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T.R. HIGGINS LECTURESHIP AWARD

he T.R. Higgins Lectureship Award will recognize an outstanding
lecturer and author whose technical paper(s) may be identified as an
outstanding contribution to engineering literature on fabricated struc-
tural steel publishing within the five-year eligibility period from January
1, 1975, to January 1, 1980. The award winner will receive a $2,000 prize
during a ceremony at the 1981 National Engineering Conference in
Dallas, Texas, where he presents his paper
A jury of six eminent engineers from the lields of education, design
and industry select the award winner

Richard W. Christie, Hardesty & Hanover

Steven J. Fenves, Carnegie-Mellon University

Richard W. Marshall, Lehigh Structural Steel Company
Charles G. Salmon, University of Wisconsin

Daniel H. Shahan, Albert Kahn Associates, Inc

W.A. Thornton, Cives Steel Company

Nominations must be received by December 1, 1980.
1981 FELLOWSHIP AWARDS PROGRAM

The AISC Education Foundation will grant a maximum of eight $4,750
awards to civil and/or architectural engineering students pursuing a
course of graduate study related to fabricated steel structures. $4,000 is
for the student's use, and $750 is for the department chairman’s use in
administering the grant.

Interested students should contact their department chairman, or:
AISC Education Foundation, 400 North Michigan Avenue, Chicago, IL
60611,

Deadline for receiving applications is February 1, 1981.

QUALITY CERTIFICATION FOR NUCLEAR POWER PLANTS

AISC announces supplemental provisions to its Quality Certification
Program to include fabrication of structural steel for nuclear power
plants. The purpose of this supplementary program is to confirm to the
Nuclear Regulatory Commission, power and utility companies, and the
construction industry, that a certified structural steel fabricating plant
has the personnel, organization, experience, procedure, knowledge,
equipment and commitment to produce fabricated steel of the required
quality for auxiliary and support structures for nuclear power plants.
For turther information on this special program, or on the standard
AISC Quality Certification Program, write: AISC Quality Certification
Administrator, 400 North Michigan Ave., Chicago, IL 60611




n 1975 Western Life Insurance Com
Iparw decided to design a new corpo
rate headquarters in downtown St. Paul
Minn., on land adjacent to its parent
corporation, the St. Paul Companies
This site was discarded subsequently
and a 22-hectare (55 acres) hillside loca-
tion outside the city was selected. The
new site, bounded on the north and
west by two major highways, had only a
small pond to enliven the landscape
Western Life then selected Ellerbe
Associates also a Twin Cities-based
firm as its architect, engineer and inte

rior design firm

Design Considerations

Design considerations for the corporate
headquarters were numerous. The
budget was approximately $14 million
and the company was anxious for the
new building to be completed quickly
which meant designing on a fast-track
system within strict budgetary

.guldellr'\E'H' The facility was designed for
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.Western Life: Beauty on a Budget

by Wayne R. Bishop and Richard Waite

a projected 1,200 employees, mostly
clerical, as an open office plan to utilize
space efficiently, but not monotonously

In addition, the facility contains a data
processing center for all the St. Paul
Companies business. As the project
developed, it was apparent the data
processing center within the structure
could be an advantage in meeting the
client’'s demand for efficient energy
utilization, The potential for effective
use of recycled computer heat had been
demonstrated in other Ellerbe projects

But at Western Life, its use became the

focus of the entire heating/cooling sys-
tem. In fact, recycling of computer heat
has been so successful that Western
Life did not need to rely on boilers at all
during the 1979-80 winter. No small ac
complishment in Minnesota

One final consideration for Ellerbe
Assocliates was that Western Life
wanted a unique, definitive design to
identify them clearly in the public mind
and separate them from a submerged
identity within the St. Paul Companies
Thus, they were predisposed to enter
tain design solutions not entirely con
ventional v




Structural System
Western Life's new building is a paral
lelc
rounding freeways

maximum

gram placed at a 45 angle to sur

thus perm ng

utihhzation of passive lar

energy. The 350,000 sq ft facility is five
stories high. On the southwest expo

sure, each successive floor "'steps oul
from the lower one. Solar energy warms
the interior during winter months when

the Minnesota sun is low on the hori

zon, and shades it when the summer
sun moveas 1o a higher angle

A 60-ft grid was selected to provide
the flexibility and openness the owner
desired in the interior. Structural steel
was chosen as the most appropriate
framing material for the purpose, a de

cision based on several key

ssues

1. Structural steel was the most eco

nomical material to span the 60-ft

grid, and to frame the overhang por

tion of the buillding

2. Steel resulted in a lighter bullging

st of

which. in turn. reduced the

the foundation system
3. Erection of

structural steel was

faster., thus enabling the contraclor
to conform to a fast-track construc
tion schedule

4. Mill order and fabrication of the
typical floor trusses could com

mence prior to

of build

Ing plans

Framing System
Typical bays are 20 ft x 60 ft. The struc

tural framing system consists of 6-1t

frusses spanning 60 1 be

columns: W1

10 ft 0.« gesigned 1o

with a 3%4-in. lightweiq

and a 3-in. deep electritied composite

metal deck. The columns are supported

on spread footings that bear on natural

sanag strata

The overhang section of the building

uses a special extra lightweight con

crete fill with a 1'z-in

lightweight con
The

ong wit

crete topping to reduce dead load

diagonal com ssion strut

the vertical and horizontal struts, are
exposed on the exterior of the building

reas

The hor

or aesthetic

uts act as tension members

with the top chord of the floor trusses to

tie the overhang portion back into the

structural floor slab on the third

ind fifth floors. Struts deliver gravity

4 10N omores 1
liagonal compression

then

which

thrust back

delivers horizontal
nto the structural floor slab
at the second floor level

The 120-ft wide structural floor slab is

o act as a

reinforced horizontal dia

phragm to deliver tension forces at the
third, fourth and lifth floors ind the
compression thrust at the second floor
1o four vertical structural steel K

Two of the "'K

braces within the frame

on the exterior wall

praces &

and the other are on either side of

e eleval

or-atrium lobby. All four "K

braces deliver all latera yads from the

hang and lateral wind for

on systen

|
iIictural steel framework .

raised some special

Fire Protection
The exposed str
on the exterior
concerns about fire protection, since
the steel was to remain untreated with
reasons. To

fireproofing for aesthetic
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maintain the aesthetic value of the ex
posed steel, the following measures
were taken

1. A three-hour rated fire barrier was
provided in the exterior wall just be
hind the exposed vertical strut to di

flames away from the strut

vert any
2. A "'deluge flire sprinkling system
was installed along the building's ex
terior wall
3. The gravity load stresses in the ex
posed structural frame supporting
. the overhang was limited to 50% of
the allowable stresses permitted by
the bullding code. No silress ex

ceeded 12.0 ksi in any member

Summary

When Western Life opened its doors
both design and energy expectations
had been met. The energy efficiency of
the facility has proven to be even
greater than anticipated. And the com-
pany now has a unique and distinctive

building with which to identify itself

Architect/Engineer
Ellerbe Associates

Bloomington, Minnesola

General Contractor

Kraus Anderson of St. Paul
St. Paul, Minnesola

Steel Fabricator

Paper. Calmenson & Co

St P Minnesota

Steel Erector

Sandberq Erection
.:‘QT Paul, Minnesota
Owner
Western Life Insurance Co

St. Paul, Minnesota
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Bingham Hospital:
Metamorphosis in Steel

ingham Memorial Hospital, In
Blackfoot, Idaho, had a serious
problem. It had served the community
for over 25 years, but now its building
could no longer keep pace with de-
mands placed upon it. Health care
techniques had changed and the com-
munity had grown. But the facilities had
not. And the quality of care that could
be offered by the professional staff was
limited severely. In addition, the two-
story, plus basement, steel-frame com-
plex included a one-story nursing
home, also in need of expansion
The Bingham County commissioners
and the hospital board, recognizing the
need to provide long-term, modern
health services, convened a conference
that included architects, engineers,
hospital staff and community represen-
tatives. Out of the conference came a
decision that the hospital's best option
was to expand and remodel on the exist-
ing site

New Image Needed
The new Bingham Hospital and nursing
home represents a structural and ar-

6

chitectural metamorphosis. The owners
wanted a whole new image. The
finished project, compared with the
original building, is like an emerging
butterfly—and almost as remarkable. Al-
though the original building was out-
dated, non-conforming and lacked a
progressive public image its owners de-
sired, it did have some positive features
that allowed the design team to recom-
mend a metamorphosis

The interior structure was steel frame,
and the column spacing provided mod-
ulation to conform to future planning
Floor-to-floor dimensions were ade-
guate to house mechanical and
electrical installations, and the non-
conforming exterior masonry skin could
be removed to allow contiguous
growth. It also became apparent the
hospital's three levels could be zoned
for separation of basic functions

The most outstanding feature of the
new hospital is the cocoon of structural
steel woven around the old building
That cocoon actually tied to the existing
steel framing and braced the old struc-
ture so it could meet current seismic

code requirements. A steel skin was
chosen to clad the structural steel frame
which extended the second floor on
four sides. The steel skin, was the most
appropriate material because of its light
weight and strong visual image

MODERN STEEL CONSTRUCTION




Planning
Expansion of the hospital facilities was
planned around the existing structure in
the horizontal level at each of three
levels, and thus required extension of
floor slabs and roof at the periphery of
the building. Expansion at the base-
ment level was limited primarily to tun-
nel construction for corridor access to
stairs, elevators, loading dock and the
adjacent nursing home

Plans that affected the existing hospi-
tal required removal of most interior
partitions and all exterior masonry bear-
ing walls above the first floor, but
allowed interior columns and floor con-
struction to remain. Exterior basement
walls also remained, although it was
necessary to provide some new open-

ings and close up the existing ones

Other structural elements retained in
the existing building, in addition to the
first and second floors, were roof joists,
beams and girders and the basement
foundations.

The design solution for the hospital
permitted centralizing of functions, with
patient rooms on the upper floor,
diagnostic/treatment services on the
ground floor, and all support services,
surgery and delivery in the basement.
Expansion of the nursing home in-
cludes a solarium and physical therapy
center.

Structural Steel Framing Features
Structural steel used for the expansion
preserved the existing steel framing.

3rd Quarter/ 1980

The entire structure was upgraded to
conform to provisions of the 1973 Uni-
form Building Code for Seismic Zone 3
Since the hospital was considered an
essential facility, an importance factor
of 1.5 was used in the seismic design
Seismic resistance was provided for
the facility by a series of vertical cross-
braced frames in both directions. In ad-
dition, removal of the existing masonry
walls permitted a significant 65 percent
reduction in seismic load for the entire
building, including the nursing home
expansion
The structural scheme consisted of a
series of two-story, two-legged frames
where girders cantilevered to the inside
face of existing exterior walls at both
the second-floor and roof levels. Holes
were punched in the exterior walls to
permit girders to extend beyond exist-
ing joist bearings. This made it possible
to support beams that would later be
placed under the joist bearings after
existing masonry walls were removed.
This framing scheme had several ad-
vantages: girder cantilevers resulted in
reduced steel sizes due to girder con-
tinuity; the use of eccentrically loaded
footings adjacent to the existing build-
ing exterior foundations was avoided.
and the additional second-floor slab
and roof-deck simplified and expedited
ramaoval of existing masonry walls.
Rolled structural steel seclions were
compact, efficient, easy-to-erect and
connect to the existing structure—and
adapted easily to many different kinds
of field conditions.

Completing the Project

After as much as possible of the new
structure was erected around the old
building, existing floor and roof joists
were shored continuously through each

7



floor down to the basement. Masonry
walls were removed, proceeding from
parapet down to the first floor. Then
new beams were installed under exist-
ing joist bearings. Shores were re-
moved, again proceeding from roof to
basement. The strip of floor slab left

void by removal of masonry walls was
then installed, thus bonding new and
existing construction together and
achieving a continuous concrete floor
The second floor is 3%2-in. lightweight
concrete on a fluted metal deck. It was
not possible to keep the existing roof-

deck because it could not transmit
lateral forces to the vertical cross
braced frames. The gypsum concrete
roo! was removed and vermiculite con-
crete on metal deck installed over the
entire roof. Both floor slab and roof
deck have a two-hour fire rating. Addi-




tional fireproofing was applied only to
the rolled-steel sections

This construction team created a but-
terfly, using steel. The final product pre-
sents a totally new image to the com-
munity. Bingham Memorial Hospital is
now an exciting public building with a
powerful image. But more importantly
to the people of Bingham County, the
hospital can now provide efficient pa-
tient care equal to any in the nation

And, the project's cost was far below
that of a new facility on a new site. In
fact, net savings in construction costs
are estimated to exceed $200,000

Architect
Architectural Design West
Logan, Utah

Structural Engineer
Kurily & Szymanski
Santa Monica, Califorma

General Contractor
Christiansen Brothers

Salt Lake City, Utah

3rd Quarter 1980
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Woonsocket Savings:
on Urban Renewal

W '
B k.
he urban renew I
socketl, H.l JOt an
iesthetic boost with the compiletion of

the corporate headquarters for the

Woonsocke! Institution for Savings. The

banking firm traces its roots to 1845
the Woonsocket bank was

o
I he new 1our-st e
a J.J-acre site, which an 1S
terly end of the redevelopr In
iddition to broadening the city's tax
base. the $54.9-million steel-framed
jain axpected t ittract new

and residential
1. AlA, ser

who designeq

Lavia 1. ar
with Keyes Associates
notea

ind engineered the new facility

ne o e

i ] ] 1

tructural steel frame wa 1
econor 1l thar

i n as weced Ci { 1

1lso permitted greater design flexibility

Innovative Concepts
The 12

0-1t square building 1s 58 ft from

s | rfh |

2 {op of the mechan
cal penthouse

A cost-efficient atrium was designed
by reducing the size of the atrium on
each succeeding floor. Moving up to the
each tloor has an

fourth floor increas

ng amount of usable floor space with

out giving up the scenic open atrium et

fect. A skylight at the roof over the at

rium floods the lower floors and the in
terior with natural light. A stainless steel
and 1lass covered elevator rises
through the atrium

The building. faced in silver reflecting

adds

irroundings

glass a distinctive sparkle to its

The overall effect of the

structure reflects the dignified pl

phy of the bank and its lonq, stable pos

Steel Details

The building's com

designed for BO psf live load, cons

a 2Vz-in a three-in

floor deck. The first

concrete toping on

galvanized steel

floor, designed for 100 ps 3 I
constructed of a 10-in. and rein
f

forced concrete slab supported on pile

caps and grade beams, Lateral wind

loads are transmitted through the upper
floors and rool! diaphragm to the two

stair shafts, elevator shaft and a two

story vault

for the top three

xlerior columns
floors are supported on cantilevered
The

beams at the second lloor level

beams are set back four feet from the
jround floor columns. The spandre

ams have moment connections at the

columns to stiffen the exterior against

movement in the plane of the glass cur

tain wall

Economy Achieved

The fast-track approach to this project

time consid

reduced
erably. For example. the structural steel
mill order was placed before drawings
grade
shafts were

were completed. Foundations

beams, stair and elevator
ready for the tabricated structural steel
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when it was delivered to the work site
Approximately 300 tons of structural
steel went into the new bullding, con
sisting of ASTM A36 and high-strength
A572 Gr. 50. Connections were made
with ASTM A325 high-strength bolls




Architect/Engineer
Keyes Associates
Providence, Rhode Island

Construction Manager &
General Contractor

Dimeo Construction Company
Providence, Rhode Island

Steel Fabricator
Providence Steel, Inc
Providence, Rhode Island
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Eccentric Braced Frames
for a Major Hospital Structure

by C. Mark Saunders

ccording to the provisions of the

California “Hospital Code'" (Title 22
of the California Administrative Code),
most hospital buildings in California
must be designed for lateral forces ob-
tained from a dynamic analysis utilizing
the ground accelerations derived from
an earthquake with a 100-year recur-
rence interval. Such analysis normally
results in much higher lateral forces
than those prescribed by the Uniform
Building Code or other building codes
Also prescribed are very tight limits on
! interstory drift under such forces. The
intent of the regulations, written after

. C. Mark Saunders is a director of Rutherford
and Chekene, Consulting Engineers, and
was project engineer on the O'Connor
Hospital project




the Feb, 9, 1971 San Fernando
earthquake, is to have hospitals in
California remain functional after major
earthquakes.

The replacement facility at O'Connor
Mospital in San Jose, Calilornia, has
been conceived by Architects Stone,
Marraccini. and Patterson, San Fran-
cisco. as a five-story interstitial building
with relatively large column-free interior
spaces. As a resull of this archilectural
scheme, and the requirements of the
above noted code, Rutherford and
Chekene, Structural Engineers, was
faced with the task of providing a
strong, stiff building, with high energy-
absorbing characteristics, while main-
taining large open spaces and high
floor-to-floor dimensions. The steel ec-
centric braced frame system was

T \
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TYPICAL ECCENTRIC BRACED FRAME

selected as an ideal solution to those
requirements

Design Requirements

As mentioned above, the lateral force
resisting system for this structure re-
quired inherent lateral stiffness, to limit
architectural damage under high lateral
forces, and high energy-absorbing abil-
ity (ductility), to reduce the effect of the
high lateral forces on the structure and
prevent sudden (brittle) failure, while
causing minimum structural interfer-
ence with architectural and mechanical
freedom. A further design consideration
was speed of construction. To this end
the construction manager recom-
mended that an all-steel system be
used.

Design Solution

In response to the above-noted re-
quirements, three possible solutions
were explored:

1. Steel ductile moment resisting
space frame

2. Conventional braced frame

3. Eccentric braced frame

Based on preliminary studies, steel
ductile moment resisting space frames,
while an excellent solution to most of
the design criteria, required very heavy
members to meet the lateral stiffness
requirements (drift limitations), with the
high floor-to-floor dimensions and long
spans, Studies showed about 25% more
steel tonnage compared to that re-
quired for the selected system.

Conventional braced frames were re-
jected because of their relative lack of
energy-absorbing capability (ductility)

The steel eccentric braced frame was
selected as the only system to meet
economically all of the project require-
ments

The Eccentric Braced Frame (EBF)

The eccentric braced frame has evolved
out of concepts thalt engineers have
considered for years, but which have
only recently been properly tested and
documented — in the work of Roeder
and Popov at the University of California
at Berkeley (see references). The EBF is
a braced frame where the diagonal
braces are connected to the floor beam
members eccentric from the beam col-
umn connection. Thereby it creates a
“link beam,” which is designed to yield
in shear and acts as a shock absorbing
fuse, both dissipating energy and pro-
tecting the brace member from over-
load. By designing the brace conserva-
tively (usually with an additional factor
of safety of 1.5), it assures that a buck-

ling failure of the brace is prevented.
For design information on the system,
the reader is referred to the papers by
Roeder and Popov and the publication
by Teal, as listed in references at the
end of this article.

To supplement the previous research
with data pertinent to the specific con-
ditions of this project, Rutherford and
Chekene performed an inelastic time-
history analysis of a typical eccentric
braced frame as proposed for use on
the project. The results of this analysis
verified that significant reductions of
accelerations do occur within the struc-
ture due to the inelastic action of the
eccentric braced frames. The reduc-
tions, thus corroborated, were used to
reduce the seismic design spectrum,
resulting in much lower design lateral
forces than would have been appropri-
ate for a regular braced frame system.

The eccentric braced frames for this
structure were designed using steel
wide-flange sections for all members.
Columns and braces were of ASTM
A572 Grade 50 structural steel, while
beams were of A36. Several configura-
tions of bracing were used, as seen in
the photographs. Columns were W14
sections, varying in weight from
W14x109 through W14x342, while
braces consisted of W10. W12 and W14
column-type sections. Beams were W16
through W36 sections. Connections
were assembled with erection bolts,
then full penetration-welded at flanges
and webs. A photograph of a typical
connection, along with a detail drawing
of same, is shown.

The shear and overturning forces at
the base of the EBF's were transferred
by embedding the bottom of the steel
columns and the bottom level beam In
large (typically 4' x 8') reinforced con-
crete grade beams supported on drilled
cast-in-place concrete caissons. The
shear transfer from steel to concrete
was effected by welded studs on the
embedded steel members (see photo).

In cooperation with the architects, the
initial configurations of the EBF's were
selected to minimize interference with
architectural features such as doors,
windows and corridors. in these initial
designs. the recommendation of
Roeder and Popov that the eccentricity
be approximately equal to twice the
beam depth was followed. As the ar-
chitectural design evolved, minor
changes were required, Due to the fact
that the EBF is not constrained by a re-
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quirement of concentric connections,
such modifications could be relatively
easily made. Eccentricities were in-
creased or decreased in several loca-
tions, with the only needed modification
of the braced frame design being a
beam size change

Construction

The O'Connor Hospital Project is cur-
rently being constructed under a fast-
track contract, with William Simpson
Construction Company as construction
manager. Stockton Steel is the
fabricator/erector. Erection of the struc-
tural steel was effected in approx-
imately 75 working days. No major field
problems were encountered with the
use of the EBF system. Steel weight, not
including the interstitial floors, amounts
to approximately 21 Ibs. per square foot
Framing for the interstitial floors, which
are hung from the main structure,
amounts to about 2 Ibs. per square foot.
Total tonnage of structural steel is
about 3,200 tons.

Conclusion
Steel eccentric braced framing is an ex-
cellent |ateral force resisting system,
especially where the design criteria in-
clude:
1. Long spans and high floor-to-floor
heights
2. High seismic ground accelerations
3. Tight drift limitations

3rd Quarter/1980

4. Need for architectural and me-
chanical flexibility )
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Stone, Marraccini and Patterson
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Mechanical/Electrical
Engineers

Syska and Hennessy
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Building Description
Beds 357
Gross square footage:
Basic bay size
Floor-to-floor height

280,000 square feet
18 feet by 36 feet
Levels 1 and 2—17"-6"

Levels 3, 4 and 5—16'-6"

Configuration

"H" shaped tower on rectangular

base. Overall plan dimensions
are about 287 feet by 306 feet

TYPICAL ECCENTRIC CONNECTION
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Severaf weeks after judging of the
1980 Prize Bridge Competition had
been completed, a very special entry ar-
rived at AISC headquarters. Although
some staffers considered this bridge
was entered in jest, MSC editors felt
compelled to share its gem-like beauty
with our many readers. The following
‘comments’’ are those the staff feel
might have been earned if the real jury
had received the entry: "'The ultimate in
simplicity and harmony with its clean
lines and gentle arch. It is particularly
handsome from underneath, blending
well with a rather mundane land-
scape a splendid example of in-
genuity and responsiveness 1o man's
need

Design Considerations

Two factors were utmost in the design
and construction of this bridge: time
and economy. The previous bridge was
washed downstream and broken up by
flash flooding. Therefore, the first
criteria was to replace the bridge
quickly. Secondly, it was hoped the
bridge could be built from readily avail-
able materials, hopefully scrap items, or
material left over from other bridges

Because of the clearance required
due to flooding, the relative shallow-
ness of the banks for building the abut-
ments and the shortness of the span, a
single simple span arch-type design
was chosen. This required a low depth
main load beam to minimize excavation
and still allow a smooth transition from
approaches onto the bridge. Span
length is 16'-0"; the vertical clearance
is 0’ -8%2".

Calculations indicated W4x13 sec-
tions, readily available, would be satis-
factory for the main beams if the dead
load was held to a minimum. The con-

ventional concrete deck had already
been ruled out due to labor consid-
erations and drainage factors. Since
dead load needed to be small, grip-strut
type grating was chosen. This provided
a slip-proof surface, excellent drainage
and was quickly available through our

steel service center. The main beams
were heat cambered 3% in. to provide
more vertical clearance

The last consideration was paint and
subsequent maintenance. The structure
would be subjected to splash and pos-
sible partial submersion in water during
heavy rains, and welding through the
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coating would be required. An inor-
ganic zinc coating was chosen because
of its excellent resistance to water ex-
posure and weathering. The grip-strut
deck would be galvanized to make the
structure maintenance-free for at least
10 years

Project: Crossover to Better Bridges,
Colfax, NC

Designer: J.R. McKeithan, Greensboro, NC
General Contractor/Erector: J L. Flynt,
Walnut Cove, NC

Owner/Fabricator: Carolina Steel Corp
Colfax, NC
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