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“INTELLIGENT” OFFICE BUILDING

CELLULAR DISTRIBUTION NETWORKS - THE KEY TO YOUR

...because advancing
communications, power and data
technology necessitate a distribution
system that keeps you current.

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

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

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

trench headers, preset and afterset inserts.

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

Find out why ACTIV-WAY Il is
the key to your “intelligent” office
building.

Call us today at (201) 277-1617.

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

What's more, United Steel Deck, Inc. pro-
vides all of the U.L. listed components:
exclusive 12”7 and 24" cellular decks,

UNITED STEEL DECK, INC

NICHOLAS |. BOURAS, INC.
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Innovative Engineering

LL&E TOWER

A Steel Building in a Concrete City

by James M. Notch
Abstract

This paper documents the structural design
and analysis as it evolved in t anning of the
new LL&E Tower in New Orleans, La. The bulld-
ing, a project of C. Canizaro Interests

nsepn (
will serve Louis

*

na Land and Exploration Co
as its mayor tenant. The 785,000-sq wer has
J6 levels above grade and is capped with a

e wind

two-story high sioped parapel. Hurrnc

force resistance for the bronze colored stone

and glass tower is provided by a recently deve
. oped concept known as the ggerec

beam system.” The (ree
sisting of a wind girder fit
stub column piec
form to the building's architectural shape by

.}_-'f.;rf-"'" T

s o improve stiffness

shifting pian locations at various levels. The in
auies work
I, partial

together to crealte an e
framed tube system. Tot
weight was approximately 15.5(

his feature documents the structural
system conceived and used on the
new LL&E Tower in New Orleans, La. The
$80-million project of Joseph C. Canizaro
interests, will provide space for Louisiana
Land and Exploration Co., its major tenant
Local economic factors and tradition
have dictated that major buildings in New
Orleans are to be buiit of cast-in-place con
crete construction. The owner challenged
the structural engineers to counter the
trend and develop a structural steel system
for the project. The steel system would as-
sist the owner in attaining a very short con-
struction schedule. The engineers were
challenged in that the structure must be
developed with sufficient efficiencies so it
could be built as competitively as local
. conventional concrete systems. This fea-
ture provides an overall review of the struc-
tural system on this project and specific
details regarding its design
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General Description

On Poydras Street in downtown New Or-
leans, the 785,000-sq. ft tower, with 36 lev-
els above grade, rises 482 ft above street
level. The structure’s first-floor lobby/retail
level is separated from its 26 office levels
by a nine-level, ramped auto parking struc-
ture

The classicized tower design has over-
all plan dimensions of approximately 215 x
150t atits base, and tierstoa 115x 1151t
floor dimension at the top. The tiered sides
of the building not only provide the owner
with unique floor plans matched to his
needs but also panoramic views of the
Crescent City.

The tiered building design, in conjunc-
tion with column constraints imposed by
the parking garage, presented a challenge
to the structural engineer to provide lateral
force resistance for the tower. A further
challenge was the time constraint on the
construction schedule. The short construc-
tion schedule pointed to the need for a
steel structural system. However, steel of-
fice tower construction in New Orleans has
been virtually non-existent. The local con-
struction scene centers around cast-in-
place concrete structures. The structural
engineer broke with the local tradition and
developed a steel system which could be
built on a competitive basis with a concrete
casl-in-place system. The challenge was
met successfully by using an innovative
hybrid system employing several structural
concepts. And total steel framing unit
weight was limited to approximately 15.50
Ibs./sq. 1t

Typical fioor framing plan

““SINGLE STEM'' TREE BEAM MODULE

Fig. 1 Single-stern, tree-beam module

Lateral-resistant System

The architectural core layout was config-
ured so it could incorporate several lines of
inverted K-truss bracing. Five lines of diag-
onal bracing were provided for resistance
of wind on the building's broad exposure
To simplify fabrication, the inverted K-truss
type diagonal bracing inthe core areais 2L
or 4L struts, lapped at each end and bolted
to gusset plates. The horizontal strut is a
double channel with the gusset plates
sandwiched and bolted in between at each

7

N

s,

TYPICAL FLOOR FRAMING PLAN

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

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

The modular construction method with
tree beams has been described in several
papers previously published in Modern
Steel Construction by this author. To en-
hance the stifiness and strength of con-
ventional wind girders, the tree-beam con-
cept was developed whereby short vertical
stub columns at mid-span are added o
heavy horizontal wind girders (Fig. 1). The
stub columns force an intermediate inflec-
tion point in the member, thus greatly in-
creasing its stiffness and strength (Figs. 2,

MODERN STEEL CONSTRUCTION
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Fig.2. Frame action with conventional wind girder

3). Since the stub pieces perform only a
flexural function, and shear truss/frame in-
teraction is dominant in the intermediate
height range of the tower, they may be
easily deleted at the lower levels and top
levels to create expansive, open architec
tural spaces

Since the tree-beam elements behave
primarily as flexural elements subject to
shear racking, it is possible to shift the lo
cation of frames containing groups of the
modules as the building tiers inward. At
levels 2 through 10 (Fig. 4), the tree-beam
frames were located at the exitreme ends
of the tower. The vertical stub column
pieces were positioned directly behind 5-ft
wide vertical stone cladding bands. As the
plan changes from aulo parking
occupancy (Fig. 5), the tree-beam .
shift inward 15 ft. To remain back of the
stone facade, which also moves inward in
this position, new columns are actlivateg
with regard to axial shortening due (o wind
By using additional columns for axial stiff
ness, the framing system's overall stiff

ness Is augmented

At the typical office levels, tree-beam
modules were added to the end bays on
the longitudinal faces of the tower. These
modules tie into the terminal end columns
of the side frames to simulate a large chan-
nel or C-shape assembly in plan. These
channels cantilever upward from the
tower's 10-story base. This configuratian
created a very stiff assembly of frames
which, through truss/frame interaction with
the core bracing, minimized building drift
under the most severe hurricane wind
loading condit

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

ons

Fig. 5 As building changes from parking
lo office, frames shift inward 15 it
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Fig. 3 Frame action with tree-beam module




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

Structural Framing Details

Columns were typically W14 rolled sec-
tions. The heaviest loaded columns
ranged in size from cover-plated W14 x
730 at the base to W14 x 90 at the top. In
the lowes! levels, wherever design loads
exceeded the column capacity, cover
plates were connected from flange tip to
flange tip. All columns beared on milled
steel base plates which were shipped
loose. Columns were anchored by using
anchor bolt boots attached to the sides of
the column shafts. The largest base plate
weighed 10,591 Ibs. (66 in. x 58 in. x 112
in.). A 3-in. thick layer of non-shrink grout,
7,500 psi strength at 28 days, was pro-

8

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

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

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

Single line of diagonal
bracing used for
wind resistance

semblies. Most tree-beams used W36 or
W30 sections

Based on the beam-flange thickness
beam-flange-to-column-flange welds were
either partial-penetration welds with fillet
weld overlays or fillet welds only. Beam
web-to-column welds were double-fillet
welds. Stub-column-to-stub-column field
splices were made midway between
beams at points of theoretical minimum
moment using 1-in. A490 bolts in friction-
type connections. Double shear values
could be used by providing a splice plate
on each beam face. Oversize holes (bolt
gia. + s in.) were used in these connec-
tions to facilitate field alignment during
ereclion

The tree-beam elements were fully mo
ment-connected using field welding to the
columns at each end. The stub-column
piece-to-stub column piece connection
joints were gapped and non-bearing with
field bolt-up using 1-in. A490 bolts with
double splice plates. For horizontal girder
members, rolled sections were used which
varied in size from W36 x 300 to W36 x
135. The vertical stub-column piece ele-
ments were made from rolled W36 shapes
Stub column piece sizing was slightly less
than its respective horizontal beam piece
The vertical stub-column elements were
shop moment-connected to the horizontal
member. Because of high panel zone
stresses, thick doubler plates were added

MODERN STEEL CONSTRUCTION
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between flanges in some panel zone

areas

Gravity Framing System Concepts

The typica § 6%-in
thick composite, metal deck slab construc-
tion (3%-In. lightweight slab on 3-in. metal
[ 36 in

noor I

meam et it
COonsiry 8 )

deck). The typical deck was 1
wide with a 1
lized pamnte :
and galvar
The deck, typically
was supported by W21 rolled

Spanning the approximately 40
perimeter frame o central core area. typi-
cal beams were designed o act compos
itely with the concrete slab by means of
shear studs, field installed through the
metal deck. A shop camber was specified
on all iong purlins (0 compensate for the
dellection of the beam under the weight of
thus providing a constant

y & h=
J5pNd-

()]

r office
in garage

anning 15 ft

levels

ections

ft from

wet concrete
thickness and level floor system after pour-
ing of the slab. Because of metal deck de
flection between beams, the composite
slab was thicker in the area between
beams. This additional concrete ponding
weight was considered in the gravity fram-
ing and deck design. Nominal 6 x 6-W1.4 x
W1.4WWM was typically provided in the
floor slab. For crack control, negative mo-
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ment top bars and 6 x 6-W2.9 x
W2 9WWM was used al garage levels
This slab reinforcement was augmented in
several areas of high diaphragm stress, as
required. U-shaped rebar ties were pro
vided at the perimeter of the building slab
to provide a mechanical tie between the
shear connectors located on the spandrel
beams and the floor diaphragm. This me-
chanical tie provided for bracing of the col-
umns into the floor diaphragm as well as
transfer of wind shears into the diaphragm
The U-bars served the additional purpose
of supporting the stone tacade located at

the end of the slab cantilever |
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Alternate Design

Redesign in Steel on

Emlenton Bridge Saves a Million |

by Louis P. Schwendeman

edesign as a ving clearances fr that
a routing visit will t alternate would be accepted

1986 Subsequent ir r f wced the 1 AISC Marketing developed a Pre
AISC Marketing staff this project was an exce nary esign Study Thi udy was made

| £ 3l interested fat itors and
tractor
The f g outh fa
nth effort to succes ind bid a
steel contractor alternate on the Emlenton
Bridge

lr‘ recent years, a lively competition has
developed between the prestressed con
crete and steel industnes for the design
and construction of highway bridges. Fora
time several years ago. most short spans
under 100 ft and many intermediate and
longer span bridges were built of concrete
Recently, however. steel bridges are mak
ing a dramatic comeback when the con-
struction contracts are bid for the longer
span bridges on the basis of alternate de-
signs in concrete or steel

There are a number of reasons for the
current improved position of steel bridges

1. Steel fabrication costs within the indus
iry have been reduced

details have been simplified

3. Load factor design of deck slabs re
duces slab thicknesses and resultant
cosls ana aead loads

4, Use of the linite element method of

analysis distributes and reduces live

loads to the stringers via the deck slab
5. Improved stay-in-place metal forms
permit wider spacing of girders
6. Load factor design results in lighter
girder sections with wider stiffener
spacings
7. AASHTO specifications permit the re
duction or elimination of lateral bracing
n short and intermediate length spans
8. American Welding Society (AWS)
specifications permit reduction in size
of fillet welds where governed by maxi
mum thicknesses of joined plates
The new bridge presently under con-
struction over the Allegheny River at Em-
lenton, Pa. is a typical example of how
competitive steel bridges have now be

MODERN STEEL CONSTRUCTION
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structural engineering and

modern optimization research.
SODA is a truly practical steel
design optimization package
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| centrate on engineering instead of routine calcu- the entire structure as a system. The design
: . lations, thereby reducing design time and costs. satisfies both strength and deflection requirements.
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Trumbull request assistance from the Pitts-
burgh office of AISC Marketing. Inc., t0
substantiate the alternate steel design
weights. AISC responded very promptly on
Dec. 8, 1986, with two suggested solutions
for the steel alternate design. One scheme
was for a five-span continuous steel girder
bridge; the second was for a four-span
continuous structure. Both schemes
showed four lines of girders at 10-ft cen-
ters—the same stringer spacings used in
the original concrete design. These solu-
tions indicated even more weight reduction
in the steel than previously anticipated,
and further substantiated the viability of an
alternate steel bid. However, since the de-
partment had specified a 240-ft long main
center span would be required for any re-
design in steel. a three-span continuous
bridge appeared most logical. Thus. the
steel weight savings indicated by the AISC
redesign studies with shorter spans could
not be fully realized.

HDR-Richardson Gordon agreed with
Trumbull Corporation to proceed with the
further refinement of the steel structure de-
signso final bidding figures could be devel-
oped. The AISC Marketing Computer Pro-
gram SIMON proved invaluable for this
review. A steel weight of approximately 500
tons was finally agreed upon for bidding
This compared very favorably with the 513

tons of steel required for the subsequent
refined final design. This increase over the
originally estimated 470 tons of steel may
be attributed to the fact that because of the
desire to retain the original stninger spac-
ings and deck slab overhangs, the steel
weight savings realized from the finite ele-
ment analysis did not prove to be as great
as anticipated.

At the bid opening on Dec, 18, 1986,
Trumbull was low bidder at $3,500,000 for
the steel alternate design. The next bid,
also for a steel alternate, was $231,000
higher, while the third bid—which was for
the original concrete design—was
$1,038,000 above the low bid. The remain-
ing three bids were also for the concrete
designed bridge with prices ranging up-
ward to the sixth bid, over $3,000.000
above the low bid

A notice to proceed was given by the
department in early January 1987. A con-
ceptual steel redesign for the bridge was
required within 30 days, with the new
bridge specified to be opened to vehicular
traffic before the end of 1987. Although the
concrete deck slab in the alternate design
remained at the original B:-in. thickness.,
there was a substantial 15% reduction In
the quantity of deck concrete from 856 CY
to 725 CY, This reduction could be attribut-
ed mainly to the elimination of heavy con-
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crete diaphragms at the piers which devel-
oped continuity Inthe concrete design after
the simple span beams were erected.

The concrete abutments and piers as
originally designed required minimal rede-
sign work for the alternate steel bridge be-
cause of the substantial reductions in dead
loads from the deck slab and girders in the
steel design. The total weight of the con-
crete beams alone was 1,655 tons. over
three limes heavier than the 513 tons of
steel in the alternate bridge

The total reactions from the superstruc-
ture to the abutments and piers in the long-
span steel alternate design were so similar
to thuse in the onginal short-span concrete
design that very nominal changes were re-
quired In fact, the structural concrete sec-
tions remained almost identical and the
same number of caissons were retained
for the piers and abutment 2 in the steel
design. So the elimination of three piers in
the steel alternate design was almost a
clear-cut savings. Two fewer cofferdams, a
70% reduction in pier and abutment exca-
vation, a 90% reduction in rip-rap protec-
tion at pier bases and 580 fewer lineal feet
of 42-in. dia. caissons were also reflected
in these savings. The very difficult drilling
conditions through heavy dense sands,
gravel and boulders in the stream eventu-
ally made the elimination of three piers all
the more advantageous for the steel alter-
nate design

A finite element analysis was conducted
to realize maximum efficiency in the steel
stringer designs. To assist in this work, the
services of BSDI in Coopersburg, Pa.,
were retained. The full advantages of the
finite element analysis could not be real-
ized because of several restrictions im-
posedbytheoriginal design specifications,
such as:

1. Retain the onginal bridge length

2 Retain the onginal bridge width

3. Locate the river piers at 240-ft centers

4. The inventory rating using finite ele-
ment analysis and HS25 loading shall
equal or exceed an alternate inventory
rating using conventional AASHTO
load distribution factors for HS20 or the
alternate military loading

5. Make exterior stringers at least as
heavy as the interior ones

Since it was also desirable that the ongi-
nal 10-ft stringer spacing and 4 f1-3 in. oul-
side overhang be retained to simplify the
design and details at the abutments and
piers, less than maximum design efficiency
resulted in which the exterior stringers are
heavier than the interior stringers.

The final girder sections used for the
four lines of stringers have BO-in. deep by
Ye-in, and % e-in. thick webs and maximum
size flange plates 28 in. wide by 3-in. thick
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at the piers. The maximum total depth of
the steel girder section is 87 in., which is 9
in. deeper than the 78-in. deep original
prestressed concrete |-beam section, but
within the vertical clearance limits. The
structural steel for the girder flanges and
webs is either ASTM designation A588 Gr
50 or A572 Gr. 50. The structural steel for
the two flared W36 x 150 stringers at the
south end of the bridge, as well as all other
sections, is ASTM A36, except for a few
miscellaneous drainage and expansion
dam details

The paint specified for the structural
steel is a three-coat shop-applied system
consisting of an inorganic zinc primer, an
epoxy Intermediate coat and a urethane
finish coat, Final field touchup is specified
for damaged surfaces. Mechanically gal-
vanized high-strength bolts requiring mini-
mal field cleaning and touch-up painting
were specified for all field connections. It is
anticipated the paint system will protect
the steel for at least 25 years with minimal
touch-up repairs. The specified blue finish
coat, contrasting with the grey concrete
parapet and substructure, presents an al-
traclive appearance

The aesthetics of the structure are greal-
ly enhanced by the elimination of three ol
the five piers required for the original pre-
stressed concrete design. The two piers
rather than five, will also present less ob-
struction to stream flow and river traffic

The redesign of the Emlenton Bridge as
a continuous steel girder structure was
completed in about six weeks after notice
to proceed. The revised finished plans
were submitted to the Pennsylvania De-
partment of Transportation for final approv-
al by Feb. 20, 1987. Few problems were
encountered during approvals to delay the
scheduled construction startup. Construc-
tion is currently on schedule, and it is an-
ticipated will remain on schedule until the
planned opening of the bridge in Decem-
ber 1987

Only the driving of sheet piling for the
cofferdam through the dense river bed and
boulders at Pier 1 created a major con-
struction problem which necessitated re-
vising and reversing the erection scheme
for the steel girders. Even though the final
steel erection proceeded on schedule, the
difficulties and excessive costs at the two
river piers only further accentuated the ad-
vantage of eliminating the other three piers
present in the original concrete design. In
fact, the general contractor doubted his
ability to meet the bridge opening date if he
had to construct three more piers. He also
envisioned extreme difficulties in trans-
porting and erecting the deep 105-ft long
prestressed concrete |-beams, each
weighing 68 tons, if he had bid the original
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heavier:

Only Lukens offers heat treated
plate that's as long as 890™—or that
weighs 50 tons. We can also supply
widths to 195", So the easiest way to

fill your tall orders is to contact

the Plate Products Division,
Lukens Steel, Coatesville, PA 19320.
(215)383-2452

Lukens Steel

The specialist in plate steels.




Remodeling with Steel

STEEL FO
THE COUNTRY CLUB

by Frederick M. Law

xpansion of the Hawthorne Country or columns as possible. rurther, 10 lake 27-in. depth of construction without intenor
E-L ib, North Dartmouth, Mass. if advantage of the splendid views of the gol!  columns. Preliminary desigr mputa
J doubling the size of the main dimng Sourse and the surmouncing wooded nvet tions, however, confirmed hat convention
room on the first { L iding a sex valley. the new main dining room would  al steel floor framing—steel beams, oper
nd floor level deck above the main dining  have exterior window walls of which were  web joists and a reinforced floor slab on a
mand expanding the proshop and lOCK virtually all Qlass metal torm deck—t nicely into the himited
er rooms at ground leve To meet these requirements, girder depth Reinforced concrete framing, obv
The existing club houst s a wood spans of 40 ft or larger were required. The ously, was not practical for this Iwo-story
framed t '-.;‘-_'i arqe nit fr lotal depth of cor fio ng. Sleel framing had an aaainona
terof umns and small floor-to-1 r above) was imited 48 advantage in that it could be made into a
height provide continu he new ad at girder lines. I or (or three-dimensional frame 10 Carry the later
iit floor and ceiling elevations needed nterior) bracing was feasible, since il al (wind) loads with relative ease There
to match those of the existing club house would imertere with the wingdow walis fore. steel was the clear choice for the ex .
However, unlike the existing building. the Preliminary design computations con pansion ol the Hawthorne Country C uby

new dining room should have as few interi firmed wood framing would not fit into the The typical connection detall used to
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Fig. 1. Typical connection detail

create the steel frame is shown in Fig. 1

Note: the lateral (wind) load moments on
the plane of the girders are transferred
from columns to girders through the bolts
of the cap and base plates of the columns
The lateral (wind) load moments perpen-
dicular to the plane of the girders are trans-
ferred from the columns to double-channel
tie beams through the bolts in the bottom
flange connection plates and the base
plates at the top flange. Even though the
connections were designed to transfer lat

eral moments, the girders were designed
as simple beams (unrestrained, free-end-
ed construction) for gravity loads only. This
design approach as been referred to as
Type 2 Construction with wind-moment
connections

This apparently arbitrary design ap-
proach is actually very reasonable, if suffi-
cient flexibility is provided in the connec-
tions to permit a shakedown of gravity
moments. This is really a form of Type 3
Construction, semi-rigid framing (partially
restrained construction). The design ap-
proachused for the country club addition is
particularly advantageous for low-rise
buildings. Wind moments are small and
connections can be developed readily o
carry these small moments, But connec-
tions required for full, rigid-frame action
would be needlessly massive.

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

(continued)
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IN DETROIT, VULCRAF.

IN THE SKYLINE ANL

Riverfront Apartments used 1,220 tons of Vulcraft steel
joists and 650,000 sq. ft. of Vulcraft steel deck to create
these 29-story twin towers
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, MADE A DIFFERENCE
THE BOTTOM LINE.

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

Since Vulcraft steel joists are easier to handle
and erect, we were able to help expedite construc-
tion on a tight schedule that went straight through
the Detroit winter. Vulcraft joists also pl‘u\'idt'd
significant savings within the building design itself
through their lightweight, open web configuration.

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

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

For more information concerning Vulcraft steel
joists, joist girders and steel deck, or copies of our
joist and steel deck catalogs, contact the nearest
Vulcraft plant listed below. Or see Sweet’s
05100/VUL and 05300/VUL.




AMERICA'S LARGEST
DISCOUNT STEEL
BUILDING BROKER

*ADVERTISED SALE

BYRON HOUSE SCOTT HOUSE

90 ' x100 x 14’

GALVALUME ROOF, COLOR WALLS, COMMERCIAL TRIM
12/20# 90 MPH SOUTHERN BUILDING CODE—FOB PLANT

$9898

*PRICES GOOD UNTIL DEC. 23, 1987—BLANK AD SLICKS
AVAILABLE AT NO CHARGE FOR BUILDER AD CAMPAIGN.

HOW DOES IT WORK?
Heritage brokers major manufacturers’ slack production time 10 give you pnce
shipping points nationwide. We offer you one on one personal service Stmphrcallusloﬂ
free with your specifications—we will quote a 30-day price by phone and confirm in
writing with specifications and color chart at no charge. We ask for no commitments that
will interrupt your present dealership status. There is no dealership fee. All quotations,
take-offs and estimates are at no charge. We will consolidate loads on small buildings to
saw r freight dollars. Complete erection drawi stamped and certified by engi-
service with a nationwide toll free WATS for all calls. Call loday

HERITAGE BUILDING SYSTEMS

1-800-643-5555

22

STRUCTURAL DESIGN

USING
LOTUS 1-2-3® + ENERCALC™

Use LOTUS 1-2-3* as your personal structural designer. Your $795
26 program “hibvary” supplies design & analysis in steel. timber
retaining walls, concrete, masonry and can perform  structural

analyss

Foreward thinking engineers will realize this sofrware s REQUIRED
MATERIAL i ioday s competative design office., and our nationw ide
user’s are avalable as impartial references. Recerve our brochure or
demonstration packages by contacting

[ IEIRGALC

160 Newport Center Drive, Suie 123
Newport Beach, CA 92660 » (TI4) TI0. 1868

Scenic addition to country club

with wind-moment connections for low-rise
buildings such as this country club addi-
tion

Using a steel frame for the country club
addition not only eliminated the need for
bracing and interior columns, but also fit
into the required limited permissible depth
of construction. Finally, the addition was
completed on time and within budget—all
thanks to steel 0]

Designer/Structural Engineer
Dr. Fredenck M Law
South Dartmouth. Massachusells

Owner

Hawtharne Country Club
North Dartmouth, Massachusetls

Dr Fredenick M. Law, PE., is pnncipal in the
structural engineerning lirm bearing s name in
South Dartmouth, Massachusetfts
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Structural Engineering
Software For Your IBM
Personal Computer or

Compatable ...

o

Structural Analysis/Design
Frame/Truss/Continuous Beam Analysis
{Includes Shearwall Frame Interaction)

¢ AT $435.00
Load Analysis Program $275.00
Moving Load Analysis $450.00
Concrete Beam Design ; $175.00
PCSAP (3-D Frame /Truss) $200.00
Retaining Wall $275.00
Concrete Spread Foolng $250.00
Pile Group $150.00
Shear Wall $275.00

ENGINEERING SOFTWARE
SERVICES, INC.

978 Douglas Avenue, Suite 104

Altamonte Sprnings, Flonda 32714
Call Our Hotline 1-800-257-8087
Florda Residents 305-862-7755




building to go over the parking facility. This
eliminated traffic noise problems and pro-
vided the site with 50% of open space for a
plaza area to permit interaction between
the building and its environment

Architecture Possible with Steel
Structural engineer Richard Weingardt
Consultants made the architectural design
possible by using structural steel instead of
concrete. The result—a building frame that
preserved the structural integrity of One
DTC and carried through its intended feel-
ing of permanence and prestige. More im
portantly. however, the structural steel
frame proved economically viable, as well
as providing for the most expedient project
schedule

The structural steel frame, which gave
the architect more flexibility in the design
process, was also the most logical material
for this project. That flexibility played an
important part in the success of One DTC
and in the ease of its leasability. Using un-
braced. 40-ft tall steel columns to lift the
building over ils parking garage provided
both a grand entrance and a drop-off point
underneath the elevation. Having elevated
the building above plaza level, narrow, full
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it creates The Struct-Fast System of total fastening.
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STATE-OF-THE-ART COMPUTER
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Steel Notes

ICBO APPROVES LRFD
AS NEW UBC STANDARD

he International Conference of
Building Officials (ICBO) ap-
proved Load and Resistance Factor
Design (LRFD) as a new Uniform
Building Code (UBC) standard at their
September annual meeting in Kansas
City, Mo.

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

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

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

LIGHTWEIGHT MANUAL
AVAILABLE AGAIN

A limited number of the Manual of
Steel Construction, 8th Ed.—Light-
weight (M012) has been reprinted and
is now available. At 1 1b.-5% oz,
7/8-in. thick, this lightweight Manual
is ideal for the job site and travel.
Printed on opaque “'bible” paper, it is
unabridged and complete in every
detail. The 832-pg. Manual still con-
tains the provisions of the November
1978 AISC Specification for the
Design, Fabrication and Erection of
Structural Steel for Buildings. Data
is divided into six basic sections:
(1) Dimensions and Properties, (2)
Beam and Girder Design, (3) Column
Design, (4) Connections, (5) Specifi-
cations and Codes and (6) Miscel-
laneous Data and Mathematical Tab-
les. The lightweight Manual is $36 for
members; $48 for non-members. To

30

order, send check, money order or
Visa/Mastercard information (state
type of card, number and expiration
date) to AISC Publications Dept., PO.
Box 4588, Chicago, Ill. 60680-4588.

T.R. HIGGINS DIES AT AGE 89

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

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

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

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

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

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

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

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

For further information on attending
or exhibiting at the 1988 NEC/COP
National Steel Construction Con-
ference, contact Lona Babbington,
AISC director of public relations,
312/670-5432.
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Technical

Fast-Track Construction

by Herbert R. Fletcher

Wnen | went to work for a major archi-
tect/engineering firm in Detroit, the
bulk of our design commissions, with the
exception of auto and tractor jobs, were for
conventional bid projects. After a lengthy
selection process proposals were solicited
and submitted. the decision was made and
a design commission awarded. Then,
there ensued on often lengthy give and
take about where the project was to be
built, basic size and configuration, hori-
zontal or vertical thrust, frame material
and construction schedule, plus a myriad
of other things from toilet seats to ground
cover. We would transmit these ideas and
requirements to the various disciplines and
departments and after numerous meetings
and discussions, and with the owner's
blessing, proceed to create this building on
paper. Not until the last creative ideas from
the final respondents were received, incor-
porated and approved by the owner did we
finalize the bid documents

The documents were printed and issued
to a prequalified list of general contractors
The generals would then solicit bids from
an impressive number of subcontractors
After deep deliberations and consultations
with his resources, the contractor submit-
ted his bid. The owner, with the designer's
input, evaluated the bids and, consistent
with budget and project schedule, present-
ed and conditioned by various factors,
would agree the job be awarded to the
most responsive contractor, At this point
and after all that energy has been expend-
ed not one iota of productive work has
beendirected towards the actual construc-
tion of the project at the site!
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Fast Track

The auto and tractor projects were handled
in & dramatically different manner. Major
trades were bid directly to the owner as the
design progressed. Site and foundations
followed by structural frame, mechanical/
HVAC and electrical were bid as separate
packages in sequence. As opposed o the
conventional all-trades package, the own-
er, in conjunction with the designer, would
carefully screen subcontractors to qualify
them as potential bidders. Financial
strength, capacity, quality of work, track
record and in-house engineering—among
others—were factors in selecting the five
or six bidders. The bids were received,
opened, evaluated and a contract awarded
to the firm most responsive.

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

Fast track is an accelerated design and
construction process that allows construc-
tion to begin before design is complete
Another name for fast track is phased con-
struction. The very nature of the concept
has an imperative that structural steel
should be the framing material. Fast track,
or phased construction, is not just a buzz-
word. Combining design and construction
into an overlapping and ongoing process
requires teamwork and encourages com-
munication between the subcontractor, de-

signer and owner. Each phase of construc-
tion starts when the design and spec-
ifications for that segment of the project
are ready. The object! is to achieve benefi-
cial occupancy in a significantly shorter
time than is possible with traditional bid-
Jing methods.

Fast tracking can encompass the whole
project or only selected trades. The struc-
tural frame is, almost withoul exception,
the cornerstone of a phased construction
effort because “everything hangs from the
steel." Of course, to achieve this end, site
work and foundations are mutually exclu-
sive in the program. There is a need for a
leam spirit, and communications have to
be significantly closer than normally exper-
ienced on the traditionally bid project.

Fast track construction may well be the
answer to the "do you want it good or do
youwant it Wednesday" concept advanced
by George Kassabaum of Hellmuth, Obata
& Kassabaum. Even in this day of reason-
able interest rates, the significant costs of
financing, labor and material have in-
creased dramatically the cost of time
These costs pose difficult challenges for
today's building and reflect even tougher
areas for the construction industry. There
is a value concept to be addressed and a
requirement the construction industry de-
velop solutions and methods responsive 1o
that need. The alternative to the traditional
linear conslruction process is a partner-
ship between owner, architect and the
structural steel contractor to complete the
frame faster than if it were contracted for
on a conventional basis.

When using a phased construction ap-
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proach, the owner deals directly with the
structural steel fabricator. Without the usu-
al fetters of restricted communications and
input, the fabricator can use his special-
ized knowledge, and as a team member
he can introduce practical engineering, re-
alistic scheduling and value engineering
into the construction equation. The owner
still has the deciding role in the project, but
the fabricator's input is not watered down
or lost in translation

This concept of management structure
creates a leam approach to the project—
replacing the historical adversary relation-
ship. The designer's concept can beimple-
mented in the most cost-effective manner
and the owner has direct communication
affording him a “hands-on” relationship
and flexibility not found in the traditional
approach. The fabricator can effect amore
rational, practical approach to the project
challenge. We are now in a circumstance
where the fabricator can be as competitive
as he is when addressing design/build
And, at the same time, he is shaving sig-
nificant time off of any project schedule
The frequent adversarial situation put in
motion by the conventional bid process is
diminished significantly

Early on, at some stage of the project,
usually after foundation and steel contracts
are awarded, a general contractor is
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brought on board on the basis of a hard-
dollar bid. The trades, which had beenon a
direct-owner bid or fast tracked, were then
assigned to the successful general for co-
ordination and, on occasion, payment. As
the concept spread and became known as
fast track, or phased construction, a new
factor was added to the equation—con-
struction management.

A New Equation
The construction manager has replaced
the general contractor on the fast track
team to a significant degree. There are two
dramatic differences in both when a con-
struction manager comes aboard and how
he contracts with the owner in comparison
to the general contractor project. The con-
struction manager may be the first contract
let by the owner, preceeding the designer
in many cases. And the method of con-
tracting Is on a fee basis, with most of the
constructionmanager's workforce general-
ly a reimburseable expense

The construction manager, because of
his early entrance on the scene, gets in-
volved in project planning, scheduling
preparation of the construction budget. co-
ordination of the contract documents, con-
struction planning, coordinating the var-
lous trades and start-up. Although, in most
cases, the construction manager is a gen-
eral contractor, many contractors charac-
lerize a construction manager as a non-
liable third party who has an extraordinary
amount of clout in relation to his risk. He
controls costs, change orders and ap-
proves subcontractor payments. In some
cases, he is the contracting mechanism
and 1s empowered with the same control
as if he had won a competitive contract

The junior participant in the construction
manager derby is the designer. If the de-

signer is also the construction manager he
has complete control of the construction
process. Although eminently capable to
perform the design, and having the expe-
rience and resources to do so, there is
sometimes a question of his ability and re-
source to perform at the jobsite. The ques-
tion | am not qualified to address

There is also a question as to the validity
of the construction manager concept in to-
tal, which is certainly not germane in this
discussion. Whether a general contractor
or construction manager is involved, the
distinct trend seems to be away from tradi-
tional bidding. And, although there are
many other innovative approaches to con-
tracting, fast tracking has been proven to
afford savings in both dollars and sched-
ule. We must concede a prequalified group
of bidders whose guotations reflect real
cost and whose early inclusion result in
significant project time savings must be
considered an enlightened approach 10
contracting

Where time is the salient consideration
and the project is of reasonable size and
fairly complex, phased construction would
place high in any well-thought-out project
concept. Fast tracking affords more con-
trol—over both cost and schedule—and
also more responsibility for the owner than
other contracting methods. By using this
phased approach, problem areas in design
can be identified and rectified while other
areas in construction proceed. It also al-
lows bidding of various trades sequentially,
permitting reduction of contingencies nor-
mal when bidding lump sum. There is no
need, for instance, to project possible shop
labor, material and field labor increases.
which may occur in the future when the bid
date is close 1o when the malerial is actual-
ly needed, rather than at some later time

Fast-track design/construction process cuts time by about 25%

[ Proposat |

Time Savings
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—Brock Rowley
President and CEO
American Bridge Co.
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Structural Considerations

Structural Considerations in Automated
Storage Rack-supported Facilities

by James Lord and Dr. Mostafa Zayed
his paper summarizes the structural
considerations In the design and con

stion of &

ture—the high-rise alea storage
v In :

tem comprises only

*

and retrieval fac

rack components. Stora
fabricated of small
gauge tubes, pif

Seismic desic

ment to remair
maximum Cred

ground shaking. Known as “rack-support

ed buildings, " very fewsuch buildings have

beenconstructed in high seismicallyactive
regions. The case study
presents one of the first to be constructed

thned here re
in California

Introduction

Computer-controlled

automated storage and ":-f'-.::;l; ’I' \III | '““““u H“H.
m 'l

have proved themselves extremely ell
cient and cost-eftective in high volume
rapid turnover warehousing of palle
stored merchandise. As a resuit, ded

cated, single-purpose acilities of this kind

t:\ |

have proliferated throughout the U.S. ir
the last decade, 1

cilities may be measurea in several ways

he efficiency of these fa

one of which is the ratio of the cube capac

ity of pallet storage to the volume enclosed
within confines of the structure., Another
measure relates the cube storage capacity
to the floor area involved. In this case
study, in which overall building height Is
about 100 ft and the gross floor area Is near

120.000 sq. ft, these two efficiency mea

sures are evaluated as 40% and 40 cu. ft of
slorage/sq. ft fioor area, respectively
The total pallet storage capacity Is

57.150. Pallets are all 4 -6 in. x 4

size. A fixed configuration of storage pro

vides for unit pallet loads to vary in height

inincrementsof 3ft-6in.,. 4f-6in., and 6

"

and 6 -8 in. The warehouse operation in-

volves the use of stacker cranes to slore One of first rack-supported structures in Calforrva. Aenal (top)
and retrneve paliels e stacker cranes incicates size Intenor (c.) down-aisle view of braced-frame system
and rel 2 pallets. The stacker crane dicates size Int [ sl f L 1 ter
are designed to traverse the length of Long frames (bott.) are laterally stayed by cross-aisie rames
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aisles located between storage racks
while simultaneous vertical stacker crane
cab movement facilitates access to elevat-
ed pallet locations. Operational tolerances
and capacity limited the vertical travel mo-
tion of the stacker cranes to about 100 ft
thereby governing the overall building
height. Area-wise, fire insurance consider-
ations dictated sub-dividing the facility into
two approximately equal fire compart-
ments

Structural System

Historically, pallet rack storage facilities
have been designed to be self-supporting
at least for vertical loads, and housed with-
in a structurally separated building shell

On occasion, high pallet storage rack con

figurations sometimes have received later-
al support from the laleral-force resisting
system of the building shell, insofar as they
are connected to the building shell root
constr ase study, there IS no
building shell str ure whalts ar. The
pallet storage racks are designea lobe to

tally self-supporting. The exterior roof anc

sidewall cladding imply attach

let storage framing. Figure 1
nature and modul
100-ft high pallet storage
Aisles are located at 24 ft-B in. o.c. Four
post cross-aisle light gauge tubular steel
frames are spaced at 4 fi-11 in. o.c. be
tween aisles. The outer 6 ft-8 in. wide bays
of the cross-aisle frames are diagonally
strut-braced. Pin-ended strut action within

inth

r confiaur

a Ju

the 5-ft wide flue between the cross-aisie
frames constrains the lateral motion of the
two outer bays to be synchronized and ac
commodates the fire protection sprinkler
feeder piping as well as a full-height, full
length, down-aisle diagonally braced
frame of structural steel construction

The cross-aisle frames directly support
15 pallet load arm and rail assemblies and
are horizontally pipe-braced to the central-
ly located, down-aisle braced frames. Roof
construction of light-gauge steel decking
welded to structural steel framing aclsas a
horizontal diaphragm to provide limited
distribution of lateral seismic loads from
one pallet storage rack module o another
in the event of uneven pallet load use
Founded upon compacted fill and natural
soils, a reinforced concrete mat footing
varying in thickness from 20 to 36 in., sup
portsthe closely spaced post configuration
of the pallet-storage racks

The lateral seismic force-resisting sys-
tem in the cross-aisle direction comprises
the 6 f1-8 in. wide diagonally braced
frames. These 100-ft high frames act as
vertical trusses cantilevering from the floor
slab-on-grade. Pallet seismic loads are
fransierred directly to these cross-aisie
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Fig. 1. Typical 4-bay
moadule plan view

Sections of cross-aisle frames are
field-welded in on-site welding jig




Post splice ¢

plates (r.) at typical aisle and flue po

onnection

detail (1)

36

Collar plate condition at
typical flue post (1.). Uplift
base piate (r.) at ends of

down-aisle frames

frames through the load arm/rail assem
blies. Seismic resistance in the down-aisle
direction Is provided by the diagonally
braced steel frames located at the center
of the flue space. These 100-ft high, 200- to
400-ft long frames also cantilever vertically

from the floor slab-on-grade and are later
ally stayed at verlical intervals by the
cross-aisie frames. In addition, they are
designed lo provide lateral support to a 33
fi-6 in. high low-bay structure attached to
the high-bay structure at the east end
Wind loads in the cross-aisle direction are

resisted by the single unit cross-aisle
frames |ocated at Ihe north and south
walls. These frames are designed to span
vertically 100 #t from the floor slab-on-
grade to the roof diaphragm. Down-aisle

oriented wind loads are resisted by the

seismic force resisting syste

Seismic Design Criteria
Except for the sidewall cladding cross
aisle frames and the exterior non-structural
cladding, the structural design was entirely
governed by seismic considerations. The
unusual and irregular structural configura
tion, coupled with a close proximity to Cali-
fornia’s notorious San Andreas Fault, man
datedspecial seismicdesign-criteriawhich
recognized the dynamic char:
and response of the structure during antici
pated adverse seismic conditions. Be
cause of limitations in the static analysis
seismic provisions in the applicable Uni-
form Building Code, 1982 edition, and oth
er industry codes and standards normally
utilized in the design and fabrication of
storage rack structures, the Los Angeles
Dept. of Building and Safety required that
their dynamic analysis criteria be followed
as a minimum. In essence. this criteria pre
scribes that for braced-frame steel struc-
tures, the seismic force-resisting systen
remain entirely elastic during a maximum
credibleearthquake. Yieldingandbuckling
capacity limitations must be observed, un
der the action of simultaneously applied
orthogonal components of surface ground
motion in which 100% of one horizonta
component is combined with 30% of the
other horizontal orthogonal component
and vice versa

Further, vertical earthquake ground mo-
tions are also to be considered in conunc
tion with horizontal earthquake ground
motion components. In addition, P-delta
effects associated with predicted lateral
distortions are to be incorporated, as well
as a 1%% overall drift limitation and 7% of
critical damping for a maximum credible
seismic event. Gravity loading for the MCE
design condition included dead loads as
sociated with the storage rack, bullding en
closure, stacker crane and other equip-

stenstics
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ment and 50% of the rated capacity of the
pallet live-load storage. This live-load per-
centage was derived from a comprehen-
sive pallet utilization survey conducted on
a comparable warehouse facility. This sur-
vey also led to appropriate recommenda-
tions relating to the weight distribution of
pallet-stored merchandise.

One very important business interrup-
tion-related consideration, not prescribed
by the foregoing criteria, pertains to limit-
ing horizontal cross-aisle accelerations in
the structure, to those of the earthquake
ground motion experienced at the site.
This owner-imposed criterion required that
time-dependentdynamic seismic analyses
be performed using surface ground motion
excitation, representative of the various
types, durations and intensities of earth-
quake source events which may affect the
site. Source events considered included:

M8.5 San Andreas event, ~ 25 miles
distant, 60 sec. duration

M7.5 Santa Monica event, ~ 1 mile
distant, 30 sec. duration

M7.5 Newport/Inglewood event, ~ 13
miles distant. 30 sec. duration

To achieve the desired seismic response
with regard to mitigating the amplification
of cross-aisle horizontal accelerations up
through the structure, a limitation of 1% to
1% seconds was imposed on the funda-
mental period of lateral vibration (T) in this
direction. Further, the use of load rail stop-
per devices or abrasive, non-skid tape on
the top of the load rails was recommended
to provide further assurance of preventing
sliding of the plywood pallets on the
smooth painted finish of the steel load
rails.

Seismic Dynamic Characteristics and

Response

The 3-dimensional aspects of the comput-
er modelling was performed on a four bay
typical module. All structural members
were included in the finite element comput-
er model, which comprised beam-column
and truss elements to represent the phys-
ical structure. The natural periods and
mode shapes of lateral vibration of the
cross-aisle frames are shown in Fig. 2.
Reference indicates the fundamental peri-
od (T) is 1.75 seconds, a value at the upper
bound of that specified to control lateral
accelerations within acceptable limits. The
MCE linear elastic dynamic response cal-
culation indicated a 12-in. maximum Cross-
aisle roof displacement, anoverall building
drift of ~ 1% and a maximum lateral abso-
lute acceleration of ~ 50% of gravity. The
MCE base shear coefficient approximated
30%. Overturning-wise, the maximum
MCE uplift at the typical post condition was
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computed as 63 kips at the post baseplate.  Fabrication and Installation

The dynamic characteristics of the typi-
cal down-aisle braced frame system are
shown in Fig. 3. In this direction, the funda-
mental period of lateral vibration (T) was
computed as 0.34 seconds. This resulted
in an MCE design base shear coefficient of
0.75, a maximum drift coefficient of 0.17%
and a 2-in. roof deflection. Significant uplift
forces associated with MCE overturning,
resulted in the use of heavy embedment
baseplates at each end of the down-aisle
frames.

To achieve the desired structural and seis-
mic performance goals and remain within
the normal fabrication and cost picture as-
sociated with light gauge steel structures
of this type, an innovative concept in joint
design had to be developed and imple-
mented. This involved the use of a hori-
zontal "collar” plate to connect the many
tube, pipe. angle and channel members
Fillet shop welding of the 4-in. square tube
posts and the ¥~in. thick coliar plates, al-
low the thin-walled posis to maintain their

37
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