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DECK DESIGN DATA SHEET

The chart shows the thickness (gage) of the steel pour stop angle recommended
by Nicholas ]. Bouras, Inc. for the various slab thickness and overhang
combinations. Two inches of bearing and one inch long welds at 12" O.C.
are required. In determining these recommendations the steel stress was limited
to 20000 psi and the deflection to 48"
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COMPOSITE FLOOH EJ
DECK BY UNITED VERHANG
STEEL DECK, INC

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

SLAB THICKNESS, INCHES

Metal Thickness
20 0.036" (0.91 mm)
18 0.047" (1.20 mm)
16 0.060" (1.52 mm)
14 0.075" (1,91 mm)
12 0.105" (2.67 mm)
10 0.135" (3.43 mm)

*Return lip available on 104
order.
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{INICHOLAS J. BOURAS, INC.
PO. BOX 662, 475 SPRINGFIELD AVE.,
SUMMIT, NEW JERSEY 07901 (201)277-1617

2 MODERN STEEL CONSTRUCTION




When it comes to constructional plate steels,
we wrote the book. This current edition features
Lukens' capabilities with regard to:

Sizes. Standard specification plates available in
widths to 195! lengths to 1080" (longer in certain
sizes) and thicknesses to 25" A size card shows
details.

Specifications. Mechanical properties and
chemistry of the various grades of steel most
frequently found in bridges and buildings.
Displayed in chart form.

Heat Treating. Many types of treatment offered
on plates up to 600" long. Even longer by special
arrangement.

Stripped plate. An alternative to universal mill

Write
right
NOW.
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TITLE

CITY

|
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COMPANY

ADDRESS

plate in applications such as fabricated bridge
girders. Produced in lengths from 120" to 1080,
widths 12" to 48" and thicknesses %" to 12
Lukens-Conshohocken. A rolling mill and ship-
ping complex designed to meet your needs for
light-to-medium thickness carbon plate and our
Sure-Foot*® safety floor plate
Lukens Fineline® A family of low-sulfur construc-
tional steels particularly effective when used in
fracture critical applications.

For your copy of this brochure, illus-
trated with photos of our facilities and our
products in use, just fill out the coupon below.

LUNKENS STEEL

STATE ZiF

r------------------,

LUKENS STEEL COMPANY
586 Services Building
Coatesville, PA 19320

Please send me a copy of your brochure, LUKENS CONSTRUCTIONAL
PLATE STEELS

------------------J

s sl SO WP .




MODERN =750
CONSTRUCTION

Published by

American Institute
of Steel Construction

The Wrigley Building
400 North Michigan Avenue
Chicago., Illinois 80611

OFFICERS
Phillip O. Elbert, Chairman
John H. Busch, First Vice Chairman
Werner H Quasebarth,

Second Vice Chairman
Oscar W. Stewart, Jr., Treasurer
Richard G. Altmann, Prasident
William W. Lanigan,

Secretary & General Counsel
William A. Milek,

Vice President, Engineering
Lewis Brunner,
Vice President, Marketing

EDITORIAL STAFF
Daniel Farb, Director of Publications
George E. Harper, Editor

Amy Kragnes, Editorial Assistant

REGIONAL OFFICES

NORTHEAST REGION

New York, NY (Hdq.) 212/685-4291
Boston, MA 617/328-7417
Philadeiphia, PA 608/858-9354
Pittsburgh, PA 412/443-8840
NORTH CENTRAL REGION

Chicago, IL (Hdq.) 312/372-8957
Detroit, Mi 313/352-5558
Minneapolis, MN 612/888-3791

SOUTHEAST REGION

Atlanta, GA (Hdqg.) 404/458-7679
Charlotte, NC T04/375-6547
Tampa, FL 813/879-0429

SOUTHWEST REGION

Dalias, TX (Hdq.) 214/8630-5236
Houston, TX 713/529-5564
St. Louis, MO 314/721-1332

WESTERN REGION

Los Angeles, CA (Hdq.) 213/444-4519
Denver, CO 303/831-4622
San Francisco, CA 415/495-3550
Seattle, WA 206/624-5460
AISC HEADQUARTERS

Chicago, IL 312/670-2400

VOLUME XXIl NUMBER 4/FOURTH QUARTER 1882

CONTENTS
Spaceship Earth: EPCOT Center's

Gateway to Tomorrow 5
Steel—Healthy Approach to New Markets 10

At Second Glance, Staggered Trusses Fill the Bill 12
For World-famous Children’s Hospital,

Diagnosis was Steel 16
Steel Reflects Architect's Choice for

Hillier Headquarters 18
At Amherst Campus: Pyramidal Truss Key to

Clear-span System 20
Rehabbing Steel Bridges in Maine 23

1983 ENGINEERING CONFERENCE MEETS MARCH 3-4

The 35th annual AISC NEC in Memphis, Tenn. will meet around the
theme “Designing in Steel for Efficiency and Economy.” Over 500
engineers are expecled to attend the streamlined two-day conference,
which will meel in the famous, and newly renovated, Peabody Hotel,
now listed in the National Register ol Historic Places.

For the lirst time, an exhibil area will be open to demonsirale
products and services of special interest to structural engineers.

Main altraction of NEC is the presentation of lechnical papers
which make the conference a major source of information on sfala~o!-.
the-art structural steel engineering. Plus, a full program for spouses
gives an overview of cultural, social and economic forces of Memphis
both yesterday and today.

Registration is already underway, with substantial savings for early
registration—$160 for those postmarked on or before Jan. 28.1983;
$100 for professional members. After Jan. 28. $200 and $125. For
further information and/or registration forms, contact AISC Conven-
tion Services, 400 N. Michigan Ave., Chicago, IL 60611. 312/670-2400.

STILL TIME TO APPLY FOR 1983 FELLOWSHIP AWARDS

A maximum of eight graduale study Fellowships of §4.750 will be
awarded in 1983. Awards go o graduale civil or architectural
engineering students who propose study toward an advanced degree
related to fabricated structural steel. The awards are designed to
encourage expertise in the imaginative use of structural steel for
bridges and buildings, and to motivate recipients o pursue new ideas
that improve the technology ol steel construction.

Awards are made on the basis of a student’s proposed course of
study, achleverment and recommendation by college faculty. Appli-
cations are available from: AISC Education Foundation, 400 N.
Michigan Ave., Chicago, IL 60611, Deadline is Feb. 1, 1983.
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Spaceship Earth:
EPCOT Center's Gateway to Tomorrow

by John P. Grossman
and
Glenn R. Bell
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the main focal point and the “logo™ pavilion
ot EPCOT Center, appearance of the sphere
was of extreme importance. WED's design
ers iniially indicated a preference for a geo-
desic pattern similar to that used for the
Expo '67 dome in Montreal. Bul a final pattern
for the exterior could not be determined until
a preliminary siructural design for the sphere
had been developed

The selection ol the matenal for the
sphere s enclosure involved several essen-
hial, but seemingly conflicting considera-
tions. Reliable waterproofing was necessary
to protect the costly nde equipment and
show sel, lirg-resistive construction was
essential for protection ol the bullding
occupants, and, of course, the selected
malerial had to be appropnate aesthelically

No single malerial satislied all of these
requiremeants. Sheel neopreng, for example
was deemed to provide the besl waler
resistance. bul its appearance was con-
sidered entirely inapproprale. This quandary
led to the "double-skin solution for the
sphere enclosure, An inner shell, covered
by a waterprooling neoprene sheel. was
attached directly to the sphere structure
Al a radius approximately two leet greater
than that ol the inner skin, a purely cos-
metic cover was erected. This separation
permitted the visible outer shell 1o be fabri-
caled from more aesthelically desirable
material

The extenor panels do no! need weather
prool joints, and the only structural require
ment i1s that they be capable of resisting
wind load perpendicular to their surfaces
The outer skin is supported from the hub
points of the inner structure by aluminum
pipe outriggers or standoffs, The two-foot
space belween sking provides access for
mainienance of the walerprooting and the
inside surface of the cosmetic skin

&

The double-skin solution solved another
problem: excessive runofl ol rainwater 1o
the padestnian circulation below. By means
ol open slots betlween facels ol the outer
cosmelic panels, rainwaler percolates to
the inner walerprool skin where it 5 col
lected and carried away by a hidden gutter
system al the sphere s equalor

Primary Structural Systems
A key design lask during the conceplual
phase was lo devise a structure 1o support
the interior ride track and show sets (the Ride
and Show Structure. see Figure 1) that was
independent of the structure of the geodesic
sphere (the Sphere Struclure). This was
done o avoid concentrations of force inthe
sphere and interruption of its natural shell
action, in an effort 1o keep the Sphere
Structure members as highl as possible
This struclural separation also afforded
WED's designers more flexibility in locating
the ride tracks and show platforms. and it
allowed the design of the sphere 1o proceed
concurrently with, but independent of, the
development of the ride and show

The requiremeni that the Sphere Struc-
lure be lotally elevated above the ground
posed an unusual engineenng challenge
To support all of the Sphere Structure loads
aireclly on the legs would have created
discontinuities and concentrations of force
In the sphere, and would also have destroyed
the shell behavior. The solution was to
support the Sphere Structure as unilormly
as possible at a nng ol sphere hubs at the
approximate elevation of the tops of the six
legs. Ulimately, the Sphere Struclure was
kepl entirely independent of the legs

It was necessary o develop a major steel
structure to transter all of the loads trom the
Sphere Structure and most ol the loads
from the Ride and Show Structure to the six

legs. Most of the mechanical equipmenl
space from Elevation 28 to Elevation 52
was available for this purposeé, but a major
penetration for the ride enlrance o the
sphere (the Ride Tube) allowed only limited
space between Elevation 52 and Elevation
64 al the southern part of the sphere. The
structure provided in this space, designated
the Utility Structure, developed into some
thing akin to a huge six-legged table. ontop
of which was supporied the Ride and Show
Structure, and from which was suspended
the Sphere Structure al the utility levels

Sphere Structure
Although the Disney organization had de-
veloped i1s own EPCOT building code for
Walt Disney World, the wind loading criteria
that It contained were not applicable 1o a
structure as unusual as Spaceship Earth
Preliminary structural design was based on
wind-loading data derived from prior experi
ence with spherical structures, Later, wind-
tunnel studies were perlormed on a Yy 1N
1 It scale model of Spaceship Earth and its
surroundings at the Wright Brothers Memo
rial Institute of the Massachuselts Institute
of Technology. In addition 1o establishing
pressure coefficients for the design of the
Sphere Structure, the study was used to
determine pedestrian level wind pressures
Design wind velocities for application of the
wind-tunnel pressure coellicients were de-
rived lrom the EPCOT Building Code, from
American National Standards Institute data
and from histoncal meteorological dala for
central Flonda

Several considerations bear on the se-
lection of the geodesic geometry type and
frequency for a geodesic struclure .
« To minimize bending moment and buck-

ling eftects. the lenuths of members

should be limited
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« For economy of fabrication and erection
as few members and as lew differing
lengths of members should be used as
possible

+ Forefficiency. the difference between the
maximum length of member and the
minimum length of member should be
minimized and member forces should not
vary over oo great a range

s Since the geomelry of the visible shell is

. related to thal of the supporting structure,
the selected geometry should be aesthe-
tically pleasing
After various structural studies by SGH

and various pattern studies by WFA, and in

consultation with WED, an eight-frequency

“tnacon geodesic geomelry was selected

This resulted in eight tundamental sphere-

strul lengths and four (with opposite-hand

complements) panel types. The struls range
in length from 12-16 #

Steel wide-flange shapes were the na-
tural choice for the Sphere Structure mem-
bers. They are easily connected al their
ends, and their strong bending axes can be
oriented to elliciently resist dead loads and
wind loads perpendicular to the sphere
surface

The struts were labricated from A572
Grade 50 steel in three sizes: W10x45,
W10x33 and W10x22. From the level of the
supported hubs to the top of the sphere,
these siruls occur in three bands, the
weights of the seclions decreasing with
increasing elevation. Most of the struts be-
low the level of the support hubs, where the
structure is essentially hanging, are W10x22,

Ut heavier members were required al the

.huctural discontinuities created by the

penetrations for the legs, the elevator and

the Ride Tube

Al hub locations, the struts are connected
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al ther top and bottomn flanges by circular
steel plates which are stamped o a conical
shape. This simple and economical type of
connection i1s now commonly used in geo-
desic domes

Prefabricated metal panels (closure
panels), which fit into the triangles created
by the struts, form the inner shell to which
the walerprool membrane Is applied. These
panels support rigid-board insulation on
their interior surfaces and they also parlici-
pate with the outer visible skin in the re-
sislance of wind loads perpendicular to the
sphere surface. Their only structural func-
tion, in addition to resisting wind loads, is 10
laterally brace the wide-flange struts, These
panels are formed from standard 3-in. deep
20-ga. metal rool deck with an 18-ga. flat
outer sheel which provides a smooth sur-
tace lor the neoprene waterproolfing. Cold-
formed, light-gage sleel edge rails and
structural tee clips provide attachment to
the outer flanges of the wide-flange struts

intotal, the Sphere Structure is composed
of 1,339 struts, 467 hubs, and 954 closure
panels. The total weight of structural steel
excluding the closure panels, i1s 400 tons

Utility Structure, Legs and Foundations
The key task in the design of the Utility
Structure was 10 develop a structural sys-
tem which would support the sphere as
uniformly as possible while it transferred the
sphere loads to the six legs. Candidates for
rings of sphere hubs o be used as supporl
hubs were identified. The hub elevations
necessarily undulate because of the geo-
desic sphere geometry and because the
Ride Tube penelration requires a rise in
the level of the adjacenl sphere supporl
siruclure.

Essential considerations in the develop-

ment of this syslem were economy of labn
cation and simplicity ol erection. Il was
desirable to shop-fabricate to the greatest
extent possible, but shop-fabricated as-
semblies were restricted to a 12-ft wide
shipping envelope. A number of early
schemes examined employed box-lype
plate girders or three-dimensional trusses
spanning between the six legs. These
members were curved in plan to lollow the
penmeter of the sphere, and the schemes
required them to carry substantial torsional
loads because the sphere support points
were outboard of straight lines struck be-
lween adjacent legs

A major simplification and savings over
these schemes was achieved by using the
floor structures at Elevations 40 and 52 1o
carry the lorsional loads by means of re-
sistive couples developed by diaphragm
forces in these floors. This solution was
based on a hexagonal pattern of 12-ft deep
trusses, designated T2, T3, T4 and T10 on
Figure 2. The top chord of each truss is
located at the floor at Elevation 52 and the
bottom chord is located at the floor at
Elevation 40. These lrusses carry only ver-
tical loads

The sphere’s support hubs are attached
to these trusses by a system of four-legged
assemblies called quadrupods. Extending
from a commaon working point al the sphere
support hub, two legs of the quadrupod
attach to adjacent panel points of the upper
chord of a truss, and two legs attach 1o
adjacent panel points of the lower chord
The horizontal companent of force in these
members is carried by the 12-1t deep lruss
at the edge of the hexagonal platform. An
exception 1o this system occurs al the
southern area of the sphere, where the
usable space belween lloor levels 1s inter-

-
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Spaceship Eatth lrom notth

rupled by the Ride Tube Here, a box-lype
space Iruss. designated T5, T9and T10 on
Figure 2, carries vertical and torsional loads

Some ol the columns ol the Rice and
Show Struclure are also supported by this
hexagonal pattern of russes, outriggers are
used to transfer loads from oulboard col
umns back to the hexagonal lrusses. In-
terior trusses T1. T6, T7 and T8 support
other columns of the Ride and Show structure

Legs Type A and Type B (see Figures 1
and 2) are box-lype truss members. Legs
Type C, very restricted in width to fit within
the Ride Tube, are planar-type tfrusses with
web plates covering thew two sides

Foundations are end-bearing, concrete
filled steel pipe piles, approximately 100-ft
long Reinforced concrele grade beams lie
the pile caps and carry horizontal thrusis
from the inclined legs

Quadrupod Support System
The quadrupods carry the sphere loads o
the Utility Structure and make the crtical
transition from the geodesic sphere geome-
iry to the geomelry of the haxagonal trusses
Each quadrupod typically consists of four
pipe struls (6XX, BSTD or BX), which con
nect a sphere hub to four panel points on a
hexagonal truss. Some ol the quadrupods
are aclually Inpods because of pipe strul
interferences wilh other struclurai com
ponents. Some ol the quadrupod pipe struls
attach directly to the leg structure rather
than to the hexagonal lrusses. There are
30 quadrupods in all, shown in plan on
Figure 2

Because of symmetry ol the structure
aboul the north-south axis, however, there
are only 14 quadrupod types. Three addi
tional hangers. similar 1o guadrupods but
with only one strut, provide additional sup
part for the sphere at the Ride Tube pene-

8
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trations. The inner ends of the quadrupod
pipes connect to the Utility Structure by
means of compact weldments, which are
bolted 10 the upper and lower chords of the
trusses and are lield-welded into slots at the
ends of the quadrupod pipes. The ouler
ends of the quadrupod pipes connecl 1o the
sphere with a sel of complex weldmenls
each based on a six-legged spider ol steel
plates, these are also field-welded into slots
at the end of the quadrupod pipes

An essential consideration in the design
of the quadrupod support system was prac-
ticality in erection and fitup. The design
allowed for field alignment of the sphere
support hub points during erection by the
use ol ereclion bolts in slatted holes at each
end of the quadrupod pipes These connec-
lions allowed independent adjustment dur-
ing erection of each support hub working
point in each Cartesian coordinate direc-
tion. Once the support hubs were precisely
sel, these connections were welded off

Additional horizontal adjustmen! was
provided by shims between the lruss chords
and the previously described compac! weld-
menls al the inner ends ol the pipes. Thus
accumulated fabrication and arection toler
ances and the dead-load deflections of the
sphere support system could be adjusted
out of the system to oblain the precise
alignmenl of the support hubs required for
sphere grection

Development of Quter Skin Panels
WFA performed the early paltern studies
They were concernad pnncipally with the
scale and geometry of the tacets because
the support points of the outer skin paneis
were determined by the geomelry of the
inner steel structure, and by the triangular
sechions thus defined. WFA stugied possible
patterns withun these basic tnangles by
constructing cardboard mockups. The al-
ternatives considered included a pattern
that emphasized the accumulation of six
tnangles around a hub, resulling In an
overall surface pattern of hexagens. a pal-
tern which reflected the basic triangle and
scale of the underlying steel structure. and
a pattern that subdivided these triangles
into smaller Inangles ol approximalely
aignt feel on a side

The final pattern. chosen by WED's John
Hench, senior vice president for crealive
development, was a subdivision of the tlat
triangular face! of the structural steel geom-
elry into four smaller inangles. Each smaller
inangle 1s covered by a triangular pyramid
of approximately one foot in altitude. A Ys-in
scale mockup of the enliré sphere was con
structed with this pattern lor inal approval
by WED's designers

Concurrently with the paltern studies
color, material and lighting investigations

Cosmenic skin and closure pane!

Figure 3

were undertaken WFA investigated several
difterent matenals, placing particular em-
phasis on the program requirement for a
color-tast coating and the dramalic effects
which might be achieved with exterior light-
ing The three generic typés of matenals
considered were metal panels, fiberglass
panels and glass

Through several early study models WED
had invesligated an exlenor covering ol
retleclive glass. WED asked WFA to investi-
gate the possibility of backiighting a skin of
reflective glass 1o creale a glowing sphere
at night. Although it appeared thal a refiec-
tive glass enclosure backiit with long-lite
sodium bulbs was feasible. this solution
was considerably more expensive than
either ol the others, and il would have
involved long-term maintenance require-
ments. In addition, a similar effect could be

achieved al night by using special extenor.

floodlights

A wide choice of colors could be obtained
from the formed hiberglass or melal panels
coaled wilh a high-performance coaling

MODERN STEEL CONSTRUCTION
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STRUCTURAL

HEAVY HEAD
HIGH STRENGTH
BOLT
ASTM-A325 Types | & Il
ASTM - A490
%" dia. through 1'%" dia.
All Lengths
Pictured below are the head
markings shown on our Type 1
Heavy High Strength Bolts,
And on our Type Ill (Weather-
ing Steel) Heavy High Strength

Bolts.
TYPE 1

TYPE 111

"+| W
HEX & HEX Mch, Bolts
1/47 thry 3" dla Sg. Mch. Bolt

STUD Slotted CTSK &
| l BOLT CTSK Mch. Balt

! My Iy

ANCHOR BOLY

Other tastener products com-
monly used in the structural
field include machine bolts,
anchor bolts, ctsk. bolts, stud
bolts. We furnish these in the
grade of material required for
the job.

ST.LOUIS SCREW & BOLT CO.

6902 NORTH BROADWAY
ST.LOUIS, MISSOURI83147-9990
PHONE (314) 389-7500




Westminster-Canterbury:
Steel-Healthy Approach to New Markets o

" Designed with Elderly in Mind

Steel—for High Speed, Low Cosl
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At Second Glance . ..
Staggered Trusses Filled the Bill

by Robert DeBruin
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An engineering b'reakthrough o 5
Introducing the
MI-JACK Translift |

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

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

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

Compare the benefits of buying, renting or leasing a MI-JACK Translift I.

Call us collect at (312) 596-5200 for equipment and specifications.

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

MI-JACK Products

3111 W. 167th Street
Hazel Crest, lllinois 60429
Call Collect: (312) 596-5200

“Where Service is Golden"

MODERN STEEL CONSTRUCTION
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NEW FROM AISC:
THE MANUAL OF STEEL CONSTRUCTIC
POCKET EDITION. (ALMOST).

Now you can order the structural steel standards
of the industry—unabridged, complete in every Please ship immediately the In]lm\lm, y order for
detail—in a volume that’s half the weight, half the the 8th Edition AISC '\](mu 1l of Steel Construction
thickness of the standard library edition. Printed $96.™ each: ol Libeary Vilelt copies of Field Volums
on finest opaque “Bible" paper, with lightweight
but tough vinyl cover. Won't quite fit in your coat
pocket but 1t's a great traveling companion

L total payment enclossd

Library Volume: Standard 8th

. e _ Edition .\I;n'tuul], 32 pages linois add saies tax Shipping charyss prepaid in U.S E '
L/ ¥/ based on 1978 AISC
. / Sheciications. \ AMERICAN INSTITUTE OF
y G’ 1¢ld Volume: Same number ) STEEL CONSTRUCTION, INC.

|
|
|
|
|
; |
Order now: Your choice, $36.% T |
|
|
i
i
of pages, identical material but just 7" thick, : Y Dept. MS P.0O. Box 4588, Chicago, IL 60680 :
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World-famous
hildren’s Hospital:
Architect’s Diagnosis

was Steel!

T-\._- Alfred |, duPont Institute Children's
Hospital was designed with an eye
toward its inevitable tuture expansion. The

world-tamous Inslitlule provides in-p

and outl-patient tertiary care in a long-lerm
treatment of childrens diseases. It has

served over 50.000 children since 1940 in

its present facility, withoul regard to pay

ment
o

Since treatment emphases change

mtin TPL=4 4
HNUouUSsly

new mex 1l technologies are ¢

being develo

ol pnimary impor

tor the archit

tance

which gives the

Spita
tor maximum internor texioility

At the same ime. it was equally important
f

1O plan for the best possibie hire satety and

expe

patient n any nospital

particularly in a pediatrics taciity with an

an international reputation orthopeai
surgery
The massive use ol steel 3 e 7.500

tons, including over 70,000 lineal leet of 8-

russes—permitied the archil

1 10 plan for

the gesired 1e:c

and 10 use an eco

nomical, fast-track approach lo construction
a

A tour-story sian (three patient tlioors

andab nent) was chosen uilimatl

Sy f
ely 1or

the $100-mullion-plus hospital under
struction in Wilmington, Del. The limestone
clad building. enclosing 750.000 sqg fit, cov
ers nearly five acres of land on a 320-acre
site adjacent to the existing 50-year-old
hospital. The $11-million first phase n-

cluges sile work, lfoundalion and sleel eref

tion. Site preparation included the removal

of some 180,000 cu yds. of rock and earth

10 accommaodate the foundation, a com

bination ol drilled caissons and spread

1oolings

Built-in Flexibility

To provide the flexibility for any future

medical programs—which could not even

be guessed ng the early structural de

sign phases architecl designed colurmn

tree Hoors which could accommaoaate nigh
loads. As
the first imerstitial space de

The concepl uses

a result, the Institute lays claim to

13 i De

iwdie

trusses

special steel

up to 68-ft long lo create the interstitial

and

spaces which provide lull access

permit construchion column-free lreal

ment and patient areas. The interstilial
spaces also accommodate the various buid
ing systems, in effect creating mechanical
service floors between patient tioors
Ceiling and floor spaces ol the mnler
stitial areas are supported by an efficient
modihied Warren truss system 0 maximize
available open space The split-channel
design permits penetration of plumbing
gctrnical and mechanical syslems, ducl
]
Building plans calle

el

WOr ang wirin
for 650 68-1t Hoor
and 209

59-1t Hoor trusses, 3.3 tons each, for ¢

trusses, each weighing 4.6 tons

struction of the interstihial ana Noor areas
For tireproofing, the architect chose a com
steel and 74 n. ol

posite tioor ol 16-Q¢

concrete, reintorced 10 provige an overai

hée 1loor na

lloor load capacity of 100 psi

a hire rating of three hours

Walking Access to Services

The interstitial space has a 3':-in. poured
gypsum deck with a iwo-hour fire rating
The architect notes this 1s one of the tirst

deck interstiia

nstaliations ol a gypsum
system. Il was consistent with his desire to
within e

provide [Olal walking access

interstitial space. In addition o its fire
prooling characlenstics, the gypsum deck

also serves as the floor of the imerstitial

areas he gypsum sysiem. ideal for this
.II 1 W

1 14211 [§

1 pen-a

( yaril i y 1. Ihe
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Architect

Structural Engineer
General Contractor
Steel Fabricator

Owner




Hillier Headquarters:
Steel “Reflects”
an Architect’s Choice




Architect/Owner

Structural Engineer

Construction Manager
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Amherst Campus:
Pyramidal Truss Key to
Clear-Span System

by Arnold A. Bitterman

Ar.w way pyramidal space truss is the
key 10 a unigue rool framing system

designed for the 288-1t x 264-ft Amherst
Campus field house. The new 10,000
structure is parl ol the hirs! phase ol the
$31.5-milhon Health, Physica
and Recreation (HPER) facility on the State
University of New York at Buffalo s Amherst
Campus

The field house promises 10 be the linest

seal

Education

athletic facility of any college or university in
the Easl. Other elements of Phase | of the
new facility include a two-level lobby, loCker
rooms, ollice space. m nanical egu

spaces and six handball courts

ent

Truss Syslem Selection
At the outsel of the project, the structural
engineer investigated allernative framing
systems for the field house root, including
both one and Iwo-way lruss Systems. An
important inigl consideration was 10 rmini
mize the depth ol the truss Tor maximum
head room and clearance within the struc
ture, and to reduce building cubage. Since a

standard one-way russ requires more g
¥

than a two-way system, Ihe engineer s
studhes indicated the Iwo-way System 10

Arnold A Billermnan. Pt s a partner and chiet

struciural engineer in the archileclura
structural engineenng hirm of Sargent-Webstor

Crenshaw & Folley Syracust New York

Amherst (
NY. prome
atnienhc 1ad

played v

be the moreé econpmical framing method

The space-1russ Is cons

cled pyramids. each with a

24

24-1t sguare base
structural steel beams in i1s 1op chord 193

steel beams in the bottom chord and 432

The truss contains 2J3%

giagonals The syslem was aesigr
SAGS computer program 10 compute the
forces in each member lacilitaling memaoer

design

Connections Are Crucial

These connections. or hubs are all-impor

| 1O thé space-lruss sy

bers come together in each hub, And these
had o be especially desighed so Ihal lorces

wouia al

intersec! n

preclude any eccentric forces within the

cannection (see f igure ]

A cruciform design was chosen [or the
diagonal members, each composed of four
90" -steel angles laid against each other
The

within the hub. and

ucitorm shape lacillates conneClion

Ct
makes lor greater
stabllity. The diagonals are gach made up
of four S5x5x %-in angles Top and bottom

ers are 14-in. wide-llang

chord me steel

beams

er ing 0! the 10mM Chorg. vane:

from 14 1 at the penimeter of the field hi

to 17 It-6 in. at the canter of the span

The hub had o be designed not only o

le connection but als

mithe the

nais enter ine J0S

at which the diage

engineer constructed a full-scale hub

1o demonstrale thatl the bolts could actually
be installed and _I,:__;r,h_,-..._.” properly

A unique leature ol the space-lluss de

By mi

sign I1s that the bottom chord stops 12 1
d at the

The truss

shor of the support columns locale
penmeter ol the field house
supported at the penmeter coiumns Oy a

lypical top chord hub




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

Torque and tension are not the torque wrench, “break-off” bolts

same thing. Engineers calculate to —produces true proof of tension.
tension. Erectors use torque to get bolts are in tension. The erector With Coronet Load Indicators
there. To be sure that engineers can prove the validity of his work assuring bolt tension, there are
and erectors get the same results, and can avoid call-backs, disrup- many economies possible in steel
specify Coronet Load Indicators. tion of his schedule and loss of erection and inspection. Structural
The engineer gets permanent, productivity. rigidity is assured so the owner is
positive proof that 100% of the No other system—"turn-of-nut”, spared the after-cost of loose bolts.

Cooper-+Turner Inc.

522 Parkway View Drive
—— Parkway West Industrial Park - Pittsburgh, PA 15205
Telephone (412) 787-2253 - Telex 812381

GLYNWED

4th Quarter/ 1982




Erection Carefully Monitored

Because proper erection of this geometr

Special Problems in Ventilation
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Architect
Structural/Mechanical Engineer
Structural Consultant

General Contractor

Owner




- Rehabbing Steel Bridges

in Maine

by Theodore H. Karasopoulos

ad A qineer 101
1h¢ 1 il rnation. Au
gusta, Mane. His remarks were presented at
the 1982 National Engineernng Conterence i

' 1
dit

M:Tl'.-i-' of you are probably aware there
has been a

departments towards
phases of their work. Rehabilitation consti-
lutes one of the R's of the so-called 3R
Restoration, Resurfacing and
Rehabilitation. This shift in operations cer
tainly includes brigges

shit by many highway

rehabilitation in all

Program of

This discussion concentrates on the re-
habilitation of small-to-medium-size steel
bridges, which constitute the majority of
bridges we deal with, and is typical in most
states. In Maine, a large percenlage of
smaller struclures are maintained by
municipalities, rather than by the State De

partment of Transportation. Because of the
lack of tunds and expertise, these structures
were not maintained 1o adequate standards

and now need considerable attention

the

There are three primary reasons why we
are presently (‘:H‘-f._.#-_'r‘-'l'l'ah"\(__] more on re-
habilitation than on bullding all new struc
‘ll”'."'\

First. the realization of the magnitude of
the bridge problem across the country. The
bridge rating process now required by the
Federal Highway Administration resulls in
the systematic appraisal and rating of all
structures. The fact thal serious bridge
problems exisl has become well documented

Second, there i1s a realization of the ever
growing lack of funds on the state level o

address this problem

The third reason Is the fairly recent avail
ability of federal funds for rehabilitation of
bridges. Not very long ago such work was
considered o be o

and na federal fu

a maintenance nature,
were available

Thera-
fore, the decision-making process by many
agencies favored

federal tunds r

new construction with

ner than rehabilitation, com
pletely financed with local funds

The bridge design process is normally
divided into two major categories. The pre
liminary design, or the bridge type recom-
mendalion slage, followed by the final de

4th Quarter/ 1982

sign stage, which includes preparation of
plans and specifications

The preliminary stage is a value engi-
neering approach thal systematcally ana
lyzes and evaluales all logical alternatives
in solving a specific bridge problem. This
phase of bridge engineering has undergone
the biggest changes as rehabilitation came
Into prominence

Several years ago, this process investi
gated complete replacement or new con-
struction aiternales and gnored, or super-
1|:_',|.-1E}5. covered. rehabilitation. The reason
for this, as previously stated, i1s thal the
aecision-making process favored new con
struction

A typical study would evaluate relative
substructure and superstructure costs to
determine the most economical span lengths
It would probably look into different materi-

als such as concrete or steel. As long as all
new construction was involved, this was a
fairly routine process, especially for the
agencies thal maintain good stalistical cosl
figures
Presently, a whole range of additional
bé considered, ranging
from minor to major rehabilitation. This ex

allernatives must

pands the process and certainly makes il
much more complex. It now demands more
judgmental and qualitative decision-making
on the part ol
formulas for deterrmining the adaptability or

acceptability of old parts of bnidges tor new

engineers. There areé no

and extended uses. Many parts are not
accessible for inspection, and cannot be
tested easily. Ingenuity and sound engi
neenng judgment mus!l be exercised 10
save and economically adjust and improve

whal |5 salvageable, discard whal is nol



ing stud

lect whal 18 considered the most cost

eflective solution, depending unaing

and other current restraints. At the present

time, rehabilitation rather than new con

struction seems o be ered as the

mosl cosl-alte

s golulion In many of these

However, a word of caution is dea al

this point. Because of lack of funds, it is

lor renabilitation may

possible the pendull

swing too far—to the point that it does not

result in economic solutions 1o bridge prob

n will be to specily

lems. The lempt

rehabination withoul thorough inveshga

tions. To propose and perform cost-etlec

tive rehabilitat

| r Siirr -~ il
MaJ0r surprises aur

the construction of a project that result in

costly change orders may render a rehabili

tation project more costly than a replace
ment struciure

Needless 1o

been heavily en

n recent d performung (s

work, we have 1ol

rsatile and adaptable material for

very
such work. It is relatively ight in weight and

an be allered easlly for varied

can be shortened with a cutting torch

lengthened by splicing and strengthened
by welding. It can be

that functional

5 very uselu
lown road bridges. Hect
struclea several bridges

with “used" steel beams and local labor al

ery asonable costs. In view of the imited
linan ivailable
towns. this is praclic
Al Dridge
teel members or 1
steel beams and rail systems. The accom ; .
examples ol such ! ’ :
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Ork the flexibility to accommodate mailr { tructure unit
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oYy using ine as dVvt
Dt al ia Irad s
all ol ou ti-beam t vithou! weld e Steel lrusses and through girders require e Concrete slab and T-beam bridges can
( over plales expensive rehabilitation. unless their ong pe rehabinated and wigenedag, pr
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OUTSTANDING ACHIEVEMENTS
With Welded Design,

Engineering, and Fabrication

THE LINCOLN ARC WELDING FOUNDATION AWARDS

Write to request this free brochure that contains illustrations and brief
descriptions of awards made for outstanding applications of arc welding to
achieve innovative objectives in design, engineering, and fabrication. Also
included in response to your request will be the rules brochure for the
current award program and literature describing the Foundation's low cost
publications to help you maximize the advantages of arc welded design.

“Arc Welding in Manu- “Design of “Modern Welded
facturing & Construction Welded Structures” Structures Vol. IV”
Vol. I” 832 page design 264 pages of illustrated

320 pages of illustrated manual—$9 case histories—$6

case histories—87

Richard S. Sabo, Secretary
The James F. Lincoln Arc Welding Foundation = P.0O. Box 17035 * Cleveland, Ohio 44117



* Timber bridges are expensive to rehabili
tate 10 the point where they can handle

modern loads. In all but a ver

cases
they require complete replacements

® The most versalile structures for eco
nomical rehabilitation are the mulli-beam
or girder sleel brigages with concrete
decks. We have many such structures
built since the 1920s. These bridges can
beé economically adapted to handle mo
dern loads even when they were origi-

nally des

gned lor lower capacities, They
can alsg be widened where needed

In summary, this type of construction

constitutes the me our rehabilnta-

tion work. We are redecking 45-year-old

Dridges, maur |I.-"1:.r'.r|;_; trathc on hall the br gge
and upgrading the structure 1o modern

We can accomplish this

WOrk

tor about one-third the cc e
replacement struclure

As a matter ol facl, looking back at
penod ot four _.--'Fr"'-- we {find we had only

three multi-beam bndges we did not reha

bilitate. These bridg eeded mplete
replacement when a part of the Maine

Turnpike was widened from four 10 six

lanes. This would have placed the existing

abutments within the roadway. So
while other tlypes ol bridges of the same

age require complete replacement to meet

present standards, multi-beam ¢ | bridaes

provide praclical and cost-effective rehabil-

mamm

a small rural bridge Is beyond
rehabilitation, it is replaced. We have
:_Ievnbpaa a laly urwm

ments afskemoonddmbtv above
streambed, so cofferdams are not
required, riprap slopes are placed in
front of the abutments, and corrosion-
resistant steel is used for the beams
to minimize maintenance costs A
conerete slab with an integral wearing
surface s placed in a one-pour
operation without any curbs and, of
course, without any separate wearing
surface. A combinalion corrosion-
resistant steel rail and curb system is
bolted at the fascia of the bridge and
corrosion resistant beam type guard
rail is continued on the approaches.
These are fairly inexpensive and aes-
thetically pleasing structures that
MMMMMII!WMSD
common in our stale. We have re-
ceived considerable plaudits for their
simplicity and aesthetics.

These bridges normally replace
old, single-span pony trusses and
concrele T-beam struclures.




STEEL FLOOR DECKS, ROOF DECKS,
CELLULAR RACEWAY SYSTEM,
SIDING AND WALL PANELS
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Pick the Profile that'’s right for you!
Need Some Help?
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- polts, and omplh
*tools for installation. Call or write for the

" Jocation of the neares distriputor of
' Warehouse.-and start saving up to 50%
WA bolt installation costs now: -

CFULL3BD N -
~ ROTATION ﬁ.- '

BRISTOL wacrine company |
| Congtruction Fi
| ‘Svsre:nsm-

-

NEWESTOF
FULL u..g"

630 E. !
aite Lambert Road, Brea, GA 92621 + 714-990-6655




