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See why 

Lukens stripped 
plate i such an 
attractive alter­
native to uni­
versal mill plate 
for fabricated 
bridge girders. 
It's produced 
from steels 
made in our 
modern elec­

tric melt shop complex, 
and most plates are cross-rolled for superior 
transverse properties. 

Familiarize yow-self with the Lukens 
Fineline' family of low-sulfur constructional 
plate steels for fracture-Clitical applications. 

Find out how our Lukens-Conshohocken 
facility can respond to your needs for light-
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to-medium thickness carbon plate and ure­
Foot srtfety plate. 

It's all in the latest edition of the Lukens 
COIlStroctionai Plale Steels brochw'e ... along 
with general information about Lukens' capa­
bilities, specifics about available plate izes, 
specifications for grades of steel for bridg 
and buildings, and our many heat treat­
ment options. 

Don't miss this chance to update your 
reference file. 

Fill out and retw'n the coupon and 
we'll send)'Ju )'JW' copy of this useful16-page 
brochure. 
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The specialist in plate steels, 

-------, 
Lukens Steel ('oml~tny 
662 Servit'CS Building 
Coatesvillt.' . PA 19::t.'O I 
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1985 FELLOWSHIP AWARD WINNERS NAMED 
Eight winners of AISC's 1985 Fellowship Awards competition have re­
centfy been named. Each winner receives a $4,250 study fellowship, 
with another $750 going to the academic department heads for admin­
istering the awards. Students are judged by an outstanding award jury 
on the basis of grade point averages, faculty recommendations and 
contflbutions their expected programs will make to the engineering 
profession and the structural steel industry as a whole. The 1985 winners 
are: 

Douglas J. Ammerman, Umversity of Minnesota 
Michael A. Avellano, University of Cincinnat, 

Deryl L. Easom, Washington University 
Michael D. Engelhardt, University of Califorma - Berkeley 

Marvin W. Hailing, Utah State University 
James M. Rlcles, University of California· Berkeley 

David H. Sanders, University of Texas - Austin 

Kay E. Vlerk, Illinois Institute of Technology 

PROFESSOR W. F. CHEN RECEIVES 1985 T. R. HIGGINS AWARD 
Prof. Wai-Fah Chen of Purdue University, Lafayette, Ind. received AISC's 
prestigious 1985 T.R. Higgins Lectureship Award at the Structural Sta­
bility Research Council'S annual meeting in Cleveland on April 16 in 
Cleveland, O. His award· winning lecture is "Columns With End Restraint 
and Bending In Load and Resistance Factor Design." 

His award, an engraved citation and a check for $3,000, was pre· 
sented by Robert P. Stupp, executive Vice president of Stupp Bros. 
Bridge & Iron Company, St. Louis, Mo. Chen will present the paper at 
f,ve additional cities and events during the year. 

OUR APOLOGIES 

In the fast Issue of Modern Steel ConslrucllOn, in the special Paze 

• 

Bridge Awards section, we inadvertently listed the address of Atlas • 
Machine and Iron Works , fnc. as GainesVille, Ga. It should have 
read Gainesviffe, Virginia Atfas was the steel fabricator on the 
prize-winning Liberty Bridge rn Pittsburgh, Pa. 

MODERN STEEL CONSTRUCTION 



The University of Michigan Hospitals: 
• Orderly Patterns for Growth 

• 

• 

by Stephen Q. Whitney and Charles T. Robinson 

Stephen 0 Whitney. AlA. is project architect. 
senior aSSOCiate and assistant chief 01 ar­
chitectural development. Albert Kahn Asso­
ciates. Inc DetrOIt. Michigan 

Charles T Robmson. PE IS project engineer, 
senior aSSOCiate and aSSistant chief of struc­
tural /clv,' englneenng department , Albert 
Kahn ASSOCiates. Inc. Detroit . Michigan 

Organized In 1869. the University of 
Michigan Hospltat system. Ann Arbor. 

IS one of the targest university-owned hos· 
pltal systems In the US The hospltats at so 
support one of the three largest educa­
tional programs for health professlonafs In 
the nalion Each year. 4.000 sludents. In­
cluding doctors and other health care 
prolesslonals. receive training at U-M Has· 
p,tals 

2nd Quarter/1985 

The onglnal University Hospllal (Old 
Main. as the eXlsling hospital IS called) 
was among the finest health care facllilles 
In the counlry when opened In 1927 De­
signed by the renowned Architect Alberl 
Kahn. It housed Ihe most up-to· date sys­
tems and equipment In an elegant. dec­
orative brick and limestone structure In­

corporallng Ihe lalesl planning innovalions 
of the era 

The lasl 58 years have seen dramalic 
changes In the practice 01 mediCine Who. 
In 1927. could have anllclpated Ihe de­
vetopment of open heart surgery. organ 
transplants. computeflzed diagnostic pro­
cedures or environmental conlrol sys­
tems? Once the premiere teaching hos­
pital In the counlry . Old MaIO has 
regre\lully become an antiquated facility 
unable to adapl to present reqUIrements 

Pallenls and staff expecled more from 
such a well·known hospital They wanted 
cenlral alf condilloning and were not sat 
Isfled With 16-bed ward rooms Because 
the faclIIIy was ouldated . II also became 
difficult for the university 10 recrUil people 
for research 

Over the years. Inspeclions of Old Main 
by the Michigan Department of PubliC 
Health and the state fire marshal resulted 
In an ever-increasing list 01 dellclencles 
In 1970. Ihe State of Michigan agreed With 
the results of a study prepared by the UnI­
verslly of Michigan. which Indlcaled It was 
no longer praclical to allempt correcllon 
of cited defiCienCies In Old Main The 
study concluded With a recommendation 
for replacement of Old Main and upgrad­
Ing 01 other laclillies on the U 01 M Med­
Ical Center 

UniverSIty of Michigan Hospitals (I). 
Ann Arbor, Mich . and replacement proJ­
ecl (seen Irom NE) S,le plan of adult 
general hospital above Photo courtesy 
office 01 RHP-U 01 Mlch 
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The Functional Planning­
Orderly Patterns lor Growth 
Albert Kahn Associates, Inc. (AKA) was 
retained to plan and design the Adult Gen­
eral Hospital and associated facilities, the 
largest component of the $285-mllilon Re­
placement Hospital Program An early task 
was to develop a facilities master plan 
which, In concert With the site master plan, 
established orderly patterns of growth for 
the campus In accordance With these 
plans, the Replacement Hospital Program 
was sited lust north of the eXisting multi­
bUilding medical center. overlooking the 
Huron River Valley This placed the new 
Adult General Hospital close to the original 
patient care lacilitles and the medical ed­
ucation and research cenler The new la­
cility Will replace Old Main and the Adult 
Psychiatric Hospital constructed In 1938 

A functional and space program for the 
Replacement Hospital Program was Ini­
tially completed In July 1978 lt desCribed 
the functional elements 01 the Replace­
ment Hospital Program. Including Nursing 
Units. Radiology Surgery SUites and Spe­
Cialty CliniCS on a room-by-room basIs In­
put to the prolect design came from many 
sources To ensure the new hospital would 
meet the needs of staff members. they par­
ticipated In the bUilding design through a 
process of "gaming · In gaming colored 
squares representing rooms scaled to size 
were arranged by AKA and the variOus 
Interested user groups to produce optimal 
relationships From these diagrams, sche­
matic plans were developed A total of 32 
hospital stafl user groups reviewed the ar­
chitects ' design to ensure that various 
areas or systems would be designed 
based upon appropriate criteria Addl­
tlonallnput came from surveys conducted 
by Replacement Hospital Program staff 
among vIsitors and patients to conSider 
Ihelr concerns related to the new hospital 

Extensive use was made of full size 
mockups of both single and double patient 
bedrooms. Intensive care Units and nurs­
Ing stations to test the design of these 
highly critical areas The Ottlce of the Re­
placement Hospital Program. In cooper­
ation With the University Architectural Re­
search Lab . conducted studies that 
evaluated such leatures as Size, layoul . 
equipment organization, traffiC flow and 
accessibility for handicapped and elderly 

6 

Systems Analysis Process­
Minimize Obsolescence 
Concurrent With the functional planning 
process lust desCribed, an analYSIS 01 var­
IOUS construction and engineering sys­
tems was undertaken by AKA. ThiS anal; 
YSls Included research findings and 
recommendations regarding state-of-the­
art planning lor departmental areas as well 
as Innovative design alternatives related 
to communications, movement, environ­
mental and other engineering and archi­
tectural bUilding systems Included In thiS 
analYSIS was a study to determine the best 
methods to minimize faCility obsolescence 
In the face of ever faster advanCing tech­
nology. Hospllal compleXity has Increased 
more In the past 30 years than In the pre­
VIOUS 200 ThiS not only has dramatically 
Increased construction , operation and 
maintenance costs, but also has reduced 
the ability of hospitals to respond to con-

tlnulng changes In health services . medi­
cal education and research 

DUring the 60's, special spaces to ac­
commodate mechanical and electrical 
systems began to be used more fre-e 
'quently. The first Implementation of a walk-
way space concept, begun In England In 
1962 at Greenwich District Hospital con­
Sisted of a 6-11 high hOrizontal mechanical! 
electrical distribution space between 
floors, now known as interstitial space. The 
Interstitial space concept received careful 
conSideration by AKA because 

• The antiCipated useful life 01 a malor 
health care faCIlity such as thiS must be 
well In excess of 50 years 

• Effective functional planning recognizes 
the Inevitability of future change 

• Conventional construction usually in­
volves mechanical and electrical ser­
vices deSigned and Sized for a speCIfic 

Erection of steel-framed exteflor wall of adult hospital (from SW). 
Photo courtesy BartonlMafow SectIon VIew at r 
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• 
funcllon TYPical ceiling spaces which 
house these services are often difficult 
to access. thus resulting in ccstly main­
tenance. as well as significantly limited 
flexibility to accommodate growth or 
change 

• Initial capital expenditures for a malor 
health care facility are likely to be ex­
ceeded by operational costs In less than 
two years 

• Interstitial space permits renovation to 
occur with minimal disruption to occu­
pied spaces below ThiS IS especially 
Important for functions adlacent to the 
area to be renovated. which would re­
qUire no disruption except for revIsion 
to services above 
AKA prepared a special study of t 6 ex­

Isting malor healthcare facllilies uSing the 
Interstltlat space concept Of these faCili­
ties. t 3 had Interstitial construction asso­
ciated with all parts of the bUilding . and In 
generat the Inpatient bed Units were 
linKed hOrizontally with the diagnostic and 
treatment functions The remaining three 
Included Interstitial construction In se­
lected areas only In these faCilities. the 
Inpatient bed units had not been Inte­
grated Into the diagnostic and treatment 
block The deCISion to not proVide Inter-

t 
~ t 

t + +-
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stltlal constrUClion In the Inpallent bed 
units was based pnmartly on the infre­
quency of change reqUirements 

Major deterrents to the use of Interstltlat 
construction were first-cost factors. Includ­
Ing additional deck. framing or catwalk 
systems. elevator service (If applicabte) . 
lighting. power. fire protection systems (If 
appllcabte) and eXIling systems In addi­
tion. the building became taller. Increasing 
construction costs retated to cotumns. ex­
tenor walls. elevators. stairs. as well as 
etectncal and mechanlcat nsers. These 
extra matenal costs were somewhat offset 
by savings In labor costs because various 
trades can work simultaneously. one 
above another rather than sequentially as 
necessary In convent,onat construcllon In 
the flnat analYSIS. first-cost Increases were 
determined to be InSignificant when com­
pared to the potential operational cost sav­
Ings over the life of the faCility. due to 
greater fleXibility and decreased down 
time. 

Structurat Criteria 
The pnmary oblectlve of a structural sys­
tem IS to support all of the loads which 
may occur on or In the bUilding Without 
excessive deflecllon or excessive matenal 

stresses Construction loads. Wind and 
seismiC loads. weights of the vanous 
bUltdlng matenats. equipment and per­
sonnet must all be conSidered In deSigning 
the systems. Structural systems should not 
Interfere With the Installallon of the bUltdlng 
electncal and mechanical syslems. and 
should not Impose severe restnctlons to 
changes In the hospital layout or to de­
partment funcllon changes The system 
should be Simple to construct and not re­
qUire a great deal of maintenance It also 
should reduce nOise transmission and ISO­
late vlbrallons o(lglnallng from mechanical 
equipment 

To respond to the changing demands of 
health care In a farge medlcaf faCility the 
structural system must Ilave qualities that 
permit frequent changes In department 
layouts and aSSOCiated mechanical and 
electrical services However when these 
functional changes Induce loads which ex 
ceed deSign capacity. the systems must 
be reinforced There IS a clear dllterence 
between structural steel framing and rein­
forced concrete when structural modlfl 
cations are needed Structural steel 
frames can be readily reinforced In the 
field to allow Increased loading or to pro 
Vide new clearances when reqUired 
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Reinforced concrete frames are more 
difficult to strengthen or structurally mod­
Ify Once the concrete frame IS completed. 
It IS often not practical to modify the con­
struction Without adding new support sys­
tems which generally Interfere With spaces 
dedicated to mechanical and electrical 
services The Interferences which are pro­
duced severely limit the facility's flexibility 
for all future changes. For thiS reason. rein­
forced concrete systems may not be ap­
propriate where facility changes are fre­
quent For thiS lacility. most of the actual 
loading requirements were satisfied by 
systems deSigned In accordance With 
minimum code standards In evaluating 
structural loading condilions. the weights 
01 partition systems were treated as live 
load (I e movable systems) Archlteclural 
plan fleXibility was a baSIC assumption 
and the structural systems were deSigned 
to be as Independent 01 the room and de­
partment layouts as possible 

To obtain the economy associated With 
repetition 01 structural members and the 
advantages 01 prefabrication. the struc­
ture was deSigned for loads that met the 
reqUirement of most or all departments as­
sociated With a given bUilding type (e g , 
dlagnOSllC and treatment or nursing Unlls) 
ThiS also allowed the hospital plan 10 de­
velop and change wilhout modlhcalions to 
the slructural syslem 

Structural Studies 
DUring the system analYSIS process slruc-
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View of mterstlttal framing and extended 2-bed patient rooms (I.). Closeup (above) of Interstitial 
space be/ore deck pouring. Photos courtesy Albert Kahn Associates. Below, r .. Interstlttal truss 

swmgs mto place. Inpatient bed /loors beyond Photo courtesy BartonlMalow 

tural materials and construction tech­
niques were studied With the goat to select 
the best system for the prolect Initial 
costs. Ilexlbllity for change, construction 
time. site constraints and the effects of a 
severe winter climate on construction were 
all factors In making the selection. 

The evaluation of structural steel and 
reinforced concrete framing systems was 
divided Into loading groups and span cat­
egories. The loading groups were light 
loading With a total live load of 40 to 60 
psf medium loading With a live load of 100 
psf; and heavy loading With a live load of 
ISO psI. These loading conditions satisfied 
the necessary code minimums lor the var­
IOUS 110spltal areas. as well as the speCial 
loading requirements of mechanical 
rooms and areas With special equipment. 
Two span categories were establlshed­
medium spans of 24 to 35 ft . and long 
spans of 35 to 75 ft Short spans, those 
less than 24 ft . were found to Impose se­
vere planning restrictions and were elim­
Inated early In the study. 

The various bUilding types and functions 
each presented different criteria for the 
design of the structural systems ThiS 
could have resulted In the selection of dif­
ferent structural systems for each malor 
bUilding area The selection of completely 
different types of systems, such as the use 
of a steel frame for InterStitial type con­
struction and a reinforced concrete frame 
for some other building type, was entirely 
possible The original structural studies for 
the hospital considered 594 structural 

steel non-composite deSigns. 108 struc­
tural steel composite ffoor deSigns, and 
1,168 reinforced concrete schemes Sev­
eral computer programs were developed 
to provide the analYSIS, deSign and cost 
determinations needed to evaluate 
changes to loadings, bay SIZes, forming 
systems and construction types 

In addition to the characteristics of the 
various structural systems already de­
scribed. the construction time. coordina­
tion wilh other bUilding trades and site re­
qUirements were considered In evaluating 
and selecting the primary building material 
and framing system. Because structural 
steel seClions are prefabricated and de­
livered to the site ready for final assembly. 
the field construction lime and space re­
qUirements for on-site storage are re­
duced Prefabrication does require early 
deSign effort and selection of contractors 
to take advantage of the field time savings 
In thiS way, Ihe bUilding slruclure could be 
ready for work by Olher bUilding Irades 
monlhs earlier Ihan With on-site construc­
tion methods usually associated With cast­
In-place reinforced concrete The use of 
such a fast-track deSign and construction 
approach reqUIres tlrat the structural sys­
tem be deSigned to afford fleXibility for 
changes which result from the final de­
velopment of the architectural hospital lay­
out, and mechanical and electrical bUild­
Ing services which follow 

Another advantage of structural steel 
framing IS that It allows early access by 
other bUilding trades to floor levels below 

MODERN STEEL CONSTRUCTION 
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• 
Wtlh cast· In-place construction, workmen 
of other bUilding trades may nol have early 
access to the completed floors due 10 re­
shoring The formwork for each new floor 
would probably reqUire Ihat two lower 
completed floors be used for support, with 
the resulting forest of shores In addition 
to limiting access by workmen . Ihls aspect 
of concrete construction creates a fire haz­
ard dUring construction, particularly with 
the need lor temporary heat 

Building Design and Organization 
The Adult General Hospital, In excess of 
t ,000.000 sq It. IS organized Into two malar 
elements, a stepped 4 -level base with pro­
vIsions for future hOrlzonlal expansion, and 
a 6·level Inpatient tower located above, 
Wllh the capablilly for vertical expansion 
The 660000 sq It base contains diagnos­
tic and Ireatment (0& T) functions such as 
Radiology. Emergency Surgery and Lab­
oratoroes. plus support spaces such as 
Public Admitting Dietary PI,armacy and 

2nd Quarter t 985 

Materoal Handling areas necessary to a 
major leaching medical center. 

The Inpatient tower (IPU) houses 586 
patients , including 70 Intensive care 
rooms eqUipped With highly sophisticated 
monitors and medical services Separat­
Ing the D&T base and IPU tower IS a 27-
ft high mechanical floor containing 17 alf 
handling systems and Ihree electrical sub­
stations. 

In 1930, less than 30 eflectlVe drugs ex­
Isted for patient treatment Bed rest was 
the only known treatment lor many ail ­
ments Today a broad range of medication 
and treatments IS available to the phYSI­
Cian, and the Adult General Hospital as a 
state-of-the-art faCIlity IS eqUipped to pro­
Vide all resources poSSible, Including the 
follOWing 

• In the Diagnostic and Treatment base. 
the main Pharmacy Dept serves live 
satellite pharmaCies on the Inpatient 
floors 

• Three linear accelerators lor cancer 
treatment are located In a speCially de­
Signed and protected area In Therapeu­
tic Radiology on the lowest level 

• Planning for Diagnostic Radiology In­
cluded such systems as computerized 
(C T) body scanners, ultrasound and 
the latest Magnetic Resonance Imag­
Ing 

• The new surgical suite contains 17 highly 
speCialized operating rooms, Including 
one dedicated to new or experomental 
procedures and another eqUipped to la­
cilltate organ transplants 

• Multiple workstations have been pro­
Vided In the Clinical Labs In anticipation 
of over 750,000 medical tests per year 

• The rapid development 01 the computer 
has caused a revolution In medical In­
formation processing In the Adult Gen­
eral Hosp,tal , an extensIVe communI­
catIon system allows computer access 
at over 3,600 po,nts In the hospItal 

The IPU has been deSigned lor a con­
tinuum of care Each floor has Intensive 
care, stepdown and acute care beds Only 
the most crotlcally III patIents Will be treated 
In the IntenSive care unit. The linear ar­
rangement of nursing units will allow pa­
tient care diSCIplines to use beds and al­
locate staft as necessary 01 the 586 beds 
In the Adult General Hospital. 324 WIll be 
single· bed rooms, the remainder Iwo-bed 
Personal comfort of the patient was a ma­
for concern durong the deSIgn of the pa­
Ilenl bedrooms Each room Will have ItS 
own bathroom with tiled shower Large 
wlOdows WIth low 51115 allow bed-rodden 
patlenlS a panoramIc vIew of the wooded, 
roilIng Huron Valley to the north or to the 
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InterstilJal steel frammg system and use areas adjacent to stepped 
amphitheater Photo courtesy Albert Kahn 

sunny landscaped courtyard of the Med­
Ical Campus and University skyline to the 
south 

Because It IS a teaching hospital. the 
Adult General Hospital has a number of 
special educational spaces An amphi­
theater seating 220. opening off the upper 
lobby. IS equipped With the latest In audio­
visual eqUipment Including video proJec­
lion and provIsions to accommodate 
headsets for simultaneous translallon . 
Conference rooms and classrooms have 
been located throughout the faCIlity Pa­
tient rooms. which also reflect the need for 
student Involvement In patient care. are 
Sized to accommodate teams making their 
rounds 

In the Adult General Hospital. "way-find­
Ing" was a Critical design consideration 
HOrizontal traffic IS rouled through a 2-
level main concourse system. which Inter­
connects the main lobby on Level 1 With 
major pubJlc efevator and escalator fob­
bles The Level 2 conCOurse IS connected 
to adjoIning bUildings In the Medical Cen­
ter by enclosed pedestrian bridges. com­
pleting a mafor Interior pedestrian street 
system Within the Center 

Orientation IS an Important design Cri­
teria which was accommodated by locat­
Ing the main concourse on each level ad­
facent to the south exterior wall USing 
natural light through clerestory and barrel 
vault glazing systems. the concourse and 
bridge system will prOVide pleasant 
lounge areas for VISitors. patients. staff and 
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students as they overlook a landscaped 
pedestrian courtyard TraffiC to other floors 
IS IIrst routed hOrizontally to the east or 
west portions of the Adult General Hos­
pital V,s,tor or outpatient Irafflc IS directed 
10 two publiC elevator lobbies. which each 
access three elevators connecting all 10 
publiC floors To reduce the elevator traffiC. 
staff or student traffiC to the three primary 
D& T floors IS encouraged to utilize the 
eight escalators. diVided Into the two lo­
cations. Staff or Inpatient traffiC belween 
any of the 10 floors IS faCIlitated by SIX 
patient-sized elevators . located In two 
clusters. north of Ihe main concourses 

Material transport systems have been 
designed to make scheduled deliveries 
automatically to all Adult General Hospital 
floors. as well as 10 other new and exrstlng 
patient care facllitres In the Medical Cen­
ter. ThiS IS accomplished via an automated 
floor gUidance system. a computer-based 
system of aulomated vehIcles. These ve­
hIcles deliver patient meals and depart­
mental supplies to predetermined areas 
by follOWing desIgnated pathways to SIX 
dedicated elevators . Two additIonal ele­
vators prOVIde necessary supplies to the 
Surgery Department and a third has been 
dedIcated to transport dietary supplies 
from the Main KItchen to the Cafeteria on 
Level 2 In addItion. a new 6-ln . dla 62-
station pneumatic tube system proVides 
for the transport of laboratory specImens. 
pharmaceullcals and other urgently 
needed materials 

The Results 
ConstructIon began first on a t.ooo-car 
parkIng structure In June 198 1. to prOVIde 
space for construction vehicles In Octo-
ber t981 . ground was broken for the new • 
Adult General HospItal Fast-track con­
struction was determIned to be the most 
appropriate method for completIng con­
struction In the minimum time frame. The 
constructIon sequence called for the 
bUilding to be completed In a series of 
vertical segments-steel erected. deck 
placed. studs welded and concrete 
placed. The exlerlor wall was then erected 
and Interior work started 

Because the hospital IS on a slop,ng site. 
more than 300.000 cu yd of matefIBl was 
cut out of the hillSide. A former dump sIte. 
earth at Ihls location was mixed WIth large 
quantitIes of nonusable material A 6OO-ft 
long. 45-ft high. temporary earth retaIning 
wall was erected along the north face of 
the eXIstIng MedIcal Center. FollOWing the 
Installation of the temporary retaining wall 
and mass excavation. approximately 
1.000 It of 50-ft hIgh counterforted retain­
Ing wall was constructed About 400 It of 
conventional retaIning walls. averaging 20 
ft to 30 ft high. completed enclosure of the 
hosp,tal below grade 

In additIon to the 1.000.000 sq ft of hos-
pital floor space. there IS 320.000 sq ft of • 
InterStitial floor area. all under 116.000 sq 
ft of roof. The structure IS of AISC Type-2 
construction, With connections speCified 
as shop-welded and field-bolted The D& T 
areas were constructed of trusses and 
shallow composite beams. while the IPU 
was framed WIth SImple composite beam­
and-girder construction Nearly 9.850 tons 
of mostly hIgh-strength. A572 Gr.50 steel 
was used. Including 1.700 tons In truss 
matenal 

AKA Investigated five types of Interstrtlal 
space constructron All of the types as­
sumed fire protecllon reqUIrements of 
three hours for columns and two hours for 
floors. trusses. girders and beams The In­
terstrtlal system selected had a 2-hr. fIre­
raled Interstrtlal deck With th,s system. 
only the columns and the exterior frame 
reqUired fireproofing w,th,n the Interstrce; 
2-hr raled . I -hr. rated and smoke barner 
partltrons terminated at the underSIde of 
the Interstrtlal deck Only stairs and shafts 
extended through the Interstice An auto­
matic fire suppressIon system was pro­
VIded In the InterstitIal space to assure a 
consistent level of safety Ihroughout Ihe • 
entire Adult General HospItal Normal fire 
dampers were requlfed lor mechanical 
ducts penetrallng stalfs or shafts The 
number and size of duct penetratIons In 
the InterstItIal deck were unlimited. 

MODERN STEEL CONSTRUCTION 
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The Interstitial trusses typically have tee­
section top chords and wide-flange bot­
tom chords with conventional double-an­
gie web members They are 8 ft, 6 In. deep, 
providing a clear distance from interslilial 
floor to underside of steel of 6 ft , 10 In Bay 
SIZes are 24 ft x 48 ft and 24 ft x 40 ft , 
with a floor-to-floor height of 14 ft In the 
patient tower and 20 ft, 8 In In the diag­
nostic and treatment base. 

Extenor matenals were chosen to relate 
to adlolnlng buildings on the medical cam­
pus The bUilding base and sta"towers are 
clad In bands of smooth and rough-laced 
tan bnck to provide visual continuity of 
color and material to the eXlsllng medical 
campus The use 01 panels of light beige 
precast concrete on the tower eliminated 
the need lor scaffolding that masonry 
would have reqUired, accelerated the en­
closure of the top floors and provided a 
durable , low maintenance facade that 
gives a visual focal pOint to the northeast 
corner of the campus 

Another malar element In the Adult Gen­
eral Hospital deSign IS a 2-mllllon gallon, 
underground, thermal storage baSin 
(TSB) Filled With chilled water, the baSin 
acts like a liqUid storage tank for cooling 
or heating energy The TSB has allowed 
the sIZe 01 the relngeratlon plant to be re-

duced Irom a peak capacity 01 4,500 tons 
to an average load capacity 01 3,000 tons, 
thereby saving on capital equipment 
costs. The TSB serves as a heat Sink In 
the winter, through operation of the refng­
eratlon plant In a heat pump mode. Dunng 
the summer, It Will also provide backup 
cooling capacity In the event 01 eqUipment 
failure, permltllng the hospital to conllnue 
to air condition cfltlcal areas In the event 
of a power failure The TSB Will be used 
to decrease faCIlity energy requirements 
during high energy demand/high cost pe­
riods and will be replenished when con­
ditions 01 lower energy demandllower 
costs prevail 

The Future 
In January 1986, Old Main Will be retired 
from serVice as the Adult General Hospital 
IS occupied Occupancy of the Adult Gen­
eral Hospital Will not mark Ihe completion 
of the faCIlity, however. Current planning 
efforts are underway for a new Burn Treat­
ment Unit on Level t of the 0& T, Imme­
diately east of the new Surgery SUite In 
addition, a Solid Waste DlsposallWaste 
Heat Recovery lacility IS to be located In 
the 0& T expansion zone These areas Will 
nol be completed by Ihe occupancy dale, 
but ralher represent the first of many la-

cility modification prolects to be under­
taken over the years As deSigned, the 
Adult General Hospital Will expedite these 
changes With a minimum 01 disruption 

Occupancy 01 the Adult General Hos­
pital Will mark the beginning of a second 
century 01 medical care and training at the 
University 01 Michigan. It opens With the 
promise that the University of Michigan 
has a medical faCility that Will remain lunc­
lIonal and attractive for many years to 
come 

ArchitecUStructural Engineer 
Albert Kahn ASSOCiates, Inc 
DetroIt. Michigan 

Construction Manager 
Barton-Malow,CM Inc 
An ASSOCiation of Construction Managers 
Ann Arbor, Michigan 

Steel Fabricators 
Owen Steel Compary Inc (Iramlng fabrication) 
Columbia. South Carolina 
Haven-Busch Company (truss fabrication) 
GrandVille. Michigan 

Steel Erector 
vogt and Conant. Inc 
Cleveland. OhiO 

Owner 
The Regents of the Unlve,slty of Michigan 
Ann Arbor Michigan 
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1999 Broadway: 
• The New Reflects the Old 

"SO he came to me with a sketch of 
a triangular site with a church on It 

and he said . I want you to design an office 
bUilding on this site and keep the church 
as part of the development. I'll be back In 
a fortnlghl The f"st thing f had to do was 
find out what a fortnight was. " 

That conversation between developer 
and Architect Curtis W Fentress set the 
first restrictions on the design for 1999 
Broadway the $135-mlllion. 43-story of­
fice tower bUilt around Holy Ghost Catholic 
Church In downtown Denver 

Next, the architect developed four pos­
sible design schemes. and eliminated all 
but one the one that radiated from the 
epicenter of the church and spiraled 
around ItS crUCiform shape. wrapping the 
envIsioned office building around three 
sides of the eXisting sfructure 

In designing 1999 Broadway. the archi­
tect conSidered a variety of factors that 
would affect ItS shape. height and mass 
He took Into conSideration the physical re-

• 
strict Ions of the triangular site. "and what 
was appropriate for new construction 
around a pre-existing structure. for down-
town Denver and for bUilding around a his­
tOriC church 

"The object was to design a Significant 
high -rise that would complement the 
church's style and location. and bUild It 
Without causing the church to miss any of 
Its servIces " 

In addition. the bUlldlng 's locallon Within 
the B-5 district In Denvers downtown core 
permitted a floor-area-rallo of 10 for the 
47434 -sq ft site Zoning premiums for 
plaza. arcade and low-level bUlldlngs- for 
which the church qualified- Increased 
permiSSible gross square footage to 
760.000 sq ft 

The architect deliberately contrasted 
and complemented the two buildings by 
lifting up 1999 Broadway and seltlng It 
apart from the church With a 50-ft arcade 
beneath the office tower Clear glass on ItS 
first and second floors was selected to 
create a sense of transparency at pedes­
trian level. a feeling enhanced by Views of 
the rear facade of the church from InSide 

• 

the office bUilding The plaza around the 
church was designed as an urban resllng 
place much like an English garden grove. 
With sodded and shaded seating areas 
where parishioners and passersby could 
enJoy city views 

2nd Quarterl 1985 

1999 balloons were released to celebrate toppmg out of 1999 Broad· 
way BUlldmg. Denver. Colo . The 43-story office tower, bUilt around a 
church , faces busmess dlstflct and famed Pike's Peak 
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A Marriage 01 Materials 
The next consIderatIon was to select bUIld­
Ing materials to marry the hIgh-rise WIth 
the church. uSIng to the Prolect'S advan­
tage the way new materials 01 the sky­
scraper would harmonIze WIth weathered 
counterparts on the church 1999 Broad­
way's IImestone- 140,000 sq II quarried 
from the same veIn In IndIana that pro­
vIded the exterior for Rockefeller Center­
was chosen 10 match the buff brick exterior 
and lerra-COlla trim of the church The 
bUIldIng 's 230,000 sq II of sea-green re­
lIectlve glass was pIcked 10 blend WIth the 
church 's green clay IIle roof, replaced as 
part of ItS $ t 6-mllllon renovat,on , The 
framIng of hIghly polished. staInless-steel 
mullions that supports the exterior clad­
dIng enhances the reflectIve quality of the 
bUIldIng's Broadway apex and Its faceted , 
glass curtaIn wall embraCIng the church 

Because It blended wllh the slale al ­
ready used on the front steps Into the 
church, an olive slate from northern Eng­
land was selected to pave the remaIning 
church entries and to border the house of 
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worshIp, separallng It from the acre of Af­
rican green granIte pavmg ItS landscaped 
plaza 

Form elements of the church were In­
corporated Into the deSIgn of the hIgh-rise 
The gabled rool 01 the church became the 
shape for t 999 Broadway's mechanIcal 
penthouse, as well as the cathedral ceIl­
Ings In liS lavatOries. elevator cabs and 
elevator lobby The keystone Integral to the 
church's Uallanate renaIssance archltec­
lure IS repeated In the wood trim above 
the skyscraper elevators The marble In­
terior of the church 300 tons of travertIne 
quarried In ColoradO- IS reIterated In the 
hIgh-rise through 12,000 sq II of green 
marble from Vermont Installed on 1999 
Broadway's Interior publIC spaces 

Next. the architect turned allentlon to 
creatIng the offIce bUIldIng entrance on 
Broadway. the maIn thoroughfare at the 
oPPOsIte SIde from the church The two 
faces of 1999 Broadway's corporate and 
eccleSIastical Sides now evolved To 
strengthen the skyscraper's corporate Im­
age. ItS two Sides of limestone and glass 

touch ground and act as giant gateposts 
Then. lilting Ihe reflective-glass spine as­
cending to the peak of the penthouse. the 
architect placed a soillary stainless sleel 
column at the nose of the bUIlding to mark 
ItS entry as prominently as the church spire 
at the opposing Side 

Unusual footprint 01 tower and church 
presented many challenges 

Rendermg (I) shows relatIOnshIp between tower and church Structural steellrame at 
mld-pomt (above) Three levels are enclosed by envlfonmental screen Sell-climbing 
Jump-form system, here 8 stones above steel, formed core 
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Church Renovation Complements 1999 Broadway 

CathOlic church, cradled by tower, undergoes 
$1 6-mlilion renovatJOn as part of 1999 
Broadway development 

Last summer when the last structural 
steel beam was hOisted Into place, the top­
ping-out milestone marked more than the 
completion of erechon of 13-mlllion tons 
of structural and reinforCing steel on the 
arrowhead-shaped bUilding II signified 
the reasons steel was chosen by the de­
v~loper for the framing of 1999 Broadway 
In the first place 

Steel 's Flexibifity Paramount 
Steel was viewed as a more reliable man­
ufactured product than concrete And, by 
uSing steel. the odd shape of the bUilding 
was significantly easier to design and ex­
ecute, and future tenant remodeling would 
be Simpler Also, It would be easier to cut 
holes In floors to add Internat office stairs 
or a private etevator, or to wetd steet plates 
to beams and columns to create the floor 
capacity to bear the addllionaltoads of law 
libraries or file rooms 

A non-structural consideration also 
weighed heavily In favor 01 steel erection 
1999 Broadway coutd be bUilt In 18 
months, as opposed to 24 months With 
concrete The faster the high-rise coutd be 
bUilt . the sooner the devetoper could 
sWitch from a construction loan, which car­
Ies higher Interest rates, to permanent fi­
nancing a particularly Important consid­
eration In todays tight reat estate market 

2nd Quarter/1985 

Holy Ghost Catholic Church, the renais­
sance-style church bUill In downtown Den­
ver In t 943, underwent a $ t 6-mllilon ren­
ovation as part of the development of t 999 
Broadway 

Most of the Improvements are neces­
sary because of a growing mlnlslry, Ihe 
age of the church, Ihe dilapidated state 01 
the rectory and the requirement to bring 
the church up-to-date with bUilding and 
fIre codes. Prlonttes were to upgrade the 
church and continue parish aC(lvlltes 
throughout renovation and new construc­
tion , All public utilities were rerouted to as 
sure the church's day-to-day operations 
continued throughout development 
Space within the structure has been 
shifted as well to keep the church opera­
tional dUring renovation And two tempo· 
rary walkways for parishioners were at­
tached to the emergency Side eXits of the 
bUilding above excavation level to provide 
unobstructed eXits to the street 

Unusuaf Footprint a Chatlenge 
The unusual shape of 1999 Broadway and 
ItS footprint presented a challenge to the 
structural engineering solution, according 
to consulting engineer Edward MeSSina 
Also, the high aspect ratio and the pres­
ence of the church structure In close prox­
Imity to the tower strongly suggested a 
Wind study. Various Wind resisting systems 
were studied and analyzed uSing In-house 
computer developed programs to deter­
mine Ihe mosl economiC method 10 resist 
the Wind forces resulling from a Wind load 
test conducted al FlUid DynamiCs and Dlf 
fUSion Laboralory, Fort Collins, Colo 

The test predlcled Ihe extreme loads al 
different angles from 0 to 360' The final 
system chosen was a mixed system of 
structural steel frame and a reinforced 
concrete triangular core In the north-south 
direction, Ihe long direction of the triangle , 
the concrele core resists all the lateral 
lorces Within the recommended deflection 
limits In the east-west direction. the nar­
row WIdth of the core. two two-story hIgh 
Irusses al the mechanlcaf fevels 3 and 5 
and 29 and 31 were Introduced 10 reduce 
expected drift 

A typical floor conslructlon consists of 
5 Y. -In thick composite metal deck slab 
construction (3Y,-ln IIghlwelght concrete 
on 2-ln . metal deck) The deck spans were 

As part of the renovahon effort tha 
church's green clay ille roof was replaced 
and Its rear facade rebuilt to restore an 
exterior cruciform shape that expresses 
the Interior sanctuary and side chapels 
The rear elevahon IS reflected In the curtain 
wall of the completed office bUilding and 
IS VISible at street level through the glass 
walls of Ihe tower's lower Iwo levels 

New life-safety and mechanical systems 
bring the church Into compliance with fire 
and bUilding codes The pre-action sprln· 
kler system Installed In the atllc and base· 
ment IS supplemented by an alllc smoke 
exhaust fan and a lire standpipe system 
Installed In the belltower to provide fire de 
partment hookups 

In February t 982, the church bUltdlng 
was sold by the Denver Archdiocese to 
the developer and leased back for 1 000 
years The leaseback agreement made 
Colorado history as the first In the 168· 
parish archdiocese [ 
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typically 11 II, and were supported by 16-
In and 18-ln rolled sections The beams 
were designed to act composltety with the 
slab through shear studs, held Installed 
through the metal deck. 

Due to deck and beam dellectlons the 
slab thickness vaned ThiS addltlonatload 
was Introduced Into the design 01 the 
beams, and deck selection Glfders span­
ning 33 II from the penmeter cotumns to 
the concrete core were also designed to 
act composltety with the stab The glfders 
were connected to the concrete core by 
shear plates which were held-welded to 
steel embedment plate connected to the 
concrete walls with a senes of shear studs. 
The lloor slabs act as a shear diaphragm 
connecting the extenor steet system With 
the core, The shear connection of the stab 
to the wall IS through steet dowets at each 
slab level These dowets transmitted the 
tension and shear forces to the reinforced 
concrete core walls. Gravity load IS trans­
mitted through shelf angles connected 
With expansion bolts to the core wall 

Moment-Resisting Frame 
The extenor steet frame was designed as 
a moment-resisting portal Irame to resist 
a part of the laterallorces and any eccen­
tnc forces The spandret beams were con-

nected to the concrete lloor With shear 
studs 

The foundation system consisted 01 
cast-In-ptace caissons founded on ctay­
stone and sandstone bedrock approxl­
matety 50 II below grade The caisson 
foundation provided a Single high-capac­
Ity support for each column to transfer the 
building load to the bedrock, The maxI­
mum beanng pressure of 70,000 psf and 
a skin Inctlon of 7,000 psf for the portion 
In the bedrock was used Core walls below 
the parking level bear on continuous con­
crete grade beams transferring the load 
to spaced caissons located around the 
penmeter of the tnangular care In order 
not to reduce the capacity of a Single cais­
son, a minimum dIstance between caIs­
sons of three diameters was used 

Facade Surrounds Church 
The extenor lacade, a combination of 
glass and limestone, surrounds the 
church, which has rellectlng glass The fa­
cade on the long legs of the tnangle are 
glass and limestone panels The pre­
stressed panels, which act as beam spac­
Ing 30 II between extenor steel columns, 
consist of SIX separate pieces of limestone 
5-11 wide by 7 11-6 In. high doweled to­
gether and prestressed uSing a 5/8-ln 
Gr t 57 threaded bar tendon 

Load-beanng connections at each col ­
umn support the prestressed limestone 
panels which In turn support continuous 
glass Windows One end of the panel IS 
fixed, but the other end IS free to move. 
permitting thermal expansion and anllcl­
pated movements between the structural 
frame and the extenor cladding Wind con­
nections are proVided atthlfd POints below 
the lloor line and at quarter points at the 
f~r 1 
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The Sohio Building: 
A Distinctive, Revitalizing Force 
by Jerry Sincoff and William O'Neal 

Jerry Slncoft IS vice president. operations, for 
the architectural firm of Hellmuth, Obata & 
Kassabaum, Inc . St LoUIs. MIssouri 

William O'Neal IS pnnclpal In charge 01 the 
strUClural englneenng Ilrm 01 KKBNA, Wheal 
Ridge Cololado 

Archlfecl's render­
Ing 01 new skyscrap­
er on Cleveland 
skylIne, /he 45-s/ory 
Sohlo BUilding 

2nd Quarter 1985 
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SOhIO'S goals In the design of ItS new 
headquarters In downtown Cleveland 

were twofold construction of a distinctive 
bUilding to house corporate administrative 
opera lions which would successfully re­
late to the landmarks surrounding It , and 
creation of a Positive force In the revltall · 
zatlon of the cltys downlown core 

The site faces hlstonc Public Square, the 
symbolic and functional center of Cleve 
land, and IS situated near two landmark 
bUildings, The Arcade and Terminal Tower 
The Hanna Fountains Mall to the north IS 
another Significant nearby development 

The Sohlo Headquarters has two com 
ponents the atrium, an 8-story enclosed 
garden surrounded by offices , shops and 
restaurants, and the 4S -story hlgh-nse 
tower containing Sohlo's corporate offices 
The $2oo-mlillon complex of office and re­
tail space Will be OhiO'S largest corporate 
office bUilding It Will conSOlidate Sohlo op­
erations currently In nine locallons , and 
bnng nearly 3,000 corporate employees 
under one roof 

The atrium Will have a dramatic pres­
ence on Public Square, while relallng well 
to the height. mass and architecture of 
nearby bUildings It IS designed as an In 
vltlng glass-covered space filled with ac 
tlVlty and light. It extends the pedestnan 
scale enVIronment of Public Square and 
Euclid Avenue Into the corporate cenler 
and serves as a transillonal clemenl to tile 
hlgh-rrse lower 
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The office tower, set back from Public 
Square, IS aligned with the north-south aXIS 
of the Hanna Fountains Mall and provides 
an Important terminus at the Mall's south­
ern edge The bUilding axiS IS bent midway 
Into the site so as to be perpendicular with 
Euclid Avenue The tower IS angled 10 
frame Public Square. and ItS apparent 
mass IS reduced by a senes of facets 
which ascend In steps to the top-most 
floor In profile, thiS gives the bUilding a 
distinctive shape which complements the 
form and height of Terminal Tower 

The Atrium Design Statement 
The eight-story atnum Will have shops and 
restaurants on ItS first two levels, a Sohlo 
cafetena and a conference center on the 
third level. a phYSical fitness center and 
employee training on the fourth level. and 
three levels of ofllce space. Pedestnans 
enter at street level, then take escalators 
to the second floor the main people dls­
tnbutlon level 

The atnum IS actually two separate 
bUildings connected by the roof skylight 
and several walkway bndges that span 
open space. The skylight, roughly 170-fI 
long and up to 150-11 Wide. IS framed With 
curved pipe trusses t 5 II 0 c, With a depth 
of 31 II at 1he end supports and 6 II at the 
center Linear braces appear at quarter 
POintS on the trusses to connect the west 
wall of the atnum to Ihe tower Interface 
The west wall IS framed With three vertical 
pipe trusses that curve to meet the form 
of the skylight roof trusses 

Three loading docks service the faCIlity 
ofl Supenor Ave Three 911 deep. 55 to 60 
II long trusses span the dock ramp area 
W 14 x 730 members were used for 
chords. and some web members were of 
bUilt-up sections. Diagonals were butt­
welded Each truss weighs over 50 tons 

The lateral system for the atnum bUilding 
was d,ctatr I by open space requirements 
above and below the atnum floor Dnll cn­
terla for each wing had to be stringent to 
prevent unacceptable loads being trans­
mitted through the light atnum roof Use of 
a series of moment frames In each wing 
was analyzed but thiS resulted In an un­
acceptably high structural steel tonnage 
Addllional studies evolved Into the unique 
solution of uSing only one rigid Irame line 
In each wing at the west end only, linked 
together by the atrium bndges ThiS link­
age minimized differential hOrizontal 
movement between the wings and per­
mitted a relaxalion of the drill criteria Lat­
erat toadlng In the north-south direction at 
the east end of the atrium IS carned by the 
tower. as IS the total atrium toadlng In the 
east-west direction In addition to the grav-
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Ity, Wind and earthquake load conditions, 
loading applied to the atrium Irom tower 
drift was also checked The atrium drill 
was also limited, redUCing rotation to ap­
proximate the tower drift at the 9th floor 

The atrium space, created by the atnum 
bUilding wings on the north and south, the 
tower on the east, the glass wall on the 
west and the glass roof overhead, IS ap­
proXimately 120 II high Because It IS dif­
ficult to control temperature In a space thiS 
large, the large arched-roof pipe trusses 
were deSigned for a 100· F temperature 
change The hOflzontal and verllcal 
trusses supporting the west wall were de­
Signed for a temperature gradient varying 

from O·F at the atrium floor 10 100· F at 
the roof HOrizontal displacements result­
Ing from the temperature change were 
presented In graphiC lorm to aid the sky­
light supplier In hiS deSign 

The Office Tower 
As the architectural deSign developed, It 
became deSirable to use closely spaced 
columns along the east and west face of 
the tower ThiS column spacing was con­
linued through the Interior of the tower, at 
the north and south ends of the core, re­
sulting In a tube-frame system Preliminary 
analYSIS for Wind loading In the east-west 

Structural steel tower of Sohlo BUlldmg flses In PubliC Square Brea More than 20.000 
tons of steel went mto tower and aft/urn (foreground) Rendeflng of atflum above, r 
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direction indicated that a tube frame act­
Ing alone would result In unacceptably 
large Interior columns Therefore, braced 
frames were added to the architectural 
core. Both a steel and a compcslte con­
crete tube were studied, with the final se­
lection being steel 

The east and west walls of the tower step 
Inward at t 5-ft Increments beginning at the 
38th floor Therefore the north-south lat­
eral loads are earned by two Interior mo­
ment frames from Level 38 to the roof. 
Loading In the east-west direction from 
Level 38 to the roof IS earned by the par­
tially Interrupted north and south rigid 
frames and the two braced frames The 

two drift criteria used were 1/400 for wind 
and t /200 for seismiC The wind loadings 
used for preliminary analysIs came from 
both the Ohio State BUilding Code and 
ANSI Seismic loading was based on UBC 
Zone 1 A number of loading combinations 
were analyzed for the structure 

A wind study was performed on a ngld 
model In a boundary layer wind tunnel at 
Colorado State University under the direc­
tion of Dr Jack Cermack Negative and 
pcsltlve pressures were developed to de­
sign the structural system, the bUilding 
cladding and glass In addition. the study 
Indicated the potential effects on pedes­
tnan traffiC around the bUilding. II resulted 
In a reduction In load for structural design. 
but an Increase In design pressures on the 
exterior cladding, exceeding the city and 
state codes In many areas These pres­
sures were presented on the architectural 
elevations to provide the cladding supplier 
an opportunity to design an alternate sup­
port system as accuralely and cost-effi­
ciently as his plant capaCIties would allow 

To maintain the drift criteria . the structure 
was stiffened for loading In the east-west 
direction. However due to the more ex-
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tenslve frame and lower tributary loading 
area, stress controlled In the north-south 
dlrecllon, minimizing the premium for drift 

The tube Itself IS 135 ft from east-to­
west, 150 It on the west Side, 200 It on the 
east side, and follows the kink in ftoor plan. 
Columns are spaced 15 It o.c. The notch 
effect found on the north and south walls 
lies outside the perimeter of the tube BUllt­
up columns of plate to make wlde-ftange 
configurations. as well as plate box col ­
umns, were the rule lor the lower two-thirds 
of the tower The corner box columns were 
3D-In. square With 5-ln thick plate walls 
and weighed 1.700 pounds per lineal foot 
The average column In the tube weighed 
between 850 and 900 pcunds per lineal 
foot 

Column webs were designed to elimi­
nate doubler plates which might be re­
qUired due to column web shear, and to 
minimize the number of web stiffeners re· 
qUired for column web Crippling . web 
buckling and flange bending stress To 
thiS end , high-strength steel was used In 
many webs Frame girders. although ana­
lyzed as fully continuouS, were conceived 
as shop-welded to the columns With 
splices at mid-span to reduce Ihe amounl 
01 I,eld welding reqUIred The bending 
stresses al girder mld-Ienglh were re­
viewed , and where none eXisted only a 
shear connection was reqUired al the glr­
der-to-glrder connection ThiS encour­
aged the use 01 conventional construction 
Irees for ease and economy 01 erection 

Floor System Designed for Flexibility 
To del ermine Ihe most economical floor 
system which would satisfy Ihe owner's re­
qUired flexlbllily , four floor framing 
schemes were slud,ed' 

• Base Scheme: 3-ln composite deck on 
long-span composile floor beams 
spaced at 15 It a c. camed by com­
pcslte girders Mechanical supply ducts 
are below Ihe slructure 

• Alternate "A" 3-ln compcslte deck on 
long-span composite girders support· 
Ing short span composite beams at 15 
ft o .c . The maIO mechanical supply 
ducts pass through the structure 

• Alternate "B" 2-ln composite deck on 
long-span compcslte girders support­
Ing short-span compcsile beams at to 
ft a c The main mechanical supply 
ducts pass through the structure. 

• Alternate "c". 3-ln composite deck on 
short -span , articulated composite 
beams at 15 ft a c , supported by stub 
girders. The main mechanical supply 
ducts pass through the structure 
Careful reviewal cost . anticipated con-

strucllon time and occupant fleXibility re­
sulted In selecllon of the Base Scheme for 
the tower floor system. The 45-ft clear 
spans found In the tower prOVide unusual 
fleXibility of space utilization for an office 
tower of thiS scope All floors were de­
Signed for 100 psf, subject to the usual live 
load reductions A 50-50 blend of 3-ln 
cellular deck was used for electrical and 
communications systems All systems ull· 
Iized a 3,/. -ln lightweight concrete slab 
over the deck TWO-In non-cellular deck 
With 3'/,-ln lightweight concrete was used 
for the office space In the alnum section 

DiNerentiat Cotumn Shortening 
Columns ,n the lateral frames are subject 
to varying aXial stress levels, but typically 
they are smaller than the freestanding col ­
umns SIZed for gravity loads only To com­
pensate lor the varying shortening effects. 
an over-length crltena was developed lor 
each group 01 columns These were pre· 
sented In tabular lorm In both the Irame 
and gravity column schedules Because 
the column lengths must be adjusted to 
accommodate the aXial shortening, It can 
be difficult lor the erector to know II the 
elevations he establishes upcn erecting 
each tier are Within accepted erection tal 
erances To assist him. a table was de­
veloped which groups the columns Into 10 
categories haVing approxlmateJy the same 
total dead load aXial stress Certain load­
Ing assumptions were made In the devel­
opment 01 the table. 

• Dead load of structure erected 
• Slabs pcured to SIX floors below lloor 

surveyed 

• Exterior cladding erected up to ten floors 
below floor surveyed 

• Additional dead load 01 to psi lor ma­
tenal stockpiling , etc , up to 12 floors 
below floor surveyed 
With thiS assumed dlstnbutlon oj load­

Ing, the anticipated elevation at time 01 
erecllon was calculated lor each column 
category at the top of each lIer 01 the struc­
ture 

Foundations 
Both caissons and dnven piles were stud 
led lor the tower Initial pnclng Indicated 
little difference between the two Because 
of a successful construction history In 
Cleveland , caissons anchored In the shale 
bedrock 200 ft below grade were selected 
Because ItS primary layers are unslable . 
penetration Into Ihe bedrock a minimum of 
20 ft was necessary The 76 caissons In 
the system vaned In diameter from 42 to 
90 In., some containing as much as 400 
yards of concrete 
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The laleral load from the tower IS trans­
mitted to the foundations through a series 
of tie beams designed to mobilize all of 
the caissons within the main tower foot­
print The load. carned by the caissons In 
bending and shear, IS Iransmltted Into the 
overburden, with the result that the maJor­
Ity of caissons were designed for com­
bined aXial and hOrizontal loads A spread 
fooling system was selected for the alrlum 
bUilding because of ItS shorter height and 
the resuiling cost savings The maximum 
allowable sOil bearing pressure was lim­
Ited to assure a maximum settlement dif­
ferential between Ihe two foundation sys­
tems of one-half Inch 

The Curtainwatt 
The lower facade IS comprised of polished 
Sunset Red granite column covers and Se­
quoia granite hOrizontal spandrel panels 
The Iwo-story column covers are sup­
ported by steel brackets welded 10 the col­
umns. and the spandrels are attached to 
the covers with steel weld plates The 1 V.­
In thick panels are backed with 1 V,.. ,n of 
insulatIon and a 4 V~ln precast concrete 
section . The granite treatment was contin­
ued Into Ihe glass-enclosed atrium 

For energy conservation, tower windows 
facing north are clear, windows facing 
south are Iinied to allow only 40% light and 
heat Iransmlsslon. and windows on Ihe 
east and west walls were tinted 50% In 

Ihe atrium roof, Ilnllng will allow fust 20% 
heat and light transmisSion All window 
tinting IS a shade of bronze to accent the 
granite facade 

Erection of the granite panels for the first 
eight floors was done with a ground crane. 
Above thiS level , tower cranes hOisted and 
sel dUring the night Shift, and facade de­
lailing was done dUring Ihe day 

Steet Erection 
Steel erection began with a crawler crane 
seltlng the first flool of the atrium bUilding. 
ThiS permitted early access 10 the base­
ment level for mechanical work The first 
four floors of Ihe tower were set next , al­
lowing for erection of tower cranes The 
grou~d crane then completed atrium erec­
tion from the tower out, and tower cranes 
erected tower steelwork from Ihe fifth floor 
up. 

Two speCial design Kodiak tower cranes 
were used to set the tower, one In each 
bank of elevator shafts The cranes, each 
weighing 370,000 Ibs , had 140 ft of tower 
and 140 fI of boom. A moving counter­
weight counteracled Ihe thrust of Ihe 
boom. The cranes were designed with 8-
ft square towers, Ins lead of the normal 
9 ft-6 In., to fit InSide the elevafor shafts, 
eliminating Ihe problem of "leave-out" 
steel. Jacking the towers was done In 54-
flilfts uSing hydraulic lacks, and was com­
pleted In Just two hours Floor beams 

High on 38th floor. worker erects steel 'rame Historic Termmal Tower IS In background. Kodiak 
cranes (r) were designed especially for project Four-story crane base fits In elevator shah. 
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around each eleva lor shaft were made 
heavier every four floors to support the 
tower cranes 

Pallets 16 ft Wide and 36 fI long were 
used to raise enllre floor areas. Instead of 
one beam or girder at a time. The 20-ton 
lifts were made at a 11ft speed of 300 fpm. 
Columns, some weighing as much as 35 
tons, were raised as Individual pieces. 
Steel erection proceeded at the rate of one 
floor per week 

Summary 
Twenty Ihousand tons of structural sleel 
went Into the Sohlo tower and another 
2,000 tons Into the atrium, totalling tust 
over 13,000 pieces . Forty-five percenl of 
the tower welghl IS In the columns that 
formed Ihe lube. The steel was predomi­
nantly A36 and A572 Gr.50, but a modified 
A588, 50-Yield sleel was used for plate 
thicknesses 4 In and grealer. All plales 3 
In and grealer In Ihlckness were tesled 
ullrasonlcally on a 9-ln. grid al the pro­
dUCing mill 

Sohlo plans 10 begin the move Into Its 
new faCIlities In Ihe second quarter of 
1985, With final completion scheduled for 
the third quarfer, a little more than two 
years afler the slart of steel erection 
Elghly five percent of the bUilding space 
Will be occupied by SohIO, With the re­
mainder available lor leaSing 0 
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Aeflal of Public Square area of down­
town. Last steel erected June 22. 1984. 
with early occupancy slated lor 
Sprmg, 1985 

Architect 
Hellmulh, Obala & Kassabaurn. Inc 
SI LOUIS, MIssouri 

Structural Engineer 
KKBNA. Inc 
Wheat RIdge, Colorado 

General Contractor (joint venture) 
Gllbane BUilding Company 
Cleveland. Ohio 
and 
Polylech Inc 
Cleveland. Ohio 

Steel Fabricators 
FM Weaver. Inc 
Lansdale, Pennsylvama 

Williamsport Fabricators, Inc (subcontractor) 
Wilham sport Pennsylvania 

PB I Industries. Inc (subcontractor) 
Rochester. PennsylvanIa 

Steel Erector 
Kelley Steel Erectors. Inc 
Bedford Ohio 

Development Manager 
Urban Investment and Development Co 
Chicago, IUlnOIS 

Owner 
Standard Od Company of OhiO 
Cleveland OhiO 
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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 prestressed 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. 

lfu~~~~ru~~~~;~~~~~n 
I (212) 486·9890. Domestic Telex: (W.U.) 125159, Int' l Telex (ITT) 421180. 
I In Canada: TradeARBED Canada, Inc., 1176 Blair Road, Burlington, I I OntariO, Canada L7M 1K9. (416) 335-5710, Telex 0618258 I 

I Please send complete Information on TradeARBED's 40 · beams and I 
"TAILOR-MADE" beams. 

I Name Title I 
I Firm 1 

Address __________________________________________ _ 

~~ _______ ~~ __ 2~ __ J 
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Low-Rise Office Buildings 
in Fast-Rising Growth 

One of the fastest-moving trends In 
non-residential construction tOday IS 

the dramallc Increase In steel-framed, low­
rise office bUildings. Participating strongly 
In the current. annual non· reSidential pn­
vate bUilding market of $80 billion, they are 
now a common sight In office parks, shop­
ping matts and other suburban areas 
throughout the U.S 

The trend commenced In the mid-70's 
with the start of the exodus from large Cit­
Ies It has accelerated for several reasons: 

• Unlike urban skyscrapers, the lOW-rise 
bUildings are adaptable to both corpo­
rate and multHenant occupancy; 

• They can be Sited close to mafor cities, 
but at far more reasonable land and 
construction costs, 

• Ample space permits as much as 
t 25.000 sq It per office ffoor, plus SUCll 
employee amenilies as fitness centers, 
Jogging tracks and even tennis courts. 

With 60% of ItS volume In lOW-rise office 
bUildings. the Parlc Corp , St. LOUIS, IS a 
general contractor who specializes In de­
SlgrvbUlld projects Rick Jordan, Parlc 's 
preSident says, "Our firm was founded In 
1979 and we have already erected 14 of 
these structures, most In the two- to flve­
floor category, for a total of three million 
sq It With developers as clients, value and 
lower cost are our key objeClives, which 
means that each of these t 4 bUildings had 
to be steel-framed You cannot beat steel 
for price and deSign ttexlbility and Since 
structural steel goes up faster than other 
systems. our clients get their rental pay­
back that much earlier " 

A developer Fosler Inlernatlonal Devel­
opment. has plans to bUild 11 lOW-rise of­
fice bUildings, varying from three to SIX sto­
ries. on a 1 DO-acre site In a Pittsburgh 
office park Seven are already up, another 
bUilding IS under construcllon, for a total 
of 750,000 sq ft of rentable space William 
A Robinette, preSident. comments, "The 
economiCS of thiS market dictated that all 
01 these bUildings be steel-framed , Since 
It was our deSire to keep the bays at max­
Imum Widths HaVing more space between 
cofumns helped keep our floor layout flex­
Ible. and made the renllng lob easier " 

Essenllally a lOW-rise office bUilding can 
range up to to stories In height, and usu­
ally prOVides employee parking either ad-
101l1lng or underground Steel-framed con-
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Clfcu/af steel-frammg on Citizens Federal, Port Huron. Mlch (top), deSigned by Atchllect 
Richard Cogley, was erected,n 1'12 weeks Four bUlldmgs above show dIVerSity of architec­
ture poSSible With steel frammg Erected by Koll Const. Newport BeaCh. Cal ClockWise 
from top, I . Bundy Building, West L A, Republic Bank, Irvme , Cal , Computer SCiences, 
EI Segundo. Cal . and research labs of Allergan Pharmaceuticals, Irvme, Cal 
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structlon IS a tailored arrangement of 
beams and columns 10 fit the exact needs 
of a company or the varying needs of a 
developer who will rent to a number of ten­
ants Structural steel members carry the 
load-bearing funcllon; non-bearing curtain 
walls permit the bUildings to be enclosed 
rapidly. even dUring wlnler 

• 

Strong Cellular Floor Trend 
COinciding with the growth of the low-rise 
structures IS another strong construcllon 
trend. now made Virtually mandatory by 
the explosion In electronic ofilce ma­
chines. Informal Ion processing and tele­
communications systems This IS the bur­
geoning popularity of cellular steel 
flooring through which IS routed all of the 
necessary PLEC wIring (for Power, Light­
Ing Etectronlcs and Communications) 
Placed to serve the ever-changing loca­
tions of electronic units, cellular flooring 
puts no limitations on where an office can 
plug In calculators. typewriters lighting, 
microfilm readers, cbmputers, etc. 

Charles H Noms, Jr .. marketing man­
ager for structural/electrical systems al 
H H Robertson Co Pittsburgh. remarks, 
-We made and Installed the cellular steel 
flOOring system In Ihe Ilve-siory corporate 
headquarters of Western Life Insurance In 
Woodbury Mlnn The company executives 
wanted an electrical distribution and de-

livery system with enough fleXibility to per­
mit rearranging workstallons In almost any 
configuration, Without removing ceiling tile 
or drilling through the floor Whal they got 
IS a 345,OOO-sq It structural flOOring sys­
tem that feeds all electrical, telephone and 
computer lines The system IS linked to 
approximately 7.000 preset outlet boxes 
located at regular Intervals Within the floor 
When a service change IS requlled , the 
most convenient outlet IS located, the car­
pet IS slit and the outlet quickly exposed 
and acllvated " 

Intelligent Building- the Future Is Steet 
CarrYing the organized electrilication con­
ceptto ItS uilimate, the Intelligent BUilding 
appears to be the future of the lOW-rise 
ofllce structure Here, all systems Will be 
seli-regulatlng, orchestrated by a com­
puter and linked by fiber OptiCS or wiles 
Throughout the Intelligent BUilding , control 
unliS Will diagnose thell particular enVIron­
ments and then regulate them In the most 
energy-efficient manner What the syslem 
Will conllol are elevators, heating, venti­
lation, all conditioning, lighting, energy 
usage, telephones, Ille alarms, security, 
telecommunications and electrOnic office 
services all prOViding reduced life-cycle 
COSls lor the tenants and the bUilding 
owner 

But It all begins With a piece of land and 
a steel frame that supports all elements of 
the building Increasingly, the framing ma­
tenal IS an economical , hlgh-sllenglh 
A572-Gr50 steel With a minimum Yield 
strenglh 01 50,000 pSI . It permits shallow­
depth beams to reduce floor -to-floor 
height and proVide long, column-free 
spans And , as another cost reducer, 
these structures can be prOVided by 
smaller, local fabricators and erectors 

Energy-elflclent C/lIzens First Bank, Glen Rock. NJ headquarters Shadmg and sun con 
trol accomplished With steel·framed cantilevers at 3rd and 4th levels DeSigned by Tellel­
sen & Mader AsSOCiates 
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DramatIc aloum (I) of Woonsocket Savmgs, designed wIth steel frame. has size reduced at each lloo( to Increase 
usable space. Park Place, (r), Clayton, Mo .. bUilt by Paflc Corp .. features steel-framed balcomes overlooking park 

Ideas for High Efficiency 
in Low-rise, Steel-framed Structures 

1. Nol yel a Irend. bul a likely one. IS Ihe 
cost-saving shanng of equipment In one 
muitHenanl bUilding or In a cenlral 10-
calion Ihal services salelille bUildings In 
an office park. Instead of having each 
lenant purchase and slaff Its own word 
processors , dala processing equlp­
menl etc .. access to technology may 
be Included In the pnce tenanls pay per 
square foot 

2. Sleel framing permits VIrtually any type 
of bUilding faCing matenal. NashVille 
House. near NashVille. Tenn . IS faced 
With concrele aggregate panels The 
bUlldmgs use Ihese panels as sun­
shielding overhangs. not only 10 keep 
the sun's direct rays from each lloor, but 
also 10 conceal mechanical ducts Ihat 
carry air condltlonmg and electncal­
service condUit 

3. As mentioned earlier. electnlled lloonng 
faCIlitates change However, due 10 the 
multiplication of high-tech deVices. It IS 
a good Idea. betore Inilial 011 Ice con­
slrucllon. to adVise Ihe bUilder of Ihe an­
tiCipated placement of each, or most of 
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Ihem audiOVisual equipment. calcula­
tors , call directors. closed CirCUit TV. 
com pulers . copiers . CAT lermlnals , 
electronic mall stations. mlcrohlm. mi­
croprocessors, paging systems. pnnl­
ers. shredders. task lighting. telecon­
ferenCing , lelephones. lelex equipment, 
typewrlfers and word processors. 

4. The Woonsocket Insiliulion for Savings 
BUilding. Woonsocket, A I used the 
fasl-Irack construction approach For 
example Ihe structural steel order was 
placed even before Ihe draWings were 
completed The foundations . grade 
beams and stair/elevator walls were 
placed and ready for the fabncated 
structural steel when It was delivered 
The combined savings of sleel framing 
and fasl -Irack construcllon cui two 
months off Ihe bUilding schedule 

5. One of the newest low-nse office bUild­
Ings IS Aetna Life and Casualty's 15-
million sq ft structure In Middletown, 
Conn For amen Illes for liS 6.000 em­
ployees. Ihe three-to-slx-Ievel bUilding 
houses three calelenas , a company 

slore and Indoor fllness faCIlity wllh run­
ning track and exercise room. Outdoor 
recreational facllilies planned for the fu­
ture Include softball fields, a fogging Irall 
With exercise stations, a soccer held and 
volleyball courts 

6. Lesl anyone think Ihat Ihe Inteiligeni 
BUilding. descnbed earlier, IS stnctly for 
Ihe fulure, " IS aClually Ihe slale of Ihe 
arl loday Many of ItS sell-regulallng 
mechanisms are feasible wllh currenl 
lechnology Elevalor syslems are avail -
able to heighten elliciency dunng peak 
use periods such as morning arrivals 
lunch hour and leaVing lime Passive 
electric sensors can now detect 
changes In Ihe occupancy of each of-

• 

fice, lurn lights on and 011 aulomatlcally 
Similarly, based on occupancy and use. 
healing cooling and ventllallon can be 
aulomatlcally adfusted loday for maxl- • 
mum effiCiency and COSI savings 
That s Ihe Intelligent BUilding com­

plele wllh the flex,b,l,ly of sleel framing 
We are Indebted to the Steel Products News 
Bureau for Information and photographs 
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Structural Steel Framing Offers 
• Maximum Flexibility for Hospital Design 

• 

• 

by James R. Kunkle and Lee M. Stottele 

James R. Kunkle is semor aSSOCiate and struc­
tural engineer for The Buffalo General Hos­
pital Protect. Bullalo. New York 

Lee M Storrele IS manager of proposals and 
presentations at Cannon, Grand Island. New 
York. 

Wtth the experience of welt over 300 
healthcare projects. the Cannon 

Corporatton has gained a heightened 
awareness of the Issues confronting the 
planning. design and development of has· 
pltal projects The ever· rising cost of con­
struction coupled with increasing de­
mands of regulatory agencies make It 
Imperative to design health care/hospital 
faCilities for optimal use- now and In the 
future- and to use construction materials. 
such as structural steel. which lend them­
selves to greater fleXibility 

General Concerns tn Hospital Ptanning 
Several malar concerns are central to the 
successful development 01 hospital facll· 
Itles These concerns are based on the 
functional requirements 01 the faCili ty as 
well as ItS general goal to meet the medical 
needs of the community It serves Func­
tlonal/operallve reqUIrements and poten­
tial future expansion present unique de­
sign challenges to architect/engineer 
teams. The determination of an appropn­
ate structural system must accommodate 
several key design requirements: 
• Use of matenals which are structurally 

fleXible and easily adapted for future ex­
pansion 

• Conformance to eXisting floor-to-floor 
heights of adjOining structures to Cir­
cumvent the use of steps or ramps In 
malar CIrculation COrridors 

• Allowance 01 greater bay Size Without 
space restrictions Imposed by columns 

• Incorporation/meeting of speCifiC lunc­
tlonal deSign reqUIrements such as max­
Imum allowable Window fenestrallon on 
patient floors 

• Continuance. With httle disruption. of 
day-to-day hospital activities dUring 
construction 

Material Adaptability/Flexibitity 
Structural steel prOVides the adaptability 

2nd Quarter/ 1985 

Completed Buffalo General Hospl/a/, Buffa/o, N Y Steel·framlng 
kept costs down. prOVided early occupancy 

and fleXibility reqUIred to meet vanous 
constraints Inherent ,n most hospital proj­
ects In many cases. site developmem IS 
limited by the sIZe of the site ThiS IImltalion 
requires that hospital expansions/addi­
tions must be shoe-horned Into and 
around eXisting bUildIngs Connections to 
structural frames of eXisting bUildings 
often Involve awkward angles and large 
canlilevered floor areas so new fOOllngs 
can clear eXisting loollngs With minimal 
shonng or underpInning More often than 
not. transfer girders or trusses are reqUired 
to span eXisting wings or departments to 
allow them to remain functional as con­
struction proceeds. StatIstics show the ex­
pected life for diagnostic and treatment 
departments IS t 5 to 20 years before they 
become technologically obsolete For thiS 

reason. eXlsllng steel structures are mOre 
fleXible to changes In floor loadings or 
eqUIpment loads when majOr departmems 
are reorganized or updated 

Floor-ta-Floor Heights 
Additions to eXisting hospi tals always re­
qUire matching of floor-to-floor heights to 
circumvent the need for steps or ramps In 
major Circulation corridors In addition, ex­
Isting hospital structures have often been 
constructed With relallvely low floor·to· 
floor heights because of the general lack 
of In· floor air condilloning duct work Since 
new additions are tYPically all conditioned. 
the eXlsllng floor-to-floor heights present 
problems to the deSign team ThiS reqUIres 
close coordination between structural 
mechanical and architectural diSCiplines 
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Fig. , Original hospital rendering 

EXisting steet-framed buildings permit 
ease of retrofllllng and savings In con­
struction cost over concrete stab bUltd­
Ings The ability to cut and adapt structurat 
steetto required floor-to-floor heights pro­
Vides added flexibility and ease of con­
strucllon. 

Bay Size 
Various funcllonal departments within 
each hospltat reqUIre bay sizes which best 
SUit their operallons. Bay sizes for each 
department can vary from floor-to-ftoor 
and wllhln floors, and can have varied load 
requirements ranging from 40 to 360 psf 
Hospital equipment adds to structural 
toadlng concerns Special equipment may 
be very concentrated and/or be highly 
sensitive to Vibrations 

Given the vanous functional require­
ments ot each department, It IS critical that 
structural and mechanical engineers and 
hospital archllecVplanners coordinate the 
design efforts early on In the process The 
result can be a framing system which best 
SUitS hospitals as well as structural re­
qUlremenls 

Future HorizontatN ertlcal Expansion 
Many hospitals are bUilt with limited mon­
Ies and are Originally planned 10 meet 
healthcare needs of the surrounding com­
munity To meet the need for Increased 
medical serVices , archltectlenglneer 
teams must prOVide for potential future ex­
pansion TYPically, hospitals must either 
expand through totally new construction or 
renovate by adding on to eXisting faCilities 

Structural system plans for hospitals do 
not lend themselves to Uniform structural 
gnds. Central elevator/mechanical cores 
generally do not eXist because of the re­
qUired separation of critical care funcllons 
and public/vIsiting activities The bUilding 
perimeter IS generally dedicated to pallent 
rooms which require generous Window fe­
nestration As a result. bracing systems 
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Site plan shows new construction 

needed to resist lateral loads cannot be 
located In convenient places. Steel fram­
Ing lends Itself to the unique bracing re­
qUIrements of each prolect. 

Structural steel framing provides other 
benefits related to future expansion In 
many cases where eXisting hospitals are 
concrete construcllon and planned for fu­
ture expansion, the high-strength, light­
weight charactensllcs of steel frames and 
composite lightweight concrete floor sys­
tems make It pOSSible to add one and 
sometimes two additional floors over and 
above initial expansion plans. Its capacity 
to accept new load requirements for hos­
pital funcllons and equipment aids struc­
tural engineers In bnnglng the building Into 
compliance with eXisting codes such as 
those lor earthquakes wind loadings, and/ 
or snowdrift loads 

Buffalo General Hospital- a Case In 
Point 
Buffalo General Hospital exhibits many of 
the same charactenstlcs which confront 
the expansion of other hospitals In down­
town Buffalo, Buffalo General IS situated 
on a tight urban site with little room for 
lateral expansion (see Fig 1) . The 
626,000-gross-sq-ft , L-shaped addition 
being bUilt adlacent to Ihe hospital's elght­
story main bUilding IS contained In the 16-
story tower. The tower Includes medical! 
surgical Units (patient rooms) and support 
offices, labor and dellvery/obstetncs, sur­
gical SUite, medical IntenSive care unit, 
crilical care uOll, cardiopulmonary func­
lions, clinical laboratOries, diagnostic ra­
diology, admitting/discharge, dental cliniC, 
lobby, radiation therapy and general 
clinics 

When planning for the expansion be­
gan, structural engineers were confronted 
With several challenges. The site had lim­
lied bUildable area Within the property 
owned by the hospital. Also, construction 
of the new 16-story tower required the ex-

Fig. 2 Site p"or to construction. BUilding 
In front was demolished. 5-story eXisting 
structure on lelt 

istlng main entrance lobby and admitting 
department be demolished The new 
tower had to be constructed within a tight 
property line along two malor downtown 
slreets and directly adjacent to two eXist­
Ing bUildings (see Fig 2). A major part of 
the 16-story tower had to be perched over 
an eXlsling five-story steel moment-framed 
structure which had originally been de­
signed to extend to a maximum of 14 
floors. The structural design had to con­
form to the limited floor-to-floor heights of 
the adjoining buildings as well as provide 
use of lightweight structural steel framing 
to minimize new loads on exisllng foollngs. 
In addition , all construction activities had 
to be planned to allow continuance of all 
hospital functions With little disruption or 
toss of patient beds. 

A pnmary planning and operations re­
qUIrement was to locate all patient rooms 
In the tower central to the majOr Circulation 
COrridors and dlagnosllc/treatment de­
partments. To accommodate the reqUired 
number of pallent rooms It was essential 
to evaluate the POSSibility of additional 
floors. 

Early Investigations of lateral loads for 
the tower deSign ,nd,cated the eXisting 
five-story building did not meet dnfl limi­
tations established for thiS project Further 
studies Indicated that eXisting foollngs 
had limited capacity for supporllng the 
proposed additional aXial loads due to 
Wind and gravity To maximize the number 
of addilional floors which could be pro­
Vided over and above onglnal plans (two 
more than onginal deSign) , the Wind aXial 
effects had to be minimized. ThiS led to 
use of perimeter rigid frames around the 
tower, supplemented With braced frames 
at lower levels. Braces had to be placed 
in locations where eXisting foollngs could 
be underpinned If reqUIred. Furthermore, 
the construction sequence reqUired the 
part of the tower to be bUill over the ex­
Isting building proceed concurrently with 
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Fig 3 Demolition of mam entrance and 
preparation of 5-story eXisting structure lor 
steel tower 

the foundation work of the new adlolnlng 
tower element (see Figs 3 & 4). As a result , 
the eXisting building bracing system had 
to be deSigned to carry wind loads Inde­
pendent of that part as well as ~erve the 
new tower as a whole 

To permit maximum window fenestration 
as well as flexibility for planning and Cir­
culation In Interior spaces, penmeter walls 
had to remain free of braces Acceptable 
locations for diagonal braces at Interior 

Fig 4 FoundatIOn work begms lo( 
new tower- with mlmmal disturbance 
to patients 

walls were also limited ThiS meant lillie or 
no braCing above the sixth or seventh 
floors Collectively these concerns and lor 
restnctlons led to a satisfactory solution: 
namely, the use of high-strength steel 
framing with 3-1n compoSIte metal deck 
floor topped with 4 V.-In lightweight con­
crete to achieve a 3-hr. fire rating (Fig 5) 

Structural Solutions 
Structural concerns centered around con-

Frg 5 H,gh . . rr8flgrn If framing 
extends over eXlslmg structure 

strucllng over and adjacent to the eXisting 
five-story bUilding The deSire to add two 
more stones than Indicated In the original 
plans reqUIred extensive analYSIS Gen· 
erally, every element In the eXisting bUild· 
Ing became highly senSitive to the addl· 
tlonal loads SpeCifically. the eXisting 
footings had limited capacity for additional 
loads New floors were shored dunng can· 
structlon to reduce the pond lng-weight ef 
fect at concrete which normally occurs If 
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FIg 6 Detail of wmd bracmg 

beams are free to deftect Extenor skin 
toads were minimIZed as much as pos­
slbte 

Severat alternate bracing systems were 
considered It became eVident that onty 
pen meter bracing or moment frames 
could accommodate the toads Pen meter 
cotumn footings had higher Wind aXlat ca­
pacities for the following reasons: a metat 
panel skin was used pnmanly In lieu of 
Initially planned bnck, the eXisting bnck 
facade could be removed If requlfed to 
save further weight ; and the eXlsllng bUltd­
Ing had two-story foundallon walls which 
were able to dlstnbute new column loads 
These walls were accessible from the out­
side If underpinning was requlfed The use 
of an In-house computer to model the lat­
erat load system ptayed a key rote In the 
feasibility of the prolect Two bUildings had 
to be analyzed simultaneously the tower 
as a whole, and half the tower which was 
to be bUilt over the eXisting bUilding 

The five-story eXisting building requlfed 
additional stiffness because of the In­
creased height Diagonal braces were 
added In the north and south faces Later, 
temporary braces were used In the east­
west dlfectlon on the first five floors to pro­
Vide load capacity untlt the full tower was 
completed Each frame had different stiff­
ness charactensllcs tncreaslng the stiff­
ness woutd overstress the eXisting 
footings 

Looking at the tower as a whole, the two 
hatves of the tower plan are offset from 
each other by 35 ft. which reduced the 
effiCiency of the moment frames on the 
east and west faces (see typical Iramlng 
plan ) To enhance the sllffness of these 
frames, columns were added at midspan 
between each malor gnd line . creating pe­
nmeter column spacings of 25 ft -6 In to 
t3 ft . Similarly. on the north and south 
faces . Wt8 beam shapes were used for 
columns to provide greater stiffness (see 
Fig 6) That resulted In a savings of ap­
proximately one psf 01 steel over prevIous 
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braCing schemes and Simplified the Inte­
nor framing. Standard framed connections 
were used for all Intenor beam and girder 
connections. Finally, a computer model 
linking all the frames In each dlfecllon was 
used to determine torslonat effects for the 
deSign and to locate any hotspots or over­
stressed areas Within the eXisting bUilding 
Several Iterations With thiS model were re­
qUired before all problems Within the ex­
Isting structure could be economically re­
solved . The final solution requlfed braCing 
at two lines at the south end (existing el­
evator core) and braCing at the north face. 
The foundallon wall along the north face 
was underpinned between column spread 
footings to carry additional wrnd aXial 
loads that coutd not otherwise be accom­
modated 

The floor framing compnsed conven­
tional composite deSign beams and glf­
ders With 3-ln . metat decking and 4V.-ln 
lightweight concrete topping Cost studies 
Indicated that shonng dunng construction 
was a tradeoff With the cost of additional 
concrete, so all floors were shored to re­
duce eHects of differential settlement be­
tween the two tower halves (see Fig 7) 
The extenor skin was a blend of three ma­
tenals: precast concrete, metal panels and 
Dryvlt. Use of these matenals was carefully 
coordinated to limit the use of precast con­
crete, SO as to minimize exterior skin load· 
Ings on eXisting footings 

Construction Phase 
Fast-track scheduling requlfed that the 
steel frame be erected early over the ex­
Isting bUilding , uSing eXisting foundations 
To accomplish thiS, structural steel and 
foundation draWings were completed SIX 
months pnor to architectural draWings 

The construcllon management process 
was very complex. And the congestion of 
the Inner-city site presented other logistiC 
problems. For Instance, since no space 
was available for matenal storage, steet 
dellvenes had to be timed so they could 
be hOisted Into place directly from the 
trucks The construction manager assured 
that both steel dellvenes and malor trans­
portation routes, as well as pnmary hos­
pital functions. were not senously affected 

Conctuding Notes 
Although the prOlect Involved complex 
floor ptans requlnng add,llons over and 
adlacent to eXisting bUildings on a tight 
urban site the coordinated construction 
scheduling, cooperallve working relallon­
ship With the hospital 's board of trustees 
and use of structural steet permitted earty 
occupancy- and addition of two floors 
over onglnal ptans, The fleXibility of the 
steel aided rn rernforcrng the eXlstrng 

FIg 7 Steel frame of new tower 
nears completIOn. 

bUilding for new Wind loads. Using a 66-
ft transfer truss permitted construction 
against the eXisting bUilding Without diS­
ruptlon to hospital luncllons. tn addition, 
the extensive use of high-strength steel 
and composite deSign floor systems re­
duced the overall steel tonnage, averag­
Ing less than II psf. As a resull, construc­
lion matenal costs were maintained well 
below Ihe construcllon manager's Initial 
budget allotment. and early occupancy 
helped 10 realIZe substantial operational 
cost savings The new add,llons were con­
structed as deSigned 0 
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Cannon 
Grand Island New York 

Construction Manager 
CowperlTurner (a JOint venture) 
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Steet Fabricator 
Sen-Wel lndustfles. Inc 
Bullalo, New York 
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Pick the Profile that's right for you! 
Need Some Help? 
Epic Metals Corporation is involved daily 
in engineering and manufacturing 
Composite Decks, EPC Cellular Raceway 
System, Cellular Decks, Roof Decks, Form 
Decks, Roofing and Siding . 

• Our staff IS ready to serve your needs. 
:z\rchitects, Engineers, Contractors . . . 
give us a call . .. write . .. telex . . . or 
come and visit . 
We also manufacture some of the above profiles in aluminum 

Manufacturing Plants: 
• Pittsburgh, Po. • Chicago. III. 
• Toledo, Ohio • Lakeland, Fla . 

Contact us today for Prompt Domeslle 
and International Shipments 

Eleven Talbol Avenue. Rankin PA 15104 
PHONE: 412/351·3913 

TWX: 710-664·4424 
EPICMETAL BRDK 
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SCADA'S $2,000 STEEL DESIGNER 
YOU WON'T BELIEVE THE PERFORMANCE! 

Input data easily through menu 
and default driven techniques. 

Include beam and truss ele-
ments for 2-D and 3-D frames. 

• Plot the structure on the screen 
and view it from any angle to 
check your inpu t. 

• Load the structure with con­
centrated and distributed 
forces. 

• Apply thermal loads. 

• Include P-6 effects. 

• Run an exact analysis to deter­
mine forces and deflections. 

• Run the design to check the sta­
tus of each member, one by one 
or all at once. 
~~ 

The Steel Designer is a subset of 
SCADA. a general purpose finite ele­
ment program with features such as: 
Material and Geometric Nonlineari­
ties. Buckling. Full Dynamics. Mesh 
Generation. Solid Modeling. Heat 
Transfer. Screen~rieDted Input Tech-

• Have the computer find for you 
the lightest sections from the 
AISC library provided. or from 
a library you can build yourself. 

• Get a list of il'laterial for 
quantity take-off. 

This complete program runs on 

Call American Computers & 

Engineers to find out how you 
can acquire the SCADA Steel 
Designer installed on an 
Ericsson-PC with a 40-Meg 
hard disk for less than 
$6,000 COMPLETE! 

r----..:Jl 

an Ericsson-PC. an IBM-PC r--'--lF""?!=~c=.. 
compatible computer with 
Ergonomic features such as 
an Ergo-arm. a light and 
compact keyboard. a high 
resolution screen, a low 
noise central unit and a 
handsome design to 
enhance the ~~~;:: 
looks of your 
office. 

niques. Steel and Concrete Post­
processing aod Graphic and Numeric 
Database Reporting. 

SCADA runs on IBM-PC compatible 
systems and otber systems running 
under UNIX, VMS and MS-DOS. 

American Computers 8t Engineers caD 
supply you with complete hardwarel 
software configurations consisting of 
the following products: NCR TOWER. 
SUN, CROMEMCO, ERICSSON. NEC, 
CALCOMP and AUTOCAD. 
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