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DECK DESIGN DATA SHEET,
No.4

COMPOSITE DECK/SLAB I VALUES

TOTAL COMPOSITE I (Moment of Inertia)® inches'/ft. of width
SLAB 150 PCF, n=9 115 PCF, n=14
DECK/SLAB COMBINATION e e e
D [22721T20[19 1817 [16 [22 [21 20 191817 [16

4.00" | 3.5] 3.6 3.8 4.1 4.4] 4.7] 5.0] 2.8 2.9] 3.1] 3.3] 3.6 3.8] 4.0
| 4.50" | 4.9] 5.2 5.4] 5.8] 6.2| 6.6 7.0] 3.9| 4.1| 4.3| 4.7] 5.0] 5.4] 5.7
ﬁ%l_lﬁ 4.75" | 5.8] 6.1] 6.3] 6.8] 7.3] 7.8] 8.2] 4.6] 4.8 5.1] 5.5] 5.9 6.2] 6.6
~—|5.00" | 6.8] 7.1| 7.4] 7.9] 8.5] 9.0] 9.5 5.4 5.6] 5.9 6.4] 6.8] 7.2| 7.6
5.50" | 9.0] 9._4';_3._110._5__ 11.2[11.912.5| 7.1 7.4 7.8] 8.4] 9.0] 9.5/10.1
/4" B-LOK 5.75" |10.3(10.8|11.2]12.0(12.8|13.6|14.3] 8.1 8.5] 8.8] 9.510.2[10.8]11.4
UNITED STEEL DECK, INC. | 6.00" i_k_ihz_im._?"i'i'.—é""u: 5(15.4(16.2] 9.2 9.6/10.0(10.8[11.5[12.2[12.9
4.00" 4;511_3_,_?_i_3.9 4.2| 4.5] 4.8 5.1] 2.8 3.0] 3.1] 3.4] 3.6] 3.9] 4.1
e 4.50" | 5.0] 5.2] 5.5 5.9] 6.3] 6.7 7.1] 4.0] 4.2 4.4] 4.7] 5.1] 5.4] 5.7
._\E‘Ll Ir: 4.75" | 5.8] 6.1] 6.4] e_.g[ 7.3] 7.8] 8.2] 4.6 4.9] 5.1] 5.5] 5.9] 6.3 6.6
L | [ e [ -3:00" [ 6.8[7.1] 7.4] 7.9] &.5] 9.0] 9.5['5.3]'5.6 5.9] 6.4] 6.8] 7.2] 7.6
- 5.50" | 9.0] 9.4] 9.8[10.5[11.1[11.8[12.4] 7.0] 7.4] 7.7] 8.3] 8.9] 9.4]10.0
142" LOK-FLOOR 5.75" [10.2]10.711.1]11.9(12.6[13.4[14.1] 8.0] 8.4] 8.8] 9.4/10.0]10.7]11.3
UNITED STEEL DECK, INC. 6.00" [11.6/12.2]12.6|13.5[14.3[15.1]15.9] 9.0 9.5/ 9.9/10.6]11.3[12.1[12.7
4.50" | 4.6] 4.9] 5.1] 5.5] 5.9] 6.2] 6.6] 3.7] 3.9] 4.1] 4.4] 4.8] 5.1] 5.4 |
5.00" | 6.2| 6.5| 6.8] 7.3| 7.8| 8.3| 8.8] 4.9 5.2| 5.4| 5.9] 6.3| 6.8 7.2
5.25" | 7.1 ?J 7.8] 8.4/ 9.0[ 9.510.1] 5.6 6.0| 6.2 6.8| 7.2| 7.7 8.2
5.50" | 8.1] 8.5] 8.9] 9.6/10.2[10.9[11.5] 6.4] 6.8] 7.1[ 7.7| 8.2] 8.8] 9.3 |
6.00" | 10.5[11.0|11.4]12.3[13.1]13.9|14.7| 6.3[ 6.7| 9.1] 9.8[10.5[11.2[11.8
2" LOK-FLOOR 6.25" |11.8]12.412.9]13.9]14.7|15.6|16.5] 9.3 9.8]10.2|11.0|11.8]12.6]13.3
UNITED STEEL DECK, INC. 6.50" | 13.3]13.9]14.5/15.5/16.5|17.5|18.4|10.4 [11.0[11.4]12.3[13.2[14.0[14.8
5.50" | 7.8] 8.2] 8.6 9.2| 9.8/10.5[11.1] 6.2] 6.6| 6.9] 7.4] 8.0] 8.5] 9.0
=TT 17 6.00" | 9.8[10.3]10.7[11.5[12.3[13.1]13.9] 7.8] 8.2] 8.6] 9.3[10.0]10.7[11.3
.2t e I 6.25" |10.9[11.5(11.9[12.9(13.7|14.6(15.5| 8.6 9.1 9.610.4[11.1[11.9[12.6
m s 6.50" [12.1[12.7[13.3]14.3]15.2[16.2[17.2]| 9.6[10.1]10.6[11.5]12.3]13.2[13.9
;-———1 - 7.00" [14.9[15.6[16.3[17.5[18.6[19.9[21.011.8(12.4|13.0[14.1[15.0[16.1[17.0
3" LOK-FLOOR [ 7.25" [16.417.316.0[19.3]20.6[ 21.9(23.1[13.013. 7| 14.3[15.5[ 16.617.7[ 18.7
UNITED STEEL DECK, INC. | 7.50" [18.1[19.0]19.8]21.3]22.6]24.1[25.4|14.3(15.1]15.7|17.0[ 18.2[19.4] 20.6

*The 'I' values shown in the table have been calculated by using the transformed section method of analysis—concrete
converted to equivalent steel. The averages of the cracked and the uncracked [ values are shown.Use E=29,500 ksi
(and the I shown) for live load deflection calculations.

All values are based on UNITED STEEL DECK, INC. deck sections
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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 1250” 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. Dis-
played in chart form.

Heat Treating. Offered on plates up to 890" long.
Stripped Plate. An alternative to universal mill
plate in applications such as fabricated bridge
girders. Produced in lengths from 120" to 1250,"

Write
right |

NAME
TITLE
- COMPANY

ADDRESS

cITY

2nd Quarter 1984

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 con-
structional steels particularly effective when
used in fracture critical applications.

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

LUNKENS STEEL

STATE 2P

------------------1

LUKENS STEEL COMPANY
586 Services Building
Coatesville, PA 19320

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

------------_-----J
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1984 FELLOWSHIP AWARD WINNERS RECENTLY NAMED
The eight winners of AISC's 1984 Fellowship Awards competition have
been named. Each student receives a $4,000 study fellowship and an
additional $750 goes to their academic department heads to administer
the awards. The students are judged by an outstanding award jury on
the basis of their grade point averages, faculty recommendations—and
the contributions their expected study programs make to the engineering
professional and the structural steel industry as a whole.

The 1984 winners are:

Kevin V. Boldt, University of Kansas

David W. Hawkins, Ohio State University

Kurt R. Hoigard, llinois institute of Technology

William O. Kash, University of lllinois, Champaign-Urbana

Michelle Lutrell, West Virginia University

Michael D. Metcalf, University of Kansas

Todd S. Nottingham, Montana State University

Nancy M. Rizzuto, Rutgers University

JAMES M. FISHER AWARDED 1984 T.R. HIGGINS LECTURESHIP
James M. Fisher, Ph.D., PE., Milwaukee, Wis., vice president of Com-
puterized Structural Design, received AISC's prestigious T.R. Higgins
Lectureship Award at The National Engineering Conference, Tampa, Fla.
His winning lecture Is, “Industrial Buildings—Guidelines and Criteria."”

His award, an engraved citation and a check for $3,000, were pre-
sented at NEC by Robert P. Stupp, executive vice president of Stupp
Bros. Bridge & Iron Company, St. Louis, Mo. Fisher will present the
paper at five additional cities and events during the year.

1984 INTERNATIONAL ENGINEERING SYMPOSIUM SET

The 1985 International Engineering Symposium on Structural Steel is
scheduled for May 22-24 at The Palmer House, Chicago. Co-sponsors
are AISC and the Canadian Institute of Steel Construction. Combining
their resources, the two associations will bring together from all over the
world experts in structural engineering, materials, design, fabrication
and erection. For 1985, the Symposium will supersede the National
Engineering Conference sponsored annually by AISC. The complete
program will be released within the next few weeks. Write Dept. of Public
Affairs, AISC, 400 N. Michigan, Chicago, IL 60611,
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Republic Bank Center:

@ Triple-Crowned Structural System

by P.V. Banavalkar and T. Abyad

ising 57 stories above downtown
Houston, Republic Bank Center cov-
ers an entire block bounded by Louisiana,
Capitol. Smith and Rusk streets. The proj-
ect—two interrelated entities, a banking
hall and a tower (Fig. 1a)—contains 1.52-
million sq ft of office and retail space
Occupied by Republic Bank Houston
the banking hall encompasses the old two-
story Western Union Building, which
serves the telecommunications network of
the southwest region. This major telecom-
munications center had to remain in op-
eration during and after completion of the
banking hall and adjoining tower. Exca-
vation started in September, 1982 and nine
onths were required to carve out the 52-
deep hole. The retention system con-
sisted ol concrete soldier piles and pre-
tensioned tie-backs. Because of the con-
struction of intersecting tie-backs at an in-
terior corner of the Western Union Building

57 STORES
VIERENDEEL

HAT TRUSS
AT STORIES

TOWER

+CORE
BRACING

BANVMING MALL

+ HYBRID
TRUSS

STREET LEVEL —WESTERN UNION

BUILDING

A STRUCTURAL SYSTEMS
SCHEMATIC VIEW

2nd Quarter/1984

one side of the excavation next to the ex-
isting structure was retained by the strut
and raker system. Under the footprint of
the tower, an 8-ft thick mat with approxi-
mately 11,000 cubic yards of concrete was
made in one continuous pour

Triple-Crowned Structural System
Lateral Load Resistance: The tower
wind-resisting system had to be tailored
to fit the overall architectural composition
of the building. Two major stepbacks
along the longitudinal axis of the building
created three adjacent units of varying
heights

Varying stifinesses had to be built into
these three units to optimize the rigidities
and minimize the overall twist of the build-
ing. Figure 1b shows, in plan, the bal-
anced stiffness system used in the tower,
a combination of three different structural
systems assigned to three varying height

PV. Banavalkar is execulive vice president and
chiel structural engineer, and T. Abyad is sen-
ior associate, CBM Engineers, Inc., Houston
Texas
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units. This balanced structural system
comprises a perimeter tube in the high-
rise section, with one of its sides having a
top Vierendeel outrigger hat truss over a
braced interior bent (Fig. 3); a partial tube
in the mid-rise section with an interior sys-
tem of a Vierendeel outrigger truss similar
1o the one in the high-rise section; and a
planar welded frame in the low-rise sec-
tion.

As shown in Fig. 2a, the eccentricity be-
tween the applied lateral loads and the
center of rigidity of the balanced structure
is then kept to a minimum. Placement of
the tube, the partial tube and the welded
frame is also consistent with the required
strength against overturning moment due
to lateral loads, as seen in Fig. 2b, which
shows the percentage of the overall over-
turning moment carried by each segment
of the building system. Both Figs. 2a and
2b were prepared using the wind loads
specified in Houston City Building Code.
Column spacing for the exterior of the
structure was consistent with the require-
ment of free spans for both the central ar-
cade and the entry to the lower parking
levels without unwarranted column trans-
fers. The 10-ft spacing of the exterior col-

umn was also in tune with the architectural
expression of the building.

Both all-steel and steel-concrete-com-
posite exterior frames were considered as
possible structural systems. The transfer
and the stepback in the building profile
with non-repetitive formwork above the
stepback level made an all-steel structural
frame more economical. Furthermore, in-
itial analysis for the design of mat foun-
dation indicated that increased weight due
to the composite frame would mean hav-
ing only three basement levels, rather than
four in the banking hall south quadrant,
because of the inadequate surcharge at
the toe of the mat.

Floor construction is a conventional 4 Ve~
in. thick lightweight concrete slab sup-
ported on 2-in. deep metal deck. The col-
umn-free span of 42 ft between exterior
columns and core columns is provided by
steel composite beams supporting the
metal deck.

Gravity Load Sequential Analysis: Like
any other building, the exterior columns,
which are part of the lateral load-resisting
welded frame, do not carry equal floor
loads. The frame action tends to equalize

the load between these columns. How-
ever, for this structure, the linkage between
exterior frame to interior core columns by
means of outrigger Vierendeel hat

tends to redistribute the gravity load
between the exterior and interior columns.
The redistribution capability of such frame
and linkage between core and exterior col-
umns depends on the change in stiffness
characteristics as the building goes up.
and the sequence in which gravity loads
are applied (such as weight of steel struc-
ture, concrete floor, exterior skin of the
building, mechanical systems, ceiling and
partitions etc.). To account for this se-
quential change in stiffness characteris-
tics of the structure, the gravity load anal-
ysis for the tower was performed in five
segments (Fig. 3), with the applied gravity
loads representing closely the construc-
tion schedule of the building. The sequen-
tial load analysis enabled the realistic pre-
diction of load distribution in all the
columns.

Innovative Structural Elements—
the Flat Spandrel/Wide-Flange Column

Tree Assembly
As shown in Fig. 4, the vertical granite




panels project beyond the plane of glass
windows, thereby creating a multi-plane
exterior surface for the building. Use of
ventional wide-flange beam-and-col-
assembly would have resulted in lo-
cation of the exterior columns 1 ft-8in. from
the exterior face of granite (Fig. 4b). Fur-
thermore, it also would have required edge
angles to form the slab edge. Therefore,
to minimize the column projection into the
lease space (see Fig. 4a), to reduce the
projection of the granite skin from the base
structure and eliminate the edge angle, the
flat plate spandrel/wide flange column as-
sembly was introduced for the first time
ever. The new assembly was used as the
main lateral-resisting element in the perim-
eter tubes and frames, with the wide-
flange columns spaced at 10 ft o.c.

For the 10-ft spacing of columns in a
welded frame, shear distortion of the span-
drel contributes significantly to the lateral
deflection of the structure, as opposed to
the flexural distortion dominating conven-
tional wide flange sections. To optimize the
steel weight of the assembly, therefore, a
42V-in. deep channel-shaped flat-plate
spandrel was used. The choice of opti-
mized flat-plate spandrel reduced the

spandrel weight between 25% and 30%
compared to a conventional wide-flange
section (Fig. 5). Due to the small angle
(1°+) between the vertical axis and the
principal axis of the spandrel, the biaxial
bending stresses in the spandrel are in-
significant. The top portion of the spandrel
is braced to the floor slab by means of
horizontal shear studs (Fig. 4a).

Figure 6 shows a typical tree column
and spandrel field connection. The beams
are spliced at the point of contraflexure
(mid-span of the spandrel), which requires
the transmission of vertical shear force
only for the conventional symmetrical wide
flange section. For the channel-shaped
flat-plate spandrel, the splice should not
only be adequate to transfer vertical shear,
but also should be able to maintain the
continuity of the shear flow. This was ac-
complished by connecting the flanges of
the adjoining spandral with bolts.

The overall structural steel weight is 25.2
psf, which is quite efficient considering the
building stepbacks and the 42-ft clear
spans from core to building perimeter.

As opposed to symmetrically connected
wide-flange beam-column assembly, the
resultant bending stresses in the flanges

of a flat plate spandrel do not pass through
the shear center of a wide-flange column
(Fig. 6¢c). The eccentricities of these
forces, with respect to the shear center of
column section, apply localized torques T
and T, as shown in Fig, 7. These torques
generate torsional stresses in the column.
The columns, therefore, were torsionally
stiffened by exterior vertical 50-in. long
stiffener piates at each fioor level (Fig. 7).
Using Viassov's theory of open sections,
the author developed a stiffness analysis
method (to be published later) for the anal-
ysis of multi-span vertical plate stiffened
columns, The additional warping stresses
in the column flanges and the shearing
stresses in the vertical stiffener plates were
determined and accounted for in the de-
sign of the members and connections.

Serviceability Requirements
In order to determine a realistic amount of

building drift and accelerations, a wind
tunnel aeroelastic study was employed us-
Ing a lumped four mass dynamic model
with three degrees of freedom at each joint
(Fig. 8). Results of these tests were used
to determine the minimum acceptable re-
quired stiffness for the structure, both from




the standpoint of interstory drift and motion
perception comfort of its occupants. A
static model was also tested in the wind
tunnel to determine the design cladding
pressures.

Special Features

Batten Plated Columns and Arches: In
the short axis of the building, at the trans-
verse stepbacks, light composite batten
plate column sections were used. These
were fabricated from two C7 (lightweight)
channel sections tied by intermediate bat-
ten plates. The overall geometry of these
sections provided the necessary backup
profile for the granite and curtain wall (Fig.
9). Also similar sections were used to form
the curved arches at the gabled building
roofs (Fig. 10).

Transfer at Loading Dock: Fig. 11 shows
the interrupted tubular framing on one side
of the building at the loading dock area.
The interruption had to be compensated
for by an overhead transfer truss and a
diagonal brace to keep the flow of the
forces constant on that side. The diagonal

bracing field connections presented a
challenging problem with forces upward
of 2,500 kips to be transferred in a very
short length of the members.

Mat Foundation and Column Elevation
Adjustment: Because of the three varying
height sections of the building, the mat
foundation is subjected to unequal loads
as opposed to a symmetrically loaded
mat. This mat foundation not only dishes
about both axes but also shows a tend-
ency to rotate about the short axis of the
structure. The four-level basement under-
neath the banking hall's south quadrant
resulted in a reduced soll surcharge load
at that corner of the mat. The reduced soil
surcharge produced a twisl rotation of the
mat about its longitudinal axis.

Just as with any other multi-story build-
ing, there was differential axial shortening
in the columns due to varying gravity load
stresses. In order to provide level floors in
the structure, vertical heights of the col-
umns were adjusted taking into account
the mat behavior and also differential grav-
ity loads.

Banking Hall

The banking hall structure consists of two
quadrants linked together at the location
of the major roof arch (Figs. 12a and 1

The south quadrant has the same n

of basement levels as the main tower, ex-
cept that its columns rest on spread fool-
ings. All basement levels and the ground
floor are supported by the quadrant perim-
eter columns and additional interior col-
umns terminating at ground floor level.

The wind resisting system consists of
perimeter welded/braced frames (Fig.
12c) tied at the top with the roof space
elements. The gable roof structure is a
combination of stepped vertical trusses
having a span of 110 ft together with
stepped horizontal Vierendeel trusses
which act as bracing elements to the ver-
tical trusses. The highest point of the roof
rises 132 ft above street level.

The north quadrant differs from the
south in that it has only one usable floor
immediately over the roof of the existing
Western Union Building. The floor con-
struction is 4.5-in. thick concrete slab on
metal deck resting on 5-ft deep long-span
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joists spaced at 2.5 ft o.c. and spanning
110 ft. Its support system is a perimeter
system with three of the four sides having
spans of over 110 ft. Thelongspanswere.
necessary because additional columns
could not be introduced adjacent to the
existing Western Union Building, except
on one side and one corner only. All col-
umns for this quadrant rest on deep drilled
piers.
To match the lateral deflections of the
two quadrants, a link arch was introduced
at the east face of the structure (Fig. 12b).
The north face (hybrid truss Fig. 12d) had
to be tied laterally and supported off the
main tower corner column. The west side
was also tied horizontally at two levels to
the main tower floors by in-plane diagonal
bracing (Fig. 12a). A special stability anal-
ysis for the hybrid truss spanning 110 ft
was conducted.

The building topped out in February of
1983 and initial occupancy began in the
month of October 1983. O

Architects

Philip Johnson/John Burgee Architects of New
York, New York, and

Kendall/Heaton Architects, Houston, Texas

Structural Engineer
CBM Engineers, Inc.
Houston, Texas

General Contractor
Tumer Construction Company
Houston, Texas

Steel Fabricator
Mosher Steel Company
Houston, Texas

Steel Erector .

American Bridge Div, US, Steel Corp.
Owner

Gerald D. Hines Interest

Houston, Texas
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General Electric’'s R & D:
@Gteel Bridges the Gap to Tomorrow

by James E. Coffey, Jr.
and

Noel Fagerlund
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the existing building’s main entry/lobby
and new conference center, form the epi-
center of the entire R and D facility in terms
of function, order and image

The Laboratory, based on a new gen-
eration of laboratory modules for electron-
ics research, required a new and separate
identity, as well as physical adjacency to
the existing complex. This element, with
its inherent expansion requirements, be-
longed across the ravine where there was
ample land and the opportunity to present
a new identity

The Office contained functions that re-
lated primarily to the new laboratory ele-
ment, and secondarily to existing man-
agement functions. The Office element
was placed between the Commons and
Laboratory, providing the required func-
tional relationships as well as bridging the
ravine, thus satislying the need to link the
complex into one unit

The Commons

A three-level atnum
Commons to the existing building. It
serves as the heart of the facility and forms
a link between the new and the old. A
spectrum of common use functions ra-
diates from the atrium, reinforcing it as the
meeting place for the Center scientists and
the international scientific community at-
tracted here. Built on a hillside, the five-

connects the new

story Commons building is faced on three
sides with a buff brick to match the existing
structure. The fourth side, overlooking the
ravine and the new laboratory and office
complex across the ravine, is faced with
white precast panels with limestone ag

” * ~ - -

gregate and reflective glass ribbon win-
dows

The top level, Level F. of the Commons
bullding holds the library, stocked with sci
entific publications from all over the world
The library floor is designed for 150 psf
live load. The next level down, Level E
contains the cafeteria and kitchen areas,
designed for 100 and 165 psf, respec
tively. This level meets the grade level floor
of the existing building. Level D, the bot-
tom level of the atrium, coincides with the
top level of the ravine-spanning office, and
houses the graphics department. Level C
the computer level, is slab-on-grade con
struction. The main corridor for traffic to
and from the new laboratory building en
ters the Commons building at this level
Level B is a mechanical basement that ex-

into the ravine under the Office
building

The interface between the existing
bullding and the new building presented

tends

some complex structural problems. The
existing structure, built to the edge of a
hill, used spread footings which did not
accommodate future expansion. A mas-
sive concrete grade beam/spread footing
system, construcied in the hillside, cul-
minated in a series of 5-ft deep, 11-ft long
cantilever grade beams that reach to the
existing building wall. An 85-ft long, 16-1t
deep truss supports the roof and Level F
floor at this junction with the existing build-
ing wall, allowing for open spaces around
the atrium and easing the foundation prob
lem. The ends of the truss rest on columns
supported by the grade beam system

-
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The Laboratories
The new Laboraltory building is organized
around a major pedestrian and ulility spine
at the western edge of the ravine. The
.CUrvmg configuration of the spine avoids
the "endless vista™ along its initial 400-ft
length. As additional lab units are built at
either end, this optical reduction will be-
come even more important. Laboratory
modules literally plug into this spine in
terms of utility distribution and secondary
pedestrian access. Expansion will take
place at either end of the Laboratory build-
ing by simply extending the spine and
plugging in more modules
Since research, by its nature, is unpre-
dictable, all of the laboratory modules
have maximum flexibility for change and
adaptation. Spaces can be made larger
or smaller at will, taking advantage of the
large steel-framed 30-ft by 45-ft bays. Util-
ity systems were also designed for ease
of change. Corridors and offices flank
either side of the wide laboratory spaces
The pedestrian corridor spine that
curves along the ravine emphasizes the
wooded natural environment of the ravine
Two-story high glass exterior walls open
up this space to people on both fioors of
the Laboratory building. Trusses span 45
ft between columns to permil a relatively
unobstructed view. These trusses also
.suppor! the beams that make up the floor
ol the mechanical penthouse spine di-
rectly above the corridor. An extensively
landscaped courtyard in the center of the
Laboratory building serves as an entrance
and also provides aesthetc relief 1o the
strong functional nature of the labs. The

2nd Quarter/1984

reflective glass and white precast panels
tace the ravine, mirroring the architectural
treatment of the Commons building. For
the entrance side of the Laboratory build-
ing, brick masonry, the site standard, was
used. Metal siding was employed on the
north and south walls where future expan-
sion will occur

The Office
This element was designed as a link be-
tween the existing complex on one side of
the ravine and the new complex on the
other, The reflective glass tube mirrors the
natural environment of the ravine. Two lev-
els of offices sit atop a mechanical space
that carries all utility services from the main
plant to the new Laboratory building. As
well as the major utility connection, the Of-
fice building houses the major pedestrian
connection between the old and the new
This circulation link is located along the
south face of the C level, offering pano-
ramic vistas of the natural terrain. Offices
at D level are open-plan, with maximum
flexibility of space utilization provided by
the 55-ft wide, column-free floor space
and 3-in, eleclrified floor system on a 5-ft
gnd

Of the 500-ft total length of the Office,
210 It clear-span the ravine with a two-
story Vierendeel truss framework The re-
mainder, 160 ft on one side and 130 ft on
the other, sits atop reinforced concrete
walls along the sloping sides of the ravine
Mechanical and electrical equipment is
housed in each of these semi-basements
which in tum feed into the plenum and pipe
space in the underbelly of the office

Aar AT oty e . -

Aernal of hreshed structures Bndge (1, top |, above & r.) accommodated
expansion (o west and preserved beauty of environment, providing future
growth opportunites beyond 1990

space. Throughout the 500-t length of the
Office building, 55-ft long composite floor
beams spaced 10 ft o.c. span the entire
width of the building. At the roof level, 6-
ft deep trusses span the building. At the
soffit level, a 6-ft 6-in. deep mechanical
plenum, WT sections are hung from the
floor beams above, and 3-in. metal roof
decking spans them

Challenging Construction
The most challenging aspec! of the Office
building construction was the fabrication
and erection of the 210-ft long, 39-it tall
Vierendeel trusses. Truss verticals were
36-in. and 42-in. H-sections built up from
plates. Splices made at the mid-point ol
each vertical truss member made each
element similar in appearance 10 a “tree-
beam." The three-level truss used B-ft
deep plate girders al the top and bottom
and a 7-t deep girder in the middle
Splices placed in these members permit-
ted the truss to be fabricated in three 70-
ft long sections. One Vierendeel truss was
employed on each side of the Office build-
ing, with the 55-ft floor members and roof
trusses framed into the plate grders. Ends
of the two trusses rest on pot bearings
which in turm sit on a W14x233 section
embedded in the reinforced concrete
abutments

To erect the truss elements, temporary
shoring was placed near the splice loca-
tions to support the end truss sections. The
bottom chords of both sides of one end of
the clear span were erecled firsl. Fioor
beams for the first level were then placed
between these truss bottom chords. Next




the middle chords were placed atop bot-
tom chords, vertical splices were made
and the floor beams placed. Finally, the
top chords were placed and welded, then
connected by roof trusses. The same
erection procedure was used on the op-
posite side of the ravine. In erecting the
center section of the span, close meas-
urements were taken and adjustments
made 1o positioning of both end sections
When the center section was set, it fit like
a glove. The Vierendeel trusses were fab-
ricated and erected to allow for 2 in. of
dead-load deflection and an additional 1
in. of live-load deflection. Each truss
weighed 160 tons, or 1,500 Ibs./ft

Flexibility for the Future
A total of 2,100 tons of steel was used for
this 340,000 sq ft Phase | of General Elec-
inc's Master Plan. The plan calls for an
additional 160,000 sq ft of laboratory
space through 1990. Since Phase | was
completed, one laboratory module has al
ready been added

By using steel 1o bridge the gap. and
steel framing in their Laboratory building
General Electric prepared itself for the fu-
ture. The research of tomorrow can now
be done in the buildings of today! O

Workers fasten huge steel beams that link

complex into ong unit

ArchitectEngineer/Planner
Smith, Hinchman & Grylls Associates, Inc

Detroit, Michigan

General Contractor
Turmer Construction Company
Philadelphia, Pennsylvania

Fabricators/Erectors
General Steel Fabricators, Inc (Laboratory and

Commons buildings)

Latham, New York

American Bridge Division, US. Steel Corp
{Office bullding)

Elmira Heights, New York

Owner

General Electric Company
Schenectady, New York

Contact:

Baresel Corp.

13320 Mapledale

Norwalk, CA 90650

213/921-6758
Gunther Baresel
Fritz Baresel

ALITY

your job demands the best. You can increase the
professionalism by uwng a firm certified under the

LA, Free, Jr. & Co., Inc.
P.O. Box 21007
Columbia, SC
803/772-4150
Joe A, Free, |r

29221

1E OF

RAL
e"l’\é\o =

'QNU‘IIJ1W!IFWICICHQDNUIIEHE
CERTIFICATION

* ASSURNES detailing firm follows prescribed drafting room procedures designed to reduce the possibility of error

* ASSURRES compliance with specification
l * ASSURES mpartial evaluaton ol operations

Central Detailing Service Corp.
140 S. Flower St., #201
Orange, CA 92668
714/937-1573

Jamie Gardner

Ron Germaine

PROCEDURES

111:)]:!‘. of your shop drawings and guarantee
National Institute of Steel Detailing QUALITY PROCEDURES PROGRAM

Schreiber & McGhee, Inc.
P.O. Box 270580
Dallas, TX 75227
214/388-0674

Tom McGhee

*The National Institute of Steel Detailing Quality Procedures Program is administered by Abstech

= 4

Dallas Detailing Co. I
2636 Walnut Hill Lane, #301
Dallas, TX 75229
214/350-7986

Robert Steger
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- WB cast th's Ha mbro R “The Canam Hambro® D-500 composite floor system saved us
time, material and money when we used it to build our corpor
ate headquarters, Congress Park 1V.” says Robert Satter. " We

composite floor today. cast oo on dayand Sippe it st 34 hours et By he

it was ready for the sub trades to use as a work platform. The

. . . ”»
WB II Str' It tnmorruw plywood and roll bars are reusable. And the job required no
a bridging, or on-site welding,”

Robert Satter. Prasident Hambro’s unique U_L. fire-rated floor uses high strength steel

The Satter Companies, Inc., W. Paim Beach, FL It is twice as ngid as conventional structures. Speedy erection
reduces financing costs. Ideal for high or low rise commercial
and residential buildings. And its sound ratings are supenor
Another concrete reason to specifly Hambro is that we can guar
antee fabrication within three weeks of approval of final drawings
Call or write today for D-500 Brochure. Canam Hambro,
140 Gould St., Needham Heights, MA 02194, (617) 444 -5504
lelex: 95-1509

® hambro

v <ol sty T Sl o e We put a ceiling on the cost of floor construction. ‘
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From Coast to Coast, Condos are Going Steel. . . .

IN VERMONT. . .

Mountain Green:

Condominiums by Christmas —

with Steel

by David T. Biggs and Stephen J. Sopko

Killmgton Mountain in central Vermont
is one of the major ski areas in the
eastern U.S. Because it has a unique com-
bination of natural snow, extensive snow
making and a northern exposure, the Kil-
lington ski season now runs from mid-Oc-
tober to mid-June, the longest in the East.
In addition to its being a winter resort area,
Killington has exciting activities in the sum-
mer and autumn seasons which atrract
many lourists 1o the area year 'round. As
a result, the condominium market has
been growing steadily.

One of the most recent developments in
Killington is the Mountain Green Golf and
Ski Resort Condominiums. The complex of
three buildings is located at the base of
Killington Mt. within walking distance of the
ski lifts. The multi-use complex provides
residential units, retall shops, swimming
pool, racquetball courts, restaurants and
a 60-car garage. The buildings are ori-
ented to provide a spectacular view of the
area,

Nearly all condominium construction in
Vermont is two-story, wood-framed build-
ings. For the few four-story buildings, ma-
sonry bearing wall buildings are usually
constructed. Mountain Green is one of the
lew to use multi-level construction and
structural steel. The design and construc-
tion of the resort proceeds in four phases
Each has been fast-tracked—foundations
start in the spring, steel erection in the
summer, and units are occupied in De-
cember.

David T. Biggs. PE.. Is vice-president, Ryan-
Biggs Associates, Troy, New York and Rut-
land, Vermont

Stephen J. Sopko, PE ., Is associate, Ryan-
Biggs Associates, and manager of Rutland
Vermonl office

16

Special Conditions

Local building and fire codes limited the
height of the buildings so that every floor
is a maximum of 35 ft above finished grade
along one side. Building 3, for example,
has a 20-it differential in exterior grade
between the front and back. This differ-
ence in grade changes along the ends of
the building. To accommodate the code
requirements and maximize space usage,
the buildings have basements below
grade to contain mechanical rooms, a
parking garage and racquetball courts in
Building 3. The upper levels were stepped,
and loft units incorporated into the design

Buildings 1 and 2
A seven-story steel frame supporting pre-
cast plank floors (Figure 1) was selected
as the structural framing system for Build-
ings 1 and 2, for a variety of reasons. In
addition to being the most economical
system, the steel framing system permit-
ted the project to be fast-tracked, yet pro-
vided flexibility in design. Foundation con-
struction and steel fabrication were
completed belore the architectural design
was complete. By using steel, upper level
lofts could be developed architecturally
after the framing was installed. In Building
2, an additional floor was added, which
included loft units

Architectural floor plans were not suited
to regular bays. But steel framing created
the flexibility to incorporate numerous cor-
ners and column offsets throughout the
structure. With the plank-steel system, an
8-f1-10-in. floor-lo-floor height was used.
Where possible, steel beams were aligned
with partitions or placed in low ceilings in
kitchen and bathroom areas, thus allowing
an 8-ft clear floor-to-ceiling height in living
areas

An alpine sloped roof of 30° was incor-
porated into the design to keep the build-

ing in character with the area. The steeply
sloped roofs with numerous penetrations
for skylights and chimneys were suited to
steel framing. A combination of structural
steel and light-gauge steel joists were
used to frame the roof. For economy, the
developer selected prefabricated fire-
places for each living unit. To speed con-
struction, the chimney frames were shop-
fabricated from structural steel angles and
WF and erected along with the building
framing (Figure 2).

The most important considerations in
choosing the structural steel system were
cost and the speed of construction. Since
the Vermont building season is relatively
short, erection time had to be reduced 1o
allow units to be occupied by the Decem-
ber holiday season

Buildings 1 and 2 are essentially the
same in design. Additiona! loft units were
built in Building 2 with a composite floor
deck, cast-in-place concrete and com-
posite beams. The struclure was designed
using A36 steel. However, some higher
strength steel was substituted to improve
delivery time. The structures use conven-
tional braced frames to resist the lateral
loads

Building 3
Building 3. a larger, more complex build-
ing with eight levels, has its own unique
design (Figure 3). Buildings 1 and 2 had
somewhat regular floor plans for different
levels, making the use of concrete plank
economical. In Building 3, each floor is
different. Upper floors are incorporated
into the 45° alpine-sloped roof area. which
made it necessary to use stub columns
and transifer girders to support upper
floors and part of roof structure (Figure 4)
To reduce the dead load of the structure
and have the flexibility to frame the upper
floors, a steel joist system supporting a

MODERN STEEL CONSTRUCTION




2%-in. slab on galvanized forming was
chosen. Floor-to-floor height was in-
creased to 9 fi-3 in., but a 15-in. structural
depth was required, except for main gir-
ders which had to be soffited. Since joists
were required 1o span 24 ft, and the max-
imum joist depth was limited to 12 in,, the
height-lo-depth ratio was in the critical
range for floor vibrations. A vibration anal-
ysis of the floor system was performed to
determine dynamic characteristics. It in-
dicated the total mass of the finished con-
struction, including walls and ceiling
would dampen the system, and vibration
would not be a problem except in a few
open commercial areas. In these areas,
steel beams and a 5-in. slab were substi-
tuted for the joist system

A 6%2-in. slab on metal deck and beams
were used at the first structural level. This
system was chosen for two reasons. First
it provided a 2-hr. fire separation between
the parking level and the main building
But more importantly, it provided a dia-
phragm to transter earth and rock pres-
sures from the high backfilled wall in front
of the building to perpendicular transverse
foundation shear walls, thus permitling a

Fig 1. Steel framing

flexibility in de

Fig
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lop) permitted fast- tracking. yel provided for Fig. 2

more economical foundation design

Based on the experience of Buildings 1
and 2, the perimeter columns in Building
3 were separated from the building foun-
dation walls.This greatly simplified con-
struction details on the sloped site for both
the foundation and the steel frame. Varying
height piers and corbels to support steel
were eliminated. This speeded the foun-
dation wall construction time. The sepa-
ration of walls and frame also allowed the
foundation wall construction to proceed in
dependently of the steel erection

Subsurface conditions of each building
were different. Building 1 is on spread foot-
ings on undisturbed soil; Bullding 2 is par
tially founded on the same undisturbed soil
and partially on ledge. Foundations for
Building 3 bear fully on ledge, which had
to be blasted and excavated for basement
areas. A system of spread footings, base-
ment wall and grade beams supports the
vertical and horizontal loads

Summary

Due to architectural layout, it was not pos-
sible 10 brace the building conventionally
Type-2 framing with wind connections was

framing o speed job (lop)

used throughout. Each building was steel-
framed with light-gauge metal stud exte-
rior walls and STO energy system

The use of steel as the framing system
in the Mountain Green Condominiums re-
sulted in an economical system based
upon flexibility of floor plan and speed of
erection 0

Architect
Castro-Blanco Pisconer and Feder Architecls
Boston, Massachusetts

Structural Engineer
Ryan-Biggs Associates
Rutiand, Vermont and Troy, New York

General Contractor
Rutland Group, Inc
Mendon, Vermon!

Steel Fabricator
Bennington Iron Works, Inc

Bennington, Vermaont

Developer
Mountain Green Associates, Lid
Killington, Vermont

Chimney frames were shop- fat Hed and erected wilh




IN CALIFORNIA. . .
CeeET————

The Mirabella Condominiums:
Innovation in Structural
Steel/Concrete Design

by Arthur Yohannan and Barry S. Schindler
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Design and Cost Efficiency

Influencing the design and type of con

struction were several faclors and require | {
ments which lent themselves o the use of

steel; namely, code requirements for a i
duclile-irame design, COsl considerations ]

and solutions to high-rise structures ir
nigh-risk seismic zones

s demand that build o
ings over 160 ft high allow for a ductile .'f:

frame design, which is relatively easy o -:-

achieve by using steel instead of concrete

Code requireme

In concrete, Ir

MMM

‘
ﬂ

core members, es £
pecially columns, becomes overbearing to

the extent that floor space within the build

ing Is compromised. Steel was also a de
terminant in cost efficiency, since sleel
tonnage and fabncahon were less expen
sive than concrete at biaaing time

The construction type of one wythe of
s oulside ol a waterproof membrane
el studs. The en

tire assembly 1s attached (o the strucCltural

Clural

¥
framg
i i e f } | 3
hitecture. planning and urban design §
I Maxwe ';'.'-1""'-:' Associates Beverly

Hills Califormia

Harry Schindler is project manager of the stru
tural engineenng firm of John A. Martin & As
ies, Los Angeles California
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Seismic Consideration
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First is Arbed's new rolled 40'* beam . . . available in 16
sections from 149 to 328 Ibs. It gives high section moduli,
great lateral buckling resistance, and competes economically
with both fabricated sections, as well as reinforced precast

and presiressed concrete.
Then there's Arbed's rolled “‘tailor-made’’ series (up to
42.45" x 18.13" x 848 Ibs.)...that lets you specify the beam
weight you need, other than what is normally available
Result? Big savings: in fabrication costs and weight.
| Why not get all the facts? Send the coupon now for
information including complete specifications

TradeARBED Inc. 825 Third Avenue, 24th floor New York, N.Y. 10022
(212) 486-9890. Domestic Telex: (W.U.) 125 159, Int'l Telex (ITT) 421180.

In Canada: TradeARBED Canada, Inc., 1176 Blair Road, Burlington,
Ontario, Canada L7M 1K9. (416) 335-5710, Telex 0618258

-

Please send complete information on TradeARBED's 40" beams and
“TAILOR-MADE" beams.

Name Title
Firm
Address

|
|
i
I_c:ity State Zip _I

| TRADRE AREBED

INNOVATORS OF STEEL CONSTRUCTION PRODUCTS
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beams. Both metal decking and steel
beams incorporate the design feature of
composite construction in which concrete
acts integrally with steel. Steel beams
transfer vertical loads 1o steel girders and
columns. The columns are designed
based on a higher grade of steel than the
beams to increase the efficiency of the
structure. All vertical loads are transferred
into the ground by reinforced concrete
spread foolings under columns and con
tinuous footings under walls. Perimeter
wall foolings are designed as boundary
conditions to facilitate construction by not
interfering with soldier piles used for shor
ing the basement excavation

Because the project was fast-tracked, it

was imperative the structural frame of the

buillding be erecled as quickly as possibie
This resulted not only in time savings, but
also in the ability to keep up with the

schedules of consultants and the sub

trades. Problems and changes inherent in
fast-tracking were mitigated and resolved
by using steel, because of its flexibility and
! lonalil ver other maiena

Features

The Mirabella’'s exterior is a light salmon
colored bnck veneer and bronze-linted
glass. Pedestrian access is via a monu-
mental stairway from Wilshire Boulevard
A spacious European style brick porte
cochere’ motor entrance provides ingress
ne lobby, which is accentuated with a

black granite floor, greenery, brass and

wa 1 gla All 108 units have two bed
OO and tw and we-half bathrooms
Anc 3 1§ froom I'. t ' BE a
. Thereare a X Wi tory pentt ‘
e J 1 Ts - ned 1 mer [

tion 10 maximize r lirectiona EwsS
f the surrounding tains, coastline

ity sl pa 1S terrace and u
height w 10W ir joors enhance he

Architect

Structural Engineer

General Contractor
winertc & Walberg Company
nee (] i
Owner
The Mirabella Partnershig
g e i r i
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When'’s the last time

you asked for
a custom hot-rolled section?

WBC Custom-Welded Sections Beat Hot-Rolled Beams Six ways.

1. Custom Sections

It's no longer neécessary to restrict

your beam designs to standard hand-

book WF sections. Special offset or
v 4

duced by Welded Beam Company to

suit your exact geometry, loading,

and length requirements. You can

even use dissimilar steels for web
and flanges

2. Reduced Fabricating
Cost

Since WBC “CustomBeams"” are fab-

ricated exactiy 10 your requirements

labor and scrap from cutting up

standard WF beams to suit the job is

eliminated

Z" sections like these are easily pro-

3. Stronger

High Frequency welding produces a
true forge weld as strong as the par-
ent metal with no filler metal or cast
structure. And, you can specify HSLA
steels up to 80,000 psi yield for all or
part of the beam providing greater
load-carrying capability in a smaller
lighter beam

4. Easier Assembly

Draft angles are nonexistent for WBC
HF-welded beams. So flanges are flat
and edges are square, simplifying hit-
up at assembly. Also, beams can be
delivered to exact customer lengths
saving on splicing or cutting on-site

5. Consistent Quality

Our beams are produced continu-
ously at speeds up to 200 feet per
minute on our modern high lrequency
weld mill. Low waslte, high speed, and
specilication-matching controls com
bine to assure a consistent high
quality product

6. Delivery Flexibility
Qur mill 1s a more flexible manufac
turing system than the traditional hot
mill. As a result, shorter runs are gas
ily achieved that shorten your lead
time and let! you match delivery 1o
construction gates

Welded Beam Company "CustomBeams” can make a dramatic difference in the
inteqrity, scheduling and fabricating costs of your fabricated metal product

Contact WBC now to get the full particulars
Post Office Box 280, Perry, Ohio 44081. Telephone: (216) 259-4500

WELDED BEAM COMPANY || |
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World Class.

Providing State-of-the-Art on Designing
and Building with Steel featuring

* Space Frame Structures
* Improved Economy of Short-Span Bridges
* Limit States Design of Structures

|
|
|
|
|
|
|
* Cable Supported Structures-—- Research, I
Design, and Construction |
|
|
|
|
|
|
|

» Steel Building in the Far East

Plus a special presentation on the material
selection process for a high-rise building

omplete information on program. speakers. lranspd irla I
tinn holel accommodalions, and the olhicial reqistration torm |
retuen this coupon foday' Direct your inquiry o l

. Department of Pubhic Atltairs I
American Institute ol Steel Construction. Inc.

100 North Michigan Avenue Chicago. Hiimors KOb 1 I

:

Company Afilaton |

Addresn I

(City) (State / Coumiry) (Zip Powtal Code) =

In additton to program detamls | owould like informatbon on the I

Iollpwing I

Muor Chicago Atractons Fre ind Post Convention Togres ]

Chicaga Schoo! of Architecture Tar |

—————————— — —— — — —— —— —— ——— —

o —— ———— —— —— —— —— — ———— ———— —
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Steel-Framed Parking Structures

®n Up Trend.

Here are 10 Tips to Maximize Efficiency, Service Life

hen the need arises for a multi-story

parking building—by municipalities,
airports, hospitals, downtown stores, col-
leges, etc.—parking authorities find in-
creasing interes! in the steel-framed
open-deck parking structure

John Fujiwara, president of Des Man
Parking Associates, New York City, which
specializes in design ol parking struc-
tures, says: “While we're impartial as to
choice of construction matenals, steel cer
tainly has its place where conditions war-
rant it, and can often bring substanhal
economies 1o a project. We designed three
garages in Portland, Me., and the speed
of erection of steel framing made it the
choice because of the area's short con-
struction season

"We also used structural steel in a 530-
car garage for the St. Francis Medical

Center, Trenton, N.J. Here, neighboring
.wmeowr-ers demanded an altractive

structure that screened parked cars from
view, yet did not appear out of scale with
the surrounding residences. Our design
resulted in a handsome, five-level garage
with a bronze-tone metal grille screen that
has pleased everyone.”

A strong trend to the open, steel-framed
structures is reported by Joseph F Mu
lach, Jr., chairman ol Mulach Parking Sys
tems, Bridgeville, Pa., a leading design
build firm specializing in parking garages

Are garage uses e
Architect

facage

Landmark Design

2nd Quarter'1984

Mulach states that a new development is
their placement in dual-occupancy build-
ings, featuring a garage either above or
below commercial or residential space
The firm believes a steel frame with post
tensioned concrete slab floors offers the
maximum durability which owners and de-
velopers seek in multi-level parking build-
ngs

Says Seymour Gage, of Seymour Gage
Associates, architects/engineers in White
Plains, N.Y.: “We have already designed
25 steel parking structures, including the
tallest ever built in steel, an 11-story,
1,386-car unit here in White Plains. We cul
costs $800,000 on it by switching from pre-
cast concrete to steel. Now, we are also
working in the retrofit market, taking old
steel facilities and bringing them up 10
date functionally and aesthetically. Eu-
rope, incidentally, is way ahead of us in
erecting steel-framed garages. National
Car Parks, in England, has constructed
800 garages, with a substantial number in
steel.’

According to parking professionals
three significant reasons account for the
trend

e Generally, steel-framed parking facili
ties are now more economical to construct
than competitive framing systems, al
though cost is always dependent upon
varying market and local factors. This

« BETTRNY
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23-story ofhce bulcing. Switching (o

saved $800,000. Architec!: Seymour Gage

economy lakes on added importance
when considering that the frame, foun
dation and floor slabs normally constitute
60% of the costs of these buildings
o Steel's potential as a prime structural
material for parking purposes really com
menced in the mid-1970's—when buillding
code authorines permitted exposed sleel
construction, at first for small, low-rnse ga-
rages, then for larger and taller facilities
The three major code organizations
Building Officials and Code Administra-
tors, the Southern Building Code Con-
gress and the International Conference of
Building Officials—all approve exposed
steel framming. Most regions, slales and
municipalities follow their guidelines
¢ Thirty and 40 years ago. the image of
steel parking structures was strictly utili-
tarian i.e., buildings performed their
function with little or no regard to aesthet
ics, Now, their appearance is second (o
none, the result of architecl designs and
the ability of steel framing to be combined
attractively with a variety of exterior ma-
lerials

Essentally, the system IS based on a
clear-span, structural steel frame with gir
ders spanning transversely 55 to 64 ft
apart to provide maximum flexibility of lay-
out The steel most frequently employed is
a high strength/low alloy, columbium-van-
adium steel, ASTM A572. Gr. 50, with a

23




yield strength of 50,000 psi and a tensile
strength of 65,000 psi. Another commaonly
used construction steel grade is A36. With
320 sq It considered as the average park-
Ing space size, approximately 11to 1% tons
of framing steel are used o support each
space, 7V psf

The key durability factor in a multi-story
open-deck parking structure is the floor
deck system. Proper slab design is the
besl assurance of an extended service life;
otherwise, the floor slab can literally be the
weakes! element in the overall structure
Three popular options are now available

One is the cast-in-place, concrete post
tensioned slab, 5-in. to 6-in. thick, which
encompasses tendons of steel wire
sheathed in plastic, and post-tensioned in
both directions to offer the closest o a
crack-free slab system. Post-tension ng
compression tends to minimize or close
shrinkage cracks in the concrete, thus im
iting the entrance of chloride-laden mois-
ture from deicing salls

A second deck system is a casl-in-
place, reinforced concrete slab, usually
4ve-in. or 5-in. thick, with steel bars as the
rt'.‘!rrlof(,‘-'lu_] agent. In snow/ice areas where
deicing salts are heavily used, a minimurn
5-in. thick slab is often chosen lo provide
exira protective coverage agains!t corro
sion of the rebars

Up-and-coming in favor is the precast
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prestressed concrete wideslab deck, 8-ft
wide and 2Va-in. to 3-in. thick, with ap-
proximately 3 in. extra of supplemental
concrete added in an on-site pour. Ulti-
mately, both thicknesses act as a com-
posile unit

10 Tips to Greater Efficiency,
Longer Service Life

Here are some proven practices o
heighten the functional effectiveness and
durability of steel-framed parking struc-
lures

1. All concrete floor decks expand and
contract with temperature changes, some-
times extreme over the course of a day. To
minimize cracking, this movement must be
accommodated. It is best done by pouring
concrete info independent deck sections,
separaled from each other by expansion
joints or slip planes. Any movement that
does occur is absorbed by the thermally
responsive joints and the flexibility of the
steel frame. Volume changes in one siab
will not affect adjacent areas

2. Avoid having floor areas where waler
can collect into ponds. Deicing products
will collect with the water and start the salt
penetration process. To eliminate pond
ing, all deck surfaces should slope to
drains—a Ya in. in 12 in. minimum slope is

ner weathering

iNd guard rail (o reduce n

desirable. Locate floor drains at the ends
of the parking spaces o preven! surface
water from draining over the framing mem-
bers

3. A related problem
structure using improperly designed con
crete floor slabs is spalling—delamination,
potholes and other defects—traceable di
rectly to corrosion of the reinforcing bars
embedded in the concrete deck. The
cause is penetration of salt from certain
concrete aggregates and deicing com-
pounds. The proven solution is o use
epoxy-coated rebars, where the coaling is
fusion-bonded to prevent chlondes from
reaching the steel surface. Depending
ypon the deck system, these will mean an
additional 15 to 25 cents per sq ft premium
{one percent or less of the enlire project
cost), cheap insurance for the added pro
tection against concrete deck failure

4. The University of Akron used a weath
ering grade for all 1,000 tons of structural
steel in its 1,270-car, five-level facility, built
to help solve its campus parking problem
Alsorincluded was a weathering steel
guardrail system. Although the steel is pre-
mium priced, life-cycle economies can ac-
crue through elimination or minimizing of
pa:n[rnt_';

5. Improved, longer-lasting paint sys
tems are now available to help protect the
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structural steel against corrosion, Mulach
Parking Systems claims a 15-year life ex-
pectancy for its paint process: a shot-blast
cleaning of the steel, followed by appli-
cation of 2.5 mils of a high-solids, zinc-rich
epoxy in the fabricating shop, then 2 1o 5
mils of a high-solids epoxy polymide at the
job site

6. Those needing to construct a parking
structure on a steep hill can emulate the
663-car garage for the Roanoke Memorial
Hospital, in Virginia. On its 30° slope, lo-
cated between two streets, the seven-
story structure permits traffic to enter on
the upper slreet, descend the mulliple
parking levels on a continuous ramp and
exit onto the lower street. An elevator
transports visitors directly from the parking
levels to a pedestrian underpass which
provides a safe and weather-free route to
and from the hospital lobby

7. To increase customer security, De-
troit's 1,523-car First-Bagley garage de-
signed each of four stair towers as entire
grade-to-roof glass walls. Patrons using
the lighted stairs can be seen from the
outside, a popular visibility feature be-
lieved to hinder the incidence of crime

8. Need more parking spaces in an all-
concrete garage? Do what the City of Ann
Arbor, Mich. did—add three steel-framed
levels to straddle the existing, four-level

structure and provide 388 additional park-
ing spaces. Even more spaces are pos-
sible on the same frame, which was
erected within the lot bounds of the exist-
ing structure. The City of Binghamton, N.Y
did much the same in a 200-space addi-
tion atop its three-level Collier Street fa-
cility

9. Furthering a garage’'s profitability is
accomplished by setting aside the grade
floor for store rentals, as does the 506-car
Temple Street facility in downtown Port-
land, Me. It has available a 12,500-sq-ft
commercial area. Fire protection, required
only for the steel columns and beams sur-
rounding this commercial level, is spray-
on fireproofing which provides a two-hour
rating for these members

10. From now on, design and construc-
tion of any parking garage should antici-
pate use by an increasing percentage of
smaller cars. Some parking specialists
project an 8 10 15% increase in parking
capacity will be needed for the compacts
of the 1980's and 1990's. This increased
capacity might be achieved by reducing
the parking module size to fit shorter, nar-
rower cars, by painting stripes at a differ
ent angle, and by improving traffic flow
patterns to take advantage of the shorter
turning radiuses of smaller cars [

Mich. 3-level steel-framed

Ann Arbor

addition straddles existing 492-car deck

.;:r wides 388 more spaces

We are indebted to AISI's Steel Products News
Bureau for this information
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Editor's note: The sounds of silence must have
fallen over the Stowe mountainside that Decem-
ber 1980 day as Baroness Maria von Trapp and
her family stared into the smoking ruins of the
Trapp Family Lodge. The tragic fire had con-
sumed not only their beautiful lodge but also
the memorabilia of a lifetime. Millions who have
thrilled to the warmth and drama and heart-
rending scores of Rodgers and Hammerstein's
“The Sound of Music," will remember it as the
life story of the von Trapps as they and their
eight children left everything behind lo fiee the
Nazi scourge. (This editor has seen it eight
times.) Ultimately, they settled here and pur-
chased a 1,700-acre farm overlooking the mag-
nificent ver-mont (green mountains) of northern
Vermont. What better reminder of their Austrian
heritage and countryside! And over the years,
they have developed a complex of lodges, a
restaurant, skiing schools, a music camp at one
time, and now time-sharing guest houses

Much of the von Trapp's lifetime has been
devoled to new beginnings, and triumph over
adversities. And the new lodge is really a third
beginning for the Trapp family. The first guest
checked into the new, and expanded, lodge on
Dec. 16, 1983—almost three years to the day
of that disastrous fire. A modern 73-room hotel
rose from the ashes of its 27-room predecessor
The new lodge and guest houses, representing
an $11.8 million investment, required one of the
largest private financing arrangements ever
made in Vermont

Truly, the hills are alive again—to the sounds
of music, and laughter, and sleighbells and
schussing and all the other enjoyments that are
a vital part of this bit of Austrian yesteryear
framed in the architecture and structural tech-
nology of tomorrow

- -

Trapp Family Lodge:

The Hills are Alive Again! @

by James A. Groom

James A Groom, AlA Is project manager of the
architectural firm of Robert Burley Associ

ates, Waisheld, Vermont

Thi_% new Trapp Family Lodge in Stowe
VL. is a replacement of the original
lodge which was destroyed in December
1980. The new structure not only had to
meet current fire-safety codes and other
regulalory standards but also it had to re-
lain the warmth, Iriendliness and Austrian
heritage of its well-known predecessor
The challenge of the architect team was
o meet these unique design goals on a
and to do it all on an
unusually tight budget for a first-class re
That challenge must sound fa

last-track schedule

sort hotel
miliar lo every professional engineer and
architect in the country. Perhaps the rep
the von Trapps of
tame—heightened the

utation of the chent
Sound of Music
sensitivity to the problems faced. Perhaps
! was the lact that the project had such a
high potential for design excellence. Who
can say? The fact of the matter is that the

team all fell the full weight of the respon .
n

}
SIDHIyY

For the structural engineers, the fast

track schedule meant they had 10 work ir




reverse of the normal procedure. Contract
drawings had to be produced from the
basement up—without the benefit of know-
ing the final design of the upper levels. The
foundation is not a simple rectangular
foundation. The complex geomelry of a
building, which baoth terraces up a hill and
has several 45° angles in plan, made the
task of fixing dimensions for the footings
interesting, to say the least

It was so interesting, in fact, that for a
three-week stint Frank Zamecnik, one of
the engineering firm's principals, literally
moved himself and the entire design team
to Vermont to keep pace with the construc-
tion crews. Even with that effort, the shop
drawings from the steel fabricator were
used for a time in lieu of official contrac!
drawings 1o keep the flow of information a
few days ahead of construction crews. Not
until documents were sufficiently ahead of
construction did they pack their steel man-
uals and calculators and go home

In the classic hurry-up-and-wait tradi-
tion, uncompleted drawings were packed

Trapp Lodge, a bit of Ausltna transported
o Green Mountains, takes on new life with
structural steel as major element in meet
ing salety requirements and design chal
lenges. Photo by Michael Clark
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into drawers while construction stopped
for nine months to wait for financing prob-
lems to be resolved—problems brought
on by the 1981-1982 high interest rates
and difficult financing for even a traditional
resort-hotel project. Completing the draw-
ing after the long delay meant re-assem-
bling the team and adding some new
faces. Winter was near, and the time
schedule became a critical factor once
again

New Lodge a Design Challenge
The new building was designed to terrace
up a hill which ran behind the site of the
original lodge. This concept was the idea
of Johannes von Trapp and the architec-
tural team all liked it immediately. The plan
gave every room an excellent view, and
produced an energy-efficient envelope
And it helped reduce the scale and visual
impact of the structure. It also produced
significant engineering problems!

The wet soils of the hillside made the
building act as a type of dam. The archi-

tect had 1o deal with the resultant horizon-
tal forces. Various ideas, such as running
cables back to deadmen buried in the hill,
were dismissed as inefficient, or not cost-
effective. The final plan determined that
the party walls between rooms, and the
composite floor slabs themselves, could
carry the loads if they were build of prop-
erly reinforced concrete. Since the upper
floors did not have the same load 1o carry
as the lower ones, a point was determined
at which a conventional steel frame made
the mosl sense

The roof, with all those dormers, posed
yel another problem. The traditional ma-
tenal for this type of intricate roof framing
would be wood. But the 1976 Nantonal
Building Code does nol permit any com
bustible structural elements. Light-gauge
steel framing was the next best solution

Now, here is a 4-story, 70,000-sq ft
building designed with numerous 45" an
gles, terraced into a wet hillside with
unstable soils. and with five difterent
structural systems—all on a fasl-track




schedule—if you don't mind. Those sys- they respected each's expertise—and are
tems included a conventional concrete still working together

frame, a composite floor system, load- Looking back, there were scores ol de-
bearing block, conventional steel framing  sign, engineering and technical team
and load-bearing light-gauge steel. The members who worked together on a daily .
conventional steel framing and the roof basis for the four years il ook to design
framing of lightweight steel presented a  and build the lodge. They are the ones who
very intricate network—and steel was the  deserve the credit for executing the bold
besl way to serve it. Again, emphasis on  concepls in this structure, credit the prin-

the fact steel can accommodate a com- cipals receive. When all is said and done
bination of irregular shapes, lack ol du- perhaps the ability to pick the right team
plication and intricate detalls. The archi and to attract and keep good people I1s

tect/structural engineer team had worked that for which the architect really deserves
logether on several other projects, and credit

NATIONAL
INSTITUTE OF
STEEL DETAILING

representing:
the independent steel detailer

dedicated to:
increasing professionalism in the
steel detailing industry and
improving relations among
colleagues in the steel
construction industry

contact us for further information on:
® associate membership
* membership roster
* publications available
* quality procedures program Architect
* association goals and activities Robert Burley Associates
Waitsfield, Vermont

EXECUTIVE OFFICE Structural Engineer
2506 GROSS POINT ROAD ke
EVANSTON, ILLINOIS 60201 I e
(312) 475-7530 General Contractor
Pizzagalll Construction Co
1E OF Burlington, Vermont
ca“’ N
= 8 Steel Fabricator
R saacson Structural Steel, Inc .
g Berlin, New Hampshire
(‘
Owner

Trapp Family Lodge

olowe, Vermont

28 MODERN STEEL CONSTRUCTION




First Baptist, Orlando:
®‘Crossing Over” to a New Environment

ransplanting a large and thriving
T..r.ur._--h from a crowded downtown
area to a spacious site in the outskirts re
quires some real master planning. The ar
chitect involved in the new First Baptist

1 oul

Church, Orlando, Fla., had his work ¢

for him In designing a new sile on 156

acres of suburban land along |-4. The

huge, and progressive, master plan calls

lor

® A 164.000 sq ft Worship Center

for 6,000

® An Education Center
.
.
® Recreation Center
® School for Grades K-12
® Senior citizens living center
® Recreahonal vehicle vacation park
® Mission plaza for grouped chapels
. ionary housing
e A 2500-seal amphitheater
® Lakefront recreation area
® Parking areas
® 10 acres of retention ponds
The design of this 1 $15-millior

complex had o be responsive 10 the en

vironment—the planting and cliimate—so
repres aitive of Florida. The major wor
ship center complex, centrally located on

the southern pan of the new wooded site

has primary acc o the south. Three

."‘.
vehicular entry points serve an on-site loop
road. The loop feeds into numerous park
ing areas that surround the church com
plex o provide minimum crossing of the
3 Lang
scaping and gentle berms direct visual

an and the vehicular tratfic

emphasis away from automobile areas lo

ward the buildings. Dramatic views of the

b -
=y

major structures are visible from the loop
through the trees

The visual focal point of the complex 1s
a large cross and lantern with its stained
above the 60-1t high trees

Qiass eleve .
This major element, bounded wvisually by

trees. identifies the church bullding s pres

ence. In response to the church's relo

cation theme of “Crossing Over.” l'wo ma

or entries on each side of the complex are

accessible over walkways which appear

acling poois

Design on Hub Concept
Design of the complex was generated by
the main emphasis of the sanctuary as a
central hub, out from which radiates con
nection to the education building, the din
ng hall and the media bullding on a fan
shaped horizontal concourse. The con
course corresponds to the fan-shaped
sanctuary lo provide a strong sense of di
al the central

rection that cuiminates

atrium and large entry foyer al each end

ol the concourse

The large atrium and
soncourse, with its fountains, skylights and
greenery, is a natural place to congregale
and a transitional space between insige
and outside areas. From the three-story

atrium. members will be able 10 ook ou

over the plaza, amphitheater and pond
This visual tie is a key element in the overall

master plan

Closeness a Criteria
The 6,000-seat sanctuary was designed to

keep attendees as close as possible to the

pulpit to create the feeling of unity. The
fan-shape concept was

idea. The balcony reaches down on each

ential to this

side 10 create a slope
effect. The lower fioor forms the cenler
section below the center balcony. For em
phasis, the baptistry becomes an integral
part of the choir loft, without visually sep
arating choir members The choir loft

id the baplisiry, orches

which wraps arour

on the sides ol the

Sdf

jary expansiorn from

300 to 600 or more

The Ultimate Solution—in Steel
The clear ppén space the o

g hexagon 330 ft acros:

orms an oblique
and 210 ft from the pulpit to the rear bal

M

cony. N

v considerations were involved
n handling the tremendous volumetri

‘hanges, especially aunng cofr sStruchion

The construction period over two winlers

| attect

was such that it woulc Cl the Struclure

before its own intenor environment would

control structure movement Because of

the fast-track schedule, many ideas re

quired very early planning, with close al

tention | osl-saving solutions

The nate solution ir \-:!'.-'ljltlh[l span
teal tr I W8 mall '.1||-'.-.‘-":-_,-, [
jor « ng 180 n 1 supporting lour
'0-ton secondary girder trusses that span

an average of 170 ft. The main girder rests

n two B0-1t hugh, 4-It square columns

ong-span sleel joists mpie
support framing
Since the roof forms a quadhedron, the

front section was tramed with two 90-1t un




balanced scissor trusses that intersect at
a point of maximum depth near the third
point of the span. Erection required a com
mon vertical truss member at the point of
intersection. This permitted one truss to be
fully erected and the intersecting twin to
be assembled in two parts. A diaphragm
was developed by combining 20-ga
welded roof deck and horizontal trusses
between the secondary girder trusses
Shears were removed to the structure be-
low by using a diagonally braced steel
frame

These main and secondary lrusses were
designed of 50 ksi A588 steel, which re-
sulted in a 30% savings over A36 sleel
Where compression or tension IS preva-
lent, such as in the truss’ elements, 50-ksi
steel proved most economical because
bending and deflection became less cril-
ical factors. The structural engineer says
“In most situations, a 30 to 40% less lon-
nage will be realized by taking advantage
of the higher strength material. Caution,
however, must be taken lo ensure good
welding quality and a compatible meta
lurgy.’

Test of Patience
Erection proved a test ol knowledge, ex-
perience and patience. The main girder
truss was friction-bolted using load-ind:-
cator washers, and lifted (cautiously) 90 ft
into the air by two 150-ton cranes. The 17-
ft deep truss was then lowered onto an-
chor bolts, with only a ¥-in. tolerance. In
four hours, the truss was lifted successlully
onto the 9 sq ft, 4v4-in. deep bearing plates
at each end. Movement is accommodated
by Teflon-coated plates on cord-rein-
forced Neoprene pads. Once the main gir-
der truss spanned majestically over the
pulpit, the remainder of the trusses were
assembled smoothly into place

Phase 1, currently nearing completion
contains the Worship Center, one educa-
tion building, a chapel and mechanical
buildings. Soon the burgeoning congre-
gation will be "Crossing Over” into their
new, and magnificent, environment

Wi TR o R

Mair

hords of Wi4x 426 A588 steel

180-1t long span in linal position. Truss is
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Architect

Hatheld Halcomb Architects
Dallas, Texas
Structural Engineer
Gee & Jenson

Oriando, Florida
General Contractor
H.J. High

Orlando, Flonda
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BO-ft long

Steel Fabricator
Owen Steel Company of Florida
Jacksonville, Flonda

Owner
First Baptist Church

Orlando, Flo
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