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An engineering breakthrough 
Introducing the 

MI-JACK Translift I 

• • • 

A reliable product made better through MI-JACK'S engineering improve
ments to simplify heavy material handling. 

Faster hoist speeds allow the MI-JACK Translift I to maneuver oversize mate
rial from any position more quickly and more eHiciently. The Translift I is en
gineered for ease of maintenance at lower cost through one of MI-JACK'S 13 
service and parts centers all across the nation. 

The self-propelled Translift I mobile cranes are available in lifting capacities 
between 10 and 300 tons. 

Compare the benefits of buying, renting or leasing aMI-JACK Translift I. 
Call us collect at (312) 596-5200 for equipment and specifications. 

We can also arrange for a demonstration of the new MI-JACK Translift I. 

MI-JACK Products 
3111 w. 167th Street 

Hazel Crest, Illinois 60429 
Call Collect: (312) 596-5200 

"Where Service is Golden" 
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DATA SlEET _______ Mlt ________ _ 
POUR STOP SELECTION CIIART 
The chart shows the thickness (gage) of the steel pour stop angle recommended 

by Nicholas J. Bouras, Inc. for the various slab thickness and overhang 
combinations. Two inches of bearing and one inch long welds at 12" O .C . 

are required. In determining these recommendations the steel stress was limited 
to 20000 psi and the deflection to Y8 ". 

OVERHANG INCHES 
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WELD 
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THICKNESS 

COMPOSITE FLOOR 
DeCK BY UNITED 
STEEL DECK, INC 

Any time you need infor
mation on deck design, 
delivery, budget pricing, 
or bidding-call on us, 
your deckhands. Reprints 
of this chart are available 
on request. 

* Return lip available on 
order. 
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[.BI~\\l-Xll-1/-)L.'::±.::;;2iJ NICHOLAS J. BOURAS, INC. 
po. BOX 662, 475 SPRINGFIELD AVE., 
SUMMIT, NEW IERSEY 0790112011277-1617 

3rd Quarter/ I982 

Metal Thickness 
0.036" (0 .91 mm) 

18 0 .047"(1.20 mm) 

16 0 .060" (1.52 mm) 

14 0 .075"( 1.91 mm) 

12 0 .105" (2.67 mm) 

10 0 .135" (3.43 mm) 
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AISC'S SECOND ANNUAL AWARDS BANQUET 
HONORS PRIZE BRIDGES 

Slated lor Oct. 26 at Chlcago 's Westm Hotel. the Second Annual 
Awards Banquet WIll feature the 1982 Pnze Bndge Award wmners-8 
Pnze Bndges and 11 Awards of Ment. The evemng's hIghlIght will be 
unveiling a bronze sculpture by artIst Joe Kmkle. The 24-in. high 
sculpture represen ts an /fon worker/erector on hIgh steel. The smgle
edItIon bronze remainS at AISC headquarters. along WIth nameplates 
desIgnating annual Pnze Bndge and ArchItectural Awards of Excel
lence wlnners_ Individual winners receIVe a bas relle/ of the sculpture. 

• 

The Annual Awards Banquet was begun to proVIde a forum for the as- • 
sembly of leading structural designers. contractors. subcontractors. 
fabnca tors and suppliers to the fabncated steel constructIOn Induslry 
to recognize individuals who have received V8f10US awards from AISC 
throughout the year 

Guest speaker for the Awards Banquet will be author/hlstonan DaVId 
McCullough. whose sublect WIll be the BroOklyn Bndge. He has wntten 
four hIghly regarded books including "The Great Bndge .• the story of 
the Brooklyn Bndge. one of ourcountry's favonte tandmarks McCullough 
WIll be remembered as a featured speaker dunng the Instltute 's 1980 
Annual ConventIon. 

TIckets are slllJ available from AISC. Call Orley Vaughan. 312.670-2400. 

FELLOWSHIP AND T. R. AWARDS ANNOUNCED 

The AISC FellowshIp Award program provIdes eIght $4.750 awards to 
engineenng students who propose a course. of graduate study related 
to fabflcated structural steel. 1983 FellowshIp winners. In addItIon 10 
the scholarshIps they receIve. are guests of honor at the AISC NatIOnal 
Engineering Conferencs. 

The 1983 r R HIgginS LectureshIp winner receIves a $2.000 award as 
the prinCIpal author of the most slgmllcant paper related to labocated 
structural steel published during a lIve-year elIgIbilIty period (Jan 1. 
1977 to Jan. 1. 1982). The current r R. HIggins LectureflsProl. Conrad 
P_ HeinS. author 01 ' 'Sox G/fder DeSIgn - State 01 the Art .• 

Announcements and applicatIons lor both awards are already In the 
mall. according to Albert O. WIlson. Jr . cha/fman oltheA/SC CommIt · 
tee on EducatIon Further copIes may be obtained Irom .· CommIttee on 
EducatIOn. AISC. 400 N. MIChIgan. ChIcago. III. 6061 t • 
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A Building 
for the 

- 21st Century 
by Reinhard Ludke and Jeppe Larsen 

San FrancIsco. one of the world's fa
vorite Cilles, boasts a new convention 

center When the Moscone Convention Gen
ter welcomed lIs flrsl guests In Decem
ber, 1981, VISllors marveled al anolher of 
T Y lin ln1ernatlonal's conlnbullons 10 struc
lures for Ihe 21 Sl cenlury The Moscone 
Center"s eight pairs of tied concrete arches 
gracefully open 275.000 sq It of column· 
free area to a variety of uses by the Center's 
guests The architects designed a conven
lion center where a brrghl and open cryslal 
fobby welcomes San Franclsco's guesls 10 
her newest attraction The convenllon cen 

eter facllilles Include a grand exhibit hall. a 
large ballroom. meellng rooms, kitchen. Iruck 
ramps and docks. storage and admlnlSlra 
live offices The Slreel level lobby alrlum 
has four sculplured sleel Irusses which 
support a roof covering over 30.000 sq f1 of 
floor area San FrancIsco, America's Inter 
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nallonal clly has now opened Ihls new 
convention center to bring major events 
and exhlblls 10 the clly 

Ten Years in Planning 
The San FrancIsco Redevelopment Agency 
has labored over 10 years 10 ptan a malar 
rehabilitahon 01 the South 01 Market area 
Cenlerplece 01 Ihe area was Ihe planned 
convention center 

A convenlton center or sports arena was 
10 be the cenlerplece 01 Ihe Yerba Buena 
Redevelopmenl Area The four~block area 
was 10 Include hOlel. rei all and commercial 
mix of muiliple uses, which would relurn 
vilailly 10 a previously bllghled area In Ihe 
mld-1970s. loss 01 Ihe Bay Area s proles
slonal hockey team left the sports arena 
without major tenants This contingency set 
Ihe slage lor developmenl 01 Ihe conven
tion center Alter a vanety of architectural 

San franc/seo s new Moscone ConventIOn 
Cenler Open slfeellevellobby!atflum 
features fOUf giant sleellrusses thai 
support foof (at>ove & below) 

schemes were relected, Ihe presenl low
prall Ie cenler was developed by Ihe Hell
mulh. Obala and Kassabaum and T Y Lin 
team In conformance With a proposition 
passed by San FranCIsco vOlers In I 977 

Architectural Solution 
The solution 101 the eXhibit hall was the 
aforemenlloned 300-11 span arches This 
sel 01 elghl paired arches al 90- f1 cenlers 
was designed 10 support loads from a lulure 
park wllh 3 II of earlh for planting. or Ihree
slory bUildings bUill over Ihe exhlbll hall A 
glass curtain wall rises over 30 ft to meet the 
lolly lobby rool which resls on lour sculp
lured lubular Irusses 

The open glass enclosed lobby space 
Invites vISitors InSide thiS bUilding where 
more soft curves and elegant balconies, 
slalrways and escalalors Iransportlhem 10 
faCilities below The facllliles Include the 
30.000-sq II lobby alrlum 19 mezzanlne
level meellng rooms. a 30.000-sq II ball 
room and a 275.000-sq f1 exhlbll hall All 
large rooms contain movable partitions to 
allow Infinite fleXibility for adjusting room 
sizes 

Structure 
The elghl pairs 01 arches span 300 II and 
rise 37 It above the floor Large concrete 
box beams. which also serve as eXit tunnels, 
span over the large ballroom and support 
Ihe Irani cross-supporls 01 Ihe sleel lobby 
trusses 

Varlable-deplh plale girders span over 
Ihe lobby Irusses. Purhns and a Ilghlwelghl 
concrele melal deck roof creale a sloped 
rool lor drainage The 309-11 long plale 

Reinhard LudKe IS an associate and Jeppe 
Larsen a vICe preSident 01 T Y Lin tnternatlOOal 
a well· known structural cnglOeenng firm In San 
FrancIsco cahfornla 
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girders were provided Wllh gUided expan
sion bearings over the two exterior trusses 
to allow lor the expansion and contraction 
of temperature variations Seismic design 
crllena Increased 25% oller San FrancIsco 
BUilding Gode requiremeOis. necessllaled 
speclallrealmenl of delalls 10 Insure Irans
fer of mass ,nertlal forces to the Iruss 
bearings 

The 65-lon lobby Irusses are fabrlcaled 
as Irlangular members wllh IWD 20-ln dl
ameler lOP chords. 10 II above a single 
20-10 bOllom chord, 8-ln and 10-ln luoular 
members are used 10 frame Ihe web and 
bracing Ihal conneCI Ihese chords. The 
Iruss spans 90 II from Ihe rear bearings al 
Ihe arch abulmenls 10 Ihe froOi X-braced 
supports and canl,lever 30 II over Ihese 
X-braced legs 10 form a "nal 120-11 fong 
welded Iruss These Irusses are In faci 
SlrUClUral space frames. and all efemenls 
are designed as beam-columns 

Lobby Seismic System 
Long,ludlnal seismic forces Irom Ihe roof 
are Iranslerred 10 Ihe lour Irusses by double
angle K-braclng fOlned 1010 Ihe glrdel sup
pori pols localed al Ihe lap chord panel 
pOlnls Truss members. aCling In bending 
and shear, transfer these seismiC forces to 
reactions al the trusses rear bearings These 
bearings have gUides which allow Ihe Iruss 
10 move freely dUring conSlrucllon and lem-

Longitudinal Q sm force' are transferred 
10 huge (fusses by double-angle K -bracing 
Coos/ruction photo (above) gives Idea of sIZe 
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perature changes ThiS prevents overstress
Ing Ihe X-braCing 10 bending Aller all dead 
loads are In place, Ihe movemeOiIS reslrlcled 
10 ± 3116-ln for lemperalure Bul glides 
engage dUring earlhquakes so Ihal longi
tudinal forces Will nol overstress the cross
braced 10lnl 

Transverse seismiC forces are transferred 
to the extenor trusses after lateral move· 
menl exceeds the ± ~ ·In. temperature 
movemenl allowed by Ihe girder shdlng 
bearings localed al Ihese Irusses. All four 
trusses are then mobilized 10 transler sels 
mlC forces 10 Ihe beaflngs The cross
braCing legs support over 350 tons of aXial 
load dUring major seismiC actIVIty A ·In 
shear plale IS welded Into the panel zone 
under the rear rool plale girder at the Interior 
Irusses ThiS plale IS welded 10 Ihe girders 
bollom flange and 10 Ihe lop chord he pipe 
for Ihe Iwo Inierior Irusses These panels 
transfer loads to the truss and then to the 
four pot bearIngs supporllng each truss 

Lobby Design and Fabrication 
Reinhard Ludke, proJecl engineer for Ihe 
lobby SlruClUre, Iransferred hiS pasl experi
ence In Ihe deSign of lubularframed Offshore 
slruclures lowards Ihe deSign of Ihese 
tubular steel-framed trusses. Members are 
Sized uSing convenllonal AISG speCIfica
tions for beam·columns under biaxIal load· 
Ing conditions Tubular JOInts require specIal 

conslderallons 01 slrenglh and slablhly for 
punchmg shear Compression and tension 
members are properly overtapped In 100nis wllh 
up 10 eoghl members JOIned In some loeallons 

Locallolnl slrenglhenlng and sllffenlng I. 
prOVided by four dlfferenl mClhods.lnlernal 
plale sllffeners are welded In Ihe chords. 
heavy walled chord fOlnl cans are localed al 
the JOints. gusset plates are added, or In· 
creased malerlal yleld-slrenglh IS speCified 
Various weldmg procedures and automatic 
pipe preparallon culters were employed 10 
labncale the trusses Continuous chord 
members were fabrlcaled and Ihen Ihe lap 
chord panels were welded logelher The 
complele Iruss. wllhoul Ihe bOllom of Ihe 
fronl cross-brace legs. was bUill upSide 
down II was uprlghled and Iransporled 20 
miles to the San FranCISco construction 
slle Two cranes hlled Ihe 10-11 high x 120-11 
long 65 Ion Iruss ani a Ihe lower cross-leg 
secllon Thus maled II was "eld-welded al 
Ihe "nal pas Ilion Over Iwo In of fireproof 
Ing covers thiS steel. and a white paint 
coaling adds Ihe final lauch of beaUly 10 
these sculptured frames 

The deSign. fabrlcallon and Inslallallon of 
Ihese Irusses helped creale Ihe brlghl en 
vlronment which now await the Moscone 
Genlers VIS liars These lolly sleel frames. 
surrounded by Ihe airY glass curia In wall. 
draw a panoramic view 01 San FranCISco 
Into the VISitors hearts. o. 
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DeSign of trusses creates 
bflghl lObby emllronmen/. 
lends pano' amlC View /0 city 
through glass curIam waif 
Plan (abOve) details deSign 
and placement of trusses 

STRUCTURAL 
PRODUCTS 

0 @ 

HEAVY HEAD 
HIGH STRENGTH 

BOLT 
ASTM·A325 Types I & III 

ASTM · A490 
,,"" dia, Ihrough 1 W' dia, 

All Lengths 

Pictured below are the head 
markings shown on ourType 1 
Heavy High Strength Bolts, 
And on our Type III (Weather' 
ing Steel) Heavy High Strength 
Bolts. 

TYPE 1 TYPE 111 

( 

HEX' HEX Mch Bolt. 
1/4" It\,u 3" dI. 

&onedCTSK. • 
CTSK. Met\. Boll 

ANCHOR BOLT 

Other fastener products com· 
monly used In the struclural 
field include machine bolts, 
anchor bolts, ctsk. bolts, stud 
bolts. We furnish these in the 
grade of material required for 
the job. 

ST. LOUIS SCREW lie BOLT CO. 
6902 NORTH BROADWAY 

ST. LOUIS, MISSOURI 63147·9990 
PHONE (314) 389-7500 
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By the lime Bett Laboratories lour-story. 
350.000-sq II office-research center In 

NaperVille. III was completed June t the 
construction manager had demonstra ted 
how effecllve fast-tracking can be-on one 
01 the largest prolects In the Chicago suburbs 

Despite 17 working days lost to bad 
weather and an eight-week strike Bell Labs 
prolect was finished one month ahead 01 
time. and well Within budgetary parameters 

The deSign-bUild prolect. awarded In Feb
ruary. t 98 t faced a July t t982 completion 
date. The deSign concept was a structure 
With as many large components as poSSible 
Simple ones that could be erected rapidly 
Since Bell Labs Intends to occupy the bUild
Ing on a long-term lease the developers 
wanted the structure aaaptable both to Bell s 
Immediate needs and also to the pOSSible 
future office reqUirements Consequently the 
need for rapid construCllon and a dual-use 
criteria dictated deSign development 

Concept fmpfemented by CM 
Working With the architect, the construction 

Bell Labs: 

manager proposed a semHlgld Irame (AISC 
Type III) structure By chOOSing Simple re
Inforced spread foollngs. a structural sleel 
Ira me. precast panels on the exterior and 
nbbon Windows the deSign concept was 
geared to speed cost-effiCiency and minimal 
held labor 

To meet Bell Labs requirements lor alter
nallng 30- and 35·" bays to fll space planning 
modu",s .. and to lacilitate speed and cost
efflclency-Ihe CM opled lor a girder and 
beam floor system With a minimal number of 
supponlng members and attachments Pre
cast brackets lor beams were ellmlnaled by 
suppons attached at the columns only The 
h'9h elflclency of the deSign IS ref",cted In liS 
e'9ht psf steel we'9ht despite heavier than 
normal design luads 

Concentrated deSIgn work began Immedi
ately afler the Feb 1 contract and proceeded 
concurrently With construction The team 5 
basIC plan was 10 comp,ete the structural 
work. enclose the bUilding and have It under 
roof as qUickly as poSSible If we dldnt get 
that done before November we would never 

make the July deadline. says Randy Thomas 
vice presld nt of Jon Construction. the CM 

OUlckly conslructll'lQ a working surface In
volved a large number of workers on the fob 
very early In construction Prolect Manager 
John Coletta explained. We wanted as much 
floor area as soon as poSSIble ThaI way we 
get people Inside and working r'9ht away 

Construction Works Around a Strike 
A leam approach was used on the prOJect
ItS nucleus was Bell Labs personnel. the CM 
and the architect DeSign or construction pro
lesslonals were added as the fast-Irack 
project reqUired Bullhe Inilial team shared a 
common purpose to getlhe bUilding erecled 
as effiCiently as poSSible to meet the July t 
t982 move-In date 

Steel fabrication began on April 1 SIX days 
before the offiCial ground breaking The design 
was stili being refined as work proceeded on 
foundations and a mil order was placed fortne 
bUilding s t.419 tons of A36 structural steel 

The steel fabricator was selected because 
of their ablhty to obtaIn fabncate deliver and 

• 

Weather, Strike Don't Slow a Fast-Track • 

Bell LaO 5 latest offICe-research center. 
Napeflll ie II :....marye/ ln fast-pacea 
cons truCl/Of1 

• 



slart erecllon by lale May. based on an Apfll 
conlracl award And Ihe labflcalor oHered 
an erection schedule thai was one month 

• 

shorter Ihan schedules proposed by com 
pelilors plus Ihey maintained Ihelf own 
erection crews The result was hghtel control 
and smoolh scheduling 01 lhe fOb bolh valu 
able capablhhes necessary 10 Ihe fasl-Irack 
nalure of Ihe proJeci The fabflcator also was 
responSible lor lhe melailloo< and rool deck 
and Ihe edge form for Ihe present slabs (the 
form would be a"ached 1o Ihe deck ,n Ihe 
field, These add,l,onal faclors promised 
turlher reduced construction lIme 

Foundallon work began on Apfl' 27 1981 
lollowed on May 27 by struclural sleel work 
Already one of lhe wenesl spnngs In ChlC3go S 
hlslory had laken ,Is loil by May 29. I 7 
WOrK'ng days had been 1051 Then on July 23 
Nnen all Ihe StruCIural sleel framing was u~ 
and only 10 days Irom complellon an oper 
allng engineers str,ke hll Ch>eagoland 

1 he Slnke slowed work al Ihe Bell Labs 
prOtcct but Old "'01 SlOP II While other 
C nlCago·area conslructlon prOtects were at 
a virtual Slands!.1 Ihe eM out Its organlza 
Iional capabilities Into high gear Work on the 
pro'eCI continued al an eSIlmaied 60% 
caoaclly 

MS the slrlke fan on Inrougn Ihe surnmer 
plumb.ng HVAC syslems sheel melal and 

e elcctftCal WorK were Installed Progress was 
relallvely smOOlh on Ihe easl Side 01 Ihe 

ullolng whICh was completely uo and for 
",nlch decks had been pourea on Ine second 
th"d and lourth ll00(s pnor 10 Ihe slnke Only 
'hree-ouaners 01 the we~l half was up. and 
none 01 Ihe concrete completed With no 
roof and only half of lhe oUlldlng clad 
IJOfl<ers /Jere sub,ected to the elements 

Move In on Schedule 
ne Itrlkt:; b tded Seot 16 1981 Bv Novem· 
~r only eIQnt montns aTter contract awaro 

the bUilding was enclosed InterIOr finishing 
proceeaea all through lhe winter ano spnng 
&nd Bell Labs emplOyees moved In on June I . 
1982 a lull monlh ahead of sChedule

' 
Creolt tOt tne prOlect S exceptional prog

ress 9 s as muctl to me ople Involved as 
to Ihe naturo 01 Ihe oesIQn ana cnOtce 01 

lerlals 
There are Ihree interrelated elements .n 

tell,ng a ob done qUICkly and correclly 
says CM SUPI Ed Long Excellenl labn
catlO-Nhere patlS are conslslenuy stralghl 
and holes accurately puncneo- ""hlch leads 
'0 Speedy erecllOn "'nd Speedy erecl'Df1 IS 
accomphShed oy people Nno know the" lOb 

e ~a do I nghl Ihpy sel the pace 
An IInpOrtani part 01 lhe people p,clure 

was expertence a mind for delall and a 
careluf eye for scnedullng and coordination 
to keep the fast -track moving 

3rd Cuarter 1982 

Strong Aesthellcs Receive Atlenllon 
The compleled struclure demonslrales an 
Imaglnallve use of standard readily available 
malenals While Ihe Bell Labs Prolecl was 
lasl -track In concept long. sludled Ihoughl 
was gIVen 10 aeslhellcs Ribbon WindOWS 
thai enclfcle lhe bUilding have Ihelf reflecllve 
coating on the third surface, resulting In an 
unusual aQuamanne color Malenals of the 
precasl panels are aggregales whose COlors 
complement Ihe unusual glass 

The north entry a unique V-shaped struc 
lure lopped by a sloping rool. proJecls Oul· 
ward between the bUIlding 's two main 
seCllons lis rool struClure 15 a SlL"" space
Irame supported by IIghlwelghl vertical 
members The shape Creales a dramallc 
lobby Inlenor while plaCing Ihe IWO entry 
dOOfways-one on ellher Side ollhe V
closer 10 Ihe oulslde 01 Ihe OUlldlng The lOP 
of Ihe sloped entry roof 15 enclosed In Ihe 
'3amc reflectIVe glass as the ribbon Windows 

InSide Ihe struclure surrounds Iwo 60· x 
65-11 alnums one a library Ihe other an 
employee dining area The alflum walls 
fealure an unusual acousllc treatment de 
sIgned 10 break Ihc bUilding s strong hOlllon
lal hnes by plaCing labnc-covered high 
a nSlly fiberglass panels Ihal suggesl sublly 
Ihe ouiline 01 a Greek lempl Honzonlal 
panels lorm Ihe base. lOpped by vertical 
columns, capl1als and panel Ineze Alum 
Inum pediments are actually air exhausl and 
SUPply gnUs AesthetiCS aside the atriums 
serve a practical energy function by provld 
ng Nlndowed areas tor Intenor oH,ces yet 
fTUn,mlllng both heal loss and solar gain 

HOUSing approXimalely I 200 employees 
and 20000 sq It 01 compuler lac.II1,es Ihe 
bUilding has bOlh a high power load and a 
h>gh people oad II requ,res conslant COO~ 
ng and e>ghl Iresh alf Intake louvers ensure 
a Steady .nliow of cool air OUting temperate 
weather 

Significant Energy Reduction 
A Slgnlflcani reducllon In energy usage 
was aChieved by Ihc Shape 01 Ihe bUilding 
which reduces Ihe ratiO 01 the penmeter to 
lhe square loolage 10 under 23% compared 
1050% lor mOSi Oil Ice Slruclures The bUild
ng des.gned 10 meel Bell LabS sophlSl, 
cated mechanIcal reQUIrements Includes 
redundancy systems and a carefully con· 
troUed envIronment It .s serVIced by 16 fan 
rooms that permlt off-hour operations as low 
as Ctght percent ot opefatlng capacity 

From slart 10 Ilnish the prolecl represented 
last -traCking at Its beSI superior cOOfdtna 
lion carelully Ihoughl-oul deSign and un
compromising anent Ion to delall The chent 
got what he wanted when ne wanled It 

Make Ihal one month before he wanled ,I' 

H,m(j~omt atrIums one n eaen Klt 
fJllJu f(1tnfj hOuSE: orart ana (jl/Jlng a £ 

Architect/Structural Engineer 
A Ep tu anJSor f' 

Lhlcagc Inc 

Contructlon Manager 
n lfud 01 It 

tN, lit 

Steel Fabricator/Erector 
W~n dQ ITO Y 
Ro ,fT 

Owner 
he AII(f HI 0 
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Special Considerations in 
Designing Cladding Attachments 
by Roger W. Hotz 

C ladding failures have received IncreDS 
,n9 attentlOn over the past several 

years Numerous articles have appeared In 
Ihe Irade press on specIfic cladding prob· 
lems Recenlly Englneermg News·Record 
published a fealure article on Facade 
Failures 

Experts have Identified variOUS causes
Including lack of design experllse. lack of 
coordmatlon between archllect and slfuc· 
tural engIneer faully construction. absence 
of Inspection dUring construction and In
adequate Inspection and matntenance af
ter completion In many cases. more than 
one. If nOI all. faclOrs were present AI a 
symposium of designers organlled aboul a 
year ago by a malor errors and omiSSions 
underwnter. Just "plain Ignorance was Cited 
as Ihe common denominator Whalever 
Ihe prlnclpat fault. Simple tack of allenllOn 10 
Importanl cladding connection delalls and 
Indifference 10 field condilions allhe lime of 
facade Installation always seem to be slgnlf,
cant faciors 

Publicized spectacular failures often In
volved targe expanses of ctaddlng crashing 
10 streets ana sidewalks below. so far Wllh 
mlracutously lillie loss of hfe and property 
But the costs to repair and reconstruct an 
Improperly deSigned or Inslalled facade can 
be several times Ihe original cost And for 
each of the attention-getting cases, we can 
only speculate on how many more Instances 
gradual detenoratlon reached an unmaln
tamable condition and repairs were under
laken wllhoul publlclly 

Numerous sources of authOritative Infor
mallon are now available on deSign con
siderations for alfachlng cladding elements 
to the structure for masonry ~. '. stone 
metaf and gtass curia In walls and architec
tural precast units The common deSign 
pnnclple for any materials IS that prOVISion 
musl be made by uSing hOrlzonla and 
vertical expansIOn JOints lor differential 
movement between the bUilding frame and 

Rogel W Hall PEls president 01 the Hotz 
Corporation. North Branford Connecticut HIS 
structural stcel COniracltng 'Irm also operates 
a subsidiary that erecls precast and metal 
curtain wall components HIS extenSive engi
neering expertence both shop and held places 

10 

cladding The facade must be diVided Inlo 
discreet panels or elements separaled by a 
sofl·caulked 101n1 In such a way as 10 
accommOdate differential movements which 
result from hOrizontal and gravity loads In 
combmatlon With thermal and mOisture ex
pansion and contraction of both frame and 
wall syslems "Ihe deSigner does nol pro
vide Ihe relief 101nls. Ihe bUilding will provide 
Ihem for Iiself 

Let us assume the deSigner possesses 
the baSIC knowledge and expertise 10 know 
where expanSion JOints are needed. their 
required size and construction for vanous 
cladding malerlals Now. look al allachmenl 
systems and commonly used details Ihal 
can cause concern 

Claddfng Probfem Area. 
Load-bearing connections supporl Ihe 
weigh I of Ihe panel and Ihus malnlaln a 
hOrizontal expansion JOlnl HOrizontal ties, 
perpendicular 10 Ihe plane of Ihe wall trans
mit loads Into the structure At the same 
time. the connections must allow for antlCI 
paled movements between frame and clad
ding In a plane parallel 10 Ihe wall W,lh large 
panels provISion shOuld be made 10 firmly 
anchor the panel at one end near the 
beanng pomt to prevent It from creeping 
along Ihe support as a resufl of Ihermal 
expansion and contraction See Fig 1 

flgute 1 

I + 

+ 
Arrows denote freedom of movement 
in place of panel 

him In a poSition 10 observe cladding allach
ments from several pomts of view-as a de
signer. supplier of componenls. fabricator and 
ereClOr He presenled thiS paper al the' 982 
Nallonai Engmeerlng Conference In Chicago 

While all parts of all anchOring syslems 
are Imporlant proper performance of Ihe 
load-bearing component IS vila I Any down
ward displace men I of the support will Impair 
the effectIVeness of the expansion JOint and 
may result In gravlly loads being Iransmilled 
10 Ihe lies The result Will be dlSlress 10 clad 
ding components and In extreme cases 
complele separallon from Ihe bUilding 

Examples of load-bearmg connectIons 
are brick and slone supporl angles and 
precast beanng connections Correspond
Ing honlontal lies are prOVided by fleXible 
masonry lies. diSC or cramp anchors and 
lie-back angles Somellmes. bearing and 
lie-back connections are combmed as In 
fhe case of a Slone or precast support angle 
wllh Inlegral dowel pin See Fig 2 

We Will examine how Ihese cladding can 
nactlons are different from other connec 

With s eparate horizontal ties 
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lIons wIth whICh the structural engineer IS 
familiar We will pOint oul how these unIque 
charactenslics In combination with the re-

• 

alliles of construction practice ,nteract In a 
way that can result In repelitlon of past 
failures on prolects under construcllon This 
paper IS aimed at emphasIzing Ihe ImpOf· 

• 

tance of singlIng oullhese otherwise mun
dane connecllon details for special attention 

The Contractor 
Equally ImpOrlani 10 the structural require· 
ments of cladding atlachments are the field 
conditions under which Installalton takes 
place The contractor IS entrusted with exe
cution of the design reqUirements once a 
workable connection system has been de
veloped Of course. contractor extends to 
various subcontractors BUI think about Ihe 
somet1m.es divergent and conflicting roles 
of these Independent firms who act In their 
own selt Interest-and the possible adverse 
effect on facade Installation 

Installation of some types of cladding 
tradllionally has been performed by special 
ty contractors and the trend toward sub· 
contracting IS increasing Construction 
management fast-tracking and awarding 
separate contracts will continue to place 
additional pressures on the deSigner to 

,~. 

d_ 
• . . . . 
.... '. .. 

<. io. " ' • 

• ' •• ~=~!S=..:J 

Combined 

3rd Ouarter/1982 

make sure that cladding attachments
sometimes supplied by one contractor for 
flnallnslallatlon by another-are chosen on 
the baSIS 01 thelf lotal ulllity and reliability 
not lust on malenal cost 

To Illustrate. look at a steel-framed bUild
Ing With stone cladding Conceivably, there 
could be a general contractor a steel lab
ncator an erector. a concrete slab sub
contractor a miscellaneous Iron fabricator, 
another erector the stone supplier and a 
mason contractor-as many as eight sepa
rate contractors. all With some part In facade 
attachment More likely. there would be four 
or five on any given project 

ThiS IS significant to the deSigner because 
there IS wide vanallon In the Iypes 01 skills 
and levels 01 competence of the Ira des 
and contractors Positioning 01 some types 
of facade support steel IS Intermltlent. pro
gressing as scaffolding IS erected to keep 
pace With masonry work Consequently 
there IS a tendency to shift the responsibility 
for Iinal posilloning 01 support steel to the 
trades normally on the staging masons and 
laborers. regardless 01 where connections 
are speCified And remember the low· bid 
system IS al work ThiS means the work IS 
IIkety to be assigned by the contractor who 
places Ihe least value on the work. pOSSibly 
a rellectlon of a lack of understandmg as to 
what IS reqUired to do the job properly 

A good example 01 thiS process IS In the 
final alignment of bnck shelf angles or stone 
clips Area practices, convenience and eco· 
nomlcs often dictate that the mason per
forms thiS operatton . either as planned or as 
a last resort to keep the Job progressing 
Frequently the adfustment detaiL chosen 
stnctly on the baSIS of matenal cost. IS a 
slotted hole dependent on a high-strength 
bolt to prevent slipping aller adjustment 

How many engineers would deSignate a 
mason or laborer 10 Install high-strength 
bolts In a struclural connection? And these 
are defmllely structural connections What 
about Inspection? The Inlermlltent nature of 
the work. the relatively short time the con· 
nectlons are accessible, and once again 
economiCS. make It unlikely there will be 
eltectlve Inspection ollhls cntlca! operation 

Is It reasonable for Ihe engineer to expect 
these connections Will receive the same 
allentlon as those for the structure frame
to assume the work Will be performed by 
workmen skilled In structural bolt Installa 
tlon, and as an extra safeguard to assume 
the work Will be checked by a competent 
Inspector? These conneClions may be 
shown on structural and erection draWings, 
but facade support steel IS Irequently set to 
final location long after steel erection IS 
complele and steel Inspectors have left 
Often. nellher assumption IS correct. and 
almost never IS the expectatIOn of both 

trained mechaniCS and thorough inspection 
valid 

Clollng the Gap Between Frame and 
Cladding Tolerancel 
One of the functions of facade connections 
IS to accommodate lolerances between the 
structural Irame and cladding ThiS means 
they must be adlustable. and at the same 
time able to be securely locked Into position 
In Ihe direction for which they are responsl 
ble lor carrying lorces Adjustments In the 
range of 3 In or more may be needed to 
prOVide for tolerances between frame and 
facade for hlgh'flse bUildings With the lacade 
erected In a true vertical plane 

But we seldom see connections With 
such capability nor do we normally need 
them-If the structure IS Within established 
tolerances Even If It were pOSSible 10 erect 
the facade In a true vertical plane. thiS Ideal 
condition might lasl tor only a tew hours or 
days until the sun shifted position or the 
lemperature fluctuated by 20 or 30' 

Some of the problems In fltllng the facade 
to the structure can be alleViated by pre 
planning and communications between the 
contractors and deSigners Normally. there 
1$ more deVIation of the frame fmm theore\I' 
cal In the hOrizontal dlreclton than In the 
vertical The erected structure should be 
surveyed to determine dIscrepancies from 
the Iheorellcal vertical plane at each at 
tachment pOint before cladding work stans 
The effect of variations can be minimized by 
allOWing for slight divergence of the plane of 
the facade Over large areas 

Figure 3 shows how constructing the wall 
slightly askew to column hne A can reduce 
the amount of adjustment reqUired 

A. built vall lioe 

I I I 
I ,1) 

J 
~ ell i , t.!.' 

" 
':,' ::- ~I (.4 _ 

", .. '. 

tt 



Nevertheless It IS desirable to plan clad
ding attachments with as much range 01 
adlustment as practical Frequenlly the 
specilic tolerances 01 the Irame appear 10 
be exceeded but open to argument And 
as a practical mailer the cladding con
neClion detail has to be capable 01 literally 
clOSing the gap 

We should deSign connections both geo
metrically and structurally with extremes 01 
adjustment In mind There IS a natural len · 
dency to think 01 adlustable connections at 
their theoretical midpoint. and we sometimes 
lorget to provide adequate clearance be
tween all components It IS useless to proVIde 
±3/ 4-ln adjustment II clearance IS provided 
for movement of only '~ ·In . between some 
parts Even more Important . extremes In ad
Justment can Introduce objectional forces 
on bolls cladding allachments and struc 
ture See Fig 4 

12 

fNJure 4 

, 
••• , . 
• • 

. ·t~=-, 
.' to . 

~ 

" • • • , . 
, , 

• • • 

, 

'.> •. ~=-

, .... 
Increased bending and prying 
action caused by adjust.ent 

No clearance between back-up 
ahelf anRle and hanger 

Live and Dead-Load Deflections 
Deflection IS the governing deSign criteria 
lor cladding allachments more often than 
tor other parts of the structure There are 
practical limits to the width and spacing 01 
expansion JOints provided to Isolate the 
relatively stiff and brlllle bUilding skin There
lore. we must restrlcl downward displace· 
ment 01 supports by torSional and flexural 
movement In order to maintain the space 
between verllcally adlacent lacade com· 
ponents 

The Brick Instllute suggests the totat de· 
flection at the toe 01 a brick shell angle be 
limited 10 I / 16-m' To meet thiS criteria a 
4 x 4 x 3/ 8'ln shell angle allached by -In 
thick clips t2 In long. spaced at roughly 3 It 
would be reqUIred lor a common shell angle 
to supporl a Single story brick wythe Com 
parable. and probably more economicaL re 
sults are obtained by uSing a 4 x 4 x 5 . 16-ln 
continuous angle connected to the spandrel 
beam by t 2-ln single bolt clips 8-ln long 
spaced at approximately 2 II 

Many commonly used off-the-shell de 
tails do not meet these recommendations 
The 1/ 16-ln crnerla and the computational 
methods used In thiS analYSIS could be 
critiCized as overly conservative. but per
sonal experience bears Qut the need for a 
more reslnctlve deSign baSIS than used In 

the past Interesllngly. we see deSign draw
Ings more frequenlly reflecting a conserva· 
lIVe trend 

With large panehzed cladding systems. 
such as architectural precast. the Impor 
tance 01 hml!lng deflections at support POintS 
on the structure IS more obVIOUS Bearing 
locations lor spandret panels shoutd be at 
pOlnls of minimal deflection. normally close 
10 columns 

Where panels must be supported on 
flexural members. they should have only 
two bearing pOints. unless the support mem· 
ber IS Sillier than the panel OtherWise. the 
entire panel weight w,1I be concentrated 
toward the end connections From an erec
tors viewpoint. bearing on s!lff brackels 
allached directly to columns IS Ideal The 
support should have suffiCient torSional rI 

gldlty to allow lor unbalanced loading dUring 
construction and Imperlecl shimming which 
can concentrate loads far away from the 
shear center 01 the bracket Generally 
speaking the larger and heaVier the cladding 
component. the more deSirable ItlS to sepa 
rale the bearing connections from the hon
zontal ties 

Deflections 01 structural supports dUring 
ereclton of the wall system causes prob 
tems lor the erector Walls supported by 
large cantilevers are of parllcular concern 
especially where trusses or girders at one 
level support several Iloors As ereC!lon 
proceeds. cumulallve deflections can cause 

severe stress to both panels and allach
ments placed earlier In the sequence. Non
uniform cantilevers complicate thiS prob
lem. as does the Impracticability 01 seiling 
panels around the enllre perimeter, one 
floor at a t'me 

The deSigner cannot be expected to an 
tlplcate every problem which results Irom 
temporary loading conditions that may oc
cur as construcllon progresses, but practi
cal conSiderations cannot be Ignored Is It 
reasonable to deSign a support system that 
Will work only when a delicate eqUilibrium IS 
reached With the entire cladding. complete 
With braces In place? 

Load Supporting Adjustable 
Connections 
The Importance 01 the load-bearing com· 
ponent 01 an attachment system In main · 
talnlng the Integrity of hOfizontallles and the 
effecttveness of a hOrizontal expansion 10lnt 
IS obVIOUS Yet Ihese connections olten do 
not receive the attenllon they deserve See 
Fig 5 
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Recently we have seen Increased ac
ceptance of the use of vertical slots for 
these details. a readily apparent solution to 
the problem 01 adJustablllty But the ellec 
Ilveness 01 such connections against slip 
ping relies totally on a crilical secondary 
field operalion-lorqUing 01 a high-strength 
bolt . or welding Dependence on th,s added 
operation makes that type 01 detalt very 
vulnerable to error or omiSSion 

With Increased confidence In the rei I 
ability 01 high-strength bolting and welding 
for structural connections, II would follow 
that these techniques could be relied upon 
to allach cladding We must keep In mind 
however that field conditions at the same 
lime these connections are completed are 
totally different from those at the lime of 
frame erection 

Several years ago. the use 01 vertical 
slots lor these supports was dlsconllnued 
among engineers In metropolitan areas 
where hlgh-flse construction was common
place Instead. they require vertical adlust
ments be made With shims There IS a lack 
01 knowledge among field personnel and 
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drallsmen as 10 whal IS required 10 per
manenlly secure slolled conneClions How 
ollen have we seen nOles suggesllng Ihal 
lack welding 01 nuls IS sufflclenl? How 
perslslen! IS Ihe nOlion Ihal hlgh-Slrenglh 
bolls can be Ilghlened sallslaclOnly wllh 
hand wrenches? The misconceptions. and 
other forces al work dUring facade con· 
struchon accentuate the shortcomings 01 
vertical slotted connections Technically, 
100% Inspeclion would be reqUIred 10 be In 
compliance With vanous codes 

Connecllons Ihal do nOI depend on Inc
uon or welding 10 preven! slipping are the 
prelerred chOice lor cladding aUachmenl 
Shims and adjustable wedgmg devices of 
fer posilive suppon wllhoUI secondary op
erallons Ihal require special skills or eqUlp
men! SallslaclOry perlormance IS based on 
principles underslOod by every workman 
who plays a part In completion of the In

sialialion 
Where componenls are shop-assembled 

al the theoretical mean elevation. usually 
Ihe case wllh bnck shell angles. connec
tions uSing shims or a wedging device Will 
carry Ihelr lull assigned loads wllhoullurther 
labor It IS a different story With vertical slots 
If lor Inslance. the masons work the bnck 10 
Ihe Inliial posilion ollhe shell angle Wllhoul 
Ihe need lor adluslmenl II allgnmenl was 10 
have been the responSibility of the erector 

Will the reqUired welding or torquing lake 
place? 

Whal II Ihere happens 10 be no qualilled 
welder on Ihe prolecl and a crew 01 masons 
and laborers IS on Ihe scali old wailing 10 
sian Ihe nexllevel? There IS a greallemp
lalion 10 shortcul or even Skip Ihrs work. 
parllcularly when so many of Ihose Involved 
tend to minimize lIs Importance 

ftgure 6 
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Mosl engineers are familiar Wllh Irad, 
tiona I shim details (Fig 6) lor condilions 
where verllcal adluslmenl IS needed The 
wedge Inserl rS a commonly used and prov
en melhod lor load supporllng adluslable 
allachmenllo concrele Since IllS deSigned 
10 be embedded In Ihe verllcal lace 01 
concrete. there are limitations to Its use 
Another disadvantage IS that the Insert ca
paclly IS substantially less than that of the 
Inlegral askew head machine bolls when 
deSigned In accordance With recommen 
dallons of PCI and mosl manulaclurers 
Also. Ihey are nol made In large boll sizes 

Wedge-Iype adluslable sleel lo-sleel con
necllons are prOVided by Ihe SIOILok Fas 
lener Syslem'· By changing Ihe shape 01 
Ihe slOI and Ihe nul. Ihe familiar slOlled 
connecllon dependenl upon Incllon has 
been transformed Into a sOlid beanng con 
nec tion The converging edges of the 
punched slol Inlerael wllh Ihe compound 
taper of Ihe wedge-segmenllo develop Ihe 
Inclined plane lor wedging acllon (Fig 7) 

Hand -llghlemng Ihe boli draws Ihe hard 
ened wedge-segmen!lnlo Ihe slollormlng 
Ihe beanng area needed 10 res lSi Ihe ap
plied load Tlghlenlng Wllh a small hand 
wrench (approx 100 flilbs recommended 
lor 314-ln dla A307 bolt) assures sllplree 
performance for Ihe lull capaclly of Ihe boll 
Adjustment ranges are ollored Irom 3 4 ·In 
(±318) 10 2-1n (± I) With standard clip 
angles See Fig 8 
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This system, In use for about four years, 
can be used for most conditions where 
ordinary slotted holes can be used The 
tapered slot can be punched by any fabri
cator With capacity to punch standard slots 
of similar size. The wedge-segments are 
stocked for 3/ 8- , 1/2- and 314-ln. bolts, In 
threaded or unthreaded styles A large ca
pacity senes is available lor use With large 
bolts for precast concrete applications 
Punches and dies. components and litera
lure are available from the manufacturer 
With a matenal cost slightly less than for 
shims, this system claims to result In addi
tional savings through Simplification of align
ment and final fastening. 

Actually, all the delalls discussed are 
economical, With the installed cost repre
senting a very small part of the cladding 
cost. Any kind of value englneenng evalua
tion dictates that the governing criteria must 
be the expecled performance and reliability 

Special Atlention for Special 
Connections 
Cladding attachments are special connec
tions, Illerally al the Inlerface of lacade and 
structure They are both an architectural 
and a structural detail, demanding close 
scrutiny by bolh deSign disciplines 

Why have there been so many problems? 
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put on notice as to the deSigner's minimum 
standards, Adequate Inspection assures 
conformity 10 lob requirements. 

Cladding attachment reqUires special at
tention by architect and engineer al all 
phases of construction, Problems thai oc
cur after completion are likely to vary In
versely With the up-front efforl dUring de
velopment of plans and specifications. 0 

HIli, New York. NY, December 23. 
1976, P 25 

15 Plewes, W G , "Failure 01 a Bnck Fac
Ing on High-Rise BUildings, Canadran 
BUlldrng Digest, National Research 
CounCil 01 Canada, Ottawa, Ont Can 
April , 1977 

16 Plummer H C.,Bflck and Tlfe Engrneer
mg. Brick InstItute of America. McClean, 
Va, t 962 

17 Recommended Practice for Engmeered 
Bock Masonry. Bnck Institute of Amer
Ica. McClean. Va" 1975 

18 Stockbridge, Jerry G'Cladding Fail
ures-Lack of a ProfeSSIonal Interface, 
ASCE Spnng Convention, Pittsburgh 
Pa, April, 1978 

t 9 Suler. G T., and Hall, J S, 'How Sale Are 
pur Cladding Connections?, Proceed
Ings of the First Canadian Masonry 
SymposIum, University of Calgary, Cal· 
gary, Alb .. Can" t 976, pp 95- t 09 

20. Symposium Tags Ignorance as Rool 

• 

of Facade Problems. Englneelmg News· • 
Recold, McGraw-HIli, New York. NY, 
December tit 980. P t 7 
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We invite you to join more than 9,000 of your associates who are now 
regularly receiving the AISC Engineering Journal. ... The cost is 
only $8.00 for one year or $18.00 for three years; single issue $3.00; 
(Foreign rates: $11 .00 for one year, $24 for three years; single issue 
$4.00) . Simply fill out the attached form and send your check or • 
money order to begin your subscription . Payment must be enclosed 
with this order. Make checks payable to AISC. Foreign subscriptions 
are payable in U.S. funds only. 

To enter your subscription to the 
AISC ENGINEERING JOURNAL detach and 
return the attached envelope TODAY 
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EPCOT: 
. Disney Does It Again! 

By the lime you read this another wan
er of the world will be open to the 

public-Wail Disney s latest The Experl
menial Prototype Community of Tomorrow 
EPCOT Center for shan. opens Oct t. t 982 

As workmen on round· the-clock shifts 
make the last scramble to meet the dead 
lines. EPCOT promises to add a whole new 
dimenSion to the world 01 entertainment For 

here. on 260 acres. IS a whole new world 
of tomorrow. carved over the past three 
years out of the Florida lowlands Just four 
miles from Disney World A nearly $1 billion 
Investment makes the profect the largest 
ever financed by private capital In thiS 
country 

Words fall when you try to describe what 
the Disney 'Imaglnecrs' have done thiS 

lime The Imaglneers are Ihe WED Enter 
prlses leam In Glendale. Cal responsible 
lor Implementing a dream Disney s dream 
was a never-compleltJd place where .n 
dustry sCience and the arls could meel and 
eXChange Ideas a community of tomorrow 
that Will always be a showcase for the 
Ingenuity and Imagination of Amencan free 
enterprise 

EPCOT CenlC Slob m 0 .ney worrd addilion (toP). Oflcmdo. Flcl fast dppfDaCh(jS completion fOf Ocr 1 openmg d.J/e 
Eight millIOn guests ,Iff.! elCpecled annually Sleel·framed '·spldtH leg pldtforfJI (I) IS base fo/ Space t.lI/h. theme slluclure 
Giant icy. cJtvp tnto pldce /") PhOIO (r) showS SlfUC/Uldl delalls of unI(Jue sphere 

3rd Quarter. 1982 15 



EPCOT Cenler IS aclually a Iwo-part 
expansion of Disney World each with Its 
o",n Iheme Fulure World zeroes In on Ihe 
many aspecls of lechnology how Ihey have 
developed over the cenlunes-and where 
they are gOing In the future Spaceship 
Earth dominates the park as a theme struc
ture and In Its 165- tt spherical environs 
VIS liars Will spiral upwards from a caveman 
environment to a simulated landing In a 
spaceship al 24.000 miles per hour 

The World of Mallon Iraces Ihe hlslory 
and future of transportatton The Universe 
of Energy deplcls Ihe SOurces of energy 
much 01 which comes from the sun through 
pholovollalc cells Ihal power Ihe pavilions 
Journey Into Imaglnallon cenlers on human 
creativity and The Land on agnculture 
Communlcare IS the unbelievably complex 

compuler cenler Ihal powers Ihe enllre 
complex of ndes and displays Fulure pavil
Ions now under construcllon Will Include 
HOrizons and an underwater panorama 
The LIving Seas 

The olher part of EPCOT IS World Show 
case-more concerned wllh Ihe pasl and 
present In nine pavIlions-Canada Great 
Snlaln. France. Japan. lIaly Germany China 
MexIco Israel. Spain. Afnca and Ihe U S 
Ihe cullures and culinary dollghls of Ihese 
counlnes may be experienced and sampled 

You really have 10 fly over EPCOT 10 
grasp liS Impaci Over 50 million cu II of 
earlh were moved and 20.000 Ions of 
steel wenllnlo Its construction From the air 
one gels Ihe Impression Ihallhe planners 
werp believers In steel construCtion 

Of all Ihe malerlals conSidered slruc-

IUra I sleel was selecled as Ihe baSIC mate 
nal for roofs. walls and floors Excepllonally 
long spans and unusual bUilding configura 
Iions-Ihe Transportallon and U S pavilions . 
are elevaled. Communi core and Spaceship 
Earth have unusual shapes demand Ihal 
Ihe slruClural syslem be as lighlwelghl and 
slrong as pOSSible Only SlrUClural sleel can 
meet Ihese needs Righi Oul of Ihe Imagl 
neers' detailing manual

' 
We are only Inlroduclng you 10 EPCOT In 

these pages lor now Future Issues Will 
conlaln delalled fealures on several of Ihe 
exciling slruclures Ihal grace Ihls Imaglna 
live complex They Will be by lined by Ihe 
architects and/or structural engineers whO 
Implemenled Ihe artlslry of Dlsneys hun· 
dreds 01 Imaglneers 0 

flght-SIOIY h!}h web dW,lrf c wcJ(Jt.el 
on high steel 

Communlly 01 ~all IflS ,n nine pawl/ons 
clfcle 40 acre ldke UK paVIlion (I J 

Canada m fOfeYlOund (above) wllh Its 
tall-steepled budd/ny' 
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CommumCOIe. center 5 core of aCIlVlty. houses shops. 
allracf/Ons, restaurants In future WOIld 

E XKon S Universe 01 E ner9Y /ells story 01 
energy needs and alternate solutions to! 

future Roof nas 80,000 ph%vo/lalC cells 
fO prOVide power 

Specify Coronet Load Indicators 
and know the bolts have been properly tensioned. 

Torque and tension are not the 
same thing. Engineers calculate 10 
tension. Erectors use torque to get 
there. To be sure that engineers 
and erectors get the same results, 
specify Coronet Load Indicators. 
The engineer gets permanent, 
positive proof that 100% of the 

bolts are in tension. The erector 
can prove the validity of his work 
and can avoid calf-backs, disrup
tion of his schedule and loss of 
productivity. 
No other system-"turn-of-nut", 

torque wrench, "break-off" bolts 
-produces true proof of tension. 
With Coronet Load Indicators 
assuring bolt tension, there are 
many economies possible in steel 
erection and inspection. Structural 
rigidity is assured so the owner is 
spared the after-cost of loose bolts. 

c\) COOP~rpt!~!~!r Inc . 

3rd Ouarter/ 1982 

Parkway West Industrial Park' Pittsburgh. PA 15205 
Telephone (412) 787-2253 . Telex 812381 
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Computers in Design & Construction: 
Everyone Reads the Same Music! 
by Joseph S. Brown 

S teet consistently one of the most 
advanced technotogles In bUltdlng con

struction has also been a leader In com
puter-aided design Computers now routlnety 
speed structural design and detailing, control 
operations In the fabricating shop and facIli
tate ordenng from the mill The challenge to 
Ihose who deslQn bUildings and plan thelf 
construction IS to link this kind of computer 
expertise with that of other products and 
d,sc,phnes. to create a whole system This 
task begins at home-with an Integrated 
approach to computer-aided design In the 
archltect-engtneers own of/,ce. 

Computer use In design frrms IS broken 
typically Into separate apphcatlons computer 
aided drafting (CAD) word processing. ac
counting and englneenng Seeking qUick 
payback many offices automate onty the 
most repetitious laskS- for Instance Speci
fication writing (on a word processor) or 
mechanICal electrical drafting (on a Simple 
CAD system) The eqUipment for these ap
plications IS relatIVely inexpenSive and easy 
to use The danger Within the office as Within 
the construction Industry, IS that those who 

Jo!>ephS Ht/'wn IS managing partner 01 EVi>telll 
Brown ComJ),my ArChllt.'CIS Engineers Indl 
anapohs Indiana 

18 
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are on the system may come to speak a 
different language from those who do not yet 
use a computer And also that each diSCI' 
phne may grow ItS own highly specialized 
form 01 automated desIQn frustrating one of 
computerlzallon S biggest advantages Its 
InteractIve aspect the unprecedented abIlity 
to let everyone on a fob read from the same 
sheet of mUSIC. 

Down a DlNerent Road 
As one of the nallons 25 largest archllec 
turalenglneerlng firms. we had Ihe oppor 
tunllY to take a different approach 

Four years ago. our firm made the deCISion 
to get started In computer-aided bUilding 
deSign BaSIC to IhlS move was a second 
deciSion all In· house dlsclphnes. Including 
support staff mechanical and electrical en 
glnt.."'Crs process deslQnerS architects. space 
planners and Civil and structural engineers. 
wvuld partiCipate -to some extenl from the 
beginning Our system today and the ways 
In which our architects and structural en· 
glneers use 11 owes much 10 thallundamen· 
tal deCISion 

Our office's current expansIon Inlo new 
markets. from ItS traditional specialty In 
schools, 10 military faCilities, office bUIldings, 
light Industrial facllilies and hOlels. depends 
to a large extent on thiS Widely shared·- and 
Slill open-cnded and expenmental ·use of 

Map arc;' !ecrulal eng nee' ng '11m 
plOneefS use 01 compurf1r graphICS In 

deSIgn In bacj(grounci main Itame 
compulers dlSj( stOtage un Is and plOlfet 
(f) DIQ,/,zers fa we speed loullne 
drafting worj( 

the computer Integrated With word process
Ing. computer-aided deSign serves both as a 
practical production tool and as a manage· 
ment catalyst for bringing everyone up to 
speed together Today at least half of our 
firm s t 50 profeSSionals use the computer 
graphiCS workslatlons and nearly half of ItS 
prolects are computer deSigned from start to 
finish 

As a stable three·generallon family firm. 
we were able 10 reSISI Ihe temptatIon to go 
atter Immediate savings In fact. our firm's 
flrstall-compuler generated bUilding a 
t 980 Indiana school bellev d to be the first 
such CAD prolect deSigned and bUilt any· 
where In the country, look almost 120% of 
the time that would have been required With 
convenhonal deSign methods Bul by starting 
With such small prOJects, and InvolVing In· 
terested people In every department from the 
beginnIng we traded short· term savings for 
a long-term Inveslment In expertise 

The payoff while not SWift has been satis
fying and somellmes dramatic DeSCribIng 
a Just-completed deSign for solal-healed 
US Navy hOUSing I was able to tell a recenl 
World Computer Graphics ASSOCiation round
lable Ihat CAD has saved the prolect over 
20% In draftmg lime alone For mechanical 
electrical and structural draWIngs. however 
repetitIVe docurnents for baSically hlgh·tech 
barracks time saved was even gr. ater 
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This Navy prolect, known as Unaccom
pan~ Enlisted Personnel Housing. presented 
bidders With an unusually clear. well-coor
dinated set 01 plans and specllicatlons 

• 
Changes In the structural system, and Its 

close coordination With mechanical and 
electrICal elements. came about as com-
puter graphiCS revealed points of conll,ct as 
well as opportunllies lor simplification Largely 
as a result 01 the coordinated approach. the 
housing scheme IS expected to be built 
almost seven percent below Inilial estimates 
A soon· to-be bUill version at the submartne 
base In New London, Conn originally bud
geted al $t3 million. IS expecled to be built 
lor close to S t2 million 

A second verSion under construction al 
Greal Lakes Naval Training Center near 
Chicago Will house baSIC trainees and pro
Vide NCO quarters and classroom faCilities 

The New London protolype IS purely hOUSing. 
for a variety 01 submarine salk>rs This change 
In hOUSing program, plus adaptation to differ 
ent sites foundallon conditions and Site 
utilities. shows CAD at ItS best Information 
'cells from the computer memory some as 
large as Ihe lloor plan 01 a mulli-person 
sleeping room. can be added subtracted 
and recombined At any POint the deSigner 
can reter back 10 the structural deSign. lor 
Inslance. and call up Inlormatlon such as 
beam and column sizes or 'Ire protecllon 

• 
material The medium, except at certain 
rev lOW milestones IS Ihe dual display screen 
of a computer ternllnal Nothing has to be 
erased pasted over or reprinted 

Accuracy Enhances Human Factor 
ThiS flexibility IS proving 115 power In many 
ways It Increases deSign quality draWing 
speed and accuracy enhances human fac· 
tors and reduces Ihe repetillous tedium that 
can make architectural and engineering 
lalent hard to find keep and motivate 

The Inilial Inslallatlon. selocted so that all 
deSign dISCiplines could enter the work Into 
the system conSisted 01 one computer four 
graphiCS work stations, a pen plotter and an 
80 megabyte diSC and tape-drive Unit 

Our present system adds terminals ca· 
paClly and speed With such recent acquIsl· 
lions as a high -speed electroniC plotter Also 

being added are mvr8 color terminals both 
to aid In complicated process. mechanical 
and structural deSign. and for presentation 
graphiCS that can be photographed dlreclly 
from the terminal 

•• 
Bmwn s system today consIsts ot 

Three graphiCS computers (2 DEC PDP 
tt 70s & t DEC PDP It 231 
F fleen graphiC work stations 
Two non-graphics computers 

• One electrostatic pi Oller (Benson 90001 
Two pen plollers (Calcomp 9601 

• Fwe dISC dnves \2 7 billion byleS) 
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Computet C.JPdblhly (eMS OUlldlngS De/ore mey are buIll To IjI.Nit: 
deslgn l construC/loo, 72 01 these acetate overlays :ue posslore 

• One line pnnter 
• Four word processing computels 

Beyond what mlghl be called perfecting 
the A l E olflce of the present we lOOk to 
computers as a path to the oilice-and the 
markets 01 the future Just as the Navy 

can adlust bUildings to dilierent sites com
prehenSive lac\htles management programs 
will be able to relate all 01 a large client s sites 
to all of Its construclton past present and 
future new bUIldIngs, mamtenance, rcnova 
lion and even demohllon The computer 
helps make sense of the enormous body 01 
Information that accumulates around a large 
building complex or Industflallacility stonng 
It and managing II as a uselul data base 

With computer -aided faCilities manage· 
ment. the deSign firm. haVing come to lhlnkol 
liS own Internal operation as a complete 
system IS now prepared to take on the entire 
complex construction process and see It as 

a whole The computer memory WIll make II 
Illerally pOSSible to bUild on pasl expencncc 
and Inlormatlon For Instance. the growing 
Irend toward recladdlng and adding on to 
eXlsling sleel bUilding Irames- such as New 
York s Grand Hyall Hotel (lhe rcclad frameof 
the old Commodore Hotell and Bank of 
Ameflca (budt on Ihe steelwork of Ihc former 
B,ltmofC Hotelj /-JIll be made easIer and 
more economical In the future by computer 
Iled data bases thaI can retrieve the ortglnal 
structural draWings and calculatIons the 
fabricator s draWings and aU as-bUIll Inlor 
matlon 

In today s world and In the foreseeable 
future the advantagt.; Will go 10 Ihose products 
and lechnologles like steel construcllon. 
Ihat are commilled to a syslems approaCh 
The Challenge. again IS to make systems 
that aro compatIble ftrst between prolesslOft 
als and then bel ween proleSSlonals and the 
Wide world of the construClton Industry :J 

DeSign '"m used compulet 9raphIC5 to deSign enel9¥ elflclency {lnd 
lIe'1.I0llil)l tnlO Wayne TownShip IndianapoliS Ina school acJm,(1I~ltdl/OrJ budding 
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1982 Prize Bridge Awards Announced 
Steel bridges were selected in a national competition sponsored by 
AISC as the most beautiful bridges opened to traffic during 1980/ 1981 . 

U nlortunately. 'unsale at any speed 
could be posted on nearly a quaner 

million ollhe nallon s bridges Bridge out 
appears more and more on our highways as 
bridges wear out laster Ihan lunds are 
available to repair or replace them 

But there are some bright spots I This 
year's Prize Bridge Awards competition 
brought entries Irom t 35 designers The 
nineteen wmners and ment awardS appear 
on these pages 

Winners will be honored at AISCsSecond 

PRIZE BRIDGE 1982-
MEDIUM SPAN, 
LOW CLEARANCE 

NH Route 49 over Mad River 
Thornton. New Hampshire 

Designer 
Pavia Englneenng Company New York NY 

Gen".' Contractor/Erector 
Shoals Corporation Eliot ME 

Steel Fabricator 
Bancroft & Marlin Inc South Portland, ME 

Owner 
~ew HampShire OPWH Concord NH 

"De"gner', 'reetment of the round piers, 
the slenderneu of the ,tructure and 
concealed caps realty lmpressJv&-a ,traight· 
forward ,o/ul/on." 
-Jurors ' comments 

20 

Annual Awards Banquet. Oct 26 at Chi
cago s elegant Westin Hotel A reception at 
the gala black-tie event will be co-sponsored 
by BUI/dmg DesIgn & Cons/ruc/,on maga
Zine Highlight 01 the evening will be the 
unveiling of a recently commissioned 24 In 
bronze sculpture that represents the Iron 
worker-erector on high steel. Winners will 
receive a replica bas rei lei plaque 01 a 
section 01 the sculpture. The original will 
remain on display at AISC headquaners 
With the names of Architectural Award and 

Bridge Award winners added each year 
The Annual Awards Banquet provides 

a forum for the meeting 01 leading struc
tural designers, contractors subcontrac
tors. fabncators and suppliers 10 recogntze 
IndiViduals who receive AISC awards 
throughout the year 

Tickets lor this prestigious event may be 
obtained by writing AISC Awards Banquet. 
POBox 4588. Chicago 60680. or call Orley 
Vaughan 3t2/670 2400 

And the winners are 

PRIZE BRIDGE 1982-
RECONSTRUCTED 

Augustine Bridge over 
Brandywine Creek 
Wilmington. Delaware 

Designer 
PavlQ Englt1eeHng New York NY 

General Contractor 
Whiting· Turner Conlractlng Co Bailimore MO 

Steel Fabricator 
H<lfflS Structural Swel Co S PlalnfJeld NJ 

Steel Erector 
SA liOdSlrom Co WOOdbury N", 

Owner 
Delaware DOT Dover DE 

"Old substructure was used, new deck 
truss put on top. Given restraints of piers 
and roadways, It Is Interesting." 
- Juror. ' comments 
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PRIZE BRIDGE 1982-
LONG SPAN 

Sewickley Bridge 
Sewickley Pennsylvama 

OHlgner 
R fa G ~ &A ate Pittsburgh PA 

Gener.1 Contr.ctorlErector 
Amer an Bttdgl 01..... Ifl P'llsourgh PA 

Sleel FobrlcalOf 
USS "'atlr :al )n AI 1000Idge PA 

Own.r 
Pennc;Ylvanla DC Hdrr.b Ir9 PA 

~"Extrem.'y cl.an lin ••. Old pl." being 
~sed added co.t saving. and glv8. the 

bridge cha,act.,. A well-though I-out us. 
o/ex/sting .ubstruetufe ... 
-Jurors' comment, 

3rd Quarter 1982 

PRIZE BRIDGE 1982-
SPECIAL PURPOS =-.E __ 

Galena River Pedestrian 
Bridge 
Galena ""nols 

Oeslgner 
~O" r l asia., & Assoc ales Decatur L 

Contultlnt 
M. hat B ,aUlson N(;w York NY 

Gen.r.' Contrlctor 
Savanna (,..( n:itruCllon Co Savanna Il 

Steel Fabricator 
Theo Kupler Iron WorkS Inc Madison WI 

Own.r 
City 01 Galena JL 

"Cho •• n lor the unique treatment of multiple 
arch ribs-wen proportioned." 
- Juro,, ' comments 

AWARD CATEGORIES 

LONG SPAN 
Bridge With 
4( It " pal"' vct 

MEDIUM SPAN . HIGH CLEARANCE 
Bndg With II rill a (.Ied/af.e )1 'l,I " 

.... h w I II"" , 

, 4 " 1. It 

MEDIUM SPAN. LOW CLEARANCE 
Sr lilt .\I11n vert 'drar e I 
I' r 11 'If It, I P I It: 

,a ~I II than 1", II lOng 

SHORT SPAN 
Brd(f ~. 1251 Of 

GRADE SEPARATION 
Brld .1.1" f' J r'p s gradO 

J' II 

o 

ELEVATED HIGHWAVSIVIADUCTS 

J 
, af , , •• Y 81101d accc tor 

MOVABLE SPAN 
C ~ N h a IId[ p n 

SPECIAL PURPOSE 
II a p p a rplane 

j I I Pi P Iq E' Ofldgcs net 
denlllHd ,n ab. -I' calegoflllS 

RAILROAD 
E, " b \.I cd pr man y to 

Irry 31 cj tJ ay 'ilISO be a 
," v btd 

RECONSTRUCTED 
nc rna 

It'O .; no 
true ur a $lee upgraae them lO 

ent 'ratlte fCQU ment 
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PRIZE BRIDGE 1982-MEDIUM SPAN, 
HIGH CLEARANCE 

Relocated Chapel Road 
over 1·470 
Bethtehem, West Virginia 

Dellgner 
Richardson Gordon & A~,soclales, PlIIsburgh PA 

General Contractor 
Marble Cliff Quarries. Columbus OH 

Steel Fabricator 
Fort Pili Dlv 01 Spang Industries Canonsburg. PA 

Steel Erector 
Vogi & Conant Company Cleveland OH 

Owner 
West Virginia DOH CharleslOn WV 

"Chose" not only lor Its ,'enderness but 
also for the way If blended Into terrain. 
Subtle detailing In the way slant legs go 
with superstructure. " 
-Juron' comments 

PRIZE BRIDGE 1982-
SHORT SPAN 

Dismal River Bridge 
Thedford -South, Nebraska 

Designer/Owner 
Nebraska Dept 01 RoadS Lincoln NE 

General Conlractor/Erector 
Dobson 8rOI >fS Con~lruC!lOn Co Lincoln NE 

Steel Fabricator 
Lincoln Steel DIVISion Lincoln NE 

"Cho'.n tor It, Simplicity of design. 
Functlona/-con,'ructed 
economIcally . .. 
-Jurors' comment. 

PRIZE BRIDGE 1982-
MOVABLE SPAN 

L&N Railroad Bridge #19 
over Biloxi Bay 
B i lOXI MISSISSIPPI 

Deslgner/Con.ullant 
Hazelel & Erdal LOUISVI Ie KY 

General Conlractor 
ScOIl Bndge Cl Opt Ika AL 

Steel Fabricator 
SIUPP BrG! Bridge & Iron Co 5t lOUIS MO 

Steel Erector 
John F Beasley Construction Co Dallas TX 

Owner 
Hamson County Developmenl, Gullporl M5 

"A difficult category. This .wlng bridge Is a 
functional, good looking structure." 
-Juro,.' comments 
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PRIZE BRIDGE 1982-
RAILROAD 

• 
BN Bridge No. 106.6 
over the Missouri River 
s'oux City. towa 

Designer 
Howard Needles Tammen & Bergendoll 

Kansas CIty, MO 

General Contractor 
Johnson Bros Corp lItchfIeld MN 

Steel Fabricator. 
Atlas Machine & Iron Works. Inc, GainesvIlle, VA 
Bnstol Steel & Iron Works. Inc 51 LOUIS MO 

Steel Erector 
Nebraska Sleet Erectors, Inc S SIOUX Ci ty NE 

Owner 
BUllington Northern AR Co 51 Paul MN 

"Good looking structure, powerful. 
It will stand lor 100 years." 
-Juror.' comments 

AWARD OF MERIT 1982-
MEDIUM SPAN, 
LOW CLEARANCE 

Mountain Springs Road 
over 1-86 

• 

Tolland. Connecticut 

Designer 
Frankland & LIenhard New York. NY 

General Contractor 
SavIn Brothers NeWington. CT 

Steel Fabricator/Erector 
The Standard Structural Steel Co NeWIngton. CT 

Owner 
Connecticut DOT Wetherslteld CT 

AWARD OF MERIT 1982-
MEDIUM SPAN, 
HIGH CLEARANCE 

Intake Channel-Havasu 
Pumping Plant 
Yuma County. Anzona 

Designer 
US Dept of Inlenor Denver CO 

General Contractor 
S J Grov\;; & Sons Co Minneapolis, MN 

Steel Fabricator/Erector 
Marathon Sleel Company PhoeniX AZ 

• 
Owner 
Arizona DOT PhoeniX, AZ 
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AWARD OF MERIT 1982-
LONG SPAN 

1-65 Bridge over the 
Mobile River Delta 
Mobile, Alabama 

Designer 
Howard Needles Tammen & Bergendoff, 

Kansas City MO 

General Contractor 
Expressway Constructors. Saraland AL 

St .. 1 Fabrlcaton 
Gambles. Inc Montgomery AL 
Hams Slructural Sleel Co S Plalnlteld NJ 
High Steel Structures. Inc Lancaster PA 

Steel freelars 
Vagi & Conant SW Corp little Rock AR 
Expressway Constructors. Saraland Al 

Owner 
Alabama HlQhway Department, Montgomery AL 

AWARD OF MERIT 1982-
SHORT SPAN 

South Division Street Bridge 
Salisbury, Maryland 

Designer 
Dewberry & Dallts. Fairfax. VA 

General Contractor 
George & Lynch Inc New Castle. DE 

Steel Fabricator/Erector 
High Sleel Structures Inc Lancaster, PA 

Owner 
City of Salisbury MD 

AWARD OF MERIT 1982-
SPECIAL PURPOSE 

Grand Avenue 
Pedestrian Bridge 
Eau Claire, WisconSin 

Designer 
Owen Ayres & Assoclate~ Eau Claire. WI 

G&ner.i Contractor/Erector 
H F Radandl Inc Eau Claire WI 

Steel Fabricator 
Phoenix Steel Corp Eau Claire. WI 

Owner 
City of Eau Claire WI 
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'" " f AWARD OF MERIT 1982-
ELEVATED HIGHWAYS 

•
OR VIADUCTS 

27th Street Viaduct 
Milwaukee. Wisconsin 

Dellgner 
Howard Needles Tammen & Bergendoff 

Milwaukee WI 

General Contractors 
Allied Structural Steel Co Chicago HIS IL 
Highway Pavers Inc Milwaukee WI 
Lunda Construction Co Black River Falls WI 

Steel Fabricator 
Allied Structural Steel Co Chicago His Il 

Steel Erector 
Edward Kraemer & Sons Inc Plain WI 

Owner 
City 01 Milwaukee WI 

AWARD OF MERIT 1982-
ELEVATED HIGHWAYS 
OR VIADUCTS 

Wyoming Avenue over 
Tacony Creek 
Philadelphia. Pennsylvania 

•
DeSlgner/owner 
Department of Streets Philadelphia PA 

Consultant 
H2L2 Arcl'l tects Philadelphia PA 

General Contractor 
Tel-Stock Inc Washington Crossing PA 

Steel Fabricator 
Williamsport Fabricators. Inc WilliamspOrt PA 

Steel Erector 
Cornell & Company Woodbury NJ 

AWARD OF MERIT 1982-
GRADE SEPARATION 

S.R. 45 Connector Ramp 
over 1·75 
Sarasola. Florida 

Designer 
Beiswenger. Hoch & Associates 

N MIami Beach FL 

General Contractor 
Wiley N Jackson Co Roanoke VA 

Steel Fabricator/Erector 
Florida Steel Corporation, Tampa. FL 

•

owner 
FlOrida DOT Tallahassee FL 
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-A~W;A~R;D~O;F~M:E:R:I~T~1~9:82~--~i:==~c:i5~~~ii~~iijiiiif--------~ 
tO NG SPAN • 
S.R. 156 over the 
Tennessee River 
Manon. Tennessee 

Deslgner/Owner 
Tennessee DOT Nashville, TN 

General Contractor 
W L Halley, Inc., Nashville. TN 

Sfea' Fabricator 
USS Fabncallon. Ambridge, PA 

51HI Erector 
Amencan Bridge DIVISion. PlIIsburgh. PA 

AWARD OF MERIT 1982-
RAILROAD 
BNI Railroad Bridge at Zillah 
Yakima County. Washington 

Deslgnerl Owner 
Washington DOT Olympia WA 

Genera' Contractor 
Northwest Construction Inc KIrkland WA 

Steel Fabricator 
lsaac'oon Sleel Company Seattle WA 

Steel Erector 
Max J Kuney Co Spokane. WA 

AWARD OF MERIT 1982-
MEDIUM SPAN, 
HIGH CLEARANCE 
South Prairie Creek Bridge 
Pierce County. Washington 

Designer 
Arnold Arnold & ASSOCiates, Seattle. WA 

General Contractor 
Donald B Murphy Contractors Federal Way WA 

Steel Fabricator 
Foughl & Company Ttgard OR 

Steel Erector 
Cooney-McHugh Company Tacoma, WA 

Owner 
Washington DOT OlympIa WA 

26 

• 

• 
MODERN STEEL CONSTRUCTION 



Pick the Profile that's right for youl 
Need Some Help? 
Epic Metals Corporation is involved doily 
In engineering and manufacturing 
Composite Decks, EPC Cellular Raceway 
System, Cellular Decks, Roof Decks, Form 
Decks, Roofing and Siding. 

Our staff is ready to serve your needs. 
• Architects, Engineers, Contractors ... 

give us a call ... write ... telex . . . or 
come and visit. 
We also manufacture some of the above profiles in aluminum. 

3rd Quarter/ 1982 

Manufacturing Plants: 
• Piltsburgh. Po. • Chicago. III. 

• Toledo. Ohio • Lakeland. Fla. 

Contact us today for Prompt Domestic 
and Internalional Shipments 

EPIC"' 
METALS r A~ N 
Eleven Talbot Avenue. Rankin PA 15104 

PHONE: 412/351-3913 
TWX: 710-664-4424 

EPICMETAL BRDK 
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AMERICAN INSTITUTE OF STEEL CONSTRUCTION 
Tha Wrlglay Building, 400 North Michigan Avenua 
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