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INCLUDES: 

• Roof Deck 

• Acoustical Deck 

• Long-Span Roof Deck 

• Cellular Roof Deck 

• Composite Floor Deck 

• Non-Composite Form Deck 

• Cellular Deck 
Floor Systems with 

Electrical Distribution 
Please circle # 77 

Ad Space 1& Compliments of 
NICHOLAS J. BOURAS, INC. 
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ADDRESS 

STATE 

METHOD OF PAYMENT: 

CARONO 

UAL 

AVAILABLE NOW! 
Publication No. 29 
All the 
latest Information for 
Deck DESIGN and Use! 

• Metric Specifications 

• Metric Load Tables 

• 

• Short Form Specifications 

• Code of Recommended • 
Standard Practice 

• Design Examples 

Steel Deck 
Institute 

ORDfR YOURS TODAY! 
p;:e-;I:;: ;:1;;;';C;;i;h ~o;;,;;;:;;=. p:;a;;d;- - ., 
World Money Order. Oratts - In U.S. Currency or use your credit card. I 
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WIDE FLANGE 
Grades 50 and 65. 

& TAILOR - MADE BEAMS 
+ High Strength, Low Carbon, Fine Grain, Weldable Without Preheating & Good Ductility. 

+ Reduces Material , Handling, Transportation, Erection & Welding Costs. 

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

TRUSS APPLICATIONS 

+ Sports !'ircnas/StadiIl11ls 
+ ':4ilports (:){an!jars/'Tcr11linals) 

+ Conl'mtion Ccntcrs 

+ 9),11Inasillllls 
Sfioppill!} .1f ails 

+ Casinos 

COLUMN APPLICATIONS 
All of the above PLUS: 

+ .J-{i!jfiJRise 'Bllildings 
+ J-(ospitals 
+ .J-{eavy [ndllstrial ' plants 
+ rpOlver plants 

IIISTAR® is a registNl'<l trade-mark of ,\RBFD. 

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

.J 60 E. Sir Francis Drake Blvd., Larkspur, CA 94939. (415) 925-0100, FAX (415) 46] -1624/8257 . 

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

Volume 35, Number 10 

A tubular steel frame created a 
symm.etrical 3-dimensional space 
ill a new home home in Maine. For 
more information all this beautiful 

October 1995 

F EATURES 

20 CREATIVE MOVEMENT 
Shifting two columns in an occupied apartment 
building with no existing drawings required 
careful monitoring of a series of strain gages 

28 NATURAL SURROUNDINGS 
A client's allergies necessitated an innovative 
design solution for a new home 

32 TIGHT FIT FOR BOSTON GARDEN REPLACEMENT 
The designers of a new home for the Celtics and 
Bruins faced numerous constraints, including an 
incredibly tight site and the necessity to build over 
an extensive network of railroad tracks 

36 WHY A CHRISTMAS TREE 
Whether the custom began in Scandinavia or with 
Native Americans, topping out parties are today • 
an important custom in the steel construction 
industry 

project, turn to page 28. 40 COPE CRACKING IN STRUCTURAL 
STEEL AFrER GALVANIZING 

Modem Slrel ConstructIOn (Volume 35, 
Number 101. ISSN OOZ6·8445. Published 
monthly by the AmcritiW Instttute of Steel 
Construction, Inc., IAISO, One f<lst Wacker 
Dr., SUIte J I 00, Chic '180. IL 6060 ' ·200 1. 

Ad\.ertl5jnR office: racinell; Mooi.l Sales, 
O 'H.lfe L.i/..e Office Plaza, 2400 E. Devon 
Me., /k<; Plaines, Il 606 1 B (1081699-6049. 

u~rip'ion price: 
With,n the U.S. single issues S3 ; 

I years S85. 
Outside the U.S. ~Ingle issues S5, 

1 year S36; 3 years S 1 00. 

PleiJse fax iJny addresr; (hanges to 3 , 2/670-
5403 or to the address below. 

Postmaster: Ple.l5e ~enddddress changes to 
Modern StC"e1 ConstructlOll, One EJst 
~Va( kcr Dr. Suite J 100. Chicago, IL 6060' · 
ZOOI. 

St'C.-ond cI.1SS postage P.lld at Chicago, IL iJnd 
at addItional nM/llng ml'Ce5. 
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There have been isolated reports of cracks in the 
flame cut radius of copes of galvanized steel 

FINITE E LEMENT ANALYSI S AND TESTS 
OF B EAM-T o -COLUMN C ONNECTIONS 
On-going seismic research is using finite element 
models to determine why some steel moment 
connections failed 

D EPARTMEN TS 

6 EDITORIAL STEEL EWS 

- Call for entries 
9 STEEL INTERCHANGE - Call for papers 

- What is the - Free publications 
unbraced length for the 48 - Cover Competition 
bottom flange of a can- - NSCC 
tinuous trolley beam 49 - Beauty & The Beast 
with multiple spans and 

13 cantilevered ends 50 METAL D ECKS 
-Stiffeners and wall 

pressure STEEL~KL~PLACE • 



STAAD-III , 
the wor1d's #1 

Structural Analysis and 
Design software. has broken 
another frontier in power and 

periormance. 

analysis engine incorporates an innov"llve 
CompresslQtl/Dlsk Caching and Re<jucedNulme,ncal 

Instruchon (RNI) techntque based on the software Industry's 
latest R&D, Designed to take full advantage of your Disk Storage 

and RAM resources, this unique algonthm is guaranteed to achieve the 
maxjmum efficIency in storage, management, and computabon 01 data 

T~e r ~ult? 

(3-6 times faster than today's FE software Including previous 
versIOns 01 STAAD-III) 

- requires only 25% of 
conventional storage. 

Power and performance that allows you to achieve a who{e 

new level of productivity. 

For the last twelve years, STAAO-1I1 has been 
consIstently ranked # 1 In all major Structural 

Engmeering software surveys around 
the world 
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Technologically Current • 

L AST WEEK, ON A DAY FILLED WITH MICROSOFT HOOPLA, ONE O~- TIfE 
V1('E PRESIDENTS at AISC asked me if I had purchased a copy of 
Windows 95 yet. As much as I wanted to be the first kid on the 

block with that new toy, it turns out that I won't soon be buying it. 
My problem is that, of the three major software packages I use on Ii. 
near-daily basis, under the new operating system one program, 
Microsoft Word, will run just line; the second, Adobe Photoshop, 
won't run properly and I can't get any information about the third, 
QuarkXPress. 

The problem I'm having having with Windows 95 reflects the same 
problem many designers have. Will AutoCAD run? How about 
STAAD-III or ETABS? Or SDSl2 or Computer Detailing? Heck, a lot 
of the programs used by engineers, fabricators and detailers are still 
DOS-based (and, of course, there's a lways that handful of profession
als using Macintoshesl. Computer technology is advancing so fast 
that it is nearly impossible to keep up-especially given the financial 
impact that comes with purchasing new hardware and software. 

While we will never reach the Utopian vision of a paperless office, 
it's become increasingly obvious that in the future we will use more 
and more electronic files . Unfortunately, the myriad vendors serving 
the steel design and construction industry have not yet reached an 
agreement on a uniform standard that will allow users of one pro
gram to read data from another. Still, it's possible to make some edu
cated guesses as to where the industry is going and what type of 
equipment is needed. Even so, if you're thinking about buying a new 
computer system, keep some thoughts in mind: 

1. Go Pentium. While you can buy a 486-based computer dirt 
cheap today, it's not going to effectively run the next generation of 
software-a generation that's due out practically tomorrow. 

2. Get at least 16 megabytes of RAM. That's the minimum to 
run Windows 95 efficiently. 

3. Get a whopping huge hard drive. I can remember buying a 
computer for home use live or six years ago and thinking that my 80 
megabyte hard drive wou ld be all I'd ever need. Now you need that 
much rOOm just to properly load the newest operating systems. 

4. Take a good look at 17-in. or even 20-in. monitors. It 
makes working a lot easier. 

5. Buy a quad speed CD and a 28.8 bps modem. In a recent 
survey, almost all companies already had a modem and almost every
one was looking to get a CD. And actually, you'd be hard-pressed to 
buy a system today that doesn't already include these. Both will gain 
greater importance in the near future. CDs because more and more 
software-and publications-are being published on that platform 
and modems because bulletin boards and Internet access are becom
ing increasingly common and useful. 

• 

6. And finally, when you do buy software, ask the vendor 
when they'll be upgrading to Windows 95. Yes, the program will 
take up more room. But it will also be easier to run and, presumably, • 
it will be faster. 8M 
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Imagine". a sortware system that automatically give. you: 

oShop Drawings ol.'lbor ror Estimating 
oC/lC Data ror Shop Equipment oOrdering & Inventory Data 
oConnection Design Calculations 0 Rc\;sion Management 

o Job, member status and much more 

With SDSI2 imagination becomes reality. You get detail>, e.timate. and 
ordering inrormation on C\'cry piece or steel in the joh right d0\\11 to the nuts, 
bolts and washers. SDSI2 is the only comprehensive sortware S),tcm ror C\e~ 
phase in the steel industry. With SDSI2, each phase or a project creme. and stores 
inronnaLion that is integrated and utili7.ed in the next proll'!:t phase, eliminating 
costly data re-entry time. Project schedules, job status, drawing submittal I 
approval and erection planning can all be easi ly done using SIlSIl, Whether 
you are an owner, engineer, rabricator or detailer, you will be able to see the 
money saving benefits or using SDSI2. 

Don 't leave an)tbing to the imagination on your next projl'Cl. Call today ror 
more inronnation or to set up your own personal demonstration or the SDSI2 
products that include: 

• Estimating [ • • CNC Interface .. Englneenng DeSign 
[u. Production Control No. Detailing [ • • DeslgnliNK 

DESIGNDI 
DATA III 

"Fir.;t in ".software, solutions, senice" 
402-476-8278 or 1-800-4'13-0782 

Please circle # 32 
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S TEE L NTERCHANGE 

Steel Interchang e is an open forum for Modern Stee l 
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 subjecL covered in this magazine. If you have a Question or 
problem that your fellow readers might help you to solve, please 
forward it to Modern Steel Construction. At the same time, feel 
free to respond to any of the questions that you have read here. 
Please send them to: 

Steel Interchange 
Modern Steel Construction 

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

The following responses from previous Steel 
Intercha nge columns have been received: 

For a continuous trolley beam with multi
ple spans and cantilevered ends what is the 
lateral unbraced length for the bottom 
flange? Can the distance between points of 
inflection be considered an unbraced length? 

p 

W
e have been involved in the design of 
many monorail and bridge crane systems 
that had s imilar cantilever conditions. 

Since the number of the systems investigated was 
very large, we did some research in this particular 
problem, and we are preparing a paper for publica
tion of the findings. 

If the beams are doubly symmet ric sections, 
such as wide flanges and S shapes, one suggested 
solution is given in the Guide for Stability Design 
Criteria for Metal Structures, edited by T .V. 
Galambos, section 5.2.4 page 168. The procedure 
gives the critical buckling moment, M" , for the 
cantilever to be: 

where, M" is the theoretical critical buckling 

yt' EC 
1 + " 

(KL) ' C) 

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

The opinions expressed in Sleel l lllerchange do not necessar
ily represent an official position of the American Institute of 
Steel Construction, [nco and have not been reviewed. It is recog
nized that the design of structures is within the scope and 
expertise of 8 competent li censed structural engineer, architect 
or other licensed professional for the app li cation of principals to 
a particular structure. 

Information on orderi ng AISC publications mentioned in 
this article can be obtained by calling AlSC at 800/644·2400. 

moment without any factor of safety, L is the can
tilever length, K is an efTective length factor, E is 
the modulus of elasticity, G is the shear modulus, 
I is the ntinor axis moment of inertia, and Cw is 
the warping constant, and J is the tor·sional con
stant. Both J and C. are provided in the AISC 
Manuals for standard wide flange and S shapes. 
The value of K varies depending on the re traint 
cond;tions at the root and at the tip of the can
tilever, as well as the location of the load with 
respect to the neutral axis ( as indicated by figure 
5.11 of the above reference). For the case in ques
tion, where the cantilever is continuous over the 
root with only top flange laterally restrained at the 
root, no latera l restraints at the tip , and bottom 
flange loading, the reference suggests a value of K 
of3.0. 

This will result in a value for the critical buck
ling moment. An appropriate factor of safety, typi
cally in the range of 1.67 to 2, should be applied too 
obtain the a llowable moment. In addition, this 
allowable moment should be limited to 0.66 of the 
yield moment for compact sections and 0.6 of the 
yield moment for non-compact sections. 

In efTect thi s method gives an unbraced length of 
3.0 times the cantilever length , and there is no 
need to use the unhraced length to the infl ection 
point. We should stress the fact that this method 
does not apply to s ingly symmetri c bea ms, i.e. 
patented track , that are frequently employed for 
trolley support. 

Hussain Shanaa, Ph.D., P.E. 
Jehangir Rudina, P.E. 
AEC Engineering, Inc. 
Minneapolis, MN 

Modern Steel Construction 1 October 1995/ 9 



S TEE L NTERCHANGE 

Give n a wall of sh eet metal or plate s ub
j ected to fluid pressure and stiffened by same 
size parallel members spaced regularly, what 
section or (or width) of the wall shall be used 
that contributes to the section of a stiffener? 
The s tiffening member may be a flat bar, an 
angle, a channe l or any other section_ 

, , 
~" " " '" " 

I

j :/ I 
I It! I 

M 
1 

,--

, -f:'" t== , 
., • 2(...,) , -~ .. ) ." 

The efTective width contributing plate section 
should be limited to the width thickness 
ratios for compression elements as found in 

Table B5.1 of the AlSC Allowable Stress Design 
Specification for Structural Steel Buildings. As a 
bending member, the maximum bit ratio should be 
limited to less than 95 / .fF" to be considered as 
fully efTective. A general rule of thumb is to consid
er a total plate width contribution of 32t for struc
tures comprised of A36 steel, with a corresponding 
allowable bending stress of O.6F, . 

The figure depicts these recommended limits. 
Vincent E. Kokal, P .E. 
Alliance Engineering, Inc. 
Richmond, VA 

ANOTHER RESPONSE: 

The effective projection of the plate on either 
side of the stiffener being in contact with the 
plate should be 16 times the thickness of the 

plate: Thus, b. = t + 32t2 • 

This common practice to obtain a transformed 
section has been widely used in the design of tanks 
for liquid storage per standards by the American 
Petroleum Institute (API). 

The American Iron and Steel Institute in its 
publication entitled Steel Tanks for Liquid 

10 I Modern Steel Construction I October 1995 

Storage, revised Edition 1976 provides a table for 
the section for the section moduli of the stiffening 
ring sections based on the 16t effective projection 
on each side of the stiffener. 

Isaac Gordo", P.E. 
Ang Associates, Inc. 
Philadelphia, PA 
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Questions: 
Has any engineering firm ever designed a 

multi-s tory unbraced fram e u s ing mainly 
semj-rigid (partially restrained ) connections? 
Which, if any, computer programs we r e used 
to a ssis t in the analysis and des ign? What are 
some of the major pitfalls in us ing partially 
restrained moment connections? 

Michael G. Klozik 
Medford,MA 
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• 

• 
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New Plans and Software for ···············Sh rt S •••••• •••• 0 - pan 
•••••• .-c:--'~ 

••••• t--r.~~ Steel Bridges ..... ~ 

••• 
• With AISI's rew comprehensIVe short-

tw.:rv,olume Short-Span Steel Bridge Package con
tains more than 1,100 predesigned steel superstructures 
with details, plus user friendly, PC compatible software, 
that will bring you quick, efficient solutions to many 
simple-span non-skewed bridges. 

The plans tabulate the design of bridges that are 20 feet to 
120 feet long in five foot increments for 24, 28, 34, 40 and 
44 foot ro.ldway widths. The software provides back-up 
calculations to the pre-designs and allows the engineer to 
custom design, code check or rate the bridge. 

The package was developed by Dr. S. Taavoni, PE, of 
Kennedv Porter & Associates for the American Iron and 
Steel Institute in coUaboration with AISC Marketing. Inc. 
Sponsor> of the package include Bethlehem Steel 
Corporation, Inland Steel Industries, Lukens Steel Co., 
and U. S. Steel. 

Please send me: 
Information about the AISI Short-Span Steel Bridge Package. 

.:J A copy of the AISI Short-Span Steel Bridge Package 
(payment enclosed). 

Ship Short-Span Bridge Package to: 

Name 
Company ______________________________ __ 

Address ______________________________ _ 

City _____________ State ___ ~ZIP ____ _ 

Phone _________________ Fax ____________ __ 

FAX: 202-463-6573 or 
MAIL: American Iron and Steel Institute 

1101 17th SI., NW 
Washington, D. C. 20036 

TEL: 202-452-7140 

spar steel bridge package deSigners can 
miniMize deSign time and project cost, 
QUickly explore deSign and detail options 
for' 

• Welded plate girders With unst ffened 8r'd 
partially stif'encd w bs 

• Rolled beams w1th and WTthol..t cover 
plates for co~poSite erd no71-cor1posne 
constructIOn 

• Normal and tightweight concrete deck 

• Elastor'1enc bear 7lQs 

• JOintless and corventlonal abutment 
Information 

• Crash tested Jersey barner 

• Tables of 'eactlons, moments and 
deflections 

• Table of quant ties f • each desfgn 
(structural steel rebar and concrete 

• AASfoiTO's Load Factor Des n 

• HS25 live Load 

• Over 150 11 x 1 7' dCSlqr and deta I 
sheets 

• Mu~h mere I 

Order Form 

Short-Span Bridge Package_ O$150 = $ 

Addl/ional shlppmg and handlmg Will be added lor 
orders outside the U. S. 

o Check Visa Maslercard 
(payable to AISI) 

Cardholder Name 

Card Number 

Expiration Date ______________________ _ 

Signature __________________________ __ 

Please circle # 15 



a 3-0 
will produce 100% 

that 
01 your work. 

The future of steel fabrication is here. Steel Solutions 
introduces STRUCAD 2001}-3-D 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-Iil 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 
Solufions offers a low-cost, five-day traming 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. 

Please circle # 98 

2260 Flowood Drive· P.O. Box 1128· Jackson, MS 39215·601-932-2760· Fax 601-939-9359 
Support/Development. Rt. 3, Box 312A · Buckhannon, WV 26201·304-472-2668· Fax 304-472-3214 
STRUCAD is a registered trademark of ACECAD Software Ltd., England, U.K. 
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1996 
National 
Steel Construction 
Canlerence 

Where the Sleel Team Meels ... 
An expanded educational 

program - six tracks dedicated 

to management, technology, 

engineering and labrication 

~5Ues - l'Qund out three infol'

~tion-lilled days ol1eaming. 

E XJland your knowledge . . network with 
steel construction industry professionals 

from around the world . . view the latest 
products and services for the industry in 

an """anded eXJlo area .. it's all a part 
of the 1996 National Steel Construction 
Conference, March 27-29, at the Phoenix 
Convention Center, Phoenix, Arizona. 

Educational tracks cover topics such as 
connections causing severe erector problems,. 

C1h!tlI Computer Track 

C1h!tlI Erection Track 

Fabrication Track 

erection cost basis; architectural 
fabrication; welding code reorganization, 
qualifications and equipment; electronic 
information exchange for project design 
and status; e-mail and the fabricator; process 
industry practices; material management; 
learning from Northridge; composite design 
issues,. communication of LRFD load 
information to the fabricator; effective 
specification, contract documents 
and general notes, and much more. 

Construction Management Track 

Engineering Management Track 

Engineering Tlchnical Track 

If there's one industry gathering you're sure 
to aHend, make it the 1996 National Steel 
Construction Conference, March 27 29, at the 
Phoenix Convention Center, Phoenix, Arizona. 

For more information, complete the coupon 
below and FAX Dr mail it to: 

American Inshtute of Steel Construction. Inc 
1 East Wacker Dr., St •. 31 OD 

Chicago, IL 60601 -200 I 

FAX: 312/6705403 

Mark your ca1endar now 10 aHend the leading steel constrw:tion conference of the year. 
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If you're a participant 

in the CNA business 

insurance program 

endorsed by AISC, 

CW'HEN DAN BURKE 

GOT HIS SHARE OF A 

SAFETY DIVIDEND CHECK, 

HE DROVE IT RIGHT BACK 

INTO THE BUSINESS . 

{ What will you do with 
a 16 . 2 % dividend c h ec k ? } 

the savi ngs were passed 

on to you. It's all part of 

knowing the fabri cati ng 

business. So if you're not 

congratulations. You have recently become the proud insured by CNA, sign up now. And you could drive 

recipi ent of a safety group dividend ' check. 

Losses were controlled, claims weill down, and 

some extra cash into your business next year. Call 

C"NA 1-800-CNA-6241 ext. 30 for more infomlation. 

WE KNOW YOUR BUSINESS '· 

111 1~ Progr;lnl ~ llrKkrwnllcn hy one or mo~ 01 the CNA propcnY-lilswhy lompanl('<. CNA I~ it I't'R.,tm=d scrvlCe mark of CNA r 'NOCI,,1 CorporatIOn 
Tht, advcnl'>CfTlCnll\ nol a lOfllrKt Only the polll)' can provide: the lk.lual dc;cnpllOn 01 '>CfV1(.e'>, leml~_ (;ond lt Hln~ and cxd uslollS °Hascd on efflelem 
control of 1(",,* ... Sa/ely )troup d,vldcnd~, available In m~1 ,tatc<o, art' dedart'd by the- CNA Hoard of Dtr«lor> and cannot bt guarantttd 
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'LOADS OF 
INFORMATION. 
Get the new, 50-Year 
Steel Joist Manual -
a must for building 
renovation. 

Whether you're an arch~ect. engineer 
or contractor. this all-new. 31B-page. 
6O-year Manual has everything you need 
to determine load capacities in existing 
joist,supported structures buin from 1928 
through 1988. Inside you'll find: 

• the originat "I(' series specifications 
and load tables 

" joist girder specifications and 
weight tables 

" the complete expanded "W series 
load tables 

" suggested investigative procedures 
and time-saving data for use when 
analyzing existing structures 

• a complete listing of commonly used 
live and dead loads throughout this 
penod of time 

Don't wa~ a moment longer. Fill out 
this coupon and send for your manual 
today! Just $5900. Including postage 
and handling ($69.00 outside U.S.). 

Also available -
40th Edition 
Specs and 
Load Tables 
for Steel 
Joists and 
Girders 
Includes Metric 
and Standard un~ 

Send me new 6O-year Steel 
Joist Manual(S) at S59.00/per. 

Send me new SJI 
Catalogue(s) at $2O.OOIper. 
Total enclosed, __ -,-_--,-_ 
Payment includes fvst class postage and 
hand' ng and must aa:ornpany order. 

Name ________ _ 

Title _______ _ 

Company Name ______ _ 
Address ________ _ 

Crty -------
State ____ Zip ___ _ 

-@TMailtO: ManagingDirector 
Steel Joist Institute 
Div.A'1 

1205 48th Avenue North 
29577 

CALL FOR ENTRIES 

N OMINATIONS ARE INVITED FOR 
THE 25TH ANNUAL T , R . 

H IGGINS LECTURESHIP A WARD to 
be presented in 1996. The award, 
given by the American Institute 
of Steel Construction, Inc., recog
nizes an outstanding lecturer 
and author whose technical 
pa pe r or pape r s publi s h ed 
between Jan. 1, 1990 and Jan. 1, 
1995 are considered outstanding 
contributions to the engineering 
literature on fabricated structur
al stee l. Pa s t winners have 
included practicing structural 
engineers, fabricators and educa
tors. 

In addition to a framed certifi
cate, the award recipient will 

William A. 
Thornton, the 
1995 Higgins 

Award Winner 

receive 
$5,000 and 
will give a 
minimum of 
six lectures 
during 1996. 
Th e award 
will be pre
sented based 
on the jury's 
evaluation of 
the pape r (s) 
for originali
ty , clarity of 
presentation, 
contribution 

to engineering knowledge, future 
significance and value to the fab
ricated structural steel industry. 
In addition, the nominees repu
tation as a lecturer will be con
sidered. 

Nominees must be permanent 
residents of the U.s. and avail
able to fulfill the commitments of 
the award. Nominations should 
include: name and affiliation of 
perso n nominated ; title of 
paper(s) with publication cita
tion (in the case of multiple 
authors, please identify the prin
ciple author); reasons for nomi
nation; and a copy of the paper(s) 
(as well as any published discus
sion. 

Thi s year's jury consists of: 
Horatio Allison, a Dagsboro, DE, 
ba sed consultant; Reidar 
Bjorhovde, professor of civil engi-

neering at the University of 
Pittsburgh; Tim Fraser, divi sion 
chief engineer , Canron 
Construction-Fabrication West, 
New Westminister , BC, Canada; 
John Gross, research structural 
engineer, NIST, Gaitherburg, 
MD; and William McGuire, past 
Higgins Award recipient and 
professo r emeritus at Cornell 
University, 

Recent recipients of the award 
included fabrication engineer 
William A. Thornton for his work 
on connection design; consultant 
Lawrence Griffis for his papers 
on composite frame construction 
and associate professor Roberto 
Leon for his work on semi-rigid 
composite connections, 

Nominations should be sent 
to : Committee on Education , 
AISC, One East Wacker Dr. , 
Suite 3100, Chicago, IL 60601-
2001. Deadline for submissions 
is November 3, 1995. 

CALL FOR PAPERS 

It.. UTHORS ARE INVITED TO SUB
fiM lT PAPERS RELATEO TO 
"STABILIl'Y P ROBLEMS IN D ESIGN, 
CONSTRUCTION AND R EHAB
ILITATION OF M ETAL STRUCTURES" 
for the 5th International 
Colloquium on Structural 
Stabil ity to be held on August 5-
7, 1996 in Rio de Janeiro, Brazil. 

English abstracts of 500 
words or less shou ld be submit
ted by Novembe r 30, 1995 to: 
SSRC ICIBrasi l '96, COPPEI 
UFRJ-Program de Engeharia 
Civi l, C.P . 68506, 21945-970 Rio 
de Janeiro, Brazi l. Phone: (5521) 
280-9933; fax : (552 1) 290-6626; 
e-mail: SSRC_RIO@LABEST, 
COC,UFRJ.BR 

FREE PUBLICATIONS 

F IvE RECENT PUBLICATtONS 
FROM AISC M ARKETtNC, INC. 

ARE AVA ILABLE AT NO CHARGE to 
engineers, architects, fabrica
tors, contractors and others 
involved in the design and con-
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Is 
a 36-lnch 

Beam 
Llgest 

Angle Roll 
In the Western HemLSphere 

CAPACITIES TYPE " ·31 STEEI. 

"'lC lIT x "Anglelroo leg Oul cmd leg 1a 
go Solid Round Ibr 
r Solid Square Bar 
f x If flat 1ku!XI Flat (Iht IOIT way) 
:Wo' )( IT Flat Ikn on Edg. (the bard !tOft 
IS"Pipeond Tubing~, roundond retlcmgUlm) 
:Ii Beam, QDCj Chonntb 
IT Teet Scea. hi cmd Slem Out 

CHICAGO METAL 
ROLLED PRODUCTS COMPANY 

South RockweU, Olkugo. D1molS 60632 
roR INQUIRIES II ORDERS 

CALL 312-523-5757 
D.X 312·650·1439 

Please circle # 66 

The #1 True Windows 
32-bit Structural Pro ram 

"'. !II .... lit 

*It's for Windows 
*It's for Network 
*It's Multi-Tasking 
*It's 32-Bit 
*It's Our Competitor's 

Worst Nightmare 
WmSTRUDL is the #1 32-bit 
Structural Program for Windows. 
[fyou got to see it to believe it, ask 
for a free Demo disk now! 

Now is the time to switch! Get out of those Phony Windows 
Programs and experiance REAL productivity, get the one ..... 

WinSTRUDL 
Computer Aided Structural Technology, PO Box 14676, 

Fremont, CA 94539-4676 Tel (5 10) 226-8857 Fax (510) 226-7328 

Please circle # 27 
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struction of fabricated steel 
structures. 

• Myths and Realities of 
Steel Buildings is a 14-page 
bookJet t hat di scusses such top
ics as: prices for fabricated struc
tura l steel; U.S. steel in the 
international ma rket; why the 
least-weight s tructure is not 
always the most eco nomical 
design; the effect of mill deliver
ies on construction schedules; 
uniform reliability and design 
time savings with LRFD; denec
tions a nd vibration in LRFD 
design ; se ismic design issues; 
connections; and painting/fire 
proofing of steel structu res. 

• Myths and Realities of 
Steel Bridges is a 23-page book
let that answers many questions 
that bridge engineers have about 
recent developm ents in stee l 
design. Topics include: prices for 
fabricated bridge stee l; mill 
delivery schedules; durability of 
concrete and steel; life cycle per
formance of steel bridges; weath
ering stee l performance; opti
mization by weight and s pan 
length ; jointless bridges; bea r
ings; painting; and fatigue life of 
details vs. structure service life. 

• Cantilever Roof Framing 
Us i n g 
Roll ed 
Beams is 
a 16-page 
booklet 
describing 
an alterna
tive to joist 
gir d e r s 
a nd pre
se ntin g 
sa mple 
d es ign 
tables. 

• Steel 

... __ .. _-,. 
In Design is a six-page case 
study on the des ign and con
st ruction of the new San 
Franci sco Museum of Mode rn 
Art. 

To receive any of these publi
cat ions, fax your request to 
312/670-5403 or mail yo ur 
request to : AISC Marketing, 
Inc., One East Wacker Dr., Suite 
3100, Chicago, IL 60601-2001. 

• 

• 

• 



• ENGINEERING 

JOURNAL 

ANNOUNCES 

COVER 

COMPETITION 
A ISC IS HOLDING ITS FIRST EVER 

ficoMPETlTlON FOR INTEREBTING 
PHOTOS to feature on the cover of 
Engineering Journal , the leading 
technical publication for the 

,.-______ .., s t eel de sign 
and construc
tion commu
nity. The win
ning photos 
will be used 
on cove rs in 
1996 a nd 
d e t a iled 
descriptions 
of the project, 

•

'--------' along with 
the names of the project team, 
will be included on the inside 
front cover of the journal. 

• 

Entries can picture either a 
s t eel building or bridge . 
Construction shots and photos 
showing connection details are 
preferred, but if exposed steel is 
used then photos of the complet
ed project are allowed. In addi
tion, photos showing fabrication 
or ereelion are encouraged. All 
submissions must be in color and 
the pictures s hould in a "por
trait" mode (that is, they should 
be able to be presented in an 
81/ " wide by 11" high format ). 

l>ictures should be submitted 
either as 81/ ; x 11" prints, slides, 
negatives, 4x5 or 2x2 tran s 
parencies , or on a Photo CD. 
Please include a s igned photo 
release giving AlSC permission 
to use the images. Deadline for 
s ubmi ss ion is Nove mber l. 
Plea se se nd e ntries to : Scott 
Melnick , AISC, On e East 
Wacker Dr. , Suite 3100, Chjcago, 
IL 60601-2001. 

STEEL DETAILING (+11' · 114 , 

with AutoCADI> (~:J."1-n~;;::":::"'-:;,," 
If your present CAD system 
doesn't detail everything you 
fabricate, then you should 
look at one that does. 

• Beams' Colurooa • ptana • E~'lkma 
• Stairs • Tru ..... Hand Ratl . Spandr~ Ang'" 
· Caged L..dders· Ship ladders' Plperacks 
· Sloping Beams • CUNed B .. ,...· Frs",.. 
• GUI •• t Plalel • Bracing· Templat •• 
,00 any other drawing. that you might 
need to fabricate Structural St .. , or MiKIUaneoul metal. 

$Met FonNIt, Bill of "ateri .. format, detailing 
end lexlatyt •• can M modified by 1M UHf. 

Program. for cutting li'II, ~tOf)' control , 
U ............ ling (Mulling) and non .. ymetrical bracing. 

C611 Todfly I 
For frH'n(or",.tion MHwt tIHI ~t"'I1"11 MJItw_ 111M i. 
1M ~t eN' .lrtICti .. MHI.Mlest to u •• 

COMPUTER DETAILING CORPORATION 
... .s.-c.......,. ..... ....,,~_ ... ~ 

eo Second su-..t Pi" • • SuiW10 
South_mptOfl, PA 18966 

215-355-8003 
Fn 215-35s-t210 

A Quick Quiz 
For Structural Engineers 
The more 0 com puler progrom cosls, Ihe TRUE FALSE 
belter il is. 

A program Ihal solves complex, difficult 
problems must be complex and difficult 

TRUE FALSE 

10 use. 

Struclurol engineering softWare can never TRUE FALSE 
be fun 10 use. 

If you onswered TRUE fo any of the above, or you would like to know more 
about 0 truly innovative softWare progrom, call us! 

RISA 
Tit liN n O( I f ' 

L 

RISA-2D 
Your complete solution for 
frames, trusses, beams, 
shear walls and much more! 

26212 Dimension Drive, Suile 200 
Lake Foresl, CA 92630 
1-800-332-7472 

Please circle # 40 
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Please circle # 110 

NSCC Adds 
Two More 

Tracks 

COMPlITERS AND ERECTION WILL 

RECEIVE ADDED ATIENTI ON at 
the 1996 National Steel 
Construction Conference . In 
addition, specialized tracks will 
be olTered on: engineering-tech
nical; engineering-manage
ment; fabrication; and construc
tion management. 

"There was a lot of enthusi
asm generated last year when 
we first introduced specialized 
tracks ," explained Franklin B. 
Davis, chairman of AlSC's NSCC 
Committee. "The two new tracks 
are designed to continue and 
expand on that excitement. 

"There has long been a feeling 
in the engineering consulting 
community that the erection of 
steel buildings has not received 
as much attention as it should . 
Adding a track on erection 
should help bring some key 
issues to the forefront. And 
adding a computer track is a nat-
ural for the show, given its wide 
attendance from all segments of 
the steel industry. The advances 
being made in software have 
been tremendous during the past 
few years. The NSCC is an ideal 
forum where the user and the 
prod ucer can get together to 
interface for the benefit of all 
parties," Davis concluded. 

The 1996 Conference will be 
held in Phoenix on March 27-29. 
In addition to more than 30 tech
nical sessions olTered, there will 
be an exhibit hall with nearly 70 
product exhibitors. The sessions 
qualify for CEU credit and time 
also is available for extensive 
industry networking. Also, an 
extensive package spouse/family 
activities are scheduled. 

• 

• 

To receive an information and 
registration packet, please fax 
your request to : NSCC at • 
3121670-5403. 
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PJEW YEARS AGO, 
Dls!'iEY" BEACTY 

!'iD TilE BEAST'S 
popularity raised it above 
over all other movies in 
the minds of children and 
parents alike. This past 
summer, the Beast literal
ly towered over Los 
Angeles. 

To celebrate the open
ing of a live musical ver
sion of the movie at the 
Shubert Theater in 
Century City, CA, Walt 
Disney Studios commis
sioned a 27-ft.-tall sculp
ture of the Beauty and the 
Beast logo. The sculpture 
was formed from .188-in. 
aluminum sheet with the 
edges GMA W welded 
using 3/64 aluminum 5356 
wire. The actual sculpture 
is 15-ft. tall by 14-fl. wide 
by 8-in. thick and stands 
on a 12-fl. base. It was cut 
from two sheets of alu
minum, which were then 
welded together with 8-in. 
spacers in-between to cre
ate the appearance of a 
cast sculpture. 

To keep the "free-noat
ing" elements together, 3-
in .-diameter tubing was 
used . To minimize the 
visual impact of the tub
ing, it was painted a non
ren ctive, nat back. The 
upright support tubing 
has four extension legs, 
each wi th pegs on the 
ends. The pegs enable the 
installer to add round 
weight plates, each weigh
ing 100 Ibs., to prevent the 
sculpture from falling 
over. 

The sculpture was installed 
above a fountain and was 
designed to look as though it was 
noating above the water's sur
face . 

The finish on the sculpture 
was achieved by random orbital 
sanding of the aluminum to cre
ate a swirl effect. The high polish 
on allows creates a lustrous 
effect, which is enhanced by the 
myriad of colors renected from 

the lights shining on the foun
tain. Most of the sculpture
except for the rose, which was 
first painted with an expensive 
candy apple red metallic coat
ing-was clear-coated to protect 
the finish. The coating on the 
rose is semi- transparent, which 
allows the finish to show 
through and creates an intense 
sparkling effect. 

While the finished piece 
looked as though it is one piece, 

it was actually made three parts 
that could be shipped to the site 
and then easily bolted together. 
Total weight of the sculpture is 
400 Ibs. Fabricators was AISC
member FTS, Inc. and the sculp
ture was designed by Sculptures 
and Props Unlimited (Todd 
Jones, owner). 

The sculpture was removed on 
July 8 and is currently in stor
age, awaiting another perfor
mance. 
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All the types of premium steel decking you need, rolled to 

your specific job requirements. Delivered where you need it, 

when you need it. From six strategically positioned 

manufacturing/service locations throughout the nation: 

• Beech Bottom, We t Virginia 

• Gary, Indiana 

• Lenexa, Kansas 

• Houston, Texas 

• Fort Payne, Alabama 

• Wilmington, North Carolina 

Wheeling Corrugating is growing, and our 

expanded production capacity allows us to provide you 

with unsurpassed service, delivery scheduling 

and coordination. For more information on 

Wheeling's full line of steel decks and 

our network of service capabilities, 

give us a call today at the following sales offices: 

Wheeling, WV, 304-234-2300; Lenexa, KS, 913-888-4900; 

H ouston, TX, 713-674-6737. 

o 
Wheeling Corrugating Company 

Please circle # 99 



RESIDENTIAL RENOVATION 

CREATIVE 
MOVEMENT 

Shifting two columns in an 

occupied apartment building 
with no existing drawings 

required careful monitoring of 
a series of strai n gages 

By Gary Steficek . P.E. 

20 I Modern Swel COlUltruction I October 1995 

W IiAT I)() YOlo no W11nl YOl! 

llON']' 11A\'I "U'FII' It .'T • 
INH>RMATi(»)/ on which to 

base your engineering decisions? 
In one recent design, we made 
conservative assumptions, tested 
them with strain gages and pro
ceeded very cautiously. 

The project involved the reno
vation and conversion of a floor 
of an apartment building into a 
single residence. The architec
tura l design, by Johnson and 
Wanzenberg, New York City, 
involved rearranging all of the 
interior walls and also necessi
tated relocating two columns to 
create an enlarged living room 
with symmetrically located 
columns. Adding to the problem, 
the size of the columns needed to 
be minimized so they could be 
architecturally clad. Fortunately, 
however, there was space avail
able to add a third slender col
umn. All three of the new 
columns are double extra strong 
(XXS) 6-in. round pipes we lded 
to the existing structure. 

The project was in a 25-story • 
apartment bui lding on Central 
Park South in New York City. 
Allegedly, it was the last build-
ing constructed in ew York 
City prior to the end of World 
War II. The lower floors were 
constructed of reinforced con-
crete slabs and co lumns while 
the upper floors were construct-
ed of structural steel columns 
and beams and reinforced con-
crete slabs. However, the sizes of 
the steel beams seemed exces-
sively large. This may have been 
the re ult of steel shortages as 
WWII began, which could have 
resulted in the contractor using 
whatever larger sized members 
were available. The structural 
objective was to relocate the two 
columns so as not to increase the 
load on any of lhe columns below 
and to reinforce the beams above 
and below as needed. 

As with most renovation jobs, 
nothing is ever simple. The first 
problem to crop up was the lack 
of structural drawings of the • 
existing building. Building 
department searches came up 
empty. Next was the design of 



, 
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• 
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the building itself. The building 
stepped back in plan on each of 
the four floors above the apart
ment, which meant the beams 
were already picking up a trans
fer load. Additionally, our design 
needed to align the columns, 
even though the beams they 
were supported by were not 
aligned and the beams they were 
supporting were not aligned. 
Additionally, there was a 150 kip 
water tank on the roof. And 
finally, as is often the case with 
renovation work, the work could
n't interfere with the occupied 
floors above and below. 

Our design had three phases. 
First, we made conservative 
assumptions about the possible 
load that was being carried in 
the columns to be transferred. 
We also made as many probes as 
VIe could in an effort to deter
mine the actual connection con
figuration and determine as 
much as possible about the fram
ing above and below. 

Second, we made an initial 
test of our assumptions by 
installing strain gages on the 
existing columns. We then fluc
tuated the water level in the 
water tank on the roof while tak
ing readings on the strain gages, 
which gave us confirmation of 
the distribution of the water 
tank load. 

Lastly, we made a fmal verifi
cation of the load as we removed 
the columns. Initially, temporary 
shores were installed around the 
columns, with some of these 
shores later acting as the final 
tranferred columns. Strain gages 
were installed on the columns 
and shores, which then recorded 
the load released from the 
columns as they were cut loose 
from the structure and the load 
carried by the shoring members 
after the columns were removed. 
Having both of these numbers 
allowed us to cross check the 
gages and would give us the 
actual load in the columns for 
comparison with our assumed 
design load and give us a mea
sure of added safety. If the actu
al load had not compared favor
ably with the design load , we 
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3. Final transferred condition 

could have re-attached the 
columns while we reconsidered 
our design. 

MORE SURPRISES 

Not surprisingly, other prob
lems were encountered. To start 
with , various non-structural 
work was going on in the apart
ment at the same time and con-

struction workers from other 
trades were constantly knocking 
ofT or damaging the strain gages. 
Also, the existing columns were 
double angle and single angle 
columns, which complicated the 
interpretation of the strain gage 
results and also required the 
placement of extra gages. At the 
same t.ime, however, t.he number 
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Load in Column 
Column Using Full Capacity Assumed Load Takedown Actual Load 
Number of Element 

1 248 kips 
2 187 kips 

of gages that could be placed and 
monitored was limited since 
there was a fixed number of 
gages that could be monitored 
simultaneously by our equip
ment. 

The placement of the columns 
also presented a s ljght problem. 
Since the new columns could not 
be placed at the center line of 
both the upper and lower beams, 
an eccentricity was introduced, 
perpendicular to the plane of the 
transfer, which was removed 
with kickers to adjacent beams. 
However, the location of these 
kickers had to be coordin ated 
with the proposed ceiling cofrers. 

Total Load Live Load 

206 ki ps 20 kips 
156 kips 17 ki ps 

In a dditi on, one of the column 
relocations placed it over an 
adjacent beam, causing a rever
sal in the force through the exist
ing riveted connection, as we ll as 
requjring a large increase in the 
capacity of the connection. This 
waS finally resolved by adding a 
s loped column under the new 
location, which brought the load 
back to the original location at 
the base of the co lumn below, 
with ou t a need to modify t he 
connection between beams. 
General contractor on the project 
was C lea r Cut Construction, 
Inc., West Milford, NJ. 

Of course, there were also pos-

Dead Load From Gages 

186 kips 188 kips 
139 kips 126 kips 

itive side effects to working on a 
full renovation project. The 
major bonus was that since all 
the partitions were removed 
from the floor on which we were 
working, we were sure that the 
load was not being shed into 
adj acent partitions. Had parti
tions been in pl ace, the reliabili
ty of the strain gage results 
would have been compromised. 

Our first approach at a con
servative number for design was 
to take the existing single and 
double angles and calculate their 
maximum capacity, using the 
code in effect at the time of their 
design . We assumed they were 

Using any sophisticated structural 
design package, you 

Create a sophisticated fmite element model with muttiple 
load cases in 10 minutes without typing a single 
command - and without making an error. 

·V·btt lIltS 1'f1)e of gra(t!r: power thete IS absolutely no need to use 
batch Input - StnJetlJ(aJ Engm8enng Forom. Apn/fMay 1995 

Change load combinations and design parameters without 
solving your model.gain and again. 

-PerlTllts elltenSl'¥e analYSIs of any structure under any rype of SialIC 
lOad Of dVMmlC loads In 1M fmm at an equIValent tatefi~\ load 01 
response spectra • S f F 

Retrieve results and data on any member or group without 
specifying them before analysis. 

-, woold fecommel'!d STRAP 10 structural engineers who need a 
heavy-duty software package for the analysis and des.go of 3-D 
frames. trusses. and tiMe element shelVplates • Sf F 

Please circle # 28 

AlIR Engmeerlng Software 

Needham, MA 

Tech support by engineers 
who use the software 

easy to reach. pleasant. and 
helpfu'" S E F 

Call 

800-644-6441 
For a free 30 day tnal of the 
complete program 
DOS and WIndOWS 
verSions available 

• 

• 

• 
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• concentrically loaded, which we 
kn ew they were not, and came 
up with a conservative maxi
mum load . This was the load we 
used in our design. 

The sizes of the existing steel beams were excessively large, which 
may have been the result of steel shortages as WWll began. The short
ages might have resulted in the contractor using whatever larger sized 
members were available. 

Our seco nd check wa s an 
assumed load takedown for the 
building. This gave us a lower 
number , but s till in a s imilar 
range of load . W then insta lled 
the s train gages and had the 
water leve l lowered in the roof 
tank . The results were encourag
ing, and we assumed that 25'< of 
lhe waler lank load would be 
ca rri ed on each colu mn lo be 
transferred . Consequently, we 
learned that the maximum load 
was on column 1 and it was car
rying only 14'< of the water tank 
load . We did nol, however , 
change our design, bul continued 
u si ng our more co nservative 
assu mption. Whateve r savings 
may have been had by reducing 
member s izes wou ld have been 
in significa nl compared to the 
cost of increasing the sizes after 

Comprehensive Structural Analysis 
and Design Software Series 

Productivity you need. Value you demand. 

DAST offers powerful structural design and analysis solutions 
in several easy-to-use packages designed for both 
infrequent and power users. Some DAST features include: 

2 D/3D Static, Dynamic, and P-Delta Finite Element 
Analysis · Steel, Concrete, and Timber Design per American 
and various international codes Advanced graphics with 
animation and contours • Icon-based user friendly Input 
Generator and Parametric Library Powerful AutaCAD 
interface • Comprehensive printed and on-line 

I-=-+-;;"'+-""':'-f....;.;.=+=-I documentation Unparalleled technical support 

With all the other products available, why should you 
choose DAST? Simple. DAST Version 11 is the only 
package that combines powerful features, ease of use, 
value, a large user base, and over a decade's worth of 
structural software experience. 

1,800,n2,1487 
F ~ORf l~foRM4'loN 
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UNUSUAL 
SHAPES AREN'T 
UNUSUAL 
AT MAX WEISS. 
ROlliNG & 
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If W s structural steel that 
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Max Weiss bends it. If you hove 
a question or problem In bending. 
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MAX WEISS CO, INC. 
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Telephone 414355·8220 
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they were in place. 
Ultimately, after our testing 

during phase three, we found 
that our assumed load takedown 
was very close to the actual load. 
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Pictured at top is exposed 
existing column and beam, wit ile 
shown above is the new coilimn 
with strain gage monitors 
attached . Shown at left is the 
exterior of the vintage building. 

• 
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Gary Steficek is a partner with 
the structllral engineering firm • 
Gilsanz Murray Steficek in New 
York City. 
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• AISC'S for 
EXCELLENCE 

Prevent engineering malaise with a dose of 
selected articles. From "Shear 
Connections" to "Steel Frame Stability," 
ENGINEERING JOURNAL offers a 
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building and bridge design in a 
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readily used in the design office. 
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It's not every day that bridge building techniques are used to 
expand a convention cemer. Yet, when the growth of Bartle Hall 
01l1vcntion Center in Kansas City was hemmed in on three sides 
by building and on the fourth by Interstate-670, there was but 
one way to go: over the highway. 

' ince this project broke new ground from an engineering 
standpoint, the designers insisted on only the most tried and 

true materials which they 
could tru"t. Like ,(Tong, 
economical Vulcraft steel 
joists. There's no margin for 
error when you're 'panning 
six lanes of traffic with 550 
tons of 90' steel jo~ts. Only 
the engineering expertise 
of the world" largest steel 

9D' \ 'I/ladjl Sled Im'ls. jo~t company will do. 

A further challenge of the project was that there was no stor
age arC<1 for materials. Vulcrafi: easily overcame that mtade by 
making 20 separate, on-time deliveries, each containing precisely 
the correct materials. And, Vulcraft :;uccessfu lly handled the 
complex detailing required for these joists. 

So, if economy, service, and engineering mastery is what you're 
looking for in a steel jo~t provider, choose the company thar brings 
unconventional experti.'>C to even the most conventional projects. 
Ommct Vulcraft or COI1bult Sweet's WLCRAFT 
051 OONUL and 05300NUL. A fA.".", "I 1\""01' (",'''1'" ..... 

PO R." 6 37, Brlg""m City, UT il4J02, 801/734·943 l; PO Box 100520, ROTcntc, SC 29501, 
l/66Z·0l. I; 1'1.1 (l,,, 169, F"" Parne, AL 35967, 205/il45·2460; 1'1.1 R.,x 186, Gral"'l,mJ, 

TX 71il44, 409/6117·4665; PO (l,,, 59, N"rfolk, E 68702·0059, 402/644·8500; PO Btlx 
1000, S. Joe, I 46785,219/337·1800. 

Ardvt,,,.El1g.m.'r I INTl3 C"'I'" Ge11enJ C>V1mDr. WI"" .. GCllcnJ CJunt: •• , IlIc.; 
Seed hJ"uilor. I '.c." Sui, IIIL., St..td EIt~"Jf: [lDUry'S C''''''''Tn' C,., Inc. 
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RESIDENTIAL CONSTRUCTION 

NATURAL 
SURROUNDINGS 

A client's allergies 
necessitated an 

innovative design 
solution for a new home 

28 1 Modern Steel Construction I October 1995 

W HILE A CLIENT'S REQUEST 

FOR A HOME TIlAT WOULD • 
OlilLY MINIMALLY IliITER-

FERE with the surrounding nat-
ural beauty was not unusual, an 
additional requirement to mini-
mize the use of petrochemical 
products created a unique design 
challenge. 

The 2,200-sq.-ft. residence is 
located in a densely wooded hill-
side on Mt. Desert Is land in 
Maine with view of the moun-
tains of Acadia National Park. 
"The design concept was to inter-
fere as little as possible with the 
natural surroundings, both by 
limiting the physical interven-
tion and by the transparency of 
the building," stated Peter 
Forbes, FAIA, principal of Peter 
Forbes and Associates, Inc. , an 
architectural firm with offices in 
Boston , New York City and 
Southwest Harbor, ME. The 
design also needed to accommo-
date the health requirements of 
the owner, a woman in her 60s 
who is afflicted by numerous 
allergies, primarily to petro- • 
chemical-based products. "Her 
allergies precluded using many 
common house construction 
materials," Forbes explained, 
"such as plywood (formaldehyde 
glues), wood windows (customar-
ily impregnated with fungicides), 
most paints, stains, varnishes, 
polyethylene vapor barriers, 
foam insulation, etc." 

INERT MATERIALS 

Since she is allergic to neither 
glass nor steel, those two materi
als became the logical choice for 
constructed her new house. "She 
came to us in part because of the 
steel structured house we had 
designed on Deer Isle, ME-a 
house that won an AlSC Award 
in 1987," Forbes said. "In the 
process of our research into 
materials, we discovered that the 
highly volatile paints used on 
steel 'out-gas' so quickly and 
completely that they did not pre-
sent our client with the long- • 
term health hazards that con
ventional house paints do." As a 
result , the "steel" theme was 
continued throughout the house 
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in the stairs, balcony railings 
and elevator enclosure. "All of 
these elements could be fabricat
ed off site, painted and then 
installed. The aesthetic consis
tency that this gave is quite won
derful. " A zinc coati ng from 
Tnemec was ultimately used on 
the project. 

To achieve the best views the 
hou se had to be quite tall. 
Usually that requirement would 
conflict with the desire for a 
"transparent" structural system 
since a tall structure would 
require a larger-than-desired lat
eral bracing system. Instead, the 
home was constructed from a 
rigid welded frame of 6-in. steel 
tubes, 8-fl.. on center both verti
cally and horizontally. "All of the 
other elements of the building
window wall, roof, floors, wall 
~anels-clip to the three-dimen
sional steel grid: Forbes 
explained. "This had the addi
tional advantage that we were 
able to construct rooms without 
walls, another requirement in a 
house where lOO'l: air exchange 
is necessary to eliminate static 
polluted air: 

3-D SYMMETRY 

The steel grid created a 3-D 
symmetry about the structure, 
according to Michael Jollife, 
president of Zaldastani 
Associates, the project's Boston
based structural engineer . 
"Anythin g but a tube would 
destroy the symmetry. At any 
point you can turn a corner and 
be exposed to either a horizontal 
or a vertical plane: 

The effect is remarkable. In 
the spring, summer and fall, the 
occupants are literally surround
ed by virtually uninterrupted 
nature. But perhaps even more 
wonderful is the winter scene, 
when you can stand inside the 
home and be enveloped in the 
falling snow. 

Careful fabrication and erec
tion wa crucial to the success of 
the project, according to both 
Forbes and Jollife. Forbes 
required that the tubes be joined 
in such a manner that it was 
impossible to tell whether the 

The small, symmetrical tubes create a wide open space. Photos 
(aboue, opposite and on second page (allowing) by Paul Warchol 
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AutoSD Steel Detailing 
At last, the sensible detailing 

program written by detailers for 
detailers. Menu driven means easy 
to use. Supported by numerous 
graphics means easy to learn. See I 
what you are drawing 8S you draw it. 
You stay in control. 

Detail beams, columns, braces, 
gusset plates, stairs, stair rails. 

Automated Steel Detailing works 
with AutoCAD:!l release 9.0 or later. 

$3500.00 

Calculator Programs 
Calculate gusset plates, end 

connections. tearout.. camber axial 
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columns or the beams were con
tin uous, a necessary require
ment to maintain the symmetry 
of the structure. 

"We checked and doub le
checked the drawings and 
worked to a much tighter toler
ance-<)ne-sixteenth of an inch
than we normally wou ld," 
explained John C. Yohe, presi
dent of AISC-member Megquire 
& Jones, Inc. "We detailed the 
project in-house, surveyed each 
anchor bolt as it was placed, and 
every column was oriented indi
vidually on the drawings." Field 
erector on the project was 
Atlantic Builders. 

Welding was also crucial. The 
tubes were prepared for full-pen
etration welds in the shop. The 

vertical pieces came in one piece 
from the fabricator and the hori
zontal members had clip angles 
attached. After welding, the clip 
angles were then removed . "All 
of the welds-flat, vertical and 
overhead-had to look identical," 
explained Rick Newman, presi
dent of Superior We lding & 
Fabrication. To achieve the uni
form look, Newman used 7024 
welding rods for the flat sides, 
7018 rods for the overhead welds 
and the uncommon 7048 rod fo r 
the downhiU welds. "Few people 
know about the 7048 rods, but 
they're terrific for downhill 
welds," he stated. The we lding 
rods were supplied by Linco ln 
Electric. 

DESCON 

[Pt ~ .. ~ 
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LrJI 

II' ]' -- -- - -
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For the BEST in Bridge 
Software ... 

Design of Curved Girder Bridges 

NEW FEA TURES: 
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(Longitudinal & Transverse) 
o Mesh Generation - Automatic 
O Rating - Auto Rating Factors 
o Influence Line Output 

(From Influence Surfaces) 
o Metric Conversion 
o Uses AASHTO t 5th Edition 
o Lease or License 
o Timesharing 

MERLIN DASH 
O .. llIn • AMI,.I. 01 
Ite. 1 Girde r Bri dge ' 

TRAP 
TI1I11 R.II"II I"d 
AIIIIIY' I. Pr09,.m 

o AASHTO • Uses New 151h Ed Q Continuous to 
Q FHWA- Endorsed .nd Used by 0 Prestressed Trusses 
o oors -USed by 35 StItes 0 Cable Members 
o Design· Colt Opllmiled :::l Design & Rehab. 
o Friendly· Men~Oriven IIlfIIA 0 MSHTO and Ll 
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Q Quality and Performance O~rallno & Postlflg leal 

Available Exclusively Thru: 

OPTI-MATE INC. 
P.o. Bo, 9097, Dept A, Bethletem. PA lB01B 
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TIGHT FIT FOR BOSTON 
GARDEN REPLACEMENT 

• 
The designers of a new home for the Celtics and Bruins 

faced numerous constraints, including an incred ibly 
ti ght site and the necess ity to build over an extensive 

network of railroad tracks 

32 / Modern Steel Construction I October 1995 

O
NE BY ONE, FAMED-BUT 
DATED-SPORTS VENUES are 
coming down. And while 

fans may gripe at first, that reac
tion usually turns to praise. The 
new stadiums hold more fans 
while presenting better sight
lines with greater amenities. 
Fleet Center, the new 20,000-
seat home of the Boston Celtics 
and Bruins, should prove to be 
no exception when it opens its • 
doors this month. 

I nside, the design pays atten
tion to those aspects of the old 
Garden that Boston fans loved 
most. "We were sensitive to the 
great love for the original 
Garden,' explained Thorn 
Greving, AIA, senior architectur· 
al designer with the Kansas City 
office of Ellerbe Becket. "It was a 
very intimate arena, and the 
shape and configuration of the 
new building is designed to bring 
the viewer as close as possib le 
even in this much larger space. 
We approached this project the 
way we always do, by thinking 
about the user. Boston sports 
fans are there to see the sporting 
events, not other activities . So 
our design doesn't have addition
al entertainment activities . 
Instead, the design makes refer
ences to the teams. For example, 
the lighting reOects the team col
ors." 

While the concept was 
straightforward, t he execution • 
was very difficu lt. To start with, 
space was very tight . Within 
inches on one side is the old 
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Boston Garden and only a few 
feet away on a second side is the 
Central Boston Artery , a large 
elevated roadway scheduled to 
eventually be replaced by an 
underground highway. The other 
sides are tightly hemmed in by 
existing buildings. Further com
plicating the design is the ex.is
tence of a series of passenger 
railroad tracks running through 
the site. 

According to Peter J. Cheever, 
P.E ., vice president at the 
Boston-based structural engi
neering firm of LeMessurier 
Consultants, the new building is 
really three structures in one. 
Below grade is a 1,200-car park
ing garage (constructed using 
sl urry walls and a top-down con
struction process ) and the 
Orange subway line. On the 
ground level is a large room 
through which passes much of 
Boston's passenger train traffic. 
And finally , on the "table top" of 
that structure is the new Fleet 
Center. 

The changing uses as the 
structure rises greatly complicat
ed the structural design of the 
facility. While the columns for 
the ground level train facility are 
based on an orthogonal 40x30 
grid dictated by existing train 
track layout, the stadium 
columns are radially arranged to 
suit the needs of an arena. "We 
arranged the layout of the arena 
columns according to the bowl 
configuration, sightline consider
ations, the number of seats and 
for ease of entry and exit," 
Cheever said. And while the 
underground garage normally 
would have been built with a 
regular grid of columns, the 
existing subway, which curves 
through two levels of the garage, 
disrupted some of the layout and 
necessitated several transfers. 
Nearly 200 caissons-each 5-ft. 
in diameter and attached to a 
WI4x250 column-were used for 
the garage. The 90-ft-high A572 
Gr. 50 columns were delivered to 
the site in three sections each 
weighing 30 tons and welded on
site. The columns were designed 
with cap plates at the ground-

One of the difficulties in 
designing and constructing the 
new Fleet Center was working 
with the site constraints. The 
drawing at top shows the existing 
Boston Garden on the left and 
the Central Artery on the right. 
Pictured above is the Fleet Center 
under construction alongside the 
Central Artery. Shown at left is 
the close proximity of the new 
building to the old structure. 
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floor level to support and provide 
the connection for the arena 
columns, clip angles at each 
garage-floor level and shear 
studs welded to the bottom lO-ft. 

General contractor on the pro
ject was the Boston office of 
Morse Diesel and steel erector 
was Dorel Steel, Qwncy, IL. 

The roof of th train area (the 
floor of the arena) consists of 
more than 100 built-up plate 
girders, which transfer the load 
from the arena columns above to 
the garage columns below. The 
arena columns also are W14s. 
Bolted to the columns are W18 
and W24 raker beams, which 
support the precast concrete 
seating bowl. '"We introduced as 
many columns as possible to 
minimize the depth of the 
beams, but we also had to con
sider the weight of the columns 
since the load had to be trans
ferred," Cheever explained. 

Another consideration in 
designing the column locations 
was the creation of a marshaling 
area to bring trucks onto the 
arena floor. "We actually went 
down to the Sun Coast Dome 
and used their large parking lots 
to layout columns markings and 
then drove semi-trailer trucks 
through the arrangement to veri
fy that the layout was practical" 
Cheever said. "It was expensive, 
but it was the only way to be cer
tain there wouldn't be any prob
lems in the future." Added 
Greving: "Only a handful of the 
columns actually extend the full 
length of the facility." 

The arena is a perimeter 
braced frame with the load deliv
ered to the bracing through the 
concrete floor diaphragm . 
Typically 'I,-in. A325 bolts were 
used, though some I-in. A490 
high-strength bolts were speci
fied. "We wanted to minimize 
field welding and the only 
moment connections are for 
some cantilevers for suites and 
some roof areas." 

Vertical transportation was 
an important design considera
tion since the arena floor was 45-
ft . above ground level and the 
main concourse was 60-ft . up. 

• 

• 

• 
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"We used a lot of escalators and 
did a lot of signage studies," 
Greving said. "We conducted 
study after study to see how peo
ple could move most efficiently 
in this structure." 

R OOF D ESIGN 

The Fleet Center has an over
all plan of 300-ft. by 460-ft., with 
a convex curved roof with a high 
point 160-ft. above grade and 
eaves IS-ft. lower. "The roof 
shape is a low-rise barrel vault 
having a uniform ramus of 634-
ft.," Cheever said. Most of the 
roof is supported on 10 30-ft. 
deep segmented top chord truss
es, 40-ft. on center, spanning 296 
ft. Steel purlins spaced 10 to 10-
3/4-ft. span between trusses and 
carry a 3-in. deep acoustical gal
vanized steel deck, insu lation 
and fire proofing. "The bottom 
chord level of the main roof 
trusses is 96-ft. above the arena 
floor. Deep gutters are provided 
near the eaves at each side of the 
roof, and special measures are 
designed to prevent snow slimng, 
which would be very hazardous 
to motorists on an adjoining 
expressway and to pedestrians." 

The roof design loads include 
dead loads of permanent con
struction, design live loads, spe
cial loads for the grid/catwalk 
level and roof snow load. A cat
walk live load of 30 psf was used, 
plus allowances for lighting, 
speakers and spotlights. The 
press ring live load is SO psf, 
including a partition allowance. 
An allowance of 3 psf was pro
vided, as an overall hung load, to 
allow for banners, miscellaneous 
piping and ducts. A central 
scoreboard weighting 40,000 Ibs. 
was a sumed. The gird/catwalk 
level framing is designed to 
resist a hierarchy of possible 
loads from such sources as circus 
rigging and special concert or 
show hung lighting and speaker 
grids. For larger areas, a total 
hung live load of 20 psf was 
used. For individual beams, con
ce ntrated live loads were 
app li ed-up to 5,000 Ibs., in a 
number of possible directions. 

Snow loads, wind loads and 

seismic loads are all in accor
dance with Massachusetts 
Building Code. While earth
quake loads did not control the 
design of the purlins or main 
trusses, some parts of the in
plane roof bracing system, the 
grid/catwalk level lateral brac
ing, and the longitudinal bracing 
trusses were controlled by load 
combinations with earthquake. 
Most of the purlins were WIS 
and W21 rolled shapes, ranging 
in size from WlSx46 to W21x6S, 
with the heavier sizes used for 
the purlins supporting the hung 
catwalk loads. 

The top chords of the main 
trusses are made up of straight 
segments following the roof cur
vature. Truss depth at each end 
is 14 .2 ft. and spacing of the ver
tical web members is 21.2 ft. 
with some diagonal web mem
bers more than 36-ft. long. The 
top and bottom chords are rolled 
W-shapes oriented with the 
flanges in vertical planes, as are 
the web members. 

Truss chord sizes vary from 

WI4x99 to W14x370, while web 
members vary from W14x30 to 
W14x211 . At the north end, the 
top chord must cantilever to sup
port a wing-like architectural 
feature that extends the full 
length of the roof. 

A prominent architectural fea
ture is an SO-ft. tall mast near 
the edge of the roof, which was 
mandated by fire code that 
required an entry to the roof and 
a lso provides a needed overru n 
to accommodate a freight eleva
tor. "The exterior of the struc
ture makes no architectural ref
erence to the old Garden," 
Greving said. "It was an odd 
building to design because we 
were designing for conditions 
that will exist in the future after 
the old Garden , two nearby 
buildings, and the entral 
Artery are taken down. From the 
exterior the roof is designed to 
make the bui lding look smal le /' 
than it really is. In Boston, there 
arc not too many large footprint 
buildings." 
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CURIOUS ORIGINS ................................................................ , .... 

WHY A CHRISTMAS TREE? 
Whether the custom began in Scandinavia or with 
Native Ameri cans, topping out parti es are today an 
important custom in the steel construction industry 

How OlD THE TOPPING OUT 
CEREMONY ORIGINATE? 
More than a dozen read

ers wrote responses to that ques
tion in Modern Steel Con
struction's August editoria l. 

One of the most deta iled 
responses came from James A. 
Newman , fabrication division 
ma nager with AISC-member Art 
Iron, Inc ., who sent an article 
that appeared in The Ironworker 
(December 1984) and an excerpt 
from which follows: 

"No one seems to know exactly 
when or how it started, but the 
tradition of 'Topping Out' has 
become a cherished custom of 
Ironworkers whenever the skele
ton of a bridge or building is 
completed. Topping Out is a sig
nal that the uppermost steel 
member is going into place, that 
the structure has reached its 
height. As that final beam is 
hoisted, an evergreen tree or a 
flag or both are attached to it as 
it ascends. 

"The nice thing about Topping 
Out is that no two ceremonies 
are exactly alike. For some, the 
evergreen symbolizes that the 
job went up without a loss of life, 
while for others it's a good luck 
charm for the future occupants. 
For so me, the nag signals a 
structure built with federal 
funds, but for others it suggest 
patriotism or the Am e rican 
dream. 

"We do know that as early as 
621 B.C. the Romans celebrated 
the completion of the Pons 
Sublicus over the Tiber River
by throwing human beings into 
the water as sacrifices to the 
gods. In ancient China , the 
ridgepole of a new structure was 
smeared with chicken blood, as a 

s ubs titute for 
human blood , 
in hopes of fool
ing the gods. It 
was widely 
believed that 
evil spirits may 
have occupied 
the structure, 
and that IS 

why, through 
the Middle 
Ages, the local 
priest or rabbi 
had a s pecial 
bl ess ing for 
new homes, 
ships, churches 
and public 
bu il dings. 

A topping out ceremony-with a tree AND a flag
as pictured on the cover of The Ironworker in 1984. 

"By 700 A.D. in Scandinavia, 
the custom of hoisting an ever
green tree atop the ridgepole was 
a popular way of signaling the 
start of a completion party. The 
roots of this custom may also be 
mixed in with fertility symbols. 
Saplings, eggs, nowers and 
sheaves of corn are long-stand
ing customs in European home 
building, presumably as a wish 
to the newlyweds for a produc
tive and long life together. While 
the Teutonic tribes may have 
tried to appease the tree spirits 
for killing trees and using up 
that lumber, the Germans in the 
Black Forest seem to have 
invented the Christmas tree cus
tom to celebrate the na ti vi ty of 
Jesus Christ, and hardly a s truc
ture goes up in Germany without 
an evergreen to signal the birth 
of a new building. The Swiss, 
also, lay claim to the custom of a 
fir tree to signal Topping Out. 

"As iron and steel replaced 
timber as primary building 
materials, ironworkers naturally 

would carryon the custom of 
Topping Out. Strangely enough, 
none of the early photoengrav
ings of ironworkers show the 
evergreen in Topping Out cere
monies . Perhaps, due to the 
exceedingly high fatality rates, 
such a symbol would not be 
appropriate. 

"When the las t strands of 
cable were laid for the Brooklyn 
Bridge a hundred years ago, the 
wheel operated by the ironwork
ers was decorated with American 
flags. By 1920, ironworkers were 
again draping their work with 
American flags , this time while 
driving the first rive t on the 
Bank of Italy in San Francisco. 
By the end of the decade, the tra
dition of flags in Topping Out 
was fully established. 

"Why a n American nag? 
Probably because the so-called 
"American Plan" launched in 
1919 did not include unions . In 
fact, the single largest potential 
employer of ironworkers, Elbert 
Gary , chairman of U.S . Steel, 
contended: 'The exi s tence and 
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conduct of labor unions, in this 
country at least, are inimical to 
the best interests of the employ
ees, the employers and the gen
eral public.' The American 
Plan-promising the destruction 
of unions, starvation wages, 
deadly hours, hopeless safety 
conditions and the dreaded 'yel
low-dog contract' swearing never 
to joint a union-suggested that 
unions were somehow un
American during the post-war 
Red Scare. Thus, the American 
flag became a natural symbol to 
protest the American Plan and 
to demonstrate the ironworker's 
loyalty to flag and country. 

"The two traditions of flag and 
evergreen converged only a cou
ple of decades ago, perhaps to 
balance out the final beam." 

Going back another decade, 
The Ironworker reported the fol
lowing in December 1974 issue: 

"The symbol is rooted in an 
old Scandinavian custom. The 
Norsemen venerated the ever
greens-cedars , spruces and 
pines. The trees were plentiful 
throughou t the frozen reaches of 
northern Europe and thus pro
vided building materials and 
firewood for the inhabitants of 
those wintry regions. In addi
tion, the evergreens retained 
their color throughout the years 
and provided welcome relief from 
the dull hues cast by snow and 
lCe. 

"Those hardy Vikings chal
lenged the seas of Europe and 
the New World in long ships of 
seasoned spruce, with tall masts 
carved from towering pines and 
steering oars of cedar. Returning 
from a particularly successful 
raid on hapless southern neigh
bors, Viking chieftains often con
structed huge homes-called 
mead halls. Upon completion, 
these chieftains hoisted an ever
green tree to the ridge po le in 
celebration. So, when the top
ping out beam rises aloft with its 
customary symbols, the flag and 
the tree, it offers a link with his
tory." 

PERSIAN ORIGINS ON BRIDGES 

Scott A. Bustrum, field opera-

tions manager with AlSC-mem
ber Junior Steel Co. provided 
information from his company 
records that he says originally 
came from Bethlehem Steel. In 
addition to talking about early 
Chinese and Roman customs, his 
data adds: "Bridges posed special 
problems and goaded the fears 
and superstitions of the ancients. 
Xerxes, the famed Persian mili
tary leader, blamed recalcitrant 
river gods for the collapse of a 
pontoon bridge over the 
Hellespont. To punish and 
shackle these gods, the water 
was given 300 lashes and a pair 
of manacles was thrown into the 
river." 

Concerning the Scandinavian 
roots of the topping out ceremo
ny, Junior Steel's information 
included that "In later times in 
these same Scandinavian coun
tries, and also in the Black 
Forest, it was customary to fas
ten a sheaf of corn to the gable. 
The corn was believed to serve as 
food for Woden's [the chief Norse 
godJ horse and as a charm 
against lighting. In more recent 
times, garlands of nowers or 
sheaves of corn were duplicated 
in wood, stone or terra-cotta on 
Gothic buildings. Such agrarian 
decoration is perhaps a survival 
of the ancient custom." 

Many others wrote in with 
similar answers. Curt Zeigler of 
Stewart-Amos Steel, Inc. and 
Ron Montes of Bay Drafting 
Service, both ci ted Why Do 
Clocks Run Clockwise? And 
Other Imponderables, a wonder
ful book by David Feldman, 
which contains essentially the 
same explanations presented in 
The Ironworker. Three readers, 
Adam S. Bangs, P.E., of Hudson 
Engineering Corporation in 
Houston, Erol J. Aydar, P.E., of 
Hankins Anderson, Inc., in 
Richmond, VA, and Eric 
Bjorklund of Freese-Nichols in 
Fort Worth, TX, referenced Jack 
C. McCormick's "Structural Steel 
Design", which states: 

"The hristmas tree is an old 
orth European custom used to 

ward off evil spirits. It is also 
used today to show that the steel 

frame was erected with no lost 
time accidents to personnel." 

Thomas C. Shaeffer, P.E., of 
Stanley D. Lindsey & Associates, 
Inc., in Nashville quoted from 
Reader's Digest, which, in turn, 
was quoting from the book Ever 
Wonder Why?: 

"In ancient times, people 
would attach plants thought to 
be inhabited by good spirits to 
the top of their new structures. 
Builders still observe this super
stition in a custom called topping 
out of the new building." 

Kim Stanfill-McMillan, P.E., 
with the USDA Forest Service, 
wrote: "The Christmas tree atop 
the last beam is an old timber
framer's tradition (sorry). Here 
is a quote from T dd Benson's 
book entitled Building the 
Timber Frame House- The 
Revivol of a Forgotten Craft: 'To 
signify a safe and successful 
raising, to pay respect to the 
wood that has given life to the 
frame, a traditional pine bough 
is attached to the peak of the 
building. Some of the old timers 
mark this occasion further by 
breaking a bottle of rum at the 
ridge and delivering a few lines 
of verse composed for the occa
sion.' 

"Usually a dance is held on 
the noor after the frame is 
raised, a tradition that also con
tinues to this day. Ste 1 erectors 
and others have borrowed the 
tradition of a pine bough, but 
since the scale of these buildings 
is often larger, the pine bough 
has evolved into a Christmas 
tree, which is more readily seen." 

RENAl SAN E RooTs 
A variation on the ancient 

theme was submitted by Sheila 
Shaw, marketing director with 
Bread Loaf Construction, a 
design/build firm in Middlebu ry, 
VT. "The first known ceremony 
with the use of a tree was in the 
Third Dynasty, about 2700 B.C., 
in Egypt. This first appeared 
when the first stone building of 
Egypt, the Step Pyramid of King 
Zoer at Sakkara, was completed. 
The slaves placed a live plant on 
the top of the Pyramid for those 
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slaves who had died during the 
construction so they too might 
have an eternal life. 

"It later appeared in the early 
Renaissance Era, during the 
period of the Gothic Cathedrals. 
An evergreen tree was placed on 
the highest point to signify the 
completion of the building. A 
large festival , lasting sometimes 
for weeks, was held in the town 
for this honor. From the Italian 
Renaissance, it was carried 
through the countries of France, 
England, and Spain, as they, too 
fell into the Renaissance Era." 

Bread Loars account then 
adds information about 
Scandinavian and German tradi
tions. 

Gordon Wright, an editor at 
Building Design & Construction 
magazine, sent along a copy of 
an article from Morse/Diesel's 
newsletter, which printed the 
history of topping out as present
ed by Scioto Erectors Inc. of 
Columbus,OH: 

"Scandinavian mythology sug
gests that man originated from a 
tree and that the soul of man 
returned to the trees after death, 
giving each tree a spirit of its 
own. Man began constructing his 
shelter with wood. Before cutting 
a tree, he wou ld formally 
address the forest, reminding it 
of the consideration he had 
always shown toward the t rees 
and asking the forest to grant 
use of a tree for construction of 
his home. When the house was 
complete, the topmost leafy 
branch of the tree would be set 
atop the roof so that the tree 
spirit would not be rendered 
homeless. The gesture was sup
posed to convince the tree spirit 
of the sincere appreciation of 
those building the home. 

"As time passed, the early 
conception of tree worship grad
ually changed. The individual 
tree spirits merged into a single 
forest god who could pass freely 
from tree to tree. Trees were no 
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longer placed atop the home to 
appease the spirits, but rather to • 
enlist the blessings of the forest 
god. The tree branches on top of 
the home insured fertility of the 
land and the home. Gradually, 
ribbon , colored paper, painted 
eggs and nowers were added to 
the tree as a symbols of life and 
fertility. 

"The custom of placing a tree 
on a completed structure came 
with immigrants to the United 
States and became an integral 
part of American culture in barn 
raisings and house warmings." 

CARPENTER'S TRADITION 

A similar explanation was 
presented by Frank Lundy, P.E. , 
of Lundy Construction in 
Williamsport, PA, who explained 
that "This tradition may spring 
from the Carpenter's tradition of 
nailing a free tree branch to the 
ridge (rafter) board to entice the 
"wood spirits" to bestow good for
tune on a house. If you look in ....--------,. 
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• the attic of older ho uses, yo u 
may fi nd s uch a fea t ure." Bla ir 
Ha nuschak of Wa lter P . Moore 
a nd Associates in Atl an ta sen t 
a long a simila r cx planation from 
th e program g iven out during 
the topping out ceremony of the 
Florida Aqua rium. And Robert J . 
S us z, a des ign e ng in cer with 
Garrett Engi neering in Geneseo, 
NY, gave much the same expla
nation but added th at "I believe 
t h e fl ag was first u sed wh en 
stecl frami ng became popula r. It 
was in dedi ca ti on t o good old 
U.S. made stecl beams. The sign
ing of the last beam or girder by 
the laborers has s imilar tradi
tiona l roots." 

NATIVE AMERICAN OIUGINS 

Some peop le ofTer'cd difTerent 
in terpretations, however. 

Ba rry P . hepre n, E.I.T., of 
Oquossoc, ME, wrote: 

"At my first topping out part y 
for a lO-story building in Tampa, 
FL, [ asked t he same questi on 

when a large pine t ree was hoist
ed to thc top of the bui ld ing. The 
a nswe r t hat I was g ive n was 
t h at the tradition originated 
around the ti me when high-r ise 
co nstructi on became necessa ry 
in most major cit ies. Duri ng thi s 
t ime, ma ny of th c contractors 
e mp loyed ma ny Am e r ica n 
Indi a ns on th eir con s tru ction 
crews. Accordin g to my source, 
American Indi ans be lieved th a t 
no ma n-made structure should 
be ta ller tha n a tree. Th is belief 
became cnough of an issue a t the 
time to prompt someone to place 
a tree at the top of a topped-out 
building. This practice caught on 
and is sti ll per formcd today a t 
most high-ri se build ing projects. 

"Durin g t he Vi e tn a m Wa r , 
many people perceived construc
t ion wo rke rs as unconditi ona l 
suppor te rs of U.S. gove rnment 
poli c ies in South eas t As ia or 
"ha wk s" as th cy we re ca ll ed . 
This impression was made popu
la r when the news medi a broad-

cast footage of clashes between 
wa r protesters and construct ion 
worke rs during a ra lly in ow 
Yo r'k C ity. Ma ny constructi on 
workers as well as police offi cers 
bega n to wear th e America n fl ag 
on their ha rd ha ts and uniforms 
to s how s upport for Am erica n 
soldiers in Victna m. It is a round 
t h is tim e I a m to ld th a t 
American fl ags beca me popula r 
a t topping-out events. 

Several other' writers support
ed the ative American ori gi ns 
of t he topping-out ceremony. The 
fin a l word , howcve r , may be a 
nove l i n tc rp r t ation from 
Ha rvey G. J ohn so n a t Bi ttner' 
Enginee r ing, Inc. in Esca na ba, 
MI: 

"Dur-ing World War II it was a 
custom for a subm a rine return
ing from a mission with a ll of its 
tor-pedoes used to ti c a broom to 
the peri scope to Signify a "clean 
sweep" or completio n. How, or if. 
thi s ever t r'a ns la t d t o t he 
tree/fl ag, I have no idea." 

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

True 3D InteractIve DeSign and InteractIve Modeling 
User Fnendly Pop-Up & PUll-Down Menu Systems 
Full 3D Geometry and Load Generation 
Complete 3D FEM AnalYSIS and DeSign 
Interactive GraphiCS Preprocessing & Postprocessing 
AISC-ASD & LRFD. API-WSD & LRFD. ACI-31S Codes 
Reinforced Concrete DeSign and Code Checks 
TorSion Design Checks With Warping Stresses 
Deflections Shear and Bending Moment Diagrams 
Automatic Wave, Wind Gravity Buoyancy and Inertia 
Load Generatton 
StatiC, DynamiC Selsm.c, and Pile-Soli AnalYSIS 
Steady State Machine Vibration AnalYSIS 
P-Delta and Thermal AnalYSIS 
2D and 3D AutoCAD DXF Inlertace 
Detailed Deterministic and Spectral Fatigue AnalYSIS 
Capaclt .. s up to 6.000 Nodes (36.000 DOF), 12.000 
Elements, 200 BaSIC and 200 Combtned Load Cases 
Many Industry-Specific Modular Packages Available 

Prices Begin 
At Only $249 Educational 

Version 

Includes Technical Support & Complete Documentation 

Capability Versatility Reliability 

Zentech, Inc. 
8582 Katy Freeway . 205 
Houston Texas 77024 
Tel (713) 984·9171 
Fax (713) 984·9175 
74012 S6@compuserve com 

Zentech London 
103 Mychelt Road 
Mychell Camberly 

Surrey UK GU166ES 
Tel 44 1252·376388 

Fax 44·1252·376389 

Please circle # 86 



COPE CRACKING IN 

STRUCTURAL STEEL AFTER 

GALVANIZING 
There have been isolated reports of cracks in the flame 

cut radius of copes of galvanized steel 
By Th omas J . Langill, Ph. D. 

and Tom Schlafly 

H OT-OIP GAI.VASIZING. THE 
PRO('ESS OF DIPPING STEEL 
PARTS IN MOLTEN ZINC' has 

been successfully used for over 
140 years as a corrosion 
inhibitor for steel structures. As 
the zinc coating weathers, it 
forms a very stable protective 
film on the surface of the materi
al. This film provides many 
years of corrosion protection 
under all but the most severe 
environments. An attractive fea
ture of galvanizing is the proper
ty of protecting small areas of 
exposed steel. Zinc acts as an 
anode in a galvanic couple 
between the zinc and the steel. 
The zinc is consumed before the 
steel rusts. During the galvaniz
ing process, the zinc and iron 
form a metallurgical bond, a 
series of intermetallics . T he 
intermetallics provide good abra
sion resistance and a high adhe
sion strength of the coating to 
the substrate. 

Since 1991 there have been 
isolated reports of cracks found 
in galvanized structural steel 
wide-nange sections. Many of 
these reports are not well docu
mented . Commonly, tbe problem 
is found and repaired before it is 
reported and investigated. 
Repairs destroy the evidence and 
indications that could be used to 
determine the physical cause for 
the cracks . There have been 
common threads through most of 
the reports. The cracks are com-

Pictured above is an example of cracking in an oxygen cut cope in a 
structural steel beam. 

monly found in the name cut 
radius of copes and extend radi
ally away from the copes at 45 
degrees . They are visible on 
both sides of the web indicating 
they extend through the materi
al. The cracks have appeared in 
A36, A572 and probably in A588. 
Cracks have been found in some 
material from a given heat and 
not in other material from the 
same heat. There have been 
repor ts of cracking in material 

made by the blast furnace 
method as well as the currently 
prevalent electric arc furnace 
method. Fabricators and engi
neers who have witnessed the 
problem report cracks are more 
prevalent in sections around 21 
inches deep but they have been 
found in material as small as 10 
inches. Members without flame
cut copes show no signs of crack
ing. Reports to date indicate 
that cracks can be identified by 

40 I Mode rn Steel Construction I October 1995 

" 

• 

• 

• 



• 

• 

• 

visual examination. Visual 
inspection of copes prior to gal
vanizing has not revealed any 
'pre-galvanized' conditions lead
ing to cracking. At least one fab
ricator alleges a difference in the 
incidence of cracking between 
galvanizing companies. 

There are a number of areas 
to investigate in searching for 
probable causes for cracking and 
developing appropriate proce
dures to minimize cracking prob
lems. 

o The galvanizing tempera
tures are below the critical 
transition temperature for 
steel, but variations in cooling 
rate and the presence of 
molten zinc result in metallur
gical reactions effecting steel 
properties and changes in 
residual stresses . 
• The flame cutting causes 
high tensile residual stresses 
(at or near yield point) along 
the flame cut surface of the 
cope. The galvanizing temper
ature can create stresses at a 
lower level, but throughout 
the member as evidenced by 
warping in some sections. 
• The reaction of steel to the 
presence of liquid metal can 
cause an effect called liquid 
metal ernbrittlement. Galva
nizer's pickling baths and 
handling techniques can vary 
to some degree. 
• ASTM A143-74 Standard 
Practice for Safeguarding 
Against Ernbrittlement of 
Hot-Dip Galvanized 
Structural Steel Products and 
Procedure for Detecting 
Embrittlement (ASTM VOL 
1.06) states that the duration 
of pickling can effect embrit
t lement. The standard fur
ther states that heating to 300 
deg F. between pickling and 
galvanizing in most cases 
results in expulsion of the 
hydrogen absorbed during 
pickling. Variation in galva
nizer practices such as bath 
temperature, quenching, bath 
additions and pickling time 
have not been found to have a 
measurable effect on probabil
ity of crack occurrence accord-

II 

Steel Beam 

Cope cracks in structural steel 
beams after galvanizing 

ing to the American 
Galvanizers Association. 
• The processes of steel mak
ing have changed significantly 
over the last twenty years 
with the possibility of varying 
amounts of trace elements 
and different mechanical 
properties across sections 
than those which were typical 
with past practice. 
• The mechanical properties 
of the steel including the 
lower toughness in the area of 
the fillet between the flange 
and the web can also be effect
ed by differences between 
cooling rates in the different 
thicknesses of material, seg
regation, and less grain 
refinement due to mechanical 
work by the mill rolls. Any of 
these factors could contribute 
to the problem. 

Because of a number of 
instances of cracks that emanat
ed from weld access openings of 
full penetration welded splices of 
jumbo sections subject to applied 
tension in the early 1980s, a spe
cial task committee of the AlSC 
Committee on Specifications was 
appointed to study the problem 
and develop recommendations 
for specification provisions to 
minimize the potential for such 
occurrences . A review of the 
investigations which had been 

conducted on the reported inci
dents and study of related 
research clearly revealed that 
the area of the web-to-flange 
junction of heavy rolled shapes 
were often characterized by large 
grain structure of low toughness, 
and further, that the flame cut
ting operation resulted in a very 
thin layer of brittle untempered 
martensite on the flame cut sur
face. It was further noted that 
magnetic particle or dye pene
trant inspection of the cut sur
faces revealed the existence of 
microscopic cracks in the brittle 
surface material which could not 
be detected by unaided visual 
examination. These observa
tions were confirmed by research 
by Kennon and Kohler, 
Australian Welding Research, 
1979 and Alexander Wilson , 
AISI 1987 which showed that 
flame cutting a variety of struc
tural steels including A36, A572 
and A588, resulted in micro
cracks along the edges of cut sur
faces. The AISC Specification 
task group therefore recom
mended that weld access open
ings for full penetration welded 
splices of ASTM group 4 and 5 
shapes (jumbos) which were to 
be subject to applied tension 
should be subject to supplemen
tary notch toughness testing 
requirements, preheating before 
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flame cutting, grinding to bright 
metal and dye penetrant or mag
netic particle examination prior 
to weldingjRef. ASD 9th ed., J1.8 
& M2.2; LRFD 2nd ed. , J1.6 & 
M2.2). Similar provisions have 
been incorporated in the AWS 
Structural welding Code-D1.l. 
Preheating is intended to reduce 
the thickness of the brittle 
martensite layer, and the grind
ing is intended to remove the 
brittle layer and roughness of 
tbe name cut surface and to 
facilitate magnetic or dye pene
trant examination. The sections 
exhibiting problems after galva
nizing are not necessarily group 
4 or 5 shapes , but the same 
mechanisms which are responsi
ble for cracking in jumbo shapes 
may also be initiating micro
cracks in the copes of smaller 
beams. I f such beams are then 
subject to liquid metal embrittle
ment and the thermal cycles of 
the galvanizing process, the pre
existing invisible micro-cracks 

may be driven to visible size. 
Grinding of name cut copes and 
magnetic particle or dye pene
trant examination prior to galva
nizing may be warranted as one 
possible precaution. 

Ongoi ng research wh ich start
ed in the galvanizer industry 
and is now sponsored by the 
International Lead/Zinc 
Research Organization (ILZRO) 
at Metals Technology Lab
oratories of the Canada Centre 
for Minerals and Energy 
Technology (MTUCANMET) is 
examining some factors that 
could contribute to the formation 
of this cope cracking. This 
research indicates that room 
temperature yield strength has 
an effect on the propensity to 
crack and combines with high 
residual stresses and liquid zinc 
reactions on steel to make the 
micro-cracks unstable until they 
propagate out of the tensile 
residual stress region. The effect 
of liquid zinc on steel and the 
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reaction ca ll ed 'liquid metal 
embritt lement' are being . 
reviewed. Photomicrographs of 
cracked surfaces show zinc on 
the fractured surface indicating 
the crack occurs before the piece 
is removed from the kettle. 
Whether the zinc enters micro
cracks before they propagate or 
after whi le the piece is still sub
merged has yet to be deter
mined. In studying the effects of 
the galvanizing temperature it 
was found that cracks did not 
form when samples were cycled 
through process temperatures 
without actually being immersed 
in liquid zinc. Trace elements 
from the steel have been found 
in concentrated levels at the 
grain boundaries near fractured 
surfaces. Elements such as cop-
per, tin and nickel have been 
identified. To date there is no 
conclusion available linking 
these elements to cracking. The 
surfaces of the cracked section 
indicate a brittle behavior which 
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• is consistent with the theory of a 
martensitic layer and residual 
stresses. 

Some fabricators have elected 
to grind the area of the flame cut 
section near the re-entrant cor
ner a nd report a significant 
reduction in the incidence of 
cracking but not a total elimina
tion. 

ILZRO will continue to fund 
work to determine the relation
ship between microstructure, 
stress and other factors such as 
steel chemistry. Remedial mea
sures will also be explored. AISC 
will recommend to ILZRO that 
they explore the effectiveness of 
using a combination of pre-heat, 
grinding and magnetic particle 
or dye penetrant inspection to 
avoid cracks. We will report 
results of this exploration when 
it becomes available. 

NEAR TERM PRACTICES 

Unaided visual inspection of 
flame cut surfaces may not be 

effective in detecting micro
cracks. Until ongoing research 
determines more appropriate cri
teria, it would be prudent for 
flame cut surfaces of copes of 
structur al members destined to 
be galvan ized to be ground to 
bright metal and the surface 
examined by t he dye penetrant 
or magnetic particle methods. 
After galvanizing, the area of the 
copes should again be visua ll y 
inspected to assure that cracks 
are not left in the final structure. 

Another method that may be 
effective in minimizing the 
potential for cracking problems 
is to pre-drill (not punch) the 
beam to form the radius portion 
of the cope as shown in ASD 
Commentary fig. C-J1.2 pg. 5-
162 or LRFD Commentary Fig. 
C-J1.2, pg. 6-218. 

The American Galvanizers 
Association has reported an 
alternative to avoid cracking 
that involves placing a bead of 
weld along the edge of the re-

entrant corner on both side of 
the web. The weld is extended 
one inch in either direction from 
the co rn e r of the cope. It is 
pointed out that a low s ili con 
filler metal considered compati
ble for galva ni zi ng is used. No 
cracks have been found in copes 
treated this way. While this 
may be effective, it appears to be 
an expensive solution. 

The ga lvanizing can be 
repaired using methods 
described in ASTM A780, 
Standard Practice for repair of 
damaged Hot-Dip Galvanized 
coatings. 

Thomas J. Langill, Ph.D., is 
techncial director with the 
Am.erican Galvanizers Assoc· 
iation in Aurora, CO. Tom 
Schla{ly is director of fabricating 
operations and standards at 
AlSC. 
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FINITE ELEMENT ANALYSIS • 

AND TESTS OF BEAM-To

COLUMN CONNECTIONS 
On-going seismic research is using finite element models 
to determine why some steel moment connections fa iled 
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Fig. J : WJ4xJ76 column & W27x94 beam 

Fig. 2: Finite element connection model 
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By Ralph M. Richard, Ph.D., 
James E. Partridge, P.E., Jay Alle n, S.E., 

and Skip Radau 

TilE JANUARY 17, 1994, NORTHRIDGE EARTII· 
QUAKE UNEXPECTEDLY FRACTURED a large num
ber of steel moment frame connections that 

were specifically designed to respond in a ductile 
manner under seismic loading. 

These joint fractures in the popular bolted web
welded flange moment connections included weld 
failures , beam flange fradures at the weld access . 
hole, and divots of steel pulled from the face of the 
column. These failures , which occurred in connec-
tions with and without column stiffeners, were 
almost always in the proximity of the bottom 
flange, and indicate that the presence of the floor 
slab significantly strengthened the connection at 
the top flange. Moreover, case studies in the AlSC 
Earthquake Report indicate that even if the welds 
are properly made, stresses at and in the welds 
appear to be quite high . 

To evaluate the stress and force distributions in 
these connections and provide improved designs 
and retrofit procedures, extensive analytical and 
experimental studies were made. Finite element 
analyses were used to design full scale static and 
dynamic tests that were recently conducted at the 
Smith-Emery Company laboratory in Los Angeles 
on a connection identica l to the type that fractured 
(bottom flange weld ) in the Northridge earthquake. 
This test connection assembly comprised a 10-ft. 
W27x94 beam with the flanges welded to a 14-ft. 
W14x 176 column as shown in Fig. 1. A '/,-in . shear 
tab with seven 7/._in. A325 fully tightened bolts 
was the web connection. The weldments were iden
tical to the field weld material, which was NS-3M-
0.120-i n. Three Charpy V-notch specimens of this 
weld tested at low values of 4, 5, and 7 ft.-Ibs . and 
had an average tensile yield strength of approxi- • 
mately 63,000 psi. 

The assembly was "pin" supported at the top 
and bottom of the column and loaded with a con· 
centrated load at 9.5 ft. from the column flange. 
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Fig. 3: Fully welded connection 
SYMM abt column centerline 
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Fig. 4: Top flange top surface longitudinal stress 
countours; nominal flange stress = 11,000 psi 

Shown in Fig. 2 is close-up view of one of the finite 
element meshes used in the analyses. Several 
mesh sizes were studied to ensure that the high 
stress and strain gradients in the weldment were 
properly obtained. This high fidelity model consist
ed of about 30,000 four node plate bending ele
ments having about 40,000 degrees of freedom. 
Solid element sub-models used to evaluate internal 
stress and strain distributions in the beam and col
umn flanges and welds comprised 80,000 elements 
and 100,000 degrees of freedom. 

Shown in Figs. 3 through 5 are the results of 
this connection study with both the column flanges 
and web fully welded to the column flange. To 
clearly demonstrate local bending effects and 

..... - ---........ ".::" ":'"~:'':: 

Fig. 5: Top flange bottom surface longitudinal 
stress contours; nominal flange stress = J 1,000 psi 

Fig. 6: Stress contours 
Web-bolted flange-welded connection 

stress distributions the beam was subjected to a 
pure moment that caused a maximum nominal 
stress at the weldment of 11,000 psi. The deflec
tions due to this load ing shown in Fig. 3 are magni
fied 250 times. Notc the flexing of the column 
flanges of this connection which according to cur
rent AISC specifications does not require continu
ity plates. The stress concentration factor in the 
column web near the weld is approximately 2. 
Shown in Figs. 4 and 5 arc the longitudinal beam 
flange stress contours. In Fig 4 the flexural stress 
contours on the top surface of the beam flange are 
shown. At the weld line these stresses vary from 
1,244 psi at the flange tips to 41,405 psi at the cen
ter resulting in a stress concentration factor of 
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Fig. 7: Experimental top flange stress distributions 

about 4. In Fig. 5 are the longitudinal stress con
tours for the bottom of the top flange where the 
maximum stress occurs at the edge of the weld 
access hole. Note that when the loading on the 
beam is reversed the stress "hot spot" in tension is 
at the weld access hole on the bottom flange where 
it is the most difficult to weld. Shown in Fig. 6 are 
stress contours for the web bolted connection with 
the beam subjectcd to 100 kip end load. This 
results in a nominal beam flexural stress at the 
column flange of 44,400 psi whereas the peak 
stress at the column flange is 201,000 psi which 
gives a strcss concentration factor of 4.5. The 
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flange stress at the weld access hole is 165,000 psi . 
Thesc contours show that thc high flcxural stress
es in beam top flange , which is 10 inches wide, are 
very local and that the nominal bcam flexural 
stresscs exist only several inches from the column 
flange. The strcss concentration factor of 4.5 indi
cates that the wcld must bc ductile and of uniform 
quality to accommodate the high strains in the 
proximity of these high stresses. These analyses 
also show that the shear tab picks up about 22'Jt of • 
the connection moment. 

Shown in Fig. 7 are plots of the experimentally 
obtained top flange stresses vs. time for a 2000 lbs. 
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drop test of 9 in. This dynamic loading resulted in 
generating strain rates ranging from approx.imate
ly 1.00 in.lin.-sec. at the center of the beam flange 
to 0.20 in .lin.-sec. at the edge nea r the fl a nge 
welds. These high strain rates are representative 
of the effect of impact loads in regions in structures 
with high strain gradi ents. These experimental 
results, which were obtained from the top flange 
strain gages located at 0.55"-in. from the column 
fl ange as shown in Fig. 8, confirm the large stress 
gradients across the beam fl ange at the face of the 
column as predicted by the finite element models. 
In Fig. 7 the Test #3 resu lts are for the connection 
without any column reinforcement whereas the 
Test #35 results a re for the column reinforced with 
both horizontal and vertical stiffeners and a slotted 
column web opposite the beam flanges as shown in 
Fig. 8. With the col umn modifications, the peak 
stress at the strain gages has dropped from 70,000 
psi to 48,000 psi and the stresses arc nea rly uni
form across the beam flange at the strai n gage 
locations . By reinforcing the column flanges with 
both vertical and horizontal stiffeners and soften
ing the column-beam fl ange interface with the col
umn web slot opposite the beam flange as shown in 
Fig. 8, the rigidity of the connection is significantly 
more uniform. 

A detailed examination of two of the connections 
tested at the at the Unive rsity of Texas by the 
Swinden Laboratories, Moorgate, England, indicat
ed fina l fracture in the one specimen initiated in 
the heat affected zone (HAZ) of the column flange. 
The initiation region, which was at the high stress 
location shown in Fig. 4, was in the column flange 
and was characterized by a fl a t fracture appea r
ance and consisted of a mixture ductile microvoid 
fracture and fine grai ned cleavage. 

To analytically model and accurately evaluate 
the states of strain and stress through the thick
ness of the column and beam flanges solid finite 
element models are required. Shown in Fig 9 is a 
typical finite e le me nt su b-model com pri sing 10 
node linear strain tetrahedrons which was used to 
obtain three dimensional inelastic states of stress 
and strain in these connections and represents this 
current on-going seismic connection research 
effort. 

Ralph M. Richard, Ph.D. , is Professor Emeritus 
at the University of Arizona, Tucson, AZ; James E. 
Partridge, P.E. , is President of Sm.ith-Emery 
Company, Los Angeles, CA; Jay Allen, S.E., is 
President of The Allen Company, Los Angeles, CA; 
and R . E. Skip Radau is President of ROM 
Engineering, Tucson, AZ. 
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Fig. 8: Connection stiffeners and slot designs 

Fig. 9: Solid element sub-model of 
beam I colum interfaces 
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DECKING PRODUCTS 

Grid Reinforced Bridge Decks 
manufacturers can offer 

products with deck thicknesses 
ranging from 3-in. to 10-in., with 
weights as low as 45 lhs./sq. ft. 
Modular grid panels also playa 
vital role in the compelx traffic 
staging often required on reba
bilitation projects, and precast
ing can eliminate traffic inter
ruption during peak hours. 
Composite construction com
bined with reduced dead load 
can improve bridge rating with
out costly strengthening. And a 
variety of proven overlay and 
corrosion protection options are 
available. 

For more information, contact: 
BGFMA, 231 South Church St., 

Mt. Pleasant, PA 15666412/547-
2660 or circle no. 21 on the read
er service card near the back of 
this magazine. 

EPic Metals Corp. offers 
MAXSPAN BRIDGE DECK 

FORM, an entirely new concept 

~ RAMSBEAM ~ 
uaranteed to be the BEST beam program 

ever or your money back! 
RAMSBEAM, a single steel / steel composite 
beam program utilizing a Windows graphical 
interface. Features: ASD or LRFD; vibration 
analysis; checks existing framing or optimizes 
ncw. Allows for depth restrictions. cantilever 
beams; partial or full composite and unbraccd 
flange condition!t; includes SI/ 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 

Please circle # 81 

FREE 
DEMO! 

in the design of permanent metal 
deck forms for bridge deck slabs. 
The forms are designed to 
accommodate today's wider gird
er spacing with greater efficiency 
at spans ranging from 10 ft. to 
18 ft. For information , contact: 
Robert Paul, Product Engineer, 
Epic Metal s Corp., Eleven Talbot 
Ave. , Rankin, PA 151044121 
351-3913 or circle no. 25. 

Channel Deck is a new propri
etary brige deck replacement 

system that attaches from the 
top. The unique connection sys
tem eliminates the dangerous 
and cumbersome process of 
attaching new panels to existing 
stringers from beneath a struc
ture. 

For more informatin, contact: 
The Fort Miller Co., P ,O. Box 98, 
Schuylerville, NY 12871; 
518/695-5000 or circle no, 58. 

The Steel Deck Institute has 
published a new sm Design 

Manual, including roof deck, 
acoustical deck, long-span deck, 
cellular roof deck, composite 
floor deck, and non-composite 
form deck. Cost of this manual is 
$29 plus 15% for handling. 

For more information, contact: 
Steel Deck Institute, P.O. Box 
9506, Canton, OH 44711 2161 
493-7886; fax: 216/493-7928 or 
circle no. 77. 

U nited Steel Deck has 
enhanced its ability to pro

duce custom deck systems by 
networking with the affiliated 
companies of Nicholas J . Bouras, 
Inc. Special fini shes, such as 
plasticol, or materials such as 
stainless steel, are being used to 
produce custom decks and panels 
that solve durability and envi
ronmental problems caused by 
some industrial atmospheres. 
Special finishes combined with 
the roll forming and bending 
capabilities of United Steel Deck, 
Inc., can provide solutions to 
most unique decking demands. 

For more information , contact: 
United Steel Deck, Inc. (Nicholas 
J . Bouras, Inc.), 475 Springfield 
Ave., Summit, NJ 07902-0662; 
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908/277-1617; fax 908/ 277-1619 • 
or circle no, 33. 

Walker Division of Butler 
Manufacturing offers a new 

concept in PLEC distribution for 
steel-framed buildingsione that 
combines the triple-service 
capacity and aesthetic appeal of 
an in-floor system with the 
up-front economy of a poke-thru 
system. For information, contact: 
Walker, P.O. Box 1828, 
Parkersburg, WV 26101; 
800/222-PLEC or circle no. 62. 

H eavy Duty Grip Strut bridge 
inspection walkways are 

suspended beneath bridge deck 
to enable close inspection of 
load-carrying members. Choices 
include 9, 10, or 11 gauge grat
ing with serrated or non-serrat
ed steel, and widths up to 36-in. 
with 5-in. integral toeboards, 
which eliminate extra welding. 

For more information, contact: 
GS Metals Corp., R.R. 4, Box 7, 
Pinckneyville, IL 62274; 8001 
851-9341 or 618/357-5353 inside • 
Illinois or circle no. 80. 

1:1: Theeling Corrugating Co. 
V V has increased its presence 

in the steel decking market with 
the acquisition of Bowman Metal 
Deck. Wheeling Corrugating, a 
division of Wheeling-Pittsburgh 
Steel Corp., has been a long-time 
producer of steel roofing, floor 
and bridge deck with locations 
throughout the U.S. Six plants 
(West Virginia, Indiana, Kansas, 
Texas, Alabama & North 
Carolina) a llow for prompt deliv
ery. Utilizing Wheeling
Pittsburgh's painted cold rolled 
galvanized steel, the company 
offers a variety of floor and 
bridge deck . Notable recent pro
jects include: The Mall of 
America, Minneapolis; the 
Charlotte (NC) Convention 
Center; McCormick Place, 
Chicago; and the Foxwood 
Casino. 

For more information, contact: • 
Wheeling Corrugating Co., 1134 
Market St., Wheeling, WV 
26003; 3041234-2300 or circle 
no. 99. 
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STAAD3-2D 
State-of-the-art 2D Structural Analysis 

and Design Software 
for $595 

Research Engineers. Inc . is proud to announce the arriva l of 
STAAD3·2D. the most comprehensive 20 Structural Analysi~ 
and Design software in loday's industry. STAAD3-2D is the 2D 
version of RE' s world famous st ructural software STAAD-1I1. 
Equipped with powerful Analysis/Design. brilliant GUI. easy 
Visuali zai ionIVerific3 tion. and nex ible Report/Query facilities. 
STAAD3-2D represents the true ~ta te-of-the·art in modem struc
tural engineering. 

STAAD3-2D support; STEEUCONCRETEffIMBER design 
per AISC (ASD & LRFD). AC) and AITC codes. With a price tag 
of $595. it offers you the best value for all your 2D structural 
needs. 

Research Engineers, Inc. 
22700 Sa vi Ranch 

Yorba Linda, CA 92687 
Toll Free: 1-800-FOR-RESE 

Fax: (714) 974-4771 

SfruCAD*3D 
Th~ Flngship Product /or 3D Structural Analys"l' & Des"gll 

• Pop-Up & Pull·Down )'1enus • Wind & Gravity Load Generation 
• Truly Interactive 3D Graphica • Material Takeoff 

Pre- and Postprocessing • P·Della and Thermal Analysis 
• 3D AutoCAD Interface (in & out) • P ile-Soil Interaction 
• AlSC·ASD. Al SC·LRFD, ACI·318 • Seismic & Machine Vibration 
• ReinfGn:ed Concrete Design • Detailed Fatigue Analysis 

Prices start at only $249 
Zen tech, Inc. 8582 Katy Freeway .• 205, Houston. TX 77024 

Te117131984·9171 Fax /7l31984·9175 

. iS~ctural & J us iSteet Detailing CAD 
AutoCAD pararnetnc USP pn:wwns for preparing structural AND JlUBC, steel 
shop dntwings. All pn:lgI'MlB have been updated for 1995 and new prognu:ns have 
been added. Anchor bolts to rcdopening frames and ~everyth.mg between~. 

Imperial and mctnc versions with USA, Canadian and European steel sections. ~ 
DAY MONEY BACKCUARAm'EE. Discounts up to3O'l-. Buy only what you 
need. Used in the field for 8 years. Programs written by a detailer with 39 years 
experience. Extremely "6cxible" programs. FREE telephone support.. No 
maintenance fee. Reasonable yearly update fee. EXCEU.E.NT PROGRAMS at a 
REASONABLE PRICE. Call fora FREE demo disk, listofprognuns, and priooa. 

SSDCI' 
11 0 Shady Oak Circle. Florence. MS 39073 

Tel: 601/845-2146 (fax same) 

Limited Edition: 
Selected ASTM Standards 

Custom book includes: A570/A570M-95; A5721A 572M-
94C; A5881A 588M-94; A606-91a (1993); A607-92A (1993); 
A618-93; A666-94A: A668/A668M-95: A 6731A 673M-90B: 
A687-93; A700-90: A709/A709M-94A; A770/A770M-86 
(1990): A8521A852M-94; A898/A898M-91; A913/A91 3M-93: 
B695-91 ; F436-93; F 606-95; F959-94A; A6/A6M-95A; 
A27/A27M-93; A361A 36M-94; A53-94; A 123·89A; 
A148/A148M-93B: A1 53-95; A1931A193M-95; 
A 194/A194M-95; A2421A242M-93A: A276-95: A307-94; 
A325-94; A354-95: A370-94A: A435/A435M-90: A449-93: 
A490-93; A500-93; A501-93; A514/A514M-94; 
A529/A529M-94; A563·94: A568/A568M-93A: 
A2831A283M-93A: A759-85 (1992): A385-80 (1991); A384-
76 (1991); A780-93A 

Limited copies available for $175 ($ 140 for A ISC 
members). Send check 10: LeAnn Schmidt . AISC. One 
East Wacker Dr.. Suile 3100. Chicago. IL 60601-2001. 

Employment 
ProCounsel searches for the righl job for you. in the 
right geography, at the right money. Engineers, 
architects. draftspersons. detailers. checkers. 
estimalors. plant managers/engineers/super,. erection 
professionals . Confidential. Fee paid. BuZL Taylor 
214-741-3014. Fax: 2 14-74 1-30 19 or leave a msg: 
800-545-5900. 

Help Wantl'd 
Structural Steel Oeluilcr And A Siruciural Sll'el Clll'ckcr 

StruclUr.t1 Steel DetUiling company in bU ~ lIless for 15 years has 2 POM 
lions available immediotely. Both position., l1re considered pennenant and 
rulltime. Currently operating With 10 In hou<'c delailel"i both on the bo.lro 
and with t""O different computer 'lystem\. Benefils include: paid holida)'s. 
paid vacation and retirement plan (401 K). Salary ""ill depend un expen 
enee. Please mail or fax rellurne and salary hi\lory 10: 

Callaway & Company Steel Detailing Inc. 
1'.0. 80x 64268 

Lubbock, Texas 79-'64 
Phone: (S06) 794-76661 F." (8Q6) 794- 1432 

Company For Sale 
Owner/Consultant Retiring 

Service Business-Well established wiht 
nationwide client base_ Fabricating 

background or working knowledge of 
equipment helpful. 

Respond in confidence to: John B., Fax: 
708/699-0681 

t-I elp W:lnl ed 

Structural Steel Detailer/Checker 
Steel fabrication company w/~table 50 year history ... ecb a tal-

ented struct ural steel delailer w/3-5 year ... ex pe rience . 
Responsibililies include prepOiralion/cheding of ... hop drawin g,> 
for fabrication and erect ion. Good bcncfil~ & compcn \ation pack
age. Send re ... ume & references (0: 

Boulder Sleel 
2696 30th sl. 

Boulder, CO 80301-1287 
FIIX: 303/442-8906 

Steel Detailers & Checkers Wanted 
Denver area sub-contract drafling firm ~eeking ~lructura l steel 

& miscellaneous metal detailers and checkers for permanent 
positions. 

Must have minimum of 5 years experience preparing slructural 
Meel and miscel laneous metal fabrication shop dra""ings. 

Send resume to: Mile High Dctailer .... Inc . 
7 11 4 We,' Jerf",on #115 
Lakewood. CO 80235 

Help Wanted 
American Stair Corp., nalion's leading stair and railing 
manufacturer. is looking for engineers to perfo rm 
ca1culalion~ and loading analysis fo r prefabric:.tted ~ lair and 
mil systems on a per project basis. Licensed engineers 
needed from all slates. 

For further info. contact: 
Mike Mathy at (708) 839-5880 
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S TEE L MAR K E T P LAC E 

IIE\~ LErr·I'ACKARD 
COntl'ulers/Peril'herdls 

A complete line of used and refurbi~h(ld HP Equipment to fill 
all your computer net'd ~. Lns('r printers. sCtmners, disk drIH's, 
plotten; (Ornflp ro, Drnfimast{'r & DesignJcU, PC's a nd 9000 
lSeries workstations are available for immediate dcliv{'ry. all 
OUf totl fr{'(' numl)(>r for additional information and pricing. 

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

800·638·4833 fax (205) 591·1108 

STEEL SHAPING SPECIALISTS 
WI CA'i BI'd) SlRUC1TRAL STEEL Till tASY WAI . 1IIL 

HARD WAY IKRFGULAR C'lRYES . O rJ~ srTS. ELlII)IICAL 
S Il~I'I , S . nRn I S. SLGE'II~ rs 1\ tnl TAMil 'ITS A, D 1\ I CAN 
BL .... !) IT 10 1 l(ill I R:\f)1I wlTII \1I:\'J\1:\L DlSTORTIO!\ 

We ,11,," olkr tnf!!," ).!:. the hoi .Jlapmg nf mctah and the rn1hnt! .mtl 
forming tit IUhlO~ . raLi .lOti b.:u ... , Call or fa). FranJ.. Ilu((l' rcr for Ill()rc infnr, 
mallon 

Tel: 414·355·8220 Fa" 414·3!'5·4698 
\1a\ \\ e~ Co .• Inc. 

U25 \\ . Urad Ie) Rd .. \lil"3ukee. \\ 153224 

Struclun,1 Expert Series (SE...'i) 
\ (murkt,' I,"r '1 "I .I/'I JI ~ 'I ' ukid..: I~n -.t:lh ...... R' Ill" h~ h ~xl l}lI mer 

;?(I ~~.v-. " I .. "11111 I<." r'; lil l " I"' '''~ (, \pent: rl!,; C and I" In-.t . IIl~ In ()\ cr 1.CW.J u >tlll'ilJlIC .. 
I hf\~1Ut the .... tJ,1oJ 

l 'hDr> tn..:tu.k.~ 
• \1)lll1ll '1 D ,lnll)",\ 
• \\ccl l )c" pn. AS/)& IIUD 
• ('1If1 .;,.' I ... UC" 11 11 

• I lmhl;rdc\ ' I!fl 
• \I .I .... lftf) .... . 111 &. Ict.umn, .... a1h 

h lf I1MIfl' m"'rnl.lUlln. III' , .. r<, ('I \ (' a l-Rfl d .. : rno l Ln . pln'>C l .111 
l:eO\! h..oclatl"i. Inc. ' ~L\24 , . MC\I.'I1· \lil .... auk~. \\ I !iJZl.\ 

"II: 41.u365·2Ioo "". -194' fa). ; .a 1,u.\M·2 I 10 

Computerized Structural 
Steel Detailing 

E~pcricf1(.:cd Siall" mcludlOg hcen ... cd Profc"iona) Engmccl' \\<lIh 
man} )ocal' {)f dClailing ex~ncncc . 

.ll ),('<11"' of ...en icc 10 'Icel fabricalof' and conlractor .. , 
R.A. Gress & Associal" 

176 Planehmo~ Road. Fralier . PA 19355 
Ph : (6 10) (H-I·J150 Fa, (6 10) 889·4836 

Quickln .. Al\1 fur \\ indO\·\s. \ cr"ion "'.0 
For Only $595 

• lip til 40 Hum ~'lIln(' n lll • MlIfI lllOlu\IIIO" In 1(' thun 20 lM'c'"nd ... 
• I.lIl1'.orh v" "Ym" d' olnloutKlI"fl,1 • Shear . m"Olf'nl &: d.·nertlOlI dIlIKn"'ll ~ 
• Oulpul In In ... r pnllt('f"II • Export "",-\lIb 10 .... "nI P"~>f"" 

• .do·eM} "1OfI(,)t..-k JUarllnl( • D ...... ,JnLol (. r JIlulllpl" (I'lJ)lftI . no-hr"rk , 
• Ol~ pl l"'l' ml'nt . (urn I: I"I'SU " lflrlll rot'l,pull'd 
• Ilt'u' rmmnt l' & Indfott·nT1l1lu u.' pn;>i ,I('n ll< .. ,In·d · "'!>~ " '\1('01(."11 111 Pl'pht'd 11fI~'wlwn' nn hrHm 

Engineering Sofi" are COOlI><W) 
7'JO.1I1JrlSlield Or .. Plano TX 75025 

Tel: 21-11491·15IH Fa" 214/491-0916 

Barcode Tracking Systems, Sales & Service 

• ·t TracklOl In \,tonto ry Control • Tum·kt·y ShiPPing JU-Cl'l\'tnR 
• Work ·.n ~ Tracking • Timt· and Atll'ndan('(' 
• L:tJx.1 PnntlnK S~· l'Item . • Phllw 10 Badges 
• Tool Room I If! Uf' Jk"Cie ptJI l • Pr~print I.abels 

JaneslReiland, Inc. 
17314 SH249, Suite 355, Houston, TX 77064 

Tel: 713/807·9091 Fax: 713/807·9094 
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Sialic. D\nllmic. Lineoar. ' onlineoar &. l'u~hoH" \n~IHi\ 
SlraiJ:ht &. Cuned Stet'l RridJ.:(, \Iodel &. Load Gt'ne,.~tor 

SC Solutions, Inc. 
Tel (4 15) 903·5050 Fa, (415) 69 1·9-'52 

SC-Bridge SC-Push3D 

Coml'rehen~ivc Revie\\ Manuals 
SE and I'E (Chil) License 

PE 1("1\011) \IX \()I (4200 pp). Call i SlrlIt:luml LI1l!r ISEllhc \ul . t-l170 
ppl. (" V Chel.1p:ui. Ph D .• Edll{lr ('mer. \OIUIIUlllcchmquc\ "11h 
\C\cral hundred .. ohed pn.lhtclm Il1\aluahlc rclcrent.:e Ivr PUSI exam ... . 
Ih~hl)' ilcdamlCd.1\ c,ccllcnl referencc .. hlr pm,"'IIl"II1£ engmeer' 

Call/\Hlle lor deliu lcd bnlChure\. Pf..DP. Inc .. 51)12. Bol\il A\oc SUite 108· 
MSC. lIunllngliltl Bc;tch. CA ')26-11); 

(7 14) 898·3658; Fa- (7 14) 898·-'635 

Adverliser 
Adverlisers ' Index 

Page Number Circle o. 
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AHHOJlHCiHg versioH 3.0, 
iHcorporotiHg iHtriHsic ergoHollfics WHicH will 

.. - - "', -..-- ..... ~ ,,~- • .' ~11 ".___ ......... ,r ........ ,..{ .. . .• 

THE FINEST IN smucruRAL ANALYSIS AND DESIGN SOFTWARE 

We have even thought about details like our intelligent proactive prompting 

system that suggests next lIser action and displays prompts 

at the current mOllse posit ion to reduce eye fatigue , and 

fu ll implementation of DLL technology allowing for instan· 

taneaus switching between mod ules, and choice of begin· 

ner, advanced, and expert menu levels or customizable 

toolbars , and .... 

• course ROBOT V6 is not a set of separate programs just 

glued together and adopted to work on PC . it i written in 

C++ specifically for the PC platform, providing a rich set 

of features fo r struct ural analysis and design, in one easy 

ta use cohere nt and ergonomically designed user inter· 

fa ce. Versatility of the single progra m and fast solvers comb ined with the 

additio n o f new algorithms (Ka ng's ~ emitter .md wave pro paga tio n FEM 

meshing method) make ROBOT V6 a powerful, truly interactive tool, that 

meets the most demanding engineer requirements. 

metrosofi 
STRUCTURES,IN C. 

332 PcHI'rWII h,'. 
Please circle # 51 

E. Rlllhe,ford. I\J 07073 

e 
~ runs with 
NetWare 

IMAX DOME DESIGN PRAT 

NEW PROMOTIONAL OFFER. 
FOR DETAILS, PLEASE CALL BOO·60·ROBOT, 

OR USE FAX BACK SERVICE AT 20/ ·43B·2733. 

UMITfD WORKING VERSION OF PROGIIAM WffH PRE·RECORDED EXAMPlES AVAllABtE OVER 2000 USERS WORWWIOE FOR MORE INFORMATION Wt 20 143B·4915 OR FAX TO 201·43B·705B 

r--------------------------------------------------------------------, : 0 Nome: I 
I > Company: I 
I I 
I Addre,,: afy: Siole: Zi : I 
II I Tel.: Fox: 

I 10m: .J structural engineer, ':l architect, :t educolor, Cl deoler, O olher: I 

.J Please have a product spO( iol~t coli me .J Pieose send more inlormotion I 

.J Please send work ing demo version (limited 10 25 elemenls and 25 nodesl, with recorded mocrM 01 reol design examples. Endosed is a check lor 525 I 
I (plus applicable Tax in NJI . I have a system equal 10 or be"er than 386SX with molh coprocessor, 8 M8 RAM, 25 M8 ollree disk spoce,VGA monitor. I 
I Metr~;oft Sirudures, In<., 332 Paterson Avenue, E. Rutherford, NJ 07073. Tel20T 438-4915, F0l201 438·7058. MSC I L ____________________________ ______________________ ~ 

1995 Melrosoh Structures Inc. All brand and product names are trademarks or reglstet'ed trademarks 01 th&lf respectIVe holders. Developer Tested Only Novell makes no warranties WIth respect 10 thIS prodlJCl 
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