


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 (Fu) of 58 
ksi was used ....nich is the lowest 
value for A36 steel. For gage 

out of the screw or pullover of the 
deck will nonmally control. The 
values are based on the equations 
provided by the AISI Specifica
tions (1 986 with addenda). These 
specif ications call for a safety 
factor of 3 to be applied to the 
table values. However, for tem-

supports, F u 
= 45 ksi was 
used which 
is the lowest 

Uplift Values for 
SCREWED DECK 

porary wind 
loads, a one 
third load 
increase is 
appropriate. provided in 

ASTM A653 Structural 
Quality grade 33. Deck 
materials fumished in gages 
24, 26 and 28 are usually 
grade 80 steels ....nich use a 
tensile strength (Fu) of 60 
ksi as limited by the AISI 
specifications. Either pull 

SCI cv. d 
Size d,. 
#10 0 .190 
#12 0.210 
114 0.250 

dw 

d" 
nOttl r1t'ad d'a 

0.415 or 0.400 
0.430 or 0 .400 
0.480 or 0.520 

If it is known that the 
tensile strength of the 
support steel or the sheet 
steel is greater than the 
values used for the tables, 
the tabulated ultimate 
strengths may be increased 
by a straight line ratio. 

A\.CfD(3C tc..,tcd te""" C 

~tlt'Il(Jth . ~(lr" 

2.56 
3.62 
4.81 

No": In our ~ 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. 

NICHOLAS J. 8011IIAS. INC. ~ 
PO. BOX 662. 47l SPRlJ',UflEWA\'E. (~. ) 
SUMMIT. NEW JERSEY 07902'-2 I • 
(908) 277- 1617 • 
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Grades 50 and 65. 
WIDE FLANGE & TAILOR - MADE BEAMS 

+ High Strength, Low Carbon, Fine Grain, Weldable Without Preh eating &; 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 AN D STAAD-IIT. 

TRUSS APPLICATIONS 

.. Sports a renas/Stadiums 

.. airp01ts (.J{allgars/'Tennillals) 

.. COllventioll Centers 

.. 9)1111nasi1l111s 
Sfioppillg _ ....... £alls 

.. Casinos 

COLUMN APPLICATIONS 
All of the above PLUS: 

.. .J{igfi-'Rise CJ3l1ildings 

.. .J{ospitals 

.. .J{eavy JndustTia f 'Plallts 

.. 'PO/vel' 'Plants 

HISTAR® is a registered trade-mark of ARBED. 

For complete information, availability, literature and floppy disc, 
e ntact one of our TradeARBED offices at the following locations: 
o 825 Third Ave., New York, NY 10022. 1-800-272-3369, FAX (212) 355-2159. 

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

o 390 Brant Street, Suite 300, Burlington, Ontario, Canada L7R 4J4. (905) 634-1400, Fax (905) 634-3536. 
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MODERN STEEL 
CONSTRUCTION 

Volume 35, Number 6 

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 

Modern Steel Construction (Volume 35, 
Number 6/. ISSN 0026-8445. Published 
monthl)' by the Americ.lO Instllute of Steel 
ConstructIon, Inc., (AISc), One fast Wacker 
Dr" Sullt' J 1 00, Chicago, It 6060 ' ·200 I. 

Advertising office: The R.lmage Group. 
O'Hare L.lke Office Plaza, 2400 E. Devon 
Ave., Des Plaines, Il 606/81708/699-6049. 

Subscription price: 
Within the U.S.-single Issues 53 ; 

J yea" S85. 
Outside the U.S.-single issues S5 ; 

I year 536; 3 years S 100. 

Ple.lSc fax any clddresscs changes to 
J 121670·5403 or to the address below. 

June 1995 

F EATURES 

24 ESSENTIALS OF LRFD (PART 1 OF 3) 
An overview of LRFD as found in Part 2 of 
the Manual of Steel Construction (1994) 

30 THE IMAGE BEHIND THE D ESIGN 
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 

40 .AN ALTERNATIVE To JOIST GIRDERS 
Talk of slow deliveries has prompted 
consideration of using rolled shapes in 
place of roof joist girders 

D EPARTMENTS 

6 EDITORIAL 

9 STEEL iNTERCHANGE 
• Fire wall cOllstruc

tion 
• Enlarging an exist

ing footing 
• Flexural design 

strength of a single angle 

12 STEEL NEWS 

• Work 011 cOlillections 
garners T.R. Higgills 
Award 

• AlSC names IU!W VP 
of engineering 

• Metric guide for steel 
fabricators 

• New price for LRFD 
011 CD 

• Environmental com
pliallce workshops 

, , 

• 

• 

Postmaster: Please send address changes to 
Modem Steel Construction, One East 
WJC~erDr .• SuiteJlOO. Chicolga, It 60601· 
200 1. 

• Letters to the editor 
• Teaching about steel 

connections 

• Focusing on practi- • 
cal steel design 

Second class posti1ge fJi1.ld at ChIC.lgO, IL and 
at addltion.l' mailing offices. 

4 1 Modem Steel Construction 1 June 1995 
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It's to ••• 
in Computerized Structural Engineering 

PlAH[ R[SPOHS[ SP[CTRU" 
UHIT FEET IC I PS 
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1 ••• ; 2 2 ••• 
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COHSHlHlS 
E 291 ... ALL 
0[" •.•• 12.3 All 
cur orr HDDl 
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U"IT FEET 
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Experience STAAD - III 
"Concurrent Engineering" on DOSlWindows/UnixlNT 

Welcome to tomorrow in Computeri7Cd Structural Engineering. The latest relea,e of 
STAAD-1I1, based on the principles of "Concurrenl Engi neering". is redefining the way you 
engineer your structure. Whelher you are on DOS, WINDOW. U IX, or NT , STAAD-III is 
guaranteed to enhance the performance and productivity to a whole new level. 

STAAD-III, from Research Engineers, 's an 
acknowledged world leader in structural software. 
State-of·the-art Static/Dynamic/ Nonlinear analysis, 
IOnovatlve fIOlte element techniques, comprehensive 
SteeliConeretelTimber des'gn , powerful graph,es and 
seamless CAD Integra lion 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 10 a solid 
technolog,ealfoundat,on for STAAD-ili. 

Today's STAAD-ili . brings you the latest ,n modern 
Computer A,ded Eng,neerlng Based on the 
pnnclples of "concurrent englOeenng", 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 cntlcal applications . 
tram concept design and analysIs to detail design , 
simulat,on and visualozations. Today's STAAD-III- a 
producllvlty concept for tomorrow 

With over 10.000 installations, more than 30.000 engineers worldwide rely on 
STAAD-I11 for the state-of-the-art in technology. 

Experiellce tomorrow today - experiellce STAAD-1I1 
I I . 22700 Savi Ranch Pkwy ., Yorba LInda. CA 92687 
"'Ill! Research Engineers, Inc. Tei: (714) 974-2500 Fax. (7t4) 974-477t Toll Free: (800) FOR-RESE 

• USA • UK • GERMANY • FRANCE • CANADA • JAPAN • KOREA • NORWAY • TAIWAN • fNDIA 
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Beautiful Music 
A FEW WEEKS AGO, A GOOD FRIEND HAD A COUPLE OF TICKETS 

TO THE CHlCAGO SYMPHONY ORCHESTRA that he couldn't 
use and asked if! 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 I 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. 'Ib quote the AlSC 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. 'Ib help them out, beginning this month MSC is pub
lishing a three-part series on the "Essentials of LRFD." This 
overview of LRFD, whjch 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). 

'Ibday, 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. 8M 
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Imagine",a software sy tem that automatically gives you: 

oShop Drawings olAlbor for Estimating 
oCNC Data for Shop Equipment oOrdering & Inventory Data 
oConnection Design Calculations 0 Re\;sion Management 

o Job, member status and much more 

With SDSI2 imagination becomes reality, You get details, estimates and 
ordering infollllation on eve!), piece of steel in the job- right down to the nuts, 
bolts and washers, SDSI2 is the only comprehensive software S) tem for eve!)' 
phase in the steel industry, With SDSI1, each phase of a project creates and stores 
infollllaLion that is integrated and utilized in the next project phase, eliminating 
costly data re-ent!)' time, Project schedules, job status, drawing submittal! 
approval and erection planning can all be easily done using SDSI2, Whether 
you are an owner, engineer, fabricator or detailer, you will be able to see the 
money saving benefits of using SDS/2, 

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

[II. Estimating [II. eNC Interface Ill_ Engineering Design 

'" . Production Control " •• Detailing '". DeslgnLiNK 

DESIGN 
DATA III 

"First in",software, solutions, service" 
402-476-8278 or 1-800-443-0782 
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S TEE L N T 
Stttl Intrr~hange is an open forum for Modun ttel 

Construdlon readers to exchange useful and practical profes
s ional ideas and mrannalian on all phases of steel building and 
bridge construction. Opinions and suggestions are welcome on 
any subject covered in thiS maganne. If you have 8 quelilian or 
problem that your fellow readers might help you to solve, plea~e 
forward it to Modern Steel Construction. At the some time. feel 
free to respond to any of the questions that you have read here. 
Please send them to; 

Steel lnterchange 
Modern Steel Construction 

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

The following res ponses from previous Steel 
lnterchange columns have been received: 

For fire wall cons tr u ction, building cod es 
say t b e walls h a ll h ave s ufficie n t stabili ty to 
allow for colla pse on e i t h er side of t h e wa ll 
without colla pse of the wall. Wha t is t he opt i
mum detail for t his type of connection. 

The sketch provided with the question submit
ted is applicable for a specific type of tied fire 
wa ll ; non-load bearing, constructed between 

two double-column lines, s tructura l members on 
each side of the wall at the same elevation and pri
mary framing members para llel to th wall . For a 
sce na ri o s uch as thi s the recomme nda t ions of 
Factory Mutual Loss Prevention Data Book 1-22 
are very specific and are as follows . 

The a nti cipa t ed hori zonta l 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. Th is is accompli shed 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, us ing an a llowable stress of not 
mor than 10 ksi. A deta il of the recommended 
installation of the through-wall tie a t each column 
line is shown in Figu re 12 of the same FM Data 
Book. For the situa tion indica ted by the sketch in 
question, it may be necessary to a lso install ties 
more often than every column line. In e ither case, 
enough slack should be provided in the t ie connec
tion to a llow for normal buiJding movement. 

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

E R C H ANGE 

Answers andlor questions should be typewritten and double
spaced. Submittals thnt have been prepared by word-proc('sslOg 
an> appreciated on computer dlsk£'tte (either as 8 Wordperfect 
file or in ASCII formal). 

The opinions expressed in Sl"llllt('rchang~ do nol necessar· 
Ily represent an officia l poSition of the American Institute of 
Steel Construction, Inc. and have not been reviewed. It is recog
nized that the design of structures is wi thin the scope Rnd 
expertise of n competent licensed structural engineer. architect 
or other licensed professional for the application of prinCipals to 
n particular s tructure. 

Informat ion on ordering AISC publications mentioned in 
this article enn be obtained by ca ll ing AlSC al3 121670-2400 ext. 
433. 

rigure 12 Through Wall Tic PrimJry Stl"'('1 P.lr.llld To rtr(' W~lll 

for t he s lack provided in the through-wa ll ti es . 
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 wa ll via the t hrough-wall 
t ies. 

The Factory Mu t ua l reco mme nd a t io ns a lso 
include provisions for adequate separation between 
the double-column line and the fire wall to prevent 
damage to the unexposed structure during the ini
tia l stages of the fire. 

D. Matthew Stuart, P. E. 
Th e Stellar Group 
J acksonville, FL 

What is the mos t e ffi c ie nt way to e nlarge 
a n existing footing, whe n ne w loading condi
tions are a pplied? 

There is a good article dealing with this prob
lem. It was published in the fourth quarter 
AISC Journ a l 1980 a nd was a uthored by 

Agrawal and Stafiej. The para meters requ ired to 
solve the problem include ratios of the res pective 
moments of inerti a of the two column sections, 
ratios of axia l 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 . Us ing these 

Modern Steel Cons truction I May 19951 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, 
flx-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? 

Mood reference for this question is a paper 
by 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? 
Th e stiffening member may be a flat bar, an 
angle, a channel (see figure) or any other sec
tion. 
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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 struc
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. 

EEAM 

TEQCX)E~ 

~. 1----- ~ .. -

'. 
' \r'~'~" WI I 117 vamcAL 9...0T AT 

EX'l'e() REN". NrO 3'-.4' o.c. FAST'B'I TO o.u WI 
E:O() EEAM • SE£ 112' 0 )( a-.· E>CP ~ 
SECT. IISIO FCQ WALJ.. • AI.. TERNA TE EA 5I)E CF 
M'EtF. f GROJT FU CMJ WAlL 

S' DEIP u-a..c:x:x 80NJ EEAM 
WI (2) • !I c;o.rr. CSLCR: TO 
MATO< BEAM> 

ef o.u SJ-EARW.Ail. 

Charles L. Bowman 
Morrison and Sullivan Engineers 
Raleigh, NC 
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!m~G is a proven, coat 

for decades on stTuctural steel, 
handling, bridges, sca(foLJiflll ••• 

Alwavs a step ahead, we installed 
p1vanizing kettle in the United Stat& 
produce a high quality product, and to ...,. 
structures up to 16' high bV 45' long. 

~ __ hot dip galvanized 114" bolt. We can do it 
we operate the only "High Temperature" kettle for 

trifulte work. 

Count on our experience with painting 0WS' .... 1 
We offer the one source "Duplex System". 
Our freight service operates cOllllpan',-oIWll-a; 
trailers, and if needed, will arrange tbiJ~ 
baolen . 

.. U.S. locations, and oW&' 

of Voigt & Schweitzer is 

(lIat::e. We like -riot.
__ educ ....... 

oahotdip .... 
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The future of steel fabrication is here. Steel Solutions 
introduces STRUCAD 2000-3-D detailing software that 
dispenses with manual drahing operations and results in 
productivity gains up to 5-to-l . 

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, filting 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, 

s 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 
sohware packages including AutoCAD applications, 
STAAD-III 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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'Automate repetItIve design tasks 
• 

1. When you type 

the column size 

Base-plate steel grade 
Concrete strength, f'c 

concrete area 
3ksi 

Column dimensions 
depth, d 

web thickness, tw 
flange width, bf 

flange thickness, tf 

This screen was creat
ed in Microsoft Excel™ 
to calculate base-plate 
thickness. Since it 
incorporates the AISC 
Database. when the 
column size is entered 
(Step 1). the column 
dimensions are auto
matically called up from 
the AISC Database 
(Step 2). These dimen
sions are used to com
plete the base-plate 
thickness calculation 

Max. strong-axis dimenSion 
Max. weak-axis dimension 

12-lBa,se-IPlal:edlmenslons 

30 in. 
30 Ill. 

Max. concrete area, A2 
Base plate 

Steel Yield strength, Fy 36 ksi 
Actual strong-axis dim., N 
Actual weak-axis t B 

28 in. 
n. 

Steel tensile strength. Fu 
Minimum area 

58 ksi 
574 

distances Optimum strong-axIs dim. 25.6 n. 
On strong-axis. m 

On weak-axis, n 
. 1 

7.34 Optimum weak-axis dim. 
Actual area, A 1 

Intermediate quantities 

22.4 n. 
728 

3) without having 
to look-up the dimen
sions from a reference 
and manually type them 
into the program. 

Save time. Save money. Efficiency, productivity, 
and unprecedented programming power are yours when 
you incorporate the AlSC 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"1, or Borland Quattro 
Pro™, the A l SC Database V2 .0 gives you electronic access 
to the dimensions and properties of the more than 1200 
shapes in AISC's Malll/al of Steel COI/structioll - W, M, S, 
and HP shapes, channels (C and MO, 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 A ISC Database V2 .0 is available in both U.s. units 
($60) and Metric units ($60). 

Concrete capacity I phi Pp 
X 

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

As with previous releases, the A1SC Database V2.0 
con1e5 with a sample search routine prograrnlT'\ed in 
BASIC, a BASIC program to convert the A ISC 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 
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STUBS The 80sfest, most productrve detoll in g 
software for the money ... 

Each beam, column. broc •. or sta ir 
11 12,7 is drown ful ly and immediately ofter 

9, ~....... answering 0 few simple ques llons . 

JI"" ~ .., 1 
.., 1 

All dimensioning is done by the 
program, includin g set-bocks. blocks. 
and stubs . Shop standards . clip 
ongles, bas. and cop plates are 
entered on ly once at the beg inning :::L ~ 

2l·SSAJ 
(.~) 

of each lob. The Information I. 
stored In dota fi les, and moy b, used 
again for future lob • . 

Addit ional features: 
- Seom-fa-colu mn match ing capability. Ilpd 

· Sil l at matarial generated automatica ll y. ""r 1 
-Seoms may be drown using stub or ~l ..... 

string dimensions. "" , -cC" 
·WIII automatica lly generate deta ils for .~ :t '.! 

sloping beams, moment connections, ~--t 
bracing connections, sloping braced -~ 
beams, staggered clips, bolted or X 2 
we lded clips , and offset base plates. ~ 

OetaliCAD was written by deta il ers. We understa nd your needs 
because we use this product dal ly. Give us the opporl unlty to 
show you that you don 't need to spend $.30,000 for a deta iling 
program . We offer a free 30 day test period for a deposit of 
$150, which is fully refundable. The purchase price of this 
progrom, Including stairs, is $5000. for Information, contoct: 

~arvln Aluond.r David Crow 
231" FIr.' Ave. N. ..,37 Potrlek Mill Rood 
Blrmlnghom, Al 35203 Wln d.r, CA 30680 
(205)324-5711 (404)867-6756 
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STRAP (STRuctural AnalySIS Programs)" IS FEM software that 
speaks the vlsvallanguage of slrucwral engmeeflng Easy 

graphlcallools let you rapidly model your most complex steel or concrete structures and apply 
loads Without ever typmg a 

slOgle command After static 
or dynamic analysis. click on 
any part of your structure to 
change design parameters 

Interactively 

Destgned by slructufal tngmeers 

TechOlcal support by eogilleers 
who use the software 

Un tclUal lohwart. ptrsonal
ittd with ,our company name, 
for JO days b.fore buying 
Install in 5 minutt •. product 
r.al work in Ius dian an hour 

800-644-6441 I 

LETTERS To • 
THE EDITOR 

DEAR EDITOR: 

While reading the April 1995 
edition I found an error in the 
art icl e about ga lvanizing by 
Philip E . Rahrig with the 
American Galvanizers Assoc
iation. On page 40 Mr. Rahrig 
indjcates, under Number 8, that 
on nuts and bolts under 1 It,-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 1I t,-in., the oppo-
site practice is employed. This 
statement is not correct. All gal
vanized bolts arc threaded stan-
dard and a ll nuts are tapped 
oversize after ga lvanizing. 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 ga lva nizing 
thickness, this will result in a 
weaker product , a s you will 
reduce the root diameter of the 
fastener, lowering its' tensil e 
strength. 

Gary Rusynyk 
Portland Bolt & 
Manufacturing Co. 

D EAR EDITOR: 

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 t Marketing Director • 
American Galvanizers 
Association 
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D EAR EDITOR: 

We were interested to read 
the article in the Apri l 1995 edi
tion of Mod e rn Steel 
Construction entitled "Solving A 
Connection Dilemma" by Robert 
L. Boehmig. Mr. Boehmig offers 
an interesting concept utili zing 
double beams at beam col umn 
joints. There appea rs to be some 
concerns with rega rd to the fo l
lowing: 

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

2. The adequacy of the fi ll et 
welds to develop the substantial 
forces that can occur. 

3. Limiting the double beams 
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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
t r ation 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 
acilleved 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. , willch 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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TEACHING 

ABOUT STEEL 

CONNECTIONS 

ENG INEERI NG STUDE NTS IN 
WISCONSIN AND TEXAS WILL 
SOON HAVE A NEW TOOL for 

learning about steel connections: 
a brightly painted , 8·ft.·high 
steel sculpture. 

The 3 ,OOO·lb. sculpture is 
designed to provide students 
with a hands·on experience 
when learning about steel con· 
nections. "In a recent discussion 
with a s tructural educator, I 
asked him what he thought stu
dents are not exposed to, but 
so r ely need ," said Fromy 
Rosenberg, AISC Assistant 
Director of Education. "The 
a nswer came quickly: 'students 
need to be exposed to real situa· 
tions where the three dimension· 
a l character of construction is 
visible tn them.'" 

The development of an 
instructional steel connections 
sculpture actually began near ly 
a decade ago in Florida. Faced 
with the traditional inability of 
students to visualize real connec· 
tions, plus the fact that on ly a 
few lectures are ever devoted to 
connection de s ign , Professor 

WmSTRUDL 
The Only 32 bit Structural Engineering 

Program written in C/C++ and 100% Windows 

~!iill!f File l cnJl,j.lc,ial ScctiOIl SlIppe,,, 
CCAkdllnllc l .. lI lnll RCI .. It, , , 

r 
z 

Includes 12 Wmdows Programs 
WMaster, WSTRUDL, WmASD, WmACl, WinLRFD, WEdi~ 
WinPos~ WmPlo~ WmBeam, WmTool, WF!lIDlC, and WSeiSabl 

Ask for a Free Demo Today! 
COOlputer Aided Structural Technology 

POlio. 14676, •• ... llIon~ CA 945394676 Tel (510) 226 8857 Fa. 226 7328 
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Shown at top is the nearly complete, though unpainted, Wisconsin 
steel sculpture at AISC-member Zalk Joseph's fabrication shop. 

Shown above is a drawing of the connection sculpture. 

16 / Modem Sleel Construction I June 1995 

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 sites to show stu
dents actual connections. 
Unfortunately, many construc
tion managers were hesitant to 
allow groups of students onto 
sites. In addition, there was the • 
problem of only intermittent 
availability of construction pro-
jects. Another possibility was to 
build scale models, but these 
were rejected as too heavy to 
move around easily and had the 
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 
fabricated, erected and paid for 
in the fall of 1986 by AlSC-mem
ber Steel Fabricators, Inc., and 
attracted some attention from 
other schools. Finally, last year, 
AISC created a teaching guide 
based on the sculpture. The 
guide, which is available for $5 
(+$5 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 S-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 AlSC's 
Committee on Education. The 
modified sculpture, while man
ageable, is still no lightweight: it 
weighs 3,000 Ibs., is S'xS'xS', 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. P incheira, 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 

A Quick Quiz 
For Structural Engineers 
The more 0 computer progrom costs, the TRUE FALSE 
better it is. 
A progrom thot solves complex, difficult TRUE FALSE 
problems must be complex ond difficult 
to use. 
Structurol engineering software can never TRUE FALSE 
be fun to use. 
If you answered TRUE to any of the above, or you would like to know more 
obout a truly innovative software progrom, call us! 

rl-- ~ ----
~~ RISA-2D ~ rl- "-, " 

"/ ,"'" Your complete solution for 
- frames, trusses, beams, 

L shear walls and much morel 

RISA 
26212 Dimension Drive, Suite 200 
Lake Forest, CA 92630 

TECHNOLOG ES 1-800-332-7472 
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CadVant~ge Structural boasts the easiest 
user interface in the business. 

FR[[ training, extensive system 
manuals, software tutorial. and phone 
support me provided. complete with a 
new on-line help system that gets you 

up-and-goi ng immediately. 
Because CadVantage is specifically 

designed for detailers. users don't have to 
be AutoCad or computer experts. Gelling 
started is easy - and learning the program 

1V0n't put you in the nut house. 

6 /9 Soulh Cedar Street · StuJ,oA 
Char/ottl', North Carolma 28102 

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

To order a copy of Connecting 
Steel Members for $5 (+$5 s&hl, 
call 800/644-2400 or fax 3121733-
3107 and request publication G-
460. 

WORK ON 
CONNECTIONS 

GARNERS T.R. 
HIGGINS 

AWARD 

William A. Thornton 

Willi am A. Thornton, 
Ph.D., P .E., chief engi
nee r of AISC- me mber 

Cives Steel Co. and president of 
Cives Engi neering 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 hi s paper 
"Connections: Art, Science and 
Information in th e 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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AISC NAMES 
NEW VP OF 

ENGINEERING 

Nestor Iwankiw 

N ESTOR IWANKIW, FORMER 
DIRECTOR/RESEARCH 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. 

I wankiw 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 stee l 
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 
hol e-fabrication methods . He 
was instrumental in initiating 
the new AISC Design Guide 

• Curved & Straight Bridge Systems 
• Influence Surface Approach 
• 'T' and BOX Girder Sections 
• Lat.st AASHTO . LFD & WSD 
• METRIC and English Units 
• Girder Optimization 
• Auto MESH Generation 
• Auto RATING FACTORS - Inventory 

Operating. Posting. Special Vehicle 
• Complex Geom. - Skewed. Bifurcated 
• Pouring Sequence Analysis Available 
• PC License or Lease, Timesharing 
• Menu·DrivenlCAD-Like Features 
• Fast Running (Minutes) 

SABRE SIGN BRIDGE 
ANALYSIS/DESIGN 

• Most Types - Tti-Chord, Box Chord 
SinglelDouble Cantilever, Other 

• Analysis - Moment. Shear. Torque 
Displacement. Reaction, Stress 

• Design - Splices, Base Plates 

• Auto Lood Cases - Wind (shielding), 
Ice, DL. User Defined Loads 

• Pull Down MenU/CAD-Like Features 

• Latest AASHTO Code Checking 

• AASHTO - WSD. LFD (LRFD Analysis) 
• Analysis, Rating, Code Check 
• Optimization by Cost or Weight 
• Auto Live Load - AASHTO and Multiple 

User Defined Concurrent Live Load 
• Auto RATING FACTORS -Inventory, 

Operating, Posting. Special Vehicles 
• METRIClEnglish Conversion 
• Deck Pouring Sequence Analysis 
• Haunched Web, Hybrid, Composite 
• Continuous Spans. Support Restraints 
• Graphics - Moment, Shear, Camber 

Allow/Actual Stress & Ranges 
• Menu Input - Very Friendly 

• NEW· AASHTO LRFD and LFD Spec. 
• Cable Member Prestressing 

• Most Truss Types Considered 
• Analysis. Design, Rating, Rehabilitation 

• Auto RATING FACTORS -Inventory. 
Operating, Posting, Special Vehicles 

• Automatic Group Load Combinations 

• Simple or Continuous to 6 Spans 
• Pull-Down MenU/CAD-Like Features 



EISS 

ENDS 

STEEl 
IRREGULAR CURVES, VERTICAL OffSETS, 
EWPTlCAL SHAPES, CIRCLES OR SEGMENTS 
WITH OR WITHOUT TANGENTS 
If you need struclurol sleel bending for 
moJOf architeclural prOjects Of other steel 
fobrlcatlng apphcahons, fax or coli Max 
Weiss. We Will give you cornpehhve quoto
tions, close tolerance speclficotlons, an 
time del ivery and dependable solutions. 

ROWNG AND FORMING, WELDING, FORGING 
AND HOT BENDING 

MAX WEISS CO, INC. 
8625 W Blodley Rood 
M,_. 1M 53224 US\ 
TeIer/'<lfO 414-355-8220 
Fox 414-355·4698 
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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 

A NEW PUBL ICAT ION FROM 

AISC PROVIDES INFORMA

:i'ION 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, masslforce, 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 

LRFD ON CD, WHICH OFFERS 
THE ENTIRE TWO-VOLUME 

M ANUAL OF S TEEL C ON
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 
immediate ly 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 
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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 100 drawings (.dxf 
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 A1SC's new toll-free publica
tions number at 1-800-644-2400. 

ENVIRONMENTAL 

COMPLIANCE 

WORKSHOPS 

N EW SE RI ES O F ENVIRON 
MENTAL COMPLIANCE WORK

HO PS IS BE ING OFFERED 
T IllS 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 keeping, reporting, how to 
handle inspections , what the 
potential problems are and what 
to do about them. Anyone 
responsible for completing 
reports or for paying the non
compliance fines would benefit 
from the workshops. 

Among topics to be discussed 
are: The Clean Ai r Act 
Amendments of 1990, Sto r m 
Water Pollution Prevent ion 

Please circle # 87 
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All NEW Release. Version 11. 
Productivity you need. Value you demand. 

". 

---""_ ... 
--
:'."': · ~.:: · ... ;: 
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Some o( the many new features 

• User friendly Interface with graphICS 
• Simple ICOn based input generallon 
• Color-filled stress contours 
• Optional hidden line removal 
• 20 & 30 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 steel tables 
• Steel composite beam design 
• Interactive built-up section cak:ulallon 
• Input file conversIOn from other 

analysis and design packages 
• Free preview dlskene availabkt 
• 100% Money back guarantee 

Call toll free 1-800-322-1487 

~ 
Das Consulting. Inc. 

865 Turnpike Slreel 
North Andover MA 01845 USA 

(5081794·14870 FAX (508) 6857230 
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Plans, SARA Title III Emissions 
Reporting, Re levant 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 
May 26 
june 2 
june 9 
june 16 
june 23 

Salt Lake City, UT 
Boxborough, MA 
Valley Forge, PA 
Allanta, GA 
Rosemonl,IL 
Columbus, OH 

For more information, call 
3121670-2400. 

The graphical 
interface you've 

always wanted, with 
the advanced anal ys is 

power you really need , 

II Dynamic Analysis 
II Interactive 3D Modeling 
II Rendering & Animation 
II Code Checking 
II True Mac Interface 

Graphic Magic: Inc, 180 $evenlh Ave '201 Santa Cruz CA 95062 

Tel (408) 464 1949 Fax (408) 464 0731 

~Multiframe 
Please ci rcle # 92 

22 / Modern Steel Construction I June 1995 

FOCUSING ON 

PRACTICAL STEEl 

DESIGN 

F ROM DISCUSSIONS OF BOLT 
tNSTALLATION 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 
structura l stee l 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., AlSC 
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 

@~~~@f§~ 
SOFTWARE COMPANY 

MATERIAL ESTIMATING FOR STEEL FABRICATORS 
.I Accomplish In 3 hours time what used to take 

a hours with pencil and paper. 
.I Keep _ waste to tile _ute minimum 

using our unique length optimizing_ . 

.I Produce. 12 precise, easy to rud reports lor 
use by the shop and office . 

.I Handles Ierrous and non-Ierrous metal, lasl!nen, 
hardware, misc. Items and assembled units. Also 
_ shop and fiekI ~bor . 

./ Inteffaces with the SteeiCadn'lntetnltional 
detalltng .. /twa". 

.I A "Competitive Upgrade" I • • val~blt. 

.I "T .. t Drive" our fully functional demo for 30 
day. Ind .tart saving today. 

1774 ROM Valley Roed 
P.O. 80ll 431 

Kelso, WA 96626 

Tel 800 677-4474 
Fax 206 577-4474 

COMPUTER SOFTWARE FOR SUCCESSFUL STEEL FABRICATORS 
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Commonly Asked Questions. 
Work is currently underway • 

for the development of a new 50 
ksi yield strength steel speci fi ca-
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 
minjmum and maximum materi-
a l 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 

DESCON 
STEEL CONNECTIONS 

DESIGN AND DETAILING PROGRAM 

[PJ PJ 

[P:t fJ. ~ 

o::::::J I 

Poo 
LF·-, , • t 

I 

~lJ:Ij} 

I III i 

fJ' ,:cr:' . _ J ' r· 
~ 

cpt. 

For a Free Oemo Disk Call or Write 

OMNITECH ASSOCIATES 
P. O Bo0561 

Berkeley. CA 94707-0581 
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1995 STEEl SEMINAR SCHEDULE 

June 10 .•............... Charlotte 

June 22 ................. Greenville 

June 27 ................ Raleigh 

June 18.................. orfolk 

June 29 .................. Richmond 

July 20 ................... 0mah. 

July 25 ................... Minne.polis 

July 27 ................... 51. Louis 

August 8 ................ Rochester, Y 

August q ................ Alb.ny 

AuguSl10 .............. 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 ........ 80ston 

September 19 ....... Dallas 

September 21 ........ Houston 

September 26 ....... Denver 

LRFO Manual of Steel Construc
tion . A recent Gallup survey 
commissioned by AlSC revealed 
that most e ngineers acknow l
edge that LRFO is the Specifi
cation of the future and that it is 
only a matter of time before most 
engineers switch from ASO to 
LRFO. As an added bonus , 
attendees at the sem inar will 
receive a copy of an LRFO 
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 seismjc event. 
This portion of the seminar will 
focu s on these alternatives, as 
well as the latest research and 
code changes. In addjtion, a djs
cussion of overstrengthlredun
dancy in steel design will be pre
sented." ewly created research 
is ajmed at sorting out the com
plexities of actual seismic perfor
mance," Lorenz stressed. 

Finally, the seminar concludes 

September 28 ........ Kansas City 

October 3.. ............ Birmingham, AL 

October 5 .............. At lanta 

October 10 ............ Detroit 

o tober 12.. .......... lndi.napolis 

October 17 ............ Cleveland 

October 18 ............ Columbus 

October 19 ............ Cincinmlti 

October 24 ...... ...... MemphlS 

October 26 ............ Nashville 

October 31 ............ Pitlsburgh 

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 

with a 45-minute presentation of 
answers to the most commonly 
asked questions rece ived by 
AlSC's engineering stafT. AlSC's 
staff engineers, in addition to 
their work on manuals, 
Specifications and other design 
a ids, routinely field calls from 
practicing engineers, fabricators 
and erectors. The most common 
of these questions-dealing with 
such topics as bolt installation , 
painting, and tolerances-have 
been compiled. Th e se minar 
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, 
whjch has a CEU value of 0.45, 
is $120 ($90 for AlSC members). 
The fee includes the lectures, 
numerous handouts, LRFO edu
cational software, and dinner. 

For more information , ca ll 
AISC at 312/670-5422 or fax 
3121670-5403. 

LOADS OF 
INFORMATION. 
Get the new, GO-Year 
Steel Joist Manual -
a must for building 
renovation. 

Whether you're an arch~ect . engineer 
or oontractor. this all-new. 318-page, 
6O-year Manual has everything you need 
to dete,,",ne load capacrtIOS In existing 
joist-supported structures built from 1928 
through 1988. Inside you'lI find: 

• the original 'K' series spacificatioos 
and load tables 

, joist girder SpeClflCatlOOS and 
weight tables 

• the complete expanded 'W senes 
load tables 

• suggested Investiigallve procedures 
and lime-saving data for use when 
analyzing existing structures 

• a complete listing of oommonly used 
live and dead loads throughout this 
period of lime 

Don't wait a moment longer. Fill out 
this ooupon 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 

_ Send me _ new 6O-year Steel 
Joist Manual(s) at $59.OOIper. 

Send me new SJI 
Catalogue(s) at S2O.00Iper. 
Total enctosed ______ _ 
Payment includes first class postage and 
handling and must aooompany order. 

Name _________ _ 
r~e _________ _ 
Company Na"'" ______ _ 
Address ________ _ 

City 
State _____ Z'" ___ _ 

~
allto: Managing Director 

Steel Joist Institute 
DiY.A-t 

t 205 48th Avenue North 
M rile Beach, SC 29577 
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ESSENTIALS OF LRFD 
An overview of LRFD as found in Part 2 

of the Manual of Steel Construction (1994) 

N
EARLY A DECADE AGO, THE AMERICAN INS1'ITU1'E O}O~ 

STEEL CONSTRUCTION, INC. (AISC) BEGAN AN INDUS· 
TRY-WIDE TRANSITION from Allowable Stress 

Design (ASo) to Load and Resistance Factor Design 
(LRFDI. 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 AlSC 
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) pec/fication for Structural Steel Buildings is 
the preferred Specification for the fabricated structura l 
steel industry. LRFD is a modern and technologically 
superior steel design specification. Its direct representa
tion ofultirnnte structural behavior is especially relevant 
for seismic design, design of frames with partially 
restrained connections. and composite systems design. [t 
offers engineers the opportunity to innovate in the 
analysis and design of highly reliable a nd 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. 

LRFD: AN INTRODUCTION 

THE PRIMARY OIlJE :rIVE OF THE LRFD SPECIFICATION 
IS TO PROVlDE A UNIFORM RELiABILITY for steel struc
tures under various loading conditions. This uni

formity cannot be obtained with the allowable stress 
design (ASDl format. 

The ASD method can he represented by the inequali· 
ty: 

rQ, !> R. / F.s. 

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 he expanded as follows: 

l:Q = Ihe maXimum (absolule valuel of Ihe combinallons 
0+ L' 
(D+L'+WI x 0.75' 
(O+L'+E) x 0.75' 

·0.75" tht rtclprocol of 1.33, 

in allowable trtren permitted 
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D-W when wind or earthquake III taken Bmwl· 
D-E tOlleously with IlkI' load 

where O,L', Wand E are, respectively, the effects of the 
dead, live, wind, and earthquake loads; total live load L 
= L + (L or 5 or RI 

L LIVe load due 10 ouupanty 
L, = Roof live load 
S - Snow load 
R = Nominal load due to inllidl 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 safeLy 
applied to the resistance. Because of the greater vari
ability and, hence, unpredictability of the live load and 
other loads in eomparison with the dead load, a umform 
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 dilTerent factors re/lect 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 he summarized by the formu· 
la: 

ryQ,!> <)iR. 
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 fnctor~. Values 
of ¢I and R,.. for columns, beams, etc. nrc provided 
throughout the LRFD Specification and will he covered 
here, as well. 

According to the LRFD Specification (Section A4 .11, 
r:Y,Q, = the m~lximum (absolute value) of th(' combinations 

1.40 (M· I I 
1.20+ l .bL+0.5(L, or S or R) (A4-21 
1.20+ l .b(L, Or S or RI+(0.5 L or 0.8WI (A4·31 
l.2D+1.3W+0.5L+0.5(L, or S or RI (M-41 
1.20 +/. I .OE+O.5L+0.2S (A4·51 
0.90 +/. (1.3W or 1.0EI (M·61 

(Exception: The load factor on L in combinations A4-3, 
A4-4, 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 psO. 

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, 19941. Where applicable, L should he 
determined from the reduced live load specified for the 
given member in the governing code. Earthquake loads 
should be from the AISC Seisnltl' ProvLSiolls {or 

tructural teel 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 

Ireduced 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 

THE FOLLOWING IS A BRIEF DISCUSSION OF THE BASIC 
CONCEPrS 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. n 

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. COther 
load combinations, with different vaJues of y, are appro
priate for serviceability; see Chapter L in the LRFD 
Specification and Commentary.) 

The A1SC 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 s imilar in format to the LRFD 
Specification, the A1SC 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. 
M-l D (during canst.; other loads not presenll 
M-2 l 
M-3 L, or S or R (a roof load) 
A4-4 W (acting in direction of D) 
A4-5 E (acting in direction of D) 
M-6 W or E (opposing D) 

The other loads, which are APr 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 t. Louis (ASCE Journal of Structural Division, Sept. 
1978) and reviewed by the A1SC Specification Advisory 
Committee. Test data were analyzed to determine the 
variability of each resistance. Ln 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 yie lding (Chapter D) 
$, = 0.75 for lensile fracture ( hapler D) 
$, = 0.85 for compression (Chapter E) 
$, = 0.90 for flexure (Chapter FI 
$, = 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 

ex pl a in th e correspondi ng chapters of the LRFD 
pecification . 

A. GENERAL PROV1SIONS 

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

Reference is made to the Gode of Standard Practice 
for Steel Buildings and Bridges (adopted in 1992 by 
A1SC), which appears with a Commentary in Part 6 of 
the LRFD Manual . The ode defines the practices and 
commonJy accepted standards in the structural steel fab
ricating industry. In the absence of other instructions in 
the contract documents, these trade practices govern the 
fabricat.ion 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
me rly Type 3) have been combined into one category, 
Type PR (partially restrained). "Rigid frami ng" (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 des igner 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 ofTer 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 II of the 
LRFD Manual. 

The yield stresses of the grades of structural s teel 
approved for use range from 36 ksi for the common A36 
steel to 100 ksi for A5H 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 arc: A572 for most applications, A529 

Modem Steel Construction 1 June 1995 / 25 



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Example A-l 

Given; Root beame;. WI6 ... J I. "p.1tro :'~O" n'fller~lo-cenlcr. 
support d ,up"romf'O"'d dOdd IOJd 01 40 P" Code 
"peciiled root are 10 p,1 do\\'nward Idu(' 10 toof live 
load, !lOO\\ or rdln) dnd 20 p"f upward Of do\., nward 
(dV(' to ..... mdl. Dt-ll"flTltne the CflIIC.lllo.1dmg for lRFD. 

Solution: 0 _ 11 pit + 40 p~f 'I( 7.n It. 
• (I 

e III I'll 

.210plf 

.140plf 

l 
Il,orSorRI 
W 
E 

'C2iI.dCaadz 
M·I 
A4·2 
Mol 

A4-4 

.0.4·5 

M·6d 
M·bb 

e 10 ",f x 7.0 ft. 
• 20 1"1 x 7.0 ft. 
.0 

F.J'lQun Lo.Jds 
141111 pin 
Imll 1'10 + 0+ 0.5e2 10 pin 
12e111 1'1(/ + 1.6 (1 10 1'10 + 
08<1401'10 
I WII pili + I 11140 pili + 
0+ 0.5'210 1'111 
!.l(J11 phi +0+ 0 + 
0.2(110 pin 
O.qllil 1'111 + I 31140 I'll' 
O.qIJII 1'111- I 1<140 pin 

z415plf 
.478plf 

.821 pll 

= 660 plf 

_ 41'i pit 
% 462 pit 
• ')8 ph 

The Crttil-ell f<lI..Ior('<I load combination ior dl .... lgn IS th(> 
third ...... Ith a 1(l1<11 i;loured lood 01821 pll 

Example A-2 

Given: The ax i,ll lo.uls on a bu tidinA ~ulumn rl'\uhing from Ihe 
code spcoftt.>d s(>rvi<;{' loads hJVC b('('n {ak ulatt'd dS: 

100 kips from dl'.lCl lo<lCl, 150 kips from (t{'ducro) floor 
live load, 30 kips from the roof (L, or S Or RI, 60 ~i ps duc 
10 wind, and 50 kipc; duC' to earthquake. Determine the 
rl'quirl:'d slrpnKlh of 'hi" rolumn. 

Solution: Lwei. Wlll1U L1.uw:fii d-~iill , QiJd 
M· I I An no ~IP\) 140 k,p; 
M·2 1.211 00 k'l"l + 1.6' 110 k'p>1 + 

O. 'l! to kip"" )75 k,ps 
A4·]J 1.2, I 00 k'p<l + 1600 kip'1 + 

O. 5( I 50 "'-II"'I _ 143 kips 
Mlh 1..2( I on 1..11>'" + 1.600 kips} + 

O.8~hO klfhl -116klpci 
A4·4 1.2ll00klpCil+ 1.4160klp<;l+ 

O.1i1150 kip!.) ... O.5tJO kip') _ 288 kips 
M·5. 1.211 00 kip; I + 1.0(50 "p'1 + 

0.5I1>eH'p'1 + 0.2110 "p'1 a 251 kips 
M·lb 1.21100 klp\l • I.OCSO k,p\) + 

o. ;1150 k,p" + 0.2130 "p'1 = 15 1 k,p> 
A4~6.l O,q, lOOkiPSI + 1 .J(6() kip<;l _ 168 ~ips 

M·b!> (l.9I1oo kip" . 13(60 "p" Q 12 k,p' 
M·b< O.q, 100 k,p" + 10(50 "1"1 _140 kip!. 
M·bd 0.9<100 "pSl- 1.0(50 "p>1 a 40 kip' 

Th(1 rl'quirN'l 'ilrf'nglh oi !he (;olumn is ] i5 kips based 
on the '-<'Cond c.ombln.lIIOn of fae tored dxialloads. As 
nonc 0 / 'hC' r<">uitc; Ml' n<'gauvc, n('1 I('nsion n('('(1 not be 
cunsiderl-'d m tht· ci<>'iign of thl" (olumn. 

for thin-plate members only, and A242 and A588 weath
ering steels for atmospheric corrosion resistance. A 
more complete explanation is provided by TabJe J -J in 
Part 1 of the Manual. However, A36 is still normally 
specified for connection material, where no appreciable 
savings can be realized from higher strength steels. 

Complete and accurate drawings and specifications 
are necessary for all stages of steel construction. The 
requirements for design documents arc set forth in 
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SecLion A7 of the LRFD Specification and SecLion 3 of 
the AISC Gode 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 lables, 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 required 
strengths calculated from the factored load combinations 
and should be so noted. 

LoADS 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 I 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 elaslic 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 analysis using the faelored loads, However, to 
simplify this presentation, it is assumed that the more • 
prevalent elastic analysis option has been sleeted. 

B. DESIGN REQU[IU~"ENTS 

GROSS, NET, AND EFFECTIVE NET AREAs FOR TENSION 
MEMBERS 

The concept of effective net ares, which in earJier 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 nct area At is used 
instead. According to Section B3 of the LRFD 
Specification 

where 
A = AU • (83· 1) 

A = area as defined below 
U = reduction coefficient 

= 1 • ( x IL) less than or equal 10 0.9, 
or as defined in (c) or (dl (63-2) 

x = connection eccentricity. (See ommentary on the 
LRFD Specification, Section 83 and Figure ( ·83 .1) 

L = length of connection In the direction of loading 
a. When the forces are Iransmllled only by bolts 

A = A 
= net area of member, sq. In. 

b. When Ihe froces are lransmilled by longitudinal welds 
only or in combination with transverse welds 
A=A , 

= gross area of member, sq. 11) . 

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

d. When Ihe forces are Iransmilled 10 a plale by longiludinal 
welds along bolh edges of Ihe plale 
A = area of plale, sq. in . 
/0\\ 

For /02\v, U 1.00 

For 2w0 /01 .5w , U= 0 .87 

For I .S w > /0w , U=O.75 
where 
I = weld lenglhs 
w = plale widlh (dislance belween welds), in. 

In computing the net area for tension and shea r, the 
width of a bolt hole is taken as I/,,_in greater than the 
nomin al dimension of the hole, which , for sta ndard 
hol es, is I/,,_in larger than the diamete r of the bolt. 
Chains of holes, treated as in the past, are covered in 
Section B2 of the LRFD Specification. 

GROSS, NET, AND EFFEC'IWE NET AREAs 
FOR FLExuRAL MEMBERS 

Gross areas are used for elements in compression, in 
beams and column s. According to Section BlO 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 

IBI0-1) 

where 
AIJ = gross flange area, sq. in . 
A,; = nel flange area (deducting bolt holes), sq. in. 
F, = specified yield strenglh, ksi 
Fu = minimum tensile strength, ksi 

Otherwise, an effective tension flange area A,/# is used to ca l
culate flexural properties 

A - i!.... (810-3) " -6f
y

- -m 

LocAL B UCKLING 

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

· Tf 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. 

- If the width-thickhess ratio of at least one of its com
pres.sio~ elements exceeds Ap. but does not. exce dAr. the 
seetlon 1S noncom pact. 

- If the width-thickness ratio of any compression ele
ment exceeds A

r
• that element is called a slender com

pression element. 
Columns wit.h compact and noncom pact cross sections 

are covered by Chapter E of the LRFD Specification. 
Column cross sections with slender elements require t.he 
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 d es ign ed in accordance with 
Appendices B5.3, Fl andlor 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 8-1 , 
UmkJng Width-ThlcknHa Rat_ tOf ComprHaJon Et.m.rIts" -- Umltlng WlctItt-TtMckt~ .. "-tio. At. -- - ...... ....... FoI- Fy • 50 UI 

~ofl...,..and~ ." 85 / .. ,"" 02 

RwlgMof~ancI ~ _-.. ." 110 /~ Fr .. , 
W'IbIIn IrtxuraI ~ hI~ MO /~'F-, .. ~ 
wet. WI ~"1aOI WId axial - hI~ ~"'F,- ~~ - ~ Wldttt-Thk:u-, ~)... 

Column 1:I'1MnI Thk:u...A.uo o.n.r.l For F., . 50 .... 1 

AangH 011 ~ and chIInnM 
WId P"* ~!rom --- 01' tsNF, ". 
w... 1n"'~ hI~ 2S3tVF, lIlA 

~,, ___ "". _I.AFt)~s-. ........ , 
-n._'~ ___ oI"~"*'I''''''''.lo1''LAFO~ 

-..!L.. 1- - ' - 1 I 
b 

FlIJure B I: Dtfjndioml o(w,dths (b ond hi (or UIM' u·,th Tob/I.' 8-1 

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 di stribution. In actual 
practice, such cases are not common and can be easi ly 
avoided by designing so that: 

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

• for columns, the width-thickness ~atios of a ll ele
ments less than or equal to A . 

Table B-1, which is an ab~idged version of Table B5. 1 
in the LRFD Specification, should be useful for this pur
pose. The formula s for )" for beam e)ements and)" for 
column elements are tabu'atcd , together wit.h the cc{rre
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 structura l shapes 
are stated in Section B5 of the LRFD pecification. They 
are shown graphically in Figure 8 -1. Compact s('Ction 
criteria for W shapes and other (·shaped cross sections 
are li sted in the Properties Tables in Pa rt 1 of LRFD 
Manual. 
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LIMITING SLENDERNESS RATIOS 

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

For members whose design is based on tensile force, 
the s lenderness ratio I/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 = diSiance between points of lateral support (I or I ), in. 

= radius of gyration (r
K 

or ry)' in. K y 

C. FRAMES AND OTHER STRUCTURES 

SECOND ORDER En'ECTS 

As stated in Section Cl 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 il' the required fl exural strength, 
tbe LRFD Specification (in Section CI ) presents the fol 
lowing simplified method : 

M il = BIMI1I + B2M II 
The components of the total factored moment, deter

mined from a first order elastic analysis (neglecting sec
ond order effects) are ctivided into two groups, M n, and 
M it. Each group is in turn multiplied by a magnification 
factor 8 , or 82 and the results are added to approximate 
the actual seco nd order factored moment M . (Th e 
method, as explained here, is valid where the ~oment 
connections are Type FR, fully restrained. The analysis 
for Type PR, or partially restrained, moment connections 
is beyond the scope of this section.) 

Beam-columns are generally columns in fram es, 
which are either braced (Mit equa ls 0) or un braced (Mit not 
equal to 0). Mnt is the moment in the member assuming 
there is no lateral trans lation of the fra me; Ml' is the 
moment due to latera l translation . M nl inclUdes 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 Mit; i.e. , due to lateral transla
tion. If both the frame and its vertical loads are sym
metric, M it 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 it 

is not. equal to o. The procedure for obtaining M il in this 
case Involves: 
a. applying fictitious horizontal reactions at each floor 

level to prevent laterallranslation, and 
b. using the reverse of these reactions as the "sway forces" 

for determining Mil. 
In general, Mit for an unbraced frame is the sum of 

the moments due to the lateral loads and these "sway 
forces,'" as illustrated in Figure C-l. 

The magnification factors applied to M. and M, 
are, respectively, 8, and 81" As shown in Figure C-2, B 
accounts for the secondary PO member effect in a d 
fram es (including sway-inhibited) and B1 covers the P.1 
story effect in unbraced frames. The expressions for Bl 
and 8, follow: 

(C l-2) 
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where: 
P

u 
= the factored axia l compressive force on the 

member, kips 
Pf'1 = Pf' as listed in Table e-1 as a function of the 

slenderness ratio KI/r, with effective length factor K = 
1.0 and considering Vr in the plane of bending only 

= unbraced length of the member, in. 
r = radius of gyration of Is cross section, in . 
em = a coeffi cient to be taken as follows: 

a.For compression members not subject to transverse 
loading between their supports in the plane of bending, 

C
m 

= 0.6 - O.4(M,/M,I (Ct-3) 
where M/M

1 
is the ratio of the sma ller 10 larger moment 

at the ends of that portion of the member unbraced in 
the plane of bend ing under consideration. M/ M

l 
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 em can be 
determined by rational analysis, or the following va lues 
may be used: 
for members with ends restrained against 
rotation: C

m 
= 0.85 

for members wi th ends unrestrained against 
rotation: em = 1.0 

Two alternative equations are given for B2 in the 
LRFD Specification: 

where 

82 = -_1 -
1 :EP" (~oh) 

:EH L 

B - t 
2 - :EP 1 ___ " 

r.P,.2 

(C l-4) 

(Cl -5) 

!:P
u 

= required axial strength of a ll columns in a story, i.e., 
the total factored load above that level , kips 

.10t0 = translational deflection of the story under 
considerat ion, in. 

!:H = sum o( a ll story horizontal forces producing .1on, kips 
!:Pl'l = The summation of Pf'2 for all rigid col umns in a story; 

Pf'2 is determined (rom Table C-1, considering the 
actual slenderness ratio KI/r o( each column in its 
plane of bending 

K = effect ive length factor (see below) 
Of the two expressions for B , the first (Equation Cl-

4) is better suited for design omce practice. The quanti
ty (~Oh I L) is the story drift index. For many structures, 
particularly ta1l buildings, a maximum drift index is one 
of the design criteria. Using this value in Equation Cl-4 
will facilitate the evaluation of B,. 

In general, two values of 8z 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 
81 are needed for biaxial bending. Using Equations Cl-l 
through Cl-5, the appropriate M u and M il\' a re deter
mined for each column. 

EFFECTIVE L ENGTH 

As in previous editions of the AlSC Specification , the 
effective length of KI is used (instead of the actual 
unbraced length I) 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 aJ'e 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 /0 Stability Design 
Criteria {or 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 morc 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 unhraced frames. In braced frames, s ides way is 
inhibited by attachment to diagonal bracing or shear 
waUs. Cases a, h, 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 c, 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. 

v, liP, liP, R, V,+R, 
I I 

V; IP ' iP' R; V2+R2 

VJ 
I t liP' R, VJ+R, 

I -~ I 
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Fjgu~ C-2: Illustrations ofseronclary effects 

"LEANtNG" COLUMNS 

The concept of the "leaning" column, a lthough 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 
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columns in other parts of t he structure for stability. In 
a nalyzing and designing unbraced frames. the effects of 
the leaning columns must be considered (as required by 
Section C2 .2 of the LRFD Specification). For fur ther 
information t he reader is referred to: 
11) Part 3 of the Manual. 
(2) the Commentary on the lRFD Specification, Section 2, 

and 
(3) a paper on this subject (Geschwindner, 1993, AISC 

Engineering Journal, 2nd Quarter, 1995). 

Part Two of "Essen tial s Of L R FD" will 
appear in the July issue of Mod ern Steel 
Construction and will d iscuss 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 

I 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." 

B ORN To B E 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 fmy 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. "] 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 
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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 
[Lrm'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 wou Id 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 of the Cowboy Hall of Fame 
in Oklahoma City. To house the famous "End of Trail Sculpture" by 
James Earle Fraser---cne of the most copied 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 LIt 

the middle and provented from collapsing through a unique combina
tion of two hidden interior columns, a free-standing exterior space
frame structure and the attachment of a continuous steel tension plate 
to the severed edges of the slab. The combination resists all vertLeal 
and horizontal forces and prevented any damaging movem nts and 
deflections both during construction and in the future. 
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Pictured above 
is a view of the 
exposed roof in 
Concourse "e" 
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 
uHero" 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 

32 J Modern Steel Construction I June 1995 

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 roor' 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 Wcingardt. 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 differentia l 
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 
CECCo 

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 wh ich an old sec-
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• tion was sealed ofT and renovat
ed. "That was a pretty special 
project. The passengers never 
even knew what was happen
ing." 

Wltile 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 economica lly successful 
and resulted in happy clients. 

MARKETER EXEMPLAR 

Weinga rdt'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 you. The basic core 
philosophy we have is: People do 
business with people they know." 

To accom plish this, RWC does 
everything from se nding out 
newsletters and brochures to set
ting up meetings with potential 
clients. Because some clients are 
"wary of getting to kn ow some
one new," these presentations 

~ RAMSBEAM <II 
Guaranteed to be the BEST beam program 
ever or your money back! 
RAMSBEAM, a single steel /steel composite 
beam program utili?ing a Windows graphical 
interface. Features: ASD or LRFD; vibration 
ana lysis; checks existing framing or optimizes 
new. Allows for depth restrictions, cantilever 
beams; partial or full composite and unbraced 
flange conditions; includes Sf/ Metric units. 

Special Limited Time Offer $150 

Ram Analysis 
5315 Avenida Encinas, SUite 220 

Carlsbad, CA 92008 
Tel. 800-726-7789 · fax. 619-431-5214 
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FREE 
DEMO! 

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. 

STEEL DETAILING 
with AutoCAD® 

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

• a.ams· Columns' Plan •• EI ..... tion. 
• Stairs • TNn ••• Hand Rail· Spandrl' Angle. 
• Caged Ladde,.. • Ship ladd.,., Piperackl 
• Sloping Beams· Curved S.ems • Frames 
• Gu ••• ' Plales • Bracing · Tempi.' •• 
and Iny other drawing. Iha' you might 
nMd 10 ,.bfia,te Structural $1'" or MisclllaMOlll melal. 

ShHl Fom'IIt, Bill of .... ,.ri .. form.l. detailing 
and , •• , Ily'n can be modified by the UHf. 

Programs for cutting 111'1, In .... ntory control, 
Unear n .. ting (Multlng) end non·symelricI' bracing. 

C/lJ/ Tod., I 
For f",.'nformetion lIbout the .'-'1""11 aolfw •• tMt ;. 
the mo.t co.' eHeel/v. MJd _,;'.1 to II!I • . 

COMPUTER DETAILING CORPORATION 
".s.r-~fvr!ltHlFHnu'or.MtdOlH""" 

80 s.cond Street Pike · SUit. to 
Southamploo, PA 18966 

215-355-6003 
F1UI21S-35s.6210 

eMeil70655 
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are planned around the question: 
"What can RWC ofTer this client 
that another company hasn 't 
already approached them with?" 

Many of the meeti ngs resu I t 
from "cold calls" that are made 
by the principals themselves. 
"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 lO-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 
spent on manhours and materi
als for marketing. By compari
son, a 1994 survey by the Society 
for Marketing Professional 

Making the Difference When Performance, 
Reputation and Quality Count. 

Registered head markings on all 
structural and machine bolts. 

eee®~ 
A-307 -A A-449 A-307 -8 A-325 A-325 

'TYPO 1 Type 3 

All products made from steel melted 
and manufactured In the U.S.A. 

- FULL TRACEABILITY 
- LOT CONTROL 

- CERTIFICATIONS 

St. Louis Screw & Bolt Company 
6900 N. Broadway St. Louis, MO 63147 U.S.A. 

1-800-237-7059/(314)389- 7500/FAX (314)389-7510 
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• pIe, he says, attribute the total 
design of buildings to architects 
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 a lso 
become more visible in their 
communities. 

To facilitate this, Weingardt 
wants to establish four task 
forces to implement what he 
calls the four I's: Investment, 
I nvolvement, Impact and 
Imagination. The first group will 
focus on what investments 
ACEC members need to make to 
improve the quality of their 
work. The second unit will 
encourage engineers to become 
more involved in ACEC activities 
and to recruit new members. The 
third group will focus on how 
consulting engineers deal with 
the media and the general com
munity. The fourth group will 

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

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 t h ink we're 
going to see a lot of private/pub
lic ventures to get projects 
underway. I can see structural 
engineers as leaders in t hose 
arenas. I 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 pres ident, he plan s to 
come back to his firm and partic
ipate in this international expan
sion. To accomplis h t hi s, h e 

I 
plans to build upon the part ner
ships RWC has a lready made 
with private companies that do 
work overseas. RWC has a lready 
do ne work in R uss ia, Sou t h 
Kor ea, Ta iwa n, Sa udi Ara bia, 
and several other countries. 

As co u ld be expected , 
Wei ngardt a lso has a vision for 
the entire engin eering communi
ty. 

"J thi nk consulting engineers 
many ti mes react to t he world 
a round t hem-the new legis la
tion, the new regulators, the new 
marketplace. I'd like us to better 
prepa re for t he fut ure so t hat 
we're in a proactive stance. I'd 
like to get us better aware of how 
we can set or predi ct t h e 
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. 

StruCAD*3D 
The Flagship Product for 3D 
Structural Analysis and Design 

True 3D Interactive Design and Interactive Modeling 
User Friendly Pop·Up & Pull-Down Menu Systems 
Full 3D Geometry and Load Generation 
Complete 3D FEM Analysis and Design 
Interactive Graphics Preprocessing & Postprocessing 
AISC-ASD & LRFD, API-WSD & LRFD, ACI-31B Codes 
Reinforced Concrete DeSign and Code Checks 
TorSion Design Checks with Warping Stresses 
Deflections, Shear, and Bending Moment Diagrams 
Automatic Wave, Wind, GraVity, Buoyancy, and Inertia 
Load Generation 
StatiC, DynamiC, Seismic, and Pile-Soli AnalysIs 
Steady State Machine Vibration Analysis 
P-Oelta and Thermal Analysis 
2D and 3D AutoCAD DXF Interface 
Detailed Deterministic and Spectral Fatigue Analysis 
Capacities up to 6.000 Nodes (38.000 DOF). 12,000 
Elements, 200 BaSIC and 200 Combined Load Cases 
Many Industry-Specific Modular Packages Available 

Prices Begin 
At Only $249 Educational 

Version 

Includes Technical Support & Complete Documentation 

Capability 

Zentech, Inc. 
8582 Katy Freeway #205 
Houston, Texas 77024 
rei (713) 984-9171 
Fax (713) 984·9175 
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74012 56@compuservecom 
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Zentech London 
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When it really pays to participate ... 
16.2% Dividend 

Recently, the CNA Insurance Compan ies distributed 
$2,100,000 in dividends to participants in the AISC 
safety group dividend program for the 1993·94 policy 
year. This is the third consecutive dividend CNA 
has declared for the AISC program. 

These dividends are directly related to the close 
relationship we have had with AISC since 1989. 

By working with your association, we have come 
to understand the risks of your business. Through 

the combined safety efforts of AISC, CNA and plan 
participants, losses have been kept low, making 
these dividends possible. 

All firms that participated in the AlSC safety group 
dividend plan for the 1993·94 policy year received a 
dividend." For some firms, this was their third div· 
idend in a row. If you are a fabr icator looking for 
the best service and coverage availab le, AISC and 
CNA bring it to you . Call 1·800·CNA·6241. 

• Based on efficient control 01 losses. Sufety dividends.uvailable in most stat('!<;. arc declared by the CNA Board 01 Dirt'(:tol', and rBrlno\ !>t' guarante\-od 

• 

• 

CNA • 
For All the Commitments You Make-

The CNA Insurance CompanIeS undetwfrhng thIS program w.tl vary ace ::.rdlng to the coverage Ava.lable In the COni nef1ta U S only ~ "lffipan <UOt - '1Oef)!.o\ Jly 
Company. TranscontJnentallosurance Company Transport"" 11"1 Insurance Company and Valley Forge Insurance Company CNA F'llilaICtu ~go IL 60685 
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• Services states that the average 
firm spends only 2.5% of its rev
enue on marketing. 

Advisory Board a t the University 
of Denve r. He is a member of 
s uch or ganiza tion s as th e 
Am e ri can Society of Civil 
Enginee rs, the National Society 
of Profess ional Engineers, 
Profess ion a l Engin ee r s of 
Colora do a nd th e Structural 
En gin ee r s Associ a tion of 
Colorado. 

Weingardt's ma rketing acu
me n is deep ly a dmired a nd 
a ppreciated by the people who 
work wit h him. "For a company 
a s sma ll as his to get as much 
market and stay in business as 
long as he has is a credit to his 
a bility to market it," says J im 
Bradburn. 

J erry Ser acuse agrees. "I f I 
wa s as a good a markete r as 
Rich Weingardt, I'd be the happi
est guy in the world ." 

PROFESSIONAL INvOLVEMENT 

Weingard t 's involvement in 
engi neering extends far beyond 
his own company. His public ser
vice endeavors include working 
on the Engi neering Development 
Coun ci l at t h e Unive r s ity of 
Colorad o at Boulde r , the 
Engineering Advisory Council at 
the Unive rs ity of Colora do a t 
Denve r a nd th e Enginee ring 

According to colleagues, lead
e r s hip is nothing n ew to 
We in ga rdt . "He has a lways 
loo ked for rol es of leaders hip 
that enable him to promote the 
profess ion and to att end to the 
issues that affect the engi neer
ing field," Davis said. 

Currently, Weingardt's prima
r y co mmitme n t is se rving a s 
presid e n t of t h e Am e rican 
Consulting Enginee rs Council 
(ACE C), a term which began just 
last mon t h . As president-elect 
during the past year , he spent 
much time in Washington , DC, 
doing what he terms "a full-time 
j ob" meeting with officials on 

The Gerald Ford Amphi
theatre in Vail, CO, 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. 

WHEN THERE'S NO ROOM FOR DOUBT ... 

oM ~ OIArtnas "800 "' .. Arena. HcrTeOlI!l!: 1994 N.1II1J1a1 ~t~'dtlaII c~ Erlgine!mgIleslQnIlSllllGTSTlWl 
k~~~~01tlf~ 
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Tonight, a handful of players, coaches, and 18,000 
fans will be lumping, stomping, and cheering ... 

Take a moment to think about those 
design calculations. 

Now is not the time to questIOn the accuracy 01 your 
anatyses or the soundness of the deSign results 
GT STRUDl, the wortd's premier structure analySis and 
deSign software, gives the accuracy you need, great 
versatility, and the highest user support ratmg 10 
the industry 

Alilhe power for the most complex designs. 
It's all Included with GT STRUDl. 

SO SIT BACK. EIJOY THE GAME. 
YOU USED THE RIGHT TOOL. 

GTSTRUDL® 
Q/ltllin' f'ng/lletrin,~ demell/tis lhe lug/rfJI qualm' SOj"Wff 

For more information, please contact: 

TEL. 404.894.2260 FAX: 404.894.8014 
Computer Aided Structural Engineering Center 

Georgia In,ulute 01 Tc,hnology 



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 fralne 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. 

Please circle # 40 
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issues that affect consulting 
engineers-a schedule that he • 
doesn't expect to slacken this 
year. He also trave ls 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-

• 

• 



Sleel is nOI all brawn. il's much more. Wilh IOOay's sleel framing. grace. art and jllllctioll can COme 
logelher in almo,1 limille" way, Ihank, 10: 

• High qrcnglh-Io-weiglll ralio of 'Ieel 
• The abililY 10 curve and ,hapc "cel mcmbers 
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AN ALTERNATIVE To 
JOIST GIRDERS 

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

W
ITH ONLY TWO MAJOR SUP
PL I ERS 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 
canti levered 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 schedu le; 

• economy of sea Ie when more 
work is performed by the steel 
fabricator; 

• no stiffeners required on simple 
spans; 

• a sma ller beam depth than with 
joist gi rders, so the overa ll 
dimensions of a building may be 
reduced; 

• greater versatility in carrying con
centrated loads; and 

• reinforcement can be easily 
accomplished if fulure 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 shou ld be verified 

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

DESIGN PARAMETERS .ANn 
L~l1TATIONS 

Many specific parameters and 
limitations go into the design of 
any structural member. Imposed 
loadings caused by earthquake, 
wind, snow, rain , construction 
methods , etc., 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 require ments for ser
viceability, strength, lateral sta
bility of individual elements, and 
the lateral resi s tance of the 
building all contribute to the 
design of a safe and effici e nt 
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 prese nted a re 
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 des ign tables 
are based on the following para
meters: 

• l oad and Resistance Factor 
Design Specification, December 
1, 1994 

• Roof loading is uniform on all 
spans 

• 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 arc to have suffi
cient strength and rigidity to pro
vide lateral torsional restraint of 
the girder 

• Joists are uniformly spaced 
between columns 

• Gi rder webs have been checked 
for st iffener requirements and 
noted on ly if required 

• Top of columns arc laterally sup
ported by the tie joists/girder 

• Columns may be wide fl ange, 
pipe, or tube having a rigid cap 
plate 12" (min.) in width longitu 
dinal to the girder 

• Column design, roof deck selec
tion is not part of this pr~enta
tion 

• Total load deflection IS limited to 
11240 of the girder span 

• Roof deck/joist system provides 
lateral support of the girder lOP 
flange 

Graphica lly, framing plan 
indicate joists that are "in-line" 
across the girders. Not a ll tabu
lated member flange widths wi ll 
allow this condition due to joist 
bearing criteria . Actual member 
sizes may be se lected with a 
wider flange or the joists may be 
staggered for full joist bearing 
and me mber economy . Final 
member selection is the respon
sibility of the engineer-of-record . 

Roof joi s t selections ar 
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 
cantilever and suspended girder 
system. 
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S ... 

"A" 

30' 

30' 

40' 

40' 

'0' 

SO' 

SO' 

S ... O,m Wide flange Member ~lln (~bI) Simple Span CondiUon 

"8" "C" lkam " I ~ Beam "II" lkam "III" DesignatIOn Spatl"C Deslgl\illon Lbs.lFI 

30' 6'.<)" WI6xJ1 WI·b22 WI6x26 18K" S'.<)" 28G6N7. IK 26 ± - -- -
S'.<); - -

40' 6'.<)" WISlI3S W!..M~ WISlI3S _ 24K1 28G6N9.SK lS .;L - -.- --
30' 6'.<)" r W2 • .sS Wl8ill W18l140 18K4 S'.<)" 32GSN1. IK c2? ± 
40' - - -

6'.<)" W24l162 W18l140 W2ll1.50 24K1 S'.<)" 36G8N9,~K 

:~;-- - -
SO' 6'.<)" W24l168 W21.sQ W24l1SS 26KI0 5·.Q" 4OG8N 12K 

-"'- .- -- - .--
40' 6'.<)" W27l184 r W24l168 W24l168 24K7 S'.()" ~ION9,SK 6S ± - 68:;-SO' 6'.()" WJOoo90 W24Jt76 WZ4l184 26KI0 5'.()" 52GIONI2K 

LRFD Cantileyer & Suspended Roof Girder System 

No Stlffr 
ReqUired 

Live Load = 12 psf 
Dead Load - 3S psf 

12:'" ___ 2" Typ 

8m "J" or "III" 
H , 

1 
i 
,~ 

W 

Exttrior Colymn Inttrior Colymn G inkr Splitt Plata 

Girder , ... SplICe SpllCt PlattS · A36 Mat'I • (I Ncar Side &. I fu Side) ConnetllOn at &tmor Column 
S ... S ... Dim, 3/4"'" A325N BoilS A36· Obi. Angle / 3/4". A23SN BoilS 

"A" "8" "C" Plate Size BoIu Double Angles BoIu 
I]l.HlIW IIRows. r O,C lluctnes.s II Haghl '!Rows 0 3" o.e, 

30' 30' 6'.<)" S1I6" ]I. 7" ]I. 0'·9" 2 1/4" II: 0'·8 112" 3 r-- -- ---
30' 40' 6'.<)" S/ 16" ]I. 10" II: 0'·9" 3 1/4" II: 0'· 11 In" • 
40' 30' 6'.<)" 5/16" I. 10" II 0' ,9" 3 114" I. 0'·11 In" • - - - -_._--
40' 40' 6'.<)" 5116" II 10" II 0',9" 3 1/4" II 0'·11 In" • -40' SO' 6'-{)" 5/ 16" .It 10" II 0' ·9" 3 1 /4"1.~' .. I_I~ • - ' - - --
SO' '0' 6'.<)" __ ~! 16" II 10" II 0'·9" 3 1_ 1i4" II O'_~ II 1/2" • -- ---
SO' SO' 6'.()" 5/ 16" II 13" II 0'·9" • 1/4" II O' · I! 112" • 



Grnk< J",~ SpI"" 

~"'" S"", "'m 
"A" "8" "C" 

10" 30' 6'.()" - 1-
10' 4ll' 6'.0" 

40' 30' 6'.()" -----r-
40' 40' 6'.0" - I- ... 
40' SO' 6'.()" ':.- -
<I) ' 40' 6'.()" 

-
<I)' SO' 6'.0" 

t "trior ColuIDn 

Recommended JOISt Sc:l«tlOl'l JOISI Gmkr RequlI'ed 
Wide FlMl&e Member De5ICn (50 hi) 

Beam -," Beam ·W Bam " III" Dc:s.gnaIKlft 

Wl6x31 

W16xJ6 

W21x50 

W2<tx.5S 

Wl4x62 

W27.84 

W27xtM 

No Shfrr 
Requllul 

W'4x22 Wl6x26 18KJ 

W,4lt22 ~16J1.31 2OK7 

Wl6x31 Wl8dS 18K] 

W18114() Wllx44 20K' 

W2100 Wl I ISO 26K9 -
W24xS!Ii W24X68 2OK7 

\Y24x62 W'24.76 26Kq 

Lh e Load - 20 psf 
D<ad I.ood - 20 p<f 
Wnw! Uphft - 14 psf 

12:'" 

I 
1 

i 
Inlrd oc Column 

-

Simple Span Co .... hllon 

Spaon& .,...."""'" 
S'.()" 2OG6N6_IK - --
S' ·O· 24G6N8.2K 

S'.()" 28G8N6.IK - --
S'.()" 32G8N8.2K --
S'.()" 36G8NIO.2K -
S'.()" 4OG1ON8.2K 

5'-0" 44GIONIO.2K 

..,_ 2* Typ. 

w 

H , 

Girdu Splice Mala 

Lbs.JH 

29_;_ 
}} ± 

17 ± 

'S ± 

SO ± 

" ± 
67 ± 

Glnkr J",~ Splice Splitt Plain A36 Mat'l • (I Ncar Side &. I Far SIde) Connec1lOf\ al Extenor Column 

S"'" S"", DIm. \/4". A12!1iN Bolu A}6 Dbl. An,le I 3/4". A2'~N RoIlS 

"A" "8" "C" Plate SIU 801u Double I\n,les 801 .. 
IxH.W 'Rows 0 r o.c:. ThICknc:u I Htlght '/RO'kI.]" o,c:. 

30' 10' 6'-0" !i116"" 7" II 0"·9" 2 IW J; 0',8 In- ,\ 
I -~, ,- --

JO' 6'..0-
1-' 

5116- .. 1- .. 0' ·9- -
_2 ___ , 1/4- II 0'·, IJr ) 

1-:'- 1-
1-:'"' ~ ~ 

6'..0" 5i16" ,. 10" ,. 0' ·9- ) 1/4" !Pi 0'·11 In" • 
.--~ - - . ~- 1-

40' 4ll' 6'.0" .5/16" ,. 10- ,. 0'·9" } 1/"" .. 0'·11 In" • 1- -' ---- --
40' SO' 6'.0" 5/ 16" ,. 10" ,. 0' ·9" ) 1/4" ,. 0'· \1 In" • - -- - ---
<I)' 40' 6'.0- 5/16" ,. I)" ,. 0' ·9" 4 1/4" ,. 0'·11 112" • ,-, ,- ,-----
~O' ~O' 6',0- :'\/16" x 13" II: 0' ·1)" 4 1/4" II: 0'· 11 112" • 



-I 

"." 
1 

"." 

Glnkr 

LRFD Cantilever & Suspegded Roof Girder System 

Uve Load • 30 psr 
Dead I...oad - 18 psi" 
Wind Uplift - 14 psf 

rM'llTrr 
I I I 

IIjoo!o ,," -.,-
~ ~ 

Ai 
v ~L" 1 

~ -
"A" "A" "A" 

Joou SpI« R<a!m""""'" JOist SckctlOll 

"A" 

I 
'\I1~ 

JOist Girder Required 
Sp'" S"," D,m WKk: Aan&c Member OHLin (SO lui) Simple Span COClchl1On 

"A" 

"." 
"C" Beam -I" Bwn "II" Beam "III" DesIgnatIOn 51"<'''' DesI&natlOfl LbsJ Ft . 

JO' JO' 6' .()" WIfu.31 .. WI4d2 WIW6 10K' S'.()" 24G6N1.7K J2 ± --- -,---
JO' 4<)' 6'.()" WIS.3S WI6x:26 WI8dS 24K7 S'.()- 24G6NIOK J9 ± 

I-- --- -, --
4<)' JO' 6'.()" W24rlS WISx35 WISx40 10K' S'.()" 28GSN8K 47 ± - ---
4<)' 4<)' 6' .()" W24x62 WISx40 W'/lrlO 24K7 S'.()" 32GSNIOK 51 ± -- --- - - --
4<)' SO' 6'.()" W24x6IJ W2lrlO W24x5S 26KIO S'..o" 4OGSN13K S6 ± 
j- --- --- ---

SO' 4<) ' 6'.()" W27x84 W24x68 W2·h68 24K7 5"..0" 4OG10N10"IK (I; ± 
~ 

-, -------- ---.--
SO' SO' W](h90 W24lt76 W24lt84 26K10 S'..o" 48GIONIJK n ± 

LRFp CantjIeyer & Suspended Roof Girder System 

G,_ 

8m "," .,.,. 

• 

r.xtaior CpluOln 

Bm 

I-
No StLfrr 
Requum 

Uve Load - JO psr 
Dead Load - 18 psf 

Wu'ld Uplift _ 14 psf 

lr_ 

I" '" ~w 
.. 

If -1 
IQln1qr 'okyna 

Joou Splitt Splitt Plates · AJ6 Mat'I • (1 Near SLde &It I Far Side) 

l"Typ, -,-

w --

H 
1 

Girdtt Spike MaICj!i 

8m "W 

Connection at &Icnor Column 
S"," S"," Dim. 3/4". A325N Bolu A36 • ObI. ... ",Ie I 3/4-. ... 23SN BoIu 

"A" "8" "C Plate Size BoIu Double "'nlles BoIu 
IlH.W IfRows. 3" o .c. lll1ckncss • HCleM IlRows • 3" o .c. 

JO' JO' 6'.()" 5116" x 7" It 0'·9" 2 1/4- It 0'·8 1/2" ) 

JO' 4<) ' 6''()" 5116" It 10" I 0'·9" ) 114" It 0'· 11 In" • 
4<)' JO' 6'.()" Sl16" It 10" x 0'·9" ) 1/4- It 0'· 11 1/2" • 
.0' '0' 6'.()" 5116- It 10" • 0'·9- ) 114" It 0'· 11 112" • 
4<)' SO' 6'.()" 5/ 16" It 10" Jt 0'·9" ) 1/4" Jt 0"· 11 112" • ---
SO' 4<) ' 6'.()" 5116" It 10" It 0' -9" ) 1/4".0'·11 112" • - - --- -
SO' SO' 6"..0- 5116" It 13" • 0' ·9" • 114" Jt 0'· 11 IIr • 



.-
. ' 

>
c 
o -c .;: 
Co ... 
o 
~ 
Co 
>--

.:?:-
c 
o -c .;: 
Co ... 
o 
~ 
Co 
>--

• • • • • 

-
-
.. ,~ -
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LRFD Cantileyer & Suspended Roof Girder System 

1"c" ~ -1--
"A" "A" 

Live Load = 30 psf 
Dead Load - 35 psf 

"A" 

1 
"A" 

Gmkr JOist Splice Recommended JOist SeJection Joist Gutler Required 
S"'" S"'" Dim. W.de Flange Member Design (SO ksi) Simple Span Condition 

'A' 'B' 'C' Beam "," Beam ~ II " Beam "IW Designation Spacing Designation Lbs.lFt. 

30' 30' 6'-0" WI8x3S WI6K.JI Wl8x35 24K4 5'-0" 28G6NIOK 35 ± .. 
30' • 0' 6'-0" W2lx44 Wlax3S WISx40 26K9 5'-0' 32G6NI3.2K '2 ± --_. ---- ... _ ._-- -------, _ ..... _. __ .. ---
40' 30' 6'-0' W24x62 W21x44 W21x44 24K4 .5'-0" 32G8N IOK 51 ± ---
40' '0' 6'-0' W24x68 W2lx50 W24x5S 26K9 S'..o" 32G8NIJ.2K 66 ± 
'0' SO' 6'-0" W27x84 W24x62 __ w~~ 32LH6 5'-0" 4OG8N 16.4K Tl ± -'- .~ ----- ._ .. _. __ .. _._--_. ---- _ .. __ .. __ ._-_.- ... _,,-
SO' 

50' 

GIrder 
5"", 

'A' 

30' -
30' 

'0' 

40' 
-

40' 

SO' 
r---

50' 

'0' ~ W24x76 W27X84 26K9 .5'-0" SZG IONI3 .2K 75 ± -
50' 6·...()· W3Ox116 W27x84 W3Ch99 32LH6 5'-0" 6OCi IONI6.4 K 79 

LRED Cantileyer & Suspended Roof Girder System 

1'0 
, , 

Live Load = 30 psf 
Dead Load - 35 psf 

,..J.Y 
0/ • 

12" TJ1>, 

~"" • ... 
~: 8m "," .,. 8m ~ I · or ~ 111 · 

" 
Bm "' " or "III " [ ::'1 1- ' H 

Bm "II" 

I I • 1" 
, 

i No Sliffr I 
~ 

ReqUIred 

'0 
W 

Exterior Column Inlrrjor Colymn .GioItt.SpUce Plales 

JOIst Splice SplIce Plates - 11.36 Mat'I - (I Near Side & I Far Side) Connection at Exterior Column 

S"'" DIm. 3/4"iP A325N Bolts A36 - Obi. Angle I 3/4"iP A235N BoilS 

'B' 'C' Plate Size BoI" Double Angles Bolls 
t)l, H)I, W "Rows @ 3" O.c. l1uckness )I, HClght ItRows@ J" O.c. 

30' 6'-0' 5116" )I, 7" )I, 0'-9" 2 1/4" )I, 0' -8 1/2" 3 ,----,- ---. - --
40' 6'.(1' 5116" )I, 10" )I, 0'-9" 3 114" )I, 0' -8 In" ) 

30' 6'-0' 5116" )I, 10" )I, 0'-9" 3 1/4" )I, 0'· 11 In" • 
40' 6'-0" 5116" )I, 10" x 0'·9" 3 1/4" x 0'· 11 1/2" • ------- -------_. ---,------,--
SO' 6'.(1' 5116" x 10" x 0'-9" 3 1/4" x 0'-1 I 1f2" • ._-r-
40' 6'-0' 318" )I, 13" II 0'-9" • 5/16" )I, 1'·2 112" 5 

1-'-'- - ---- ----,--
50' 6'..{l" 3/S" )I, 13" II 0'-9" • 5116" II 1'-2112" 5 



lRFD CANTILEVER & SUSPENDED ROOF GIRDER SYSTEM 

DESIGN EXAMPLES 
MEMBER D ESIGN 

Giuen: 

Girder span 
Joist span 
Fy 
Live load 
Dead load 
Wind uplift 

Solution: 

= 40 ft. 
= 30 ft. @ 5 ft. spacing 
= 50 ksi 
= 12 psf 
= 18 psf 
= 14 psf 

Calculate factored loading: 
Live load = 12 x 5 = 60 plf 
Dead load = 18 x 5 = 90 plf 
Wind Uplift = 14 x 5 = 70 plf 
Min. dead load (excl. HV AC, Elec. etc.) 

= 8 x 5 = 40 plf 
(self·weight of girder included in the computer analys is) 

Load Combination ( (! 2D + 1 6L)' 
LRFO 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!! ( 90 + 1 3Wl' 
Factored Loading = .9(40) - 1.3(70) 

= -55 plf 
Point loads on girder = 0.055 x 30 

= 1.65 kips t 

Member I Design: 

Load Combination I 
From computer analysis , +M",mlIX :::: 207 kip-ft., L" = 5 ft. 
and -M,.m~ = 138 kip-fl., L, = 6 fl. 
From the LRFD Manual Vol. I, Load Factor Design Table, 
W18x35 has ¢Mp = 249 kip-ft. with Lp = 4.3 ft., BF = 10.7 
kips. By inspection, the positive moment will control. 
Find capacity ofW18x35 for L. = 5 fl. 

¢M. = 249 - 10.7(5-4.3) = 241.5 kip-ft. > 207 kip-ft. o.k. 

Total service load deflection exceeds Ll240 for W18x35, 
therefore use W18x40. 

Load Combination 11 
From computer analysis, -MII,max = 46.2 kips-ft. , 
L. = 35 ft. 
From the Load Factor Design Selection Table, for 

W18x40, ¢Mp = 294 kip-ft., Lp = 4.5 fl., L, = 12.1 fl. 
Since L, 2. L" calculate ¢M. from LRFD Spec. Eqn. 
(Fl-13) with I , = 19.1 in.', J = 0.81 in.' , C. = 1440 in ', 
assume Cb :::: 1: 

'oM,' ifPrr.I 29000119.111 11 2001l0 .81 1 

= 44.6 < 46.2 kip - ft . n.g. 

Use: W21x44 for Member 1 

Member II Design: 

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

Total service load deflection exceeds Ll240 for W12x26 
and W16x16, therefore use W16x31. 

Load Combinatioo 11 
From computer analysis, -M",m(U:::: 30.8 kip-ft. and L" :::: 
28 ft. > L, = 11.0 ft. for W16x31. Check W16x31 using 
LRFD Spec. Eqn. (Fl-13): ~. = 35.2 > 30.8 kip-ft. o.k. 

Use: W16x31 for Member II 

Member III Design: 

Load Combination I 
From computer analysis, +!1u..trWU :::: 138 Kip-ft., L" :::: 5 n. 
and -M,._ = 138 kip-ft., L, = 8.33 It. From the Load 
Factor Design Selection Table, for a W14x30, ~p = 177 
kip-ft., Lp = 5.3 ft. , L, = 13.7 ft. and BF = 6.06 kips. 
Negative moment controls and Lp < 8.33 < Lr, therefore, 

¢M. = 177 - 6.06(8.33 - 5.3) = 158.6> 138 kip-ft. o.k. 

Total service load deflection exceeds U240 for W 14x30, 
therefore use W16x31. 

Load Combination II 

From computer analysis, -M •. _ = 30.8 kip-ft., L, = 28.75 
ft . From Member II Design, ~. = 35.2 kip-ft. > 30.8 
o.k. 

Use: W16x31 for Member III 



SPLICE CONNECTION DESIGN 

I::: 2 in. - on all elements 
I II::: 2 in. - on all elements 
1 in. maximum between member ends 
5/16 in. minimum plate thickness 
ASTM A36 plate material, F, ~ 36 ksi, F, ~ 58 ksi 
3 in. bolt spacing 
'I, in ~ A325N bolts 
Minimum connection depth T/2 of connected members 
Minimum 2 bolt connection 
Boltedlbolted design 
R, ~ 16 kips (from computer analysis) 
W21x44 cantilevered member 
WI6x31 suspended member 

Solution: 

Check Bolts' 
Minimum connection plate depth to meet TI2 criteria ::: 
91

/ " in . ± minimum 3 bolt connection. 

¢r = 31.8 kips/bolt, double shear 
Eccentrically Loaded Bolt Group (LRFD Manual, 
Volume II, Table 8-18): 

e, = eJ2 = 512 = 2.5 in. 
n = 3 (first trial) 
C = 1.99 
oR" = 1.99 x 31.8 ~ 63.28 »16 kips o.k. 

Bearing on WI6x31 web material ILRFD Manual 
Volume II. Table 8-13): ' 

¢R" = C x (2.4dtF,) = 1.99 x (2.4 x 0.75 x 0.275 x 65) 
¢R" = 64.03 kips > 16 kips o.k. 

Shear on W16x31 LRFD Specification, Equation 1"2-1): 
oR = OO.6F, = 0.90 x 0.6 x 50 x (15.88 xO.275) 
oR" ~ 117.9 kips » 16 kips o.k. 

Net shear on splice plates (LRFD Specification, Equation 
J4-1): 

¢R. = OO.6F,A. ~ 0.75 x 0.6 x 58 x ((10-(3 x 
.8 125)) x 2 x .3125 

¢R" = 123.36 kips »16 kips 

Gross shear on splice plates (LRFD Specification, 
Equation 1"2-1): 

oR" = OO.6F = 0.90 x 0.6 x 36 x 
(10 x 2 x .3125) 

o.k. 

¢R" = 121.50 kips » 16 kips o.k. 

Block shear rupture on splice plates (LRFD Manual, 
Volume II . Table 8-47a,b & Table 8-48a,b): 

Table 8-47a coefficient = 68 
Table 8-47b coefficient = 137 
oR" = (68 + 137) x 2 x 0.3125 = 128.13 kips 

Table 8-48a coefficient = 152 

Table 8-48b coefficient = 54 
oR, = (152 + 54) x 2 x 0.3125 = 128.75 kips o.k. 

Flexural yield on splic plates (LRFD pecification, 
Chapter F): 

M, = R,eJ2 = 2.5 x 16 = 40 kip-in. 
S, ~ (t x H')/6 = (100 x 2 x .3 125)/6 = 10.42 in ' 
I'M, ~ ¢F,S, = 0.90 x 36 x 10.42 
¢M, = 33.50 kip-in. » 40 kip-in . o. k. 

Flexural rupture on splice plates (LRFO Manual , 
Volume 11 , Table 12-1): 

S, = 6.25 in.3 from Table 12-1 
(conservative by H = 9 in. in table) 

oM, = ¢F,S, ~ 0.75 x 58 x 6.25 
oM, = 271.87 kip-in. » 40 kip-in . o.k. 

DOUBLE ANGLE CONNECTION 
AT EXTERIOR COLUMN 

Given: 

l l' = P/4 in.-on connecting angles 
lit = 1'/2 in.-minimum 
II. in. minimum connection angles 
ASTM A36 plate material, F, ~ 36 ksi, F, = 58 ksi 
3 in. bolt spacing 
'I, in. ¢ A325N bolts 
Minimum connection depth TI2 of connected members 
Minimum 2 bolt connection 
Bolted I Bolted design 
R. = 25 kips ( from computer analysis) 
W21x44 member 

Solution: 

Double Angles (LRFD Manual, Volume II, Table 9-2): 
11 1/2 in . long connection required to meet TI2 criteria 
2-'/, in. angles with 4 rows 'I, in . ¢ A325N bolts 
¢R" = 104 kips » 25 kips o.k . 

Shear on W21x44 (LRFD Specification, Equation F-2): 
¢R, = ¢O.6F,A. ~ 0.90 x 0.65 x 50 x (20.66 x 0.350) 
oR, = 195.23 kips »25 kips o.k . 

Bearing on W21x44 web material (LRFD Manual, 
Volume II , Table 8-13) 

~R. = 87.8 x t x n ~ 87.8 x 0.35 x 4 
~R, = 122.92 kips > 25 kips o.k. 
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What is the compatibility of spray-applied 
fireproofing with shop primers? ................. ....... ...... ... .. ...... ........ ........... .. see page 1-11 

When must expansion joints be provided in steel structures? .. .. ... ....... . see page 1-13 

Where can I find a good primer on LRFD? ... .... ... .................. .................. see section 2 

How are single-angle struts designed? ...... ............ ............ .... ............ . see page 3-104 

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

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

How can the engineer-of-record determine if 
bolts are suitable for re-use? ................................................................ . see page 8-19 

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

What is the difference between a shim and a filler? ............................ see page 8-327 

How can I avoid problems with double connections? .......... .. .... .. ...... .... .. see page 9-9 

How is eccentricity considered in the design of shear splices? ...... .. ... see page 9-179 

Why are extended end-plate connections 
limited to static loading only? ...................................... .... ........ .. ... ........ see page 10-21 

When are stiffeners required at 
beam-to-column flange moment connections? .. .. .. .. .. .. .. .. .. .. .. .. .. .. ........ 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? ................ .. .......... .. .. ........ .. ...... .. .. .. . see page 12-11 

They're in here 
Call 800/644-2400 
Two-volume set only $132 
($99 for AISC members) 2nd Edition LRFD 

Manual of Steel Construction 
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- m 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 3121733-3107 

Join AISC and SAVE money starting TODAY! 
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: 
• Anyone 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) 

• ~~IT!(I fti;. 

In addition, members receive: 
• 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: 

3121670-5403 

al.~. Set t n 9 ~ ._ Standards For Over 70 Years 
• • 'l\1ii(o~ 
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STAAD3-2D 
State-of-the-art 20 Structural Analysis 

and Design Software 
for $595 

Research Engineers. Inc. 1\ proud to announce the arrival of 
STAAD3-2 0 , the most comprChC1l\IVe 20 St ruclUral Analysis 
and Design software in uJday'\ mUWMY. STAAD3-2D is the 20 
version of RE"s world famou~ \lrUclural ,oflware STAAD-III. 
EqUipped with powerful Analy~i"Del)ign, brilliant GUl. easy 
Visuali73tionNerification. and nexible Report/Query facilitie~. 
STAAD3-2D reprc\enls the true ~lalC-of-the-art in modem I)lruc
tural engineering. 

STAAD3·2 D ,uppor" STEEUCONCRETEITIMBER design 
per AISC (ASD & LRFD). ACI and AITC co(b. With a price lag 
of $595. it offers you the be,t va lue fo r all your 20 Mructura l 
needs. 

Research Engineers, Inc. 
22700 Savi Ranch 

Yorba Linda, CA 92687 

Help Wanted 
CHIEF DRAFTSMAN 

Well established AISC Certified Category II 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., na tion's leading stair and 
railing man ufacturer, is looking for engineers to 
perform calculations and loading analysis for 
prefabricated stair and ra il systems on a per 
project basis. Licensed engineers needed from all 
states. 

Toll Free: 1-800-FOR-RESE For further info, contact: 
Fax: (714) 974-4771 Mike Mathy at (708) 839-5880 

StruCAD*3D Comprehensive Review Manuals 
The Flag, hip Product for 3D S tructural Ana/yoi' & Design SE and PE (Civil) License 

• Pop-Up & Pull-Down Menus • Wind & GravIty Load Generation PE (Civil) six vol. (4200 ppJ, Calif Structural Engr (SE) five vol. 
• Truly Interactive 3D Graphics • Material Takeoff (4170 pp). C.V. Chelapati. Ph.D., Editor. Covers solution 

Pre· and Postprocessing • P·Dclta and Thermal Analysis techniques with several hundred solved problems. InvaJuable 
• 3D AutoCAD Interface lin & out) • Pile-Soillnt('raclion reference for PEISE exams. Highly acclaimed as excellent 
• AISC-ASD. AISC-LRFO, ACJ·318 · SeiRmic & Machine Vibration references for practicing engineers. 
• Reinforced Concrete Design • Detailed Fatigue Analysis 

Pn·ces start at only $249 Call1write for detailed brochures. PEDP, Inc .• 5912 Bolsa Ave .. 
Suite l08·MSC. Huntington Beach, CA 92649; 

• 

• 

Zente ch, Inc. 8582 Katy Freeway. '205, 1I0uston. TIl 77024 (714) 898-3658; Fax (714) 898-4635 • 
Tel (7 13) 984-917 1 Flllt (713) 984-9175 

----~------------~----------------Sb-uctw-a1 & Miscellaneous Steel Detailing CAD Progroms 
AutaCAO parnmetric USP prq;crarM for ~ng structural M'D mise. stLlel 

shop dmwings. AU programs Ivw(> been updntod for 1996 and new progn1DlII have 
been added. Anchor bolts to roof opening frames nnd -cverything betwcen~ 
Imperial and metric versions WIth USA. Cruwhnn and European steel soctions. 45-
DAY MO;'llEY BACK GUARANl,.:E. Discounts up to 30'1, Buy only what you 
need Used in the field for 8 yootll. I~ written by 8 detailer v.ith 39 years 
experience. ExtremeIy"'tlexible" prquM\I!. FREE ~ support.. No mainte
I18IlCe fee. Reasonable yearly upcbc fee. EXCEU.E.''T PR(XJRAMS at a REA
SONABLE PRICE. Call lira FREE demo <tisk. tistof~ and"..".. 

SSDCP 
110 Shady Oak Circle. Florence. MS 39073 

Tel: 6011845-2146 (fax same) 

HEWLETT-PACKARD 
ComputersiPeripherals 

A complete hne or used and refurbished HP Equipment to fill 
all your computer needs. Laser printers, scanners, disk drives, 
plotters (Draftpro, Drafimaster & Designjet>, PC's and 9000 
series workstations a re available fo r immediate delivery. Call 
our toll free number ror additional inrormat.ion and pricing. 

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

800-638-4833 fax (205) 591·1108 

Images-3D 
20-30 Structural/Finite Element Analysis 

Easy to learn and use Automesh Generation 
Shear & Moment Diagrams Static, Modal, Dynamic 
AISC Code Check Enforced Displacements 
Large Problems to 3,000 Jomts P-5 Analysib 

Complete Static Package-Only $795 
Celestial Software. 2150 Shattuck Ave., Suite 1200 

Berkeloy. CA 94704 
Tel: 510·843·0977 I Fax: 510·848·9849 

Fifty-node fully functional (,YAluation package for only $49.95 
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GTSTRUDL ADINA 
Static, Dynamic, Linear, Nonlinear & Pushover Analysis 
Straight & Curved Steel Bridge Model & Lond Generator 

SC Solutions, Inc. 
Tel (415) 903-5050 Fax (415) 691-9452 

SC-Bridge SC-Push3D 

Structural Software Solutions from Softdesk 
The World's Largest Developer for AutoCAD 

Softdesk Structural Plans & Ele vations 
• Comprr>henslvc liN oftools to create de8ign/construction drawingB 
• Automa.ted gcometry and annotation f~ntures based on material data 
Softdesk Detnils 

State-of-Ihc-art parametric program8 for creating structural details 
Supporta AlA CONCDOC formatting and keynoting 
wllink to spec files 
Customiznble material managementllystem stores, retrieves and 
scales detaihl drawings 

Softdesk Steel Detaile r 
• Parametric programs for generating IIhop 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 visualiwtion and error checking tools 
2·way link to STAAD-ITI for crt"ahng and updaong model 
automatically 
Automatic plan, 8('Ction, nnd elc\'ntion generations 

Call for a free brochure and preview disk! 
SoMesk, Inc., 7 Liberty Hill Road, Henniker, NH 03242 

Tel (603) 428·3191 ext. 95 Fax (603) 428-7901 
• 



• Shippmg In .l.Sfy '95 

• very eosy to leorn and UIe, be<ome a produdive Uler in just one cloy 
• extremely Imt, shorlens the (on(ept through de.ign cycle 

mmt JXlW"rlul on PC plotform - 3D fIM, bo<kling, nonlinear, P-deito, dynamic, 
3D moving loom. porometr. structures, phme (onstrudiom, US and loreign (odes 
buy the power you need, starn from 549 S ver~on -1 SO node/3D plus plote elements 

• no risle, 30 day money bock guarantee 

See for yOlKseK_ Have /un. Any questions? (al us. 1 ·800·60·ROBOT 

metrosofi 
ITIICIIIII,IIC 

H! I'lIttT\oIlAI'I '. 
f ., /( lI/fwrjord. NJ 07073 

Please circle 1# 51 

UMITfO WORKING VI/1!JJUN Of 1'lI0GRAIrI WITH PRf.RECOROfO EXAlrlPiB AVAIlABLE OVER 2000 USERS WORWWIO£ FOR MORE INFORIrIATION (AU 201-43B-4915 OR FAX TO 201 438-10SB 

r--------------------------------------------------------------------, : -0 Nome: I , > Compony: I , I 
I Address: Gty: State: lip: I 
II I Tel.: fox: 
, I 

10m: .J structural engineer, .J architect, .J edu<otor, .J dealer, .J other: I 
.J Please have a product spedol~t (all me .J Pleme send more inlormotion I 

I 0 .J Please send working demo version (limited to 25 elements and 25 nodesl, with recorded mO(lm 01 real design examples. Entlmed ~ a (he<k for 525 (plus I 
:, .. appli(oble Tax in NJ and NY). I have a system equal to or beMer than 3B6SX with moth (opro(essor, j 4 MB .J B MB RAM, 25 MB 01 free disk spo(e,VGA monitor. I 
... Melrosoh SlnKIures, In<. 332 Poterson Avenue, E. Rutt.erford. NJ 07073. Tel 201 438-4915, Fax 201438-7058. MSC I L ______ ____ ________________________________________ ~ 
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For ffiOI". lIlftSnation 

Computem. SlNctures. IDe. 
J9Q5 uruv~ Avenue 
Berkeley. mIlia 94704 
'I'lL: (110) 845-2177 
FAX: (510) 845-4096 
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