


IIWlTm STEEL DECK, INC. DECK DESIGN DATA SHEET 

No. 12 
FORM DECKS 

2.-.L 

6· 

H 
2" x 6" 30" COVER T 

SECTION PROPERTIES 
EXTRA HEAVY DUTY FORM 

24 .0239 0.231 0.192 0.206 

22 .0295 0.299 0.253 0.270 

20 .0358 0.378 0.326 0.346 

18 .0474 0.527 0.471 0.497 

15/16" X 5%" 36" COVER 
HEAVY DUTY FORM 

UFX-36 
• Ribs can accept a 3,4" stud 
• Available vented (UFXV-36) 

for lightweight fill roofs 

21,11" 

UF2X 
• Ribs can accept a 3,4" stud 
• Available vented (UF2XV) 

for lightweight fill roofs 

1. 
1 ~"·T 

SECTION PROPERTIES 

26 .0179 .071 .086 

24 .0239 .101 .125 

22 .0295 .130 .164 

20 .0358 .164 .212 

.096 

.141 

.163 

.225 

'I".+~ 9/16" X 2112" 30" COVER 
STANDARD FORM 

SECTION PROPERTIES 

28 .0149 .012 .036 .039 UFS 
26 .0179 .015 .046 .048 

24 .0239 .022 .070 .070 

• Diaphragm values are available for all three form decks. 
• Composite beam and girder tables are available for UF2X & UFX-36. 
• A complete line of bridge form decking is also produced by USD. 

~U/)UL"==:::a..J NICHOLAS J. SOURAS, INC. 



Structural Software Company 
The steel man's computer store 

Jim Bolling. Presidenl and CEO of 
the Structural Software Comp,any. i!' a 
second-generation steel man. Hi~ fifteen 
years spent managing a 5.000 ton per year 
family fabricaling shop gave him Ihe 
insider's perspecli ve. 

This understanding of the stee l man 's 
needs has shaped every program the 
Structural Software Company markets. 

Our programs speak the language of 
steel. instead of requiring you to become a 
programmer. And. they are designed to 
work with you. Ihe way you worL To 
reduce the time and the costs between the 
bid and the invoice, 

Ifs a tough business. You need 
.,rograms that work hard. not those that 
~ake your work harder. 
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;; Fabr iCAO. our compuleriLed 
detailing program. i"t de ... igncd 10 cuI 
through the :)tccl man'!, stubbomc ... t logjam 
-- the long waih on dClail~ and ~ hop 

drawing"', You call gain control over your 
,chedule and budget. and , mile at change 
orders. 
• Estimating thin!..s the way you do. 
and takes into accounl everything that 
needs to happen . In an inlensely 
competitive climate. Estimating leiS you 
capitalize upon your shop's unique 
strength, to gene rate fa"tlcr and more 
profilable quole,. 
:: Material Allocation leIS you develop 
purchase orders by mulling and combining 
your malcrials. Combine matcrials for 
mill or warehou>c buying. and mull again>! 

your 1Il\'CniOry. 10 recycle drop' and never 
rull ~hon , Create cUlling In'lh Ihal will let 
you milrlo.. c;Jch beam wnh the job numoc~ 
and piece l11arlo..~ of the piece"t you WIll cu t 
from i1. 
£ If you "I", ",lImelal over Ihe rounler. 
Point of Sa le will let you offer quote ... 
over thc phone. based upon matcrial. 1;'\, 

and labor co,,,. a, well a, the cllent\ 
credi l \landing. 

All of Ihe .. program, run on IBM
AT compatiblc microcomputer" 

Call loday. and lal!.. 10 ,ome people 
who can spea lo.. your language. 

SlruClura l Soft".re Compan) 
PO 110' 19220 

Roa noke. \' A 240 19 
(703) 362-9 11 8 
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Now economy meets performance to 
solve all your shortspan bridge prob
lems . The project shown here is using 
Arbed-rolled 40 " sections, 130_7 feet 
in length, 328 Ibs. per foot. 

With Arbed's extensive custom rolling 
capabilities even the most difficult 
construction requirements can be mel. 

ARBED-ROLLED 40 " & 44 " BEAMS. 
Arbed's rolled 40" beams. available in 
16 sections from 149 to 328 Ibs .. has 
now been expanded to include our 
new rolled 44" bea ms, available in 4 
sections from 198 to 245 Ibs. They all 

offer the same benefits we're famous 
for: high section moduli, great lateral 
buckling resistance, and the ability to 
compete economically with both fabri
cated sections. as well as reinforced 
precast and prestressed concrete . 

ARBED-ROLLED 
" TAILOR-MADE" BEAMS. 
This is the series (up to 42.45 " X 
18 . 13 " X 848Ibs./ FL) that lets you 
specify the beam according to the sec
tion properties you need. other than 
what is normally available. For exam
ple, our 40 " and 36 " TAILOR-MADE 

series allows you to raise the moment 
of inertia to 67.400 in· and the section 
modulus to 3.170 in '. This eliminates 
the need to add plates to standard 
WF beams. Resul!? Big savings: 
In fabrication cost and weight. 

GET ALL THE FACTS. 
Send now for complete information 
including specifications: TradeARBED Inc. 
825 Third Avenue, 24th noor, 
New York, NY 10022. (212) 486-9890. 
Domestic telex : (W .U.) 12-6159. 
Int'l telex: (ITT) 421180. 
OMNIFAX (G-3): 2123552159 / 2421. 

• \ •• ;:'-"'\OE Ali!lil1iiC Inc. • 
INNOVATORS or ITUL CONSTR1JCTION PRODUCTS. 





Steel Notes 

NEW LECTURE SERIES: 
ALLOWABLE STRESS DESIGN 
IN STEEL 

A>mmencing in September 1989, 
'-' and continuing through early 
1990, AISC is featuring a six-lecture 
program that reviews the Allowable 
Stress Design method. Over 60 cities 
will be covered by this seminar which 
will particularly emphasize the new 
Ninth Edition Manual of Steel Con
struction as well as the newly 
adopted 1989 Specification for struc
tural steel. For more information con
tact AISC 3121670-5422. 

T. R. HIGGINS LECTURESHIPS 

The 1990 T. R. Higgins Lectureship 
Award competition deadline is 
November 10,1989. This program, in 
its 19th year, recognizes lecturers 
and authors whose published tech
nical papers are considered an out
standing contribution to structural 
steel literature. 

The competition prize is a $5,000 
cash award and a framed certificate. 
For more information contact AISC at 
3121670-5406. 

WINNERS OF 
1989 SCHOLARSHIPS 

Five scholarship winners were an
nounced by AISC's Committee on 
Education. They are: 

Stupp Bros. Bridge & Iron 
Scholarship-

Robert W. Miller 
Ohio Northern University 

AISC/USS Scholarship
Alan Price 
CCNY 

AISC/Carolina Steel 
Scholarship-

Kevin L. Burton 
The Citadel 

AISC/Fred R. Havens 
Scholarship

Teresa Pfortmiller 
Univ. of Kansas 

• 

All recipients receive a cash award 
to support their educational costs for 
their senior year of undergraduate 
work. 

L ~OBBER II 
FEET-INCH-SIXTEENTHS ENGINEERING 
CALCULATOR WITH DECIMAL & METRIC 

tI.,II<"'S-tn'II .. 'tft.-.c;.;tl.""'C.tolC ........ ,c. 
..,IHO'( _' ..... O""lIn(" 

, , u 3' "'5 , , 1 . ,., JOBBER u-
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"The calculator that does it all " 

It will save you time, money & costly mistakes. 

If You Work With Dimensions- You Need Jobber II. 

- ..... 

ACTUAL SIZE: 3'1." x 5'/''' x 'I." 

• It Is the Best and Simplest to Use of All Feet-Inch-Slxteenths Calculators. 

• With Jobber II you can quickly and easily add, subtract, multiply, and divide feet, inches, and 
sixteenths. 

• It has built in trig functions which permit easy solutions to right or oblique triangles and circles 
without use of charts or tables 

• It is programmed to solve right triangles giving you the 8evel-Slope-Rise-Run at just the touch 
of a button. That means you can solve diagonals, stringer, rafter calculations, and the like 
instantly. 

Why It I. The ae.t And Simple.t To U.e • • $89.95 Plus $3.00 Postage & Handling 
• MONEY BACK GAURANTEE 

• Jobber II has the only patented 0- 15 keyboard in the industry. L-_________ ---l 

• Th is means that dimension entry is simplified to a minimum number of keystrokes. For example, 
only 3 keystrokes are required to enter a dimension like 5' 1015116" compared to as many as 
9 keystrokes on other dimension calculators. 

For more information or to order, call toll free 1-800-635-1 
In Ten call 428-6517. Call collect. 
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~lnnovative Engineering 

• 
GLADE CREEK BRIDGE 
Steel Fills a "Missing Link" 
by Thomas D. Jenkins 

The Glade Creek Bridge, east of Beck
ley, W Va , opened In July '88 follow

Ing a two and one-half year construction 
program. This bridge provides motorists 
traveling 1-64 with a malestlc view of a 
sceniC, 700-1t deep gorge cut by a tribu
tary of the New River The graceful lines of 
the bridge's arched trusses and monu
mental piers make the structure a notable 
landmark 

The bridge structural system IS the 
product of the latest refinements In the de
sign process for a form of steel truss Engi
neers with the Baltimore-area office of 

•
ner, Inc ., relied heavily on advanced 
puter analyses throughout the deSign 

process which employed new load factor 
specifications 
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A field of nine general contractors 
quoted only on the steel deSign, which 
was bid competitively against a concrete 
segmental alternative. The West Virginia 
Department of Highways awarded the 
contract for construction of the bridge and 
ItS approaches to Westbrook Construction 
of Denver, Colo The contractor tendered a 
b.d of $29 million In late 1985. The bridge 
part of the total prOlect was $25 5 million 

The bridge IS a three-span, contlnuous
steel deck truss supporting two 36-1t road
ways The center span IS 784 ft long 
flanked by 560-1t Side spans. The super
structure extends beyond the ends of the 
main truss to stub abutments With steel 
multi-girder simple spans Total length is 
2,179 It between abutment bearings 

9 
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The bridge features two reinforced con
crete main piers which support the interior 
truss bearings. The main pier on the west 
slope is 351 It high, with a 303-ft tall coun
terpart at Ihe east slope. These piers i r 
cast-in-place, two-cell box shafts wh 
form suggests an hour-glass shape wh 
viewed from an oblique angle. 

The truss ends are supported on 20-ft 
steel rocker bents carried on reinforced 
concrete pedestals. The entire bridge is 
founded on 3-ft dia. reinforced-concrete 
caissons drilled into rock. 

Preliminary Studies 
Greiner was selected to design the steel 
alternate lor the crossing , with Sheladia 
Associates, Inc" of Riverdale, Md., as a 
minority subconsultant. Preliminary inves
tigations established the layout of the truss 
and substructure. The principal concern 
was to achieve the most economical form 
for the truss and its substructure. A deci
sion to avoid using steel with a specified 
yield strength greater than 50,000 psi was 
an important factor in economic compari
son between a parallel chord arrangement 
and a more traditional haunched form. 

Bridge erected In cantilever off its piers 
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FOR 
ALL 
YOUR 
STRUCTURAL 
FASTENER 
NEEDS 
SPECIFY 
ST. LOUIS! 

ST. LOUIS SCREW 
& BOLT COMPANY 

SI. Louis Screw & Bait makes a FULL 
range of structural fasteners. We pro
duce Types I & III A-325 baits, ASTM 
A·307 baits, and have the capability 
to manufacture fasteners to YOUR 
specifications. At SI. Louis Screw & 
Bolt, we practice accepted quality 
control methods to insure that you 
receive the best products available. 
ALL materials we use are traceable 
to steel meited and manufactured in 
the USA. And each production run , 
traceable to a heat lot of steel, is cer· 
tif ied to meet ASTM specifications. 

FOR THE QUALITY SOLUTION 
TO ALL YOUR STRUCTURAL 
FASTENER NEEDS, SPECIFY 
ST. LOUISI 

ST. LOUIS SCREW & BOLT COMPANY 

Vi "'""" U , a PABr~NBRS !!."(! INDUSTRIAL 

o INST/rUT. • 

6900 N, Broadway· St. Louis, MO 63147 • 314/389-7500 

FAX: (314) 389-7510 
1-800-237-7059 

Since 1887 
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P,er under construction 

The studies showed the paratlel chord 
truss would have reqUIred about 6% more 

•
el and considerably larger com pres
n chord members over the main piers 

with the matenal strength restriction . While 
the parallel chord layout offers repetition 
of detail and eliminates plane changes In 
the bottom taterat bracing. the curved low
er chord for the haunched truss deepens 
the structure where the bending moments 
are largest and reduces the shear that 
must be carned by the web members Fur
thermore. a haunched truss reduces the 
height of the main piers and lowers their 
bending moments from longitudinal 
forces. These factors collectively saved 
about $800.000 In estimated construction 
costs for the adopted deSign. 

Structural System Details 
The bridge deck for the eastbound and 
westbound roadways IS an 8-ln. thick. 77 
1t-6 In wide reinforced concrete slab ThiS 
slab IS supported by nine lines of 
W30 x 99 rolled beam stringers These 
stringers are composIte WIth the slab and 
span the 56-It truss panel spacing. The 
stringers are framed Into transverse floor 
beams. WIth continUity prOVIded by hlgh
strength. bolted-flange splices The top ege splice passes over the top of the 

or beam while the lower flange IS 
spliced uSing tees bolted through the 
floorbeam web. 
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FastFrame ™ An essential tool for 
every design office 

Inlergrated Editing, Analysis, Graphics, AISC Design, and AISC 
Verification of 2D Structural Frames 

At Lsst ..... a revolurionary application using everyone's favorite 
software ... lotus 12~' Now you can completely analyze and 
design 2D frames, trusses, bracing, and beams with lightening 
speed and superb graphics within 123. FsstFrsme also gives you 
on-line help, mouse suppor!, true spreadsheet entry, single keypress 
control, and exceptionsl speed in a very refined package. 

AISC & USER DEFINED 
DATABASES 

' View a 'Pop-up' window to 
scroll through and select the 
section you need. 

' Over 2,700 sections from the 
6fh, 7th and 8th edition AISC 
handbooks, including L,LL 
Jr., Tees , and others. 

' Build your own additional 
database of frequently used 
sections for use on all future 
jobs. 

' Numer ical accuracy main 
tained with all AISC values. 

BEAM ANALYSIS & AISC 
VERIFICATION 

' Analyze any beam by point
ing to it with the cursor and 
pressing IF-101. 

' Shear, moment, deflection, 
and AISC code checks @ 250 
points across span. AISC 
chec\( inctudes iiIl sections 
and iiIl appendices. 

' Full color graphical plots of 
results. 

' Allowable /actual stresses , 
inflection points , & more! 

ENERCALC Engineering Software 

STRUCTURE PLOTTING 
Press IF61 to plot the entire 
frame at any time. Quickly 
verify your frame , loads, & 
boundary condilions. 

Displays static & deformed 
shapes. 
Members are color coded per 
their AISC combined stress 
values . 
Zoom in on any portion of the 
frame by 'draw ing a 
box' .... just like CAD sys 
tems. 

EGA, & Hercules. 

Only 5650! Call Today 
(800) 424·2252 I (714) 723·0295 

3070 Brfstof Street Costa Mesa, CA 92626 
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Dramatic steel span over deep gorge near Beckley. W. Va. 
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41% DISCOUNT SALE!! 
STRUCTURAL ANALYSIS SOFTWARE 

.. : . .. . . ; 

STEELPAK 
For the first time eY8rthe lamous STEELPAK is 

offered at a huge savings from the individual pro
gram p4'ices. Not only Is STEELPAK the mosl pow
erful software package lor analyzing and designing 
sleel structures, but now It Is also the mosteamoml
cal. Regular prices 01 STEELPAK p4'ograms are as 
lonows : 

TUIECOl (steel hbe cokmn anoIyIlI end design) 
' -DELTA (If.el flOf'l'\Hheorwol rttenx:tlon CIIlCiyJII) 
Pi.ANESn (comptex 1f .. 1 frame CIIlCiyJII ond design) 
STEEL (confhJoUl If. ~m ~ &. design) 
IEAM (1f .. 1 btlom ana."... &. design) 
COMPIM (co~. btlan~&.delJgn) 
InCOUC (d .. 1 cok.mn CJ"d(siI&. dMlgn) 
"PEcot. (st. pt,. c:oU'nn a'"di* &. design) 

,'20 
240 
360 
360 
110 
360 

"'" 120 

Complet. st.el c»Ugn, per the IoJSC code, 8th 
.citlon. Ard;'zelonddIHlgnl&mpleondc:ontinl.; 
OUI b«Jms ao tpOr-.), c:otY1)OtI. btlanI and 
c:oUnn stocb (~ttd I of noo,,), c:. ...... _ c:. 
flCfT'lMandtlUlleS (400,IorItI. 600m.mben.}. A6C 
W,S, M, tube and pip.- thopes or. oIltored on disk 
flies tofo::ltot. IW'IoIIhOpe selec:tsor.. Bean and 
c:okmn proglOmS or. W-olatttd to dote and 
leCoi btlom teOCtIonI, and ~ mUtipie mem
berdMIgni no lingle I\Jt\, topfOlllde thedesign of 
.mint flaming systems n tM f ....... st po.bIrt ~ 
betofn.n. 

TOTAL $2040 

Tlvough AUGUST 31. 1989, 
STEELPAK ~ ovoUoble fOl only $1195 

YES, P\eue send me STEEl PAK. SII05.+ 2% Shipping & Handling 
I fbIN,-'"'*MId ........... 1( _I*_AUGlIaT3I ,'. 

Pt.u. send mettle Ir .. STEElPAK DEMO 
_______ COt.tPAHY _________ _ 

COIrolPVfEA 0 w.sTEACAAO OVISA 

ACCT. HO uP. OATI! __ 0 CHE~DtCI.06EO 

~~~---------~~----~ 

The floorbeams are welded plate gird
ers with a 5-ft web depth. The web geome
try parallels the cross-slope of the ro. 
ways which peaks at the bridge centerli 
To simplify fabrication, stringer connec
tions and Intermediate stlfteners were 
framed normal to the floorbeam flanges 
and the floorbeam web depth was kept 
constant. A form web depth is advanta
geous because It permits simultaneous 
parallel cutting of the web's upper and 
lower edges and keeps all stiffeners the 
same length 

The floorbeams span 45 tt between 
truss centers and are supported on steel
reInforced , neoprene bearings placed on 
the upper truss chords. These bearings 
permit rotation in all directions and longitu
dinal movement of the floor system above 
the main trusses. Transverse floorbreaks 
dIvide the floor into seven units, typically 
five panels In length. Shelf-type, hinged 
joints near a floor beam provide for expan
SIon of the stringers at these floorbreaks. 

The maIn span continuous truss has a 
parabolic curve In the lower chord and 
Pratt-type framIng for the web members. 
At 56-It Increments, the truss panels are 
relatively long. This panel length mini
mized the number of members and con
nectIons while keeping the member Si_ 
at reasonable dImensions for fabricati 
shipping and erection. 

The upper and lower chords of trusses 
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are box-shaped members with two 37-in . 
main vert ical plales varying In thickness 
~ a minimum of 1fa In _ near a contraflex
• point to 4 In . In the lower chord at the 

Intenor reactions The main plates are con-
tinuously connected to top and bottom 
cover plates with fillet welds The diagon
als and taller vertical members are also 
box-shaped, with depths ranging from 22 
to 44 In The shorter verticals are H
shaped members with two main plates 
fillet-welded to a single web plate. All 
members widths are 28 In" the standard 
selected as the Inside dimenSion between 
gussets at connections. The box-shaped 
members are closed by seal plates lust 
Inside the end connections Initial and 
maintenance painting of the Inside sur
faces was thereby eliminated 

Members are connected at the truss 
JOints through gusset plates uSing 1 VB-in 
dla . A325 high-strength bolts . Chord 
splices Include Inside splice plates, as 
well as top and bottom cover plate splices. 
The cover plate splices use smaller, ~-In . 

dla bolts 
The upper and lower main-truss chords 

each have lateral braCing systems. Sway 
frames are provided between lhe vertical 
members at each support. adlacent to 

•
h support, and at alternate panels 
where. All braCing members are 14-ln. 

Wide-flange shapes In a Warren configura-
tion. BraCing connection sizes were mlnl-
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Cross section 01 Glade Creek Bridge 

mized by arranging convergence of the 
diagonal working lines on the face of the 
main truss rather than the chord center. 
While this positioning gives some minor 
out-of-plane bending to the main mem
bers, It VIrtually eliminates local plate 
bending from Introduction of the braCing 
forces Into the member, avoids extra Inter
nal sllffenlng and loads the connection an
gles With the truss faces pnmarily In shear. 

The bndge reqUIred 7,000 tons of struc
tural steel. The truss was designed with 
ASTM A572, Gr. SO, for virtually all main and 
bracing members and connectJons. Approxi
mately 10% of the structural steel is ASTM 
A36. Field connections are made entirely 
with high·strength bolts. Contact surlaces of 
all bolted connecbons were shop-<:oated with 
Inorganic zinc-rich paint to maximize slip 
reSlstance and minimIZe the number of bolls 
used. 

Pfer Designs 
Steel rocker bents on concrete pedestals 
were selected to support the truss ends. 
These 20-11 links can accommodate the 
longitudinal movements of the truss With 
Simple details and permitted convenient 
Installation after clOSing adjustments com
pleted the trusses 

Each 4,4oo-ton Intenor truss reaction IS 
carned through a 20-ln dla., high-strength 
forged-steel pin to a base weldment 
mounted on the caps of the two main 

'· C.~TtOlOl""" 

piers. The trusses are fixed to the tops of 
these two concrete main piers. 

The outside shape of these two-cell 
shaft piers vanes from top to bottom; how
ever, the vanatlon was arranged such that 
on ly one principal dimension would 
change Within any lift dUring construction 
ThiS constraint was placed on the pier 
shape Since It Simplified the problem of 
form advancement and alignment The 
constructlbility of the deSign was con
firmed when Ihe 28 lifts for th 330-ft box 
section of Ihe laller pier were all placed 
Within ten weeks 

The upper 100ft of the pier has a trans
verse parabolic lIalr arranged on four 25-ft 
chords. The 58 ft-2 In x 15-ft pier top re
duces to 44 ft x 15 ft through thiS region . 
The next 25-ft segment has constant out
Side dimenSions, yet the InSide transverse 
measurement conllnues to reduce, there
by giving a thickness tranSition to the 
sidewalls. Below the top 125 ft , all trans
verse dimenSions were held and the longi
tudinal dimenSions vaned on a parabolic 
flair for four 24-ft chords The Inclinallons 
of the walls was then maintained for the 
remainder of the pier height The taller Pier 
No. 2 has five more 24-ft chords, flanng to 
a base dimenSion of 44 ft . Pier NO. 3 IS 48 ft 
shorter, With a base dimenSion of 44 II x 
26 ft 

The penmeter and Internal web walls 
are 16 In. thick throughout the upper por-
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tlons of the shafts. The sidewalls increase 
to 21 In. In the lower pier. The internal web 
wall provides an efficient method of stiff
ening the long transverse walls when com
pared with increasing their thickness and 
uSing a single-cell arrangement. 

The shaft walls are conventionally rein
forced with heavier vertical reinforcing re
qUIred In the shorter pier because its 

l1III_ -. ,"'.-nI ....... 
" ,-
"r: 
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greater stiffness attracts more longitudinal 
force. The reinforcement IS concentrated 
toward the outside corners to maximIZe 
the usefulness of the steel under the skew 
angle lateral loadings that controlled the 
pier design. 

The shaft cap is solid below the truss 
bearing for a 7 ft-6 In. depth. This section 
IS rather heavily reinforced to distribute the 

truss reactions Into the pier walls. Special 
design Investigations of the pier tops were 
made to assure adequate reinforcement 
for splitting forces. These analyses result
ed In substantial transverse re inforcement 
for the cap itself and increased hOrizon. 
reinforcement in the walls for 6 ft below t 
cap 

The analysIs of forces normal to the pier 
walls originating from their plane changes 
Identified a need for additional hOrizontal 
reinforcement In bands centered on these 
kinks. 

The specifications called for all pier con
crete above the footings to have a 5,000-
psi compressive strength vs. 3,000 PSI 
specified for the footings. The foolings for 
both main piers are 10ft thick and each IS 
founded on 38 3-ft dia. caissons drilled 
into rock and filled with 5,000-PSI rein
forced concrete. 

Structural Design Analysis 
The truss superstructure was designed in 
conformance with AASHTO's recently 
adopted GUide Specifications for Strength 
Design of Truss Bridges. The design was 
lacilitated by using a truss analysIs com
puter program developed by Greiner. The 
program performs a complete dead- and 

mal<inQ.ffie't:ormec:~ion between-speed, QW',,=--~ 
Data stands alone, 

and accuracy 
Y9u,~'y have thought only 

can meet your specific shop needs, 
with D 'Q!:l DataJo(lay.£ti00-443'{)782, Be 

<\ \113tail sample with utr connection design 
"~G 

"Software For The ProIessionaI" 

800-443'0782 
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deSIgn on gigantic bridge was selected In competllton WIth a concrete alternative. 

live-load analysIs and combines these 
dala with user-supplied Information on 
member loadings under wind. tempera
ture. traction, etc . Group loads are then 
assembled and factored and the adequa
cy of each member evaluated In accor
dance with AASHTO speclf,callOns The 
program also checks each member to es
timate Its crit ical wind speed for vortex
Induced oscillations Additional computer 
runs were made to Identify all fracture-criti
cal tension members 

The analysIs for the substructure was 
based on a three-dimensional model of 
the whole bridge as a frame. An In-house, 
modified verSion of STRESS generally was 
used and supplemented for dynamic anal
YSIS with STRUOL software from McDon
nell Douglas 

For the three-d imensional model, the 
truss was represented as a spine of nodal 
points with connecllng members whose 
shffness was selected so that the actual 
stiffness of the assemblage of members 
between two truss panels would be simu
lated closely The piers were also Idealized 

A splne-type members. This model was 
' jected to all static loadings relevant to 

the deSign of the piers. From these results, 
the loading cases governing the deSign 

Number 4 I 1989 

were Identified The reduction of pier stiff
ness expected under these loadings, as a 
result of concrete cracking, was then de
termined. The stiffness of the pier spines 
was reduced accordingly and a second
order analYSIS performed under the most 
severe loading cases This analysis 
showed the primary bending moments 
would be Increased up to 10% because of 
the structure deflections Consequently, all 
pier section , flfst-order design moments 
were Increased by this amount 

Evaluation of the reslslance capacity of 
the pier shaft at various elevations and 
With various reinforcement layouts was 
facilitated by another computer program 
developed by Greiner. This program per
forms an analYSIS of any shape reinforced 
concrete section by either ultimate 
strength or working stress methods. 

The modified STRESS program was 
also used to perform a multlmode spectral 
analYSIS of the bridge under an earth
quake deSign loading of 0.1 g. This analy
SIS relied on structure mode shapes and 
frequenCies determined uSing STRUDL. 
The height of the main piers gives the 
structure long period fundamental modes 
which prevent the generation of large 
earthquake loads The structure design 

was not governed by earthquake load
Ings. However, adequate accommodation 
of earthquake displacements was a factor 
In the selection of rocker bents for the 
truss end reacllons and In the deSign of 
Ihe bridge seats and deck 10lnts at the 
abutments 

Closing the Final Gap In 1-64 
The bridge filled the last remaining gap 
along 1-64 . Westbrook began construction 
early In 1986 by bUilding a nelwork of ac
cess roads to the base of the piers, which 
included construction of a short, steel 
beam bridge across Glade Creek. All ex
cavated material had 10 be hauled out of 
the gorge which IS partly In an enVIron
mentally sensitive slale park 

D"llIng for the foundat ion caissons 
started after completing the excavations 
and sealing the upper rock layers by 
groullng . Once Ihe 38 caissons were 
placed for Ihe main pier, the 10-ft thick 
footings could be bUilt 10 complele Ihe 
foundations 

The two-cell shafts were bUill In 12-ft 
and 12 ft-6 In. lifts uSing lumping form
work Twenty-four lifts were reqUIred for 
Pier NO. 3, the flfst one constructed Twen
ty-elghllifts were necessary lor Pier No 2 
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The materials for the piers were hauled 
in to the base of the shaffs and then hoist
ed to the required height using an internal, 
self-climbing tower crane temporarily 
erected within one of the cells. The walls of 
the cell supporting the crane had to be 
strengthened With additional bands of 
transverse reinforcement to support the 
horizontal loads Imposed where the 
crane's tower was wedged In. 

The caps were constructed on stay-in
place metal formwork carried on steel 
beams spanning the 12 ft-4 In. spacing 
between the transverse walls. The heavily 
reinforced 7 ft-6 in. caps were placed in 
two hfts 

Hams Structural Steel, of South Plain
field, N.J., fabricated the steel superstruc
ture These components were then hauled 
to a staging area at the bridge's west ap
proach. American Bridge served as the 
erector and used an aerial cableway to 
span the gorge. In addition to erecting the 
superstructure, the cableway served to re
move the tower crane from the top of the 
main piers once the shafts were com
pleted . 

The superstructure was erected in bal
anced cantilever, starting off the main pier 
and a tall falsework tower two panels away 
on the up-slope side. The falsework towers 
were tied into the pier tops by a hog truss 
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RISA TECHNOLOGIES 
17900 Sky Park Circle 
Suite 106 
Irvine, CA 92714 
1-800-332-7472 

RISA·2D breaks new ground In 
InteractIVe frame and truss analySIS and 
deSign. Very easy to learn and use. 
RISA·2D has become a preferred 
program for hundreds of structural 
engineering profeSSIonals 

• Edit your data uSing a unique, 
specially developed spreadsheet 
Ihat IS Integrated dlreclly Into 
RISA·2D 

• Performs complete AISC DeSign, 
WIth suggestton of optimal sizes 

• Advanced graphiCS 
. A SINGLE keystroke shows the 

entire frame, With loads and 
boundary conditions 

- See the deformed frame With a/l 
members plotted In color 
according to therr AISC 
code check vafues 

. Fast and easy zoom Windows 
- Supports EGA, CGA. Hercules 

• IndIVIdual member analySIS: 
- Loading, shear, moment and 

elastiC curve diagrams. 
- Displays actual and allowable 

stresses and other values. 
• P-della effects 
• Analyze shear walls, With or 

without openings. 
• USC 88 lateral force calc·s 
• Unparalleled speec of solution, 

giving displacements, reactions, 
end forces and AISC checks for 
all members 

RISA-2D IS available for $400 Call us 
today for a FREE demo packagel 

I RISA 
TECHN O LOGIE S 

on which the Initial two chord members 
were placed. The temporary towers car
ned only vertical loads and all lateral and 
torsional reactions had to be completely 
resisted by the concrete shafts. 

Balanced construction proceeded ua 
the superstructure landed on a secoP 
falsework tower located two panels away 
from the truss end. After landing on this 
support, the first tower was removed and 
re-erected to bUild the second half of the 
bridge. 

Once both truss halves were complet
ed, the span was closed. This was accom
plished by first lowering the elevation of 
the end falsework to produce equal gaps 
In the upper and lower chords and to align 
the center of the main span. Jacks mount
ed on the lower chords then pulled the two 
halves together by deflecting the tall piers. 
The upper and lower chords were then 
bolted The falsework was raised to install 
the end rocker bents before setting the 
bridge on ItS permanent beanngs and re
moving the falsework. 

With the truss completed, the floor sys
tem was erected , progressing from the 
west end . The concrete deck followed 
using normal cast-In-place procedures for 
steel, multi-beam bridges, with placement 
also advancing from the west. 

The steel bridge forged the final element 
In West Virginia 's Interstate Highway S. 
tem. Blending beauty With functional. 
this dramatic span filled the missing link In 
an Important route connecting Norfolk, Va. 
With St. LOUIS, Mo. 0 

Designer/Structural Engineer 
Greiner, Inc 
Timonium, Maryland 

General Contractor 
PeL Civil Constructors, Inc 
Plantallon, Flonda 

Steel Fabricator 
Hams Structural Steel Company 
South Plainfield , New Jersey 

Steel Erector 
Amencan Bridge 
Pittsburgh, Pennsylvania 

Owner/Construction Manager 
West Virginia Department of Highways 
Charleslon, West Virginia 

Thomas D Jenkms. P£' . is vice president . 
Gremer. Inc .. TimOnium, Maryland 
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The First Fully Integrated CAD 
Solution Should Look Familiar 

The look andfeel o/the/amilia, induslIJrleading 
AutoCAD A£C' Ardwecrurol. 

ASG 3-D Pipmg haml'ss~ 'he j·D po~l!r 
0/ AuioCAD Release 10. 

Stondard, shorrd"'ook andfeeJ~to all ASG 
templOlI's. screen menus, pull-downs and loons. 

The products in ASG's inte
grated CAD solution are familiar 
because you know many of 
them already. As the best-selling, 
industry-leading, award-winning 
products of Archsoft and 
Chase Systems. 

The /JesHelling. {wfHemp/ore ASG Mechanical 
will rtpla~ AUlOCAD AEC' Mechonicol. 

ASG CorP Is a umque "operatmg S)'stl'm " 
o/inregrated (oo(s and utilities. 

711l' state-of-the-arr ASG SlnlCfuml. 

have corne together as ASG with 
one purpose in mind. To bring 
you the industry's first genuinely 
integrated product line. A line 
with a standard user interface 

ASG l-D Piping. rtrates plan and isomelne 
~·ino.s in smgle ordoubfe line. 

1 ? " • " A 7 R a " n . 
Aa. -,~ .-J 

B • ~- .1-... t-
O L l 1m I ~ II II -M ., 
p .~ Ifi l • l..i t I~ 
T k, .~ 'il w. I I . I n1 II • 

ASG Image Libraryjor enhancing drawmg,.r, 
prrSentalions, and renderings. 

1h~ ASG Video Trainer Sl'ri~s. Q sl'{fpa~d 
prodllctn'l~building 1001. 

across all of it. And backed with 
comprehensive training tapes, 
a video library, and a trong 
customer service program. 

The companies with the 
largest installed user and dealer 
base in the AutoCAD third-party 

• development industry. 
Archsoft and Chase Systems 

ASG 
TI1E INTEGRATED CAD SOLUTION" 

Now configured with a shared 
interface, all existing Archsoft 
and Chase Systems products will 
be released under the ASG name, 
starting this month. And they'll 
be joined shortly by a growing line 
of additional, productivity-build
ing CAD products from ASG. 

OJ989ASG 



Technical 

PRIMER/FIREPROOFING 
COMPATI B I LITY 

Underwriters Laboratories, Inc. recent
ly issued new guidelines on the appli

cation of spray-applied , fire-resistive coat
ings to painted structural steel framing . 
These new guidelines can increase costs 
significantly when these coatings are ap
plied to structural steel framing that has 
been painted. As a result, any projects 
that may involve the application of spray
applied, fire-resistive coatings to painted 
structural steel should be assessed care
fu lly in light of the new UL guidel ines. 

Background 
For many years, the American Institute of 
Steel Construction specifications have not 
required the use of pamt when structural 
steel framing ·wlll be concealed by Interior 
buildmg finish or wi ll be in contact with 
concrete." Statements to th is effect are in
cluded In the current editions of both the 
ASD (Sect. 1.24.1) and LRFD (Sect. M3.1) 
speci fications published by AISC. The 
Commentary to the LRFD specification 
supports this provIsion with the following 
discussion: 

"The surface condition of steel fram
ing disclosed by the demolition of 
long-standing buildings has-been 
found to be unchanged from the time 
of ItS erection, except at isolated 
spots where leakage may have oc
curred. Even in the presence of leak
age, the shop coat is of minor Influ
ence," 
In spite of the AISC speci fications, some 

paint manufacturers are promoting the 
use of primers beneath fire-resistive coat
ings. In response to an apparent increase 
in the use of primers in some geographic 
regions, Underwriters Laboratories has 
conducted a limited study of the adhesion 
of spray-applied , fire-resistive coatings to 
painted structural stee l. This study has re
sulted In the issuance of new guidelines in 
the 1989 UL Fife Resistance Directory 
(Design Information Section- Sprayed 
Material). 
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UL Guidelines 
The new UL guidelines specifically permit 
the application of spray-applied, fire-resis
tive coat ings to painted steel with these 
significant restrictions: 

• For beam applications, the web depth 
cannot exceed 16 In. and the flange 
width cannot exceed 12 in. 

• For column applicat ions, neither the web 
depth nor the flange width can exceed 
16 in. 

Within these size limitations, fire-resist ive 
coatings may be spray-applied to pamted 
structural members, provided that bond 
tests indicate the fire-res istive coating will 
adhere adequately to the painted steel
work. Depending on the charactenstics of 
the paint and "re-resistive coating , a 
bonding agent may be required . If these 
size restrictions are exceeded or the fire
resistive coatings fails the required bond 
tests , the struc tura l shape must be 
wrapped with steel lath. In some cases, 
deck discs can be welded to the steel 
framing in lieu of steel lath . Either al terna
tive Wi ll result In cost increases that should 
be considered prior to specifying the use 
of shop or field primers. It should also be 
painted out that UL is considering the es
tablishment of a test ing, classification and 
follow-up inspection service for primers 
that can be applied to structural steel prior 
to the application of fire-resist ive coatings. 
As a result, specific primers may be avail
able that can be used beyond the pre
viously described limitations. 

So as to indicate the potential impact of 
the new UL guidelines, the following tabu
lat ion indicates some of the wide-flange 
shapes that will meet the specified size 
restrictions: 

6'" Series: 
8" Series: 

10" Series: 
12" Series: 

Beams 
All 
All 
All 

W1 2x 65 & 
hghter 

Columns 
All 
All 
All 
All 

14" Series: 

16" Series: 
18~-40" Series: 

Beams 

W14 x 82 & 
lighter 

All 
None 

Cotumns 

W14 x257& 
lighter 

Note: ThiS tabulation was developed 
based on the assumption that web depth 
is equal 10 selection depth less twice the 
flange thickness. 

As can be seen, many structural shapes 
will not meet the UL size restrictions and 
either steel lath or deck discs will be re
qUired If the steel IS painted with a pnmer 
which IS not UL-classified for use beneath 
the specific spray-applied , fire-resist ive 
coating. • Summary 
• AISC does not reqUIre the use of pnmers 

for structural steel that Will be concealed 
by interior building finish or in contact 
With concrete. 

• UL does not reqUire the use of pnmers 
beneath spray-appl ied , fife -reSis tive 
coatings, except for a limited number of 
very specific designs. In general, UL 
specIfies the steel must be clean and 
free of dirt. loose scale and oi l. 

• The 1989 UL Fire Resistance Directory 
should be reviewed carefully before a 
primer IS specified In conjunct ion With a 
spray-applied , fire-res istive coating. 

• If a primer is to be used on structural 
steel that Will be protected With a spray
applied , fire-res ist ive coating, both the 
paint manufacturer and the manufactur
er of the fire-res istive coat ing should be 
contacted for gu idance. Depending on 
the circumstances, bond tests and/or 
mechanical anchorage will be required . 

• It should be emphasized , th is issue only 
affects structural steel framing. It does 
not impact the use of pre-painted or gal
vanized steel decks specifically rec. 
nized in UL designs, nor does it aff 
the use of painted steel joists that are 
specifically included in UL designs. 0 

MODERN STEEL CONSTRUCTION 



• 
N-R-G Flor cel
lular floor is at work 
in buildings like Chicago's 
Sears Tower and Amoco 
Building, IBM Headquarters 10 

New York, and the Hewlett Packard 
Building in Roseville, California. And 
its history of performance is only part 
of the story, because now N-R-G Flor 
is backed by a service package that's 
unique in the industry. 

When you specify N-R-G Flor, 
you're also specifying national distribu
tion through Walker's agent network. 
Single-source availability of cellular 
and non-cellular deck, bottomless and 
full-bottomed trench duct and a wide 
range of service fittings. On-time deliv
ery, sequenced however you need it. 
Factory labeling of every piece, with 
organized bundling and clear instruc-

•
tions. And backup service from a 
Walker project manager who's even 
available on-site if needed. 

Behind every N-R-G Flor system 
are 30 years of structural expertise 

and 60 
years of ex
perience and 
innovation in PLEC 
(power, lighting, electronics, 
communications) distribution 
systems. So your cellular floor 
is not only a code-approved structural 
element, but also a flexible, cost
efficient, engineered system of PLEC 
distribution. 

Chances are any electrical contrac
tor knows Walker. So ask around. You'll 
hear about a level of service that's more 
than unique- it's invaluable. 

For a free copy of our N.R.G Flor 
Design Guide, call1.800·222·PLEC. 

u.L. claSSified 
and listed. 

o 
Walker~ 





And so clid the fact that our steel joists are 
\elY economical. Fact is, Wlcraftwas the per~ 
feet choice fOr meeting schedules and keep
ing construction costs dcwn. First, hx:ause 
our joists are easy to erect-a fact that sa\eS 
time and money on virtually any job where 
they're used. Second, hx:ause they cost less 
than alternative structural systems. And 
third, hx:ause Wlcraft is kncwn fOr on~time 
delivery, so construction schedules are met 
and costly delays avoided. 

True to fOrm, \\e de~ the joists-as 
\\ell as our steel deck-to the hospital site on 
Wlcraft trucks, exactly on schedUle. And the 
hospital was brought into the \\Grld with the 
greatest JX>SSible ease. 

It's this kind of dependability, along with 
the time-tested quality of our products, that's 
made Wlcraft the largest joist manufacturer 
in the counny. And made us a \\elcome ad~ 
clition to all kinds of building projects. . 

To find out how\\e can nelp you build 
structures faster and more economically, 
contact any of the plants listed below, or 
see SM.>et's 05100NUL WLCRAFT 
and 05300NUL W", .. "(N .. ,,,d),,1JOmaon 

PO Box6J7. /lrigham Ol) UT84J02il)Jl7J<.!~IJJ. 'po Box F-~ _ sc 29.102il)J/66].().J81. PO Box 169. 
lim n.,n.. AL J5\1i7 :aJ5!84}-24<i\'po Box 186. GooprJand. TX 75844 409168i'-466:i. 'po Box~. N~ NE 
68J01402!64+8lOO 'POBox 100>. SLl ... IN46785219IJJ7·5411 .0.;. ............... """""'" A";"'" Ba ..... 
~ & Broauo, s......J &.g. ...... 1t-mJ ... & Ima..u. s../ fiJbriauo,. R..MI"U. s../ Sa)" and Sm .... Inc , 
Gmeml ~ T..Jm 0lmm<D0n. 





Steel's Flexibility 

• 
POLYMER SCIENCE 
BUILDING 
Commitment to Tomorrow 
by Shakti P. Gautam 

The Polymer SCience BUilding. localed 
on the campus of the University of Ak

ron. was deSigned to be the best polymer 
research faCility and home of the best 
polymer research program In the world 
The commitment for a new faCIlity was very 
logical for the university which. at the time. 
had one of only three such programs In the 

f ' and whose nelghbonng corporations 
re investing heavily In polymer re
arch. 
The unlverslty's goals were to construct 

a state-of-the-art faCIlity. conducive to re
search and education. While making a dy
namiC architectural account to the com
munity about ItS commitment to 
tomorrow's technologies. It was also im
portant that the users of the faCility be 
safeguarded from the hazardous effects 
of tOXIC chemicals. pressurized gases and 
potential laboratory explosions. With these 
gUidelines. It was Imperative to assemble 
a deSign team able to work log ether to 
define. and continuously refine. the rela
tionship of architectural form and me
chanical reqUIrements to structure. while 
ultimately deSigning a unique and func
tional faCIlity. 

The final deSign of the facility consists of 
two towers, nine and 12 stories. framed in 
sleel and wrapped with a glass curtain 
wall . Both towers, containing laboralorles 
and offices, are linked together at each 
level by a stalf lower and commons area. 
A steel-framed canopy rises 60 It above 
Ihe 12-story tower and slopes down to the 

. e-story tower, Inlegratlng the IWO into a 

Model of Polymer Science Building 
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View.; of Intf/cate steel frammg of Polymer Science BUlldmg. 
Below. tYPICal atf/um connection 

single bUilding with an oblique roof. Adja
cent to the east wall of the 12-story tower IS 
a three-story auditorium. 

Steel a Design Choice 
In prel iminary design slages, the use of 
plastic (polymer) members as structural 
elements was considered , but, because of 
reqUired design cntena, this was techni
cally and economically unfeasible. More 
conventional matenals were then consid
ered and steel chosen because of ItS cost 
and flexibility. 

Vanous structural systems were devel
oped and evaluated dunng preliminary 
stages. Inttial studies focused on using the 
vertical circulation cores of each tower to 
provide the reqUIred stiffness. But It was 
determined the core walls contained too 
many openings to be used efficiently. Mo
ment-resisting frames, exterior braced 
bays and combinations thereof were then 
evaluated, With the deCISion that moment
resisting Irames provided the most eco
nomical and least obtrUSive system. And, 
by featunng moment-resisting frames In 
both dlrectrons, rt was possrbte to utilize 
the stiffness of both towers to overcome 
the slenderness of each tower. Further
more, by locating the frames pnmarily on 
Intenor column lines, the depth of the 
spandrel beams, as seen through the cur
tainwall , was kept shallow to emphasize 
the visual lightness of the structure. 

The prOlect constraints dictated a shal-

24 

low floor construction depth which re
qUired careful selection of member sizes. 
Steel framing permitted a shallow and uni
form depth of construction In the laborato
ry areas, With an extensive network of me
chanical ducts and hoocs located Within 
the cerlrng Deeper girders along the ngrd 
frames permitted supply and return ducts 
to penetrate the beam webs. 

Unusual Structural Design 
Some of the architectural features On the 
project that reqUired unique structural de
sign and detail applications include the 
atnum areas and the main atrium staircase 

• 

on the lower levels. The open atriums at 
the InSide corners In both towers are three 
to five stones In height and alternate be
tween vanous bays from ground level to 
roof . Because of the aesthetiC require
ments, pipe columns and tubular spandrel 
beams emphasrze the Irghtness of the 
framing. The 12-ln. diameter pipe columns 
were detailed In lifts 01 three to five stones 
to aVOid expensive held-welded column 
splices and permit qUicker erection . 
Curved structural tubes were used ... 
spandrel beams In the atnums beca..
they proVided the most economical tor
Sional section properties required to carry 

MODERN STEEL CONSTRUCTION 



Photo of model of new science bulldmg 

the curved glass curtalnwall. And. by em
ploying tubes. It was possible to detail 
shop-fabricated stubs off the pipe col
umns for qUick erection with simple. fleld
bolted splices of the spandrels 

The main atrium staircase rising from 
the entry level to the second and third 
floors IS located In the middle of a flve
story atnum. The unique feature of this 
stair IS that Intermediate landings between 
floors appear to be floating In the air ap
proximately 15 ft from the face of support. 
The structural Iramlng for the stair consists 
of structural tubes cantilevering off each 

€
r to support the stair treads and land
In a SCissors fashion. Tube members 

ere again selected for their efficient tor
sional properties and pleasing appear-
ance 

The Polymer SCience BUilding , sched
uled for completion next Spring. has about 
150,000 sq fI of floor area and a construc
tion budget of $13 5 million. not including 
lab equipment and furniture. Not only did 
the cost of the 1.200 tons structural steel 
used come In below prolect estimates, but 
also It was erected two months ahead of 
schedule. 0 

Architects (Iolnt venture) 
Richard Fleischman Architects , Inc 
Lawrence Dykes Bower and Clancy Architects 
Planners 
HarrlslOay Archltecls. Incorporated 
Cleveland, Ohio 

Structural Engineer 
Gensert Bretnall AsSOCiates 
Cleveland. Oh,e 

General Contractor 
Kokoslng Construction, Inc 
Fredrrcktown, Ohio 

Owner 
State of OhIO Department of Admrnrstratron 

and The UnIVersity of Akron 

ShakO P Gautam IS 8 prOject engmeer With Gen
sert Brernalf ASSOCiates. Cleveland, Ohio 
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I Send checks, postal, world moneyorder, drafts I 
I in U.S. currency. I 
I QUANTITY I 
I NEW AND UP-DATED Design Manual For Composita I 
I Decks, Form Decks, Roof Decks and Callular Metal Floor I 
I Deck with Electrical Distribution I 
I US Currency Total I 
I Out of USA surcharge, t5% I 
I Add on for Airmail I 

TOTAL ENCLOSED ____ _ L _____________________ ~ 

STEEL INSTITUTE, INC. 
p.o. Box 9506 Canton, Ohio 44711 (216) 493-7886 
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Research Engineers, Inc., creators of STAAD-III / ISDS, 
won't be commemorating the program's tenth anniversary 
with the usual fanfare. Instead, this energy will be directed 
towards extensive R&D and continued outstanding 
customer support. Striving to meet their users' needs, REI 
has established STAAD-III / ISDS as the leading software 
system of its kind. Computer-aided structural analysis and 
design ground is constantly being broken with STAAD. 
REI's mission throughout the next decade will be setting 
higher software standards and maintaining the leadership 
In the industry. 
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• When The BridgeWas Out, 
We eAcross. 

It was the worst Hooding upstate New York 
had seen in thirty years. 

As the swollen waters ofLhe Schoharie Creek 
raged out of control, the four-lane bridge above it 
gave way. So, the ew York State Thruway Authority 
faced some tough problems. They simply couldn't 
afford a prolonged bridge closure at this vital link 
of Interstate 90. 

They didn't have to. The bridge fabri cator 
responded to the urgent need with a tight delivery 
schedule. And Lukens backed our customer by 

a ommitting to quick deUvery of stripped steel plate. 
We both came across - two of the reasons the 
bridge was finished in nine months instead of the 
original estimate of eighteen. 

Stripped plate comes from Lukens Harne cut 

-..-' 0 llaps~ 

• 
BRIDGE COL 
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All Other 8rld 
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AMSTERDAM N.Y. 
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up hl u vear or molt fol 

-'''rda\ or Ihe S. 

NeJ'IJ 16rk n. 
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I . By officials are . ork Slate; 
hClwmg the SUnday C'O/;" a quandal) (oJ. • 

Bnt' Creek B . ."PSC of the Sc 
near Arnsle~ge '" u/lSlale Nev, y~ Ie 

More thRn w.' . or 

up to 1250" long and down to lO"\vide. So you don't 
need to invest in cuLLing equipment or use up valu
able manpower and shop space. It's also delivered 
with prepared edges ready for fabl'ica tion. So it 
saves you time as well. 

Solid reasons to consider Lukens stripped 
plate the next time you want to go over big. Ask for 
our brochure when you call Bob Wright, Application 
Engineering Manager, Lukens Steel Company, 
Coatesville, PA 19320. (21 5) 383-3342. 

Lukens Steel 
The speCialist in plate steels. 



Drama • In Steel 

• WASHINGTON STATE 
CONVENTION CENTER 
A Jewel Crowns an Interstate 
by John B. Skilling , Jon D. Magnusson and Ad A . Gouwerok 

The $130·mlllion Washington State Con· 
venlion and Trade Center-a 10·level. 

1.ooo,000·sq. ft facility constructed over In· 
terstate 5 In downtown Seattle-spans three 
city streets and 12 freeway lanes. 

The structure IS framed in structural steel. 
Sixteen major trusses up to 90 ft In depth 
carry Ihe gravity loads, as well as Wind and 
earthquake loads. The arrangement of these 
trusses permitted the development of three 
levels of parking for 1.000 cars below the ex· 
hlbilion lloor 
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In 1981 , the Washington state legislature 
passed a bill for issuance of a bond to pro· 
Vide funding for the design and construcllon 
of the Washington State Convention and 
Trade Center. A design committee was 
chaired by James Ellis, a driving force 
behind many public projects in Seattle. At 
that time, a deSign team was chosen which 
conSisted of TRA, the managing architectural 
firm on this most challenging project, and 
HNTB. The structural engineering was to be 
prOVided by Skilling Ward Magnusson Bark· 

• 

DramatIC cascading lobby of Washington 
State Convention and Trade Center, SeaUla 

shire Inc. The first task this team had to face 
was site selecflon. narrowed down to three 
sites: 
1. At Seattle Center. 
2. Near the present stadium faCility (the 

Kingdome). 
3. Air rights over the 1·5 freeway. 

After trial designs and long and car. 
economic study. the 1·5 freeway site was 
chosen. 
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Freeway Site 
Structurally, this was certainly the most 
challenging site. Only about 25% of the foot· 
print of the Convention Center would touch 

fe
wn on available land; The remainder 
uld span the busiest stretch of (reeway in 

e Northwest, namely, 12 lanes o( 1·5. 
Several schemes were studied at that time, 
one of which was a concrete "lid" covering 
the (reeway completely, similar to the near· 
by Freeway Park-only far stronger because 
of the far heavier loads needing to be sup· 
ported The convention center would be 
placed on top of this concrete lid. But this 
concept was rejected, because it could not 
be bUilt within the budget. 

Structural System 
At that time, the State Convention Center 
joined (orces with a public developer. In· 
cluded in the project would be a ret all area 
and a parking garage for about 800 cars. 
With this ,n(ormation available, the design 
tearn went to work. The parking garage gave 
an excellent opportunity to provide a most 
economical steel·truss base for the heavy 
convention center. It would be the parking 
garage whK:h vaned from one to three levels. 
Rather than supporting each level on Its own 

• i 

trusses, the total depth of the parking levels 
was used. The trusses were to be one to 
three levels deep. This would create up to 
45·n deep trusses spaced 60 n o.C. The 6O-n 
space between the trusses is to be used for 
an eff'K:lent parking layout. The bottom chord 
of the trusses would be in the lowest park· 
ing level and the top chord In the roof over 
the topmost parking level. Where the exhlbt· 
tlon hall walls allowed, some trusses would 
actually be 100 tt deep, the top chord be
Ing In the roof of the convention center. The 
trusses would also act simultaneously as 
braced frames. 

This top floor over the topmost parking 
level is also the convention center exhibition 
floor, able to carry loads of up to 350 psf or 
the AASHTO HS20·44 truck loading. Over 
this exhibitIOn floor would be another floor 
of meeting rooms and a smaller exhibition 
hall able to carry loads of 150 ps(. m addl' 
tlon to these heavy loads, the roof over the 
whole structure has been designed to carry 
a future park with a soil depth of three to four 
ft, enclOSIng an expanse of water as a feature 
of the park. 

Economy and Efficiency 
All this loading would have been economl' 

-t-
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I.C.B.O. Listed 
., d A325 and A490 

Full range of certlflfete complement of 
bolts and camp . eluding "Tone" 

tools for installatIon. '~W 60LC high 
toolS and the nedwsWivel head tool. 

spee . 

• 

TraffIC moves at regular pace despte 
maSSl\1'8 construction overhead 

Construction Fastener 
Systems Division 

NEWEST OF 
FULL LINE 
OF LIGHT 
WEIGHT 
TOOLS j 630 E Lambert Road S.ea CA 92621 ' /14 990·6555 

WATS 1800 872 6587 

Number 4 I 1989 29 



Computeflzed desIgn of connections 
Over 19,500 tons of structural steel 
straddle freeway 

Window Wall / Curtain Wall Mockup Testing 

30 

Wilshire/ Westwood, Los A ngeles 
Granl!~ and Aluminum /Glass Window Wall Mockup ready 
far Dynamic Water Infihratlon Ten. 

~MITII - E;\IERY COMPA:-iY 
TIll F,, 11 Sn-"~l '~I TcsUJ\g Labofalon. [,labllJW '904 

781 East Washington Blvd., Los Angeles, California 9002 1 
2131749-34 11 . Fax 213/ 746-7228 

• Testing Faci lity is 45~ 
foot high by 70-foot long, 
300 psf loading capacity. 

• Per ASTM and AAMA 
Specifications. 

• Computer aided data 
acquisition with instant 
deflection readings +/ 
.001 inch. 

• Dynamic Tests using 
2000 HP Aircraft Engine 
w / 13. 5 foot propeller. 

cally impossoble to support were it not for the 
three-level deep steel trusses Integrated in 
the parking structure below and the full str. 
ture depth 1 oo-h high trusses. Even thougl!ll' 
the structural steel supports these enormous 
loads and soars over a freeway With spans 
of up to 160 h, the total weight of steel used 
on this project IS 19,500 tons, which trans
lates to about 35 psf of steel. An effiCient 
parking system was accomplished by eliml
nallng certain bracing panels, thereby 
creating strategically located driveways 
through the trusses from one aisle of park
ing to the next. 

Seismic Design 
An extensive seismicity study has been per
formed by Shannon and Wilson. geotechni
cal consultants on the Washington State 
Convention and Trade Center. It was decid
ed the seismIC deSIgn for the structure would 
be evaluated uSing two earthquake levels, 
Similar to the DeSIgn BaSIS Earthquake (DBE) 
and Operating BaSIS Earthquake (OBE) 
recommended by the U.S. GSA (1978). The 
DBE IS defined as an event haVing a recur
rence interval of 200 years. It IS expected 
that, although the structure would receive 
some damage In thiS earthquake. causing 
some members to exceed the AISC allow
able stresses but not the steel Yield stressA 
colapse would not occur. The OBE IS Inten'!!l' 
ed to represent an earthquake which is quite 
likely to occur during the hfe of the structure. 
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It is defined as having a recurrence interval 
of 50 years. AnalySls for the aBE is Intend· 
ed to reflect the elastic behavior of the build· 
Ing with no structural damage. The stresses 

~
Uld not exceed the AISC allowable 
sses. Given the above criteria, the gee

echnlcal conwltant determined the two 
spectra for the "deSlgn earthquake" and the 
"maximum credible earthquake." A dyna· 
mlC analySls was pertormed on the structure 
uSing these two spectra. 

A computer model was generated to study 
the structural behavior under both statIC and 
dynamic loadings. This model, which reo 
qUired 22,000 lines of Input, was developed 
on our IBM 370 mainframe, uSing a version 
of STRUDL. The number of nodes and memo 
bers In the model are 1,700 and 4,800 reo 
spectlvely. The STRUDL program calculated 
the member forces and a post· processor 
deSlgned the members baSled on these 
forces. The member sIZes were put back In 

the STRUDL model and reanalyzed. Redis· 
trlbutlon of the stiffness redistributed the 
forces An Iterative process (four Iterations) 
was used to come to the final sizes. The 
structure was analyzed for SIX static and 12 
dynamiC loading cases. 

Redundancy and Ductility 
To provide the safest poSSible structure, a 
very redundant system of cross·dlagonal 
~cing was chosen. Wherever poSSIble, the 
~ and braCing elevation panels re

ceived cross braCing rather than a single 
brace, providing a high degree of redun· 
dancy. Further safety has been built Into the 
structure by haVing all beam and column in· 
tersectlons In all trusses and braced frames 
moment-connected to each other, thereby 
prOViding a high degree of ductility In the 
system. Even though thiS moment frame was 
not required by code, It was decided to use 
thiS deSlgn philosophy to Increase ductility 
and aXial strut capacity. 

As pointed out earlier, only 25% of the 
footprint of the structure touches the ground 
in a triangular area immediately to the north· 
west of the freeway. ThiS area was uSled 
structurally as an anchor for the building. The 
anchor IS a grid of 12-ft by 10·ft grade beams 
supported by 10·h d,a. drilled piers extend· 
Ing up to 100 h IntO the ground. Diagonally 
across from thiS anchor on the other side of 
the freeway, another grade beam wpported 
on 10·H dia drilled piers provides rotational 
stability, and at the same time allows for pas. 
Slble temperature movement of the structure 
toward and away from the anchor. 

e hltecturallY Exposed Structural Steel 
with most convenilon centers or similar 

bUildings, a dramatIC expressron of structure 
was sought. The lobby at the entrance into 
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the exhibition hall is covered by a cascading 
roof, spanning up to 120 ft. The lobby area 
needed to be free of columns. The SlOulion 
was a two-way arching moment space frame 
With all hOrizontal members 27 -In. wide 
flanges and all vertical members 12-in. x 
12'ln tube columns. All thiS IS archltectur· 
ally expoSled structural steel. 

Connection DeSign Economy 
In recent years, concerns have been raised 
by the structural engineering profeSSion, as 
well as different public agencies, regarding 
the fact the fabricator-and not the engineer 
of record-IS deSigning connections. 

Our firm has already been deSigning the 
connections on numerous major projects. 
ThIS does not mean an Increase in overall 
cost to the owner-actually, quite the oppo
Slte IS true. When all the connectrons are 
completely deSlgned and on the draWings, 
Ihe fabrlcalor/erector Will nol have any un· 
knowns. 

Another point to conSider IS that deSign 
parameters for connections are becoming 
more and more complex. They depend on 
a multitude of different loading combinations. 
So as to make economical connections, all 

Truss erecClon roars on dUfing mght 
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LEJEUNE SMARr BODS KNOW "PROPER TENSION!" 
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A-325 or A-490 high strength bolts. 
Factory mill certification-traceable to each keg. 

Black or mechanically galvanized. 
Full domestic or open stock. 

"THE LOWEST COST SYSTEM FOR PROPERLY 
INSTALLED HIGH STRENGTH BOLTS!" 

Top \II6W 01 arch-expos8d lobby steel 

the dlHerent design parameters should be 
taken Into conSideration. Because 01 thelf 
complexity, It IS impossible to put all the 
criteria and loading combinations on the 
drawings In such a way as to be uselul to 
the labrlcator. 

Convention Center Jewel 
Presently, the convention center is open lor 
bUSiness-on or close to the original sched· 
ule-with its first convention held in June 
1988. The Washington State Convention and 
Trade Center IS an economical asset to both 
the Seattle and the State of WaShington. 
one 01 many jewels In the Emerald City. 

Architect 
TRA and HNTB 

Structural Engineer 
SkJlhng Ward Magnusson Barkshtre Inc. 

General Contractor 
Paschen Contractors 

Geotechnical Consultant 
Shannon and Wilson 

Owner 
Washington State Convention and Trade Center 

John B. Skilling IS chairman, Skilling Ward Mag
nusson 8arkshlre Inc .• Seattle, Washington. 

Jon D. Magnusson IS chief executive offICer of Skill· 
In9 Ward Magnusson Barkshire Inc. 

Ad A. Gouwerok IS senior VICe president, Skllling 
Ward Magnusson Barkshlre Inc 

• 
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Introducing the Software Solution 
for Structural Engineers and 

Detailing Professionals 
The most complete integrated software programs 
available for producing engineering plans, details 
and fabrication drawings 

AutoPE Structural 
• Comprehensive industry specified material 

libraries 
• Powerful applications programs for: 

framing plans . foundation plans. structural 
concrete plans . tilt-up panels . elevations, 
sections & details. 3D wire frame diagrams 
• full engineering construction plans 

• Render ready models 
• Bi-directional Analysis/Design interface 
• Demonstration videos and demo disk are 

now available. 

Structural Detailer 
Provides a complete detailing environment for 
producing finished shop fabrication drawings, 
erection drawings and bolt setting plans, giving you 
complete control over drawing construction and 
appearance. 
• Interactive graphic drawing and editing 
• parametric programs for detailing all types of steel 

shapes and connections including: 
beams . columns. bracing . erection 
drawings . anchor bolt plans . field bolt 
generator . dynamic dimensioning 

• Ability to create specialized and custom details 
'\ . '" -, " . 4 ' __ r-- .... --- • Computerized catalogues of A1SC, CISC, BS4 

and DIN steel components 
,,:,,-." • Bill of material weigbts calculated automatically 

• Intelligent detail member manager 

D.C.A. Structural is used inside AUloC.4D® 
AuloCADGl is I repleml ~rt or Aulodelk, Inc.

U 
D.C.A. Engineering Software 
Unifving tile AEC World witll a Single SOllrce for Solutions 

P.O. Box 955, Henniker, NH 03242 (603)428-3199 FAX (603)428-7901 

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



Creative Remodeling 

New Skin Profile Made Possible 
with Welded Trusses 
by K. S. Rajagopalan and Robert G. Williams 

Anew owner acqUIred a IS-story office 
bUilding. Its building framework is in 

post-tensioned concrete beams and slabs 
with reinforced concrete columns. The wa
ter penetration problem through the build
ing skin existing at the time of the owner
ship change had to be remedied . A 
design team of architect, structural engi
neer and conlractor was formed and given 
the lask of (I .) creating a new look to the 
building , (2.) stopping the penetration of 
water through the existing building curtain 
wall, and (3.) doing all this without disrupt
ing the daily operation of building tenants 
who occupied the various floors. 

The architect felt the "idea was to fash
ion a new exterior to create distinction and 
make more durable visually the basic 
character of the original thin-skinned wall 
system." He feit that "by furring the new 
wall system forward past the original col
umn pilasters, deep window returns and 
sloping sills were at once created in the 
new, flush and sleek wall surface." His 
idea of the new profile is shown in the wall 
(see drawing). 

This new profile involved moving the 
plane of the curtainwall forward away from 
the existing curtainwall, in line with the pro
jecting pilaster-like covers at the columns. 
These column projections are architectur
al elements covering the building columns 
that do not project far away from the slab 
edges. The new facade puts the curtain
wall gravity load forward at a large eccen
tricity from the eXisting curtalnwall support 
system. A structural analysis indicated a 
new support system for the new profile 
was called for. 
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Building after remodeling. 
See "before" On p. 37 

to note striking difference. 

• 
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Bui/ding under construction, shOWing trusses being erected. 
Wall section of remodel (I.) detaifs construction. (continued) 

STRUCTURAL FABRICATING MACHINERY 
St.te-of·the-Art Sumlin •• ,nd Ironwork.,., with con~.ntlon.1 or 

CNC Control. for be.ma, .ngl ... channell, ",t IMr and pI.t. In many model. to 
1111 .pee/llc cUllom., nNd. 

TWIN-HEAD STRUCTURAL FABRICATION SYSTEM 
with automatic feed . Capacities to 20" beams, 12" channels, 
6)1. 6 x ~ .. angles and ~ .. flat bar. 

MAP HIGH-SPEED CNC FLEXIBLE STRUCTURAL FABRICATOR 
for shearing, punching and marking structural shapes. 
Several sizes available In capacities of 3" to 18" beams, 
3" to 15" channels, 1 ~ x H~ x W' to 6 x 4 X W' or 
5 x 5 x 1,-;" angles and flats up to 12 x W', 

PHA 600 CNC DRILL 6 PUNCH SYSTEM 
with 2·8xes or 4-axes eNe. Control for up to 24" beams. 
IS" channels and 6)( 6 x~" angles . 

• VP CNC ANGLE SYSTEM 
In several sizes up to 8 x 8 x Yo" angle , using a single-cut shear. 
Starting with a basic, modular configuration, the system 
can be designed to meel the requirements of the customer. 

PG DUPLICATOR 

FP 600 CNC 3-0RILL SYSTEM 
A most economically priced system, with either 2-axes or 4-axes 
eNC Control. Capacities up to 24" beams, IS" channels, 
6 x 6 x ~ .. angles. 

PG 11CHON CNC PLATE DUPLICATOR 
with 110-ton hydraulic punching capacity, a "teach-mode" 

t 

programmable controller. material positioning speeds up to 2000" \ 
per minute. accuracy of.t 1164" and a maximum plate size of 40" x 40", . 

• 

GEKA HYDRAULIC IRONWORKERS IRONWORKERS 
Angle capacities from 3 x 3 x 5/ 16" '0 8 x 8)( 3/4" & 
Punching from 40 tons to 220 tons. Distributor Inquiries Invited 

COrnEQ Box 2193 • Baltimore. MD 21203 Inc Phone: (301) 325-7900 
, • Fax: (301) 325-1025 
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Box truss geometry Inset 
shows support detaIl. 
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TRUSS 
SUPPORT 
ANGl£ 

Plan VIew of support assembly 
at columns 

PORTABLE POWER 
with W.A. Whitney's Portable Presses 

:g 1' N~~~~:-:J 
W A Whitney Corp 
650 Race Street 
P.O. Box 1206 
Rockford, illinOiS 61105-1206 
(815) 964·6771 Fax (815) 964·3175 

Punching is one of the least ex
pensive ways of making holes in 
structurals. When using W.A. 
Whitney's Portable Presses, you 
save time and expense when 
punching wide flange beams, 
columns, channel iron, angle iron, 
I-beams, plate and other ma
terials. 

• Portable-Take press to 
work site 

• Saves Time-Reduces 
material handling 

• Powerful-Punches up to 
3 " diameter holes thru 
1-3/8 " thick material 

W.A. Whitney offers portable 
presses with punching power 
from 20 tons through 150 tons. 
Talk to your W.A. Whitney distribu
tor. Call or write today for our 
portable press catalog . 

TRUSS . 
SUPPOR 
ANGl£ 

Here are some of the practical requ. 
ments 
1. The new support system should be one 

that could be mounted from the out
Side, so expensive tenant finish work 
need not be redone; also, tenants' 
bUSinesses would not be disrupted. 

2. The number of penetrations of the ex
isting curtain wall should be kept to a 
minimum so as not to exacerbate the 
water penetration problem. 

3. Since the floor structure was In post
tensioned concrete, any floor attach
ment devices should not damage the 
posH ens Ion tendons. 

4. Obviously, the new support system 
should be strong enough to resist both 
the vertical gravity loads and the hori
zontal wind loads and transfer these 
reactions to the building frame. 

Several brainstorming sessions resulted 
In the final scheme. It was decided that 
welded box trusses (30 to 36 It long, about 
5 It deep and 21 In . wide) nestled between 
the old and the new skin spanning be
tween the column pilasters be erected and 
the new skin attached to It all from the out
Side. These trusses could be fabricate. 
one piece per each bay and lifted in t 
thus redUCing the field labor and avoiding 
extensive scaffolding. The contractor had 
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Building before extenSIve skm remodelmg 

a hoisting system that could climb vertical
ly in anyone bay at a time. This was used 
to litt the trusses to the required position . 
The trusses were mounted from the top 
floor down so those at the lower floors did 
not obstruct erection of those above. 

Transferring the loads from these truss
es to the building columns was accom
plished thusly: 

1. An outrigger assembly consisting of a 
6 x 6 x 6x :V. tube welded to two end 
angles at top and bottom was attached 
to the concrete column with expansion 
boits. This outrigger assembly was In
stalled through a smait opening in the 
front cover of the column pilaster. 

2. A structural tube of size 6 x 4 x :va was 
hOrizontally inserted from the openings 

•
·n the side covers and boited on top of 
he outrigger 6 x 6 x:V. tube at right an

gles to it, forming a "double-wing" sup-
port system for trusses from each end. 
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IT IS FUN TO 

DESIGN STEEL 
CONNECTIONS 

USING 

DESCON 

AN EASY TO USE SOF1WARE PACKAGE 
FOR YOUR PC 

25 TYPES OF BEAM TO COlUMN 
CONNECTIONS, BEAM SPLICES AND 

BEAM TO GIRDER CONNECTIONS 

MOMENT CONNECTIONS 
SHEAR CONNECTIONS 
BOLTED AND WELDED 

EXTENSIVE DATA BASE OF SHAPES, 
MATERIAL PROPERTIES AND 

SPECIFICATION REQUIREMENTS 
INCLUDED 

FOR INFORMATION CAll OR WRITE TO: 

The ends of this tube projected past 
the pilaster covers and were mitered so 
the truss could be "dropped in" and the 
support angle seated and levelled. 

Costly removal of the pilaster covers 
was thus eliminated because the box 
trusses could be hoisted and erected 
between, but clear of, the pilasters. 

3. The truss support was kept near the 
top of the truss, to assure stability dur
ing truss erection and to prevent top 
roll. 

4. The lateral loads from the truss were 
transferred to the existing curtain wall 
support system at selected pOints and 
to the columns with suitable connec
tions. 

5. Because the trusses were erected one 
bay at a time, the gravity load was 
transferred at only one end of the dou
ble-wing. This one-sided load induced 
torsion in the column outriggers. This 
torque and the consequent twist were 

OIiNITECH ASSOCIATES 
P.O. BOX 7581 

BERKELEY, CA 94707 
(415) 528·1321 

INERTIA 
Integrated Engineering Syotem 

• Graphical Modeling 
• Finite Element Analy.i> & Design 
• Heat Tratl8fer (Thermal) 
• Mechanical Analyei> (Mechanism) 
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considered and designed for in the se
lection of the member sIZes and the ex
pansion bolts. 

6. At the south face of the building , where 
the edge of the bUilding is at an angle, 
Similar details were adapted as shown 
in the plan view and side view. 

The success of this project depended 
on the easy and economical truss erec
tion. Welded design of the trusses permit
ted the use of small and thin members, 
thus keeping the truss weight down. Bolt
ed connections could have involved larger 
member sizes to achieve the proper edge 
and end distances for the bolt holes; even 
possibly gussetled connections could 
have resulted, further Increasing the truss 
weight. Welding also contributed to the 
substanlial stiffness of the truss system, 
eliminating any significant distortion dur
ing erection and preventing the ·oil-can
nlng effect" on the new exterior metal skin. 
Welded outrigger assembly proved tor
sionally stiff when truss loads were unsym
metric, the load occurring on only one end 
of the double-wing tube. 0 
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