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INTRODUCTION

The scope and format of the report

The abridged final report is the second part of the feasibility study under-

taken to determine the means by which industrialized building methods

can be used for the construction of schools in British Columbia. The

interim report describes the evolution of system building, defines the

problem, and the approach taken in this study to the problem. The final

report presents a summary of findings and recommendations in a format

which attempts to answer three fundamental questions:

QUESTION ONE: What are the conditions necessary for the satisfactory

operation of an industrialized building system for the benefit of the corn-

munity?

A description of the issues in principle is outlined and represents a sinn-

mary of research undertaken in Europe, U.S.A. and eastern Canada of

four significant industriliazed building systems: C. L. A. S. R,, Consor-

tium of Local Authorities Special Program, Nottingham; NENK, Ministry

of Public Building and Wor1c 4 England; S. C. S. D. , School Construction

System Development, California, U. S. A. , and S. E. F. , Sttidy of Educa-

tional Facilities, Metropolitan Toronto.

There is a strong family resemblance between the first educational in-

dustrialized building system pioneered by Hertfordshire County Council



in 1947 (now S. E. A. C. ), the C. L. A. S. P. system 1955, NENK system

1960, S. C.S. D. 1961 and S. E. F. 1967. A brief history of industria-

lized building methods was included in the preliminary report with parti-

cular reference to the features of these systems. Comments upon the

first Canadian open building system S. E. F. is included in the appendix

of this report.

QUESTION TWO: What conditions relevant to the issues of system

building exist in British Columbia?

The summary of findings of a market analysis, an examination of local

manufacturing capabilities, together with a comment on the building codes

and the need for a locally sponsored building system is presented in part

two. The analysis af the provincial school building programme was

undertaken with the generous co-operation of the Department of Education,

Victoria. The assessment of province wide manufacturing capabilities is

the product of extensive field trips to all major local building component

manufacturers and was made possible by the generous co-operation of

construction and manufacturers trade associations.

QUESTION THREE: What must- be done in British Columbia to sponsor

and sustain an industrialized building system for schools?

A summary of conclusions and recommendations, and the reasons for

those recommendations is set out in section three.



Comment on the problem

You don't have to be an architect to realize that there are serious inade-

quacies in the present means of solving the community's building prob-

lems. The architectural profession has become the focus for criticism,

which is really an expression of dissatisfaction with the quality and cost

of the finished building. Unfortunately, the traditional client/architect

relationship has perpetuated the profession as a product orientated

group, whereas the root of the difficulties is due to the incomplete and

fragmented nature of the building process. During the past sixty years

traditional craft orientated construction methods have been supple-

mented in a limited way with new technologies, when the demand for

building has justified a re-evaluation of the entire approach. Although

the population increase has caused unprecedented urban growth an exa-

mination of the role of architecture in the community shows that the

professional designer has lost control of the means of building. The

relationships in the community have restricted the architect from

extending his influence beyond the design of public buildings, and con-

sequently his talents are utilized for only twelve per cent of the total

volume of construction in Canada.

Why has this situation developed and what are the conditions which

have prevented an evolutionary change to satisfy these new problems?



The building industry regar(ls itself as a service industry, and the

factors which have contributed to a low capital intensification or indu-

strialization are outside the control of its individual members.

The general demand for an investment in new building tends to be cyc-

lical by nature and individual clients have required space on a building

by building basis. In order to retain a flexible response to these con-

ditions on the site and in the factory the building industry has used

methods with a limited investment in plant, and a high labour content

in order to avoid a financial over-commitment. During a period of

low demand, work crews can be laid off leaving a minimum of capitaI

tied up in plant and machinery.

he lack of control and organization of the building process has major

implications for a province like British Columbia where four-fifths of

employment is directly or indirectly related to the building industry.

The Honorable C. M. Drury, when he was Federal Minister of Industry

said that productivity increases from 1961 until 1967 in terms of out-

put per person employed, increased 21% in manufacturing industries,

over 100% in agriculture, but only 6% in the construction industry.

The increase of construction costs and the demand for space because

of population growth has created a crisis in the building industry which

s not being solved with traditional methods. The question is: is the

most effective use of building resources occurring? not: will tradi-

tional building methods continue to be used?



The systems approach to building is a proven concept that can be utilized

to solve the immediate problems of school building. However, the idea

has broader implications for the building industry and the economic wel-

fare of the community. It is a process orientated approach which pro-

vides the incentive and organization for the building industry to improve

its methods to meet the building problems of a mass society. The systems

approach embodies two fundamental concepts not possible with traditional

methods.

Architectural hardware as a system: first it establishes the means of

implementing greater industrialization in the building industry by stabi-

lizing a market of sufficient volume to justify a greater capital intensifi-

cation of methods. The concept improves construction techniques by

utilizing factory made building components and rationalizing assembly

operations.

The building process seen as a system: secondly, the volume of con-

struction provides the opportunity and justification to monitor and con-

trol the building process by the use of contemporary management methods

such as operational research techniques. The whole range of activities

that occur before and during construction can be viewed as part of a total

system of operations with a series of pre-deterxnined goals. Conse-

quently, the effect of one operation within the system upon another can

be predicted and the outcome planned. The effects of modifying the



inputs to the system can be predicted in terms of changed expectations.

The characteristics of the system, that is its effectiveness as a model

of reality, will be continually improved by feed-back from on-going ex-

perience. It is an intrinsically flexible approach which can adapt to new

building requirements as social-economic conditions dicate. The systems

approach to building changes the relationships between client, professional,

contractor and manufacturer in order to achieve a more effective building

team. However, the building industry alone cannot be expected to in-

dustrialize its processes or modify its methods if the construction market

continues to exist as a series of fragmented and unrelated problems.

Activity elsewhere indicates that a more sophisticated attitude is being

taken towards the problem of effective use of school building resources

and productivity in the building industry. If the object of the exercise

is to increase productivity by improving building technology, then you

have to change existing relationships in the industry in order that im-

provements can occur. The incentive for improvement can be esta-

blished by presenting a problem to industry that connot be solved by

traditional methods. If the client-owner offers a substantial building

programme for open bid, change and improvements are inevitable.

The response to this study by the building industry in British Columbia

has been creative and co-operative. There are many benefits to the

participants of a system building programme that do not exist with

traditional building. Elsewhere in this report an assessment is made



of existing capabilities, and it is possible to state that the local building

industry has the capacity to handle a systems programme, and is willing

to participate in the improvement of its methods. The legislative educa-

tional responsibilities and the status quo, indicates that it is the provin-

cial government's privilege to take the first step towards co-ordinating

the school construction programme. The administrative means of

achieving consolidation must be regarded as a process orientated approach

towards the ultimate social goals of the programme. The findings of

this research programme confirm that the systems approach to building

will make more effective use of the provincial school building resources

if sponsorship occurs within the terms of reference set out in the recom-

mendations of this report.



Summary of Recommendations

1. Rationalize and organize the demand for building

The provincial government and the school trustees should orga-

nize an annual volume of coiastruction in excess of $25 million

into one building programme, by combining the school building

requirements of the lower mainland with similar requirements,

from other parts of the province.

2. Sponsorship of the building system

. The "client-owner" (the provincial government and school trus-

tees) establish a provincial SCHOOL BUILDING CONSORTITM as

a fiscal and legal body to implement the phased approach to spon-

sorship of an industrialized building system as set out in this

report, (part 3 - section 2).

The preparation of the client's requirements in terms of legal

documents for public tender be undertaken by the client's RESEARCH

DESIGN AND DEVELOPMENT GROUP, established as an auto-

nomous organization outside existing educational institutions and

directly responsible to the provincial SCHOOL BUILDING CON-

SORTIUM.

3. Characteristics of the building system

The best solution within the recommended market definition to

the provincial school building requirements is to establish a



building system with two major characteristics:

i) An"open" building system to ensure the two way benefits of

interchangeability with other Canadian systems.

ii) A system with the design characteristics capable of meeting

urban and suburban building requirements - that is a system

with the feature of interchangeability of architectural com-

ponents of different materials within the system.

4. The rationalization of educational requirements

The analysis of educational requirements and preparation of edu-

cational specifications should occur in phase one of the process

and be undertaken by staff educators and architects of the

RESEARCH, DESIGN AND DEVELOPMENT GROUP in consul-

tation with others.

5. ' The role of the professional designer

The most effective use of professional services will be achieved

by redeploying talent set within new operating relationships in

the building industry. These new relationships are established

by the phased approach to sponsorship as set out in this report.

6. The re-bidding of the school component programme on a bi-annual
basis

The requirements of the provincial SCHOOL BUILDING CONSOR-

TIUM be organized into bi-annual programmes to be bid upon by

individual manufacturers on the basis of an integrated "open"

building system.



7. On site specialization and sub-system biddinkprocedures

On site specialization of assembly operations be encouraged by

sub-system bidding contracts which require the design, develop-

ment, supply and installation of building components or fulfill-

ment of specific tasks as a package by one or a group of com-

panie s.

8. Organization for on-going management, administration, research,
design and development

The combined tasks of on-going management, administration,

research, design and development essential for the operation of

the provincial SCHOOL BUILDING CONSORTIUM be undertaken

by the client's RESEARCH, DESIGN AND DEVELOPMENT GROUP

as the administrative control organization.

9. The Building Codes

. The industrialized building system developed for provincial

school buildings be designed to comply with the principles of

safety and construction standards of the National Building Code.

A programme of liaison between municipalities and cities be

initiated by the provincial government to promote the general

adoption of the National Building Code, and its consistent appli-

cation throughout the province.
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PART I. DEFINITION OF ISSUES IN PRINCIPLE.

Question One: What are the conditions necessary for the
satisfactory operation of an industrialized building system for
the benefit of the community?
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PART I. .DEFINITION OF ISSUES IN PRINCIPLE

QUESTION ONE: What are the conditions necessary for the satisfac-

tory operation of an industrialized building system for the benefit of

the community?

1. The need for an adequate volume of construction

The market demand for building space must be rationalized and

adxninistered to achieve a substantial annual volume of work which

will provide the opportunity for manufacturers to modify their

methods to achieve peak productivity.

The individual building components which are elements of the buil-

ding system will then be bid upon the basis of an assured substan-

tial volume. The benefits will be passed on. to the sponsor of the

system.

If a construction programme of sufficient volume is offered to in-

dustry new products designed specifically for one purpose can. be

developed at no direct cost to the sponsor. The opportunity for

an assured flow of work will allow the manufacturer to write off

development costs of the new product against the initial programme

and potential future markets.

The economies of scale can only apply to the total building pro-

gramrne and are not applicable to fragmented parts where archi-

tects have arrived at apparently similar, but not identical con-

clusions.



The long term purpose of system building is to increase producti-

vity in the building industry by creating a situation that will effect

the gradual industrialization of building methods. Consequently

the client's building programme must be offered to industry on a

year to year basis.

2. The rationalization of user requirements

The introduction of a system building programme to resolve a

particular set of problems normally represents a significant

point of change in the design and construction process from a

fragmented to a comprehensive approach. The commitment to

a programme of this scale allows and justifies the time and effort
_

to undertake a comprehensive in depth analysis of user require-

ments. If the architectural requirements are determined in the

conventional way, it may well mean that the prejudices of a few

strong personalities will establish unrealistic and unfounded

characteristics in the building system.

The design of the building system must achieve a balance between

the need for freedom and variety in planning, and the discipline of

standardization for economic factory production. It follows that a

definitive analysis of present and projected user activities and re-

quirements must be undertaken in order to establish a basis for

the problem.

In the case of educational facilities, it is important to ensure that



an analysis of educational requirements occurs within the para-

meters of evolving educational theory and provincial policy so

that predictions for future needs will be well founded.

3. Design and development with the participation of the building
industry

In order for a component manufacturer to reach peak productivity

two considerations must be met:

a) The building component must be designed with an intelligent

appreciation of the manufacturing process, its potential and

inherent limitations. Therefore mutual consultation between

designer and manufacturer must occur initially.

b) The range of components that the manufacturer can handle

within the existing capability of his plant must be determined

to ensure that bulk orders are achieving maximum economies.

The problem of bulk buying of building components is one of shif-

ting parameters. There is no absolute optimum size of pro-

gramme only a working minirnurn. A manufacturer who has an

assured market for three years will be prepared to invest capital

in new machinery and write it off over that period. The increased

industrialization will show economies to the buyer, whereas the

manufacturer with an assured market for one year is likely to

rationalize his production within existing investment in plant and

pass on limited economies to the buyer.



It is important to ensure that all levels of the building industry

have an. opportunity to contribute their ideas at appropriate times

in order that change be effected with a maxixnu.m of co-operation

between participants. This consideration refers to all partici-

pants and contributors to the building process and spans a range

from the manufacturer and their trade associations to organized

labour,.

4. The case for open competition from time to time for major con-
tracts of building components

The purposes of this condition must be largely self evident.

It is not in the client's long term interests to provide a captive

market for a few select companies. After an initial period of

experience actual costs plus reasonable profit will be passed on

to the client only if open competition for contracts continues to

exist.

The open systems approach exploits the opportunity available

when re-bidding a programme to allow for the improvement or

change of standards accordip.g to the dictates of experience and

new requirements. In this way it is possible to ensure that the

approach will generate a variety of design choices not previously

associated with industrialized building.

5. The neeci for on-site specialization

System building represents a unique opportunity for the improve-

ment of organizational techniques and on-site building methods

- 1 4 -
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that it is not possible with traditional methods. It is important

to create a situation where specialization can occur in general

contracting and on site as well as in other areas of the industry.

Assembly crews and other building operatives can be specially

trained to benefit from the unique design features and repetition

of system building methods. A further consideration is to en-

sure that the new resource of skilled operatives continue to par-

ticipate in system building programmes.

One method of effecting on site specialization is to organize

sequential building starts into groups by school districts and to

award serialized contracts for groups of schools to one general

con tractor. This approach is effective only so long as the

general contractor continues to participate in system construc-

tion programmes.

. Another way of achieving on site specialization is, by the use of

sub- system bidding procedures which offer a series of related

operations: i. e. , design, develop, manufacture, supply and in-

stallation of a particular component, or the completion of a par-

ticular task as one contractual package. In this case the assembly

crews will specialize as members of the suppliers' company and

will continue to participate in systems programmes so long as

the suppliers' products are used.



If opportunities and incentives are established for the speciali-

zation of managerial and operative skills the payoff will be im-

mediate cost savings to the client and sustained long term in-

creases in building productivity.

6. The _purpose of on-going research and development

The refinement and innovations that will occur at the manufac-

turing level and on site must be co-ordinated and directed by

the sponsor to ensure that improvements are complementary

and that an overall increase in. productivity will result.

The sponsorts ultimate welfare rests upon his ability to monitor

and control the improvement of the whole building process to-

wards his specific goals, (1. e., cost reduction, better quality,

more space per dollar, greater variety, better use of labour,

and so forth). Therefore, if improved productivity and the re-

duction of unit cost are a prime consideration, the day to day

building process must be subject to continued research and de-

velopment. Therefore, appropriate means must .be used to

assess all levels of the process from design through manage-

ment to labour, in order to ensure that modifications of the ap

proach are based upon factual evidence and that changes will in

iact produce improvement.

24
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PART 11. SUMMARY OF FINDINGS.

Question Two: What conditions relevant to the issues of system

building exist in British Columbia?



PART II. SUMMARY OF FINDINGS

QUETION TWO: What conditions relevant to the issues of system

building exist in British Columbia?

I. The provincial school building programme

Market analysis.

How much and what kind of school building has occurred since

1960?

i) Volume of provincial school construction classified by capital

cost and geographic areas, 1960-68. See appendix - Item III.

ii) Types of construction classified by building code categories,

for the following areas:

Lower regional mainland.

Vancouver Island. See appendix - Item IV.

Forecast of future school building requirements.

a) The British Columbia Department of Education statistics:

"Student increases 1937-67 and estimates to 1987".

i) Elementary enrolment: a sharp decline in ,; e rate of enrol-

ment:

from 1956-57 to 1966-67... 59% increase was recorded,

whereas,

from 1966-67 to 1976-77_ .. 4% increase is estimated.

Economic Council of Canada Staff Study No. 20: comments



on elementary enrolment in Canada.

"Total enrolment is expected to rise up to 1970-71, but at

a moderate rate of growth thereafter it is expected to de-

cline up to 1975-76". *

"This pattern of change is observed for all four variants

based on the various fertility and immigration assump-

tions; the fertility assumption accounts for the major por-

tion of difference between the four variants". *

ii) Secondary enrolment: the rate of growth is more than

halved:

from 1956-57 to 1966-67 100% increase was recorded

whereas,

from 1966-67 to 1976-77 44% increase is estimated.

"The rates of growth in secondary enrolment are substan-

tially higher than the underlying growth of the relevant age

groups. For the past 10 years, as well as for the coming

10 years, enrolment advanced about twice as rapidly as the

number of persons in high school age groups. This is re-

flected in the sharp increases of high school participation

rates". *

"The fact that enrolment grew rapidly over the past 10 years,

but is expected to grow more slowly from now on, is almost

entirely due to changes in the underlying population. From



1955-1956 to 1965-66 the 14-17 population rose by about

60%, while enrolment rose by almost 140%. Over the

coming 10 years the 14-17 is expected to rise by about

20%, with enrolment projected to rise by almost 40%". *

b) Comment upon existing school stock and rate of obsolescence:

It might be reasonably assumed that existing school building

stock becomes obsolescent after twenty years of use and is

due for major interior renovation. School buildings in ex-

cess of forty years can be considered obsolete by current

standards and consequently should be scheduled for replace-

ment wherever possible.

In 1925-26 school enrolment in British Columbia was 101,688

pupils. In 1966-67 the enrolm.ent was 445,200 pupils. It is

necessary to assume that the school building stock was ade-

quate for both dates, although there are no records available

to determine how much of the pre-1925 stock has been re-

placed over:the past forty years. A conservative estimate

suggests that 20% of the existing school buildings are more

than forty years old.

* Enrolment in Schools and Universities.. 1951-52 to 1975-76, by
W. M. Il ling and Z. E. Zsigmond. Staff Study No. 20. Economic
Council of Canada 1967.



A proportion of this stock must have been built in the lower

rn-linland area, in which case increasing land costs will jus-

tify replacement as the original site utilization becomes unac-

ceptable.

It was not possible to establish a rate of obsolescence for existing

schools, so that the rate of replacement of obsolete structures is

not clear. However, if 20% of existing_ stock is forty years or

older, the replacement of old buildings can now be expected to be

greater in the next ten years than ever before.

2. The building component manufacturing industry in British Columbia

An examination of local capabilities to manufacture and fabricate

building elements and components for a system building programme.

The manufacturer's relationship to the building industry.

The relationships that exist within the building industry at the pre-

sent time to satisfy the practices of traditional building place the

manufacturer one step away from the critical decisions of compo-

nent design. There are many aspects of the client's requirements

that are not considered from the manufacturer's point of view, and

generally speaking the traditional roles have created a situation

where the manufacturer is unable to pass on the full benefits of

mass production to the buyer. There were found to be two rea-

sons for this: firstly, the very nature of traditional methods has

meant that custom design buildings have required custom made

- 20 -



components.... secondly, the considerations that are of prime

importance to an efficient plant operation have been of minor

concern to professionals engaged in meeting their client's needs.

Design factors such as:

components detailed on preferred sets- of dimension..

the economic use of material..

the consideration of assembly procedures as a design

problem ..

the design of the element with full knowledge of the pro-

duction process ... all have been low priorities to the

designer.

Current price structure.

The manufacturers of building components have to meet the de-

mand for a high proportion of custom work that occurs with tra-

ditional construction methods. At the present time the cost

saving achieved in substantial manufacturing runs of building

components is absorbed by the custom work so that the economy

of standardization is not reflected in the price structure.

The economies of scale.

A comparative cost estimate was made for the structural assem-

blies of one typical 30,000 sq. ft. school purchased individually,

and thirty at a time. (The lower mainland spent $16 million on

buildings alone in 1967 which represents approximately 1 million



square feet of school space). The bulk order would enable the

manufacturer to reduce his unit costs for the following reasons:

greater design time at the consultants and shop level

show material saving of 10% (conservative estimate).

15% cost saving from bulk purchase of raw material.

saving on shop drawings.

25% savings upon the on site erection, achieved by simp-

lification of connection details, and specialization by as-

sembly gangs.

At an overall estimated saving to the purchaser cornplet?.c.

and erected on site of 28%.

It was found that the economies of scale differ according to the raw

material and the nature of the manufacturing process. Processes

that utilize hand labour and batch assembly procedures reached an

optimum production rate sooner than those that were mechanized.

The so-called "learning curve" differed in a comparison of local

Manufacturing and fabricating methods for major structural ele-

ments in concrete, steel and wood. It was found that the mini-

mum size of order for the most efficient plant operation varied

from $300,000.00 to $600,000.00 for a structural assembly or: ele-

ments. These figures represent an optimum point on the learning

curve and suggest that a minimum programme of approximately

$10 million is necessary in order to exploit the present poterniai

of local manufacturing capabilities. The existing capital
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investment in plant was accepted as a parameter so that the com-

parison is relative to local conditions rather than a full expres-

sion of a particular materials adaptability to industrialized methods.

It should also be noted that if a substantial contract were awarded

on an assured basis, investment in new plant would be justified.

. The concern of the buyer is to establish the best cost rate for a

quality product which meets his particular requirements. In the

case of bulk purchase by a client consortium the size of the order

will enable the buyer to insist upon certain modifications of exis-

ting products. The first concern is to purchase a series of com-

patible components, a building system which will satisfy the need

for special variety in the finished building. This can be achieved

by the modification of existing products or by the introduction of

new products. However, the level of innovation in the product

demanded by the buyer must be realistic, that is related to existing

manufacturing capabilities and to the size of the order. If the re-

quirements are set too high to be justified by the annual programme,

there may be an initial apparent successful response for the first

year, followed by a period of reassessment where the manufacturer

may find that he is over committed. In this case production will

cease, unless the manufacturer is prepared to accept a loss until

such time as the volume of work justifies the original design.

The buyer's requirements must be expressed to achieve an optimum



level of design innovation in the context of local manufacturing

capabilities and the size of the annual building programme.

. Summary of findings

In general it was found that there is adequate capability within

existing manuiacturing and fabricating plants in the lower main-

land to meet the technological and volume requirements of a

school system building programme. The technical problem of

producing compatible pre-fabricated building components is not

seen as critical. The problems created by peak building acti-

vity at certain times of the year in excess of individual manufac-

turer monthly capacity must be met by advanced planning and stock

piling of certain universal components. It is anticipated that cer-

tain specialized mechanical and electrical components may be manu-

factured elsewhere in which case the problem of modular co-ordi-

nation of the imported product must be solved.

3. The building codes

The case for uniformity

The effective operation of a regionally based industrialized building

system depends upon the uniformity and consistent interpretation

of local building codes. The standardization of design details and

building assemblies for a mass market cannot occur unless there

is acceptance between municipalities of a comprehensive building

code. If the continuity of design and production is interrupted



because of the need to satisfy the unique requirements of a local

code, the overall efficiency of the whole approach will be affected.

Consequently, the building system should be designed to meet the

principles of safety and construction established at a provincial

or national level. It will then be possible to achieve a compre-

hensive application within a region and also to be reasonably sure

that locally manufactured components will be accepted elsewhere

in Canada.

Local building codes and their interpretation.

It was found that there is 210 consistent pattern as to the content,

requirements and interpretation of local building codes throughout

the province. The National Building Code has been used as a

model by a great number of municipalities and cities so that the

general principles of safety that apply are similar in many cases.

However, the practical application of local building codes reflects

very little overall consistency of requirement or interpretation.

Two recommendations:

One: The industrialized building system developed for provinCial

school buildings be designed to comply with the principles

of safety and construction standards of the National Building

Code.

Two: A programme of liaison between municipalities and cities be

initiated by the provincial government to promote the general

adoption of the 1970 edition of the National Building Code and



its consistent application throughout the province.

As an interim measure to assure the immediate accep-

tance of a systems building programme, the examination

of the possibility of legal exemption from certain local

code resistrictions for buildings provincially or publicly

owned,

4. The need for a building system designed, developed and manu-

factured in British Columbia

It was found that there are many reasons beyond the effective

solution of the school building problem that justify the sponsor-

ship of a building system manufactured in British Columbia.

The industrialized building system offers the owner-client an

alternative means of construction. which is known to be more ef-

fective than traditional building. The competition will have the

effect of improving methods of on site building with an overall in-

crease in productivity throughout the building industry.

The substantial contracts of a school building programme can at-

t ract new secondary industries to the province and stimulate in-

vestment in existing business. The capital intensification of the

local building products industry will bring local production tech-

niques abreast of development in the rest of the country and

abroad. The opportunity to export finished building components,

or complete buildings rather than raw materials is seen as a further

means to stimulate growth in local industry.



The inevitability of the industrialization of the building process

has been recognized by the Federal government in its policies

The Department of Industry's BEAM programme is being acknovv-

ledged and adopted by other departments. C. M. H. C. and the

Federal Department of Public Works have adopted the principles

of modular co-ordination for their building programmes. The

successful progress of the S.E.F. for the Metropolitan Toronto

School Commission, and the R. A.S. Catholic School Commissiori

programme in Montreal illustrate how other public clients are

contributing to the controlled introduction of systems building.

It is considered imperative to sponsor the concept in British

Columbia at this point of development, before components of eas-

tern system are imported, because of a lack of local initiative.

The industrialized building system is essentially a regional coil-

cept. The benefits of improving construction methods throughout

the province, promoting industrial growth and initiating the export

of finished building components will not be achieved by importiag

products from elsewhere, even if it were economically feasible ia

some cases.
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PART III. SUMMARY OF CONCLUSIONS AND
RECOMMENDATIONS.

Question Three: What musf be done in British Columbia to
sponsor and susta in an industrialized building system for
educational facilities?



PART III. SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS

QUESTION THREE: What must be done in British Columbia to sponsor

and sustain an industrialized building system for educational facilities?

1. Definition of the market and its relationship to design characteristics

of the building system

The choice of administrative methods made to organize the provin-

cial school building programme will depend upon the volume and

location of construction. In British Columbia the existing market

can be divided into four distinct geographic areas.

Lower regional mainland... 15 school districts
Vancouver Island 14

Okanagan Valley 10

Prince George & vicinity 2

The practicability of treating the province as one market area is

conditioned by the increasing transpc .;ation costs for delivery of

components outside the lower mainland. Incidents of 2%-5% upon

the "on site" unit cost of the heavier structural components are in-

dicated. However, this figure need not represent a major deterrent

when assessed against the overall saving that will be achieved with

a larger market. The figures over the past eight years for the

lower mainland indicate that the annual building programme is the

minimum volume necessary to sustain a building system. However,

experience elsewhere has shown that prograrrin-les in excess of $25



million are necessary in order for the manufacturers and fabri-

cators to carry a substantial part of development costs.

The problem is essentially a choice between two alternatives:

One: Develop a building system to meet the particular "urban"

requirements of the lower mainland. A high proportion

of the development costs would be carried by the sponsor

because individual contracts for components within the

whole programme would not be large enough for manufac-

turers to justify extensive product development.

Two: Organize an annual or bi-annual volume of construction in.

excess of $25 million in order to transfer part of the de-

velopment costs of a building system to the eventu.al par-.

ticipants, the manufacturers. A programme of this size

can provide the client with more sophisticated buildings

of better quality and greater variety, for less cost.

An analysis of the school construction programme for the lower

mainland indicates that future requirements will be for a high

proportion of 'Walk up1 type buildings with an intermediate to

high fire rating. Two factors contribute to this finding:

i) Enrolment forecasts indicate 44% increase in secondary pupils

compared with 4% increase in elementary pupils 1966-67 to

1976-77. Analysis shows that virtually all secondary and

from 50-60% of elementary school buildings in the lower main-



land have been masonry construction over the period 1965-67.

ii) The sharp increase in land values over the past five years for

the lower mainland must affect the site utilization by school

buildings. Building codes require an equivalent fire rating to

masonry construction for multi-storey buildings. Conse-

quently, it can be argued that a building system developed ex-

clusively for the lower Mainland would have to meet the sophi-

sticated requirements of multi-storey 'Walk up' type buildings.

The development costs for such a building system are substan-

tial, (the budget for research and development upon S. E. F.

Metropolitan Toronto School Board has been $1.25 million to

date, and the manufccturers are expected to carry a proportion

of the actual design and development).

This suggests that alternative one is impracticable with a one year

programme, because of a high initial development cost offset against

a limited market, showing a low potential overall return to the spon-

sor. A two year programme for the lower mainland would make

it possible to organize a $25 million market and, consequently,

justify the sponsorship of a system building programme. It is

argued that a system developed exclusively for secondary school

requirements in this area, which implies multi-storey fire resisting

structure as a design type would represent a too inflexible response

to school building requirements throughout the rest of the province.



The lower mainland represents the largest segment of the market

followed by Vancouver Island. The requirements for multi-storey

schools is greatest in the metropolitan areas and, consequently,

the requirement for this type of building on the lower mainland can

be supplemented by the requirements of other market areas. Popu-

lation growth in the province from elsewhere is likely to boost the

demand for elementary space in excess of the p:eedictions, with

new schools constructed in the fringe suburban areas.

It is therefore recommended that the best overall response to the

provinces school building problem will be achieved by the sponsor-

ship of a building system with the following two main characteristics.

An open building system to ensure the two way benefits of

interchangeability with eastern. systems. It is likely that

some specialized electric/electronic and mechanical eastern

components will be used for a local system, and at the same

time the export of components manufactured locally is a

practical possibility.

Secondly, a system with the design characteristics capable

of meeting urban or suburban building requirements. The

varied building code requirements (fire rating, etc.), could

be solved economically by providing for the interchangea-

bility of architectural components within the system, i. e.

sub-systems, such as structure, internal partitions,



cladding, could be manufactured of the 'appropriate material'

wood, steel or concrete, according to demand.

A system of this kind can be designated as an "open multi-charac-

teristic building system". That is open to interchangeability with

architectural components from outside the system, and open to

interchangeability within the system itself to satisfy a 'range'

rather than a 'set! of requirements.

It is pointed out elsewhere in this report that the variety of

characteristics of a building system must have a realistic re-

lationship to demand and that a larger volume of work can sustain

a system with a greater variety of design features. Isis con-

cluded that the best system building solution to the provincial

school building programme is the approach recommended above,

which will provide a means to solve immediate school-building

problems and which can be modified on the long term to satisfy

changing market requirements.

It is further recommended that -alternative two be adopted and

implemented by the following means.

i.) The school building requirements of the lower mainland be

supplemented by addition of all similar school building re-

quirements throughout the province.

In areas where high transportation costs make systems

methods marginally competitive with traditional building



system components can be used to advantage for certain

elements of the building. Integration between traditional

and systems methods of building construction can be

achieved by the design of school building using the prin-

ciples of modular co-ordination.

ii) The building programme can be supplemented by the addi-

tion of the following building types without compromising

its effectiveness as a school building system.

a) Other educational uses can be met where space require-

ments are similar:

Normal schools

Technical institutes

Junior colleges

University space

b) Health centre and similar uses where the requirements

for mechanical services are not specialized.

c) Small civic buildings, 1. e., libraries, fire station, etc.

d) Office space commercial and civic.

- It is considered to be outside the terms of reference of this report

to make recommendations concerning the legislative means of ac-

complishing the market organization, although it seems appropriate

to comment upon the existing provincial methods and those means

used elsewhere. It is evident that the present cost-sharing ratio

of school financing does not encourage co-operate between



school districts for auy purpose, and by placing the entire respon-

sibility for initiative of school building at the local level tends to

emphasize the parochial interests of each school distzict. The suc-

cessful operation of a building system within the limits of the pro-.

vincial school building programme will require the antithesis of

this approach. The effective use of school building resources de-

pends upon a plPTmed approach to the building programme admini-

stered with a consistent response to firm govermnent policies.

The Study of Educational Facilities for the Metropolitan Toronto

School Board seeks to exploit and organize the existing market for

school building that lies within the metropolitan Toronto administra-

tive area. Individual member school boards contribute to and will

enjoy benefits from this approach.

The British methods of financing school building by establishing a

fixed sum per pupil each year has had the effect of encouraging local

counties to co-operate for mutual benefit because savings achieved

by more effective methods of construction are used at the discretion

of each. district for special projects.

2. Sponsorship of the building system

The question is, who will pay for the substantial research, design

and development costs incurred in establishing an industrialized

building system? Whose interests are great enough to justify the

inv e stm ent and carry the risk until the benefits become fact? There



is a choice between commercial sponsorship, client sponsorship,

or combinations of both where the eventual participants, the manu-

facturers carry part of the development costs.

I) Commercial sponsorship.

The advantages to the client or purchaser of buildings are that

the organizational problems and development costs are carried

by the entrepreneur. The superficial advantages of system

building will appear to have been provided, although development

costs and profit will be included in the final unit price to the

buyer.

The entrepreneur will not invest capital in a building system un-

less there is a firm assurance of a construction programme

large enough to sustain the system. In the case of school building

where public money from various sources of revenue is being

spent, it is not in the public interest to give one company exclu-

sive access to the captive market of the building programme.

The combines act also legislates against this kind of eventuality.

Experience in Europe and Britain indicatesthat the desire to com-

pete for this market will cause the sponsorship of other commer-

cial systems of a similar type. This trend has led to a proli-

feration of systems which cancels out the immediate economic

advantages to the client and the long term benefits to the com-

munity. In Britain, there are over three hundred "closed"



building systems, (i. e., the components of one system are not

interchangeable with any other); only forty of them are economi-

cally viable. The others are either used to construct a few buildings

each year or are utilized as devices to get work by large contracting

organizations and package dealers. The long term economic effect

of the proliferation of commercial systems in British Columbia is

seen as particularly undesirable because of the limited size and re-

gional nature of the school building programme.

Commercial sponsorship does not provide the client with one of the

fun.damental advantages of system building, that of the opportunity

to monitor and control the process of building in. such a way that the

improvements in productivity accrue to the client. The reality of

commercially sponsored systems is that costs will be kept competi-

tive enough to ensure an adequate volume from part of the market,

on the other hand it is likely that real cost savings from improved

productivity will go to the entrepreneur who invested in the system.

The commercially sponsored school building system has another fun-

damental limitation. The factor of repetition in factory production,

which reduces imit prices for the consumer will provide increasing

profit to the manufacturer only so long as there are no major design

changes. This means that there is no built-in incentive or opportunity

for feedback for a commercial sponsor to modify his design to adapt

to new curriculum patterns, or to meet the more sophisticated



requirements of an expanding market.

The sponsors organization will have a direct relationship to members

of the building industry, but only a tangential contact with future

clients. Experience with commercial systems elsewhere indicates

that because the client has no opportunity for initial participation to

determine his requirements he is presented with a "carte blanche"

choice after development has occurred.

It was found that the method of commercial sponsorship is unsatis-

factory for the reasons outlined, and that this method of sponsorship

fails to meet the conditions set forth in Part I items 2, 4, and 6 of

this report.

1E) Client Sponsorship.

The client-owner is in a much stronger position to sponsor an indus-

trialized building system, and various methods can be used to offset

part of the total cost of research, design and development.

The evolutionary approach was pioneered in Britain and is appropriate

to their particular combination of local responsibilities and admini-

strative methods. The high initial cost was kept to a minimum 1-_,y

the use of staff educators and architects. The manufacturers were

willing to participate on component development because of a pre-

ferred opportunity for future work. As the building consortiums grew,

research and development groups of professionals were set up to re-

fine the entire process. This was financed by 1/4% levy upon the

total building programme. This approach has proven to be very
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successful for English conditions where a high proportion of the

school work is done by staff architects employed by local authorities.

Two public building consortiums C. L. A.S. P. and S. E.A. C. have

current building programmes in excess of $55 million annually.

However, this method is not considered to be directly transferable

to meet local conditions.

The phased approach has, and is currently being used by three major

school building programmes sponsoring system building methods,

S. C. S.D. in California, R.A.S. for the Catholic School Commission

in Montreal, and S.E. F. for the Metropolitan Toronto School Board.

A division of professional responsibilities is made between deter-

mining and formalizing the client's needs and the actual design and

development with industry and is undertaken in the following way:

Phase L

An autonomous organization is set up outside the exisfing educa-

tional administrative structure. Its purpose is to undertake an "in

depth" study of the client's educational building requirements and to

formalize the findings in such a way that the programme can be bid

on by groups in the building industry. The organization consists of

staff members and consultant educators and architects who possess

the specialized laiowledge of_the systems approach. The technique

of "perfoi.mance specifications'. derived from the aero-space in-

dustry have been used to formalize the client's environmental building

requirements without prejudicing the ultimate outcome by specify-Ing



particular materials or products. The bid procedures are set up

in such a way that a unit price is determined for the complete envi-

ronmental system.

Phase II.

A building programme in excess of 1-312 million square feet is put

out to bid to industry by the client's organization. If the market

conditions have been assessed correctly groups of manufaCturers

will be prepared to bid a building system on the basis of the oppor-

tunity- of being awarded the contract. The manufacturers group will

have to be prepared to carry the costs of the design consultant's fees,

plus their own development costs for component design. If the pro-

gramme is large enough, this approach can generate the sponsorship

of building systems by commerz:ial interests, and also create a situa-

tion where sub-systems (i. e., mechanical equipment, lighting sys-

tems), are designed specifically for the school market. The penalties

of causing a proliferation of "closed building systems" (described

under cdmmercial sponsorship) can be overcome in the bidding pro-

cedures by requiring "face-to-face" compatibility of compdnents

(i. e., sub-systems) outside their own sponsorship group. If this is

achieved, the client will then enjoy the-opportunity of nominating the

most competitive sub-system bid from each of the sponsoring groups.

This approach creates an opportunity for the design professions to

participate in the design and development of components that they

will eventually use in the design of individual schools. The



comments on present conditions in the province noted that very little
,

effective liaison presently exists between the design professions and

the manufacturing industry.

Phase III.

The unit price for the successful building system and for individual

components is determined upon the basis of a bulk order for a year's

building programme. Each school district will engage professional

consultants in the traditional mamier to determine local educatior--al

requirements. However, all the predictable benefits of system buil-

ding cost, quality and time control are provided for participating

school districts.

Variety of design and appearance is not an obstacle. If the local

architect is dissatisfied with the choice of outside appearance avai-

lable with the system on aesthetic grounds, custom facades or features

using traditional building can be added on a non-shareable cost basis.

The successful bidders in this approach will tend to improve their

methods and stay competitive from year to year. New manufac-

turers groups may form to sponsor and bid their own building system.

This evolutionary process is regarded as healthy only so long as the

systems bid are "open", that is, each sub-system had face-to-face

compatibility with existing products. The bidding procedures are

devised to satisfy the immediate requirements of a building system,

and to speed up the industrialization of the building hidustry, without

stifling the principle of free enterprise.



It was found that the phased approach is the appropriate method of

sponsorship for an educational building system for British Columbia.

The approach satisfies the conditions set out in part I of this report,

and is considered to be an intrinsically flexible method of harnes-

sing professional services and local manufacturing potential to

existing institutions and administrative organizations.

The initial phase provides an opportunity for the needs of vested

interests to be expressed by consultation without the problem of

confrontation or change within existing organizations.

The second phase provides an opportunity for the design profes-

sions to contribute their ideas in a new and creative way, and

places the"stattis quo" advocates in a questionable position.

The third phase can occur within the existing structure of local

school districts and offers the benefits of cost, quality and time

cont rol, plus freedom of design.

Total costs of design and development are carried jointly by the

client and the building industry. The client's major cost is in-

curred in the analysis of requirements and the preparation of spe-

cifications so that the school construction programme can be bid

upon by industry. The cost of design and development of the buil-

ding system is carried by interested groups of manafacturers if the

client's requirements are appropriate to the size of the programme

being bid. The cost of on-going management, research and develop-

ment can bc carried by an annual levy on the total programme.
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It is recommended that the provincial government and the school

trustees establish a provincial SCHOOL BUILDING CONSORTIUM

as a fiscal and legal body to implement the phased approach to

sponsorship of an industrialized building system, as set out in

this report.

It is further recommended that the preparation of the client's re-

quirements in terms of legal documents for public tender be un-

dertaken by a RESEARCH, DESIGN AND DEVELOPMENT GROUP

established as an autonomous organization outside existing educa-

tional institutions directly responsible to the provincial SCHOOL

BUILDING CONSORTIUM.

3. The rationalization of educational requirements

The need to rationalize educational 4ctivities and requirementsfor

school building exists because the design of the building system

establishes qualities and performance characteristics for that sy-

stern. In turn, these "features" will modify the kind of variety

that the local architect can incorporate in schools.

The formalization of the design programme with educational spe-

cifications (which has traditionally been determined at a personal

level in rocal school districts) is necessary because of the comp-

rehensive nature of solutions offered by systems building. The

commitment to this approach once made is a substantial one and

consequently a thorough analysis must be undertaken to ensure all



essential educational issues have been considered.

The educational specifications.

The interpretation of educational specifications by the designer is

not a linear process, because a number of other prime considera-

tions will have to be met at the same time. It is therefore im-

portant that four aspects of the problem be defined in the specifi-

cations:

i) The educational theory. The thinking behind the general

approach should be defined in ideal terms, together with

any commitment to long term goals.

ii) Administrative context. The provincial educational and

fiscal policies will require reviewing because they act as a

filter for the theory.

iii) Curriculum patterns. The activities within the school

and the immediate considerations that determine them,

teaching methods, group sizes, audio-visual media and so

forth require formal definition in order that they can be

used as design factors by the designer.

iv) Comment upon interpretation. The designer will inter-

pret the specifications not translate them, so that a basis

for choice between priorities must ideally be established by

the educator. An understanding of mutual interests must

exist before the specifications can become useful documents

for design.



It is recommended that the analysis of educational requirements

and preparation of educational specifications occurs in phase one

of the process and be undertaken by staff educators and architects

of the RESEARCH, DESIGN AND DEVELOPMENT GROUP in con-

sultation with others.

4. The role of the professional designer

The introduction of systems building methods as a means of spee-

ding the process of industrialization in the building industry esta-

blishes far broader terms of reference or problem solving than

exist at the moment with the traditional building by building method.

The means of accomplishing a comprehensive approach depends

upon the application of specialized professional knowledge within

new relationships in . the building industry. It is a new game

with different ground rules. Please refer to the comments in

Part II, paragraph 4, regarding the future of industrialized building.

The tasks to be undertaken exist at various levels within the indu-

stry. The problem for the client sponsor is how to put existing

expert knowledge to the most effective use? Secondly, how to

creeate a situation where the professional engaged in a normal busi-

ness practice can make a useful contribution?

It is recommended that the most effective use of professional ser-

vices will be achieved b rede lo in talent set within new o era-

ting relationships in the building industry.



The phased method of sponsoring systems building put forward in

Part II, paragraph 2, establishes a differentiation of tasics and re-

sponsibilities for the professional designer and consultants within

a new framework of decision making. The bar chart in Appendix

II illustrates how the new tasks interlock with existing procedures.

Phase I. The client's research and design group.

The task of analysing the educational requirements and preparing

environmental performance specifications is a challenging pro-

blem. One best accomplished by an inter-disciplinary group of

professionals. There is no recognized overlap between the edu-

cational problem and design solutions so that formalization of re-

quirements for such a broad range. of needs must be undertaken by

professionals, educators, and architects, who are prepared to ove.r-

come the communications gap by understanding the othersz problems

and points of view.

Phase II. Design and development of the building system by manu-

facturers' sponsored groups.

The client's specifications are prepared in order to encourage com-

petent groups of manufacturers to bid the problem of designing, de-

veloping, and supplying the components of a building system. The

initiative for inriustry to form consortiums must be supplemented by

effective public relations from the client's R. ID. & D. grcup.

The role of the professional designer, architect and engineer, for
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this phase is to prepare a design for the system that meets the

client's specifications and manufacturer's capabilities. A new

problem situation has been created where the professional de-

signer must work in liaison with the manufacturer to satisfy the

design features of the performance specifications and the factors

that effect optimum factory production.

Phase III. The design and construction of the school for the

local school district.

It will be appreciated that Phase III encompasses the present tra-

ditional role of the professional architect with the difference that

building components will be ordered from the "system catalogue"

rather than from the normal trade catalogue. The predeter-

mined dimensions and assured cost of systems building components

will reduce drawing office time and leave the architect free to spend

more time upon his client's detailed educational requirements. The

architect will be able to provide the local district with school buil-

dings of assured cost, quality and completed on time because of the

back-up organization provided by the client's RESEARCH, DESIGN

AND DEVELOPMENT GROUP.

5. The re-bidding of the school component building programme on an

annual or bi-annual basis

The cycle of demand for school space lends itself admirably to or-

ganization into an annual construction programme. There are



two reasons for bidding school building programmes on an annual or

bi-annual basis.

Sub-system tenders related to actual costs

i) It is in the client's short and long term interests to ensure that

the manufacturer's unit prices are related to actual costs.

Over-commitment by a major supplier on the basis of ignorance

will lead to difficulties for all participants of the programme,

not just that company that stands to lose money. Experience

elsewhere indicates that the actual benefits of system building

(economic and others) will not be completely evident until the

method has been in operation for at least three programmes.

The first programme's bids are likely to vary from the conser-

vative (high) to the uninitiated (low) because of the unknowns in

the situation. The second programme's bid may reflect over-

optimism (very low) on the part of competition in order to beat

out the original successful bidders. The third programme's

bids are most likely to reflect a more stable attitude to what

is possible, because the manufacturers will be bidding upon

known costs and experience.

Organization of plant production for peak productivity

ii) Re-bidding the programme every year will attract the partici-

pation of major manufacturers because a substantial contract

scheduled on a building by building basis provides the oppor-

tunity to organize plant production for peack productivity. The



introduction of new products to compete for a systems building

programme is regarded as both. healthy and desirable since the

progressive effect of this trend will be to stimulate the industry

to re-group its operations in a more effective maimer. The

evolutionary approach to increasing productivity must be sup-

plemented by policies which expose the participating companies

to the realities of competition.

It is recommended that the resuirements for the provincial SCHOOL

BUILDING CONSORTIUM, as set out in Part III paragraph 2 of this

report, be organized into bi-ann.ual programmes to be bid upon by

individual manufacturers on the basis of an integrated building

system.

6. On-site specialization and sub-;system bidding_ procedures

It is important to ensure that improved methods occur throughout

the building industry and are not limited to one aspect of the whole

operation. The rationalization of site assembly procedures for

the erection of buildings is an innovation that has been pioneered

by systems methods. This is desirable because of the repetition

of similar assembly operations and is pcn3sib1e because repetition

justifies the allocation of design time to the problem. The oppor-

tunity for the standardization of detail and consideration of assembly

procedures a design problem does not exist in traditional con-

struction methods. Mistakes and unnecessary duplication of work

due to unfamiliarilv '-vith details Ilnique to one building can be



eliminated by training personnel for the repetition of systems building.

The planned approach allows the general and stzb-systems contractor

to train and retain assembly crews over a sustained period of time,

which will pay off in increased profits to the contractor and reduced

unit prices to the client.

The sub-contractors for an individual building normally stay to-

gether for one job, whereas the system building contracts provide for

a sustained relationship between the general contractor and/or sub-

contractors. The sub-contractor who "supplies and installs" on,::

type of component for all contracts, (i. e., a manufacturer), will

have sustained contact with a number of general contractors. In

both cases, a new opportunity for feedback has been established which

will provide a better understanding of mutual problems than exists at

the moment.

In view of these considerations it is necessary to ensure on site

specialization will in fact occur. The means adopted essentially de-

pends upon the method of bidding used for the entire systems pro-

gramme. If the sub-system tenders are to supply the components

only, means must be devised to ensure that specialization occurs

with the general contractors on site assembly crews. Serialized

contracts for a number of schools awarded to a general contractor

by local school districts will have the effect of encouraging the

training of specialized personnel.

- Where the sub-system contracts are to supply and install particular
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compments or to fulfill particular system tasks the opportunity for

specialization of assembly crews is intrinsic to the method of bidding.

In this case there is a much greater possibility that the new resour ce

of trained personnel will continue to be available to participate in

future systems programmes, whereas the potential of the trained

crews at the general contractors level could easily be lost if the con-

tractor undertakes other kinds of projects.

It is therefore recommended that the specialization of on site assembly

operations be encouraged by sub-system building_ contracts which re-

quire the design, development, supply and installation of building

components as a package or fulfillment of sRecific tasks as a package

by one or a group of companies.

7. Organization for on-going management, administration, research

and development

a) Administration.

The client (provincial government and the school trustees) will

be faced with the problem of co-ordinating school construction

programmes of the participating school districts in order to

organize the market for systems building. Once the annual

programme has been established, it is necessary to determine

the quantity and type of building components that comprise the

programme to be bid. tach participating school district must

prepare preliminary designs for schools in its current pro-

gramme, using architectural planning principle determined by



the building system. The mE lufacturer will then be able to

tender firm prices for the system based upon pre-determined

quantities. Contingencies can be allowed for by quoting unit

prices reduced by percentage increments for an increased an-

nual volume. Administration of this process will be required

upon a continuous basis as each programme is bid.

b) The relationship of Research and Development to management.

The case for continuous research and development is put forward

in Part I - section 6 of this report. After the first building pro-

gramme has commenced the client will require a means to

monitor and control the total building process in order to assure

that the day to day procedures are in fact contributing to the

long term goals of the programme. The effectiveness of the

whole range of operations that occur within the building pro-

gramme; i. e. on site assembly operations, production methods,

design procedures and management must be continually subject

to reassessment. An organizational undertaking of this scale

will require the information provided by continuous research

and development in order to ensure the approach is effective.

The basis for managementts thinking for improvements in opera-

ting policies will be provided by the information and ideas pro-

vided by an interdisciplinary professional team, the Research,

and Development group.



It is rec-ommended that the combined tasks of cr.-going :age-

ment administration, research, -de sign and development essential

for the operation of the provincial SCHOOL BUILDING CONSOR-

TRIM, be undertaken by the client's RESEARCH DESIGN AND

DEVELOPMENT GROUP as the administrative control

organization.
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APPENDIX - ITEM I

Estimate of capital cost and cost savings

1. Estimate of capital costs incurred in development

The phased approach to sponsorship is a means to ensure that the

major participants and benefactors of the systems approach carry

an appropriate proportion of the development costs. The client-

owner's share of the capital investment will be incurred from the

cost of sustaining the RESEARCH, DESIGN AND DEVELOPMENT

GROUP for a minimum period of two years. The phased ap-

proach will ensure that the technical development costs will be

carried by industry as part of the bidding procedures. Once the

SCHOOL BUILDING CONSORTIUM is established as a going con-

cern, the R:D.D. group's annual budget can be financed by a 1/3%

levy on the total building programme.

Capital cost incurre,d by the client-owner sponsor for financing the

RESEARCH, DESIGN AND DEVELOPMENT GROUP for a period of

two years.

Salarie s.

Two principal staff members (one educator and one architect) at

an annual salary of $20,000

Tenstaff members (technical and administrative) at

an annual average salary of $10,000.00

Total for one year

$ 40,000.00

100,000.00

$140,000.00



Total for two years $ 280,000.00

Other costs: Rent for office space, materials,

printing, etc. 80,000.00

Consultants fees: Outside consultants fees for

educational, design and engineering. 120,000.00

Total capital costs incurred by

client- owne r $ 480,000.00

2. Estimate of capital savings available to individual school districts
with full membership of the provincial SCHOOL BUILDING CON-
SORTIUM.

The individual school district can achieve major savings on capital

costs for school construction by participating as a full member of

the provincial SCHOOL BUILDING CONSORTIUM. Each member

will contribute its own local building programme to the bulk pro-

gramme of the consortium and will benefit from the reduction of

construction costs by the systems approach. The estimate of

cost in part 2, section 2, for the structural assemblies of a 30,000

sq. ft. school purchased individually and thirty at a time indicates

a potential saving of 28% over traditional building methods. The

economies of scale applied to other building components indicate

less or an equal percentage (i. e. , 20% - 25%) of savings. The

capital cost of development, plus the annual cost of administration

must be offset against these potential savings.



Precedent in Britain and U.S. A. indicate an overall reduction of

capital construction costs of the following order:

CONSORTIUM OF LOCAL AUTHORITIES SPECIAL PROGRAMME

Nottingham, England (current annual programme $55 million)
savings over traditional methods 15%

SOUTH EASTERN ARCHITECTS COLLABORATIVE.

Hartford, England (current annual programme $54 million)
savings over traditional methods 8%

SCHOOL CONSTRUCTION SYSTEM DEVELOPMENT.

Southern California. 1966 building programme $26 million.
savings over traditional methods
on components bid (approxirrately
half of total schocd cost) 18%

STUDY OF EDUCATIONAL FACILITIES.

Metropolitan Toronto School Board. 1969-70 two year
building programme $3 9 mi Ilion.
Estimated savings over traditional
inethod after receipt of tenders.
Percentage savings depend upon
economical use of system 8.5% - 14.24%

The analysis of the potential of the local building component i=idustry

(part 2-section 2), the comments on re-bidding the annual programme

(part 3-section 5), and precedent elsewhere indicates a conservative

estimate of cost saving over traditional building methods of 10% - 12%.
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APPENDDC - ITEM III

Volume of provincial school construction 1960-67, classified by cost,

square feet and geographic location.

1960 Total area (sq. ft.) Total cost

Lower mainland 677, 759 $ 6, 558,
Vancouver Island 20, 587 193,
Okanagan 1, 492,
Prince George 405,
Other districts 1, 622,

Total $ 10, 273,

1961

Lower mainland 303, 817 $ 3, 016,
Vancouver Island 120, 539 1, 071,
Okanagan 542,
Prince George 583,
Other districts 12, 457,

Total $ 17, 671,

1962

Lower mainland 356, 083 $ 3, 540,
Vancouver Island 174, 650 1, 793,
Okanagan 730,
Prince George 195,
Other districts 9, 347,

Total $ 15, 607,

1963

Lower mainland 636, 326 $ 7, 262,
Vancouver Island 130, 070 1, 413,
Okanagan 417,
Prince George 522,
Other districts 7, 144,

Total $ 16, 760,

989. 00
698. 00
613. 00
785. 00
860. 00
945. 00

931. 00
056. 00
303. 00
964. 00
162. ob
416. 00

345. 00
515. 00
853. 00
5k0. 00
440
653.

453. 00
339. 00
917. 00
235. 00
325. 00
269. 00



1964 Total area (sq. ft.) Total cost

Lower mainland
Vancouver Island
Okanagan
Prince Cieorge

684,
193,

235
450

$ 8,
2,
1,
1,

940,
336,
272,
019,

355. 00
251.00
694. 00
038.00

Other districts 6, 905, 327. 00
Total $ 20, 473, 665. 00

1565

Lower mainland 748, 943 $ 10, 260, 325. 00
Vancouver Island 336, 946 4, 482, 340.00
Okanagan 198, 319 2, 699, 281.00
Prince George 41, 440 559, 788.00
Other districts 17, 963, 137.00

Total $ 35, 964, 871. 00

1966

Lower mainland 577, 099 $ 9, 310, 405. 00
Vancouver Island 454, 789 7, 849, 239. 00
Okanagan 262, 524 3, 513, 436.00
Prince George 311, 976 5, 203, 504.00
Other districts 17, 240, 414.00

Total $ 43, 116, 998. 00

1967

Lower mainland 1, 037, 273 $ 17, 568, 476. 00
Vancouver Island 626, 636 11, 132, 494. 00
Okanagan 348, 533 5, 599, 422.00
Prince George 185, 755 4, 106, 430. 00
Other districts 6, 320, 877.00

Total $ 44, 727, 699. 00

Note. The total areas and capital costs for the four designated geographic
areas were derived from the existing building records in the Department
of Education, Victoria; whereas the totals for each yearare a record of the
actual capital spent. It was not possible to establish a factor of error
due to incomplete records, so that the totals for the Lower Mainland,
Vancouver Island, Okanagan, and Prince George may be 10% - 15% less
than actual final capital costs. The total for 'Other districts' was ar-
rived at by substracting the grand total of the other four areas from the
amount actually spent and is consequently only a composite total.
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. Each geographic area includes the following school districts:

Lower mainland: School'districts: 32, 33, 34, 35, 36, 37, 38,
39, 40, 41, 42, 43, 44, 45,
and 48.

Vancouver Island:

Okanagan:

Prince George:

Other districts:

61, 62, 63, 64, 65, 66, 67,
68, 69, 70, 71, 72, 84, 85.

14, 15, 16, 17, 18, 19, 21,
22, 23, 24.

56, 57.

All other districts in the
province not noted above.



APPENDM - ITEM IV

Analysis of types of construction 1960-67, classified by building code

categories and georgraphic areas, expressed as a percentage of each

year' s construction volume.

Lower Mainland Districts
1960 - 1967

LEMENTARY
Com- Ma-

SECONDARY
Corn- Ma-

Yr. 1960 Frame osite sonry Yr. 1960 Frarne posite sonry
1 floor 19. 5 10. 7 0, 9 1 floor 0. 7

2 floors 0. 7 3. 7 6. 6 2 floors 14. 7 32. 9'
3 floors + 3 floors + 9, 6

Total % 20. 2 14. 4 7. 5 Total % 0. 7 14. 7 42. 5

Yr. 1961
1 floor
2 floors
3 floors +
Total %

Corn-
Frame posite

28. 7 23. 5
0. 7 22. 4

Ma-
sonry

6. 2
6. 4

29.4 45.9 12.6

Corn- Ma-
Yr. 1961 Frame posite sonry
1 floor
2 floors
3 floors +
Total % 5. 6

3. 7
1. 9

2. 1
4. 9

2. 1 4. 9

Yr. 1962 Frame
Corn- Ma-
osite sonry

Corn- Ma-
Yr. 1962 Frame posite sonry

1 floor 50. 3 18. 5 4. 0 1 floor
2 floors 11. 2 7. 8 1. 9 2 floors 1. 0
3 floors + 5. 3 3 floors +

Total % 61. 5 26. 3 11. 2 Total % 1. 0



Yr. 1963 Frame
Corn-
posite

Ma-
sonry Yr. 1963 Frame

Com-
posite

Ma-
sonry

1 floor 29. 8 23. 1 20. 6 1 floor 0. 1 0. 8

2 floors 6. 0 9. 8 8. 6 2 floors 1. 2
3 floors + 3 floors +

Total % 35. 8 32. 9 29. 2 Total % 0. 1 1. 2 0. 8

Yr. 1964 Frame
Com-
posite

Ma-
sonry

r-....om-
Yr. 1964 Frame posite

Ma-
sonry

I floor 24. 5 19. 9 5. 0 I floor 0. 4
2 floors 7. 8 14. 3 8. 8 2 floors 16, 4
3 floors + 2. 9 3 floors
Total % 32. 3 34. 2 16. 7 Total % 16. 8

Yr. 1965 Frame
Com-
osite

Ma-
sonry Yr. 1965 Frame

Com-
ppsite

Ma-
sonry

1 floor 33. 3 28. 0 5. 0 1 floor 0. 3 0. 3 1. 8

2 floors 7. 2 10. 5 2 floors 2. 5 11. 1

3 floors + 3 floors +

Total % 40. 5 38, 5 5. 0 Total % 0. 3 2. 8 12. 9

Yr. 1966 Frame
Com-
posite

Ma-
sonry Yr. 1966 Frame

Com-
posite

Ma-
sonry

1 floor 24. 2 28. 5 0. 6 1 floor 1. 9 8. 3

2 floors 12. 7 0. 4 2 floors 9. 6 10. 8
3 floors + 3 floors + 3. 0

Total rro 24. 2 41. 2 1. 0 Total % 1. 9 20. 9 10. 8



Yr. 1967 Frame
Corn-
posite

Ma-
sonry Yr. 1967

Corn-
Frame posite

Ma--
sonry

1 floor 18. 9 32. 6 3. 9 1 floor 8. 9 2. 9
2 floors 1. 5 6. 0 3. 8 2 floors 5. 4 8. 9
3 floors + 3 floors + 7. 2

Total % 20. 4 38. 6 7. 7 Total % 14. 3 19.0

Vancouver Island Districts
1960 - 1967

ELEMENTARY SECONDARY
Com- Ma- Corn- Ma-

Yr. 1960 Frame posite sonry Yr. 1960 Frame posite sonry
1 floor 66. 9 1 floor 33. 1
2 floors 2 floors
3 floors + 3 floors +
Total % 66. 9 Total % 33. 1

Yr. 1961 Frame
Corn-
posite

Ma-
sonry Yr. 1961

Corn- Ma-
Frame posite sonry

1 floor 44. 4 3. 3 1 floor
2 floors 3. 2 2 floors 49. 1

3 floors + 3 floors +

Total % 47. 6 3. 3 Total % 49. 1

Yr. 1962 Frame
Corn-
posite

Ma-
sonry Yr. 1962

Com- Ma-
Frame posite sonry

1 floor 49. 5 1. 5 1 floor 12. 6

2 floors 4. 8 28. 3 2 floors 3. 3

3 floors + 3 floors +

Total % 54. 3 1. 5 28. 3 Total % 15. 9



Yr. 1963 Frarne
Corn-
posite

Ma-
sonry Yr. 1963

Corn-
Frame posite

Ma-
sonry

1 floor 34. 5 20. 7 1 floor
2 floors 1. 4 35. 0 2 floors 1. 6 6. 8
3 floors + 3 floors +

Total % 35. 9 20. 7 35. 0 Total % 1. 6 6. 8

Yr. 1964 Frarne
Corn-
posite

Ma-
sonry Yr. 1964

Com- Ma-
Frame _crir

1 floor 61. 2 3. 1 1. 6 1 floor
_posite

22. 2
2 floors 3. 8 4. 5 2 floors 3. 6

3 floors + 3 floors +

Total % 65. 0 7. 6 1. 6 Total % 25. 8

Yr. 1965 Frarne
Com-
posite

Ma-
sonry Yr. 1965 Frame

Com- Ma-
posite sonry

1 floor 43. 4 21. 8 1 floor 9. 4
2 floors 3. 4 3. 1 6.9 2 floors 1. 9 9. 8

floors + 0. 3 3 floors +

Total % 46. 8 24. 9 7. 2 Total % 1- 9 19. 2

Yr. 1966 Frame
Com-
posite

Ma-
sonry f r. 1966 Frame

Corn- Ma-
posite sonry

1 floor 14. 1 21. 9 0. 7 1 floor 36. 7

2 floors 10. 0 11. 9 2 floors 2. 3 2. 4
3 floors + 3 floors +

Total % 24. 1 33. 8 0. 7 Total % 2. 3 39. 1



Yr. 1967 Frame
Corn-
posite

ma_
sonry Yr. 1967 Frame

Corn-
posite

N,Ta

sonr',
1 floor 18. 9 30. 2 2. 3 1 floor 0. 5 10. 8
? floor s 18. 9 7. 5 2 floors 10. u
3 floors + 3 floors +

Total % 18. 9 49. 1 9. 8 _total % 0. 5 10. 8 10.9

Okanagan Districts 1965 - 1967

ELEMENTARY SECONDARY
Com- Ma- Corn- Ma-

Yr. 1965 Frame po site sonry Yr. 1965 Frame posite sonry
1 floor 22. 2 41. 2 1 floor 0. 8 18. 5
2 floors 6. 8 2 floors 10. 5
3 floors + 3 floors +

Total % 22. 2 48. 0 Total % 0. 8 29. 0

Yr. 1966 Frame
Com-
posite

Ma-
sonry Yr. 1966 Frame

Com- Ma-
posite sonry

1 floor 20. 1 57. 3 1 floor 6. 3 2. 1

2 floors 5. 5 2 floors 8. 7
3 floors + 3 floors +

Total % 20. 1 62. 8 Total % 6. 3 10. 8

Yr. 1967 Frame
Com-
posite

Ma-
sonry Yr. 1967

Com-
Frame posite

Ma-
sonry

1 floor 7. 8 11. 4 1 floor 3. 1

2 floors 8. 7 2 floors 25. 5 43. 5
3 floors + 3 floors +

Total % 7. 8 20. 1 Total % 28. 6 43. 5



Prince Gecrge Districts 1965 - 1967

ELEMENTARY SECONDARY
Corn- Ma- Corn- Ma-

Yr. 1965 Frame o site sonry Yr. 1965 Frame sosite sonr
1 floor
2 floors
3 floors +

6. 6 93. 4 1 floor
2 floors
3 floors +

Total % 6. 6 93. 4 Total %

Corn- Ma- Corn- Ma-
Yr. 1966 Frame posite sonry Yr. 1966 Frame posite sonry
1 floor 1. 3 24. 7 1 floor 74.0
2 floors 2 floors
3 floors + 3 floors +

Total % 1. 3 24. 7 Total % 74. 0

Corn- Ma- Corn- Ma-
Yr. 1967 Frame posite sonry Yr. 1967 Frame posite sonry
1 floor 74. 5 1 floor
2 floors 25. 5 2 floors
3 floors + 3 floors +

Total % 100.0 Total %



APPENDIX - ITEM V

Comments on the Metropolitan Toronto School Board STUDY OF

EDUCATIONAL FACILITIES progress to date, with reference to the

implications for a system building programme in British Columbia.

The success of the S. E. F. programme represents in many ways a

significant breakthrough in design and construction methods for the

Canadian building industry-. The approach to greater industrialization

is being accomplished by offering a building programme with incen-

tives to induce reorganization within the existing resources of in-

dustry rather than leapfrogging what exists with entirely new methods

and capital investment. The effectiveness of the programme has de-

pended upon the willingness of many individual companies to participate

by developing products for the school market administered by Metro

Toronto. New relationships between client, professional and members

of the industry have been established which will ensure improvement in

the construction process and greater productivity in the long run.

-r:le significance of the S.E. F. programme is that for the first time in

Canada or North America, a truly "open" building system has been

established using competitive bidding procedures whilst ensuring a

great variety of choice to the client. One of the many pitfalls in sys-

tem building is that if the design of the system is tackled in the same
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manner as the design of the individual building by- one architect, the

outcome, a closed system can become a real roadblock to improve-

ment, and change later on. The notion of dull monotonous repetition

may very well become a reality if the sponsor/client is lock-stepped

into a closed building system. Whereas the open system is capable

of improvement and change both of quality and design, and can gene-

rate a variety of alternatives appropriate to particular requirements

of the time.

The Study of Educational Facilities for Metropolitan Toronto repre-

sents an in depth analysis of the related problems of education, buil-

ding and management with a resolution of problems expressed in terms

of an on-going process "systems building". The change of approach

from a fragmented to a comprehensive process has allowed S.E.F. to

develop new building techniques and management methods which will

allow Metropolitan Toronto to handle its educational building problem

in a more effective and economic manner.

It has been assumed that the reader has some general knowledge of

the process adopted by the S. E. F. programme so that these following

comments are focused on the significant achievements and experience

as relat ed to the implementation of a systems building programme in

British Columbia.



i) Research and development completed to date.

The areas of research and development undertaken by the S. E. F.

staff group and the participating members of the building industry

in Ontario represents a major resource of Canadian experience

with system building. The question is how can a system buil-

ding programme for British Columbia tangibly benefit from the

progress of the S. E. F. programme?

S. E. F. research programme.

The analysis of Metropolitan Torontots educational requirements

and the subsequent translation into architectural performance

specifications is fully documented and available as resource ma-

terial. The S. E. F. programme represents a major step in co-

ordinating and upgrading the educational and architectural buil-

ding standards for new schools in Metropolitan Toronto which

now, as a result, are considerably higher than other suburban

and rural Ontario areas. It cannot be assumed that these stan-

dards are directly applicable to British Columbia problems and

consequently an assessment of the relevance of the educational

goals and cost/quality features of the S. E. F. system must be

undertaken as a preliminary to the sponsorship of a system

building programme locally.
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Development work by manufacturers.

One of the major effects of the S. E. F. programme has been to

induce the building industry to invest an estimated $2-1/2 mil-

lion (S.E. F. staff estimate) on the development of products de-

signed specifically for the educational building market in Eastern

Canada. The ten successful bidders will naturally continue with

their own development work to complete their contract commit-

ments, whereas there are over twenty companies whose invest-

ment to meet the S.E. F. performance specifications will find no

direct outlet with the S.E. F. programme. A probable outcome

of this situation is that individual and consortiuxns of companies

will complete development on these new products and proceed

to _seek out markets for themselves. This trend is a natural

outcome of the open systems approach and as mentioned else-

where can be regarded as desirable so long as these new products

are interchangeable with other system components.

However it should be appreciated that the simple expedient of

introducing one or two sub-systems into a new building will not

provide the cost/quality improvements of a system building pro-

gramme to the client. It must be born in mind that one of the

major factors to the manufacturer in determining a unit price

for a guaranteed quantity is that his component must possess

- 69 -
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face-to-face compatibility with other systeth products. A con-

dition that has been achieved by extensive liaison with other

nominated companies, consequently if the component is used

with unknown products or unresolved traditional building details

the unit price is bound to be higher regardless of any benefits of

a guaranteed market.

It is concluded that a system building programme for British

Columbia would benefit greatly if the bidding methods encouraged

participation from companies already experienced in the systems

approach. Further study is necessary to determine the kind of

product modifications that are a logical outcome of the Toronto

exiperience and that would be appropriate for the cost/quality re-

quirements of a local market.

ii) Experience of bidding procedures.

The decision regarding the best method of bidding a systems buil-

ding programme for British Columbia will depend upon the size

of programme that has been organized and the extent of innovation

and development that industry will be prepared to undertake for

that market.

At the time of writing, the S.E. F. programme in Metropolitan

Toronto had just signed contracts with the successful sub-system



tenderers, and the R. A. S. programme in Montreal has just

committed 2-1/2 million square feet of school space to the sys-

tems approach.

The S. E. F. programme induced 36 companies to bid for a pro-

portion of a $40 million market. Each participating sub-system

supplier/manufacturer submitted a bid to meet the architectural

performance specifications for the 32 schools comprising the

building programme. The bidders were required (mandatory)

to ensure that the products they bid had face-to-face compati-

bility with other designated sub- system's performing different

functions. Four schools were nominated for the purpose of pro-

viding bidders with representational examples of the various de-

sign approaches which might be met across Metropolitan Toronto.

Each bidder submitted a Iump sum bid for the four n.ominated

schools and supplied a unit price based upon the designated quan-

tity for the rest of the programme. It should be pointed out that

the bid was for all work described in the sub-system specifi-

cations (i.e., supply and fix) so that many manufacturers sub-

let various tasks within their own contract. In the case of some

sub-systems the package is purely an administrative device

(i.e., plumbing) and has no significance as a manufactured pro-

duce performing specific tasks. It is intended that each in-

dividual school within the Metropolitan programme will be



designed, tendered and constructed following the traditional pat-

tern but with a large proportion of the work pre-tendered by the

nominated sub-system manufacturers. Consequently there

will be a Management or General Contractor for each school

building with the responsibility of completing site work and co-

ordinating system components. The role of the Management or

General Contractor is shifted to that of an agent working with

predictable cost goals.

The overall effect of this approach was that each bidder estab-

lished contact with a preferred series of other companies and

submitted a base bid on the basis of the initial development work.

Higher prices were submitted for the condition where products

were less compatible with their own and consequently integration

would be more costly. The approach allowed the Metropolitan

School Board to designate successful bidders of the S. E. F. buil-

ding system before the final technical integration was completed.

The client nominally had the opportunity to choose from a pos-

sible 13,000 building systems ranging in price from $17:88 per

sqtare foot to $26.60 per square foot gross, less site work. The

criteria which determined the final choice were a combination

of cost, quality and performance considerations that assured

that the client received the best value of his money in terms of



the tasks to be performed. The final contracts were awarded

on completion of the technical development and testing of the

Eastview school addition. It is argued by some participants

that by keeping bidding open. to this point the approach is in-

hibiting technical innovation. The point being that the terms

of reference necessary to allow for any combination of manu-

facturers bids establishes arbitrary limits for some products

or conversely that some technical types of solution could not

meet the performance specifications without costly modifications.

Certainly the R.A.S. programme in Montreal has produced the

possibility of a variety of well considered building systems which

are a product of more extensive development work between a

smaller group of manufacturers at an earlier stage. However,

some manufacturers felt penalized by this method because their

success depended upon the overall effectiveness of their own

particular closed system and consequently the competence of

other members of the group. The long term penalties of a pro-

liferation of closed building systems is discussed elsewhere in

this report. The logical outcome of the eastern. Canada bidding

experience to date is to develop a bidding method which combines

the best features of both approaches as far as the manufacturers

are concerned, while keeping the flexibility of the open system

approach for the client.



iii) Cost goals and the "Construction Cost IndeX".

a) Cost goals of the bidding programme.

A major consideration in implementing a bulk buying pro-

gramme is to ensure that in reality substantial cost savings

are achieved. A direct comparison with a similar type of

product will give a rough indication as to whether the bid-

ding is achieving its intended purpose. In the case of the

S. E. F. programme the "Metropolitan Toronto School

Board Ceiling Cost Formula" for elementary schools was

used as an index for comparison and a goal of ten percent

less than the index was established for the bulk buying pro-

gramme. The cost formulae was arrived at by an in

depth analysis of costs of traditionally built elementary

schools which had features similar to the proposed building

system. These figures were published as part of the in-

troductory documents to the S.E. F. programme so that the

cost quality and performance goals were firmly established

by the client at the commencement of the bidding process.

The S. E. F. programme is scheduled to take three and a

half years from the sub-system tender close to final com-

ponent installation, so that a means of determining escala-

tion of product and wage costs was developed by the S. E. F.



staff researchers. The construction host index was also

used to update the original 1967 cost goals to the January

1969 bidding date.

b) Construction cost index.

The inevitable time lag of a systems building programme

between the submission of sub-system tenders and the in-

stallation of the last components implies that an equitable

means must be found to recompense successful bidders who

are faced with product and wage increases that occur during

the implementation of the programme. The extensive re-

sponse by industry to the S.E. F. programme and the 'sub-

sequent establishment of the first open building system in

Canada depended upon an equitable basis for competitive

bidding being established particularly in light of the develop-

ment work for manufacturers implicit in the programme.

The resolution of cost escalation problems by establishing

a "Construction Cost Index" reduced the unknowns in the bid-

ding procedures to a reasonable level. A construction price

index is published every month by S.E. F. indicating the per-

centage of cost increases for each sub-system that occurred

during that month. The sub-system supplier is paid the per-

centage increase indicated by the scale at the completion of



his particular work on the individual school.

The construction price index is the product of two components,

a material cost scale and a wage scale combined by S. E. F.

economic consultants on a weighting system established in

consultatiou with members of the building industry. The

Dominion Bureau.of Statistics supplies information on the

material cost scale and the Toronto Fair Wages Board sup-

plies up to date information on current wage agreements.

There is no doubt that this particular form of construction

cost index represents a useful innovation and is a technique

which is an essential part of the system approach. However,

the definition and application of the construction cost index

will have to be modified to answer these two questions:

Who actually gets the benefits of productivity increases?

Is the weighting system of product and wage cost relevant to

system methods? (1. e. , the ratio established by S. E. F.

must necessarily be based upon experience in traditional

building).

It is not clear if the productivity gains made by the S. E. F.

system win in fact be shared equitably by the client and



manufacturer. The published cost pe'r square foot for each

sub-system indicates that the initial costs were reasonably

near the original cost goals (8.39% actual and 14.24% pos-

sible of the updated Ceiling Cost Formulae). It was well

known by sub-system bidders at the close of tenders in

January 1969 that a number of major wage scale contracts

were up for renewal in the summer of 1969. Consequently

the allowance for this fact in the bids plus the application of

the construction cost index may mean that productivity gains

of the first S.E. F. system may accrue in a greater propor-

tion to the sub-system suppliers than to the client. The

tendering of the second and third programmes could be ad-

justed to overcome this possible inequity. Modifications of

the technique need to be developed to ensure a reasonable

division of productivity gain both to the client and the manu-

facturer in future systems programmes.

A re-c valuation of the weighting system for the construction

in.iex can be achieved by adjusting the relative values of

fill.Lshed product and labour from experience gained from the

first S.E. F. programme. It is unlikely that the original

ratio will continue to reflect a true ratio bearing in mind

that one of the purposes of system building is to reduce site



labour. Further empirical evidence must be accumulated

in order to ensure that the weighting system reflects sys-

tem building methods rather than the high proportion of site

labour in traditional building.

iv) Cost and quality standards with reference to the British

Columbia market.

The cost/quality characteristics of a building system are inter-

dependent and are determined by establishing a programme with

features appropriate to local/regional/social and economic levels.

The predicted average cost per square foot gross for the initial

four schools in the S.E. F. programme is $19.40. An overall

saving of 8.39% is assured for the whole programme with the

possibility of increasing this saving to 14.24% using the most

efficient school designs possible with the designated sub-systems.

It is not reasonable or reliable to make direct local cost 'com-

parisons with the S.E. F. programme because these prices re-

flect a major quality improvement for schools in Metropolitan

Toronto. Essentially the schools built with the S.E. F. building

system will have high internal flexibility combined with high

quality lighting and atmosphere control at an estimated saving

of 30% if traditional construction methods had been used.



It is outside the terms of reference of this study to determine

what are acceptable educational and building standards for a

system building programme in British Columbia. Consequently

it is concluded that an assessment of the cost/quality charac-

teristics of the S. E. F. building system must be undertaken

prior to the sponsorship of a building system locally in order

to establish the degree of direct applicability of the S. E. F. sys-

tem building components. The findings of such a study must

establish the extent to which educational specifications and the

cost/quality features of the S. E. F. building system are rele-

vant to and consequently applicable to the school building pro-

gramme in British Columbia.
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