


UNITED STEEL DECK, INC. DECK DESIGN DATA SHEET 

No. 19 
DEEP DECK - 6 11 and 7.5 11 H 
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'I 9" 

I - =j I J L roo 
7.5 " 

t c..J.~ 
I, 12" COVER ,I 12" COVER ,I 

9" 9" 
H6 H7.5 

32 ' Maximum piece lenglh. 

Section Properties Allowable End Reaction, Ibs. 
Bearing Width 

Profile Gage WI. , psf Ip Sp Sn 3" 4" 5" 

H6 18 4.5 7.28 2.24 2.36 690 780 870 
16 5.5 9.79 2.90 2.99 1210 1350 1480 

H7.5 18 5 12.17 3.02 3.15 640 720 810 
16 6 16.22 3.92 4.04 1140 1270 1400 

SINGLE SPAN TOTAL LOADS, PSF 

Profile Gage Span 
18' 19 ' 20' 21' 22 ' 23' 24 ' 25 ' 26 ' 27 ' 28 ' 29 ' 30' 31 ' 32 ' 

H6 18 II za ~ 62 55 49 45 41 37 34 32 30 28 26 25 
16 119 107 95 84 75 68 61 56 51 47 44 41 39 36 34 

H7.5 18 I1 2Z ~ 21 .5a ~ ~ .51 ~ ~ ~ ~ ~ .tl 39 
16 ill 12Q ill ~ .liM 99 91 83 76 69 64 59 54 51 48 

Notes: Loads controlled by 3" end bearing are underlined. 
Loads conlrolled by deflection (Ll240) are shown in italics. 
All other loads are controlled by bending. 10 psf has been added to deflection loads to account 
for roofing dead load. The designer is urged to check the fastener uplift resistance . 

Also Available 

Acoustic (perforated web) sections; Cellular sections with 24' cover; Custom adaptation of rib width, 
depth, and web angles; Multi Span and Diaphragm Load Tables are available on request ; 
Complete information on all deck products - ask for catalog 303-11 . 
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HlSlaR@ 
A new generation 

of rolled beams 
and column shapes 

for economical 
steel construction. 

Once .oaln, AABEO leads lhe 
InduStry by featuring I trendsetting 
comblnallon of mechanlClt, 
chemical and technologlca' 
properties: 

Dl1iOiJdOBi OI'lTDLccau,aUCI"* PIIODUCTI. 

• HIGH YIELD STRENGTHS (up to 
65 KSI) . ev.n for uUr."avy 
secUonl. 

• OUTSTANDING TOUGHNESS 
PROPERTIES. 

• EXTREMELY LOW CARBON 
EOUIVALENT - enlures e)Ccel· 
tent .. eldabltlty 

A NEW PAOCESS._ OST. 

The Here' " In ARBEO', rll¥Otu· 
tlonaty new In-line Q8T proenl 

OTHER RECENT _ED 
INNOYAT1ON1< 

ARBE[)'ROUED 00·, .. ", Ind 
"TAILOR-MADE" (WTM) .. ,1 •• -
f.moul for hlgh MeUon moduli. 
oreat Iller" buckling rel'lllnee, 
and .,.g uwlnga \n tabflu\lon 
00111 _ .......... ~ produclS 
.r. at.o ..,.....,.. In the new 
MIITAR quality .. I, our standard 
WF _ end H BEARING PILES 

NEW LlTEIlATUIII AVAlLA8LE 

Send now for cornpIeIe dela on all 
the .. ARBEO product .. conl8et 
Trade AR8EO. INC .• 125 Third 
Aye . Ne .. York, NY 10022. (212) 
_9890, FAX 212·355-2'_<2' 
In Canada TradeARBEO Caneda. 
Inc .• 3340 Malnw.y, Burlington, 
Oml,lo, Canada l7M 1 ... 7 
(',e) 335-5710, FAX "6-335-1292 
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Usillg Ih_ STRARCII syslem, a 320'-wide 
lumgar begills as a flallruss of llearly 400'. 
Tension is applied to prestressing strands. 
Wlllc/l foret'S lire Iruss-framt'S 10 begill 
arc/illig. aile elld of lire Iruss IS fixed, while 
the olher slides nearly 70' while the arch rises 
72'. Tire slory behilld lire ullique buildillg 
syslem beglllS Oil page 32. 
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There are those 
• who have seen the future. 

Announcing the arrival of STAAD·III/ISDS . Release 17. Once again, 
Research Engineers, has made the technology of tomorrow available to you today. 

Use newly introduced facilities like NON-LINEAR 
analysis, TIME HISTORY analysis. user-controlled 
multiple iteration P-Delta analysis, steel design for 
transmission towers (ASCE Pub. 52) etc. in addition to 
14 different steel, concrete. and timber codes. to explore 
the widest possible range of design solutions. 

Release 17's powerful printer plotting capabilities allow 
you to generate the industry's sharpest and most 
comprehensive run output. For the first time, you can 
combine numerical output with graphical output - all in 
the same run document. Yes, we support the widest 
possible range of printers - from sophisticated lasers to 
down-to-earth dot- matrix printers. 

On the graphics front. Release 17 features an 
enormously enhanced graphics input generator with 

ralleled speed and power. In addition, 

Release 17 marks the debut of AutoSTAAD/MAX - the 
world's first integrated structural software system that 
works entirely within AutoCAD. 

All these powerful capabilities coupled with the 
industry's most knowledgeable and experienced support 
staff, makes STAAD-IIIIISDS the ultimate productivity 
tool you've been waiting for. 

STAAD-IIIIISDS Release 17 - there are those 
who have seen the future ... have you? 

.... Research 
liliiii CC Engineers, Inc. 

1570 N. Batavia, Orange, CA. 92667. 
CALL TOLL FREE (800) 367-7373 
Tel: (714) 974-2500 FAX:(714) 9744771 

Research Engineers Worldwide 
U.S.A. • U.K . • JAPAN. GERMANY . FRANCE. NORWAY. CANADA. INDIA 
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Computers Can't Replace 
Innovative Design 

Friday afternoons often seem the time to wax philosophical. The work 
week is winding down, and I' m always trying (and usually failing) to 
clear off my desk SO I can have a fresh start on Monday. It's also a 

time to chat with the AISC engineers down the hall. 
The topic last Friday was professionalism, and the question came up 

whether the increased use of new software programs was changing the 
structural engineers role from that of designer to that of merely a technician. 
The discussion was of particular interest to me, given this issue's product 
emphasis on engineering software. But while it's true that engineers today 
can rely on their computers for the nitty-gritty calculation work, I see too 
many examples of innovative design to believe that engineers are simply 
becoming sophisticated technicians. 

• 

And this month's feature stories provide vivid examples of the type of 
innovation and creativity that make structural engineering such an exciting 
profession. This issue features three stories about airport hangar design. 
While the owner's needs for all three structures are similar, the engineers 
designing the buildings took three very different approaches to these 

long-span structures. • 
We kick off with James O ' Kon's story about a re-thinking of the very 

shape required for a hangar. Rather than design a standard rectangular 
building, his firm considered the shape of an airplane itself, and then 
designed a structure around that shape, with the goal to minimize wasted 
space. The result, a trapezoid, initially reduces cladding needs and in the 
long-run cuts cooling and heating costs. 

Our second story, by Anne Anderson, describes the use of an Australian 
system designed to minimize construction time. Using the STRARCH 

system, a large truss was constructed near ground level. Then, using 
prestressing cables, the truss was forced into a 72' -high arch shape. The 
contractor estimated that this innovative system cut construction time by 
30%. 

The third story, by W. Scott Wilhoite and Steven Fenner, features a fairly 
conventional hangar design-with one twist: the need to meet extensive 
seismic requirements. And while the engineers did make substantial use of 
computer technology, the project complexity belies any thought of 
relegating the engineer to mere technician status. 

When we talk about CAD work, it's important to remember the middle 
word: AIDED. SM 

• 



III " <.'1 
<Z> 
'''> 

• 

• 

• 

Our breakthrough 3-D 
technology can't be shown 

in a 2-D ad. 

Call for your first hand 
demonstration of the SDS/2 

Detailing System. 

Break through timf-{;onsuming 2-D, line-by-line graphics with the 3-D 
technology of the SDS/ 2 Version 5.4 gives you the ability to automatically 
produce shop drawings and other information about a structure never before 
possible. The benefits are invaluable to design engineers, steel fabricators and 
detailers .. . or anyone who is involved in the conception and production of steel 

The SDS/ 2 Software Solutions are the ultimate steel fabrication tool All 
information created in SDS/ 2 or transferred through DesignLlNK from third-party 
design software, can be used throughout all phases of design and fabrication. 
The SDS/ 2 Software Solutions include: 

• Engineering Analysis and Design Module • Detailing Module 
• Production Control Module 
· ~ting Module 

• CNC Interface 
• DeslgnLINK 

Call Design Data to arrange your personal demonstration or to request 
additional information. 

DESIGN 
DATA 
"First in .. .software. solutions. service" 
402-476-8378 or 1-8.lO-443-0782 



Our Tru-Tension holt was d."gneJ 

With one very important mhanragc 

over Other t\\lst-off bolts: a hex 

henJ. So remo\'lng thll bolt or checking the mstallatlon with 

a torque wrench is just as easy as installing it. 

Usmg a qUiet, hanJ~held power [(XJI. OUT Tm.Tcnsion 

sy. tern always provides the correct rcmion. It ilbo c111nll1atc~ 

What If you have to venfy the proper mstaltltlon of 

a hutton head bolt! Agam, It', "lmlN ImpossIble smce you 

can't even get a wrench on the hC<ld [0 te~t or remove 1[. 

Bur you can verify mstallatlon of our hex heaJ holt WIth the 

turn of a wrist and a ca ltbrated torque wrench. ~ 
Clearly, thIS is one bolt that won't let you I I 

screl\' up. Our Tru-TenSlon s),stem IS a\-'o fully traceahle to 

operator error Jurmg assembl)', the bolts come pre-assembb.l our Jome,tic sources, Itke all ucor fa,tene". They're fully 

and you can even save money thanks (0 the quick, easy 

installation and lower cost"> for visual inspection. 

Buc, In",(all any hunon head fasu~ncr compared to 

te'ted anJ certifieJ, mcluJmg compltance WIth FHWA, 

DOT amI AASHTO specific<ltllm, for hndge constructiOn. 

0, forget about cuttmg holts off wIth" rorch If 

our hex heaJ f,Nener, anJ there', no rurnlllg back. flecause somethlllg goes wrong. all u' at 800/955-6826, FAX 219/ 

It" almost Imp",slble to remove a button head fa'tener, you 337-5394 or write PO flox 6100, St. Joe, IN 467 5 to fmJ 

may even need a welJer to burn It off. That CO"it"-l you tlmc out morc about our Tru#Tcn"'lon "'Y"-Ilcm. And get a fa~{enc. 
and money. If you'" IIlstalled Oll r hex heau bolt in the firM that ha,,, good head ~ c:;::GfjiJ{ 3113 .{ 
place you could remove It with a simple, four dollclr wrench. for husincss. 



Steel Interchange 

• Stn-llnltTf#a,mgr' lS an open forum (or Mool'nl Strrl Co,,..trurlltl1l 
reader'S to exchange useful and practical professional Idea .. <lnd m­
formation un all ph..1SCS of steel bUilding and bridge con .. trU<.:lIon. 
Opinions and "uAAestion!. are welcome on any 'oubject covcn.>d in 
thJ!t m.lgaZtnl'. If you have a question or problem that your fcllow 
readers might help 10 sol .... e. please forward it to MOOt"''' Sh'd COli 

<;trurtu",. AI the "'lme hme feel free to respond to any of the qUl'S­
hons that you have read here_ Please send thl'm to: 

Sleelinterchange 
Modem Steel Construction 

1 East Wacker Dr. 
Suite 3100 

Chi(~go. IL 60601 

The following responses to questions from pre­
vious Steel Interchange columns have been re­

ceived: 

When designing a horizontal beam resting on col­
umns with an unbraced compression top flange, 
may full -height web stiffeners at the bearing ends 
provide braci ng to the compression fl ange without 
any intersecting beams? (See Detail) 

1 

1 
1 

'-,. 

1 I-.Tttl ca. ..... 

1 1 
4-J 

COLUMN TO BEAM CONNECT)ON 

,1m. .... 

-

The purpose of bracing the compression flange of 
a beam in bending is that this flange acts as a col­

umn and SO is predisposed to buckle. The beam's web 
prevents buckling in the flange's weak direction; so it 
buckles Sideways -about its strong axis (the beam's 
weak axis). (This is called "lateral torsional buckling" 
because the beam will twist as it buckles in this man­
ner.) To prevent this, the compression flange must be 
braced. 

However, the flange at the end of a simply sup-
• ported beam IS not in compression and doesn't need 

to be bracl>d for this purpose. The web stiffener could 

Answ('I'S and / or qU\.'StIOl\." should bt.> typewnlt\"n .1nd double 
Sp..1Ced _ Submittal!. lh..ll h.we oc'Cn prl'pan>d by word pnM.:\. ...... mg ar\.' 
apprl'Ciah.·ti on compuler di~k('lle (eIther ,15 a Won.lpl'rk'('1 til(' or In 
ASCII fonn.I) . 

The npllllOffi c\prl'S,",.·d III Sft'd l"tl'rrl141f1st do Illli 1l\."ll ....... lnly 
reprewnl an official posillun of the American In. .. tllull'ld Stl't'l Con­
struction. Inc. ,lnd h.w(' nut been rt.'"\'il'wl,,_l II i .. n .. 'C\~OI.ll>d Ih..lt the 
design of .. trucrur('<; i~ wilhlll thl' ..copt' and CXpt."I1I ...... · {l. J llJmpt.'­
t('nt IiccnM'CI structural t-'nglllrer, ,lrChltect or other Iil\,·n<.,t>d profl .... · 
sionJI for Ihl' appliol1on o( pnncipll"> to ,1 particul,lr ... tn.ll1ufe. 

Inlorrl"41tion on oruenng AISC pubhcahon..s mCnh(lIll....t In Ihl .. ar­
tiele can lx' obtainl'fJ by callmg AISC aI112: b70-24()J l'\1 411 

help prevent web buckling if shear were high, but 
based on the very light connection detail shown, it's 
obvious that this is not a consideration. 

ormally, the bracing utilizl>d for sltuattons 
where it is necess.1rY is another compre;'lon member 
(i.e. a brace, not a stiffener) that is capable of rc."isttng 
a small fraction of the flange compression force m the 
lateral direction. The actual d""lgn of such braCing IS 
beyond the scope of this letter, but is descnbi.>d In 

book> on structural steel design. 
Mark W. elllll/il/g/wIII 
Worcester, MA 

Is it permissible to weld nuts to bolts to prevent 
them from backing off? Are any special welding pro­
cedures required? Is the boltlnut strength affected? 

There are countless thOUs.lnds of examples where 
all kinds of bolts and / or nuts have been succe;s­

fully welded to each other and / or to the connectl>d 
parts: to preventing the nut from backing off; for hold­
ing the bolt in place during erc'CIion; for holding the 
fastener when there is no access to the far "de of the 
assembled member; or, for &ealing the fastener to 
make it air or water tight. 

However, it is not recommended that welding be 
added to supplement the strength of a threaded fas­
tener, for instance, where bolt threads are required, 
but fail, to engage the full threading of the nut. 

Column anchor bolts, not subject to significant 
uplift, have been successfully welded to column base 
plates via heavy washers to prevent shifttng of the 
base, but this is a special case requIring engmeering 
judgement. A column anchor bolt can be "X tended 
utilizing a properly executed groove weld 
Dat.id T. Ricker 
Payson, AZ 

Consider eccentricity and what has to be done to 
accommodate it in various connections. 

The determination of eccentricity and Its Impor­
tance require value judgements on the part of the 

designer. Even the most ordinary connection details 

Modern Sll"l'l Construction July 1993 / 9 
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provide a system complex enough for illustrative pur­
po es. In the hypothetical detail shown, the eccentric­
ity is a function of the designed relative stiffness of 
the various components. 

In Figure A, the load is applied near the column 
centerline when the beam stiffness is high and the col­
umn stiffness is low. The column cap plate stiffness is 
inconsequential. 

In Figure B, the load is applied out near the col­
umn face when the beam stiffness is low, the column 
stiffness is high and the cap plate stiffness is low, caus­
ing yielding of the cap plate at the column face. 

In Figure C, the load is applied further out, near 
the outer edge of the cap plate when the beam stiff­
ness is low and the column and cap plate stiffnesses 
are high. The bolt stiffness is assumed to be low for 
the sake of the discussion . 

In Figure D, the load is applied theoretically fur­
ther out still, potentially beyond the connection itself 
when the beam and column stiffness are low. In this 
case, the eccentricity is the bending moment trans­
ferred to the column divided by the load magnitude. 
The cap plate stiffness is inconsequential. 

More variations on this theme are possible in this 
detail but unnecessary to the discussion. Other appar­
ently ordinary details can be subjected to this type of 
examination. Often, however, they are not. This ex­
amination is usually reserved for those classic details 
in which eccentricity of load application is an obvious 
and routine part of the detail design. It is nevertheless 

10 I Modern Steel Construction I July 1993 

the responsibility of the designer to determine when 
this is necessary. 

The AISC Specification provides guidelines for 
classifying connection details according to the degree 
with which eccentricity is involved. The reader is re­
ferred to the Types of Construction section in the Gen­
eral Provisions of the Specification in both the ninth 
edi tion of the Allowable Stress Design Manual and 
the first edition of the Load and Resistance Factor De­
sign Manual. A comparison of the two is interesting. 
In the ASD Specification, connections are classified as 
either rigid, semi-rigid, or simple. In the LRFD Specifi­
cation, connections are classified as fully restrained or 
partially restrained, with simple connections being a 
special case of partial restraint. The evolution of the 
terminology is also interesting, with emphasis mov­
ing away from the classification of simple vs. fixed to 
a desire to identify the degree of partial restraint in­
volved. 

As more precise determinations of partial re­
straint become common place in the design office, it 
will increasingly be the responsibility of the designer 
to make value judgements about how eccentricity of 
load application is involved, when it is to be consid­
ered to be critical and to design the connection compo­
nents accordingly. 
David B. Morris, P.E. 
St. Paul MN 

New Question 

L isted below is a question we would like the read­
ers to answer or discuss. If you have an answer 

or suggestion please send it to the Steel Interchange 
Editor, Modern Steel Construction, One E.1St Wacker 
Dr., Suite 3100, Chicago, IL 60601-2001. 

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

There is a dearth of information related to the 
preparation of a pin hole in a lifting lug. We 

would like an opinion and sources of information 
that would answer the following question: 

If a pin hole in a lifting lug is Oame-cut, should 
the net section be reduced to compute the capacity of 
the lug? 

Thank you very much for making available to the 
profesSion a wide variety of opinions in this matter. 
Richard W. Frazee, P.E. 
Dossett Engi neering Co. 
Maryland Heights, MO 

• 

• 

• 



AISC ANNOUNCES 

VOLUME II CONNECTIONS MANUAL 
ASDjLRFD 

... Volume 1/ Connections 
Is a companion and 
extension to the AISC 
Manual of steel 
Construction (both LRFD. 
1 st Edition . and ASD. 9th 
Edition). 

... Contains examples 
and information on steel 
connections not published 
anywhere else. 

... Has practical and 
economical examples of 
complex connection 
designs in both LRFD 
and ASD. 

... Based on the latest 
AISC LRFD and ASD 
specifications. 

... Covers bolted 
and welded 
shear. moment. 
and bracing 
connections In 
applications not 
treated In either 
the ASD or LRFD 
Manual of Steel 
Construction. 

... FREE BONUSI 
An updated copy 
of the AISC Code 
of Standard 
Practice wlli be 
sent with each 
book. 

704 PAGES - ONLY $60.00 - ORDER YOUR COPY TODAY! 
.... ...................................................................... .... .......................... .. .................... .. ........ ................ .......................... .. ................ .. .................................................. .. 

YES! I must have Volume II Connections. Retum to: 
Send me __ copies at only $60 each. AISC Connections Offer 

PO Box 806276 
Nome{T1t1e Chlcogo. IL 6068(}4124 

Company ________________________________________ __ 

Addre~ ________________________________________ ___ 

Clty/Stote/Zip ____ _ _ ____________ _ 

Phone __________________________________________ _ 

::::: Check enclosed o Charge my 0 VIsa 0 MosterCard 

Phone Orders 
312/670-2AOO X433 

FAX Orders 
312/670-5403 

Please enck)se remIttance. 

25·. DISCOUNT 
FOR AISC MEMBERS 

Acct/ _____________________ Explres ____ No COD orders Add $5 fo, UPS 
Slgnoture charge. Fo,elgn orders $ 10 

mlnlnum for shipping. 
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Note: Maximum Icnghts of shapes obtained vary with producer, but Iyplcally range 
(rom flO' to 75' Please consull individual producers for unusuallength.<.; 

Principal Producers Of Structural Shapes 
B. Bethlehem Steel Corp. I Bntlsh Steel 
C. Chaparall Steel M. SMI Steel Inc. 
F. Florida Steel Corp. N. Nucor·Yamato Steel 

Section Producer 

R. Roanoke Steel 
S. North Star Steel 
T. TradeARBED 

U. Nucor Steel 
W. Northwestern Steel & Wire 
Y. Bayou Steel Corp. 

Producer 
Code Weight Per Ft. Code 

~ W44x335· . • • • • • • T 

Section 
Weight Per Ft. 

l' W27x336 . 
W27x307 
W27x28t 
W27x258 .. , 

W 44 x2'lO" • • • • . . T 
W44x262· . . . . . • • . . . . . .. . ... ' T 
W44x2JO· . 
W44xl98-2!l, 

W40x297-655 
W40x294-5I> I • • • 

..... T 
· . -r'" 

W4O-<192·128 . . . . . . ... . 

... p .. 

. , . ,... ... 

... ~. 
W40><321,3n,411,50.1·,593 , • 
W40x278_l1l ,:l92,466' 
W40x297 
W40x277 
W40><264' , .. . . 
W40><249 
W4Qx23,' 
W40x215 

,. T 
T 
N··, ,... .. 
NU, T 

· B, T 
· . N··, T 

B, T 
N", T 

W40x2II' " .. " .... " · B, T 
.. N"', T 

. T 
W40xl99 
W40xI74' , •. . •• 
W4Ox149· ltll •.. , , S, I, N··, T 

W36x~ •.... ....... . T 
W36xno . . . . . . . , . . . ,..... 
W36x650 .. ... . . T 
W36x51lH 
W36x,27 
WJ6~485 

W36x439 
W36x.193 
W36x328-159 
W36x2ffi.J<1O 

· . 'P-
· T ,.." 

T 
B, T 

.. B, I, T 
B, I, N", T 

W36x232, 256 . . • . . . . · B, I, ,...· 
W36xl35-2.1O, 245 . , , .. . 

W3.1x387-619 
Wl1X263·.l~ 

W3.1x201 -241 
W13xl69 
W33x II !!-I 52 

W3Ox581 ,526 
W3Ox477 , 
W3Ox431 ......... 
W30x391 ".. .. " " 
W30x357 . 
W3Ox26I , 292, 326 
W3Ox284· ... 
W3OxI73·235 
W3Oxl65· .... 
W3Ox14l! ...• , 
W3Ox99-J12 
W3Ox90 . , .••• 

· B, I, N", T 

· ,.." 
· B, T 

B, N", T 
· B, T 
· D, I. N··, T 

,.." 
· T 

. ..... 'P •• 
.. "". T 

· "['t •• 

.... B, T 
.." .. I 
. , ... S, I, N··, T ,.." 

B, I, T 
· S, I, N··, T 

B. N··, r-*. 

... T W27x539 
W27x494 
W27x44l! 
W27x407 
W27x368 

......... 1"". 
. T .,.... 

.. .. .. T 

Notes ' • Shapes nol currently hsled in Manual 01 Sleel ConslructlOn 
.. MIU is scheduled 10 begin rol. ng these shapes In 1993 
... Only avaIlable Ihrough lhe end 01 1993 

W27x235 . 
W27xt46-217 
W27x112· .... 
W27xl29 .• 
W27x84-114 . • 

W24x492 ..• 
W24x4'iO 
W24x408 
W24x370 ... 
W24x335 
W24x:106 . 
W24><279 
W24x2.'iO . . . .. " .•.•• 
W24x229 .. .. . • .. . . . " .. 
W24x207 ...• 
W24xl92 . ' 
W24xl 76 , .. . ••...•.. . •. 
W24xl04-162 
W24xlOl .. 
W24x84-94 . . . .. • .... 
W24x55-76 . 

W2hI82·201 , .•• ' 
W2Ixl66 .. • ..... , 
W21xtl1-147 •..... ' 
W2Ix44·73 . 

W 18x.25/l-311 
WI8xI75-234 
W18xl1O-158 
W18x76-119 
W18x65-71 . 
W18x35-60 , . • •..•• 
WI6x67· IOO . ... . • . .•..• , 
WI6x57 . . .. . . . ' . . ... . 
WI6x26-SO . . . • . . . •. • .•.•. 

W14x808' 
WI4x342·730 
WI4x311 .. 
WI4xI45-283 
WI4x'JO-I32 
W14,82 . •• 
W14x74 . . 
W14x61-68 • 
WI4x4J-5.1 .• 
W14x38 .. 
WI4x22·34 .• 

WI 2x252·336 
W12x210-230 .• _ ....... . 
WI2xI70-190 .. . .....• 
WI 2x I16-152 
W12x65-120 . . .•.......• ' . 

N" , "['t •• 

S, N··, T 
I 
B, I, T, W 
B, I, Nn, T, W 

T ,..­
T ,..,. 
T ,.." 
T 
NU, ro··, W 
N··, T, W 
N-,""', w 
I, N", T, W 
B, I, N", T, W 
B, I, N, T, W 
B.,... .. , W 
B, I, N, W 
S, C, I, N, W 

I, W 
8, I, W 
S, I, N, W 
B, C, I, N, W 

B 
B, W 
B, N''', W 
B, N, W 
B, I, N, W 
B, C, I, N, W 
B, N, W 
B, I, N, W 
B,C, I, N, W 

B 
B, I, T 
B, I, T, W 
B, I, NU, T, W 
B, I, N, T, W 
B, N, W 
B, C, I, N, W 
B,C, N, W 
B,C. I, N, W 
B, I, N, W 
B, , I, N, W 

B, ro·· 
B, T 
B, I, T, W 
S, I, •• , T, W' 
B, I, N, T, W 

• 

• 

• 



" 

• 

• 
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Principal Producers Of Structural Shapes 
B. Bethlehem Steel Corp. I British Steel 
C. Chaparall Steel 
F. Florida Steel Corp. 

Section 
Weight Per Ft 

WI2><50-58 
WI2.16-45 
WI2,I4 

WI0x88-112 
WIo..49-77 . . • 
WlQxn-45 .. 
WIQx22-30 
WIO,I5-19 .. . 
WIO,I2 

WS'<3\-07 
W~xlll-28 

W~'15 
W8,10-13 

W6, I 5-25 
W6'12-16. 
W6x9 
Wbl(8S· 

W4.13 

5 24,~121 
520><66-96 
518,54.7·70 
515,42.9-50 
5 12,31.11-50 
510x25.4-35 
5 ~,18.4-23 
56,12.5-1725 
55,10 . • 
S4l:95 
54,7.7 
53x7.5 . 
53><5.7 .• 

M 12>10.11-11.8 . . 
M 10.11-9 
M 8,6.5 
M 5x18.9 ..• • 

HPI4.73-11 7 
HI'I 2>53-84 
111'10..42-57 
HP8x36 

C 15.33.9-50 
C 12x30 
C Ihl0.7-25 
C 10,25-30 
C 10.153-20 
C '1>..20 .. 
C 9,13.4-15 
C 8,IS.75 
C 8,1I5-13.7'i 
C 7xI2.25 

M. SMI Steel Inc. 
N. Nucor-Yamato Steel 

Prciducer 
Code 

· B,C, I,N, W 
.. . B,C,N, W 

...... B,C,W 

B,I,N,W 
B,C,I,N.W 
B,C.N,W 
B.C,I.N. W 
B.C.I.W 
B.C, W 

B.C.I.N.W 
B,C N.W 
B.C.W.Y 
B.C. M. W. Y 

..•.... B.C,I, N. W 
• .... B,C.W. Y 
..... B.C. M. W. Y 

• ....•... C, M, Y 

......... B 

.... B,C.M. Y 

.... B. W 
. .... B, W 

.... . .... B.W 

.. ......... B.W 
.• B.W 

B.S. 
· B.C.5 

C.5. Y 
...... .... C.Y 

C 
... c, y 

.. . .... C 
... _ •.... C.M.Y 

. C 
.......... C 
......... C 
. ........ B 

..... B. I, N. W 
.......... B, I,N, W 

. ....... B. I.C.N. W 
.. B,I/C,N. W 

B,N··, W 
· B.W 

.. B.C.5. W 
.. .. _.. B.5. W 

...... B.C.5.W 
.. B 

B,5 
5.W.Y 
C. M.5, U. W. Y 

.5,U.W 

Notes • Shapes not currenlty IIsled In Manual of Steel ConstructIOn 
.. MillIS scheduled 10 begin rolling these shapes In 1993 
••• Only available through the end 01 1993 

R. Roanoke Steel U. Nucor Steel 
S. North Star Steel 
T. TradeARBED 

W. Northwestern Steel & Wire 
Y. Bayou Steel Corp. 

1~ 
C 
C 
C 
C 
C 
C 
C 

Section 
Weight Per Ft 

7x9.8 ................ .. 
6.13 . . .. . .•......• 
6,10.5 ..•. . .• 
6,8.2 
5x9 .............. .. 
5,6.7 
4x5.4-7.25 
3x6 .. , 
3,41-5 

MC 18.42.7-58 
MC \],31.11-50 
MC 12'<31-50 
MC 12>10.6 • 
Me I Ox22-4 1.1 
MC 10.8.4 
MC 9x23.9-25.4 ••..••. 
MC 8xI8.7-22.8 .. . .. 
MC 8.8.5 .. 
MC 7xI9.1-22.7 • . ...•. 
M 6,18... . ..... . 
MC 6.12-16.3 
M 4x13.S' 
Me 3x7,1' ... 

I Section By Leg 
I Length & Thickness 

L8x8x ll.i1 

L6x6x 

I L5x5. 

L4x4.x 

1 
'Ill • 
y" . ,.. 
qIJ6 • ..•••••• 

\;. . 

I ........ 
'Ill .. 
J;. 
% .... . ... . ... . . . 
~1" •....... . . 
\; ........ 
7/1b . ...• • .•••.•• • .• 

'I!! ........ .. 
snb ... . 
'Ill .. 
Y4. 
,.. .. 
\; .. 
111t~ •. 
'I!! .. _. 
Ylb .• 

314 .. . 
'Ill ... . 
1-1 ..• 

Prciducer 
Ccide 

M,5.V, W 
M,S. U. W. Y 
C. M. S. U. W. Y 
C.I',M.V,W, Y 
M.U, W,Y 
F. M . U.W. Y 
F.V. M. W.Y 
M, W,U,Y 
~, M , R, U. W. Y 

B,N" 
H, N'" 
8, N·· 
5 
B 
5 
B 
B,5 
M 
B 
B 
S,S 
5 
S 

Prciducer 
Ccide 

8 
8.S 
8,S 
8,S 
D,S 
B.5 
8,S 

B,U,Y 
8.U. Y 
B.M.U,Y 
B.M,U, Y 
tl. M, U, Y 
B. M.S. U. Y 
O. M, U,Y 
0, M, S. V, Y 
M.U, Y 

B.U,Y 
B.M,U,Y 
B,M.U.Y 
B. M,V. W, Y 
H, M,U. Y 
IJ, M, U, W. Y 
B. M.U, W. Y 

M.U,Y 
M.U.Y 
P,M. R, V. W, Y - ~ 
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Principal Producers Of Structural Shapes 
B. Bethlehem Steel Corp. I British Steel 
C. Chaparall Steel M. SMI Steel Inc. 
F. Florida Steel Corp. N. Nucor·Yamato Steel 

Section By Leg 
Length & ThICkness 

Producer 
Code 

'-I, ...... F, M, U, Y 
3-1< •••••••••••••••• F, M, R, U, W, Y 
it" ................. F, M, R, U, W, Y 
Ij • ................. F, M , R, U, W, Y 

L3'hxJ Inx 'h . . . 
1/1" . 

. .•... F, M, R, U, W, Y 
. ....• U,Y 

L2x2x 

L8x6x 

L8x4x 

L7x4x 

L6x4x 

Notes 

'!-i. 
.,." 
Y. •• 

'h. 
7IJb • . 

l1. . . .. . 
~b .• 

J;~ .. 
1'u. . 

l!.l ••• 
'4 
'Y!h .... 
1/4 • 

Ylb 

l1. ....... . 
"It6 . . . . •. . 
14 .....•. 
V,b ......• 
\1! 

I 
'4 
Y. .. 
'If! 
~6 •• 
'h , . 
7/u, " 

• . . F, M, R, U, W, Y 
..... F, M, R,U, W,Y 

. ..• F, M, R, U, W, Y 

. ... F,M,U,W,Y 
· ... U,Y 

. ..... . F, M, R, S, U, W, Y 
· ..... F,M, R,S, U, W, Y 

· .. F, M, R, S, U, W, Y 
• F, M, R, U, W, Y 

•. F,U 
· F,S,U 

. ....... F,S,U 
....•. F,S,U 

· .. F,U 

• . . . .. . F,S,U 
· ....... F,S, U 
· .. . .... F,S,U 

· ..... F,S,U 
· ..... F,S, U 

. B,S 
....• 8 
• .••. 8,S 

.•. B 
• ... 8,S 
. " . 8,S 

· . , .. 8,S 

1 ... 
7A\" , .. 

. .... . ..... 8,S 

~ .. . 
~ .... . 
~,. .. 
II.!: •... 
7/u: ... 

· ..... 8,S 
.•...•..... B,S 

" ..••... B,S 
· .... B,S 

· . B,S 
. " ., ... B,S 

h .. . .. B,Y 
~ •... " .. 8,Y 
'h .... . .•... . ... B,S,Y 
7tH,,· . • •• . .......... a, Y 
l1. , .....•..... 8,S,Y 

'AI 
'1-, 
'AI 
~Ib 
In 
'.;, 
~ .. 

•.•. .. B 
8, M,S, U, W, Y 
B,M,S, U, W, Y 

.8, M,U,Y 

. B, M, S, U, W, Y 
8,U,Y 

· . . .. 8, M, S, U, W, Y 

• Shape! nol currenlty listed In Manual 01 Sleel Construchon 
,. MIU IS scheduled 10 begin roiling these shapes In 1993 
••• Only available through the end 01 1993 
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R. Roanoke Steel U. Nucor Steel 
S. North Star Steel W. Northwestern Steel & Wire 

Y. Bayou Steel Corp. T. TradeARBED 

Section By Leg 
Length & Thickness 

7'lb ..... .. .• .... 

L6x3 lhx 'n ................ . 
'!-i. ... , . ••... , .•... 
'Ylb ............ . 

LSxJx In ........ . 
7/lt. 

'!1J.. . ..... 
Yltl. .., .. 
1;.. • •• .• • • •• . 

L4xJ '& In ... ,. . .•. , 
'!-i. ' .• " ..•••••• 
~n ...•.....•• 
1;4. •.••....... • 

L4x3x ~ ............ . 
'h .............. . 
~ft ••••••..••.• 
'!-i. 
'YJ6 •..... 
v. 

Producer 
Code 

S, M,S, U, W, Y 

M,U, W, Y 
B, M,U, W,Y 
B, M, U,W,Y 

M,U,Y 
M,U,Y 

M,U,W,Y 
M,U,W,Y 

M,U, W,Y 
M,U, W,Y 

F,M,U,W,Y 
F, Y 
F,M,U,W, Y 
F,M,U,W, Y 
F, M,U,W, Y 

F,M,U,W 
F,M, R, U, W 
F,M,R,U,W 
F, M,R, U, W 

M,U,Y 
r , M,U, W, Y 
U,Y 
F, M, R, U, w, y 
F,M, R, U, w, Y 
F, M, R, U, W, Y 

U,W 
M,U,W 
M,U,W 
M,U, W 

'n . ........ , . " ... U 

L3x2'& 

l..3x2x 

'!-i. ................ U 
V4.. ........ u 

'n .......... , 
'AI • •• .. . .. . 
YUI .•. 
114. . •. . ..... 
ht. ..... 

'h , ... , ........... . 
~ ... , ...... . 
511n • . . . .. ••.. . 
1/4 . • • • • • • •.•••. 
Jllh •.• . . 

U 
U,w 
U,W,Y 
R,U,W 
U 

F, U 
F,S,U 
F,S,U 
F,R,S,U 
F,R, U 

R,S,U 
S,U 
R,S,U 
R,S,U 

• 

• 



• ~~~~:!~al pr~d~:,~:;~~~ St~~~~~"~~~in? ~L_~-. __ --j 

B. Bull Moose E. Eugene Welding Co. P IPSCQ Sleel W Welded Tube Co. 01 AmerICa 
C. Gopperweld Corp. H. Hanna Sleel Corp. U. UNR·Leavln. Dlv. of UNR Inc. X. EXL TUBE 

3Ox30x'1\I . . .. . . . . . . V" 

28x28x% . . . . . ..... V' 

26x26x51\1 . . . . . . . . . . V' 

24x24x%, h,31\1 . . . . . . V' 

22x22x%, '~31\1 . . . . . . V' 

20x20x%, ,~~ . . . . . . V' 

18x 18x51\1, 'h. 31\1 • . . . . . V' 

16x16x% . . . • . .... V' 
16x16xh, '1\1, 5116 . ..•.. V', w 

14x14x% .......... V' 
14x14xh,31\1 ........ V', W 
14x14x5116 . .. . .... W 

12x12x% . . .. . .... B 
1 2x 1 2x'~ 31\1 . .•..... B, V', W 
12x12x5116, '4 .••.... B, W 

I Ox1Ox51\1 .......... B,C 
IOxl 0x'h. '1\1, 5116, '4 .... B, C. P, U, W 
IOxl 0x'1I6 .•. . •.... B, C, P, W 

8x8x51\1 . . . . . . . . . . . B, C 
8x8xh .... . ...... B, C, P, U, W 
8x8x'1\I, 5116, '/4. 3;,6 .... B, C, D, P, U, W 

7x7x% ........... B 
7x7xh •.... . . . ... B, C, P, U, W 
7x7x31\1, 5116, '14,311. . ... B, C, D, P, U, W 

6x6x% ......... .. B 
6x6xh ...... . .... B, C, P, U, W 
6x6x'1\I,5116 .. .. . . . . . B, C, D, I, P, U, W 
6x6x l/4. Jnb .. ... . .. . A, 8, C, D, I, P, V, W, X 
6x6x\il ...... . .. . . A, B, C, I, P 

ShxS'nx1I\1, 5116, \14,3116, '1\1 B,I 

sx5xh . .. . ...... B, C, P, U, W 
Sx5x'I\I,!Y,6 .. . . . . .. . B, C, D, I, P, U, W 
5xSx1J .. ...... . . .. . A, B, C, D, I, P, U, W, X 

~ Sx5x'116 ........... A, B, C. D, 1. P, U, V, W, X 

Sx5x'l\I .... . ...... A, B, C, I, P, V, W 

4'l2x4hx'I\I,!Y,. . ...•. I, P, W 
4hx4hx\l4,31i6 ...•.. A, B, C, D, I, P, W, X 
4hx4hx\il ......... A, B, C, P, I, W 

4x4xh ......•.... B, C, 1', U, W 
4x4x~,!Y,6 ......... A, B, C. D, E, 1. P, U, W 
4x4x\l" 3116, '1\1 ... . ..• A, B, C. D, E, I, P, U, V, W, X 

3hx3hxslI. . . . ..... A, B, C, E, I, P, U, W 
3hx3hx\l,,3116 . •.... D, P, X 

3x3xYJ6 . . . . . . . . .. I, P, W 
3x3x\l4,3116 . ...• . ... A, B, C, D, E, I, P, U, W, X 
3x 3x\il . . ... . •. .. . A, B, C, D, E, I, I' , U, W 

2hx2h xsll6 .. . ..... 1 
2hx2'l2x\l, ,3;' 6 .... . . A, e, C, D, E, I, P, U, V, W, X 
2'Ilx2'12x'I\I ...... ... A, B, C, D, E, I, P, U, V, W 

2x2xs1l6 ........... 1. V 
2x2x'4 ... . . ...... A, B, C, D, I, U, V, W, X 
2x2x1fJb .... . ... . . . A, B, C, D, E, I, P, U, V, W, X 
2x2x'l\I ........... A, B, C. D, E, I, P, U, V, W, X 

I hx l hx3;' 6 ..... . . . B, E, P, U, V 

3Ox24x '12, ~,sIl6 ...... V' 

28x24x'l2, 31\1, 5116 ...••• V' 

26x24x h, 31\1, 5116 ....•• V' 

24x22x 'I2,~, 5/'6 . . .... V' 

22x20x '~ 31\1, 5116 ..... . V' 

20x18x '~ 31\1, 5116 ...... W 
20x12xh, '1\1, 5116 ...... W 
20x8x'h. 31\1, 5116 ...... W 
2Ox4x'l2, 31\1,!Y,6 ...... W 

18xI2xh,)1I,5116 ...... V' 
18x6x 'h. ~, 5116 ...... B, W 
18x6x'4 ........... B 

16x12xh, 31\1, 5116 . . . .. V', W 
1 6x8x '~)1I, Sli. . ..... B, W 

I Notes: 'Size is manufactured by Submerged Arc Welding (SAW) process and are not stocked by 

• 

steel service centers (contact producer for specific requirements. All other sizes are 
manufactured by Electric Resistance Welding and most are available from steel service centers. 

L-I ____ _ 
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Principal Producers Of Structural Tubing (TS) 
A. Acme Roll Form'ng 
B. Bull Moose 
C. Copperweld Corp 

D. Dallas Tube & Rollform 
E. Eugene Weld'ng Co 
H. Hanna Steel Corp. 

16x4x \1, '-ii, 'IJ. .. B,W 

14x12x\1,111 . • ... V' 
14xlOx\1,11I, y,.. . . B, W 
14x6x%. • • . . . . . .. B 
14x6x'I>,11I, 'li., '/.. B, W 
14x4x%. . • . . . • B 
14x4x'I>, ill, 'lib, 1;, •. B, W 
14x4x1/lb ..... B 

12x IOx'l>, ill, y,., 1;.. .. B 
12x8x'ilt. . . . ... B 
12x8x'I>,'.jj, y,., 1;. • . B, C, U, W 
12x8xY,. .. ..••.. B, C, W 
12x6x'ilt. . . . . . . . . . . B 
12x6x \1,111, 'li., 1;, . . . . . B, C, U, W 
12x6xY,. . . . . . . . . . . B, C, W 
12x4x'ilt . . . . . . . . . . . B 
12x4x \1, 'It!, ·Y,., 1;,,'1, • .. B, U, W 
12x3x'lt., 1;., Y,. .. . .. B 
12x2xV.,'I, •........ B, U 

1 Ox8x'I>, ill, 511., 'I., Y, •.. B, C, U, W 
1 Ox6x'I>, 
1 Ox6x11l, Y'b, 1;,,'1,. B, C, 0, P, U, W 
IOx5x11l, y,., '/4, 'I,. .. . B, C, 0 
IOx4x'l>.. . .... .. B, C, p, U, W 
IOx4x11l, 5/,., '1.,'1, • .... B, C, 0, P, U, W 
1 Ox2x11l, Y,. .. 0 
IOx3.'I., Y,. ••.. B, 0 
1Ox2x'lt. • . • P, W 
1 Ox2xy", 'lIb .••.... H, D, P, U, W 

8x6x'Iz .......• . B, C, p, U, W 
Bx6x1il, YJ6, 1,1 ... ~/lb •• . B, C, 0, P, U, w 
8x4x'ilt .. ..... . B 
8x4x'I> ..• . •..... B, C, p, U, W 
8x4x11l, 'It. . . . . . .. . B, C, 0, H, I, 1', U, W 
8x4xV., 'I,. . .. ... . A, B, C, D, H, I, P, U, W, X 
8x4x'-1\ .. .•..• . A, B, 0, I, P 
8x3x'lz •. C, P, U 
8x3x 111, 'lib .•.. ... B, C, 0, H, I, P, U, W 
8x3x '/4,'1,. . .. .. A, B, C, 0, H, I, P, U, W 
8x3x'hl • . • . . .. .. A, B, C. 0, I, P 
8.x2x11.. ...... H 
8x2xY,. . .. .••. H, I, P, W 
Bx2xV4, Yin. . .. .. A, B, 0, H, I, P, U, W 
8x2x'lt! • • ... A, B, 0, I, P 

7x5x\1 ......... B, C, P, U, W 
7x5x11l. 'li.. •.. ... B, C,I, P, U, W 
7x5xV., 'It. .... A, B, C. H,I. P, U. W 

16 1 Modern 51('('1 Construction I July 1993 

I. Independence Tube Corp. V. Valmont Industnes Inc. 
P IPSCQ Steel W Welded Tube Co of America 
U. UNR·LeaVltt, Dlv. of UNR Inc. X. EXLTUBE 

r 7x5x'-1\ ........... A, B, C, I, P 
7x4x11., 'IJ •.... ..... B, C, D, H,I. P, U, W 
7x4x'/., 'II • . . ....... A, B, C, D, H, I, P, U, W, I 
7x4xY, •........... A, B, C, H, I, P 

7x3x11., 'li6 ....•.... B, C, D. H, I, I', W 
7x3xl/4, YJb ......... A, 5, C, H, I, P, W, X 
7x3x 11ft ... . • ..... A, B, C, D, H, I, P 

6x4x\1 •.•..•..... B, C, P, U, W 
6x4x~, Yto ......... B, C, 0, H, I, P, U, W 
6x4xY4 ....... . ... A, 5, C, D, H , I, P, U, W, X 
6x4xY'6 .. ......... A, B, C, D, H, I, P, U, V, W, X 
6x4x'hl ........... A, B, C, 0, H, I, P, V, W 
6x3x\1 ........... P, U 
6x3x11., 'It. . ........ B, D, H, I. 1', U 
6x3xV. . ....•..... A, B, C, D, H, I, P, U, X 
6x3x'l'6 ........... A, B, C, 0, H, I, P, U, W, X 
6x3x'I\I ........... A, B, C, D, II, I, P, W 
6x2x-11I ........... H 
6x2xYt •........... H, I, 1', W 
6x2x'l4,116 ......... A, B, C, D, E, II , I, P, U, W, X 
6x2x'hl ........... A, B, C, 0, E, H, 1,1', U, W 

5x4xi1o, 'li6 ......... I, P, W 
5x4x'4, 'II • ......... B, C, 0,1. P, U, W 

5x3x'I> ........... C, P, U 
5x3x11l, 'li6 ......... B, C, D, H, 1,1', U, W 
5x3x'/4, Y,.. . ...... A, B, C, D, E, H, I, P, U, W, X 
5x3x'-1\ ........... A, B, C, 0, E, H,I. P, U, W 

5x2xY,. . .......... I, P, W 
5x2xV., 'lib ......... A, B, C, D, E, H, 1,1', U, W, X 
5x2x1/tl: ........... A, 8, C, 0, E, H, I, P, U, W 

4x3x5/'6 ..•..•..... B, I, P, W 
4x3xY4, .yIlt •• ..... . . A, 8, C, 0, E, H, I, P, V, W, X 
4x3x'lk ........... A, B, C, D, E, H, I, P, U, W 

4x2x11. .•......... H 
4x2x'li6 .. . •. ...... H, I, p. W 
4x2x'4, 'II • ......... A, B, C, D, E, H,I,I', U, W, X 
4x2x'l\! .•. • ...... A, B, C, D, E, H, I, P, U, W 

3x2x5/,. • •• • ••.... I 
3x2xV., Y,6 ...•.. ... A, B, C, D, E, H, I, P, U, V, W. X 
3x2xl-'k ........... A, B, C, D, H, H, I, P, U, V, W 

• 
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Principal Producers Of Steel Tubing (Round) 
C. Coppen"eld Corp. 
P. IPSCO Steel 

U. UNR-LcavllI, Div. of UNR Corp. W. Welded Tube Co. Of Amenca 

20.000x.500, .375, .250 1"', W 

18.000x.500, .375, .250 .. 1"', W 
16.000x.5OO. . . . P', W 
16.000x.375, .250. . . . . . P, W 
16.000x.I88. . . . . . . . . P, V· 
16.000x.I25. . . . . . . . . V· 

14.000x.500, .438, .375, .250 P, W 
14.000x. 188. . . .. . .. p. V' 
14.000x.125.. .• . .. V' 

12.7SOx.5OO, .406, .375 .. P, W 
12.750x.lBB, 125 . ..... P, V " 

1O.75Ox.5OO, .365,.250 .. P, W 

10.000<.625, .500, .375, .312 C 
10.000x.25O, .1 88 .... . . C, V 
1O.000x. I25 ......... V 

9.625x.5OO ......... C, U 
9.625 ... 375, .312, .250, .188 p. U 

8.625<.500 • . C, P, U 

V . Valmont Industries, Inc. 

8.625x.375, .322 ...... C, P, U, W 
8.625x.25O, 188 ...... C, P, U, V, W 
8.625x.125. . ...... P, V, W 

7.000x.5OO • . .. . ... C, P, U 
7.000x.375, .312,.250 C, P, U, W 
7.000x.l88 . . . • . . . C, P, U, V, W 
7.000x.125. ... . .. C, P, V, W 

X. EXLTUBE 

6.625x.500, .432 . .... P, U 
6.625x.375, .312, .280 ... P, U, W 
6.626x.250, .188 ... .. 1', U, V, W 
6.625x. l25 ......... 1', V, W 

6.000x.5OO, .375, .312 ... W 
6.000x.28O . ....... X 
6.000x.25O, .188, .125 ... V, W 

5.563x.375 ... .. •. . P, U 
5.563x.2S8 .•. . . • . P, U, V, W 
5.56..1x.134 . . P, V, W 

5.000x.500, .375, .312 . .. P, C, W 
5.000x.258 ...... . . P, X 
5.000x.25O, .188 .... . C, 1', U, V, W 
5.000x.l25 ......... P, U, V, W 

4.500x.237, .188, .125 ... P, U, V, W 

4.000x.25O, .266, .188, .125 U, V, W 
4.000x.237, .337 

3.500x.318 ......... X 
3.5OOx.300 ......... 1', W 
3.500x.250, .203, .188, .125 1', U, V, W 
3.5OOx.216 . . . . . .. P, X 

3.000x.300, .216 . .... X 

2.875x.276 .. . . . .• W 
2.875x.25O, .203, .188, .125 P, U, V, W 

2.375x.25O, .218, .188 ... P, V, W 
2.375x. I54, .125 ...... P, U, V, W 

Notes: ' Indicates size is manufactured by Submerged Arc Weldmg (SAW) Process and is typically not stocked 
by steel service centers. Other sizes are manufactured by Electric Resistance Welding and typIcally 
are available from steel service centers. For more information contact the manufacturer or the 
American Institute for Hollow Structural 5cchons (412) 221 -8880. 

Also, o ther sizes and wall thicknesses may be available. Contact an Indi\'idual manufacturer for 
more details. 
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Structural Steel Shape Producers 
Bayou Steel Corp. 
P.O. Box 5000 
Laplace, LA 70068 
(800) 535-7692 

Bethlehem Steel Corp. 
301 East Third SI. 
Bethlehem, PA lS016-7699 
(800) 633-0482 

British Steel Inc. 
475 N. Martingale Road #400 
Schaumburg, IL 60173 
(800) 54H244 

Chaparral Steel Co. 
300 Ward Road 
Midlothian, TX 76065-9501 
(800) 529-7979 

Florida Steel Corp. 
P.O. Box 31328 
Tampa, FL 33631 
(800) 237-0230 

Northwestern Steel & Wire Co. 
121 Wallace SI. 
1'.0. Box 618 
Sterling, IL 61081-0618 
(800) 793-2200 

North Star Steel Co. 
13SO Corporate Center Curve 
Suite 215 
P.O. Box 21620 
Eagan, MNB 55121-0620 
(800) 328-1944 

NucorSteel 
P.O. Box 126 
Jewett, TX 75846 
(800) 527-6445 

-------

Nucor-Yamato Steel 
P.O. Box 1228 
Blytheville, AR 72316 
(SOo) 289-6977 

Roanoke Electric Steel Corp. 
P.O. Box 13948 
Roanoke, V A 24038 
(SOO) 753-3532 

SMI Steel, Inc. 
101 South 50th SI. 
Birmingham, AL 35232 
(SOO) 621-0262 

TradeARBED 
825 Third Ave. 
New York, NY 10022 
(212) 486-9890 

Structural Tube Producers 

American Institute for Dallas Tube & Rollform Independence Tube Corp. 
Hollow Structural Sections P.O. Box 540873 6226 west 74th SI. 
929 Mclaughlin Run Road, Suite 8 Dallas, TX 75354-0873 Chicago, lL 60638 
Pittsburgh, PA 15017 (214) 556-0234 (708) 4%-0380 
(412) 221-88SO 

IPSCO Steel, Inc. 
Eugene Welding Co. P.O. Box 1670, Armour Road 

Acme Roll Forming Co. P.O. Box 249 Regina, Saskatchewan 541' 3C7 
812 North Beck SI. Marysville, MJ 48040 CANADA 
Sebewaing, MI 48759-0706 (313) 364-7421 (416) 271-2312 
(800) 937-8823 

UNR-Leavitt, Div. of UNR Inc. 
EXLTUBE, Inc. 1717 West 115th SI. 

Bull Moose 905 A tIa n tic Chicago, IL 60643 
57540 SR 19 S North Kansas City, MO 64116 (BOO) 532-8488 
P.O. Box B-1 027 (800) 892-8823 
Elkhart, IN 46515 Valmont Industries, Inc. 
(800) 348-7460 P.O. Box 358 

Hanna Steel Corp. Valley, NE 6S064 
3812 Commerce Ave. (BOO) 8250-6668 

Copperweld Corp. P.O. Box 558 
7401 South Linder Ave. Fairfield, AL 35064 Welded Tube Co. of America 
Chicago, IL 60638 (800) 633-8252 1855 East 122nd SI. 
(800) 327-8823 Chicago, IL 60633 

(SOO) 733-5683 
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H,-Y so rans"a Tesllng 
F(K structural appJ~tlOm th" 
~m,nd pre"er !,rength, closer 
toler.flCe! .nd use of ,.br'C.t,on. 

Electric RssIstlnce W.,dmg 
All 01 our tubing products 
.ra &iectflC , ' ra!l!tanca 
wald«J lor super/or s trangth 

Measures tM strength oll/n/med tubing TheH 
eXile' pro".rtles .r. reported on our certlfIC.tlOns 

the Tube People ... Know that there is no substitute for experience. Our aver­
age employees service time is 20 years "plus". This kind of dedication assures you 
consistent, high quality tubing every time you order from Leavitt. Our staff of professionals 
offer you technical support and assistance in order to fulfill any of your special require­
ments. You'll get instant answers over the phone or in person from our inside or outside 
sales representatives - individuals who understand tubing from the manufacturing pre­
cess through the end use application. Quality tubing products can only be produced 
through years of experience - with UNR-Leavitt you'll recognize the difference our 
experience makes. 

• UNR 
(, Leavitt 
A DMSIOfI 01 UNR Industll8s Inc 

GDtlML Of'fICU 
1111 W IISth ST . CHICAGO. IL to543 
PHONE 312- 23t-T1OO OR 
1- 800-L-E-A-V-I-T -T 
'AX: '12-nl-t~ 

UNA-LEAVITT 
CHICAGO illINOIS 

UNA-LEAVITT 
1lUE.lsv.NO ilLINOIS 

UNA-LIlAVlTT 
HAMMOHO INOIANA 

• . ,. 
.... 



If these numbers 
are vital to 

your business: 

A36/MI83. 
A572-GR-SO/AASHTO M223. 
AS 1M AS88/AASHTO M222. 

ASI4 
keep this number next to 

your phone: 

1-800-537-5283 
With one call 10 Kenilworth, you can get as much 

or as little high strength, carbon or alloy sleel plale as 
you need. Complete with charpy impaci tesl values. 

SpecifY grade, size and thickness. Order a single 
piece or several Ions. In every case you1l gel 
notarized mill certification and your order will be 
shipped in 24 hours. Guaranleed. 

Call us today. We'll ship your sleel tomorrow. 

KENILWORTH STEEL 
Wtrren. OH: 216/373·1885 

• 
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S TEE L NEW S 

New Guide Aids Design Of 
Industrial Buildings 

A new 103-page publication 
from the American Institute 

of Steel Construction provides en­
gineers, architect> and fabricators 
with general guidelines and criteria 
for the design of industrial build­
ings. The new Guide is an upgrade 
and improvement of AISC's publi­
cation: Llglrt and HCfll'Y Indl/strial 
Bllildinss. 

" It is essential to realize that 
most industrial bUIldings involve 
much more than structural de­
Sign," according to the Guide' s in­
troduction. ''The designer may as­
sume an expanded role and may be 
responsible for site planning, estab­
lishing grades, handling surface 
drainage, parking, on-site traffic, 
building aestheti s, and, perhaps, 
landscaping. Access to ra il and the 
establishment of proper floor ele­
vations (depending on whether di­
rect fork trllck entry to rail cars is 
required) arc important considera­
tions. Proper clearances to sidings 
and special attention to curved sid­
ing and truck grade limitations are 
also essential." 

The Steel Dr"gn Gil/de #7: Indlls­
trial Bllildings (Roofs to COIIIIIIII An­
chorage) cover, both industrial 
buildings without cranes and in­
dustrial buildings with light-to-me­
dium duty cycle cranes. The 
Guide's authors are James M. 
Fisher, Ph.D., president of Com­
puterized Structural Design, Mil­
waukee, and Donald R. Buettner, 
Ph.D., also of Computerized Struc­
tural Design. 

For industrial buildings without 
cranes, the topics include: loading 
conditions and loading combina­
tions; owner e;tablished criteria; 
roof systems; roof trusses; wall sys­
tems; fTammg schemes; bracing 
systems; column anchorage; and 
servicabilitv criteria. For industrial 
buildings \\'Ith cranes, the topics 
include: fatigue; rane induced 
loads and load combinations; roof 
systems; wa II systems; bracing sys­
tems; crane runway design; crane 

@ 

Industrial Buildings 
ROfI/t .. CHfurtIl AItc" 

OCfottgl1 Gllidl' tt7 wtll be ami/able Intcr 
this "w"tll {or $16. 

runway fabrication and erection 
tolerances; column design; outside 
crane;; underhung crane systems; 
maintenance and repair; and de­
sign procedures. 

Appendix A in the Guide in­
cludes detailed information on 
beam sections and channel sec­
tions, including axis X-X, axis X-V, 
composite section data, and maxi­
mum spans. Appendix B is an arti­
cle detailing the calculation of ef­
fective lengths of stepped columns. 

" It's an imporlant book for en­
veryone involved in industrial 
building design," according Patrick 
M. ewman, P.E., an AISC Senior 
Staff Engineer. ''The Guide in­
cludes some new information on 
olumn anchorage design that isn' t 

readily available e lsewhere. Also, it 
includes infonnation not only on 
strength, but also on serviceability. 
It' s a one stop book for those in­
volved in the structural design of 
industrial buildings." 

Design Guide #7 is available for 
$16. For more information, call: 
AISC Publications at (312) 670-2400 
extension 433. 

LOADS OF 
INFORMATION. 
Get the new, 60-Year 
Steel Joist Manual -
a must for building 

r :;; I 

renovatiocan. 

\ ' . .-­
.= 
~'".: 

is-- J 
Whether you're an ar"Meet. erl9">eer 

or oontraaor. thIS att-new, 3 t 8-page, 
6().year Manual has everything you need 
to detOlTmne load capaolieS In eXlSung 
JOISt·supported stnJdures built from 1928 
through 1988 Inside youll find 

, the ooglnal 'K" senes specifICatIOns 
and load tables 

• JOISt glider speC1flCatJonS and 
wel9ht tables 

, the comptete expanded • H" senes 
load tables 

• suggested Investl9atJVe procedures 
and ume-savlIlg data for use when 
analyzing eXlsung strudures 

, a complete listlllg of commonly used 
live and dead loads throughout thiS 
period of time 

Don't wart a moment longer F~I out 
this coupon and send for your manual 
todayl Just S59 00. lIIdudlng postage 
and handhng ($69 00 outside US) 

Also available -
The New 
SJI Catalog! 
Standard 
SpeaficatlOns. 
Load Tables 
and Wel9ht Tables for 
Steel Jo<sts and Joost Girders 

_ Send me _ new 6().year Steel 
JOIst Marual(s) at $59 OOIper 

Send me new SJI Ga!aiogue(s) 
at $10.00Iper 
Total enclosed 
Payment Inctudes-:-nr::-:st-:cIa::-ss=pos=tage=a=nd 
handling and must accompany order 

N..,., _ ____ _ 

Tille ________ _ 

Company Name ____ _ 

~-----------
C~ _______________ _ 

Slale _____ q, _____ _ 

-@rail to Managmg Director 
Steel JOiSt Inslitute 

1205 48111 Avenue North 
Myrtle Beach, SC 29577 



S TEE L CALENDAR 

INDEPENDENCE 
TUBE CORP. 

Manufacturer of 
Structural Steel 

Tubing 

2" - 6" Square 

2V2" x 11f2" 

4" x 8" Rectangular 

Wall Thickness 
.120" - .375" 

(708) 496-0380 
Fax (708) 563-1950 

After a short summer vacation, 
the AISC Lecture Series is 

scheduled to resume in September. 
During the first six months, the 
seminars have been an overwhelm­
ing success, often attracting more 
than 100 participants and very 
positive reactions. 

"I was surprised that so many 
people wanted to here about such 
advanced subjects, but the re­
sponse has been very positive," ac­
cording to Charles Carter, an AISC 
Staff Engineer. 

The seminars present informa­
tion on eccentrically braced frames, 
partially restrained connections, 
low-riSe buildings, and connection 
design. Registration is only $60 
($45 for AISC members). Included 
as part of the registration fee is a 
meal and more than a dozen hand­
outs and publications, including: 
AlSC Design Guide 5: Low & Me-

6226 W. 74th St. dium Rise Buildings (a $16 value); 
. ASD Simple Shear Connecttons (a 

Chicago, IL 60638 ~ $16 value); LRFD Simple Shear 
Connections (a $16 value); Seismic 
Provisions for Structural Steel (a $5 
value). And pre-registrants also re-

AutoSD Steel Detailing I cei:--e the other five AlSC design 
gUides (an $80 value). 

At last, the sensible detailing Seminars are scheduled for: 
program written by detailers for 
detailers. Menu driven means easy 
to use. Supported by numerous 
graphics means easy to learn. See 
what you are drawing as you draw it. 
You stay in control. 

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

Automated Steel Detailing works 
with AutoCADI!!> release 9.0 or later. 

$3500.00 

Calculator Programs 
Calculate gusset plates, end 

connections, tea rout, camber axial 
connections, oblique & right 
triangles, cirdes, and aFt-inch 
calculator that emulates an HP® 
and more. For DOS 3.0 and higher 
with EGA or better. 

$250.00 

For more information write: 
Au toSD, Inc. 

1 403359PL 
Meridian, MS 39307 
(601 ) 693-4729 
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Bmningham, At ..... 9/9 
Mlanu .......................... 9/ 14 
Orlando ....................... 9/ 16 
Rocheslor. NY ........... 9/ 72 
Albany. NY ................. 9/ 23 
Atlanta ......................... 9/ 28 
Rkhmond. VA ............ 9/ 30 
Cleveland .................... 10/ 19 
Columbus. OH ........... 10/ 20 
Cincinnati .................... 10/ 21 

For more information, contact: 
Colleen Hays, American Institute 
of Steel Construction, Inc., One 
East Wacker Dr., Suite 3100, Chi­
cago, IL 60601-2001 (312) 670-2400; 
fax : 312 / 670-5403. 

Steel Design Seminar Series­
design of Steel Connect ions 

(conducted by the Steel Structures 
Technology Center). The one-day, 
professional level program will 
discuss joint analysis methods, de­
sign criteria and methods, con­
structability and economical de-

sign. Seminars are scheduled for: 

Detrotl ... ... .. ............... 9/13 
Ch,cago ..................... 9/ 15 
Minneapolis ................ 9/ 16 
New york .................... 10/4 
North Haven. CT ....... 10/5 
Boston .................... 10/6 
Portland, ME ........... 10/7 
Portland. OR ........... 10/25 
Seatlle ........................... 10/26 
Kansas City .............. 11 / 4 
Costa Mesa. CA .......... 1I / 29 
Los Angeles ................. 11 /30 
San Franasco .............. 12/2 
Sacramento ................. 12/3 

The fee for the seven-hour semi­
nar is $145. For more information, 
contact: Steel Structures Technol­
ogy Center, 40612 Village Oaks Dr., 

ovi, MI 48375 (313) 344-2910; fax : 
313 / 344-2911. 

Steel Bridge Foru m Ouly 21 in 
Albany, NY). Seminar featur­

ing information on: seismic retrofit 
of steel bridges; jointless bridges; 
NCHRP & FHWA curved girder 
steel bridge research; cost-effective 
design of girder bridges; bridge 
paint containment; and Albany 
County short span bridges. For 
more information, contact: Camille 
Rubeiz, American Iron and Steel 
Institute, 1101 17 Street, W, Suite 
1300, Washington, DC 20036-4700 
(202) 452-7100; fax: 202 / 463-6573. 

A moco Building Recladding­
Lessons Learned (November 

11 in Chicago). All-day seminar 
discussing entire renovation pro­
ject from design to the final reclad­
ding. Sponsored by Chicago Com­
mittee on l!igh-Rise Buildings. For 
more information, contact: fan 
Chin (312) 372-0555; fax : 312/ 372-
0873. 

D evelopment & Design of 
Colorado Rockies Ballpark 

( ovember 5 in Westminster, CO). 
Breakfast seminar features both the 
structural engineer and a member 
of the Denver Ballpark Commis­
sion. For more information, con­
tact: Jim Anders at (214) 369-0664. 

. l 

• 

• 

• 





______ -----'s=__ T E -=E:..-.:L=----~N E W ---'S=---______ _ 

Fortuitous Location Wins An Unusual Job 
W hile Chicago may never ri­

val Las Vegas as a gambling 
mecca, the advent of riverboat 
gambling is making it a lot easier 
for midwesterners to place a wa­
ger. The latest port of call for 
highroller-wannabes is Aurora, a 
quiet town on the Fox River about 
a 50-minute drive from downtown 
Chicago. 

The two recently launched ships 
are closer in construction to land­
based casinos than to the Queen 
Elizabeth II , which isn't surprising 
since they' re only designed to sail 
between two fixed river bridges-a 
distance of less than a mile. And 
fittingly, the ships were built by a 
steel fabricator rather than in a 
shipyard. 

"We were chosen for the job pri­
marily because of our location," ex­
plained BiU Dyker, engineering 
manager with AISC-member Garbe 
Iron Works, Inc. The fabricator's 
shop is fortuitously located right 
on the banks of the river between 
the two bridges. The ships were 
constructed on top of flat rail 
trucks. Once construction was 
complete, rail track was layed from 
the ships down into the water. Fi­
nally, the blocks holding the cars in 
place were removed, and the ships 
slid into the river. 

Each four-story-tall ship meas­
ures 145' in length with a maxi­
mum width of 45'. The bottom por­
tion of the hull is stainless steel, 
while the upper portion of the hull 
plate is carbon stee\. All of the hull 
plate is 3/16" thick. The plate was 
welded to panels in the shop and 
then brought outside to be erected. 
The main deck is 10 gauge plate, 
with 11 gauge plate stiffeners and 
14 gauge reinforcement through­
out. "It's very light construction," 
Dykersaid . 

"We used orthotropic construc­
tion, with tube columns, a central 1-
beam, and j-beams," he added. The 
majority of the framing is 35/]4" 
lightweight metal studs. Almost aU 
of the connections are welded-a 
challenge for Garbe Iron, which 
more often than not uses fasteners 
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Show" above are oorious views of the riverboats {Iud support building. 

for their building work. 
Another challenge was ensuring 

that the ships weight was kept to a 
minimum. "The ships are designed 
to weigh 385 tons without the gam­
ing equipment," Dyker said . 
"When we suggested any changes, 
we had to be very conscious of that 
weight limit." For example, during 
construcHon Garbe wanted to rein-

force the elevator shaft. "But it 
would have added more than 1,000 
Ibs. and we couldn't do it. What 
would have been a minor change 
on a building became a difficult 
challenge on a ship." 

In addition to the two ships, 
Garbe also fabricated the steel for 
the casino support building, a 
much more conventional project. 

• 

• 

• 



THE POT OF GOLD ... 
Canam's quality and service for 

Grand COSIno Inc Gulfport. MS 
PHOTOS: FOTOWERKS/mif\er c. hervy & assoc. 

Winning the pot of gold is the torget 
of any gambler. But building a casino 
like the Grand Casino in Gulfport, MS, 
is not a question of luck. 

Grand Casino is a unique construction 
project, more a boat than a building. 
The design considerations took Into 
account a floating foundation , 
including hUrricane storm factors . 
Utilizing a steel design minimized 
structural weight for this three level 
structure, Canam Steel submitted a 
cost-saving alternative of angle chord 
bowstring trusses In lieu of the original 
tube steel design, 

Owner: Grand Casino Inc . • ArchItect; Cuningham Hamilton Qulter, PA 
Structural engineer: Relgstad Be Assoc., Inc . • Contractor: Roy Anderson Corp 

Steel fabricator: Ellis Steel Co., Inc . • Steel erector" Bracken Canst. 

Ellis Steel of West Point , MS, was the 
steel fabricator who selected Canam 
Steel to design and manufacture the 
bowstring roof trusses , os well as two 
floors of long span jOists, totalling over 
500 tons. 

Gordon H, Reigstad, PhD., P.E .. states 
'the time schedule for this project 
called for construction to be 
completed In 153 days. To accomplish 
the owner's request for this aggressive 
schedule , It was necessory that 
everyone work as a tearn . Canam's 
capability in providing expedited 
service with Its prompt turnoround on 

fabrication and delivery Is a credit to 
this team effort: 

Canam Steel's engineering and 
production capabilities allow us to 
handle a wide array of reqUirements. 
That's why Canam Steel Corporation Is 
the Fabricators' fabricator. 

e "canam~~~J 
Arizona, Meso 602·892-2555 • Florida, Deerlleld Beach 305-428-9008 • illinois, Bolingbrook 708-759-7800 • Indiana, lafayette 317 ·477· 7764 

Kansas, OveOOnd Pork 913-384-9609 • Maryland, BaltimOre 41().472-4327 • Maryland. BrunswiCk 301-634-7067 • Maryland . POInl of Rocks 301-874-5141 
Massochussets, Easton 508-238-4500 . Michigan, Flint 313-653-3506 . MInnesota, Delano 612-972-6135 . Missouri, Washington 314-239-6716 

New York. Marcellus 315-673-3456 . Pe nnsylvania, Chambersburg 717-263-7432 . tennessee, Memphis 901·763-0266 . Virginia, Virginia Beach 804-479-1828 



A New Shape For 
Hangar Design 

• 
A trapezoidal design minimizes both exterior cladding 
needs and interior heating and cooling requirements 

1 ! T F--- ! 
.-1- L .~ -
..., t 
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James A. O'Kon, P.E. 

Although developments in 
aerospace design have pro­
duced remarkable advances 

in the aircraft capabilities, the de­
sign of maintenance facilities is 
only beginning to catch up. 

Hangars today cannot simply be 
large, column-free spaces. Instead, 
they must be carefully designed to 
handle a wide variety of advanced 
systems, including: laminar flow 
HV AC systems to protect sensitive 
avionics, as well as the health of 
workers; AFFF pre-action fire pro­
tection systems; specialized 400 Hz 
and 28 volt electrical generating • 
systems; and radio-controlled, full 
coverage, overhead lifting systems. 

A prototype hangar is now un­
der construction for a KC-l35 air­
craft that will not only provide all 
of this technology, but also wiu 
house it in a trapezoidal geometric 
configuration designed to mini­
mize spatial requirements. Rather 
than the nearly 30,000 sq. ft. re­
quired for a rectangular box han­
gar, the trapezoidal hangar encap­
sulates only 17,600 sq. ft. As a 
result, both construction costs and 
heating/ cooling costs are reduced. 

The prototype was developed as 
part of a Fuel Cell Maintenance Fa­
cility for KC-l35 Tanker Aircraft 
and was commissioned by the Mis­
sissippi Air ational Guard at Me­
ridjan, MS. 

Designing a trapezoidal hangar 
required new approaches in order 
to satisfy the dynamk loadings on 
the structural space frame, main­
tain quality assurance and control. 
and keep ",itmn a tight budget. It 
also required close cooperation be- • 
tween the architect, engineer and 
fabricator. 



• 

• 

• 

Structural Design 
The structural steel superstruc­

ture with its trapezoidal cantilever 
configuration must resist a large 
range of loadings including the dy­
namic loads from the door systems, 
gravity loadings attendant to dead 
and live loading, horizontal seismic 
and wind forces, plus the large in­
ternal uplift forces generated by 
hurricane force winds with speeds 
up to 125 mph. 

Interior dimensions of the han­
gar are determined by minimum 
clearance requirements required by 
aviation standards that require a 
15' clearance between the aircraft 
and the enclosure. This encapsulate 
criteria fonnula dictates both the 
size of the hangar and its truncated 
shape. For this project, however, 
the dimensions were increased due 
to the USAF requirement that the 
hangar be large enough to handle 
the larger KC-l0 aircraft in the fu­
ture. Therefore, the dimensions for 
this hangar were 161'-3" wide by 
159' -6" long. 

An important part of the design 
of the structure is the recognition 
that an aircraft hangar does not 
have to be a rectangular box. Once 
the size of the interior envelope 
was determined, the exterior con­
figuration skin was fine-tuned to 
include roof slopes, openings and 
wall finishes. The structural skele­
ton of the hangar was then config­
ured to follow the vertical and 
horizontal geometry established by 
the building envelope. To achieve 
the goal of optimum space utiliza­
tion, the configuration was trans­
lated into a low-profile, three-di­
mensional space frame. 

The prinCipal members of this 
space frame are: 
• Transverse Bent Truss. This 7' 

deep truss with W14 chords and 
double angles spans across the 
width of the hangar and extends 
down to the foundation. This 
member is the principal resisting 
element for gravity, horizontal 
and uplift forces . 

• Longitudinal Trusses. These 
paired 7' deep trusses with W14 
chords and double angles occupy 
the same plane as the transverse 
truss and cantilever 60' across the 

r 

PLAN 

The trapezoidal design of this hangar ill Meridiem, MS, reflects the "alrual dimem,jolls of 
au airplane a/ld tllerefore reduces the needed size of till' buildittg. As a result , ill lite short 
rim exterior cladding needs are reduced aud i" the 10118 "III heating (md cooling 
requirlllfllts are mj"j",jud, 
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RAMSTEEL was the highest rated of all Structural 
Engineering Software on the market today according 
to the 1992 Modern Steel Construction Magazine user 
software survey. 

"RAMSTEEL allowed us to meet 
a very tight schedule with a 
smaller, more efficient design 
team. The savings in man hours 
quickly paid for the cost of the 
program." 

NIIbih Y""",,, S.f., PrtSidtnt, 
Nobill Y""",, & Associrtts, /",. U. Angd<s, CA 

INTEGRATED ANALYSIS, DESIGN 
AND DIW'TING Of STEEL BlDWINGS 

For more information or an in·house 
demonstration, call ID726-7789 

R .. m Analysis 
5315 Avcnida Encinas, Suite M 

Carlsbad, CA 92008 
Fax: 619/431-5214 

800.726-7789 

791-20 11 

I I..J 

RAMSTEEL provides "'" intmctionlil:t 
you' \If never seen before! 

.-- . . 
-­.- -- - . 

-
. -- --- --

Break into the LRFD rompetitive edge with fuU 
ASD vs. LRFD romparUons.t the did: of. button. 

transverse truss to support the 
door system. In the event that the 
facility is converted to accommo- • 
date larger aircraft, this member 
was designed to be expandable. 

• Perimeter Trusses/ Tension 
Trusses. A series of 7' deep pe­
rimeter trusses with WT7 chords 
and double angles were estab­
lished along door Jjnes, and ten­
sion trusses were introduced to 
resist horizontal forces. 

• Lateral Bracing Trusses. Trussed 
bracing were introduced into the 
side waJls to resist lateral forces . 
Another factor in the structural 

design cri teria was the desire to 
minimize the height of the struc­
ture. A low profile reduces the cost 
of cladding, reduces wind forces, 
and reduces the interior volume 
that needs to be heated or cooled . 

The components of the space 
frame were analyzed using various 
structural depths in combination 
with hybrid structural steel mem­
bers. The structural components 
were analyzed using a combination 
of 36 ksi, 50 ksi and 70 ksi yield 
strength steel sections to develop 
the optimum configuration for • 
both economy and deflection con-
trol. A reiteration process was im­
plemented by inserting high 
strength steel members in areas of 
high strength in order to reduce the 
total required tonnage. The major-
ity of the truss was 50 ksi steel with 
70 ksi steel used for the largest 
members, which represented about 

1

25% of the member. 
Also, the structural space frame 

was configured and spJjce points 
designed to produce a self..,recting 

I 
structure. This was done to mini­
mize the use of erection cranes and 
to expedite the erection process. 

Computer Analysis 

I The structural system geometry 
was translated into a three dimen­
sional model using a combination 
of computer software, including 
Research Engineer's ST AAD-IJI 
and AutoeAD Version 11 .0. like­
wise, the STAAD-IJI software was 
used for code check verification. 

Due to the hangars location in a 
region subject to both hurricane 

I force winds and seismic risk, the 
structure was analyzed using 18 • 
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• GEOPIER. The GEOPIER foun­
dation soil reinforcement system 
utilizes a column of compacted 
crushed stone extending down­
ward approximately 8' into the 
soil under the foundations. The 
GEOPIERS are constructed by 
the d nsification of cnlshed stone 
in a pre-drilled pit. A high-en­
ergy tamper results in a high 
density matrix and each 
GEOPIER develops 20,000 Ibs. of 
uplift resistance. The 15 required 
GEOPIERS per foundation cost 
$32,000 and so this system was 
chosen. 

Quality Control & Fabrication 
The use of hybrid materials of 

construction for the space frame re­
quired a high level of quality con­
trol during preparation and review 
of the shop drawings. O' Kon & 
Company developed a color-coded 
system for the shop drawings that 
permitted easy identification of the 
various steel trengths. Also, mill 
tests verifying the grade of steel 
were required . 

Erection procedures for the steel 
space frame were carefully re­
viewed and assessed . Many of the 

L _________________________ _ _ ---' connections required full penetra-

The t1JTf!~ dimenSIonal sJXlce frame pktured above s/.aU'5 tlte various eleme"ts needed i" 
till! design. Ulcludmg tile transverse be"t truss, longitudmal trusses, perimeter trusses, 
and lateral bracing trusses. n,e 7' -deep lra1lsverse benl truss sJXlIlS the leugtl' of lite 
hangar. It ;s tI.e pritlelpal resisting element for gramty. horiw 1Ital and uplift forel'S. The 
space fram e's gromt·try was calculated using tile STAAD-IJI computer program, 

separate load cases with a combi­
nation of dead load, live load, seis­
mic and wind forces. The critical 
loading case involved uplift forces 
acting on the superstructure with 
the hangar doors open to the wind. 
Also, hurricane force winds were 
shown to produce a more critical 
loading situation than seismic force 
requirements. 

Foundation Economics 
After selecting a steel super­

structure system that satisfied ge­
ometry, economy and deflection 
criteria, the question of minimizing 
the cost of the foundation re­
mained . The foundation repre­
sented a significant cost factor be­
cause of the large uplift forces 
generated by the transverse bent 

supports. These forces produced a 
net uplift of 300,000 Ibs. (67,400 
newtons) on each side. 

Traditional resistance methods 
such as massive concrete founda­
tions would require 113 cubic 
yards of concrete on each side, This 
would require a 10' x 10' footing 
30" in depth, with a cost of more 
than $200,000. 

Two alternate uplift resisting 
systems were investigated to re­
duce cost and time. 
• Drilled in helical anchoTS. These 

steel anchors are drilled to depths 
of 20' into virgin soil. The shafts 
are then cast integrally into the 
foundations. Each anchor would 
resist 20,000 Ibs. of uplift and 15 
anchors were required per foun­
dation for a cost of $85,000. 

tion welds and all of these were 
done in the shop, while all field 
connections were slip critical type 
bolted assemblies. To assure that 
proper tension wa applied to the 
connection bolts, A TM F959 direct 
tension indicator washers were 
specified. 

The structural steel space frame 
was designed to be "self-erecting" 
with a minimum of guying sup­
ports. Camber was fabricated into 
the frame in the fabrication shop. 
Steel fabricator was AI -member 
Gipson Steel, Inc. 

Construction began in June 1992 
and is expected to be completed in 
mid-September 1993. The general 
contractor is Tilley onstructors 
and Engineers of Gulfport, MS. 
Construction budget for the project 
is $4,145,000, including all site­
work. 

/allles A. 0 ' KOII , P.E., is presidellt 
of 0 ' KOIl & COIIIPIlIIY, all rllghlrrr/de­
sign firlllizeadqllartered ill At/allta. 
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It's not surprising that Brown & Root's employees think the exposed joists in their fitnt.'SS center are an 

attra tive part of the building's design. But it's a bit unusual when the accountants often comment that those 

teel joi>rs are absolutely gorgeous. That's be ause those Vul raft arched chord joists cOOt them half as much 

as the originally pecified rolled I-beams would have cost. Half as much. 

You see, Vulcraft is the large t supplier of steel joists in the country, mcludmg more than a dozen 

nonst.mdard designs, more than anyone in the industry. We've been making nomtandard Joists for years and 

with our expertise as well as our large inventory of teel, we make them quickly and C onomically. What's 

& ore, the earlier we get involved in the design stages, the better for the project. Because our experienced 

engineers can assi>t the project' designers and bring the end product in more '-lui kly and at b ., Cll>t than 

could be done with traditional methods. Ju.>t like we did for one of the country's Iarge;,t contractors, Brown 

& Root. And if we can do it for them, we can most certainly do it for you. 

With Vulcraft nonstandard joists you expand your design possibilities with all thc benefits of steel joi>t 

construction: they're lightweight and easy to erect like standard joists and can be delivcred when you need 

them. msider Vulcraft joists for your next project, no matter how large or small. Becall'>C our ,upport comes 

m all SiZe> and sryles, too. See Sweet's OS lOO/VUL or contact any of the plants below. WLCHAn 
",o..t ~\: .. <. ~ 

I\ll\.Ja 61i. ~Clf,.l 'T ~\oJ2 In\49041l, I\} p,.", 1l\.~!O. f\-.m..o:-. "i( ~I l/t16~-{\l'1l. 1\) A..x It1Q, t;", r4\T"II:, Al }S~7 !l"il .... 'i JW. 1\)1\, .. 1M Ur..lJ'C'bnJ. T\ iSM4 
+..~ joWlS. f\'l 1\.." W. !'I,;, .... ,JI.. . 'E ~1(11-~'l'i" 4I,)!!t0+4·,,!X'\\ 1\)1\, .. IIX \ ~ 1.11:, I. 4bi1'l'i 21WHj·S411 <.:.mn-.i c..llr .... ' .• p.......".:i& Jl,-.'( .... !<'C'I r.nIl:Ah. 1'aImft cd ~ I .... 
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.. ,ICIIS;01l is applied 
to prrstressillg 
strands, forcing the 
truss-frames to 
beg", arc/ling .. . 

Raising An Arch 
An arched roof was created by 
applying stress to a flat truss 

Til, 320' -wiil, 
hangar lJf."gllls as a 
flnl Irll'S of "l!Orly 
400· ... 

By Anne M. Anderson. P.E. 

From a structural engin r's 
standpoint, an arch is a won­
derfully stable shape. Unfor­

tunately, from an erectors stand­
point, an arch--<?Specially one that 
soars 100' off the ground-<:an cre­
ate all sorts of problems. The solu­
tion l according to its creators and 
designers who have used it, is an 
innovative stressed arch 
(STRAR II) system. 

The sTRAR H system is a tech­
nology developed eight years ago 
by Lewis I larding in Perth, Austra­
lia. sTRARClI International lim­
ited purchased the patent in 1985 
and started to market this construc­
tion system. Since that time, more 
than 50 STRARCII buildings have 

• 

been built in Australia, Malaysia, • 
Japan, Canada, and most recently, 
the United States. 

.. . eaclt e"d col 1m", 

I ravels "I"", I 70' 
""iI Ille c,,,ler of 
tile arch rises 72 ', 

The first use of the sTRARCII 
system in the U.s.-and the largest 
world-wide to date-is for twin 
hangars for the Pacific Aircraft 
Maintenance Corporation (PAM­
CORP), a privately owned com­
pany based in Portland. Each han­
gar is 320' -wide by 350' -long and 
capable of housing one 6747 and 
two 6727s. The project also in­
cludes 66,000 sq. ft. of shops and 
offices between the hangars. 

The site is located within Air­
Trans Center, an aviation business 
park at Portland International Air-
port. PAMCORP plans on perform-
ing a variety of services, including 
FAA required inspection and 
maintenance checks, repair and re­
placement of faulty equipment, 
major structural modifications, 
powerplant replacement, interior 
renovation, and paint stripping 
and repainting. The facility is ex­
pected to be completed in August 
1993 and will employ a workforce 
of approximately 1,300 people by 
its fifth year of operation. • 
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From the time Ken Kelly, foun­
der of PAMCORP, conceived his 
idea of building a third-party 
maintenance facility, he had 
planned on using the innovative 
STRARCH system. Kelly first 
heard of STRARCH International 
in 1988. He was impressed with the 
uniqueness and simplicity of the 
design and was convinced it would 
be ideaUy suited for the P AM­
CORP project. At that time, 
STRARCH was owned by New 
Zealand 's Fletcher Construction 
Group, which also owned Howard 
S. Wright Construction Company 
of Seattle. Kelly enlisted Howard S. 
Wright to be the project's prime de­
sign / build contractor, with design 
by Portland-based Moffatt ichol 
& Bonney, Inc. 

The STRARCH System 
Essentially, the STRARCH sys­

tem involves the construction of a 
large flat truss. Prestressing strands 
are then used to force the truss into 
an arched shape. 

The STRA RCH trusses are made 
up of standard steel shapes, mainly 
tubes and pipes. The steel fabrica ­
tion was done locally by AlSC­
member CanTOn Western of Port­
land. The erector was The Erection 
Company of Seattle and the stress­
ing contractor was DYWTDAG Sys­
tems International, with on-site 
consultation provided by 
STRARCH International. 

The roof framing process in­
volves two stages: Assembly and 
Stress-Erection. 

Ouring the assembly, the trusses 
are erected and placed on tempo­
rary scaffolding towers with the 
top chord member, which is a 12" x 
12" x 5Al" tube, in a horizontal posi­
tion approximately 28' off the 
ground. Each hangar is composed 
of 12 trusses spaced at 30' on cen­
ter. The depth of the truss is 18' at 
the center, tapering to 9' at the 
ends. The 12" "C" purlins that span 
between the trusses are placed at 
the assembly stage, as well as the 
metal deck, insulation and mem­
brane roofing material. Also dur­
ing this time, utilities are installed 
beneath the roof, including light­
ing, electrical Wiring, sprinkler 
pipes and mechanical duct work. 

WOP IT WHIP' MUSS 

~~-----=.~----

Prestressillg ca bles are 
jacked t"roIlS" Itle 
trusses to fo ret' litem 
into an arch (above). 
As the a rell is fo rmed, 
tile 005<' of olle "IIIf of 
'lie truss slides alaHg 
tile grou"d III/til it ;s 
HI the correct posit ion 
(feft). At tile sa llie 
tillie, tile 1",5<' of It" 
truss pioots 1II0re tim" 
30 degrees. 
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This work is all accomplished us­
ing low-rise scissor lifts. 

The trusses are more precisely 
truss-frames with incorporated col­
umns. At assembly, the columns 
are at a 35 degree slope. Each col­
umn is supported on a 3"-<liameter 
steel pin, which allows rotation 
when the structure is stressed into 
place. One column is fixed and 
bolted down to its base plate, while 
the other column is supported on 
temporary skids that rest on 
greased channels. 

Once the roof is complete, 
prestressing cables are pushed 
through the bottom chord of the 
trusses, which have a catenary 
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curved shape at assembly. The bot­
tom chord is composed of two 6"­
diameter pipes with telescoping 
joints in between each panel point. 
Each pipe contains six 51\!" diameter 
270 ksi prestressing strands, or 
twelve strands per truss. The cables 
emerge at both ends of the truss. At 
one side the cables are anchored 
off, and at the other, they are at­
tached to a large multistrand hy­
draulic jack. There is one jack pro­
vided at each truss. 

Once the cables are installed and 
the jacks are in place, the roof is 
ready to go up. To raise the roof, 
tension is applied to the cables, si­
multaneously at each truss. As the 

ERECTED 

, ~ 

J 
cables start to straighten, the roof 
begins to rise and the columns be­
gin to slide in. As soon as the 
trusses are up off the scaffolding 
towers, the towers are dismantled 
and taken off the site. 

Columns Travel 70' 
With each stroke of the hydrau­

lic jack, approximately 9" of cable is 
pulled out. As the cable is pulled, 
the gaps in the bottom chord tele­
scoping joints begin to close. It is 
the size of the gaps that determine 
the final sha pe of the truss. The 
stress-erection pro ess con tinues 
until all the gaps are closed and the 
sliding column has traveled ap-

• 

• 

• 



I f' proximately 70' to its final position 
over its footing. Both columns ro-

• 
tate 35 degrees to a near vertical 
position and the apex of the roof 
rises 72'. The entire stress-erection 
process for each PAMCORP han­
gar took approximately five hours. 

Once the structure obtains its fi­
nal configuration, the sliding col­
umns are bolted down to their 
foundation . The prestressing 
strands are locked off at the re­
quired force at the stressing end, 
and then the jacks are relocated to 
the opposite side of the truss where 
the strands are again stressed and 
locked off to ensure that the same 
force is at each end. Also at this 
time, the bottom chords of the 
trusses are filled with grout, which 
prevents corrosion of the strands 
and bonds them to the bottom 
chord pipes. 

After the stress-erection process 
is concluded, the rest of the hangar 
is then ready to be finished. The 
erection crew started framing the 
end walls on the very same day. 
This was followed by the installa­
tion of the wall girts, Siding, fram-

• 
ing above the hangar doors, and 
the assembly and installation of the 
hangar doors themselves. Each 

• 

hangar has one set of doors consist­
ing of six 50' x 50' leaves that pro­
vide a 50' x 300' opening with a 20' 
high tail door at the center. 

To determine the accuracy of the 
final geometry of the PAMCORP 
hangars, surveyors located a few 
points on the trusses and deter­
mined that no point in the 320' 
span was off by more than 1 ". 

Construction Advantages 
From a construction standpoint, 

the principal advantage to the 
STRARCH system is that the roof 
is assembled closer to the ground I 

and on a nat surface. AU roof 
mounted electrical and plumbing 
systems are substantially com­
pleted before the roof is raised. The 
contractor stated that using this 
method reduced construction time 
by as much as 30% compared with 
conventional construction on a 
building of this size. For the PAM­
CORP hangars, this translated into 
a savings of nearly six months. 

From a structural engineer's 

n 
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point of view, there are many ad­
vantages to using the STRARCH 
system. The biggest advantage is 
being able to utilize an arched truss 
to span the 320'. An arch is the 
most efficient shape in structural 
design and the STRARCH process 
provided an easy way to achieve 
this shape without complicated 
fabrication and erection. Because of 
the inherent stiffness of the arch, 
combined with added strength due 
to the prestressing forces, the 
trusses were designed on the basis 
of strength, not deflection control. 
The PAMCORP trusses are de­
signed for a roof snow load of 25 
psf as well as three roof supported 
10 ton cranes. The deflection 
caused by the three cranes (truck 
weight p lus hook load) acting si­
multaneously at one truss is only 
3W' at the center, or L/1100. Other 
design loads include an average 
wind uplift of 34 psf due to 80 mph 

I winds acting on an open structure. 

No Bottom Chord Member 
I Another steel saving advantage 

is that the trusses do not need bot­
tom chord bracing. The bottom 
chord is prevented from laterally 
buckling due to the highly ten-

I sioned prestressing strands run-
ning through the member. The 

I 
weight of the structural steel in the 
STRARCH trusses is 9.7 psf. The 
purlins bridging the metal deck 

I weigh 4.2 psf. By keeping the steel 

One of the major advantages of the 
STRARCH system ;s tlrat the truss is 
erected close to tlte ground by workers 011 

scaffOlding (left ). The hangar is designed 
110f Oll /y to provide a large opell area, but 
also to support several girder CYanes for 
airplane maitltC1l011Ce l.oork 
(opposite-<loove). After the arches are 
erected, a standard frOIl! wall ;s illstalled 
and the structure;s roofed 
(opposite-below). 

weight down, the STRARCH 
method provided a very efficient 
solution to clear spanning 320'. 

The structural analysis is done 
using microSTRARCH, which was 
developed by Engineering Systems 
of Australia, the same company 
that wrote microSTRAN, a popular 
structural analysis program in 
Australia. The microSTRARCH 
program allows the easy genera­
tion of the truss geometry, both in 
the assembled stage and erected 
stage, by inputting only a few key 
dimensions, as well as doing stand­
ard linearly elastic structural analy­
sis. The structure is analyzed at 
three stages: 
• The assembled truss, one end 

pinned, the other on rollers with 
dead loads and prestressing only; 

• Erected truss, one end pinned, 
the other on rollers with dead 
loads and prestressing only; 

• Erected truss, both ends pinned, 
with all required dead and live 
load combinations. 
The most innovative part of the 

analysiS is the design of the top 
chord. During stress-erection, the 
top chord undergoes significant 
bending. DependiJlg on the radius 
of curvature, the outer fibers of the 
tube may be stressed beyond the 
elastic limit. In order to determine 
the allowable axial load in the tube 
a column design curve was used, 
which accounts for the radius of 
curvature as well as the unsup-

• 

• 

• 
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• 
ported length (KL/ R) . The curve, 
which is based on a finite element 
nonlinear analysis, was developed 
at the University of Sydney to 
simulate the geometric nonlinear 
behavior and plasticity in the 
stressed-arch, particularly the top 
chord. umerous tests on full-scale 
panels also were conducted. The 
experimental results showed excel­
lent agreement with the vigorous 
theoretical investigation. 

Another interesting design fea­
ture is the lateral force resisting 
system. Instead of roof bracing, a 
stressed skin diaphragm is used . 
The diaphragm consists of 11.1" 
ASC Pacific HR 36 metal deck 
screwed down to the purlins with 
#14 self tapping tek screws. The 
thickness of the deck ranges from 

• 
24 gauge at the center to 18 gauge 
at the sides. In order to install the 
metal deck at the assembly stage, it 

is placed at the neutral axis or cen­
terline of the top chord member 
(after which the rigid insulation 
and flexible membrane is placed) . 
This ensures that during stress­
erection the roof material does not 
undergo any stretching or com­
pressing. The roof of each hangar 
has approximately 2.9 acres of met­
al deck and 130,000 screws. 

The design of the PAMCORP 
hangar facility began in 1991 with 
construction starting in June 1992. 1 
Steel fabric<1tion began in July 1992 
and completion of construction 
was expected in June 1993. The fa­
cility will be open for business in 
August 1993. 

AIllIe M. Al1dersol1, P.E., is a 
strllctllral ellgilleer wilh Moffatt 
Nichol & BD/lIIey, ille., COl1slll/illg 
Ellgilleers ill Porllalld. 



Winging It • 

By W. Scott Wilhoite, P.E., and 
Steven F. Fenner, P.E. 

Construction is now under­
way in Everett, WA, for a 
new fabrication and assem­

bly complex to support the produc­
tion of Boeing Commercial Air­
plane Group's new Boeing 777 
aircraft. At their peak capacity, the 
new facilities will handle the pro­
duction of seven planes per month, 
with first delivery scheduled for 
mid-1995. 

Completing the facility under a 
very tight design and construction 
schedule is critical to the overall 
success of the 777 Program. As 
such, high quality design that ex­
pedited fabrication and erection 
while minimizing capital costs was 
a top priority. 

One of the most interesting 
structures constructed as part of 
the new program is the Wing Spar 
Assembly Building, in which the 
structural components of the wings 
are fabricated and assembled. This 
long-span, high-bay building is 
650' -long by 2SO' -wide with a 65' 
eave height. It features a 200' as-
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sembly bay with full crane cover­
age and a SO' -wide multistory bay 
for support operations. The facility 
houses a 290' -long automated spar 
assembly tool that drills and in­
stalls fasteners for the wing spars 
and clean, seal and paint facility for 
coating operations. 

Design Criteria 
Lockwood Greene Engineers 

worked closely on site with Boeing 
engineers from Maintenance, 
Manufacturing, Construction Serv­
ices and Airplane Design for two 
weeks following project kickoff to 
define the functional requirements, 
configuration limitations, and load­
ing criteria for the new facility. 

A comprehensive Design Crite­
ria was developed for use as the 
project design basis for the team. 
The Design Criteria defined: the 
applicable codes; general building 
configuration including bay sizes 
and schematic floor plans; and the 
operational criteria including crane 
capacity, coverage requirements, 
and hook heights. 

A significant limitation on the 

High-bay steel 
moment frames 
clear-spanning 

200' were 
required to 

meet seismic 
design criteria 
for an airplane 

wing fabrication 
and assembly 

building 
structural assembly system for the • 
Spar Assembly Building was the 
operational requirement to keep all 
bays in the longitudinal direction 
free for material flow and potential 
future expansion. 

Many existing assembly build­
ings at the Everett site were built in 
the mid-1960s and used a 300' as­
sembly bay with full height mezza­
nine bays on both sides for support 
functions. On these buildings, the 
mezzanine bays are braced above 
the second level in both directions 
with a soft story at grade. 

However, to avoid designing to 
the more stringent code require­
ments associated with a soft story 
structure, upper level bracing was 
not included in the lateral force re­
sisting system for the new Spar As­
sembly Building. Instead, a mo-
ment resisting frame system was 
chosen for the transverse direction 
to improve ductility and result in a 
more uniform deformation profile. 
The long-span, high-bay moment 
frames have only three columns in • 
the transverse direction, resulting 
in a relatively flexible structure. 



·n ... 

• 
Conventional X-bracing was 

utilized on the exterior walls in the 
longitudinal bracing . 

Structural Design Decisions 
The 200' assembly area span 

was designed t support two rotat­
ing, 20 ton capacity, four-block 
cranes on runways spaced 25' on 
center. The maximum truss panel 
point design load induced by the 
cranes was 60 kips. Crane coverage 
was required for the fuU 650' 
length of the building. Engineered 
steel trusses were chosen to su p­
port these heavy loads. 

A nominal truss depth of 16' 
was identified as the most eco­
nomic design based on simple­
span gravity load analyses. The 
magnitude of the loads resulted in 
chord forces as large as 1,635 kips. 
W14 shapes with a yield strength 
of 50 ksi were selected as optimum 
for the high axial loads in the truss 
chords. The WI4 shapes provided 
adequate strength and aUowed 
connection designs that were easy 
to fabricate and erect. 

A double column row and ex-

•
pansion joint within the 650'-long 
building was incorporated to ac­
commodate thermal movement. 

The structure was designed in 
compliance with the 1988 Uniform 
Building Code. The Everett com­
plex is located in a seismic zone 3; 
therefore, seismic design consid­
erations included the type of 
trussed moment frame to use (Spe­
cial vs. Ordinary), drift control, P­
delta effects due to heavy column 
loads, and connection design. 

Frame Analysis & DeSign 
Preliminary frame analysis us­

ing Research Engineer's ST AAD-m 
software showed that meeting the 
lateral drift limits would control 
the columns sizing. It was clear the 
column bases and foundations had 
to be fixed against rotation to 
maintain a cost-effective design. 

Axial column loads due to dead 
and live load cases are as large as 
600 kips. The columns are un­
braced on the strong axis from the 
foundation to the bottom chord of 

•
the truss, approximately 46' . 

Built-up columns using two 
W14 shapes were considered, but 

o • (0) 
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Tire magmtllde of the loads res lilted ill clwrd forces as large as 1,635 kips. After alia lysis, 
W14 shapes with a yield streugth of 50 ksi were selected as optimum for the high axial 
loads in tilt truss chords. For the top c1JOrd, a J1..-t" cap plate was welded to the colr",,,, 
alld a specially fabricated piece of tire WI4 colli mil sits 011 the cap plate. 

were not used because of the diffi-
culty in detailing connections to as-
sure continuity with the truss. 
Rather, W40x531 50 ksi steel col- • 
umns were selected for the bents. 

The W40 columns provided a 
cap plate seat large enough to get 
an adequate number of bolts in to 
develop the top chord forces of the 
truss, simplified construction by al­
lowing the truss to bear on the cap 
plate during erection, and pro­
vided the s tiffness needed to con­
trollateral drift. 

The site is founded on fill and 
the geotechnical investigation de­
termined that spread footings 
could be util ized with an allowable 
bearing pressure of 3000 psf. Also, 
it was desi rable to keep the vertical 
and latera l loads on the founda­
tions as low as possible. 

One way to minimize lateral 
loads and drift was to use a Special 
Moment Resisting Frame where 
the code prescribed seismic loads 
would be 50'* lower than for an 
Ordinary Moment Frame. How-

TO DETAIL 
Compuler DClailing S)Slems. inc. in!roduces 
a SlalC of Ih e an SlruclUral sleel delailing 
s),slem which allows fabricalOrS and delaiiers 
10 meel Ihe demands of Ihe fUlUre wilh Ihe 
ability 10 ge nerate connection calculations, 
download 10 CNC equiplllcnI and inlerface wilh 
major des ign firms Ihrough Ihe Sleel Delailing 
Neulral File. 

A praciical. fl e.\ible S)~lem requiring minimal 
!raining, COS is capable of producing inlclligenl 
3D models, floor plans and elc,,"ions as \\cll 
as shop drawings of unsurpassed qualil) using 
lour siandards and paper. 

CDS is currcnll) used b) fabricalors and dClailers 
Ihroughoullhe CS and in Canada. 

~ONT"'CT COMPUTER DETAILING SYSTEMS 
lodl/)' FOR A FREE INfORMATION PACK . 

CDS •.... 
S/ruc/ural Stttl Ot/alilng ,~.)S/t", 

Computer Detailing Systems, Inc .• 7280 Peppe,dam Avenue· Charleston , South Carolina 29418· (803)552-7055 



• 
ever, connections of the truss 
chords to the columns would be re­
quired to develop the strength of 
the chords or 125% of the flexural 
strength of the columns. 

Structural studies addressing 
the cost implications of Special Mo­
ment Frames versus Ordinary Mo­
ment Frames for this long-span, 
high-bay, heavily-loaded structure 
indicated that an Ordinary Mo­
ment Frame was the most eco-, 
nomical choice despite the higher 
lateral forces (or this type o( sys­
tem. 

The building is tall and heavy 
resulting in a relatively long period 
and low lateral loads. Calculations 
showed that the lateral load mo­
ments were a small portion of the 
stress interaction formula for the 
columns compared with the heavy 
dead and live loads. The stiff W40 
columns have a very high moment 
o( inertia. 

Because the column sizing was 
based on drift control and not 
strength, increasing the lateral 
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COLUMN - TOP CHORD CONNECTION DETAIL 

loads due to system type was ac­
commodated with reserve strength 
inherent in the deep columns. Fur­
ther, because the drift limit of 0.005 
times story height equates to an Rw 
= 8, (0.04/0.005), the potential eco-

nomic savings of an Rw = 12 system 
cannot be fully realized when drift 
controls over strength. 

The costs of the connections are 
a direct function of the forces to be 
transferred that do vary by system 

WHEN YOU BUY ST. LOUIS, 
YOU BUY AMERICAN! 

Registered Head Markings on all 
structural and machine bolts: 

A-325 A-325 
Type 1 Type 3 

AND YOU GET: • FULL TRACEABILITY 
• LOT CONTROL 

• CERTIFICATIONS 

Products from '/2"-3" diameter include: 

COUNTERSUNK 

06J0_ D 
SQUARE 
IIACHI~E 

BUTTON 
HEAD 

A-307-A A-449 

ST. LOUIS SCREW & BOLT COMPANY 
6900 N. Broadway • St. Louis, MO 63147 

(314) 389-7500 • 1-800-237-7059 • Fax (314) 389-7510 
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A tlommnl truss depth of 16' was identified as the most eco"omic design based 011 

simple-spt", gravity load QlIalysis. Axial co/lI1ml/oads due to dead and live loads are as 
large as 600 kips, while the gravity loads can rMell J ,635 kips. 
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type. For the Wing Spar Assembly 
Building, it was detennined that 
designing to the full elastic forces, • 
3R /8 times the member forces 
baSed on the calculated base shear, 
was still much lower than develop-
ing the full plastic capacity of the 
deep truss/heavy column frames. 

While the increased lateral 
forces for an Ordinary Moment Re­
sisting Frame did not influence the 
framing costs significantly, the con­
nection strength requirements for a 
Special Moment Resisting Frame 
greatly increased the cost. Ordi­
nary Moment Resisting Frames 
were used for the final design. 
Where the detailing provisions of 
Special Moment Resisting Frames 
could be easily achieved, they were 
included as well. 

Connection Details 
The top chord to column con­

nection proved to be the most criti­
cal and challenging to design. A 
1718" cap plate was welded to the 
column and a specially fabricated 
piece of the W40 column sits on the 
cap plate. 

The nange of the W40 piece was • 
coped to allow the gusset on each 
side of the W14 top chord to be 
welded to the outstanding nange 
of a split W14x257 on each side of 
the W40 web. This was done to en-
sure that vertical loads were ap-
plied at the center of the W40 col­
umns and to provide an adequate 
weld length for the applied loads. 

The gusset was then field bolted 
to the chord and diagonal mem­
bers using 1I..s"-diameter ASTM 
A490 bolts with oversize holes for 
slip-critical bolts. The column cap 
plate, the W40 connection piece, 
and the top chord connection were 
all designed to fully develop the 
strength of the top chord. 

All connections for the 200' span 
trusses were designed as slip criti­
cal using 1 W'-diameter ASTM 
A490 bolts to avoid potential prob­
lems associated with welding 
heavy sections. Oversized holes 
were used in the members for field 
fit-up. All W14 truss members wre 
oriented so the flanges were paral-
lel to the plane of the truss. This al- • 
lowed the gusset plates to be 
bolted to the flanges of the mem-



• 

• 
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bers on each side of the truss. Web 
splice plates were added on the 
chord members to help transfer the 
large axial forces. 

The column bases were de­
signed as moment resisting by us­
ing six 3"-diameter ASTM A36 
threaded rods for anchor bolts. The 
base plate has a thickness of SIf4" 
with 1 '14" stiffeners. 

Fabrication & Erection 
Due to their 200' length and 90-

ton weight, the trusses were field 
bolted and assembled on site as 
close to the erected location was 
possible. The trusses were then 
lifted into position by two Mani­
towac cranes. Steel fabricator was 
AlSC-member Canron Construc­
tion Corporation. 

The top and bottom chord/col­
lumn connection bolts were fully 
pretensioned prior to release by the 
cranes. Pretensioning was required 
because the final design took ad­
vantage of the truss / frame conti­
nuity for all load cases including 

dead . 
This design approach took ad­

vantage of the column stiffness re­
quired to control latera l drift and 
allowed these span trusses to be 
designed with some fixity at the 
ends, thus reducing truss weight 
and saving considerable steel cost 
on the project. 

The top chord bearing connec­
tions greatly simplified the truss 
erection, but caused some difficulty 
in erecting the W36 mezzanine 
girders below. 

A solution was to field weld 
some column cap plates after erec­
tion of the mezzanine girders. All 
these welds were inspected and de­
fects repaired to the satisfaction of 
the independent welding inspec­
tors. 

Stevell F. Fenner, P.E., is 
Civil/Structurnl Division Manager 
and W. Scott Wilhoite , P.E. , is Assis­
tant Structural Department Mallager 
with Lockwood Greene Ellgineers, Oak 
Ridge, TN . 
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Production Control 
Get unrivaled control over 
every piece in your shop, 
every step of the way 

How would you like to be able to punch a few keys on your 
computer and get instant, detailed tracking reports on the status 
of individual pieces or entire jobs in your shop? That's exactiy 
what Structural Software's new Production Controf Tracking 
System can do for you. Shipping tickets, loading reports and 
other status reports show what shop stations a piece passed 
through on what date. who dkJ the wQri(, how many manhours 
the worl< took and what still needs to be done to that piece. Bar 
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graphs, like the one shown. give the number and percentage of completion on any piece mark, sequence or job. The new traCking system 
gives you the power to see exactiy what shop work remains to finish a given piece marl<, sequence or job. Sorted lists show individual piece 
weights. assembly weights, even weight 01 all steel on a drawing. Production Control interfaces with our Purchase Orders program to 
generate cutting lists that give you the added capability of tracking material from the time ij's ordered to the time ij's cut. The cutting lists 
show shop employees exactly which pieces to pull, which pieces to cut from them and which pieces to scrap orren.m to inventory, Production 
Control also works with our new Combining program to optimize your material cutting for even more savings, 

For a free demo disk, call Structural Software 
today at (800) 776-9118 

""""' ........ --r-..,., 

Modern Steel Construction 1 July 1993/ 43 



What's in 
a name? 

, 
A comprehensive business insurance program 

designed especially for AISC. 

When you look closely at what a name 
like CNA offers the American Institute of Steel 
Construction, you'll find everything you need in 
a comprehensive business insurance program 
for your business. 

This coverage is offered by the CNA Insurance 
Companies. CNA offers you experience, stability, 
financial strength, and benefits that associations 
just like A1SC have been taking advantage of for 
over 20 years. 

In fact, CNA is the one name that offers you 
a business insurance program endorsed with the 
AISC "Seal of Approval:' It's a comprehensive pro­
gram that includes commercial property, commercial 
liability, commercial auto and workers' compensation. 

Plus optional coverages such as inland marine, 
business interruption and commercial umbrella. 
Even eligibility for a safety group dividend~ 

And regardless of how much or how little 
coverage you need, CNA delivers the kind of per­
sonalized loss control services and responsive 
claims handling that no structural steel fabri ator 
should be without. 

CNA, a multi-line insurance group, has nearly 
100 years' experience, over $11 billion in revenue, 
over $35 billion in assets, $5 billion in stockholders' 
equity and consistently high ratings~ ' 

Find out more about this custom business 
insurance program designed especially for AISC. 
Call 1-800-CNA-6241. 

'Based on elfldent control of losses. Safety dMOends. available in most atates, are decYred ~ CNA '. Boerd of QlrecIOf1Ilnd cannot be guaranteed 
"AM Beal. Standard & Poot'a, Moody'a, Dulf & Phelps. 

• 

• 

CNA 
for All the Commitments You Make . 

The CN" Insurance Companies unoerwribng this pmgrllm WIt! vary according to the coverage Awi18~ in the Conllnental us. oniV These companies ~nclude 
TranaportallOn Insurance Company, Vaney Forge Insurance Company,Continental c.aualty Company, NatIOnal Are Insurance Company of Hartford. 

Transconlinentallnauranot Company Of AmericatI C8.sua1ty of Reading, Pennsytvenla. CNA PlazaIChIcago,1l60685 
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STRUCTURAL S TEE L DESIGN 

CONXPRT 
A knowledge·based, menu-<lri· 
ven PC software system lor 
the design 01 comections in 
steel framed buildings. All 
strength limit states are 
checked and expert advice 
Irom long· time labricator engi· 
neers is used to augment the 
design rules. 
• Generates cope sizes, aflows 
bolt stagger and permits 
different bolt diameters lor 
shop and field use 
• Designs can be stored on 
disk, aflowing electroric 
communication between 
design parties. 
• Generates complete reports 
showing details and strength 
for each limit state checked. 

3·112' or 5·114" disk 
MODULE I: 
SHEAR CONNECTIONS 
1 st edition LRFD 

Version 1.02 $300 
9th edition ASD 

Version 2.0 $400 
MODULE II: 
MOMENT CONNECnONS 
ASD format only $400 

STEMFIRE 
Determines safe and economi· 
caf fire protection lor steel 
beams, columns and trusses. 
Based on rationaf procedures 
developed by AISI which ex· 
tend the published UL fire 
resistive designs to other 
possible rolled structural 
shapes and common protec· 
tion material requirements. 

Two 5·114' disks 
& users manual $96 

(sorry. no 3· 112' 

SOFTWARE 
FROM AISC 
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WEBOPEN 
Designed to enable engineers 
to quickly and economically 
design beam web openings. 
Uses state of the art criteria 
and features a clear and logi· 
cal data entry system with 
easy·to·use color coded input 
windows. Wrinen by practicing 
engineers for engineers, incor· 
porating expert design checks 
and warning messages which 
enhance the application 01 the 
AISC Design Guide-Steel 
and Composite Beams with 
Web Openings-to specilic 
design problems. 
3·112' or 5·114' disk. Includes 

A/SC Design Guide $495.00 
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AISC FOR 
AUTOCAD 

Saves time doing detail draw· 
ings 01 structural steel shapes 
in AutoCAD. Lists properties 
corresponding to data in the 
most recent LRFD and ASD 
manuafs. Parametrically draws 
to scale the end, elevation and 
plan views 01 common shapes. 

3·112·or5·114·disk $120 
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ELRFD 
A new sophisticated program 
lor interactively checking 
structural steel building 
components lor compliance 
with AISC specification. 
Checks whether member 
satisfies afllimit states and 
limitation requirements set by 
the LRFD Specification and 
reports whICh sections are 
satisfied or violated. 
• Review in detail the lormulas 
and rules used in the 
evaluation and interactively 

assess any mathematical 
expression on the screen. 
• Fully intllfactive MS Windows· 
based user interface. 
• Disk inctudes ELRFD 
ChecklBrowser, AISC 
Structural Shapes Database 
and sample problems 
• User Guide and Reillfence 
Manuaf. 

3· 112' disk only $495 

AISC 
DATABASE 

Contains the properties and 
dimensions 01 structural steel 
shapes, corresponding to data 
pubfished in the most recent 
LRFD and ASD Manuafs 01 
Steel Construction. Presented 
in the ASCII lormat lor W, S, 
M, HP and other common 
shapes and chamels. 
Available in U.S. customary 
units or metric units. May be 
convllf1ed to Lotus t ·2·3 PRN 
lormal. 

3·tl2"or5·114·disk $60 

ORDER YOUR AISC SOFTWARE PACKAGES TODAY 
V I S A 

CALL (312) 670-2400 
MASTERCARD 

FOR FASTER SERVICE FAX YOUR ORDER (312) 670-5403 
OR SEND MAil ORDERS TO: AISC SO FTWARE, P.O . BOX 806276. CHICAGO. IL 60680-4124. 

AllOW 2-3 WEEKS FOR MAtl ORDERS; 7-10 DAYS ON PHON E, FAX ORDERS. 
CREDtT CARDS ONLY ON PHONE. FAX ORDERS 



CAD Takes On 
Structural Engineering • 

Pre-processors are beginning to provide 
design engineers with the graphical 

advantages of advanced CAD systems 
By James Lord and 
Mark Middlebrook 

A computer aided drafting 
program has become one of 
the "tools of the trade" in 

most engineering firms, in part be­
cause many projects now require 
construction documents produced 
with CAD. Also, the quality and 
sophistication of structural drafting 
applications that run inside of gen­
eral-purpose CAD programs such 
as AutoCAD or MicroStation has 
improved to the point where CAD 
can be an efficient tool. even on 
small or unrepetitive projects. Until 
recently, though, CAD software 
was relegated to the drafting de­
partment. Engineers continued to 
ply their trade with calculator and 
spreadsheet, text editor and finite 
element analysis software, while 
casting envious glances at the high 
resolution graphics and high per­
formanee computers available to 
drafters. 

That distinction is beginning to 
blur as structural software devel­
opers release CAD-based graphical 
preprocessors for analysis pro­
grams. The coneept on which this 
new breed of software is based is 
simple and appealing: engineers 
should be able to "draw" their 
analysis models interactively in a 
CAD program, rather than have to 
type line after line of arcane code 
into text input files. The three-di­
mensional CAD model can then 
serve not only as the souree of 
analysis input, but also as the basis 
for two-dimensional framing plans 
and elevations. 

The details of implementing this 
simple idea turn out to be surpris­
ingly complicated. While today's 

46 1 Modern Steel Construction 1 July 1993 

CAD programs are powerful tools 
for creating and manipulating the 
graphical geometry of a structure, 
they aren't especially well-tuned 
for managing all the non-graphical 
data that defmes a structural 
model. As a result, programmers 
have to develop methods for at­
taching member sizes, materials, 
and other data to the graphical 
CAD entities. in addition, graphi­
cal preprocessors have to contend 
with the imprecision of a CAD 
model. In finite element analysis, 
everything is tied to nodes (or 
"joints"). Nodes are the first data 
tha t the engineer specifies in tradi­
tional input methods, and they de­
fine precisely where members can 
connect. Most preprocessors, on 
the other hand, let the engineer 
simply draw structural members. 
Then during translation, the pre­
processor infers node locations 
from member intersections, using a 
small "slop factor" to account for 
drawing inaccuracies and CAD co­
ordinate round-off error. This ap­
proach seems more direct for the 
engineer, but the trade-off is a loss 
of control. Now the preprocessor 
rather than the engineer decides 
how to organize the analysis input, 
including the node and element 
numbers. 

The venerable ASCIJ text file in­
put method used by almost all cur­
rent structural analysis programs 
seems crude by today's software 
standards, but text input offers a 
number of advantages to the engi­
neer (and to the programmer). 
First, text input is unambiguous; it 
ensures that node and element lo­
cations are specified precisely. Sec­
ond, text input gives the engineer a 

high degree of control over node 
and element numbering. With an 
efficiently numbered structural 
model, it is much easier to check 
and get results. Finally, most analy­
sis programs include node and ele­
ment generation options that can 
make short work of modeling large 
structures that exhibit symmetry or 
regularity. 

Why should you even consider a 
CAD-based graphical preproces-
sor, then? First, because the geome-
try of some structures is easier to 
model in a CAD program. This is 
especially true for geometrically • 
complex structures in which locat-
ing the nodes is tricky. Second, be­
cause a good graphical preproces-
sor does more than prepare 
analysis input. Most of them can 
generate drafted plans and frame 
elevations automatically from the 
same 3D model. The quality and 
degree of completion of these gen­
erated drawings varies, but it's 
possible to save a significant 
amount of the time that drafters 
normally would spend laying out 
plans and elevations. Some pre­
processors also can create material 
reports and true-size "extruded" 
members that can be rendered by 
the CAD program for presentation 
purposes. And finally, other parts 
of the design process, such as cal­
culating gravity loads and design-
ing floor framing, can be auto­
mated and linked to analysis 
preprocessing through CAD. 

A crucia l question for any firm 
considering implementing a CAD­
based graphical preprocessors is 
"who will use it?" Few engineers • 
are completely comfortable with 
CAD software, while drafters usu-
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ally don't understand finite ele­
ment analysis. Using these pack-

• 
ages effectively really requires both 
skills. A drafter who doesn't grasp 
analysis modeling concepts is a 
menace to life safety. On the other 
hand, an engineer who stumbles 
around in the CAD program will 
become frustrated with it as a mod­
eling environment. Most structural 
software developers recognize this 
problem and try to provide a 
graphical modeling environment 
that's less daunting than the one 
offered by the "raw" CAD pack­
age. 

For these reviews, we looked at 
three CAD-based structural appli­
cations. AutoFLOOR and 
AutoETABS are companion pro­
grams from Computers and Struc­
tures, Inc. (CSI), and they run in­
side of Autodesk's AutoCAD. 
FrameWorks, from Intergraph's 
AEC Group, runs inside of Inter­
graph MicroStation and produces 
input files for AutoSTEEL, 
GTSTRUDL, STAAD-III, and Mi­
casPlus. Other available graphical 
preprocessors that work with 

•
Auto AD include AutoSTAAD 
ST AADlnput from Research Engi­
neers, Inc. and Structural Modeler 
from Softdesk. A recent version of 
ST AADlnput was reviewed in the 
March 1993 issue of CE Computing 
Review, and older versions of both 
packages were reviewed in the Au­
gust issue of CADalyst magazine. 
Both sets of reviews were con­
ducted by James Lord and Mark 
Middlebrook. Research Engineers 
and Softdesk chose not to have 
their products included in these re­
views. 

To test the programs, we experi­
mented with them on a schematic 
study recently completed by James 
Lord at Rutherford and Chekene. 
The structure is a 2SO'x17S' three­
story steel moment frame building, 
with a mostly rectangular configu­
ration. OUf testing was conducted 
on two 33 MHz 486 computers, 
each having 8 megabytes of RAM. 
We used the current version of 
each CAD program: AutoCAD Re­
lease 12 and MicroStation version 

. 4.0. 

AutoFLOOR 2.0 and 
AutoETABS 3.0 

AutoFLOOR and AutoETABS 
are AutoCAD-based structural pro­
grams from Computers and Struc­
tures Incorporated (C51) that can 
be used separately or together. 
AutoFLOOR designs floor and roof 
steel framing systems and creates 
drafted framing plans. AutoETABS 
is an input file generator for CSt's 
ETABS building analysis program, 
and it also creates drafted eleva­
tions of the lateral building frames. 
The output from AutoFLOOR can 
be imported into AutoETABS to re­
duce the work of building a struc­
tural model. 

AutoFLOOR 2.0 was developed 
for AutoCAD Release 11, but 
works with Release 12 also. 
AutoET ABS 3.0 requires Release 12 
and takes advantage of dialogue 
boxes and other improvements to 
the Release 12 interface. Both pro­
grams use a single pull-down 
menu (which replaces the Auto­
CAD solid modeling menu) as the 
primary means of accessing struc­
tural commands, such as those for 
grid layout and model translation. 
In addition, the other menus are 
slightly rearranged to include a 
few custom commands. 

Each program comes with its 
own reference manual which COIl­

sists of an extended tutorial. Exten­
sive appendices in the AutoFLOOR 
documentation describe the differ-

ent layers and ways of representing 
elements of the model in the draw­
ing. AutoETABS is not copy pro­
tected; AutoFLOOR uses a parallel 
port hardware lock. 

AutoFLOOR 
AutoFLOOR provides com­

mands for drawing the framing of 
a steel floor plan and specifying 
loads in an AutoCAD drawing. It 
will then design and label all the 
framing members using either the 
ASD or LRFD code. No other CSI 
products are required to use Auto­
FLOOR. 

In AutoFLOOR, each floor or 
roof level resides in a separate 20 
AutoCAD drawing. You begin a 
model by starting a new drawing 
based on one of two prototype 
drawings-{)ne for 1/8" scale and 
one for 1 /16" scale-supplied with 
the program. The scale is used to 
size entities such as text, symbols, 
and the gap between the end of a 
member and its support. You first 
draw a grid system using a custom 
AutoFLOOR command that sup­
ports orthogonal, oblique, and ra­
dial grid lines. You then add struc­
tural columns, girders, and beams 
using AutoFLOOR commands pro­
vided for each type of member. 
With the framing in place, you de­
fine the deck edge and global direc­
tion and type. You must also in­
clude any openings or local deck 
types and directions. 

The last piece of information to 
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add to the model is the dead and 
live loading. AutoFLooR automat­
ically includes the lab and mem­
ber weight in dead load calcula­
tions, so you only need to define 
additional dead loads. Auto­
FLOOR uses both dead and live 
load cases when designing for 
strength and deflections, but it 
doesn't support a seismic load 
case. Once the loads are defined, 
you use selections on the DESIG 
menu to tell AutoFLooR to design 
all or part of the framing. Auto­
FLOOR then designs and labels 
each member. If you want to inter­
actively design individual mem­
bers, AutoFLooR will present you 
with the set of beams which meet 
the constraints. You can select 
whichever size best meets your re­
qUIrements. 

AutoFLooR computes the load 
on a member based on an area 
bounded by half the distance to the 
adjacent beam. Any additional 
area, ]inc, or point loads are also 
included. The program selects 
members on the basis o( these 
loads using a simple economic 
analysis; the least cost beam which 
meets all the constraints is the one 
selected. You can change any of the 
economic parameters, and you can 
globaUy or individually constrain 
the member designs (or deflections 
and/or girder depth. The program 
can handle cantilevers and trape­
zoidal or other odd-shaped bays. 

AutoFLooR labels each mem-
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ber with its size, number of shear 
studs, and end reactions. You can 
add other annotations to the draw­
ing as required for the project, and 
still use the drawing to redesign all 
or a portion of the floor. Auto­
FLOOR also can be ust'<l to provide 
input to its sister program, 
AutoETABS. The grid lines, beam 
sizes, co lumn locations, and grav­
ity loads can all be imported into 
AutoETABS. AutoFLooR also 
generates steel take-o(fs, backup 
calculations, and column gravity 
loads. 

I was able to evaluate Auto­
FLOOR on a schematic level job in 
a design office. The initial layout 
and design of the floor was very 
quick; within a few hours I had 
most o( the structure done. Unfor­
tunately, finishing the structure 
took the rest o( the week. Some of 
the delay was caused by my unfa­
miliarity with producing presenta­
tion quality floor plans and by the 
bugs mentioned below. The level 
of detail required to develop a Aut­
oFLooR model was also a contrib­
uting factor. In a manual schematic 
design, you often make gross as­
sumptions and ignore many spe­
cial conditions in order to speed 
the process. To get a realistic de­
sign from AutoFLooR, though, 
you must specify every load, slab 
condition, etc. Because of this, I be­
lieve that you can save more time 
producing construction documents 
than schematic documents. 

Floor still has a few problems. 
Additional drafting functions for 
tasks su h as creating a moment • 
connection symbol would be use-
ful. A feature to constrain a group 
of beams to be designed together 
would improve AutoFLooR's use 
(or schematic design. When gener-
ating the model, I found two bugs. 
The first was an obvious problem 
labeling the number of studs on a 
beam. The second was morc se-
vere; AutoFLooR neglected some 
loads when analyzing highly ir­
regular (raming. I called CSI and 
received a fixed version two weeks 
later. 

AutoETABS 
AutoET ABS ust~ AutoCAD as a 

three-dimensional modeling envi­
ronment within which you build 
an ETABS structural model. It also 
lays out (rame and wall elevation 
views where you can add and ma­
nipulate structural entities. These 
views can be used as the basis o( 
drafted elevations (or the project 
construction docu ments. 

AutoET ABS divides the Auto­
CAD screen into three views (or . 
easier 3D manipulation. You start 
the model by drawing grid lines in 
a plan view, or by Importing them 
from a AutoFLooR drawing. You 
then set up the heights and names 
of each building le"el. Once you've 
indicated frame elevation locations 
by picking grid lines, AutoET ABS 
lays out each elevation side-by-side 
using AutoCAD's paper space (ea-
ture. You can switch between the 
fuU model view and frame eleva-
tion view as orten as you wish; 
working on the frame elevations is 
often much easier than using the 
3D views. 

Once the grid and views are in 
place, you define columns, girders, 
diaphragm edges, diaphragm 
masses, and building loads. You 
can do this from scratch using com­
mands on the AutoETABS menu, 
or you can import much of the data 
from AutoFLooR drawings. The 
model is then ready (or translation 
to an ETABS text input file. During 
the translation process, a dialogue 
box queries you (or two title lines, • 
rigid end offsets, p-delta multi­
plier, and type of analysis. 



AutoET ABS then reads informa­
tion from the AutoCAD drawing 

• 

and writes out an ET ABS text input 
file. 

AutoET ABS provides support of 
most of ETABS' features, including 
UBC, BOCA, BCC and other seis­
mic and wind codes. The standard 
ET ABS load cases are supported, 
but the load combinations must be 
added manually. The only unex­
pected behavior I encountered is 
that the program lumps all the 
members into one frame and does 
not use the substructuring feature 
of ETABS. I was told that this is to 
ensure compatibility with the next 
major revision of ETABS, where 
such substructuring will be per­
formed automatically within 
ETABS. 

The most glaring missing fea­
ture is control over the column, 
bay, brace, and wall numbering. 
When translating a model, 
AutoETABS assigns these numbers 
sequentially but provides no way 
to change, or even view, the defau lt 
numbering. You can change the 
numbering in the translated text 

• 
file, but the changes will not be re­
flected in the model or in sub­
sequent translations; translation is 
strictly a one-way process. To be 
fair, though, this limitation applies 
to all the CAD-based graphical pre­
processors we've looked at. 

While working with the pro­
g ram, I found one minor but an­
noying bug while assigning rectan- I 
gular concrete beams; the program 
incorrectly reads previously en­
tered section data and will not al­
low you to assign beams with the 
same property number again. Also, 
selecting elevations can be prob­
lematic when using portions of the 
same grid line. My last complaint 
is more of a wish-grid line labeling 
similar to AutoFLOOR's would 
make navigation in the elevation 
views much easier. 

AutoFLOOR is a very usable 
program for designing and pro­
ducing presentation quality steel 
floor plans. AutoET ABS is also 
helpful for generating ET ABS input 
files if you can accept losing con-

• 
trol of the node and member num­
bering. The two programs work I 
well together. If you use CSI analy-

STEEL BRIDGE DESIGN on your PC 

Our steel bridge girder design software has been licensed by many 
of the largest ENR Top 500 Design Firms, as well as smaller firms and 
state DOTs. We now offer the following deSign and analysIs features: 

Integrated Grid Analysis & Girder Design 
• Generates influence surfaces, loads lanes or uses wheel load distribution 
• Generates geometry for girders and bracing from 8 minimum of input 
• Plate girders and box girders wI haunches, rolled shapes wI cover plates 
• 12 continuous spans. variable horizontal curvature, skewed supports 
• Powerful nonprisfflllcic girder optimization processor (one that works/) 
• Optimized girder designs satisfy user's preferences and the code 
• 1992 AASHTO Specification. Allowable Stress Design, Load Factor Design 
• Full control of composite action, slab pour sequencing analysis 
• Excellent for analyzing existing structures for specification compliance 
• Comprehensive tabular output, graphical output of stresses and deflections 

For more information, or to request a free trial, contact : 

MDX software 
Phone 

13141 446-322 1 
Also availa ble: Fax 

Sc reed Elevation Program 1314) 446-3278 

STRUCTURAL ENGINEERING SOFTWARE 
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IlIIIISl TOOlS fCIIlTIUCTUUI_na AlII DIl* 
As a new gener8bOn software, ROBOT V6 is emerging 
as a new standard of exceUence In structural analysis 
Only ROBOT V6 p<ov_ you .. th unparalleled 
quakty, reliablhty. calQ,laling power. and ease 01 use 
An iO\lBStment 01 over 50 man-years of development 
effort has resunad In more than 400,000 lines 0' object 
oriented C and C .. COde. Thanks to state-of-the-art 
plogramlTUng lechmques, ROBOT V6 is extremely 
fast and the most powerful structural analysis program 
running on the PC platform 
TMI __ AIID _AIM _ TODAY 

ROBOT V6 Will "'1 you Increase productivIty of your 
des.gn leam, even If you use other Pfograms now 
ROBOT V6 capabditl8S leave the competitIOn far 
behind. ROBOT V6 IS espeoafIy geared lor structural 
8fIgIneers, and SUflPOOs various nattOOal codes lor 
steel and concrete desagn,usmg menu dOven, 
iOieractlve design procedure 

IlIIIDW TOOl fClllOIOOI.l AlII IIIVIISITIIS 
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A Quick Quiz 
For Structural Engineers 
The more 0 computer program costs, the 
better it is. 

TRUE FALSE 

A program that solves complex, difficult 
problems must be complex and difficult 
to use. 

TRUE FALSE 

Structural engineering software can never TRUE FALSE 
be fun to use. 

If you answered TRUE to any of the above, or you would like to know more 
about a truly innovative software program, call us! 

RISA 
TE C HN ( G [ S 

L 

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

26212 Dimension Drive, Suite 200 
Lake Forest, CA 92630 
1-800-332-7472 

sis programs and design steel 
buildings, these two programs de­
serve a look. 

FrameWorks 1.4 
Intergraph developed a series of 

structural analysis preprocessors 
for their UNIX and mainframe 
CAD systems beginning in the 
early 1980s, but until a year and a 
half ago, there weren't any such 
programs available for MicroSta­
lion (lntergraph's PC-based CAD 
package). The AEC Group, for­
merly a developer of third party 
applications for MicroStation and 
now a division of Intergraph, 
changed that with their release of 
FrameWorks, a structural applica­
lion for creating analysis input, 2D 
plans and elevations, material re­
ports, and 3D renderings from a 
single three-dimensional stick 
model. FrameWorks will create 
analysis input files for AutoSTEEL, 
GTSTRUDL, and STAAD-IfI, as 
well as for programs that can ac­
cept Intergraph's CSD (Common 
Structural Database) file format. 
FrameWorks requires a para llel 

• 

port hardware lock. • 
FrameWorks uses MicroSta­

tion's graphical user interface to 
good advantage, and is well-inte­
grated with it. The motif-style in­
terface features multiple graphics 
windows, dialogue boxes, icon pal­
ette menus, and pull-down com­
mand menus. FrameWorks leaves 
the standard MicroStation palette 
and command menus on screen 
and adds its own command menu 
window and palette menu contain­
ing the application-specific func­
tions. You can open, move, and 
resize windows to your heart's 
content, but as with most win­
dowed graphical user interfaces, 
the result will be a pretty cramped 
screen unless you have a high-reso­
lution monitor. 

You begin a FrameWorks model 
by defining a plan view and then 
specifying a column grid. The grid 
is optional, but very helpful, since 
FrameWorks commands will auto­
matically snap to grid line intersec­
tions. Unfortunately the grid place-
ment dialog only handles . 
rectangular grids. With the grid in 
place, you use the palette menu to 



• 
• 
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place columns and beams and to 
modify their section properties, ori-

• 

entations, and other characteri tics. 
FrameWorks stores these data in 
external databases that the Micro­
Station design file is linked to, but 
it also displays the inf rmalion 
next to each member, which helps 
in checking the model. Once 
you've drawn some of the struc­
tural geometry, you can use cus­
tom FrameWorks editing com­
mands to copy or modify it 
(ordinary MicroStation ediling 
commands aren't allowed, because 
they don't know how to update the 
external databases). To complete 
the model, you define additional 
plan levels (and elevations, if nec­
essary) and copy or draw the mem­
bers at those locations. 

Creating the framing for our 
sample structure was, for the most 
part, straightforward and efficient. 
The automatic grid intersection 
snap made quick work of laying 
out most of the members, and Mi­
croStation's snap lock and preci­
sion input handled the rest of the 
cases. One operational limitation 

•
that became apparent was the lack 
of an undo capability. FrameWorks 
prevents you from using M icroSta­
tion's undo feature because, once 
again, it doesn't know how to han­
dle the structural database files. As 
a result, recovering from mistakes 
that involved copying or modify­
ing a large number of members 
sometimes was time-consuming. 

More serious are the functional 
limitations in the current version of 
FrameWorks. Although it does a 
good job with structural geometry, 
it doesn't currently address loads, 
supports, planar elements, or 
member-specific end releases. 
These limitations place fairly se­
vere constraints on the types of 
structural analysis models that 
could be modeled efficiently with 
FrameWorks. Of course you can 
add loads, supports, and the rest to 
the input file by hand after Frame­
Works has created it, but that 
would be a tedious job for all but 
the smallest of structures. Also, 
you would lose the associativity of 

• 
the input file with the FrameWorks 
model, so any changes would have 
to be made in two places. On the 

positive side, FrameWorks is able 
to read member size changes re­
ulting from redesign back into the 

MicroStation design file. 
Fortunately FrameWorks does a 

lot more than create analysis input 
files. You can extract 2D framing 
plans and elevations from the 
tructural models, and then update 

them when the model changes. The 
levels and symbology (color, line 
style, and weight) assigned to each 
type of object in the design files are 
configurable, which makes it easy 
to accommodate the AD stand­
ards of different offices. Frame­
Works also includes a sophisti­
cated and highly configurable 
report generator with which you 
can create material reports. Finally, 
the program will "extrude" the sin­
gle-line members into surface rep­
resentations which MicroStation 
can render. All of these features 
worked well when we tested them, 
although the surface models for 
moderately large structures can 
bog down even a fast computer. 

The FrameWorks documenta­
tion comprises a tutorial guide and 
reference manual, both of which 
are well-designed and a pleasure to 
use. A few important details about 
installation are missing. but other­
wise the manuals seem quite com­
plete. The conceptual information 
presented at the beginning of the 
reference manual is especially 
helpful in becoming acquainted 

with this new method of modeling 
structures. 

The fun tional shortcomings of 
FrameWorks will limit its range of 
appli ation as an analysis preproc­
essor, but the program is worth 
considering for its drawing and re­
port generation capabilities. Al­
though this version of FrameWorks 
is far from complete as a structural 
modeler, the features it does offer 
are well-thought-out and well-im­
plemented. If Intergraph's AEC 
Group builds on this strength, then 
FrameWorks could become a ver­
satile AD-based preprocessor. 

Companies: 
Intergraph Corporation/ AEC 

Group contact: Stuart Obermann, 
205/730-8677 I Iuntsville, AL 35894 
phone: 20 /730-2000 fax: 205/730-
2461 

omputers & Structures, Inc. 
contact: Randall orson, 1995 Uni­
versity Avenue Berkeley, CA 94704 
phone: 510/845-2177 fax: 510/845-
4096 

iames Lord is a registered dvil e,r­
gilleer specialiwrg ill structllres at 
Rlltirer/ord & Cirelcelle ill Sail Frall­
cisco, Cali/omia. Mark Middlebrook is 
presidellt 0/ Daedallis COIISlil/ill8, a 
structllral CAD m,d compllter con­
slil/mg firm m Oaklaud, Calr/onua. 
He is co-Dlltiror 0/ tire /ortlrcommg 
book AlitoCAD Power Tools . 
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ENGINEERING SOFTWARE PRODUCTS 

Steel Girder 
Bridge Design 

Version 5.0 of Merlin-Dash, a 
PC-based computer program 

for the design and analysis of 
straight steel girder bridge sys­
tems, has been released by the 
Bridge Engineering Sofhvare Cen­
ter (BEST). The new rolled beam 
design feature allows user defined 
nominal depth and material. The 
steel material is arbitrary with the 
optimal nominal depth up to 40". 
The change of section can be user­
defined or default by the program. 
In the new pouring sequence lea­
ture, pouring numbers and days 
are delined on screen and it is al­
lowed to have either DL stage 
analysis or DL stage + LL analysis. 
The program is widely used by the 
FHWA, state/ county/ city agencies 
and private consultants. 

For morc information, contact: 
Pat Johnson at Th BEST Center, 
Department 01 ivil Engineering, 
University 01 Maryland, College 
Park, MD 20742 (301) 405-2011; fax 
301 / 314-9129. 

80 Mhz 
Workstation 

T he Perlormance Logic Preda­
tor Series Irom MC' Computer 

Systems is an Intel 486DX2-based 
graphic station running at 80 Mhz. 
The system is targeted toward the 
rapidly developing market of Mi­
croStation P users. To speed Mi­
croStation's continual reads and 
writes to the hard drive, the com­
puter is equipped with a Maxtor 
FAST SCSI-2 disk drive with an .5 
millisecond access time. The sys­
tem comes with 256K 01 Static 
RAM and from 16 to 128 Mb of 60 
nanosecond RAM and have a price 
range beginning at $5,500. 

For more information, call: MC' 
Computer Systems at (800) 3n-
2087. 
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Ink-Jet Plotter 
Supplies 

Dietzgen Corporation has intro­
duced a new line of ink-jet plotter 

medium. Although ink-jet plotters 
are designed to print on most pa­
pers, their performance can be en­
hanced by choosing a material op­
timized for ink-jet plotting. The 
company is offering a wide variety 
of materials, including: three types 
of bond; vellum; and polyester 
film. 

For more information, call: 
Dietzgen Corporation at (800) 473-
1200. 

Integrated 
Structural 

Analysis and 
Design 

Metro olt, Inc. has introduced 
Version 1.2 of ROBOT V6, a 

new generation 01 integrated struc­
tural analysis and design software. 
Completely rewritten in C++, state­
ol-the-art programming techniques 
are used to all but eliminate limits 
on problem size (maximums are 
32,500 nodes, 32,500 elements, 
32,500 loads and combinations, and 
1,000 mode shapes). Despite its 
power, the program is very easy to 
use and features full graphical in­
put and result processing. Rapid 
input creation is possible using 
powerful CAD-like generating and 
editing commands. The program is 
menu-driven. Also, member opti­
mization can be perlormed accord­
ing to minimum weight, a range of 
maximum and minimum depths, 
or both. The program is geared lor 
structural engineers and supports 
the latest U.s. codes (various for­
eign code supplements are avail­
able). 

For more information, contact: 
Metrosoft, Inc, 332 Paterson Ave., 
East Rutherford, NJ 07073 (201) 
438-4915; fax 201 / 438-7058. 

CAD Steel • 
Design Utility 

Programs 

A new package of AutoLiSP 
utility programs is now avail­

able (or users of AutoCAD 12. 
These programs were written and 
tested by a structural engineer with 
extensive experience in steel design 
and labrication to meet the needs 
of designers and detailers. Among 
the utilities available are: cross sec­
tions with side view options lor 
structural shapes make use 01 a 
dialogue box control with unique 
input options to quickly assemble 
plan views and elevations 01 steel 
framing; programs to interactively 
create welding symbols, section ar­
rows and item balloons; and calcu­
lator programs to report item 
weights and drawing border/ scale 
options from selected geometry. 

For more information, contact: 
R. Larsen, P.E., 4640 Windemere 
Dr., Sturgeon Bay, WI 54235 (414) . 
746-0521. 

Inexpensive 3D 
CAD 

Release 2 of Generic 3D, 
Autodesk's inexpensive DOS­

based CAD program, is now avail­
able. Despite its $399 price tag, the 
program includes: cursor align­
ment/ tracking; sculpt modes; 
AutoCAD compatibility; linear di­
mensioning and text lines; nested 
commands; ''bite-sized'' exercises 
and tutorials; and a large library o( 
sample symbols. Minimum system 
requirements include a PC AT or 
higher, 1 MB 01 RAM; MS-DOS 3.0 
or higher; a hard drive with 7 MB 
of free space; an EGA or better 
graphics card and a Microsoft 
mouse or compatible. 

For more information, contact: 
Retail Products Division, 
Autodesk, 11911 orth Creek . 
Parkway South, Bothel, WA 98011 
(BOO) 228-3601 ; fax 206/ 483-6989. 



• Analysis, 
Design & 
Drafting 

D eseareh Engineer's Auto­
.1'-sTAAO/ MAX software of­
fers: model generation; analysis; 
design; drafting; and detailing-all 
entirely within AutoCAO. Analysis 
facilities include 20/ 30 static/ dy­
namie/ seismie/ P-Delta analysis, 
frame/ plate/ shell elements, and 
all possible loarung and support 
conditions. The program designs 
for both current American and In­
ternational code . Extensive load 
generation facilities are available, 
including moving loads (AASHTO 
and user provided), UBC seismic 
loads, wind loads, floor loads, re­
sponse spectrum and time history 
loads. GraphiCS facilities include 
interactive model generation and 
elaborate verification capabilities­
plotting of structural geometry, de­
flected shapes, bending moment, 
shear force ruagrams, stress con-

• tours, etc. Structural drafting facili­
ties include generation of framing 
plans/ sections/ elevations, founda­
tion plans, and details. 

For more information, contact: 
john Putnam, Research Engineers, 
Inc., 1570 . Batavia, Orange, CA 
92667 (714) 974-2500; fax 714 / 974-
4771. 

Dimensional 
Calculations 

l Obber Instruments, the producer 
of the jobber 11 and III Oimen­

IOnal Calculators has added a soft­
ware/ mathematical program to its 
line. The program works with the 
user's CAO system and works in 
three-dimensional formats with in­
stant conversion between different 
measurement systems-feet, inches 
and fractions; decimals of a foot; 
and metric. It has a scrolling tape 
on the screen for displaying all di-

• 
mensions, calculations and solu­
tions. And it comes with speaal 
graphics for working with items 

such as right triangles, oblique tri­
angles, circles, off-set bracing, and 
stairs. Calculating roof slopes, 
stairs, rails, braCing, beams, col­
umns, frames, hoppers, and hips 
and valleys is greatly simplified . 

For more infonnation, contact: 
jobber Instruments, P.O. Box 4112, 
Sevierville, T 32864 (BOO) 635-
1339. 

High-Speed 
Plotters 

DESCON 
DESIGNS AND DETAILS 
STEEL CONNECTIONS 

I~c, Y' F>m::ll 

• 

FOR A FREE DEMO DISK 
CALL OR WRITE TO 

OMNITECH ASSOCIATES 
P.o . BOX 7581 

BERKELEY, CA 94707 
(510) 658-8328 

Xerox Corporation has intro­
duced a new digital writing 

technology which allows for faster, 
higher resolution raster plotting. 
Based on the electrostatic writing 
process, the ASI imaging process 
allows for significantly enhanced 
line quality and solid fill areas. 
Prices for the 8770 series begin at 
$25,900. The plotters can draw on 
five types of media, including 
opaque, vellum and translucent pa- 1--------------­
per and clear and matte-black film. 

For more information, contact: 
Xerox Engineering Systems, P.O. 
Box 92718, Rochester, Y 14692-
8818 (800) XES-TALK, ext. 7067. 

Plant Design 

A Pplications Development, 
Inc., has introduced a new 

software module to supplement its 
PRO-SERlES family of software for 
AutoCAO-based plant design. This 
new release speeds drafting and 
generation of reports for plant and 
equipment arrangement , as well 
as for intelligent 20 or 30 back­
ground steel. PRO-PLANT/ STEEL 
takes advantage of AutoCAO's ex­
tensive entity data programming 
feature so that all of the steel com­
ponent intelligence-including 
height, wid th, length, paint area, 
etc.- are easily available for auto­
matic notation and bill of material 
generation. Also, when a steel 
beam is trimmed or stretched, all of 
the information is updated. The 
program also readily converts back 
and forth from 20 to 30 and fea­
tures automatic generation of scc-

For the BEST in Bridge 
Software •.• 

Design of Curved Girder Bridges 

NEW FEATURES: 
-.J Live Load Distribution· Automatic 

(Longitudinal & Transverse) 
-.J Mesh Generation - Automatic 
-.J Rati ng - Auto Rating Factors 
-.J Influence Line Output 

(From Influence Surfaces) 
-.J MetriC Conversion 
-.J Uses AASHTO 15th Edition 
-.J Lease or License f ... l~'~ .. "'\ 
-.J Timesharing fULL PI 

MERLIN DASH 
D.sl!n & An.lysls 01 Bridge Anatpis 
StM Glrd,r Bndg.s And Rallng Sysl.m 

..J AASHTO • ONe New .sen [It .J O.rivtd Itom OrIgln.' 
o FHWA . EndOlMCi wid U.d b, BARS Program 
J DOr, · UIIHI bf 35 SllIe, :J Complhbll wilh DOr. 
U o.sign . Co-I OpalllllllO Structural DaI.b .... 
U Fritndly . MeI'll,l·()lwenlnpul :.J Rat .. All Con .... ntlon.1 
..l Gr.phlcs Display 01 Output IMmb.r Types 
.J Output Report Stleclion :.J ConSIders All 
J Qualdy and p.rlor""nce Conslnlcllon Malt,1I1S 

Av.II,bl. Exciusiv.'y Thru: 

OPTI-MATE, INC • 
P.O. 8019097, OOpl. A, Bethl.h.m, PA 18018 

(2151867-4077 
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tions. 
For more information, call (504) 

835-1627 or fax 504/835-4867. 

Ink Jet Plotter 
CADViSions has announced a 

new, lower price on NovaJET 
II, an A-E size inkjet plotter. The 
$7,995 plotter features improved 
monochrome line drawings, better 
color images, a nd is easier to use. 
To improve monochrome line 
drawings, a new linear encoder 
tracks the position of each inkjet 
cartridge and places the ink in pre­
cise location, eliminating banding 
and overspraying. Also, banding, 
bleeding and buckling are virtually 
eliminated in color plotting. 

For more information, call: Roy 
B. Burchfield of CADVisions at 
(214) 720-2023 or fax 214/720-0617. 

3D Analysis & 
Design 

Computers and Structures, Inc., 
has released the latest ver­

sions of ET ABS and AutoET ASS, 
state-of-the-art software applica­
tions for building analysis and de­
sign. The ETABS system is a series 
of large capacity programs specifi­
cally developed for three-dimen­
siona! analysis and design of build­
ing structures. ETABS can analyze 
moment frame, braced framed or 
shear wall buildings, or combina­
tions of these. Dead, live, wind, 
static seismic and/or dynamic 
earthquake load analysis (includ­
ing time history) are all possible. 
TIMER, an interactive time history 
display processor, generates time 
history traces of displacements, ve­
locities, accelerations, as well as 
element forces. STEELER V5.4, a 
design post-processor for ET ABS, 
supports LRFD and ASD according 
to the latest A1SC Specs. Version 
3.0 of AutoET ABS, the AutoCAD­
based structural modeler program 
for the ETAB building design sys­
tem, fully supports AutoCAD 12's 
new user interface. ew dialogue 
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boxes have been added through­
out, making it easier to define, as­
sign and review story heights, sec­
tions properties and materials, 
loads and AutoFLOOR references. 
It also now supports metric units. 

For morc information, contact: 
Computers and Structures, Inc., 
1995 University Ave., B rkeley, CA 
94704 (510) 845-2177; fax 510/845-
4096. 

Integrated 
DeSign & 
Detailing 

The S05/2 Software from De­
sign Data 5<wes time and 

money by eliminating the duplica­
tion of information between engi­
neers and detailers. Users of S05/2 
create a three dimensional model 
only once, which is then used for 
all phases of design and fabrica­
tion. The same model is used to 
analyze and design the structure, 
design connections, add connection 
material and automatically pro­
duce shop drawings. Design Data 
also has developed an interface to 
other third party engineering soft­
ware products. DesignLl K pro­
vides a means of data transfer be­
tween different engineering and 
detailing software packages. 

For more information or to 
schedule a free demonstration, call: 
Design Data at (800) 443-0782 or 
fax 402/476-8354. 

DOS 
Engineering 
Calculations 

E ERCALC Engineering Soft­
ware has introduced their first 

"DOS" only software system. The 
program is designed to perform 
most of an engineer's typical build­
ing structural calculations without 
the need for a separate spreadsheet 
program, such as Lotus 1-2-3. 
Beams, columns, foundations, 
walls, diaphragms and 20 frames 

can be designed using the pro-
gram. Also, seismic & wind analy- • 
sis can be performed. 

For more information on the 
$945 program, call: Beverly Kibler 
at (BOO) 424-2252 or fax 714/557-
9957, 

Bridge Design 
V ersion 5.0 of MERLIN DASII 

(Design Analysis of Straight 
Highway Bridge Systems) is now 
available from Opt i-Mate. The pro­
gram is fast running and features 
an extremely user-friendly menu­
driven input system. An AASHTO 
Code check is performed for LFO 
and WSD. ew features include: 
design capability for rolled beams 
with 40" sections; pouring se­
quence where curing rates are con­
sidered; and special boundary con­
ditions, such as partially or fully 
fixed supports as well as support 
settlements and frame simulation. 

For more information, contact: 
Ollie Weber, OI'TI-MATE, Inc., 
P.O. Box 9097, Dept. AI, Bethle- • 
hem, PA 18018 (215) 867-4077. 

Angle Strut 
Design 

Formal Software Publishing has 
released a new software pro­

gram for the design of Single Equal 
Leg Angle Struts. ANGLE-I elimi­
nates the need for tedious and la­
bor intensive compression member 
calculations. Based on AlSC Speci­
fications, the program offers the 
structural engineer a point-and­
shoot approach to solving prob­
lems. The program works with 
both ASD and LRFO methods. It 
has fully configurable design pa­
rameters, a database of AISC equal 
leg angle sizes, and four calculation 
modes. 

For more information on the 
$125 program, contact: Formal 
Software Publishing, 2120 Market 
Street, Suite 209, Camp Hill, PA • 
17001 (717) 763-5772. 



Macintosh 
• Structural 

Software 

M ultiframe is a structural 
analysis and design soft­

ware system for the Macintosh . 
Featuring fast interactive graphics, 
the program delivers ease of use 
with powerful 3D analysis and de­
sign. Integrated CAD and spread­
sheet tools allows fast data editing 
and allows the user to make incre­
mental changes interactively and to 
re-analyze without having to re­
start from scratch. Advanced visu­
alization capabilities, including 
color stress contours, rendering 
and animation allow the user to 
quickly identify problem areas. 
Code checking and customizable li­
braries are included. Multiframe 
3D sells for $1,495. The company 
a Iso offers a Steel Designer pro­
gram for $695, a Section Maker 
program for $395, and a bundle of 
all three programs for $1,995. 

• 

For more information, contact: 
Graphk Magic, 180 Seventh St., 
Suite 201, Santa Cruz, CA 95602 
(408) 464-1949; fax 408/ 464-0731. 

Low-Cost 
Scanner 

A n inexpensive system to 
quickly scan A to 0 size 

drawings into a PC for archiving or 
CAD conversion is now available 
from IDEAL Scanners & Systems. 
The IDEAL I/ Brush combines a 
portable scanner with calibration 
software and board to seamlessly 
scan any document up to 24" x 34". 
Complete tools for image cleanup, 
format conversion, viewing and 
plotting provide bridges to most 
raster operations. Resolution is se­
lectable up to 300 dpi and prices 
for the scanner start at $2,595. 

For more information, contact: 
IDEAL Scanners & Systems, 11810 
Parklawn Dr., Rockville, MD 20852 

• (310) 468-0123; fax 301 / 230-0813. 

Bridge Grid 
Analysis & 

Steel Girder 
Design 

An integrated bridge grid 
analysis and steel girder de­

sign package from MDX Software 
is designed to save time and re­
duce material costs. The scope of 
application includes plate girders 
and box girders, including web 
haunches, rolled shapes, skewed 
abutments and piers, and variable 
horizontal curvature. The program 
features a highly advanced girder 
design processor that performs so­
phisticated mathematical searches 
for optimal designs conforming to 
both the 1992 AASHTO Specifica­
tion and the engineer's preferences. 
The grid program generates the ge­
ometry and influences surfaces, 
calculates the live load envelope 
from rigorous lane loading or 
wheel load distribution, and 
closely interacts with the girder 
program. 

For more information, conta t: 
MDX Software, 1412 Ridgemont 
Court, Columbia, MO 65203 (314) 
446-3221; fax 314 / 446..3278. 

Column Design 

Ram Analysis has released 
RAMSTEEL Column Module 

Version 1.0, a program that seam­
lessly integrates with the RAM­
STEEL Floor Framing Module. The 
user of the Floor Framing Module 
graphically and interactively speci­
fies several new parameters for the 
Column Module, which then de­
sign all the columns and base 
plates for the entire building. Col­
umns may be designed as wide 
flange, tube or pipe, and the pro­
gram can design to both the ASD 
8th or 9th editions and LRFD. For 
column design, the user may con­
sider the effects of "unbalance mo­
ments" due to skipped live loads 
on eccentric "pinned" beam-to-col­
umn connections, and correspond­
ing axial load . The program checks 

for the worst possible condition of 
loading. Up to three different col­
umn trial designs can be automat­
ically calcu lated. The user specifies 
where column splices occur, 
thereby grouping columns where 
the same column extends for two 
or more levels. 

For mOre information, contact: 
Gus Bergsma, Ram Analysis, 5315 
Avenida Encinas, Suite M, 
Carlsbad, CA 92008 (619) 431-3610; 
619/ 431-5124. 

2D Structural 
Design 

T he RISA-2D program provides 
a fast, truly interactive envi­

ronment for the solution of a wide 
range of structural design prob­
lems. RISA-2D can easily handle 
frames, trusses, shear walls, con­
tinuous beams and much more. 
Static, dynamic and P-Delta capa­
bilities are included , with full steel 
design (including member selec­
tion). Powerful data generation 
functions combined with spread­
sheet editing and extensive graph­
ics make the $495 program easy to 
learn and use. 

For more information and a free 
demo disk, contact: RISA Tech­
nologies, 25212 Dimension Dr., 
Suite 200, Lake Forest, CA 92630 
(8OO) 332-7472; fax 714/ 951 -5848. 

Partially 
Restrained 

Connections 

A new program from RMR De­
sign Group, I'R 0 N V2.0, 

supports the analysis of noncom­
posite and shored and unshored 
composite beams having typical 
PR connections (double web an­
gles, single plates, header plates, 
top and seat angles, and combina­
tions of these). Unshored compos­
ite beam analysis is a two-stage 
structure and loading procedure. 
Stage one is the analysis of the non­
composite beam with the beam, 
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decking, and wet concrete loads. 
Stage two is the analysis of the 
composite beam with the superim­
posed dead and live loads. 
PRCO also provides the hori­
zontal components of the connec­
tion forces (bolts, reinforcement 
and seat) that result from the con­
nection moment. The designer can 
use these forces to determine if the 
supporting structure (e.g. a col­
umn) will require stiffening and/or 
strengthening to prevent local 
yielding. 

For more information, contact: 
RMR Design Group, Inc., 4421 E. 
Coronado Dr., Tucson, AZ 85718 
(602) 577-2191. 

Structural 
Analysis Tool 

Box 

A powerful collection of 60 of 
SAl's most useful structural 

analysis and design programs is 
now available for only $650. The 
package provides complete steel 
design capability as per ASD 9th 
Edition. The package analyzes and 
designs simple span and continu­
ous span beams (20 spans), com­
poSite beams and column stacks 
(unlimited number of floors), as 
well as frames and trusses (400 
joints, 600 members). Wide flange, 
tube and pipe shapes are all stored 
on disk files to facilitate final shape 
selection. Beam and column pro­
grams store and recall beam reac­
tions, and allow multiple member 
designs in a single run. 

For more information or a free 
catalogue, contact: Structural 
Analysis Inc., 555 South Federal 
Highway, Suite 210, Boca Raton, 
FL 33432 (407) 394-4257. 

Bridge Girder 
Design 

A new 3D model and moving 
load generator for the design 

of open girder bridge models is 
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now available from SC Solutions. 
SC-Bridge features: variable girder 
depths; variable spacing; variable 
number of girders; cross-bracing 
definjtion; automatic seisnlic mod· 
els; input generation; and multiple 
horizontal & vertical curves. The 
program also includes a moving 
load generator module that sup­
ports standard truck databases, 
lane load generation and user se­
lected load combinations. 

For more infomlation, contact: 
Greg Loy, SC Solutions, 1933 land­
ings Dr., Mountain View, CA 
94043-D810 (415) 903-5050; 
415/691-9452. 

3D Bridge 
Analysis 

A full-featured, 3D bridge 
analysis and design system 

for straight or curved girder 
bridges is now available from Telos 
Technologies. CBRlDGE also now 
allows for the simultaneous place­
ment of multiple vehicle typt.'S. 
Specialized vehicles may be posi­
tioned in critical lanes while stand­
ard vehicles occupy additional 
lanes. User defined vehicles up to 
30 axles are automatically posi­
ti ned on an influence surface. 
Flexible options for both live and 
dead loads provide a wide variety 
of loading conditions. Mouse­
driven graphical interface allows 
rapid building and editing of de­
sign model. AASIITO code check 
i performed during design se­
quence. 

For more information or a free 
demo disk, contact: Telos Tech­
nologies, Inc., 1201 E. Fayette St., 
Syracuse, NY 13210 (315) 471-D113. 

Structural FEM 
Design & 
Analysis 

Stru AD'3D is a powerful 3D 
graphics-oriented suite of pro­

grams for structural FEM design 

and analysis. The program, from 
Zen tech, performs stress calcula- • 
tions and code checks in accord-
ance with the latest AISC ASD and 
LRFD specs. Included are fuJi AISC 
section libraries. Analysis includes 
static, eigen, seismic, P-Delta, wind 
and gravity load generation, fa-
tigue, steady-state analysis, and 3D 
nonlinear soil pile interaction. A to-
tal graphics environment allows 
model generation, analysis, design, 
review of results, and interactive 
redesign, with menu-<lriven fea-
tures and options, which allow the 
user to design with ease and speed. 
The program has a capacity of 
6,000 nodes, 12,000 elements, 200 
load cases, and 200 load combina-
tions, and is available in DOS and 
U IX models. A special purchase 
price of $2,500 is available until 
10/31/93, or a competitive up-
grade is available for $995. 

For more information, contact: 
Randy Parikh, P.E., Zentech, Inc, 
8582 Katy Freeway, Suite 205, 
Houston, TX 77024 (713) 984-9171; 
fax 713/984-9175. 

3D Rendering 

V isual Software has begun 
shipping Version 2.0 of Ren­

derize for Windows, a photorealis­
tic 3D image rendering utility for 
Microsoft Windows. The program 
allows designers to quickly convert 
a wireframe model into a full-color, 
photorealistic image for hardcopy 
output. 

For more information, contact: 
Visual Software, Inc., 21731 Ven­
tura Blvd., Suite 310, Woodland 
Hills, CA 91364 (800) 669-7318; fax 
818/593-3750. 

Inkjet Plotter 

• 

Pacific Data Products has an­
nounced a new C-size inkjet 

plotter for only $1,499. The Pro­
Tracer can be used to produce both 
C-size drawings and regular office 
documents. Both HP-GL and Post- • 
Script emulation cards are avail­
able. Output is 360x360 dpi and 



area fills are solid with no banding 
or streaking. 

• For more information, contact: 
Pacific Data Products, 9125 Rehco 
Road, San Diego, CA 92121 (619) 
552-{)880; fax (619) 552-0889. 

Structural 
Analysis & 

Design 

A general purpose structural 
analysis and design program, 

M-STRUDL from CAST, is de­
signed to perform static, dynamic, 
and UBC analysis for 20/30 
frame / truss/plate problems. It de­
signs steel structures according to 
both ASD and LRFD specs. Prices 
for the program start at $340. 

For more information, contact: 
CAST, P.O. Box 14676, Fremont, 
CA 94539-4676 (510) 226-8857. 

• Masonry-To­
Steel 

Connections 

T he MTD System 1 is a third­
party software system that 

eliminates the need to assemble 
masonry and structural steel com­
ponent details from scratch. Sixty 
complete state-of-the-art details are 
provided in plan, section, and iso­
metric form. All details have been 
carefully researched and formu­
lated to meet current standards 
and code requirements. Engineers 
and fabricators can use the details 
as shown or make modifications to 
meet specific project requirements. 
This system is ideal for architects 
and engineers involved in design­
ing low-rise steel structures clad 
with masonry. The MTD System 
operates on DOS version of Auto­
CAD Release 11 and 12. All details 
are derived from the technical pub­
lication "Masonry and Steel Detail­
ing Handbook." Cost is $225. 

• 
For more information or to re­

ceive a free demonstration disk, 
contact: Masonry Technologies 

Inc., 2000 Aldrich Place, Downers 
Grove, IL 60516 (708) 852-9122. 

Connection 
Design 

D ogwood Technologies has in­
troduced an engineering soft­

ware module for structural steel 
connections. Included are: framed 
beam connections with bolted or 
welded clip angles including cope 
checks; moment connections with 
beam nanges bolted or welded to 
column nange or web including 
column stiffener design; end plate 
moment connections; single plate 
shear connections; vertical and 
horizontal bracing connections; 
truss end connections; welded 
truss interior panel joints; column 
splices; column base plates; USD 
eccentric weld analysis; USD eccen­
tric bolt analysis; and bolt prying 
checks. 

For more information, contact: 
Dogwood Technologies, Inc., P.O. 
Box 52831, Knoxville, TN 37950-
2831 (800) 467-0096. 

Project 
Management 

Software 

D esigned by engineers for en­
gineers, Belnformed from 

Saga Solutions provides a tightly 
controlled project management en­
vironment that coordinates project 
contacts, documents, employee 
hours, appointments and task 
skills. Features include: detailed , 
on-line time cards; work assign­
ment lists; pop-up notepads; and 
multi-level security. 

For more information, contact: 
Saga Solutions, 160 E. Virginia St., 
Suite 280, San Jose, CA 95112 (408) 
293-7110; fax 408/293-0890. 

AISC Software 
AISC offers six software pack­

ages for structural engineers. 

CO XPRT is a knowledge­
based, menu-driven I soft­

ware system for the design of con­
nection in steel framed buildings. 
All strength limit states are 
checked and expert advice from 
long-time fabricators and engineers 
is used to augment the design 
rules. The program generates cope 
sizes, allows bolt stagger and per­
mits different bolt diameters for 
shop and field use. CO XPRT 
costs $300 for the LRFD version 
and $400 for the ASD version . Also 
available is a moment connection 
module for $400 (ASD only). 

STEMFIRE determines safe and 
economical fire protection for 

steel beams, columns and trusses. 
It is based on rational procedures 
developed by AISI. STEMFIRE 
costs $96. 

W EBOPE is designed to en­
able engineers to quic~ly 

and economica lly design beam 
web openings. It uses state-of-t he­
art criteria and a clear, logical data 
entry system with easy-to-use color 
coded input windows. WEBOPEN 
sells for $495. 

AISC FOR AUTOCAD is de­
signed to reduce the time it 

takes to draw stru tural steel de­
tails. It contains data from both the 
ASD and LRFD manuals. The pro­
gram sells for $120. 

E LRFD is a sophisticated new 
program for interactively 

checking structural steel building 
components for compliance with 
AISC Specification. It checks 
whether the member sa tisfi es all 
limit states and limitation require­
ments set by the LRFD Specifica­
tion . ELRFD costs $495. 

AISC DATABASE contains the 
properties and dimensions of 

structural steel shapes, correspond­
ing to data published in the most 
recent ASD and LRFD manuals. It 
is presented in ASCII format. The 
database costs $60. 

For more information, corda t: 
AISC Software, P.O. Box 806276, 
Chicago, IL 60680-4124 (312) 670-
2400; fax 312/670-5403. 
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STEEL MARKETPLACE 
Help Wanted - Project Management/Estimating 

Progressive and rapidly expanding Struclural Sleel Fabrica­
tor in Midwest is seeking motivated, aggressive individuals for 
Project Management/Eslimating. Minimum of 10 years indus­
try experience required. Dulies include comprehensive, 
hands-on project coordination, cosl allocation, and problem 
resolulion. Proficient oral and written communication skills es­
senlial. Commensurale compensation and excellent benefils. 
Send resume with salary history to Sales Manager, P.O. Box 
1066, Salina, KS 67402-1066. 

Ram Analysis Steel Design Software 
Now, gel SBEAM by Ram Analysis for only $100. ~~ull feature. 

romp08it.elnon-compoeite single beam de&'W' and analysIs eon-ware (LRF 
or ASD). Easy-to-use with Windows grnphlcal Interface. Full 90 day money 
back guarnnt.ce. Also avrulable, the RAMSTEEL Integrated Structural 
Software Syst.cm. Fully integrated analysis. design and droning of steel 
beams, joists, columns. and baseplates. 

Ram Analysis 
5315 Avenida Encinas, Suite M, Carlsbad, CA 92008 

Phone: 8001726-7789 
Fax orders: 6191431-5214 
-30 Day Trial Availabl&-

-----+------------
Drawing Utilities For AutoCAD 

S.ve llmedeullhng With lh_ Wl(>rul, fullr Interactive draw.lng uLlhty program. for 
anyone InY'Olved WI!.h atee deelgn IlfId AutoCAD 12. 

1'heIe program. Within Auto(:AJ) allow yuu to p!lramClncaJly drllw 
Wide Flanges Weld Symbols Break Unes (flalS) 
Angles Section Arrows Break lmes (PIpes) 
Struc1ural Tubes Ilem aaUoons Weight CalculatOf 
PIpes Slotted Hmes BordeflScale Calculalor 

Structural shapes drawn lur scale With optIOnal see VIeWS WF and P.pe data 
stored Internally, dialogue dnven. DraWing utility symbols automatlCalty scaled 

to drawing border scale for consistent, hassle free InsenJOn 
You will be amazed how easy 11 can bet 

For more Information. call or write: R. Larsen. P.E.. 4640 Windemere 
Dr., Sleurgeon Bay WI 54235 (414) 746·0521 

-----------1 
STEEL SHAPING SPECIALISTS 

WE CAN BEND STRUCTURAL STEEL: THE EASY WAY, THE 
HARD WAY, IRREGULAR CURVES, OFFSETS, ELLIPTICAL 

SHAPES, CIRCLES, SEGMENTS WITH TANGENTS AND AND WE 
CAN BEND IT TO TIGHT RAOII WITH MINIMAL DISTORTION. 

We also offer forgmg . the hot shaping 01 metals and the roUing and lormlng 01 
tubing. ralt and bars. Call or Fax Frank Hutlerer lor more information. 

Telephone 414·355-8220 FAX 414-355-4698 
MAX WEISS CO., INC. 8625 W. Bradley Rd., Milwaukee, WI 53224 

20 Software 
RISA-2D provides a fasl, truly interactive environment for the 

solulion of a wide range of struclural design problems. 
Use RISA-2D for frames, trusses, shear walls, continuous 

beams and much more. 
Stalics and dynamics are included, wilh lull sleel design. 

For a free demo, contact: 
RISA Technologies, 26212 Dimension Dr., Suite 200, 

Lake Forest, CA 92630 (800) 332-7472 

Structural Steel & Miscellaneous Metal 
Detailing sonware with Aut.oCAD for structural steel and mis· 

cellaneous metal detailers. Developed by a structural steel detail­
ing company with over 30 years in the steel detailing busincss. Ex· 
tensive AutoCAD training is not required. English or metric. 
ANYTHING that can be fabricated can be detailed with this sys· 
tern . Beams & Columns, Plans & Elevations, Bills of Material , 
Stajrs, Bracing & Gusset Plates. 

COMPUTER DETAILING CORPORATION 
1310 Induslrial Blvd .. Southamplon, PA 18966 

phone: 215·355-6003 fax: 215-355-6210 

CLASSIFIED ADS 

Reach 35,000 engineers, fabricators, architcct.s, contractors, 
bridge officials and building owners inexpensively with a 

classified advertisement in Modem Steel Construction. It's fast 
and easy-we'll even do the typesetting for you at no charge. 

For rate and placement information, cal l: 
Greg Poland at (708) 679·l1 00. 

Or fax him a note at (708) 679·5926. 
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Residential and Hotel Construction 
Bridge Expansion Systems and Bearings 

• 

• 



r ," • 
- 0-, 
.f1 , , 
J 

• 

ORDER 
YOUR 

STEEL DECK INSTITUTE 
FLOOR DESIGN SOFTWARE 
-

NAME 

ADDRESS 

NEW UNIQUE and RELIABLE 

based s,!stem 
r>. Knowledge-composite 
lor designl!1~ osite oeams 
and Non-Co ~n Steel OecK 
and girders ~~nted r>.ISC 
using docU 
rules. 

C mplete Ba'!. 
oesign a 0 e use 01 all 
Incorpor~t\~1 or concrete . 
grades 0. S ads dead 
specil'/\,II~el~~dS , tributaf'/ 
loads, \!1. nd concen­
area loadl~g aset dellection 
\rated loa s :1\1 code area 
. 'ts SnecI , ' h IIml ' . ~ Obtain Vlura-
reductIons .. lor Mal 
tion anal~~:~t complete 
~~~\~. calculations. 
print design tables . 

COMPANY 

CITY 

SOFTWARE 
STATE ZIP 

METHOD OF PAYMENT: 

PHONE 

TODAYI VISA MASTERCARD CHECK/MO 

NO. UNITS CAROND. EXP. DATE 
ORDERED 

@ $295.00 ea. 
NAME ON CARD (PRINT) 

SIGNATURE 

STEEl DeCK Steel Deck • ~------------------~~--~ Institute 
I NSTITUTE • 

I 
P.O. BOX 9506, CANTON , OH 44711 • TELEPHONE/FAX: 216/493·7886 




