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THE APPLICATION OF THE SYSTEMS APPROACH TO SCHOOL BUILDING IN | TQRONIO

The foilowing statistics are presented simply to show the scale of

problem which faces the Metropolitan Toronto School Board, and are
not presented as a boost for bigger and better Toronto. They also,
1 hope, will enable you to place your judgment of the SEF prcject

in its context.

Orgzanization of the Prciect

Metropolitan Toronto comprises five Boroughs and the City of Toronmto,
E it has a current population just in excess of two million. It is
growing currently at the rate of 55,000 people per annum. It is
expected to reach 4 million by the mid-eighties, and could be
approaching 7 million by the year 2000.

The Metropolitan Torontc School Board is the fourth largest school
board in North America after New York, Los Angeles and Chicago. It
has 400,000 students, 20,000 teachers, 2,500 officials, 544 schools,
and a gross annual operating budget of about $360 million, and an
annual capital budget of $80 million. Each year the Board must

Board currently owns 1,200 portable classrooms accommodating 40,000 l
. students, a bus fleet about the same gize as that owned by the Toronto
Transit Commission, and about 100 obsclete schools.

build 20 to 30 schools, plus many additions and alterations. The

The proble.. facing the Metropolitan Toronto School Board and its

constituent boards of education was:

How to grapple with the problems of explosive growth, capital

shortage, a growing stock of portable classrooms, a growing stock of
obsolete schools, while maintaining and advancing educational standards
and meeting the intense pressures of fundamental social change in a
cosmopolitan population.

To meet this challenge the school board established during 1965 The
Metropolitan Toronto School Board, Study of Educational Facilities
(SEF). During 1955 and early 1966 an Advisory Committee was set up,
and the joint directors of SEF were appointed. On September 1, 1966,
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Mr. Hugh Vallery, the Academic Director and myself, as Technical
Director, opened the SEF office. We were given an open mandate by
the SEF Advisory Committee within the terms of reference set by the

| school board for the study-<to solve the problem posed.
The terms of reference for the study were:

1. To develop systems and components specifically for school use.

2. To apply more effectively the principles of modular construction
in achievement of greater flexibility of interior design.

3. To reduce the cost of school building construction to provide
better value for expenditure in terms of function, initial cost,
enviromment, and maintenance.

4. To analyze the problem of short-term accommodation, including an
evaluation of the present use of por:table classroous, and a
consideration of alternatives to meet short-term needs.

5. To analyze means of reducing the cost of school site acquisition,
and school comstruction through the construction of joint

cccupancy structures.

To meet the terms of reference, a multi-disciplinary organization was
established with educators, and architects, supported by a wide

range of consultants.

During the three months prior to January 1, 1967, we organized the
structure of the study and hired staff.

The stidies were to embrace all aspects of the problem of providing
gchooi facilities, and were organized into three groups. The "E"
gseries, or educational specifications which defined the user
space and equipment requirements for elementary, intermediate, and
| genior school. comprising the Metxo Toronto School system. The
et geries, or technical studies which would include the development
of a permanent building system for schools, the study of mixed use,
temporary buildings, and the development of a relocatable school
building system. The "A" series, or administrative studies which would

analyze all procedures involved in the development of a school project

in Toronto.
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Publications:

The following publications are avaiiable from SEF or their
publisners.

Available from the Ryerson Press, Toronto:

E.1l: Educational Sggcificationg_gnd User Reguirements for Elementary
(K-6) Schools - Price: $10.00

E.2: Educational Specificaticns and User Requirements for Intermediate
Schools - Price: £10.00

Available from Ryerscn Press by Fall, 1970 and which may be ordered

now:

E.3: Educational Specifications and User Requirements for Secondary
Schools - The price will probably be $10.00

Availabie from the SEF offices at 49 Jackes Avenue, Toronto 290:

T.1: Introduction to the First SEF Building System - Price: $10.00

T.2: Specifications for the First SEF Building System - Price $15.00

Bidding Sheets for the First SEF Building System = Price $15.00

T.7: Sub-System Proposals for the First SEF Building System - Price $10.00
Will be available January, 1970 and shows a majority of the
sub-gsystems bid to SEF.

In preparation, publication date and price not available:

T.3: Building Height, Land Use and Mixed Usage

T.4: Relocatable School Facilities

E.4: The Function of the Schooi in the Community

A.1l: Procedures for School Building Project Development in

Metropolitan Toronto

Together, these publications will give a comprehensive and integrated
proposal for the provision of school facilities in Metropolitan

Toronto or any other large urban area.
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In addition, by Summer, 1970, there will be available, probably
on a rental basis, a 20 to 25 minute film on the interrelationship
between the individual and the built enviromment. The film will
show how flexible buildings might contribute to a broad upswing in
our society’'s collective and individual creativity.

The First SEF Building Sysi:em1

1 have attempted to illustrate the great breadth of study we have
attempted at SEF, and will now restrict my remarks to consideration
of the organization and development of the First SEF Building System.

At an early stage in the orgenizaticn planning for the SEF building
project, I became aware of the fact that it would be necessary to
abandon normal sequential programming and seek many shortcuis if the
work were to be brought to the stage of a workable building system
by the end of August, 1969.

As a consequence, the essence of the SEF program has been, what has

come to be known as 'Fast Track'" programming.

In making the presentation today, I will have to give you the data
sequentially - you should keep in mind that the majority of the
functions identified were stacked in a complex that uitimately
involved the services of from 3,000 to 5,000 people immediately prior
to bid closing.

The Choice of an Approach

There were three choices of approach to meet the Board's terms of
reference:

i. Use traditional design, general contractor lump-sum bid technique
for the program, with perhaps some bulk ordering.

1See Appendix 1.
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2. Develop a closed building system like CLASP or SCSD.
{(CLASP, Consortium of Local Authorities Special Progrem in use
in Britain. SCSD, School Construction Systems Development applied
in Southern California.)

3. Develop an open building system.

The use of the traditional design and i1 mp-sum bid method was rejected
on the grounds that the Board was already building large numbers of
schools by this method, and it had been the Beoard's decision in its
terms of reference to SEF to seek a more economical method of building

while raising quality.
The choice of a closed systems approach offered two alternatives:

a. For SEF to design the required building system in a completely
prescriptive manner ss had been characteristic of the British and
most other European schocl building systems, and have industry

bid against SEF system designs and specifications.

b. Por SEF to prepare a performance specification for prescribed
sub-systems, and require the bidders to bid in closed teams for all
sub-systems, thereby having a lead sub-system contractor. Usually,
the structural sub-system contractor acts as co-ordinator for

the group. The SCSD and RAS systems are examples of this approach.

The first ciosed system approach, that based on an SEF dasigned system,
was rejected on the basis rhat it would have been necessary to
establish at SEF - large technical bureaucracy. The system designed
by this office would have been limited in its concept and quality by
the skill of the SEF design team. It would have almost inevitably had
a bias toward architectural considerations and weakness from a service
engineering and industrial process viewpoint. Most British school
building systems have been characterized by strong emphasis on the
building shell, and relative weakness from the mechanical and electrical
engi reering standpoint. These same systems also tend to impose a
strong architectural vernacuiar on the resulting bullding design. This
latter point was diametrically opposed to my view of future building
design, which holds that the user must be the environmentalist and
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the responsibility for creatisg an enviromment ta fit with his needs,
while the architect is a resource who can set a framework for the

user to operate within.

I recommended rejection of the second form of closed systems approach on
the grounds that the owner would not get the best possible product.
Also, that the failure of a system leading contractor would make
gubstitution of another contractor impossible due to highly specific
interfacing between Sub-system contractors. It also appeared to me that
in a system comprising 14 sub-systems as in the case of the SEF system,
the chances of getting all of the best sub-system proposals in a single

building system were extremely small.

I chose the open system approach2 for three primary reasons:

1. That it would ensure, if an appropriate bidding method conld be
evolved, that the owner would get the best available systex 2t a
competitive price.

2. That the method could tap the full resources of skill in the
building industry in an integrated wmannet.

3. That if the concept could be carried through to practical
realization, it couid help to move the Canadian, and conzagiaatly,

North American building industries ahead very rapidly.

Building industrialization in a closed system form has been well
established in the industrialized countries of Europe for up to 25 years.
1 felt in seeking an open systems approach to the School Board's
building needs, it would be possible for tne Canadian and North American
bullding industries to leap frog this closed system phase, and move into
a competitive export position with open systems.

250e Appendix 2.
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It seemed also most important from 2 long-term national economic
viewpoint that every effort be made to ensure that Canada got a fair
share of the future massive international building market. The mode of
the country's entry into industrialized building was critical in
seeking that future. I felt that with SEF being the first Canadian
program, among the largest in North America, and the most complex,

that its effect on the Canadian and North American building industries
would be disproportionately stronger than its relative dollar value

would suggest.

The disadvantages of choosing the open systems approach were:
1. That it has never been successiully achieved in construction history.

2. That the approach invoived extremely complex prcblems of co-

ordination, quality control, and programming.

3. It cut across the entire established structure of the building
industry and its working methods.

4. It was very costly to bid, although all costs could be recovered
through independent marketing.

5. There was almost no means of predicting sichitectural quality, and

extreme difficulty in imposing arcivitcctural control.

6. There could be serious conflict with the Code authorities.

Testing the Chosen Approach on the Building Industry and Preparing
to Apply It.

The Advisory Committee to SEF approved my recommendation to attempt the
open systems approach early in 1967.

SEF then spent several months reviewing the concept with associations,
meetings, and individuals from the berilding industry to establish

an acceptable attitude, During 1957, 120 major meetings were held.

In addition, meetings were also helé with groups of architects and
engineers to determine those aspects of the built school environment
which should be described in the performance specifications for the
system. These meetings covering every interest and aspect of the
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l building industyy were the basis of the sweosews of tho project. Through
a process, which often gtarted with caution or cynicism, and mellowed
to frankness, a means was crested to join the capabilities of the
industry to the needs of the school board. It was a wholly human process
of establishing credibility, and constitutes the essence of the systems
approach to building, for it should be remembered that the problems
which beset the North American building industry, and consequently

pur own, are 85% human and 157% technical.

Also during this period, the 5'«0" x 5'-0" planning grid3 for the
system was selected, and tested against a rapid general review of
probable spatial requirements for the three levels of schools to which
the system was tc be applied. The concera was to ensure that the
required areas for enclosed spaces emerging from the educational study
could be economically planned. It was found that the dimensional
aspects of the educational requirements could be frozen by the spring
of 1967, whereas the complete educational user requirements study
wsuld meed uncil the spring of 1570 UO Teach completion. As a result ]
the following basic dimensional criteria were established for the

system.

1. A 5'-0" x 5'-0" planning grid divisible into two equal parts in
either direction.

2. Primary structural spans of 1lu'-0", 15'-0", 20'-0", 25'-0", and
30 ! -0" .

—_——— e

3. Secondary structural spans of 5'-0" to 65'-0" in 5'-0" increments.
Both of these selections of spans are available for floors and
roofs, with floors having a standard universal live load capacity
of 100 1bs. per square foot throughout.

4. A standard roof and floor sandwich thickness from ceiling plane
to floor plane of 4'0".

3See Appendix 3.
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5. A capability to construct buildings upto five storeys in height,
that is having four suspended floors. This height is the
division between one and two hour construction for this class

of building under the National Building Code.

6. Having a vertical module of 1'-0" with preferred clear floor to
ceiling heights of 10'0", 14'0", 18'0" and 24'C".

7. An elimination of all cantilevers; sloping walls, roofs and
other planes; and non rectangular based plan forms, and ianterior

layouts.

8. The establishment of a convention for tolerances and interfaces.

Also determined at this time was the sub-gystem composition of the pro-
posed building system. It was decided to seek as near 100 per cent
systemization as practical. The final system is near 90 per cent if

general contractors' fees are omitted.

Also, during this period, a detailed review of the literature of the
technological aspects of the built environment was undertaken, with
particular emphasis on 1ighting, the acoustic climate, the artificial
climate, tactile considerations, and the flexibility of space.

From this complex of studies, meetin3s, and consultations, the fcllowing

requirements emerged.

1. Flexibility:-- It must be possible to rearrange the space dividers,

all services and caseworks easily and economically without

extensive building work.

2. Open ended services:-- It must be possible to rearrange the

services to change the servicing characteristics to specific areas,
to add to or subtract from existing services, and to replace

services without damaging other work.

3. Extensions:-- It must be possible to make additions to schools,

both horizontaily and vertically, within a consistent framework of

service technique.
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4. Buildine Design:-- It must be possible to design any required
school building with the system, giving the maximum possible design

freadom to the project architect.

5. Quality Improvement:-- The building system should improve the

quality of school building in material performance and maintenance.

6. Economy:-- The building system should restrain the rate of increase
of the cost of building, and if possible produce actual cost

savings.

7. Cyclical Renewal: -- Through the use of a properly structured open

building system it should be possible to cyclically renew sub-

system without the need for extensive renovations to school buildings.

8. The User and The Built Environment:-- The building system should
encourage users to explore their creative skill in moulding their

building environmeat to suit their educational, emotional and
spixlitual needs.

Having determined the nature of the required building system's
performance and that it should be open; that it should be competitively
tendered, meet all existing building codes, and achieve time and economies,

an appropriate systems approach was devised.

THE_FIRST SEF BUILDING SYSTEM

The challenge of the program was clear; to devise the first open building
system in history.

To do this, I decided that it would not suffice to develop one
appropriate bidding technique, but that it would be vital to "'sell" the
concept to all interests in the building industry.

As it was necessary to deal with all interests in the building industry,
I felt that a very small tight-knit group at SEF might be more
successful than a large technical staff in handling the numerous, over-

lapping, and original problems posed by the project.
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A group of three people at SEF did ail the work on the First SEF
Building System supported by a group of consultants.

Mr. Peter Tirion, Mr. John Runkin and myself constituted the SEF group,
assisted by Mr. G. @ranek of G. Granek & Associates, Mechanical
Engineers; Mr. R. Bergman of M.S. Yolles Associates Ltd., Structural
Engineers; Mr. B, Rubin of Jack Chisvin & Associates, Electrical
Engineers; Mr. R. Fernandez of Frost Fernandez Associates, Professional
Specification Writers; Mr. F. Helyaz, of Helyar, Vermeulen, Rae &
Mauchan, Quantity Surveyors; Mz. H. Connor, of Woods Gordon,
programming; Mr. W. Newtoa of Hugh Newton & Company, Graphics;

Mr. M. Morgan of Mitchell Construction Co. (Canada) , for construction
consultation; Dr. Thomas Northwood of the National Research Gouncil,
for Acoustics; Mr. Z. Shah of the Canadian Standards Association, for
testiang techniques; Mr. A. Faux of Al Faux Associates Ltd., for
industrial design (caseworks and seating); Dr. R. Blackwell, Onio
State University, for special lighting consultation; Mr. Singer, of
Beckett Associates, Consulting Economists for the escalation index; and
many others. A full list is available in the press release made
public at the time of the designation of bidders.

My general management concept for the program was to use a process which
might be called "conglomerate management", wherein there could be a
near infinite number of "ceantres of decision" with only enough centrality

of control to ensure movement of all effort to the project goal.

As & result of this process betweea 3,000 and 5,000 persons were
involved in tne preparation of the bid.

The Structure of the Building System

The intent was to structure the building with a number of sub-systems,
which collectively would constitute physically, as nezr as 100 per cent
of the required building work, where a building system was a set of
building parts which had been conceived and manufactured to assemble
withovt adjustment or waste.
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The First SEF Building System comprised 10 sub-systems, two cf which

have been further sub-divided. Where a sub-system is an identifiable,
complete, designed, physically integrated, dimensionally co-ordinated,
jnstalled series of parts, which function as a unit without prescribed

performance limits.4

The Sub-Systems are:-

Sub-System No. 1 - Structure: jinciuding floor, and roofdeck elements,

secondary and primary spanning members, columns including baseplates,

wind bracing and fire proofing, except where through interface negotiation
other sub-systems sexve the fireproofing function; special conditions
such as expansion joints, changes in floor and roof levels, openings in
floors and roofs, and provisions to accommodate and connect other related

sub-systems, such as vertical skin, lighting-ceiling etc.etC.ce.e

Sub-System No. 2 - Atmosphere: heating and cooling systems, consisting of

equipment for converting energy into 2 usable form for heating and
cooling with all accessories; heat exhangers, coils, pipes, pumps,
radiators, convectors, unit heaters, and electric heaters with power
wiring and conduits; air distribution system consisting of fans, filters,
ductwork, supply air outlets, return and exhaust air inlets, all
automatic temperature, humidity and other controls; electric motors with
starters and control wiring and/or pneumatic systems; vibration
jsolation and sound control; related drainage system; all insulation
and covering; all oil tanks, and all pipe or cable connections to public
utilities related to the atmosphere sub-system.

Sub~System No. 3 - Lighting/Ceiling: all 1ighting fixtures and connections,

acoustic insulation, ceiliugs both cofferred and flush, fireproofing
vhere required, provision for restraining the Interior Space Division
sub-gystem, provision for the Electric-Electronic sub-system, and

the provision to interface with other sub-systems.

4SEF Document T-1: Introduction to the First SEF Building System

Page A.6 - Appendix - Terminology.
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Sub-System No. & - Interior Space Division: all elements which provide
vertic .1 separation of space from floor to ceiling inside the building,

jncluding doors, panels, glass and glazing, accessory writing and tack-
board panels attached directly to partitions, baseboard, trim, supply and
jnstallation of hardware for operable partitions; instaliation only of
hardware for other partitioms.

Sub-System No. 5 - Vertical Skin: walls from first floor upwards;

including all walls designed to separate the controlled from the natural
climate environment; all framing, panels, insulation, vapor barriers,
waterproofing membranes, caulking, sealing, weatherproof coatings,
weatherproof strippings, windows, doors and screens, including all
transoms, sidelights, glazing, louvres, fly screens, surrounds, sills,
lintels, hardware which forms part of proprietary equipment, and an
allowance for the fixing of finished hardware anchors, bolts, bar= plates,
bearing plates; all required fixing details to secure sub-gystem Ho. 5
(vertical skin) to sub-system No. 1 (structure) and provision to

integrate sub-system No. 5, with sub-system No. 9 (roofing).

Sub-System No. 6 - Plumbing: all plumbing fixtures with trim, supply

drainage and vent piping with capped connections, within wall, ceiling
and floor cavities, together with all other piped services so located
including siamese connections. All piped services below grade slabs,
and all service comnections to piped public utilities. Hot and cold
water supply systems with related equipment including water heaters,
circulating pumps, motors and controls, with all related insulation and
wiring. All W.C. partitions and shower enclosures, fire hose cabinets
and washroom accessories. All washroom, and janitor's room wall,
floor and ceiling finishes, including light fixtures, ventilation
grills, access panels and other accessories to ccmplete the voom
finishes.

Sub-System No. 7 - Electric/Electronic: distribution, including lighting

panels and branch circuit connections; communication systems including
fire alarm call systems, detection, P.A. systems, telephone, provision
for television and auditorium equipment, local broadcast system,

supervisory and surveillance systeas.
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Sub-System No. 8 - Caseworks and Furniture: sub-svstem No. 84
Caseworks; cupboards, counters, laboratory benches, tables, lockers,

1ibrary shelving, check-out counters, and all other forms of storage units.
Relocatable screens, writing and tack surfaces, and all horizontal

and included student work surfaces.

Sub-System No. 8B - seating: fixed and adjustable chairs, lounge

chairs, stools, benches and cushions.

Sub-System No. 8C - standard furniture: executive, secretarial and

office desks, filing cabinets and general office non-mechanical

equipment accessories.

Sub-System No. 9 - Roofing: rocf covering, vapor barrier, all roof

insulation, including below rooftop atmosphere machines, flashings,
cant strips, gravel stops, expansion joints, venting features, finish
at eaves, fascia, caulking, sealants, roof hatches, skylights and all
other features necessary to provide a continuous weatherproof, vapor-
proof, waterproof and consistently insulated covering to all

horizontal exposed surfaces, and all vertical exposed gurfaces within

a roof system &'-0" or less finished height. This sub-system is also
responsible for the provision of a weatherproof, waterproof, vapor-
proof insulated and condensation resistant connection between sub-

system No. 5 (vertical skin) and sub-system No. 9 (this sub-system).

Sub-System No. 10 - Interior Finish

Sub-System No. 10A - Carpet

Sub-System No. 10B - Gymnasium Flooring
Sub-System No. 10C - Finishing Hardware

Sub-System No. 10D - Blinds and Drapes (To be added)

Non-System Work: includes al; woods, required to complete a building

which have not been covered by sub-systems.

The principal items of non-system work are demolitions, foundations,

and basement construction; foundation walls and underpriming;
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suspended first floor slabs, including topping and supporting beanms,

and columns; rough carpentxy, greenhouses, stairs (were included in
structure but were not bid due to large number of variables and small
quantities) steps, ladders and catwalks, including landings and hand-
rails; all balustrades and guardrails; elevators, kitchen equipment,
refrigerators and walk-in freezers; garbage disposal equipment and
incinerators; fire extinguishers, and sprinkler systems; power

gsystems including controls; s> electrical distribution, gezerators and

switchgear; all mechanized educational equipment, all unusual firishes

including murals, pictures, sculpture, cork and special acoustical

insulation or isolation, resilient, terrazzo and hardened concrete

e s

flooring, auditorium curtains, stage, athletic and playground

equipment, all site works, and all indirect job management expenses.

Having determined the form of system favoured for the program, it
was necessary to determine the size of order which should be offered to
industry.

Two hundred and seventy companies and sub-contractors were contacted by
letter and questionnaire. About half replied. The majority of omissions
were large corporations who gave the program and the school board a

polite corporate brush-off. Medium size and smaller companies together

with sub-contractors responded strongly. Minimum required orders by sub-
system varied from $10,000.00 to $20,000,000.00: Finally a

minimum guaranteed order of 1 million square feet gross of schools

was decided upon by the school board over a two year period,

September 1969 - 1971, with a maximum order of 2 millior square feet
gross. In order to call sub-system tenders the Metropolitan Toronto
School Board had to obtain Provincial Legislative changes to its
enabling legislation. The board also negotiated a common approval for
the schools comprising the SEF program with the Oatario Municipal Board.

During this period the Meiro Toronto School Board invited the Borough
Boards of Education to indicate their support for the SEF program
by assigning schools to meet the volume of the minimum guarantesd

order.
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To this date 33 projects have been attached to the program. They are:

1 Senior Public School addition - the SEF Partial Building

to test the technical aspects of the designated system (2 storey)
23 Public Schools

4 Senior public schools (upto 4 storey)

3 Junior Hizh Schools

1 Senior Public School in a mixed use residential, social,
commercial project

1 Education Centre (office building - 4 storey)

Additional projects which may be added could include a comprehensive
high school.

The commitment by the City and Borough Boards of Education of 33 projects
to the program was strong evidence of the'Metropolitan.Boardb intent

to proceed with the program.

A great difficulty with projects 1ike SEF is to convince the potential
bidders that the Owners do intend to carry through the program to its
conclusion. It is a question of credability and trust. The Trustees,
and officials of the Metro, City and Borough School Boards have ensured
the financial and techmical success of SEF through their strong and
consistantly sustained support for the project.

As a result of this demonstration of confidence and solidarity, the
36 bidders for the first 10 sub-systems invested an estimated total of
$2.6 million in their bids.

In every sense SEF has been a collective project.

The Specific Requirements of the Program

To bring the program into being a series of interrelated constraints
were established. They were:

1. An overall time program including program scope definition.

2. A program budget, and escalation procedure. .. - %
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SCHEDULE OF RATES
FIRST SEF BUILDING SYSTEM

Gross Price Per Sq.Ft.
Zet. 19€7 Average

Sub-Sy=tems 3

SUB-SYSTEM 1, STRUCTURE 2.30
SUB-SYSTEM 2, ATMO>PHERE 3.14
SUL-SYSTEM 3, LIGHTING-CEILING 1,142
SUB-SYSTEM 4, INTERIOR SPACE DIVISION 2,39
SUB-SYSTEM 5, VERTICAL SKIN 2,11
LUB-SYSTENM 6, PLUMBING 1,37
SUB-SYSTEM 7, ELECTRIC-ELECTRUNIC .73
SUB-SYSTEM 1, CASEWORK AND FURN1IURE W87
SUB-SYSTEM 9, ROOFING .87
SUB-SYSTEM 10, INTERIOR FINISHING .88
NON-SYSTEMS 5. 14

SUMMARY OF GuCS: CTST PER SQUARE FOCT
FOR ELEMENTAzY SCHOCL CCNSTRUCTICN
OCTORER 1967 AVERAGE

TOTAL 21,54

BUILDING 20.85
SITE WORKS .69

I
!
l
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A bidding and interfacing procedure. Sub-system hidder
prequalification.

A quality control procedure, including performance specifications,
dimensional coordination, sub-system coordination, continuity of
professional 1iability.

An Overall Time Program: Early in 1966 a program calendar was

established for the project based only on working days. Starting

in 1967 the entire program was structured using the precedence method
of programming. As time has passed, the original program has been
broadened to embrace ever increasing amounts of detail. SEF has
gtayed precisely on its time schedule until the recent series of
construction industry lockouts and strikes which crippled all work
in the Toronto region between May and September 1969. Late in

1967 and early 1968, 28 firms of architects were retained to prepare
gketch designs for the SEF schools, using only dimensional criteria.
These are included in appendices B and C of SEF T-1.

Program Budget: Also during 1967 the project budget was set. It

is the practise of the Metro Toronto School Board ts set a cost

ceiling for its school construction. To arrive at a realistic

price, six public schools which had been built between 1965 and 1967,
and having as many of the SEF user requirement characteristics as
possidl. were cost analysed in detail. A cost of $20.85 per square foot
gross including foundations emerzed. This amount was frozen as the
project budget to apply on 7th January, 1969 when sub-system tenders
would be received. It should be noted that the establishment of a
building system budget broken down by sub-systems, and interfaced with
the sub-gystem performance specifications is an essential part of

a building system tender call.
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MANDATORY INTERFACE

1 2 34561729

2 1 3456 79

3 1 245 6 7

4 1+ 2 35 6 7 10a 10b 10cC (not required)

5 1 2 34 6 7 9 10a 10b 10C (not required)
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8a 4 5§ 6 7 10a Sub- systems 8a and 8b will be
required to interface with the

8b 10a sub-systems noted and not
vice versa

9 1 2 56

10a 4 5 7 8a 8b

10b a 5
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This budget was broken down into a schedule of sub-system allowances

as follows:

Gross Price per
Sq.Ft. Gross

Sub-system No. 1 - Structure 2.30
Sub-system No. 2 - Atmosphere 3.14
Sub-system No. 3 - Lighting-Ceiling 1.42
Sub-system No. 4 - Interior Space Division 2.39
Sub-System No. 5 - Vertical Skin 2.11
Sub-system No. 6 - Plumbing 1.37
Sub-system No. 7 - Electric/Electronic .75
Sub-system No. 8 - Caseworks .87
Sub-system No. 9 - Roofing .87
Sub-system No. 10 =~ Interior finishes .88
Non-systems work 5.44
; Total for building 20.85
Site works .69
Total 21.54

In order to obtain the most competitive prices possible, and to
offset the :xtremely adverse effects of the anticipated expensive
labour wage settlements in 1969 on the sub-system bidding, a
comprehensive system of price escalation was set up. To our
knowledge this is the Zirst fully structured and industry approved
cost escalation index to be established. The index is based on data
provided specially by the Dominion Bureaz of Statistics and was
designed by SEF and its consulting econcmists, Beckett Associates of
Toronto, to show material and site labour cost changes by sub-gystem,

on a monthly basis, starting on 1lst January, 1969.
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Structure

Atmosphere
Lighting-Ceiling
Interior Space Division

Vertical Skin

Plumbing
Electric-Electronic

Furniture
Roofing

Flooring
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PREQUALIFICATION OF SUB-SYSTEM CONTRACTOR

Organization of Sub-system Tenderer

Corporate Organization
Financial Status
Management

Research Capability
Consultants

Production of Sub—System Tenderers

Organization
Capacity and Arrangements to Produce
install or Erect the sub-system

Sub-System Tenderer Submits Tender Form

Design Development
Testing of Proto—Type
Manufacture

Supply

Erection

Installation
Guarantee

PREQUALIFICATION OF CONSTRUCTION MANAGER

Financial Status
Organization Skills

Past Experience.References
gStaff Structure
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Bidding procedure: The gross budget for the SEF program is $41.7

million, or about 25% of the total Metropolitan Toronto School

Board capital budget for the period 1969-71. Due to the risk
involved in opening a program of this magnitude to public bidding

it was decided to prequalify all bidders. The prequalification
procedure examined the financial, productive and iastallation
capacities of potential sub-system tenderers. Prequalification

did not exclude consortiums, but rather ensured that they were in-
fact adequately integrated. 0f 60 bidding groups who sought prequal-
ification, 48 were prequalified.

An interface bidding procedure was evolved where each bidder was
required to submit his own price against at leact two bidders in

each mandatory interface for his sub-system.

A mandatory interface occurred where parts of one sub-system touched,
passed through o jnfluenced the performance of another in a’
finished building.

Each bidder reflected the cegree of compatability between his and
mandatory interfaced systems by either bidding his base bid where
no conflicts existed or adding to his price a penalty amount where

interface problems would occur.

In adjudicating this bid SEF would award the contract to the 10
sub-system tenderers (one for each gub-system) offering the lowest
collective price; after ensuring that all bids considered met the

appropriate SEF sub-system performance specification.

Quality Control Prccedures, comprised the following :

Performance Specifications: these were written for each sub-system.
They set out what a "ub-system had to do in the finished building,
but not with what or how this performance was <o be achieved.

The specifications set out the tests (where such existed) which
would be used to evaluate the proposals received. The bidders
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were given complete freedom to design and develop their own

responses to these performaace specifications. This led to the direct
tapping of a vast body of skill and experience in the manufacturing,
supply and sub-contracting portions of the building industry

largely locked out by the traditional design, lump-sum bid method job

organisation, and often distorted by the common builder package
deal approach.

Dimensional Co-ordination: mentioned elsewhere in this paper.

P s i i et
TS —ererore | O

Professional Sub-System Coordination: bidders were required to

use the services of an architect and engineer (of the appropriate
skill) registered in the Province of Ontario to coordinate the
interfacing of cheir bids.

Tn addition the interface contract, created by the industry
facilitated the many problems of coordination between bidders.

It should be noted that under the SEF ianterface bidding systenm,
interfacing bidders were free to move their mutual interface from that
defined in the performance specifications to suit the realities of

their plant, sub-system design or other mutually acceptable reason.

Code and Standards

In bidding the program all relevant codes and standards had to be met.
We did enjoy very considerable cooperation from the Building
Inspectorates, and the Pire Chiefs of the Metro region who reduced their
numbers from 12 to 2 for our purposes. Similarly the Ontario Fire
Marshal, Ontario Hydre, the Department of Education, C.S.A., and
Underwriters Laboratories cooperated closely with us on the solution of

many unique problems.
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The Bids

Thirty six sub-system bidders, offered 45 proposals on the first ten

gub-systems bid. These excluded caseworks, seating, standard furniture,
hardware and blinds. The ten sub-systems constituted the bulk of the
building elements. Sub-system bidders were almost all partnerships of
manufacturers and sub-contractors. In some cases involving more than

two separate companies.

The 36 sui~system tenderers spent approximately $2,600,000 on their

bids, and spent up to 1 year preparing them. The official bidding
period was 6 months. An jmmense number of meetings were carried out
involving everything from aesthetics to inter-union jurisdictional
differences. A remarkably small amount of difficulty arose from

this process, which was characterized as I mentioned earlier, by hundreds
of decision centres in an overall conglomerate management process.

The degree of cooperation between companies in finalizing their

designs and prices was reflected in the size of specific interface

penalties.

Bid Evaluation: Bids were received in three forms.

1. As a schedule of unit prices for every component forming a sub-
system. Priced on the basis of a single price if one or a theusand
units were puichased - with the price conditioned by the bulk order
details.

The unit price schedule, parts and installation catalogues to form
the basis of the contract between the successful sub-system

contractors and the Metropolitan Toronto School Board.

As Tenderers' Evaluation Prices. These were the lump sum cost of

applying a tenderer's sub-system to four nominated school designs.

SEF provided the school designs to which the bidders were required

to apply their systems without altering the building designs, using
the rates in their unit price schedules. To these lump sum amounts
bidders added their interface penalties. These prices wvere

used to select the probable successful bidders.
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suB-sysTem 1
TENDERER'S EVALUATION PRICES

Name of Suyb-System Tenderer goe0s 00000000 ccesoscscssesscosncnrss
Tenderers combined gross base evaluation price for the four nominated
SChOO!Se 00900900000 0000000000000 00000 0000000000 0000000000000

100000 000000000000000000000 0000000000000 000000 dollars,

BIDDERS EVALUATION PRICES BY CHOSEN INTERFACE

Name of Interface Tenderer Price

T —

S

Re: Sub-System Nr.2 ATMOSPHERE Gross Base
Evaluation Price

2. ceesscesceeseses sssssses ssesceessesssereesrsoss o0
TSP TTT R Ry

00 20000 0000000 000 000 .................................
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This was dcne by procesaing all bids through a computer, which
considered just over one million price combinations. Revealing 2
1.8% price spread on the low 30 total system bids, and 13,040

total building systems which met the SEF performance specifications.
These systems ranged in value from a theoretically applied low of
$18.00 per square foot gross to $26.61 per square foot gross.

The least expensive sominated design was $18.52 per square foot gross.
The system price was set at $19.10 per square foot gross or y
8.39% below budget. The Roden Public School which was designed by
SEF st $18.52 per square foot was 11.10% below budget.

An analysis of the cost of building a school to meet the SEF
performance specifications by traditional methods indcated a cost of
$26.00 per square foot. In other words the School Board against a
budget of $41.7 million, obtained $52.00 million of value for

$38.2 million.

The technical quality of the bids designated by SEF is extremely high.
Almost without exception the bidders who put the greatest amount of

work in their bids, were the most competitive and won.

It is interesting to note that a senior authority on Univeusity
construction in the Province of Ontario expressed the viev that buil-
dings constructed with the SEF system would be superior in quality
to many new unjversity buildings in the Province at considerably

lower cost, without considering the long term economic benefits of

the flexibility of the system.

A

Individual Project Construction. A1l buildings to be built under the
SEF program will be built using construction managers, there will be no

conventional general contractor. The managers, who are all contractors,
will work as part of a design-build team for a professional fee. This
cuts administration complexity, allows early starts on construction

and work staging.
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DUAL CONTRACT PROCEDURE
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SEF COST COMPARISON
Target costs 1967
average cost of
elementary schools
in Metro 1
$18.77 $20.85 $2250
107 target range: 1969
escalation
o o
® o

--p--------------*-------------------

I
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@ l‘ } @

® average cost i ®
$1788 $19:3 bid range : |
theoretical
best low price N

$19.10 $21.23

Actual costs 1969

$20 $21
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Construction consultaants have been appointed for from one to four
projects per borough for a fee remging from 4.37% to 2.90%. A number of
work items usually included in general contractors' overhead have been

covered by cash allowances under SEF.

In order to execute the program SEF has been reviewing in detail all
aspects of school job management. Due to the extremely close time
1imits that have been observed on the project, architects have had to
progress their work ander difficult conditions of lacking final

catalogues, and management handbooks.

Summary Observations.

The SEF project has succeeded first because of the unswering backing
given to the program by the Metropolitan Toronto School Board, and
through the great cooperation that was forthcoming from the industry.
For its part SEF attempted to be clear and consistent in its
requirements. Wherever possible, SEF requirements were settled by
negotiation with the building industry.

The principal example of the latter is the finalization of the contents
of documents T1 and T2. In both cases they were written and puinted

in full in draft form and sent to 1,000 companies, firms and individuals
in the building industry. The recipients were given six weeks in which
to furnish written criticism on any aspect of the program. As a result
of this process, which enabled the industry to evaluate the SEF
specifications against the SEF budget, many changes were made to both

documents T1 and T2.

While the system sought to give maximum freedom to the designer it has
1imited his choices, being a closed-open system. It was because of this
compromising of a project architect's and engineer's freedom that
bidders were required to have their submigsions stamped by an architect
and ecgineer registered ia the Province of Ontario, thereby ensuring

for the owner's protection, a continuity of professional representation
from sub-system concept to incorporation in a specific building design.
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The addition to the Eastview Public School, a 13,000 square foot two-
storey structure, was started in the second week of April 1969 to

test the validity of the First SEF Building System. Two weeks later,

a geries of comstruction industry lock-outs and strikes started which
lasced 101 days. The bulilding was 957 ccmplete and occupied by

students on 2nd September 1969. In early August the Rcden Public School,
a threa-storevy 82,000 square foot structure on a confined city site, was
starced, and despite a ready-mix strike is only 3 days behind the original
project scheduie. Steel copmenced erection on this project on

15th September 1969, and the building is due for completion 15th

Fehruary 1970. Eleven other schools will be completed by 20th July,197C.

The caseworks sub-system, for which tende.s were recently received,
appears to be a major breakthrough in the developmeat of school

furnishings. It has been designed to exploit the total flexibility of

the building system to the limit.

It is my view that the open systems approach to buiiding set in the
context of North America's industrial capabilities, can bring about a
massive upsurge in the continent's economic potential. I believe the
open systems approach tktough its flexibility permits a very wi.i2

utilization of mtional productive capacities when compared witi. <i2

closed systems approach. The method can of course be applied to any

building type.




47

APPENDIX 1

TEIMINOLOGCY - The following is a brief system building terudnology,. A
more complete version may be found in Appendix A", SEF Document T-1,
Introductior. to the First SEF Building System.

System Building - The technique by which any building project may be
handled in the most efficient way within the economic, social, political,
gpiritual and aesthetic, and other limitations of the place in which it
is being done. A more precise definition might be: The application of
interrelated and integrated quality, cost and time control procedures to
the entire building process.

The Systems Approach to Building - means approaching the entire process of
analyzing the need for a building, from the point in time when the need

for a building first manifests itself, through the construction of the
project to its final use, in the most orderly and universally satisfac-
tory way possible. 'The systems apprcach to building" means more than
being efficient and practical, it includes also the satisfactory handling
of the intangible aspects of building, usually lumped under the much abused
terms, amenity and aesthetics.

Building System - A building system is a set of building parts which have
Teen conceived and manufactured to assemble without adjustment or waste,

This is the modern definition; the older and moie widely accepted version
might be: Building Systems are ways of building, involving the use of
specific skills and materials. Building systems include all known ways

of building both ancient and modern. The Roman mass concrete way of bu.ld-
ing was a building system in the same way as is the traditional modern
framing and cladding technique used for North American houses,

Building Process - The process which embraces every stage from the concep-
fion to the total satisfaction of a building requirement.

System - Another term in common use is "System'. Here, I think the defini-
tion used by Progressive Architecture Magazine in its August, 1967 (No. 8)
jgsue is excellent for the purposes of building.

uA working totality formed of often diverse but integrated parts, subject
to a common plan or serving a common purpose.” A detailed review of the
term may be found on page 109 of the above journal.

Sub-System - It is an identiiiable, complete, designed, physically inte-
grated, dimensicnally co-ordinated, installed series of parts which func-
tion a8 a unit within prescribed performance limits,

gpen (Building) System - It is a building system having externalized
interchangeability of its sub-systems.

Closed-Open (Building) System - it is a specific choice of sub-systems
from the range which constitute an open system,
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Appendix 1 - page 2

Closed (Building) System - (1) Is a building system having only inter-
nalized interchangeability of its eub-cystems., (2) 1Is a specific choice
of sub-systems within an open system,

Non=System -~ Non~-system covers that work required to complete a building
project, which is not covered by the scope of the sub-gystems of an open
or closed-open building system, or by the building system in the case of
a clesed building system,

Module - Another term which has great contemporary currency in modern
building is the term module”., It appears to be misused by a majority
of architects and the general public and 211 laymen. The misuse of the
term might suggest that its meaning should be changed to conform to popu-
lar understanding., The definition originally given by the European
Productivity Agency, and reiterated by the Royal Imstitute of British
Architects, The Canadian Standards Association, The Metropolitan Toronto
School Board, Study of Educational Facilities and others ig-=''a module
is a convenient size which is used as an increment or coefficient, It
is a unit of a size. Small "m" is used to denote the commou concept of
a module,” In the view of the authorities quoted and in academic build-
ing circles, the term mnodule” is usually understood to mean the basic
unit of size used in the design of a building project, such as a dimen-
sion of 4" from which zll other dimensions on the job are derived. To
the public and a majority c< members of the building industry, the teim
is often confused with the planning grid con which a building design mey
be baged, This latter is usually a dimension of several feet. Strictly
gpeaking, a planning grid has a multi-modular dimension, to use the aca-
demically correct jargon. As there would appear to be an underlying
commonsense to the public's acceptance or rejection of quasi-technical
jargon, it might reduce misunderstanding in future North American building
circles if the use of the term "Module" underwent some immediate semi-~
modification,

1 would like to suggest that the term 1tmodule"” be retained in its pres.f
technical-academic definition, due to its wide inclusion in many natir. )
and other building standards, and that the term planning grid be dxcog:
in favour of "building module" . Such a switch would make semse of th.
whole business of industriai vuilding to the technical and lay publics.

(CSA A31-1959, p.8, and RIBA, 1965, p.20)~--A convenient gize which is
used as an increment or coefficient. 1t can be any dimension, it is a
unit of size. Small "m" is used to demote the common concept of a module.

Building Module (Grid) (Planning Grid) - The basic dimension used in plan
and elevation to determine the overall size of a building, the spacing of
its principal structural elements, and the principal dimensions of the
components of space defining building elements. The building module is
usually shown in the form of a square grid om the project design and
working drawings. (In the case of SEF, this is a 5'-0" grid in plan.)

Grid Line -~ A line on a building module grid.

Interface - Is the point of contact or blending of two objects, systems
or activities.
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Interface Compatibility - I8 the process of tying together cost and per~
formance between adjoining gub-systems of differing manufacturing origin,

iInterface Contract = A contract between sub-gystem contractors specifying
the precise division of responsibility at an interface.

Interface Tendering Method - A method of tendering originated with the
Metropolitan Toronto School Board's Study of Educational Facilities (SEF)
school building project in 1968, whereby tenderers at mandatory interfaces
between sub-systems reflect the interface compatibility of their sub-
systems through a process of competitive base bid prices with penalty
loadings for incompatibility, in an open system context, in response to
sub-system performance specifications.

Tolerance - (CSA A31-1959, p. 11) - Tolerarce means the difference be-
tween the permitted oversize (upper limit) and the permitied undersize
(lower limit). This difference is always positive, All tolerances reia=
tive to an interface plane are regative, Within this negative interface
tolerance, manufacturing toleraaces will be positive and negative, An
interface plane between sub-systems, and/or components may be a planning
grid, or a plane of division between separate components which form a
greater entity.

Program - Time control procedure, used to organize a series of activities
into an efficient order,

Programming - Time and activity co-ordination of a process in whole or in
par<.
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TOLERANCES: STANDARD CONVENTIONS
Pruceedure i prinople (00 calewad 13 the Moo un ' '

1 Oedee the Modular Size (nhly o the componer” ﬁ nM ; l

3 Define the Positional Tolerarce (o P

* ¥
} {

|
4 Define the Manufacturning Tolerance 11} 't l
I~ 1

o Pefir the Mimmum Gap X 5 3 g ! ! g_
[ 3} ,s
o !

|
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i
i
i
{
!
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i
{

When the above have been settled. make the fcllowing
calculations

5 Determine the Miimum Deduction: g+ p + g g+p : 11,9

¢ 3%

6 Determine the Maximum Size: S=nM — (2g + p) IE S
]

i

7 Determine the Miimum Size: s=S —1t t ' S
ﬁ | ———— i ._._--_,.%

-

‘ :
8 Check the Maximum Gap (G) G=g + p+— ! ’ +p+t/2
eck the Maximum Gap g+p > 9123”5 g I

-

9 Check the Mimmmum Gap (g) g= %(nM - S -9 g

and Jheck agamst 2 iabove ——H

Minimimvm Gap - The Minimum distance Royal Institute of British Architects

between the co-ordinating face of a The Co-ordination of Dimension for Building
component and 2 modular or other (London: Royal Institute of British Architects. 1965)
reference plane p.61. Reproduced by permission of the

Royal Institute of British Architects
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SCSD introduced the performance specification to building, while retaining
competitive bidding. Tte specification stated what part of a building
should do, but not how or with what. These latter considerations were

the responsibility of the bidder as part of his proposal, Through this
means a very wide cross section of the skill within the building industry
could be focussed on the program,

SEF has sought to extend and radically broaden the work started by SCSD
and has been most successful in this respect.

Because the clogsed buildir system was restricting in its application,
and favoured a moncpoly ap .oach which could reduce competitive tendering,
it was rejected by SEF.

The open building systems approach was selected for various reasons:

(1) Economy through wide application. - Because its sub-systems are
externally interchangeable, the open building system lends itself
to economic application onm both national and local level. The
basic design of the sub-systems can be developed by a wide variety
of disparate interests, or by research grcups serving whole industries
(associations of steel, concrete, lighting-ceiling products, etc.)

Tn either case, common Standsrds of dimensional co-ordination and
performance govern the design and manufacturing of these sub-systems
ensuring that the parts fit together accurately and effectively in
the finished building. Because of these common standards, even
geographically remote companies and contractors can manufscture, fab-
ricate and erect the sub<systems,

It is relevant now to suggest thet the need for common standarde,
resulting from the use of an open building systems approach, creates
the need for a very widespread industrialization of the entire
building industry. At present, only isolated fragments are industria-
lized., One is therefore able to find standardization taking place
within the masonry industry, or within the steel industry, or within
the mechanical services industry, but very 1ittie taking pisse be-
tween these industries to facilitate dimensional and functional
integration of their components in the finished building. In addi-
tion, although actual performance of the building industry has indi-
cated that it is capable of producing an almost infinite variety of
materials, many of these involve only short productior runs, Conse-
quently, the expense derived from designing and fabricating numerous
parts is in no way reduced by the economic advantages of longer
production runs.

It was proposed that through the applicatior of industrializationm,
dimensional co-ordination. standardization and the integration in
a finished building of components of different manufacturing originm,
the open building system would make realistic an extension of pro-
duction runs of the components. 3In turn, these runs could exploit
the most efficient methods of manufacture and agssembly. This would




(2)

(3

(4)
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provide a practical opportunity for real economy in building con-
struction,

As opposed to current methods which seek to reduce building area
or reduce quality as a means for gaining economy, it is now realis-
tic to assume that the open building systems approach can lead to
actual long-term cost reduction without a lowering of standards as
hae been shown by the SEF tender,

Highest potential quality through wide application - By opening 2
potential merket for sub-systems suitable for school comstruction,
the use of an open systems approach has elicited a strong response
from industry. The opportunity to assemble bulk orders of certain
standardized components has made possible the utilization of the
massive, and seldom applied, collective skill of the building and
building products industries. This collective skill has been ex-
ploited in both research and development of sub-systems. Higher
quality of materials within given cost limits has resulted,

Greatest variety of choice - Through the integration of materials

of varying origin in an open building syetem, it is possible to offer
the designer numerous choices of assembly of a finished building.

1f ten sub-systems exist within a system and there are

four acceptable solutions to each sub-system, 1,048,576 specific
systems can be developed and on SEF there are 13,000 systems below
the target budget. Almost infinite variety is available. The degree
of choice offers owners and architects freedom of design and laycut,
within the context of the open building system. The choice also
enables manufacturers and contractors to organize their prcduction
and development on an industrial mass production basis.

Cyclical building renewal - The primary concern of SEF was to pro-
vide flexibility of interior parts by selecting a building system
which would offer maximum interchangeability of its sub-systems
components. This was the essential reason for choosing an open 8ys-
tems approach. Flexibility necegsarily adds a time dimension to
the moulding of spacs. Ths applicetion of an open building system
affords the opportunity for cyclical building renewal or renewal oi
a building on a continuing basis.

-
In the past, the tendency has been to construct buildings on the
more-or-less umspoken supposition that they will last forever.
However, the spectacular scientific and technological developments
currently taking place are bringing a sense of immediacy in human
events and in the interpretation of these events ir the physical
environment,

Tois need for immediacy of interpretation, in turnm, demands the
ability to change the physical environment quickly to suit changing
human, social, educational and health requirements. The concept

of permanencz in building design has begun to die.
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It can be expected thet tha-projection of the useful life of a
building at the time of its design will becowme normal practice.
Time plans will b~ developed on the premise that urban renewal will
be a normal, healthy process of change in the living tiecus of a
city, rather than the wholesale demolition and rebuilding which has
been associated with this concept.

The building systems oi tn: foreaeeable future will have built-in
provision for renewal. Educational building is taking a lead in
briaging this metabolic* change to the building industry. The
metabolic approach to design in the single building holds the view
that:

%, , ,architecture is composed of two elements. First there is the
spatial equipment which determines space itself, and second, the
living equipment, which corregponds to living patterns. In all his-
torical buildings we view the spatial equipment, but in contem-
porary architecture we place considerable weight on the living equip-
ment. The spatial equipment is thought of as the spatial skeleton
which is not subject to temporal changes in function. Occupying a
subordinate position and attached to the spatial equipment in order
to satisfy current requirements is living equipment. It is quite per-
misgible if (1) its position changes in the future, (2) it is re-
placed by other equipment using different materials, or (3) it is
veplaced in order to meet changes in function. The term '"Metabolism",
... can be understood to be the introduction into architecture of

a method of replacing and changing the living equipment in accor-
dance with living patterns.

The Metabolists are a group of Japanese architects formed in 1960 when
the World Design Conference was held in Tokyo.

The above material is quoted from Carl Hall "he Metabolists” The Canadian
Architect, December, 1966, pp. 37-52.

(4) Cyclical Renewal - Under the philosophy of cyclical building renewal,
comprehensive building sub-systems have varying life (or renewal)
spans. A suggested pattern may be initially:

PERMANENT PORTION OF THE BUILDING

Building Sub-System Renewal Cycle
Structure, Vertical Skin (exterior walls) 30 - 60 years depending
Stairs on the rate of social and

economic change in a given
society
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RENEWABLE PORTION OF THE BUILDING
Building Sub-Sstem “2enewal Cycle

Roofing, Plumbing, Interior Space Divisionm,

Atmosphere, sub-systems, elevators, escalators, 20 years
and other people-and goods-handling systems

and equipment.

Building Suo-System Renewal Cycle

Electrical and Electronic equipment,
Caseworks, Lighting-Ceiling sub-systems, 10 - 15 years
wall and floor, built-in finis hes,

and later develop further:

PERMANENT PORTION OF THE BUILDING
(THE SPATIAL EQUIPMENT) *

Building Sub-System Renewal Cycle
Structure Sub-sysiem (il)
Vertical Skin Sub-system (#5) 30 - 60 years depending on
Roofing Sub-system (i#9) the rate of social and
Stairs - non<system economic change in a given
Foundations - non-system society

5ite works and sub-grade services - non-system

RENEWABLE PORTION OF THE BUILDING
(THE LIVING EQUIPMENT)

Building Sub-System Renewal Cycle

Atmosphere Sub-system (i#2)
Lighting-Ceiling Sub-system (#3)
Interior Space Division Sub-system (#4)
Plumbing Sub-system (i#6)
Electric-Electronic Sub-gystem (#7)
caseworks - Furniture Sub-system (i8)
Interior Finishes Sub-system (#10)
People and goods, moving and handling
systems and equipment,

10 years

As the turnover cycle of
a fully industrialized
building industry

A school board can phase its expenditures in relation to the changing
financial circumstances of the community. For instance, by dividing
the structure, the atmosphere system, electronic system, etc, into
distinct sub-system categories and by designing these on a metabolic
basis, it is possible to assign amounts to each of these areas, in
accordance with the life span that might be expected for each sec~
tion. Proportionately then, more money nmight be spent on the struc-
ture of a building and less on the caseworks sub-system, in the
expectation that the latter could be replaced when more funds were
available to the community, By this means, it is possible to stage
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capitalization for periods of favourable ecopomic conditions. Be-
cause all aspects of the school do not have to be built within the
economic limitaticrs of a given period, the most desirable perfor-
mance characteristics in schools can be achieved., In addition, this
principle ensures that products can be designed to last for a given
life span and avoid functional obsolescence.

By accepting the concept of cyclical renewal for the building and
the sub-systems, the way can be opened for the development of com-
ponents having a specific life span which might be marketed under a
series of lease-rent arrangemests. As in the case of computers and
certain other items of complex mzchinery, a manufacturer might sell
the service of a sub-system rather than the product itself. Im such
cases, the manufacturer might also undertake maintenance of the sub-
system during the life of the lease. Alternatively, a dealership
system, similar to that used by the automotive industry becomes
feasible. By this means, used sub-systems could be traded in, reno-
vated and re-sold for use in other buildings, with a consequent up-
grading of both the physical environment and the econony.

Open-ended evolution within a given building installation - The
potential for cyclical building renewal offered by an open building
system suggests the possibility of renewing any school project on a
continuous Lasis.

Examination of the life-cycle of a traditional school project indi-
cates a process of growing obsolescence from the date of constructionm,
with perhaps an occasicnal major updating, to final total obsolescence,
possibly in the last twenty-five per cent of its life, It is sug-
gested, that the open building systems approach, together with the
cyclical form of building development proposed, the violent peaks

and valleys of improvements and obsolescence common in traditional
construction can be avoided. The process ot change can be a smooth
series of events, with parts or whole sub-systems being replaced
during the life of the building as they become obsolete. It would be
virtually possibie to replace a building on the same site, without
ever totally wrecking it. For instance, a building could be mutated
over a number of years from a permanent structure, to a relocatable
structure, by using the up-dating process of sub-system replacement.
The original permanent sub-systems would be replaced by newer reloca-
table sub-systems. If the original extevior walls and roof were
supplanted by a large space-weather enclosure, such as a dome or
tent-like structure, even the basic structure of an older building
could be seriously modified.

By requiring the development of sub-systems to take into account

the possibilities of long-term, open-ended evolution, an opportunity
is presented to the building industry to organize itself on the basis
of known demand which the industry could itself aid in creating.
Advanced developments in technology can be exploited on a continuing
basis and to. a greater degree tlhan has been currently possgible in
the building industry.
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In order for sub-systems to bz iaterchangeable, they must have inter-
face compatability. This means that each of the ten sub-systems which
comprise the First SEF Building System must integrate both physically
and functionally with other sub-systems to which they abut in a
finished building. For example, the beams, columns and joists of a
structure sub-system are designed to fit together easily and economi-
cally in the field, The boilers, chillers, fans, ducts, pipes and
controls of an atmosphere sub-system are similarly conceived. To
achieve interface compatability between the structure and atmosphere
sub~systems, it is necessary tha’. the parts of the sub-systems which
come in contact with each other fit efficiently.

The FPirst SEF Building System is a "closed-open' system, comprised

of ten sub-systems.” The components and sub-systems have been de-
veloped, fabricated, and erected by industry in open competition,

The sub-systems were conceived in such a way as to permit use of

any other school project in the Metropsalitan Toronto area. They have
been integrated into the designs of specific projects, each vith its
own architect and general contractar.

Not until the sub-systems tender was cargletec and the partial build-
ing is accepted by SEF are the details of the system known. At this
point, the particular choice of sub-systoms ''closes' the system for
the selected group of projects,

lA sub-system is an identifiable, complete, designed, physically integrated,
dimensionally co-ordinated, installed series of parts which function as a
unit within prescribed performance limits,
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The 5'-0" x 5'-0" horizontal planning grid was selected because:

(1)

(4)

(5)

(6)

&)

(8)

(9)

It fits accurately to the space requirements reccmmended in the
SEF academic reseaircn studies (E.1}, and it gatisfied The Metro-
politan Toronto School Board's Ceiling Cost Formula,

Since it is the largest planning grid which fits the basic space
requirements, it reduces joints to a wwcsimum.

The planning grid accepts the 4'-0" fluorescent 1lighting tube in

a variety of arrangemenis with an adequate allowance for parti-

tion thicknesses and other obstructions of the ceiling plane <ur-
face. Amcng major manufacturers of lighting-ceiling systems who
were consulted, there were requests, on grounds of economy, to speci-
fy 4'-0" fluorescent tubes rather than 3'-0" tubes.

Since the 5'-0" planning grid has been used for the SCSD project
in Southern California and will be used for the Florida State
School Building Program, a number of buildipg materials based on
this planningz grid have already come into existence.

It is approved by a variety of structural, lighting-ceiling, parti-
tion, and vertical skin product and component manufacturers.

Since it is commonly usedé in commercial building, the sub-systems
of the First SEF Building System can be Airectly applied to build-
ings other than schools,

The large ceiling grids formed on the planning grid provide a
relatively tranquil visual environment.

It appears to have dimensional appropriateness: most partitions
align themselves on this planning grid.

It can be divided into a 20" sub-grid which has been suggested as
a suitable grid in the design of residential high-rise hbuildings.
Materials and sub-systems designed to f£it this residential plan-
ning grid could be used in buildings using the 5'-0" x 5'-0"
planning grid.
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