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

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

supports, Fu 
= 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 furnished in gages 
24, 26 and 28 are usually 
grade 80 steels which use a 
tensile strength (Fu) of 60 
ksi as limited by the AISI 
specifications. Either pull 

Scr~ d 
Size dla 

110 0.190 
#12 0.210 
114 0 .250 

dw 
nOIn head dliL 

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. 

Aver.al)t' te~ted. tt"f15Iie 
9trength, kips 

2.56 
3.62 
4.81 

No .. : In our ~ cata log ·Steel Decks for Floors and Roofs·, the ta bles on pages 33 and 35 are in the 
""ong place. Contact us for the needed co rrections or contact us for a copy of the corrected publication. 

~I~UI~~I~ MCIIOLAS J . BOURAS, INC. fl"'" ll'd II [1 
P.O. BOX 662, 47) SPRlNGF1EIJ) A VE. ( """,,10, ] • 
SUMMIT, NEW JERSEY 07902.()662 . SCI _. 
(908) 277-1617 
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® Grades 50 and 65. 
WIDE FLANGE & TAILOR - MADE BEAMS 

+ High Strength, Low Carbon, Fine Grain, Weldable Without Preheating & Good Ductility. 

+ Reduces Material, Handling, Transportation, Erection & Weldin g Costs. 

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

TRUSS APPLICATIONS 

• Sports arenas/Stadiums 
• a irports (J{al1garsFTe1Tl1inalsJ 
• COl1l1ention Centers 

• 9Y11111asiums 
Sfiopping ~"\[alls 

COLUMN APPLICATIONS 
All of the above PLUS: 

• J{igfi-'Rise CJ3 uildings 
• J{ospitals 
• J{eavy industrial ' plants 
• 'POltler 'plants 

HISTAR® is a registered trade-mark of AimED. 

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

. 25 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. (90S) 634-1400, Fax (90S) 634-3536. 

Please circle # 35 



MODERN STEEL 
CONSTRUCTION 

Volume 35, Number 5 May 1995 

FEATURES 

1995 N ATIONAL STEEL 
C ONSTRUCTION C ONFERENCE 

16 DESIGNING PETROCHEMICAL FACILITIES IN STEEL 
Ease and speed of construction are important 
factors in the emergence of steel for petrochemical 
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22 SIMPLE FRAMING CONNECTIONS To 
HSSCOLUMNS 
A wide variety of connections can be used with 
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Simple steps a design engineer can take to make 
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Th is year's N ationa l St ee l 
Construction Conference features a 36 
wide range of semina rs on s uch 
di verse topics as aseismic des ign" 

TESTING CONNECTIONS • 
An overview of the AlSC Northridge Moment 
Connection Test Program and "limiting a fi rm's liability.· A 

Reader's Digest view of some of 
som e of the conference p apers 46 
begins on page 16. 

STEEL MOMENT RESISTING FRAMES 
AFrER NORTHRIDGE 
Statistics on Northridge damage point to the need 
for probabilistic approaches to evaluation and 
design 
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in Computerized Structural Engineering 

Experience STAAD - III 
"Concurrent Engineering" on DOSlWindows/UnixlNT 

Welcome to tomorrow in Computerized Structural Engineering. The latest release of 
STAAD-III. based on the principles of "Concurrent Engineeri ng", is redefining the way you 
engineer your structure. Whether you are on DOS. WI DOW. UN IX, or T , STAAD- III is 
guaranteed to enhance the performance and productivity to a who le new level. 

STAAD-lIt , from Research Engineers, is an 
acknowledged world leader in structural software. 
State-of-the-art Static/ Dynamicl Nonlinear analysis , 
innovative finite element techniques . comprehensive 
Steel/ConcretelTimber design , powerful graphics and 
seamless CAD Integration have always been our 
forte . Our deep rooted R&D base . spread over four 
continents. and our association with the world 's 
leading inStitutions, have resulted in a solid 
technological foundation for STAAD·1I1. 

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

With over 10,000 install ations. more than 30,000 engineers world wide rely on 
STAAD- III for the state-of-the-art in technology. 

Experience tomorrow today - experiellce STAAD-Ill 
22700 Say. Ranch Pkwy .. Yorba linda, CA 92687 

Research Engineers, Inc. Tel: (714) 974-2500 Fax' (7t4) 974·4771 Toll Free: (800) FOR-RESE 

• USA • UK • GERMANY • FRANCE • CANADA • JAPAN • KOREA • NORWAY • TAIWAN • INDIA 
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Check The Mill 
Reports 

I F YOU'RE AN ENGI NEER WH O REGU LARLY DESIGNS WITH A36 
STEEL, you should be aware that not all Grade 36 steels are 
created equal. The technology used tod y to produce struc

tural steel shapes is developing strengths s imilar to that found 
in A572 Grade 50, even in A36 stee ls. Due to t he e yie ld 
strengths, the industry is moving toward a new teel standa rd 
for building design that \vill have a 50 ksi yield rather today's 
36 ksi yield. 

While this may be somewhat confusing, help is on the way. 
AlSC's 1995 lecture series, "Advances In Structura l Steel", will 
di cuss the new 50 ksi yield strength steel designed to replace 
ASTM A36 as the industry base standard. The semina r will 
answer engineer's questions about this new material 's effect on 
des ign and construction, including minimum and maximum 
mate ria l strength, ductility and economic considerations . 

In addition, the seminar \viII provide practical information 
on designing in LRFD. Yes, I know a lot of you are probably 
tired of reading about how wonderful LRFD is. But regardless 
of how hesitant you are to s\vitch from ASD, LRFD is the pre
ferred steel specification. This seminar is designed to present 
straightforward, basic procedures for designing members and 
connections in LRFD. 

Perhaps the best part of the semi nar, however, \vi II be a pre
sentation on the most commonly asked questions to AlSC's 
staff engineers. There'll be lots of good in formation on bolting, 
bracing, coatings, and connection design in genera l. Discussion 
\viII be encouraged, so show up \vith some questions in mind . 

Finally, the seminar will incl ude the la tes t informat ion 
gleaned from research after the Nor thridge Ea rthqua ke. 
Sei mic design is not for the west coast only; the Northeast has 
strict seismic guidelines and much of the midwest sits all-to
close to the New Madrid fault . 

For information on when the seminar series \viII be in your 
area, see pages 12-13. 8M 
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How to get 
from here 

Engineering, Analysis 
and Design Module 

I 
- - -

Fslimating Module Production Control 
Module 

• \ill 
Detailing Module 

to here. eNC Interrace 
Module 

. I • I 
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Design Data's SDS/2 Steel Fabrication System. 
SDS/2 gives you the flexibility to integrate all aspects of your business with one 

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

DESIGN 
DATA II 

For more information about SDS/ 2, 
information management in the steel 
industry or future product demon
strations call 800-443-0782. 

"First in ... software. solutions, service" 
Please circle # 32 402-476-8278 or 1-800-443-0782 

IQlJllltsl«n Diu Corp:nCiOn 
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Steel Interchange is an open forum for Modern Steel 
Construction readers to exchange useful and practical profes
sional ideas and information on all phases of steel building and 
bridge construction. Opinions and suggestions are welcome on 
any subject covered in this magazine. If you have a question or 
problem that your fellow readers might help you to solve, please 
forward it to Modern Steel Construction. At the same time, feel 
free to respond to any of the questions that you have read here. 
Please send them to: 

Steel Interchange 
Modern Stee l Construction 

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

The foll owing res ponses from prev ious Steel 
Interchange columns have been received: 

Are the r e a n y limitation s on t h e span to 
d e pth r a t io of beams requi red by AISC 
Specification for Structu ral Steel Buildin gs? 

O
ne guideline that is given by AlSC can be 
found in t h e Allowa ble Stress Des ign 
Specification Commentary for Section L3.1, 

which deals with serviceability design considera · 
tions. The commentary states the following: 

"Although defl ecti on , ra ther tha n s tress, is 
sometimes t he cri ter io n of satisfactory designs , 
there is no single scale by which the limit of tolera
ble defl ection can be defined. Where limitations on 
flexibili ty are desirable, they are often dictated by 
the nature of collateral building components, such 
as plastered walls and ceilings, rather than by con
s iderations of hu ma n comfort and safet y. The 
admissible amount of movement va ries with t he 
type of component . The most satisfactory solution 
must rest upon tbe sound judgement of qua lified 
engineers. As a guide, the following rules a re sug
gested: 

1. The depth of full y stressed beams and girders 
in floors should , if practicable, be not less tban 
(F / BOO) times the span . If members of less depth 
a re used, the uni t stress in bending s hould be 
d ecre a sed in th e sa me r a tio as t h e de pt h is 
decreased from that recommended above. 

2. Th e d epth of full y st r essed roof purlin s 
should , if practicable, be not less than (F j IOOO ) 
times the span, except in the case of fl at roots ." 

Although these are only suggested guidelines 
and not str ict limitations, they offer some useful 
assistance to the question. 

Mark D. Hartle, P.E. 
Pruitt Ebe rly Ston e, Inc. 
Atla n ta, GA 

Answers and/or questions should be typewritten and double· 
spaced. Submittals that have been prepared by word·processing 
are appreciated on computer diskette (either 8S a Wordperfect 
file or in ASeJI format). 

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

In fo rmation on ordering AISC publications mentioned in 
this article can be obtained by ca lling AlSC at 3121670-2400 ext. 
433. 

What c r iteria is u sed to d es ign "NOT 
STRUCT UR AL STEEL" m e mbe r s s uch a s 
stairs, catwalks, handrail, a nd toeplates? 

For those "NOT STRUCTURAL STEEL" mem
ber design conce rns, the des igner can use 
eit her the certifi ed engineering data a nd 

materia l specifications from the individua l metal 
manufacturer/supplier or the Metal Stair s Manual, 
Pipe Railing Manual, Catwalks Manual, and so on, 
publi s h ed by th e Na tional Ass oci a tion of 
Architectural Metal Manufacturers (NAAMM) in 
addition to the local building codes. 

As regard to the load criteri a,the building code 
shall cover t he minimum design loads for each sub
ject item, for example 1991 Uniform Building Code, 
Table 23-A and 23-B. 

Kunming Gwo, P.E. 
HCI Steel Building Syste m s, Inc. 
Arlington, W A 

The Manual of S teel Construction includes 
many item s that are u sed along with struc
tural steel frames, thi s is very conve nient for 
structural engineer s. Howe ver , some of the 
tables d o not provide a ll of the information 
n eed ed by e ngineers. One of the tables that 
AI SC includes cover s the dime n s ioning of 
cotter p in s . What is the s tre ngth of cotte r 
pin s li s t e d in th e Manual of Steel 
Construc tion? Where can t h ese ite m s b e 
obtain ed? 

C
otter pins are commonly constructed of type 
AlSI 10IO low ca rbon steel or type 302 stain
less steel. Dimens ions of the pins and the 

recomm ended hole s ize a re cove r ed by ANS I 
Standard B1B.B.1. Dimensions are also tabulated 
in va riou s machin e des ign books s uch a s 
Machinery's Handbook . Knowing the dimens ions 
a nd t he material (low carbon st eel or s t a in less 

Modern Steel Construction I May 19951 9 



S TEE L NTERCHANGE 

steel) one can calculate the shear strength of cotter 
pins. Cotter pins are manufactured and sold by 
numerous companies. Local distributors are usual
ly found in the Yellow pages under "Fasteners" or 
"Bolts and Nuts". Usually distributors of slotted 
nuts, clevises and simj lar hardware sell cotter pins 
even though their Yellow page advertisement may 
not say so. Manufacturers are \jsted in the Thomas 
Register under "Cotter Pins" and "Pins: Cotter". 
Machinery's Handbook and the Thomas Register 
can be found in many public or college libraries. 

Doug Werner 
Douglas Engineering 
Westminster, CO 

In a partially cover-plated column, how 
would you analyze the column for governing 
Vr ratio to calculate F .? 

I n the 1st Quarter 1979 AISC Engineering 
Journal, an artic le with a n app r oximate 
method is put forward dealing with this ques

tion. It requires the calculation of the Euler buck
ling load of the entire column by some process, typ
ically numerical, and the identi fication of the most 
highly st ressed segment due to the axial load . 
Although the column wi ll buckle as a whole, the 
most highly stressed segment can be used to find 
an effective KlIr lead ing to an allowable axial load 
for the entire co lumn. Allowable stresses for a ll 
segments will fo llow. 

C. P. Mangelsdorf 
University of Pittsburgh 
Pittsburgh, PA 

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 Edjtor, Modern Steel Co 
nstruction, One East Wacker Dr., Suite 3100, Chic 
ago, IL 60601-200l. 

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

For a continuous trolley beam with multi-

10 I Modern Steel Construction I May 1995 

pie spans and cantilevered ends what is the 
lateral unbraced length for the bottom 
flange? 

Can the distance between points of 
moment inflection be considered an 
unbraced length? 

Larry Nix, P.E. 
Dallas, TX 

I :r :r 

What information is available to provide 
guidance in the design of a ledger angle and 
its connection to a wall in particular, with 
the bolt in tension and the lower edge of the 
vertical leg of the angle in compressive con
tact with the waH, what is the stress distribu
tion in the angle? Is only part of the angle 
effective in resisting the applied loads, based 
on the spacing of the bolts? 

Greg Michel, P.E. 
Mani Muthiah, M.S.E. 
Lescher & MahoneyffiLR Group 
Phoenix,AZ 

VERTICAL LOAD , N 80 TH OIlI![C Tl ONS 
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~znIJG is a pnwen, COlt 

..... for decades on stTuct1mll SJal'r. 
handling, bridges, scaffoldinl ••• 

Always a tep ahead, we installed 
plvanizing kettJe in the United Statee. 
produce a high quality product, and to ...... 
tructures up to 16' high by 45' long. 

IIMlOta hot dip galvanized 114" bolt. We can do it 
... e operate the only "High Temperature" kettle for 

"1Iifv!~ work. 

Count on our experience with painting Oft!' pl ... 
We offer the one source "Duplex System". 
Our freight service operates company-ownecl ...... 
trailers, and if needed, will arrange shi.",.. 
haulers. 



Rnal~, a 3-D detailing hi 
prrDEel00% 01 YIIIr work . 

The future of steel fabrication is here. Steel Solutions 
introduces STRUCAD 2000-3-0 detailing software that 
dispenses With manual drafting 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, fitting details, full-size templates, 3-D 
erection drawings, and CNC manufacturing data for a wide 
range of workshop machinery. Data downloads from 
STRUCAD 2000 directly to CNC machinery to ensure accu
rate and consistent results. 

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

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 
software 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 01 ACECAD Soltware Ltd., England, U.K. 
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EASY REFERENCE TO 
• Ooaphragm Suength 
• Ooaphragm Shffness 
• ConnecbOOS 
• Concrete fined 

o.aphragms 
• 62 Pages Filled Wlth 

Shear Ooaphragm 
Examples 

• Complete Gwde to 
Symbols and 
References 

• Complete set ofload 
Ta~es for Typocal 
Panel ConliyuralJOOs 
and Connector Types 

• TYp!Ca1 Fastener 
layoot 

• Walfl'ng Factor 
Development 

• D-V.ues for Warping 

C~ai } 
DDN'T DELAY- ORDER YOURS TODAY! 

rse~ che;k;;Postal,-;;';;d ';n;Y I I orders, drafts, In U.S. currency. I 
I Quantity I 
I -- 2ND EDITION DIAPHRAGM I 

DESIGN MANUAL, I $55_00 ea_ I 
I -- 1st Edition DIaphragm I 
I 

Oesign Manual, I 
S30 00 ea, 

I -- Steel Deck DeSign Manual, I I $19.75 ea I 
I US Currern:yTotal I 
l Out of USA surcharge, 10% I 
I Add on for Allmail I 
L ___ ~otaIEnclosed __ =I 
STEEL DECK INSTITUTE, INC. 
PO BOX 9506, CANTON, OHIO 44711 • (216) 493-7886 
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When you think multi
rotational structural bearings, 
think lubrite~ . Lubrile sell
lubricaling bearings accommodale 
expansion, conlraclion and rolalion 
of slruclural members wilhoul 
mainlenance or supplemenlary 
lubricalion. They also offer Ihe 
highesl degree of rolalion avail
able. The low profile design 
minimizes Ihe need for elevation 
adjuslments, a common problem 
wilh many' bearings, And all 
bearings (Spherilube , Radialub~, 
and flal plale) can be supplied in 
eilher siandard Lubrile or Lubrile F, 
a 100% teflon-fiber mal offering a 
very low .03 coefficienl of friction. 

II you need design assistance, 
Lubrite's engineering slaff is 
backed by more Ihan 80 years 
experience in the sell-Iubricaling 
bearing field as well as a 200,000 
square fool manufacluring facility 
Ihal facilitales production of 
compleled assemblies and assures 
quick lurnarounds. For additional 
informalion please call or write 
Merriman, 100 Induslrial Park 
Road, Hingham, MA 02043. 
(617) 749-5100 Telex 94-0246 
FAX (617) 749-3560, 

MERRIMAN 
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STEEL NEWS 

FOCUSING ON 

PRACTICAL STEEl • 

DESIGN 

FROM DISCUSS IONS OF BOLT 
nNSTALLATION TO THE DEVEL
OPMENT OF A NE W HI GH

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

"Fast moving developments in 
structural s teel 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" A1SC 
d;rector of education and train
ing, Accord;ngly, the 1995 sem;
nar series wi ll be divided into 
four areas: The New 50 ksi Steel; 
LRFD for the Practicing 
Engineer; Learning from North· 
ridge; and Answers to the Most 
Commonly Asked Questions. 

Work is currently underway • 
for the development of a new 50 
ksi yield strength steel specifica-
tion that will replace ASTM A36 
as the industry base standard. 
This new steel will be designed 
to improve performance with 
bette r defined strength and 
material limits. Part One of the 
AISC 1995 Steel Seminar is 
designed to answer engineers' 
and fabricators' questions about 
thi s new material's effect on 
design and construction. 
Included will be a ruscussion of 
minimum and maximum materi-
al strength, ductility and eco
nomics. "The shift to the 50 ksi 
base material as the preferred 
material is intended to simplify 
and improve design practice," 
accord;ng 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 Erution 
LRFD Manual of Steel Construc-
tion . A rece nt Gallup survey • 
comm;ssioned by AISC revealed 
that most engineers acknow l-
edge that LRFD is the Specifi-
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cation of the future and that it is 
only a matter of time before most 
engineers switch from ASD to 
LRFD. Additionally, AISC has 
recently issued a position state
ment unequivocally reaffirming 
that LRFD is the preferred 
Specification for the fabricated 
structura l steel industry. As an 
added bon us, attendees at the 
seminar will receive a copy of an 
LRFD des ign-aid software pro
gram. 

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

PUNCHES AND DIES 
FOR ALL 

IRONWORKERS 
BEAM LINES 

ANGLE LINES 

~.~..rl ~~~tt¢ct' ~.~cf,S 
_ u g1Jfi}'" c1JS>-S$tt r ..... 

- (.'p 

~
~'\)~ 

\(."'~ 685 S. Creen Rd .. Cleveland. Ohio 44 121 
AME\l.\ 1-800-243-1492 Fax (216) 381-1037 

Please circle # 30 Finally, the seminar concludes 
with a 45-minute presentation of '-;:=========================::::; 
answers to the most commonly 
asked questions received by 
AISC's engineering staff. AISC's 
staff engineers , in a ddition to 
their work on manuals, 
Specifications and other design 
aids, routi nely field calls from 
practicing engineers, fabricators 
and erectors. The most common 
of these questions-dealing with 
such topics as bolt insta llation , 
painting, and tolerances-have 
been compiled . The se minar 
se ries is currently scheduled to 
reach 34 cities, beginning with 
Charlotte on June 20 and con
cluding with Orlando on 
November 30. Each semina r 
begins at 2:00 p.m. and ends at 
8: 15 p.m. Cost for t he seminar , 
which has a CEU value of 0.45, 
is $120 ($90 for AISC members). 
The fee includes the lectures, 
numerous handouts, LRFD edu
cational software, and dinner. 

For more information, call 
AI SC at 312/670-5420 or fax 
3121670-5403. 

1995 STEEL SEMINAR SCHEDULE 
June 20 ........ .... .. . Charlolte 
June 22 ............... Greenville 
June 27 .............. . Raleigh 
June 29 .............. . Richmond 

July 25 ................ Minneapolis 
July 27 ............... .5\. Louis 

August 8 .... ... .. .... Rochester, NY 
August 10 ........... Albany 
August 15 ........... Washington, 
DC 
August 17 .......... . Philadelphia 
August 22 ........... Chicago 
August 24 ........... Milwaukee 

September 7....... ew York City 
September 12 ..... Meriden 
September 14 ..... Boston 
September 19 ..... Dallas 
September 21 ..... Houston 
September 26 .... .Denver 
September 28 ..... Kansas City 

October 3 ........... Birmingham, AL 
October 5 .......... . Atlanta 
October 10 ........ .Detroit 
October 12 ......... lndianapolis 
October 17......... leveland 
October 18 ......... Columbus 
October 19.. .. ..... incinnati 
October 24 ......... Memphis 
October 26 ......... Nashville 
October 31 ......... Pittsburgh 

November 2 ....... Edison 
November 7 ....... New Orleans 

ovember 9 ....... Albuquerque 
November 28 ..... Miami 
November 30 .... . Orlando 

CAll 3121670-5420 FOR 
INFORMATION OR A 
REGISTRATION FORM 
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THIS IS G DInG TO BE 
Nucor-Yamato THE mOST POPULaR of-the-art mill, 

Stul is ruhaping including electric arc 

the way America COnSTRUCTIOn and ladle metallurgy 

sees construction. furnaces, continuous 

With an expanded SIGHT In amERIca. bum blank casting 

mill that can supply and high performance 

more structural stul than any mill in rolling mills designed to produce 

the Western Hemisphere. stock and other lengths for all our 

THE BIGGEST Mill And not only more customers . All our stul is low carbon 

stul, but a broader product line with and fine grain with superior toughness 

beams up to 40 inches deep. Perhaps and surface quality that offers both 

best of all, we are a low cost producer. weldability and improved corrosion 

It all adds up to just one thing : talk resistance. 

to Nucor-Yamato before you decide LOW COST PRODUCER Perhaps best 

to build your next project. of all , it's produced cost effectively 

AVAILABILITY With 1.6 million tons for some of the most competitive 

behind us, nothing can stop our prices you'll ever see. And if you're in 

availability and on-time delivery by the construction business these days, 

rail or truck or barge on a wide range that's a sight for sore eyes . 

of products. In fact, we can offer high Contact Nucor-Yamato Steel early in 

strength s te e I at Structural .hap •• from W6 X IPO W40 X 397 your next project at 

little or no more cost Stand.,d .«tlon. including CIS X 33.'-50. MC Boo/2B9-6977, FAX 

than standard ASTM 12 X 31- 50. MC 13 X 31.8-50 and MC 18 X 42.7-58 501/763 - 9 107; 0 r 

A36beams . H-Pilinq ranging from HP8X36toHPI4XII7 write to us at PO 

QUA LI T Y N u cor - Crad •• includ. us Crad .. A. I. "H32. "H]6: Box 1228, Blytheville, 

Yamato is a state- "STM "]6; "STM "512 C,ad. 50 ; "5TM "588 Arkansas, 72316 . 

( "wuth.ring .tH'"); ASTM "709 (MSHTO M270 

equivalents); AS well as CSA 40.21 Grade 44W 

• NUCOR-YAMATO S TEE L COMPANY 

Please circle # 39 
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DESIGNING PETROCHEMICAL • 

FACILITIES I N STEEL 
Ease and speed of construction are important factors in 

the emergence of steel for petrochemical plants 

A typica l pipe way 

By Mehmet Tan, S.E. 

D UE TO SHORT SCHEDULES 
THAT INCREASINGLY IN
CLUDE CONTRACTUAL INCEN

TIVES TO FINISH WORK AHEAD OF 
SCHEDULE, steel- with its faster 
speed of erection- is rapidly 
becoming the materia l of choice 
for petrochemical facility design. 
Depending on the construction 
schedul e, labor costs , and site 
locations, petrochemical plant 
design typically utilizes one of 
two types of steel construction: 
conventional (or stick building) 
or modular. 

CONVENTIONAL CONSTRUCTION 

Using conventional construc
tion techniques, steel structures 
are erected and installed from 
the base to the top, supported on 
concrete foundations . Because of 
its versati lity a nd design sim-

16 / Modern Steel Construction I May 1995 

plicity , conventiona l stick con
struction is t he most common 
type of construction for petro
chemical projects. 

A typical refinery or petro
chemical plant is compri sed of 
one or more units. Each unit con
sists of severa l structures. In a 
plant, the steel structures com
monly range from simple single
colum n pipe supports to more 
complex heavy structures sup
porting large reactors and verti
caVhorizontal vessels. The struc
tures supporting reactors may be 
as tall as 200 ft. 

Engineering of structures in 
refin eries often requires consid
eration of non-traditional load
ing or operating conditions . In 
pipe s upport structures, for 
example, additional loads associ
ated with the anchorage of pipes 
against thermal growth and fric
tion forces have to be studied. 

Vibration limitations of structur
al systems supporting vibratory 
equipment (e.g. pumps, compres
sors, etc.) may also be a design 
consideration. To minimize over
st ress in the piping that runs 
from the structures to various 
eq uipment, a detai led study of 
the expected actual deflection of 
the structures due to the wind 
and se i s mic forces may be 
required. For seismic design pur
poses, the majority of the petro
chemical and refinery structures 
are classi fi ed as non-building 
st ructures. Th e Uniform 
Building Code (UBC) provides 
special provisions for the design 
of these structures. 

For compari son purposes, the 
cost of a typical refinery or petro
chemical unit is in the range of 
one to two hundred million dol
lars. The amount of steel in such 
a facility can be on the order of 
1,500 to 2,500 tons. 

MODULAR CONSTRUCTION 

Although the term "modular 
construction " has long been 
familiar in offshore construction 
(i.e. oil and gas production and 
process plants constructed in 
shallow and dee p water ocean 
locations), t hi s technique has 
become increasingly attractive 
for many projects involving con
struction of onshore, land-based 
facilities . 

Modular construction is used 
when requested by the client in 
an effort to reduce field , man
power or construction time. The 
feasibility of using modular con
struction a lso can be evaluated 
by the engineer/contractor when 
looking at the potential benefits 
of modulari zation: 

• 

• 



I;; .............................................................. ... 
• 

• 

• 

• cost savings 
• schedule reduction 
• reduced social and environ-

mental impact 
• improved labor relations 
• reduced project risk 
• improved quality control 

Additionally, it may not 
always be economical or feasible 
to use conventional construction 
techniques. For example, the 
construction window for plants 
built on the Alaska North Slope 
is approximately three months. 
In such cases, it is advantageous 
to have most of the structures 
designed, fabricated and pre
assembled as modules prior to 
jobsite delivery. 

In addition to reducing field 
construction time, modular con
struction will reduce the field 
manpower requirements. This is 
a benefit for projects facing 
either high labor costs or the 
unavailability of skilled craft 
labor near the construction site. 
Another means of reducing field 
labor is by utilizing a subassem
bly technique, whereby equip
ment, structure and piping can 
be prefabricated into larger 
blocks for final assembly at the 
jobsite. Modularization can be 
either full or partial, and it is 
important to recognize how 
much modularization will best 
benefit a particular project. 

On a modular project, the first 
step is to determine the methods 
of transportation (land and sea), 
handling and placement of the 
modules. The location of the fab
rication yard and the shipping 
routes can then be established. 
Typically, it is most economical if 
the fabricator is close to water to 
allow for shop assembly and 
immediate loading of sections 
onto barges. Inland fabricators, 
however, can still b utilized for 
modular construction. In that 
case, members are fabricated 
and shipped to a modularization 
yard where the steel members 
arc assembled. It is common to 
have several fabricators worlring 
in conjunction in a modularized 
construction project to further 
speed deliveries. 

The next step is to identify 

Modularized assemblies are often shipped by sea 

design loads, taking into account 
environmental conditions that 
afTect the modules during ship
ment, handling and transporta
tion to their final location. 

Because of the special loading 
conditions imposed on the mod
ules, modularized structures 
generally require more steel 
than on-site stick construction. 
The additional steel usually is in 
the form of additional bracing 
members or stiffened/larger 
members that help maintain the 
integrity of the structure during 
transportation and installation. 
As a result, a heavier base frame 
mayaJ 0 be required . 

STRUCTURAL FRAM I G VSTEMS 

The structur s in refinery and 
petrochemical projects usually 
are designed as moment frames, 
braced frames or a combination 
of the two. Mom nt frames are 
mainly used in areas where 
access to the unde rside of the 
structure is required. Examples 
are structures with equipment 
underneath that r quires period
ic maintenance inspection/ 
removal and structures built 
over access roads. In areas 
where access is not a problem, 
braced frames are commonly 
used. 

Mode m Steel Construction I May 1995/17 
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Most refinery structures are 
open frame types (no siding). In 
platform s, the walking surfaces • 
a re eithe r checkered plates or 
grating . Safety ha ndrai ls are 
provided around the platform 
areas. Stairways or ladders, with 
or without cages, are used to 
access various platforms. 

CONNECTIO S 

Beam-column moment connec-
tions are either bolted end plate 
type or full penetration welded. 
Shear tabs are commonly used 
for connection of the floor beams. 
For the heavy load-carrying 
members and members subjected 
to significant axial loads, double-
angle standard AlSC connections 
are used. High-strength bolts 
(bearing type) with washers are 
used throughout the structures 
(snug tightened). At the hoi ted 
beam-column moment connec-
tions and at the joints with holts 
subjected to tension forces, holts 
are fully tensioned. 

CORROSION CONTROL 

Due to severe corrosive condi-
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii~"~P;""iWP;;;~;;;;;;;;;.iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiil t i on sin re fi n e r i e san d petro-

chemical facilities, all steel mem- • 
ANCHOR BOLTS, PLATE & SLEEVE 

ASSEMBLIES, TIE RODS, STUDS, SWEDGE 
BOLTS, U-BOL TS, HEX BOLTS & EYE BOLTS 

Custom fabricated to exact specifications from ctrtified domestic 
steel up to 4-inch diameter and 4O-foot lengths in steel & alloy. 

STRUCTURAL BOLTS, NUTS & WASHERS in A325, M90 & TENSION 
CONTROL BOLTS, WELD STUDS, CONCRETE ANCHORS, B-7 STUDS, 
CLEVISES, TURNBUCKLES and all types of fasteners in various grades 
and materials; plain, plated and galvanized. 

Stocked for immediate shipment 

* SAME DAY SHIPPING * 
OVERNIGHT TO MOST U.S. CITIES 

MID·SOUTH BOLT & SCREW 
Central Stales 
499 Gave Road 

NaslMlle, TN 37210 
61 s-M!HI341 

FAX: 615-885-6542 
1 __ 251 -3520 

Etst Coalt 
591JJerty Road 

Empona, VA 23847 
804-634-0240 

FAX: 804-634.0S41 
1 ___ BOLT 

D------>t ~~)--~~~. -----
Please circle # 74 
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bers in such plants-including 
connection bolts, checkered 
plates, grating, ladders, stair
ways and handrails-are either 
ga lvanized or painted. Until 
recently, it has been common to 
use painted steel in most refiner
ies. The latest pricing compar
isons, however, indicate that gal
vanizing is the relatively less 
expensive al ternative, especially 
when consi dering the higher 
maintenance cosl for painted 
steel compared with galvanized 
steel. Other factors thal are 
taken into account when deter
mining whether to galvanize or 
paint include the galvanizing 
capabilities of lhe fabricators in 
regards to the size of the steel 
members and the proximity of 
the galvanizer to the fabrication 
yard. 

FIREPROOFING 

In process areas of the refiner
ies and petrochemical planls , 
most of the piping and equip- • 
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Typical equipment access bridge 

me nt contains hydrocarbons, 
which are highly flammable. To 
limit damage due to fires in such 
areas, the structures supporting 
these pipes and equipment gen
erally are fireproofed. For this 
purpose, concrete is commonly 
used as a fireproofing material. 
There also are some pre-mixed 
cementitious light-weight fire
proofing materials, such as 
Fendolite and Pyrocrete, which 
may be used based on economic 
considerations. On the one hand, 
concrete permits attachment of 
small bore pipes and electrical 
cables to the fireproofing. On the 
other hand, Fendolite and 
Pyrocrete are lighter t ha n con
crete and their usage will result 
in the size and weight reductions 
for the steel members (an espe
cially important consideration in 
high seismic zones). 

In typical petrochemical appli
cations, the fireproofing is not 
covered with wallboard or other 
architectural coverings, so t he 
fireproofing must be of an exteri
or grade and consistent appear
ance becomes important. 

TEEL PRJCING 

Because much of the work in 
petrochemical construction is 
executed in a designlbuild mode, 
the entire scope of the work is 
not know n in t he bi dding 

process. When going out for bid, 
fabricators are typically provided 
with standard steel details, 
examples of typical structures 
and an estimated steel tonnage. 
However, the actual drawings 
are not available. 

At the beginning of the pro
ject, when pricing is obtained, 
the fabricator is usually asked to 
bid a unit price for steel ba ed on 
the items that have been sup
plied. The request for unit pric
ing is broken down into very spe
cific detail, in several different 
categories of structural steel. 
These categories are then typi
cally broken down into specific 
member weights. For example: 
General - Structural steel with 
most detailing required for lad
ders, stairs, platforming, 
handrails, etc. Most equipment 
support structures are in this 
category. Also included are mis
cellaneous components and labor 
charges. 
• light steel (0-20 Ib.lft.), paint

ed/galvanized 
• medium steel (20.1-40 Ib.lft.), 

painted/galvanized 
• heavy steel (40.1-60 Ib.lft..), 

painted/galvanized 
• extra heavy steel (over 60 

Ib.lft.), painted/galvanized 
• built-up sections, painted/gal

vanized 
• ladde rs with cages & without 

New Low 
Price! 

LRFD on CD 
for only $375 

($500 for non-AI SC members) 

LRFD on CD is the entire 2nd 
Edition LRFD Manual of Steel 
Construction in an easily 
accessible electronic form. It 
uses the latest Hypertext 
technology to seamlessly link 
related sections of the manual 
together-click on "connec
tions" in one part of the manu
al and quickly and easily find 
other sections dealing with 
that 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 into your 
AutoCAD or other CAD pro
gram. 

To order your copy, call: 

800/644-2400 
or fax 312/733-3107 
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Curved & Straight 
Steel Bridge Design 

English & Metric 

Integrated Girder and Bracing Design 
Complex grid and roadway geometries, I girders, box girders, rolled shapes 
Influence surface (grid) or influence line approach (grid or Nne girder) 
Powerful nonprism8(ic girder optimization processing (curved and straight) 
1992 AASHTO SPEC. 1994 interims. 1993 CURVED GIRDER GUIDE SPEC 

Demos and 3D-day trials available 

MDX software 
Phone 

Fax 
(314) 446-3221 
(314) 446-3278 

~~~~~~~~~~~ 
MNH-SMRFTM Systems 

A New Column and Beam Connection System For New 
and Retrofit Construction 

ADVANTAGES: 
• Full scale test results far exceed 

industry standards 
• Uses fillet welds with no special 

welding procedures specifications 
• Reduces dependency on material 

toughness properties 

ELIMINATES: 
• Full penetration welds and associated 

UT testing and inspection 
• Through thickness problems of column 

flange and restrained pre-stressed 
welds 

"A Total Solution to the Steel Moment 
Resisting Frame Connection Crisis" 

FOR INFORMATION CALL: 
1-800-475-2077 

See us at NSCC Booth #44 
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cages, prunted/galvanized 
• stairways, painted/galvanized 
• raised pattern floor plate, 

painted/galvanized 
• serrated grating, painted/gal

vanized 
• handrails, painted/galvanized 
• extra fasteners (A325 & 

A307), painted/galvanized 
• rework, shop detailing (per 

hour) and shop fabrication 
(per hour) 

• inland freightlload, 
pru n ted/gal van ized/fi reproofed 
steel 

General fireproofing - same 
as above, priced for light, medi
um , heavy and extra heavy 
members only. 

• 

Pipe supports/pipe bridges -
relatively little detailing 
required, typically comprised of 
moment frames and/or braced 
frames with litlle or no hand 
rrul, ladders or platforming. 
• light steel (0-20 Ib.lft.), prunt

ed/galvanized 
• medium steel (20.1-40 Ib./ft.), 

prunted/galvanized 
• heavy steel (40.1-60 Ib./ft. ), 

painted/galvanized 
• extra heavy steel (over 60 

lb.lft.), painted/galvanized 
Pipe supports/pipe bridges, 
Fireproofing - same as above, 
including fireproofing 
Shop assembly of equipment 
support platforms 
• light steel (0-20 Ib'/ft 
• medium steel (20.1-40 Ib./ft 
• heavy steel (40.1-60 Ib'/fl 
• extra heavy steel (over 60 

Ib.lft 
It also is becoming increasing

ly common to solicit a price quote 
for submitting the structural 
steel drawings and details 
directly by electronic data inter
face. 

This article was condensed 
from a paper to be deliuered at 
the National Steel Construction 
Conference. Mehmet Tan , S .E ., is 
technical director for Fluor 
Daniel, Inc. , in Irvine, CA. 

• 

• 

• 
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You do the · · g ... 
SteelModeler does the rest. 

At last! A truly 
imeractive modeling 
system designed for 
structural steel 
detailers. 

SteeiModeler is 
efficient, accurate, 
and high.ly 
productive. 

5teeiModeler lets 
you concemrate on 
producing a single 
3D model , while it 
takes care of 
everyth ing else. 

You define your structure by selecting steel shapes from a 
comprehens ive built-in data base and make connections using 
your own custom library of macros. And as you work, 
SteelModeler ensures that all components fit. 

There's no need to juggle drawings of plans, sections or 
components. 5teeiModeler automatically generates any view you 
want on the multi-window screen, and whenever you're ready, 
drawings, shop details and materials lists for the whole model or 
any section or part you require - all in a form customized by 
you to your specific standards. 

Revisions or modifications? Simple. You change the model, 
and 5teeiModeler automatically revises all related drawings and 
lists to ensure total accuracy. 

You cr~I1U n 
single model. 

Sbop t/rawings 
Anchor bolt setting plallS 
Erect ion tlillgmms 
Floor/roof fimllillg P"IIIS 

• COllllectioll tletflils 
Perspec/illes 

• Bills of materials 
• Neutral file import/export 

StuLModeln 
IlUlomatirnlly 
gelJemus tin- "jews, 
sbop drawings and 
materin/lists JOlt 

nqu;'~. 

SteelModeler 
The tool you would have designed for yourself 

Steel Modeler runs on standard PCs and Unix workstations. Versions available: MS-DOS; OS/2; Autocad; Windows 95 (summer) 
For more ,"formation, contact: dcCAD: Tel : (416) 253-4848; Fax: (416) 253-4315; Toll-free: 1-800-776-4840 

Please circle # 107 AlII,.dema"" are properly oil"" .. speclNe own." 
See us at Booths 408/410 at the National Steel Construction Conference in San Antonio 
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SIMPLE FRAMING 

CONNECTIONS To HSS 

COLUMNS 
A wide variety of connections can be used with HSS 

columns that are not classified as thin-wa lled 
By DONALD R. SHERMAN, PH.D. 

THE USE OF SQUARE AND REC
TANGULAR HOLLOW STRUC
TURAL SECTIONS (HSS) as 

columns in buildings is booming. 
In addition to their aesthetic 
benefits, the shapes are extreme
ly efficient as compression mem
bers. Connecting wide flange 
girders and beams to tubular 
columns, however. has presented 
some difficulties. Typically, 
designers have adapted many of 
the standard simple connections 
typically used with wide-/lange 
columns, even though little data 
is available regarding their use 
with HSS columns. Two concerns 
with this approach are whether 
there is a limit state in the HSS 
that couId govern the connection 
design or if local distortion of the 
HSS wall could reduce the col
umn capacity. 

Fortunately, recent research 
has examined the limit states 
considered in the AISC Manual 
of Steel Construction for connec
tions and compared them with 
experimental capacities. This 
article discusses nine different 
types of simple framing connec
tions: shear tabs; through-plates; 
double angles; tees with vertical 
fillet welds; tees with flare bevel 
groove welds; unstifTened seated 
connections; single angles with 
L-shaped fillet welds; single 
angles with two vertical fillet 
welds; and web end plates. I n all 
but the web end plate, the con
necting elements are welded to 
the HSS column and bolted to 
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W12J<87 30' 
W18x71 20' 

b = 5.25' 
3.04' 

LVOT LOAD 

Figure 1: Basic Connection Setup 

the web of the wide-flange beam, 
with the exception of the seat 
angle where the /lange bears on 
the outstanding leg. For the web 
end plate, the plate is welded to 
the beam and bolted to the HSS 
column using a flow-drill process 
that produces a tapped hole that 
replaces a nut in blind connec
tions. 

For each connection potential 
limit states are discussed and 
evaluated. Strain measurements 
indicated the relative degree of 
distortion in the HSS wall and 
data is presented to verify that 

the connection producing the 
highest strain levels in compact 
HSS columns does not reduce 
the axial load capacity. Finally, 
the relative economics of the var
ious types of connections are dis
cussed. 

TEST PROGRAM 

All of the connection tests 
used the same basic setup as 
shown in Figure 1. A short seg
ment of HSS column is held ver
tical and the connected wide
flange beam that is simply 
supported at the far end is 

• 

• 

• 
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"" loaded with a concentrated load 
at a distance b from the face of 

• 
the HSS. By equating the rela
tions for shear and end rotation 
between a uniformly loaded 

• 

• 

beam and the test beam with 
concentrated load, the length of 
a simulated uniformly loaded 
beam is obtained. 

L, = ,ff V L:""" - (L ..... - b)' 

Two different beam sizes were 
used to provide information on 
both stiff and nexible beams. 
The nexible W12x87 had a 
lengthldepth ratio L Id of 23 
while the W18x71 ha~ LJ d of 
9.8. The former was used with 
three bolts in the web connec
tion, while the latter used either 
three or five bolts. 

Tension coupons were 
removed from all the various 
types and sizes of connecting ele
ments . (The comprehensive 
report includes data on yield 
strength, ultimate strength and 
actual thickness of all connecting 
elements and HSS columns test
ed. ) The stres s-strain curves 
showed a flat yield except for Tee 
with flair bevel welds, which had 
a rounded curve. 

The symbols used to designate 
the specimens convey a great 
deal of information. The fLrst dig
its in the symbols are used to 
designate the bit of the HSS. The 
following letters indicate the 
type of connection (e.g. EP for 
end plate and DL for double 
angle). Next, a digit gives the 
number of bolts (three or five) . 
Finally, a the F or S designates a 
Flexible or Stiff beam. 

In several cases, the connect
ing material had a higher yield 
strength than expected in the 
plarLning stages. Therefore, most 
tests were terminated when the 
yield strength of the beam was 
reached. The relative vertical 
displacement between the face fo 
the HSS column and the end of 
the beam was measured with a 
displacement transducer. This 
displacement was essentiallythe 
shear and bearing distortion of 
the connecting element. For test 
loads reported in the tables that 

Double Angle Connection Strengths (k ips) 
Specimen Bolt Connection Elements Weld Tesl 

Shear Bear. Yield RUDt. Block 
36DL3F 12 21b 142 154 18' -I 80+ 
16DL5S 212 39J 242 266 19l 1&3 I ........ 

TEE Connection Strengths (k ips) 
Specimen Bolt Connection Elements Weld Tesl 

Shear Bear. Yield 

36TV3F 46 70 79 
36TV3S 46 66 -4 
16TV3S 46 66 74 
16TV5S 103 157 136 
36TFJF 46 81 78 
16TF55 103 181 133 

are followed by a + sign, the 
shear-distortion curves were still 
essentially linear at the max.i
mum load, indicating that a duc
tile failure was not imminent. 
For other loads, the curves had 
flattened in a manner typical of 
approaching a ductile ultimate 
load. It should be noted, howev
er, that all tests showed some 
sign of distress in the whitewash 
coating on the connection. 

DOUBLE ANGLES 

For the double angle connec
tions, no eccentricity was consid
ered in the nominal strength of 
the bolts or angles and the eccen
tricity for the welds was the in
plane type proposed by Orner 
Blodgett and used in the AISC 
connection manuals for many 
years. Except for the end plate, 
the double angle was the 
strongest connecting element 
tested. This was due to the com
bined thickness of the beam web 
legs of the angles. Theoretically, 
the welds dictated the connec
tion strength and the test loads 
approached or exceeded the nom
inal weld strengths. 

Slight cracking was observed 
in the whitewash at the ends of 
the welds in both tests. For the 
three bolt connection, the crack 
was on the weld, but for the five 
bolt connection, it was at the toe 
of the weld on the HSS face. In 
both tests, the most extensive 
yielding was on the HSS legs of 
the angles. In the three bolt con
nection, the top of the angles had 
separated about '/l.- in. from the 

Rupt. Block Flex. Flcx. 
Yield RUDt. 

78 127 187 186 126 62 
il 11 9 174 174 126 -; 
73 119 174 174 126 79 
136 185 547 542 11 5 124 
91 139 185 215 126 76 
157 205 537 623 269 136 

HSS, while the separation was 
on the order of 'I._in. for the five 
bolt connection. No gross distor
tion or other indication of failure 
in the HSS was observed. 

TEE CONNECTIONS 

The nominal capacity for all 
the Tee connections was deter
mined by the shear strengtb of 
the bolts. These connections with 
welding at the edges of the Tee 
flanges are considered flexible in 
the AISC Manual of Steel 
Construction and eccentricity is 
considered in the bolts and direct 
shear in the welds. The test 
loads exceeded the nominal bolt 
capacities and were at the direct 
shear yield or shear fracture 
capacities of the stem. This cor
responded with the extensive 
pattern of whitewash cracking 
observed on the stems. In tests 
36TV3S and 16TV5S, a crack 
was observed at the bottom of 
the stem in line with the bolts as 
well as at the bottoms of the bolt 
holes, indicated the beginning of 
a shear rupture failure. Major 
cracks also were observed in the 
bolt holes of specimen 36TV3S. 

The Tee connections were 
tested with the most variation in 
the HSS columns and beam stiff
ness. However, neither of these 
factors affected either the nomi
nal strengths nor the condition 
of the HSS at the maximum test 
load. No distress was observed in 
any of the HSS faces. Separation 
from the HSS at the top of Tee 
was on the order of '/ '6-in., but 
there was more pushing in of the 

Modem Steel Construct.ion I May 1995 / 23 



EISS 

ENDS 

TEEl 
IRREGULAR CURVES, VERTICAL OffSETS, 
EWPTICAL SHAPES, CIRCLES OR SEGMENTS 
WITH OR WITHOUT TANGENTS 
If you need structural steel bending for 
major architectural projects or other steel 
fabricating applications, fox or call Mox 
Weiss We will give you cornpehnve quota
lions, close tolerance specifications, on 
time delivery and dependable solutions. 

ROLLING AND fORMING, WELDING, fORGING 
AND HOT BENDING 

MAX WEISS CO, INC, 
8625 W Brodley ROOd 
r.tW.W<ae, III 53224 IJSI\ 
Teiepl<n! 414-~220 

•• IIIj ..... fox 414-355-4698 

Please circle # 56 

.................................•.••......... ' 
Seat Angle Connection Strengths (kips) 

Weld T .. , Specimen Connection Elements 
Shear Yield Flex, Yield 

36SeF 124 64 81 50+ • 16SeS 124 03 81 72 

Specimen 
Single Angle Connection Strengths (kips) 

Boll Connection Elements Weld T .. , 
Shear Bear. Yield Rupl. Block 

36SL3F 80 127 82 83 92 74 58 
16SLSS 133 212 140 143 IS2 126 134 
36SV3F 80 127 82 83 92 11 75 
16SV5S 133 212 140 143 152 103 133 

Specimen 
End Plate Angle Connection Strengths (kips) 
Bolt Connection Elements Weld T .. , 

Shear Bear. Yield Rupl. Block 
30EPJF 127 244 159 159 192 119 79+ 

Shear Tab Connection Strengths (kips) 
Specimen Bolt Connection Elements Weld Tesl 

Shear Bear. Yield Rupi. Btock load Mode 
STB3F 69 111 84 91 99 134 7S+ 
STB3F 69 99 91 81 92 134 74+ 
5TB5S 125 178 151 134 146 223 143 A 
lOTB3F 69 111 84 91 99 134 73+ 
16TB3f •• 54 91 99 ~.H 1lL ~ 
16TB3S 69 99 91 81 92 134 70 A 
1 bTB3S ... I 4 91 99 134 84 C 
40TBJF 69 99 91 81 92 IJ4 71 A,( 
41TB5S 125 178 151 134 146 223 132 A 
45TB3F 69 99 91 81 92 134 70 A,D • 41TBJF 69 81 64 66 73 134 60 AB 

MODES: A - Significant bearing distorafion 
8 - Shear fracture crad: started 
C - Punching shear in HSS wall 
0 - Weld crack or surface tear of HSS beneath the weld 

HSS wall at the bottoms of the reaction was assumed to act at 
Tee . Flare bevel welds did not (N + 2.5k)/4 from the end of the 
show a ny difference in behavior beam . Since the procedure 
from t h e T ee connection with resulted in a negative value ofN, 
vertical welds on t he HSS frame. N was taken as zero in the flex-
However, slight whitewash fl a k- ural yield calculation. 
ing at the ends of welds were Both tests were terminated 
observed in 36TV3S and 36TF3F when yielding in the beam web 
with the thinner HSS. was observed . At this load, some 

SEAT ANGLES 
yielding was observed in the ver-
tical leg of t h e seat, but there 

The nominal weld resistance was no eviden ce of distress in 
for the seat angle connections the HSS or the welds. The out-
considered the eccentricity based standing leg was bent so that the 
on a 1/2-in. setback that was actu- observed bearing length to the 
a lly used in the tests. Following beam was less t h an ll /,,- in. , 
t h e procedure estab li s h ed by which was the position of the 
Garrett and Brockenbro ugh as e rection bolts through the flange. 
recommended by AlSe, the bear-

SINGLE ANGLES ing length (N) was less that 2.5 
times the distance from the The nominal resistance for the 
fl ange face of the beam to the toe single angles ignore any eccen-
of the web fillet (k ), so that the tricity for the bolts. For the L- • 
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shaped AlSC weld, the in-plane 
eccentricity was included. Since 
the connections with vertical 
welds are not an AlSC standard, 
the weld capacities were based 
on an out-of-plane eccentricity to 
the bolt line and half the value 
from the AlSC ultimate strength 
eccentric load table is reported. 
Using half the value conserva
tively assumes that only the 
weld at the heel of the angle is 
efTective, since it is in line with 
the outstanding leg. 

The two connections with the 
AlSC-shaped weld had extensive 
yielding in both the outstanding 
and the HSS legs of the angle 
and small cracks were found at 
the bottom of the lower two bolt 
holes. The three bolt connection 
had slight whitewash cracking at 
the ends of the welds, but the 
five bolt connection indicated 
yielding along most of the length 

The more 0 computer program costs, the TRUE FALSE 
be"er it is 
A program that solves complex, difficult TRUE FALSE 
problems must be complex and difficult 
to use. 
Structural engineering software can never TRUE FALSE 
be fun to use. 
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of the vertical weld. The vertical 
distortion of the connections was R I SA 
S/.-in. and the separation of the H N C LOG [S 
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top of the angle from the HSS I _-========~~~~=========~~~::-'" was evident at the very early I 
stages of loading. Flexural yield-

1-800-332-7472 

ing of the H S leg is a limit state 
that should be considered and 
probably controlled the capacity. 

The connections with vertical 
welds also had extensive yielding 
in both legs and the five-bolt con
nection had an initiation of shear 
rupture at the bottom of the bolt 
line. Both specimens had small 
cracks at tbe bottom of the bolt 
holes . The five-bolt connection 
had whitewash cracking at the 
top of the center weld, while the 
three-bolt connection had slight 
whitewash cracking in the HSS 
wall at the ends of both welds. 
Vertical distortions were again 
on the order of ·I.-in. but separa
tion was restricted by the weld. 

END PLATE 

The end plate connection had 
the highest nominal strength . 
The bolt and connecting element 
strengths were similar to the 
double angle but the weld 
strength was higher due to the 
lack of eccentricity. 

The test was terminated due 
to the beam capacity, although 
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shear yield lines were extensive, 
especially in the lines of the 
bolts. • 

SHEAR TABS 

The nomina l bolt resistances 
are based on the eccentricities 
for the rigid (rather than the 
flexible) support in the AISC 
Manual of Steel Construction, 
since these gave results closer to 
the test values. Tests 5TB3F and 
16TB3F are reported twice, since 
the specimens for snug a nd fu lly 
tensioned bolts had different 
materials for the tabs. 

In addition to the potential 
failure modes observed in the 
table, all the specimens had con
siderable gross yielding of the 
shear tab. The punching shear 
failure of the HSS wall for 
40TB3F was actua lly in two 
specimens, one with snug bolts 
and an identical test with fully 
tensioned bol ts. 

STRENGTH LIMIT S 'rATEs 

With the wide range of con
nection types variables reported, 
only one limit state was identi- • 
tied in the tube of the HSS-a 
punching fa il ure when a t h ick 
shear tab was used with a thln 
HSS. A simple criteria to prevent 
this type of failure can be 
derived from an inequality that 
the yield force in a unit depth of 
shear tab does not exceed the 
through-thlckness shear rupture 
strength on two planes of a unit 
length of the HSS wa ll. 

Yie ld line d istortion of t he 

F""", t"" < 2(0.6 FuI I"", t,,,, ) 
or 

2 F UIH!I.'i 
t ... < 1. -F--t,,;, 

" .... 
face of the HSS was never a lim;t 
state. For a sim ply supported 
beam, there are limited end 
slopes that prevent unrestrained 
distortion of the HS . Upon care
ful examination or measure
ment, pushing in of the HSS wall 
at the bottom and pulling out at 
the top of the connections could • 
be observed. However, gross rus
tortions of all the typical simple 
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connections tes ted were much 
more evident. The limit states 

• 
that controlled were those asso
ciated with connecting elements, 
welds or bolts. 

• 

• 

STRAIN IN HSS WALL 

In order to determine the 
effect of the connection types on 
local distortion of the HSS col
umn, strain gauges were mount
ed at the center of the wall one 
inch below the connecting ele
ment. 

Connections such as tabs and 
single angles that have load 
transfer through a weld at the 
center of the HSS have the high
est transverse strains. These will 
typically exceed yield. An excep
tion to this is the through-plate 
that inherently reinforces the 
center of the wall. Connections 
with welds near the sides of the 
HSS have significantly less 
transverse strain at the center of 
the wall. The end plate and seat 
angle connections produce little 
transverse strain. Longer con-
nections with five bolts produce 
less transverse strain that three 
bolt connections and HSS with 
thinner walls or higher bit tend 
to have larger strains. 

EFFECT OF HSS DISTORTION 

In order to address the ques
tion of whether local distortion of 
the HSS has a detrimental effect 
on the column capacity, a series 
of tests were cond ucted to com
pare the influence of shear tab 
and through-plate connections. 
These types of connections repre
sent the extremes of inducing 
transverse strain into the HSS 
wall. The concl usion of these 
tests is that shear tab connec
tions used with HSS columns 
that are not thin-walled will 
develop essentially the same col
umn strength as those where the 
wall is reinforced with a 
through-plate. With thin-walled 
HSS , shear tabs may have a 
detrimental effect on the axial 
column capacity. For connec
tions on only one side of the HSS 
column, there is no strength 
reduction for using shear tabs. It 
is safe to assume that this con-
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clusion holds for other types of 
s impl e connection s t h at have 
smaller tran sverse stra ins. 

CONNECTION COSTS 

Since a number of diffe rent 
connection types were studied at 
the same t ime, excellent compar
at ive cost data was avai lab le . 
For compariso n sake, the costs 
were based on t he least expen
sive connection being assigned a 
relative value of 1.00. The costs 
include connecting material and 
the labor to fabricate the connec
t ion , including weld ing to t he 
HSS or to the beam web in the 
case of the end pla te. Note how
ever, that t he cost of the en d 
plate is somewhat uncertain 
since flow-drilling the holes is 
not a routine shop operation at 
this time. The costs a lso do not 
refl ect shop pre pa ration of t he 
beam or field erection. 

RELATfVE CONNECTION COSTS 

Single Angle, AISC Weld .............. 1.00 
Shear Tab ..................................... 1.05 
Single Angle, Vert. Welds ............. 1 .17 
Seat Angle ...... .. ............................ 1.3 6 
Double Angles ............................. 1.50 
Tee, Vert. Welds ........................... l .62 
End Plate ...................................... 2.15 
Through-Plate ..... .. ............. ........... 2.25 
Tee, Flare Welds .. ........... .. ........... 2.42 

CONCLUSIONS 

The tests show that the va ri
ety of s imp le frami ng connec
tions typically used in steel con
struction can confidently be used 
with HSS columns that a re not 
classified as thin -wa ll ed. The 
tabulated connections capacities 
and criter ia for evaluating con
nections that appear in the AISC 
Man u a l of Steel Construction 
can be applied when HSS 
columns are used . The only addi
t iona l limit state that must be 
considered is a si mple thickness 
criteria for punching shear of the 
HSS wa ll when s hear connec
tions are used. 

Co n nections that invo lve 
welding at the center of an unre
in forced HSS wa ll wi ll prod uce 
local stra ins t hat exceed yield. 
However , the resulting wall dis
tortio ns are ba re ly noticeab le 
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Transverse Strain In HSS At 50 kips Shear (ll in/ in) 

Type Bolts HSS Strain 
Wn .> bit 

Ta 3 5/ t 6 1 -1900' 
Tab 3 3116 40 -3870' 

3 - • 
Single Angle (Vert. Welds> 3 1/4 36 -2 tOO 
a 3 1/4 45 -2 100 

Single Angle (AISC Weld> 3 1/4 36 -1380 
Tab 5 1/4 45 -1200 
Tee Vert. 3 1/4 36 -1100' 

ee t-I are j 114 36 -t at 
Single Angle (Vert. Welds) 5 In 16 -1050 

ou e 11 e 14 <6 -975 
Tab 5 112 5 -900 
Tee Vert. l T7T TIi -750 
Double Angle S 1/2 16 -600 

In e n el e 1 
Tee Vert. 5 112 16 -380 
tn t Pate T7T T6 -30( 
Tee Flare 5 112 16 20 
eal 

Thru-Plale 3 5116 19 .55 
al 112 1 60 

Thru-Plale 3 3116 40 475 
ru- ate , 

Column Strengths For Tabs vs. Through-Plate Tests 

bIt m Connection Pult/Py 
Two Sides One Side 

15 1.39 Tnru-Plate, Tight 0.53 
Shear Tab, Tight 0.51 
Thru-Plate, Snug 0.50 
Shear Tab Snu<' 0.49 

29 0.89 Thru-Plate 
Shear Tab 

40 0.60 Thru-Plate 
Shear Tab 

a nd not nea rly as great as the 
distortions of the connecting ele
ments. The local distortion in the 
HSS wa ll has negligi ble in flu 
ence on t he column capacity as 
long as the HSS is not classi fi ed 
as thin -walled. This a pplies to 
connections on one side of t he 
HSS or symmetric on both sides. 

Fina lly, careful consideration 
should be g iven to the type of 
connection specified since t he 
connection cost can vary by a fac
tor of 2.5. 

Donald R. Sherman, Ph.D. , is 
a professor at the University of 

0.63 0.42 
0.61 0.46 
0.58 0.42 
0.45 0.42 

Wisconsin. This article is based 
on a paper delivered at the 1995 
Nationa l Steel Cons truction 
Conference. The connection and 
column tests were supported by 
the Steel Tube 1nstitute of North 
America with additional funds 
provided by the Society of Iron & 
Steel Fabricators of Wisconsin 
and AlSC. The HSS material 
was provided by the Welded Tube 
Co. of America. Special thanks is 
due to Dave Mathews of Ace Iron 
& Steel Co., who fabricated the 
connection material and provid· 
ed cost estimates for fabrication. 
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STEEL ERECTION AWARENESS: 

AN ERECTOR'S VIEW 
Simple steps a des ign engineer can take to make an 

erector's I ife safer and si mpler 

New safety rules could have 
an effect on such areas as fall 
protection. Shown above is an 
iron worker transferring his 
lines. 
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By William G. Zimmerman n 

THE MOST G,:r>t:RAL ADVICE 
FOR A~Y STEt:L ERECTION 
PROJ,:cr IS THAT IT'S ALWAYS 

BETTER TO WORK in a shop than in 
the field. From an erector's view
point, the first order of business 
for any design is to keep the 
erection as simple as possible. 
Doing work in the field out of 
position or in bad weather can 
lead to a need for rework or, 
even worse, to poor or unsafe 
construction. If it can be done in 
the shop, do it there. Usually the 
cost and safety issues are greatly 
diminished . 

WELDIJI;G ISSUES 

The quaHty and dependability 
of field welding has improved 
greatly over recent years. Still, 
some types of welding, specifical
ly full penetration, should be 
avoided where possible. Full pen
etration field welds require a 
highly skilled and qualified 

welder and have to be inspected, 
usually with ultrasonic testing. 
Both of these factors increase the 
cost of a project and extend the 
erection schedule. Therefore, an 
economic design will use full 
penetration welds only where no 
other means is practical. 

The size of the weld also is 
important, because multipass 
(where the welding process is 
repeated on top of a previous 
weld ) welds are more time inten
sive and, again, require more 
highly trained and skilled 
welders. Also, many multipass 
welds require additional inspec
tion beyond just visual. As an 
example, in the case of fillet 
welds, any size larger than II, to 
'/I~ in. will require multipass 
welds. The requirement for con
tinuous welds where stitch welds 
will suffice increases cost and 
many times causes distortion 
problems. If continuous welds 
are used for a seal, consider 
caulking with a high quality 
sealant instad. 

Weld configuration is another 
area that should be considered. 
A fillet weld is the easiest to pro
duce and does not require any 
special preparation. This weld 
can be produced by any certified 
welder. Inspection is simple and 
can be visual for the single pass 
configuration. 

Finally, the position of the 
weld is another area where sav
ings and quality can be 
improved. Using a flat position is 
always easiest for the welder. 

CONNECTION DESIGN 

Erectors a I ways prefer a con
nection that can be made in the 
setting of the members that is 

• 

• 

• 
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open to access and positive, such 
as shear tabs and seats. When 
members have to be knifed 
through the adjoining members 
connection, safety and cost 
become a serious issue. 

An easy way to reduce field 
labor is to focus the connection 
work on similar members. The 
erector is able to set up stan
dards and develop techniques to 
speed up the erection process. 

Another productivity tool is 
the use of twist-off bolts. One 
worker using a 1l0-volt shear 
wrench can tighten bolts much 
faster and with better quality 
than before. When the spline is 
no longer on the bolt, that bolt 
has been torqued to the proper 
tension. There is, however, an 
offset when using tension set 
bolts. The pattern used in tight
ening the connection must be fol
lowed or the top bolt will be loose 
when the bottom bolt is tight
ened. Utilizing the proper 
sequence in tightening the bolts 
will negate this problem. Note, 
however, that some erectors may 
prefer the turn-of-nut method, 
the use of calibrated wrenches or 
the use of direct tension indica
tors. For the most economical 
design, check with the erector on 
a specific project. 

OSHA, through the Steel 
Erection Negotiated Rulemaking 
Advisory Committee (SENRAC) 
is expected to issue new recom
mendations on Subpart R (29 
CFR 1926.750) on August 6. 
With the Subpart R ruling, 
OSHA will probably not a llow 
any connections greater than 
two thicknesses in the setting 
process. Members that require 
multi-thicknesses will need to 
have seats or a two-ply bolt con
nection for setting. Multi-ply 
connection will be allowed after 
the initial setting is complete. 

BEAM AND COLUMN DESIGN 

Light, long beams are danger
ous to install, especially if a 
number of holes are punched in 
the flanges. This type of beam 
tends to roll on itself and buckle 
when hoisted or when set in 
place without any lateral stabi-

1-<7 

-<7 

Fi rst bea m erected 

A ..... 

0 0 

0 0 L 

0 0 

East Elevation 
A ..... 

~ A 

0 0 

0 0 L 
7 

0 0 

L~ A West Elevation 

0 0 
-{ I}-

0 0 
-{ tl- "7 0 0 
-{ I}-

0 0 
-{ tl-

BOlh beams erected 

-{ it-

L ....:! it- "'7 
-f t-

Section A-A 

Shown at top is an 
example of a double (ply) 
connection that may be 
outlawed by the new 
OSHA safety requirements. 
The connection at left and 
above has one double ply, 
which is acceptable to erec-
tors, but would require a 
certain erection sequence. 
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Shear tabs, such as the one shown in the detail above, are the pre
ferred connection in Colorado. 

li zation . An example size is 
W12x16 with flange width of 4-
in. and thickness of '/,-in. over 
20-ft. in length. 

Long light beams used in a 
cantilevered configuration also 
are a safety hazard. The erector 
must, at some time, climb out on 
that member before it is properly 
braced, which can lead to an 
accident. While one goa l of the 
design engineer is often to use 
the lightest members possible, it 
is important to remember that 
fabrication and erection costs are 
not always weight dependent. In 
using more weight in the proper 
places, savings in erection are 
possible that will more than 
compensate for the added mater
ial costs of the member. 

Col umns longer than two sto
ries usually require special han
dling and the savings from not 
needing a splice is usually lost 
by the need for special field han
dling. 

Making the Difference When Performance, 
Reputation and Quality Count. 

Registered head markings on all 
structural and machine bolts. 

eQOe®~ 
A~7 -A A-449 A-307 -B A-325 A-326 

Type 1 Type 3 

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

- FULL TRACEABILITY 
- LOT CONTROL 

- CERTIFICATIONS 

Ji M'"'' 
~

·fl I ND USTRIAL. 

UJ C1 FASTf!N~RS o I N STITUT. e 

Sf. 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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BAR JOISTS 

A quote from a letter from 
AISC-Associate Member Vul
craft, dated Nov. 1, 1994, states: 
"The Steel Joist Institute has 
published the 40th Edition of the 
Standard Specifications, Load 
Tables and Weight Tables for 
Steel Joists and Joist Girders. 
These new specifications have 
extensively changed the han
dling and erection stability 
requirements for K-Series and 
LH-Series Joists . These new 
requirements significantly 
change bridging design and will 
become effective industry wide 
on November 1, 1994.· This 
action is the result of safety in 
erector requirements brought up 
under SENRAC. 

SLIPPERY SURFACES 

Research has shown that 
many accidents in the field occur 
on slippery surfaces, such as 
decking, beams and columns. 
SENRAC is focusing on the paint 
or galvanized treatment given to 
these surfaces in the plant. 
Coefficients of friction that 
would be minimums for t he 
product are under discussion and 
product surfaces may be changed 
to meet the set requirements. 

The construction process 
demands a team effort to be 
totally successful. The erector is 
on ly one member of that team, 
but, by utilizing the knowledge 
of your local erector in the design 
process, you can save money , 
tighten schedules and make the 
erection of a steel-framed build
ing a safer process. 

William G. Zimmerman II is 
president of AISC-member 
Zimkor Industries, Inc. in 
Littleton, CO. This article is 
based on his many year's experi
ence, primarily with buildings up 
to six stories, and is part of a 
paper to be presented at the 1995 
National Steel Construction 
Conference in San Antonio. 

• Curved & Straight Bridge Systems 
t lnfluence Surface Approach 
• HI" and BOX Girder Sections 
• Late" AASHTO • LFD 8< WSD 
• METRIC and English Units 
• Girder Optimization 
• Auto MESH Generation 
• Auto RATING FACTORS - Inventory 

Operating. Poating. Special Vehicle 
• Complex Geom . . Skewed. Bifurcated 
• Pouring Sequence Analysis Available 
• PC License or Leos8, Timesharing 
• Menu·Oriven/CAD-Like Featuret. 
• Fast Running (Minutes) 

SABRE SIGN BRIDGE 
ANALYSIS DESIGN 

• Most Types · Tri-Chord. Box Chord 
SinglefDouble Cantilever, Other 

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

• Design· Splices. Base Plates 

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

• Pull Down Menu/CAD-Like Features 

• Latest AASHTO Code Checking 

• AASHTO - WSD. LFD (LRFD AnalYI III 
• 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 
• METRIClEngJish Conversion 
• Deck Pouring Sequence Analysis 
• Haunched Web, Hybrid, Composite 
• Continuous Spans, Support Reatraints 
• 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 10 6 Spans 

• Pull-Down Menu/CAD-Like Features 

RAMSTEEL Asks: A Computing tributary 
loads. computing live 
load reductions and 
tracking the reaction of 
one member to the 
next. 

"How Much Time 
Do You SRend On 
These Tasks?" 
See how RAMSTEEL can help you 
do this work in a fractio ll of the time! 

3D-DAY TRIAL AVAILABLE 

A Designing beams, 
girders. bar joists. jOist 
girders. columns and 
base plates. 

A Preparing calculations 
and creating framing 
plans. 

~T" 
Err 

S TEE L 

INTEGRATED ANAL YSIS, 
DESIGN AND DRAFTING OF 
STEEL BUILDINGS 

Ram Analysis 
5315 Avenida Encinas, 

Suite M, Carlsbad, CA 92008 
Tel 800-726-7789 
Fax 619-431-5214 
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PARK BECAME A BIG HIT. 
A classic ball park look with 
all the modem convenience,. 
That was the challenge facing 
designers of The Ball Park in 
Arlington, home of the 
Texas Rangers. Today, the 
grand baseball stadium IS 
complete, a monument to a 
difficult assignment superbly 
accomplished. \ ·"hai. wm{l<"'" ,hk 

One key design decision III mmbU1l.UlOJl twh nonJl(d 
was the choice of structural ""'1:/" cmlCT<f< 
teel and comlXlsite deck rather than ca.>t-tn-place 

concrete. Such a method was compatible with the steel 
frammg pans. And, ince the deck acted a, a form for 

pouring the concrete, it 
'dved valuable tIme, as well 
a; labor expeme. 

It was the general con
tractor who, upon review of 
the project, immediately 
.>ugge;ted Vulcraft supply the 
comlx»ite deck. His faith in 
the company was confirmed 
when Vulcraft not only came 

lnswlling cmn{l<J,ire deck" through with a competitive 
f",,,,, and <lIS"'" dum pri e, but also demomtrated 

{l<lII,.ed-m-plnc, eo'kT'ce. their expertise at every stage of 
the deck's manufacturing. What's more, Vulcraft tlXlk the 
extended schedule of illlhl'idual dehvene. m strlJe by 
meeting every deadline with the eX'lCt materials reqUIred. 

Upon its completlon, more than 560,000 square feet 
of Vulcraft composite steel tllX)r deck had gone mto TI)e 
Ball Park in Arlington, not to mention 93,000 square 
feet of roof deck. If you have a project that demand, the 
experience of a seasoned player, contact Vulcraft or ;ce 

weet's 05300 VUL for more infmmatllln on a complete 
range of steel deck ing. Becausc when you have Vulcraft 

on deck, you can WLCRAFT count on your 
project being a 
home run. A Dm51(nl oj Nucor Currxwdudn 

PO Box 637, 8nghmn en), UT !l4l(!Z, 1'l'11714·94B, PO 8. .. ""510, 
F"",,,,,,,. SC 19501, BOJI66Z.(l.IRI.I'O I." Ib9. F,,,, P"" ... AL ,'5%7. 
1051845-1460; PO /Jox 1R6. G",pdnnJ rx 75"'14, 4l'llbll7-4665; PO 8." 
59. Noifolk. NE 6870Z.(1059. 4l111644-1iSi.\1, 1\) 8." ',X'D. S, J,~. IN 
46785. lJ9/.U7~'81\1. Arduk'd 11/ R .. 'l:clf'lI IlkYt. Ir.." .; D.:"W1 .-\rduU'l'l 
Dm . ..J M Sc:huarvArdu{C(lIlTaI Sc.'ru(i'; \poru An:N'txt· , fCMAarJ Nt"!lfl • .'~ 
Tamm..-n & s...·"·geTllJujj; Sm~lIlTltl EI\I,'!~l"', \\~J{4'" P \iOlwt: and A\~Ald{~~; 
Assoclt1fC' Srrucmrui Engrnel'T: lAU!!1n En,J"IJ'lC',"I~, ilk.. , Gl'Tk.,.,J OmrrLl(wY 
ManhiulI:m C"..ortsmuum a).; Sll,a Far.r":iJwr: (lu.'I."f\ llJ Gl't""a 

CIrcle card no. 37 
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TESTING CONNECTIONS 
An overview of the AISC Northri dge 
Moment Connect ion Test Program 

134 In. 

W14 x 455 (A572 Gr. SO) or 
W14 x 426 (A572 Gr. SO) 

W36 x 1SO (A36) 

300 kJp Ram 
and Load Cell 

• 

By Michael D. E ngelha rdt, 
Thomas A. Sabol, Riyad S. 

Aboutah a, a nd Karl H . F r ank 

THE JANUARY 17, 1994 
NORTHRIDGE EARTHQUAKE 
CAUSED SIGNIFICANT AND 

LARGELY UNEXPECTED DAMAGE to 
steel moment frame joints. 
Within three months , a short 
term intensive testing program 
was initiated . 

Damage to steel moment 
frames in the Northridge 
Earthquake was associated pri· 
marily with the welded flange· 
bolted web moment connection
a design widely used throughout 
the West Coast. The expected 
behavior of this detail under 

. ' 

severe earthquake loading is a • 
ductile response associated with 
flexural yielding of the beams or 

Test Setup 

Specimen 3B after testing. 

36/ Modern Steel Conslruclion / May 1995 

shear yielding of the column 
panel zones, without the occur· 
rence of fracture at the beam·to· 
column connections. In effect, 
the connection should be 
stronger than the beam or panel 
zone, thereby permitting the 
beam or panel zone to develop 
the fuJly yielded and strain hard· 
ened strength associated with 
the development of large ductili· 
ty. The connection must exhibit 
the actual strength of the adjoin. 
ing frame elements, considering 
such factors as yield stress val· 
ues in excess of minjmum speci-
fied values, strain hardening, 
and the effects of a composite 
floor slab. 

Contrary to the expected 
behavior, a variety of different 
types of fractures were observed 
in the moment frame joints in a 
large number of steel buildings 
examined after the Northridge 
Earthquake. Fractures in the • 
immediate vicinity of the beam 
flange groove welds were a com· 
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Test Connection Details 

Spec. Connection Beam Top Flange Beam Bottom Flange Web Connection Continuity 
Description Reinforcement Reinforcement Plates 

1 Standard Welded None None 8- 1" A325 bolts + None 
Flanoe-bolted web sunnlemental web welds 

2 All-welded None None Beam web directly welded to None 
column flange with cjp groove 
weld (4-1" A325 erection 
bolts provided 

3 Reinforced with .75" thk. x 12" wide .625" thk. x 14" wide 10-1" A490 bolts + None 
cover plates taaered cover alale rectangu lar cover plate suaalemental web welds 

5 Reinforced wi th 1" thk. x 12" wide 1" thk. x 12" wide 10-1" A490 bolts + 1" thk. 
cover plates tapered cover plate tapered cover plate supplemental web welds full depth 

6 Reinlarced with Iwo-IS TIiK. x 5.5" Iwo 1.5" Ihk. x 5.5" 10-1 " A325 bolts + 1" ,Ihk. 
ribs high laaered ribs high lapered ribs supplemenlal web welds fu ll deplh 

7,8 Reinforced w ith .75" Ihk. x 12" wide .625" Ihk. x 14" wide 10-1" A490 bolts + I "thk. 
cover plates lapered cover plale rectangular (over plate supplemental web welds full deplh 

Y ~Ide-strap nol applicable nol applicable Y- l ' A4YU bolts + 2' ,Ih,k. 
supplemental web welds full deplh 

man form of observed damage, 
with fractures near the interface 
of the beam flange groove weld 
and column flange being particu
larly common. Fractures of the 
column within the joint region 
also were observed. These 
included the pull out of "divots" 
from the column flange at the 
groove weld, as well as fractures 
running across portions of the 
column flange and web. In some 
instances , fractures passed 
through the full depth of the col
umn section. Fractures occurring 
at or initiating from the beam 
bottom flange groove we ld 
appear to have occurred far more 
frequently than at the beam top 
flange. 

None of the connection dam
age resulted in the collapse of a 
stee l moment frame building, 
nor did it result in any loss of 
life. However, this damage is 
contrary to the design intent and 
expectations of an earthquake 
resistant steel moment frame. 
The purpose of the AISC test 
program was to evaluate poten
tial improvements to the connec
tion design. 

Causes of the observed dam
age have been the subject of con
siderable discussion. While it 
wi ll likely be some time before 
a ll the contributing factors are 
clear ly identified and under
stood, it was necessary, for the 

Se lect ed Data For Flat Position "Fie ld" Groove Welds 

Spec. Electrode Top Fl an~ BOllom Flange 
Diameter Designation Back Up ar Back Up Bar 

1 .120" E70T-4 Removed1 Removed I 

2 .120" E70T-4 Removed1 Removed 1 

3 .120" E70T-4 Lefl in Il lace None used2 

5 7/64" E70TG-K2 Left in place None used2 

6 7/64" E70TG-K2 Left in place Removed ! 

7,8 7/64" E70T-7 Left in place None used1 

9 7/64" E70T-7 Left in olace' Left in place' 

Noles: 1. Afler back up bar was removed, a 5/1 6" overhead fillel was provided al Ihe fOOl of the 
groove weld. using aO.072~ diameter E71 T-8 eleclrcx:le. 

2. Bottom cover plate groove weld served as acking for beam bonom flange groove weld. 

3. Dal~ in table is for groove welds connecting 2'"115.5" "side straps" to beam flange 
eXlCnslons. 

purposes of t he AISC test pro
gram, to speculate on the causes 
of the connection damage. Some 
of the factors considered for the 
purposes of the AISC test pro
gram include: 
Welding related factors 
• inadequate welding workman

shi p and inspection 
• lack of adherence to wri t ten 

welding procedure specifica
tions 

• the notc h effect created by 
left-in-place backup bars 

• use of weld meta l wi th low 
notch toughness 

Design related factors 
• overstress of bea m fla n ge 

groove weld and surrounding 
base meta l regions due t o 
inadequate participation of 

t he bolted web connection in 
t ransferring bending moment 

• uneven distribu tion of stress 
across the width of the beam 
flange groove weld 

• highly restrained areas withi n 
t he joint deve loping bi axi a l 
and t riaxia l states of tension , 
t h ereby inh ib i ti n g duct i le 
material response 

• i nc r ease in botto m fl ange 
stress and strain due to pres
ence of composite floor s lab 

Material related factors 
• ac tu a l y ie ld st r ess of A3 6 

beams conSidera bly in excess 
of 36 ksi 

• inadequa te through-thi ckness 
strength or ductility of column 
fl anges 

• inadequa te notch toughness of 

Modern Steel Construction 1 May 1995 / 37 
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Example of cover plate reinforcement 

column material 
• high values of yield-to-tensile 

strength ratios (F IF. ) 
The above Hst is stifi specula

tive; the roll of these and other 
contributing factors has yet to be 

definitively demonstrated . 

TEST PROGRAM 

The AISC testing program 
was directed towards steel 
moment frames that were under 

design or construction at the 
time of the earthquake and was 
intended to provide immediate 
data that would permit these 
projects to proceed at a higher 
level of confidence in their 
moment connections than would 
have otherwise been possible. 
Thus, the objective of this pro
gram was to develop interim 
guidelines for improved connec
tion details in as short a time as 
possible. 

In order to guide the program, 
AISC organized an advisory 
group representing a broad 
range of expertise and including 
researchers, structural engi
neers, fabricators , erectors, steel 
mill represen tatives , weld ing 
specialists, and welding inspec
tion and NDT personnel. 

Tests were conducted on sin
gle cantilever-type test speci
mens. Slowly applied cyclic loads 
were applied at the beam tip, 
subjecting the connection to 
cyclic bending moment and 

Automatic preheating or manual 
- how do you decide? 

Once you compare, the choice is obvious. 
Automatic electrical resistance preheating 

helps control project costs by: 

Increasing welder productivity 
Labor costs are reduced because components are always ready for 
welding . Your personnel are freed from time-consuming manual 
preheating chores. The electrical equipment creates a safe working 
environment. 

Avoiding expensive rework 
Uniform maintenance of minimum temperature controls two common 
causes of rework - cracking and hydrogen formation . 

Request our FREE literature and information on 
our successful Northridge earthquake projects. 

:2" 

:2" 

r--

~ 

~ 
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'"-.J 

TyptCal preheat layout 
for underSKie of 

column-beam weld JOint 

CORPORATE HEA~QUARTERS 

COOPERHEAT 
~ 

1021 Centennial Avenue, Piscataway, NJ 08854 
Toll Free: 800-526-4233 

Tel : 908-981-0800 . Fax: 908-981-0850 

Please circle # 42 
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shear. A beam lateral support 
was provided at a distance of 7 
ft. from the face of the column. 
Despite the limitations, includ
ing that the test does not include 
the effects of a composite floor 
slab or simulate the actual 
strain rates of a real earthquake, 
it is believed that this simple 
testing approach provided the 
best opportunity to collect mean
ingful data in a short time 
frame. 

All test specimens were con
structed with W36x150 beams 
and A36 steel , and either 
W14x455 or W14x426 columns of 
A572 Gr. 50 steel. (Note: while 
these member sizes are not atyp
ical for moment frames in south
ern California, neither are they 
fully representative. Therefore, 
the possibility of differences in 
performance based on members 
sizes should be considered when 
viewing the results of these 
tests. Also, the member sizes 
used in this test program result-

•• 

Example of rib reinforcement 

ed in joints with a very strong 
panel zone, so inelastic action at 
the joint was forced into the 
beam.) 

The specimens were subjected 
to symmetric loading cycles, with 

the beam tip displacement 
increased until failure of the con
nection occurred, or until the 
limits of the testing apparatus 
was reached. Because this does 
not replicate the actual load his-

• ii·W::t. Shear Wrench Tools for Tension Set Fasteners 

o • 

S-60EZ Specifications 

Weight :=':':11:":' :":11:";11;11 13 Ibs. 
Torque '''TT. .11. 425 ft./Ibs. 
Speed III ................... 16 RPM 
Capacity 111111 " - 5/8" - 3/4" 

(+7/8" A325 only) 
Voltage 1111...... .. 110 V. AC 

AND 
ALL Break-Off Type Bolts 

SALES · REPAIRS· RENTALS· PARTS 

FULL 
RANGE OF 

BOLTS 
5/8" - 1-1/8" 

A325 

A490 
Are Also 
Available 

CALL US For Domestic 
Tension Control Bolts! 

r----,),Il"--

S-90EZ Specifications 
Weight _ ...... 11111111 18.5 Ibs. 
Torque --- 550 ftllbs 
Speed '18'''' 16 RPM 
Capacity ----" 3/4"- 7/8" 

(+ 1" A325 only) 
Voltage ___ UN' "'""" .. 110 V. AC 

BRISTOL" MACHINE COMPANY • 19844 Quirpz Court, Walnut, CA 91789 • (909) 598-8601 • Fax (909) 598-6493· (800) 798-9321 
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WEUNE SMARr BOLlS KNOW "PROPER TENSION!" 
A-325 or A-490 high strength bolts. 

Factory mill certification-traceable to each keg. 
Black or mechanically ga lvanized. 
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tory of an earthquake, some 
judgment was required in inter· 
preting the tests. The primary • 
criteria used to judge test speci· 
men performance was the plastic 
rotation developed by the beam. 
Target beam plastic rotations on 
the order of plus/minus 0.02 to 
plus/minus 0.03 radian we re 
established. Also, total dissipat· 
ed energy a nd the nature of the 
specimen's fai lure mode were 
considered in evaluating the suc· 
cess or failure of a particular 
specimen. 

TE T SPECIMENS 

The overall approach used in 
the design and construction of 
the test specimens was to devel· 
op i m provemen ts both to the 
welding and to the design of the 
connection. Improvements were 
incorporated in the beam flange 
groove welds in an attempt to 
increase the level of stress that 
the weld region could sustain 
without fract ure. At t he same 
time, the connection design was 
modified to reduce the level of 
stress on the beam flange groove • 
welds and surrounding base 
metal regions. As noted earlier, 
there are several material·relat· 
ed factors that may have con· 
tributed to the damage. 
However, no attempt was made 
in this test program to address 
those issues. Therefore, no 
attempt was made to set upper 
limits on beam Fy, specify 
through thickness properties or 
toughness req uirements for the 
column nanges, etc. It was 
believed that, at least in the 
short term, significant changes 
in steel material specifications is 
not a practical alternative. 

Nine different connection 
designs were considered in the 
test program, with two replicates 
(designated A & B) constructed 
of each by a different fabricator. 
(Note: ultimately, specimens 4A 
and 4B were not tested, so no 
information on these two speci· 
mens is included in this report.) 

• Specimen 1: Standard 
welded f1ange·bolted web • 
detail, designed in accor· 
dance with Section 2211.7.12 
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of the 1994 UBC. Although the 
conventional connection detail 
was used, several improvements 
were incorporated into the 
groove welds. The purpose of this 
specimen was to determine if the 
standard detail, with minor 
welding improvements, was like
ly to provide satisfactory perfor
mance. 

pecimen 2: All-welded 
connection. Similar to Speci-

~~r--(~R R~IS 
5/11 CLEANED AND INSPECTED 

men 1, except the beam web, 
rather than being bolted, was 
welded directly the column. Past 
test programs have typically 
shown significantly better per
formance from all-welded con
nections. This better perfor
mance has been attributed to the 
improved ability of the welded 
web connection to transfer bend
ing moment at the connection, 
thereby reducing the stress on 
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the beam flange. 
• Specimens 3, 5, 6, 7 & 8: 

Reinforced connections_ The • 
beam flanges were reinforced 
with either cover plates 
(Specimens 3, 5, 7 & 8) or with 
vertical "ribs" (Specimen 6). In 
each case, both the beam flanges 
and the reinforcement were 
welded to the face of the column. 
The intent of these connections 
was to significantly reduce the 
stress on the beam flange groove 
welds and surrounding base 
metal regions, and to move the 
location of the beam plastic 
hinge away from the face of the 
column. Connections with cover 
plates and ribs h ave s hown 
promising performance in past 
tests. The design goal a dopted 
for the reinforced connection was 
that the region of the connection 
at the face of the column should 
remain essentially elastic under 
the maximum bending moments 
and s hear forces developed by 
the fully yielded and strain hard-
ened beams. For the various 
reinforcement configurations 
tested, the section modulus of • 
the reinforced cross-section was 
on the order of 1.6 to 2.0 times 
the section modulus of lhe unre-
in forced beam cross-seclion. 

• Specimen 9: Uncon
ventional connection design
ed to avoid through-thick
ness loading of the column 
flange. Forces in the beam 
flange were transferred lo the 
column through "side-slraps" 
connected to the outer edges of 
the beam flan ges and lo lhe 
outer edges of the column conti
nuity plates. 

The test specimens were con
structed in two different fabrica
tion shops in California. Welds 
that would normally be field 
welds were in actual construc
tion done in the fabrication shop, 
but by field welders from erec
tion companies in California. All 
welds were done by the self
shielded FCAW process. Three 
different FCAW electrodes (.120-
in. diam eter E70T-4, 7/ .. _in . • 
diameter E70T-7, and 7/.,_in. 
diameter E70TG-K2) were used 
for the flat position field groove 



,D 
,~ 

l e (i ) ••••••••••••••••••••••••••••••• e •••••••• e •••••••••••••••••••••• ~ 
..J ,0 

• 

• 

• 

welds for different test speci
mens. 

The E70T -4 electrode was fre
quently use for this application 
in the past. Neither the E70T-4 
nor the E70T-7 electrodes pro
vide minimum specified notch 
toughness properties. The 
E70TG-K2 electrode was chosen 
to provide high toughness. This 
electrode provides minimum 
specified Charpy V-notch values 
of 20 ft.-Ibs. at -20 degrees F. 

Weld tabs were used for all 
groove welds, and then were 
removed by air carbon arc cut
ting after the welds were com
pleted . The groove weld runoff 
areas enclosed by the weld tabs 
are where the welds are started 
and terminated . Consequently, 
these areas may contain defects 
and notches that may initiate a 
fracture . Removal of weld tabs is 
intended to provide a clean, 
notch free termination of the 
groove weld, reducing the oppor
tunity for fracture initiation. 

No back up bars were left in 
place at the bottom beam flange 
groove weld. Bottom flange back 
up bars, when used, were 
removed by air carbon cutting. 
Alternatively , for the connec
tions with bottom flange cover 
plates, weld details were devel
oped that did not require the use 
of a back up bar. Bottom flange 
back up bars were not permitted 
to remain in place for several 
reasons . First, it was believed 
t hat inspection of the bottom 
flange groove weld would he 
more reliable without a back up 
bar. Removal of the bars permits 
visual inspection of the weld 
root, and presumably permits 
more reliable ultrasonic inspec
tion. Further, it was believed 
that the presence of the back up 
bar creates a notch at the root of 
the groove weld that may help 
initiate fracture . 

For the top flange groove 
welds, back up bars were 
removed for some specimens but 
left in place for othe rs. It was 
speculated that the top flange 
back up bar was not as detri
mental as the bottom flange back 
up bar. At the top flange , the 

Summary Of Test Specimen Performance 

Spec Brief Dc<;crlption Of Fai lure 

IA fracture .II lOp flan~e groove weld, 
nt'M weld-column mlerface 

'" fracture at oollom flange o( groove weld. 
nca r weld-column mtendCC 

2A ~~CIUr~~t Ifth flange"roove weld. 
rHllMl1 WII In \"'1.'1 m<'t,ll 

28 (raclun.' at I~ flange " roo ... 1.' wt'ld, 
prHTl.ul ly Wit In wei mctal 

IA Iraclure at top lIangt' and covet plate 
~roove weld, near weld-column inlcrf,ICC 

3" Wadu" l deterioration in strength due 10 beam 
ocal buckling, followed by ~radua l te.lrlng 
of beam bottom flange at 1.'f1 of cover plate 

SA ~rad.lh11 ~~crioratlon III slrengll~J(I~C to )(',lm 
ocal buckling. rollo\'¥~ by ~radu.'l te.uing 
of Ix',lm bottom flanj.,>e Jt en< at' cover plale 

58 bnltlc fracturl' at beam's bottom fiJnge 
conn('(:lion to column; fracture wllhm 
column fI.,nge material ("diVot '" removed 
from column flange) 

bA rad~:ll detl'noratlOfl In S\f('ngth,duc to bt'am 
oeal bucklmg, followed hy §tJdual teanng 
of Ix-.lm IXlttom flam!e at ('n of nbs 

6" wadual deterioration in sirength du(' 10 ix-am 
<>cal buckli ng. fo llowed by §tJdual teaflng 
of tx-am bottom flange at en of nbs 

7A rcradual dC'tenoration in strength due 1o beam 
oc.:,ll buddmg. and due to gradual fracture of 
fillet welds connecting co\lt"r plate<. to beam 
fl.,ngt'S; _tt'St lermlnatro to avoid damage to 
tlost eqUipment; ~Imen shll had sulic;t,mtial 
strength al end 0 test 

-8 samt' as 7A 
SA ~.lrTl{' .,~ 7A 

88 !iolml.' as 7A 
qA fratlurc t~)thc ~~~e 5traps COIltH.'Ltmg the 

I)('.lm'~ t ) flan e to the column 
98 ~lduill fracture along Ihe,rosl.' of lop ilnd 

110m flanges at c()(1necl.on to SIde Slraps 

back up bar is not located at the 
extreme fiber of the cross-sec
tion , as it is for the bottom 
flange. Further, the observed 
damage patterns suggest the top 
fl ange was not as critical as the 
bottom flange. 

Note that removal of we ld 
tabs and back up bars was not 
common practice prior to the 
Northridge Earthquake. 
Experience with specimen fabri
cation indicates that removal of 
weld tabs and back up bars are 
extremely t ime consuming oper
ations and would add significant
ly to the cost of a connection. 

T EST R ESULTS 

Both replicates of the welded 
fl ange-bolted web detail 
(Specimens IA a nd IE) as well 
as both replicates of the ali-weld
ed detail (Specimens 2A and 2B) 
showed unsatisfactory perfor
mance . All four connections 

Max. Beam Total DISSip.lll'd Overall 
Plast ic Rot f nergy (kip-in. l As!.('S<mt'f1t 

.005 rad. btiO very I)UC)I 

.005 rad. IC.oo 1'00< 

0015 r'ld. 300 very 1)00( 

.009 rad lbon POO' 

.0 15 tad 1750 roo' 

.025 rad. 1(1,800 v(>ry good 

.025 rd(l. I (},7(1(l wry ~oc.)(1 

.005 rad I bOO 1-

025 r.l(1 1\),..150 \(l'ry K(){)(i 

.030 rad. ..!2,270 v('ry Rood 

.035 rad i5550 ('~(ell('rlt 

050 fad 25 500 (',n'lIenl 
.OJ5 (,1 10 JOn ('xu' ('nt 

.035 rad . l S.Boo (''(u' lI!'nt 

.0 15 rad. 7.bOO 1.:11( 

.015 rad. 7.300 f.lir 

experienced s udden fractures 
early in their inelastic loadi ng 
hi stories, falling considerably 
s hort of achieving the target 
plastic rotations-despite very 
good welding wo rkm anship, 
removal of the back up bars, and 
removal of the we ld tabs . This 
suggests factors other than just 
poor workmanship contributed 
to the poor performance of these 
type of connect ion s in the 
Northridge Earthquake. 

It s hould a lso be noted that 
the poor performance of these 
four Specimens should not neces
sa rily warrant condemnation of 
these connection details. These 
details may have shown better 
performance if, for exa mple, a 
different welding electrode was 
used, or if continuity plates were 
used. Further testing in this 
a rea is needed before any defini
tive answers can be given. 

Eight of the ten reinforced 
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Specimens 7 & 8 

connections showed excellent 
performance, typically sustain
ing on the order of 20 inelastic 
loading cycles, with maximum 
beam plastic rotations in the 
range of plus/minus 0 .025 to 
plus/minus 0.035. For Specimens 
7 A, 7B, BA and BB, the test was 
terminated after the specimen 
had achieved very large plastic 
rotations in order to avoid dam
aging the testing apparatus. 

Two of the connections rein
forced with cover plates showed 
unsatisfactory performance, 
experiencing brittle failures at 
low levels of plastic rotation. One 
of these, Specimen 3A, failed by 
a sudden fracture at the top 
flange/cover plate groove weld to 
the column, with fracture OCCur
ring near tbe weld-column inter
face. As before, the fracture Sur
face showed no evidence of 
workmanship errors. Specimen 
3B, in contrast, showed excellent 
performance. The only difference 
between the two specimens was 
the choice of weld process vari
ables for the E70T -4 electrode. 
The comparison of the two speci
mens emphasizes the importance 
of the Welding Procedure 
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Specification . It is clearly the 
intent of AWS Dl.l that welding 
should be accomplished in accor
dance with a written WPS. 
These tests indicate that the 
development of a proper written 
WPS and its rigorous enforce
ment have a significant impact 
on the success or failure of a con
nection. 

Specimen 5B also exhibited 
unsatisfactory performance. 
Failure occurred by a sudden 
fracture at the bottom beam 
flange connection to the column. 
The fracture appeared to be 
almost completely within the col
umn flange material, and the 
cause of the failure is still under 
investigation. The nature of the 
failure, however, suggests that 
through thickness properties of 
the column flange may have 
played a role in the failure. 

CONCLUSIONS 

o The unsatisfactory perfor
mance of Specimens 1 and 2 sug
gests that improving welding 
workmanship, by itself, may not 
assure satisfactory performance. 

o The tests of the reinforced 
connections indicate that it is 

• 
possible to design and construct 
connections that will develop the 
full flexural strength of the • 
beam, and permit the develop-
ment of large plastic rotations 
under cyclic load. 

o The test results emphasized 
the importance of enforcing a 
written Welding Procedure 
Specification. The use of improp
er welding process variables can 
lead to deficiencies (e.g. low 
toughness) that are undetectable 
by ultrasonic testing or other 
common NDT techniques. 
Inspection and enforcement of 
the WPS at the time of welding 
is needed. 

Some of the issues that 
require further investigation 
include the required level of 
toughness of the weld metal and 
base metal, the effect of the con
tinuity plates, the influence of 
the top flange back up bar, and 
the role of col umn flange 
through thickness properties. 
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STEEL MOMENT-RESISTING 
FRAMES AFTER NORTHRIDGE 

• 
Statistics on Northridge damage point to the need for 

probabilistic approaches to eva luation and design 

Shown above is an example of weld and column flange fracture. 
The crack starts in the weld (lower right) and pulls out a divot from 
the column flange. Photo courtesy of David L. Norris , Western 
Inspection & Testing. 

By David Bonowitz, S.E. and 
Nabih Youssef, S.E. 

AjURVEY OF NORTHRIDGE 
EARTHQUAKE DAMAGE IS 

EGINNING TO YIELD USEFUL 
CONCLUSIONS regarding steel 
moment· resisting frame (MRF) 
connections. Two patterns of 
damage, one quality-based and 
one demand-based, are emerging 
from the data. These patterns 
highlight the importance of 
design reliability, for which prob· 
abilistic approaches may be 
appropriate and even advanta
geous. Such approaches would 
account for documented variabil
ity in connection capacity. 

One principle of seismic 
design is that any structural ele
ments that "fail" in an earth
quake should do so safely and 
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reliably; i.e., they should main
tain their strength and prevent 
collapse. Thus, the design philos
ophy behind steel moment
resisting frames (MRFs) allows 
for inelastic behavior in large 
earthquakes, but only in the duc
tile elements and specifically not 
in welded connections. 

The Uniform Building Code 
(UBC), until last year, allowed a 
prescribed connection with full 
penetration groove-welded 
flanges and bolted and/or welded 
beam webs. 

The standard connection, 
among other Code provisions for 
steel MRFs, is based on tests 
dating back to the 1960s. 
Typically, these tests involved 
elastic and inelastic cyclic loads 
applied to cantilevered wide 
flange sections. They did not, 

however, account for some condi
tions seen in actual buildings, 
such as the effects of column 
axial loads, the effects of compos
ite concrete floor slabs, and the 
effects of true dynamic loads 
with high strain rates. Each of 
these is thought to have affected 
the patterns of observed 
Northridge damage. 

Although most of the histori-
cal test programs were able to 
demonstrate the theoretical 
inelastic capacity of steel MRFs, 
published results reveal that 
post-yield behavior was not reH-
able. Typically , of eight or 10 
specimens in a test program, one • 
or two would fail prematurely. 
Dismissed then as aberrant 
behavior, the poor quality, brittle 
weld fractures and variable rota-
tion capacity observed in these 
specimens appear in hindsight 
almost to have predicted 
Northridge damage. At the very 
least, they confirm that reliabili-
ty in MRF connections is at least 
as great a concern as theoretical 
strength. 

P RE-NORTHIlIDGE D ESIGN 

In September 1994, the pre
scribed connection was removed 
from the UBC and replaced with 
a requirement to demonstrate 
connection capacity by test or by 
conservative calculations. 
Although specific features of the 
prescribed connection, which had 
been widely used in California 
for many years prior to its codifi
cation in 1988, have not been 
linked conclusively to observed 
damage, its removal from the 
Code should still be seen as a • 
positive step. As Northridge 
damage was discussed and 
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debated in late 1994, it became 
clear that most engineers knew 
very little about the history, met
allurgy, construction and inspec
tion of their full-penetration 
welds. This was certainly due in 
part to the availability of the 
prescribed detail. Removal of the 
detail may remove some of our 
institutionalized ignorance as 
well. 

In particular, some engineers 
consider the fully-welded beam 
flanges to be fundamentally 
flawed. They argue that 
restrained steel in the standard 
detail can never reliably develop 
its plastic strength under impul
sive earthquake loading. 

Other pre-Northridge prac
tices now under scrutiny include: 

- Minimal structural re
dundancy. For example, the use 
of only two or three single-bay 
frames in each direction. Though 
economical, these frames use 
h eavier column sections that 
may be prone to flange tearing; 
they have very low axial com
press ive stresses, which may 
lead to states of bi- or tri-axial 
tension; and they lose a greater 
portion of their strength when a 
single weld fractures. 

- Backing bars left in place. 
The small vertical gap between 
the backing bar and the column 
flange can simulate a notch at 
the weld root, possibly leading to 
stress concentrations and frac
tures emanating from the root 
pass, a part of the weld that is 
sometimes prone to poor quality. 
Further, the presence of the 
backin g bar can obscure UT 
readings and hinder quality con
trol during construction. One 
solution is to routinely remove 
the backing bar after welding, 
backgouge the weld root pass , 
and refill the weld from the 
underside with a reinforcing fil
let. 

- Lax documentation and 
quality control. This regards 
all aspects of design and con· 
struction, from speci fications of 
materia ls and procedures to cer
tification of welders and inspec
tors . It is particularly important 
where traditional practices, such 

as the use of 
end dams, are 
at odds with 
project sta n
dards and 
where newer 
techniques, 
such as Flux
Core Welding, 
may be unfa
miliar to pro
ject personnel. 

Whil e none 
of these prac
tices has been 
shown conclu
sively to have 
caused the 
observed dam
age, all are 
thought to 
have helped 
make the dam
age more likely 
and more criti· 
cal. 

NORTHRIDGE 
EARTHQUAKE 

PERFORMANCE 

An ongoing 
survey, funded 
by NIST and 
the SAC Joint 
Venture, of Showll above is a fracture ill the heat-affected 
steel MRFs ZOlle at the weld-colum face. 
inspected since 
the Northridge 
earthquake has collected data 
from 24 engineering firms on 89 
inspected buildings. The sample 
may be unrepresentative of the 
total MRF population because 
inspections so far have been vol
untary, often motivated by the 
presence of non-structural dam
age and limited by budget and 
access constraints. In late 
February, the Los Angeles City 
Council passed an ordinance 
mandating limited inspection of 
MRF connections. 

Contributing engineers com
pleted survey forms with sec
tions on building design criteria, 
detailing, configuration, earth
quake performance , scope of 
post-earthquake inspection (typi
cally visual and UT), and 
observed damage . The form 
defined six categories of damage 

based on the connection part 
most affected: Weld (at top and 
bottom of beam); Girder (top and 
bottom); Col umn Flange (top and 
bottom ); Shear Connection; 
Panel Zone (continuity plates 
and double plate welds); and 
Column Web. 

Data collected on a building
by-building basis would not have 
allowed studies of damage by 
frame direction or floor level. 
But due to schedule and budget 
constraints, data could not be 
collected for individual connec
tions either. As a compromise, 
we collected damage data for 
each inspected "floor-fram e: 
that is, each set of connections in 
a single frame at a single floor. 

The s urvey buildings repre· 
sent a variety of ages, sizes, 
frame configurations, degrees of 
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The complete 
detailing soHware 

that does everything 
but make you coffee. 

(So far.) 

, "" .~ .. 4' 

STEELCAD is the most complete 
detailing software on the market. 
It allows you to compress tasks into 
hours instead of days, helping you 
become more competitive and more 
profitable, 

STEELCAD enables you to produce 
drawings four different ways, 
including: 

• Downloading from engineering 
neutral files 

• Detailing from the framing plan 

• Individual piece detailing 

• Graphics detailing 

STEELCAD can also dramatically 
streamline production control, 
including: 

• Estimating 
• Advance bill of material 

• Inventory control 

• Production conlrol 

• CNC downloading 

• 3D modeling 
• Bar coding information 

• Automated erection plans and 
piece marking 

Or it can be downloaded to your 
current production control system, 

And it's all built in"" there are no 
added modules to buy, STEELCAD 
is the simplest, most flexible, most 
complete detailing software 
available, all at a price well below 
the second best alternative, 

But we're always working on making 
it even better. We're regularly 
upgrading it based on input from our 
customers. So maybe we'll have that 
coffee making feature yet! 

But don't just take our word for it. 
We'll put you in touch with 
companies that have switched from 
olher systems to STEEL CAD. Then 
call us to set up a demonstration in 
your office. 

We'll even make the coffee. 
Please circle # 84 

Clll US 
TooIY! 

800·45&·1815 
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regularity and redundancy, etc. 
If the survey has a typical build
ing, it is a three- or four- story 
office building from the early 
1980s, with a 20,000 to 30,000 
sq. ft. floor plate and plan set
backs at the upper stories. It has 
two-to-four frames in each direc
tion and two-to-four bays in each 
frame. Geographically, the sur
veyed buildings li e most ly in 
areas of concentrated commer
cial developm e nt . Surveyed 
buildings with se riou s MRF 
damage lie as far south as Santa 
Monica and West L.A., as far 
north as Santa Clarita, a nd 
along a seven-mile wide band 
north of the Santa Mon ica 
Mountains running 25 miles 
from Simi Valley in the west to 
Glendale in the east. 

Survey statistics (as of 
February 1995): 
Buildings .""""""",, ........................ 89 
Investigated frames ....................... 590 
Investigated floor-frames ............ 2066 
Visually inspected connections ... 8675 
UT'd Conneclions ....................... 7812 

Most common damage 
class (as percent of all 
inspected floor-frames) 
Bollom weld ................................ 50% 
Top weld ....................... " ............ 18% 
Column fla nge al bollom ............. 1 5 % 

The most serious damage, 
fracture through the column 
flange into the column web, was 
reported in 92 floor-frames (4%) 
in 21 buildings. 

Note that fractures along the 
fusion zone between the weld 
and the column flange are gener
ally counted as we ld damage. 
Also, it is important to note that 
about half of all reported weld 
"damage" was re ported as type 
WI , dermed on the survey form 
only as "incipient root cracks 
detected by UT." Whether these 
rejectable conditions predated 
the earthquake is an open issue, 
although by now most engi neers 
believe that at least some of the 
root cracks are not ea rthquake 
damage. 

Overa ll , the di stribution of 
damage is as follows: 

• 

• 

• 
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Total Survt:y 8981dgs. 2066 Floor-Frames 
No Damage 19'>00 4)'4 
Weld Dam_ Only 29'>00 40'4 
Bottom Dam. 81 .... 54'4 

Iweld Of bare metal! 

Considering that half of all 
weld damage was "incipient root 
cracking" only, it appears that 
about two-thirds of all inspected 
floor-frames (43% + half of 40% = 
63%) had nothing more than root 
cracks. 

DAMAGE CORRELATION 

Because the floor-frame data 
so far does not include estimates 
of structural demand, it is most
ly a catalogue of observed dam
age types and distributions. 
Correlation studies of damage 
level versus site and design char
acteristics confirm only two clear 
patterns: 

In the San Fernando Valley, 
frames oriented in the north
south direction had significantly 
more damage than those run
ning east-west. 

In three- to five-story build
ings, more damage was found at 
lower floors (no pattern of dam
age vs. floor level was found for 
midrise and highrise buildings). 

Limited as they are, these two 
correlations are still useful in 
guiding further inspection pro
grams. They also suggest a pre
dictable relationship between 
damage and demand, discussed 
below. 

Despite the conjectures of 
some engi neers, no statistical 
correlations have been found 
between observed da mage and 
building size, building age, nomi
nal material strength, structural 
regularity, structural redundan
cy, the number of bays per 
frame , frame dimensions , or 
member sizes. Planned studies 
with ground motion and analysis 
results may show that some 
design conditions are more criti
cal than others above a certain 
threshhold demand, but so far it 
can not be shown that some 
fram es are more susceptible to 
damage due to their configura
tion alone. 

In addition to the floor-frame 

2l- SSAJ 
(.~) 
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Additiona l fealures: 

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

,,12 
0" 

Each beam, co lumn, broce, or sta ir 
i. drown fully and immed ialely after 
answering a few simple quesllons. 
All dimens ion in g Is done by Ihe 
program, Inc luding sel-backs, blocks, 
and slubs . Shop slandards, clip 
angles, bose and cop plales are 
enlered only once 01 Ihe beginning 
of each lob. The Informallon Is 
s lored In dolo files, and may be usod 
aga in for fuluro lob • . 

'Beam-la-column match ing capabi lity. 
'Bill of motorial generaled automatica lly. 
·Beoms may be drown using stub or 

11.0. 

string dimensions. 
'Wi ll automatica lly gonerale details for 

slop ing beams, moment connectlons l 

bracing connections, sloping braced 
beams, staggered c li ps, bolted or 
wetded cli ps, and offset bose plate •. 

OetailCAO was written by dotalle". We undersland your needs 
because we use this product dolly. Give us the opportun ity 10 
show you that you don't need to spend $30,000 for a detai lin g 
program. We otter a free 30 day lest period for a deposit of 
$150, which is fully refundable. The purchase price of th is 
program, including sta lrs l Is $5000. F"or Information, contact : 

~arv'n Alexander 
23 1. First Av • . N. 
Birmingham, AL 35203 
(205)32.-57011 

Oavld Crow 
.37 Potrlck Mil l Road 
Winder, GA 30680 
(.0')867-6756 
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Shown above is another example of lamellar fiange tearing (note 
use of end dam on weld, which is /lot supposed to be used). Photo 
courtesy of David L. Norris, Western Inspection & Testing. 

data, we also are compiling and 
analyzing data from about 2,000 
connections in eight buildings 
analyzed as SAC case studies. 

For each connection, we know 
the building and connection con
figuration, the observed damage, 
and the beam end moments and 

inter-story drifts from elastic 
analyses with recorded or syn- • 
thesized Northridge ground 
motions. Preliminary results are 
encouraging, suggesting a corre-
lation between damage and elas-
tic demand. But, even if addi-
tional data support this trend , 
any correlation will almost cer-
tainly be probabilistic, not deter
ministic. In other words, we may 
be able to say that for a given 
demand-capacity ratio there is a 
certain likelihood that a connec-
tion will be damaged, but we will 
not be able to derive a "fracture 
strength" for a given detail . 

This probabili stic approach is 
necessary because of the variable 
material strength, construction 
quality, and loading of a given 
MRF connection, as demonstrat
ed by the history of lab testing. 
In fact, two global "damage" pat
terns are emerging: 

• A largely random pattern of 
rejectable weld conditions caused 
by poor quality contro l during 

PRECISION BENT 

- Largest Induction Sending Facility In 
The Western Hemisphere 

- Complete Physica l and Metallurgica l Testing 
- Reduce Fabrica tion and Installation Costs 

With Use Of Induction Sends 

• Heavy Channels 

• Heavy Wide Flanges and S Beams 

• Square. Rectangular and Round 
Hollow Sections 

• Specializing In Unique RadII. large 
Diameters and Heavy Sections 

• Carbon Steel. Stainless Steel and 
Alloy M a tenals 

• Sizes 3" Through 66' 

=== 

iW:'~dr iii ECH 
North American Piping Technologies 

851 Sooth Freeport Industnat Pal1!way • Clearfield, Utah 840 15 
(801 ) nJ.7300 • FAX (801) n3·6185 

NAPTECH - THE TECHNOLOGICAL LEADER IN INDUCTION BENDING 
50 I Modern Steel Construction I May 1995 Please circle # 116 



:;:, 

.~ ................................................................ ~ 

• 
construction and more than like
ly pre-earthquake. 

• Superimposed on the fir st 
pattern, a set of serious fractures 
statistically correlated to local 
stresses. 

The first pattern, perhaps tied 
to weld quality, helps explain the 
observed scatter of weld root 
"da mage" as well as the unlikely 
cases of buildings where most 
inspected welds had rejectable 
defects but none was cracked 
through. The remaining question 
is whether the two patterns are 
linked. That is, does poor initial 
quality increase the chance of 
serious damage? 

This question will become cen
tral as more buildings are 
ins pected and more rejectable 
weld discontinuities are found. If 
the defects are original, will 
insurers still cover the costs of 
ins pection and repair? If ordi
nances mandate repair of dam
age, do they also apply to condi
tions once overlooked or even 

accepted? And if some of the 
cracks are original, what does it 
mean that they rode out the 
earthquake without fracturing 
completely? As with California's 
unrein forced masonry bui ldings, 
the MRF issues are more than 
technical , and their resolution 
will demand cooperative input 
from all potential stakeholders. 
But unlike UMBs, we still design 
and build steel MRFs with high 
expectations. 

The second pattern shows up 
when cumulative distributions of 
dam aged a nd undamaged con
nectins are plotted against elas
tic de mand-ca pacity ratios 
(DCRs). Overall, the connections 
with visible base-metal fracture 
tend to have a higher proportion 
of damage. Although no critical 
fracture stress is identified and 
damage to specific connections 
cannot be predicted, these pat
terns confirm the value of analy
sis in setting the scope of post
ea rthquake inspection for large 

buildings. 

MITIGATION 

SAC Advisory No.3 provides 
practical recommendat ions for 
dealing with new a nd existing 
MRFs. For both, the first step is 
se lectin g a ppropri ate perfor
ma nce goa ls, a nd here it is 
essential to distinguish between 
life safety hazard mitigation and 
damage or economic loss mitiga
tion. Although there is still a 
range of opinion on the subject, 
most engineers believe that 
ex isting steel MRFs, if repaired 
where necessary, a re capable of 
providing substantial life safety. 
And because life safety is the 
first priority of building officials 
and code writers, we cannot 
expect forthcoming guidelines or 
mandates to address damage 
control speci fically . But consider
ing the costs in business down
time from the Northridge earth
quake, and considering that 
modern steel MRF tenants arc 

When There's No Room for Doubt ... 

Uru ...... tv ~ · 8ud Welton· Arertl, tiome of the 199' NIIIOI1II Colltgl.t. BII~etbill Chlmp'ons. EngIneerIng Get'go ullng GT STRUDL 

Tonight,8 handful of players. coaches. and 18,000 fans will be 
jumping •• tomping. and cheering ... 

Take 8 moment to think about those calculations. 
is not the time to question the accuracy of your analyses or the 

soundness of the design results. GT STRUDl. the world's premier structure 
analysis .nd design software, gives the accuracy you need. great versatility. 
and the highest user support rating in the industry. 
AU the power for the most complex designs. It', all included with 
GTSTRUDL 

So s it back. Enjoy the game. You used the right tool . 

GTSTRUDL® 
Quality e"gilleer;",!: d£'ltullllh lite IIiglte.ft lJllalit.r soJhmrt 

For more information. please contact: 

TEL: 404.894.2260 FAX: 404.894.8014 
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frequently businesses with 
national and global interests, 
isn't damage mitigation a lso a 
reasonable goal? These owners 
and tenants may find a yellow
tag unacceptable even if they can 
walk out of their building 
unharmed. 

that some connections simply 
will not perform as well. 

A truly probabilistic approach, 
though not yet we11 defined, 
would rely on principles of statis
tics, reliability analysis, and per
formance-based design. 

the life-safety capacity of the 
structure?" and follows with • 
"How much inspection does it 
take to rule out such damage." 

If life safety is the only goal, 
then the challenge is to deter
mine how many and which MRF 
connections can fail in the next 
earthquake without collapse. If 
damage control is important, 
then the issue is how to upgrade 
or design the frames to limit the 
scope of post-earthquake inspec
tion and repair. In either case, 
design decisions can benefit from 
a probabilistic approach . Given 
the uncertainties of MRF connec
tion design, a deterministic 
approach, which requires reli
able, uniform behavior from each 
connection, may be impractical 
and excessively conservative. A 
probabilistic approach, on the 
other hand, would acknowledge 

Probabilistic methods are 
already used to define earth
quake demands in terms of spec
ified risks, for example, the type 
of shaking expected to occur with 
a 10% probability in a 50-year 
building lifeti me. 

SE'ITING THE ScOPE 

How many and which connec
tions should be inspected after 
an earthquake? Fifteen percent? 
Two per frame per floor? As 
many as possible up to, say, 
$25,000? Do tall buildings war
rant more or less inspections 
than lowrises? Should highly 
redundant systems get a break? 
A rational life-safety approach 
begins by asking; "How much 
damage does it take to impair 

The first answer depends on the 
redundancy and configuration of 
the MRF system. The second 
answer can only come from prob
ability theory. It turns out that 
the certainty of finding randomly 
scattered damage/de fects by 
inspecting a fixed percentage of 
connections depends heavily on 
the number of connections in the 
building. 

For example , consider a 
recently shaken building that 
may have hidden damage among 
its 300 connections. Suppose 
that the owner's engineer, 
accounting for redundancy and 
frame configuration, determines 
that damage to 10% of the con
nections could impair the build
ing. If they inspect 24 connec
tions (only 8% of the total) and 
find no damage, then probability 
theory says they can be m.ore 
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The world 's best DIMENSIONAL 
CALCULATOR just got better! 

... 
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instantly and automatically. 

• We do Degrees, Minutes & Seconds plus 
much, much more. 
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• 
than 90% sure that the critical 
damage level of 10% has not 
been reached. However , if the 
building had only 100 connec
tions, a similar 8% inspection 
would be less than 60% certain 
that damage was less than criti
cal. 

Consideration of sample size 
also is essential because critical 
subsets of connections , such as 
those in the north-south direc
tion or those in a single floor, 
must be treated seaparately to 
assure that local collapse modes 
are ruled out. And because sub
sets of connections may be small, 
the required percentage of 
inspection may be high. 

These numbers assume ran
domly scattered damage and 
random inspection. They apply 
mostly to the first pattern dis
cussed above in which damage or 
defects are related to initial con
struction quality. If ongoing 
research reveals a correlation 
between damage and analytical 

Shown above is a crack through the column flange (bottom left) 
continuing into and ahlf way across the column web. Photo courtesy of 
Brandow & Johnston Associates 

demand or floor level, for exam
ple , then this would of course 
affect the inspection scope. 
Following the theory of two inde-

pendent damage patterns, one 
quality-based and one demand
based, a combination of random 
and focused inspection seems 

At last. the most powerful st ructu ral and 

eart hquake engineering software in the world is user-

(riendly. Now Larsa has a new Microsoft ... Windows 

based graphica l user interface . With the new L·Toolsof 

Lars::t'" (h e soflwnrc is ens), to usc whether you need to 

perform n nonlinear struclur:d an:llysis 011 :t dome. or tt 

bridge annlysls on H Simple model. There arc morc th"n 

14 new cn pnhilitics with 4.(), which mnkc 

us eve n more expansi ve and ncxihlc . 

Using Larsa 4.0, almost any structural engineer in your firm 

can access the power of the Lars:t compu tational engine. 

Also, the increased productlvily (rom the improved 

access just might lowe r your mnnpowcr costs. Go figure. 
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rational. Alternatively, an engi-
neer could propose a random 
program with a subset of connec- • 
tions identified by analysis. 

ANALYZING FRAMES 

Analysis is traditionally an 
all-or-nothing deterministic exer
cise: For design in the elastic 
range, either a con nection is 
overstressed or it isn't; and for 
non-linea r studi es, post-yie ld 
behavior is only as accurate as 
your hysteric model. Semi-rigid 
and fracture elements a llow bet
ter re prese ntation of actual 
behavior , bu t a single MRF 
model still cannot capture the 
potential va ri ab ility observed 
both in hi storical lab tests and 
post-Northridge inspections. 

Alternatively, a simple proba
bilistic approach to evaluation or 
design of MRFs could involve a 
series of models, each with a cer-
tain number of connections dis
counted . As time-history seismic 
analysis considers one model 
with a s uite of app ropriate 
ground motions, probabilistic • 
MRF analysis cou ld consider a 
suite of damage scenarios sub
jected to one or more design 
ba s is load patte rn s . S uch a n 
approach would probably be 
most useful for checking a stabil-
ity limit state. 

The damage scenarios would 
reflect observed damage pat
terns, both quality-based and 
demand-based. For example, the 
NIST/SAC survey statistics show 
that less than 40% of a ll fl oor
fram es s ustained significant 
damage in one or more connec
tions. Less than 25% of the ana
lyzed case-stu dy co nnections 
were visibly damaged. This sug
gests at least a starting point for 
si mple probabilistic ana lysis: 
model 30-35% of a frame's con
nections as pin s or sem i-rigid 
elements. The scenarios would of 
course be tempered by any 
demand-based damage correla
tions yet to be confirmed, such as 
an increased likelihood of dam-
age at certain fl oor levels or for • 
higher elastic stresses. Simi la r 
approaches could be used in non
linear a nalysis to vary the hys-
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teretic properties or fracture 
level of inelastic elements. 

TESTING NEW D ETAILS 

Proposed detail s for repair, 
upgrade or new MRF construc
tion are currently being tested . 
The probabilistic approach recog
nizes that actual performance of 
these improved details will rely 
as much on the quality of materi
als, construction, and inspection 
as on stresses and strains. 
Therefore, it is essential that 
these tests establi sh not only 
connection strength but connec
tion reliability. The test pro
grams should consider enough 
"identi ca l" spec im ens to yield 
useful measures of the likelihood 
of different failure modes, 
including brittle fractures. In 
particular, researchers should 
consider how mitigation of one 
failure mode may increase the 
probabil ity of another, for exam-
pl e, how beam st rengthening COrnEQ Inc P_o_ Sox 2193 
could lead to higher ductility ,. Saito., MD 21203 
demand s on the column and 
panel zone or how weld strength- Phone: (410) 325-7900 Fax: (410) 325-1025 

ening could force fractures out of I -~:::::~;~d~~~~~~~~:~:~:::~:~ 
the weld and into the column I 
flange. ~ 

Nabih Youssef, S .E.is with the 
structural engineering firm of Nabih 
Youssef and Associates, Los Angeles. 
David Bonowitz, S.E. , is based in 
San Francisco and is working with 
NYA on the SAC Survey Project. 
This article is based on a paper to be 
delivered at the National Steel 
Construction Conference. The first 
phase of the research discussed in 
the article was sponsored by the 
National Institute of Standards and 
Technology (NISTI. John L. Gross, 
Ph.D., coordinated and supervised 
the work for NIST. Further data col
lection and processing was per
formed by Nabih Youssef & 
Associates under contract to the SAC 
J oint Venture (SAC), a partnership 
of the Structural Engineers 
Association of California, the 
Applied Technology Council, and 
CaliformQ Universities for Research 
in Earthquake Engineering. Funding 
for the SAC work was provided by 
the Federal Emergency Management 
Agency (FEMAj. SAC and FEMA do 
not endorse any findings or conclu· 
sions and are not responsible for any 
losses sustained as a result of the use 
of informatIOn or guidance contained 
i'l this pu blication. 
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AMERICAN perimeter beams, girders, Contad: Joseph A. Dick SleelModeler 3D detailing 

GALVANIZERS and columns; as well as cut- Company will feature it's software features interactive, • ting, drilling, coping, cam- HBP-360/704G semi-auto- on-screen modeling and 
ASSOCIATION 

ber, and bolted connections. matic horizontal miter band- customized macros for con-
12200 E. Iliff Ave., Suite 204 The company is located saw with motorized miter nections. Shop drawings and 
Aurora, CO 80014 adjacent to Nucor-Yamato's selling via N.C. preseJed bills of malerial may be oul-
Ph : 303/750-2900 wide flange mill near with plus or minus 1 degree pul automatically, to a vari-
Fax: )03/7 50-2909 Blytheville. of accuracy at this year's ely of formats, at any lime 
Contact: David G. Bueche New this year: Outside NSCC. In addition, inform.- during detailing. DXF files 
The AGA represents the gal- crane runway to facilitate tion will be available on the may be imported, created 
vanlzing industry in North handling of material ; plant 

company's complete line of and exported. M5-DOS, 
America. It serves as a tech- addition (or extra processing 

saws. 
OS/2, AutoCAD and UNIX 

nical and information space; and upgraded sawing 
NSCC Booth 1/ 224,226 versions are available. 

resource to those engaged in capabilities. 
For more information, New this year: The program, 

the formation and design of NSCC Boolh 1/ 528 Circle 1/ 129 which originated in Europe, 
products to be galvanized. For more information, 

BOYLES GALVANIZING 
has been completely 

AGA servi es include dis- Circle 1/125 /I Americanized". Also, neu-
seminating of technical and 625 W. Hurst Boulevard Iral file import and export is 
product application informa-

THE ATLAS BOLT & Hurst. TX 76053 now available. 
tion Ihrough publications, 

ScREW COMPANY Ph : 8 I 7/268-2414 NSCC 800th 1/408, 411 
videotapes and seminars. Fax: 8 17/282-7793 For more information, 
NSCC Booth 1/ T8A 1 628 Troy Road Contad: John Blackburn Circle 1/ 107 
For more information, Ashland, OH 44805 Offers full range of hot dip 
Circle 1/103 Ph : 800132 I -6846 galvanizing of steel. CANAM STEEL Fax: 4 I 9/289-2564 New this year: "Galv-Plus" 

CORPORATION ApPLIED BO LTING Contad: Carolyn Gongwer is a new process that pro-
TECHNOLOGY Manufadures a full line of vides a smoother, brighter P.O. Box C 

fasteners and closures for finish for galvanized steel Poinl of Rocks, MD 2 I 777 
P.O. Box 255 the metal onsrrucrion and is offered exclusively by Ph : 301/874-5141 
Ludlow, VT 05 149 industry: Ultra Z self drilling Boyles Ga lvaniZing. Fax: 301/874-2646 
Ph : 802/228-7390 & self-tapping fasteners in NSCC Booth 1/ 524 Contact: 5am Blatchford 
Fax: 802/228-7204 carbon, 410 & 18-8 stainless For more information, Offers: open web steel joists; • Manufactures a full-line of steel; Ultimate zinc die-cast 

Circle 1/ 105 specialty jOists; trusses; 
Direct Tension Indicators and Colormate nylon mold- Murox Wall System; design 
(DTls) to ASTM F959-94. ed long-life heads; Woodfast 

BULL MOOSE TUBE 
build services; and slrudural 

DTls are a simple mechani- and Woodtite metal-to- steel. The plant is AISC 
cal product that can make wood, insulation & Con- I 819 Cia rkson Road Category II Certified. 
the Installation and mspec- Mate masonry fasteners; Chesterfield, MO 63107 NSCC 800th 1/ 103, 105, 
tlon of A325 or A490 bolts Sealing washers; Flasher Ph : 3 I 4/537-2600 ext. 262 202, 204 much easier by eliminating pipe flashing; and Spectrum Fax: 314/536-1225 For more information, the need for lorque wrench computer color matching. Contact: Rolf Frederickson Circle 1/ 64 inspection on buildings, NSCC Booth /I 308 Produces cold, direct 
bridges and industrial struc- For more information, formed ERW, HSLA hollow CLEVELAND STEEL TOOL tures. 

Circle 1/ 122 structural sections in sizes 
NSCC Boolh /I 511 

up to 12"x 12"x'/; square 
474 E. 105th SI. 

For more information, Cleveland, OH 44 108 
BARESH CORPORATION and 16"xS"xs/,," rectangular Ph : 216/681-7400 Circle /I 104 
300 S. Harbor 8Ivd., plus metric sizes up to Fax: 2 I 6/681-7009 

ARKANSAS STEEL Ste.500 300x300x I 6mm and Contact: Candy Peck 
Anaheim, CA 92805 400x200x I 6mm to major Produces punches, dies, PROCESSING, INC Ph : 714/776-3200 international certifications. pun h stems, die holders, 

P.O. Box 129 Fax : 714/776-' 255 NSCC Booth 1/ 334 shear blades, coupting nuts 
Armorel , AR 72310 Contact: Guenther Baresel For more information, and other related tooling. 
Ph : 501/762-1000 Produce the ComuSTEEL Circle 1/ 128 NSCC Booth 1/ 504 
Fax: 501/762-1411 detailing software system. For more information, 
Contad: Bob Bronson NSCC Booth 1/ 51 7 DcCAD Circle 1/ 67 
Offers steel processing ser- For more information, 605 Royal York Road, Suite vices to struduraJ fabricators Circle 1/ 131 201 COMEQ, INC and steel service centers. 

Etoblcoke, Ontario M8Y P.O. Box 2 I 93 Arkansas Steel can split tees 
BEHRINGER SAWS I NC. 

from wide nange beams, 4G5 CANADA Baltimore, MD 21203 
camber beams, mill 730 Hemlock Road ph: 4 I 6/253-4848 or Ph: 4 I 0/325-7900 • columns, and offers speciaJ- Morgantown, PA 19543 8001776-4840 Fax: 410/325-1025 
ized processing. Also offers Ph : 6 I 0/286-9777 fax: 416/253-4315 Company distributes a wide 
fully processed floor and Fax : 610/286-9699 Contact: Dave Cathra range of metal fabricat ing 
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machinery, including: Design Module ca lculates now consume up to 50% 

• hydraulic upstroking and forces, stresses and displace- less paper while drawing 
downstroking press brakes ments and designs the struc- optimal cutting patterns, 
and hydraulic shears; ture taking into account all thanks to the addition of 
hydraulic and mechanical modes of failure and ser- "autosealing" logic. Finally, 
shears and pipe and tube viceability limits. All of the the system's Production-
benders; hydraulic iron- material can be transferred Control Module now dis-
workers and si ngle-end electronically or entered plays a running tally of the 
punches; hydraulic press manually. current truck weight as items 
brakes; angle and plate NSCC Booth # 109, 111 , are entered on a Shipping 
bending rolls, beam ben- 113, 11 5 Ticket. 
ders, jogglers and welding For more information, NSCC Booth # 501 
positioners. Circle # 32 For more information, 
New this year: GEKA has Circle # 46 The Lincoln Electric Co. WIll be 
introduced a CNC X-V DOGWOOD exhIbIting Irs welding eqUIpment In 

Positioning Table. 
TECHNOLOGIES, INC, EDISONWELDING booth , J09, J , 1 

NSCC Booth II 205, 304 INSTITUTE (EWI) 
For more information, P.O. Box 52831 

Circle # 68 Knoxville, TN 37950-283 1 1100 Kinnear Road and general fabrication 
Ph: 800/467-0096 Columbus, OH 43212-1161 shops. Includes estimating, 

CONTROLLED 
Fax: 516/584-6032 Ph: 614/485-8400 auto-laboring. nesting, 
Contact: Ron Cupp Fax: 614/486-9528 inventory and remnant con-

AUTOMATIO INC, DTI offers software for fabri- Contact: Harvey Castner tro!, purchase order, produc-
P.O. Box 530 cators, detailers and engi- EWI offers a full range of ser- tion control, and shipping 
Bryant, AR 72022 neers. Modules include: vices in materials joining modules. Programs interface 
Ph: 501/557-5109 Fabrication Control; Shop technology for steel con- with American Contractors 
Fax: 501/557-5618 Management; Detailing and slruction and manufacturing, Accounting Software and 
Contact: Buck Rogers Engineering Analysis including process selection wi th most major CAD pro-
Specialist in retrofitting Programs. Runs on IBM- and optimization, contract grams, creating an integrated 
existing fabricalion equip- compatible 386 and above. R&D, FENFEM, and failure system. The software comes 
ment, including: Angle lines New this year: Design ana lysis. with an expandable data-• (all brands); Beam lines (a ll Downloading module, NSCC Booth # TBA base, crealing the equivalent 
brands); Drill Lines (all which allows direct transfer For more information, of a computerized AIS 
brands); Plate Punches; and of information from structur- Circle # 108 manual. 
Plate Cutting Machines. Also al engineering software neu- New this year: FablTrol V5 
sells new machinery, includ- tral file to DTI software. ELco INDUSTRIES/ for Windows and DOS, plus 
ing: Angle lines; Beam Also, Melric compatibility, CONSTRUCTION AutO/llabor, Schedule/Mate 
lines; Plate Punches; X-windows graphics, and 

PRODUCTS DIVISION and BarlCoder modules. 
Conveyor Systems; Portable newC C for various Also, American Contractors 
Punch Systems; Marking machinery. P.O . Box 7009 Accounting Software will be 
Units; and Band Saws. NSCC Booth # 221 , 320 5110 Falcon Road joining FablTrol at the NSCC 
NSCC 800th #: 523 For more information, Rockford, IL 6115-7009 this year. 
For more information, Circle # 93 Ph: 800/435-7213 NSCC Booth # 4 34 
Circle # 106 Fax: 815/397-8986 For more information, 

Contact: Pat Monahan 
E.J.E. INDUSTRIES, INC, Eleo wi ll display its Dril -Flex 

Circle # 94 
DESIGN DATA 287 Dewey Ave. self dri ll ing fasteners and its 
121 South 13th Street Washington, PA 15301 HangerMate threaded rod FRANKLIN 
li ncol n, N E 68508 Ph: 412n28-8841 or anchoring system at this MANUFACTURING 
Ph: 402/476-8278 or 8001321-3955 year's NSCC. Highway 243, Industrial Prk. 
800/443-0782 Fax: 412/22 8-7668 NSCC 800th # 214 Russellville, AL35653 
Fax: 402/476-8354 Contact: Edward F. For more information, Ph: 2051332-0143 
Contact: Doug Evans Easterday Circle # 109 Fax: 2051332-0143 
This totally integrated soft- New version of company's Contact: Mike liveoak 
ware system encompasses Structural Material Manager 

FABITROl SVSTEMS INC Custom designs, manufac-the entire steel industry. software system is now 
1655 West 11th Ave. lures, and installs machinery Modules include: Deta ili ng; available. 

Engineering, Analysis & New this year: V.5.1, the Eugene, OR 97402 ranging from manual control 

Design; Estimating; and 11th release in the last Ph: 503/485-4719 fabricat ion equipment su h 

Production Control. The decade, has a new Fax: 5031485-4302 as portable hydraulic punch-

Detailing Module uses a Estimating Module that now Contact: Sue Landis es, shears and plate rolls to • solids modeling approach to incorporates a Master Price Offers an integrated suite of complete CNC controlled 

create an exact replica of File feature. Also, the Plate- software programs designed machinery, including angle 

what is 10 be erecled in the Nesting Module's reports to improve the management fabricalors, plate fabricators, 
field . The Analysis and of structural, miscellaneous, bus bar fabricators, drill 
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Mi-J,lCk ",ill be ('\h,b,ting its m<J/eri
dl h.lndling equipmf"nl at booth 
#424 

lines, drill centers, and 
structural fabricators com
plete with automatic loading 
and unloading accessories. 
NSCC Booth /I 310, 312 
For more information, 
Circle II 126 

H AYDON BOLTS 

1181 Unity SI. 
Philadelphia, PA 19124 
Ph: 215/537-8700 
Fax: 215/537-5569 
Contact: Rich Giusti 
Manufactures anchor bolts, 
tie rods, plate anchors, U 

bolts, eye bolts and other 
structural specials up to 4" 
in diameter. Products are 
offered in ASTM A36, A449, 
A325, A588 and A490. 
Also, a complete line of 
A325 and A490 TC bolts 
and standard hex bolts 
(plain, hot dipped and 
mechanically galvanized) 
are offered. 
NSCC Booth /I 525 
For more information, 
Circle /I 101 

HUCK I NTERNATIONAL 

8001 tmperial 
P.O. Box 8117 
Waco, TX 76714 
Ph: 8171776-2000 
Fax: 8171751-5259 
Contact: Don Shell 
Offers high-strength blind 
bolts, lock pin and collar 
fastening systems, and blind 
fasteners in various materials 
and finishes. Custom varia-
tions are available for spedf-
ic performance require-

ments. Ph: 800/595-2658 
New this year: High-strength Fax: 219/927-8909 
blind bolting for hollow- Contact: Peter F. Kasp<'r • structural sections. Offers a wide range of cold-
NSCC Booth II 327 forged and hot he,lded con-
For more information, struction fasteners, including 

Circle /I 111 structural bolts in Grades 
A307, A325 and A490, as 

ITW BUILDEX well as anchor bolts, S.lg 

1349 W . 8ryn Mawr Ave. 
rods, eye bolts, etc. Product 
line includes metric structur-

ttasca, tL60143 al fasteners, twist-off bolts, 
Ph: 708/595-3500 Jnd galvanized or DurJcoat 
Fax: 708/595-3569 

ontaet: Ralph Tenuta 
finished bolting. Company 

Complete line of fastening 
specializes in testing for 
bridge and highway use. 

systems to attach metal 
ew this year: Metric struc-

decking. Systems utilize self-
tural bolting and Dur,lOoat 

drilling screws and powder 
extended corrosion resis· 

activated pins. 
tance coatings. 

NSCC Booth /I 303 
For more information, 

NSCC Boo th /I S26 

Circle /I 110 
For more info rmation, 
Circle II 112 

INDIANA FASTENER -
JANCY ENGINEERING 

Dlv. OF BIRMINGHAM 

FASTENER MANUf. 
2735 Hickory Grove Road 
Davenport, IA 52804 

P.O. Box 151 Ph: 319/391 - 1300 
Auburn, IN 46706 Fax: 319/391-2323 

• 
nules." 

NeW! Pocket-Sized 

Bolting Manual 

Please circle # 87 
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• mus t lor lltitus, Ironwork.r6 .nd Inspector. 

• Detailed Illustrated stap -by-step instructions 
for performing bolt InstaUatlon uSing; 

Turn -ol-Ihe-Nul 
Catibraled Wrench 
Twlst-Olf Bolts 
Direct Tension IndIcators 

• Detailed inspection procedures speCIfic 
10 each Inslallallon method 

• Pre-Inslallallon lesting procedures specific 
10 each Inslallallon malhod 

• Discussions of snugging JOints. lubrication. 
torque. stnpplng, stickout , over-tightening , 
systematic tightening and other provisions 

• Product Identllicelion marks 
• Manufacturer IdentitJcation marks 
• Bolt, nul and washer dimensions 
• Boll J nut compatabiltty tables 
• FHWA I AASHTO procedures 
• Aotatlonal-capaclty tesl procedures 
• Gnp I boll length tables , and more 

1-10 copies 
11-50 copies 
51 + copies 

$ 9 .00 each 
$ 8 .00 each 
$ 700 each 

Fo' o,d . , . "n<I.' S15 00 .• Cl cl U 00 . &n 
M,~n .... , •• _11 _ ., _ ta.II 

P"P' Y"" '" b., c.I'I4c~ ...... Of "',. " ,card 

S te e l Stru ctu ra. Technology Can te r, • 
40612 v .... ". O.ka 0, • Na"i. MI 48315 

ph a n. (610) 344 ,2 810 • , •• (810)344 2 811 

Please circle # 21 
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Contact Robert Debacker Ph: 800/525-7193 
Manufacturers of SLUGGER Fax: 2151953-1125 • portable magnetic drilling Manufacturers Direct 
machines and annular cen- Tension Indicators (DTls), a 
ter·free cutting tools, capa- direct reading load cell for 
ble of producing up to 2'1,: structural bolts. When 
diameter holes through 3" installed with a nut, bolt and 
carbon steel in seconds. washer assembly, DTls posi. 
SLUGGER dri lis do not tively identify that the bolt is 
require pre-drilling or ream- properly tensioned. The 
ing and produce concentric company offers a complete 
burr-free holes in seconds. line of DTls in both inch and 
Drilling machines can be metric series, plain, mechan-
easily converted for use with ically galvanized and epoxy 
twist drills to )/4" diameter. coated. 
Cutters are available in both New this year: DTls calibrat· 
standard and metric was ed for use in tensioning bolts 
well as popular truck frame and studs used in the assem-
bolt sizes. bly of pipe and pressure ves-
New this year: JM-SOOO sel flanges. 
Drilling Machine and JM· N SCC Booth /I 41 5 
150 Drilling Machine For more information, 
NSCC Booth /I 305 Circle /I 69 
For more information, 
Cir cle It 72 KALTENBACH, I NC. 

P.O. Box 1629 
J&M T URNER I NC. Columbus, IN 47202 
1310 Industrial Boulevard Ph: 812/342-4471 
Southampton, PA 18966 Fax: 812/342-2336 

RAMSBEAM ~ 
Guaranteed to be the BEST beam program 
ever or your money back! 
RAMSBEAM. cl single steel / steel composite 
beam program utilizing a Windows graphical 
interface. Features: ASD or LRFD; vibration 
analysis; checks existing framing or optimizes 
new. Allow~ for depth restrictions, cantilever 
beams; partial or fuU composite and unbraced 
nange conditions; includes Sl / 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 

_~ .. ,J ' 
_ E. 

S B E A M 

Please circle # 81 

FREE 
DEMO! 

Contact David Goetsch 
Structural steel specialists in 
cutting (cold saw and band 
saw) and materia l transport. 
Cold saw applications are 
served with the "HDM" 
seri es, which specializes in 
the 24" 1048" range. Band 
saw applications are served 

PcddinghJus 1'0'111 lx' demonstrating 
with twin Colamne Its (abriCiJrlon eqUipment a/ booth 
machines, which range from 
14" to 40" capacity. 
New this year: The HDM-
1430, an automatic cold Fax: 612/469-5893 
saw capable of full CNC Contact: Brandt Dahlberg or 
structural cutting, fully auto- Jason Lejeune 
mates material handling, Offers a tension control bolt· 
length measure, material ing system with A325 (type 
optimization, sorting, trans- 1 & 3), A490 (type I & 3) 
fer and discharge applica- and A325 (type 1, mechani· 
lions. cally ga lvanized) bolts and 

NSCC Booth /I 219 associated wrenches for 
For more information, installation. 

Circle /I 113 New this year: Full line of 
hex structural bolts from 'I," 

LEJEUNE BOLT CO. to II' ..... 
NSCC Booth /I 403, 405 

8330 W. 220th SI. For more information, 
Lakeville, MN55044 

Circle /I 73 
Ph: 800/872-2658 

Please circle # 46 

Modern Steel Construction I May 1995 I 59 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
LINCOLN ELECTRIC CO. LO HR STRUCTURAL retrofit construction. The 

22801 51. Clair Ave. FASTENERS connection eliminates full 

Cleveland, OH 44117 P.O. Box 1387 
penetration welds and asso-
ciated UT testing and Ph: 2161481·8100 Humble, TX 77032 
inspection, as well as Fax: 2161486-1751 Ph: 8001782-4544 

Contact: Dave Hutchens Fax: 713/821·5216 through thickness problems 

Company will display a vari- Company will demonstrate of column flange and 

ety of power source welders the domestic high-strength restrained pre-stressed 

and wire feeders .tthis rapid tension bolt system. welds. 

year's N5C . Included will The system provides struc- NSCC Booth It 404 

be the omma nder 400 tura l joint integrity, higher For more information, 

engine-driven stick welder installed tensions, while Circle It 114 

and a number of other reducing installation and 

engine drives as well as high inspection costs. MID SOUTH BOLT & 
productivity power source! NSCC Booth It 203, 302 SCREW CO. 
wire feeder combinations. For more information, 

499 Cave Road 
ew this year: The Circle II 130 

ashville, T 37210 
Commander 400 is a reli- Ph: 8001251-3520 
able, industrial engme-dri-

MNH-SMRF SYSTEMS 
Fax: 615/885-6542 

ven 0 stick welder with Manufactures anchor bolts, 
AC power. Also offers flexi- 3151 Airway Ave.- -I plate & sleeve assemblies, 
bility to pick and place with Costa Mesa, CA 92626 tie rods, studs, swedge bolts, 
a lift hook and an easy fork- Ph: 8001475-2077 U-bolts, hex bolts and eye 
lift access. Fax: 714/540-0319 bolts. Offers structural bolts, 
NSCC Boo th It 309, 31 1 Contact: Gary D. Myers nuts & washers in A325 and 
For more info rmation, The company's new column A490; also tension control 
Circle # 57 and beam connection sys- bolts. Various grades and 

tem for steel moment frames materials, including galva-
is available for new and 

Performance Software 
For the Steel Industry 

DTI SQFrWARE EQUALS PERFORMANCE 

Engineering Analysis = Economy 

Computerized Detailing = Accuracy 

Metric Output = Flexibility 

Material Management = Control 

Fabrication (CNC) Downloads = EfficiellCY 

Software from Design to Erection 

Call: 1-800-467-0096 1-615-584-0096 

nized, are available. 
NSCC Booth It 211 
For more information, 
Circle It 74 

Ml-JACK PRODUCTS 

3111 West 167th Street 
Hazel Crest, IL60429 
Ph: 7081596-5200 
Fax: 7081225-23 12 
Contact: Dan Gray or Dan 
Heraty 
Offers self-propelled, rub-
ber-tired gantry cranes able 
to pick and carry its capacity 
safely. Capacities range from 
15 to 325 tons and dimen-
sions are customized to indi-
vidual applications. 
NSCC Booth It 424 
For more information, 
Circle It 11 5 

NAPTECH INC. 

851 S. Freeport Industrial 
Parkway 
Clearfield, Ut 84015 
Ph: 8011773-7300 

DESCON 
STEEL CONNECTIONS 

DTI 

Dogwood Technologies, Inc. 

I 

OMNITECH ASSOCIATES 
POBox 758t 

Berkeley, CA 94707-0581 

P.O , Box 52831 • Knoxville, TN • 37950-2831 
Please circle # 52 
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Fax: 801 /773-5185 NUCOR-YAMATO STEEL PEDDINGHAUS CORP. 
Contact: Rick Renz or David P.O. Box 1228 300 N. Washington • Murphy Blytheville, AR 72316 Bradley, IL 60915 
Specializes in structural steel Ph : 501 /762-5500 or Ph: 815/937-3800 
hot induction bending for 800/289-6977 Fax: 815/937-4003 
squares, rectangles, I·beams, Fax: 501 /763-9107 Contact: Lyle Menke 
and pipe. Contact: Robert W. lohns This year's N5CC exhibits 
NSCC Booth II 234 This joint venture steel com· include: 
For more information, pany produces wide flange • AFCPS-623-K Anglemaster, 
Circle II 11 6 structural shapes from which features the propri-

N.C. ENGINEERING CO. 
W6x15 to W40x397, H-pil- etary Peddimat roller feed 
ing sections from HP8x367 drive and measuring system 

#228-4664 Lougheed to HP14xl17, selected that previously were nol Ram Analysis will be demons/r.lling 
its soff\\ are at booth n, 5. 

Highway channel and miscellaneous available on any CNC angle 
Burnaby, British Columbia channel sections, and a vari· fabrication lines 
V5C 5T5 CANADA ety of specialty sections. · Twin Column Structural For more information , 
Ph: 604/293-0003 Available steel grades Steel Band Saw 38118 with Circle II 118 
Fax: 604/293-0197 include ASTM A36, ASTM guillotine approach (or max-
Contact: David Easingwood A572 Grades 50 & 60, irnized efficiency RAM ANALYSIS 
Provides structural and mis· ASTM A588 (and its equiva- · FPB Plate Punching and Air 

5315 Avenida Encinas, 
cellaneous steel detailing lents, including ASTM Plasma Culling System 
services. Company, which A709), CSA 40.21 Grade (AFCPS 623K), which offers Suite 220 

was established in 1966, has 44W, ABS Grades AH32 & an economical solution for Carlsbad, CA 92008 

2,500 hours/week produc- AH36 and other specialty the automatic production o( Ph: 619/431-3610 
Fax: 6t9/431-5214 

tion capacity (staff of 62). grades. plate components that 
Contact: Gus Bergsma 

NSCC Booth II 235 NSCC Booth II 530, 532, require punchin& burninSt 

For more information, 534 marking and cutting. RAMSTEEL is a speCial pur-

Circle II 11 7 For more information, NSCC Booth 11 313, 315, pose structural engineering 

Circle 1139 412, 414 program for the analysis, 

"~ST_N __________ ~ 
~ . 

The graphical 
interface you've 

always wanted, with 
the advanced analysis 

power you really need, 

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

Gtaphlc MagiC Inc. 180 Sevamh Ava .201 Santa Cruz CA 95062 

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

r bMultiframe 
Please circle # 83 

All NEW Release. Version 11. 
Produc tivity you need. Value you demand, 

--
· . ..... 
: ::: · ...... 
• !::::: · ::: . 
" , -" 

Some of the many new features: 

• User friendly interface with graphics 

• Simple icon based input generation 

• Color-filled stress contours 

• Optional hidden line removal 
• 20 & 3D Static, Dynamic & P-Dalta 
• Automatic generation of wind toads 
• 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 calculation 
• Input file conversion from other 

analysis and design packages 

• Free preview diskette available 

• 100% Money back guarantee 

Call toll free 1-800-322-1487 

~ 
Das Consulting, Inc. 

865 Turnpike Street 
North Andover MA 01845 USA 

(508) 794 1487 . FAX (508) 685·7230 
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design and drafting of steel graphical data verification, 
buildings. The program unbraced flange design 
automates the process of check, and on-line help. 
designing steel beams, gird- N SCC Booth # 215 
ers, joists, joist girders, For m ore info rmatio n, 
columns and base plates. It Circle # 81 
allows the design engineer 
to build a model of the RESEARCH ENGINEERS 
entire building graphically, 

22700 Sa vi Ranch with the program automali~ 
cally computing the tribu- Yorba Linda, CA 92687 

tory loads for all members. Ph: 714/974-2500 

Designs in either LRFD or Fax: 714/974-4771 

ASD, and offers different Contact: John Putnam 

alternatives for comparison. Company will be displaying 

RAMSBEAM is a full fea- its world~class structural 

tured single beam design engineering software at this 
program, excellent for year's NSCC. Included will 
designing one beam at a be STAAD-III, AutoSTAAD 
time. It analyzes or designs and ST MD-Mate. 
any loading for either steel NSCC Booth # 402 
or steel composite beams For mo re informatio n, 
and girders. LRFD and ASD Ci rcle # 34 
designs can be compared at 
the click of a bUHon. ROMAR ELITE 
New this year: RAMSTEEL 

AUTOMATION INC. 
V4.1 includes direct import-

P.O. Box 3417 ing of DXF CAD drawings. 
RAMSBEAM V2.0 includes Tustin, CA 92681-3417 

Ph: 714/569-1050 Manufactures: HSS solid 
Fax: 714/569-1009 blades; segemental saw 

Contact: Peter J. Janes blades; friction saw blades; 
carbide tipped blades; band-

Specializes in new and used saw blades; and cutting 
steel fabrication equipment, fluid. 
including: beam coping N SCC Boo th # 505 
machines; material handling For more information, 
systems; measuring devices 

Circle # 120 
for structural fabricators; col~ 
umn rotators; and web 
punches. SOFTDESK, INC. 

New this year: Tank turning 7 Liberty Hill Road 

rolls; positioners; manipula- Henniker, NH 03242 

tors; box column production Ph: 603/428-3199 

line; welded beam line; tank Fax: 603/428-7665 

welders; and other automat- Contact: Christine Ek 

ed equipment. The world 's largest 

NSCC Booth # 318 AutoCAD developer (more 

For more information, than 100,000 customers 

Circle # 11 9 world-wide) offers a com-
plete suite of integrated 

SAWS INTERNATIONAL 
structural software. Softdesk 

1206 Kishwaukee St. 
products handle the com-

P.O. Box 3111 
plete structural process, 

Rockford, IL 61106 
including modeling, link to 

Ph: 815/965-6900 
an industry standard analysis 

Fax: 8151965-0761 
program, and automation of 

Contact: Fan Vincent 
the generation of 
design!construction and fab~ 

IISA·3D Is setting 
sTandard for quality vs. 
our d8lllO and see for 
JUST hOw good 
sofTWare can bel 

Please circle # 40 

62 / Modern Steel Construction / May 1995 

• 

• 



I-
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

ricalian shop drawings. year's NSCC well as 40" and 44" deep 534 
NSCC Boo th # 208 NSCC Booth # 419, 421, beams) For more information, 

• For more information, 518,520 ' HISTAR quality steels Circle # 37 
Circle # 99 For more information, (ASTM A913) in Grades 50, 

Circle #84 60, 65 and 80; the material WASSER HIGH-TECH 
SOUTHERN COATINGS is ideal (or gravity columns 

COATINGS, INC. 
and trusses and has high-

P.O. Box 160 STRUCTURAL STEEL strength, good toughness 804 I S. 228th SI. 
Sumter, SC 29151 SYSTEMS and superior weldabi lity Kent, WA 98032 
Ph: 803/775-6351 

3763 Lower Saucon Road ' HISTAR H bearing piles Ph: 206/850-2967 
Fax: 803/775-7666 

Hellertown, PA 18055 ' Steel sheet piling & steel Fax : 206/850-3098 
Contact: Skip Pendry 

Ph : 610/838-7338 wall program ontact: Bill Brinton, 'r. 
Offers a full-line of VOC 

Fax: 610/838-7338 - Tees, girder and crane rails Manufactures single-compo-
compliant coatings for 

Contact: 'an Hemp or Bud ' KRYBAR (special ultra low nent moisture-cure urethane 
Industnal use. All coatings high-performance coatings. 
include high sohds and Panick temperature reinforcing bars) 

The product offers numerous 
Specializes In buying, sell- NSCC Booth # 502 

water borne coatings. 
For more information, advantages over two-part 

Products Include: Chemtec ing, leasing and brokering 
Ci rcle # 35 

epoxy imd urethane coatings 
608 Inorganic Zinc Rich; equipment typically found and inorganic zinc coatings, 
Dura-Pox 646 Epoxy Mastic in structural and plate fabri-

VOSS ENGINEERING 
including the ability to apply 

High Build; Enviro-Guard eating facilities. Offers tech- in very cold, damp or high-
Build Urethane; and VOC nical sales personnel, ser- 6965 N. Hamlin Ave. humidity conditions. 
compliant dipping primers. vice staff, remanufacturing lincolnwood, IL 60645 New this year: Zero VOC 
New thIS year: Tint-based of used equipment, retrofits Ph: 708/673-8900 and less than 100 grams per 
color systems lor all major and financing options. Fax: 708/673-1408 liter VOC single-component 
lines that ahord an extensive NSCC Booth # 314 Contact: Glen Adams moisture-cure urethane 
color selection and fast ship- For more information, Company fabricates and product line. Also, a celer-
men! of special colors. Circle # 127 manufacturers structural aled single-component 
NSCC Booth # 209 bearing pads and bearing moisture cure coatings that 
For more information, assemblies for bridges and can be overcoated in less 
Circle # 121 TIMBERLINE SOFTWARE 

commercial structures. than 30 minutes. 
Products featured at the NSCC Booth # 425, 427 • STEEL SOLUTIONS INC. 

9600 S.w. Nimbus NSCC will be: NEOSORB For more information, 
Beaverton, OR 97008 (MSHTO grade Neoprene Circle # 50 RI. 3 Box 312A Ph: 800/944-3609 pads); VOSSCO (Random 

Buckhannon, WV 26201 Fax: 503/526-8049 Oriented Fiber Pads); SORB-
Ph: 304/472-2668 The Precision Collection TEX (preform fabric pads); YAMAZEN INC. 
Fax: 304/472-3214 estimating package offers an and FIBERLAST (engineering 735 E. Remington Road 
Contact: Ron Taylor easy-to-use spreadsheet for- ROF pads). In addition, Schaumburg, IL 60173 
STRUCAD 2000 IS a com- mat and a pre-built steel information will be available Ph : 708/882-8800 
pletely integrated manage- database. Crew capabilities, on PTFE Expansion Bearings. Fax : 708/882-4270 
men! software for steel fabri- a dimensional audit trail and N SCC Boo th # 125 Contact: Shin Takabe or 
cators. Modules include: database security are also For more information, Amy Komeda 
STRUCAD Detailing and available. The software inte- Circle # 124 Offers structural band saw 
STEEL 2000 Estimate, Mill grates with job cost, machines and CNC structur-
Orders. Purchase Orders, AutoCAD and scheduling al drilling machines. The 
Inventory and Production programs. 

VUlCRAFT saws feature a patented 
Control. NSCC Booth # 409, 4 11 amplifying valve feed sys-
New this year: A 3D For more information, P.O. Box 186 tern, unique three contact 
Modeling Solution. Cir cle # 123 Grapeland, TX 75844 point mitering method, si>. 
NSCC Booth # 531, 533, Ph : 409/687-4665 degree saw bow angle and 
535 

TRADEARBED 
Fax: 409/687-4290 carbide roller ring back-up 

For more information, Contact: Randy Beard guides. The CNC drilling 
Circle #98 825 Third Ave. Vulcraft, a division of Nucor machines features an exclu-

New York, NY 10022 Corp., will exhibit their full sive "fixed work piece-trav-
STEElCAD Ph : 212/486-9890 line of open web steel joists, elling spindles" method, 

831 North Irma Ave. 
Fax : 212/355-2159 joist girders, composite which allows for faster hole 
Contact: ' .C Gerardy joists, and steel roof and location without reposition-Orlando, FL 32803 ARBED manufactures floor decks. The company ing heavy beams and results Ph: 800/456-7875 unique, high-quality prod- can manufacture a variety of in greater accuracy. Fax: 407/849-0202 ucts, including: special joists for super- NSCC Booth # 225, 324 Company will demonstrate - Tailor-made wide flange longspan, scissor, bowstring For more information, • the latest releases of 10 pro- beams In both standard and and arched-chord truss 

Ci rcle #80 grams, ranging from detail- jumbo sizes (from 24" to applications. 
ing to CNC control. at this 36" up to 798 IbsJft., as N SCC Booth # 503, 532, 
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THERE IS ONLY 0 E D~A StJPERCAGETM 
FOR if E DI~I7ERENT AI?~UIGATI0NS 

1. Attach directly to boom 
point 

2. Suspend from crane 
hook with 4 or 5 part 
lifting bridle assembly Please circle # 86 

For More Information: 

UNITED STATES CRANE, INC. 

• 

P.o. Box 593290, Orlando, FL 32859 1-(800)-327-0300 1-(407)-859-6000 FAX 1-(407)-857-9146 
Sl:PERCAGE PRODUcrs ARE CERTIFIED TO MEET OR EXCEED API' L1CABLE 0 HA, STATE AND FEDERAL REGULA TIO 
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STAAD3·2D 
State·of·the·art 2D Structural Analysis 

and Design Software 
for $595 

Research Engineer~. Inc . is proud to announce the arrival of 
STAAD3-2D. the most comprehensive 20 Structural Analysi!) 
and Design software in IOOay's industry. STAAD3-2D is the 2D 
verl)ion of RE's world famous ~lructural software STAAD- Jll. 
Equipped with powerful Analysil)/Design. brilliant GUI. easy 
Vi.')ualiLalion/Verificalion. and nexlble Report/Query facilities. 
STAAD3<!D represents the true state-of-the-art in modem struc
tural engineering. 

STAAD3·2D supports STEEUCONCRETEIflMBER design 
per AISC (ASD & LRFD). ACI and AITC code,. With a price tag 
of $595. it offers you the best value for all your 2D structural 
needs. 

Research Engineers, Inc. 
22700 Savi Ranch 

Yorba Linda, CA 92687 
Toll Free: 1·8oo·FOR·RESE 

Fax: (714) 9744771 

StruCAD*3D 
The Flag.hip Product for 3D Structural Analysis & Design 

• Pop-Up & PuIl·Down Menus • Wind & Gravity Load Generation 
• Truly Interactive 3D Graphics • Material Takeoff 

Pre· and P08tprocessing • P·Delta and Thermal Analysis 
• 3D AutoCAO Interface (in & out) • Pile·Soillnteraction 
• AJSC·ASD, AlSC·LRFD, ACI·318 · Seismic & Machine Vibration 
• Reinforced Concrete Design • Detailed Fatigue Analysis 

Prices start at only $249 
Zen tech, Inc. 8582 Katy Freeway, _205, Houston , TX 77024 

Tel (713 ) 984·9171 I;-"'ax (713 ) 984·9175 

FOR SALE 
NORTHERN COLORADO FRONT RANGE 

STEEL FABRICATION BUSINESS 
Fabricate components for Utility Companies 

$1,000,000 plus gross per year. 
Price $750,000 including real estate. 

Call Larry or Bill 
F&M Land Co. (970) 484·9088 

HELP WANTED 
STRUCTURAL STEEL ESTIMATOR 

Large Midwest Structural Steel Fabricator has a 
requirement for a Structural Steel Estimator with a 

minimum of 10 years experience 
Please mail your resume & salary requirements to: 

Carter Steel and Fabricating Co. 
P.O. Box 70 

Bellefontaine, OH 43311·0070 
Attn: Personnel Manager 

Help Wanted 
CHIEF DRAFTSMAN 

Well established AISC Certified Category 11 medium size 
structural and miscellaneous fabricator needs well qualified 

department head. Reply in confidence via fax or mail to: 
Stein Steel & Supply Company 

P.O. Box 17907 
Atlanta, GA 30316 

Attn: Bert Stein, President 
Fax: (404) 523·8415 

•~--~~~~~~--+------------------Structural & Miscellaneous Steel Detailing CAD Programs METROSOIT STRUCTURES, INC. is looking for a 
AutoCAD psrametric USP J:IllgI"'M\Ii for preparing structural A."'ID mise. steel . d ' d· ·d 

• 

shopdmWlfl8B.A11 programs have been updated for 1995and new p-ogramshave motivate In IV) uallo join our growing team. Duties wi ll 
been added. Anchor bolts to roof opening frames and -everything between" include sales and pre-sales 'upport of leading structural 
Imperialandmetnc,_withUSA.Canad""undEuropean __ "'" analysis ;oftware package ROBOT V6. Good working 
DAY MONEY BACK GUARAr-.'TEE. Oi8oounts up to JOCl . Buy only what you 
nood. U..oo U1 the fieId fir S, ..... I'lq:nU1" wnUOn by. detailer with 39,..,. knowledge of competing producl; a plus. We offer a com· 
""""""",. Exbuncly _ " pnwnm8. FREE ",Iephooe .uppJrt. No mrun... petitive salary and an excellenl benetils package. Please 
I"IIl1lre fee. Reasonable yearly update fee. EXCEU.ENl' PROORAMS at. a REA· send resumes to Melrosoft Structures, Inc .• 332 Paterson 
SONABLE PRICE. Call ro.-. FREE demo disk. listofprognuns. and priQ)s. 

SSDCP Ave., E. Rutherford, N.J. 07073. Attn: Personnel. or you 
110 Shady Oak Circl •. Flo,enc •. MS 39073 may fax it to us at (20 I) 438·7058. 

Tel: 6011845·2146 (fax same) 

HEWLETT·PACKARD 
ComputersiPeripherals 

A complete line of used and refurbished HP Equipment to fill 
all your computer needs. Laser printers, scanners, disk drives, 
plotters (Orafipro. Dranmaster & Designjet), PC's and 9000 
series workstations are available for immediate delivery. Call 
our toll free number for additional information and pricing. 

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

800·638·4833 fax (205) 591·1108 

lmages-3D 
20·30 StructuraVFinite Element Analysis 

Easy to learn and use Automesh Generation 
Shear & Moment Diagrams Static, Modal , Dynamic 
AlSC Code Check Enforced Displacements 
Large Problems to 3,000 Joints P·S Analysis 

Complete Static Package-Only $795 
Celestial SoItwaJ'e. 2150 Shattuck Ave .• Suite 1200 

Berkeley, CA 94704 
Tel: 510-843-09771 Fax: 510-848-9849 

Fifty-node fully functional evaluation package for only $49.95 

Help Wanted - DraftspeoplelCheckers 
Multi-location structural steel fabricator located in the beautiful 

Olar~ of MLssouri is seeking experienced structural steel draftspeople 
and checkers. Must be self motivated and wnnt a challenging job. 

AUioCAD· DCA or PDS cad e:(perience a plu ... We offer a competitLve 
!>alary with benefits. 

B&D Fabrication 
2431 Stephens Blvd. 
Joplin, MO 64801 

Doing Steel, Inc. 
2125 North Golden 
Spdngfield, MO 65803 

"CaHrornia Structural Engineering E~aL1t Revic~" ~hmual" 
Complete problem statements and .. olution .. for the la~t 8 year .. of 

California Structural exam are presented (except the bridge problems). 
The main volume (S 150) includc~ the 1990· 1994 exam problems. The~ 
wlution .. are 10 a word proces'ied fonnat With cxten"lve use of computer 
generated dra"lngs for additLonal clant)' . The 1987 thru 1989 M)lullon .. 
($25 each) are also available a~ supplements. All solutIOns are per 1991 
UBC, 1989 ACI and ASD manuals. Specific solutions and page numbc", 
are printed at the sides of pages to provide ease and quickne~s for the uo,er. 
To inquire about the technical COnh!nlS, contact the editor, Ben Yousefi , 
S.E .. at 619-236-7368. To order. call Bernie or Elisa at 619-236-7075. 
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Structural Software Solutions from Softdesk 
The World 's Largest Developer for AutoCAD 

Softdcsk Structural Plans & Elevations 
• Comprehell.8ivl! set of tool A to create design/construction drawings 
• Auwmated geometry and annolation features ba.wd on material data 
Softdesk Detail. 

State.of-thf!'-art parametric programs for creating structural details 
Supports AlA CONCOOC formatting and keynoting 
w/hnk to spec. files 
Cu.&tomizable material management system stores. retrieves and 
&cales details drawings 

Softdesk Steel Detailer 
• Parametric programs for generating shop drawings including ~ams. 

columna, braces !ltaJrs, anchor bolta and more 
• Automatically generatH Bill of Material and project level reporting 
Softdesk Modeler - Coming Soon'! 

Graphical modeler with visualization and error checkjng tool8 
2-way link to STAAO-JlI for creatmg and updating model 
automatically 
Automatic. plan, St'CLion. and elevation generations 

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

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

WE PROVIDE 
CADD STRUCTURAL STEEL 

DESIGNIDETAILING 
for Engineers, Fabricators and Contractors 

JOHNSON TECHNICAL SERVICES 
2509 Saint Paul St., Suite 4B 

Baltimore, MD 21218 
(410) 243-32691 FAX (410) 243-1963 

AISC Certification 
Categories I, II, III 

Do you want to become certified but are just 
buried with work? 

I offer assistance with the necessary paper
work plus training for your people_ 

McGowan Technical Services, Inc. 
412-378-3916 fax: 412-378-1994 

AISC Professional Membership 
Receive a FREE Mallllal of Sleel COllslmelioll and 25':t 
discount, on AISC publication,. semina" and the ational 
Steel Construction Conference. In addition. be eligible to 
serve on AISC Comminees. 

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

Comprehensive Review Manuals 
SE and PE (Civil) Lice nse 

PE (Civil) six vol. {4200 pp l. ColifStructurai Engr (SE) five vol. 
(4170 pp). C,V, Chelnpati, Ph.D., Editor. Covers solution 
techniques with several hundred solved problems. Invaluable 
reference fo r PEISE eXAms. Highly acclaimed as excellent 
references for practicing engineers. 
CalVw rite for detailed brochures. PEDP, Inc., 5912 Bols8 Ave .. 
Suite l08·l\1SC, Huntington Beach, CA 92649; 

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

StntlC, Dynamic, Linear, Nonlinear & Pushover AnalYI)is 
Straight & Curved Steel Bridge Mode1 & Load Generator 

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

SC-Bridge SC-Push3D 
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very easy to leorn and use, be<ome a produdive user in jim one day 
• extreme~ fos!, shorte", the concept through design cycle 

most powerful on PC ~otform . 3D FfM, buckling, nonlinear, P-delto, dynamic, 
3D moving loads, porometric strudures, phose constructions, US and foreign codes 

• buy the power you need, starn from S495 version · 150 node/ 3D ~us plote elements 
• no risk, 30 day money bork guarantee 

See for yourseH. Have fun. Any questions? Cal us. 1-800-60-ROBOT meb'osoft 

Please circle # 51 
IlIUCTlREI,tIC. 

332 PulcnOfl .""t' F RlItht'/jorJ. /VJ 07073 

UMITED WORKING VEiSlON OF PIIOGRAM WITH PIlE-RECORDED fXAMPtfSAVAl1A8Lf OVER 2000 USEiS WORLDWIDE FOR MORE INFORMAnON CALL 201438·4915 OR FAX TO 201438-7058 

r--------------------------------------------------------------------, 
O ~ I 

> ~ : 
Address: State Zip I 
hl: ~ I 
10m: :J structural engineer, oJ architect, ..l educotor, oJ dealer, oJ other: I 

I 
..l Please have a product specialist coli me ..l Please send more information I 
..J Please send working demo version (limited to 25 elements and 25 nodesl, with recorded macros of real design examples. Endosed is a check for S25 (pillS I 
opplicoble Tax in NJ and NYl.1 have a system equal to or be"er than 3B6SX with moth coprocessor, ..1 4 MB ..1 B MB RAM, 25 MB of free disk spoce,VGA monitor. I 
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