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COMPOSITE BEAM DESIGN INFORMATION 
1. Stud shear connectors should extend at least IV,' above the 7. For many bay SIZes It IS advantageous to layout the dock so that 

top of the dock a deck valley lies over the center of the girder. For most 
2. The slab tluckness above the steel deck should be at least 2 • composite girders there IS no reduchon In capacity if the deck 
3. Studs InStalled In metal deck can be placed as close to the web IS not split and spread apart at the girder 

of the deck as needed for Installation and to mamtain the 8. N·Lok composite floor deck has a wlh ratio of 0.75 wruch 
necessary spaCing makes II mefficlent for composite beam design. N -Lok Cellular 

4. Deck anchorage may be proVIded by the stud welds. deck can be blended With 3' Lok· Floor and acceptable 
5. For composile construchon, studs should nol be spaced composite beam design can be obtamed 

greater than 32 .. on center 9. Designers are urged 10 check for the possible use of partial 
6. 'The mmunum chstance from the edge of a stud base 10 the comPJSlte 

edge of a flange shall be the dIa!l1eler of Ihe stud plus '.i. • but 
preferably nol less lhan IIj,"'-A W SDI 1-79 Section 
4248 

DESIGN VALUES FOR STUD SHEAR CONNECTORS (KIPS) 
., ... u.-

W 0'" z 
UNITED STEEL N 

u." ",ffi W ASTM C33 ASTM C330 
DECK, INC. & iii AU Wo. .,0 NORMAL (150 PCF) LIGHTWEIGHT (115 PCF) 
SLAB TYPE ~ g '<:w .,,,, -u: WEIGHT CONCRETE CONCRETE 
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:::l:::l a z ... u 3000 PSI 3500 PSI 4000 PSI 3000 PSI 3500 PSI 4000 PSI '" 

SOLID CONC. 3" - - 1.0 11.5 12.5 13.3 9.9 10.8 11.4 
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$. 

B·LOK 3" 1.5 1 1.0 11.5 12.5 13.3 9.9 10.8 11 .4 

M 
B-LOK 3" 1.5 2 0.9 10.4 11.3 12.0 8.9 9.7 10.3 

, 
B-LOK J: .. 31/2" 1.5 2 1.0 11.5 12.5 13.3 9.9 10.8 11 .4 ... 

0. INVERTED W • 3" 2.5 2 1.0 11.5 12.5 13.3 9.9 10.8 11.4 0 $. B·LOK ., 
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.~ Design 
• RESORTS 
INTERNATIONAL 
Design Solutions with 
Staggered Truss System by Michael P. Cohen 

Dunng the conceptual design 
stages of most bUilding projects, 

the structural engineer must conSIder 
many different factors before selecling 
the final structural system. While 
some baSIC bUilding properties 
such as height, shape, usage, etc. 
lead the structural deSIgner toward 
certain proven systems, It IS not 
Infrequent that architectural can· 
stralnts, owner reqUIrements andl .r bUilding location render these 
systems unacceptable. Other fac· 
tors which enter the selection pro
cess Include local economic con
ditions (both of matenals and 
labor) , construction schedule, de
SIgn loads (vertical and lateral), 
bUilding behaVior and occupant 
comfort, foundation considera
tions and coordination With me
chanical systems. While these 
general considerations are re
quired on all prolects, each bUild
Ing usually presents the deSigner 
With an additional set of ItS own 
unique problems. 

ThiS article IS an outline of the 
conceptual deSign and selection 
process by which the staggered
truss system of structural framing was 
selected for one particular project. The 
subsequent deSign process, en
countered problems and their as
sociated resolutionS, are also revlewed. 

C nceptuat Design and System 
lection 

At the start of deSIgn, the following 
parameters were Immediately defined: 
The bUilding was to be a hlgh-nse, lux-

41h Ouarterll986 

ury hotel located on the oceanfront In oceanfront Wind exposure, occupant 
AtlantiC City, N.J. DeSigned around a comfort (I.e., bUilding dnM and ac-
double-loaded center COrridor, Width celeratlon) was of pnme concern from 
would be about 70 ft. An AtlantiC City the beginning. 

..-..;...... Geotechnical Investigation at the 

zoning ordinance limited the height of 
the building to 420 M. The lower four 
floors would be public spaces, eleva
tions of which would cOincide With 
those of an adlacent low-nse conven
tion facility around the base of the 
tower. The remaining upper floors 
would be guest rooms, with the total 
number reqUired by the owner about 
1,200. Given the luxury hotel status 
With 24-hour occupancy and the 

site found a subsoil of three 
distinct sand layers separated by 
two relatively thin clay layers. The 
project SOils engineers determined 
that under anticipated column 
loads In excess of 11,000 kiPS, the 
clay layers would expenence ex
cessive consolidation, resulting In 
unacceptable building settlement. 
The foundation selected con
SIsted of deep piling penetrating 
through the clay layers and bear
Ing on the deepest, dense sand 
layer located about 90 M below 
grade. 

Minimum deSign loads for the 
structure were governed by the 
BOCA BaSIC National BUlldmg 
Code which IS New Jersey's 
building code. TYPical live loads of 
40 psf for guest rooms and 100 psf 
for COrridors and lobbies were ap
plied live loads In the public 
spaces at the lower levels were, 
however, Increased to 150 psf to 

account for special uses and large 
assemblies pOSSible at a convention 
and caSIno faCility of thiS type. Ques
tion was raised as to whether lateral 
Wind loads, as outlined by BOCA, 
would have to be modi lied to account 
for the unusually exposed location In 

an open coastal region. The deSign 
team (owner, architect and engineer) 
decided on Wind-tunnel testing to can· 
firm lateral deSign loads, measure 
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bUilding response, determine cladding 
pressures and study effects on pedestrian 
traffic at the building base 

A preliminary deSign analYSIs and subse
quent cost study was made of four basic 
structural systems. Starting with 1,000+ 
rooms as a reqUirement, building dimensions 
of each of the systems varied In order to op
timize each structural system. The systems 
considered were (Fig. 1). 

1 . Steel: Staggered truss. A baSiC steel 
bUilding frame With concrete floor 
system. 

2 , Concrete: Frame and shear wall . This 
system consisted of a combination of 
shear walls and frames to reSist lateral 
Wind loads. Two schemes of this type 
were evaluated, one With shear walls at 
the central elevator core only and the 
other With additional transverse shear 
walls. 

3. Concrete: Framed tube. This system 
utilized ngld concrete frames with closely 
spaced columns In combination With 
shear walls at Ihe central elevator core. 

4. Steel: Framed Tube. ThiS system was 
based on rigid steel frames With closely 
spaced columns In combination With 
shear walls at the central elevator core. 

The preliminary analYSIS confirmed the 
structure's relallvely high helghVwidth ratio 
of approximately 6.0 controfled the deSign. 
All 01 the schemes, except the staggered 
tr6ss, reqUIred relallvely large shear walls to 
control drift. These heavy walls In the foun
dation proved to be expensive and have 
negative effect on the architecture of the 
building All concrete schemes had substan
tially higher foundation costs, were more 
labor Intensive and had longer construction 
lime. ReSistance to overturning and the 
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resulting uplift force was a problem for the 
steel-framed tube scheme. The steel stag
gered truss scheme had none of these han
dicaps. The relative structural unit costs per 
square foot were as follows: 

1. Steel-staggered truss - 1.0 
2. Concrete frame to shear wall - 1.2 
3. Concrete-framed tube -1.10 
4. Steel-framed tube - 1.40 

From thiS study, It was apparent the 
staggered-truss system was the most 
economical choice for thiS project. Construc
tion time for the system was expected to be 
the fastest, and the foundallons the smallest 
of the group. Fast erection is inherent in the 
staggered-truss system. Archrtectural benefits 
included elimination 01 all shear walls and the 
large column-free spaces provided at public 
levels. ConSidering all factors, the deciSion 
was to proceed wllh the design of the 
staggered-steel truss tower. 

The Staggered-truss System 
The staggered-truss framing system was 
developed by a U.S. Steel-sponsored re
search team working at Massachusetts In
stitute 01 Technology in the mid 60s. The 
object of the study was to arrive at a new, 
efficient, structural steel system which would 
also prOVide architectural benefits of open 
Interior space and minimum floor-to-floor 
heights. The result was the staggered-truss 
system which has Since tYPically been used 
In a variety of mid-rise (15 to 20 stories) 
hotel/motel and housing structures. While 
bUildings of great heights were enviSioned 
In the Original study, only recently has the 
technology been developed to permit the 
deSign and construction of staggered-truss 
high-rise buildings greater than 30 stories. 

The baSiC element 01 the staggered-truss 
system IS the story-deep truss which spans 
the full Width 01 the building located on alter-

nate floors at each column line. The trusses 
are supported only at their ends to exterior 
columns and are arranged In a staggered 
pattern on alternate column lines. There are . 
no intenor columns. The gravity loads are 
delivered to the truss from the floor slab 
system whICh spans Irom the top chord 01 
one truss to the bottom chord of the adja-
cent truss. Theretore, each truss is loaded at 
ItS top and bottom chord and the total gravI-
ty load of the bUilding IS transferred to the 
building 's exterior columns on the long side 
of the building. 

The main struclural benefit and subse
quent efficiency is the system's ability to resist 
lateral loads acting parallel to the trusses. In 
long, narrow rectangular buildings of thiS 
type, lateral reSIstance In the transverse direc
tion IS often a problem, Since the Wind forces 
developed on the large face of the bUilding 
are substantial and must be resisted by the 
shorter building dimension or weak axis. The 
Inherent benefit 01 the staggered-truss system 
IS that the entire building wetght IS mobilized 
to reSIst the overturning moment. The large 
gravity loads on the exterior columns are 
usually suffiCient to counteract uplift due to 
wind. 

Lateral forces are Iransmitted through the 
floor, which acts as a diaphragm or "deep 
beam," to the top chord of an adjacent truss. 
The force is then transferred down between 
floors through the truss web members, with . 
the truss acting as a shear wall. Since the 
load at the lower chord cannot continue 
straight day," because there is no truss Im
mediately below (no sllffness), it must once 
agaJn be transferred through the lloor system 
to the top chord 01 the adjacent trusses. In 
thiS manner, lateral forces are transferred 
back and forth all the way down to the lateral 
reSisting system at the bUilding base. Since 
the trusses which span the full width of the 
building have been sized to carry two floors 

TYPICal truss IS bolted Note shop-applied channels on bonom chord, shear studs 
on top for cflt/Cal shear force transfer bef'Neen slabs and trusses. 

MODERN STEEL CONSTRUCTION 



of building gravity loads, their member SIzes 
are often a sufficient SIze to provide the re
qUIred lateral sllffness. ThiS fact, along with 

•

the one-third Increase In allowable stresses, 
may not reqUIre Increased member SIzes to 
resist WInd forces 

The lloor system IS a cntlCal element to the 
proper functioning of the staggered-truss 
system. The floor must function as a shear 
diaphragm to reSIst lateral loads. Trusses 
carry the cumulallve lateral total load from 
the building above over a two-bay WIdth. The 
floor area on each Side of the truss must 
transfer half of thiS load to the top chord of 
the adjacent truss In the story below 
Therefore, the floor system must be de
SIgned to prOVide suffICient In-plane dia
phragm strength and stiffness to sustain 
these honzontal forces as well as gravity 
loads 

Since the flow 01 the transverse tateral 
loads IS through the trusses and the floor 
system, there IS no bending IndUCed In the 
columns In the transverse direction The dnh 
of the structure In thiS direction IS a function 
of the sfab and truss sliffnesses and the cof
umn cross-sectional areas. It IS therefore ad
vantageous to anent the columns WIth their 
weak axiS parallel to the longitudinal dlrec
tlOO of the building. ThiS allows the columns 
(bending In their strong axiS) to be attached 
eaSIly to the spandrel beams, with ngid can-

_ ectlons creating portal frames to reSIst 
ateral loads In the longitudinal direction 

The staggered-truss system IS a relatively 
new structural concept based on the sound 
pnnclple 01 uSIng the sarne structural 
elements to reSIst gravity and lateral loads. 
It has been proven very efficient When con
dilionS are proper, rt can YIEld great economy 
and maximum architectural flexlbollty. 

Design Applicat ion 
To accommodate the reqUired number of 
hotel rooms. the overall number of floors and 
bUilding dimenSIons were fixed The plans 
called for four public floors, 38 guest room 
floors, an attic space and a high roof level. 
The length of the building IS 350 It and the 
Width 68 h, With projections at the elevator 
core (Fig 2) The height from grade to the 
high rool IS around 420 h. 

Once the deciSion was made to proceed 
WIth the staggered-truss deSIgn, building 
dimenSIons were finalized Preliminary grSVI
ty analySIS indicated the chord members of 
the trusses should be large W10 shapes, 
Comboned WIth an 8-ln. floor system, It made 
a tYPiCal floor-to-floor h9lght of 8 h-10 In 

A WInd tunnel study was conducted based 
• the geometrICal Informallon and a pre

liminary Idea 01 the dynamIC properties of the 
building Included were effects of local sur
roundings, Including poSSible future bUild
Ings, these were modeled and monitored 
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PerspectIVe of mam entrance to TBJ Mahsl caSino-hotel 

STEEL DESIGN MADE EASY 
SCADA IS the first and only 
low-cost structural software 
program to integrate analysis 
and deSign of steel bUildings, 
resulting in a straightfor-
ward and most efficient 
analysis/code-
check/design cycle. 

SCADA runs on the IBM-AT, 
VAX, and SUN computers, 

SCADA can be purchased 
separately, or as a part of a 
superlative AMERICAD 
workstation specially 
designed to accommodate 
the full LINEAR! 
NONLINEAR capabilities of 
SCADA, as well as its SOLID 
MODELING, CONCRETE 
DESIGN, and extensive 
DYNAMICS features, 

For more information call or 
write: 

11726 San VICente B/v(1 
Los Angeles CA 90049 
Telephone (2 13) 4776751 
Tele, 4930363 ACE UI 
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Project C·5685 
650 Madison Ave., NYC 

One of two 4 "·thick plate 
column w e ldments which 
carries a 2 story truss system 
supporting an 18 story Tower. 

Fabricators of 
Structural Steel for: 

• Commercial 
• Industrial 
• H igh Ri se 

Specializing in: 

• Trusses 
• Heavy Weldments 

Call the experienced team at: 
(215) 837·9444 

Ask for Henry or Chris 

P.O. Box 40 
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Fig 3a TYPIcal bay section 

through a series of tests. Both a pressure 
model, to measure tocal Wind pressures, and 
a dynamic modet to study the building 's 
response were used then. A modified BOCA 
code Wind was established In each direction 
which produced Wind shears, moments and 
torSIonal effects eculvalent to those IndICated 
by the Wind study. Average Wind forces In the 
transverse direction exceeded 50 pst. Results 
of these tests helped to establish the deSign 
Wind loads used In the final deSign. 

One of the first and most critical deSign 
steps was the selection and design of the 
floor system. The most common and effiCient 
system used in previous staggered·truss 
buildings is a hollow·core precast concrete 
plank With a thin cast"n·place concrete top
ping . However. In thiS Instance, it became 
readily apparent that , a combination of 
building height and high Wind forces would 
result In slab shears through much of the 
lower part of the bUilding that would exceed 
the capacity of such a hollow concrete plank 
system. Mer study of several alternate 
schemes, a SIoild composite concrete-slab 
system was chosen. The system selected IS 
an 8·in. thick precast, prestressed solid can· 
crete slab With a cast·ln·place topping. The 
precast units have a roughened top surtace 
and extended horizontal ties which insure 
bond with the cast·ln·place toppmg. The net 
result IS a SIoild, compoSIte slab which spans 
the typiCal 30·ft bay. At lower floors, With their 
large public live loads and high wind shears, 
a 12·ln. total slab thickness was used. 

The profile of the tYPical precast panel 
varies from about 3·ln. thick at the ends to 

5·ln. thick In the middle (Fig . 3a). With the 
resultant section properties, the panel IS 
capable of spanning the 30·ft bay unshored 
until , just prior to the casting of the topping , 
a minimal amount of shOring was applied to 
carry the wet concrete weight. ThiS method 
greatly aided the erection process because 
trusses could be erected and the plank SImp
ly l3Jd In place and erecllon·boIted to trusses. 
This requirement lor minimal shoring meant 

several floors could be erected Without the 
need for completed floors below to serve as 
a shOring base. 

Tapered plank ends at the truss chords 
prOVide a further structural benefit. Since the 
hOrizontal shears carned down the bUilding 
through the trusses are transferred through 
the slab, the pomt of transfer between the two 
elements IS critical. In thiS case, :y..-in. dia. 
shear connectors welded to the top of the 
truss chord and embedded in the slab are 
used for thiS transfer. The tapered plank on 
both Sides of the shear studs creates a large 
area of cast" n·place concrete at thiS point. 
The detail ensures proper embedmen. 
aiding In the shear transfer process. Archltec· 
tural and other diSCiplinary restraints pre· 
vented the tYpiCal staggered· truss bent from 
being used on all column lines. According· 
Iy, three types of framing were employed. the 

typrcal staggered truss, a core frame and an 
end frame. 

Staggered·truss framing system was used 
on typtcal transverse column hnes The lowest 
of the trusses IS at the first or second level 
and the remaining trusses on every alternate 
floor. The top guest room floor. the 42nd, was 
to have prOVISions for large, open luxury 
SUites, so all trusses were omitted at that level. 
The cumulalive Wind shear is so low at this 
high level that only the core and end frames 
were recUired to resist the Wind. At the roof 
level, trusses of varying heights cantilever 
over the main bUilding line to provide for the 
distinctive roof crown of the architectural 
deSIgn 

How Wind Shear is Handted 
At the base of the building, the cumulallve 
total of Wind shear IS brought Into the faun· 
dation through the bottom chord of the 
lowest truss, which IS embedded In a lar9.i.. 
concrete grade beam The beam and tru. 
connects the pile caps on opposite Sides 01 

the bUilding. Diagonal braces were added 
at those column hnes where no truss eXists 
at the lowest level to distribute the lateral load 
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,::' evenly between all the bUilding bays at the 
.. base. The diagonal braces transfer the lateral 
'-J load of each alternate bay down to a steel 

•

beam embedded In the foundation similar 
to the adlacent truss bottom chord Founda· 
tlon piles are 165·ton capacity, 14·In. dla" 
steel shell , mandrel·drlven, casHn·place, 
concrete·fliled. A 25·n x 25·n·81n . deep pile 
cap at the tYPical staggered truss bays con· 
tams 36 piles, The lateral capacity ci the piles 
and cap system IS suffiCient to reSist the ap· 
plied Wind shears. 

Architectual features, corner balcOnies and 
fenestralion prevented use of tYPical stag· 
gered truss In the !We end bays of the 
building, However, torsional motion of such 
a long, thin bUldlng, called for stiff, lateral· 
resisting elements at the ends of the struc· 
ture, To provide thiS stiff end , a 3-bay braced 
frame was Introduced The center bay of thiS 
3-bay frame IS diagonally braced with steel 
channels and then ngldly connected to deep, 
stiff, spandrel beams on each Side con
nected to large columns. These end frames 
are short (45 n) compared to the 68·n span 
of the staggered truss And once made sM 
enough to attract their recwed share of the 
load , the extenor columns expenence a 
substanlial amount of up@ To resist thiS 
uphn, the columns are embedded Into the 
foundation, which conSists of one large pile 
cap, ThiS l00·n long cap spans the Width of . he bUilding and encases 110 piles The large 
resulting moment arm of thiS long pile cap 
reduces the net uplln on the end piles to a 
minimal amount 

The center bay of the bUilding, which con
tains the elevator core, presented another 
series of problems. Ten passenger and five 
service elevators would be needed to pro
perly servICe this lUXUry hotel. The aSSOCIated 
elevator shan openings, In addition to other 
sfab openings reculred for mechanICal ducts. 
reduced to a fraction of ItS capacity the slab 
diaphragm so critical to the staggered-truss 
system. On one Side of the core, the slab 
necked down to a thin 14-n Width through 
which all of the lateral slhear would have to 
be transferred N. the lower floors- thiS proved 
extremely difficult. Several attempts were 
made to reinforce substantially thiS area, but 
thiS proved not feasible. 

Modified Staggered Truss 
A modification of the typical staggered-truss 
bent was recUired to solve the problem of 
the concentration of shear In thiS area, The 
result was a so-called core frame. It conSists 

.. f a full floor· height truss spanning the 

. Ulldlng Width. In the core, however, a truss 
IS located at each floor level. Trusses at each 
level produce a lateral system of similar stiff
ness to that of the staggered truss. However, 
the presence of a lateral reSIsting element at 
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each level means that slhears whICh enter the 
system do not have to be transferred out 
Therefore, the shears which must be trans
ferred through the core slab are not the 
cumulative total of the shear over the bUilding 
height but simply the shear of one story. It 
was found that the relatively small area of 
core slab remaining can eaSily carry this 
shear. Several of the trusses In the core at 
Intermediate levels and at the roof were ex
tended out to the elevator wings. By using 
these as belt-and-hat trusses, the bUilding 
columns furthest apart are mobilized to give 
additional stiffness to these core frames. 

Once the exact configurations of the 
transverse frames were determined. com· 
puter models of them were generated. The 
VariOUS systems were hnked together, and 
deSign loads applied. From thiS analYSIS of 
the rei alive stiffness of various elements, a 
more accurate determlnalion of the shear 
flow through the slabs and Into the trusses 
was attained. Combining this analys's with 
the relatively simple gravity analys's, the final 
deSign of the trusses was completed. In the 
typical staggered-truss bent, trusses at the 
lower public floors and at the roof were each 
specially deSigned. To help achieve econ· 
omy of fabrication, detail and erection. 
trusses through the middle 30 floors were 
deSigned and detailed Into only three dlf-

web members of Intermediate levels were In
filled In the field. 

Computer AnalysIs tor Final DesIgn 
Results of the computer analYSIS 01 the 
traverse lateral loading was used for the final 
deSign of the floor system EmplOYing a 
Similar theory to that of the truss deSigns, 
slabs were designed In groups of 12'ln thICk 
slabs of the lower floors and three separate 
deSigns of 10 floors each for the 8'ln thick 
slabs of the typical hotel floors. Gravity loads 
were added to the Critical Wind loads at each 
deSign level. The resulting stresses were 
checked and slabs reinforced as recwed 
The typical slab bay throughout the hotelln· 
cludes several duct and prpe openings at Ihe 
center of the 30·ft span where back-to-back 
bathrooms meet. In addllion, there are open· 
Ings at the corners adlacent to the sp,andrels 
and the exterior columns. It has been pro
ven that slab stresses are highest at open
Ings and at the corners An In-depth study 
of the tYPical bay was warranted A detailed 
finite-element computer model and stress 
analYSIS was made, The results ci the analYSIS 
were used In the final detailing of the slab 
system. ReinforCing quantities and patterns 
were determined at tYPical locations and at 
afl openings. 

Another related Item, Critical to the perlor-

Trusses cantilever up to 26 ft at roof level to form dIstinctIve architectural crown 

ferent types, each covermg 10 ffoors. The 
core and end frames were designed In a 
Similar manner so as to achieve a maximum 
degree of economy through repetition. The 
core frame, With ItS solid wall of trusses, was 
to produce an erection sequence Similar to 
the typical staggered truss. This was ac
complished by hav;ng trusses on alternate 
levels shop·assembled, as were the typical 
staggered trusses. Mer these were erected, 

mance of the slab system, which was de
tailed dUring thiS analys's, was the plank-to· 
plank JOint. ThiS JOint must maintain the 
integrity of the floor diaphragm and "ansfer 
In· plane forces from plank to plank. To 
minimIZe the amount of additional field work 
recUlfed, conSideration of a welded JOint 
(onen used) was eliminated Instead, a detail 
was devised whereby edges of adjacent 
plank taper down to a minimum 2-1/2-In 
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thickness over a 6-ln. width. The final result 
IS a 1-ft Wide secuon of cast-In-pface concrete 
which IS reinforced, to resist the forces 
through the 100nt (Fig 3b) 

• The spandrel beam IS another Integral part 
of the floor system, especially With regard to 
ItS diaphragm deSign as a deep beam. By 
connecting Integrally slab to spandrel beam, 
the spandrel acts as the flange of the deep 
beam. ThiS Increases the lateral stlHness of 
the system, and has been shown to reduce 
stresses In the slab areas where they are 
known to be highest. However, since the 
spandrel beam IS also part of the momenl 
frame In the longitudinal direction. ItS design 
was based on the cntlCal case of lateral loads 
In both directions. 

Architectural as well as structural con
Siderations were Involved In the Initial selec
tion of the type of spandrel beam to be used. 
Both structural steel and concrete spandrel 
beams were conSidered. Both were capable 
of mee~ng structural reqUirements. Architec
turally, an upturned concrele spandrel beam 
provided a fireproofed, smooth, finished sur
face to which Intenor Window and Sill details 
would adapt readily. The selection was a 
12-ln. Wide by 4-n deep ~H element that con
tnbuted to the rigid longitudinal frame. It also 
satisfied the architectural requirement. The 
combination of thiS stiH spandrel beam mo
ment connected to the large building extenor 

•
columns and Ihe relatively shallow floor-to
loor helghl created a ngld frame eaSily cap
able of relatively smaillongrtudlnaJ wind loads 
prOViding sllHness In that direction. And, at 
the lower levels. where an upturned spandrel 
beam could nol be used, steel spandrels 
below the slab were combined With several 
bays of diagonal bracing. The system com
pleted the lateral resisting system in the 
longitudinal direction which carnes the wind 
shear down 10 Ihe foundation. 

Detailing of the spandrel beam wenl 
through several dlHerenl stages. Among the 
options conSidered were: a steel beam en
cased tn concrete, a cast-tn-place concrete 
beam With mild reinforCing steel plus several 
verSions of precast concrete beams, both 
prestressed and non· prestressed. The detail 
of Its connection to the column was of tar 
greater concern thrun the deSIgn of the beam. 
nght erection tolerances Inherent In the 
staggered-truss systems d,ctale beam-to
column connections that adhere to tight steel 
tolerances. Normal concrete construction tol
erances were not acceptable during the 
erecllon of thiS system. The detail and 
fabncatlOn of thiS beam had to adhere to the 
tolerances of structural steel The final result 

. 'g. 4), was the combination of baSIC en
~neerlng deSign and adVice from the steel 

erector. Similar, but smaller, versions of a 
precast concrete beam With a modified end 
connection have been used In previous 
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Fig 3/1 Plank JOint detail 
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F,g 4 Spandrel beam detail 

staggered·truss construction. The concrete 
beam is shop-fabricated and reinforced With 
large (H14 and #18) rebars. The rebars are 
cadwelded to structural tees embedded at 
each end which are fined w,th :V'-In. dla. 
shear studs. The rebar cun,ng and cad
welding was done by the structural steel 
fabricator, who also prOVided Jigs to the 
precaster for sening cages. The final product 
was within steel tolerances and the field 
bolting of the connection to a shear plate 
welded to the column was performed 
smoothly on the job. Also, the floor slab was 
suHiclently locked Into the spandrel by the 
topping pour through dowels and a shear 
key cast Into the member. 

After the design and detailing of majo, 
structural elements were completed, anen
tlon turned to the number of miscellaneous 
conditions throughout the building and coor
dination of those structural Items With the 
other diSCiplines. Miscellaneous stair, duct 
and ppe floor openings were prOVIded ",ther 
by suHiclently r",morcing the slab or by fram
Ing openings With structural steel . In either 
case. it was Imperative the diaphragm capa
city of the slab system was not impaired. 

The major mechanical systems run ver· 
tlCaily through the structure and are accom· 
modated by the slab penetrations. However, 
there are fire suppreSSIon and e1ectrlcal ele
ments which are required to run hOrizontal
ly through each level. ThiS presented some 
problems because of the relatively small 
lloor-to-floor height and the Inability of these 
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elements to bend around the truss chords. 
The sprinkler pipe deta,1 was solved by 
predetermining the pipe locations and shop 
cutting 4-",. dla. holes through the webs of 
the WtO Iruss chord members Where re
qUired, the holes were r",nforced With pipe 
or plates, thus Insunng the Integnty of the 
truss member The ma", nonflexlble elec
tncal cable, which typically runs along tight 
to the underside of a slab, could not pass 
through the trusses. ThiS situation was rec
~fied With a re1atlvely Simple detail. Thin slots 
were cast Into the bottom of the ends of the 
precast panels at predetermined locations 
On top of the trusses two of these panels 
were set oPPOsite from each other, and a 
small continuous slot was formed to the slab 
allOWing passage of the cable over the 
chords. Other detailing problems were 
solved In a Similar fashion 

low-rise Convention Facility 
The 44-story staggered· truss hotel IS JUst part 
of a sprawling convention facility complex 
which surrounds II The entire complex SitS 
on almost 20 acres of land on two city blocks 
In Atlantic City adjacent to Ihe Boardwalk. 
The complex ,ncludes 'Tlore than 2,500,000 
sq. ft of floor area. Estimated prof8Ct cost IS 
In excess of $500 million 

The lOW-rise convention !acility surrounding 
the hotel has four levels and IS Iramed with 
structural steel (mostly ASTM N'J72, Gr 50) 
With a concrete-on,sleel·deck floor system. 
Because of the owner 's deSire for a minimal 
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number of cofumns In the casino (ctalmed 
to be the wortd 's targest at 120,000 sq. ft) , 
many long, clear spans were recUired. 
TYPical bay $lze IS 60« x 90 ft . In most of 
the building, the structural system employs 
a senes of trusses spanning both the 60·« 
and the 90-« dlmen$lons Upper 1"""ls In
clude ballrooms. meeting rooms and vanous 
other spaces of $lmllar occupancy reculnng 
high live loads which need senSItive truss 
de$lgns. One· hundred twenty foot span 
trusses frame the roof over the main 
ballroom. Over 200 trusses are used 
throughout the low-rise structure, wrth depths 
ranging from 8 ft to 15 « and weights from 
7 tons to 56 tons. 

Also Included as part of the convention 
faCIlity IS a 63,ooo-sq «Exhibition Hall. ThiS 
300-« x 210-« structure has no Intenor col
umns and a 40-« clear Intenor height. The 
roof IS supported by large trusses spanning 
the entire 210-« Width, which vary in height 
from 21 «at midspan to 16 « at the ends and 
weigh In excess of 75 tons. The structure IS 
scheduled for completion In the Summer of 
1987. Total steel recUirement for the profect 
exceeds 28,000 tons. 
Concfuslons 
Each IndiVidual profect has ItS own set of par-
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ocular parameters whICh generally dictate the 
selection of certain structure types and the 
elimination of others. Given the proper Cir
cumstances, as In the case reported here, 
the staggered-steel truss system has proven 
to be a deSirable, economical structural sys
tem. The recent deSign and construction of 
the first rugh-nse bUildings of thiS type have 
shown the system to be compatible Wlth 
these, and even taller structures. The struc
ture In thiS report IS capable of effiCiently 
resisting high Wind loads and inherently ex
hibits the stiffness and dynamic levels reo 
qUired to maintain the strictest of occupant 
comfort levels. ThiS fact was confirmed by the 
results of the Wind tunnel dynamic test. They 
Indicated that the structure was sluggish With 
low acceleration 1"""ls While occaSional 
modifications to the typical staggered-truss 
framing may be necessary to meet other re
quirements. this does not necessarily change 
the ba$lC system behaVior or effiCiency. De
tails can be created that allow all the vanous 
systems of the total bUilding to be integrated 
Wlth,n the framework of the truss system. The 
net resutt IS a highly efficient structural system 
which IS relatively qUickly and economically 
erected-and Yields a high degree of ar
chitectural and planning flexibility. 0 
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Paulus, Sokolowski and Sartor 
Warren, New Jersey 
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Resorts International 
AtlantiC City. New Jersey 
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and protect manager With the consulting firm of 
Paulus. Sokolowski and Sartor. Warren. New 
Jersey. 

When you need properly tenSioned bolls. 
Coronet Direct TenSion In<hcalors give you 
the quality assurance you're looking for, 
Thai means you save money, time and 
manpower. 

Loose bolts can result in loss of 
Slrllclural mtegnty and contnbute to 
excessi\'e movement m a structure_ That 
means mterior finishes can crack . elevator 
gUides wear ex:ces5lvely. and curtam walls 
can loosen and leak 

Torque wrench mspectlon IS 

expensive. maccurate. and often 
dangerous to inspectors. Calibrated 
wrenches. the tum-of-nut method, and 
"break orr' bolts depend on ideal tool and 
bolt conditions and a lot of guesswork. 
You can't afford that. 

Coronel DIrc<'1 'Icnsion Indlcatcrs 

are the only way 11:;''''';'~ .. 2~;~~ accurate tenSion 
measuremeniS 
on every bolt . 
There's no 
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And they can be m~tcd al a glance. So 
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COplCS of ASTM spe'Clficatlons and hterature 

Coronet Direct Tension Indicators 
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SCADA/AMERICAD 
la_ed to your best expedalions 

AMERICAD is a dynamic system specially configured 
to run the SCADA finite element analysis program 
efficiently. 

Dynamic, because we build it for you when you 
order It. Not before. So your equipment has the 
most up-to-date specifications. And you have the 
competitive edge in a world of swiftly changing 
computer technology. 

We've selected the highest-performance equip
ment consistent with maintaining strict quality 
control while satisfying the engineer's other 
computerized needs. We've also interacted with 
top engineering companies worldwide, gaining the 
invaluable insight that helps us create more
valuable systems. 

Since 1978, American Computers & Engineers 
has completed installations for more than a 

thousand satisfied customers. Now we're looking 
forward to installing a SCADA/AMERICAD system 
for you . A system that's designed to meet your 
most critical demands. And built to live up to your 
most favorable expectations. 

Call or write to learn more: 

11726 San Vicente Blvd . • l os Angeles. CA 90049 • lei (213) 820-8998 

CAlCOMP • Anaheim. CA • Tel (714)821·2000 
SIGMA DESIGN . Englewood, CO • Tel (303) 790·9080 

International 

AC&E. HElLAS • Athens. Greece . Tel 671·9722 
AC&E. lID_ • Glasgow. United Kmgdom • Tel 946-0181 
KOZO , INC . • Tokyo. Japan . Tel (03) 348-0641 
IR A KOOIJM AN 8 V • Dnebergen, Netherlands . Tel 03438·15888 
Wll FENGINEERING • Safat. Kuwait . Tel 2·551-346 
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CUSTOM TUBULAR SECTIONS 
MANUFACTURED TO MEET YOUR NEEDS 

AESTHETICALLY 
APPEALING 

STRENGTH TO 
WEIGHT ADVANTAGES 

EXCELLENTTORSIONAL 
PROPERTIES 

o o 

o 

PROPERTIES TAILORED 
TO SPECIFIC NEEDS 

EXCELLENT 
COLUMN STRENGTH MANY CONFIGURATIONS AVAILABLE 

TUBULAR SECTIONS TO YOUR SPECIFIC SHAPE AND SIZE 

• Sizes up 10 26" square or 36" x 26" rectangular • Sectional properties available on request 

• Tubes meet ASTM·A500 dimensional criteria • Special radius corners when desired 

• Tapered or straight sections • No minimum order size 

----------------------------------------------------------------------------------------------
GATE CITY STEEL · P.O. BOX 2620· TULSA, OKLAHOMA 74101, ATTN. RON PAYNE 
CALL TOLL FREE: 1·800·331·3002 

Please send additional information about fabricated tubular sections . 

NAM'--___ _ TITLE;.. FIRM 

ADDRESS CITY STATE ZIP 

PHONE 
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Steel Notes 
~~~~~~-----------------.-

LRFD MANUAL NOW 
AVAILABLE FROM AISC 

Load and Resistance Factor Design 
(LRFD) Manual of Steel Construction, 
1st Edition is now available. The 
1,109-pg. Manual is based on the 
Load and Resistance Factor Design 
Specification for Structural Steel 
Buildings, effective September I , 
1986. The new design procedure 
relies on the actual strength of a 
member or component, rather than 
on an arbitrary calculated stress. Both 
working loads and resistance are 
multiplied by factors, and design is 
performed by comparing the results. 
The concept is intended to help en
gineers design steel-tramed buildings 
of more uniform reliability, with more 
efficient use of structural steel. 

The LRFD Manual is in six major 
parts: (1) Dimensions and Properties, 
(2) Columns, (3) Beams and Girders, 
(4) Composite Members, (5) Connec
tions and (6) Specification, Codes 
and Commentary. The cost of the 
Manual (MOI5) is $42 for members 
and $56 for non-members, the Speci
fication (S328) is available for $7.50 
for members; $10 for non-members. 
Orders may be sent to AISC Publica
tions Department, P.O. Box 4588, 
Ch icago, III. 60680-4588. Visa & 
MasterCard are now acceptable. 
Please list your card number and ex
piration date. 

A five-program lecture series 
scheduled for 63 cities will begin 
in December and extend through 
1988. The seminars ae intended to in
troduce the LRFD Specification and 
Manual to design professionals. For 
further information about the semi
nars, contact Janet Manning, AISC 
headquarters, 3121670-5431 . 

NEW BOLT SPECIFICATION 
RELEASED 

AISC has issued the new Speci
fication for Structural Joints Using 
ASTM A325 or A490 Bolts (S329). 
The Specification, approved by the 
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Research Council on Structural Con
nections of the Engineering founda
tion , includes new provisions for 
"snug-tight," high-strength bolted 
connections. It defines material and 
shipping requirements, effects of 
overspray, proper use of installation 
methods and effective inspection. 
Five methods of installation are 
presented in the 48-pg. Specification. 
Endorsed by AISC and the Industrial 
Fasteners Institute, the Specification 
is $2.25 to members; $3 for non
members. 

A/SC MARKETING, INC. 
AIMS FOR IMPROVED MARKET 

AISC Marketing, Inc. was formed to 
improve the market for structural steel 
by 600,000 tons annually. Staff engi
neers, strategically located through
out the U.S., provide steel structural 
design and cost analysis for bridges 
and non-residential buildings. Show
ing the economical design and ap
plication of steel for a particular pro
ject, the information is given to 
owners, developers, engineers, ar
chitects, contractors and construction 
managers engaged in selecting struc
tural and framing materials. The com
pany's goal is to analyze 200 projects 
in detail in the early planning stage 
and to track an additional 2,500 jobs. 

The company, a joint effort by 
A/SC, U.S.X. Corporation and Beth
lehem Steel Corporation, has a cur
rent staff of 17 sales engineers. 
The Chicago-based organization is 
headed by Neil W. Zundel , president, 
and also AISC president. Ronald L. 
Flucker is vice president and general 
manager. 

NEC AND COP TO 
MERGE IN NEW ORLEANS 

The National Engineering Con
ference (NEC) and the Conference of 
Operating Personnel (COP) will be 
conducted simultaneously April 29-
May 2, 1987 at the Rivergate Conven
tion Center, New Orleans, La. Engi
neers attending will find the latest 

information on steel design, code 
changes, technological advances 
and recent research. Fabricators and 
erectors of structural steel can look 
forward to sessions on project man
agement, shop and field inspection, 
safety, quality certification , welding , 
bolting, cleaning and painting. Topics 
of interest to both types of profes
sionals will be: foreign competition , 
documenting change orders, respon
sibility for connection design, perfor
mance of structures and codes and 
standards. For one registration fee, at
tendees may participate in any of the 
joint conference sessions. 

In addition to panel discussionl 
workshops, the conference will .offer 
exhibits by firms who provide pro
ducts and services to the steel con
struction industry. Over 1,500 at
tendees and exhibitors are expected . 
for the " all-steel " conference. For in
formation on exhibit space or the 
technical sessions, write to A/SC, 
1987 NECICOP, P.O. Box 804556, 
Chicago, III. 60680-4107, or call 
3121670-5432. 

GUIDE PROVIDES 
INTRODUCTION TO LRFD 

A/SC's new Guide to Load and 
Resistance Factor Design of Struc
tural Steel Buildings supplies back
ground information needed for a 
successful transition from Allowable 
Stress Design (ASD) to Load and Re
sistance Factor Design (LRFD). The 
68-pg. guide introduces the philoso
phy of LRFD, discusses major topics 
of the LRFD Specification and pro
vides simplified versions of several 
equations for design of simple struc
tures or components. The booklet is 
intended for engineers, architects and 
other design professionals who are 
not yet familiar with LRFD, or who 
need clarification of specific prc:A 
visions. The gUide IS available fo"
$10 from AISC's Publications Depart
ment, P.O. Box 4588, Chicago, IL 
60680-4588. 0 
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Steel Solution 

· WORLD 
FINANCIAL CENTER 
Long-span Pedestrian Bridges 
Solve Access Problems 
by Abraham Gutman, I. Paul Lew, Charles Thornton and Richard Tomaselli 

The World Financial Center, con
taining about 7,000,000 sc. ff of of

fice space, is being erected on the 
West Side of lower Manhattan on a 
landfill between the bulkhead and the 
pierhead line of the Hudson River. The 
giant project literally is separated from 
Manhattan by the very wide Marginal 
Street. To unite the World Financial 

• Center complex With Manhattan and its 
public transportation system, two long
span bridge structures have been de
signed. 

The North Bridge, with a center span 
of 200 ft and an overall length of 352 
ft , connects the second floor of the 
Winter Garden at the World Financial 
Center with the plaza of the Custom 
House at the World Trade Center (Fig. 
1). The South bridge, with a center 

Fig J. North Sf/dge at World FInancial Center 
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span of 220 ft and an overall length 
of 308 ft, connects the second floor of 
Building A at the World Financial 
Center with the south Sidewalk of liber
ty Street . 

The bridge structures, designed to 
blend architecturally with the existing 
buildings, required large window 
openings. This was met by designing 
a structural system of two Vierendeel 
trusses with vertical members spaced 
20 ft o.c. However, site restrictions due 
to the proposed construction of the 
new West Side Highway limited the 
POints of support for the proposed 
bridges. This factor called for design 
and construction of two of the largest 
Vierendeel pedestnan bridge struc
tures in the world . 

Design Concept 
The challenge was to deSign two 
pedestrian bridges with minimum pier 
supports and temporary supports so 
as not to Interfere with street traffic dur
ing construction. To achieve thiS, one 
pier had to be placed In the World 
Trade Center area where It would 
penetrate five eXisting stones of highly 
stressed floors to a new foundation. To 
limit construction at the slle, and street 
closings, shop fabncation of large 
structural units was Implemented. After 
several structural concepts, such as 
two Warren trusses and platform plate 
girders, were conSidered, a Vierendeel 
truss system was selected. ThiS system 
fully responded to the architectural 
requirement of large and open Win
dows. And It was much more economi
cal than a platform plate-girder system. 

Each bridge was deSigned wllh a 
clear height of 17 ft to make pedes
trians feel comfortable along the near
ly 400-ft walk between the two bUild
Ings. To emphaSize the openness of 
space, verticals In the V,erendeel truss 
were placed 20 ft O.C. to permit design 
of 15-ft x 15-ft large Windows running 
along the length of the pedestnan 
bridges (Fig . 2) . These deSign para
meters resulted In a Vierendeel truss 
system with fewer JOints but With higher 
moments and shears. 

A Vlerendeel truss has Its minimum 
moments and shears at midpOints be
tween the ngld JOiStS. ThiS unique char
actenstic of thiS truss resulted In place
ment of field splices at midpOints be-
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Fig. 2 VertlCBJS In truss permit large wmdo~ 

tween JOints and therefore, farge truss sec
tlons-14 ft-6 In. high, and 80-ft fong-were 
designed to be shipped to the construction 
site. This concept minimized the number of 
temporary towers, eased field erection, and, 
most Importantfy, permitted critical fabrica
tion In the shop. 

Design 
The truss members conSisted of Wide-flange 
plate girders, With flanges 24-ln. Wide and 
varying In thickness from 1 to 3 In. Webs 
were 60-ln. deep and 1'ln, thick. The critical 
aspect of a Vierendeel is the deSIgn of flange
to-web welds within a member and flange· 
to-flange welds between truss members. 
These welds are important because of the 
very short distance In which the welds can 

be developed. In the case of the North and 
South Bridge, with ItS 50-in. plate girders and 
over 2oo·ft main span, the development 
length averaged 90 In. In the chord mem
bers. 

There are two Critical areas In the weld 
deSign of Vierendeeltrusses; one is the joint 
itself and the other is the area between the 
joints at the midpoint of the truss members 
(Fig. 3). At the JOint, the moments have to be 
balanced . The verticals have to balance the 
moments In the two adjoining horizontals. As 
a result. all forces in the flanges of the 
members have to be developed at the joint. 
The jOint welding requirements were very 
carefully detailed on the drawings. 

Independent of the long-span Vierendeel 
action, transverse stability of the bridge had 

to be achieved. The bridge, over 30-ft high , 
is subject to high transverse winds. Each ver
tical member of the truss was laterally braced 
by creating moment frame rings with trans-
verse floor beams that span between trusses. • 
The floor of each bridge were X-braced 
horizontally to provide overall lateral stability. 

Fabrication 
The Vierendeel trusses were designed with 
the fabricafion process in mind. Firsf of all, 
by specifying all shop-welded joints, welding 
was pertormed under optimum conditions. 
Second, to maintain ductility of A36 steel, 
fine-grained, silicon· killed steel was specified. 
Thirdly, to assure that welding quality was 
maintained, the AASHTO provisions for Frac· 
ture Critical Steel were specified with notch 
toughness requirements for ductility. 

The most important weld occurred at the 
T-joint connecting the flanges of the verticals 
and horizontals. This joint was accomplished 
by providing a full shop-penetration weld. To 
assure that welding access holes for full
penetration welds would not produce stress 
risers, the design drawings indicated full
scale access of the hole details. The fabri· 
cator built a full-scale mockup of the joint to 
verify procedures used during the fabri
cation. The backup stiffeners were welded 
with fillet welds to limit restraint on them. All 

STRUCTURAL ANALYSIS SOFTWARE FOR IBM MICROCOMPUTERS 
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Fast, accurate, inexpensive and easy-to-use software for the analysis of 2-D or 3-D frames and trusses. 

BEAMS AND FRAMES 
BEAMS AND FRAMES is an interactive computer pro
gram that quickly performs structural analysis of con
tinuous beams and 2-D multi-bay/ multi- story frame 
structures. 

10' 

I 

20 '1 2011 

• Hardware Requirements; IBM-PC or Compatible 
with 256K Ram, Floppy Drive, M onitor and Printer. 

BEAMS AND FRAMES Cost .," ',.,""" $295,00 
Trial Offer (1 Month) """ __ , , , , _ , , __ , , , , $25.00 

FRAME3D 
FRAME3D is a general purpose structural program for 
analysis of 2- D or 3- D frames, trusses, floor systems, 
towers, etc. 

'''',(-- -'''''''''-' - - .,/ 
• Hardware Requirements; IBM-PC or Compatible 

with 512K Ram, Floppy Drive, Monitor, Printer, Hard 
Disk (Recommended ), and 8087 Coprocessor 
(Recommended). 

FRAME3D Cost "', " , .. ,', ..... ," , .. , ' $495.00 
Trial Offer (1 Month) , .. " . . " .. , .... , .. , . $40.00 

One month tr ial o ffe r applicable toward purchase price. Purchase both programs for $595.00 and save $195.00 

For More I nformation Call or Write 
Compu-Tec Engineering' 300 Chesterfield Center Suite 205 • Chesterfield, MO 63017 • (314) 532-4062 
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welds were done by uSIng submelged alc 
welding with a low hydlogren electrOde to 
assul e high quality control 

Terminus Design 
The deSIgn of the East Terminus of the South 
Bridge presented a unique challenge It 
housed an escalator which serves as a can· 
nectlng link between the South Bridge and 
Llbeny Street SIdewalk . Because 01 SIte Ie· 
strlctlons. the East Terminus was only 9 n·8 
In . W\de. This Width limitation. '" turn, 1m· 
posed sevele restrictions on the supponlng 
structure 

The two main plate gliders on Bither SIde 
of the escalator wele 4 n6 In deep, With 
lIanges only 7.5-ln. Wide. The plate gliders 
spanned 85 nand Iallowed. In general. the 

proille of the escalator, i.e , It had a 40·ft 
sloped section and a 45-n horizontal sec~on 
The main deSign ploblem was the blaclng 
of the top flange 01 the gliders To solve thiS 
problem, a welded pony·gllder system was 
employed ThiS system consisted of a U 
shaped welded frame running pelpendlCular 
to the main gliders The venlcals of the U 
shaped blaclng frames ale double pailS 01 
welded stiffeners With a closed end that 
cleates a box cross sechon. The box venlCBl 
section was then welded to an 8·ln. x 14'ln 
hOrizontal box beam to form a U·shaped 
bracing frame HOrizontal X-bracing prOllldes 
overall stability 

Erection 
Most 01 the steel erechon was performed on 
weekends and employed a minimum num· 
ber of tempolary towelS Bonom sections 14 
n·6 In high by 80-11 long were shiPped 10 Ihe 
SIte and placed on the temporary towelS and 
pelmanent concrete pter suppons Top sec· 
lions were delivered next to the SIte and field 
SplICed at mldpotnts. ThiS plocedule was 
repeated unbl the Vierendee! trusses became 
self supponlng and the temporary towelS 
could then be removed Temporary under 
bridge decking was Installed qUickly to per 
mit street t,afflC to proceed as the Inlllliloor 
pieces were Installed 

The erection technique developed for the 
Vlerendee! trusses exceeded expectahon ,n 
the I,eld By shipping large shop-Iabrlcated 
sachons to the SIte, the lIeld erection of 
the pedestnan bridges d,slupted city traffIC 
minimally by being accomplished In eight 
weekends 

Architects 
Cesar Petli Assoctales 
New Haven. ConnectICut and 

Haines Lundberg Waehler 
New York, New York 

Structural Engineer 
ThornlonTomasettl . Inc 
OffICe 01 Lev lethn Associates. Inc 
New York. New York 

Steel Fabricator 
Standard Structural Steel 
Newtngton. Connecticut 

Owner 
OlymPia & York 
New York. Nevv York 

Abraham Gutman. Paul Lew Charles Thornton 
and RIChard Tomasenl are assooates In the 
engIneering firm 01 Lev Zethn & Associates. New 
York. New York 

TRAVELIFT 

• 

When you mllke an investment in 
material handling equipment thet 

your entire operation revolves around. 
)'ou want that Investment 10 be there 

fully operetional. whenever you need it 
We caUll being there for the long haul! 

MI·JACK TRAVELIFTS have been moking 
the long haul for over 25 years. In Industrial 

lind construction applications throughout the world, 
TRAVELIFTS ha\lC impro\led production effiCiencies as much as 400%, 
reduced manpo .. er requirements by 50~ and Increased lift capacities in the bargain. 

TRAVElIFTS outllft other types of crane. with less crew, lind transport their loads 
virtually anywhere in a production erea or yard. WITHOUT FEAR OF TIPPING! If you 
think tharsa tall statement, we'll be happy to demonstrate the efficiency and ability of the 
MI·JACK TRAVELIFT We can arrange e demonstretion on a similar application. or bring In a 
movie or t~ TRA VELIFf milking the long haul. 

4th Cuarter/l986 

10' TO 50' ICW 
10' TO 40' HOOK HEIGHT 

IS'. 19'.24' OR 30' 
WHEELBASE 

.!. 
mJ - m ... ,ACH 

PRODUCTS 
3111 West 1671h Sireet 
Hazel Crest l Il60429 

1·312·596·5200 
TELEX: 27·0177 
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Fire Protection 

DESIGN AIDS • 
FOR FIRE PROTECTION 
by Nestor lwankiw 

Fire In bUildings IS an unpredict
able and often tragic occurrence 

which cannot be totally prevented. 
However. ItS catastrophic effects can be 
mlbgated and controlled through good 
engineering and planning In thiS 
sense, fire may be conSidered as 
another uncertain extreme event for 
which a structure must be designed, 
much like earthquake or tornado loads. 

Since lire safety IS a major public 
Issue, U.S Model BUilding Codes 
Impose certain reqUirements to mini
mize both loss of life and property 
damage. Steel possesses the deSirable 
characteristic for a building material of 
noncombustlbllity. Thus, It does not 
contribute additional fuel to the fire, 
such as timber, or produce tOXIC gases. 
such as plastiC. However, ItS loss of 
strength and stiffness at elevated 
temperatures could pose a problem 
relative to structural integrity. ASTM 
E-119, the accepted American test 
standard for structural fire reSistance, 
subfects a test assembly to a controlled 
time-temperature fire exposure In a fur
nace. The temperature and deflections 
of the assembly under maximum de
sign load are monitored A limiting 
member temperature and stable de
flections are the main Criteria that 
determine a reSistance raling time. The 
bUilding codes reference thiS emprlcaf 
Information to specify a minimum lire
reSistance rating In terms of hours for 
a given bUilding , based essentially on 
these factors 

1. Type of occupancy 
2. Building Size- height & area 
3. Fuel potential 
4. BUilding location 

A rigorous analYSIS of fire effects on 
a bUilding IS a formidable task which 
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requires not 
only accurate 
knowledge of 
the duration 
and IntenSIty of 
the fire expos
ure, but also the 
heat transfer to 
the structural 
system - to
gether With the 
structure's non
linear response, 
including the 
effects of tem
perature In 
duced strains 
and thermal 
degradation of 
material pro
perlies ThiS 
multipliCity of 
variables and 
diSCiplines had 
hindered the 
development 
of analytical models and constrained 
lire protection toan almost exclUSively 
empirical sCience. Now, as a greater 
understanding of this fire-load environ
ment and structural fire resistance has 
evolved In con function With modern 
computer technology, more complete 
and rational engineering deSign meth
ods for fire protection are coming to 
frUition 

Standardized E-119 test results stili 
serve as a useful benchmark of ex
pected lire reSistance, even though 
they do not correlate directly With 
actual bUilding construction or lire con
ditions. Simplified computational pro
cedures can then extend these limited 
experimental results to other structural 

I configurations. 

The ,aUllCld awareness of the validi
ty of logical engineering analyses has 
gained Wider acceptance for analyt
cafly denved steel fire protection meth
ods. ThiS trend IS expected to oontlnue 
as publiC confidence grows In the 
reliability of structural fire analySIS, and 
as the cost penalty and crudeness of 
the purely empIrical approach IS more 
fully realized 

The AISI has been most active In 
meeting the public lire safety need by 
sponsoring steel fire proteclion re
search, prepanng SUitable publications 
and recommending appropriate bUild. 
-Ing code changes. The obJectlv 
of thiS presentation IS to sum
marize the currently available litera
ture on steel fire proteCtion de-

MODERN STEEL CONSTRUCTION 
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SIgn, Its contents and practical applica· 
tlons 

Fire Protection Through Modem Building 
Codes 
The 1981 5th Edition 01 thiS paperback, 234 
pages, IS available through AISI It Includes 
extenSIve references to the major bUilding 
construction and fife protection standards. 
The central Issues covered are lire seventy. 
fire hazards relating to occupancies and 
building SJze. structural fife protection and 
means of egress. A complete chapter IS 
devoted to structural fife endurance, In· 
cludlng the standard lire test for the main 
structural members (beams, columns. walls) 
and the common fire protection matenals. 
ThiS book can be of great aSSIstance In 
understanding flfe·related bUilding code reo 
qUlfements and their rationale. It also pro
VIdes good general Introduction to the more 
detailed AISI booklets to be diSCUssed suI>
sequently and an ovefVlew ci the current 
state ci the art The book IS $5 per copy from 
AISI. 

Fire-resistant Steel-frame Construction 
An updated 1985 3rd edition handbook IS 
being prepared by AISI The purpose 01 thiS 

4th Ouarterl1986 

publication IS to prOliide architects- structural 
and fire protection engineers and bUilding 
offiCials with usable, current data for deSIgn 
evaluation and planning 01 fife· reSIstive steel 
structures It covers the varIOUS topiCS ci steel 
fire protection with additional Information to 
complement the fire endurance chapter 
In the previous pubhcatlon Agam, tire
protection matenals and methods, lire
reSIstance ratings for beams, columns. floors, 
rools. trusses and exposed steel members 
are diSCUssed An overview and outSIde 
references on repalf of steel after a fife are 
presented. Also Included IS a section on 
liqUld·lilied columns. 

Fire-reSJstant Steel Frame Construclion 
may be obtained from AISI 

Fire-resistance Directory 
This book IS recogniz9ld by the building code 
officials as the main authoritative reference 
on fife-reSIstance ratings for building designs. 
It IS updated annually by Underwnters 
Laboratones (UL). an Independent testing 
laboratory. and lists hundreds of specific 
assemblies tested In accordance With 
ASTM·EI19. 

The Model BUilding Codes all accept the 
UL fire·rated assemblies that Include lloor· 

ceiling deSIgns, rool-celiing deSIgns, beam 
deSIgns, column deSIgns, truss protections, 
and wall and partition deSigns. Each fife
rated deSign descnbes In detail only the In· 
dlVlduai assembly components (and their ar 
rangement) that were either actually used In 
the fife test or apprOlied through a later 
special study Thus. the many other posSl· 
ble vanatlons or substitutions must be ra· 
tlonallyevaluated The general deSIgn Infor· 
matlon section of thiS dlfectory gives some 
gUidance on how to treat the common devla· 
tlons Irom the listed rated assemblies For ex· 
ample. a given lloor-celing design Will list one 
steel beam size With a certain fire protection 
thickness requlfement s.mple formulas de· 
veloped by AISI are shown In thiS dlfectory 
as an acceptable method for substituting 
other steel members With appropnate pro· 
tectlon thicknesses. 

The Flfe-reSlSlance DIrectory IS sold by 
Underwnters Laboratones The prBVlously 
descnbed AISI booklet- Fire-reSlstanf Steel 
Frame Construction- contains an excellent 
summary of the different UL flfe·rated con· 
slructlons and IS keyed to the UL deSIgn 
numbers In the dlfectory ThiS Index enables 
one to more eaSIly locate In the extenSIve UL 

Compudron is the leader in computerized structural 
steel detailing and fabricating systems ... 

Compudron is a unique turn-key package of complementary programs 
that operate on the Hewlett-Packard 1000 Series computer The system 
combines menu-driven batch processing and Interacllve interfaCing of all 
plot programs to produce: 

• Beams • Erection plans • NC equipment data 
• Columns • Advance bills of material • Connection design stresses 
• Vertical bracing • Fitting gather sheets • Cost coding 
• Stair stringers • Full size templates • Erection sequencing 

Compudron oilers the option of graphics input from individual work sta
tions or batch input which allows the work of many detailers to be keyed In 

by an operator. Quick, easy revisions can be made with interactive graphics 
and are automatically processed by the system to update the database. Our 
full range of connection designs meet AISC specifications, which is increas
ingly important with the current concerns over design liability. 

CALL 1-800438-8587 (TONE) 303 for a demonstration, including 
downloading N.C. data to an automatic drill line. 

Compudron-generated data fi les may be fed thru HP85 and IBM PC com
patible terminals to automatically drive NC fabrication eqUipment including 
drill lines, punch lines, plate fabricators and burning machines. Bill of mate
rial information may be electronically transferred to existing computer sys
tems or personal computers to save manual data Input for accounting and 
material management programs . 
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Geometric Data Flow's DetaiFM 

Feature List 

Simply Input 
• Uses grid planes from design instead of 

absolute X, Y, z. 
• Multiple member input instead of one at 

a time. 
• Global assignment of connections, not 

pOint by pOint. 
• Produces opposite hand structures with 

minimal effort. 
• Interactive CAD graphics for drawing 

modifications. 
• Easy to learn (8-10 hours training 

required) . 

Input Verification 
• Plotted framing plans and elevations 

showing the pOSition of members and the 
connection types assigned to each 
connection point, prior to producing shop 
drawings. 

Drawings and Reports 
• Automatically details all connection 

material separately. 
• Automatically details all members 

(beams, columns, etc.) by size and 

weight, combining all identical members. 
• Automatically plots bills of material , 

weights. 
• Automatically generates field bolt lists. 
• Automatically assigns and plots shipping 

marks for erection. 
• Automatically generates advance bill of 

material. 
• Automatically generates load lists for 

sequencing. 
• Automatically generates a mill order for 

most economical lengths. 
• Automatically plots full size templates. 

Comprehensive Concept 
• Details the building as a unit instead of 

member-by-member. 
• Performs connection design calculations. 
• Flags troublesome connections, allowing 

the user to make corrections prior to 
plotting detail drawings. 

• Maintains a complete file of structural 
members and connection material for 
estimation applications. 

• Integrates to virtually any shop CNC 
equipment. 

FOR MORE INFORMATION: 

~ 
GEOMETRIC DATA R.OW, INC. 

_ 337 N. Vineyard Avenue, Suite 206 
Ontario, Californ ia 91764 

OR CALL TOLL FREE: 

• 

• 

• 
MODERN STEEL CONSTRUCTION 

1-800-DETAILS (338-2455) IN CALIFORNIA: 1-714-984-1269 
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Directory the exact fire-rated assembly 
number for a particular construction. 

Designing Ffre Protection 
for Steel Columns 
The 19803rd Edition IS also available (free) 
from AISI. A reviSion IS currently being 
prepared. This publication describes the 
main factors that aHect steel column fire 
reSistance relative to the ASTM E·119 test 
standard: type of lire protection and ItS 
thickness. weight of steel column and ItS 
heated perimeter. Through the years. many 
UL tests have been conducted on steel col
umn sections. From thiS large and represen
tative data base. simple formulas were 
developed by AISI to predict the equivalent 
E-119 fire rating of most column Sizes and 
protection thicknesses encountered In 
design practice. Separate prediction equa
tions are given for gypsum wallboard. spray
applied. or concrete encased columns due 
to the distinct properties of these proteclion 
matenals For a constant rating, an Inverse 
relationship eXists between protection 
thickness and welght-te-heated penmeter 
ratios The Model BUilding Codes have 
adopted the AISI equations for columns pro· 
tected With gypsum wallboard and concrete 
and for W-shape columns With spray-applied 

cemenlltlous and minerai fiber products. 
To determine lire reSistance of steel col

umns protected with spray-applied cemen
titlOUS and minerai fiber materials. the follow
Ing formula IS used' 

R = [ C, (~) + C2 ] h 

Where 
R fire reSistance (minutes). 
h thickness of spray-applied 

protect,on (In.). 
o • heated penmeter of the steel 

column (,n.). 
W ~ weight of steel column (1b.1It). 

and 
C 1 & C2 • material-dependent con

stants determined for spe
CifiC protection matenals by 
the ASTM E119 Standard 
Fire Tests. 

z 69 & 31. respectively. for 
cementlllQUS material 

= 63 & 42. respectively. for 
minerai fiber material 

A Similar formula for columns protected With 
gypsum wallboard produces the graph 
shown In Fig. 1. as an Illustration of the func
tional relationship of the main fire res,stance 
parameters. 

ILLINOIS STEEL 
SERVICE, INC. 

ONE OF THE LARGEST STOCKS IN THE USA 
One Piece or a Carload 

NATIONWIDE SERVICE 
• BEAMS - Up to 36" 
• CHANNELS - Up to 18" 
• ANGLES - Up to 8 " X 8" X 1'1." 
• PLATES - Up to 20" thick 
• BARS - Rounds. Flats & Squares 
• HALF ROUNDS & OVALS 
ALSO: 
• Tees & Zees • Aails • Ae-bars 
• Safety Plate · Sheets. Piling 
• Grating. Perforated Metal 
• Tubing & Pipe . Steel Joists 

& Trusses . Metal Deck 
Stainless &. Aluminum in all forms, 
Complete Cutting Facilities, 
Pickling &. Galvanizing 

HI-STRENGTH STEEL 
CORTEN. A-588. A-242. A-572. A-441 

IMMEDIATE SHIPMENT- CALL : 

312/440-1666 
p.o. Box 11346, Dept. R, Chicago, IL 60611 

TELEX: 728430 
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WelghHo-heated perimeter ratios for 
typical Wide-flange column shapes (both 
contour and box protected) are listed in the 
publication for use in these formulas. Also. 
design tables are shown for protection . 
thickness requirements for many column 
sections for variOUS fire resistance ratings 
(see Table 1). The only limitation of thiS 
calculalion method IS that fire protection for 
any column seclions heavier than a 
W14x233 (the largest tested to date) be kept 
the same as for the W14x233. An AISI spon
sored UL fire test on a jumbo column IS 
planned for 1986 to extend the range of ap
plicability of the prediction equation. 

Designing Fire Protection 
for Steel Beams 
Similar to the fire protection problem WIth col
umn members. sedom do steel beams and 

Table 1 Calculated ThICkness 01 Spray· 
ap~led Cementltlous Matenal on Typteal w
shape Columns 

Fire R.atst.na AMlng. 
StructUf1I1 
S .... 
Dealgn.t+on 

I hour 2 nours 3 nours .. houfs 

Tottll Thlckne .. (In.) 

W14x233 '/2 
x 193 '/2 "I. 1 V. 
x159 1/2 1 tV. 
X 132 V2 l V2 
xl09 3A IV. I'll. 
X 90 'II. IV. 1"1. 
X 68 3A IV. 2 
X 61 'II. I'll. 2 
X 48 .:v.. 11/2 2V. 

W12xl90 '/2 'II. 1 
x136 V2 1 tV. 
xl06 1/2 11/2 
X 87 ¥. 11/.. 131. 
X 72 'II. 1 V. 2 
X 65 'II. l V2 2 
X 53 3A 1'12 2V. 
X 45 "I. 1'/2 2V. 

Wl0x112 '/2 1 IV. 
X 77 31. 1 V. 13/4 
X 54 'II. l V2 2 
X 49 3A 1'/2 2 
X 39 'II. tV2 2V. 
X 33 1 I'll. 2V2 

W8x67 '12 1 tV2 
X 40 3A 1'/2 21/ .. 
X 31 1 13A 2V2 
X 28 13A 2V2 
X 24 1~ 2~ 

X 18 2 3 
W 6x 25 I'll. 2V2 

X 20 13A 23A 

1 V .. 
11/2 
13A 
2 
21/ .. 
2V2 
2'/2 
2"1. 
3 
IV. 
1 'II, 
2 
21/ .. 
2'/2 
2'11, 
2'11, 
3 
13A 
2'1. 
2'11, 
2"1. 
3 
3V. 
2 
2'11, 
3V, 
31/2 
3'/2 
3'11. 
3V. 
31/2 

• 

:1/2. 
X 15 2 3 
X 9 11/.. 21/.. 3'/2 

W 5 X 19 1 13A 2V2 
W 4x 13 I'll. 23A 
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girders in an actuat bUilding structure exact
ly match a listed UL Design In the Flfe
resistance Directory. Thus, a member sub
stitution equation for spray-applied protection 
was developed to accomplish this necessi
ty. Again, an approxir1ation formula was 
derived from the many experimental E-119 
results. This formula IS also given In the UL 
Fire-resIstance Dlfectory. It relates weight-to
heated perimeter ratio and spray-applied 
protection thickness of the substitute steel 
beam to the beam shaNn In the UL Direc
tory design : 

;; • • 
~ l' 14.L-;;,..£lI----t:7"£:.--t?-===-t----t----i h, = [ W,/D' + 0.6 ] h, 

W,/D, + 0.6 il: 
wher.e 

h 

W 
D 

thickness of spray·applied 
fire protectIon (in.). 

0~---4----+----+----t----t----; subscript 1 

weight of steel beam (Ib./ft) . 
heated peflmeter of the 
steel beam (In.). 
refers to the substItute 
beam and required protec
tion thickness. 

0 5 , 0 , 5 20 25 

Ratio of weight to healed perimeter (WID) 

Fig. 1. Fire resistance of structural sleel columns 
protected by variOus thicknesses of gypsum wallboard 

30 35 

subscript 2 = refers to the beam and pro
tection thickness specified 
In the Individual UL De,.gn. 

BEAM-FAST BOLT ADAPTERS SAVE TIME ... 
... AND THAT SAVES MONEY 

Type A 

4th Ouarterl1986 

When adding conveyors, monorail systems, 
catwalks, etc. to steel frames 

ELIMINATE WELDING · ELIMINATE DRILLING 
by clamping with Beam-Fast bolt adapters. 
An innovative fastening system from Struct-Fast. 

--------_____ AI Nissan's new UK car plant 
- the most modern and 
sophisticated in Europe
thousands of Beam-Fast boll 
adapters have been used to 
fasten product/Ofl conveyors, 
monorails, utilities and 
platforms to the structural 
steel work. 

llndaptar System 01 Fixings 

Ipl;;s; S~d~;;u~~n~a~te~t;e ~n Be~-Fa; bo~ - -
I (Name __________________________________ ___ 

I Position _ ________________ _ 

I 
I Company ________________ ___ 

I Address _ ________________ _ 
I 

Tel 
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Use of this equation IS subject to these 
limitations: 
1 . The equation applies to beams having 

WID values not less than 0.37, 
2. hi cannot be less than % in .. and 
3. The Unrestrained Beam Rallng in the UL 

Design is not less than 1 hour. 

The AISI booklet- DeSigning Fife Protec
tion lor Steel Beams- provides more 
explanation of this beam substitution 
method , ItS application In several examples 
taken from the three Model BUilding Codes 
and a tabulation of the weight-to· heated 
perimeter ratio for the standard wide-flange 
beams. There is now no valid technical 
reason for a maximum uniform thickness of 
protection on all the steel members of a 
frame. 

In addition, this booklet discusses the 
meaning of restrained and unrestrained 
ratings and the effect of applied stress level 
on fire resistance. The E-119 fire test methods 
correctly categorize " steel beams welded, 
riveted, or bolted to steel framing members 
(as) restrained." In addition, the AISI
developed computer program FASBUS II 
provides an engineering basis ,n support of 
E-119 that steel floor systems are restrained. 
Current AISI research IS aimed at develop
ing more specific engineering aids on this 
subject for engineers and building officials. 
The construction cost savings from justifiably 
eliminating excessive steel fire protection by 
these analyllcal methods can be Slgnlficant. 
Again, this booklet IS available from AISI. 

Designing Fire Protection 
for Steel Trusses 
This AISI publication extends the uses 01 ex
isting ASTM E-119 test data for steel columns 
and beams to meet performance standards 
for trusses. ThiS IS necessary because fur
nace Slze Ilmltalions prevent direct fire testing 
ot assemblies With large elements, such as 
trusses, under representative Installed con· 
ditions. A conservative approach for estab
lishing truss fire ratings has been accepted 
by most code authOrities and IS described 
In thiS booklet. 

As With other structural elements, there are 
three baSlc means to achieve tire protection: 

1 . Ceiling membrane Insulations system 
2. EnclOSing truss members separately, 

usually with some spray-on material 
3. EnclOSing the entire truss assembly in an 

envelope, usually gypsum wallboard 

The type of truss fire-protection require
ments is dictated In the building codes by 
ItS structural function. There are three 
categories of trusses. transfer, staggered and 
interstItial. The fIrst two truss systems carry 
loads from tlNO or more floors and require in
dividual fire protection. Interstitial space 
trusses, on the other hand, carry only one 
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floor load and, thus, may be protected by any 
of the three accepted methods, the Slmplest 
being the ceiling membrane. Hence, fire
re..stant deSlgns for interstitial trusses can be 
based conservatively on UL tested assem
blies with open-web steel jOists and suspend
ed ceilings. 

For the individual protection requirements, 
the steel column calculation formulas de
scribed previousfy can be conveniently used. 
The fire exposure conditions for the 
most CrltK:ai truss elements are essentially the 
same as the test exposure for Individual col 
umn elements. In the case of staggered 
trusses, gypsum wallboard enclosures are 
based on E-119 wall tests conducted with 
lightweight steel elements In the wall cavity. 
The temperature limitation on the lightweight 
elements IS based on E-119 temperature 
critena for steel columns. 

The updated second edition is also 
available from AISI. 

Fire-safe Struturat Steel
a Design Guide 
While the prevousfy mentioned standard test 
methods have long been In existence for In
terior structural members, there is no com
parable experimental procedure for evaluat
ing the fire endurance of exterior unprotected 
structural steel. The methods described in 
Fire-safe Structural Steel are analylical. They 
have been substantiated by much test data 
developed in the U.S. and in other countnes 
where exposed steel structures have been 
bUilt. The analysis IS based on claSSical 
theoretical pnnclples of phys'cs and heat 
transfer which, when governed by the limiting 
steel temperatures, such as those in ASTM 
E-119, produces a reliable methodology con
sistent With that used in bUilding codes for 
Intenor members. 

The primary analyllcal conSlderatlons for 
exterior steel is the fire exposure based on 
burning area dimenSions, fire load, rate of 
burning, flame geometry, flame temperature 
in proximity of the extenor steel member, the 
heat transfer to and heat loss from the ex
terior steel member, and finally, the steel 
temperature at the cntical point. Convenient 
step-by-step worksheets are highlighted In 
this booklet, together With relevant numerical 
tables and graphs needed to perform the 
calculations. In addition, conservative desgn 
recommendations are offered for preliminary 
use, such as spatial separation and flame 
shielding. 

ThiS booklet is available from AISI. 

Conclusions 
AISI and the steel producers have prOVided 
much dynamic leadership and technical ex
pertise towards the improvement of steel fire
protection desiQns. First, the results of 

numerous standardized E-119 tests at UL 
have been translated Into convenient for
mulas that permit a wide substitution of steel 
members for those listed In UL fire-rated . 
deSigns. AISI is now field testing a recently 
completed software package written in 
Microsoft BASIC language used by "IBM 
Compatible" computers. The equations used 
In the software program are exactly the same 
as those found in the AISI publication on col
umns, beams and trusses. In addition, re
search funded by AISI is progressing closer 
to the final goal of a general structural fire 
analysis model which will not only be 
capable of simulating a given E-119 test, but 
also of performing a fire analys's of an en-
tire building under actual conditions. 

These major accomplishments are mak
Ing structural steel building frames more 
economically competitive while maintaining 
adequate safety levels. Therefore, AISC re
commends use of these recent fire protec
tion technology advancements. Only a 
balanced understanding of structural fire 
response, through analYSls as well as tests, 
can lead to safe, functional and cost-effective 
buildings. 

All the publications referenced In thiS arti
cle, with the exception of the UL Fire
resistance Directo~ may be obtained direct
ly from AISI , at nominal cost: American Iron 
and Steel Institute, 1000 16th Street, NW,. 
Washington, DC 20036, (202) 452-7194. 
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• 
Fast Tracking 

PUROLATOR 
SUPERHUB 
Under Budget, Ahead of Schedule 
by Edward H, Mahoney, Jr, 

Design and construction of Puro' 
lator Courier's new $45,million 

"superhub" air distribution center in In
dianapolis, Ind., can be characterized 
by a term synonymous with the firm's 
way of doing business. It was fastl 

In about nine weeks from the start 
of design, all major bid packages for 
the primary structures (a 348,OOO-sq. 
It sort building for air distribution ac-

• 
tivity and a 19,OOO-sq, ft line haul 
building for truck docking) were is
sued-including packages for fabrica-
tion of nearly 3,000 tons of steel. Ten 
weeks later, design of all support struc
tures had been completed and con
struction had begun. 

What was required to accomplish 
these tasks (as well as the completion 
of facility construction under budget 
and four months ahead of schedule) 
was a fast-track approach involving the 
close coordination of engineering and 
construction and the careful sequenc
ing of bid packages. It also involved the 

Structural steel framing on Ime haul buIlding 
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complete cooperation of the owner in 
making and adhering to important de
sign decisions that would allow fast 
tracking to take place. A difficult job, 
but it worked well. 

Structural Concepts 
For economy of construction and over
all flexibility throughout the entire facili
ty, both mild- and high-strength struc
tural steel (ASTM A36 and A572) were 
chosen as the material for the super
structure. The A572 steel was used for 
some columns and all mezzanine 
steel. The use of steel resulted In rapid 
fabrication and erection and was a key 
to the successful completion of the pro
ject. Because of the elevated con
veyors and extensive amount of 
mechanized sorting equipment. care
ful attention had to be paid to internal 
building loads on the mezzanine steel, 
roof steel and special support struc
tures. For additonal strength and 
economy, mezzanine beams and 

girders supporting concrete slabs were 
designed compositely. 

The sort building IS deSigned so It 
can be lengthened from either end, 
mezzanines can be added In any bay, 
and matenal handling equipment ex
panded throughout the building. In the 
narrow direction of the bUilding, rigid 
frames consisting of Pratt trusses and 
deep columns carry lateral loads to the 
foundations. In the long direction, 
hOrizontal trusses at the bottom chord 
level and wall braCing are used for 
lateral stability. Bay spacing IS 49 1t-4 
in , x 30 ft. Because of the nature of 
the facIlity, exterior walls were de~gned 
to resist blast pressures from jet en
gines. 

The line haul bu Idlng Incorporates 
70-ft long, 7- V2 ft deep, clear-span 
Pratt trusses as primary roof framing 
members. Because of the number of 
truck doors (95 In all) lateral stability 
was accomplished by uSing rigid 
frames In both directions. The liS-it 

long conveyor bridge, 
which connects the sort 
bUilding and line haul 
bUilding, was supported 
on the roof trusses. 

Four-building Facility 
The Purolator faCility, a 
400,000-sq It , multlple
bUilding complex serves 
as the firm's domestic 
hub for overnight small
package delivery of 
domestic and interna
tional shipments. The sort 
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ExtenSive use 01 structural framing looking toward sort bUlldmg 

building IS 204 ft x 990 ft , with a roof height 
of 38 ft . Ground level and mezzanine space 
are for sort operations utilIZing extenSive 
automated materials handling Additional 
mezzanine space houses administration, air 
and ground operalions management, flight 
control and pilot support facilities Flight con
trol operations are In a tower extending above 
the roof of the bUilding. The line haul 

bUilding, connected to the sort bUilding by 
a second-story conveyor bridge. Includes 37, 
13-ft wide truck dock poMlons as well as ad
ministrative and support facIlities. The con
veyor bridge Will enable the routing of pack
ages receIved by air to trucks, and vIce 
versa. 

A guard station/employee entrance adjoins 
the sort building and is connected by a 

Testing & Inspection Services 
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We are pleased to have provided the 
Testing and lnspcction Services for the 
JCG Wilshire Finance Building, 
Downtown Los Angeles, a 23 Story 
Structural Steel Office Tower triangle 
with a sapphire~blue reflective glass 

parking structure clad in granite chip 
precast concrete panels. 

We, at Smith~Emery Company, 
specialize in Structural Steel Building 
Testing and Inspection Services. 

curtain wall above an ll~story square One Slructural Sreel Building at a time. 

GDB 
!SMITII - EMEUY ('Oi\1PA:-IY 
T~ Fwll &"n~ Indq1t:ndent Tt:'ifln~ I...abmarory, /!JlabllShed roo" 
78 1 East Washington Blvd .• Los Angeles. Ca lifornia 9002 1 
2 13/ 749-34 t t 

pedestrian walkway bridge. A 13,00Q-sq. ft 
ground vehicle maintenance facility IS on the 
perimeter of the SIte. In additIon, a fuel farm 
Includes two 10,00Q-barrel tanks for storage • 
of 850,000 gallons of Jet fuel and an adjacent 
structure for bulk storage of a chemIcal used 
to deIce aircraft 

The advanced materials handling system, 
which Will sort 150,000 packages per day, IS 
deSIgned for expansion to more than dou
ble that capacity. 

Architectural Concepts 
Building materials and techniques were 
derived from conSIderatIon of local en
,"ronmental factors, energy and construclion 
costs, maintenance characteristics and the 
fast-track schedule In addition, while a 
relatively low-cost building was necessary to 
meet budgetary requirements, It was con
sidered advantageous to aVOId the percep
tion of low cost because the faCIlity both 
serves as an International distribution center 
and has a high degree of local exposure. 

The result was a selection of building corn
ponents that Include-In addition to the struc
tural steel framing-prefabricated metal wall 
panels, Single-ply ballasted membrane roof
ing and precast concrete. The wall panels are 
metal-faced, insulated sandWich panels that 
were fabricated off Site, installed rapidly and 
easily maintained. Precast concrete panels 
were used close to ground level at perimeler • 
exterior walls where potential for damage 
is greater. ConSideration of uSing pre
engineered metal bUildings was precluded 
by the requirements of fast-track construc-
tion, undetermined loading reqUirements for 
future conveyors and mezzanines and the 
need for unusual durability 

A Team Approach to Design 
and Constructfon 
A fast-track approach requires careful coordi
nation among all Involved firms, as well as 
a mutual respect for the needs of the variOUS 
parties. The project began With- and was 
enhanced by-predeSlgn meetings between 
Purolator Courier, Lockwood Greene and 
Geupel DeMars, Inc. (the construction 
manager), dUring which lime aU major 
deSign criteria were established After thiS 
point, Slgmf,cant variations from the agreed
upon criteria would have resulted In cost In
creases and lengthening the overall proj6Ct 
schedule, neither of which occurred. 

Additional coordination was required be
tween the architect and the major contrac
tors. Structural loadings, for example, were 
heaVily dependent upon the amount an. 
placement of mechanization equipment. An 
for this proJect. the steel was fabricated and 
erected prior to the commencement of de
tailed mechanization design. Consequently, 
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e Line haul bUlldmg dUflng erectiOn. 

structural engineers spent a conSiderable 
amount of time Wlth BAE Automated Systems 
dUring the conceptual deSign phase of the 
mechanized systems. 

The use of structural computer analYSIS 
programs (specifically STAAD III and PC soft
ware) hastened the deSign process, and the 
use of Intergraph CAD systems permitted 
draWings to be produced at an accelerated 
rate. 

Close In-house coordination among the 
variOUS deSIgn diSCiplines enabled structural 
deSign to begin prior to commencement of 
other detailed deSign, Without fear of future 
Interierences. ThiS was due In part to the fact 
the architects had partiCipated In earher facili
ty programming and conceptual deSign at 
Purofator's headquarters-but It was also the 
result of the team concept on the prolect. 

Plus, success of the fast-track approach 
can be attnbuted In a great degree to the use 
of a construction manager who coordinated 
the work of subcontractors '" such a way as 

(continued) 

e.----___ ------, 
FIRE-TROL 

PREFABRICATED, 
FIREPROOFED 

STEEL COLUMNS 

This is Fire-Trof : 
A prefabricated, fire 
proofed Unit consist
ing of a load-bearing 
s t eel col umn (A), 
encased in a special 
proprietary Insulating 
material (B), which is 
permanently protected 
by an outer non load
bearing steel shell (C). 
Fire-Trol columns are 
rated and labeled by 
Underwriters' Labora
tories, In c ., fo r f ire 
retardant c lassifi ca
tions of 2, 3, and 4 
hours. 

&~J,,,~,-, 
Orland Park, IL 60462 
NationWide 800-323-5514 
In Illinois 312-349-2700 

See Us In SWEETS 05tOO/LAL 

4th QuarterN986 

WE 
PUT 
100 
YEARS 
OF 
EXPERIENCE 
IN 
EVERY 
BOLT WE MAKE 

We operate the largest facility in the country for making 
big and special bolts, Just as important, we're big on dependable 
service and reliable delivery. 

We're St. Louis Screw & Bolt and we make a tull range of 
heavy structural bolts. Our entire manufactured product line, in
cluding Types I and III, is made from domestic materials and tested 
in our St. Louis plant. We're big on quality, too. 

After 100 years, we know big bohs in a big way. 

ST. LOUIS SCREW & BOLT COMPANY 
6901 N. Broadway/SI. Louis, MO 63147/(314) 389-7500 

Yi 
",(lOlllf" 

~
.,'! IIVOU&TP' ... 
[j , a fOASTIJ N " ,,". o IN/fJ nY'Urlf 

SI Ne.: UI1 
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AeflaJ VIew defInes ImmenSIty 01 steel-framed superhub. 
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QUICK RESULTS WITH PLANESTL 
Planar Steel Frame AnalysIS and DesIgn Program 

PLANEsn: 
• Analyzes and designS linear elastIC planar st~1 frames and trus~ 
• U~ stiffness method of linear structural analysls \N'hlch includes 

(tI(lal and flexural deformation and design effects 
• Performs steel frame ana~rs up [0 400 .JOInts and 600 members 
• AcC~lS unhlT'llted nl.HTlt)er of loads and load cases 
• Ptots Input geometry Including .JOInt and member numberS WIth 

optlO(l<ll G-PlANE program 151751 
• Has a user Interaa~ screen for easy Input and c~ 
• Runs on IBM and (ompatl~, requires 2561< RAM 

• Comes With full documentauon 
• se/ts at S800 - red\lced' to ISH throug" Nov • .10. f986 

fYour optIOn - PlANEill a'ld G-PlANE fa< S69Sf 

No other Sttd anaPy5Js and ~gn software compar~ 
lone of 0\Ief 60 struoural programs from SAil 

I I I 

I I 

Call or write 

I 

I I 

STRUCTURAL 
ANALYSIS, INC. 

3150 S Babcock St., SUlte.J . Melbourne, FL 32901 
305/984. 41.(11 

• 

,-----,. 
Metal 

Building 
Bolts 

BeIVIng the nation with 
1118 world'slargast 
stock of A-326 Bolts 
1IIIIer ... roof. 

Ask 10' a 
copy of ou, 
Pllce Cala 
featUring A325 

We ca'ry a 
hne 

01 bolts and nuts 
10 ' the building t,ade 

METAL BUILDING BOLTS CORPORATION 
10934 HAZELHURST HOUSTON TEXA.S 77043 

TELEPHONE /7131 461 -0505 
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ConnectIOnS under metal deckJng 

to allow the project to proceed through 
des<gn and constrUCIJon Wlthoutlnterierence 
from any 01 the vanous trades 

Conclusion 
A cooperabve owner. cooperabon on the part 
of all Involved and the selecllon of flexible. 

AconomlC matenals 01 construction enabled 
~he completion of the Purolator faCility under 

budget and ahead 01 schedule. Without a 
doubt. uSing steel proved a Significant fac· 
tor In the overall success 01 the fast·track 
approachl ....I 

Architect/Engineer 
Lockwood Greene Eng.neers. Inc. 
Oak Ridge. Tennessee 

Construction Manager 
Geupe! DeMars. Inc 
Indianapol is. Indiana 

Steel Fabricator 
Geiger & Peters. Inc. 
Indianapolis. Indiana 

Materials Handling Systems Designer 
BAE Automated Systems. Inc. 
Dallas. Texas 

Owner 
Purolator Couner Corp 
Baskmg Ridge. New Jersey 

Edward H Mahoney Jr PE . os a PfOIOC! eogonee< 
lor lhe Oak Rodge. Tennessee. oI1oce 01 Lockwood 
Greene 

4th Ouarter/1986 

First is Arbed's new rolled 40' beam ... available in 16 
sections from 149 to 328 Ibs. It gives high section moduli , 
great lateral buckling resistance, and competes economically 
with both fabricated sections, as well as reinforced precast 
and prestressed concrete. 

Then there's Arbed's rolled "talloNT18de " series (up to 
42.45 " x 18.13 " x 848Ibs.) ... that lets you specify the beam 
weight you need, other than what is normally available. 
Result? Big savings: in fabrication costs and weight. 

Why not get all the facts? Send the coupon now for 
information including complete speCifications. 

rfu;~~~ru~~~~~~~~~~n 
I (212) 486·9890. Domestic Telex: (W.U.) 125 159, Int' l Telex (ITT) 421180. 

I In Canada: TradeARBED Canada, Inc., 1176 Blair Road, Burlington, I I Ontario, Canada L7M 1K9. (416) 335·5710, Telex 0618258 I 
I Please send complete Informallon on TradeARBED's 40 · beams and I 

" TAILOR-MADE" beams. 

I Name Tille I 
I Firm I 

Address _ 

~~ __ --;;;;; _____ S.!!!.e_;;;.. ...!I!!.... ___ J 

__ . Inc . 
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Technical 

Why LRFD? 
by Lynn S. Beedle 

Many articles have been wrlnen on load 
and resistance factor design (the 

American designation for the • 'Iimit states 
design" concept that is a part of the steel 
design specifications 01 Canada and 01 most 
of the countries 01 Europe). These articles 
have dealt with much of the basIs for the 
method. and here and there statements 
about the advantages of the method have 
been indicated. 

This article summarizes the advantages of 
the method. 

1. LRFD is another tool in the kit of the 
structural engineer which reflects up-to· 
date research advances. As a maner of 
fact . If AISC did not adopt LRFD then 
it would put design In steel at a poten· 
tial disadvantage compared to design in 
other materials. Why not give the steel 
de,;gners the same tools available to the 
designer In concrete? Or maybe even 
bener toolS? 

2. Related to item one is the advantage of 
flexibility 01 options. It is not intended that 
use of LRFD be mandatory. It will be an 
alternate. What happens later depends 
a lot upon the marketplace. Eventually. 
I think we should have only LRFD. which 
will encompass both ASD and PD. 

3. Allowable·stress design IS an approxi· 
mate way to account for what LRFD 
does in a more rational way. The intro· 
ductlon of plastic design concepts 
resulted in so many changes In the Part 

30 

1 section of the Allowable Stress 
Specification that it can certainly no 
longer be called an "elastic design" pro
cess. All the same. LRFD does thiS 
much more rationally with its clear call 
In the deSign process for decisions on 
the loading condition and the response 
condition. 

4. The rationality 01 LRFD has always been 
anractive. Normally this appeal is not 
a strong factor in the decision as to 
whether or not a new design technique 
will be adopted. But in the case of LRFD 
it is a powertul incentive On the one ,;de 
its rationality means that bener use can 
be made 01 material. which will inevitably 
lead to savings for some load combina· 
tions and structural configurations. On 
the other hand. it will lead to safer struc· 
tures in view of the present adminedly 
arbitrary uniformity of conSidering all 
possible load distribution systems as the 
same. 

5. The use of multiple load factors. instead 
of the present limited selection of two. 
should lead to economy. After all . if one 
uses different factors for live load and 
dead load. then there are frequent situa· 
tions in which economy is inevitable. 

6. The method will facilitate the input of new 
information on loads and load variations 
when that information becomes avail
able. We know a fair amount about the 
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resistance of steel structures. In com
parison. our knowledge of loads and . 
their variation is much less. Some 
research is underway In this field . but 
much more is needed. When the new 
information does become available, a 
Specification that IS already prepared in 
the LRFD format will be one in which 
changes can be rapidly incorporated. 
Since the loading function is separated 
from the resistance function in LRFD, 
one can be changed without a reex
amination of the other 

7. The same thing is true with regard to 
resistance factors. Not all of the answers 
are available about the behavior of steel 
structures-especially in the field of 
stability and connections. When new in
formation on resistance becomes 
available it can be more readily In
corporated. 

8. In connection with items 6 and 7, in all 
likelihood changes In load factors and 
resistance factors will be easier to make 
than carte blanche changes in allowable 
stress Changing the allowable stress ap
pears to be a more radical revi,;on than 
a change in a load factor or in a 
resistance factor. 

9. LRFD makes design in all material. 
more compatible. The need for this has 
frequently been stated by deSigners who 
work With all matenals-not just wood or 
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steet or concrete. So a specification that 
IS not written In the limit-states format will 
be at a disadvantage-at least with 
respect to the material representee by 
that specification. 

10. LRFD provides a framework to handle 
unusual loads that may not be coveree 
by the Specification. When the designer 
encounters an unusual situation It may 
well be his uncertainty has to do with the 
resistance of the structure. In this case. 
he can modify the resistance factor. In 
other cases, his uncertainty may have to 
do With the loading. In that case he can 
conveniently modify the load factor 
Without tampering at all With the re
sistance factor for the structure or 
element. 

11 . Another advantage has to do with new 
materials. We must not suppose the last 
word has been written and the last In
vention made which aHects the char
acteristics of the materials being used. 
When a neYol matenal is introduced, 
once the statlsllcallnformatlon IS deter
mlnee about properties, and the role of 
that vanatlon IS understood as far as 
members and structures are concerned, 
a new resistance function can be In
troduced. Again, thiS Will not aHect the 
loading function, so the change can be 

• 
made by Simple substitution. 

12. Another advantage has to do With 
calibration. OUite unlike plastiC deSign, 
where calibratIOn was earned out on a 
structural element (Slmt:"e beam) which 
had a long record of satisfactory per
formance-but which had the least in
herent reserve strength-cahbratlon In 
LRFD was carned out on an average 
situallon. ThiS calibration could well 
change In the future. When such a 
change occurs, the LRFD format lends 
Itself to a not-teo-compllcated tranSition 
to accommodate the new information. 
(Also, thiS would appear to Improve the 
weight-saVing aspect of LRFD.) 

13. Some hve·loadldead-load ratios will lead 
to diseconomies, especially when the 
dead load IS a low percentage. On the 
other hand, there Will be cases where, 
under high dead load, there Will be 
economies In LRFD Insofar as weight 
savings are concerned. 

14. We could actually have safer structures 
under LRFD than at present because 
the method should lead to a better 
awareness of what IS gOing on. (The 
people who have studied these things 
tell us our deSIgn approach is really qune 
crude- but It IS a tribute to the VISIon , • art and experience of practicing engi
neers that It works as well as It does.) 
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Turkstra emphasized this point in CiVil 
Engineering (June 1982, p. 68). Of 
course there are a host of other 
references that speak to the same point. 

15, We are only at the beginning when It 
comes to serviceability limit states. In 
present deSIgn we are at sea. In LRFD 
at least we have an approach. 

We come back to the original theme. Most 
deSIgn practice can proceec In the future as 
it has in the past, usually on an allowable
stress deSign baSIS and In some Instances 
by making use 01 plastic design. On the other 
hand, with the addition 01 LRFD, It becomes 
possible for the designer to move In a safer 

and more economiC way Into other areas. 
And the Inevitable thrust Will be to move 
gradually more and more In the direction of 
LRFD. It IS here that the best advantage can 
be taken In deSign of knowleege about the 
behaVior of materials. elements and struc
tures and how most loads act on most struc
tures. And LRFD IS about the only way a 
specifICation can help the deSIgner deal with 
special loads on special structures. 

Lynn 5 Beedle IS Professor of CIVil Englneenng 
and Director, Fritz Engll"l8ellng Laboratorv. lehigh 
University, Bethlehem, PennsylvanIa 

TWO-MILLION USERS 
AND GROWING ... 

. .. That's how many professionals worldwide have 
chosen LOTUS 1-2-3 as their premier spread sheet 
program, Put this industry standard to work on all your 
structural design tasks using ENERCALC software. 

• A complete library of 40 programs in steel, concrete, 
ti mber, masonry and reta ining wall design & analysis. 

• Dramatic ability to automate virtually all your everyday 
calculations using this " intell igent calcpad." 

• Software including graphics, source code, free '800' 
support line and no copy protection . 

• 60 day money back guarantee. 

• Call today: 1-800-424-22 52 or 1·7 14·720·1865. 

\ I / \ / //":::lPIIIIII:~RCAlC 
160 Newport Center Drive, Suite 125 ' Newport Seach, CA 92660 ' (714) 720-1S65 
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Awards Competition 

AISC 
Prize Bridge Awards 
1986 

The 1986 Pnze Bndge and Ment Award winners 
have been announced. This year, a total of 16 win

ners In both categones were chosen as the most hand
some and functional bndges opened to traffic between 
July 1, 1984 and June 30, 1986. Eight Pnze Bndge 
Awards were selected In the 10 Judging categones. Also, 
eight Award of Ment Winners were chosen for recognition. 

The awards will be presented to the deSigners of the 
winning Pnze Bndge Award structures at the prestigious 
6th Annual Awards Banquet In Chicago's Westin Hotel 
on Dec. 2. leaders of the construction industry gather 
to recognize these designers. Plaques adapted from the 
Joe Kinkel-designed sculpture, "The Long Reach ," will 
be presented to the winners by AISC Chairman Werner 
Quasebarth . 

The Pnze Bndge Competition, conducted since 1928, 
has inspired much greater attention to the aesthetics of 
bndge deSign as well as to the advancement of steel as 
a structural matenal. The winners are 

.. 

pnze 8ndge Comp.tJlJOfl JUrcxs~. to 'i Robert D Bay, Frank D SealS, LoUIS A Gaff/do 
and James E Sawyer chose lop bndges Irom a WIde II8kJ eX enrnes. 
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THE JURY OF AWARDS 

ROBERT D. BAY 
Engineering Manager, Black & 
Veatch 
Kansas City, Missoun and 
President, ASCE 
New York, New York 

LOUIS A. GARRIDO 
Bndge DeSign Engineer, 
loUISiana DOT 
Baton Rouge, Louisiana 

JAMES E. SAWYER 
Chief Operating Officer, 
Greiner Engineering, Inc. 
Tampa, Flonda 

FRANK D. SEARS 
Chief/Review and Analysis 
Branch, Federal Highway 
Administration 
Washington, D.C. 

STANLEY TIGERMAN 
PreSident , Tigerman Fugman 
& McCurry 
Chicago, illinOIS and 
Drrector, School of Architecture, 
UniverSIty of illinOIS 
Chicago, illinOIS 

Winners receive a bas relief 01 a Single
edition bronze sculpture by Joe Kmkel 
Sculpture and engraved names 01 
WInners are on display at A/SC's ChICago 
headquarters 

• 
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PRIZE BRIDGE 1986-
GRADE SEPARATION 

MELROSE INTERCHANGE 
BRIDGE 

Nashville, Tennessee 

This major Interchange of two 
tnterstate Highways was bUilt within a 
confined area bounded by a four-lane 
primary route. a double-track rrul line 
and a dense commercial district. The 
hOrizontally curved. constant depth. 
steel plate box girders give It Its clean 
hnes Fully continuous from abutment 
to abutment. each structure has twin 
boxes. varying In length from 462 to 
705 ft . connected at bents to Integral 
steel box caps With a maximum span 
length of 281 ft . the structure has a 
support system of a framed -In cross 
girder and a Single-column 
arrangement. whICh adds to the 
structure's attractiveness. 

Designer 
D,VISion 01 Structures, Tennessee DOT 
NashVille. Tennessee 

•
General Contractor 
The E Randle Company 
Frankford. Kentucky 

Steel Fabricator/Erector 
Bristol SleeI & Iron 'Narks. Inc 
Bristol . Virginia 

Owner 
Tennessee DOT 
Nashville. Tennessee 

4th Ouarterl1986 

1 

1 

AWARD CATEGORIES 

MOVABLE SPAN 
Bridges With a movable span 

LONG SPAN 
Bridges Wtth one or more 
spans over 400 It 

RECONSTRUCTED 
Bridges which have 
undergone major 
rebuildlng/reconstructton uSing 
structural steel to upgrade 
them to current traffic 
requirements 

GRADE SEPARATION 
Bridges whose bastc purpose 
is grade separation 

SHORT SPAN 
Bridges With no Single span 
125 ft long. or more 

SPECIAL PURPOSE 
Includes pedestrian. pipeline. 
airplane and other spectal 
purpose bridges not other
wise Identified. 

PRIZE BRIDGE 1986-
RECONSTRUCTED 

GOLDEN GATE BRIDGE-DECK 
REPLACEMENT 

San Francisco, California 

2 

Jurors appreciated the excellent use of 
an orthotroplc-type replacement deck 
on a bridge of thiS magnttude. The 
method oHered cost eHectlveness and 
weight benefits. It IS about 30% hghter 
than the original roadway. In addition. 
the replacement decks were 
Immediately usable on Installation. 
compatible vvth the eXisting deck at ItS 
Interface. prefabricated and modular. 
allOWing the bridge to be kept open to 
serve San FranciSCO Bay area 
commuters. The project covered a 
length of 8.981 ft and encompassed a 
deck area of 566.000 sq ft. reqUiring 
756 IndiVidual erection units. 

RAILROAD 
Bridges (non-movable) used 
primarily to carry a ratlroad. 
but may also be a 
combination railroad-highway 
bridge 

MEDIUM SPAN , LOW 
CLEARANCE 
Bridges With verttcal 
clearances of less than 35 ft. 
With longest span not more 
than 400 It nor less than 
125 ft 

MEDIUM SPAN , HIGH 
CLEARANCE 
Bridges wtth vertical 
clearances of 35 ft or more. 
With longest span not more 
than 400 ft nor less than 125 
ft long 

ELEVATED 
HIGHWAYSIVIADUCTS 
Bridges With more than five 
spans which cross one or 
more established trafftc lanes. 
and may afford access for 
pedestrians or parktng 

DeSigner 
Ammann & Whitney 
New York. Neo.v York 

Generaf Contractor/Steef Erector 
Dlilingham/Tokoia 
Pleasanton, California 

Steef Fabricator 
ChICago Bridge & Iron Company 
San Lake City, Utah 

Owner 
Golden Gate Bridge, Highway and 
Transponallon O,stflct 
San Francisco. Cahfornla 

2 
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PRIZE BRIDGE 1986-
LONG SPAN 3 

PRIZE BRIDGE 1986-
RAILROAD 4 

1-255 OVER MISSISSIPPI RIVER 
Jefferson Barracks, Missouri 

"Graceful" tied-arch bndge, with a 
909-ft span between tie pomts, IS 
thought to be the tongest of ils kind In 
the U.S. The tie IS an t-shape instead 
of box, which reqUIred less matenat 
and eased fabncatlon. Jurors found 
the Vierendeet bracing of the arch 
particularty open, free, clean and very 
elegant looking. Innovative design 
called for prestresSing 01 the arch nb 
and tie so there were no flexural 
stresses In either membe, 

VISTA AVENUE RAILROAD BRIDGE 
Boise, Idaho 

Designer 

Simple span arrangement and 
graceful treatment of the abutments, 
along with the Iraming, developed a 
very pleasing railroad structure. The 
brown tones of the A5BB steel used for 
the 104-ft long bndge blend with the 
surrounding trees. Use of trapezoidal 
steel box girders to create a through
girder arrangement is unique. The 
exterior webs are sloped, with a 
smaller bottom flange than top flange. 

Alfred Benescl1 & Company 
ChICago, IlIoOOls 

Designer 
CH2M HIli , Inc. 
BoIse. Idaho 

Steel Fabricator/Erector General Contractor 
American Bridge. Dlv. of US Diversified 
Group, U.S X Corp 

Harcon Incorporated 
Pocatello, Idaho 

Pittsburgh, Pennsylvania 
Steel Fabricator 
MOrrison-Knudsen Company, Inc, 
BOise. Idaho 

Owners 
IllinOIS DOT 
Springfield. illinois and 

Steel Erector 
MISSOUri Highway and Transponatlon 
Department Sorenson Steel Inc. 

Idaho Falls, Idaho 
Jefferson City, Missot.m 
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Want to Combine Lengths 
to Minimize Waste? 

A. en introductory oller Structural Software Company fl ollerlng t'l 
mullmg program lor S2.000 n .... program II designed 10 be run on IBM's 
end compallbles 
• You mey Itflter the hst in Iny order 01 belml, chlnnel, IngIOl, pipe, lube 

lleel, or Olher structural shapes, which Ire length dependent 
• It Will automatlcilly 50rt the shapes 'rom smaUesl 10 largest 
• You can ,pecl'y up to to different aVlilable length" quanti!!", and pflC8S 

'or every Slle mltenal (W 8x to, W 8 x 18. l 2 x 2 x 1/4, l 2 x 2 x 5/16 etc) 
• The computer Ihen automat,caUy gIves the besl combination, based on 

IvaJlable Quantlles. lenglhs. Irld pnces 01 materUllI and the amount 01 
wastl which w.1I resullalong WIth culling InslruCIlOns 

• To order thIS program. malllhe below lorm Iiong With you check lor 
$2.000 Please allow 2 weeks lor delivery 

Please send more informaton on 

o Accounltng 0 Oell!ltng 

o EstImatIng 0 Inventory 0 MIll Ordet'l 

o Mulling 0 Neshng 01 Plltes 

o Polnl 01 Sale 0 PTOductlOn Control 

-------------------
___ c. Structural SoII .... 'e Co. 

2839 Pfltr. Cr~k Roed 
Ro-nob, V1fJlnia 14019 

nOl} 362-9 118 

N... ____________________________________ _ 
COm~ny __________________________________ _ 

Addre .. __________________________________ _ 

Clly ___________ State ___________ Zip ____ _ 

~one ____________________________________ _ 

PRIZE BRIDGE 1986-
MOVABLE SPAN 5 

WELLS STREET VERTICAL LIFT 
BRIDGE 

Milwaukee, Wisconsin 
A vertical 11ft bndge that does not look 
like one because It does not have the 
usual extended towers. The lift span 
resembles a rectangular, four-legged 
table. When closed, the four legs rest 
within two hollow piers that extend 
below the water line. The counter
weight is located within the pier 
between these two legs. The equalizer 
system IS strung diagonally across the 
11ft span rather than longitudinally and 
transversely. 
Designer 
Department 01 PublIC Works, City of 
Milwaukee 

General Contractor/Steel Erector 
Edward Kraemer and Sons, Inc. 
Plain, WisconSIn 

Steel Fabricator 
Theo. Kupfer Iron Works, Inc. 
Monona, WisconSIn 

Owner 
City of Milwaukee 

PRIZE BRIDGE 1986-
ELEVATED HIGHWAY/ 
VIADUCT 

SIXTH STREET BRIDGE OVER 
JEFFERSON AVENUE 

Detroit , Michigan 
Clean lines 01 the blue-painted 
structure, which blends well With 
surrounding sky and water, attracted 
jurors' attention. The bndge's live load 
is HS 25, with ASTM A-5?2, Gr. 50 
steel, used throughout and an 
alternate option of A-3~? for anchor 
bolts. The substructure has cantilever 
arms on the piers, but they do not 
present a massive appearance. 

Designer 
Madison Madison International 01 MIChigan 
DetrOIt, MIChigan 

Consultant (foundations) 
Sidney E. Shorter & AssocIates 
DetrOit, MIChigan 

General Contractor/Steel Erector 
Barton·Malow Co. 
DetrOit. Michigan 

Steel Fabricator 
PhoenIX Steel. Inc. 
Eau Clalfe, WisconSin 

6 

• 

• 
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4th Quarterl1986 

PRIZE BRIDGE- 1986 7 
MEDIUM SPAN , LOW CLEARANCE 

BECTON DICKINSON ACCESS 
BRIDGES (EAST & WEST) 

Franklin Lakes, New Jersey 

Each bridge has a single span which 
provides httle Interruption 10 the visual 
continuity of the roadway. Placed 
between natural embankments well 
covered with trees, the bridges 
penetrate the landscape and rest on 
sol id , but minimal, abutments. DeSign 
rendered the piate glfder elements 
fracture critical , and deSign and 
fabrication were adopted to meet the 
technical reqUirements. Treated WIth a 
Zlnc'rlch primer, epoxy coated and 
given a urethane finish coat, the plate 
glfders' color mixes well with the 
natural setting. 

Co-designers 
ZaJdastanl Associates, Inc. 
Boston, Massachusetts and 
Kallmann, McKlnneli & Wood 

4 Boston, Massachusetts 

5 

6 

General Contractor/Steel Erector 
A A. Hamilton Corporallon 
Hackensack, New Jersey 

Steel Fabricator 
Lehigh Structural Steet Company 
Allentown. Pennsylvania 

Construction Manager 
Glbane BUilding Co. 
Princeton, New Jersey 

Owner 
Becton OlCkmson Real Estate Co. Inc. 
Franklin Lakes. New Jersey 

Whether you 're deSigning a new bUIlding 
or retrofitting an old one, Nelson end
welded studs are the key to bondmg sleel 
and concrele lor maximum strength and 
minimum weight W e deSign, manu
facture and servIce any bUIlding 
anchoring requIrement 
Electrica l . Mechanical · Embedments 
Closures · Insulation · Composite · Facia 

CaU us at 2162456931 and ask for our 
deSign IIteralUre, samples, or application 
engineering assistance Or write 10 
Nelson Stud Welding Olvlslon. 
TRW Assemblies & Fasteners Group, 
E. 28th St, lorain, OhiO 44055 
Inttrn.tion.l : 
England · France · West Germany · Australia 
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PRIZE BRIDGE 1986-
MEDIUM SPAN, HIGH 
CLEARANCE 

McCALWM STREET OVER 
CRESHEIM CREEK 

Philadelphia, Pennsylvania 

8 

The bridge was deSlgned to provide 
park land In the valley beneath. Jurors 
commended unique solutions of 
fabrication and erection problems. The 
bridge has three frames spaced 16 
ft·6 In. O.C. With W21x62 rolled 
sections spanning between them 
Span lengths of the frame are 152 ft·6 
In. for the end spans and 235 ft for 
the middle span. For the deSlgn of the 
upper part of the frame, the effecltve 
span lengths realized are 93 ft·9 tn . for 
the end spans and 117 ft·6 In. for the 
three Intenor ones. 

Designer 
Bridge Sachon, Philadelphia Streets 
Department 
Philadelphia, Pennsytvanla 

General Contractor 
The Ny! .... Comparry 
Emmaus, Pennsylvania 

Steel Fabricator 
High Steel Structures, Inc. 
lancaster, Pennsylvama 

Steel Erector 
LJndstrom & Companies. Inc. 
Cinnaminson. New Jersey 

Owner 
City 0/ Philadelphia 
Philadelphia. Pennsylvania 

AWARD OF MERIT 1986- 9 
MEDIUM SPAN, LOW CLEARANCE 

FALLS ROAD BRIDGE 

Village of Grafton, Wisconsin 
Designer/Consulting Firm 
Donohue & Associates. Inc 
Madison. WISCOl'lSln 

General Contractor 
lunda Construction Company 
Black River Falls. WisconSin 

Steel Fabricator 
PhoeniX Steel, Inc. 
Eau Claire, WisconSin 

Steel Erector 
H,·Boom Erecting, Inc 
Black River Falls. WisconSin 

Owner 
Village 0/ Grafton 
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AWARD OF MERIT 1986-
ELEVATED HIGHWAYI 
VIADUCT 10 

MERRITT PARKWAY E-S & WoN 
ROADWAYS 
Trumbull , Connecticut 

DeSigner 
Seeye Stevenson Value & Knecht 
Stratford, ConnectICut 

General Contractor 
Arute Brrnhers. Inc 
New Bntlan. ConnectICut 

Steel Fabricator/Steel Erector 
The Standard Structural Steel Company 
Newington, ConnectICut 

Owner 
State 0/ ConnectICUt 
Wethersfield. ConnectICut 

AWARD OF MERIT 1986-
RECONSTRUCTED 

MARY HUNNEWELL FYFFE 
FOOTBRIDGE 

11 

Newlon-Wellesley, Massachusetts 

Designer 
Barnes and JarniS. Inc 
Boston, Massachusetts 

General Contractor/Steel 
FabrlcatorlSteel Erector 
Englneeflng Construction. Inc 
IpswICh. Massachusetts 

Owner 
Metropohtan District CommiSSIon 
Boston. Massachusetts 

AWARD OF MERIT 1986-
SHORT SPAN 

PACIFIC STREET BRIDGE 
Appleton , Wisconsin 

Designer 
Ayres Associates 
Eau Clans. Wisconsin 

General Contractor 
lunda Construction Company 
Black River Falls. WisconSin 

Steel Fabricator 
HartWig ManufactUring Corporallon 
Wausau, Wisconsin 

Steel Erector 
H,·Boom Erecllng Inc 
Black River Falls. WisconSIn 

Owner 
Cny 0/ Appleton 

12 

• 
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AWARD OF MERIT 1986-
SPECIAL PURPOSE 

6TH STREET MARKETPLACE 

Richmond , Virgin ia 

Design Architect 
Wallace, Roberts & Todd Architects 
Philadelphia, Pennsylvania 

Consulting Architect 
Marcellus Wright, Cox & Smith 
RIChmond, Virginia 

Structural Engineers 
Hams, Norman & Giles Consulting 
Engineers 
RIChmond, Virginia and 

Jackson 1\ Tull 
Washington. DC 

Construction Manager 
The Whltll"lg·Turner Contracting Company 
Richmond, Virginia 

Steel Fabricator 
Llphart Steel Company. Inc. 
Richmond, Virginia 

Steel Erector 
Wall's Welding Service 
Glen Allen, Virginia 

13 

14 Owners 

15 

Richmond Festival Marketplace Partnership 
Richmond, Virginia and 

The Enterprise Development Company 
Cotumbla. Maryland 

AWARD OF MERIT 1986-
SPECIAL PURPOSE 

SKYRIDE at MIAMI 
INTERNATIONAL AIRPORT 

M iami , Florida 

Designer 
Bliss & NYltray. Inc. 
Miami. Flonda 

Architect 
M. C. Harry & Assoc. Inc. 
Miami, Flonda 

General Contractor 
Darin & Armstrong, Inc. (subsidiary of 
Walbridge AldInger Co.) 
Llvoma, Michigan 

Steel Fabricator 
Tampa Steel Erecting Company 
Tampa. Flonda 

Steel Erector 
DIXie Metal Products. Inc. 
Fort Lauderdale, Florida 

Owner 
Aviation Department, Metropolitan Dade 
County 
Miami, FlOrida 

14 

AWARD OF MERIT 1986- 15 
MEDIUM SPAN, LOW CLEARANCE 

BONNERS FERRY BRIDGE 

Bonners Ferry, Idaho 

Designer 
T.Y Lin Internallonal 
San Francisco. Callfornta 

General ContractoriSteel Erector 
KI8W1t PacifiC Company 
Vancouver, Washlnglon 

Steel Fabricator 
Robberson Steel & Bridge Company 
Oklahoma C,ty, Oklahoma 

Owner 
Idaho TransportatIOn Depaltment, State a Idaho 
BoIse. Idaho 

AWARD OF MERIT 1986-
SHORT SPAN 16 

B & SOMERSET STREETS OVER 
CONRAIL 

Philadelphia, Pennsylvania 

Designer 
Bridge Section, Philadelphia Streets Dept 
Philadelphia, Pennsytvarla 

Genersl Contractor 
SeIbold Contracllng CorporatIOn 
Bristol , Pennsylvania 

Steel Fabricator 
Defsea Parker Corporation 
MIllVIlle. New Jersey 

Steel Erector 
Coastal Steel Co.nstructlOn Company, Inc. 
GlenSIde PennsylvanIa 

Owner 
PhiladelphIa Streets Department 
Philadelphia, Pennsylvania 

37 



CONTINUING 
A TRADITION OF 
RELIABILITY 
... Launching A New Era 
in Steel Design! 

1927 ... 

1986 ... 
It's Here! The Book We've 
All Been Waiting For .. . 

• based on the 1986 A1SC "LRFD" Specification for 
Structural Steel Buildings. 

• grounded in the tradition of the AISC "bible" -the 
Mallual of S/..,I COlls/rllcIlOIl, introduced in 1927 and 

now in its 8th Edition. 

• meshing the familiar and accepted basics with the 
very latest approaches to steel design, derived from 

current research and technological advances. 

• h Iping you design more reliable, more economic.:,1 
steel-framed bUildings. 
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• ORDER YOUR COpy NOW • AMERICAN INSTITUTE OF STEEL CONSTRUCTION-DEPT B II POBOX 4588, CHICAGO, 11..60680-4588 

II I t.'tldose payment of $ __ for coplcsolthc Fi,...t Edition w.d and Re"lstallCl' 
Factor Desl.gn Manual 0( Steel Construction 011 55{,.00 each • • anw ... Tille 

• Compiny 

• AdJ_ 

• ~ary~ __________ __ "'''--
Please encLose remiHance NoCOO orders. In New Yorio.. Cahfoml.1 and IIhnots II sales lax. Shlppmgchargcs prep-'Id In the U.S. On "hlpmenlsoulsldc the U.S., add 1m of 
total purchase for postage and handling. Visa and Maslf'rCa rd .aCttpltd. 

• Charge My Cud No. __ Exp. 
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Plated Decks-Plain or perforated 
Most complete line of deck products 
in 5/8" to 71f{' depths 
OUR SERVICE WILL SAVE YOU nME & 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. 

Eleven TalOOI Avenue. Rankin. PA 15104 
PHONE. 4121351 ·3913 
TWX: 710·664·4424 

EPiCMETAL BOOK 
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