


CELLULAR DISTRIBUTION NETWORKS - THE KEY TO YOUR "INTELLIGENT" OFFICE BUILOING 

ACTIV-WAY III 
... because advancing 
communications, power and data 
technology necessitate a distribution 
system that keeps you current_ 

Why compromise with any other distribu
tion floor system when ACrrV-WAY III is 
engineered to deliver the most complete, 
cost-effective cellular floor distribution sys
tem available anywhere. 

AcrW-WAY III is a quality, state-of-the
art distribution system designed to access 
the work station with the required net
works from a single unit. 

From diversity in design through labor 
and cost-saving voice, power and data pre
sets and aftersets, each AcrW-WAY III sys
tem gives you a value-added investment; a 
reduced capital investment; an unmatched, 
built-in flexibility that meets every pro
jected need for each work station and floor 
area; and an advanced design that permits 

easy abandonment and relocation of after
sets at minimal material and labor costs. 

What's more, United Steel Deck, Inc. pro
vides all of the U.L. listed components: 
exclusive 12" and 24" cellular decks, 

UNITED STEEL DECK, INC 

III 
~~ 
---

trench headers, preset and afterset inserts. 

More than just another PLEC distribution 
system, these are versatile, total systems 
tailored to building owners' or developers' 
precise needs that enhance the total value 
of the "intelligent" building. 

Find out why ACTIV-WAY 11/ is 
the key to your " intelligent" office 
building. 

Call us today at (201) 277-1617. 

NICHOLAS J. BOURAS. INC. 
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If an $1 ,800 base pnce seems too low for advanced 
liMe element analysIs and design software, you can 
always spend ten times more on a compelitlve pro
gram But look what you 'll be missing 
& The wo~d 's most powe~ut and versatile 2-D and 

3-0 desktop flMe element analYSIS system. 
& Graphics capabllilies only available In far more 

expensive programs 
& SEDIT A state-of-the-art, Interactive and menu

dnven preprocessor olfered by SCADA at no extra 
charge, and unlike anything attempted by any 
other FEA developer. 

& Plus the ability to add, for $1.000 more, either 
concrete or steel design capabllihes including 
AlSC's latest Load Resistance Factor Design 
ILRFDI Cooe 

-------
MERICAN 
lMf-)UTERS 
N:?NETRS 

AMERICAN COMPUTERS & ENGINEERS 
11726 San VIcente BIvd~ Suite 212. 

losAngeles, CA9OO<9 
Tel (213) 820·8998 TeleJt 493-0363 Ia. UI 

A GRAPHIC 
EXAMPLE 
OF WHAT 
SEPARATES 

J FRQM 
PROGRAMS 
COSTING 
TENnMES 
ASMUOI. 

Taken as a whole, SCADA represents the finest 
Integrated design and analYSIS software available 
tooay SCADA's Integrated mooular conhguraliOn 
makes It the only program that can grow Without any 
change to ItS architecture Add flat -slab or shear-wall 
deSign - even buckling and nonlinear capabllilieS 
Whether you 're a big organization deslgmng some of 
tooay's largest structures, or a smaller firm With Sim
pler reqUirements, you 'll find SCADA adapts easily to 
the Prolects at hand 

SCADA IS available exclUSively through Amencan 
Computers & Engineers. For a brochure detailing the 
full scope 01 ItS capabilities, simply contact us at the 
address below And prove to yourself that a powertul 
englneenng program needn't come With an over· 
powenng pnce 
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Innovative Engineering 

LL&E TOWER 
A Steel Building In a Concrete City 
by James M. Notch 

Abstract 
ThIS paper documents the structural desIgn 
and analysIs as It evolved In the plannmg of the 
new LL&E Tower In New Orleans. La The bUlld
mg, a prOject 01 Joseph C. can/zara Interests. 
will serve LouIsiana Land and ExploratIOn Co .. 
as Its major tenant. The 785,OOO-sq ft tower has 
36 levels above grade and IS capped with a 
two-story hIgh sloped parapet Humcane wind 
force resIstance for the bronze colored stone 
and glass tower IS proVIded by a recently devel· 
oped concept known as the "staggered-tree 
beam system · The tree beam modules , con
sisting 01 a wind girder fItted with intermed,ate 
stub column pieces to Improve stiffness , con
form to the bUlldmg's architectural shape by 
shlftmg plan locations at vanous levels . The in

teracting system of tree beam modules work 
together to create an effIcIent, all steel, part/a/
framed tube system Total steel framIng Unit 
weIght was approxImately 1550 Ib lsq It 

This feature documents the structural 
system conceived and used on the 

new LL&E Tower In New Orleans. La. The 
$80-mlllion prolect of Joseph C. Canlzaro 
Interests. will provide space for LouIsiana 
Land and Exploration Co .. ItS major tenant. 

Local economiC factors and tradition 
have dictated that major bUildings in New 
Orleans are to be bUilt of cast-In-place con
crete construction . The owner challenged 
the structural engineers to counter the 
trend and develop a structural steel system 
for the project. The steel system would as
SiSt the owner In attaining a very short con
struction schedule. The engineers were 
challenged In that the structure must be 
developed With suffiCient eHiclencles so It 
could be bUilt as competitively as local 
conventional concrete systems. This fea
ture provides an overall review of the struc
tural system on this project and specific 
details regarding ItS deSign. 
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General Description 
On Poydras Street in downtown New Or
leans, the 785,OOO-sq . ft tower, with 36 lev
els above grade, rises 482 It above street 
level. The structure's first-floor lobby/retail 
level is separated from Its 26 office levels 
bya nine-level, ramped auto parking struc
ture 

The classIcIZed tower deSign has over
all plan dimenSions of approximately 215 x 
150 It at ItS base, and tiers to a 115 x 1151t 
floor dimenSion at the top. The tiered sides 
of the bUilding not only provide the owner 
with unique floor plans matched to his 
needs but also panoramic views of the 
Crescent City. 

• 
The tiered bUild ing deSign, In conjunc

tion with column constraints Imposed by 
the parking garage, presented a challenge 
to the structural engineer to provide lateral 
force resistance for the tower. A further 
challenge was the time constraint on the 
construction schedule. The short construc
tion schedule pointed to the need for a 
steel structural system. However, steel of
fice tower construction In New Orleans has 
been VIrtually non-existent. The local con
struction scene centers around cast· In· 
place concrete structures The structural 
engineer broke with the local tradition and 
developed a steel system which could be 
bUilt on a competitive baSIS with a concrete 
cast-In-place system. The challenge was 
met successfully by uSing an Innovative 
hybrid system employing several structural 
concepts. And total steel framing unit 
weight was limited to approximately 15.50 
Ibs.lsq It 

" SINGLE STEM" TREE BEAM MODULE 

Typ<calfloor framing plan 

'/ 

~ 

X A X 
X X 
:'< >< 

Fig 1 Single-stem. tree-beam module 

Lateral-resistant System 
The architectural core layout was config
ured so It could Incorporate several lines of 
inverted K-truss braCing . Five Iinesof diag
onal bracing were provided for resistance 
of wind on the bUlldlng's broad exposure. 
To simplify fabrication, the inverted K-truss 
type diagonal braCing in the core area IS 2L 
or 4L struts, lapped at each end and bolted 
to gusset plates. The horizontal strut IS a 
double channel with the gusset plates 
sandwiched and bolted in between at each 

'\ 

'" ~ " X ~ '6 'x " 
/ 

TYPICAL FLOOR FRAMING PLAN 

end and the center Gusset plates were fil
let-welded to the core columns as reqUired. 
At the lower levels , the magnitude of forces 
dictated that cover plates be added to the 
4L assembly to create a box section. The 
cover plate was field -welded to facilitate 
bolt installation at ends of the bracing. 

A single, two-bay line of diagonal brac- • 
Ing was used for wind resistance on the 
narrow exposure. It was located In such a 
manner that It Intersected the extreme end 
column of three of the brace lines oriented 
In the perpendicular direction. In thiS man-
ner, It activated additional stiffness and 
served as a large cantilevered channel 
With respect to Wind on the narrow expo-
sure Since the central shear truss' least 
depth was limited to only 26.75 It, the core 
braCing system acting alone was not ade
quate, nor deSirable. Some form of very 
stiff frame action was required to control 
building sway Because of the bUilding's 
tiered layout and the desire for open tease 
areas, conventional moment framing was 
neither adequate nor attainable. The solu-
tion was to develop a unique system uSing 
prefabricated, tree beam modules . 

The modular construction method With 
tree beams has been described In several 
papers previously published In Modern 
Steel Construction by thiS author. To en
hance the stiffness and strength of con
venlional Wind girders, the tree-beam con-
cept was developed whereby short vertical 
stub columns at mid-span are added to 
heavy horizontal Wind girders (Fig . 1). The • 
stub columns force an intermediate inflec-
tion point In the member, thus greally In
creasing its stiffness and strength (Figs. 2, 

MODERN STEEL CONSTRUCTION 
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Fig.2. Frame action wIth conventIOnal wind girder 

3) Since Ihe slub pieces perform only a 
flexural function. and shear trusslframe In
teraction IS dominant In the Intermediate 
height range of the tower, they may be 
easily deleted at the lower levels and top 
levels to create expansive, open architec
tural spaces. 

1 1 ... 
.a • • 

,.- It, 
'J. 

- ;;;A~ 
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LEVEL 2!> > ---
r--------___ ._0' 
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Fig 3_ Frame action WIth tree-beam module 

Since the tree-beam elements behave 
primarily as flexural elements sublect to 
shear racking, It IS possible to shift the 10-
callan of frames containing groups of the 
modules as the bUilding tiers Inward At 
levels 2 through 10 (Fig 4), the tree-beam 
frames were located at the extreme ends 
of the tower. The vertical stub column 
pieces were positioned directly behind 5-ft 
wide vertical stone cladding bands. As the 
plan changes from auto parking to office 
occupancy (Fig. 5), the tree-beam frames 
shift Inward 15 ft. To remain back of the 
stone facade. which also moves inward In 
thiS position, new columns are activated 
with regard to axial shortening due to wind 
By uSing additional columns for aXial sllff
ness, the framing system's overall stiff
ness IS augmented 

FIg 4 At levels 2-10 . tree-beam frames are at ends of to\Ner 

At the typical office levels, tree-beam 
modules were added to the end bays on 
the longitudinal faces of the tower These 
modules tie Into the terminal end columns 
of the side frames to Simulate a large chan
nel or C-shape assembly In plan. These 
channels cantilever upward from the 
tower's 10-story base. ThiS conflguratlOll 
created a very stiff assembly of frames 
WhiCh, through trusslframe Interaction with 
the core bracing , mmlmlzed bUilding drift 
under the most severe hUrricane wind 
loading conditions 

At level 28, the tower continues a series 
of setbacks. These setbacks result In the 

Fig. 5. As bUlldmg changes 'rom parkmg 
to offICe, frames stllh Inward 15 It 
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end tree-beam frames again shifting toca
tion. tn the process of re-configuring the 
plan at levels 28, 31, 35 and at the two
story high cornice/parapet, many columns 
were terminated and new columns started . 
Under conventional framing techniques, 
the new columns would have been located 
on deep, steel-plate transfer girders. How
ever, since the tree-beam frames were pre
sent for wind resistance, they were also 
facilitated for use in transferring the gravity 
loads. Iteratively analyzed using stage 
construction simulation techniques, the as
sembly of tree beams act as a massive 
Vierendeel truss. In this way, steel premi
ums necessary to accomplish the floor 
transfers were minimized. 

Structurat Framfng Details 
Columns were typically W14 rolled sec
tions. The heaviest loaded columns 
ranged in size from cover-plated W14 x 
730 at the base to W14 x 90 at the top. In 
the lowest levels, wherever design loads 
exceeded the column capacity, cover 
plates were connected from flange tiP to 
flange tip. All columns beared on milled 
steel base plates which were shipped 
loose. Columns were anchored by using 
anchor bolt boets attached to the sides of 
the column shafts. The largest base plate 
weighed 10,591 Ibs. (56 in. x 58 in. x 11 V, 
in.). A 3-in. thick layer of non-shrink grout, 
7,500 PSI strength at 28 days, was pro-

B 

vided between the bottom of the steel base 
plate and the top of the pile cap foundation. 
The base plates were flow-grouted from 
the side of the base plate assemblies. No 
grout holes were needed. 

Column-to-column splice connections 
adjacent to tree-beam modules were made 
midway between spandrel beams at points 
of theoretical minimum moment. Typical 
flange welds were partial penetration to a 
depth of \/ T/6 + V. in. where T = col
umn flange plate thickness. Weld depth 
was increased as required for columns 
with calculated uplift forces. Welds were 
also increased at isolated locations to ac
commudate shifts in the inflection point of 
the moment diagram. All bearing surfaces 
were milled. Column web-ta-web connec
tions were partial-penetrat ion welded. Col
umn web stiffeners aligning with the span
o:el beam flanges were provided to meet 
requirements of strength or, as in most 
condit ions, to stiffen the beam column JOint 
and restrain panel zone flexibility. In se
lected areas, where interstory drift was 
minimal, horizontal stiffeners (continuity 
plates) were not used. 

At core wind frame column bases, uplift 
forces due to lateral loading were signifi
cant. Uplift forces were lesisted by anchor 
bolt assemblies utilizing 2-in. dia. A354 
Gr. BD bolts, which were embedded deep 
into the pile caps and restrained from pull
out by large, stiffened waSher-plate as-

Single line of diagonal 
bracing used for 
wind resistance. 

semblies. Most tree-beams used W36 or 
W30 sections. 

Based on the beam-flanlle thickness, 
beam-flange-to-column-flange welds were 
either partial-penetration welds With fillet 
weld overlays or fillet welds only. Beam
web-to-column welds were double-fillet 
welds. Siub-column-to-stub-column field 
splices were made midway between 
beams at pOints of Iheoretlcal minimum 
moment using l-in. A490 bolts in friction
type connections. Double shear values 
could be used by providing a splice plate 
on each beam face. Oversize holes (bolt 
dia. + 3/,. in.) were used in these connec
tions to facilitate field alignment during 
erection. 

The Iree-beam elements were fully mo
ment-connected using field welding to the 
columns at each end. The stub-column, 
piece-to-stub column piece connection 
joints were gapped and non-bearing with 
field bolt-up using l -in. A490 bolts with 
double splice plates. For horizontal girder 
members, rolled sections were used which 
varied In size from W36 x 300 to W36 x 
135. The vertical stub-column piece ele
ments were made from rolled W36 shapes. 
Stub column piece Sizing was slightly less 
than its respective horizontal beam piece. 
The vertical stub-column elements were 
shop moment-connected to the horizontal 
member. Because of high panel zone 
stresses, thick doubler plates were added 
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between flanges In some panel zone 
areas 

Gravity Framing System Concepts 
The tYPical floor construction IS 6V.-ln. 
thick composite. metal deck slab construc
tion (3 'I.- ln. lightweight slab on 3-ln. metal 
deck) The typical deck was 16 ga., 361n 
wide with a 12-ln. rib spacing Phospha
tlzed painted deck was used over office 
levels and galvanized deck In garage 
areas The deck, tYPically spanning 15 ft , 
was supported by W21 rolled sections 

Spanning the approXimately 40 It from 
perimeter frame to central core area, typI
cal beams were deSigned to act compos
Itely with the concrete slab by means of 
shear studs held Installed through the 
metal deck A shop camber was specIfied 
on all long purl,ns to compensate for the 
deflectIOn of the beam under the weight of 
wei concrete, thus providing a constant 
thickness and level floor system after pour
Ing of the slab. Because of metal deck de
flection between beams, the composite 
slab was th icker In the area between 
beams ThiS add itional concrete pondlng 
weight was conSidered In the gravity fram
Ing and deck deSign. Nominal 6 x 6-Wl 4 x 
WI 4WWM was tYPically prOVided In the 
floor slab. For crack control , negative mo-
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TIME. 
ACCURACY. 

You need not sacrifice one for the other. 
Our SOSI2 software harmoniously inte

grates both to achieve unsurpassed effi
ciencies. An achievement demonstrated 

by the fact that more structural steel is 
detailed by SOSI2 than by any other com-

puter aided system. The first name in steel 
detailing. The last system you ever need 

to buy. 80812. 

DE5~DIIIIU 
It's Time . __ 

ment top bars and 6 x 6-W2 .9 x 
W2 9WWM was used at garage levels 
ThiS slab reinforcement was augmented In 
several areas of high diaphragm stress, as 
required. U-shaped rebar ties were pro
Vided at the perimeter of Ihe bUilding slab 
to prOVide a mechanical lie between the 
shear connectors located on the spandrel 
beams and the floor diaphragm. ThiS me
chanical tie prOVided for braCing of the col
umns Into the floor diaphragm as well as 
transfer of wind shears Into the diaphragm. 
The U-bars served the additional purpose 
of supporting the stone facade located at 
the end of the slab cantilever. 0 

"Software For The Profe.slona'" 

800-443-0782 

Design Architect 
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New York , New York 

Techntcat Architect 
Perez ASSOCIates 
New Orleans. LOUISiana 

Structural Engineers 
Ellisor & Tanner. Inc (superstructure) 
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New Orleans, LOUISiana 

Generat Contractor 
Gervais F Favrot Co 
New Orleans, LOUISiana 
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New Orleans. LOUISIana 

James M Notch, M , ASCE, IS preSident of The 
Datum/Moore PartnerShip, Irvmg, Texas NotCh. 
a profeSSional member 01 A/SC. was vice pres/· 
dem, Ellisor & Tanner, Houston, dUring deSIgn 
of thiS protect 
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Alternate Design 

• Redesign In Steel on 
Emlenton Bridge Saves a Million 
by Louis P. Schwendeman 

Preface 

Car' Angeloff, regional bfldge engmeer, AfSC 
Marketing. Inc, fIrst targeted this project for a 
redeSign as a steel contractor's alternate, after 
a routine VISit with design engineer In August 
1986 Subsequent investigations convinced the 
AISC Marketing staff thiS project was an excel-

lent candidate lor a contractor's alternate steel 
desIgn 

After receIVing clearances from poor that a 
contractor's alternate would be accepted on 
the proJect. AISC Marketmg developed a Pre
IImmary Design Study ThiS study was made 

Clean. unclurrered steel frame of Emlenton Bridge superstructure 

10 

available to all mterested fabrIcators and con-
tractors 

The followmg outlmes the culmmatlon of a 5-
month ellort to successfully redeSign and bid a 
steel contractor alternate on the Emlenton 
Bfldge 

In recent years. a lively competition has 
developed between the prestressed con· 

crete and steel Industries for the design 
and construction of highway bridges. For a 
lime several years ago. most short spans 
under 100 It and many Intermedlale and 
longer span bridges were bUilt of concrete 
Recently. however. steel bridges are mak· 
ing a dramatic comeback when the con· • 
structlon contracts are bid for the longer 
span bridges on the basis of alternate de· 
signs In concrete or steel 

There are a number of reasons for Ihe 
current Improved position of steel bridges: 
1. Steel fabrication costs Within the Indus· 

try have been reduced 
2. Steel details have been simplified 
3. Load factor deSign of deck slabs reo 

duces slab thicknesses and resultant 
costs and dead loads 

4. Use of the finite element mel hod of 
analYSIS distributes and reduces live 
loads to the stringers via the deck slab. 

5. Improved stay-in·place metal forms 
permit Wider spacing of girders. 

6. Load factor deSign results In lighter 
girder sections With Wider stiffener 
spacings. 

7. AASHTO specifications perml! the re
duction or elimination of lateral braCing 
In short and Intermediate length spans 

8. American Welding Society (AWS) 
specifications permit reduction In size 
of fillet welds where governed by maXI' 
mum thicknesses of JOined plates 

The new bridge presently under con· 
strucllon over lhe Allegheny River at Em· • 
lenton. Pa. is a typical example of how 
competitive steel bridges have now be-

MODERN STEEL CONSTRUCTION 



Soda ... designs your 
• least-weight steel structure 

fast .. . and automatically 

• 

• 

Finally. a practical structural 
engineering software package 

that not only analyses but 
automatically designs a least

weight (optimal) steel 
structure. 

SODA represents the perfect 
blending of state of the art 
structural engineering and 

modem optimization research. 
SODA is a truly practical steel 

design optimization package 
that permits the designer to con

SODA automatically and 
completely designs a least
weighl planar steel frame or 
truss from section databases in 
complete conformance with 
design code requirements. The 
design by SODA is complete. 
constructable and ready to 
implement. There is no need 
to re-analyse and re-size as is 
the case with other steel design 
programs. The software 
designs not only member by 

centrate on engineering instead of routine calcu
lations, thereby reducing design time and costs. 

member, but by considering 
the entire structure as a system. The design 
satisfies both strength and deflection requirements. 

• Design codes supported: 
- AISC WSD 1978 Specification 

• Members selected from AlSC or CISC database or from 
user's custom data base 

- AlSC LRFD • Comprehensive yet conci,e user's manual 
- Canadian CAN3 - S16.1 - M84 Limit States Design • 30 day evaluation period. refund If not <oatisfied 

• Microsoft' Windows environment • Runs on IBM PC XT/AT or compatible 
• Mouse or keyboard interaction • Minimum 512 KB and hard disk required 

-
.. ~'--- ------ ' . .. - .--

Inpul and editing 
I; qud and easy. 

2S 

-

U'oCr inlerfdcc i; 
accomplished with mou,"" 

and drop down menus. 

Graphics displays arc 
accessible at any time. 

, " 

. . . - . .. -- " 

The opumal design is 
prc'oCntcd \0 a logical 
and conci~ manner. 

To get more information on SODA and to receive your free demonstration diskette: 

CALL TOLL FREE (m conunental U.s.) 
1-800-265-2766 
or COLLECT (519) 885-2450 

or WRITE 
WATERLOO ENGINEERING SOFTWARE 
A Member of the NEXA Group 

Park Avenue Atrium 
2J7 "'ark Ave .. Suile 2143 
New York. Y 10017 

180 Columbia Street We;t 
Waterloo. Ontario 
Canada N2L 3L3 

STRUCl'URAL 
OPTIM1ZATIO 

DESIGN AND ANALYSIS 
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AT LAST! 

MOOELWR 

An Alternative To 
Expensive Vertical 

Blueprint/ Large 
Document Files! 

uss 
VERTICAL FILING IS A BETTER WAY TO STORE PLANS. 
BLUE FILES, INC makes the advantages 01 vertical storage/ 
organization easily affordable. Revolutionary new plastic binder 
design makes insertion/removal of plans a snap by eliminating 
cumbersome tum screws and heavy metal construction of the old 
style binders. Durable new design allows BLUE FILES. INC to 
offer a LIFETIME WARRANTY ON ALL BINDERS against any loss 
of binding strength. Cost saving design enables BLUE FILES. INC 
to pass the savings onto their customers with the LOWEST PRICED 
VERTICAL FILES ON THE MARKET! 

* EAStEST TO HANDLE * LOWEST PRICE * LIFETIME WARRANTY * 
Why would you buy anything else? 

I; 
SATISFACTION GUARANTEED· 10 Day Money Back Guaranree 

For more inJonnation. contact your local dealer an4lor contact: 

B LUE .. f..!.!-ES, INC. (619) 480-6333 
716 E. Valley Pkwy Suite 234 Escondido. CA 92025 

come In the market The SlruClure was Orl· 
glnally deSigned for Ihe Pennsylvania De· 
partment 01 Transportallon as a sIX-span 
prestressed concrete I·beam bridge 62711 
long w,th spans of 103 fl· 7 ,n fou' at 1()4 11-
11 f. In and 103 11·7 ,n The four hnes of 
beams ~re des'gned as SIX compos Ie • 
Simple spans under dead load and as SIX-
span continuous units under live plus m~ 
pact loads afle, concrele COnilnully d,a 
ph,agms we,e poured In the deck and a1 
the beam fOlnts over the f,ve p'ers The 
two·lane bridge measured 36 II curb'IO-
curb and 38 fl6 ,n oul·IO·oul of 11·3 In 

wide concrele safety curbs 
In November 1986 Ihe departmenl reo 

leased for bidding Ihe plans and docu 
ments for Ihe concrete beam bridge w,lh 
provIsions for alternative concrete or sleel 
deSigns With a bid opening set for Dec 18 
1986 In early December Trumbull Corpo. 
ral,on Plllsburgh Pa requesled HDR 
Richardson Gordon Inc Consulting Eng' 
neers P,lIsburgh Pa 10 rnvesllgale II a 
Sleel glider bridge alternate m ght be cor 
pelltlve SlOce the spec {Icatlon required 
the center span of any alternate steel g rd 
er bridge must be 240 II long and Ihe 38 11 
6 In wldlh and 627 II overall lenglh must 
be retained II was determined readily any 
new sleel Slructure should have Ihree con
tinuous spans of 193 11·6 In 240 II and 193 
II· In 

USing Ihe tables In Ihn USS CompOSlt • 
Steel Plate Glider B"dg~ Superstructures I 
Handbook (Load Faclor Deslgnl tor spar 
lengths of 190 II 240 It 190 Ii and us,ng 
ASTM A588 steel It was determined Ihe 
superstructure steel would .... elgh apprOxl 
malely 355 Ibs sq II 01 dec" SII1Ce tile 
new bndge was 10 be deSigned lor HS25 
load'ng ,nstead 01 the HS20 load ng used 
In the USS Handbook and since splice 
malerlal bearings expansIOn dams weld 
malerlal and boilS were not Included ,n lhe 
steel weight ,n the Handbook the steel 
~Ighl was Increased by approximately 
10% 10 alflve al a sleel welghl ot 391bs sq 
Ii of deck or a total sleel ~Ight of 470 
tons 

ThiS preliminary informatIon was devel 
oped by the consultanl wllh,n a lew hours 
Thus Ihey could have ample lime to ba~ 
ance the cosllncrease In the sleel super· 
structure w,th longer spans aga,nsl Ihe 
elimination 01 the cost of three piers ,n the 
shorter spans In the concrele deSign be
fore making a deciSion whether 10 proceed 
With Ihe steel deSign Since Ihe concrele 
piers supported on 42-ln d'a dnlled ,n 
concrete caissons were expected to be 
very difficult and expensive to construct ,t 
did nOltake the contractor long to decide to • 
bid the steel alternale 

The consultant nexi recommended Ihal 
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Trumbull request assistance from the PittS
burgh office of AfSC Marketing , fnc. , to 
substantiate the alternate steef design 
weights AISC responded very promptly on 
Dec 8, t986. with two suggested solutions 
for the steel alternate deSign One scheme 
was for a fIve-span continuous steel girder 
bridge, the second was for a four-span 
continuous structure Both schemes 
showed four lines of girders at to-II cen
ters- the same stringer spacings used In 
the onglnal concrete deSign These solu
tions Indicated even more weight reduction 
In the steel than previously anticipated , 
and further substantiated the Viability of an 
alternate steel bid However. Since the de
partment had specified a 240-11 long main 
center span would be required for any re
deSign In steel. a three-span continuous 
bridge appeared most logical Thus the 
steel weight savings ,nd,cated by the AISC 
redeSign studies With shorter spans could 
not be fUlly realized 

HDR-Rlchardson Gordon agreed With 
Trumbull Corporation to proceed With the 
further refinement of the steel structure de
sign so final bidding figures could be devel
oped The AISC Marketing Computer Pro
gram SIMON proved Invaluable for th iS 
review A steel weight of approximately 500 
tons was finally agreed upon for bidding 
ThiS compared very favorably With the 5 t 3 

.. ~ , 

lOS"· 

I, 

tons of steel required for the subsequent 
refined final deSign . ThiS Increase over the 
originally estimated 470 tons of steel may 
be attributed to the fact that because of the 
deSire to retain the original stringer spac
Ings and deck slab overhangs, the steel 
weight savings realIZed from the finite ele
ment analYSIS did not proJe to be as great 
as anticipated 

At the bid opening on Dec t 8, 1986, 
Trumbull was low bidder al $3,500,000 for 
the steel alternate deSign . The next bid , 
also for a steel alternate, was $23t ,000 
higher, while the third bid- which was for 
the o ri ginal concrete deSign- was 
$1 ,038,000 above the low bid The remain
Ing three bids were also for the concrete 
deSigned bridge With prices ranging up
ward to the sixth bid , over $3,000,000 
above the low bid 

A notice to proceed was given by the 
department In early January 1987 A con
ceptual steel redeSign for the b ridge was 
reqUIred Within 30 days, With the new 
bridge speCIfied to be opened to vehicular 
traffiC before the end of 1987 Although the 
concrete deck slab In the alternate deSign 
remained at the original 8 V2-ln thickness. 
there was a substantial 15% reduction In 
the quantity of deck concrete from 856 CY 
to 725 CY. This reduction could be attribut
ed mainly to the elimination of heavy con-

I 
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crete diaphragms at the piers which devel
oped continuity In the concrete deSign after 
the simple span beams were erected 

The concrete abutments and piers as 
Originally deSigned reqUired minimal rede
sign work for the alternale steel bridge be
cause of the substantial reductions In dead 
loads from the deck slab and girders In the 
steel deSign The total weight of the con
crete beams alone was 1 655 tons over 
three times heaVier than the 513 tons of 
steel In the alternate bridge 

The total reactions from the superstruc
ture to the abutments and piers In the long
span steel alternate deSign were so Similar 
to th0se In the original shari-span concrete 
deSign that very nominal changes were re
qUIred In fact , the structural concrete sec
tions remained almost Identical and the 
same number of caIssons were retaIned 
for the piers and abutment 2 In the steel 
deSign. So the elimination of three piers In 
the steel alternate deSign was almost a 
clear-cut savings Two fewer cofferdams a 
70% reduction In pier and abutment exca
vation, a 90% reduclton In np-rap protec
lion at pier bases and 580 fewer lineal feet 
of 42-ln dla caissons were also reflected 
In these savings The very difficult drilling 
conditions through heavy dense sands. 
gravel and boulders In the stream eventu
ally made the el,mlnallon of three piers all 
the more advantageous for the steel alter
nate deSign 

A finite element analYSIS was conducted 
to realize maXimum effiCiency In the steel 
stringer deSigns To assist In thiS worK . the 
services of SSDI In Coopersburg, Pa , 
were retained The full advantages of the 
finite element analYSIS could not be real
Ized because of several restrictions Im
posed by the Original deSign speCifications, 
such as 
1 Retain the Original bridge length 
2 Retain the Original bridge Width 
3 Locate the river piers at 240-11 centers 
4 The Inventory rating uSing finite ele-

menl analYSIS and HS25 loading shalt 
equal or exceed an alternate Inventory 
rating uSing conventional AASHTO 
load distribution factors for HS20 or the 
alternate military loading 

5 Make extertor strtngers at least as 
heavy as the Inlenor ones 

Since It was also deSirable that the Origi
nal 10-1t stringer spacing and 4 ft-3 In out
Side overhang be retained to Simplify the 
deSign and details al the abutments and 
piers, less than maximum deSign effICiency 
resul ted In which the exterior stringers are 
heaVier than the Interior stnngers 

The final girder sections used for the 
four lines of stringers have 80-ln . deep by 
V2- ln and 9/'6-1n. thick webs and maximum 
sIZe flange plates 28 In Wide by 3-ln thick 
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at the piers. The maximum total depth of 
the steel girder sec lion IS 87 in. , which IS 9 
In . deeper than the 78-ln deep anginal 
prestressed concrete I-beam section, but 
within the verllcat clearance limits. The 
structural steel for the girder flanges and • 
webs IS either ASTM designation A588 Gr 
50 or A572 Gr. 50. The structural steel for 
the two flared W36 x 150 stnngers at the 
south end of the bndge as well as all other 
sections, IS ASTM A36, except for a few 
miscellaneous drainage and expansion 
dam details 

The paint specified for the structural 
steel IS a three·coat shop·applied system 
consisting of an Inorganic Zinc primer, an 
epoxy Inlermedlate coat and a urethane 
finish coat. Final field touchup is specified 
for damaged surtaces Mechanically gal
vanized high-strength bolts reqUlnng mini
mal field cleaning and touch-up painting 
were specified for all field connections illS 

anticipated the paint system Will protect 
the steel for at least 25 years With minimal 
touch-up repairs . The specIfied blue finish 
coat, contrasllng With the grey concrete 
parapet and substructure, presents an at· 
tractive appearance 

The aesthetics of the structure are great-
ly enhanced by the el,m,nallon of three of 
the five piers reqUired for Ihe origmal pre
stressed concrete deSign. The lwo piers, 
rather than five, Will also present less ob
strucllon to stream flow and river traffiC. • 

The redeSign of the Emlenton Bndge as 
a continuous steel girder structure was 
completed In about SIX weeks after notice 
to proceed The revised finished plans 
were submitted to the Pennsylvania De
partment of Transportation for final approv· 
al by Feb 20, 1987 Few problems were 
encountered dunng approvals to delay the 
scheduled construction startup. Construc· 
lion IS currently on schedule. and it IS an
ticipated Will remain on schedule unlll the 
planned opening of the bndge In Decem
ber 1987 

Only the driVing of sheet piling for the 
cofferdam through the dense nver bed and 
boulders at Pier 1 created a major con
struction problem which necessitated re
vIsing and reversing the erection scheme 
for the steel girders. Even though the final 
steel erection proceeded on schedule the 
difficulties and excessive costs at the two 
nver piers only further accentuated the ad
vantageof eliminating the other three piers 
present In the onglnal concrete deSign In 
fact, the general contractor doubted hiS 
ability to meet the bndge opening date If he 
had to construct three more piers. He also 
envIsioned extreme dlfficullies in trans- • 
porting and erecting the deep 105·1t long 
prestressed concrete I-beams, each 
weighing 68 tons, If he had bid the anginal 
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concrete design. Photos show the com
paratively light steel glfder sections dUlng 
erection and the clean uncluttered steel 
framing after the completion of the super
structure constructIon. 

Although the general contractor had to 
assume the added cost of the steel rede
sign. Including $5.000 to cover additional 
department englOeenng costs he remalOs 
comfortable with his low bid for the steel 
alternate design-over a million dollars 
below the low bid for the onglnal concrete 
design This proves that steel bridges re
main highly competitive. and actually 
much more versatile than concrete 
bridges. In meeting the vaflable construc
tion conditions present at each site. When 
steel IS used. there are no limitations on 
span lengths And with ItS more effiCient 
load-carrying capacity and comparable 
lighter weight than concrete. steel mem
bers develop fewer transportation and 
erection problems Aesthetically. the fin
Ished steel bfldge presents slimmer clean
er lines than ItS bulkier heavier compelitor 

The main structural steel for thiS rede
signed bridge for the Pennsylvania Depart
ment of Transportation. DIs!. toO. was de
tailed by the WBE firm of Mellor 
Consultants. Inc In Bethel Park. Pa The 
steel glfders and framing were fabflcated 
by Reynolds Manufactuflng Company of 
Avcnmore Pa The fabflcated steel was 
erected by Century Steel Erectors. Inc. of 
West Mifflin. Pa As previously stated the 
general contractor was Trumbull Corpora· 
lion of Putsburgh Pa and the redesign 
was made by HDR-Rlchardson Gordon 
Inc of Pittsburgh. Pa With finite element 
assistance from BSDI of Coopersburg. Pa 

Designer/Structural Engineer 
HDR-Rrchardson Gordon Inc 
Pittsburgh Pennsylvania 

General Contractor 
Trumbull Corporation 
Pittsburgh Pennsylvania 

Steel Fabricator 
ReynoldS Manufacturing Co 
Avonmore Pennsylvania 

Owner 
Pennsylvania Department of Transportation 

LoUIS P Sch'Nendernan, P£' . IS a retlfed principal 
of, and consultant to, HDR-RlChardson. Inc., Prtts· 
burgh. Pennsylvania 
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Experimental Techniques 

LSU Experiment Repairs 
Damaged Steel Beams 

Steel ram SWingS against structure to SImulate damage to overpass girders. Damage IS assessed (rJ 

16 

LouIsiana State University engineers 
have successfully straightened In place 

a badly buckled. t SOO-Ib steel bridge 
glfder with a heat-repalf process that could 
save millions In highway maintenance dol· 
lars for LouIsiana and the nallon The pro
cess which makes damaged steel as 
good as new cuts down by as much as 
90·. the cost of total replacement of dam 
aged overpass and bridge steel spans ac 
cording to R Richard Avent. LSU professor 
of cIvil englneenng 

Damaged steel girders can be straight
ened and repalfed In a matter of days by 
applYing tempering heat with an acetylene 
torch. thus minimizing road closure time 
Avent said In the LSU experiment engi
neers straightened a two-foot deep. full 
length gnder damaged bya one-and-a-half 
ton sleel ram sWinging from a crane s 40-ft 
boom and packing a force equal to to tons 
Avent said the ramming was deSigned to 
Simulate the frequent aCCidental damage 
of highway overpass bridge glfders by 

over·helght trucks or Sleel damaqe to steel 
fiver bridges by barges or other vessels 

He said LSU research on the heat tem 
perlng process so far shows that It not only 
straightens and repans steel but also re
stores It to lIS onglnal strengtll Beams can 
be heat-repaned for a tenth of the estlmat 
ed $ tOO 000 COSI of total replacement 

The technique was u~ed to straighten 
and restore the strength at repeatedly 
damaged beams on an t- t to overpass 
bridge on the Interstate near the gover 
nor S manSIon In Baton Rouge Avent con ~ 

tlnues 'The process has been morp or 
less an art practiced by a few acetylene
welder craftsmen for some 50 years Many 
slales Will not allow lis use because of the 
current lack of documentalion that struc
tures repaned by the process are safe and 
reliable 

• 

SupplYing thiS sCientific documentatron • 
IS the oblectlve of the LSU research which 
IS funded by the state Dept of Transporta-
tion and Development and the LSU-head· 
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quartered LouIsiana Transportation Re 
search Center 

That the process can restore the 
strength of damaged steet IS hard for some 
peopte to believe Avent said LSU engl· 
neers have damaged and then repaired 
other smaller steel beams durrng the two· 
year research prOlect The heat·repalred 
steel was CUI Inlo secllons stress-and
load tested and then compared with known 
properties of similar undamaged steel 
Tests showed no change In the properties 
of the steel and the steel had remained as 
strong and as good as It was orrglnally The 
same testing procedures Wilt be foltowed 
on laboratory anatysls of the full· length 
beam 

The process requires heat· levels 01 no 
more than t 200 F applied at certain loca 
trans and ,n speclfrc patterns The steel IS 
allowed fa cool brrefly for thermal contrac 
tlon In the opposite direction of the dam· 
age curve As much as a one quarter-Inch 
correction occurs between the Initial appli · 
callons and the rate of correChon slows as 
the girder straightens 0 
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Remodelin with Steel 

STEEL FOR 
THE COUNTRY CLUB 
by Frederick M. Law 

Sreellramlng was mateflal 01 cf1o,ce for Hawthorne Country Club additIOn 

Expansion of the Hawthorne Country 
Club North Dartmouth Mass In· 

volved doubling the sIZe ot the mam dining 
room on the first floor club . adding a sec· 
ond floor level deck above the main d ining 
room and expanding the proshop and lock· 
er rooms at ground level 

The eXisting club house IS a wood· 
framed bUilding with a large number of In· 
terror columns and small floor· to-floor 
heights To prOVide continuity the new ad· 
dltlon floor and ceiling elevations needed 
to match those of the eXisting ctub house 
However. unlike the eXisting bUilding the 
new dining room should have as few Inlerr· 

t8 

or columns as poSSible Further. to take 
advanlage of Ihe splendid views of the golf 
course and the sUHoundlng wooded river 
valley. the new main dining room would 
have exterior Window walls of which were 
VIrtually all glass 

To meet these requirements. girder 
spans of 40 It or larger were requrred The 
total depth of construction (ceiling to floor 
above) was limited to a maximum of 27 In 
at girder lines In addition. no exterror (or 
Interror) braCing was feaSible. Since It 
would Intertere With the Window walls 

Preliminary deSign computations con
firmed wood framing would not fit Into the 

27 -In depth 01 constructton Wtthoul tnlenor 
columns Preliminary deSign computa 
lions. however. conhrmed that conventIOn· 
al steel floor framing steel beams. open 
web JOiStS and a reinforced floor slab on a 
metal form deck- fit nicely Into the limited 
depth Reinforced concrete framing obvl· 
ously was not practical for thiS two-story 
bUilding Steel framing had an additional 
advantage In that It could be made Into a 
three·d,mens,onal frame to carry the later
al (Wind) loads With relative ease There· 
fore. steel was the clear chOice for the ex
pansion of the Hawthorne Country Club 

The tYPical connection detail used 10 
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Fig. 1. TYPICal connection detail 

create the steel frame is shown in Fig . I . 
Note: the lateral (wind) load moments on 
the plane of the girders are transferred 
from columns to girders through the bolts 
of the cap and base plates of the columns. 
The lateral (wind) load moments perpen
dicular to the plane of the girders are trans
ferred from the columns to double-channel 
tie beams through the bolts in the bottom 
flange connection plates and the base 
plates at the top flange. Even though the 
connections were designed to transfer lat
eral moments, the girders were designed 
as simple beams (unrestrained , free-end
ed construction) for gravity loads only. This 
design approach as been referred to as 
Type 2 Construction with wind-moment 
connections. 

This apparently arbitrary design ap
proach is actually very reasonable, if suffi
cient fleXibility is provided in the connec
tions to permit a shakedown of gravity 
moments. This is really a form of Type 3 
Construction, semi-rigid framing (partially 
restrained construction) . The design ap
proach used for the country club addition IS 

particularly advantageous for low-rise 
buildings. Wind moments are small and 
connections can be developed readily to 
carry these small moments. But connec
tions required for full , rigid-frame action 
would be needlessly massive. 

The total weight of steel required for 
Type 2 Construction with wind-moment 
connections is about the same as for Type 
1 rigid-frame construction. However, fabri
cation cosfs are generally lower as a result 
of the less rigid conneclions required. 
Therefore, the total cost of the steel frame 
is generally less for Type 2 Construction 

(continued) 
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Structural Steel Detail i ng with 
STRUCTL2" by Chase Systems 

The art 01 structural steel detailing is brought 10 
AulOCAD 1M . STAUCTL2 details beams. integrating 
cutouts, framing angles. hole groups, we lded/bolted 
connections, and dimensioning. It quickly and accurate· 
Iy draws angles, channels, tees, lubes. and pipes in 
plan. section, or elevation. Column detailing and a 
sophisticated Stair Bu ilder are included. Best of all. 
STRUCTL2 performs the tedious table lookups and 
calculations so you don 't have to, 

Challenge us. We offer a 30 day t rial to 
Fortune 500 Industrials . 

Chase Sysrem!>. 623 Paf~ MeadOw Road 8 .. ,(e M. Weste,..., On,o 43081 t614( 899·04' 
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'" lempiIIl" on lroe ngI'I1 11'1<;1 IIh lOt ......,.,..~ 
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A DIFFERENCE 
~ THE BOTTOM LINE. 

After carefully evaluating the costs of tradition
al systems including composite design structural 
steel and reinforced concrete, the designers and 
builders of the Riverfront Apartments in Detroit 
chose an innovative alternative in high-rise struc
tural de ign. By using Vulcraft teel joists, the 
construction of the 29- tory twin towers tayed on 
time and on budget. 

Since Vulcraft t I joists are easier to handle 
and erect, we were able to help expedite con truc
tion on a tight schedule that went straight through 
the Detroit winter. Vulcraft joists also provided 
Significant savings within the building design itself 
through their lightweight, open web configuration. 

By also supplying steel deck in addition to our 
steel joists, Vulcraft was able to facilitat the 
progress of the Riverfront job with well-coordinated 
delivery schedule . Deliveries were carefully main
tained and controlled over a 6-month time frame 
by using our own fI t of trucks. In hort, Vulcraft 
delivered what was needed when it was needed. 

So, by providing steel joi ts and steel deck for 
these 29- tory twin Riverfront apartment towers, 
Vulcraft contributed to an exciting new addition 
to the Detroit skyline while reducing the job's 
bottom line. 

For more information oncerning Vulcraft steel 
joists, joist girders and stccl deck, or copies of our 
joist and stccl deck catalogs, contact the nearest 
Vulcraft plant listed below. Or see Sweet's 
OSIOONUL and 05300NUL. 

r.o. Box 037. Brigham Clly. UT 8-1302 801/73·10433 
P.O. Box F-2. Arm-nee, SC 20502803/602-0381 
P.D. Box 1oQ, hut Paync, AI 35007 2OS/8~5·2·lbO 
P.o. Box 1&. Grapeland. TX 158 1' 100/081 IbbS 
P.O. Box 5Q, Norfolk. NE 08701 102/04·1 8500 
1'0. Bo, 1000. SI. Joe, IN Ib7852lO/JJ7·5m 

Owner. Riverfront A<;!t(l(l atl'!.tBUIldcr: Harton Mollow/Archltl'Ct. Tht.' 
Cruzen Parln('rshlp/Struc tur.ll Englnet'r Thl' Office ('Ii IrWin G. Cantor. 
r,C./SI~1 Fabnca tor R( VNS Imnt Vcnlurt> IR()!>!> Struc!Uroll 5Il"l'l ln(. 
Corvo Iron Work.s Inc.. Vult .. n Iron \.-\'ork." Inc.. llrca,,1 Erl"<lll~ Inc.. and 
Siructura l Sil-cl inc.) 
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AMERICA'S LARGEST 
DISCOUNT STEEL 

BUILDING BROKER 

• ADVERTISED SALE 
BYRON HOUSE scon HOUSE 

50 ' x 100 ' x 14 ' 
GALVAWME ROOF, COLOR WALLS, COMMERCIAL TRIM 
12120# 90 MPH SOUTHERN BUILDING CODE- FOB PLANT 

$9898 
'PRICES GOOD UNTIL DEC. 23, 1987- BLANK AD SLICKS 
AVAILABLE AT NO CHARGE FOR BUILDER AD CAMPAIGN. 

HOW ODES IT WORK? 
Hentage -. """'" manufacturers' slack productIOn lime to gove yoo pnce and 
shiPP'"9 pOUlts nallOflWlde. We offer yoo one on one personal service. Simply call us lOll 
lree Wllh your speclflCalions-we will quote a 3O-day pnce by phone and oonfinn in 
wnung with specifICations and cOOr chart al no Charqe. We ask lor no commitments that 
wiN interrupt ~r present dealership status. There IS no dealership tee. All quarations. 
take-offs and estimates are al no charge. 'He WIU consolidate loads on small buikill19S 10 
save your If8I9hl dollars. Complete erectoon draWIngs Slamped and certified by eng
~. Personal seMCe Wllh a nationwide IOIllree WATS lor all calls Caliloday 

HERITAGE BUILDING SYSTEMS 

1-800-643-5555 
STRUCTURAL DESIGN 

USING 
urrus 1-2-3® + ENERCALC™ 

Lse LOT S I -2 -J ' as)'OUr ptNJnaI ~NCtur.d ck~ lgncr YourS79S, 
26 progl'lllTl " hbnuy ' supphc\ ~,gn &: anill }~I~ In ~ccl. IImMr, 
retainm, .... allJ. . conr.~ . ~ and .. ;an pc:rform '>It\Krur..l 
anal),,,, 
For-c .. ;ud thlru.mg cngll'lccn Il10,11 rc"4II11U Ih~ \OflVoMC 1\ REQt,IREO 
MATI· RIAL In l()I(by "J. compcWI\C (in.," oftk:e . ;and our natIOn'" Mic 
US(:r, >Ire" In&,I:.bk as Impanlill ~fe~""e<i R«el\c our broctIu~ or 
dcmU,l\Ir .. IMlfI pOk,:hg~ b)' cont ...... llng 

ScenIC addition to country club 

WIth wlnd·moment connections for low-nse 
bUildings such as Ihls counlry club addl ' 
tlon. 

USing a steel frame lor Ihe country club 
add Il ion nOI only ellmlnaled Ihe need for 
braCing and Inteuor columns but also hi 
Inlo Ihe reqUIred limited permissible deplh 
of COnSIrUCIIOn Finally Ihe additIon was 
compleled on lIme and wllh,n budgel- all 
Ihanks to sleel 0 

Designer/Structural En91neer 
Dr Frederick M Law 
South Dartmouth, Massachusetts 

Owner 
Hawthorne Counlry Club 
North Dartmouth. Massachusetts 

Dr Fredeflc/( M Law, P E . IS principal In the 
structural engmeerlng firm bearing hiS name In 

South Daftmouth , Massachusetts 
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Structural Engineering 
Software For Your IBM 
Personal Computer or 
Compatable ... 

Structural Ana 
Framerrruss/colltinuous Beam Analysis 
( Includes Shearwall Frame Irllcracl lon) 
............................. .............. ........... $435 .00 

Load AnalysIs Program ................ $275 .00 
MOYlIlg Load AnalysIs ................ $450.00 
Concrete Beam Design ....... .. ....... S 175 .00 
PCSAP 13-0 Frame (fruss) .......... $200.00 
Relalmng Wall ................ ... .... ....... $275 .00 
ConcfC'tc Spread FOOling .............. $250.00 
P,le Group .................... $150.00 
Shear Wall ..... ... . .................. $27500 

ENGINEERING SOFTWARE 
SERVICES, INC. 
978 Douglas Avenue , SUlle 104 
All amonte Spnng~. "'orlda 1:.!714 
C.-II Our IloUine 1·800·257·8087 
f londa Re~ldtnl S :\05-R62-7755 

open space and landscaped grounds and 
hIghly deSirable offIce amentlles dIstin
gUIshes tI from 01 hers as the sIgnature 
bu,ld,ng of the Tech Center Komppa com
ments 

High Water Table Challenge 
Tne charactenst,cs of 11115 Slle posed a par
I,Cular challenge 10 Ihe deSign process Ar
chitecturally Ihe challenges ...... ere three
fold Although Ihe perlecllocallOn lor Ihe 
premier offIce local Ion Ihal One DTC was 
10 be the Inangular shape of Ihe stle se· 
verely limited the ctmouni 01 space with 
which 10 work The proJecl was made more 
challengIng by Ihe presence 01 a waler la 
ble IUSI a lew Jeel below Ihe surlace ThIS 
lact alone shot ttle Idea of (111 underqrOUfld 
parking garaqe Yel ar olller challenQe to 
overcome was the hlqh nQ se level from I 
25 The bUlldrnq and P;Hklrlg faclllly were 
lIed In such a way as to le.we room for 

tenants to 51 roll P'CfloIC or US! 0 noe Ir' the 
noonday Sun lnd at the samo ! me Over 
come all the obstaCles 

P;olecl dCSlqncr Edwdro Balkin fld 
Fentress placed the park.!nq struc ure 
alan 1·25 (al qroullu leveilio keel' I oul of 
the hrqh wafer taUI!! They ueSlolled the 

too·ft long roo trusses (I). erected,n three 
sections. serve as transfer beam support 
1100r below M,d section 01 tOO-ft truss 
(below) Hanger splice plates project belOW 
bottom chord <'SI 'lertal from ends) 
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bUild ing to go over the parking lacility. This 
eliminated traffiC nOIse problems and pro
vided the site with 50% of open space for a 
plaza area to permit interaction between 
the building and Its environment. 

Architecture Possible with Steel 
Structural engineer Richard Welngardt 
Consultants made the architectural deSign 
possible by uSing structural steel instead of 
concrete. The result-a building Irame that 
preserved the structural Integnty of One 
OTC and caffled through ItS Intended feel
Ing of permanence and prestige. More Im
portantly, however, the structural steel 
frame proved economically viable, as well 
as providing lor the most exped lent project 
schedule. 

The structural steel frame, which gave 
the architect more fleXibility In the deSign 
process, was also the most logical material 
lor this prolect That flexibility played an 
important part In the success of One OTe 
and In the ease of ItS leasability USing un
braced . 40-11 tall steel columns to lift the 
bUilding over ItS parking garage prOVided 
both a grand entrance and a drop-olf point 
underneath the elevation. Having elevated 
the building above plaza level , narrow, full-
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Now, a system of fastening beam to beam or beam I~ ~I to plate without drilling, punching or welding. The I~ ~I 
Struct-Fast System combines adapters and bolts to 11 ~ jl create a hook bolt. With a pre-punched location plate c c 

j 1 ~ ~ g i!. ~I it creates The Struct-Fast System of total fastening. ~ 
E 

The Struct-Fast System is also available for t~ Il < ~I 
attaching checkered folate flooring and for securing I 1 

grating. For more in ormation and technical data 1 I 
write or phone ... 

~ _______ J 

STRUCT-FAST INC. 
20 WALNUT ST .. SUITE 101 • WELLESLEY HILLS, MA 02181 

TEL (617) 235-6734 
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helghl sleel tubes wele used to support the 
full-height glass walls against lateral 
lorces 

The greatest advanlage In uSing the 
structural steel framing system was that II 
permitted the I'NO dlSllnctlve deSign lea· 
tures of the bUilding The serrateo bUilding 
ends the first such feature were ntended 
to maXimize the panoramic views 01 the 
bUilding s location Use of a structural Slee 
frame permitted cantIlevers to eliminate 
columns at the exterior corners 01 the 
bUilding In thiS way the oval bUltdlng de
Signed With culaways on two dlaqonally 
opposing Sides and the cutaway s serrat 
ed edges crealed column-free COIner of
IIces With tWO-SIded extenor Vlews wlth the 
contoured Sides prOViding Wide-angie 
Views As a resull 90% 01 Ihe occupants 
boast a spectacular View of the Rocky 
Mountains as well as downtown Denver 

100-1t Truss Transler Beam 
The second diStinctive architectura' deSign 
feature IS the dramatic setback In the bUild 
In9 on two Sides 10 create balconies over 
t 50 ft In the all ThiS two~story notch at 
the t 2th and t 3th levels truly distinguishes 
and Identifies the bUilding from long diS
tances In both dllectlons ThiS feature ple~ 
sented a malor challenge to the structural 
engineer how to support the perimeter of 
the t 4th floor and the roof because the 
13th level was setback from the flools 
abcve and below Extenor columns were 
discontinued at the two~stOty notches 
The solution was a tOO~ft long deep 
-transfer-beam' at the roof ObViously 
Ihere was not enough depth In the plenum 
space between the floor or rool and the 
ceiling to allow for a glider which could 
span 100 ft The solution was to Install a 
Single member at the roof level whele the 
parapet depth could be used In addition to 
the plenum depth Both trusses and bUIIt~ 
up plate gliders were analyzed With a 6-ft 
deep steel truss selected as the most eco~ 
nomlcal deSign solution 
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No Interior Columns 
The tYPical ofilce lloor Iramlng system is 
steel composite with concrete lopping to 
create long-span. column-Iree Intertor 
space. Beam spans are typically 40-11 and 
59-II. eliminating the need lor any Intertor 
columns. Typical floor beam sIZes are 
W18x35 lor Intertor spans and W21 x 44 
lor spandrel beams. The 59-It long Intertor 
gtrders are W33 x 201 . To keep the total 
deplh 01 Ihe canillevered corner beam over 
the diagonal support gtrder at a minimum. 
a W14x120 was used lor the diagonal 
and a W12 x 72 lor the cantilever lor a total 
depth 01 26 In. Average column sIZes are 
W14 x 132wlthW14 x 257'sat the bUilding 
base. The floor plan has 15.000 sl tYPically. 
with no Intertor columns The lirst structural 
lloor IS 34 II above ground level. and all 
other floor-to-floor heights are 1211-6 In. 

The use 01 steel permitted the mechani
cal system to penetrate beams at crttlcal 
locations so ceiling heights could be maxI
mized For economy. all structural beams 
and columns are ASTM Gr 50 Lateral 
loads. seismic Zone one and Wind lorces 
are reSisted by a concrete shear wall core 
composite With a vertical. structural steel 
truss framework so the interior core area 
could be kept as small as poSSible to pro
Vide maximum leaslble space 

Special Considerations 
Because 01 ItS Size. lormlng and erecting 
the three-piece steel truss was an unusual 
procedure One end piece was Iilled and 
10lned to the bUilding belore erection 01 the 
center section. which was then bolted to 
that end piece Next. the remaining end 
section was Installed Erection cranes re
mained In place to hold the center section 
and last end section until Iinal connections 
were compleled Each Iruss (one on each 
Side 01 the bUilding) was 100 It long and 
weighed 12 tons Each JOint was welded 
together only aller all three pieces were In 
place 

Structural work was completed at a pace 
01 two floors per week. Including work done 
durtng the winter months-to complete 
Ihe bUilding In 12 months 

State-of-the-Art 
After work was completed on the shell. at
tention locused on the workings 01 the Inte
rtor. A "Kelly Closure" system which en
closed three levels at a time. permitted 
intertor work to progress through the Windy 
winter months A state-ol-the-art bUilding. 
One DTC boasts a mechanical Intelligence 
that precludes all others In the area Of
fices In the bUilding have the capability lor 
vOice . data and lacslmlle transmisSion . 
electronic and VOice mailing. wilh message 
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center services managed. maintained and 
repatred by build Ing management. all via a 
pre-Installed telecommunclatlons system 
Offered to tenants immediately on occu
pancy. the system prOVides long-distance 
services at low-cost. bulk rates Its energy 
management system automatically mOnt
tors and corrects temperature changes In 
the bUilding. giving tenants control 01 thetr 
,nd,v,dual office envtronments The com
puter-controlled amenilies InSide the bUild
Ing. the DTC site location and the architec
tural deSign Itself have all contrtbuted to 
leaSing success. In a downSide economy 
lor One DTC. a signature bUilding LJ 

Architect 
C W Fentress and ASSOCiates 

Structural Engineer 
Richard Wefngardt Consultants, Inc 

General Contractor 
G E Johnson Construction Company 

Steel Erector 
Derr Construction Company 

Owner 
Corum Real Estate Group 

Developer 
Murray Propert ies 

Richard Wemgardr. PE ,IS preSident of Richard 
WemgBrdt Consultants. Inc Structural Eng/
neers In Denver, Colorado 
CurtiS Worth Fentress. AlA. IS preSident of C W 
Fentress and AsSOCiates. PC Denver 

MBP for the IBM XT/AT and VAX 

Except for the ability to design frames with tapered unequal
flange built-up members, powerful preprocessors, ease of use, 
versatility and excellent price _ . _It's just another structural 
analysis program. 

• Any 2-D geometry. regular or irregular • Built-up. wide flange and pipe 
members • Joint. member and temperature loads. support settlements 
• Plots of shapes and internal stresses · Analysis/ optimization modes 
• AISC design • Preprocessors for common metal building frames. 

Write or call for a free PC demo diskette 

International Structural Engineers, Inc_ 
p. O. Box 241740, Los Angeles, CA 90024 

Tel. (213) 398-3106 • Twx. 910-340-6449 
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Some computer detailing systems work just fine on standard 
demonstration jobs ... 

We'll demonstrate . on your production job. WIth your 
people involved, you will be able to clearly evaluate how much 
time is spent to get results. 

Our 9O-day trial shows how the best system works In your shop 
on real joba. 
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Steel Notes 
ICBO APPROVES lRFD 
AS NEW UBC STANDARD 

T he Inlernal ional Conference of 
Building Officials (ICBO) ap

proved load and Resistance Factor 
Design (lRFD) as a new Uniform 
Building Code (UBC) standard at their 
September annual meeting in Kansas 
City, Mo. 

lRFD may now be used in seismic 
zones 2, 3 and 4 when approved by 
the building official in the design of 
seismic-resisting frames. However, 
the design must yield results equi
valent to those obtained by use of 
allowable stress design . This limita
tion is expected to be relaxed once 
the new AISC lRFD seismic appen
dix is submitted to ICBO. 

At the same meeting, the ICBO 
membership also approved a new 
high-strength bolt installation stan
dard based on the 1985 Research 
Council on Structural Connections in
stallation standard for A325 and A490 
bolts. 

The new UBC code and standards 
will be available in 1988. Th is model 
building code is widely accepted in 
the western U.S. 

LIGHTWEIGHT MANUAL 
AVAilABLE AGAfN 

A limited number of the Manual of 
Steel Construction, 8th Ed.-light· 
weight (M012) has been reprinted and 
is now available. At 1 Ib.·5V. oz ., 
7/8·in. thick , this lightweight Manual 
is ideal for the job site and travel. 
Printed on opaque " bible" paper, it is 
unabridged and complete in every 
detail. The 832·pg. Manual still con· 
tains the provisions of the November 
1978 AISC Specification for the 
Design, Fabrication and Erection of 
Structural Steel for Buildings. Data 
is divided into six basic sections: 
(1) Dimensions and Properties, (2) 
Beam and Girder Design, (3) Column 
Design, (4) Connections, (5) Specifi· 
cations and Codes and (6) Miscel· 
laneous Data and Mathematical Tab· 
les. The lightwe;ght Manual is $36 for 
members; $48 for non·members. To 
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order, send check, money order or 
Visa/Mastercard information (state 
type of card , number and expiration 
date) to AISC Publications Dept. , PO. 
Box 4588, Chicago, III. 60680·4588. 

T. R. HfGGINS DIES AT AGE 89 

Dr. Theodore R. Higgins, former AISC 
director of engineering and research , 
died on September 19, at age 89, in 
Concord, N.H. Higgins joined the In· 
stitute in 1940 as chief engineer and 
was AISC director of engineering and 
research from 1945 to 1968. 

During his tenure at AISC, he con· 
tributed substantially to the advance· 
ment of the structural steel industry 
through his innovative engineering, 
technical papers and professional 
lectures. He was involved with all 
aspects of the Institute's wide variety 
of research activities. And he played 
an especially prominent role in the 
more than 20 years of research which 
led to the development of plastic 
design techniques for steel struc· 
tures. He authored the first AISC 
manual on plastic design, titled 
Plastic Design in Steel. 

Higgins was active in the Institute's 
Committees on Specifications, Code 
of Standard Practice, Manuals and 
Textbooks and Steel Structures Re· 
search . With the cooperation of the 
researchers and his staff, he formu· 
lated the AISC Specification for the 
Design, Fabrication and Erection of 
Structural Steel for BUildings and 
Code of Standard Practice for Steel 
Buildings and Bridges. Under his 
guidance the AISC Manual of Steel 
Construction and various reference 
texts and manuals such as the 
Design Manual for Orthotropic Steel 
Plate Deck Bridges, Guide for the 
Analysis of Guy and Stiffleg Derricks 
and the Structural Shop Drafting Text
book were published. The Structural 
Shop Drafting Textbook involved 
coordinating the previous varying 
practices and viewpoints of the in· 
dustry into a useful reference and text 
of the current , more standardized 
practice. The textbook is cu rrently in 
its 4th edition. 

In 1972, the T.R. Higgins lecture· 
ship Award program was established 
by AISC to recognize his contribu· 
tions. The award is given on an an· 
nual basis to the author of an article 
considered to be an outstanding con· 
tribution to engineering literature on 
fabricated structural steel. 

Those organizations or individuals 
wishing to contribute to the T.R. Hig
gins Memorial·lehigh University 
Fund, should contact lynn S. Beedle, 
High Rise Institute, lehigh Universi· 
ty #13, Bethlehem, Pa. 18015·3191. 

IT'S TIME FOR NEC/COP 
EXHIBITORS TO BOOK A BOOTH 

• 

Organizers of the 1988 NEG/COP Na· 
tional Steel Construction Conference, 
to be held June 8·11 , 1988 at the 
Hilton Fontainebleau Hotel in Miami 
Beach, Fla., are now accepting reser· 
vations from those who wish to exhibit 
products and services at the con· 
ference. Brochures have been sent to 
nearly 3,000 potential exhibitors, as • 
identified by AISC. Most of the ex· 
hibitors who attended last year 's com· 
bined NEC/COP conference in New 
Orleans will be back again this year 
for the nation's only all·structural steel 
show. 

For the first time, Modern Steel 
Construction, will publish its May/ 
June 1988 issue as the 1988 NEC/ 
COP Official Program Issue. As a 
special exhibitor bonus, each NECI 
COP exhibitor will be entitled to a free 
2·in. program ad in that issue. Plus, 
each exhibitor will be entitled to a 
25% discount on any ad one·half 
page or larger running in the Official 
Program Issue. (No other discounts 
apply.) For details on advertising in 
this special Program Issue, contact 
Modern Steel Construction's advertis· 
ing representative, Kirby Palait, at The 
Pattis Group, lincolnwood, 312/ 
679·1100. 

For further information on attending 
or exhibiting at the 1988 NEC/COP 
National Steel Construction Con· • 
ference, contact lona Babbington, 
AISC director of publ ic relations, 
312/670-5432. 
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Fast-Track Construction 
by Herbert R. Fletcher 

When I went to work for a malor archl
tecVenglneering firm In Detroit, the 

bulk of our design commiSSions, with the 
exceplion of auto and tractor lobs , were for 
conventional bid projects After a lengthy 
selection process proposals were solicited 
and submitted , the decision was made and 
a design commission awarded. Then , 
there ensued on often lengthy give and 
take abcut where the prolect was to be 
bUilt, basIc sIZe and configuration, hOri
zontal or vertical thrust, frame material 
and construction schedule, plus a mYriad 
of other things from toilet seats to ground 
cover. We v.ould transmit these Ideas and 
reqUirements to the various disciplines and 
departments and after numerous meetings 
and discussions, and with the owner's 
blessing , proceed to create this building on 
paper. Not until the last creative Ideas from 
the final respondents were received , incor
poraled and approved by the owner did we 
finalize the bid documents. 

The documents were printed and issued 
to a prequal,f,ed list of general contractors. 
The generals would then soticlt bids from 
an Impressive number of subcontractors. 
After deep detlberaliOns and consultalions 
with hiS resources, the contractor submit
ted hiS bid. The owner, With the deSigner's 
input, evatuated the bids and , consistent 
With budget and prolect schedule, present
ed and cond Itioned by various factors, 
woutd agree the lob be awarded to the 
most responsive contractor. At this pOint 
and after ali that energy has been expend
ed not one Iota of productive work has 
been directed towards the actual construc
lion of the prolect at the site! 
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Fast Track 

The auto and tractor projects were handled 
In a dramatically different manner, Malor 
trades were bid direclly to the owner as the 
design progressed. Site and foundations 
followed by structurat frame , mechanicatl 
HVAC and electrical were bid as separale 
packages in sequence. As opposed to the 
conventional all-trades package, the own
er, In conlunction With the deSigner, would 
carefully screen subcontractors to quatlfy 
them as potential bidders . Financlat 
strength , capacity, quatity of work, track 
record and in-house engineering-among 
others-were factors in selecting the five 
or six bidders. The bids were received, 
opened , evaluated and a contract awarded 
to the firm most responsive. 

Price, although heavily weighed, was 
not the only factor conSidered . To receive 
an order, there was no requirement to cut 
pricing. The result was the potentlatto per
form without cutting corners and still have 
room to make a profit for your effort. We 
had no name for this process, but it IS now 
known as fast tracking. 

Fast track IS an accelerated deSign and 
construction process that altows construc
tion to begin before deSign IS complete 
Another name for fast track is phased con
struction. The very nature of the concept 
has an imperative that structurat steet 
shoutd be the framing material. Fast track, 
or phased construction, IS not just a buzz
word . Combining design and construction 
Into an overtapping and ongoing process 
requires teamwork and encourages com
munication between the subcontractor, de-

signer and owner Each phasd of construc
tion starts when the design and spec
Ifications for that segment of the project 
are ready The oblect IS to achieve benefi
cial occupancy In a slgnificanlly shorter 
time than IS pOSSible wllh traditional bid
Jlng methods, 

Fasl trackmg can encompass the whole 
proieci or only selecled trades. The struc
lural frame is, almost without exception, 
the cornerstone of a phased construction 
effort because "everything hangs from the 
steel." Of course, to achieve this end , site 
work and foundations are mutually exclu
sive In the program. There IS a need for a 
team Splflt, and commUnications have to 
be significantly closer than normally exper
Ienced on the tradltlonalty bid protect. 

Fast track construction may well be the 
answer to the "do you want It good or do 
you want It Wednesday" concept advanced 
by George Kassabaum of Hellmuth, Obata 
& Kassabaum. Even In this day of reason
able interest rates, the significant costs of 
finanCing , labor and material have In
creased dramatically the cost of time, 
These costs pose difficult challenges for 
today 's bllllding and reflect even tougher 
areas for the construction Industry There 
IS a value concept to be addressed and a 
requirement the construction Industry de
velop solutions and methods responsive to 
that need. The alternative to the traditional 
Imear construction process IS a partner
ship between owner, architect and the 
structural steel contractor 10 complete the 
frame faster than if It were contracted for 
on a conventional baSIS. 

When uSing a phased construction ap-
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proach. Ihe owner deals dlreclly wllh the 
slruclural sleel fabricator W,lhout Ihe usu
al fellers of restricted commUnicatIons and 
Input. the fabrlcalor can use his speCial
Ized knowledge and as a leam member 
he can InlrOduce pracllcal engineering re
alrstrc schedulrng and value engrneerlng 
Into the conslrucllon equallon. The owner 
Sli ll has Ihe decid ing role In the prolect but 
the fabricator's Input IS nol watered down 
or lost In translat ion 

ThiS concept of management Slructure 
creales a team approach 10 the prolect
replaCing Ihe hlslorlcal adversary relation
ship The deSigner's concepl can be Imple· 
mented In Ihe mosl cost-effecllve manner 
and the owner has direct communication 
aifordlng him a ' hands-on" relationship 
and tlexlbility not lound In the tradit ional 
approach The fabricator can eifect a mare 
rational . practical approach to the prOlect 
challenge We are now In a circumstance 
where the labrlcator can be as compel,t,ve 
as he IS when addressing deSIgn/bUild 
And. at the same time. he IS shaVing slg
nltlcant time off of any prolecl schedule 
The frequent adversarlal situation put In 
mallon by Ihe conventional bid process IS 
diminished slgnlflcanlly 

Early on . al some stage of Ihe prolect. 
usually alier foundation and steel conlracts 
are awarded . a general conlraclor IS 
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brought on board on Ihe baSIS of a hard
dollar bid The trades. which had been on a 
direct-owner bid or fast tracked . were then 
aSSigned 10 the successful general for co
ordination and. on occasion. payment As 
Ihe concepi spread and became known as 
fasl track. or phased conslruclJOn. a new 
factor was added to Ihe equatlofl--{;on
strucllon management. 

A New Equatfon 
The conslrucllon manager has replaced 
the general contractor on the fasl track 
team to a Significant degree. There are IWO 
dramatic differences In bolh when a con
slructlon manager comes aboard and how 
he conlracts With the owner In comparison 
to Ihe general contractor project. The con
slructlon manager may be Ihe firsl contract 
lei by the owner. preceedlng the deSigner 
In many cases And the melhod of con
tracting IS on a fee baSIS. With most of the 
construct Ion manager's workforce general
ly a relmburseable expense 

The construction manager. because of 
hiS early enlrance on the scene. gelS IIl
valved In prolect planning. schedulrng 
preparation of the construct ion budget. co
ordlnallon of the contraci documenls. con
strucllon planning . coordlnallng the var
IOUS Irades and start·up. Although. In most 
cases. the construcllon manager IS a gen
eral contraclor. many conlraclors charac
terize a construction manager as a non
liable third party who has an exlraord inary 
amount of clout In relation to hiS risk He 
conlrols costs . change orders and ap
proves subcontractor payments In some 
cases , he IS the contracting mechanism 
and IS empowered With Ihe same control 
as If he had won a com pet tlve contract 

The lunlor part icipant In the construction 
manager derby IS the deSigner. If Ihe de-

signer IS also the construction manager he 
has complete control of the construcllon 
process Although eminently capable to 
perform the deSign. and havlllg the expe
rience and resources to do so. Ihere IS 
somellmes a question of hiS ablilly and reo 
source to perform at the lobsite. The ques
tion I am not qualified to address 

There IS also a question as to the validity 
of the construction manager concept In to
tal. which IS certainly not germane In thiS 
diSCUSSion Whether a general conlractor 
or construction manager IS Invalved. the 
d,stinct trend seems to be away from tradl' 
lional bidding And. allhough there are 
many olher Innovallve approaches to con
tracting. fast tracking has been proven to 
afford savings In both dollars and sched
ule We must concede a prequallfied group 
of bidders whose quotatIons reflect real 
COSI and whose early inclUSion result In 
Significant project l ime savings must be 
conSidered an enlightened approach to 
contracting 

Where lime IS the salient conSideration 
and Ihe prolect IS of reasonable size and 
fairly complex. phased conslructlon would 
ptace high In any well-thoughl-out prolect 
concept. Fast tracking affords more con
trol--over both cost and schedule and 
also more responSibi lity for the owner than 
other contracting methods By uSing thiS 
phased approach . problem areas In deSign 
can be Identified and rectified while olher 
areas In construct,on proceed It also al
lows biddIng of various trades sequentIally 
permitting reductIOn of contingencies nor
mal when bidding lump sum There IS no 
need for Instance. to prolect poSSible shop 
labor. material and fie ld labor Increases 
which may OCcur In the future when the bid 
date IS close to when Ihe matenal ,s actual
ly needed ralher than al some later time 

Fast·track deslgnlconstruclKm process curs time by abour 25% 
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Tighter Controls 
Fasl Irack construction does Ihen indeed 
seem to allow the owner to keep tighter 
control on the prolecl cost and schedule by 
retaining or delegallng responsibility. For 
Ihe subconlractor. It allows hiS voice to be 
heard and . since he is now a prtme con
tractor. gives him more Influence over de
sign concept. The pOlentlal for value engl' 
neerlng to afford a reward to the firm 
generating the Ideas IS multiplied Infinitely. 
The direct payment to the trade contraclor 
cannot be overlooked when evaluating 
parllclpallon In a fast Irack lob. Payment IS 
still 30 days after Invoice date, and the con· 
struction manager or general contractor 
must approve the requested percenlage 
completion. But to get direci payment from 
the owner has to be attractive to Ihe fabri· 
cator or any other trade, There IS no oppor
lunlty for another parlY. such as a general 
contractor. 10 delay temporarily the appro· 
prlate distribution of earned payments. 
There have. as we all know from expe· 
rience, been Instances of non-payment by 
general contractors stretching Significantly 
beyond the contractual 30 days. Although 
the trade contractor 's job responsibilities 
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do not change as a prime contraclor for hiS 
defined work. he IS connected directly 10 
the owner for paymenl, or at worst . to the 
owner through a construction manager. 
ThiS IS certainly a superior position to hav
Ing to energize a sometimes non-respon
sive general contractor 10 present hiS par
licular position . problem or need. 

Fast tracking gives trade contractors a 
much more influential role In Ihe construc· 
tlon process. Most construction under a 
general contractor IS, to a great extent. 
sub·contracted. So contracting dlrectly
at least the major trades- seems to make 
sense for both owner and contractor Direct 
contracting can eliminate the contingency 
allowance. often a prerequIsite of general 
contract bidding because 01 the general 
contractor's proclivity for quesllonlng the 
value of the subcontractor's bid . More of· 
ten than nOI. Ihis conllngency money reo 
mains With the general contractor and does 
not ever surface at the owner Jevel- allthe 
more reason to contract d ireclly with major 
subcontractors. 

These foregoing conclUSions are my 
personal opinion and are difficult to prove 
or disprove. Therefore, I cannot bury you In 

Direct Tension Indicators 
Brock Rowley knows a wise investment 
when he sees it. That's why he bought 
American Bridge Co .. the century old struc· 
tural sleel gianllhat built some oflhe world's 
tallest buildings and most impressive bridge 
structures. 
And thaI's why Brock supports the use of 
Direct Tension Indicators on structural 
sleet projects where high clamping forces 
are critical, such as: high rise buildings and 
brid~es. Because D11s assure proper boll 
tension every time. there's no gucSS¥.'Ork. 
Expen We. maccurate and potentially 
hazardous torque wrench inspection is 
eliminated. OTis are also a wise invest· 
ment because they save on inspection costs. 
Direct Tension Indicators from J&M Tu rner. 
Inc. An excellent im'tslmenl in quality 
assurance. 
Specify American-made Direct Tens",n 
Indicators on your next structural steel 
project. ASTM F959-85. Rlr a side·lly-sid. 
inspection cost comparison, or a copy of our 
free video. "The Dependab~ Connection:' 
write to Jonathan Turner, J&M Th mer, Inc., 
200 Rittenhouse Circle. Bristol. PA 19007 
or call 1·800·525·7193. 

~ J" M Turner Inc: . 

documentation 10 support my perceptions 
But I do have one comparison 01 time when 
evaluating conventional vs fasl track con· 
struction In Busmess FacilItIes Magazine, 
February 1985 As the bar chart Indicates. 
a time savings of 25% can be attained by 
fast tracking The attendant dollar savings 
IS In the 10· I 5% range over convenllonal 
construcllon 0 

Herbert R. Fletcher IS Vice preSident of sales 
for the Haven·Busch Company, Grandvlfle, 
Michigan 
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Structural Considerations 
Structural Considerations in Automated 
Storage Rack-supported Facilities 
by James Lord and Dr. Mostafa Zayed 

This paper summarizes the structural 
conSlderalions In the design and con· 

Slructlon of a special type of steel struc· 
ture-the high· rise. automated storage 
and retrieval facIlity In It. the structural sys· 
tem comprises only IIght·gauge storage 
rack components Storage rack frames are 
fabricated of small cold· formed light· 
gauge tubes. pipes and channel SectionS 
Seismic design criteria Included a require· 
ment to remain essentially elastiC dUring a 
maximum credible level earthquake 
ground shaking Known as "rack·support· 
ed bUildings." very few such bUildings have 
been constructed In high selsmlca"yactlve 
regions. The case study outlined here reo 
presents one of the first to be constructed 
In California 

fntroductlon 
Computer·controlled. random·access 
automaled storage and retrieval systems 
have proved themselves extremely effl' 
clent and cost-effective In high volume. 
rapid turnover warehOUSing of pallet· 
stored merchandise As a result . dedi' 
cated . Single-purpose faCilities of thiS kind 
have proflferated throughout the US In 
the last decade The effiCiency of these fa· 
Cllllles may be measured In several ways. 
one of which IS the ratio of the cube capac· 
Ity of pallet storage to the volume enclosed 
Within confines of the structure Another 
measure relates the cube storage capacity 
to the floor area Involved In thiS case 
study. In which overall bUilding height IS 
about 100 n and the gross floor area IS near 
120.000 sq ft . these two effiCiency mea· 
sures are evaluated as 40% and 40 cu n of 
storage/sq It floor area respectively 

The total pallet storage capacity IS 
57 150 Pallets are all 4 n.£ In x 4 n In 
sIZe A fixed configuration of storage pro
Vides for unit pallet loads to vary In height 
In Increments of 3 n·6 In .. 4 n·6In .. and 6 ft 
and 6 ft·8 In The warehouse operation In· 
volves the use of stacker cranes to store 
and retrieve pallets The stacker cranes 
are deSigned to traverse the length of 
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One r:i first rack·supporred structures In Cali/orma AwlS/ ~op} 
IndK;ares SfZe. Interior (c.) down-wsie VIew of braced·frame system 
l.onQ frames (bon) are laterally stayed by cross·alsle frarnes 
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aisles localed between storage racks. 
while simultaneous vertical slacker crane 
cab movement facilitates access to elevat
ed pallet locations. Operational tolerances 
and capacity limited the verllcallravel mo
tion of the stacker cranes to about 100 It . 
thereby governing the overall building 
height Area-wise. fire Insurance consider
atlonsdlctated sub-diViding the faclilly Into 
two approximately equal fire compart
ments. 

Structural System 
Histoncally. pallet rack storage faCilities 
have been deSigned to be self-supporting. 
at least for vertical loads. and housed With
In a structurally separated building shell. 
On occasion. high pallet storage rack con
figurations sometimes have received later
al sup pori from the lateral-force resisting 
system of the bUilding shell. Insolar as they 
are connected 10 the bUilding shell roof 
conSlruct,on In this case study. there IS no 
building shell structure whatsoever The 
pal lei storage racks are deSigned to be to
tally self-supporting The extenor roof and 
sidewall cladding IS Simply attached to pal
let storage framing Figure 1 Illustrates the 
nature and modular configuration of Ihe 
loo-ft high pallet slorage rack framing 
Aisles are located at 24 It-B In. 0 c Four 
post cross-aisle Ilghl gauge tubular steel 
frames are spaced al 4 ft-ll In. 0 c be
tween aisles The outer 6 ft-B In. Wide bays 
of the cross-aisle frames are diagonally 
Slrul-braced Pin-ended strul acilon wllh,n 
the 5-ft Wide flue between Ihe cross-aisle 
frames constrains the lateral motion of Ihe 
two outer bays 10 be synchrOnized and ac
commodates the fire prolecllon spnnkler 
feeder piping as well as a full-height. full
length. down-aisle diagonally braced 
frame of structural sleel construction. 

The cross-aisle frames directly support 
15 pallet load arm and rail assemblies and 
are honzonlally pipe-braced 10 Ihe central
ly localed. down-aisle braced frames Roof 
constructIOn of light-gauge steel decking 
welded 10 slruclural steel framing acts as a 
honzontal diaphragm to provide limited 
dlstnbut lon of lateral seismic loads from 
one pal lei storage rack module to another 
In the event of uneven pallet load use 
Founded upon compacted fill and natural 
SOils. a reinforced concrele mal fOOling. 
varying In thickness from 20 to 36 In" sup
ports Ihe closely spaced post configuration 
of the pallet -slorage racks 

The lateral seismiC force-reslstlOg sys
tem In the cross-aisle direction comprtses 
the 6 ft-B In . Wide diagonally braced 
frames These loo-It high frames acl as 
vertical trusses cantllevenng from the floor 
slab-an-grade Pallet seismic loads are 
transferred dlreclly 10 these cross-aisle 
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Sections eN cross-aisle frames are 
field-welded In on-Site weldmg Jig. 

I-I c-t 

Fig r TYPlCBI 4-bay 
module plan V/8\oV 
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Post splice connection detail (I.). InstallatlOfl of collar 
oIates (f) at typtCal aIsle and lIue post conditions 
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Collar plate condition at 
typtCalllue post (I.). Upllh 
base plate (f.) at ends of 

down-aIsle frames 

frames through the load arml rail assem
blies. SeIsmiC resistance In the down-aisle 
direction IS provided by the dIagonally 
braced steel frames located at the center 
of the flue space These l00-ft hIgh, 200- to 
400-ft long frames also cantilever vertically • 
from the floor slab-on-grade and are later-
ally stayed at vertical Intervals by the 
cross-aisle frames. In addItion, they are 
designed to provide lateral support to a 33 
ft-6 In high low-bay structure attached to 
the hIgh-bay structure at the east end 
Wind loads In the cross-aisle direction are 
resisted by the Single unIt cross-aisle 
frames located at the north and south 
walls These frames are designed to span 
vertically 100 ft from the floor slab-on-
grade to the roof diaphragm Down-aIsle 
oriented wInd loads are resIsted by the 
seismIC force resisting system 

Seismic Design Criteria 
Except lor the sidewall cladd ing cross
aisle frames and the exterior non-structural 
cladding , the structutal design was entltely 
governed by seIsmiC considerations The 
unusual and Irregular structural configura
tion , coupled wIth a close proximity to Cali
fornia's notOriOUS San Andreas Fault. man
dated special seismiC deslgn~crlterla which 
recognIZed the dynamiC characteristIcs 
and response 01 the structure during anticI
pated adverse seismic condltlons_ Be-
cause 01 lImItations In the static analysIs • 
seIsmic proviSions in the applicable Uni-
form Building Code, 1982 edition, and oth-
er industry codes and standards normally 
utlltzed in the deSIgn and fabrication 01 
storage rack structures, the Los Angeles 
Dept. of BUIlding and Salety required that 
their dynamiC analYSIS criteria be foltowed 
as a minimum, In essence. lhls criteria pre
SCribes that for braced-frame steel struc-
tures, the seismic lorce-reslstlng system 
remain entirely elastiC dUring a maximum 
credible earthquake. YieldIng and buckling 
capacity limitations must be observed , un-
der the actIon of Simultaneously applied 
orthogonal components of surface ground 
mollon In whIch 100% of one hOrizontal 
component IS combined WIth 30% of the 
other hOrizontal orthogonal component, 
and vice versa 

Further, vertical eatthquake ground mo-
tions are also to be considered In conJunc-
tion With horizontal earthquake ground 
motIOn components. In additIon, P-delta 
effects associated with pred Icted laterat 
distortions are to be Incorporated, as well 
as a 1 'h% overall drift limitation and 7% of 
critical dampIng lor a maxImum credible 
seismIC event. Gravity loading for the MCE • 
deSign condition included dead loads as
soclaled wllh the storage rack, bUilding en
closure, stacker crane and olher equlp-
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ment and 50% of the rated capaci ty of the 
pal let live-load storage. This live-load per
centage was derived from a comprehen
sive pallet utilization survey conducted on 
a comparable warehouse facility. This sur
vey also led to appropriate recommenda
tions relating to the weight distribution of 
pallet-stored merchandise 

One very Important bUSiness Interrup
tion-related consideration, not prescribed 
by the foregOing criteria, pertains to limit
Ing hOrizontal cross-aisle accelerations In 
the slruc ture, to those of the earthquake 
ground motion experienced at the site 
This owner-Imposed cri terion reqUired that 
time-dependent dynamiC seismiC analyses 
be performed uSing surface ground motion 
eXCitation, representative of the variOus 
types, durations and IntenSities of earth
quake source events which may affect the 
site. Source events considered Included 

M85 San Andreas event , - 25 miles 
distant, 60 sec duration 
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3-D COMPUTER MODEL ' TY PICAL 4-BAY MODULE 

M75 Santa Monica event, - 1 mile FIf} 2 Typcal cross·wsle Irammg, nalural perIOds oIlaleral Vlbral"'" and relal"''' mode shapes 

distant, 30 sec duration 
M7.5 NewporVlnglewood event. - 13 
miles distant 30 sec duration 

To achieve the deslled seismiC response 
With regard to mitigating the amplification 
of cross-aisle hOrizontal accelerations up 
thlough the structure, a limitation of 1 V. to 
H'. seconds was Imposed on the funda
mental period of lateral Vibration (Tl In thiS 
dltecllon Further, the use of load lall stop
per deVices or abraSive , non-skid tape on 
the top of the load lalls was recommended 
to provide further assurance of preventing 
slid ing of the plywood pallets on the 
smooth painted finish of the steel load 

Seismic Dynamic Characteristics and 
Response 
The 3-d lmenslonal aspects of the comput
er modelling was performed on a four bay 
tYPical module All structural members 
were Included In the finite element comput
er model, which comprised beam-column 
and truss elements to represent the phys
Ical structure The natural periods and 
mode shapes of lateral Vibration of the 
cmss-alsle frames are shown In Fig 2 
Reference Indicates the fundamental peri
od (Tl IS 1 75 seconds . a value at the upper 
bound of that speCified to control lateral 
accelerations Within acceptable limits The 
MCE linear elastiC dynamiC response cal
culation Indicated a 12-ln maximum crosS
aisle roof displacement an overall bUilding 
drift of - 1 % and a maximum lateral abso
lute acceleration of - 50% of gravity The 
MCE base shear coeffiCient approximated 
30% Overturning-wise . the maximum 
MCE uplift at the typical post condition was 
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computed as 63 kips at the post baseplate 
The dynamiC characterist ics of the tyP'

cal down-aisle braced frame system are 
shown In Fig 3 In thiS dltectlon the funda
mental period of lateral Vibration (Tl was 
computed as 0 34 seconds This resulted 
In an MCE deSign base shear coeffiCient of 
o 75. a maximum drift coeffiCient of 0 17% 
and a 2-ln roof deflection . Signif icant uplift 
forces aSSOCiated With MCE overturning 
resulted In the use of heavy embedment 
baseplates at each end of the down-aisle 
frames 

ICIO[ .~ ..... [ ~ . J 
~ul ca • ,.U, SrtDlrD 
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Fig 3 TypcaI down·. ,sIe brBClflg. 

natural perIOds 01 vrbr8tlOn and 
relaled mode shapes 

Fabrication and Installation 
To achieve the deslted structulal and se,s
mlC performance goals and remain With in 
the normal fabricatIon and cost pIcture as
sociated With light gauge steel structures 
01 thiS type an Innovat ive concept In )OInt 
deSign had to be developed and Imple
mented ThiS ,nvolved the use of a hori
zontal ' collar ' plate to connect the many 
tube . pipe. angle and channel members 
Fillet shop welding 01 the 4 'In square tube 
posts and the Y,.-In thick coliar plates . al
low the th in-wailed posts to maintain thelt 
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structurat integrity at VI tat connection 
points Further. the collar ptate serves to 
transmit seismiC lorces around the light
gauge posts. thereby lacilitating use of 8-
to 14-ga thick walls In the tube posts 

Shop labrlcatlon 01 the cross-aisle 
Irames In 50-It high section was necessary 
to satisfy extremely tight tolerances pre
sCribed by operational constraints 01 the 
aisle stacker cranes. The 5O-ft SectionS 01 
the cross-aisle Irames are field-welded In 
an on-site welding 1'9 Figure 4 shows the 
post sphce conneclfon detail used to de-

velop the lull tensile capacity of the post 
This double-vee type of connection splice 
aVOids heavy stress concentrations at a 
single plane. This IS particularly deSirable 
In welding light-gauge sections. when their 
effectiveness IS vital In maintaining stability 
dUring adverse seismic conditions Tight 
erection tolerances also require the use 01 
a separate post baseplate and variOUS 
size shim plates Difficulties In the held 
placement of conventional anchor bolts. 
mandated the use 01 high tenSile -Super
KWlk" bolts and a baseplate template ThiS 

FI(J 4 (top) Poor slide connecllOn detail used 10 deYelop full 
l.nSlI. C8p8Clty 01 posl Typ<eal pipe slrur .nd condillOn (bolt) 
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In turn. reqUired accurate placement 01 top 
steel relnlorcement In the lloor slab Only 
very minor re-bar Interference problems 
were experienced dUring the course 01 
constructIon 

TYPically hOrizontal braces are 01 2 to 
2~!'-ln dla light-gauge pipe construction • 
01 particular concern was the use 01 the 
commonly used but economical lIattened 
end condition to ellect a Single shear con
nection The double-tip lIattened pipe con-
dition proved satlslactory In a pre-Iabrlca 
tlon tension and compressIon strength 
test . although thiS end condition does gov-
ern the ultimate strength capacity 01 the 
pipe 

Down-aisle braced-Irame members are 
all 01 Ileid-boited construction IndiVidual 
members are bolted In place Insolar as 
the l00·1t high cross-aisle frames are un 
stable prior 10 the Installation of these 
down-aisle Irame members temporary 
down-aisle Oriented erection guys were 
needed lnotlally to prOVide the necessary 
staYing 

Conclusion 
The case study deSCribed ,nd,cates the 
construcllon 01 high-bay automated stor 
age rack-supported bUlldlngsol thiS type IS 
leaslble and cost-effective even at highly 
seismically active slle locations In thiS 
case a l00-lt high pallet -rack storage la 
cility extending over t 20000 sq It and ac· 
commodatlng 57 150 pallets has been 
deSigned to Withstand anticipated but ad
verse seismiC conditions With little or no 
constrUCllon cost premium over one de
Signed In accordance WIth the minimUm 
seismiC prOVIStons set forth In most current 
bUilding and Industry codes Construction 
entailed labrocatlon 01900 tons 01 structur
al steel at a cost 01 slightly less than $0 90 
Ib InclUSive of Installation 
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Plated Decks-Plain or perforated 
Most complete line of deck products 
in 5/S" to 71f{' depths 
OUR SERVICE WILL SAVE YOU TIME Be MONEY 
Epic has these profiles available for shipment 
on an A.SAP. Basis! 
Your order will be processed in One Week 
in most cases. Ask about our A.SAP. Service. 
Call (412) 351-3913 today for price and 

• delivery information and for product advice 
on all types of Form Decks, Composite 
Decks, Long-Span and Roof Decks. 

Manufacturing Plants: 
• Pittsburgh. Po. 
. Chicago. III. 
• Lakeland. Flo. 

Dealer Inqumes Invited 

EPC 
Eleven Talbot Avenue. Rankin. PA 15104 

PHONE: 41 2/351-3913 
TWX: 710-664-4424 
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