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This report tells about some of the
programs that attempt to raise the
quality of primary and cecondary
schoolhouses without raising the
cost of ouilding them. In construc-
tiun language this is called improy-
ing the quality-cost ratio. Three of
the programs started froin scratch
by asking the question "Wha! and
how dowe wunt 1o teach?" and then
finding architectural solutions.
Other prograras apply those solu-
tions to other sets of circumstances
without starting the whole evriua-
tion process over again.

The common thread among these
programs is the syctems approach
to building. Systems building used
to be a rather mysterious subject
understood only by its disciples.
Now, the success of systems in Cal-
ifornia and Toronto has spread Its
acceptance among architects and
educators. This report s intended
to spread the good word further.

efL contriouted funds 10 the pro-
grams Jfustrated here and actively
parlicipated in their establishment
and development. The foundation,
in turn, received support and en-
couragement from its Board of Di-
rectors to venture into pinneering
programs for making construclive
changes in educational facilities.

Educational Facilities Laboralories

A
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In a pell-mell race to provide sutfi-
cient schoolhouses to stay abreast
oi the rising schcol pop4lation since
World War I, the nation built innu-
merable schools that were 30 years
out nt date before the plans wera it
the drawing boards. Their designed-
in obsoles.ence wa= not villful, but
resulted from an anupathy toward
tha major changes developing in
education, building icchnoloyy, and
construction management.

Educational changes required a
new set of spaces in schoolhouses,
which could only be futiilled through
changes in technology. But these
two changes could nci function
properly without a change in man-
agement. This triumvirate of change
emerged in tie technique of the
systems approach to schoo! con-
struction.

In broad terms, a systams approach
simply means that a problem will be
solved In an orderly process that
will define the goals, analyze the
means of achleving them, and then
carefully organize the actual
achlevement. In construvtion, the

systems approach necessitates an

improvement in building technol-
ogy/, but it demands a revolution in
management techniques.

Systems construction does not
guarantee cheaper buildings, but it
can result in lower consiruction
costs than conventional buildings.
Apart from costs, the systems ap-
proach produces buildings that pro-
‘{5~ all the facilities thal owners

buildings. And because systems
construclion is much faster thanira-
aitional building, it leads to earlier
occupancy of buildings.

These factors are significant for the
choice of a systems cpproach i¢
ecducational buildings, but systems
would not have succeeded unless
EFL nad aggregated a market large
enough to justify the cost of devel-
oping (he technotogy. This - .ccurred
in Catifornia, and, when thet project
succeeded, related projecis gained
mamentum in other paris ot the
continant.

The need for school buildings is
real. During the 20 years between
1945 and 1965. the total of studenis
in kindergarten through university
rose from 29.7 million 1o 51.2 mil-
lion. But as construciion costs spiral
upward at double the over-all infla-
lion rate, the enthu._iasm tv accom-
modate all these bodies is waning,
and laxpayers are resisling paying
for new schools by rejecting bond
issues: they approved 80% five
years ago, but only about 40% in
1970,

Even the schools that have been
built lack the facilities, amenities,
and environmental comfort stand-
ards they deseive. Schools have
always lagged behind the comfort
standards for office and retail build-
ings. Consltructing an unaircondi-
tioned office building is unthinkable,
whereas it is normal to build an un-
airconditioned school. But the na-
tion is slowly fearning that an inferior
educationa! environment tends to

produce infcrior education, and s0

the trend in today's schools is to-
ward inprovemenrts in building
Guality.

Th2 revolution in instructional tach-
nMiques has an especialiy heavy
impact on school design. In the
modern schooi, team teaching, dif-
ferenti=ted staffing, and individual-
ized instruction for a broadened
spectrurn of student g'roupings have
created cew demands for flexbility
i the partitioning of iearning areas.
Films, slides, or large-scale televi-
sion lectures may be shown to
groups of 150 or more students. The
old standard 30-ft-sq ciassroom far
30 students is now only ore of many
sizes of instruction spaces. Seminar
discussions in smaller groups, or
even individual instruction, pose a
different set of partitioning needs,
sometimes demanding [arge, col-
umn-free areas with litile or no par-
titioning. Yet until the arrival of the

Schoot Construction Systems De- |

velopment (SCSD) program, few
schools could affo.d a standard set
of relocatable partitions that could
provide the spatial flexibility of the
SCSD syslems.

Now, eight years after the first sys-
tems-building projectin the U.S., 12
manufaclurers are producing stand-
ard relocatable partitions that can
be used withsevera! lighting-ceiling,
structural, and airconditicning com-
ponents. And there are increasing
numbers of manufacturers supply-
ing these other systems-builging
producls.

) dom get from their
E lC but se
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A Lagging inaustry

There are many reasons for the
building industry's failure to respond
spontaneouslyto its chaliengas. Ob-
stacles to technological progress
includethousands of outdated build-
ing codes that discourage innova-
tion and standardization, restrictive
union rules that bar factory fabrica-
tion or mechanized field assembly,
and a general lack of performance
standards and tesls for evalualing
and approving new building
products.

Bacsically, however, this failure
springs from the industry’s frag-
mented ‘organization. For decades
the building industry has operated
within a warped organizaiional
structure of vaguely detined respon-
sibilitics. On & typical school project
there is ar architect with his con-
sulting e¢ngineers, a general con-
tractor, and several subcontractors
installing products made by a host
of manufactururs. A series of com-
munication gaps—between owner
and architec!, between architect and
manufacturer, between manufac-
turer and subcontractor—discour-
age new approaches. The manu-
facturers of cifferent cemponents
generally work in isolation, uncon-
cerned with over-all integration of
their products in the total building
system. Trapped in the building in-
dustry's labyrinthine slructure, each
segment of the industry pursues its
own specialty, often oblivious, and
always powerless to control the en-
tire process. Moreover, the entire

industry is doriinated by mistrust:
of architect by cliant, of gereral
contractor by architect, of subcon-
traztor by contractor.

Perhaps the most techn.logically
slultifying aspect of industry frag-
mentation is the manifold division of

the annual $3.6 billion school con-

siruction market. The tiny markets
represented by thousands of schoo!
Gisiricts cannotsustainthe research
and development effort needed to
produce new building components.

Breaching the Corridor

ert fanctions as an organizational |

stimulant te the creaking, rusty ma-
chinery of the section of the bui'ding
industry cor.cerned with educatiolal
facilities. This antiquated machinery

has changed lillle since construc-

tion of the little red schoolhouse,
and today's conventional schools
have progressed too litlle beyond
that primitive edifice. Systems build-
ing projects have demonstrated a
method of reorganizing the cumber-

some building process into a ra-

lional, orderly process, freed of the
building industry’s buitt-in frictions
and obstructions.

The need for this fresh review of -

school design and construction is
illustrated by iagging development
in the structural framing of schools.
Around 1900, California's class-
rooms were limiied largely by the
prevailing slructural technology of
that era. Wood joists could econom-
icalty span 2414, so classrooms were
bwilt at that width with jois!s span-
ning from an exterior wall fo a corri-



dor in the center of the building.
This enabled designers to stretch
the length of a classroom parallel to
the cotridor, but never chinge its
width. When steel and rseinforced
concrete beams became avaifable,
classroom width increased to 30 ft,
but rooms could not be extended
after construction because the cor-
ridor walls wgre always in the way.

Before SCSD started, open-plan
schools were gaining favor w'th
educators searching to improve the
interaction telween a teacher and
students. Thase schoofs were built
with large ¢culumn-free interiors, but
each was designed individually with
no standardization or casry-over of
technology from cne to arcther. In
the SCSD program, instead of fol-
lowing in the deeply worn rut of
conventional design and construc-
tion, the staff made technology the
servant instead of the master. To
provide the flexibility needed to ac-
commodate mass tectures for 150
students anywhere in the general
learning space, the SCSu staff
chotie 60 ft as the minimum span
necessary to satisfy a user require-
ment of expanding in iwo directions:
parallel to and across a corrider.
Confronted with this new require-
ment {plus many olhers), the com-
peting siructurat manufacturers
were stimulated to produce a major,
economical innovation, Instead ot
continuing traditional {ndustry
practice.

C{"' the chief significance of the

E lC«;u program lies less in its tech-

nical resuits than in ils organiza-
tional achievement. Few informed
industry experts doubted the capac-
ity of U.S. building produci manu-
facturers to produce drastically
improved hardware under the right
coi.1itions. Creating the right condi-
tions, however, was the major prob-
lem, and itere erL played the key
rol¢ by convincing the first Catifor-
nia school agistrict to commit itself to
use building components that were
not fully developed, and a new
method for awarding bids. It also
assembled the required market by
recruiting otk .r scho9! districis to
join the program, created the expert
SCSO stafl, and provided $680,000
for the users’ research ar.d deve!-
cpment program.

The Anatomy of Syslems

ldeally. systs.ns building procaeds
through four stages:

K Study of user requirenients

M Estabiishment of performance
standards for the building subsys-
tems oOr entire system

® Integration of individual building
subsystemsinto a coordinated buiid-
ing system

B Testing of components (or sub-
systems) to assure that they satisfy
the performance standards

In a sophisticated systems-building
program, a benetit-cost analysis
governs the choice among alterna-
tive products.

In writing user requirements, a sys-
tems-building statf inust liberate
itself from a built-in prejudice for

R4
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existing technology. Instead of ask-
ing, forexample, “How can timprove
paititions?” the basic question is,
"Whbat is the best way to divide
s;” 1?7 Foropen-spaceelementary
sch..ols,the answer may be 6-fi-high
bookcases or screens. In a modern
elementary school, with carpets and
acoustica! ceilings, visual insulation
may be a morecritical jobfor aspace
divider than acoustical insulation.

A recent development in systems-
kviliiing policy for electrical work
offers a betteriessonon the need for
liberation from existing construction
industry practice. Largely because
of code obstacles and corsequent
delays, electrical work (except for
the lighting-ceiling subsystem) was
omitted from the SCSD building sys-
tem. This work was done in the con-
ventional way, and in some cases,
conduils were buried in the con-
crete floor tonping and fed upward
inside partitions to supply wall cut-
lets. Thus when partitions are relo-
cated in those SCSD e£chools, the
conduil risers must be cul flush with
the floor and capped.

This troublesome, expensiva op-
eration iz voided in more recent
systems wuilding in Toronto and
Montreal. Performance criteria for
these programs require location of
the electrical distribution network
within the ceiling spzce: wires feed
downward to outlets for the floor
below. Responding to the old prob-
lem restated in ths -~ new terms, in-
dustry produced flexible eleclrical
networks that allow easy, convenient

electrical change.

As a basic task in setting perform-
ance standards, a systems building
staff analyzes a building into its
parts in a far more rational way than
in the conventional construction
process. On a conventional schoo!
project, the different subcontracts
are ofien divided on the basis of
materials. On a sysiems-built school,
the building system is broken into
subsystems, logically defined for a
specific function.

As an example illustrating the flaws
in normal industry practice, the {ra-
ditional inclusion of masonry for
both exterior walls and interior par-
titions in one subcontract creates
the diffused responsibility that
plagues the construction induslry,
since masonry is only one material
used in walls and partitions. On a
systems-built schoo!, interior parti-
tions and exterior walls become twa
sepa:ate subsystems, designed for
two distinct iunctions and divided
into separate contracts. The manu-
facturer of each subsystem is re-
sponsible for all materials included
in that subsystem.

Subsystem manufacturers must in-
legrate individual subsysiems with
uther subsystems—structural, tight-
ing-ceilirn, plumbing, airconrdition-
ing—at each interface, or common
boundary, with other subsyslems. A
module (or basic dimensional unit}
standardizesthe din:e’sions of light-
ing colfers, ceiling panels. struc-
tural joisls spacings, etc. Though
there are exceptions to this general
rule, room dimensions ar: -.aultiples
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of the module—i.e., 15, 20, 25, or 100
ft for the normal 5-ft module.

The |ast stage in developing a build-
ing system is testing the Integrated
subsyslems. As an interesting and
progressive example, Toronto’s new
school building system was tested
by the Canadiun Standards Associ-
ation. The CSA conducted part of its
testing in a laboratlory, e.g., parti-
tions’ denting resistance, carpet
flameproofing, and lighting inten-
sity. Other subsystem characteris-
{ics were measured in an instru-
mented test building, where, as o.1e
example, the airconcitioning sub-
system was checked for airflow,
temperature, humidity control,
acoustical performance, elc.

One of the major advantages of the
systems-building performance con-
cept is that it unifies responsibility
foor achieving satisfactory results in
the hardwaro; the menufaclurer
bears 1esponsibility for fabricaling
components and for instal’ing them.
in contrast, the traditionally frag-
mented organization of the building
industry, with iis hopelessty divided
respons:Yility, invites a round or two
of buck passing, litigation, and un-
satisfactury, unfair seltlements in
case of hardware failure.

Under the traditional building proc-
¢ss, an aircondilioning subsystem,
for example, is designed by a me-
cnanical engineer, who often incor-
porates components produced by
severa' different manulacturers. A
mechanical coniractor installs the
ducts and equipment, and another

M

subcontractor may instali the con-
treis. IF the assenibled subsystem
doesn’t work, the blame could take
the following circuit: the owner calls
the architect, who calls thc manu-
facturer (or manufacturers), who
calls the control subcontractor, who
calls the engineer, who may start
the cycle anew. The fragmented or-
ganization makes it aimost impos-
sible {o tix responsibility.

On a systems-built project, the divi-
sion of responsibility is clear-cut:
the mechanical engineer still bears
responsibility for proper design. But
a single contractor {normaily the
manufacturer) bears single respon-
sibility for satisfactory performence
of all airconditioning hardware and
for its proper installation.

Pioneering Systems

The first syste:ns-building program
inthe U.S,, the Califurnia school dis-
tricts’ SCSD program, focused on
one of the building industry’s most
frustrating failures—the ceiling clut-
ter. Under the conventicnal building
process, an architect often patterns
deteils of a new pioject on a re-
cently completed building. His en-
gineesring consultants—structural,
mechanical, and electrical—fit their
amponents together as best they
can with the avaitable products.

The entire design team mus! beware
o' new produclts, since there are few
standards for measuring their per-
formance. Despile some recent
progress, nolably among aircondi-
tioning manufacturers, buitding
produci manutfacturers haye gener-
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ally contributed litlle toward estab-
lishment of uniform perlormance
standards. They have traditionally
preferred to compete on the hasis
of proprietary advertising claims,
nol on the basis of widely recog-
nized performance standards. The
American Society of Tesling and
Materials' tire-resistance tests, used
by Underwriters’ Laboratories and
Factory Mutual in classifying floor-
ceiling assemblies. partitions, cur-
tain walls, etc., are models of sub-
system performance tests. But unlike
these ASTM fire-resistance tests,
construction industry testing stan-
dards generally refer merely to indi-
vidual materials, nol to assembled
components or subsystems. There
are lests for felt strength, vapor
barrier permeance, and tharmal-
insulation heat conductivity, but no
generally recognized testing stan-
dard for weather resistance or water
permeance of the whole, buiit-up
roofing subsystem comprising these
different components. Yet sub-
system performance, not individual
material qualily, is what ultimately
concerns the building owner. He
wants {o know, for example, that the
airconditioning subsystem, wilh its
air intakes, fans, ducts, cumpres-
sors, condensers, refrigerant, ex-
pansion valves, elc., can deliver 100
cubic feet per minule of conditioned
air to a given space, not whether a
circulating fan motor delivers 100
horsepower.

Architects, In particular, are wary of
fnnovation. They have fewar criteria
for assessing quality for their com-

/Y

ponents than engineers, and many
manufaciurers have refused to guar-
aniee their products’ performance
or durability. A rising tide of mal-
practice suits has made design con-
servatism the better part of valor.
The unhappy consequence is nor-
mally a haphazard assembly of
structural framing, lighting fixtures,
ducts, and pipes crammed into the
ceiling space, with little thought
given to maintenance or future
change. Designed for a 40-year life,
today’'s conventional schoaol, frozen
into a motd deslined for early obso-
lescence, is an almost certain future
remodeling expense. Growing de-
mands fer flexibility in dividing in-
terinrs and improved environmental
quality will predictably make this
year's conventional school more
outmoded In 2010 than a 40-year-old
school is today.

The SCSD program dramatically
broke this dreary cycle of design in-
ertia. The first indispensable step
integraled 13 school disivicts into a
siagle construction agency, the First
California Commission on School
Construction Sys'ems, empowered
to take bids on the various building
system cubsystems. This large mar-
kel gave successful manufacturers
expectatien of a reasonable profit to
offset rervearch and development
costs that couldn’t conceivably be
Justified for a single school, custom-
built in accordance with conven-
tional practice. Equally imporiant,
the SCSD program required co-
operation arong the different
manufacturers of components sand-

'
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wiched In the ceiling space
(structirral framing, lightinn-ceiling
fixtures, airconditioning, plus relo-
catable partitions} to produce
compalible subsystems. A 5-ft-sq
(horizontal) module extended the
standardization already used in
screw threads, electrical fixtures,
efc., to the building scale itself.

The SCSD performance standards
stimutated development of a pack-
aged airconditioning sudsystem with
flexible fiberglass ducts, readily
tent, lengthened, or shortened 1o
accommodate individual control in
any space arrangement attainable
with the relocatable partitions, in
zones as small as 450 sq ft (half a
classroom). The other components
occupying the ceiling space—steel
trusses with their lateral bracing and

/7

concave pyramidal lighting coffers—
were designed to accommodate un-
obstructed rearrangement of the air-
conditioning du«ts, and the ceiling
runners supporting the coifers were
designed with and without air dif-
fusers, as required for each use.

Reactive Bonus

As a beneficial byproduct, the mere
ability to creale widely varying divi-
sions of space has stimulated edu-
calors' imaginations. Freed (rom the
barriers of fixed standard spaces,
teachars can experiment with new
and changing insiruclional groups
and teaching techniques.

“It alfows me 1O experiment with
team teaching without being com-
mitted to it for 40 years,” says one
administrator aboult his SCSD



school. Another praises the new
freedom efforded his teachers to
mix large and small instructionat
groups in whatever proportions they
find best.

“A building open to change is open-
ing the eyes of our teachers,” is an-
other educator’s summing up.

A major alteration at Oak Grove
High School illustrales the benefits
of flexibility. For its fall term, 1970,
Oak Grove's science department
radically revised its curriculum. It
features individualized instructional
"packets' instead of conventional
group instruction. A second change
in the four-year-old buiiding com-
pletely reoriented the building from
its original 1ayout. Originally the
{aboratories and science resource
centers were divided by subject
{chemistry, physics, biology}. The
new layout divides the space by
tunction, without regard to subject
matter,

Al ~1 estimated cost of $20,000, this
aiteration is not cheap. But it would
be ecoi.omically prohibitive in a
conventionat school. Thus if it had
been built with conventional com-
ponents, Oak Grove’s science build-
Ing would be obsoleta at the age of
4 years. With nearly 40 years of pro-
Jected useful lite remaining, it may
see many more changes as instruc-
tional techniques continue to im-
prove and change.

Architects should be able to do a
+in their original design of

QO
l: MC wilt schools than on con-

ventionally built schools. Relieved
of the irritating technical detaifs of
connecting and fitting components
together (a task more efficiently
done by manufacturers), the archi-
tect of a systems schoo! can focus
more effort on apportioning space
and on creating an esthetically at-
tractive educational environment.
Far front confining the architect, as
some uninformed lavmen and even
some protessionals have charged,
standard systems compcnrents lib-
erate the architect's imagination in
arranging their countless combina-
tions. The standard kit of subsys-
tems is no more confining than the
piano composer’'s keyboard or the
painter's palette.

Beneficlent Wavas

Since construction of the first SCSD
school in 1966, the componants de-
veloped under the program have
spread throughout the U.S.--into
more than 1,300 North American
schools. Thus SCSD achleved for
€eL the classic aim of foundation re-
search. Once their immediate pur-
pose is attained, many research
projects sink beneath the surface,
leaving harely atrace. But the waves
generated bLiy the $680,000 invest-
ment in SCSD are still radiating from
tha original project, elevating scnool
design standards, cutting costs, and
accelerating construction schedules
In many scattered parts of the U.S.
and Canada.

Since SCSD, efL has sponsored
other systems-building programs.

i

' L

With 75% of each school's cost rep-
resented by systems-designed com-
ponents, Metropolitan Toronto's
Study of Educational Facilities (SEF)
program extends systems building
into a new dimension. To the basic
SCSD subsystems, SEF adds exter-
ior walls, plumbing, roofing, electri-
cal distribution, flooriny, and sev-
eral other components not included
in SCSD. As previously indicated,
the SEF electric-electronic subsys-
tem constitutes a radical imf -ove-
ment over SCSD's conventional
electrical distribution. It helps to
adapt Toronto'’s schools to the new
audio-visual, computer instruction
techniques with minimal effon. To-
ronto is already conducting some ot
the world's boldest experimentation
in individualized, norgraded edu-
cation, and SEF schools will en-
courage use of a whole panoply of
modern, audio-visual instructional
techniques.

SEF has added significance as the
world's first truly open building sys-
tem. {The subsystems in an open
bullding system are widely inter-
changeabie, whereas the subsys-
tems of a closed buildiig system are
locked into one system.) Theoreii-
cally, an open system produces
greater economv. because you can
ideally choose the most economical
candidate in each category. Closed-
system bidding should, however,
produce better integration of sub-
systems. On the closed-system
route, Montreal's Re<earch inSchool
Facilities (Recherches en Amenage-
ment Scolaires—RAS) program dis-
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Dissimitar exleriors of these two
Florida schools illustrates that sys'ems
construction need nat produce
standardizec facades.
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plays some architecturally elegant
and ingeniously designed hardware.

SEF is now spawning jts own sys-
1ems-bisilding programs — Detroit's
Systems Building Study (for multi-
story school additions) and Boston’s
Building Systems Siudy, whos2 first
phase will include construction of
two large elementary schools each
seating 1,000 students.

These applications programs exploit
the construction speed, economy,
and quality of the products and pro-
cedures from the development pro-
grams, without adding significant
advances of their own. As a notable
example, Florida's Sckoolkouse
Systems Project {SSP) has achieved
progressive cost savings through
three statewide building programs.
Florida’s taxpayers hava profited
from the intensificd competition
among subsystem manufacturars.
While conventional construction
costs have been skyrocketing over
the past two years, SSP has
achleved an 18% reduction in bigd
prices tor three basic building sub-
systems. '

SSP has also achlieved equally dra-
matic construction time savings.
Under we .new contracting proce-
dures facilitaled by the systems-
building process, schoo! boards can
get completed schools up to eight
months sarlier. And the preliminary
cost estimates availabls for subsys-
tems minimize the cost-control
oroblems that harass school boards
it North Amerlea.

Still other eFL programs are extend-
ing systems building into university
censtruction. By June, 1970, sub-
systems were under test for multi-
story dormitories for the University
Residential Building Sysiem {(URBS)
under deveiopment for the Univer-
sity of California. Another type of
program, the Academic Building
System (ABS), is now in a prelimi-
nary planning stage for the Univer-
sity of California and Indiana Uni-
versity.

The course of these systems-build-
ing programs itlustrates the coordi-
nated progress of performance cri-
terda and the manufacturers' re-
sponse to these demands. Since the
original SCSD program, the sound-
insulation requirement for relocat-
able partitions has steadi!s risen.
The URBS criteria for its dormitory
partitions pushes manufacturers to
the economical llmit of today’s tech-
nology. Airconditioning criteria for
the more extreme Canadian climate
are tougher than for the earlier
SCSD program, notably in an added
requirement for winter (wumidifica-
tion.

Systems building Is but one of many
technologles that dominate society.
We expect fror it the same rewards
as from other technologies: econ-
omy, speed, ulility, and quality. If
systems delivers these, there Is no
reason why it should not play a
major role in building schools for
the considerable task of educat-
ing youth In an expanding and often
bewiidering world created by
technology.
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Toronto's Study of Educational Fa-
cilities (SEF) program is the world's
first truly open building system, the
mest ambitious effort yet made to
apply the technological and mana-
gerial ingenuity of North American
industry 1o the problems of building
construction. It extends the whole
concept of systems building into a
new dimension. In the SEF program,
75% of the total $28 million con-
struclion volume (all costs in this
chapter are Cr.nadian dollars which
were 7% less than U.S. at the time
of these events) comprises systems-
designed companents. In confrast,
Catitornia’s earlier School Con-
struction Systems Oevelopment
(SCSD) program incorporated only
§0% of each building's cost in sys-
tems-designed components,

Toronto's new Roden School, the
first of 22 schools and one office
building scheduled for completion
by mid-1571, has already demon-
sirated the time and cost savings
attainable through the SEF systems-
building process. in contrast io the
14 to 18 months required for con-
ventionat construction, Roden's
constructior took only 7 months,
thereby saving 7 to 11 menths.

Total bid for the 10 SEF subsystems
comprising ihe 23 buildings was $21
million. This is about tha same cost
as constructing 23 trad.ti~ 11 buitd-
ings without any of the advantages
of the SEF syslems schools. Melro
estimates thal it would cost 30%
more 10 build teaditional schools
wilh facilities and services €qual to

Flexibility is the key word in assess-
ing both the educational and tech-
nological significance of the SEF
program. SEF s¢hools will be fearn-
ing laboratories, offering Toronlo's
educators the spatial flexibility
needed to accommodate groups of
one !0 150 or more. The conven-
fional 30-student class is only one
of many groupings used in a modern
school. A radically improved elec-
tric-efectronic subsystem will facili-
tate use of new audio-visual teach-
ing aids. Organized into teams for
cocperativeteaching, educators can
turn thisce new schootlsinto a micro-
cosm of the outside world, encour-
aging a range of educalional
exnerience impossible in the tradi-
tional egjcrate schioo! with its uni-
form classroom cells and other
built-in obstacles to learning. With
their packaged airconditioning,
lcng-span structural framing, relo-
catatle partitions, flexible lighting,
interchangeable furniture elements,
and other advanced subsysiems,
SEF schools will readily accommo-
date draslic irnterior changes. No
SEF scheols will ever cause tihe
cosily, h.rassing delays or exorbi-
tant renovation expense required 1o
adap! conventional schools {0 con-
temporary n zeds.

As a less obvious, but even more
far-reaching beneht, the SEF pro-
gram offers the clearest preview yet
of amore eff.cient process for build-
ing schools. The fradit'onal process
of pregramming, designing, and
building schools involves a host of

educational consuitanis, cost con-
sultants, architects, engineers, con-
tractors, manujacturers, and sup-
pliers—all working within a structure
of blurred responsibilities. This
warped organization hampers edu-
calional and technological jnnova-
tion; it punishes failure to a far
greater degree than it rewards suc-
cess and thus promotes timidity and
inertia.

SEF revamped the entire process.
Educators se. the basic building
performance criteria, transfated into
technical standards by the SEF
architect-enginecr sltaff. Manufac-
turers were given clear-cut respon-
sibilily for producing satisfactory
components and installing them,
and the general conlractor's role
become exciusively managerial. The
Canadian Standards Association,
vith its job of certifyin@ buitding
cumgonent performance, may be
pioneering a nationwide, or possi-
bly, a conlinental stzi.{ardization of
systems-building tesi.ng and instal-
lation criteria.

Soil for Systems

For its second major systems build-
ing project, ert selected Toronio
largely because of that city’s unus-
ual political structure. It has a met-
ropotitan government (Metro) that
embraces five boroughs and the city
of Toronic. The Metropolitan To-
onto S hiool Board handles fi-
nances centrally, but most educa-
tion functions remain autonomous

ERIC
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Since there are 450,000 pupils and
20,000 teacners in the metropolitan
areq, the School Board carries con-
siderable financial clout: It spends
about $50 million annually to build
20 to 30 new schools. With such a
large market, manufacturers can
sustain research and c2velopment
programs for high-quality building
components. And, with the Metro-
politan Toronto School Board to ad-
minister the construction program,
SEF avolded the basic potitical and
legal problems that handicapped
the systems program in California’s
13 separate school districts.

As still another advantags, the
Metro School Board’s coninuing
censtruction program formed a solid
base for a systems-buildina experi-
ment. Major U.S. cities ha 3 been
more concerned with meeting im-
mediate racial and social crisesthan
in undertaking long-range research
and devetopment efforts on school
building. Toronio has been able to
aveit many of these racial and social
problems. Consequently Tororto
not only offered the required con-
text and quantity, it offered the re-
quired demand for quality. Toronto
has the momentum of a conlinuing
schoo! modernization program that
enables il to assimilate the latest
building technology. During a 30-
year cons'ruction drought, attribut-
able to the Great Depression and
World War Ii, no new schools were
builtin Toron!a. Butin 1955, the city
began replacing s old schools. By
tha satly 1960's, 40% uf the city's

Y ols were less tha. 10 years old.
ERIC
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Thus Toronto's schools have es-
caped the fate of schools in U.S.
central cities, where the continued
influx of poor blacks and the con-
current exodus of prosperous whites
and industries has plunged them in-
to a deepening crisis fed by ex-
panding needs and shrinking re-
sources. In Toronto, with Metro fi-
nancing of weifare ar.d education,
the centrat city escapes the inequit-
able burdens thrust on New York,
Chicago, Philadelphia, and other
major U.S. cities.

Metro finances an area-wide school
construction program, approves op-
erating budgets for the six Iccal bor-
ough school boards, and distributes
provincial grants. Though local
boards remain autonomous in oper-
ating their local districts, the central
board sets atlendance areas, there-
by averting inefficiencies and prob-
lems created by municipal bound-
aries. As a conseguence, Toronlo'’s
uniformly advanced schools are
ready to move on to the next stage.
For Toronto, the next stage is sys-
tems building.

Accompanying Toronto's schoo!
modernization program is a pro-
gressive educational policy that is
attr2cting teachers from the U.S. as
well as other paris of Canada. Free
from the overwhetming problems of
US. ghetto schools, Toronto has
educational challenges of less des-
perate proportions—chiefly, the tin-
guistic and culturai assimiliation of
manageable numbers of forelgn Im-
migranis. Not only are Toronlo's
central city schools betes built .1an

@ :.l

most U.S. central cities’ schools;
they are also better equipped.

A light administrative hand encour-
ages Toronto’s teachers ¢ experi-
ment, says Dr. John S. Murray, Aca-
demic Director for the SEF program.
Backed by the Ontario Institute for
Swdies in Education, Toroato has
moved beyond the rigid administra-
tively prescribed curriculum guides
that often deter effective instruction
in schools. In the past two dzcades,
Canada has moved from an elitist
education policy modeled on the
British system to the U.S. idea! of
universal, ‘ndividualized education.
(In th.e mid-1940's Canada had p. >-
portionately half as many high
school and colfeye graduates as the
U.S.} Toronto leads in putting the
Canadian version of this ideal into
praclice.

Laboratories for Learning

For Toronto, the 1970's promise to
be a decede of bold educati~nal ex-
perimentation. School principals
can try new techniques of team
teaching and nongraded education
without the fear of faiiure inspired
by some aulheritarian school bu-
reaucracies. Toronto's educators
reject the traditional concept of ed-
ucation, whichin practice has mneant
the transmission of a stable set of
cultural values, preparation of the
academically successlul 1or higher
education, and training of the rest
for clearly demarcated voczations,
They rate intellectual creativity and
ingenuity over the maslery of pre-
scribed subject matter; they rate
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self-reliance over the traditional vir-
tue of obedience.

Under the traditional concept of ed-
ucation, the teacher is the active
(talking) agent, and the student is
the passive flistening) agent, soak-
ing up the te:cher's wisdom like a
psychi¢ sponge, ready to squeeze
out the approved answers on cue.
The static eggcrate school, with its
fixed uniform classroom cells lining
two sides of a corridor, is the togi-
cal, static architectural expression
of this stati¢. authoritarian concept
of education.

Modern eductors take a humbler
view of their role. In the modern
school, a dynami¢ mcdel replaces
the old static model; the student be-
comes the more active participant
in the educationa! process, and the
teacher becomes more an inspira-
tional and itellectual catalysi, less
a lecturing encyclopedia. From top
to bottein in the administra’ive hier-
archy, Toronto's educators admit
that they don’t have ali the answers.
They are commilled to bold and
varied educational experimentation,
free of the cautious timidity that
keeps tamer educators safely snug-
gled in their comforiable rut. Ac-
cording tc this view, the schoo!l
should be a microcosm of lhe out-
side world; education is a lifelong
process merely formalized in the
schoolroom; and the school's task
is to equip students for the Jolts and
unpredictablevocational challenges
in a tumultuous world that has little
need for tamed human parrots, The
£y -*bility of a systems-designed

Aruitoxt provided by Eic:

schooi adapts it to bold educational
experiinentation.

Refor!n for Reading

Toronto's experimentation invaded
the rea'm of the three R’s with
demonstrable success before SEF
programs weat into operation. An
experiment in reading instruction
taor the Cuarrison Road Schoot's
Grade 6 students (1t-year-olds) in-
dicates the benefits of individual-
ized reading instruction. After six
months of an exgerimentaf program
in which the standard readers were
replaced with novels, newspagers,
or other reacing matter chosen by
the children, a test gri,up of 32 stu-
dents scored dramatic gains in all
reacing categories. Tested by the
Gates Reading Survey for vocabu-
lary, comprehension, speed, and ac-
curacy, these students compressed
average gains of from one to four
years of reading level into a half
year's reformed instruction.

As an ancillary benefit, the exper -
ence was mcre enjoyable as well as
more productive thar conventional
reading instruction. One intelligent
boy, bored with the reader-oriented
instruction previcusly given, read
more than 25 books in the six-montn
experimental period,

What prompled the reform was the
racognition of the basic flaw In tra-
ditional reading instrucdon, Like
convicts under mandatory sentence,
beginning with the insipid Dick and
Jane stories in fivst grade, childsren
have been subjected to standard
readers. Something is obvlously

s

wrong with forcing every child to
read the same book at rouahly the
same time. Division into two or more
reading groups is too crude a pallia-
tive to correct the basically false
premise of reader-based instruction.

The reading abifity of these 11-year-
old, Grade 6 students ranc~=d from
Grade 3 to Grade 11 (fron. normal
~ge 8 to age 16}. Compounding the
problem posed by this tremendous
range in ability was a tremendous
range of interests. Why notl adapt
the =chool to the outside weorld,
where adults are aliowed to read
what they like? Why not treat the
students as individuals with the abil-
ity to make their own choices?

in the continuing program, 120
Grade 6 students receive reading in-
struction programmed as follows:

B For the .. je majority who can
assimilate i, sndividualized Instruc-
tion in a large room. The children
bring books, newspapers, or maga-
zines from home or from a tibrary.
Like pleasure-reading adulls, they
can exchange the books at will. They
discuss plot, them -, style, or tech-
nique with teachers.

W Forless proficient readers, three
small rooms are set apart for spe-
cialized Instruction. Two contain
small-gioup, teacher-led discus-
sions ol short stories, novels, and
proems. A third room, fo; lagging
readers I8 equipped as a reading
laboratory, with a tachistoscope (to
accelerate reading speed) and olher
audio-visual equipment. The goal is




to move everyone into tha main
group as soon as possible.

Schoo! for Self-Reliance

Spatial divisions for programs like
the Garrison Road School's pio-
neering reading reform wiil be more
213sily achieved in SEF schoo's than
in the best of conventional schools.
Dewson Elementary, a new open-
space school built via the conven-
tional construction process, indi-
cates the superior and more readily
changed educational environment
that is available in the new SEF
schools. It also demoastrates the
kind of educalional experimentaticn
that SEF schools will encourage.

Visiting Dewson Elementary is an
enlightening experience. To a visitor
whose memories of elementary
school evoke scenes of drab sol-
emnity ancg tranquillity, Dewson's

P : SEF schools improved on the environ.
colorful, semi-carnival atmosphere,  ment of traditionaily-built. non-grades

with its hangjng pennams and ubiq- schools such 3 Oewson Elementary

. . School, above.
uiteus art work, may seem inappro- '

priately festive, and the bustiing ac-
tivity in the large open areas, with
many sma!l bodies in apparently
random molion, presents an aspect
of subdued pandemonium. It is like
a first visit to the New York Stock
Exchange, whete ! seems incredi-
ble that tha traders rushing franti-
cally around the paper-littered floor
are actually processing an ordetly
flow of business transactions.

Yet behindthe apparent cnaos there
Q r, maintained by the less im-

E [Caly visible teachers. Dew-
e dpen  spaces conslitute an




ER

PAFullToxt Provided by ERIC

educational marketplace. Though
ihe activity -nay at first appear ran-
dom, it is nonetheless purposeful.
But it represents a multitude of in-
dividual purposes, not the synthetic
order of a drill team.

Devweon is a nongraded school with
team teaching in three open-space
floors of 7,500 sq ft area each, parti-
tioned irto dilferent-sized spaces
thatop<n into one ancther. On each
of these floors a teaching team of
9 or 10 (comprising teachers, teach-
ers' aides, and volunteers) has two
age groups {(co:respending to two
former grades) of roughiy 200 chil-
dren. On the third floor, with the
10- and 11-year-olds, the 9-member
teaching team divides ita functions
intospecialties, like a college teach-
ing staff. Instead of a standard cur-
rictlum for everyone, the students
can follow their strengths and irter-
ests. 11 those few conventional ele-
mentary schools offering drama and
school newspaper, these activities
are extracurricular luxuries—treats
for talented students. At Dewson,
however, these creative pursuits are
anintegral part of the individualized
curriculum, cpen to any studenlt who
feels attracted to them.

The individualized curriculum gives
Dewson's open-space learning
areas an initial hmpression of chaos.
After ptanning a log of his day's ac-
tivities in the morning, each child
makes his own individual way
through the day. These individua!
~rch~ules express Jewson's goal of
lCating self-reliance.

Though the conventionaliy designed
two-year-old Dewson school is a
tremendous improvemerit over the
old standard eggcrate design, it still
falls short of the comfort, flexibility,
and electrical convenience of the
SEF schools. SEF schools will fur-
ther facilitate the kind of bold r ju-
cational experimen!s under v/ay at
Dewson.

Historical Background

The idea for a systems approach to
school facilities found three enthu-
siastic supporters among the gov-
ernment officials of the province of
Ontario who had been interested in
the SCSD project. The men, the
Honourable William G. Davis, Minis-
ter of Education, Dr. Kenneth F.
Prueter, Chairman of the Advisory
Committee on School Design, and
Frank Nicol, the Director of School
Planning and Research, believed
that Toronte would be the ideal city
for a project similar to SCSD.
Metropolilan Toront¢ School Boa.d
agreed in principle, and its Chair-
man, Barry G. Lowndes, and its
Director, WilliamJ. McCordic, joined
their provincial government col-
leagues in sponsorinrg a proposal
for the Siudy of Educationa; Facil-
ities. Metro accepted the proposal
and agreed to linance it providing
it would be reimbursed with any
tunds from other sources such as
foundations.

During the period when the possi-
bility of the proje:t was being dis-
cussed, and later when the proposat

LA

was being drawn up, the principals
were encouraged and aided by
Jonathan King, who was then Vice
President of erL and is now head cf
the systems division of Caudill
Rowlett Scott in Houston. King also
urged Metro to submit a pro;asal
to erL for financial aid for SGF. Sub-
sequently, in 1966, SEF /cceived the
first altucation of funds from gr1 that
eventuallv covered about one-third
of the $1.2 million study.

By September, 1966, a permanent
project staffhad been created under
two co-directors: Hugh J. Valiery,
academic director, and Roderick G.
Robbie, technical director. Vallery,
a 25-year veteran of the Toront>
Board of Education, was formerly a
secondary school principal, and is
now Superintendent of Academic
Studies for Metro. Robbie was a
partner in the architectural and
planning firm of Robbie, Vaughan &
Williams, and is now president of
Environment Systems International,
with offices in Toronto and several
U.S. cities.

Under these two directors, the staff
grew to 25, but the work force has
now diminished to 6. The Study is
now headed by Dr. John S. Murray,
academic director and Peter D. J.
Tirion, technical director.

Rod Robbie is quick to attribute
success ol the protect 1o “A mulli-
tude of men who sweated millions
of hours glanning, researching, and
developing the educational and
technical specifications and the ac-
tual components to meet them.”




The SEF staff called in consuttants
in nine technical areas, but in addi-
tion,it had to work to achieve the co-
operation of lawyers, ¢ asigners, city
building officials, labor officials,
manufacturers, fire depariments,
educators, and politicians. SEF also
benefited from an advisory commit-
tee that followed pregress keenly
and critically.

The SEF program aimed first at as-
sessing the educational process
from kindergarten through high
school and determining the quantiiy
and quality of required space and
the required flexibility in dividing,
servicing, and equipping i. These
educational needs were then trans-
la*ed into technical performance
criteria.

Technical goals are four‘old:

® To promote flexibility in intcrior
space division through modular de-
sign.

¥ To promote building subsystem
and component development of im-
proved quality at reduced cost.

B To investigate mixed-use deve!l-
opmen, L.e, integrating schools with
apartment or offices, etc.

B To analyze the problems of
short-term accommodation and de-
velop a relocatable building system.

Before starting this educational
study, the SEF staff knew that plenty
was wrong with the old school de-
signstandards. They were burdened
ity astelul rules and formulas
E lCthrough the yeers lika rocks
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in a glacier. The formula allowing
10 sq #t of auditorium space for each
high school student produced rea-
sonable resuits for a school 0: 1,000
enrollment. But for a 2,200-pupil
high schoel built during the 1960’s,
it yielded a half-acre of expensive
enclosed space nsed only a few
hours each week.

Educators would prefer to use this
largely wasted money for a host of
more essential things—for aircondi-
tioning for year-round use, for ex-
panded shop or library space, for
music rooms, for added science fa-
zilities, or simply for more general
le.irning areas.

The old specifications were also Ln-
satisfactory for elementary schools.
Libraries, for example, had tradi-
tionally been omitted from Toronto’s
elementary schools. Yet, according
to Metro Education Director Willizin
J. McCordic, libraries are needed by
younger children as a training
ground for intellectual discovery.
Toronto's new elementary schools
now provide 5 or 6 sq ft of library
space per pupi'.

The expense of building frozen
space, via the traditional building
process, is illustrated by a Metro
Toronto high school built in 1961 at
a cost ol $4.5 milion. Within four
years of its completion, this building
required a $2-million alteration pro-
gram, {o adapt it to a changed aca-
demic use. Not only did this altera-
tion cost roughly 40%. of the originai
construction cost; it also removed

ﬂ/ " l;‘i
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much of the building from use for
six or seven months.

To ctimulate industry interest in its
program, SEF canvassed 270 manu-
i sturers and contractors in early
1967, statf members held 120 meet-
ings with building industry repre-
senlatives. The goals were state1
modeslly. Industry was not asked for
radicalinnov: “ons in responding 1o
the first SEF building system: it was
asked to organize existing skifls,
technology, and capital resources
for modern, efficient production.

The academic study was pursued
with equal vigor. Hugh Vallery and
Rod Robbie visited schools through-
out Canada and the U.S. in 1967 to
investigate at first hand the contin-
ent’'s most innovative schools and
educational systems. Research
groups, seeking a broad range of
inforination fcr establishing user re-
quirements, concurrentily searched
through a mound of educational and
architectural periodicals. The pro-
gram adminis;rators appointed 30
educational commitiees involving
300 people,

Because of this reseaich, user re-
Quirements received more intense
analysis in the SEF program than in
any other systems-building pro-
gram. Three separate academic re-
ports {for elementary, intermediate,
and secondary levels} assess the
impact ¢f urbanization, mr.ss media,
ard changing Jthical standards on
child and ado'escen! psychology.
T @ general discussion, each
E lClrrows its focus onto edu-
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cational needs, analyzing Toronto's
current cost-ceiling formu!a and
recommending changes.”

Inits third and longest section, each
report presents detailed dis;ussion
of the different kings of space~gen-
eral science laboratory areas, visual
arts, audio-vitual service areas,
general learning areas, etc.—plus
tabulated environmental criteria for
each. These tables contain aircon-
ditioning, visual, and acoustical cri-
teria, plus required electrical and
mechanical services. They form the
bases for the technical perform-
ance criteria that guided manufac-
turers' research and development.

Setting Performance Criterla

The SEF program bid 10 basic sub-
systems representing more than
75% of the total construction cost
for the 23 buildings. Four of the sub-
sysiems, like SCSD, are aimed at
eliminating the inefficient ceiling
clutter of most conventional proj-
ects, These are structure, aircondi-
tioning (or atmosphere), lighting-
ceiiing, and pariitions. To these,
SEF has addad other major subsys-
tems: vertizal skin (exterior walls),
alectric-electronic, reofing, plumb-
ing, and another subsystem com-
prising carpets, gymnasium floor-
ing, and hardware. Another SEF
subsysiem comprises casework,
locker, and other furniture.

“‘These reports are avaitab'e for $10 per copy

from Ryerson Press, 299 Queen Street Wesi,
Toronto, Ontario, Canada: E. Educationa Spec.
ifications and Usee Requirements for Elemen-
1ary {K-6} Schools. £ 2 Intermediale Scheols. E I
Sec sndary Schoots,

In dividing the building system into
subsystems, the SEF technical staff
stressed function, not material, as
the unifying criterion. A conven-
tional construction project may have
as many as five subrontractors on a
curtain-wall subsystem: a precast
concrele fabricator, a metal window
frame manufacturer, a glazier, a
sealant supplier, and an erection
subcontractor. If the wall leaks, the
stage is set for several rounds of
buck-passing. Is the architect to
blame for poor design? |Is the pre-
cast concrete fabricaior at fault for
not meeting dimensional toler-
ances? Did the sealan! supplier fur-
nish defective material? Did the
erectc r damage the assembled wall
units in hoisting them into place?

Under the systems-buifding con-
cept, such questions become mal-
ters of purely technical, as opposad
to legal, interest. The subsystem
contractor bears full responsibility
for his product’s design, fabrication.
and installation. Low bidder for 1!'3
SEF vertical skin was a consortium
comprising four precast fabricators,
plus Pittsburgh Plate Glass, for alu-
minum trim and glass. If these walls
leak, the nielropolitan Toronto
Schuo! Board will know whom 1o
blame. The subsystems contractor,
Beer-Precast-Precon Murray, Ltd,,
bears full responsibility for its prod-
uct’'s performance.

Like SCSD, SEF established 5 1t as
the basic horizontal module (i.e., the
basic dimensioaal planning unit that
is multiplied by integers for arca




Level SquarnnFemy 176/ A
Intermediaty Teaching Station Common Ares
Environmentat Criteria
Atmospheric Criterie Detirable Tolerance Remarks
Temperature outside >90F 18 . EX 4 .
1smpeiature < g IT [y 3
Aelatve outside  >90F  60% 16% -
Humidity lemperetute . 0 F*  30% 1 6% Double glazing
Outsice Ax CFMpersqk 031008 >018
CFMperperson 151030 >8
A Changes perhour 8108 >5
A Movemnent velocity: FPM 2510 40 10
Room Pressure n.WG +g1C >+005
Asx Farer Etficioncy >5u  BO% > 55%
<4 45%1080% —
Odort Body, Chemicsls -
Populstion 4 .3q K/person )
Hen Gain sowrts watts BYUK
Lighting 2t04/5q R
AV squipment —
_ Pioiacter —
Visual Criterie
Visusl Performance index {VP!) 83 0 FtCondles N/A
Wrew '111! Op1 Yiew 10 Op') Blackout Yes Pivacy No
Barig™ Tp1 Level Ctrod Yes
Asevatie Criteria

Ambient Noise Level. NC 35 max
[ p——y y

Acoustic vestment of floor and ceiling

is
Aeverbaration time cak ulation is not

J Tume Frocuency.crs 1258 250 500 1000 2000
(in seconds) man N/A

min N/A meani
Conerated Noise Leve;  Frequency cps 318 125 500 2000 800

(in &% re 0002 &ynw/em?) dovign level

58 17 89 75

Spesch reinforcenient may be
required

Services

M ochanios Sorvices

Remarks

CW No HW No

Stesm No Gas No

At No Drein No

Exhoust No

Other

Sigetrios! Serviess

PAYes Trvier SO Yo

Handset Yes BeliTel No

Fregrom § ystern Yo

Clock Systern Yes TV Terrinal Yen

Cornouter Termindt No

UndeBoot Duet Systen Feo

Fower 120V-1) fx AY squipment
Do Coneider induction 100p ystem

Congruer separd'eLontro usa of
tocel FA speahers enconne ron
with AY equipment
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dimensions). As a well-established
module for office constructinn, the
5-ft dimersion readlly accommo-
dates th'e standard 4-ft length of a
fluorescent tube, which fits nicely
Into a 5-tt ceiling coffer. The 5-t
mod.le is also the largest g:id that
will meet the space requirements of
the SEF academic research study,
and so will reduce joints to a mini-
mum. It is approved by most manu-
facturers, most partitions align with
it, and the 5-ft ceiling grid is tran-
quil to the eye.

For evaluating performance, the
SEF slaff set three basic param-
eters: function, cost, aesthetics,
with varying emphasis from subsys-
tem to subsystem. As further con-
straints, subsystems must be
"simple, rugged, jointless In ap-
pearance and free from any specific
architectural style.” Yo assure that
the cost does nol exceed conven-
ticnal cost, the Metro Schoal
Board's limit of $20.85 per sq ft was
established as the SEF program's
maximum acceptable cost.

SEF sought signiticant technical im-
provement over tha SCSD schools
in several respects—notably, the
electric-electronic subsystem. In a
conventional building, the protiferat-
Ing electrica' services are uncoordi-
nated. The fire alarm, clock, inter-
communication, telephone, AM-FM
special broadcast recelvers all have
their own separate circuits; they
form & multitude ol separate, little
subcystems. Access to outlets for
Q@ ed circuit televigion, computer
EMC"M'S' overhear projectors, or

Aruitoxt provided by Eic
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slide projectors, and other auuio-
visual equipment remains inconven-
ient and largely unplanned. Why not
unify these many electrical-elec-
‘ronic componentis into one subsys-
tem planned for easy. converient
access, changa, or addition? SCSD
relied upon partitions to carry elec-
trical distribution down from the
ceiling to the user, but open plans
have bezn efiminating more and
more partitions.

SEF’s answer constitutes an elec-
trical revolution, according t¢ Jona-
than King. “its coordinated, plug-in
distribution nelwork and its pogo-
sticks bring elecitrical energy to the
user regardless of the presence or
absence of partitions.”

The key to SEF's solution was a pro-
vision In the performance crieria
barnning the use of subfloor conduit
and limiting the solution 1o the ceil-
ing space. Receplacles both for
power (to run TV receivers, projec-
tors, even vacuum cleaners) and for
communication (for public address,
intercom, telephone, etc.) had to be
tixed rigidly to thz lighting-ceiling.

Conventional subfloor electrical ser-
vices are unsatisfactory for several
reasons, They are rejalively inacces-
sible, requiring tedious work in
breaking through a concrele floor
topping. To move ore electric vut-
let requires thres sarvices: electric-
lan, mason, ard carpel patcher,
Moreover, the repair of the broken
floor is seldom subject to proies-
slonal supervision, Instead of patch-
ing the access hole with concrete,

80
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the repair crew may use plywood.
After some years of this treatment,
the hidden floor topping may ra-
semble a stice of Swiss cheese, with
seriously impaired fire resistance.
Basical'v, the problem is a lot of
work and a variety of builgding crafts-
men to make even the simplest
alteration.

SEF's airconditioning problem was
fougher than SCSD's mainly be-
cause of the severe Canadian cti-
mate, with its continental extremes.
In the mild California climate hu-
midification is not required, since
temperatures rarely drop below SOF,
But in Yoronto, where winter tem-
peratures occasionally fall balow
zero, humidification is needed to
prevent sinus and throat irritation in
dry interiors. At OF outside tempera-
ture, unhuinidified interiors heated
to 70F have relative humidities
around 4%. SEF's performance cri-
teria require seven times that
amount, or 30% relative humidity.
{In summer, when dehumidification
is required, the airconditioning must
reduce relative humidity to 5055 at
90F outside temperatiire.)

Cooling is required in the Toronlo
schools for two basic reasons, ac-
cording to SEf's Technical Re-
searcher, John Rankin. I the al-
tersd learning space of open
schaols, with their lurge interior
arear, the heat loads jenerated by
lighting and busy occupanis are less
readily dissipated than in a naturally
ventilated two-classroom-wide egg-
crate schooi. As a result, artiticial
cooling is required when outside
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fu{{yr&::-g:pcrhwgu:{n@!
* 1.

Perlormance crile:sa for intetior climale l
of SEF learning areas.

temperatures rise above 55F. More-
over, the prospective year-round
use of tha sci'oo! plant, anticipated
long tefore the 40-year expected
lives of the SEF buildings are vver,
would make cooling necessary for
the hot Toronto srmmers,

""Year-round use of scho¢ls will
come,” Rankin predicts. *'The three-
month summer vacation is a vestige
of a vanished agrarian economy,
which required chilsren to help with
the crops. A 12-month school year
is bettes attuned to an urban soclety.
The more efficient use of our capital
ptant and equipment would pay the
additional cost of cooling about five
times over. For the roughly 6% ad-

w
N

ditional cost for cooling, you get
32% greater usa of your whole capi-
tal investment.”

The flexibility required for SEF air-
conditioning calls for a mechanlcal
service module serving a minimum
4,000 sq fl, with each module di-
vided into 10 control zones. These
control zones must, in turn, be di-
visible Into subzones of 150 sq ft
(the size of a small office) each ca-
pable of individual thermostatic
control,

These requirements are, of course,
superimposed on the more normal
airconditioning requirements for air
changes, volume, and movement,




plus air filtration efficiency. And for
this unique airconditioning subsys-
tem SEF set a target price of $3.14
per sq ft, 10% less than the average
cost of the Toronto schools' ~on-
ventional subsysiems, most of which
lack cooling and also omit humidi-
fication.

Since flrst-cost aconomy for a
cheap, short-lived airconditioning
subsystem ultimately proves expen-
sive, SEF required each aircondi-
tioning bidder to submit calcula-
tions for a hypothetical school de-
signed for 7,000 deoree-days of
heating and 1,063 fuil-load hou, 3 of
cooling for one year's operation for
a 20-year life at 6% interest (8.7%
annual owning cost). In addition,
each bidder was required to speciy
and bid for a maintenance program
to insure full performance of his
equipment. This provided SEF with
an evalualion of the real cost of
maintaining the equipment over a
5-year period with extensions to a
15-year term.

In return tor such arduous chores,
SEF offered the manufacturers a
guaranteed mass market, 20 times
bigger than a single school, with a
minimum of 1 miition sq ft.

The Big Guestion—Open or Closed?

In declding to go for ar. openinstead
of a closed building system, Robbie
and the SEF stal!f gambled with
higher stakes for a bigger victory.
in an “‘open’ system, the subsys-
Q  are interchangeable, In a
F MC :ed" system, they are compati-

PAFulToxt Provided by ERIC

ble only with the other subsystems
constituting that particular closed
system. As a minimum requirement
for the open SEF building system,
each bidder had to demonstrate his
subsysten/s ccmpalibility with at
least two manufacturers at each in-
terface with other subsystems. By
the faws of probability, this require-
ment assures virtually universal
compatibility among all proposed
subsystems.

For each vertical skin (exterior wall)
bidder, this open-system require-
ment meant compatibility with al
least 18 other bidders, 2 at each of
the vertical skin’s “‘mandatory inter-
face” with 9 other subsystems. {Cne
mandatory interface occurs, for ex-
ample, where the airconditioning
baseboard heating elements abut
the walis.)

For the partition and structural
bidders (.« job was only slightly
easfer; they requiied compatibility
with 8 subsystems. nr 16 other
bidders. Airconditioning, electrical-
electrenic, and lighting ceiling hd
6 or 7 mandatory interfaces.

Despite the obvious disadvantaye.
of assuring such promiscuous com-
patibility, the SEF staf{f believed that
the competitive benetits outwelghed
the llabilities.

"With a closed system, you can
easily getlocked in with a weak sub-
system or two as part of an other-
wise good building system,” says
Peter Tlrion. "“Suppose the alrcondi-
tioning subsystam In a closed build-

2

ing system cosis 20% more than an-
other manufacturer’s, With a closed
system you're stuck with the high-
cost aircondit’ .ning manufacturer.
In an open system, you can take the
low bidder.”

“The manufacturers of each subsys-
tem in a winning closed system are
largely insulated from competition,
and the total price must almost nec-
essarity be higher than the price for
an open system.”

The open system represents amoie
sophisticated stage of a free-enter-
prise economy, according {o Tirfon.

“Up until 1915 or so, phonograph
records would play only on one
manufacturer’s reccrd player. This
may have given some manufac-
turers a temporary advantage, but i
was obviously bad for the corisumer,
Ultimately, the ‘open system' came
to the record world, and everybody
profited. Consumers gained greater
treedom; manufaciurers got bigger
total markets An open system en-
courages competition and stimu-
"atc innovation.”

11 n;-'s argument gels support from
atihran King: “The open =*stem
not only stimuiates more cc.apeti-
tion Initlally; it provides for cyclical
renevial of competition Not one of
the successful subsystems' manu-
facturers for SEF's first building sys-
tem can rest assured that he will
win an award In the next SEF build-
ing system, which may be bid within
the next tew years. There are plenty
of hungry challengers willing, and
possibly able, to compete on com-

[e2]




ERIC

Aruitoxt provided by Eic:

parable terms when the next round
of bids goes out.”

Not everyone is enfranced with open
systems, particularly vendors of
closed systems. #rchitect Frank
Nicol of Maciran, Lid., a product de-
velopment firm, says SEF should
nave offered a closed system ap-
proach as an alternate to its open
system. He believes that a weli-de-
signed closed system can, under
ideal conditions, produce more effi-
cienlintegration of subsystems.

But sad experience has uncovered
a flaw in cfosed systems, If, for any
reason, one subsystem contractor
in a closed building system with-
draws from a construction program,
the entire program may be seriously
threatened, since there is no readily
available subslitute contractor. On
some projects built underthe closed
SCSOD building system, the struc-
ture-lighting-ceiling contractor
caused delays that raised costs and
slowed progress. Under a simllar
emergency, SEF should have no dif-
ficully in finding a subslitute con-
tractor: the open-system bidding
made several other manufacturers’
structural subsystems compatible
with the subsystems in the winning
tuilding system.

The Bidding Slage

Rigorous enforcement of its bidder
prequalification criteria was the key
to SEF's success, according 1o Rod
Robbie, SEF's first technicaf direc-
tor. Manufacturers and other pro-
spective bidders had to presen!
proof ot their financial capacity and

%

their manufacturing and installation
experlise to carry at least 250,000
sq ft of construction per month, the
construction tempo expected now
that lhe SEF program is rolling. A
total of 60 bidders apptied for pre-
qualification; before bids were due,
the total had dwindled to 36.

"By maintaining specified standards
for bidders' preqnalification, we es-
tablished SEF’s credibility with in-
dustry,” says Robbie. “We let the
bidders know that they wou!d have
to compete on fair terms and that
we meant what we said in our per-
formance criteria. We scrupulousiy
disqualified late bidders. This policy
encouraged the midgets to compete
with the giants; we played no favor-
ites. SEF established th2 kind of vig-
orous competitive climate needed to
stimulate innovation.”

Proposals from the 36 bidders for
the 10 subsystems produced over
1 million possibte building systems.
{Each of 4 vertical skin manufac-
turers had 10 demonstrate compati-
bility with at least 2* = 512 builcing
systems.) Analyzing this data was a
job for the computer, which was
programmed to identify only those
building systems which claimed to
meet all SEF performance and eco-
nomic criteria. More than 13,000
building systems {semifinalists) sat-
isfied these criteria.

In a further retinement that was
needed to cut the problem down to
manageable size, the SEF staff pro-
grammed the computer to identify
the 30 least costly building systems
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meeting the rmandatory interface
and performance criteria. These 30
finalists were intensively investi-
gated and evaluated, in accordance
with the aesthetic and functional
criteria mentioned earlier,

With the low bidders tentatively
identitied (pending results of the
testing program), the victorious
bidders began-work on user cata-
logs, which contain detailed tech-
nical information, drawings, and
quoted unit prices for all compo-
nents in their subsystems. A roughly
feur-month interval, following the
tentative bid award in January, 1969,
was allowed {or catalog preparation
andtesting.

Testing was conducted in a small
(13,000 sq ft), iwo-stary addition to
Toronto's Eastview School. Air dif-
fusers, lighting-ceiling components,
partitions, and otner relocatable
subsystems were moved 10 {imes.
To pass the test, each subsystem
was limited to & 10% drop in per-
formance—an average of 1% loss
per relocation.

The tesl building also served to
demonstrate compatibility of the
various subsystems — whether, for
example, the partitions could be
readily connected to the ceiling as-
sembly, or whether the ceiling as-
sembly could be connected to the
curlain walls. as the manutacturers
nad claimed. All 10 tentalive winners
passed the test and receiven fina

bld awards. . SR

Q " the final stages of design and

neers use lhe various subsystems
manufacturers’ catalogs to design
individual schools, and the Metro-
politan Toronto Schocl Board tets
contracts for the minor amnunt of
nonsystems work such as site work
and foundations. For each project,
a {ocal board (representing one of
the six local governments combined
into Toronto Metro) hires a con-
truction manager on a fee basis, like
the professional designers. In con-
trast with the normal general-con-
tractor role on a conventional con-
struction project, the construction
manager on an SEF project does
none of the actual construction
work, and he has no financial deal-
ings with subcontractors. His sole
function is to manage construction,
a professionalized part of the gen-
eral contractor’s more variegated
rola. The construction manager’'s
restricted specialized funclion r(-
moves soma intrinsic conflicts ¢f
interest that exist in the gener:!
contractor’s role. The notorious
"bid-shopping™ practice, in which
general contractors first submit bids
for subconiracted items and then
""shop” for the cheapest rather than
the highest qualily subcontract they
can negotiate, is eradicated under
the SEF arrangement.

A unique escalator clause updates
the unit prices originally submittad
by the subsyste.n manufacturers ,n
January, 196%9. Prices sie tied to
basic labor-material indexes pre-

“pared for each specific subsystem-—

e.g., sleel nrectors’ wages for the
structural steel. This represents a

E lConstruclion, architecls and engi-
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GROSS COST

PERSQFT

Ccl.

1967 gid

Average Target Resuls
SUB-SYSTEMS
Structure $ 230 $ 207 § 2.27
Atmosphere 3.14 2.83 2.92
Lighting/Ceiling 1.42 1.28B 1.67
nterinr Space Div. 2.3¢ 2.45 2.09
Vertical Skin 2.1% 1.90 1.83
Plumbing 1.37 1.24 .98
Elecuic/Electronic 75 68 1.15
Ccsework and '

Furniture &7 .79 87

Rooling .87 79 72
Finishes 88 80 61
Non-Systems 544 475 4.27
Tolal $21.54 $19.28 $19.28

Summary of grot  ost per sqftford
elementary schools and one intermediate
schcol.

O
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refinement over the cruder escala-
tion clause in the SCSD contra:ts.
That contract specified use of the
Engineering News-Record cost in-
dex, which is tied to over-all average
Yabor rate increases and a combina-
tion of basic construction materials.
Thne ENRindex is generally unsuited
to lighting-ceiling, electric-elec-
tronic, and other technicatly sophis-
ticated subsystems.

Subsystems Solulions

With bids totaling $19.38 per sq fi,
less than 1% over its target price,
SEF achieved its twin goals of im-
proved building quality at reducad
cost.

Though it failed to meet the target
price of $0.68 per sq ft, the electric-
electronic subsystem ofters the most
dramatic improvement over lts con-
ventional counterpart. In fact, the
$1.15-per-sq-it cost of this subsys-
tem Is more than 50% higher than
the average cost of conventional
electrical work. But tha added flexi-
bility, convenience, and reduced
maintenance and alteration costs ot
the subsystem produced by Indus-
trial Electrical Contractors, Ltd.
{ISC) more than offset its reletively
high first cost.

The IEC elaclric-electronic subsys-
tem offers unprecedented freedom
in relocating, adding, or removing
electrical oullels. Key to the sub-
systern is a 4-ft-long distribution box
that consolidates all interior electrl-
cal services—347-voit lighting, 24-
volt light switching, 120-volt utility

24

power, and low-voltage comniunica-
tion circuits—for PA, intercom,
clocks, and fire alarms. Located in
the ceiling space at grid intersec-
tions 60 ft apart, tha cistribution
boxes serve <urrounding areas
within a 42-ft radius—the maximum
distance of any point from the 60-ft
grid intersections.

Specially designed extension cords
{cordsets) carry these electricai cir-
cuits through the celling to desired
outlet points. These cordsels are
protected with thick viny! jackets re-
quired by fire regulations. They are
equipped with unique pin-plug con-
figurations, so they cannot be acci-
dentally misconnected to conven-
tional extension cords. A snap-in
locking device assures the integrity
of the connection.

tEC has several techniques for
shielding the subceiling extensions
of the cordsets. Cord extensions will
fit inside demountable partitions.
Where outlets occur on the inside
face of exterior walls, or on perma-
nent masonry partitions, special
floor-to-celling channels are
mounted on ‘hose surfaces. Made
of lightgage steel, these channels
measure 2 X 11 in.in pdan cross sec-
tion. They are equipped 10 mount
clocks,manual fire alarms, intercom
speakers, amplifiers, aad light
swilches,

For the \nore dillicult problem of
bringing electrical service down into
a large open space, 1EC designed
an Ingentous lightgage sieel floor-
to-ceiling ‘'service column,” which




serves the sama function as the
wall-mounted channels. The largest
of these servica columns is roughly
4 x 11 in. in plan cross section. In a
library, for example, an architect
might cluster a-group of carrels,
equipped with everyll...ig from read-
ing lamps to computer terminals to
television piugged into the nearby
service column,

The service column offers almost
unlimited flexibility. It canba located
at any intersection in the 5 x 5-ft
ceiling grid. It is easily assembled,
connected, or dismantled. The win-
ning airconditioning subsystem,
submitted by Canada Electric Co.,
Ltd., and International Telephone &
Telegraph (Canada), Lid., features
rooftop, multizone packaged units
made by iTT’s Nesbitt subsidiary. At
a bid price of $2.92 per sq ft, the
Nesbitt alrconditioning subsystem
barely missed the target price of
$2.80 per sq ft and decisively beat
the cost of inferior conventional
subsystems, whose higher average
costof $3.14 usually omilted cooling

The Nesbitt eward scored another
impressive systems-building victory
tor zoned, factory-packaged air-
conditioning over central aircondi-
ticning subsystems. The massive
chitlers, 1an assemblies, and large
cooling towers required for large
central subsystems are fading com-
petitively as field labor costs con-
tinue skyrocketing. The rooftop Nes-
bill packaged units barely beat a
Q ir multizone subsystem. But it

EMC! beat three types of central

airconditioning, ranging from $3.63
to $3.86 per sq ft. The Nesbitt air-
condition .g even demonstrated
lower maintenance costs than cen-
tral subsystems, which are generally
conceded o be more durable.

Basically, the Nesbitt aircendition-
irg is an “all-air"" subsyslem (i.e., no
piped water) supplemented with
electricbaseboardheating elements
or wall-mounted convectors. The
high operating cost of electric heat-
ingisreducedbyuseof heatedliquid
refrigerant, used to cool interior
space in moderate weather, to heat
tho air circulated to peripheral
spaces. The main electric heating
elements work only in the coldest
weather. Outdoor air *. used for
<onling at outdoor temperatures be-
low 55F.

Alir distribution illustrates the open-
syst ncompalibility required bythe
SEF performance criteria. The Nes-
bitt subsystem could work either
with special rectangu'ar diftusers
furnished by the airconditioning
contractor or with linear diffusers
built into the lighting-ceiling subsys-
tem.

As the bids turned out, the linear air
diffusers were used. Flexible alumi-
num duct segments connect 12-in.-
diametar rigid fiberglass supply
mains to the .netal ceiling coffers.
Return air travels through the ceil-
ing plenum 1o the main vertical air
shaft, 5 x 10 f1 1n plan. This shafi
also conlains 10 supply ducts plus
control wiring.
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Flexitility is achieved as follows:
Each packaged airconditioning unit,
located in a rooftop penthouse,
serves 4,000 to 8,000 sq fl. For each
“mechanical module,” there are 10
basically controlled zones serving,
say, B0O sqg it. Primary control for
each of these zones is achieved by
varying the proportions of hot and
cold alr through damper 2djust-
ments in the vari~ - zones' mixing
boxes. To achleve individual lem-
perature control in small 1560- to
200-sq-ft spaces within each zone,
open-vire elestric heating elements
are {ur can be) added to all but the
warmest cnace within each zone.
The heating elements respond to
thermostatic demand for warmer air,
warming the local air above t"e ba-
sic temperature In the supply main.

An electronic Master Logic Panel
monitors and coordinates healing
and cooling demands from all air-
conditiored spaces for maximum
operaling aconomy. Mechanical re-
frigeration turns on only when a
zone control sensor detects a need
for more cooling than the outside
air can supply. In a similar manner,
mechanical refrigeration lurns off
whenever oulside air temperature
drops below 55F,

Sound isolation Is aided by lining
ducts with 1-in-thick fiberglass In-
suletion. The refrigeration compres-
sor is mounted on springs to damp
its vibrations and prevent transmis-
sion of vibration (and consequent
noise irritation) through the build-
ing. Even the refrigerant {ines are
isolated from the compressor with

87

flexible, braided couplings. Other
equipment i« simitarly isolated from
the structure: main Slower motors,
fan shaft assemblies, condenser and
exhaust fans. Acoustica! insulation
is applied to the underside of the
refrigerant deck panel.

Casework, made of brightly colored,
self-skinning rigid polyurethane
foam, is anotherinnovative SEF sub-
system. The 400 parts furnished by
manufacturer Cameron-Mclindoo,
Ltd., can be assembled into an al-
most Infinite number of combina-
tions. This versatitity enhances their
utitity and reducesaste. Tole boxes
become drawers fitted into case-
menls. A flat panel serves eithe, as
a teacher’s d'esk top or as a vertical
divider. Desks have legs that chil-
dren can adjust for height. Shelves
are fitted and locked In ptace by
spring-foaded dowels. A special de-
vice converts a standard horizontal
table into a tilted drafting table.

In addition to its primary storage
and related functions, the casework
serves as visual insutation, For small
children in an open school, visual
Insutation may be more important
than acoustical insulation, accord-
ing to Peter Tirion. Semi-partitions
inade of 6-it-high casework can form
a suitable visual barrier to hide dis-
tracting movement from smail, rov-
ing eyes.Withits bright, warmcolors,
the casework also enlivens tho SEF
interlors.

SEF's Significance

Beyond its local goals of oblaining
better value for money and enhanc-
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ing the environmental quality of
Toronto’s schools, the SEF program
had a2 more ambitious long-term
goz!, stated by ex-technical director
Rod Rebble:

“SEF wants to build up a large gool
of systems-building suppliers for fu-
ture projects in Canaca and the U.S.
it we can help find markets for prod-
ucis of the unsuccessful bidders, we
will take a big step toward creating
a truly open system. Each of the al-
most liniitless combinations of com-
patible building subsystems would
form a building system with its own
unigue cost and performance char-
acteristics.”

The first SEF building system gen-
erated strong architectural contro-
versy about the stark exterior pre-
cast concrete walls. These walls are
included in the SEF system, but in
the SCSD program exterior walls
were left 1o the discretion of the
Individua! school’s architect. Both
these appioaches raise criticism.
SEF for forcing an architectural ver-
nacular upon the public, and SCSD
for permitting dasigners to clad
structures with ill-fiting, custom-
made garments.

In Toronto, SEF staff members agree
that tha walis are stark, but defend
them as satislying the best combi-
pation of cost, function, and aes-
thatics. Later schools were built with
exposed aggregate panels that con-
trast with smooth spandrel beams

to relieve the monotony of plain

consrete.

3 4

Although SEF is not an unqualified
architectural success, its value as a
model of the system-building proc-
ess scores high. No previous pro-
gram has so thoroughly and so ben-
eficiently changed the rotes of the
puilding team members. The major
change is the expanded role of the
manufacturer. His previously un-
tapped potential was more fully ex-
p'oited in the SEF program than
ever before.

One example is the manufacturer's
role in acccmmodating framing de-
flection above a partition tied to the
structure. Formerly this was a prob-
lem for the architect-engineer who
had to design a detail for it. \Snder
SEF it was a manufacturer’s prob-
lem, a "mandatory Interface” o~
which the structural manufacturer
and the partition manufacturer had
to work cooperatively to prevent
buckling of a partition under atrans-
fer of loading.

Such problems {ogically belong to
manufacturers because they have
the expertise and the production ax-
perience to solve thern. Contractors
and manufacturers have perennially
criticized archilects for designing
impractical details that are difficuit
either to produce: or lo install or
perhaps both,

In the SEF program the manufac-
turer was given fult scope for his ex-
panded rele. He was not restrained
by the inhibiting specifications of
the convenlional construction proj-
ect. He was required 1o consult and
cooperatewith other manufacturers.




Allernate rows ol wall panels contrast
smooth concrele with exposed aggregate.

Aruitoxt provided by Eric:




¥ em b, b e

Toronto was fi°s* i include exterior walls

as a subsystem.
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| He even had to concern himnself with
+ aesthetics.

s The most basic gain offered by sys-
'} tems building is, of course, produc-
| tion efficiency. The expanded SEF
4 market created an entirely different
"g competitive climate for Westeel-
4 Rosco, Ltd., the winning partition
- contractor, At $3.5 million, the SEF
partition contract was one of the
argest contracts Westeel-Rosco
# ever got, according to Hank L.
LeveIt manager of the company’s
_f' Systems Division.

“The large SEF market enabled us
to invest about $150,000 in R and
D,” says Levelt. “That's more than
2 the total partition contract on one
isolated school. We built an auto-
3 mated production plant, desighed
% especially to turn out SEF partitions.
2 Computerized production control
cut about 15% from our normal
low-volume custom-fabricating
methods ”

‘Because of the pred|ctable quant|-
3 ties ‘of solid panels, doors, etc,, the

LR

N

o

e

before the remaining SEF schools
4 are under construction. By stocking

the demand curve and averts drown-
A ing in- the rood of orders when the

4 no guaranteed mass market and all
y 22 ‘schools going out for separate

arch and development, no com-

WesteeI-Rosco plant can produce a.
1 large suppIy of partition panels long -

4 these panels, the company smooths .

-_t_)lds, there would have been no re-

puterized, automated production
plant, and no innovation.

Though the manufacturer takes over
some of the architect's traditional
functions in a systems-building proj-
ect, the architect’s role nonetheless
remains crucial. On Toronto's SEF
schools, architects can devote full
attention to the creation of a stimu-
lating educational environment.
They can forget about window
caulking, roof flashing, and other ir-
ritating details that have tradition-
ally deflected them from larger con-
cerns. Under the systems-building
ccencept, responsibility for that
phase of the work goes to the ex-
perts who understand it, the product
manufacturers.

The architect's role retains most of
its former importance despite its
change, but the general contractor

plays a truly different role on a sys-

tems-built project. On an SEF
schoo!, the general contractor is no
longer a broker selecting subcon-
tractors and taking bids. His role
changes to that of a construction
manager, a professional charged

with scheduling and coordinating -

the work of the subsystems contrac-
tors. The general contractors :who
rose from the carpenters’ ranks and

remain dedicated to the old ways -

will be out of place on a systems-
built project, except perhaps as

: foundatlon contractors

As demonstrated by the Metropoli-

- tan Toronto School Board, an active
-owner role is vital to successful sys-
“tems ' building. Owners who want

good buildings cannot afford to rely
passively on professional and in-
dustrial experts. They must play an
active role, as the Metro school
board did in creating an atmosphere
conducive for labor and business *o
negotiate contentious issues long
before construction started.

After protracted negotiations Rod
Robbie persuaded the Canadian
Standards Association to become
the testing consultants for SEF to
inspect and certify fabrication and
installation of subsystems. This
practice could be the precursor of
national systems’ certification, ex-
tending the principle of Under-
writers’ Laboratories or Factory
Mutual's fire-resistance labeling into
the general field of building prod-
ucts. If similar agencies in the U.S.
assume this role, and if the CSA ex-
pands into other systems-building
programs, the stimulus toward so-
phisticated testing and performance
criteria will propel the building in-
dustry into a new era of technologi-
cal progress with economy and
quality for all.
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MONTREAL'S RESEARCH
IN SCHOOL FACILITIES
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Precast concrete frames affer versatila LUL

planning In three directions. Concrete
meets Montreal’s stringent fire codes.

The closed building system devel-
oped for the Monireal Cathollc
School Commission (MCSC) had to
satisfy severe user requirements.
Thisisbecausethe MCSC,the larger
of Monireal's iwo separate public
school systems, is following a rec-
ommeandation of the Parent Reporst
on education in the Province of
Quebec 10 build comprehensive (in
French, polyvalent) schools [n place
of sepatate academic and voca-
tional secondary schools. A com-
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prehensive school's greater range Scientifiques (IRNES). efL [s con-
of spatial uses naturally impoess tributing one-third of the $1 million
more rigorous user requircments cost of the RAS study, and MCSC
than a more specialized school, the other two-thirds. Like Toronto’s
either vocational or academic, SEF program, RAS is seekinj con-
’ ‘ struction economy, long-term main-
The Research In School Facllities tenance economy, quality, flexibil-
(Recherches en Aménagement ity andspeed.
Scolalres—£AS) is part of a larger
study of education undertaken for Technically, RAS is significant as
the MCSC by the Montreal research  the first North American schoot sys-
Q itut de Recherches et de tems-building program with a con-
\E MC:atlons Economiques et crete structural frame. One reason
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for this is that concrete has a nat-
ural advantage over structural steel
in a jurisdiction governed by ultra-
conservative fire-resistance provi-
sions. Second, the successful con-
crete bidder, Francon, Ltd., over-
came a long-standing problem of
how to integrate the structural sub-
system with the airconditioning sub-
system.

Montreal’s approach to systems
buil..:ng originally included eight
subsysiems, but these were cut to
five. Several factors contributed to
the elimiration of three subsystems.
'RNES lacked the time required to
thoroughly investigate performance
criteria for all originally ptanned
subsystems and could nol give
manufacturers sufficient time to de-
velop them. IRNES thus eliminated
exterior walls, roofing, and plumb-
ing. Another reason for eliminating
the exterior wall was to leave the
facades for each school to the ar-
chitect's individual expression.

Once this decision was made, the
elimination of roofing as a subsys-
tem was mandatory, because fiash-
ing details at root-wall intersections
wold vary with individual projects,
end this variation would ruin any
possibiiity of a standardized sys-
tems' solution. Failure to placate
labor opposition to prefabrication
helped to kiil the proposed plumb-
ing subsystem.

The remaining five subsystems com-
prised the four basic ceiling-sand-
wich Subsystems — structuig, light-
ing-ceiling, airconditioning, and

partitions — plus electric-electronic.
Early in 1970, a test siructure was
erected to try out the major subsys-
tems and test their interface com-
patibility. For its final five subsys-
tems, RAS anticipates a 13% reduc-
tion from conventional construction
cost estimates.

What made RAS an essentially

closed system, as opposed to the
open SEF building system, was
simply one difference in bidding re-
quirements. In the SEF program,
each manufacturer had {o make his
subsystem compatible with (wo
manufacturers’ subsystems at each
mandatory interface, whereas the .
RAS performance criteria required
compaubility with only one manu- !
facturer at eachinterface.

The RAS manufacturers thus bid as
closed-system teams; the total price
of five subsystems competed against
simitar bid totals tendered by com- !
petitive teams. In SEF's open bid- |
ding, each bidder bid as an individ-
ual; the loweslt bidder with a satis-
factory product in each subsystem
calegory won that contracl.

Though the number of manufac-
turers bidding on each program was
comparable, the difference in total
building systems is startling. In To-
ronto, SEF identified 13,000 differ-
ent building systems claimed to be
compatible by the bidders; in Mon-
treal, IRNES idenlified only 11 such
systems. Of these 11 building sys-
tems, only 3 satisfied the budgel
limitations set by the MCSC. In the :
SEF prograrn, which was governed




by the sai..e conventional construc-
tion cost limit, 4,000 identified build-
ing systems qualified.

Efficient Integration

Defending the RAS closed-system
stiategy, architect Michel Bezman,
IRNES technical director for tre
RAS program until mid-197¢, cites
better hardware as the chief advan-
tage of closed-system bidding.

“By requiring documented compati-
bility among our five subsystems
bidders, we think we got technically
better, more architecturally elegant
subsystem integration than SEF.
From each manufacturer, we de-
manded details showing precisely
how a subsystemy was integrated
into at least one complete building
system. SEF required only a state-
ment from the manufacturer that his
subsystem was integrated with
others.”

“In addition to better integration, we
think we got betlter prices,” says
Bezman. “Because a manufacturer
was required to detail a practical
technique for integrating his subsys-
tem at each interface, he knew pre-
cisely what material and labor it
took to integrate his subsystem with
otheis--so0 many steel angles, {ield-
welded, or whatever. With this intor-
mation, he could bid an exact price.
In SEF, however, each manufac-
turer might have included a little
extra in his bid, to allow for unfore-
seen contingencies.”

bitity, Bezman recalls that a struc-
tural and ceiling manufacturer
claimed compatibility, but had
omitted required secondary bracing
members. The IRNES staff found
the omission, but Bezman doubts it
would have been discoveredin SEF.

Moreover, after the tentative bid
award immediately before meck-up
testing, SEF was deeper in the dark
than RAS, says Bezman. IRNES
knew precisely what kind of connec-
tions, component supports, dif-
fusers, and other hardware elements
it was getting. In the mock-up test
building, the IRNES staff checked
tolerances, architectural appear-
ance, and unforeseeable bugs. SEF
had to test not only the foregoing
items, but also the manufacturers'
integrative concepts.

As the best example of RAS subsys-
tem integration, Bezman cites the
graceful transition between Lennox
Industries' airconditioning ducts
and the Electrotier Corporation’s
lighting coffers. From a strategic
grid of fixed, rectangular steel ducts,
short vertical cylindrical fiberglass
sections feed air down into cruci-
form plenum boxes located at the
common corners of four light-ceil-
ing coffers. Any arm of this cruci-
form plenum box can be designed
for tinear air dilfusion, with the steel
light coffers forming the bottom half
of the diffuser duct segments. Linear
diffusers, with varied baffle patterns,
can deflect air in any direction

Aircondiiioning and lighting components
integrate gracefully in ceiling.

Q ; an example of the advantage of
E MC quired documentation of compati-

through the lighting coffer joints in
the ceiling plane. Where diffuser
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Stirrup, second component from top,
holds ceiling coffer (botlom}. Alr ducts
(not shown) sit atop stirrup.

Full Tt Provided by ERIC.

LE RIC

duct arms are omitted, the plenum
box is sealed with a hexagonal
cover, and the joint betwean light-
ing coffers can serve as an air return
to the ceiling plenum, which con-
veys air back to a mechanical room.

According to Bezman, Electrolier
could readily adapt this integrative
concept to accommodate another
manufacturer's airconditioning sub-
system.

As another example of superior sub-
system integration, the technique of
supporting lighting-ceiling coffers
and airconditioning ducts displays
the advantage of closed-system in-
tegration. Hanger bars, field-welded
to plates precast into the soffits of
the precast concrete floor {raming
members, support lightgage steel
stirrups shaped like .n elongated
inverted U. The vertical legs of these
stirrups support the (typically) 5x §
ft lighting-ceiling coffer frames.
The horizonlal legs of these stirrups
support metal airconditioning ducts,
rectangular in cross section. This
inganious double-duty stirrup re-
sulled from the close collaboration
of manufacturers concerned with
perfecting only ona closed building
system, according to Bezman.
Open-system bidding, he says,
would have hindered the stirrup’s
development.

The RAS highting-ceiling subsystem
Is elegantly integrated also at the
ceiling plane. tn a common 1¥-in.
open joint left between ceiling
{rames (normally at the 5 x 5 ft grid
lines) you can insert an air ditfuser,

\3 )

designed to throw air in different
directions; leave it oren as an air
return to the ceiling plenum; close
it with a U-shaped metal strip; or
anchor a partition with a teles<opic
head detailed 1o accommodate the
worst structural deflection. As still
another (fifth) possibility, the RAS
building system’s electrical-elec-
tronic service coluimns atiach to the
ceiling in the same manner as the
partitions.

Integration of the precast structural
system with the airconditioning re-
quired another major adaptation.
Concrete beams are usually formed
with solid webs that force designers
to hang airconditioning ducts below
them. In contiast, the lightweight
steel trusses generally used in
school building systems pProvide
easy access for ducts to penelrate
their abundait triangular web cpen-
ings. Designing concrete girders
with rectangular openings to accom-
modale ductwork requires special
design to resist shearing stresses.
It also requires some minor, but
nonetheless additional factory work
in form!ng the openings. The struc-
turat subsystem contractor pro-
duced girders with ample web open-
ings designed for easy piercing by
airconditioning ducts. These girders
are precast with two columns to
form a portal frame that looks like a
soccer goal post. The Irames carry
precast double or single T sections
spanning up to 80 fi which form the
Hoors or roofs,

Structutal concrete was favored by
the unusually severe Monlreal fire
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code, which requires much greater
fire resistance than the Toronto
code or most modern U.S. codes.
For four-story buildings—the height
limit for both SEF and RAS schools
—the Montreal code requires a basic
3-hour rating, with 4 hours for such
key structural elements as columns
and bearing wal s. (To qualify for a
given fire raling, a building com-
ponent must withstand a test fire of
progressively rising temperature to
2000F or so.) Toronto requires only
a basic 1-hour fire rating, with 2
hours for columns,

To gain a given fire rating for con-
crete is relatively simple; you merely
use a more porous aggregats and/
of increase the concrete coverage
over reinforcing steel. Structural
steel, however, requires a fire-re-
sistive envelope or encasement to
avold the sudden buckling coltapses
characteristic of fire-weakened
steel.

In Montreal, merely to open the
competition to structural steel re-
quired lengthy negotiations with the
city’s building code officials. Before
RAS, Montreal's uftra-conservative
code required direct encasement of
steel fram’ng with concrete or other
fire-resislive material. IRNES con-
vinced the code officials to reduce
this requiremant to methods ap-
proved by Underwriters’ Labora-
tories and Factory Mutual. These
agencies test and lire-rate floor-
ceiling assemblies as whole units,
consistent with actual conditions

Even in its self-imposed perform-
ance criteria (i.e., requirements be-
yond the statutory requirements for
safe construction) the RAS program
is alittle more severe than SEF. The
RAS partitions, for example, satisfy
the best acoustical performance cri-
teria yet required in @ school-con-
struction program (STCA40)}, yet at
2Vy in. thick, they are the thinnest
partitions made for systems-built
schools. {Coinpared with conven-
tional 4-in.-thick partitions, these
2Va-in.-thick partitions add 7 sq ft of
usable floor space—nearly 1% 10 a
30 x 25 ft interior ctassroom.) Manu-
factured by B. K. Johl, Inc., these
metal-faced partitions can be dis-
mantled for relocation or for re-
placement ol only one face, like the
SCSD and SEF partitions.

The RAS electrical-electronia sub-
system exemplifies sophisticated
systems building. Like SEF's, the
vasic RAS electrical distribution is
inthe ceiling space. Bulit eliminates
all horizontal wiring runs below the
ceiting (the runs that cause the
greatest dilficulty in renovalion
work). Thus, RAS went further than
previous developments in systema-
tizing this subsystem.

The electrical-eleclronic subsys-
tem’s integration with the partitions
is especially ingenious. Vertical wir-
ing extensions fram the ceiling can
be threaded through spectally de-
signed metal door jambs, or through
tubular partitivn joinling sections,
to reach light switches. Elimination
of conduit runs inside partition

cross sections also permiis use ol
thin, space-conserving partitions,

Exploiting Evolution

Explaining why he believes the RAS
program produced better hardware
than SEF, Michel Bezman resoris to
an evolutionary view of systems
building. Like SCSD, RAS is part of
a second stage in systems-building's
evolution. Ultimately, architects will
fil tog =ther building subsystems and
components listed with perform-
ance characteristics in a genera!
systems catalog.

This third, and final stage of systems
building will offer widespread open
competition among building prod-
uct manutacturers selling products
ct general compatitlity, with vary-
ing performance characteristics
suited to individual requirements,
tastes, and budgets. A general open
building systems’ catalog would
contain, for example, a broad spec-
trum of lighting-ceiling subsystems.
Each would be compatible with a
wide range of modular structural
framing, airconditiening, partitions,
electrical-elecironic, and other in-
terfacing subsystems. Weighing the
dilferent factors—acoustical quality,
architectural appearance, durabit-
ity, interchangeability of panels,
lighting intensity, quality, lexibility,
and price—an architect would select
the particular model he desired.

SEF, Bezman says, may have sacri-
ficed quality and possibly some
slight economy in attempting to leap
prematurely from the first to the
third stage of systems building.

O ienced in a building.
ERIC
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g The tirst stage of systems building

- slarted in Europe after World War |I.
tndustrialized housing production
was the only way to reduild the war-
ravaged countries. A continuing pro-
gram of government subsidies gen-
erated the required heusing volume
to justity mass production. indus-
trialized construction of schools was
first used in Great Britain. It reached
a high leve! with the Consortium of
Local Authorities Schools Program
(CLASP}. Although the CLASP build-
ing system offered litue real flexi-
bitity, it did slandardize a set of
modular dimensions and offer some
competition ameng various md.nu-
tacturers furnishing standard build-
ing tomponents.

The early building systems lacked
one of the two requisites of systems
building. The European industrial-
ized builders neither analyzed user
needs nor defned the functions of
the various subsystems. They set no
new performance criteria or manda-
tory interfacing requirements with
othar subsystems. Until CLASP be-
gan offering some minor options,
European industrialized builders of-
fered no real user flexibility at all.
Floor and roof spans, parlition loca-
tions, utilities, etc., were either to-
tally or virtually frozen. In his orig-
inal design, an architect had no
freedom; he was stuck with a stock
set of room sizes and arrangements.
His only design treedom entailed a
choice from several commercially
uvailable exterlor well finishes.
~ @ Trench schools buill with a
E Mc‘ary precast concrets *'build-

Aruitoxt provided by Eic:

ing system’ froze the building into
the famitiar eggcrate, with no possi-
bility of change.

Thus in the North American sense of
the term, these early buildings did
not qualify as true building systems,
according to Bezman. They merely
industrialized the traditional build-
ing process—perfecting production
techniques for casling and curing
precast panels, creating sophisti-
cated jointing details, and solving
other technical problems. By greatly
reducing the unceriainties and ex-
pense of fie'd labor, i.e., by maxi-
mizing factory production, they did
cut construction costs. But they of-
fered essentially the same tradi-
tional building product to users.

The RAS program itlustrates this dif-
ference between the traditional and
tha systems approach in analyzing
user needs. In traditional school
programming, the architectis simply
1old to provide so many classrooms,
with so many square feel. The RAS
program had lo go much deeper in
analyzing the user needs for MCSC.
RAS buildings must accommodate
nongraded education with its added
demands on a school ptant.

From the Montreal educators, the
RAS staff requested fiow charls de-
picting the activities for teaching
each subject. From these flow
charts, they saw that, for example,
no single specialized geography
room could salisly all the needs. A
school needs targe spaces for mass
lectures 10 groups ol 10010 150 by a
university professor on taped TV

Y
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film. It also needs smaller spaces,
possibly inciuding traditinnal class-
rooms, for explanation and discus-
sion in groups of 12 to 30. Finally, to
complete the final assimilative stage
of the educational process, the
school needs different spaces, wilth
electrically-electronicatly equipped
carrels, for individual or team re-
search projects. Viewed afresh in
this fight, school design becomes
the problem of creating a suitable
environnient for a changing teach-
ing-learning process — not nierely
the provision of so many static
teaching spaces.

With the analysis of user needs, sub-
system functions, and performance
criteria, first achieved in California’s
School Construction Systems Devel-
opment (SCSD) program, systems
building moved .into its second
stage. We are still in the second
stage, according lo Bezman, and we
can't force the evolutionary process
without inevitable Icss in technical
quality Industry must have time to
analyze the complex interfacing
problems—studying, for example, al-
ternatives in fabrication lechniques
and field assembly. As a simple
ilfustration, the field-welding tech-
nique for connecting the RAS ceil-
ing stirrups to the structural sub-
system may be more economically
replaced by sorme kind of threaded
insert designed to accommodate
harizontal dimensional tolerances.
Perfecting these techniques takes
time.

Thepreviously cited numbers—4,000
financially qualifying subsystems for

5/
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SEF vs. 3 for RAS—depict the differ-
ences between SEF's open-system
approach vs. RAS's closed-system
approach. Inspired by the principle,
“Variety is the spice of competi-
tion,” the SEF staff rated the stimu-
tus to competition higher than the
benefits of thorough and immediate
coordination of subsystems. The To-
ronto approach trades additiona!
post-bid development for greater
competition. In contrast, the Mon-
treal approach sacrifices a probable
loss in future conipetition to earlier,
superior integration of components.

The question of which route is best
—openuor closed—canti:a answered
at least until the next stage of the
SEF and the expected continuation
of the RAS program. Viewed in a
broad perspective, the open- vs,
closed-system controversy mergly
concerns a different strategy aimed
at the same target. At bottom, it pits
two opposing opinions on industry's
capacity to respond to competitive
pressure.
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The success of SCSD, which was
the first systems-built school pro-
gram in North America, encouraged
other stutes and cities to explore
their own paths to systems building.
Until California built its systems
schools, designers and educators
had only been able to project the
benefits of the buildings and the
education programs in terms of
school experiences in oiher coun-
tries. SCSD gave everyone a chance
to see that systems worked in the
U.S. economy.

The initial success was scored un-
der open public bidding both for the
components and for contracts to
build individual schools using the
components. This differs from the
usual Eurvpean pattern where one
manufacturer dominates the design
and construction of the buiiding.

The complected schools also suc-
cessfully demonstrated that they
possessed all the predicted virtues
of variety of space and fiexibility to
accommodate change. And, since
these virtues stemmed from a build-
ing constructed with components,
owners of commercial and indus-
trial buildings adopted systems con-
struction. Thus SCSD sired a family
of systems buildings that is still
growing.

More than 1,300 schoois, a construc-
tion volume valued at $1 billion-
plus, contain one or more subsys-
tems developed through the SCSD
program. In ever growing numbers,
building product manufacturers are
-ompeting in the burgeoning sys-

RICs

tems-building market. For each of
the four major subsystems intro-
duced by SCSD—structure, aircon-
ditioning, lighting-ceiling, and relo-
catable partitions—from 6 to 12
manufacturers are qualified to com-
pete. Most of these subsystems are
available on a nationwide basis.
Local school boards all over the U.S.
have adapted SCSD performance
criteria to their own local require-
ments. While conventionai buiiding
costs have been skyrocketing over
the past several years, systems-
building costs have remained rela-
tively stable.

The spatial flexibility provided by
these new subsystems has already
proved its feasibility and economy.
In several SCSD high schools, the
staffs have made extensive changes
required to adapt their schools to
modern instructional techniques.
From a practical viewpoint, these
changes would have been impos-
sible in conventionally built schools
with fixed partitions.

Nonetheless, despite their achieve-
ments, many SCSD schools fell
short of the potential created by the
new hardware. Successful use of
the SCSD building system requires
a skill, imagination, and sensitivity
still lacking among many U.S. archi-
tects; SCSD project architects did
not produce instant educational
utopia. Despite the availability of ex-
cellentsound-damping components,
the architects failed in varying de-

_grees to create a suitably quiet
learning environment. Human errors

and the ubiquitous communications

gap hampered the program. Suc-
cess depended chiefly on the skill 2

of each project architect. But to a
comparable degree, school admin-
istrators and school boards share
credit or blame.

Another factor must be weighed in
judging SCSD schools. As 5 new
program inspired by high, even
naive hopes, SCSD suffers the lia-

" bility of being judged against an

ideal rather than a realistic stand-
ard. Even the critics admit that
SCSD schools are generally far bet-
ter than conventional schools.

SCSD’s mission was widely misun-
derstood, even by some architects
who participated in the program.
The goal was never political, to per-
petuate an administrative empire
extending through the state of Cali-
fornia. The goal was merely to stim-
ulate systems buildings. SCSD
hoped to educate manufacturers,
architects, engineers, contractors,
and school boards to adopt the sys-
tems approach, which had been
used so successfully in Europe. The
developing free-wheeling competi-
tion springing from SCSD’s original
school construction program, with
one manufacturer’s subsystem com-
peting against another’s, is precisely
what the program’s sponsors hoped
it would produce. The disappear-
ance of the First California Com-
mission in School Construction Sys-
tems, the lega! entity created to
conduct the bidding of the SCSD
components was not only antici-
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pated, but planned. Yet at least one
participating architect interpreted
this disappearance as a program
failure.

SCSD's Birth Pains

California became the logical U.S.
choice for a systems-building pro-
aram because of its rapid growth
into the nation's most populous
state. By the early 1960's, Cali-
fornia was building 40 classrooms a
day, al an average statewida
school construction volume of $300
million a year. Moreover, despite its
strong ultra-conservatives dedi-
caled to preserving traditional
modes of education, California has
many venturgsome educators eager
to experiment with new educational
concepts, techniques, and tacilities.
More than any other state, California
needed new schools, built fast and
economically, equipped to accom-
modate new instructional tech-
niques. Standard school plans, the
perennlally proposed solution in
those days, had been rejected be-
cause (a) they provide no demon-
strable economy, and (b) they pro-
vide no flexibility for varied school
needs. To find an allernative solu-
tion, Architectural Forum and efL
sponsored a national conference on
the problem in September, 1961. In
attendance were Charles D. Gibson,

Chiel of the Bureau of School Plan-
ning, State Department of Educa-
tion, Sacramento, Calilornla:
Anthony Part, Depuly Secretary,

© rof Education, United King-
EMCVarren Schmidt, Ass'stant

Commissioner, New York State Edu-
cation Department; Rufus Putnan,
Superintendent of Schools, Minnea-
polis, Minnesota; William Pena,
paitner, Caudili Rowlett Scott, archi-
fects, Houston, Texas; Ezra Ehren-
kraniz, architect; J. Stanley Sharp,
partner, Ketchum & Sharp, archi-
tects, New York City; John Hinch-
fifte, Director, Commercial Prod-
ucts, Northrop Corp.; W. W, Dedon,
Project Engineer, Northrop Corp.;
George E. Martin, Director, Market-
ing Research & Distribution, Kaw-
neer Co.; Dr. Harold B. Gores, Presi-
dent, erL; Jonathan King, Secretary,
£FL; Douglas Haskell, Editor, Archi-
tectural Forum; and Walter Mc-
Quade, Senior Editor, Architeclural
Forum,

The participants agreed that mass-
produced building components
could meet the demand for stand-
ardization and still provide the
broad range of solutions insisted
upon by architects and educators.
They also agreed that, to accom-
plish this, someone would have to
create a market for about $30 mil-
lion of school construction,

To start the ball rolling, Frank Fis-
calini, a schoo! superintendenl from
San Jose, Calif., offered 3 proposed
schools from his district as the
nucleus of the required $30-million
market that would eventually ln-
clude 13 schools.

Buoyed by this enthusiastic lead,
efL financed a $50,000 feasibility
study by Stanford University's
School Planning Laboretory which

AN
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led to the formation of SCSD in early
1962. Ezra D. Ehrenkrantz, a San
Francisco architect eager to adapt
lessons fearned from two yearson a
Fulbright scholarship in Great Bri-
tain studying Industralized school
building programs, was appoinied
SCSD project architect. His educa-
tional counterpart was Dr. James
Laurits, a former Palo Alto high
school principal. (Dr. John R. Boice,
of Stanford’s School Plarning Labo-
ratory, succeeded Laurits as SCSD
project coordinator in 1963, and
now heads the EFt-supported Build-
ing Systems Information Clearing-
house.} The Schooi Planning Labo-
ralory served as the grantee admin-
istering the program.

The young SCSD staft got plenty of
organlzational supporl. An advisory
committee comprising distinguished
architects and educators from all
over the U.S. was created to monitor
developmential work and counsel
the statf on specific problems. The
California State Department of Edu-
cation, through its Bureau of School
Planning Chief, Charles Gibson, ful-
filled its early promise to cooperate.

SCSD’s legal problems began with
the task of creating a legal entity
empowered to assemble the $30-
million market required to sustain
manufacturers’ research and devel-
opment. The 13 originally participat-
ing school districts formed the First
California Commission on School
Construction Systems. After soms
initial doubls, the commission’s
tega! authorily 1o take bids was fi-
nally estabtished. School districts in

>
‘\. -

the state of California can legally

ft

join together to do anything they |

can do individually.

Other legal problems arose. Imme-
diately following the nomination of
five successful component centrac-
tors in January, 1964, a disappointed
loser challenged the validity of per-
formance specifications (used here
for the first time for large-scale con-
tracts for building products) as a
legal basis for awarding bids. (For

some unexplained reason, this ques-

tion had not occurred to the suing
manufacturer six months earlier ata
pre-bid conference, wherethe SCSD
staff explained the performance
specifications.) The Commission
success ully defended itself against
the lawsuit, and the awards stood.

Despite hundreds of meetings with
architects, engineers, contractors,
and subcontractors, other misun-
derstandings arose, notably protests
from structural engineers using the

Inland Steel Products Company's .

structural subsystem on the various
school projects. The structural en-
gineer of ore project even refused
to put his seal on the structural

drawings, thereby disavowing the

required professional responsibility.

(He argued that the manutacturer -

should assume responsibility for the

structura! design.) In settiing these -

disputes and resolving misunder-
standings, the SCSD staff estab-
lished a solid basis for succeeding
systems-built projects.

Uzra Ehrenkrantz attributes the final '

success ©° the SGSD program o
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rough equality of sacrifice as the

price of obtaining cooperation

among the various building industry

groups. Manufacturers had to put

more effort into new development;
" unions had to accept more prefabri-
. cated components; architects and
. engineers had 1o work from unfamil-
. iar new catalogs; general contrac-
; tors lost their treedom of choice in
selecting subcontractors for com-
ponents representing roughly half
the total contract price. Functions
and responsibilities were drastically
changed or reapportioned. But no
one group had to bear the entire
burden.

Evolution, Not Revolution

A naive disillusion with SCSD set in
after the initial wave of publicity, ac-
cording to architect Chris Arnold, a
former SCSD staff member and vice
president of Building Systems De-
velopment {BSC), which is hcaded
by Ehrenkrantz, It occurred after
thousands had visited the SCSD
mock-up building and the SCSD
story had reached the Reade!’s
Digest and other magazines and
newspapers.

"At first acquaintance with SCSD,
some school administrators thought
they had discovered a panacea for
thelr school construction problems
—faster construction and a better
school al 10% 10 20% cost saving,”
says Amold. "But when they con-
tinued thelr inquiries inlo systems
building, they discovered that it
wasn't easy magic. They had 1o
¢ O eir standard methods of

Aruitoxt provided by Eic:

soliciting and awarding bids; they
had to retain sophisticated archi-
tects who were informed about sys-
tems building.”

Now that the initial disappointment
has been dispelfed, progress in sys-
tems building is proceeding at a
sure, steady pace, according to
Arnold.

"Systems still encounter tremen-
dous inertia. Like other building in-
dustry changes, it's coming by slow
evolution, not overnight revolution.
But school subsystems are quietly
entering the building industry's
mainstream. Manufacturers, con-
tractors, and school boards are
learning the new process."”

Interest in systems now stands at an
ali-time peak, according to John
Bolce of Building Systems Informa-
tion Clearinghouse (BSIC). 3SIC is
financed by efL to maintain industry
liaison on systems building and 1o
make information on systems build-
ing available to schools, colleges,
architects, engineers, and manufac-
turers.

Published BSIC matrixes demon-
strate the evolution of the original
SCSD system into an cpen building
system. There are now, tor example,
11 different manufacturers’ lighting-
ceiling subsystems compatible with
the original Lennox airconditioning
subsystem, which is now available
in 3 models. And 9 lighting-cei.ing
subsystems are compatible with one
ot Lennox’s competitors, ITT Nesbitt.

e £¢

Inquiries received by BSIC revea!
the ditfsrent motives underlying in-
terest in systems building. Roughly
40% of the inquiries come from
school boards. Contfronted with rec-
ord building construction cost rises,
they naturally seek economy. But
speed is an equally popular goal.
After procrastinaling beyond their
decision deadlines, some school
boards want the secret of planning
and building a school within six
months. A roughly equal nrumber of
commission-hunting architects seek
information that will enhance their
capabilities and their image as in-
formed systems specialists to im-
presstheir prospective school board
clients. About 10% of BSIC's in-
quiries come from manufacturers
hoping to enter the competition. A
slill smaller number come from con-
tractors confronted with acfal, or
prospective. problems in managing
the construction of svstems-built
projects.

New Products for New Needs

Inspired by the British CLASP buile.-
ing system and other Evropean
models, the SCSD program went far
beyond the standardization and in-
dustrialization that marked its Euro-
pean predecessors.

“SCSD set a precedent for writing
hardware descriptions,” says Rob-
er] Blake, chief of the research and
deveiopment staff in HEW's Facil-
ities Engineering and Construction
Agency. "This first set of educa-
tional pertormance specitications is
one of the mos! important docu-
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ments in the history of systems
building."”

The establishment of optimum spans
for floor or roof framing members
shows how the SCSD staff trans-
lated a simple user requirement into
performance criteria. As a key re-
quirement for SCSD schools, the
educators wanted economical un-
obstrucled academic areas which
would span two conventional 30-ft-
‘wide classrooms. With roof struc-
tural members spanning 60 to 70 ft,
partitions In the predominantiy o1e-
story schools can be arranged for
large spaces without running afou!
of columns traditionally located
along corridors separating two 30-ft
classrooms.

To meet this spanning requirement,
Inland Steel Products developed an
ingenious structural system of light-
weight sleel Joists with lightgage
steel decks serving triple structural
duty. This system was designed by
Robertson Ward, Jr., an architect,
and The Engineers Collaborative of
Chlcago. In addition to its primary
duty as deck support for insulation
and roofing membrane, the light-
gage steel serves as lop chord for
the joists and as a diaphragm trans-
mitting lateral loads to the walls.
{fntegrated with this structural sub-
system, Ward's design of steel light-
ing coftfers, inserted between joists'
webs, also won an SCSD contract.)

Responding to other SCSD perform-
ance criteria, the building industry
nenduced two new commercilally

W packaged airconditioning flexi-
ble enough to accommodate a tre-
mendous range of room sizes and
tayout changes

B an economical set of movable
and relocatable partitions designed
to meet the special problems of ed-
ucation

The genesis and subsequent evolu-
tion of the relocatable partition sub-
system Is a classic illustration of the
systems building process. Included
in the SCSD partition contract were
three basic 1ype§:

B standard fixed
W relocatable
M operable and relocatable

The "operable and relocatable”
category included two subtypes: a
folding panel partition of high
acoustical insulation value,
equipped with a door, to provide a
wall with work surfaces—tack- and
chalkboard; and an accordion-type
partition also of high acoustical
value which did not provide a work-
ing surface. Both operable parlition
subtypes had to be removable by a
trained crew within one week, All
operable partitions had to open
under a 25-1b lateral force so that a
95-1b teacher can handle them.

The key provision concerned the
structural self-supporting fealure
required of these relocatable, oper-
able partitions. in conventionally
designed schools, it is usually pro-
hibitively expensive t6 move an
operable partition. They are nor-
mally suspended from a floor or roof

|

|

I
beam designed to carry the extra
loading. To be acoustically elfec- |
tive, they must weigh at {zast 3 (b
per sq ft. Connection details to the
framing above normally consist of i
bolts and wood blocking. In addition !
to the arduous task of removing |
these connections, relocation of L
operable partitions normally re- |
Guires the strengthening of a beam
supporting the relocated partition, |
usually by expensive field we!ding. '

The alternative to beam strength-‘
ering—predesigning floor and roof |
members to carry operable partition
loads—ceuid raise struclural costs .
by 5% to 10%.

For both folding-panel and accor-
dion partitions, the SCSD solution
was a self-supporting *“goalpost” |
frame. A hidden steel truss {within

the goalpost crossbar) carries the

paniition load. The posts (legs of the
inverted U goalpost {rame) are sta- ,
bilized with connections to columns

or adjoining partitions. To relocate .
the partition, workmen dismantle

and reassemble the entire frame.

The Mare the Merriar !

The SCSD partitions also illustrate
the prolileration of manufacturers
and the continued improvement of
various performance characteris-
tics in response to open compeli-
tron. By October, 1969, at least 12
manufacture:s were working on the
integration ot 19 different partition
subsystems, designed for compati-
bility with a wide range of other sub-
system3 meeting SCSD perform-
ance criteria.

E T Cab1e subsystems:

;;7
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The original Hauserman demount-
able SCSD partition, called Double-
Wall, consists of a steel stud frame
vith steel fioor and ceiling chan-
nels, Steel-wrapped gypsum beard

. panels clip to the frame withoutl me-

chanical fastenirg. The interior

. space bHehind the panels serves as 3

utility raceway. Where higher acous-
tical performunce is required, they

. can be backed with additional

gypsum board pancls.

Removing Hauserman's Dguble-

_ Wall partition is an elaborate pro-
. cedure. It requires the following
. steps:

1 3nap off meta! base strip from

floor channel

Pry off two facing panels
Remove steel studs

Remove electrical conduit
Remove floor and ceiling chan-
nels

hawn

By elim’nating much of this work,
the new Hauserman Ready-Wall
speeds the dismantling process by
15 to 20 times—from 2 lineal {t per
man-hour to about 35 lineal it per

man-hgur.

A spring-loaded stee!l bar anchors

. the Ready-Wall partition to a ceiling
- runyer section; at the floor, ie par-

tition can have rubber feet for bear-
ing on tilfe or continuous rows of
gripping teeth fcr bearing on car-
pet. To remova the Ready-Wall par-
tition. workmen cock the springs
with a special tool that ;eleases the
ceiling-anchered bars' doweling ac-
tinn lThey then simply remove tha

ERIC

ceiling clip, witheut taking the entire
oartition assembly apart.

Hauserman has plenty of competi-
tion in this second generation of
relocatable partitions. some can be
d'smantied at the rate of 70 lineat
1t per man-hour, twice the disman-
tling rate of Reauy-Wall. At the cejl-
ing, these partitions are anchored
with spring-loaded cowels fitling
into key inserts or with magnetized
connectors. On carpeted fioors, they
are anchored with Ve'cro (an ex-
tremely rough-surfaced. friction-
gripping nylon); on tite floors, with a
conlinuous plastic foam pad.

Ti:ese portable parlitions (including
Ready-Wall) are rict. however, direct
competitors of Double-Wall. Thinner
ana lighter, they cannot accommo-
date electrical conduit and plumb-
Ing lines between their facings; they
generally have a tower sound-insul-
ating value; they lack the one-side
face-changing feature of the SCSD
partitions; and the joint gaskets of
some detract from their appear-
ance. In short, they complement, but
do not replace, tne heavier, tnicke-
demountasle ctass of partition.

Alan Smith, of William Blurock &
Partners, an architectural firm in
Corona del hlar, California, which
designed two of Ihe architecturally
distinguished original SCSD
schools, cites zs one example of
these lightveight partitions a parti.
tion made by Advanced Equipmnant
Corporation. Manufactured in 5 x
10-ft units, this partiticn weighs loss
than 3 1b per sq Ht; its total unil

=3
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welght of 125-150 Ib can be readily
handled by two custodians. Fa«ing
panels consistof pressed fibret sard
with vinyl fabric skin. Sandwiched
between them is a honeycombed
paper stiffening core.

“These partitions are generally un-
suitable for high schools, where you
need good acoustical insulation be-
tween classrooms,”’ says Smiih.
“But they are excellent for an open-
plan elementary schoo!, whera the
partitions function more as visua!
barriers and you nieed flexibility for
frequent changes.

“You pay a higher price for these
lightweight partitions. But you re-
caver the additional cust aiter a few
relocations,” adds Smith.

As ancliher substitution for an orig-
inal SCSD subsystem Srnith cites
Lok Products Company's lighting-
ceiling. With its plane ceiling and
luniinescentlighting panels, it ofiers
less 'ighting flexibility (i.e., varia-
tions in direct and indirect lighting)
than the original Inland Siee! Prod-
ucts Company lighting-ceiling sub-
syztem. But where this varie*y is not
needeqd the Lok lighling-ceiling of-
fers lower cost and simpler installa-
tion as overriding asssats. Simply
suspended wi:h wires from the frain-
ing above, the ceiling runners and
infiil panels form a diaphragin pro-
viding the required lateral resist-
ance fo: partitions.

The greatest commercial success
fromthe SCSD programis the multi-
zone, rooftop airconditioning pro-
durced by Lennax Industries. These

7

rooftop units have found uses out-
side school construction--in officas,
shopping centers, recreation cen-
ters, dormitories, and other build-
ings requiring flexiuility. As the
demand for flexible aircongiticning
units expands market opportunities,
however, Lennox faces a growing
list of competitors.

Evaluation of SCSD Schools

Exploiting the use of the advanced
subsystems available under the
SCSD program, architects displayed
the same broad range of ability that
they display on conventional
schools. Because of the heightened
expectatiors of SCSD schools, the
achitect’s role is at least as impor-
tant on an SCSD project as on a
conventioraily buiit school. In ef-
fect, the SCSD program depressed
the scaie of architectural apprecia-
tion: success was appiauded less
enthusiasticlly, failure condemned
more harshly, than on conventional
school projects.

Among the better examples of SC30
scheol desigh s El Dorado High
School in Placentia, Calif., designed
by architect William 8lurock & Part-
rers of Corona del Mar. El Dorado’s
campus-style design suits southern
Califcrnia’'s mitd climate. detween
classes, sludents walk across exter-
ior courts separating indivicual
buildings housing English. Social
Studies. Mathematics, Language,
and other academic departments.

The centrally located library dis-
plays the benefits of SCSD fiexibil-

{
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ity. As part of its function as a multi-
media information center within
easy access of the surrounding
buildings, Ei Dorado’s library con-
tains counseling uffices. Normally,
counseling offices are integrated
with the administrative offices. But
El Dorado’s administrators had good
reasons for departing from the con-
ventional administrative-counseiing
consolidat on. The library location

- offers easy access to counseling

information—job descriptions,
classitications, and available oppor-
tunities for students. Morcover, sep-
aration of the counseling offices
frees them of the disciplinary atmo-
sphere that hovers over the admin-
istrative offices.

"There are sorie liabilities to the
library location,” admits Vice Prin-
cipa!l Jerry Jertberg. "The isolation
causes some inconvenience. Coun-
selors and administrators now have
to schedule meetings once or twice
a week on special problems. But in
gereral, we think the benefits far
outwzigh the liabihties.”

The buiit-in SCSD flexibility per-
mitted £t Dorado to experiment with
this new arrangement without per-
manently living with it. The 65-ft
clear spans of the library roof
trusses free a !arge area for un-
limited fartition relecation. The
flexible airconditioning and lighting-
ceiling subsystems permit the

" school's administraiors to scrap the

Q alplanand relocate the coun-

A FullToxt Provided by ERIC

P[ MC offices whenever they want.

Changes made at nearby Sonora
Hign School, also designed by Biu-
rock's firm, damonstrate the altera-
tion savings altributabletothe SCSD
building componems. (Sonora’s de-
sign, as a single giant building, dis-
plays an extreme in the great range
of architectural concepts einbodied
in SCSD schools.)

Within two years oi the szhooi's
completion in late 1966, Sonora's
English department chairman
wanted tc expand the Engqlish re-
source center. Originally built with
an area of 875 sq ft, the resource
center was aligned with three class-
rooms. As part of the change, one
classroom was eliminated. Most of
its area went irto larger classrooms,
required for larger English groups
planned for a revised English cur-
riculum. The additional area incor-
porated in the resource center went
into a private, shelf-bounded cove
for individual showings of film-
strips from Sonora’s abundant col-
lection. (it includes ‘“‘Death of a
Salesman,” "Pygmalion,’ and ""Our
Town.”) This private cove supple-
mented the resource center’s other
audio-visual facilities—headsats,
playback tape recorders, opaque
projector, etc.

The changes entailed the removal of
180 linea! ft of partition and re-erec-
tion of 125 lineal ft, plus installation
of two doors, and removal of elec-
trical ducts, zonvenience outluts,
and telavision jacks located within
the removed partitions. Two air sup-
ply ducts and diffusers, and two
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Ei Dorado High School counseling olfices
in library give access to information and
separation from formatity of administra-
tion o'fices.

[ ]

ceiling return slots also had to be
relocated.

Cost of this work was about $12.50
per linea!l ft. A conventional schoo!
generally could not accommodate
these changes. In the rare circum-
stances where it could, the altera-
tion cost would be roughiy doubled.

A precise esumate for alteration of
conventional construction indicates
a cost 85% higher than the actual
cost of alterations in the SCSD Cak
Grov2 High School in San Jose.
Within a year of its completion in
mid-1967, several changes were re-
quired to adapt several buildings to
curriculum changes. In the Ma‘he-
matics Department, a partition
change was required to convert two
standard classrooms into a large
teanm-teaching space, plus a small
testing area. Similar partition relo-
catior.s enlarged a rescurce library
and createdthree small-groud meet-
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ing rooms out of storage space in
the Science Cepartment and a small
seminar room in the English Depart-
ment.

Because of tl.e complex nature of
this renovation, its cost rose 10 $25
per lineal ft of relocated partition.
But the precisely estimated cost for
removing and replacing conven-
tional parlitions of eguivalent qual-
ity was $46 per lineal fi.

The Benefits of Flexibilily

A drastic future change planned for
the Oak Grove Sciznce Department
best illustrates tha intimate connec-
tion between educational policy and
the physical environment needed to
carry it out. It alse shows the need
for great flexibility to accommodale
changes in educational policy. A
frozen pattern of interior space can
pose a {remendous obstacle to
progress.

In the chan3e to individualized in-
struction from group instruction, the
coal is to raise the estimated 75%
or so achievement-aptitude ratio,
normally attained {hrough tradi-
tionat, group-oiiented instruction, to
100%. (Achievement-aptituda ratio
indicates the student’s :-cademic
achievement measured against his
inherent aptitude.) The individual-
ized anproach of adapting each stu-
dent’'s curriculum to his special
needs offers the only hope of even-
tually achieving this goal, says Jack
G-ty ~hairman of Qak Grove's
SE Tc*apartment.

6

The key element in Oak Grove's
planned change to individualized
scienca instruction is the “‘packet,”
an educational unit involving com-
prehension of a scientific concept,
or related set of concepts. In Sci-
ence 1 {normaily for freshmen)
these educational packets cover
seven topics, eacn divided into
about three concepls. A student gets
credit for comprehending a concept
by correctly answering 70% of the
test questions on that concept. In
trial uses of the packet technigue,
Oak Grove students favored it over
conventional, group-oriented in-
struction.

Individua!l initiztive and responsibil-
ity are stressed throughout this
planned new process. The student
nrakes his own coniract with the
teacher to complete a certain num-
ber of paciets. His academic load
will thus depend on some combina-
tion of ambition and self-confidence.
Most students will take about 7 units
per semester. But fast and slaw stu-
dents are freed from the inevitable
group-oriented pressure, up or
agown, toward mediocrity. Each stu-
dent sets his own pace, reschedul-
ing only when his preliminary
optimism or, more happily, his pes-
sImism, proves unfounded.

In thiz process, the teacher plays
the role of fireman, not policeman.
“The studerts wan! the trachers’
skills on their terms, net his,” says
Grube. * They'll go as far as they can
on their own initiative, using sources
recommended for each packet.
When they need help, they'll get it

V%

on an individual basis, or in small
groups assembled to resolve com-
mon misunderstandings.”

The physical changes planned for
the Science Building will greatiy fa-
cilitale the new instructional proce-
dures. The new spaces will be
divided by function, not by subj=ct.
There wiil be three general learning
areas:

® For motivation (student as spec-
tator) a large lecture hall for groups
up to 150,

| Fordfrectexperience(studentas:
participant) along laboratory space, !
extending the building’s full length.

W for assimilation (student as re-
searcher) a larye L-shaped sciance
resource <enter. ’

The proposed alteration entails re-
moval of two partitions dividing an
existing materials distiibution room
from two flanking laboratories: one
for chemistry-physics, the other for
biology. This new elongaled space :
will become thegeneral, all-curpose |
laboratory. Remova! of another long
partition will join the existing sci-
ence resource cenfer 1o an existing
chemistry-physics-binlegy rescurce
center, creating a large L-shaped
general resource center. Other par-
tition changes will produce a new
laboratory matarials distribution
room and move all small-group dis-
cussion rooms to the periphery of
the resource center. In a simple
conversion, an existing laboratory
{for Science 1} will become a spe-
cia: gnrojects laboratory. Only the
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y lecture hall will remain unchanged.

[See plan.]

In addition to accommodaiing the
planned instructional changes, tnhe
planned open areas will also facili-
tate efficient use of the teaching
teamn. The large open areas offer the
-only hope of staffing the Science
" Building with & 10-member teaching
“tearn comprising 6 teachers and 4
student teachers. (Advanced stu-
dents will aid this team as unofficial
lah assistants.) The planned L-
chaped open resource center, now
; consisting of tvio partitioned spaces,
“was originally three spaces. Man-
oower raquirements for this area will
have dropped to one-third the orig-
inal requirsment. Atter its two-stage
change, made within three years of
its opening. Oak Grove's Science
Building wili be unrecognizable.

The cost of this conversion witl not
‘ be cheap; it will range around
* $20,000. But fo.- a conventionaliy de-
; signed school, such radical change
. would be prohibitively costly and
“lime-ccnsuming.

. A less drastic, but similar, reform of
IEI Dorado High School's English
i Department also illustrates the
’i benefits of SCSD tlexibility. English
Department Ch.irman Ed Walsh
plans to individualize iha instruc-
tion of 375 ninih-grade pupi's. Edu-
cational packets, similar to Qak
Grove's science packets, will re-
place the traditional classroom cur-
ricidym, As one cognitive goal, for
TC«lple, the students must lzarn to
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write in five basic sentence patterns.
When they satisly this requirement,
students will meve from a basic writ-
ing classroom intg other arzas—for
example, into a 'arge, 1,500-sg-ft
room for 70 or 80 stucents. Through
such large groupings, the E! Dorado
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Pelocatable part tions enabled original
pian, left, ot science depariment to be
trans’crmed inio open structiona’ araas.
below, at minimum cost.
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English staff will make maore efficient
use of films, educational television,
and overhead projection of trans-
parencias showing graphic gram-
mar instruction,

To create this large viewing-lecture
room will require removal of a relo-
catable partition now dividing two
750-sq-ft classrooms. It will doubt-
lass be only the first of many
changes in the remairing 35 or 40
years of projected life for the En-
glish building.

SCGD Failures--
the Unused Potential

In general, despite the ncteworthy
exceptions, educators have not ex-
ploited the potential of their SCSD
schools, according to Frank Fisca-
lini, Superintendent of San Jose's
East Side Union High Gchool Dis-
tiict, which includes Oak Grove. As
the first school administrator com-
mitted to the SCSD program, Fisca-
lini is dedicated to using the sys-
tems approach in education as well
as for constructicn.

“The systems approach is the only
new concept of significance in edu-
cationa! planning in the iast 100
years,'” says Fiscalini. " Teacher ed-
ucation still 1ags; we still teach
teachers to teach in a conventional
classronm, They are competent in
their mastery of theii subject metter,
but generally unresourceful in
adapting new audio-visual tech-
niaues to instruction. As a resuit, the
SICSD scheols are still not used to
their full potential. There was a com-

U

munication gap between the SCSD
statf and the school ptincipals and
teachers, who never really learned
what SCSD schools can do.”

Some failures to exploit SCSD
schools are at an elementary level.
A high school social studiesteacher,
with outstretched arms signifying
his exasperation, plaintively asks,
“How can | hang a screen on this
partition?'" Apparently he was never
informed cf, or has never dis-
covered, the picture-rail mounting
at the top of the partition. It makes
screen and picture hanging a simple
operation.

On a larger scale, penny-saving, 1
dollar-wasting school budgets and/ 4
or shortsighted administration poli- |
cies have squandered opportunities
for long-range economy. The Fuller- '
ton Union High School District
turned down the 5-year aircondition- ,
ing contract available from the man- |
ufacturer, Lennox Industries. Main-
tenance work done by school district
maintenance men eppears to have
been unsatistactory. !t is difficuit to
get qualified airconditioning me-
chanics to work for school districts;
they can make at least 50% more
working for a manufacturer or con-
tractor. Thus in retrospect the Full-
erton policy seems shortsighted.

Tire SCSD statf included the manda-
tory oifer of @ maintenance contract
inthe airconditioning subsystem bid
to assure long-term economy, ac-
cording to ex-SCSD project archi-
teci Ezra Ehrenkraniz.
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“Bids on airconditioning are usually
based on first cost only,’ says
Ehrenkrantz. “(n surveying main-
tenance costs, our staff found that
some school districts paid up to
40% of first cost for the first year's
maintenance, and 10% to 20% was
not unusual. Moreover, the manu-
facturers told us that big award on
first cost only forces them into pro-
viding minimum durability. We
asked, 'Why not include a five-year
maintenance contract as an owner
option atong with first cost? It's
better and chearer than paying for
repairs after one year.”

Failure to take the airconditioning
maintenance contraci, at the least,
threatens the loss of a major econ-
omy of the SCSD building system.

SCSD recommendations ‘were ig-
nored in other areas. Contrary to
these recommendations, carpet was
laid after partitions were erected in
both Sonora and Oak Grove High
Schools. As a consequence, reno-
vation costs were raised {by 13% at
Sonora) for splicing a strip of carpet
over the bare concrete after the par-
titions were removed.

The Biggest Complaint

The Inudest, most cominon com-
plaint about SCSD schools con-
cerns acoustical performance. In a
BSIC sutvey of students at Harbor
High School in Santa Cruz, “noise
isolation between rooms'* was over-
whelmingly rated “poor”’ (by three-
quarters of 156 surveyed students

Q 13 of 23 teachers). An in-
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significant number gave this school
an acousticaily “good” rating.

Harbor High School is one of the
poorest SCSD schools acoustically.
Bu: the over-all acoustical rating of
10 SCSD high schools is disapoint
ing. In a BSIC survey, 51% of the
stud<nts and 55% of the teachers
rated noise isolation between
spaces ‘‘good” or "“QK." Acoustical
design is, beyond all doubt, the
weakest aspect of the SCSD
schools. It is far less a failure of
hardware than a failure to use it
proaperly.

“Acoustical contro! is the major
problem of the semi-open school
plan,” says John Boice. ‘‘Many
architects relying on the carpet to
absorb noise, failed to specity the
perforated acoustical ceiling par:ls
available froni tho lighting-ceiling
manutacturer.

“"SCSD issued a suggested guida
prepared by an accustical consul-
tant. It was generally ignored by the
architects and engineers on the
various projects. A special acousli-
cal wall facing was designed and
produced by the partition manufac-
turer. For cne reason or ancther, not
one was ever used.

"The SCSD schools’' acoustical
problems spring <hiefly from the
open ceiling p'enum and the more
open plans. In conventional buiid-
ings, permanent partitions extend
through the ceiling, sealing each
room acoustically. The open ceiling
is indispensable for flexibility in

0¥
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space arrangement, but it exacts an
acoustical price. Despite warnings
from the SCSD staff, most architects
ignored the prablem, or at least un-
derrated it.”

Even the bett2r examples of SCSD

:architecture have acoustical prob-

lems. El Noriado High School loses
productive use of a considerable
amount of interior space because of
excessive nnise. Each of E! Dorado’s
separate academic buiidings has a
targe interior court, typically 25 ft
wide, with peripheral classrcoms
entered through 5- or 10-ft-wide
openings. According to the archi-
tect's brochure, each interior court

~ “becomas a part of the learning en-

vironme:nt,”" depicted in renderings
as a lively scene of play rehearsals
and students wearing headsets
while studying intently at carrels.

The courts have not worked that
wel'. They generally funi<tion merely
as versized corridors, iost for study
ar.d other student activities because
of poor noise controf. The 10-ft-wide
openings in the English building's
classrooms virtually nullify the in-
trinsically good acoustical insulat-
ing quality of the relocatable parti-

' tions. Because ncise travels freely

through these 10-ft-wide openings,
activities in one classroom sorue-
timey distuib the occupants of the
adjacent ciassroom. One morning
in the bustling English building, the
sound of a Mae Wesl movie on tete-
vision disturbed the neighhuring
rsmae ~cCUpants, who were taking
E lC*he sound reflected off an

Aruitoxt provided by Eic:

entrance wall opposite the adjoiring
10-ft classroom openings.

Before formally consideiing the
architect’'s recommendation to ap-
ply acoustical surfacing to the of-
fending wall, the schonl administra-
tors want to assess the acoustical
effects of narrowing the 10-tt-wide
classroom openings. Current plans
call for reducing those openings to
either 5-ft or 6-ft 8-in. width.

it seems clear that buitdings des-
tined for intensive academic use
—English, mathematics, social
studies, languages-—require more
rigorous acousticai design ttan
buildings used for less intellectually
demanding activities. There are few
complaints about noise in the Com-
merce Building, which is designed
essentially the same as the aca-
demic buildings. This building’s
noise level, roughiy that of a typical
business office, is not objectionable
for typing, operating business ma-
chines, and pev‘forming other com-
mercial operations.

Where academic areas contain
more conventionally designed en-
closed ciassroors with doors, as in
the Casa Roble High School in Car-
michael, the teachers :re generally
satisfied with acoustical perform-
ance. According to Dr. Ferd J. Kie-
sel, Superintendent of the San Juan
Unified School District, there are no
complaints about Casa Roble's
acoustics.

The preliminary data from BSiC's
noise isolation survey indicaies an-
other important factor in the acous-
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tical rating. The more individualized
the instruction, the fewer the acous-
tical complaints. Thus the shift to-
ward more informal instructional
techniques apparently abates the
noise problem. Individualized in-
struction, with small groups and in-
dividuals simultaneously pursuing
their own activities in the same
space, seems naturally to require
lesg rigorous noise control than tra-
ditional instruction, with teachers
continually lecturing to large
classes.

In assessing SCSD schools, one
must constantly remember the con-
ventional schools that they replace.
Some remarks by Josh Burns, a8SD
architect working with John Boice
at BSIC, help to put the SCSD short-
comings into perspectiva.

“Some errors were systems errors,
resulting from an unfamiliarity with
the new products. Others were sim-
ply design e:rors perpetuated
tkrough the years on both conven-
tional and systems-built schools."”

Users mitigate their otherwise free-
wheeling criticism when reminded
of conventional school buildings.
Teachers are not unanimous in urg-
ing closed classrooms or even nar-
rowing the typically 10-ft-wide
openings at El Dorado. Some like
tha freer, more open atmosphere,
viewing it as an escape from the
cloistered environment of the con-
ventional classreom cell.

Even the acoustical problems tend
to diminish for teachers who rcmem-
ber the problems of old buildings.

S

“In many ways, the open plan alle-
viates distractions,” -says fl Dor-
ado’s Vice Principal Jertberg. “in
old schoo! buildings, the clack-
clack-clack of awoman's heels in a
terrazzo corridor could disrupt an
entire class: everybody would crane
to see her as she passed by the
classroonm door, like prisoners steal-
ing a glimpse of the outside world.”

For some SCSD schools, no apol-
ogies are necessary. New teacher
candidates overwhelmingly seek as-
signment to the two SCSD schools
in Huntington Beach Union High
School District says Superintendent
Max L. Forney.

Dr. Forney's district paid SCSD high
tribute in building the 3,000-student
Edison High School as a virtually
identical twin of the Fountain Valley
High School, the first SCSD project
under construction. Opened in Sep-
tember, 1969, three years after its
prototype, the new high school con-
tains all the basic SCSD subsys-
tems, but with some new suppliers
as a resul’ of changed market con-
ditions.

Viewed from a hroad perspective,
SCED was a success. Despite a few
bugs in some projects, the SCSD
buildings do fly. Future buildings
stemming {rom this pioneering pro-
gram will doubtiess fiy higher.
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Converts to school systems building
display @ tremendous range of fzaith

educators and architects learn
whather their cocperativety ..ritten

accommodated by the same light-
ing-ceiling suusysteims, By exploit-

--frcm high divers to toe dippers. performancerequirements are am- ing existing products. secondary
Tcronto’s true belisvers plunged  mercielly practicabla, and wug: ers  systems-building programs can
ceep inty an almosi totallv systema-  leain about educatior.| noods  vastly expand the market for these

tized ouilding precgram; Chicago's
more cautious school a3ministrators
are starting with use of a single
SCSD subsystem, the roof-mourted,
multi-zone airconditioning. Despite
many other variations, however,
school systerns-building programs
1ake one of two genzral forms:

® Primary or developmentai sys-

which can be satistied by their prod-
ucis. The large markets organized
for prima y systems-building pro-
grams guarantee adequat: sales
volume io assure profits for a suc-
cesstul manufacturer, or at least to
justify their efforts as a rational
business risk.

Ultimately, however, ths secondary

produzts. In accord with frce entar-
prise theory, the expanded markeis
wiil altract more manufacturers into
competition, enabling them to ¢ffe
a multitude of compatible, modular
subsystems. Architects wili then
choose stru<tural framing, lighiing-
ceiling, partitions, curtain walls, air-
conditioning, furniture, and other
suosystems trom a giant catalog.

1
tems-building prograras, medeled  programs are similaily indispens- From ihe relatively few commer- s
on the SCSD program, which Gi-  apje in establishing sys'vii : build- cially available subsystems on the
rectly stimulate technological inno-  jng a5 the norraai process o1 . 100l market tocay, the schoo! subsys- %
vation. in these programs, new pe™  constiuction In mechanic 2t te. ms, tems available in the flure shouls ¥
forinance criteria are wiritten for  the primary piogrars overco in-  expand inio hundreds conveniently ’
pulloirg subsystems, andlarge mar-  rtia and resistance to progr = 1 ut ce.alogued for direct comparisonin

g é 1e momenium and niake sys-  tural elegance, and economy.

bilding product manufacturers. teras building a seotf-generating
M Secondary systems-building pro-  Process. Without suceessful second- A ‘5““‘: roward this "T«’K' stage in
grams erely exploit thz speed, ary programs the construction in-  SYSIEN:E evolulion is w~'l under way.

cconomy, Hexibility, and quality of
building products already developed
vnder the primary prograr.s. Be-
cause these s€condary programs
need liitle research and devalop-
ment, they can thrive on smaller
ma/kets than developmentai pro-
grams.

The product development "~ork un-
dertaken in the SCSD, SEF, RAS,
and URBS programs is indispens-
able to systems-building progress.
These deveiopmentdl programs pro-
mote an essential dialcgue between
users and suppliers of schiool build-

@ roducts. From this dialogue,

dustry wiil inevitably tcpple back
into its traditional rut, and the frag-
mented markets will again maka
technotogical innovation too risky
an economic oimble for product
manufacturers. To change the meta-
phor, you can't continue reinventing
and selling the whes! forever. At
some point the world must assimi-
late the message.

Forlunately, the unique user ne s
of different school o -tricts can be
fulfilled witr hardware designed for
similar, though not identical. user
needs. As merely one example, vari-
ation in desired lighting level can be

Syster s-developedcr iponentsare
in hundreds of schoo! buildings all
over North ametica. Toronto's SEF
has already inspired two sys'ams-
buildirg program starts, in Boston
and Detrcil. RAS will undoubtedly
b2 adapted by other cities. Systems-
buiiding projects vary in size from
statewide programs to single schoo!
buildings. Tc show how secondary
programs of such widely varying
scope can nznetheless realize simi-
lar svstems economies, Florida's
statewide Schoolhouse Systems
Projact, and a single school project
in ierrick, W.Y., have been chosen
for mote detaited invustigation.
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Fiorida’s Schoolhouse
Systems Project

Florida's Schoolhouse Systems Proj-
ect (SSP) displays continued nrog-
ress in cutling costs ana speeding
schoo!l construction attainatle
through a staged series of systems-
buildinr nrograms. SSP’s firct three
systemis-building programs have
been dramatically successtil i ful-
tilling thc projsct’s three goals: im-
proving construction speed, econ-
omy, and quality. Armed with the
solid evidence of its continuing SSP
program, the State's Department of
Education plans to extend systems
building into two primary programs;
one for community coilege and uni-
versity conshiuction, the other for
developing a portable buiiding sys-
tem.

Construction speed is SSP's mcst
dramatic achievement. For eight
SSP s:zcondary schools, the systems
approach cut nearly 40% from con-
currznt conventionally built ~chools’
censtruction schedules, and for 14
c.ementary schools the construction
time was cut by 12%. Over-ail proj-
ect time savings (from programming
through design and construction)
were {ess impressive, but as archi-
tects, engineers, contractors, and
administraters become accustomed
to the new process, these other
phases should be similarly short-
ened.

Progressiva cost savings have also
been achieved through SSP’s open-
systems building. in the first SSP
l:lkﬁcmlion program, the total bid

Aruitoxt provided by Eic:

on three basic subsystems (struc-
tural, lighting-ceiling, and aircond;-
tioning) was roughly comparable
with corventional costs. Afer two
years, the bid dropped 11% in three
succeeding SEP construction pro-
grams. Allowing for a ¥2% monthly
cost escalation, the SSP staff esti-
mates this 11% reduction at an ef
fective 18% saving.

Intensified competition among a
growing number of subsystems’
manufacturers is the key tc SSP’'s
sconomy. The structural subsystem
best illustrates these improved,
competitively honed prices. In the
first SSP program, awarued in Oc-
tober, 1487, Macomber's V-LOK won
with a uni: price of $1.62 per sq ft.
Macomber won again in the sacond
program, awarded in August, 1968,
with a bid of $1.28 per sq ft. In the
third program, however, Romac
Stee! pitred nearly 10% from Ma-
comber's previously winning bid,
supplantiyg Macomber with a bid of
$1.16 peisqft.

For all other subsystems, the cost
reduction was less reqular as well
as less dramatic than the nearly
30% drup in structural costs. But
the over-all trend was drasticall:
downward, with new challengers
defeating the old SCSD winners.
Lennox Industries, the origina!
SCSD airconditioning winner, alsc
won the first SSP program’s aircon-
ditioning contract. But Hill-York
{with ITT-Nesbit equipment) won the
second and third SSP program
awards. E.F. Hauserman, the winner

7
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of the second SSP program's de-
mountable partition award, was un-
derbid by Mills Company ir: the third
program,

As an agency of the Florida Depart-
ment of Education, headed by State
Commissioner ot Edncatior, Floyd
T. Christian, SSP extends volume
purchasing print‘ples practiced in
other areas to raduce the state's
educational costs. As one notably
successful example, the state, act-
ing as purchusing agert for tre iocal
school hoards, boughi buses in 3970
for the same unit price paid by tocal-
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iics in 1958. Ultimalsly, through
SSP, the state hopes to purchase
building subsystems on a similar
bulk basis In effect, the state woL!u
become a middieman between man-
ufacturers and users. It would crder
subsystems on a stale-wide basis
with a provision for extending unit
prices for an agreed length of time.
The subsytsem confractors would
fill orders as they came in from local
schonl dislricts for projects r Jt in-
cludedin the original bids.

Through SSP, the state has moved a
measurable distance toward its ultj-

4

mate goal The 30 SSP schoonls con-
tracted between Nctober, 1967, and
October, 1369 constituted over
20% of the $70 milli>i annua! state
expenditures for new schools and
additions. In guaranteeing the sub-
systems’ marke's forits three-staged
systems-building programs, SSP
avoided the SCSD’s ‘“*dropout”
problem during the long product-
devslopment period. SSP's periorm:
ance criteria can be satisfied by cur-
vently available subsystems.

SSP's adaptation of SCSD criteria
shows how aiy slzte can adapt
these criteria to local conditions.
The major change concelned struc-
tural design loads: deletion of Caii-
fornia’s earthquake requirements
and suostitution of Florida's hurri-
cane wind loadings. The three
stages of SSP also reflect gencral
oingress in such universally appli-
ceble criteriz as lighting standsids.
in ithe second and tnird programs,
ne SSP sta!f substiuted as an alter-
nate the newer, more sophisticated
Visua! Performance lndax (VFY) U
adds contrazt and other character-
isti's of tighting quaiity to the
cru.er, older criteria of iliuinination
lovel and glare control,

The Fiorida program alsg adds its
unigue leszons cn the minimum
construction volume required to
make a systems-bui'ding program
anoncmicaily profitzble. At 100,000
sq ft {roughly $2 miliion), the &SP
stali fouad the cost of systerns build-
ing equ.! to conventional cost. At
500,000 sq ft (roughly $10 million




volume) subsystem costs dropped
about £23% below conventional ¢cost.

The SSP program again demor, -
stzates the corstructicn industiy's
reflaxive resistaice to change.
Though they supported the original
research program that uftimate'y
produced SSP, many Florida archi-
te<ts at first opposed the construc-
tiori program itself. Ncw, however,
the Florida Asscciation of the Amer-
ican Institute of Architects supports
lhe program.

MR i e e e ul

Pres.riptionfor Speed

A small-scale project in Merrick, a
New York City suburb, indicates that
a sing'e project can be tuilt 'ith
cost and time savings without vait-
in to aggregalte saveral projects to
creaie a market. Caudil Rowlett
Scott, architect for this $1.1 million
project in Merrick s Union Free
School District No. 25, estimates it
will be c~mpleted 10-15 moriths
aarlier than with conventiona! con-
struction. Also, the ecaonomy
achieved with the four bazic sub-
systems (structure, lighting-cailing,
airconditioning, and roofing), which
represent 30% cf the tot:l construc-
tion cos!, is estimated 10 cut 4%
from th:e total cost. An additicnal
cost saviny of another 10% or so
comes fiom the accelerated con-
strurtion schedule, which nullifies
10 mon'hs of cost escalation at 1%
per month.

The dramatic time saving stems
from a combination of systems
£ 'ing with “fast-track” schedul-

A v e provided vy Enic
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Fast-lrack sereduling shortens over all
de :gn anu construction time by aver-
lapping act vities that normally wou!ld nol
be done u 1’ | the ore ahead is completed

ing. This construction management
tecnnique telesccpes the traditional
serial or linear sequence of pro-
gramming-design-construction into
a shorter sequence of overlapping
stages. Systems building and fast-
track scheduling are natural part-
ners in cut*ing building celivery
time. By combining these two tech-
niques, architects Heery & Heery,
Inc., rushed two Athens, Ga., ele-
mentary schools to completion only
163 days after signing a dasign con-
tract. Pre-bidding of subsystems be-
fore general contract awards ; ro-
duces the major time saving, and

the added fast-track schedutz com-
pression enhances the time savings
already gained .hrough the systerns
approach.

The problem given to the architect
was to add 26,L00 sq ft within 10
months after recsiving the archi-
tect's commission. The nev' space
was reauired fo avoid further over-
crowding in a district already stag-
in¢ classes in rented basements and
d church.

To rely on the conventional con-
struction process was obviously
hopeless. In convertional construc-
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tion, the programming, design, and
coinstruction stages follow in a
linear sequence; one s.age starts
only after ihe preceding stage ends.
Under th= normal lump-sum general
contract, ali design details and spe-
cificatics + must be compieted tong
before the prime corntract awards.

The basic ccntract-staging str. *egy
was as follows:

m Stegeicomprisedfourbasicst i-
cystern ccuntracts (structure, light-
ing-ceiling, airconditioning, and
roofing). Prebidding of trese con-
tracts was necessary te avoid mzie-
rial delivary delays and to facilitate
the architects' subsequent design
work, using known components for
the basic systems design.

B Stage il, comprising three basic
contracts (generai construction,
electrical, and plumbirg) followed
eight weeks later. These three non-
systems contracts could be delayed
because they required less lead
time for manufacturers’ production
scheduling than the earlier subsys-
tems' contracts.

The price of this accelerated sched-
ule, with its overlapping, coordi-
nated project stagas, is early com-
mitment. With fast-track scheduling
you lose the luxury of delaying the
decision to build; you must commit
yourself to buiid the project long b »-
fore the final contract is let. Pro-
gramming and design must proceed
in @ more rigorous, controlled way.
Decisions at each stage become ir-

Project stages must be
b]:mc o a more logical order.

N
an

Oesign decisions must parallel the
manufacturer '’ and contractors’
work. In fasi-track scheduling, you
cannot afford communication gaps
between owner, architect, manufac-
turers, and contractors.

Actually, the Merrick project only
partially displays the potential bene-
fits of fast-track schcduling, accord-
inn to CRS partner, Charles B.
Thomsen. !n true fast-track schedul-
ing appropriate for targer projects,
a construction manager working
with the architect coordinates de-
sign and constriction and monitors
tne Critical Fath Method (CPM)
network. The critical path (i.e,, the
diagramed sequence of operations
that cenirol the timz raguired to
complete the project) becomes ny-
percritical. Because it increases the
degree of interdepeidence, a fast-
track project is mori: dependent on
completior. of key op 2rations than a
conventiona! project. On large-scale
{$5 mitiion to $10 million) projects
that justify the ‘ull fast-track treat-
ment, the construction management
consultant becomes incispensable
for the complex work of cocrdinat-
ing the many simultaneous activities
of alarge building project.

Because it takes longer to build a
building than to design it, the key to
accelerating the over-all building
process is to {elescope design and
construction as much as possible,
i.., 1o start construztion as soon as
pessible after completion of the
minimum required design work.
Systems-building and fast-track
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scheduling achieve this goal for the
following reasons:

B Postronement of final design de-
cisions on precise room layouts and
sizes is permitted by the flexibility
of the relocatable partitions, mul-
tizone airconditioning, etc., which
can he set for final location late in
the over-ali constru~tion process.

B Prebidding of subsystems {ihe
more the better) allows early com-
mitment to construction, with assu:-
ance that the project will meet the
budget. (With a prebid of 65% *

70% subsystemy. plus an eariy foun-
dation contract amounting to 1C%
to 15%, the tota! 80% prebid would
assure the architect ~nd his client
that they could bid the remaining
20% within the budget, according
to Thoinsen.)

Time savings attainable on a large
project with a targe number of
subsvstems and the full fast-irack
treatment range up to 45%, says
Thomsen. With fast-track scheduling
apoliad to otherwise conventional
conslruction, time savings are !im-
ited t) about 25%.

Time savings not only deliver des-
perateiy needed buildings at an ear-
lier date, they also contribute large
cost savings during periods of rapid
building-cost escalation.

"“At the current rate of 1% monthly
construction costrise, you lose $50°
for each hour's delay on a $10 mii-
lion projzct. Asix-month earlier con-
struction start at today’~ escalation
rates culs an additional 6% from the
fotal building cost,”” says Thomsen,
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Hollow URBS floors enabie ducts ¢
extend in two directions. Cucls a e laid
on precast cencrele botiom slab, arched
totms are installed atop stub colvmns,
and 10p slabis cas! on them.

g/
ek

I —



The University of California’s Uni-
versity Residential Building System
(URBS) exiends systems building
into the construction of studeni dor-
mitories. efL initiated the project,
and has contributed ‘wo-thirds of
the $600,000 cost of adriinistaring it
A successfui URBS program would
doublless become a prototyps for
housing the nation's proliferalirig
college student pcpulation, ex-
pecied to grow from 7.2 million in
1870 t0 9.7 miilion by 1977.

Judged by the manufacturers’ fina!
designs and bids 0: ‘hree basic sub-
systems representing 35, of totel
building rost, URBS will achigve its
three goals:

® Significantly improved enviren-
mental quatity

8 Cons‘ruction cost savings total-
ing 10%, plus additional savirgs in
ma:ntenance and alteration cgsts

B Flexibility to a.commodate rad-
calinterior changes over the next 40
years for the benefit of the accu-
pants, the colleges, anda the mort-
gaging instiwutions.

Construction of a fuli-scale test
building at the plant site of Airfloor
Company, the structure-ceiiing con-
tracior, was rompleted in Santa Fe
Sprinys, Cailfornia (at:out 20 miles
east of Los Angeles), in June, 1977
Construction on the first project, a
$2.5 million complex on the UC San
Diego campus hegan in 197, De-
signed by architect Dale Nuegle &
Associates of La Jolla, this tirst proj-
el:ltcmsist of eight buildirgs,

Aruitoxt provided by Eic:

four or five stories high, for 350 stu-
dent dweiling units.

Another URBS project, scheduled
to start in early 1971 at UC's Irvina
campus, will coatain 300 units in
five clusters of seven-story build-
ings. designed by William Pereira &
Associates of Los Angeles. By 1975,
total URBS construction volume
should reach 2,000 un.ts ¢n four of
UC's nine campuses. L'se of the
URBS building system proniises to
spread to other universities, By 1975
the totat dormitory units buiit out of
state may exceed California’s total.
These units will cuntain three basic
subsystems (structure-ceiling, heai-
ing-ventilating-cooling, and parti-
tions) chossn like SCSD's compo-
nents o the basis of bidding
performance specifications.

The history of URBS is a later paralle!
of the history of SCSD. In Novem-
ber, 1965, inspirew by the earlier
success of the SCSD rrogram, UC
officials established thm URBS pro-
gram with the aid and encourage-
ment of er.. Administering the pro-
gram was the UC's Vice President
for Physical Planning and Construc-
tion of the University, Elmo R Mor-
gan, who was succeeded in Ai:qust,
1970 by Robert J. Evans. UC's proj-
ect cirector for the URBS yrogram
is architect R. Clayton Karnz.

UC retained Building Systems De-
velopment {BSTY, of San Francisco,
as consuilant for evaluating user
needs, tranc'ating them into per-
formunce criteria and subsystem
specifications, integrating tha URGS
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bwiding system, and writing the
contract documents. BSD is headed
by architeci Ezra Ehrenkrantz, for-
mer technical director for SCSD.
The firm includes other former
SCSD stalf personnel—-notably ar-
chitect Christopher Arnold, a BSD
vice president, Vernon C. Bryant,
and Peter Kastl.

Like SCSD, the URBS program s
maving through four stages:

i Cornpilationofuserrequirements

8 Contract documents, bid invita-
tions

W B.d evaluvation, suLsystem con-
tract awards

8 Design and consiruction of indi-
vidual projects

URES has moved through stage Iij
and is now conducting tests in the
test building before moving into
stage V.

User Requirements

Flexibility 1s ayain the key, as it was
ih the SCSD program. The 40-year
uselul life required for URBS build-
ings will spe.n 10 generations of uni-
versity st.-ents, .nrough an era ti:at
will predictably bring many currently
urpredictable changes. Moreover,
the UABS building system had te
correc* many shortcomings in UC's
ex:sting dormitories, which are in-
adequate for present as well as
future needs.

BSM's survey of student needs and
wams dredged up some previously
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. - : D unknown (or ignored) user facts of

‘ ) ’ lite—nctablythe lesson t'.at freedom
ranks higner than environmentat
quality in the studerus’ ranking of
dormitories.

This lesson was underscored by the
examp!: of several existing dormi-
tories and marvied sludent apari-
ments with wood-framed, wood-slud
bearing partitions faced with gyp-
sum woard andinferior heating, ven-
tilation, fighting, electricity, and in-
terior finishes. These residences are
also noisy and dirty. but because
they are free of the rigid regutations
imposed on beiter dormitory units.
these inferior buildings are gener-
ally preferred by the students.

Some World War Il converted units
of especially low quatity are highly
prized because they give students
freedom of interior decor, i.e. free-
dom from janitorial dominance.
BSD's student survey revealed wide-
spread resentrent against regula-
tions that restr.ct individuat interior
decoration with an almost universal
ban on tacking or taping on wall
surfaces of the newer dorms

Student criticism concerned more
than restrictions against individual
dacora'; . Lack of quiet and per-
sonal privacy was a common com-
plaint made to the BSD staff,
“There's no place to cry out my
problems but the toilet stall,” com-
plained cne co-ed. Students also

: . - Wt want more electrical outlets and
Q 3 - 2R SRR 5 N o } storage space for their abundant
E lC' this send studenls running inlo tacky ols places ihey can call their own. electrical appliances--clocks, coffee

.
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pots, toothbrushes, hairdryers, type-
writers, record players, radios, TV
sets, and guitars. In the design ot
inost existing dormitories, building
programmers had overlooked the
unastounding fact that women need
more storage space—much more—
than men. “Furriture show:noms,"
the students’ term for large common
lounge spaces, were condemned as
largely wasted space, used only by
a few couples or by students enter-
taining visiting parents.

Thespeciticneeds nfspecial classes
of students also need attention.
Graduate students need a greater
variely of study spaces—for typing,
for spreading library iesource ma-
terial over larger desk areas, 2r even
for accsss to a time-shared com-
zuter. Physically handicapped stu-
dents need ground flcor o:r ramp
access.

8SD’s survey of user requirements,
however, only began with a racerd
of student needs and wanis. It had
to incorporate many other con-
straints—notably cost, long-term
trends in building occupancy, and
university policy. In addition to the
students, the investigation included
university housing officers, deans of
students, central and campus agd-
ministrators, instructors, and plant
officers, and their counterparts in
other universities. The process re-
quired continued consultation
among BSD, the UC administrative
siaﬁ the building industry, and the

al URBS advisory committees.
E lC

T

The High Cost ot
Lew-Cost i uildings

As a basic major decision, Type V
construciion (the 'vood-framed
Luildings now preferred by students}
was eliminated by BSD and the UC
staff as ullimately uneconomical. In
the long run, cheap buildings are
costiy; each additional dollar per
yearinannual repair or maintenance
nullifies a $20 saving in original ¢ccn-
struction cost. Type V construction
cests are 14% less thar. the ¢ost of
convertional construction of higher
quality (314.67 v, $17.15 per sq 1t).
But this first cost saving is soon lost
in higher mzintenance costs. More-
over, the loss in flexibiiity and the
maximum three-story height limit for
this censtruction further undermines
its economy. As land costs continue
skyrocketing, now at a national rate
of about 12% a year, the economy
of high-rise construction wili pre-
dictably increase. The maximum
URBS project building height was
accordingly set at 13 stories, a limit
required to qualify reinforced con-
crete structures for earthquake re-
sistance under the state build:ng
code.

Pertormance Criteria

From BSD's analysis of user needs
came the UKBS concept ol the flex-
ible living area (FLA). The FLA zould
accommodate:

B Rooms {for ons or two single
students) organized into suites for
up to 10 students, with living room
and bath for each suite
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® Apartmenis (for married stu-
dents) with living room, h'tchen, and
oath

B Apartments for single students
who prefer to live alone.

The timit of 19 students per suite
springs from several factors. The
state fire code requires an extra exit
for a living unit containing more
than 10 occupants. The 10-occupant
limit also avoided the need for a
I-hour fire-rated partition (with a
similarly rated door) within th- flex-
ible living area of 2,000 sq ft or |ess.
Since 10 students can be comfort-
ably quartered in less than 2,000 sq
ft, the chosen occupancy limit for
stiites was thus a convenient figure.
It combined great economic berie-
fits with no diszernible design tiakii-
ities.

The URBS building sysiem must, of
course, allow complele fiexibility in
converting 10-studen: suites into
single rooms or married (and un-
married) student apartmerts, or vice
versa. To meet these flexible occu-
pancy requirements, the URBS pro-
gram had to achieve radica! im-
provements over typical dormitories
built in the United States. In the
Midwest, for example, the prevailing
dormitory design tradition aligns
rooms for two studenls along two
sides of a corridor, with the trans-
verse parlitions supporting the
flcors. Since the bearing partitiors
can't be removed, the room sizes
are locked into a rigid pattern.

To build such cenfining structures
today for service unti! the year 2010
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betrays an appalling lack of imag -
nation. It fails both lo allow for
changing student constiluencies
and rising living stanoards. Adrastic
rize in the proportion of gradu:te
students can dreamatically raise ine
demsand for single-occupancy
rooms. Graduale students are far
more likely to rieed privacy (for «
more inlense and less gregarious
collego fife) than typical under-
graduates.

A major goal of the URBS program
is to abolish the barracks atmo-
sphere of traditional dormiicrics,
which often put 50 students into 25
identical rccms under one admiis-
trative unit. The greater variety read-
ity attainable in URBS will add grace
and privacy to university iife.

Technical Feasibliity

Intranslating user requirements into
technical performance criteria, BSD
had to comgromise technically be-
tween the ideal and the practical.
Compromise was necessary not
merely to reduce costs, but also to
limit the development stage to the
scheduled 14 months. Yet BSD had
to press for technologic~lly prac-
ticable products that liad not been
marketed. Existing products lacked
many desirable and readily attain-
able features. And flexibility in
adapling existing subsystems to the
required room changes was non-
existent,

In acoustical performance, by far
the chief complaint against SGSD
O s, there was nc area for comv
Emc‘se.URBSacou:“caﬁ standards

T 00

are considerably higher than those
for existing college dormitories;
they press manufacturers close to
their current technological limits.
Tone minimum Sound Transmission
Coefficients (STC) of STC50 for
fixed partitions and STC40 for de-
mnountable partitions are the best
levels ¢ -rentry attained by avail-
able products. And the maximum
noise transmission ievels set for the
airconditioning subsysteras are he-
yond many manufacturers' current
capabilities. BSD experts hiave re-
quired field tests nf acrustical per-
formance aswell . iuboratory tests,
which ofter do no. correlate closely
with actual ficld performancen.

Consulta‘ion wish manufacturers en-
abled BSD ‘o batance the challenge
against the required response and
gat satisfactory bids for the three
major subsystems. A diaiogue with
airconditioning meanufacturers re-
sulted in attainable performanra
standards for individual studeni
temyerature contro! ar.d fur opan
winuows and ventilation at reason-
able operating levels. Talks wilri
furniture manufacturers indicated a
previously une(ploited potential for
designing durable furniture for wal!
mounting or stacking as wellasfloor
mounting. However, furnishing Lids
were nol accepted since the costs
were not felt by UC to be demon-
strably beftter than conventional
furniture.

Changes in Performance Crilerla

[espite the basic similarity of ap-
proach, the URBS performance cri-
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teria difter frem SCSD's in many
respacts. The 13-story height limit
pnses more severe fire require-
rents for URBS than for SGSD's
maximum 2-story buildings. Lighting
was a major component of theSCSD
ceiling suLsystern, requiring eiabor-
ate provisions for reorienting light
trotfers to maintain minimum ifluei-
nation levels in corners. The key
factor in URBS lighting, however, i3
notillumination intensity; itissimpiy
individual control. Because conven-
tional doinestic lighting is adequale
for dormitory needs, lighting was
omitted from LJRBS subsysterms.

Like the SCSD building system, the
LIRBS building sysiem nonethelzss
focuses or th? czifing upace. with
three basic subsystems:

B Structure-ceiling
B Healing-ventilating-cooling
B Partitions

The structure-ceiling periormance
criteria call for consiant depth from
ftoor to celling surface below and &
maximum span of 35 ft tc provide
interinrs free of obstructive columns
and interior bearing walls, Colymns
of variable square cross section
r ust carry up to 13-sinry loads.
Ott.or structural requirements con-
cern accommodation af sty and
mechanical openings earthquake
resistance, and acaptebility io slop-
ing sites.

The URBS airconditioning perform-
ance requirements differ more
drastically from SCSD't than the
str :cture-ceiling. With iheir farge
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{sometimes vast} interior areas,
SCSD schools in southern California
require cool’'ng about 20% of the
time, and windows are rarely
opened.

URBS, however, has neither of these
Lwo limitations. Al! URBS living units
are peripheral Thus they will gen-
erally lacl the heat gains generated
by people in heavily occupied inter-
ior spaces. Morecver, in conform-
ance with the greater freedom al-
ways demancded in a residential as
opposed to a vocational environ-
ment, the URBS windows are oper-
able. Cooling is less important in
URBS than in SCSD; it wilt doubt-
less be a less exercised option in
many areas of California where heat
is not severe.

URBS airconditicning, like SCSD’s,
must be available as heating and
ventilating with provision for either
initial or later acddition of cooling.
These reguiremenls repiesent a sig-
nificant improvement over conven-
tional dorms, which provide neither
mechanical ventilation nor cooling
and r.o provisions for adging them.
The URBS’' advisory committee
found many existing dorms in the
university system (and at other col-
leges) rather smelly. Recirculation
ol return air from one living unit to
ancther is prohibited whare living
units have kitchens.

URBS airconditioning must also be
capable of neu‘ralizing the exces-
sive heal gains or losses ‘n corner
livina units. Automatic and manual

c,. .Y _re required for the small-
ERIC
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est fiving unit {min. 90 sq it). Areas
of 2,000 sq ft must be divisible into
8 zones, zll individuvally controlled
for varied temperature.

To satisfy student demands for free-
dom ot interior decor, BSD partition
performance specifications cal!l for
a wide variety of finishes—including
paint, viny!, natural wood, chatk-
board, tackboard, and glass—plus
the capability for Langing pictures
or applying temporaiy wall cover-
ings.

As previously stated, they also re-
auire mere rigorous sound-insulat-
ing quality than SCSD parlitions.
The URBS fixed partitions require a
1-hour fire rating; demountable par-
litions must be incombustible.

The URBS market proved too small
to produce a comgpetitive price for a
systems-designed bathroom. None-
theless many ideas, e.g., a tub-
shower fixture, may be incorporated
in URBS. In any event, the switch
irom gang baths to smaller, resi-
dential-scale baihroems promises
greater privacy for the students and
less maintenrance expense for
clezning services.

The UMBS furnishings subsystem
went the way of the bathroom units;
after a long negotiating process it
was decided that the furniture failed
to cut conventional costs sufficiently
to justify acceptance.

Inits present state, URBS is a closed
building system. But, Jike SCSD, it
can grow into an open system, ac-
cording 1o BSD's Chris Arnold. The
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entry of new bidders and bidders
not successful in the first round of
bidding into the marketplace will, as
in SCSD, transform URBS inte an
open system. To gain entry into the
market, new subsystems must be
compatible with existing subsys-
tems at their many interfaces. The
anticipated pzralle! process should
extend URBS into the national mar-
ket for constructing university hous-
ing. The original URBS manutac-
turers will almosi certainly perfect
their prototype subsystems with sec-
ond-generaticn models. Hampshire
Cotlege in Amherst, Massachusetfs,
is already in advanced planning of
the first non-Californian URBS build-
ing.

Bidding Procedure

Again as in the SCSD program, bid
awards for the URBS subsysiem
coniracts were unit prices baserd on
several hypothetica! building seg-
ments representing anticipated use
of the subsystams. Actual prices are
adjusted for their inexorable nfla-
tionary rise by the ENR construction
cost index. With the datum price
index set at June, 1988, prices are
adjusted to each project’s contract-
signing date. Big prices also con-
tained “campus multipliers,” which
adjus! prices to the cifferent tabor
and transportation costs for sites all
over California.

During a 13-month bidding period,
the program moved through three
stages: Stage | preliminary design
approval qualilied a competitor for
Stage 1l final design approval, which
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in turn qualified him for considera-
tion for a fina! {Stage ill} priced pro-
posal.

During the extended bidding, 29
contenders for the five griginal sub-
system contracts spent about $4
million in research and develop-
ment. Many dropped out before the
final, bid-submitting stage. Some
failed to meet the rigid performance
siandards; others failed to beat the
cost of conventional subsystems;
and some simply stumbied over
technological hurdles. And at the
last minute, some manufacturers
that had survived the first two stages
were denied bidding performance
bonds.

The eight manufacturers who sur-
vived two stages of this rugged Dar-
winian struggle included three for
the structure-ceiling, two for fur-
nishings, and one each for HVAC,
partitions, and >athroom.

On a conventional job, such a scarc-
ity of bidders could be financially
disastrous; the single bidders would
have a monopoly. but in the URBS
program even a single bidder still
had plenty of competition—in con-
ventional costs. Thus, from the bid-
ding viewpoint, the URBS program
was a can't-lose geal for the owner.
UC lost nothing when all bathroom
bids failed to bzat the cost of con-
ventional bathrooms. It gained, how-
ever, when the two remaining single
bidders, HVYAC manufaciurer Air-
temp Division of Chyster Ccrpora-

“ @ 'n and partition manufacturer

lCughan Interior Walls, Inc., beat

oy
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their conventional competition and
SO won contracts.

The subsystems contraclors’ work
on each project will be coordinated
by a consiruction manager. His job
also includes coordination of the
subcontractors’ work on the con-
ventional construction (foundations,
walls, plumbing, electrical distribu-
tion, etc.) which constitutes roughly
65% of each project's total cost.

Final Subsystems

The final subsystem bids, accepted
only on the basic three subsystems
representng 35% of total construc-
tion cost, cut conventional total cost
by 8%. Cost estimate for these three
subsystems for a conventionally
built dormitory was $12.08 per
OGSF (outside face to outside face
of exterior walis plus one-hza!f cov-
ered, but unenclosed areas). Com-
parable cost for an URBS building
is $11.05 per OGSF. The structure-
ceiling and partition subsystems cut
the cost of conventiona! sub-com-
panents by 22%.

The structure-ceiling subsystem
supplied by Airfloor Company, of
Santa Fe Springs, California, has a
cast-in-place concrete frame {col-
umns and spandrel beams or exter-
ior bearing walls). Floor members
span up to 35 ft. The smooth con-
cret2 ceiling surfaces can be con-
ventionaily painted, stipple-painted,
or plastered.

Tiiz floor framing is ingeniously de-
signed 1o double as r.turn air
plenum for the airconditioning sub-

g2 -

89



e

PR

Cgi o

T AW

e

system and as a space for supply
ducts and for plumbing and elec-
trical services. The bottom sections
of these floor members consists
of 4-in.-thick precast concrete sec-
tons, presiressed to resist tensile
bending stresses. Meta] air supply
ducts and other utilities fit into a
ceniral void crealed by a metal-
formed grid of concrete posis and
two-way arched soffii forms for the
underside of a cast-in-place con-
crete floor siab. The 18-in. depth of
this floor ccnstiuction cuis 8% in.
from the 28%2-in. depth of typical
conventionz! framing, a $0.17 per-
sq-fireduction in exterior wall costs
alone.

Airfloor Company was the ultimate
winner of the structure-ceiling con-
tract. Interpace, the original winner,
withdrew from URBS competilion
when the project volume was re-
duced from 4,5C0 units to 2,000.

The HVAC subsystem supglied by
the Airtetnp Division of Chryster Cor-
poration provides all mechan'cal
equipment, ductworl:, and acces-
sories for heating and ventilating,
plus the required optian for adding
cooling.

Untike SCSD airconditioning, which
requires flevible, accessible ducts,
the URBS supply ducts are fixed in
their permanent enclosurs within
the floor-ceiling space. But as later
expiained, this HYAC subsystem will
nonethelass accommodate the re-
quired range of potential room
* @ 3.Supply ducts feed through
EMCdiffusers located zbout 2 ft

94U

in from the exterior walis and
spa=ed adjacent to the windows; air
returns tothe ceiling plenum through
the central part of the two-way dif-
fuser opening

URBS airconditioning ditfers in
other ways from SCSD’s. The Len-
nox SCSD airconditioning consists
of nackaged units: the chitlers,
heaters, circu‘ating fans, duct net-
works, and controls offer a complete
independent service for each 3,600-
sg-ft area. To eliminaie the neea for
piped water as the heating or cool-
ing agent, Lennox used direct-ex-
pansion refrigeration, which cools
the air as it blows directly over coils
containing the refrigerant.

For the much taller range of URBS
buildings, however, these self-suffi-
ciznt units are not appropriale, since
many campusas have central chill-
ing and heating plants. URBS air-
conditioning exp'oits the enoncmy
of central heating and cooling, with
water piped to muftizone units serv-
ing up to 2,000 sq ft through eight
diffusers Located at each tloor in
the end walls, with air intake and ex-
haust through the wall, these units
force alr over copper coils heated
or cocled to respond to different
requirements,

Central boilers and chillers and
puinps can be located on the roof or
in the basement, or the multizone
units ¢xn be fed from the campus
central plant.

The winning partition subsystem,
supvlied by Vaughan Intarior Walls,
Inc., features a heavier unit than

% Y

SCSD. These fire-rated demount-
able and fixed partitons ¢re made
of laminated gypsum board. They
are supported laterally by a small
hidden aluminum runner channel
anchored to the concrete tloor and
by an exposed anodized alumirum
trim channel at the ceiling. Com-
pressible gaskets can 2bsoib floor-
slab defiectinns up to 1.in. (%2 in.
above or bzlow the nominal ceiling
plane) and maintain tne acoustical
secl required to meet the rigorous
performance standards.

Partition surfaces are smooth or tex-
tured, with, options for epoxy paint,
vinyl, redwood, tackboard, chalk-
beard, ¢, or supporting surface
for student-applied finishes, rang'ng
from velvet to sketching papar. It is
relatively easy to change the fin-
ished surface nn one ¢~ both sides
without dismantling ihe entire parti-
tion. rhe partitions incorporate ver-
tical channe's with hanging devices
for pictures cor ten.porary displays
and furniture.






The schoolhouse has always served
as a container from which we drew
knowledge, but now the container
itself has influenced the thinking of
industry and commerce, Since sys-
tems construction has provided a
better quality schoolhouse, it also
seemed a logical way to bu'id better
factories, offices, colleges, airports,
and housing. Systems applications
are universal since any type of
building wil. benefit from an analyti-
cal approach to its design and a
well-organized methed of managing
and constr.cting it

The federal government, through
the Department of Housing and
Urban Development, attempted to
aggregate a market for housing sys-
tems with Operation Breakthrough.
HUD invited propasals to meet its
performance specifications for the
design, financial management, and
construction of housing. Over 500
companies responded, and 22 were
selected to build on one or mcre of
9 sites in 8 cities, Each of the 22 had
demonstrated to HUD that its design
could be built economically and
eventually be mass-produced.

Schoo! builders no l1onger need 1o
start systems puilding from first
principles. There is now sufficient
knowlerye, experience, and tech-
nology to enable any district on the
continent to huild a single school
through the systems approach. The
processes and pioducts have been
well tried out, and more than 50
companies manufacture structural,
li Q eiling, mechanical, and
[ERIC
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dzmountable and portable partition
subsystems. The development proj-
ects in Florida and Georgiaillustrate
that school districts can build upon
the systems work pioneered by
others. And these two states are not
alone; at the end of 1970, over 200
systems schools were in use or in
development in 33 states.

The degree of success of the sys-
tems approaches described in this
book depend partly upon the per-
formance criteria. if the criteria are
incomplete or inaccurately de-
scribed, the responses will not be
satisfactory and the quality of the
environment will fall shert of expec-
tation. The environmental standards
in California’s pioneering SCSD pro-
gram were often based on intuition
beczuse the planners did not have
acness to research evidence. Later
programs in Toronto and Montreal
benefited from the earlier experi-
ences and are based on more so-
phisticated criteria.

Although a great deal of research
wnd development in systems con-
struction on this continent has been
directed toward educational facili-
ties, efL, somewhat paradoxically,
wou'ld like the resulting buildings
not io be ex<lusively for educational
purposes. Systems should be the
means to obtaining good guality en-
vironment for paople, and if a space
can orevide the ideal comfort for
cig type of occupation, it should be
able with minimal rearrangement to
piovide the same amenities for an-
other type of occupation. Hence,
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today's schoolhouse would become
tomorrow's health facilities, sociat
center, or even commercial space.

Chameleon spaces make ecoromic
sense considering the momentum
of migration in and out of U.S. cities.
Some schoolhouses are wilhering
from the jack of warm bodies fo
populate them, whife in an adjacent
district trailers are pulled into
school yards to alleviate the crush
of students in the classrooms. When
a schoolhouse is decfared redun-
dant it uisually sits idly deteriorating
because it cannot be used for any-
thing else but teaching, This need
not happen if the buildings are flexi-
ble enough 1o be economically con-
verted for another use.

But the primary purpose of school-
houses is to serve education, and
‘or this we still have to improve the
environment for learning. Systams
moved us forward a longway toward
an ideal school environment, and
eFL continues to seek techniquer to
somplement this major advance,
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GLOSSARY UF
SYSTEMS-BUILDING
TERMS

Building System An zssembly of
building suktsystems and compo-
nents, and the rules for putting them
together in a building. Normally
these components are mass-pro-
duczd ahd used for specitic generic
projects in a construction program.

Cicsed Building System A build-
ing system whose subsystems are
restricted to that one building sys-
tern. Itis produced through = single
manufacturer or a commercial asso-
ciation of manufacturers or through
bidding conditions requiring that
subsystems be compatible with oniy
one manufacturer’s subsystem at
~2ach interface.

Compatibility The ability to inte-
grate two or mere different building
subsystems (e.g., structure and air-
conditioning) at their interf.ces.

"Industriulized Building System A
building system orgarnized 1> con-
verl raw meoterials by capital-inten-
sive activitie's such as mechanization
and automation. Nor-industrialized
building is a labor-:ntensive activity.

Interface A common boundary, or
connection between two subsys-
tems, e.g., bolteG clamps anchuring
relocatable partitions to lighting cot-
ter frames al the ceiling plane.

@ ' A basic dimensional unit,
E Mc‘ly set by the size of a ighting

Aruntoxt provided by Eric
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coffer, ceiling panel, siructural unit,
or other basiz subsystem. Room: di-
meiisions are usually multiples of
the module, and the module itself,
normally 5 ft for sctools, may be a
multiple of some smaller spatial di-
mension needed to acchmmodate
small building components, ©.g.,
lackers.

Open Building System A building
sysiem whose subsysiems are inter-
changeable with other subsystems.
Open sysiems are usually produced
ir. response to bidding conditions
requirirg each subsystemto be com-
patible with two or more subsystems
at each interface {thus assuring vir-
tually universal interchangeability;}.

Performance Crileria Technical
requirements for subsystems, speci-
fying what they must do instead of
what they inust 100k lixe or be made
'of, i.e., that they must mest certain
standards of strength, fire resist-
ance, durability, insulating quality.
Performance bidding retains maxi-
mum frecedom for bidoars to select
malerials and iabrication and instal-
lation methods.

Pzrformance Speciftication A con-
struction specificationin' hich sub-
systems are qualified by their ability
to satisfy needs, not by their con-
formance with a narrowly defined
descriptive or hardware specifica-
tion.

UserRequirements Statad criteria,
sometimes in technical terms, de-
signed to satisfy teachers' and
students’ needs. For erample, the

arf
¢ ~

general user requiremenis cta com-
fortabie thermal encironment may
be translated inin specific user re-
quirements, eg., 78F temperalure,
with a tolerance or * 2F, when out-
side temperature exceeds 90F. This
user requirement would later be
incorporated into the performance
criteria of the ¢ rconditioning sub-
system.

Subsysiem Part of a building sys-
tem, defined for a specific function,
and comprising components and
materials needed to fulfill that func-
tion, e.g.. the airconditioning sub-
syslem with its chillers, fans.pumgs,
ducts, temperature and humidity
controls, et:.

Sysiems Building A process for
buiiding construct'on, featuring (1)
study of user requirements, (2) es-
tablishrient of performance criteria,
(3) integration of subsystems into a
coordinated whole, and (4) testing
(or certification) of subsystems.
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Other Publications
From EFL

Copies of the following publications
are available at the prices listed.
Please enclose payment withorders.
Educational Facilities Laboratories,
477 Madison Avenue,New York,N.Y.
10022.

A Coflege in the Cilty: An Alternative
A -zport of a new approach to th=
planning of urban campuses, with
facilitias dispersed through the
community, designed to serve com-
munrity needs and to stimulate com-
1:unity redevelopmenrt. (1969) $1.50

Bricks and Mortarboards

A guide for the decision-makers in
higher education: how the colleges
and universities can provide enough
space for burgeoning enroliments;
how the space can be made adapt-
able to the inevitable changes in the
educational process in the decades
ahead. {1864) $2.00

Campusin the Cily

A short teport on the physical prob-
lems of urban colleges and universi-
ties making a commitment to their
communities. It underscors ; higher
educations role as a catalyst in re-
making cities. {1558) $0.50

College Students Live Here

A report on the what, why, and how
zf college housing; reviews the fac-
fors involved in nlanning, buitding,
and financing stu-jent residences.
$1.25

Desigr for ETV/Planning for
Schools with Television

A report on facilities, present and
future, needed to accommodiate in-
structional television and other new
educational programs. (1960) (Re-
vised 1968) $2.00

Desiar. for Paperbacks:

A How-{o Reporton Furniture for
Fingertip Access

Physical solutions to the protlems
cf disp'aying paperback books for
easy usc in schools. {1968) $0.50

Educational Change and
Architectural Consequences

A report cn schoo! design that ra-
views the wide choice of oplions
available 19 those concerned with
planning new facilities or updating
old ones. {1968) $2.05

The Impact of Technology on the
Library Building

A posilicn pape: reporting an erL
conference on this subject. (1967)
£0.50

The Schoolknuse in the City

An essay on how the cities are
designing ana redesigning their
schoolhouses to meet the problems
of real estate costs, population
shifts, segregation, poverty, and ig-
norance. {(1968) $0.50

The Schoot Library:

Facilities for independent Study In
the Secondary School

A report on facilities for indepen-
dent study, with standards for the
size of collec!i.ns, seating capacity,
ana the nature of materials to be
incorporated. {1963} $1.25

97 .

Schocl Scheduling by Corabuter/
The Story of GASP

A report of the coniputer pregram
deveioped by MIT t2 help colteges
and high schools construct their
corplex master scoedules. (1964)
$0.75

SCSD: The Project and the Schools
A second report on the project to
develop a school building system
for a consortium of 13 Califo,nia
school distrivts. (19565) $2.00

Transformation oi the Schzolhouse
A report on educational innovations
in the schoolhouse during the next
decade, With financial data from the
year 1968. (1968} Free

PROFILES OF SIGNIFICANT
SCHOOLS

A series of reporls which provide
informatich on some of the latest
developments in school planning,
design, and construction.

Schools Without walls
Open space and how it works.
{1965) $0.50

Three igh Schools Revisited
Andrews, McPherson, and Nova.
(1967) $0.50

Middle Schools
Controversy and experiment. (1965)
$0.50

Onihe Way to Work
Five vocationally ariented schools.
(1969) $0.50

The Early ". earning Cenler

A Stamford, Conn. schoal built witt.
a modular construction system pro-
vides an ideal environment for early
childhood education. {1970) $0.50
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Joint Occupancy

How schools can save money by
sharing sites or buildings with com-
merce or housing. (1970) $1.00

Schools tor arly Childhood
Tenexamples of new and remodeled
tfacilities for early childhood eduza-
tion. (19701 $2.00

CASE STUDIES OF

EDUCATIONAL FACILITIES

A series of reports which providein-
formation on specific solutions to
problems in school gianning and
design.

9 AirStructures for School Sports
A study of air-supported shelters as
housing for playfields, swimming
pools, and other physical education
activities. (1964) $0.75

12 The High School Auditorium:
Six Designs {or Renewal
Re.novation of little-used auditori-
ums ir ¢id and middle-aged schools
to accon nodate contemporary ed-
ucational, dramatic, and music pro-
grams. (1967) $0.75

13 Experiment in Planning

an Urban High School:

The Baltimore Charette

A two-week meeting enadled com-
munity people to tell educators and
planners what they expect of a
school in a ghztto. {(196¢) $1.00

TECHNICAL REPORTS

2 Total Energy

On-site electric power generation
for scheols and colfeges, employing
a single energy source to provide

“==*(§~"t, air conditioning, and hot

E MC;B?) $1.25

Aruitoxt provided by Eic:

3 20 Milliontor Lunch

A primer 1o aid school administra-
tors in planning and evaluating
schoo! food service programs.
{1968) $1.25

4 Contrast Rendition in

School Lighting

A discussion of requirements for
schoo! lighting, with 18 case studies.
(1970 $1.25

5 Instructional Hardware: A Guide
lo Architectural Requirements,
(1970) $1.25

College Newsleller
A pericdical on design questions for
colleges and universities. Free

New Life for Old Schools
Newsleiter

A pericdical on revitalizing out-
moded schools. Free

FILMS

The following ‘ilms have resulted
from efL-funded efforts and are
available for loan or purchasa as
indicated:

To Build a Schodlhouse

A 28-minute color fifm outlining the
letest trends in school design. Avail-
abte on loan without charge from
ert in care of Association Films, Inc.,
60D Madison Avenue, New Yark,
N.Y. 10022, and for purchase at
$93.45 from L.

Room to Learn

A 22-minute color film on The Early
Learning Center in Stam{ord, Con-
necticut, iin open-plan early child-
hood scho3! with facifities and pro-
gram reflecting some of the best
current thinking. Prepared by The
Early Learning Cer.ier under a grant
from erL and availab'e on |oan with-

out charge from Association Films,
Inc., 600 Madison Avenue, New
York, N.Y. 10022, and tor purchase
at $125.00 from. The Early Learning
Center Inc., 12 Gary Road, Stamford,
Conn.

A Chitd Went Forth

A 28-minute color film on inner-city
and ghetto schools and schooi
building problems. Available onioan
withour charge from Modern Talk-
ing Picturr Service, Inc., 2323 New
Hyde Park Road, New Hyde Park,
Long Istand, New York 11045 or for
purchase at $75.00 from The Library,
American Instiiute of Architects,
1735 New York Avenue, N.W., Wash-
ington, D.C. 20006. A 45-minute ver-
sion is available for purchase from
Larry Madison Productions, Inc.,
253 E. 49 Street, New York, N.Y.
10017.
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