torque

Displacement, Reaction, Stress
¢ Design - Splices, Base Plates
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Ice, DL, User Defined Loads

# Pull Down Menu/CAD-Like Features
¢ Latest AASHTO Code Checking
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OPTI-MATE,

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

MERLIN DASH
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IRREGULAR CURVES, VERTICAL OFFSETS,
ELLIPTICAL SHAPES, CIRCLES OR SEGMENTS
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If you need structural steel bending for
major architectural projects or other slesl
fabricating opplications, fax or call Max
Weiss. We will give you competifive quoto-
fions, close folerance specificafions, on
fime delivery and dependable solutions

ROLLING AND FORMING, WELDING, FORGING
AND HOT BENDING

MAX WEISS CO, INC.
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Series of publications and com-
puter software development that
supplement the AISC Manual of
Steel Construction.

Iwankiw is a member of sever-
al professional societies and is a
registered Professional Engineer
in Illinois. He holds an MBA
from the University of Chicago
and a Bachelor's and Master’s
degree in civil engineering from
the Illinois Institute of
Technology. He has taught uni-
versity courses in engineering
mechanics and steel design as an
evening instructor at IIT.
Previously, he held positions
with the IIT Research Institute
and with Underwriters Lab-
oratories, Inc.

METRIC GUIDE
FOR STEEL
FABRICATORS

NEW PUBLICATION FROM

AISC PROVIDES INFORMA-

TION AND RESOURCES for
the structural steel fabrication
industry as it prepares to design
using metric nomenclature—a
must for those who do govern-
ment contract work. A Guide for
Metric Steel Fabrication provides
basic training in metric units
and offers cautionary advice
until standard metric practice
has been established.

Chapter 1, “Introduction to
Metric,” covers metric units and
specific topics such as length,
area and volume, weight (mass),
force, stress, and floor and roof
loadings. Chapter 2, “Materials,”
covers structural shapes, angles,
plate, hollow structural sec-
tions, pipe, and high-strength
bolts, nuts, and washers.

Chapter 3, “Detailing and
Fabrication,” deals with comput-
er software, drafting scales, fab-
rication machinery, measuring
tapes, welding, bolting equip-
ment, and painting practice,
Chapter 4, “Connections, gives

metric design aids for bolts and
welds.”

Chapter 5, “Miscellaneous,”
summarizes preliminary metric
revisions to the AISC Code of
Standard Practice and gives a
list of metric publications and
resources. Finally, the Appendix
tabulates conversions for length,
area, mass/force, mass per unit
length, and stress.

The Guide is available by call-
ing the AISC publications line at
1-800-644-2400 and costs $15 for
AISC members, $20 for
non-members.

New Price FOR
LRFD oN CD

RFD on CD, WHICH OFFERS
'HE ENTIRE TWO-VOLUME
MANUAL oF STEEL CON-

STRUCTION in an easily accessible
electronic form is now priced at
$500 ($375 for AISC members),
The CD-ROM not only repli-
cates the Manual, but improves
upon it through the use of the
latest “Hypertext” technology.
By clicking on a word, the soft-
ware automatically moves you to
another reference to the same
word. For example, click on
“stiffeners” in the table of con-
tents and the CD moves you
immediately to page 185 in
Chapter 9. From there, you can
click on “local buckling™ and
you'll jump to page 226 in
Chapter 8. That page references
Table 8-49, which can then be




——

immediately accessed. There are
literally more than 1,000 cross-
referenced items throughout the
Manual

In addition, the CD includes a
45-page introduction to LRFD
electronically linked to the
Specification and Commentary
and nearly
files) taken right from the
Manual that can be quickly
copied to your AutoCAD or other
CAD program

To order a copy of this CD,
call AISC’s new toll-free publica
tions number at 1-800-644-2400

100 drawings (.dxf

ENVIRONMENTAL
COMPLIANCE
WORKSHOPS

NEW SERIES OF ENVIRON-
MENTAL COMPLIANCE WORK-
SHOPS IS BEING OFFERED
THIS YEAR for steel fabricators.
AISC, in conjunction with the
law firm of Goldberg and
Simpson in Louisville, Kentucky,

will conduct six regional hands-
on seminars in 1995,

The workshop is designed to
be a practical, results oriented
experience., Participants are
encouraged to bring their own
hard copy compliance materials,
Of paramount concern will be
compliance with the fast
approaching permitting dead-
lines and a host of other regula-
tions that are the focus of EPA,
OSHA, and state inspections and
enforcement. Workshop partici-
pants will walk away with
knowledge of plan preparations,
record km»plnp reporting, how to
handle inspections, what the
potential problems are and what
to do about them. Anyone
responsible for completing
reports or for paving the non-
compliance fines would benefit
from the workshops.

Among topics to be discussed
are: The Clean Air Act
1990, Storm

Prevention

Amendments of
Water

Pollution
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Engineering
Software
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Visual Analysis™ for Windows” $295
AnalysisGroup ™ for DOS”/Windows 295

1-800-707-0816
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Productivity you need. Value you demand.

FRARAML TEM L ERRY

. cCalltoll free 1-800-322-1487

Some of the many new features

® User Inendly interface with graphics
® Simple icon based input generation
® Color-filled stress contours

* QOptional hidden line removal

* 20 & 3D Static, Dynamic & P-Delta
* Automatic generation of wind loads
* Beam with variable cross sections

* Semi-rigid beam element releases
®* Enhanced steel & concrete design

® Available metric AISC s

* Steel composite beam design

teel tables

Interactive built-up section calculation

®* Input file conversion from other

analysis and design packages
* Free available

* 100

preview disketle

Money back guarantee

Das Consulting, Inc.

Streetl

B6S5 Turmpi
North Andc V USA
(508) 794-1487 » FAX: (508) 685-7230
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Plang, SARA Title III Emissions
Reporting, Relevant State and
Local Compliance Issues - geared
for each local area the workshop
is offered in, and Hazardous
Wastes.

Each workshop runs from 8
a.m. until 4 p.m. with lunch and
handouts included. The cost is
$350 per company, which allows
2 attendees and $100 for each
additional person.

The six regional workshops are
scheduled as follows:

May 12 Salt Lake City, UT
May 26 Boxborough, MA
lune 2 Valley Forge, PA
June 9 Atlanta, GA

June 16 Rosemont, IL
June 23 Columbus, OH

For more information, call
312/670-2400.

FocusING ON
PRACTICAL STEEL
DESIGN

ROM DISCUSSIONS OF BOLT
INSTALLATION TO THE DEVEL-
OPMENT OF A NEW HIGH-

STRENGTH STEEL, AISC’s 1995
Seminar Series is designed to
provide practical information for
structural engineers, fabricators,
and others involved in the steel
construction industry.

“Fast moving developments in
structural steel may have been
difficult to absorb in the past,
but now events are focusing and
clarifying the issues,” according
to Robert F. Lorenz, P.E., AISC
director of education and train-
ing. Accordingly, the 1995 semi-
nar series will be divided into
four areas: The New 50 ksi Steel;
LRFD for the Practicing
Engineer; Learning from North-
ridge; and Answers to the Most

Commonly Asked Questions.

Work is currently underway
for the development of a new 50
ksi yield strength steel specifica-
tion that will replace ASTM A36
as the industry base standard.
This new steel will be designed
to improve performance with
better defined strength and
material limits. Part One of the
AISC 1995 Steel Seminar is
designed to answer engineers’
and fabricators’ questions about
this new material’s effect on
design and construction.
Included will be a discussion of
minimum and maximum materi-
al strength, ductility and eco-
nomics. “The shift to the 50 ksi
base material as the preferred
material is intended to simplify
and improve design practice,”
according to Lorenz.

Part Two of the 1995 Steel
Seminar will focus on simple,
straightforward procedures for
designing members and connec-
tions with the 1994, 2nd Edition

3D Structural Analysis

& Design for Macintosh
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Graphic Magic Inc, 180 Seventh Ave #201 Santa Cruz CA 95062

Tel (408) 464 1949

The graphical
interface you've
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GRINDER

SOFTWARE COMPANY

MATERIAL ESTIMATING FOR STEEL FABRICATORS |

v~ Accomplish in 3 hours time what used to take

8 hours with pencil and paper.

Keep material waste to the absolute minimum
using our unique length optimizing process.
Produces 12 precise, easy to read reports for
use by the shop and office.

Handles ferrous and non-ferrous metals, fasteners,
hardware, misc. items and assembled units. Also
tracks shop and field labor.

Interfaces with the SteelCad™ International
detailing software.

A “Competitive Upgrade” is available.

“Test Drive” our fully functional demo for 30
days and start saving today.
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1995 STEEL SEMINAR SCHEDULE

June 20..................Charlotte

£ b SO S Greenville
June 22 aii Raleigh

June 28........cecueenes Norfolk
June29.................. Richmond
3 ) R Omaha

e L SRR Minneapolis
1) D e, St. Louis
AUBUSE B, Rochester, NY
August 9................Albany
August 10.....0cvivnnee Portland, ME
August 15.............Washington, DC
August 17 ..............Philadelphia
August 22 .............Chicago
August 24 .............. Milwaukee
September 7 ..........New York City
September 12 ........Meriden
September 14........Boston

September 19......... Dallas
September 21 ........ Houston
September 26........ Denver

September 28 ....... Kansas City

October 3..............Birmingham, AL
October 5..............Atlanta
October 10............Detroit
October 12............Indianapolis
October 17............Cleveland
October 18............Columbus
October 19............Cincinnati
October 24...........Memphis
October 26............Nashville
October 31............Pittsburgh
November 2 ..........Edison
November 7 ..........New Orleans
November 9.........Albuquerque

November 28 ........Miami
November 30........ Orlando

CALL 312/670-5422 FOR
INFORMATION OR A
REGISTRATION FORM

I * joist girder specifications and

LRFD Manual of Steel Construc-
tion. A recent Gallup survey
commissioned by AISC revealed
that most engineers acknowl-
edge that LRFD is the Specifi-
cation of the future and that it is
only a matter of time before most
engineers switch from ASD to
LRFD. As an added bonus,
attendees at the seminar will
receive a copy of an LRFD
design-aid software program.

Next up is a discussion of the
lessons learned from steel perfor-
mance during the Northridge
Earthquake. Preliminary studies
indicate that alternatives are
available to avoid moment frame
damage during a seismic event.
This portion of the seminar will
focus on these alternatives, as
well as the latest research and
code changes. In addition, a dis-
cussion of overstrength/redun-
dancy in steel design will be pre-
sented. “Newly created research
is aimed at sorting out the com-
plexities of actual seismic perfor-
mance,” Lorenz stressed.

Finally, the seminar concludes

with a 45-minute presentation of
answers to the most commonly
asked questions received by
AISC’s engineering staff. AISC's
staff engineers, in addition to
their work on manuals,
Specifications and other design
aids, routinely field calls from
practicing engineers, fabricators
and erectors. The most common
of these questions—dealing with
such topies as bolt installation,
painting, and tolerances—have
been compiled. The seminar
series is currently scheduled to
reach 37 cities, beginning with
Charlotte on June 20 and con-
cluding with Orlando on
November 30. Each seminar
begins at 2:00 p.m. and ends at
8:15 p.m. Cost for the seminar,
which has a CEU value of 0.45,
is $120 ($90 for AISC members).
The fee includes the lectures,
numerous handouts, LRFD edu-
cational software, and dinner,

For more information, call
AISC at 312/670-5422 or fax
312/670-5403.
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Get the new, 60-Year |
Steel Joist Manual —
| @ must for building
renovation.
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Whether you're an architect, engineer
or contractor, this all-new, 318-page,
60-year Manual has everything you need
to determine load capacities in existing
Joist-supported structures built from 1928
through 1988. Inside you'll find:

* the original “K™ series specifications

and load tables

weight tables

+ the complete expanded "H' series

load tables

* suggested investigative procedures

and time-saving data for use when

analyzing existing structures

* a complete listing of commonly used

live and dead loads throughout this

period of time

Don't wait a moment longer. Fill out
this coupon and send for your manual
today! Just $59.00, including postage
and handling ($69.00 outside U.S.).

-----------------------------

Also available—
40th Edition
Specs and
Load Tables
for Steel
Joists and
Girders

Includes Metric
and Standard units

___Sendme ____ new 60-year Steel
Joist Manual(s) at $59.00/per.
___Sendme ___ newSJl
Catalogue(s) at $20.00/per

Total enclosed

Payment includes first class postage and
handling and must accompany order.

Name
Title
Company Name

City
State Zip

Mail to; Managing Director
Steel Joist Institute

" Div. A-1
1205 48th Avenue North
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First of three parts

ESSENTIALS OF LRFD

An overview of LRFD as found in Part 2
of the Manual of Steel Construction (1994)

EARLY A DECADE AGO, THE AMERICAN INSTITUTE OF

STEEL CONSTRUCTION, INC. (AISC) BEGAN AN INDUS-

TRY-WIDE TRANSITION from Allowable Stress
Design (ASD) to Load and Resistance Factor Design
(LRFD). While acceptance has been slow, momentum is
gathering: A recent Gallup poll showed that industry
acceptance of LRFD is growing and a majority of struc-
tural engineers now believe that LRFD is the steel
design choice of the future. Some people, however, have
interpretted the existence of two specifications as an
indication of an unclear direction. Therefore, the AISC
Board of Directors has adopted the following resolution:

“Based upon expert input from its Committee on
Specifications, the Board of Directors of AISC affirms
that the 1993 Load and Resistance Factor Design
(LRFD) Specification for Structural Steel Buildings is
the preferred Specification for the fabricated structural
steel industry., LRFD is a modern and technologically
superior steel design specification. Its direct representa-
tion of ultimate structural behavior is especially relevant
for seismie design, design of frames with partially
restrained connections, and composite systems design. It
offers engineers the opportunity to innovate in the
analysis and design of highly reliable and competitive
steel structures by encouraging the consideration of
strength and serviceability criteria under appropriate
combinations of gravity and lateral loads. In this way,
LRFD is consistent with the prevailing trend toward
limit-states design in all materials, both domestically
and internationally.”
This article is the first of a three-part summary of

LRFD.

e

LRFD: AN INTRODUCTION

HE PRIMARY ORJECTIVE OF THE LRFD SPECIFICATION
T!s TO PROVIDE A UNIFORM RELIABILITY for steel struc-
tures under various loading conditions. This uni-
formity cannot be obtained with the allowable stress
design (ASD) format.
The ASD method can be represented by the inequali-
ty:

£Q <R,/ FS.

The left side is the summation of the load effects, Q)
(i.e., forces or moments). The right side is the nominal
strength or resistance R_divided by a factor of safety.
When divided by the appropriate section property (e.g.,
area or section modulus), the two sides of the inequality
become the calculated stress and allowable stress,
respectively, The left side can be expanded as follows:

ZQ), = the maximum (absolute value) of the combinations

D+LU *0.75 is the reciprocal of 1.33,
(D+L'+W) x 0.75* which represents the 113 increase
(D+L'+E) x 0.75*

in allowable stress permitted
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when wind or earthguahke is taken gimul-

D-W
D-E
where DL, W and E are, respectively, the effects of the
dead, live, wind, and earthquake loads; total live load '
=L+(L orSorR)
L Live load due to occupancy
Roof live load
Snow load
Nominal load due to initial rainwater or
ice exclusive of the ponding contribution

ASD, then, is characterized by the use of unfactored
service loads in conjunction with a single factor of safety
applied to the resistance. Because of the greater vari-
ability and, hence, unpredictability of the live load and
other loads in comparison with the dead load, a uniform
reliability is not possible.

LRFD, as its name implies, uses separate factors for
each load and for the resistance. Considerable research
and experience were needed to establish the appropriate
factors. Because the different factors reflect the degree
of uncertainty of different loads and combinations of
loads and the accuracy of predicted strength, a more uni-
form reliability is possible.

The LRFD method may be summarized by the formu-
la:

taneously with ke load

DN wnr
ooy

Ly Q < 0R,

On the left side of the inequality, the required
strength is the summation of the various load effects Q
multiplied by their respective load factors y. The design
strength, on the right side, is the nominal strength or
resistance R, multiplied by a resistance factor ¢. Values
of § and R_for columns, beams, etc. are provided
throughout the LRFD Specification and will be covered
here, as well.

According to the LRFD Specification (Section A4.1),
ZyQ, = the maximum (absolute value) of the combinations

1.4D (A4-1)
1.2D+1.6L+0.5(L or SorR) (A4-2)
1.2D+1.6(L, or S or R)+(0.5L or 0.8W) (A4-3)
1.2D4+1.3W+0.5L40.5(L_or S or R) (Ad4-4)
1.2D +/- 1.0E4+0.5L+0.25 (A4-5)
0.9D +/- (1.3W or 1.0E) (A4-6)

(Exception: The load factor on L in combinations A4-3,
Ad-4, A4-5 shall equal 1.0 for garages, areas occupied as
places of public assembly, and all areas where the live
load is greater than 100 psf).

The loads should be taken from the governing build-
ing code or from ASCE 7, Minimum Design Loads in
Buildings and Other Structures (American Society of
Civil Engineers, 1994). Where applicable, L should be
determined from the reduced live load specified for the
given member in the governing code. Earthquake loads
should be from the AISC Seismic Provisions for
Structural Steel Buildings, which appears in Part 6 of
the Manual.

In the combinations the loads or load effects (i.e.,
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forces or moments) are:

D = dead load due to the weight of the structural elements
and the permanent features on the structure

L = live load due to occupancy and moveable equipment
(reduced as permitted by the governing code)

L, = roof live load

W = wind load

S = snow load

E = earthquake load

R = nominal load due to initial rainwater or ice exclusive of
the ponding contribution

LRFD FUNDAMENTALS

HE FOLLOWING IS A BRIEF DISCUSSION OF THE BASIC

I concePTS OF LRFD. A more complete treatment of

the subject is available in the Commentary on the
LRFD Specification (Sections A4 and A5) and in the ref-
erences cited therein.

LRFD is a method for proportioning structures so that
no applicable limit state is exceeded when the structure
is subjected to all appropriate factored load combina-
tions. Strength limit states are related to safety and
load carrying capacity (e.g., the limit states of plastic
moment and buckling). Serviceability limit states (e.g.,
deflections) relate to performance under normal service
conditions, In general, a structural member will have
several limit states. For a beam, for example, they are
flexural strength, shear strength, vertical deflection, etc.
Each limit state has associated with it a value of R,
which defines the boundary of structural usefulness.

Because the AISC Specification is concerned primari-
ly with safety, strength limit states are emphasized. The
load combinations for determining the required strength
were given in expressions A4-1 through A4-6. (Other
load combinations, with different values of y, are appro-
priate for serviceability; see Chapter L in the LRFD
Specification and Commentary.)

The AISC load factors (A4-1 through A4-6) are based
on ASCE 7. They were originally developed by the A58
Load Factor Subcommittee of the American National
Standards Institute, ANSI, (U.S. Department of
Commerce, 1980) and are based strictly on load statis-
tics. Being material-independent, they are applicable to
all structural materials. Although others have written
design codes similar in format to the LRFD
Specification, the AISC was the first specification group
to adopt the ANSI probability-based load factors.

The AISC load factors recognize that when several
loads act in combination, only one assumes its maximum
lifetime value at a time, while the others are at their
“arbitrary-point-in-time” (APT) values. Each combina-
tion models the total design loading condition when a
different load is at its maximum:

Load Comb.  Load at its Lifetime (50-year) Max.

Ad-1 D (during const.; other loads not present)
A4-2 L

Ad-3 L, or S or R (a roof load)

Ad-4 W (acting in direction of D)

A4-5 E (acting in direction of D)

Ad-6 W or E (opposing D)

The other loads, which are APT loads, have mean val-
ues considerably lower than the lifetime maximums. To
achieve a uniform reliability, every factored load (life-
time maximum or APT) is larger than its mean value by
an amount depending on its variability.

The AISC resistance factors are based on research
recommendations published by Washington University

in St. Louis (ASCE Journal of Structural Division, Sept.
1978) and reviewed by the AISC Specification Advisory
Committee. Test data were analyzed to determine the
variability of each resistance. In general, the resistance
factors are less than one (§<1). For uniform reliability,
the greater the scatter in the data for a given resistance,
the lower its ¢ factor,

Several representative LRFD ¢ factors for steel mem-
bers (referenced to the corresponding chapters in the
LRFD Specification) are:

¢, = 0.90 for tensile yielding (Chapter D)

¢, = 0.75 for tensile fracture (Chapter D)

o, = 0.85 for compression (Chapter E)

o, = 0.90 for flexure (Chapter F)

0, = 0.90 for shear yielding (Chapter F)

Resistance factors for other member and connection
limit states are given in the LRFD Specification.

The following sections (A through I) summarize and
explain the corresponding chapters of the LRFD
Specification.

A. GENERAL PROVISIONS

In the LRFD Specification, Sections A4 and A5 define
Load and Resistance Factor Design. The remainder of
Chapter A contains general provisions which are essen-
tially the same as in the earlier ASD editions of the
Specification.

Reference is made to the Code of Standard Practice
for Steel Buildings and Bridges (adopted in 1992 by
AISC), which appears with a Commentary in Part 6 of
the LRFD Manual. The Code defines the practices and
commonly accepted standards in the structural steel fab-
ricating industry. In the absence of other instructions in
the contract documents, these trade practices govern the
fabrication and erection of structural steel.

The types of construction recognized by the AISC
Specification have not changed, except that both “simple
framing” (formerly Type 2) and “semi-rigid framing” (for-
merly Type 3) have been combined into one category,
Type PR (partially restrained). “Rigid framing” (former-
ly Type 1) is now Type FR (fully restrained). Type FR
construction is permitted unconditionally. Type PR is
allowed only upon evidence that the connections to be
used are capable of furnishing, as a minimum, a pre-
dictable portion of full end restraint. Type PR construc-
tion may necessitate some inelastic, but self-limiting,
deformation of a structural steel part. When specifying
Type PR construction, the designer should take into
account the effects of reduced connection stiffness on the
stability of the structure, lateral deflections, and second
order bending moments,

PR (semi-rigid) connections, once common, are again
becoming popular. They offer economies in connection
fabrication (compared with FR connections) and reduced
member size (compared with simple framing). For infor-
mation on connections, please refer to Volume 11 of the
LRFD Manual.

The yield stresses of the grades of structural steel
approved for use range from 36 ksi for the common A36
steel to 100 ksi for A514 steel. Not all rolled shapes and
plate thicknesses are available for every yield stress.
Availability tables for structural shapes, plates and bars
are at the beginning of Part 1 of the LRFD Manual.

A36, for many years the dominant structural steel for
buildings, is being replaced by the more economical 50
ksi steels, ASTM designations for structural steels with
50 ksi yield stress are: A572 for most applications, A529
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Section A7 of the LRFD Specification and Section 3 of
the AISC Code of Standard Practice. When beam end
reactions are not shown on the drawings, the structural .
steel detailer will refer to the appropriate tables in Part
4 of the LRFD Manual. These tables, which are for uni-
form loads, may significantly underestimate the effects
of the concentrated loads. The recording of beam end
reactions on design drawings, which is recommended in
all cases, is, therefore, absolutely essential when there
are concentrated loads. Beam reactions, column loads,
etc., shown on design drawings should be the i
strengths calculated from the factored load combinations
and should be so noted.

LoAps AND LOAD COMBINATIONS

LRFD Specification Sections A4 (Loads and Load
Combinations) and A5 (Design Basis) describe the basic
criteria of LRFD. This information was discussed above
under Introduction to LRFD.

Whether the loads themselves or the load effects are
combined, the results are the same, provided the princi-
ple of superposition is valid. This is usually true because
deflections are small and the stress-strain behavior is
linear elastic; consequently, second order effects can usu-
ally be neglected. (The analysis of second order effects is
covered in Chapter C of the LRFD Specification.) The
linear elastic assumption, although not correct at the
strength limit states, is valid under normal in-service
loads and is permissible as a design assumption under
the LRFD Specification, In fact, the Specification (in
Section A.5.1) allows the designer the option of elastic or
plastic analyms using the factored loads. However, to
simplify this presentation, it is assumed that the more
prevalent elastic analysis option has been selected.

B. DESIGN REQUIREMENTS
Gross, NET, AND EFFECTIVE NET AREAS FOR TENSION
MEMBERS

The concept of effective net area, which in earlier edi-
tions of the Specification was applied only to bolted
members, has been extended to cover members connect-
ed by welding as well. As in the past, when tensile
forces are transmitted directly to all elements of the
member, the net area is used to determine stresses,
However, when the tensile forces are transmitted
through some, but not all, of the cross-sectional elements
of the member, a reduced effective net area A_is used
instead, According to Section B3 of the LRFD
Specification

where
A = area as defined below
U = reduction coefficient
=1 - x/L) less than or equal 10 0.9,

A, =AU (B3-1)

or as defined in () or (d) (B3-2)

: x = connection eccentricity. (See Commentary on the
for thin-plate members only, and A242 and A588 weath- LRFD Specification, Section B3 and Figure C-B3.1)
ering steels for atmospheric corrosion resistance. A ength of connection in the direction of loading
more complete explanation is provided by Table 1-1 in fﬁe forces are transmitted only by bolts

Part 1 of the Manual. However, A36 is still normally

specified for connection material, where no appreciable = ne| area of member, sq. in.

savings can be realized from higher strength steels. b. When the froces are transmitted by longitudinal welds .
Complete and accurate drawings and specifications only or in combination with transverse welds

are necessary for all stages of steel construction. The A=A

requirements for design documents are set forth in = gross area of member, sq. in.
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N-N

. When the forces are transmitted only by transverse welds
A = area of directly connected elements, sq. in.
U=1.0

d. When the forces are transmitted to a plate by longitudinal
welds along both edges of the plate
A = area of plate, sq. in.

1 Dw
For 122w, U =1.00
For 2w @1 @1.5w, U= 087

For 15w > | @w, U= 0.75

where

| = weld lengths

w = plate width (distance between welds), in.

In computing the net area for tension and shear, the
width of a bolt hole is taken as '/ -in greater than the
nominal dimension of the hole, whlch for standard
holes, is '/, -in larger than the diameter of the bolt.
Chains of holes, treated as in the past, are covered in
Section B2 of the LRFD Specification.

GRross, NET, AND EFFECTIVE NET AREAS
FOR FLEXURAL MEMBERS

Gross areas are used for elements in compression, in
beams and columns. According to Section B10 of the
LRFD Specification, the properties of beams and other
flexural members are based on the gross section (with no
deduction for holes in the tension flange) if

075 FA g QO9FA (B10-1)

where
A, = gross flange area, sq. in.
A, = net flange area (deducting bolt holes), sq. in.
F, = specified yield strength, ksi
F = minimum tensile strength, ksi
Otherwise, an effective tension flange area A_is used to cal-
culate flexural properties

A,:.E.F'uﬁ,

(B10-3)

LocaL BUCKLING

Steel sections are classified as either compact, non-
compact, or slender element sections:

*If the flanges are continuously connected to the web
and the width-thickness ratios of all the compression ele-
ments do not exceed A , then the section is compact.

oIf the width-thickness ratio of at least one of its com-
pression elements exceeds A, but does not exceed A, the
section is noncompact.

*If the width-thickness ratio of any compression ele-
ment exceeds A, that element is called a slender com-
pression element.

Columns with compact and noncompact cross sections
are covered by Chapter E of the LRFD Specification.
Column cross sections with slender elements require the
special design procedure in Appendix B5.3 of the
Specification.

Beams with compact sections are covered by Chapter
F of the LRFD Specification. All other cross sections in
bending must be designed in accordance with
Appendices B5.3, F1 and/or G.

In general, reference to the appendices of the
Specification is required for the design of members con-
trolled by local buckling. In slender element sections,

Table B-1.
Limiting Width-Thickness Ratios for Compression Elements*
— Limiting Width-Thickness Ratio, iy
Beam Element Thickness Ratio Genersi For Fy = 50 kai
Flanges of I shapes and channels b/t 88 /F, 82
Flanges of square and rectanguiar
b/t 190 /4F, 20
Webs in Raxural cOmMprassion nie 840 /VF, 908
Webs in combined Rexural and axial
comprassion h e 259 /VF- ase
Width- Limiting Width- Thickneas Ratio, &,
Column Element Thickness Astlo | Ganeral For Fy= 50 kal
Flanges of | shapes and channels
and plates projecting from
COMPrEsHOn slemants b/t 95 /F, 134
Webs in axial compresson h ke A 358
For e conpien m-mq-n—;a—-nmll
ety Tntve B 1 of e LD Somctsson

Figure B-1: Definitions of widths (b and h) for use with Table B-1

local buckling, occurring prior to initial yielding, will
limit the strength of the member. Noncompact sections
will yield first, but local buckling will precede the devel-
opment of a fully plastic stress distribution. In actual
practice, such cases are not common and can be easily
avoided by designing so that:

¢ for beams, the width-thickness ratios of all compres-
sion elements are less than or equal to

¢ for columns, the width-thickness ratios of all ele-
ments less than or equal to A .

Table B-1, which is an abridged version of Table B5.1
in the LRFD Specification, should be useful for this pur-
pose. The formulas for A for beam elements and A_for
column elements are tabulated, together with the corre-
sponding numerical values for 50 ksi steel. The defini-
tions of “width” for use in determining the width-thick-
ness ratios of the elements of various structural shapes
are stated in Section B5 of the LRFD Specification. They
are shown graphically in Figure B-1. Compact section
criteria for W shapes and other I-shaped cross sections
;‘r:n l:"ilted in the Properties Tables in Part 1 of LRFD
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LiMITING SLENDERNESS RATIOS

For members whose design is based on compressive
force, the slenderness ratio Kl/r preferably should not
exceed 200,

For members whose design is based on tensile force,
the slenderness ratio l/r preferably should not exceed
300. The above limitation does not apply to rods in ten-
sion,

K = effective length factor, defined in Section C
I = distance between points of lateral support (I_or | Jrin.
r = radius of gyration (r_or r),in.

C. FRAMES AND OTHER STRUCTURES

Seconn ORDER EFFECTS

As stated in Section C1 of the LRFD Specification, an
analysis of second order effects is required; i.e., the addi-
tional moments due to the axial loads acting on the
deformed structure must be considered. In lieu of a sec-
ond order analysis for M , the required flexural strength,
the LRFD Specification (in Section C1) presents the fol-
lowing simplified method:

Mu = BlMM + B.‘Mll

The components of the total factored moment, deter-
mined from a first order elastic analysis (neglecting sec-
ond order effects) are divided into two groups, M, and
M,. Each group is in turn multiplied by a magmf'cat:on
factor B, or B, and the results are added to approximate
the actual second order factored moment M. (The
method, as explained here, is valid where the moment
connections are Type FR, fully restrained. The analysis
for Type PR, or partially rm;tminerd1 moment connections
is beyond the scope of this section.)

Beam-columns are generally columns in frames,
which are either braced (M, equals 0) or unbraced (M, not
equal to 0). M_ is the moment in the member assummg
there is no lateral translation of the frame; M is the
moment due to lateral translation. M mcluges the
moments resulting from the gravity loads, as determined
manually or by computer, using one of the customary
(elastic, first order) methods. The moments from the lat-
eral loads are classified as M; i.e., due to lateral transla-
tion. If both the frame and its vertical loads are sym-
metric, M, from the vertical loads is zero. However, if
either the 'vertical loads or the frame is asymmetric and
the frame is not braced, lateral translation occurs and M,
is not equal to 0. The procedure for obtaining M, in this
case involves:

a. applying fictitious horizontal reactions at each floor
level to prevent lateral translation, and

b. using the reverse of these reactions as the “sway forces”
for determining M, .

In general, M, for an unbraced frame is the sum of
the moments due to the lateral loads and these “sway
forces,” as illustrated in Figure C-1.

The magmf' cation factors apphed toM_and M,
are, respectively, B, and B,. As shown in Flgure C-2, B
accounts for the secondary P& member effect in aII
frames (including sway-inhibited) and B, covers the PA
story effect in unbraced frames. The expressions for B,
and B, follow:

B=— S 210 (C1-2)

(1-P,/ P,
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where:
P, = the factored axial compressive force on the

member, kips .
P, =P, as listed in Table C-1 as a function of the

slenderness ratio KlI/r, with effective length factor K =
1.0 and considering /r in the plane of bending anly
| =unbraced length of the member, in.
= radius of gyration of s cross section, in.
C_ = a coefficient to be taken as follows:
a.For compression members not subject to transverse
loading between their supports in the plane of bending,
C.=0.6-0.4M/M,) (C1-3)
where M,/M, fs the ratio of the smaller to larger moment
at the ends of that portion of the member unbraced in
the plane of bending under consideration. M,/M, is pos-
itive when the member is bending in reverse curvature,
negative when bending in single curvature.
b.For compression members subjected to transverse
loading between their supports, the value of C_ can be
determined by rational analysis, or the fnllnwmg values
may be used:
for members with ends restrained against
rotation: C_ = 0.85
for members with ends unrestrained against
rotation: C_ = 1.0
Two alternative equations are given for B2 in the
LRFD Specification:

-

1
B, =
_EPy Agy (C1-4)
RsTE
e _
o (C1-5)
“ 5P,

where
IP, = required axial strength of all columns in a story, i.e.,
the total factored load above that level, kips
= translational deflection of the story under
consideration, in.
IH = sum of all story horizontal forces producing A, kips
IP,= The summation of P_, for all rigid columns in a story;
., is determined from Table C-1, considering the
at.tual slenderness ratio Kl/r of each column in its
plane of bending
K = effective length factor (see below)

Of the two expressions for B,, the first (Equation C1-
4) is better suited for design oﬂ" ice practice. The quanti-
ty (A, / L) is the story drift index. For many structures,
partrcularly tall buildings, a maximum drift index is one
of the design criteria. Using this value in Equation C1-4
will facilitate the evaluation of B,

In general, two values of B are obtained for each
story of a building, one for each of the major directions.
B is evaluated separately for every column; two values of

, are needed for biaxial bending. Using Equations C1-1
t.hrough C1-5, the appropriate M and M are deter-
mined for each column.

B

EFFECTIVE LENGTH

As in previous editions of the AISC Specification, the
effective length of Kl is used (instead of the actual
unbraced length |) to account for the influence of end-
conditions in the design of compression members. A
number of acceptable methods have been utilized to eval-
uate K, the effective length factor. They are discussed in
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Section C2 of the Commentary on the LRFD
Specification. One method will be shown here.

Table C-2, which is also Table C-C2.1 in the
Commentary, is taken from the Structural Stability
Research Council (SSRC) Guide to Stability Design
Criteria for Metal Structures. It relates K to the rotation-
al and translational restraints at the ends of the column.
Theoretical values for K are given, as well as the recom-
mendations of the SSRC. The basic case is d, the classi-
cal pin-ended column, for which K = 1.0. Theoretical K
values for the other cases are determined by the dis-
tances between points of inflection. The more conserva-
tive SSRC recommendations reflect the fact that perfect
fixity can never be attained in actual structures.

Like its predecessors, the LRFD Specification (in
Section C2) distinguishes between columns in braced
and unbraced frames. In braced frames, sidesway is
inhibited by attachment to diagonal bracing or shear
walls. Cases a, b, and d in Table C-2 represent columns
in braced frames; K is less than or equal to 1.0. The LRFD
Specification requires that for compression members in
braced frames, K “shall be taken as unity, unless struc-
tural analysis shows that a smaller value may be used.”
Common practice is to assume conservatively K = 1.0 for
columns in braced frames and compression members in
trusses.

The other cases in Table C-2 ¢, e, and f, are in
unbraced frames (sidesway uninhibited); K is greater than
or equal to 1.0. The SSRC recommendations given in
Table C-2 are appropriate for design.

Figure C-I: Frame models for M_and M,

Figure C-2: lilustrations of secondary effects

“LEANING” COLUMNS

The concept of the “leaning” column, although not
related exclusively to LRFD, is new to the 1993 LRFD
Specification. A leaning column is one which is pin
ended and does not participate in providing lateral sta-
bility to the structure. As a result it relies on the

Table C-1.

Values of P,/ Aglor Use in Equation C1-2 and C1-5 for Stesl of Any Yield Stress

Mol Mumply oy Ag [the gross area of the 10 cbtan Py
Py /Ay Py/Ag PulAg PolAg PalAg P/ Ay

/e (kal) (K/r) (kal) | KIZe| (ksl) | MI/e| (ksl) [Kase| (sl [masel (s
20 | 54002 | 51 | 11004 | 81| 4382 | 111 | 23.23 | 141 | 1440 [TT| 0T
22 | 50136 | 52 | 10585 | B2 | 4257 | 112 | 2282 | 142 | 1410 | 172 | 067
23 | 54108 | 53 | 10189 | B3 | 4155 | 113 | 2242 | 143 | 1400 | 173 | 0S&
24 | 49691 | 5S4 | 0615 | B4 | 4058 | 114 | 2202 | 144 | 1280 | 174 | 848
26 (45705 | 55 | o462 | 85| 3962 | 115 | 2164 |1a8 | 138 | 175 | 0as
26 (42340 | 56 | 9127 | 86| 3870 | 116 | 2127 | 146 | 1343 | 176 | 024
27 | MW262 | 57 | G008 | 67 | ITBY | 11T | 2091 | 14T | 1328 | 177 | 0.4
28 | J6507 | 58 | BS508 | B8 | 3600 | 118 | 2056 | 148 | 1307 | 178 | 903
20 (34033 | 50 | B222 | 8O | 2613 | 119 | 2021 | 140 | 1280 | 170 | AS3
30 |318.02 | 80 | 7951 | 90| 3534 | 120 | 1988 | 150 | 1272 | 180 | 883
N | 978 | 8 T2 | 91 | 3455 | 121 | 1955 | 159 | 1255 | 181 | AT4
32 (27051 | B2 | 7446 | 92 | 3082 | 122 | 1923 |152 | 1230 |12 | AB4
33 (26283 63 | 7211 | 93| 3300 | 123 | 1802 (153 1223 [ 183 | 8SS
34 | 24759 | 64 | 6088 | D4 | 3230 | 124 | 1861 | 154 | 1207 | 184 | 845
35 (23365 65 | 6774 | 95| 317y |25 | 1832 [ 155 1191 | 185 | 838
36 | 22085 | 66 | 6571 | 96| 31.08 | 126 | 1803 | 158 | 1176 | 186 | 827
37 | 20007 | 67 | 6376 | OF | 2042 | 127 | 1775 | 157 | 1161 187 | a8
35 | 19821 | 68 | 6190 | D8 | 2080 | 128 | 1747 | 158 | 1147 |88 | 810
39 18818 | 60 | 6012 | 09| 2020 120 | 1720 | 159 | 1132 | 189 | 6O
40 (17889 | O 5041 | 100 | 2862 | 130 | 1604 | 1680 | 1148 | 100 | 793
4 [ 17027 | 71 | SBTB | 101 | 2806 | 131 | 1668 | 161 | 1104 | 101 | 785
42 | 16226 | 72 | 5521 | 102 | 2751 | 132 | 1643 [ 182 | 1081 | 182 | 7.76
43 | 15480 | T3 | 5371 |03 | 2698 | 133 | 1618 | 163 | 1077 | 193 | 788
44 | 14784 | 74 | 5257 | 104 | 2646 | 134 | 1504 | 164 | 1084 | 104 | THO
A5 | 14154 | 75 | SD88 | 105 | 2596 | 135 | 1670 | 165 | 1051 | 185 | 753
46 | 10526 | 76 | 4055 | 106 | 2547 | 106 | 1547 | 166 | 1030 | 196 | T45
47 (12057 | 77 | 4827 | 107 | 2500 | 137 | 1525 | 167 | 1028 | 107 | 738
48 | 12423 | TH | ATO04 | 108 | 2454 | 138 | 1500 | 168 | 1014 | 198 | 730
40 | 11921 | 79 | 4586 | 109 | 2400 | 139 | 1481 |88 | 1002 [ 199 | 723
50 | 11448 | B0 | 4472 | 110 | 2265 [ 140 | 1480 |170| 990 [200| 798

E
oo P i

Table C-2.
Effective Length Factors (K) for Columns
:“*‘“‘"‘m 0f cokemin s shown fa) | (o) {dl (d) lf'-)l (/)
; T {
[ { f \ ||/
t l ; i - I
i /
t f
Theoratical K value 0s | 07 10 | w0 | 20 | 20
Aescommanded desgn vake when 085 | 080 12 10 20 20
deal conditions are approxmated
Erdt condiion code - Flotation fixed and ranstation fed
Y Fotation free and transiabon fed
B | Rotton fed and ransiation free
! | Rotaton tree and ransiation tree

columns in other parts of the structure for stability. In

analyzing and designing unbraced frames, the effects of

the leaning columns must be considered (as required by

Section C2.2 of the LRFD Specification). For further

information the reader is referred to:

(1) Part 3 of the Manual.

(2) the Commentary on the LRFD Specification, Section C2,
and

(3) a paper on this subject (Geschwindner, 1993, AISC
Engineering Journal, 2nd Quarter, 1995).

Part Two of “Essentials Of LRFD” will
appear in the July issue of Modern Steel
Construction and will discuss tension mem-
bers, columns and beams.
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Richard
Weingardt’s

firm has
designed
more than
3,000 projects
during the past
30 years—and
he’s not shy
about telling
the world
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THE IMAGE
BEHIND THE
DESIGN

By LaNae E. Dora

N AN INDUSTRY WHERE MARKET-

ING RARELY WARRANTS EVEN A

SECOND THOUGHT, Richard
Weingardt, P.E., stands out. Not
only is he recognized for his
numerous successful projects,
but he is one of the few structur-
al engineers with a solid commit-
ment to professionally marketing
his services.

Visibility is an integral part of

his strategy. In addition to being
chairman of the board of Richard
Weingardt Consultants Inc.
(RWC) and president of the
American Consulting Engineers
Council, the Denver-based engi-
neer frequently lectures and is
the author of three books and
more than 200 articles on cre-
ativity, leadership, business and
engineering.

John Davis, P.E., president of

RWC, has been with the firm for
more than 17 years and is a firm
supporter of Weingardt's mar-
keting efforts. “He's very good at
making the company name rec-
ognizable in the engineering
field, by promoting not only our
firm but the engineering disci-
pline. Anytime your potential
clients have a familiarity with
the firm, that is always advanta-
geous.”

Bor~ To BE AN ENGINEER

Born in Sterling, CO, a town
just northeast of Denver,
Weingardt's initial interest in
engineering stemmed from his
father’s work as a general con-
tractor. “I grew up in the con-
struction business,” the now 56-

year-old engineer recalls. “I
liked what [my father| was doing
and the engineers designed those
things that he built. It just
seemed natural.” That desire,
along with a strength in math
and science, led him to the
University of Colorado where he
earned a bachelor’'s degree in
civil engineering and a master's
degree in structural engineering.
His first job was as a structur-
al engineer with the U.S, Bureau
of Reclamation in 1960, At the
time, he says, the Bureau was
actively designing dams, power
plant, and other large struc-
tures—very exciting work.
Weingardt spent four years there
and then worked as a project
engineer with Ketchum Konkel
Ryan & Fleming, a Denver con-
sulting engineering firm.
However, Weingardt always
wanted to go into business for
himself, as his father had. At one
time he considered going work-
ing for his father, but the appeal
of running an engineering com-
pany was greater. “I decided I
wanted to be a consulting engi-
neer because we design a lot of
projects, whereas a contractor is
more restricted to a few projects
because of the capital involved.”
And in the last three decades,
there have been many projects
for RWC—more than 3,000 in 42
states and 12 foreign countries—
and the company has won more
than 50 design awards., While
not the largest engineering firm,
RWC is still much larger than
most consulting engineering




practices. The company has a
staff of 34, including 20 structur-
al engineers. In contrast, the
average structural office has
only five or six engineers, accord-
ing to Weingardt

The size of RWC allows the
company to work on larger and a
greater number of projects. “We
like to assign principals to a pro-
ject, and that allows us to give
the client some really good ser-
vice."

Jim Bradburn, of Fentriss,
Bradburn and Associates P.C.,
an architectural firm that has
worked with RWC on several
projects, appreciates the benefits
of personal attention from the
firm’s principals. “They're a firm
that provides exceptionally good
structural engineering design, as
evidenced by the awards they've
won, and you get personal treat-
ment. Those things are impor-
tant to me.”

A recent project that aptly
illustrates all of those achieve-
ments is the Jefferson County
Government Center in Colorado.
“I think what sets us apart in
any design is that we're willing

to go to the leading edge. If

something’s been done before
that's fine, but we're also willing
to try something new,”
Weingardt explains. On the
Government Center project, that
extra innovative touch came in
the design of a tension ring for
the building's dome. “We came
up with the concept of a hollow
truss that picks up four points at
the outer edge of the truss at the
top and is supported by four
points at the outer edge of the
truss on the bottom.”

When Weingardt first entered

the profession, that type of

design would have been next to
impossible to visualize. However,

by using the latest generation of

computer software, such as
LARSA 3D Structural Analysis
Software for finite element
analysis and MICAS Structural
Utilities Package, RWC can
expand its design envelope to
encompass a wide range of three-
dimensional space frames. “We
don’t just stick with the linear

Richard Weingardt Consultants recently won an ACEC Excellence
Award for the renovation and expansion uf'!-".'r' Cowboy Hall of Fame
in Oklahoma City. To house the famous “End of Trail Sculpture” by
James Earle Fraser—one Fl,f'HH‘ most {'ripu'(f images in American west
ern art

the existing concrete roof over an entire bay was eliminated.
The three-dimensional folded concrete roof was completely severed in
the middle and provented from collapsing through a unique combina
tion of two hidden interior columns, a free-standing exterior spaci

frame structure and the attachment of a continuous steel tension plate
to the severed edges of the slab. The combination resists all vertical
and horizontal }‘irf'e'»'\: and [Jra'h'rif:'f.[ any damaging
deflections both during construction and in the future

movemnis and
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Pictured above
is a view of the
exposed roof in
Concourse “C”
at the new
Denver Inter-
national
Airport. Shown
at right is a
view of the typ-
ical roof fram-
ing in Con-
course “B”,
including the
aptly named
“Hero” trusses.

anymore,” Weingardt says.

And it's exactly this technolog-
ical originality that Weingardt's
clients have come to expect from
him.

“The thing I really like about
him is that he’s a creative
thinker,” says Jerry Seracuse,
FAIA, a Denver architect who
has worked with RWC on
numerous projects for more than
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25 years. “What you look for in
Rich is the unique or unusual
solution to a problem. He's not
afraid to do them.”

A good example is the space
frame roof for the Highplains
Easter Seal Clinic in Sterling,

CO, which utilized a series of

cantilevers extending from only
four columns. Accomplishing the
design required welding together

open-web steel joists with cords
perpendicular to the trusses on
the top and bottom. “We were
willing to try it because it was
economical and could be done
with whatever labor was avail-
able in that marketplace,”
Weingardt explained.

Another example is the
Gerald Ford Amphitheatre in
Vail, CO. For that project, RWC
designed a “floating roof” struc-
ture, The structure features a
roof with large cantilevers and
utilizes free-standing roof and
wall column sections that are
designed to resist heavy wind
and snow loads. Crucial to the
design was a foundation system
utilizing a unique soil tension
anchor system. The design was
impressive enough for RWC to
be awarded an Engineering
Excellence Award from the
American Consulting Engineers
Council of Colorado (CECC).

One of the most recent award-
winning project for Weingardt
was the design of the roof struc-
tures for the three concourses at
the new Denver International
Airport. RWC used structural
steel space frames and long-span
“Hero” trusses. “We had a lot of
very large trusses that had to
pick up transfer beams and
columns,” says Weingardt. The
large trusses, which each sup-
port 250 tons of load, required
special pin and knuckle joints to
connect the trusses with can-
tilevered columns and to dissi-
pate torque from differential
loading conditions. They were
christened “Hero” trusses
because “they do everything you
can ask of a structure.” That cre-
ation also was recognized by the
CECC.

The old Denver airport also
has fond memories for
Weingardt. RWC expanded a
concourse at the old airport by
employing an innovative struc-
tural steel system that enabled
the concourse to remain open
during construction. The roof of
the concourse was raised and its
size doubled. Working methodi-
cally, one new section was
opened after which an old sec-




tion was sealed off and renovat-

. ed. “That was a pretty special
project. The passengers never
even knew what was happen-
ing.”

While all of these project were
exciting and required “leading
edge” design work, they also
rank among the seasoned engi-
neer's favorite projects because
all were economically successful
and resulted in happy clients,

MARKETER EXEMPLAR

Weingardt's extensive market-
ing plan is key to his company’s
success. “Marketing to me is get-
ting the people you want to work
with to know vou. The basic core
philosophy we have is: People do
business with people they know."”

To accomplish this, RWC does
everything from sending out
newsletters and brochures to set-
ting up meetings with potential
clients. Because some clients are
“wary of getting to know some-
one new,” these presentations

The Idaho Light & Power office complex in Boise features column
free floors. Instead, the columns are located external to the building
shell. Structural steel X-bracing within the core walls resists lateral
seismic and wind loads. Also, X-bracing was used around the elevator
shafts instead of concrete shear walls.
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are planned around the question
® “What can RWC offer this client
s T that another company hasn’t

BIRMINGHAM S | ~— already approached them with?”

“ ALABAMA 850 B -~ A Many of the meetings result
o : = e : = from “cold calls” that are made
—— eSS by the principals themselves
‘!!E“'% N “We think principals ought to be

- talking to the people who will be

hiring us. We tell them: ‘We'd
like to have a five- or 10-minute
meeting just to introduce our-
selves, get to know you face-to-
face, and talk to you about a cer-
tain technique we've developed
that you might want to use on
one of your upcoming projects,”
Weingardt says.

This method, he estimates,
brings in about 20 percent of the
work RWC does; the other 80
percent is acquired though
repeat clients. About eight per
cent of the firm’s gross billings is

IN ADDITION TO ANGLE. RAIL. B spent on manhours and materi
N ADDITION TO ANGLE, RAIL, PIPE, CHANNEL, AND BEAM ROLLING als for marketing. “_\_ compari-

CAPABILITIES, WE ROLL TUBES, CHANNELS, AND BEAMS THE HARD WAY. son. a 1994 survev by the Society
Phone (205)791-2011 FAX (205)791-0500 for Marketing Professional
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attribute the total
|i!'-‘i;111 of buildings to architects

[;|t". he Says,

and don't even give a second
thought to the engineers on a
project. One of his objectives as
ACEC president, he says, is to
build public awareness of the
consulting engineering field. He
thinks consultants should also
become more visible in their
communities

To facilitate this, Weingardt
wants to establish four task
forces to |m|}lr-nu-n[ what he
calls the four I's: Investment,
Involvement, Impact and
Imagination. The first group will
focus on what investments
ACEC members need to make to
improve
work. The

the quality of their
second unit will

encourage engineers to become

more involved in ACEC activities
and to recruit new members. The
third
consulting engineers deal with
the media and the general com-
munity. The fourth group will

group will focus on how

consist of engineering and indus-
try leaders who can inform mem
bers about upcoming trends and
help them imagine how the
future will affect their field.

Weingardt believes that in the
future, more engineers will head
up design teams because of the
partnerships needed to raise cap-
ital for projects. “I think we're
going to see a lot of private/pub-
lic ventures to get |)1‘(1_i('(‘(5
underway. I can see structural
engineers as leaders in those
arenas. | see engineers getting
more and more into the manage-
ment of design teams than they
have in the past.”

EXPANDING MARKETS

As for the future, Weingardt
envisions that RWC will become
more involved in the global mar-
ketplace. After his one-year term
as ACEC president, he plans to
come back to his firm and partic-
ipate in this international expan-
sion. To accomplish this, he

plans to build upon the partner-
ships RWC has already made
with private companies that do
work overseas. RWC has already
done work in Russia, South
Korea, Taiwan, Saudi Arabia,
and several other countries.

As could be expected,
Weingardt also has a vision for
the entire engineering communi-
ty.

“l think consulting engineers
“]:i"}l ‘in]l'.‘-i react to lh(‘ \\'Ilrl(l
around them—the new legisla-
tion, the new regulators, the new
marketplace. I'd like us to better
prepare for the future so that
we're in a proactive stance. I'd
like to get us better aware of how
we can set or predict the
trends—where our markets will
be and what our firms will look
like in the year 2000."

LaNae E. Dora is a freelance
writer based in Chicago.
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When it really pays to participate...
16.2% Dividend

Recently, the CNA Insurance Companies distributed the combined safety efforts of AISC, CNA and plan
$2,100,000 in dividends to participants in the AISC participants, losses have been kept low, making
safety group dividend program for the 1993-94 policy these dividends possible.

year. This is the third consecutive dividend CNA All firms that participated in the AISC safety group

has declared for the AISC program. dividend plan for the 1993-94 policy year received a
These dividends are directly related to the close dividend.* For some firms, this was their third div-

relationship we have had with AISC since 1989. idend in a row. If you are a fabricator looking for

By working with your association, we have come the best service and coverage available, AISC and
to understand the risks of your business. Through  CNA bring it to you. Call 1-800-CNA-6241.

*Based on elficient control of losses. Salety dividends, available in most states, are declared by the CNA Board of Directors and cannot be guarnteed

LMA

For All the Commitments You Make®

ng this program will vary according 1o the coverage Available in the continental U S only Thesa companies « gLty

nsurance Company, Transportation Insurance Company and Valiey Forge Insurance Company CNA Flaza/Chicago. IL 60685
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Services states that the average

firm w;n‘1|\|-~ only 2.5% of its rev-

enue on marketing
Weingardt's marketing acu-
men 18 ii!w'[l!'. .:1iH|I['t-ci :J“l']

appreciated by the people who
work with him. “For a company
as small as his to get as much
market and stayv 1

1 credit to his

business as

long as he has is

ability to market it,” says Jim
iradburn

Jerry Seracuse agrees. “If |
was as a good a marketer as
Rich Weingardt, I'd be the happi

est guy 1n the world

PROFESSIONAL INVOLVEMENT

Weingardt's

extends far bevond

involvement in
engineering
.il]."‘ own company H:H ‘Jl]i}ill' ser

vice endeavors include working

on the Engineering Development
Council at the U

Colorado

University of
1|!:‘
Engineering Advisory Council at
the University of Colorado at

Boulder,

Denver and the Engineering

Advisory Board at the University

of Denver. He is a member of
such organizations as the
American Society of Civil

Engineers, the National Society
of Professional Engineers,
Professional
Colorado and the Structural
Engineers Association of
Colorado

.\tLH!'ll].’];} to l.'U“t‘.'l‘__[lJl’?*, |t'.‘|(i-
nothing new to
Weingardt. “He has always
looked for roles of leadership
that enable him to promote the
profession and to attend to the
that affect the engineer
ing field,” Davis said

Currently, Weingardt's prima-

!'I'"\}]]['J 15

ISSUes

rv commitment 1s .‘\l'T-\'IH_}{ as
the American
Consulting Engineers Council
ACEC), a term which began just
last month. As |ll'i‘\ili|‘!1l-t'|l-\'f
during the past vear, he spent
much time in Washington, DC,
doing what he terms “a full-time
job™ meeting with officials on

]Jfll'.‘\lljl'[\_l of

Engineers of

':f";h_ Gerald Ford _-'\;,-1;:.".1 [
theatre in Vail, CO, features a
roof with large cantilevers and

utilizes j'f‘r': .\.fr'N:r:".fH_;' roof cane
wall column sections that are
designed to resist heavv wind
and snow loads

WHEN THERE’'S NO ROOM FOR DOUBT...

Tonight, a handful of players, coaches, and 18,000
fans will be jumping, stomping, and cheering...

Take a moment to think about those
design calculations.

Now Is not the time to question the accuracy of your
analyses or the soundness of the design results

&T STRUDL, the world's premier structure analysis and
design software, gives the accuracy you need, great
versatility, and the highest user support rating in

the industry

All the power for the most complex designs.
it's all included with GT STRUDL.

S0 SIT BACK. ENJOY THE GAME.
YOU USED THE RIGHT TOOL.

GT STRUDL.

Qualiry engineering demands the highest quality sofrware
For more informalion, please conlact:

TEL: 404.894.2260 FAX 404.894.8014
Computer Aided Structural Engineering Center
Georgia Institute of Technology

Please circle # 71




The roof system for the High Plains Rehabilitation Center uses
standard long-span steel joists tilted at an angle and then welded
together using standard steel channel sections running perpendicular
to the joists, creating the top and bottom chords of the space frame.
Once all the channels were welded in place to the joists, the entire
space frame was raised off its temporary support on the exterior
masonry curtain walls. Ultimately, the entire space frame was sup-
ported by only four interior columns near each corner of the building.

llvl.

issues that affect consulting
engineers—a schedule that he
doesn’t expect to slacken this
yvear. He also travels to ACEC
chapters in all 50 states to coor-
dinate with them and resolve
any problems.

Les MacFarlane, the previous
ACEC president, is confident
that Weingardt will have an
influence on his profession. “The

process of becoming president of

ACEC is a pretty rigorous one.
It's not a popularity contest. To
make it is quite an honor.” He
also has the distinction of the
being the first practicing struc-
tural engineer to hold the posi-
tion.

Weingardt want to increase
the visibility of engineers and
their projects among the general
public. “Most of the infrastruc-
ture designed in the United
States, if it is done by the private
sector, is done by consulting
engineers. Yet very few lay peo-
ple know we do this.” Many peo-

Please circle # 40
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Steel is not all brawn, it's much more. With today's steel framing, grace, art and function can come
together in almost limitless ways thanks to

. H|',_‘!'| strength-to :‘.;_'l"l]l, rato ol steel

* The ability to curve and shape steel members

o Clean and precise tabrication to close tolerances

* High-performance coatings for long-term protection against the elements

When you want to achieve an amazing and graceful form in your building, think of steel as the framing
material of choice. For a free brochure, Innovations in Steel, fax your request 1o AIS(

Marketing 312-670-54
Setting Standards For Over 70 Years @l




AN ALTERNATIVE TO
JOIST GIRDERS

Talk of slow deliveries has prompted consideration of
using rolled shapes in place of roof joist girders

ITH ONLY TWO MAJOR SUP-

PLIERS OF JOISTS, some

fabricators and contrac-
tors have been increasingly vocal
in complaining about what they
see as slow product delivery. As
a result, AISC is investigating
an alternative framing method
using rolled beams to replace “K”
series joist girders. The system,
developed by Downers Grove, IL-
based consultant Mark Zahn,
S.E., is arguably the most effi-
cient method of framing with
cantilevered and suspended roof
girders.

The advantages of the system
include;

®* more suppliers than with joist

girders, so there is greater flexi-
bility in meeting a schedule;
economy of scale when more
work is performed by the steel
tabricator;

no stiffeners required on simple
spans;

a smaller beam depth than with
joist girders, so the overall
dimensions of a building may be
reduced;

greater versatility in carrying con-
centrated loads; and
reinforcement can be easily
accomplished if future modifica-
tions are made.

The major disadvantage of the
system is that it is expected to
have a slight cost premium over
standard joist girders.

The tables included with this
article offer roof framing solu-
tions, based on a distinct set of
loading, serviceability, bay size
and joist span parameters. The
information should be considered
as an example only, and it is up
to an individual designer to
extrapolate the information for
use on a specific project. All
information should be verified

40 ! Mndern Stee]l Construction / June

for suitability and applicability
on any specific project by a
licensed professional structural
engineer.

DESIGN PARAMETERS AND
LIMITATIONS

Many specific parameters and
limitations go into the design of
any structural member. Imposed
loadings caused by earthquake,
wind, snow, rain, construction
methods, ete., vary across the
country. Live loads are specified
in the applicable building codes.
Dead loads are much more vari-
able and require special atten-
tion in their computation.
Specific requirements for ser-
viceability, strength, lateral sta-
bility of individual elements, and
the lateral resistance of the
building all contribute to the
design of a safe and efficient
building. The information pre-
sented is intended for use in roof
framing conditions without
regard to earthquake loading or
contributing to lateral resistance
of the building.
Bay sizes presented are
30'x30, 30'x40, 40'x30", 40'x40’,
40'x50", 50'x40’, and 50’x50". Five
typical conditions for live and
dead loads are each tabulated.
Live loads address both snow
and no snow regions. Dead loads
address both built-up and bal-
lasted roof systems. Connection
design tables also are included.
The cantilever and suspended
roof girder system design tables
are based on the following para-
meters:
® |oad and Resistance Factor
Design Specification, December
1, 1994

®* Roof loading is uniform on all
\.Ih"l\.

® Cantilever length is selected to
provide approximately equal
positive and negative moments
for a uniformly loaded system
Column spacing is uniform in
each direction
A “tie joist” is mandatory at each
column line; joist and bottom
chord extension are to have sutti
cient strength and rigidity to pro-
vide lateral torsional restraint of
the girder
Joists are uniformly spaced
between columns
Girder webs have been checked
for stiffener requirements and
noted only if required
Top of columns are laterally sup
ported by the tie joists/girder
Columns may be wide flange,
pipe, or tube having a rigid cap
plate 127 (min.) in width longitu
dinal to the girder
Column design, roof deck selec-
tion is not part of this presenta
lhion
Total load deflection is limited to
1/240 of the girder span
Roof deck/joist system provides
lateral support of the girder top
flange
Graphically, framing plans
indicate joists that are “in-line”
across the girders. Not all tabu-
lated member flange widths will
allow this condition due to joist
bearing criteria. Actual member
sizes may be selected with a
wider flange or the joists may be
staggered for full joist bearing
and member economy. Final
member selection is the respon-
sibility of the engineer-of-record.
Roof joist selections are
included in the design tables to
complete the roof framing sys-
tem. Joist girder design informa-
tion is tabulated for direct com-
parison to the alternate
rantilever and suspended girder
system.




LRFD Cantilever & Suspended Roof Girder System

Live Load = 12 psf
Dead Load = |8 psf
Wind Uplift = 14 psf

Joist | Splice Recommended Jonst Selection Joist Girder Required
Span Dim. | Wide Flange Member Design (50 ksi) Simple Span Condition
| Miivha

B ** | Beam "I | Beam "H" Beam "[11" | Designation | Spacing Designation Lbs./F1

Wi6x26 Wi2x19 Wi4x22 16K2 ~ 20G6NSK

W2ixdd Witxdl Wiexdl 16K2 3 24GENSK

W21x50 | W18xd0 W18x40 20K4 "0 28GENG.6K
W24x62 | W2ixe4 | w2ixs0 26K6 : 12GBNEK

W2ldx68 W2lx62 W21X62 20K4 3'4 J2G1ONG.BK

| Witx3l Wi2x19 Witx26 20K4 5 20G6NG.6K
1

W24x84 W21x62 W2dx62 26K6 - 160 |ONRK

Live Load = 12 psf
Dead Load = 18 psf
Wind Uplift = 14 psf

=] i
Bm *I® or “I" F H Bm "Il

No Suff'r
Required

Exterior Column Interior Column Girder Splice Plates

Girder | Joist | Splice | Splice Plates - A36 Mat'l - (1 Near Side & | Far Side) Connection at Exterior Column
Span | Span | Dim 4"4 AXSN Bols A6 - Dbl. Angle / 3/4*4 A235N Bolts

Plate Size Bolts Double Angles Baolts

txHx W #Rows @ 3" o.c Thickness x Height | #/Rows @ 3® o.c

56" x 7" x( /4" x 0'-8 112° )
SN x 7T x 0 1/4* x 0"-8 172 3
5/16° x 10" x 0'-

/16" x 10" x 0%

§/16% x 10" x 0"

S$/16° x 10°

5/16" x 10"
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LRED Cantilever & Suspended Roof Girder System

Live Load = 12 psf
Dead Load = 15 psf

| Joist | Splice Recommended | Joist Selection Joist Girder Reguired
Span | Dim Wide Flange Member Design (50 ksi) Simple Span Conditios

Beam *1* | Beam “I1* I Beam “lII* | Designation -[\;uunp_ Designation 1 Lbs

Witxdl Widx22 Wiex6 | 8K4 50" 28GENT. IK

|
1
WiBxi5 Wiexle |
{

: +

| WIBx3S 24K7 } 5 28G6NY. 5K
{

] ’ ! W85 Wisxdd | |8K4 | 12G8N7. 1K 1

W24x62 | Wisxd0 W2 ix50 24K7 JGGENY SK

W24x68 W21x50 W24x55 S0GENIZK

1
W2TxB4 | Wldabs Wldxt® | J4K7 * | “GION9SK
4 4

W00 W76 | Wlis4 S2G10ON1 2K

Live Load = 12 psf
Dead Load = 35 psf

Bm "1* or 111"

No Suft'r
Required

Exterior Column Interior Column Girder Splice Plates

Girder | Joist l Splice | Splice Plates - A6 Mat'l - (1 Near Side & | Far Side) Connection 4t Extenor Column
Span Span | Dim V/4"% A32SN Bolis Ad6 - Dbl Angle / ¥/4"¢ A23I5N Bolis

i 3" Plate Size Bolts Double Angles I Bolts
IxHxW #/Rows & 3" o.c Thickness x Height | #/Rows @ 1° o.c

SNe"x 7" x v 2 14" x 0°-8 112" I y
16" 2 10" x O L] ¥ | 4

5/16" x 10

$/16° x 10"

5/16" x




LRFD Cantilever & Suspended Roof Girder System

Live Load
Dead Load
Wind Uphft

Ream "1*

= 20 psf

14 psf

mmended

Rece
W we i -l"]“' .‘1["|||‘". Jk"\l['“ 3 .}'-I

| Beam "1* Beam “l1° Beam “111

Joust Selection Joust Crder Required

) Simple Span Condition
" - - "

Designation | Spacing Designation | Lbs./}

Wiaxil Widx22 Wita26

Wit Widx22 Witxll

W2lx50 Witxdl Wikels

W24xSS W1 Rx4( W2lxdd

Walish W2l

250

W2dxss WX 68

W2dx6i2

t
|
{

| W2dxT6

1
I8K3 20G6N6.1K |
0K
JBGENG. K

J2GENR.2K

2406NE K l
1

WGANI0. 2K
400G 10NK. 2K

44GION1D 2K

Cantilever & Suspended Roof Girder System

Live Load =
Dead Load
Wind Uplift

No SUff'r

Reqguired

Exterior Column Interior Column

20 psf

20 pst

14 pat

Girder Splice Plates

Plates

AJS Mat'l - (| Near Swde
Va"¢ AIISN Bolis

Jinst

Span

B* - . }'.n”l' Sire
Ix Hx W

& Rows @

& | Far Side) | Connection at Extenor Column

A36 - Dbl. Angle / V4"

Baolts Bolts

#Rows @ Y°

Double Angles
Thickness x Height

AZISN Bolis

0.c

v | 14" x 0
4
14
14"

14"




LRED Cantilever & Suspended Roof Girder System

Live Load = 30 psf
Dead Load = 18 psf
Wind Uplift = 14 psf

Giirder Joist Splice i Recommended Jost Selection Joist Girder Required
Span Span Dim Wide Flange Member Design (50 ksi) | Simple Span Condition

- e

"A" "B" e Beam *1* Beam *1I" | Beam "II" Il Designation | Spacing Designation Lbs./Ft
1 T
W W 6 Wiex3l | widx22 Wit | J0K4 g 4GENT.TK

' 40" i WIiBxldSs | Witx26 WIiBx1§ 24K7 5 24GEN 10K
40" 3 k W24x55 WiBx15 Wisx40 20K4 i JRGENEBK
40" 4 f Wizt | WIiExdd W2la50 24K7 § JIGEN 10K

a S0 3 W24x68 W21x50 W24x5S 26K 10 : 40GEN13IK

50" 40" * W2Tx84 Wldntl W2dx68 24K7 20" 40GIONIOLIK

s0° 50* K Wil W2dx 76 WodxR4 26K 10 X 4BGIONIIK |

LRED Cantilever & Suspended Roof Girder System
Live Load = 30 psf
Dead Load = |8 psf
Wind Uplifi 14 psf

12*
—_ -

]
Bm *1* or *II* H Bm *11*

1

No Stiff'r
Required

Interior Column Girder Splice Plates

CGirder | Joist Splice Plates - A36 Mat'l - (1 Near Side & | Far Sude) Connection at Exterior Column
Span | Span 3/4"¢ AJISN Bolts A36 - Dbl. Angle / 4"¢ A23ISN Bolts

Bolts Double Angles | Bolts
#Rows @ 3" o.c Thickness x Height | #/Rows @ 1" o.c

A" “B* - Plate Size
fAHaW

|

W0’ 30’ - S/16"x 7* x 0° | 2 1/4* x 0"-B 112° 3
| 2
|

W 40" " 5/16° x 10* L] x 0°-11 12* 4

T
40 W' "4 / x 10° " | / i 172

40" 50" ¢ 10"
il 40

50"

{

a0 40 - x 10" x 0 ‘ / 1 W
1
|
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LRED Cantilever & Suspended Roof Girder System

Live Load = 30 psf

Dead Load = 35 psf

Recommended | Joust Selection Joust Girder Reguired
Wide Flange Member Design (50 ksi) | Simple Span Condition

Beam "1" | Beam “1I" Beam "[1" | Designation | Spacing Designation Lbs./Ft

Wi8x35 Wiexil W1Bx35 24K4 50" 28GEN10K s
W2ixd4 Wi8x35 WiBxd0 26K9 " 12G6N13.2K 42

W24x62 W2lixd4 Wllndd 24K4 b J2GENIOK 51

W24x68 W21x50 W24x55 26K9 12G8N13.2K [

W27x84 | w2dxe2 W24x68 VLHE | 5 40GEN164K | 77

Wix99 . W24x76 W2TXE4 26K9 X S2GI10N13.2K 75

| Wilxile W2TxB4 W99 3L H6 ' GOGION16.4K ™

LRED Cantilever & Suspended Roof Girder System

Live Load = 30 psf
Dead Load = 35 psf

Bm "1" or "III" i Bm “1I"

No Suff'r
Required

Exterior Column Interior Column Girder Splice Plates

Girder Joist Splice Splice Plates - A36 Mat'l - (1 Near Side & | Far Side) Connection at Exterior Column
Spar Span | Dim 1/4"¢$ A3I2SN Bolis A36 - Dbl. Angle / 3/4"¢ A235N Bolts

A B* el Plate Size l Bolts Double Angles Baolts
Ix HxW #/Rows @ 3° o.c Thickness x Height ¥ Rows @ 1" o.c

2 1/4° x 0'-8 112* 3
L] /4" x 0'-8 112°

14" x 0'-11 1/2°

[16° x 10" x 0°- 14® x 0'-11 112"
16* x 10° x 0'-9" 1/4* x 0'-11 12"

VE" x 13° x 0 S/16° x 12 1/2°

38" x 13" x 0" 5/16" x 1'-2 112"
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LRFD CANTILEVER & SUSPENDED ROOF GIRDER SYSTEM

DESIGN EXAMPLES

MEMBER DESIGN

Given:
Girder span =40 ft.
Joist span = 30 ft. @ 5 ft. spacing
Fy = 50 ksi
Live load = 12 psf
Dead load = 18 psf

Wind uplift = 14 psf
Solution:

Calculate factored loading:

Live load =12x5 = 60 plf
Dead load =18x5 = 90 plf
Wind Uplift =14x5 =70 plf

Min. dead load (excl. HVAC, Elec. etc.)
=8x5 = 40 pif

(self-weight of girder included in the computer analysis)

Load Combination I (1.2D + 1.6LJ;
LRFD Spec. Sect A4.1)

Factored Loading

1.2(90) + 1.6(60)
204 plf on joists
Point loads on girder = 0.0055 x 30

= 6.12 kips «

Load Combination I1 (9D + 1.3W):
Factored Loading = .9(40) - 1.3(70)
= -55 plf
Point loads on girder = 0.055 x 30
1.65 kips 1

Member I Design:

From computer analysis, +M, ... = 207 kip-ft., L, = 5 ft.
and -M, .., = 138 kip-ft., L, = 6 ft.

From the LRFD Manual Vol. I, Load Factor Design Table,
W18x35 has eMp = 249 kip-ft. with L, = 4.3 ft., BF = 10.7
kips. By inspection, the positive moment will control.
Find capacity of W18x35 for L, =5 ft.

oM, = 249 - 10.7(5-4.3) = 241.5 kip-ft. > 207 kip-fit. o.k.

Total service load deflection exceeds L/240 for W18x35,
therefore use W18x40.

Load Combination 11

From computer analysis, -M, ... = 46.2 kips-ft.,
L.=35f,

From the Load Factor Design Selection Table, for

wlorn Qaal Cong stiom /. o 10905

W18x40, oM, = 294 kip-ft., L, =45 ft., L, = 12,1 ft.
Since L, > L,, calculate oM, from LRFD Spec. Eqn.
(F1-13)with I, = 19.1in.%, J =081 in.%, C, = 1440 in.",
assume C, = 1:

.
oM 097 __ [29000019.1)(11200)0.81) + %2000 %14 1)(1440
ETIF 5x12

44.6 < 46.2 kip - #t ng
Use: W21x44 for Member 1

Member 11 Design:

Load Combination |

From computer analysis, +M, .. = 138 kip-ft. and L, = 5
ft. From Load Factor Design Selection Table, the
W12x26 with ¢M, = 140 kip-ft. and L, = 5.3 ft. is o.k.

Total service load deflection exceeds L/240 for W12x26
and W16x16, therefore use W16x31.

Load Combination 11

From computer analysis, -M, ... = 30.8 kip-ft. and L, =
28 ft. > L, = 11.0 ft. for W16x31. Check W16x31 using
LRFD Spec. Eqn. (F1-13): o,M,, = 35.2 > 30.8 kip-ft. o.k.
Use: W16x31 for Member 11

Member 111 Design:

Load Combination |
From computer analysis, +M_ ... = 138 Kip-ft., L, = 5 ft.
and -M, ... = 138 kap-fi., L, = 8.33 ft, From the Load
Factor Design Selection Table, for a W14x30, oM, = 177
kip-ft., L, = 5.3 ft., L, = 13.7 ft. and BF = 6.06 kips.
Negative moment controls and Lp < 8.33 < Lr, therefore,
oM, = 177 - 6.06(8.33 - 5.3) = 158.6 > 138 kip-ft. o.k.
Total service load deflection exceeds L/240 for W14x30,
therefore use W16x31

Load Combination 11
From computer analysis, -M, ... = 30.8 kip-ft., L, = 28.75
ft. From Member Il Design, o.M, = 35.2 kip-ft. > 30.8

o.k.

Use: W16x31 for Member 111




SPLICE CONNECTION DESIGN

Ciiven

Q

2 ir on all elements
21n on all elements

1 in. maximum between member ends

/15 in. minimum plate thickness

ASTM A36 plate material, F, = 36 ksi, F, =
3 in, bolt spacing

Yo in & A325N bolts

Minimum connection depth T/2 of connected members

58 ksi

Minimum 2 bolt connection
Bolted/bolted design

R, =16 kips (from computer analysis)
W21x44 cantilevered member

W16x31 suspended member

Solution

Check Bolts
Minimum connection plate depth to meet T/2 criteria =
9 in. + minimum 3 bolt connection.

or, = 31.8 kips/bolt, double shear
Eccentrically Loaded Bolt Group (LRFD Manual,
Volume 11, Table 8-18):
= e/2 =52 =256in.
= 3 (first trial)
= 1.99
oR, =199x318 =63.28 >>16kips
Bearing on W16x31 web material (LRFD Manual,
Volume 11, Table 8-13)
oR, =C x(24dtF
oR, =64.03 kips

=199 x(24 x0.75 x 0.275 x 65)
> 16 kips o.k.

Shear on W16x31 LRFD Specification, Equation F2-1)
oR, =00.6F A, = 0.90 x 0.6 x 50 x (15.88 x0.275)
oR, =117.9 kips >> 16 kips o.k.

Net shear on splice plates (LRFD Specification, Equation
J4-1)
oR, = 00.6F A, = 0,75 x 0.6 x 58 x ((10-(3 x
8125)) x 2 x .3125
¢R, =123.36 kips >> 16 kips o.k.
Gross shear on splice plates (LRFD Specification,
Equation F2-1)
¢R, =006FA =0.90 x 0.6 x 36 x
(10 x 2 x .3125)
oR, =121.50 kips >> 16 kips o.k.
Block shear rupture on splice plates (LRFD Manual,
Volume 11, Table 8-47a,b & Tahle 8-48a.b)
Table 8-47a coefficient = 68
Table 8-47b coefficient = 137
oR, =(68+137)x2x0.3125=128.13 kips

Table 8-48a coefficient = 152

Table 8-48b coeflicient = 54
oR, =1152+54)x2x0.3125 = 128.75 kips o.k.
Flexural yvield on splic plates (LRFD Specification,
Chapter F):

M, =Re2=25x16=40kip-in

S =(tx H*)/6 = (100 x 2 x .3125)/6 = 10.42 in”

oM oF .S, =0.90 x 36 x 10,42

oM 33.50 kip-in. >> 40 kip-in o.k.

Flexural rupture on gplice plates (LRFD Manual,
Volume II, Table 12-1);
S = 6.25 in.3 from Table 12-1
(conservative by H = 9 in. in table)
=oF.S, =0.75x 58 x6.256
= 271.87 kip-in. >> 40 kip-in.

DoUBLE ANGLE CONNECTION
AT EXTERIOR COLUMN

Given:

l = 1'/, in.—on connecting angles

l = 1, in.—minimum

'/, in, minimum connection angles

ASTM A36 plate material, F, = 36 ksi, F, = 58 ksi
3 in. bolt spacing

', in. ® A325N bolts

Minimum connection depth T/2 of connected members
Minimum 2 bolt connection

Bolted / Bolted design

R = 25 kips (from computer analysis)

W21x44 member

Solution:

Double Angles (LRFD Manual, Volume 11, Table 9-2):
11'/; in. long connection required to meet T/2 criteria
2-/, in. angles with 4 rows ¥/, in. ¢ A325N bolts
oR, =104 kips >> 25 kips o.k.

Shear on W21x44 (LRFD Specification, Equation F-2):
oR, = ¢0.6F A, =0.90 x 0.65 x 50 x (20.66 x 0.350)
oR, =19523 kips >> 25 kips o.k.

Bearing on W21x44 web material (LRFD Manual,

Volume 11, Table 8-13)
¢R, =878xtxn
oR, =122.92 kips

=87.8x035x4
> 2D kiil‘\
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Looking For

ANSWERS?

What is the compatibility of spray-applied
fireproofing with Shop Primers?..........ccoviiieiiiiceniirrcce e sssieaens see page 1-11

When must expansion joints be provided in steel structures?................ see page 1-13
Where can | find a good primer on LRFD? ..., see section 2
How are single-angle struts designed?...........cc.ccvmriiinnecininennnninnenaes see page 3-104

How can | design to eliminate
floor deflection and vibration problems? ..........ccccciiiiiiiiiinin. see page 4-207

What is the difference between snug-tightened
and fully tensioned DOIS? ..........ccceeiiiieiriniiininens s s see page 8-12

How can the engineer-of-record determine if
DORS DI SHRODIO TOF COIBBT ..o coiiviisiiimisinsisniissssssicssiersasiiisborisesss see page 8-19

When can bolts and welds in the same connection
be considered to share 10ad? ...........ccccvviimininininii s see page 8-211

What is the difference between a shim and a filler? ..............ccccoeeiieenas see page 8-327
How can | avoid problems with double connections? .........cccccvvviiviiennnc see page 9-9
How is eccentricity considered in the design of shear splices? ........... see page 9-179

Why are extended end-plate connections
MIRAC 1O SIUC IOAING ONIYT ...t see page 10-21

When are stiffeners required at
beam-to-column flange moment connNections?..........cccccovvvvreriennicnnnnns see page 10-35

How are forces transferred in diagonal bracing connections? ............. see page 11-19

What is the most efficient reinforcement detail
for beams with web penetrations? .........cccoiivcinnn, see page 12-11

They'’re in here —|
Call 800/644-2400

Two-volume set only $132 i — =
($99 for AISC members) 2nd Edition LRED
Manual of Steel Construction

Setting Standards For Over 70 Years




'.LRFD On CD for only $375!

‘ AISC members can now purchase the
| entire 2nd Edition LRFD Manual of
Steel Construction on one convenient
CD-ROM for only $375 (non-members
| pay $500).

LRFD On CD uses the latest Hypertext
technology to seamlessly link related
sections of the Manual together—click
on “connections” in one part of the
manual and quickly and easily find
other sections dealing with the same
subject.

As an added bonus, the CD also
includes nearly 100 drawings (.dxf files)
taken right from the Manual that can be
quickly copied directly into your
AutoCAD or other CAD program.

To order your copy of LRFD On CD,
call:

800/644-2400

or fax 312/733-3107

Join AISC and SAVE money starting TODAY!

In addition, members receive:

If you're an engineer, architect or educator,
Professional Membership in AISC can quickly
pay for itself.

First year dues are $150 (annual renewal is $100)

and includes:

* Any one AISC publication (up to a $72 value)

* $125 discount on purchasing LRFD on CD

¢ $50 discount on NSCC registration

* 25% discount on AISC publications and
seminars

* Free subscription to Engineering Journal (an
$18 value)

AISC Bulletins

Technical-Promotion booklets

AISC membership directory

Opportunity to become advisory members on
AISC committees

Use of AISC seal on letterhead and in
advertising

For membership information, fax name &
address to:

312/670-5403

Setting Standards For Over 70 Years




S T E B L M A RKETUPULATCEB

STAAD3-2D
State-of-the-art 2D Structural Analysis
and Design Software
for $595

Research Engineers, Inc. is proud to announce the arrival of
STAAD3-2D, the most comprehensive 2D Structural Analysis
and Design software in today’s industry. STAAD3-2D is the 2D
version of RE's world famous structural software STAAD-IIL
Equipped with powerful Analysis/Design, brilliant GUI, easy
Visualization/Verification, and flexible Report/Query facilities,
STAAD3-2D represents the true state-of-the-art in modern struc-
tural engineering.

STAAD3-2D supports STEEL/CONCRETE/TIMBER design
per AISC (ASD & LRFD), ACI and AITC codes. With a price tag
of §595. it offers you the best value for all your 2D structural
needs.

Research Engineers, Inc.
22700 Savi Ranch
Yorba Linda, CA 92687
Toll Free: 1-800-FOR-RESE
Fax: (714) 974-4771

Help Wanted
CHIEF DRAFTSMAN
Well established AISC Certified Category 11 medium size
structural and miscellaneous fabricator needs well qualified
department head. Reply in confidence via fax or mail to:
Stein Steel & Supply Company
P.O. Box 17907
Atlanta, GA 30316
Attn: Bert Stein, President
Fax: (404) 523-8415

Help Wanted

American Stair Corp., nation’s leading stair and
railing manufacturer, is looking for engineers to
perform calculations and loading analysis for
prefabricated stair and rail systems on a per
project basis. Licensed engineers needed from all
states.

For further info, contact:
Mike Mathy at (708) 839-5880

StruCAD*3D

The Flagship Product for 3D Structural Analysis & Design
* Pop-Up & Pull-Down Menus * Wind & Gravity Load Generation
* Truly Interactive 3D Graphics  * Material Takeofl

Pre- and Postprocessing * P-Delta and Thermal Analysis
* 3D AutoCAD Interface (in & out) * Pile-Soil Interaction
* AISC-ASD, AISC-LRFD, ACI-318 * Seismic & Machine Vibration
* Reinforeed Concrete Design * Dotailed Fatigue Analysis

Prices start at only $249

Zentech, Inc. 8582 Katy Freeway, #205, Houston, TX 77024
Tel (713) 984-9171 Fax (713) 984-9175

Comprehensive Review Manuals
SE and PE (Civil) License

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

(714) 898-3658; Fax (714) 898-4635

Structural & Miscellaneous Steel Detailing CAD Programs

AutoCAD parametric LISP programs for preparing structuml AND misc. steel
shop drawings. All programs have been updated for 1995 and new programs have
been added. Anchor bolts to roof opening frames and “everything between”
Imperial and metric versions with USA, Canadian and European steel sections. 45
DAY MONEY BACK GUARANTEE. Discounts up to 30%. Buy only what vou
need. Used in the field for 8 years. Programs written by o detailer with 39 years
experience. Extremely “flixible” programs. FREE telephone support. No mainte-
nance foe. Rensonable yearly update foe. EXCELLENT PROGRAMS at a REA-
SONABLE PRICE. Call for a FREEdet(}:NLImemmdm

P
110 Shady Oak Circle, Florence, MS 39073

Tel: 601/845-2146 (fax same)

GT STRUDL ADINA

Static, Dynamic, Linear, Nonlinear & Pushover Analysis
Straight & Curved Steel Bridge Model & Load Generator

SC Solutions, Inc.

Tel (415) 903-5050 Fax (415) 691-9452

SC-Bridge SC-Push3D

HEWLETT-PACKARD

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

Images—3D

2D-3D Structural/Finite Element Analysis
Easy to learn and use Automesh Generation
Shear & Moment Diagrams Statie, Modal, Dynamie
AISC Code Check Enforced Displacements
Large Problems to 3,000 Joints  P-3 Analysis

Complete Static Package—Only $§795

Celestial Software, 2150 Shattuck Ave., Suite 1200
Berkeley, CA 94704
Tel: 510-843-0977 / Fax: 510-848-9849
Fifty-node fully functional evaluation package for only $49.95
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Structural Software Solutions from Softdesk
The World's Largest Developer for AutoCAD

Softdesk Structural Plans & Elevations

* Comprehensive set of tools to create design/construction drawings

*  Automated geometry and annotation feastures based on material data

Softdesk Details

e State-of-the-art parametric programs for ereating structural details

*  Supports AIA CONCDOC formatting and keynoting
wilink to spec. files

* Customizable material management system stores, retrieves and
seales details drowings

Softdesk Steel Detailer

*  Parametric programs for generating shop drawings including beams,
columns, braces stairs, anchor bolts and more

*  Automatically generates Bill of Material and project level reporting

Softdesk Modeler — Coming Soon!!

*  Graphical modeler with visualization and error checking tools

*  Z.way link to STAAD-III for ereating and updating model
automatically

*  Automatic plan, section, and elevation generations

Call for a free brochure and preview disk!
Softdesk, Inc., 7 Liberty Hill Road, Henniker, NH 03242
Tel (603) 428-3191 ext. 95 Fax (603) 428-7901




ROMDT V6

THE FINEST IN STRUCTURAL ANALYSIS AND DESIGN SOFTWARE

Announcing version 3.07
With client-driven enhancements and new features.
We take our clients seriously.

resulls w Jeen  RI1I%

Wl [ e e 1 P

*Shipping In July 95

W very easy to learn ond use, become o productive user in just one day

W extremely fost, shortens the concept through design cyde o

B most powerful on PC platform - 30 FEM, buckling, nonlinear, P-delta, dynamic, m%‘s(’)g
30 moving loads, parometric structures, phase constructions, US and foreign codes 2 1

B buy the power you need, starts from S495 version - 150 node/3D plus plate elements : ,t‘-.,{}; "_:'f’-“* . !"f';'“

W no risk, 30 day money back guorantee e

See for yourself. Have fun. Any questions? Call us. 1-800-60-ROBOT Please circle # 51

It runs with

NetWare

FS AVAILABLE. OVER 2000 USERS WORLDWIDE. FOR MORE INFORMATION CALL 201-438-4915 OR FAX T0 201-438-7058

(ompany
Address

i structural engineer, i orchited, ) educator, ' dealer, ) other

2 Please have a product specialist collme ) Please send more information

3 Please send working dema version (limited to 25 elements and 25 nodes), with recorded macros of real design examples. Enclosed is o check for 525 (plus
applicable Tax in NJ and NY). | have o system equal to or better than 3865X with math coprocessor, 2 4 MB '3 8 MB RAM, 25 M8 of free disk space,VGA monitor

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

UK * Germony = ltaly = Belgiom = Spain . Portugal *» France * Brazil Luneﬁbnulg * Polond * Jordan * Morocco



Ductile

M
Mament Frames

For more (niafmation

Computers & Stnictures, Inc.
1995 University Avenue
Berksleys Calitornia 94704
TEL: (510) 845-2177

FAX: (510) 845-4096

ETAES wa mglstered trademeark of CS1 » SAPSOaQ tiodemeork of S




